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DimalTun'S HLEURT

The pist yerr hes witnessed the mcturation ¢f the CRL into functioning re-
search laborctory; owr level of offort is now linmited by our finerncing ind our
physicel freilitics,

husecrch studivs during the past yeor zre best divided into five general
functionel arees, cach of which involvus the colioboraticn and participation of
twe or more working sections: (1) studies on the potient end the discosc; (2)
the pothogenesis of cholera;  (3) studies of the vibriv; (4) community studies;
and (5) 1rst, but far from least, the vaccine study .

(1) The cholera paticnt and the discasc:

The CRL werd facility hes provided the opportunity to uvoluete therapeutic
regimens adapted to the epidemic situation, These procedures zre intended for
application in endemic areas where qualificd physicloans and cquipped loboratcries
erc few and Far betweon. Our nethods received a critical toest during communal
disturbances in Jenuary 1964, whon cholera arpeared in ¢pidemic feshion among re-
stricted population groups. The ability of our staff teo successfully handle o
large nwaber of petients enccuraged us to cpproach the Dircetor of Heslth Services
of the Government of Bast Priistan with the suggestion that the CRL be desipnated as
the officisl cholera treatment center for the Dacca arce, This was desirable because
of the paucity of cholera patients for study between outbreaks of discase. Our
proposel was accepted and is the present practice. Te meve cholera suspect patients
to our facility, the CRL maintains on ambulence at the Sir Salimullah Medical College
Hospital (formorly called Mitford Hospital), where porscns arc accustomed to seck
treatment, The efficacy of simplified therapeutic regimens is under continuel test
in the small ficld hospital in the Matleb vaccinc trial arca where a Pekistani
physician/nurse team opurete independently with no lsboratory equipment,

The opportunity to observe 211 suspect chelera pztionts on admission has em-
phesised the impoitencs of a group of cascs, cilled for went of & bebtor name,
"non-vibrio cholire"; no vibrios ere iscleted from thuse cases or no cvidence of
vibrio infection can be detected, yot the clinical findings on admission are in-~
distinguishable from those seen in the patients with typical cholera infection. It
is possible that this dehydreting syndroume, if untreated, cen have as high a mortality
rate as typical cholura; the syndrome and its ¢ticlogy requirce better definitioen,

Electrocardiographic and circulatery studies sugpust inturcsting possibilities
in the pulucnary arca for further cxploration. With our present therapeutic
regimen, we no longer see the pulmonary edens triditionslly associated with cholera;
extension «f studics in this arca is prejected for early 1965 when a2 team frum the
Coluabia University College of Physicicns and Surgeons will undertake studics on the
pulmenary circuletion of the cholera patiint.

in diagnusis of V. cholerae infeetion, the use of the darkfield technique has
proven a meens Of almcost instentancous, spucific diagnosis on the majority of cholera
patients,

Studies of intestinel absorption function in diarrheal states have shown that
infection with V. cholcrae and with other orgenisms rosults in transient, marked



interfurence with abscrption of Xyicse, vitemin Bi2, cnd folic acid. This finding,
which sug ests that the abscrpticn defect in cholors is much bruader than that for
sodium, opens new lines for investipation,

(2) The Fethorenesis of Crolors

Studies of nossibl. prudisposin:, factors (potassiun wepletion, folic acid
and B12 deficiency, wte.) yiclded negative rosults.

Studies of the hest-peresite releticnship, designed to vlucidete how the
cholera vibric excrts its cdverse offect on en, arc prusentod under the pathogenesis
of cholora. On & working trip here from the Netional Institutos ¢f Realth, Dr.
Leonard shuwed thet cholura stool filtretos mey contain z heat-stable fector which
has the same offcct on the frog hoart as digitelis compounds, a phenomenon which is
assteicted with coll well permeability, Studics carricd out by Dr. Craig, who is
here on & spucizl NIH Fellowship, have demonstrated the presence of a heat-lobile
facter in cholera stools which produces caplllery purmeability and induration twenty-
four hours after injection inte the skin of a guinea pig or rabbit, This factor
can be produced in viiro under properly defined conditiuns,  Of great importance
is the .bscrvation that this toxic effect can be obliterated by the serum of con-
valescont cholera pativnts, but net by the scrum of robbits injected with live
cholero vibrics ¢r of humans inoculeted waith cormisreisl vaccing, despite the presence
in these sera of high agglutinating entibodies derived from thesc procedures.

The relaticn of agzlutineting antibodies to the protecticn of men or animals
is still unclear. « micre technigue has boen duvelopod which gives agglutinating
antibo 'y levels inlistinguishable from those with stan.ar! tcchnigues, This new
technigue will be of great velue in community stulics,

Ubscervations on monkuys continue teo provice cluws for the study of chelera in
humen beings. Of greet importence are twe now finlings: one, that infection with
V. choleree mey porsist within the upper fut “espite consistently negetive rectal
swabs; on' the other, thet infecticn of liver ol bile ovceurs cfter simple oral
chellenge., This -1 es nct ewpeer te be 2 tensequince of retrogre.c infection, but
proebebly lepends on portel vein becteruiia sines infuction cccurs vven after the
blle “uct hes been ligatcl, No teermmiques have yot been ceveloped for producing
bredictable Jdiseasc in the monkey .

Physiclogical stulivs of the upper intestinal tract in huaen infection with
V. choleree have bugun. Lerly findin s supfest increesed scecretory activity of the
CUOUGRUR, Upper g junun end/or pancreas. The persistent Jucdunel infection hes
been confirme.! in one hulan cose.

(3) Vibric Stulivs

The eaphesis in the Bictericlogy Lab.rat.erics hes beon primerily Jirectel to=-
werd the supp.rt of ficld and elinicel stulios degnesticaily, Tewerds this end
it hes been inpertant te criticclly review Lhe zbility .f cur Luechniques toe Jetect
the prescnee of vibrics, perticulerly in the cerricr, an! te Qetermine any eloterious
effect .f Jelay in transit. This his resulted in the isvletion of nen metile
vibrics; a stablc non metile variont woul. provide & valuable tool fur serological
studies, Cunsiderable emphasis has beun placed on methols of recugnizing the El Tor
type of vibriuv sinece this has been isolate’ in the periphery of cur wurking area but
not within it.  Typicel El Tor streins heve beon isulaved in the Chittagong
district in 1963; in Scpte.ber 1G6k, classicel EL Tor vibrius were received froum the
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Rangpur srea in the north west corner of the Truvingce., Using chicken coll hemerylu-
tinations for detectiin has brought te light the nresence of cholera vibrios which
hemagglutinate chicken cells but behave zs classical orgenisms in all cther

respectls,

Bacteriophage Studies have been cunducted largely from the point of view of
thelr velue in providing merkers for epidemiolegical PUrpos ¢s, These studlies heve
disclosed that Group IV insusceptibility, the most generally accepted criterion of
the "E1l Tor Vibric", is a matter of cuantitation. Stucies have been carried out
bearding on the possibility thet & prephege may be the Jiarrhes provoking factur;
no promising leads heve emerged.

-nti-blogrems of leocelly iscleted organisms heve boen perforusd Lo provide
guidance to the clinicians in selectin, therepoutic ogents., They confirm the
cholce of the tetracyclines for the therrspy of the cholera, and suggest that
chleromycetin mey ¢lso prove to be of value.

(4) Community Studies

The zim of cummunity studies is to describe the setting in which cholera cccurs.
For the past yoar, Dr. and Hrs. Glasse have studied a rursl population providing
information on cultural orgonization snd attitules of pecple towards Jdisease, Their
first hend cbservations of village 1ife are expectec to give insight intoe the facts
involved in the fecel-orel transmission of diseasec.

To study population and envirommentsl factors invelved in the spreact of cholera,
and to estimate disability associster with infection in & defined populetion group,
femilivs of hospitclized cholore paticnts hove boen observed,

A community which hzd a sharp cutbreak .f cholire in Jaznuary, 1964, was selected
for a longterm stuly of cholers cdemicity.,  This provides an oppertunity to observe
the dynanics of cther infectivns, as well as te scarch for carriers cor othor locatien
wf cholore vibrics in the interepiduiic period,

Studics of ruminonts as possible rescrweirs of cholers vibrios have been
completed with the finding that many ruminants heve agglutinins against cholera
vibrios but thes¢ can be cempletely sbsorbed by noncholere vibriocs. The rumen
frequently centains nencholera vibrios.

Attempts to correlate water with infection in this encomic sctting continue
to give esscntially negative results. Interest continues in the possible role of
food, particularly metheds of rice cocking which may allow weter containing V.
cholerae to achicve an infective dose,

(5) Vaccine Study

The vaccine stuly being carried ocut in a greup of 23 villages in Matleb has
involved ¢ll sections of the laboretery, Significent pretcction has been demen-
strated during the first 6 months fellowing injection of a commercial vaccine of
high potency. The vaccine study is currently being extended in 35 zdditionel
villages using three preparstions: the same cholera vaceine as was used last year,
a purified Ogawa prepareticon, and an alun-precipitated totanus toxoid as cuntrol.
The aveilability of purified veccine is an cxcellent exemple of international
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cooperation, The criginal materisl, called a practical antigen, was prepared by
Dr. Y. Wetenabe at the Kitasato Institute, Tokyo. it our request, this meterial
was flown to Galveston, Texas where Dr. W, F. Verwey extracted a purified fraction
which produces a single line on agar diffusion, but retzins very high meouse pro-
teetive polency and relatively low reactivity, It was then taken to West Point,
Pennsylvagpie, where it was lycphilized by Merke, Sharp and Dume, The vaccine was
put into the field, using the seme generesl methods as lest year, after preliminery
testing on laborotory personnel among whom no si.mificant systemic roactions
oceurred, The same protocol used in the previcus trial is being uxtended. Last
year the acceptance ratc wes 51.7%. However, the response te the present campaign
has exceeded 804, an interesting change in attitude of the populativn towards sur
study group,

The program of work is the reflection of the poersonnel available to the
leboratory. In the past year there hove been meny changes in staff. In the
Clinical Besearch Section, Dr. Hobert S. Gorden, who had been here since October,
1961, functioned as Scientific Director and, for a while, as Acting Director,
departed 10 hpril 1964. This section also lost the services of Dr. Jalaluddin
shmed on 25 July, 1964. Dr. Shamsuz Zcha, who was one of the first Pakisteni
physiciens deputed by the Government, returned to Govornment Service in rygust,
196k, but las been replaced by Dr, bd, Shamsul Islem. The section has also
gained the services of Dr, »lly Begum and Dr. Zebecdul Huque.

In the Epidemiology Section, Dr. Robert Useaschn hes taken over from Dr. Joe
L. Stockard, who departed 24 October, 1963. Dr. 4, Q. nhan, who had been with us
since rugust, 1962, left on 24 July, 1964 to become the Director of the Central
“zlarial Institute. Dr, Md, Fahimucdin, former Director of Public Health, Zast
Pekistan, continues to serve as consultant and active porticipant in epidemiology
projects; data processing hes buen officiently performed by Mrs. Johanghir ond
Messrs, Chowdhury end bussain,

In the Bacteriolegy Seetion, Mr. J. Brennan left on 2 March, 1964 to return
to the University of idinburgh. Dr. R. ckbar, who had previously been in the
Clinical Research Section, has been spending the bulk of hor time in bacteriology.
Dr. John P. Craig, issistant Professcr of Hierobivlegy, Downstete Medical Center,
State University of New York, Brooklyn, New York, Jgoined on 9 Jenuary, 1964 as a
Special Fellow (NIH) and has been working in beth the epidemiolcgical and micro-
biclogicel espects of cholera, '

Mr, Hobert Freise joined as Ixccutive Officer on 29 Januw. ry, 1984,

s notable advance during the year hes been the despateh of the first CRL
personnel for foreign training, Mr. Imdadul Hug, issistant Bactericlogist, is
currently studying for a Diploma in Bacteriolegy et the London School of Tropical
Medicine and Hygicne; Mr, Sayed Ahmed Khan is a graduate student in Scciclogy at
Western Reserve University, Mr, Syed Igbalul Hasan is werking tcewards a graduate
degree at Jefferson Medical (College, Philadelphia. Since hugust, Mr, M. R. ZBashir
has been at NIH for on-the-job training, furthering his cepebilities in research
administration.
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I (a)
SUMMARY OF WARD ACTIVITIUS FREOM
1 OCTOBER, 1963 to 10 SEPTEMBER,,IQﬁQ —
1

——

ot for Publicaon or Quebn
I
by without Authorizauiun of the
Migs D. Torrance Oirector of €. K. L.

The activitios of the CRL ward have increased notably during the
past ycar. Total adnmissions this yoar were double those of the previcus
year:

Cholera Non-—cholera
Admissiong Deaths Admissions Deaths
Children 10 yoars and undor 124 0 107 4
Malos ovor 10 ycars 83 0 295 2
Females ovar 10 years 81 1 165 2
TOTAL 288 1 567 8

TOTAL admissions: 1963~-64 - 865
1962-63 - 418

In addition tu cholecra pativnts, many others with diarrhea not assoc-—
iated with V. cholorac were treated and studied. OFf interest anong these
admnissions was the increased number of infants and children with malnu-
trition, hypovitaminosis and kwashiorkor—like states. Two cases of Kzla-
azar wore documonted. The majority of patients with theso conditions
responded satisfactorily to good nursing care and approprizite medication
and dictetic rogimes.

Paticnts with cholera were admitted every meonth, with the exception
of August. Tho peak months wers December, January, April and May.

An epidemic of cholers in January, 1964, put the hospital facilities
to full test; 175 patients werc admitted in 14 days. All hospital space
was utilized; oxtra beds were placed in other labvoratory departments.
Three tentis were crected to housc convalemecont patients. A full account
of thc January cpidemic has boen rocorded separately.

In March, on rccommendation of the Director, the Director of Health
Sorvices of tho Government of Bast Pakistan cfficizglly designated CRL as
the cholera trcatmont center for the Dacea arca. Since thon, pationts
thought to have cholera havo been admittod to Mitford Hospital cnly on
an cmorgoncy basis. 7The resulting increcasc in the number of patients and
clinical activities at CRL has made it neecossary to utilize gll availablo
spacc. Part of the hospital corridor has now been scrocnad off and is
used as an examination room for follow-up cascs and for cmployooes ' medical
examinations. A new building hes beon constructed as a garagoe which can
bo converted into two wards for male and femaloe patients.,
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Miedical and Nursing Staffs Ward duticss

Doctors -5 Sr. Staff Nurses -3
Hospital Suporvisor -1 Ald Nurses -5
Clinical Roscearch Nurses -2 Mzle Staff Nursas -2
Senior Staff Nurse and -1 Male Aid Nurses ~ 1
Male iid Hurse {for Tollow-up) =~ 1

. Pharmacy:
Sr. Staff Nurse for medical Larnze

rocords and coding -1 alc Nur%o -1
X-ray & ECGs
Sr. Staff Nursc Technician -1
(absorption studies) -1 : ‘

In addition to all charting, the senior staff nursos on ward duty
were responsible for the measurement and recording of intake and output
of urin¢ and stool. Mseticulous earc and a high degrec of accuracy wore
responsiblo for success in truating patients and conducting rosocarch,

Studics:

The double-bvlingd totracycline study was conducted from Nevemboer to
March and included 45 cascs,

The "non-vibrioc diarrhes® study began in March 1964, when many paticnts
with watiry diarrhea were admittod in a statc of scvore dehydration, with
elevated plasnma pretein, but wers found negative for V. cholerae. These
cases closcly resenbled the disease caused by V. cholerae and provided a
unique study opportunity. Thirty-six cascs were investigatod boetween
March and mid-Junec.

Intestinal zbsorption of xylose; folio acid, and vitamin Bio was
studiod. Pationts included boih those with cholera and with diarrhea
attributed to othor causes. Thuy tolerated thosc tests well and were
cooperative. Ono clinical roscarch nurse, assisted by onc senior staff
nurse,; was responsible for performing these tests ang ensuring that all
samples were collccted.

In July, Slectrocardiographic studies on paticnts at Mitford Hospital
and Dacca Medical Cellego Hospital wero gtarted Wy Dr. K. M. Ally, CRL
Physician, assistod by a male staff nurso. They visited tha hospitals
daily to draw venous blood and tv take ECC's on casas solected for the
study, Fifty-six paticnts werc obsurved,

In August, a sinilarp study was started at CRL to obtain further data
on factors possibly rcsponsible for the TCG pattern of pationts in vascular
ccllapso associated with acutc diarrhos,

New Procedures Used During tho Yoar:

The method of intra-poeritoneal infusions was uscd on six children
during the January cpidcemic,
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Jojunal intubation by Miller-Abbott tube with suction was performed
on patients positive for V. cholerac who were purging severly. Tho main
purpose of this prccodure was to mee whethor suction »f duodcenal and
pancrcatic juices diminishod the stool volume, and to analyse the compo=-
Sition of these juices.

Jejunal bicpsies with the Crosby capsule woere donc on =z nunber of
cascs to study the absorbing surface of the mucosa of the jejunum in
cholora and othor gastroenturclogical discascs. Paticnts acceptod and
tolecrated this procedurc wells no complications such as hacnorrhage
or perforation occurrcd. Tha Crosby capsulo was also usod for aspiration
of the duodonal juices for culture and biochomical analysis in convalcs-
cont cholera paticnts.

Poritoneal dialysis was done on ong paticnt with renal shutdown and
haemolysis probably caused by Primaquin®, Tho ratient was transferred
from another Loapital. Fifty-four liters of fluid wore exchangud. All
fluids wore bprepared in the CRL pharmacy, and the exchange porformed oy
the CRL nursing staff.

X-Ray Department:

Because of thi large lcad of patients, the work of +tho X-ray depart-
ment has inercascd considora®bly. From ] October, 1963 to 30 September,
1964, tho fellowing roontgen Gxaminations wero made:

Small bowol serics 83
Ocsophagus 7
Cholecystograns )
Total opagque media 93
Chost and cthers 907
Total examinations 1,000

Pharmacxs

During the year, approximately 4,000 liters of intravenous sclution
for fluid roplacoment werc made in the pharmacy. Appreximately 977 litors
of solution wore usod in the Jamuery epidemic. Cn only one occasion when
20 pationts wore ai&;ttod at ¢nee, all requiring rehydration, were a fow
litors of Steriflex”™ isotonic saline used,

The experience of trsating a large number of patients during the
epidemic, when much timo was list in naking up a variety of solutions, led
to the decision to use = singlc replacement scluticn for all uncomplicated
cases of cholera or acute diarrhoa requiring rehydration. This was called
"Cholera Roplacement Solution" (CR3)} and was made as follows: Potassium
chloride - 0.75 g1., Sodium chloride - 5.0 gmn., Doxtrose - 10.0 £
Thoe ingredisents were weighod and stored in clean bottles; whon a solution
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was required, these salts were dissolved in 1 liter distilled water, one
bottle containing 50 mig sodium lactate was zdded and mixed well.

In April, CRS was discontinucd =nd replaced by anothor sclution of
é grams sodium chloridc and 4 grams sodium bicarbonate in 1 liter of
distilled watcr. Grocen coconut watcr was uscd as a source of potassium
if {he paticnt could tolerste fluids by moutl.

The procedurce for filling bottles and making solutions is as follows:
One-liter bottles with screw caps are washed in hot water, rinsed twice
in distilled wator; hung to drain, and then soent to the Bactoriology
Dopartnunt for drying in tho oveon (170° ¢ dry hoat). Bottles arc then
roturncd to the pharmacy; when cool, thuy are filled by dircct distillation
of wator from the Manisty still. Six grams sodium ebloride is weighed
and added to cach bottle of fluid, which is sent to bo autoeclaved. After
autuclaving,; czps arc scrowed on tightly, sealed; labelled and stored.
Four grams scdium bicarbonzto is welghed cut and stored in small clean
bottles laboelled 6/4, When a bottle of roplacement fluid is required,
the contonts of ono of thess small boittles is added to the bottle of
autoclaved fluid containing 6 gms sodium chloride, naking a sclution of
6/4. Thoe label from tho small botile is then attached to tho liter
bottles date and time of nixing arc writton on the bottle with a black
marking pencil, and the fluid is ready for infusion. This solution is now
in use for initial hydraticn and maintonance of uncomplicated casos.

Rocently, Darrow's solution in disposable packs has becn usod as a
replacemont fluid for cascs low in potassiun, The solution contains ¢ gms
sodium chloride, 2.67 gne potassium chloride, with 53.3 ml scodium lactate
in 1 liter of watcr for injection.

Use of o single intravenous sclution for fluid replacencnt has
simplified the work of tho pharmacy and of tho nursss in chariing the
intravenous intake. Thoe mele nursc in cherge of the pharmacy is maintaining
the high degree of efficiency.

Cholera paticnts studicd after hospital discharge are givsn the
following tosts: roctal swab culture; stcol for ova and parasitos;g
urinalysis; body weight; barium meal; and in selected casgs, intestinal
absorption studies and Jejunal hiopsics. Tc date, ne cholera patisnt has
buen found to have a positiwve culture zfter discharge.

Since October 1, 1963, follow-up study hasz been initiated cn 261
cases. Situdy has bhaon comploted on only 190 of 261 patients; othors have
c¢ithur rofused to roturn or could nct be tracod.

One senior staff nursc assisted by a male aid nurse is rosponsible
for the follow-up cascs. She accompenics the patients to their homes on
discharge, to cnsurc that she knows where to locate them. Much time 1is
spent in porsuading some of thuse paticnts to return, as they feel well
and arc often ncedod elscewhere. The housewifo canmet lcave hor family,
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. and the male patient is rcluctant to return to the hospital for economic

reasons - loss of pay or even job.

Since Novembor, 1963, 2 small bui competent hospital unit has been
working at Matlad to support the vaceine trials. Pronm December, 1963 to
25 hugust, 1964, 602 paticnts werc trceated at Matlab:

Cholera Hon-cholara

Admissions Deaths Admissions Doaths

Children 10 years and undcer 72 1 1i0 4
Males over 10 years 25 1 182 0
Females over 10 yuars 35 1 179 e

132 3 471 6

Approximately 1628 liters of intravenous fluid were used at Matlab,
with an avoerage of 4.8 litors per case. Tetracycline was used in all
cases.,

During the year,; only thrce patients had to be transferrcd toc Dacca
from Matlab for morc extsnsive carc and investigation. The first, sent in
Decembery; was a postcholera pationt with acidesis, retention of urine,
and heart failure. The sccond, sent in January, was a young male with a
postchelera acidosis. The third, sent in Septemboer, was an old man with
amogblec dysentory and livsr abscess.

Nurses and doctors from the CRL ward have rotated in deing short
spells of duty at Matlab, whick has proved a most valuable training
ground for the staff.
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Cholera Outbreak at the Laxmi Narayan Cotton Mill éﬁﬁa 196Lﬂ‘ﬁ: ‘; n
By [ AR e
Dr, W.B. Greenough IIT rector Lf TR L
————— L o . 4

On Friday, 24 Janusry, 1964, CRL was notified by officials of the GOEP Health
Directorate of an outbresk of cholera in & refugee camp at the Laxmi Narayan Cotton
Mill. On that evening, the spot was visited by Drs. Gordon ard Craig. They found
seven to eight patients being attended by a volunteer doctor from the Adamjee Jute
Mill., Mr. Alam, the GOEP official in charge of relief work, met the CRL workers
there, and arrangements were made for & supply of drugs and intravenous fluids.

Dr. Gordon summarized the CRL's therapeutic methods for the Adamjee Mill doctor.

Dr. Greenough went down on 25 Janvary in the morning to survey the situation
and Drs, Gordon and Benenson went down in the afternoon. At about 10 A.M, there
were about twenty active cholera cases lying in a very small crowded room and in
various hallways and porches off this area. It was very congested between patients
and almost impossible to move among them to give any sort of treatment. The
intravenous solutions which were provided by the Government consisted of 5% dextrose
and salire. Intravenous tubing was brought from CRL. The next two hours were spent
with the Adamjee Jute Mill doctors giving infusions to patients who appeared to be
in the worst circumstances. It was remarkable that many patients who had been
treated by dextrose and saline and wers well hydrated seemed to be lying in a semi-
comatose state despite being out of shock. The situation was extremely chaotic with
new patients coming in constantly and old patients and their relatives continually
drageing the doctor to their particular family member who might or might not be in
a4 precarious cordition. There was no place to give i.v, therapy adequately and a
great deal of time was spent finding places to hang up bottles, trying to move
people to allow i,v, infusion to be put in place, and re-starting infusions that had

infiltrated, ete, Dr, Greenough left at approximately 2 P.M. to return and report
to CRL.

That afternoon Drs. Benenson and Gordon found the situvation more chaotic
with many new admissions and even lass space and less ability to render any form of
treatment. It was apparent to us at that point that unless further supplies could
be obtained ard space organized rather 1little could be accomplished in rerdering
aid to the cholera patients in this camp.

The following morning Dr. Lindenbaum and one nurse and Dr..Greenough went
back to the mill and organized the patients into a larger area where there were
places to hang infusion bottles from and arrange patients with space tc move between
them. This being accomplished, we divided the patient population into those who
had apparently good circulaticn with full radial pulses and geood facial appearance
and transferred them to another building where they could be observed at longer
intervals. The remaining cases who were in circulatory collapse and actively
purging were kept in the larger room and spread out in a more orderly fashion. This
being done it was possible to set up a large number of infusions and keep them
running and keep some track of the number of bottles and state of hydration of each
of the more seriously ill cases. During a seven hour period after this separation
had been accomplished only three cases had to be brought back from the observation
area for emergency treatment with infusions., Antibiotic was administered to all
cases both 0ld and freshly admitted in both areas. Due to shortage of time and
personnel no records were kept. During a 9 to 10 hour period of treatment of
approximately 70 to 100 patients there were two deaths, both in small children.

When it was necessary for us to return to our CRL Ward all patients had good
¢irculation and antibiotic had been administered and instructions given for further
administration to all cases. The general facilities of this "hospital" and the
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infusion treatment therapy we gave were most primitive. Patients all ley on low
board benches or on the floor purging into various containers or on to the floor.
There were few alcohol sponges, and i.,v, tubing and needless had to be re-used
from one patient to the next. The mechanism for susperding bottles was not
entirely satisfactory and several bottles fell, one causing minor injury to a
patient. Lighting was very poor making venepuncture quite difficult., The
solutions used were far from ideal in that they were mainly isotonic saline
without lactate, bicarbonate or potassium. There was no source of clean drinking
water available to either patients or doctors. Administration and organization
had to be done by the medical team as there was no local authority in a position
to deal with the situation., The experience gained in this situation may be
summarized as follows

1) It is apparent that with less than ideal kinds of i.v. solution, no ability to
measure intake or output, no record system, no medical instruments or
laboratory, no beds, poor lighting etc,, that a large mmber of active,
severely ill cholera cases could be kept alive by a very limited number of
medically skilled people.

2) The greatest problem was that of organization and quick evaluation of the
status of cases, i,e, "riage". The division of patients into those for
observation and those for active therapy removed at least 50% of the cases
from the very congested area in which we were initially trying to give therapy,
and aliowed us to focus on those who were more in need of medical attention.

3) Since many of the patients were small babies and children it was fourd that
scalp vein needles were almost an essential for therapy in this group., It
was also found that the jugular venous route seemed to be the only route in
many patients where a vein could be found and a venepuncture performed in
profoundly collapsed small children. This route was used extensively in both
children and adults with great success on these days. The femoral route was
found to be somewhat impractical under these circumstances,

4) Division of responsibilities as outlined in the protoeol which is appended
to this was found to be & 'great help in keeping infusions running and saving
the time necessary for re-starting plugged infusions.

Finelly a protocol is appended to this description which is a summary of
the ideas for treatment of such a 8ituation in the future and the equipment that
would be desirable for accomplishing this,
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Protocol for Treating Epidemic Cholera under Ficld Conditions

EQUIPMINTs

1) 4 large enough space to organize patients into rows with room for additional
admissions to be addod as necessary and with room fer doctors and assistants to
move between patients as nwcessary %o work. «:1s0 a scparate area for ohserving
patients not receiving intravenous fluids.
2) 4 rope or wire above the cots from which to hang intravenous solutions.
3) Cholsra cots of tho simplest type on which to place patients for the collecticn
ef urine and stool.
4) Buckets of ot least 7 liter capacity czlibrated to measure stool and urine
volume.,
5) Intravenous materialsi
a) Chol.ra replacemant solution of a composition approximating lactate
or bicarbonate 50 mEq/l, sodium chloride % gms or 85 mEq/l, potass—
junm chloride 10 mBq/l. This should be contained in a bottle or
plastic bag with a2 matching tubing for administration.
b) Needles: Needles of tho gcalp vein type would be cntircely satis—
factory for 211 purposes; otherwise anothor kind of metcling
noedle no smaller than 20 gauge that will fit the tubing should
be available.
c) Several syringes for clearing plugged intravenous infusions and
starting new infusions.
d) Adhesive tape, scissors, sponges.
A vibriocidal antibiotic ( tetracycline is of known potency ).
There shouwld be a disinfectant and a disposal area for the stools.
There should be a clean drinking watcr scurce for both patients and doctors.
‘Record forms .and clip boards, "ar cther record holders, and pehs or. X
pencils to write with. Thure else should be a marklng pen which could wrlte on
botitles and mationts thomselves.
10) One or two firm pillows would be usoful in extending the noeck of patients for
gxternal jugular venepuncture.
11) £ flashlight and mantle lantern would be uscful if lighting conditions are
not good.

PRRSONTZLs
With division in responeibility in the following fashion,; three skillad

workers could handle about 50 active cases. 0f course a relief team would have
to be availzble to permit rest for the initial teanm.

N Co—3 On

1) in individual working to stert intravenous infusions on cases.

2) A person to change bottles and keep iatravenouses open and running. This
person would also be responsible for marking bottles and keeping a rocord of what
has been given so that theo amusunt of treatmont on any single patient would be
inmediately seon.

3) One person to give antibiotics, chsorve the condition of patients and point
out and give pricrity to the mcre severe cases for infusions.

LPPROL.CH TO THE SETUATION:

4ll cases, old and recent, whe are in the area of tho epidemic undor treat—
ment shall bc admitted to the space solected for rendering treatmont. This space
will be divided into treatmoent and cobservation arcas. 411 patients will be marked
with a number on a cloarly visible placo on admission to the areas. Liny casg
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requiring i.v. infusion as judgod by goneral appoétrance and pulse guality will be
placed on the cholera cots in th: treatment arca. 11 othor cases will be ad-
mitted $o the observation area, ond all casos inncdiatoly on admission will be
given a priming dosc of vibriccidal antibiotic. Infusions will be started accord-
ing to a priority bascd on the severity of the patiunt's condition, Infusions
will be maintained until tho patient is judged to be in gouod conditicen and no
longor actively purging. vhen patients arc out of danger end able 4c bo moved
from the cholera cot they will thon be admittod to tha obsorvation arca for con-
tinuing antibiotic treatuont and observation for anothor 24 hour poriod. LNy New
ceses adnitted to either arsa shell also bo immediaicly numbered and given a prine-
ing dose of antibiotic. <11l ceses in both arcas shell be givon an antibiotic on
a2 sot schedule four times during any 24 hour poriod. The division of labour bo-
tween the personnel on tho team trecating the opidemic is z: vutlined under the
previous scction. The buckets undocr the cots nood not bo cmptiod on any sot
schedule; howsevor, it is important to0 note tho time and the volume whenover a
bucket is omptiocd on the pationt's rccord. It is also mandetory thzt when a
pationt is moved off a cholera cot his bucket ba romoved and omptioed and a now
ong replaced for the noxt patient. It is inpcrtant to noto that the treatment
team need not be mado up of fully qualificd doctors. Idezlly a doetor should dbe
present on cach team; howover, one doctor could manage soeveral tesme, boing on
call for consulting on particular 4ifficult casos. Yhaot is necossary is that

tho team be m:de up of people skillod in tho organization of handling cholera and
skillful in giving i.v. fluid therapy.

MODIFICATIONS TO M..JT WORST POSSIBLE FIELD CCNLITIONS:

When the situation ariscs under wkich only a minimal amount of eguipment can
be available the following things may be omitted from the above protocol without
groat detrimunt to tho putionts:

1) The paticnts mey be kept on the ground without cholera cots or buck.ts for

oollection of stool and urine.
2) Disinfectant or disposal means might not be possible 'under such circumstences.

3) Charts for individual patients will not be possible Lowever the general organiz-—
ationy space requirement, and need: for i.v. infusions znd personnol remain the
S8mG 4 Records of the number of Lostles givon vach pationt must be kept by marking
directly on the pationt himself with a marking pencil in an obvious place.

SUMMLRY 5

The most important clemonts of this protoccl are as follows:
1) Organization of space, personnel and equipucnt intoe a poattorrn for rendoring most
efficient treatment.
2) Ability rapidly to evaluate needs for rohydration and to adminigter regquircd
i4ve flulds based on the appearanco of a patient and his pulse quality.
3) The prompt administration of antibiotic to all new cases Or casos still mild in
nature, as well as to the severcly eoffocted casos. By doing this it is likely that
in an approciable numbor of cascs the diseasc may be aboricd before neoding large
volumes of i.v. fluid thorapy.
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During the latter half of January, 1964, the Dacca-Narayanganj area
experienced a sharp outbreak of cholera. This particularly affected refugees
who were congregated under crowded and unsanitary conditions. Food and water
had been limited for a few days and in many cases there was inadequate shelter
from the cold night weather. Extensive inoculatiecns zgainst cholera and
smallpox were undertaken in these refugee camps shortly after they were set
up, but cholera developed nethertheless.

From 15 January, 196/ onward, several thousand people were congregated
in an area surrounding the Rayer Bazar Pottery Center, Since the CRL had
been receiving proven cholera cases from this community, it was no surprise
to find the disease spreading in the camp, and to have cholera victims apply
to the CRL for treatment. For seven days, this community provided the major
part of the c¢linical load., Then, on 24 January, cholera broke out in a
number of much larger refugee camps in the Narayanganj industrial area.

CRL clinical personnel gave some emergency aid in this situation, and the
ward accepted cases transferred from the area., The outbreak waned as rapidly
as 1t had developed, however, and by the end of the month the number of

true cholera cases appearing for treatment was down to a level that had been
handled before, This report will give an account of the arrangements that
were made to deal with the wpusual number of cases, none of whom were turned
away.

SPACE: As the CRL ward was planned for 20 beds, the number of admissions far
exceeded its capacity. It was necessary to utilize corridors and the
Epidemiology apartment to provide room for convalescent patients who were

out of danger, but not yet ready for discharge, The GC.P Health Services
were asked to provide tents, but these were not actually in place and ready
for use until 28 January, after the peak load had passed. Three tents, each
accemmedating up to 14 beds, were set up; they could have solved the space
problem entirely if available earlier. The ward itself was reserved for
active cases on cholera cots; forty or more of these could be fitted into

the wards and the hospital corridor without causing unmanageable congestien,

BEDS: The acute need was for extra cholera gots and rubber drain sheets, of
which only 16 were on hand when the emergency developed. Additional cots were
made from folding camp cots, which could be procured within 2 few days, and
these proved very satisfactory, ibout twenty old matiresses which had been
replaced by newer ones but not thrown away yet, were got out and placed on the
floor for convalescents, Linens, rubber sheets, and stool buckets could be
procured locally quickly enough that no critiecal shortage of these items
developed.

STAFF: Fortunately, the CRL had sufficient medical staff that there W&E Nno pro-

blem in this area. The normal ward staff of three American and five Pakistani
physicians,

Continued ..... .
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one British and 19 Pakistani nurses, was supplemented by three physicians and
four nurses loaned from Epidemiology. Two doctors and three nurses from the
Pezce Corps zlso gave 2s much time as they could.

PLAN OF TREATMENT: The objectives of treatment were twofold - to rehydrzate the
newly .dmitted pztient snd keep him in reasonable fluid balznce, and to combat the
infection with zntibiotics. The evidence favoring the use of antibioties in
cholera is currently in press ( Greenough, et al. 1964)., Patients were allowed

to est as soon as they felt able Lo, and were dischurged when their dierrhea had
ceased and they had begun to regain strength. The record of success was excellent;
there wos no hespital deaths, and no known relapses after discharge. Follow-up
is not yet complete, but it is felt thot 2ny relapse in Rayer Bazaar would have
come to our abttention immediately by seeking readmission., The details of the
therapy will be teken up serially.

REHYDRATION AND FLUID THERAPY: When the physicicn had satisfied himself that he
wes dezling with 2z case of cholers, or other seriously dehydrating diarrhea, he
began intravenous rehydration with norm-1 saline. after the initial liter ( or
less in children ), fluid therapy was restricted almost entirely to "5/4/1", a
solution of 5 gm, NadCOg, 4 gm. NaCl, and 1 gm. KCl per litre. The amount of
fluid recuired was judgéd on clinical grounds, by noting pulse and blood pressure,
skin turgor, appesrance of the face, etc. Rehydration was dezmed to be adequate
when the patient's face filled out, urine was passed, or both. Fluid balance
was then maint.ined by observing the stool output, collected in calibrated buck-
ets, and the pstient's vital signs. In no cese wes a labeoratory test utilized
to determine the volume of fluid to be given. Rounds were mazde at least twice

& diy on active cises, and the senior staff physicians helped to rectify any
eérrors in fluid volume th t had been made. Overhydration was common, especially
in small children, but appeared to do not ser-ous harm. Pulmonary edem: did not
develop in an:' case,

With the exception of 2 few litres of"Steriflex'saline used when twenty
cases were dmitted within an hour on the evening of 26 January, all fluids used
were prepired by the CEL Pharmacy. Bottles were washed and rinsed with pyrogen-
free distilled water in the pharmacy, dried in the ovens in the Bacteriology
sections, and fil'ed from the l-rge water still in the vater Laboratory., -ater
not to be used 2t once was sutoclaved, but most was immediately returned to the
ward for administration. Carefully wei-hed CP reagent salts were added, dis~
solved, and the fluid =dministered zt once without further sterilization. Pyro-
genic re:ctions did not occur; only one case in whom phlebitis developed arourd
an ank ¢ vein infusion had troublesoms fever.

Almost 211 fluids were given by the classic intravenous route. However,
five children received intreperitonecl fluid. This procedure will be the sub-
Ject of 2 seper:te report, Results were encourasing, and it deserves further
study,

ANTIBIOQTICS: Because the supply of intravenous tetracycline was quickly ex-—
hausted, oral antibiotic theripy was the rule. adulis received tetracycline
capsules, and children pediztric suspensions of tetracycline or oxytetracycline,
whichever was available, The standard doses are given on the order sheet, which

Continued...ovu,.
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is appended. In some cases, the doctor preferred to give a larger initial
loading dose, Although the records are not sufficiently detailed to permit
careful analysis, the impression was gained that omitting the parenteral
antibiotic after the supply ran out did not decrease the effectiveness of
treatment.

MEDICAL RECORDS: Our normal medical record procedures proved too cumbersome
for use in this emergency; therefore a condensed form was drawn up and used.
It permitied all records for one patient for one day to be on a single sheet,
Nursing observaticns, like TPR and stool volume, were recorded directly on
this sheet, and not transcribed from books onto graphs. Medical notes and
orders were put in at the bedside, and the most recemt ones were always vis-
ible on top. A set of standard orders was drawn up, which could be put

into eifect on any case by merely writing "Standard orders." FEach chart

wz5 kept on the bed of the patient to whom it applied. Patients' case num-
bers were written on their foreheads to avoid confusion. On discharge,

eacn pstient was fully identified with the form usually used at CRL. Cop-
ies of the condensed clinical record forms are appended to this report.

LABORATORY STUDIES: Except for the udmission rectal swab for bacteriologic
study, a1l routine laboratory work was suspended, Hematologic and chem-
istry laborztory staff could therefore give immediate attention to any ,
urgently required test., This was of great importance when we received cases
of cholera complicated by other disesses, or cases that had been under treat-
ment elsewhere with saline alone and were severely acidotie, - Likewise,

ECG and X-ray examinations were performed only when specifically ordered

by the physician. Mr. Sarkar, the nurse specizlizing in electrocardiography,
was freed for ward duty, as Mr, Costa, X-ray technician, could handle both
LCG and X-ray requirements,

RESULTS: The most important result of this episode is the demonstration that
the CRL can, if necessary, adapt to epidemic conditions successfully and

yet maintain its excellent record of minimal meortality. Table I shows the
daily census, admissions, and discharges for the period. The Rayer Bazaar
cases are tabulated separately, as their numbers represent an almost com-
plete record of the outbreak in that one camp. The number of cases confirme
ed bacteriologically is also tabulated.

A second conclusion to be drawn from this experience is that well-
trained personnel can handle routine acute cases of cholera without laborae
tory help. Only neglected, complicated, or previously mismanaged cases
require individualized hematologic or biochemical study for optimal results,
Whereas bacteriologic study is of importance for research and public health
reporting, it too is superfluous in the clinical management of the case,

Finally, the epidemic enabled us to make certain observations that
might have taken much longer to accomplish under ordinary eircumstances,
For some reason, an unusual proportion of pregnant females was encountered,
Their course and the outcome of the pregnancy will be dealt with sepu rately,

Continued--a-opuibi
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In addition, the pressure of treating many cases at once, and the impossi~
bility of firnding veins in some babies, drove us to try the intraperitoneal
route for fluid administraticn in a few cases. In the first such case, a
totally collapsed four-month old infant in whom no veins could be located,
the situetion wzs desperzte and the result of intraperitoneal fluid admini-
stration dramatic, This success hes set in motion a study of the intra-—
peritoneal route which may lead to useful practical results,

On the basis of this experience, the Clinical Research Section of the
CRL has formulated a plan,which is appended, for the managemert of future
epidemics in which it may be called upon to accept large numbers of patients,



-5 I{c)
CRL CA3E LOAD DURING EPIDEMIC OF JANUARY 196L. MORTALITY RATE OF

Table I
, ©Census at v Number of , Numbor of Joe of ldnefrom, .dm. Bact. '
Late 1201 .M. wdriissions Discharges Ray.y Bazaar cvonfirmed
1/Jan/64 15 1 1 0 1
2/ 15 6 1 0 4
3/ 20 2 2 0 1
4/ 20 2 4 1 1
5/ 18 2 1 1 2
6/ 19 2 3 0 1
1/ 18 2 1 1 2
8/ 15 1 8 1 1
9/ 12 3 3 0 2
10/ 12 3 1 0 1
11/ 14 2 2 ¢ 0
12/ 14 1 0 0 0
13/ 15 3 2 0 3
14/ 16 4 3 3 4
15/ 17 0 ) 0 0
16/ 17 0 3 0 0
17/ 14 1 6 0 1
18/ 9 4 2 o 1
19/ 11 1 1 T 7
20/ 21 10 5 10 9
21/ 26 14 6 13 13
22/ 34 18 5 14 17
23/ 47 9 10 _ 8 8
24/ 46 13 12 11 9
25/ A7 12 18 8 12
26/ 41 32 19 7 30
21/ 54 16 17 14 16
28/ 53 9 26 2 7
29/ ' 36 . 15 ' 21 ' 3 ' 14
30/ 30 6 7 2 4
31/ 29 6 9 5 4
1/Feb/64 26 0 12 0 0
2/ 14 1 1 0 0
3/ 14 1 9 0 0
4/ 6 0 1 0 0
5/ 5 0 3 0 0
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Plan for Dpidemic Management at CRL.

Epidemic conditions shall bo considercd tc prevail when the incidence of
cholera in the vicinidy of theo CRL is such that adnissions czccod six cascs per
day, and more may be anticimated. Whon the decision to initiate emergency pro-
oedures is madc by the CRL Director’or his designee the following stieps will: be

initisted immediztely.

1) Set up tents in the ficld adjacent to the ward, and place all regular beds
and mattresscs in these tents for accommodation of convalescents. Ixtra beds
and mattresses may be roguired on loan from Central Medical Stores. 2enove
existing convalescent cases to the tonts.

2) Set up cholera cots in the main wards and hospital corridor. Reserve the
small isolation rcom, if possible, for special problems like deliverics, other
contagiocus diseases, etc. Cots should not be sot up on the adnitting porchy

this arca will be nceded for sorting new cases in ordor of scverity, weighing

ete.

3) Prepare condensed clinical record forms for immediate usc. Under this
record systom, order books, TRP books, etc shall be discontinucd, and all
nursing and doctors' records made directly on cack chart at tho bedsidc. Tho
chart must remain with the patient at all times, and ocack pationt bo nmarked
with his identifying number. Stool and urinc volumes are tc bo read from
calibrations on the bucket or by a dipstick and recordod at the timc tho con-
tainor is first taken out from under the bed. Houtine procedures to be dig~
continued will be blood work, ICG's, X-rays, and deily weights.

4) Alert othur scctions that their help way be roquired if the load is largo.
This 'includcs Epidcmiology for cxtra pcrsonncl, Bacteriology for help with
cleaning end drying intravenous bottles, and Water laboratory for making oxtra
distilled water. Personnel of these laboratories should be available during
off-duty hours on a standby basis. isdninistrative and Goneral Services sec-
tions should be alerted to the possible neod for extra drivers, darwans, ofc.,

and extra suprlics.




I (d)

Ireatment of Cholera at the Pakistan-SELTO Cholgraﬂﬂeseanch_LgQg;ng;x, E—
by I | V
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In 1832 correspondents to the Lancey ¢scribed the ccllapsed state of the
cholers patient to the loss of weter, selt, and alkali from the blood into the
stools (C'Shaugnessy 1832, Latta 1832), Latta noted that the signs and symptoms
of the disease could be relieved by the intravenous administration of saline and
sodium bicsarbonste scolutions. Precise balance studies with detailed analysis of
blood and stool by Captain Robert /., Prillips and associates have confirmed these
observetions and for the first time provided the basic scientific data necessary to
construct a fully raticnal and effective program of therapy. His group has demon-
strated repcetedly thit the mortality in cholera can be reduced to the vanishing
peint by the use of a progrem of fluid therapy based on cbservations of the blood
electrolytes and degree of hemo-concentration as measured by the specific gravity
of whole blood end plasma,

When CHL received its first cholera petients in December of 1962 the plan of
intravencus fluid therapy was based on considerations outlined by Captain Phillip's
group, Blood was teken for sodium, potassium, chloride, carbon dioxide, plasma
protein, and hematocrit on admission, after hydration, and usually on the 4th and
7th deys, Isctonic saline was infused rapidly until a2 full radial pulse had re-
turned and the blood pressure was normal, Therealfter a solution approximating the
composition of cholera stool excepting potassium was used for further replacement.
Precise calculations of losses were not made, however, from the initial values;
but initial values and sericl values after rehydration were used to check the
physician's judgment of the adequacy of treatment, Simple bedside observations,
none of which along would suffice as a gulde to the progress of therapy, taken
together rarely lead to serious errors of either under or over-hydration. Some
of these are obvious "foot of the bed" observations = the fullness of the face,
restlessness and gensral appesrance, The resilience of the skin, the depth and
rate of respirations, the rete and fullness of the radial pulse, the blood pressure,
and presence or abschce of reles at the lung bases form the other data that mey be
rapidly collected at the bedside, These coupled with accurate observation of
intake, ocutput and, ¢speelally, body weight have formed the entire basis for
regulation of fluid therapy at CRL, Laboratory measurements have been taken when
any question of the adequacy of hydration hes arisen and also as a routine, This
report will describe the evolution of our approach to fluid thurapy and its results,

Phase 1 -  December 1962 throush fpril 1963,

farly in this period, Dre. Gordon, Greenough and Fosenberg svaluated and treated
all cholera pstients. Later this responsibility was gradually shifted to Drs. Lkbar,
Ali, Islem and Zcha. Isotonic saline wes given for initisl rehydration and a solu-
tion containing 3 grams sodium chloride, 4 grams sodium bicarbonate and 1 gram
potassium chloride was given Lo mzteh stool losses for maintenance of hydration,
The value of tetracycline cs a supplement to £1uid therapy was demonstrated. A
tetal of 155 cholera petients were treated; 64 were admitted directly without prior
therapy and 91 were taken in transfer after varying amounts of hypertonic saline
and alkeli, There were seven deaths during this pericd., Two smaell children
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expired due to inadequate fluid replacement. There were four deaths attributed

to severe acidosis in petients admitted late in the course of disease after 3 or 4
days of diarrhea (3 of whom were transferred from other hospitals), The striking
feature common of ell the lcte acidotic petients was the presence of pulmonary

edema despite dehydretion.  Other complicetions were restricted to the group treeted
elsewhere before admission. There were several instances of oliguries of more than

3 deys duration ¢11 with eventual recovery. One of these was treated with peritoneal
dialysis, There was one death due to orally administered potassium chloride in a
healthy convalescent cholora patient,

Total cholera admissions - 155 - 7 deaths.
Hrect admissions - 6l - 3 n
Prior hospitalization
elsewhere - 91 - 4 "
G0y < 10 mEq/L - 14 - 3 "
Phase 2 - May 1963 through December 1963.

From the start of this phase onward our trained Paskistani physiciens tock over
full responsibility for the evaluation and treatment of all petients. We saw the
patients with them but wrote only orders for particular research studies. The
experience during this period was excellent and it was apparcnt that our colleagues
had profited from our earlier observations and errors, Further experience with
severe acideosis indicated thet isotonic sodiim bicarbonate could be given despite
pulmonary edema and, in fact, produced a resolution of signs of heart failure when
given in quentitics sufficient to fully correct the acidosis. Several cases re-
quired over 500 mEq to acccmplish this goal. The system of therapy during this
time remained the secme as during phase 1 excepting the treatment of late, severe
acidosis, Bocause of the difficulty and inexperience in prompt recognition of
severe acidosis such cases frequently received some isotonic saline initially which
increased the pulmonary cdema., Bucause of this it seemed desirzble to start
hydration of all cascs with a solution centaining at least some alkali.

Total cholera admissions - 104 - 0O deaths
Direct admissions - 79 - 0 n
Prior hospitalization

elsewhere - 25 - 0 "
C0y < 10 mEq/L - 7 - 0 4

Phase 3 -  January 1964 throush September 1964

The evidemic of Jenuery 1964 nccessitated simplification of therapy, From
this time we have used a single solution for the treatment of cach case unlcess
acidosis was very severe or potassium replacement by vein was indicated. Initially
we used solution containing: sodium chloride 5 gns., (85 mEq), sodium lactate
50 mEq., potassium chloride 0.75 gi., (10 mEg).  ifter a brief period 4 grams of
sodium bicarbonate were substituted for lactate when supplies of lactate were
exhausted, During use of this solution there were no instances of potassium in-~
toxication by ECG during the very fast infusions given during the period of re-
hydration. There were also no cases with long-standing diarrhea that showed serious
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signs of potessiun depletion, Following this we decided to delete potassium
chloride from our intravenous solutions to determine whether intravenous potassium
was @ssential. Since then we have used a solubion with & grams of sodium chioride
and 4 grams of sodium bicarbonate, Potassium replccement oy vein has ultimately
proved necessary in some cascs during this puriod, In twe children serious cardiac
arrhythmias associated with hypokalemie occurred despite cral administration of
coconut, water, In a third child there were sever:sl days of stupor refractory to
verious therapeutic measures essociated with hypokalemic and tlectrocardiographic
"u" waves, /11 three patients responded dramatically to intravenous poctassium,
There was z single death due to cholera during this period in a patient admitted
moribund who expired within a half hour after admission,  Another patient admitted
with cholera died 3 wecks after admission of amebic colitis with liver abcesses;
there was no clinical or bactericlogic evidence of cholera at the time of death.

Total cholera admissions - 224 - 2 deaths
Direct admissions ~ 219 - 2 "
Prior hospitalization

elsewhere - 5
€0, < 10 mEqg/L - 2, - 0 M

Matlab -  Deccmber 1963 through August 1964

Therapy in Matlab was carried out by our Pskistani physicisns under primitive
conditions, no laboratory support or consultation,  Equipment consisted of cholera
cots, a scale, a stethescope and sphygmomanometor. Fluid replacement was carried
out with isotonic selire for initial refydration followed by 1 liter of Darrow's
solution for every two liters of saline, Tetracycline was given in =211 cases,
Darrow's solution was the only lactete-conteining solution available at that time
in plastic bags with attached tubing snd needle, the form best suited for use in
the field, Darrow's solution contains:

Na - 121.7 mEg/L
K - 35.8 "
Cl - 104,2 M
Lactate  ~ 53,3

This progran was unsatisfactory on two accounts:

1) Too little alkali replacement,,

2) Excessive potassium concentration in the Darrow's solution with the risk of
intoxication by overly rapid infusion.

Tetroeyeline wes used in o1l ceses.  Despite the obvious inadequacies of the initial
Mctleb exXperivnce there were only three deaths in the first 132 coses - a mortality
of 2,44, In one of these ceses, death wes attributed to potessium intoxication
from repid infusion of Darrow's solution.

Currently our Matlab hespitel is using a single solution (Serofusine without
glucose) which metches the composition of cholern stool within safe limits of rapid
intravenous potezsaiun infusion, Serofusine contains:

Na - 133 mBg/L
K - 12 "
Ca - 3 "
Mg - Lo
CL - 103 "
Lactate - 49 H
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Shaitnal

To illustrcte thet even a simple step can greotly clter the very high village
mortality of cholers, Dr. Glasse, our anthropologist, has instructed local practi-

tioners in venopuncture and the adninistration of isotonic saline only. A total of
12 confirmed cholers patients have been treeted without & single death. Tetracycline
was given to most of the cases, This experience shows thest it is possible to teach

untreined people the simple skills necessary for judging how much of 2 single
solution should be given under the crudest conditions.

Discussion:

Fluid Thergpy = The cxperience at CRL indicates that fluid replacement
therapy of cholera patients cen be adequately guided by bedside and nursing observa-
tions., These guides to therapy are mere readily applicable in remote arcas, where
cholera occurs very freguently, than those which depend on laboratory measurements,
Calculation of exact losses from plesma protein levels may be misleading since there
is so wide 2 range of variation in convelescent values.

Convalescent plasma protein values observed in our cholera patients were:

Number of cases - 324
Range - 4-5 - 9011- glno;é
Mean and 2 5.0, - 6.9 + 1.8 gn.4

We favor the use of & single solution for both rehydration and subsequent
maintenance of fluid balance, Serofusine without glucose (Vifor Co. Geneva)
approximates a composition we have found setisfactory, which is peckaged in plastic
begs, Celeium and megnesium are not necessary; both are not hermful given in
physiologic smounts and may contribute a smell extra increment to care of patients
with major stool losses., The simpler solution prepared in the laborateory which we
have used extensively contains: 5 grems sodium chloride, 4 grams sodiuwn bicarbonate,
L gram potassium chloride.

hcidosis -~  The elinicel judgment of acidosis has been a more serious problem
than that of dehydration, Nearly all our mortality has been in cases who had pro=-
longed diarrhea with inedequate clkali as well as volume replacenent, +1 postmortem
these patients have shown marked dilation of pulmonary vessels and hyaline-like
membrangs present in many alveoli. The clinical events preceding death were
pulmonary rales and edema despite significant hypovolemia end shock, When isotonic

sodium bicarbonate hes been infused in sufficient quantity to overcome the acidosis
death hes not occurred.  Thus this syndrome appears to be a conscquence of acidosis
and underlines the importance of proeper correction of acidosis in 211 cholera cases.

Poctassium - W& have seen that both orel snd intravenous solutions containing
excessive amounts of potassium may result in serious clinicel accidents, We have
also seen that oral administration of potassium may not be sufficiently reliable to
avold sericus consequencss due to hypokalemia,

Consequently we have adopted a level of potassium in our intravenous solutions
that hes proven safe and should avoid the consequences of both potassium intoxication
as well as hypokalcmiea leading to cardiac arrest, In ficld treatment such as at
Shaitnal, Metlab or during the cotton mills' outbrezks oral replacement is often
impracticable,

- -
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Glucogse - Since a simple diet of skim milk, banena and bread has been
allowed to all psticnts at zll ages when they are first hungry, we heve not scen
serious hypoglycemia., Freviously scverel cases of hypoglycemic coma were seen in
children. Intravenous solutions of high glucose content have beon observed to
cause both clinical deterioration and changes in ECG ST segments; for a brief
period in January we uscd a solution containing 14 glucose by wvein with no adverse
reactions, Feeding of carbohydrates by mouth even during diarrhee avoids hypo-
glycemia, satisfics hunger which is frequently intense and does not seem to aggravate
the existing diarrhea,

intibiotics - In e study reported to the Technical Advisory Committee last
year, tetracycline was shown to shorten the duration of bacterial positivity and
of diarrhea in cholera patients. Further experience with tetracyceline, especially
during the J.nuary cpidemic hes confirmed these findings, The experience of Matlab
and Shaitnal,where long term fluid and electrolyte roplacement carnot be adequately
given, shows that the addition of an antimicrobial agent (tetracycline) saves lives.
L double blind tetracycline study was carried out, but due to the inclusion of a
group of cholera-like cases from whom V., cho grae was nolt rscovered, it was abandoned
before reaching significance. Other antibiotics active in vitro ogeinst vibrios
are currently under clinical trizl,

Summary ¢

In 362 cholera patients not treated prior to admission to CRL there have been
3 deaths due to the disecase,  There have been 4 doaths in 121 patients adwdtted
after intravenous thurapy at other institutions, Four of the 7 deaths were at-
tributed to prolonged severe acidosis,  There hos becn one death lete in an unevent-
ful convalescent cholera case due to excossive intakce of potassium by mouth, 411
except one death ocecurred before Pekisteni physicians took charge of the patient
care during the first 102 cascs, «t the Matlab tructiment center, in the absence
of laboratory support, 132 cholera cases have becn treated with two deaths dus to
cholera and one probably duc to potassium intoxication, In Shaitnal 12 cholera
cases have beun treated by paramedical personnel with nc deaths or complications.
The syndrome of pulmonary edema seen in patients with scvere acidosis has been
treated successfully when enough isotonic sodium bicarbonate waes infused to overcome
the acidosis, Pailure to replace potassium by vein can be potentially lethal in
children.  The optimal level of potassium in & replacement solution has yet to
be determined, Tetracycline has given consistently excelleunt results in sicpping
dierrhea; we have not yet scen a case of prolonged dicrrhea in a cholera patient
adequately treated with this agent, h simple replacenment solution in e conveniently
packaged unit is a highly dcsirable simplification of therapy,
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Nonvibric Cholera
by

J. Linde¢nbaum, W. B, CGroenough, III,
R, O, Oseaschn, S, Rizvi, A, Saad.

In February and Merch 1964, during a seasonal period usually essociated with
a fall in the incidence of cholere in Dacca, a numbir of ceses were admitted to the
CRL ward in a state of circulatory collapse after zn acutc illness of less then 48
hours' duration, assoccizted with the passage of coplous rice-water stool. In most
of these cases, no vibrios were isolated fronm deily rectal swab cultures. During
the period from Februsry 10, 1964 through March 26, 1964, 15 paticnts were admitted
in a completely collapsed state, without pulse or blood pressure, in whom no
bacteriolegic cvidence of cholera infection was found, 4n additional 29 bacteriologi-
cally negative cases were admitted with noderately severe dehydration (plasua protein
greater than 9 gm.4) associated with watery diarrhea, During the seme period, a
totel of 14 bacteriologicelly proven cases of cholera were admitted, It was
apparent, therefore, that during this period of time 2 choliura-like illness without
bactericlogic evidence of cholera infection was more than twice as common on our wards
as cholera itself, Accordingly, a prospective study was undertaken to obtain more
complete clinical, physiologic, bacteriolegic, and immunologic data on these cases
and to compare them with cstablished cases of cholers,

Plan of Study :

The study was initiated on March 27, 1964, and continued until June 11, 1964,
A1l petients with diarrheal diseasc admitted to the CRL ward in & state of circula-
tory collapse (absent pulse or pulse too rapid and feint to be counted) were adnitted
te the study. On cach patient, admission plesma protein, clectrolytes, white blood
count and differential, serum for agglutinin titers, blood culture, and electro-
cardiogram were obtained before the initiation of any therepy. All patients were
treated with intravenous fluids. Only two patients, both of whom had bacteriologi-
cally documented infection with V, choler g, received antibioties., 71l of the
determinations performed on admission were repeated on the seventh hospitesl day.
Thirty to 100 cc of liquid stool was obtained under ¢il from the sigmeid colon via
& sterile catheter inserted through the rectum within a few hours of admission. Cn
matericl obtained in this way, stool clectrolytes, pH, sugar, gross and microscopic
exanination, and guiaic test for occult blood werc performed, and an aliquot of the
stool was emnployed for bacteriologic studiecs. The material was streaked on S5,
MacConkey's, blocd, gelatin, and tellurite-tauvrocholete-gelatin agars end was placed
in bile peptone enrichment fluid, Seven ml aliquots of stool were distributed in
5 to 7 phisls as soon after being obtaincd as possible and stored at minus 45°C,
In addition, dark-ficld exaination was performed on fresh stool or rectal catheter
Specimens according to the method of Henenson, Greenough, and Islem (1964).  Through-
out the hospital stay of the patient, daily culturcs of rectal swab material wure
placed on gelatin and tcllurite-taurocholate-gelatin agar and in bile peptone
enrichment fluid.  Strict intake and output measurements were made throughout the
duration of illness., Stocl was collscted elght-hourly for description and volume
measurenent, The end of the last eight-hour period before the passage of non-liquid,
semi-formed to formed stool was considered to be "end of ¢iarrhea.
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Immunoliogic Studies:

Paired acute and convalescent sera were available on 33 of the 34 cases, and
were tested for ag;lutinating entibodics against V. cholerae Inaba and Ogawa.
Three cases, from whom noncholera vibrios were obtained on stool culture, were &lso
tested for agilutinating entibodies ageinst the homologous organism,

Bacteriophage studies:

Stools from 28 of the patients were examined for the prusence of bacteriophage
lytic for cholera vibrics as well as bacteriophege which could lyscgenize cholera
vibrios.  Frozen aliquots were tested. Eight classical cholere vibrios, 4 El Tor
vibrios, and 2 noncholera vibrics were used as indicator organisms, Stool z2ligucts
were treated with chloroform, heat and ultraviolet light to libereste lysogenic
phege. Szuaples were ¢lso enriched with the indicator organisms ovaernight and then
plated to detect the presence of phage.

RESULTS

Bacteriologic findings -  Stool cultures from fourteen patients werc
positive for ¥, cholerae (11 Inaba, 3 Ogawa.), In each of these patients, repeated
stool cultures showed cholera vibrios on 2 to 7 successive deys., In 4 other
patisnts, no cholera vibrios were isclated at any time, but noncholera vibrios ware
demonstrated on 2 to 5 consccutive deys on tellurite-taurocholote gelatin  agar
and/or gelatin agar streaked directly with the rectal swab. No vibrios or other
recogniged enteric pathogens were isolated from the stools of 15 patients. In a
single patient whose cdmission bacteriologic cultures and dark-field exanination
were negative, and in whom no serum agglutinating antibodics against V. cholerae
were detccted in either acute or convalescent sera, V., cholerae Inaba was reported
on rectal swab culture from the second hospital day only, Bactericlogic cultures
were again negative on days 3 - 8,  Although the positive second-day culture
appeared to be a sempling error, this patient will be excluded from subsequent.
analysis of the data, Blood cultures showed no growth in all cases,

Bectericlogically, thersfore, the patients in the study fall into three groups:
(1) Cholera vibrios - 1k csses, (2) Noncholera vibrios - L cases, end (3) No vibrios
or pathogens ~ 15 cases.

Dark-field microscopy - In all of the 14 patients repcatedly positive on
bacteriologic culture for V, cholerae, the identical diagnosis, including typing,
was made on dark-field exemination. In the 15 casvs where no pathogen was isclated,
nc vibrios were noted on dark-field cxaminaztion. In the 4 cases with noncholera
vibrios on culture, noncholura vibrios were identified in the derk-field in two,
no vibrios were s<en in one, and V, cholerae Ogawa was reported in one, In the
last case no cholura vibrios were isoloted bacteriologically at any time during the
patient's illness, end no antibodies against cholera vibrios were detectable in
acute and convelescent sere; this case was considered to be a dark-field false-
positive,

Inmunologic studies - (Table I) Paired sera were svailable in 32 cases.
In 14 of 14 ceses from whom V, cholerae was isolated, a four-fold or greater rise in
agglutinin titer occurred between samples teken on admission and those taken after
the sixth hospital day., In two of three cases with noncholera vibrios, a four-fold

-2 -
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or greater rise in sgglutinin titer against the homologous organism (but not against
V, cholerae) was demonstrated. No rise in agglutinating antibody titer against
V, cholerae was observed in any of the 15 cases from whom no pathogen was isolated,

Bacteriophage observations - Lytic phage was not isolated from any of the
28 stools examined, . lyscgenic phages were ilsolated, two from stools infected

with V. cholerag Ogawa and two with noncholera vibrios (Table II).,  ifter overnight
incubation of the stools with the indicator strains, lyscgenic phage was detected
in 4 of 14 stools that were bactericlogically ncgative, indicating the presence in
the stools of phage with a wide host range.

Clinical and biochemical observations -~  In Tables III through VI, various
clinicel and blochemical features of the cases are suwmmarized and compared, It is
apparent that the clinical symptomstology in the three groups (Table ILI) was
identical, &s was the degree of dehydration on admission (plasma protein, Table IV},
Most of the patients were young adults, predouminantly male. There were two &-year
old children in the group with V. cholerae, while the youngest patient in the group
with no puethogens was 12, Leucocytosis wes similar in degree and character
(increased ncutrophils, with a predominance of band forms) in tne three Eroups.
hdinission blood electrolytes were similar.  Similar electrocardicgraphic abnormali-
ties were common in the 3 groups. Stool was alkaline and ¢lectrolyte-rich in all
groups {Table V), The patients with V. cholerac tended to have a slightly higher
mean pH and bicarbonate content than those with no pathogens. The sc-called
"typical rice-water stool" of cholecra was seen in 211 groups, though none of the
petients with ¥V, cholerae had the reddish-brown stocl frequent in the patients with
noncholera vibrios and with no pathogens, The most striking differences werc in
the mean duration and volume of diarrhea (Table Vi), The average cholera patient
purged for 4.6 days, in comparison to the 1,5 days of those¢ with no pathogens, and
passed more than 8 times as much watery stocol. Even in these respects, however,
there was overlap between the two groups. Thus one patient with V., cholerac passed
a totel of 5.2 liters of stool over 2,7 days of diarrhea, while a patient from whom
no pathogens were isolsted had diarrhea for 4,3 days and purged 17.9 liters of stool,
In general, however, the duration of illness in the group with no pathogens was short,
and most paticents stopped purging by the second hospital day. A1l of the patients
in the three groups rcsponded raopidly to intravenous fluid and electrolyte replace-
ment therapy, end there was no nmertelity in any of the groups.

DISCUSSION:

These findings indicate that a syndroms occurs cormonly in Hast Peakistan which
often mimics classical cholera gravis in every respect, but which cannst be
attributed to infection with V. cholerae. In none of the 15 patients who
presented with watery diarrhea and circulatory collapsc with repeated negative
bactericlogic cultures were vibriocs found on dark-field examination; and in nc case
was ther: a rise in serum agglutinating antibody titers cgainst V. cholerae. The
striking agreement between thrse independent techniques (bacteriologic culture,
dark-field,,and serologic) in failure to demonstrate evidence of vibrio infection
in all-15 cases would appear to safely rule out V. cholerae as an etiologic agent.
The bacteriologic studies undertaken did not revesl the agent responsible for the
wetery diarrhea.  Virus studies have not yet been completed on the matcerial collect-
ed from these cases. In light of our prescnt state of ignorance, ond the clinical
similarity of the cases.to 'clagsical cholera, the syndrome may be dubbed "nonvibrio
cholera’, W T

<&
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The findings further support a view held by meny cliniciens since the nineteenth
century - that the cholera syndrome in all its menifestations, including circulstory
collapse, muscle cremps, hoarseness, unconsciousness, and urinary suppression, is
not specific for infection with V. cholerse, but is rather the physiclogic result
of extreme dehydration and clectrolyte loss resulting from diecrrhce and vomiting.

Each of these 15 cases on admission presented the full-blown clinicel cholera
syndrome and could not be differentiasted from classical cholera. Each responded
dramatically to theropy with intravenous electrolyte soluticns., Even on retro-
spective analysis onlty relative, rather than absolutc, differences were noted
between the patients with true cholera and those in whom no pathogens were found.
In the latter group, the diarrhea usually tended to be shorter in duration and
less voluminous, and was sometimes associated with a pinkish, or reddish-brown
stool color that is uncommon in patients with V. cholerae infection,

In view of the failure to demonstrete an etiologic agent, it may be asked
whether "nonvibrio cholera" as seen in East Pekistan represents & single disease
entity, or merely a potpourri of conditions of varying etiology heving in common
watery diarrhea, severe dehydration, and absence of infection with vibrics,

Present information is inadequate to resolve this guestion, Though our experience
with the syndrome is limited at present, certain features suggest that at lsast

somé of the patients form a specific disease entity. To dete, over the 23-month
period since the CRL ward opened, the syndrome hazs nol bsen sceen in children below
the age of eight (a group cormonly afflicted with ¥, cholerac). In addition,
during the past 12 months, the syndrome was encountered frequently in February
through May, with reletively rare sporadic cases in other months, Similar
observations, with regard to age-group affected and scascnal incidence, were made

in the course of a cholera vaccine ficld trial among 14,057 persons in a group of

23 villages near Matlab Bazar, 40 miles scuth of Dacca, The incidence of severe,
disabling cholera (i.e., associated with inebility to walk or respond) in a control
(TAB vaccinated) group during the 9-month interval from Decamber 1963 through hugust
1964 was 3.3 per 1000, During the seme period the incidence of scvere, disabling
diarrheal illnesses (using the seme criterion of severity) from which V, cholerse
was not isclated was 15.7 per 1000, More than half of these illnesses wiassociated
with vibrics occurred during March, April, and May. Whilc most of the sceverely
disabling diarrhea due to V, cholerae occurred in purscns below 15 years of age,
nonvibric diarrhea of similar severity wes more frequent among those 15 and over,

Information collected both from the Matleb Bezar field tricl area and from
Shaitnel indicates that untreated or inadequatcly treated nonvibric cholers mey,
like true cholera gravis, result in a fatal outcome.,. It must also be emphasized
that the present study sclected only the scverest cascs - those with the most
profound dehydration; and in the absence of & known etiologic agent, certain
identification of milder cases of the syndrome is difficult, and description of
its full clinical spectrum is impossible.,

Noncholera vibrios were demonstrated on repeated stool culture from four of
the patients included in this study, Like those in whom no known pathogens were
recovered, these cascs mimicked classical acute cholera (Tables III through V),
though, as in the group with no pathogens, average duration and volume of diarrhea
was less than in the patients with ¥V, cholerae infection (Table V1), In two of
the cases with noncholera vibrios, antibody titer rises occurred against homologous
noncholera vibrios, but not against V, cholerae. That infection with noncholera

_L’_...
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vibrios may occasionally give rise to the full~blown chole¢ra syndrome has been
observed repeatedly (Pollitzer, 1959, McIntyre et al, 1964).

Summary and conclusions:

The syndrome in which the passage of copious quantities of rice-watery stool
results in extreme dehydration and circulatory collapse is not specific for
infection with V, cholerag. Such a syndrome, in which no evidence for V.cholerae
infection was demonstrable by repeated bacteriologic culture, dark-field examination
and immunclogic methods, occurred more frequently in areas of Hast Pakistan in
the spring of 1964 than did true cholera itself. The duration and volume of
watery diarrhea was usually less than in cases of true cholera, In a few cases,
infection with noncholera vibrios was associated witl: the syndrome; but in most,
no known pathogen was recovered,
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Table T

Bacterial isoletions and Vibric rgglutineting Antibodv Titer Rises

Significant** No !
Bacterial Isclate sintibody Antibody Inedequate | TOTwL
Hise mise Sera .
r
V, cholerae Inaba 11 - - i 11
V. cholerae Ogawa 3 - - 3
Noncholera vibrios % 1 1 I
No pathogens 0 15 - 15

* FRise in antibody against homologous orgenism; none against
V.cholerae Inaba or Ogawa,
ok

Four-fold or greater rise in titer.
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Bacteriophape Isolstions
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Bacteriological Findings Lysogenic Phage No Phage Isclated TOTAL
V. _cholerae Inabe 0 9 9
V., cholerae Ugawa 2 0 2
Noncholera vibrio 2 1 3
No Pathogen isolated 4L 10 1L
TOTAL g 20 28
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Clinical Festures
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NONCHOLER.. VIBRICB

CHOLER | NO P..THOGENS
Watery diarrhea 14/14 15/15 bk
Vomiting 14/14 15/15 4/
Muscle cramps 13/14 15/15 L/h
Abdominal pain 5/14 11/15 3/4
.Hoarseness 14,/14 14/ 14 L/
Unconsciousness 3/14 4/15 /4
Oliguria 13/14 13 /15 2/l
Documented fever 10/14 . 11/15 L/,
Duration of symptoms
from onset to time
of admission:
Mean 14 hrs, 10 hrs. 11 hrs,
Range 3 -~ 32 hrs, 5 -~ 21 hrs. L - 18 hrs,




Clinical and Biochemical Findings

Table IV
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No, Sex hge Body Flasma Frotein
of Ratio in Weight in gm.p
Cascs M : F Yeors in Kg, sdmission Convelescent
V. _cholerae 14 (11 : 3 28 39 11,7 7.1
( 6-45) (13-63) (8.7-14.2) (6.0 -~ 8,6)
No Pathogens 15 |10 : 5 35 38 11.8 7.2
(12-60) (34-41) (9.8-14.4) (6,0 - 8,0)
Noncholera vibrios L 2: 2 26 39 11.3 6.9
(18-30) (23-54) (20 - 13.2) | (6.5 - 7.4)
Total SERUM ELECTROLYTES
White Blood mEg/1
Count Na K c1, COo
Vs cholerae 21,700 : 140 L5 96 15,3
(4,000 - 36,000} ¥ (139-144) |(3.5-5.0) (86 ~ 119) {(9,1 - 22.0)
No Pathogens 22,300 138 bal 96 4.5
(6,450 ~ 38,000) | (126-142) |(3.2-4.7) |(82.2 110) ((9.5 - 20.3)
Noncholera vibrios 21,400 141 L.,2 Gh 16,0
(14,800-32,200) | (138-144) (4eO-4,6) 1(90 ~ 100) | (14.5 - 18.9)

Comparison of various

included in the study,
figures in p:rentheses foliowing the mean velues indicate
the range of values recorded.

The

parameters in the 3 groups of patients
Mean values are presented,
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Table V

Stcol Characteristics

pH* Ne* K* cL* COo*

v erae 7.54 139 2h.3 106 LE.S
(6.85 - 7,95) | (46 - 161) {(10.2 - 82.0) (63 - 129)i(26.9 - 66,5)

No Pathogens 7,11 123 31,1. 99 41,5
(6,36 - 7,80) 1(70 - 163) {(7.7 - 66.5) [(89 - 130){(18.1 - 68.0)

Noncholera vibrios 7.52 111 Lb.L g1 45.3
(7.08 - g.12) [{99 - 130) {(25.6 - 56.4) [(82 - 98) [{39.6 ~ 55.2)

!

]
Guiaic
Glucose™® hppearance Mucus WBC HBC ositive
PP &
V. cholerae 0 9 "rice-water" |+ - ++ | + - ++ |0 - + 3/13
(0 -0) 5 yellow
Ne Pathogens 2.8 5 "rice-water" |+ -~ 4+t | + - 4+ |0 - ++ 5/11
" (0 -17) | 4 yeliow
; 6 red-brown
{ Noncholera vibrios 1.7 1 "price-water" |+ -+ |+ - H+ [0 - + 0/3
' (0 - 5) 3  red-brown

Mean values (range in parenthesis)
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Table VI

Duration and Volume of Diarrhea

I(e)

F No. Mean duration, Mean
of days after Volume,
Lases admission Range Liters Hange
V, cholerae 12* L7 2.7 - £.3 30,8 5.2 ~ 69,1
No Pathogens 15 1.5 0 -4.3 3.7 0 - 17.9
Nencholera vibrios L 2.1 1 -3 3.0 2.3 - 3.4

A

Two cases of the 14 with V. choleprae that recceived
tetracycline thercpy are nct included.
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Laboratory Diagnosis of Chq}e;arm

by

A. 8. Benenson, M. D.

The use of the darkfield vibrioc immobilization test has provided a
method by which vibrio infection can be specifically recognized within
minutes. Since preparation of the original report accepted for publi-
cation by the Bulletin of The World Health Organization (see CRL Recent
Publications), this technique has become a routine carried out by the
technicians in the ¢linical pathology laboratory. Comparisen of early
and later results reveals that more infecticns have been missed in jthe
later period. However, in the majority of cases, the procedure has been
of great help because the resulits are avallable so soon.,

rDireot Recognition Januvary Epidemic Jan., to Sent.
Total examined ‘62 69
Positives correctly identified 49 24
Vibrios reccgnized-too few toc type - 11
Missed by darkfield 13 34
False positives 0 0

After QOvernight Enrichment

Total examined 70 93
Positives correctly identified 66 €9
Vibrios recognized-too few to type 0 4
Missed by darkfield 2 20

Z False positives Q 1

f In several instances, the darkfield technigue has recognized specifioc
infections overlooked on plates containing many non-cholera vibrios. The
single false positive instance was one in which a non-chclera vibric was

reported as Ogawa cholera.

It was originally_reported that this technigque was only positive if
theére are more than lO5 vibrios per ml., A review of the degree of culture
positivity of stools of all patients from whom vibrios were iscolated during
their illness shows that 82% have stools which are graded as +++ or higher
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on admission. A4 +++ report is equivalent to 105 organisme and is at
the borderline of recognition by this method (see Section ITI(a)). In the
routine CRL culture technique including enrichment, 93% of subsequently
confirmed cholora infouctions are positive on the first day, with a pattern
of positivity thus:

Degree of Positivity on Day of iddmission

Enrichment
Total Cases Nog. only + ++ i+t & +H++
144 10 4 3 10 118

% 3% 1% 1% 8%

The sovority of discase, as judged by admission plasma protein level, had
no evident offcect on bactericlogical positivity.

The likelihood of recognising infection decrcases slowly in the
patients net trecated with antibiotic, as is sven by roviewing the results
of dally culturlng with dircet plating on TTGA =znd GA, and enrichment

|

antone '\v-\-nx ks

ko)
M ouLL Vs w

DLLJ. U ubll

Day of Discase
1 2 3 4 5 6 7 8 9 10
% of cultures positive
No antibiotic 93 90 8 T2 67 54 30 13 9 0

The inclusion of serological studios for agglutinins ageinst living
vibrios-increases tho recognition of spucific infection. Results of
examination of adoguate paircd sera (second sample after the 6th day) of
cases admitted becausc of diarrhea (CRL Nos. 258 to 1000) arc as followss

Vibrio Igoclationa

Total

Positive Ogawa Inaba Nonec or NCV
Total No.of cases
with adeoquatec sera 178 118 60 85
% sorologically
positive 86.5 88.1 83.3 5.9
Fourfeld or greator
agglutinin risc 154 104 50 5
Noo with cqual Ogpawa
and Inaba titors 35 22 2
No. with greater
Ogawa titer 57 6 2
No. with greater
Inaba titer 12 22 1
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The 5 cases sorclogically positive but culturally ncgative include
onc with mild gastruenteritis and 4 will illnesscs rgsembling modorately
severe cholera. Antibiotic thoreapy had ne demonstrable ¢ffoct on the
antibedy rosponsos - the geomeiric mean titer on days 7-10 was 13127
among these who did not reccive antibiotic,; and 1:126 among those who
recelved antibiotic.

In summary; the bactceriological technigue using two plates and
enrichment broth deteets 93% of Vibric cholerae cases on the first day of
illness; testing for agglutinins against living vibrios detects 86.5%
of the bacteriologically confirmed infcctions and 5.9% of those missed
bacterivlogically. The darkfield vibrio immobilization procedure allows
alnost immodiate recognition of ovoer Lalf the vibric infections,
utilizes minimal equipment; and as an additional diagnoestic technique
identifies some infections which might othoerwise have boen missed.
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Pulrionary Hyperiension. 4 Conseaquence of
Shock Due to Diarrhea.

by

Drs. K. M. .1ly and W. B, Greenough, III.

Pulmenary hypertension is a recognised feature vnccuntered in some congenital
heart conditions, chronic lung diseases, and acute pulmonary smbolism, To our
knowledge, it has nct been reported in shock due to severely dehydrating diarrheal
disease.

During the winter of 1962-63 threc phenomena were cbserved in cholera patients
in circulatory collapse which suggested the presence of pulmonary hypertension,
One of these was auscultatory: accentuation and splitting of the pulmonic seccnd
heart sound. The other two were electrccardiographic: giant "p" waves and right
axis deviation. Further ¢lectrocardiographic observations on cholera patients
indicated that these changes were always present to some extent during the stage
of vescular collapse. Rapid infusion of e¢ven relatively smell amounts of either
saline or alkali-containing sclutions resulted in changes toward normal in the !pv
waves and shift of the electrical axis tc the left.
spective study of severely dehydrating diarrheal disease
ewhere in this roport (Lindenbzum et al, "Nenvibrio cholera’) serial
electrocardiograms were taken on 30 of 34 cases admitted in shock in the spring of
1964, fnalysis of these tracings showed that the electrocardiogrephic findings
in cases of vascular collapse due to V. cholerae were identiczl to those seen in
cases from whom no pathogens or from whom noncholera vibrics were isoclated. A
further study was conducted at Mitford and Dacca Mediczal College Hospitals to
determine whether the changes observed in collapse due te diarrhea would be found
in shock due to hemorrhage end other causes.

The results are summerized in the following teble:

Table T

The Electrocardicgram in Vascular Collapse

Plasma
n¥ wavto axis Shift Frotein Cop
38m of 20° I, 10 gm.4 {15 mEg/L | Total
Cr more or _more or mere or less Cases
True cholera 17/22 (774) 118/20 (90%) 18/22 11/18 22
Noncholera diarrhea* [10/12 (83%) 7/9  (784) 11/12 9/12 12
Heemorrhage 2/11 (19%) - - 0/10 2/10 11
Miscellanecus L/12  (334) - - 0/12 /11 12

*  MNonvibrio cholera" and cases with noncholera

vibrio on stool culture.
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The height of "p" waves in electrocardiograms of 171 normal East Pakisteni
subjects (ccllected by the Nutrition Survey of East Fakistan) ranged from 1.1 to
1.7 mm. Data on axis shift changes are not aveilable on the ceses with shock
due to nondiarrhezl etiology because serial elsctrecardiograms were not taken on
these subjects. The two patients with heemorrhagic shock with elevated "p" waves
had normel serum carben dioxide contents, Four cases in the "miscellanecus™
cetegory had elevated "p" waves, The admitting diagnoses ai sHtford Hospital in
these 4 cases were: ameéblic hepatitis with collapse, acute urinary retention, en-
larged prostate with uremia, and eclampsia,

Thus we sec that cases of shock due to non-dierrheal etioclogy, in our limited
experience, were only occasionally associzted with electrocardicgraphic findings
sugzestive of pulmonary hypertension. Ewven in those patients with non-diarrhecl
shock with "p" weve e¢levations, the amplitude was not as great as in the typical
case with shock due to dierrhea.

Comperison of the height of "p" wave in the diarrheal cases with the degree
of acidosis or dehydration did not yisld any correlction in cur small serices,
Rehydration, however, rapidly alters the electrocardiogrephic pattern towards
normal as summnarized in the following table.

Table TT

e ———

The Effect of Repid Intrevenous Infusion on the Electrocardiogrem

of Patients with Shock Due to Diarrhea

Fluid received a Hedght of p wave 3mm or > fixis Shift 20° or more

time of initial Non- Non-

ECG, Cholera |chelera™ Total Cholera icholera® Total

No infusion 17/22 10/12 27/34 18/20 7/10 25/30
(80%) (83%)

less than 500 cc 5/7 3/5 8/12 5/7 L/5 9/12
(674) (75%)

More than 500 cc 6/34 1/4 7/38 12/26 2/3 14/29
(188) (L.97)

*

"Nonvibrio cholera" and cases with noncholera vibrios
on stool culture,

The accentuation of the pulmonic sound persists for 2 to 5 days, however, even
when normal hydretion is maintained.

Our current hypothesis is that pulmonary hypertension is consistently present in
vascular collapse due to dehydrating diarrhea, We would guess that it may depend on
some phenomenon associated with hemoconcentration such as sludging of cells in. the
pulmonary capillaries, or viscosity changes., Acidosis and decreased blocd volume
probably play less important roles in the pathogenesis of pulmonary hypertension.

-2 -
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These hypotheses will be subject to direct cxperimental verificetion by a
team of cardiologists including Drs. R. Hervey, Y. Enson, and M. Lewis, who will
be working at the CEL in the winter of 1965.  Dircct measurcements on the pulmon-
ary and systemic circulations by means of cardiec cathoterization will be made
to determine whether or not pulmenery hypertcnsion is indeed present and to
investigate its pathogenesis,

A ——————
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Malabsorption During and After Hecovery '
A . 3 T
From Acute Intestinal Inie%ﬁl@% U for Publicaton or Ouolion I

by Wwithout SUihDZ-ldh i e _J

Zirecior of
v T 1
vohn Lindenbaum, M,D, s — m——

In recent years increasing interest has been shown in a variety of diarrheal
diseases associated with smell intestinal melabsorption, Though malabsorption, as
indicated by a number of tests of absorptive function, hes been reported in many
chronic diseases involving the gastrointestinal tract, interest has centered on
conditions associsted with jejunel strophy - including idiopathic steatorrhea
("gluten-induced enteropathy"g and the syndrome of chronic diarrhea associated with
malabsorption in persons living in tropical countries ("tropical sprue").  The
tropicel sprue syndrome is of unknown etiology, though considerable evidence exists
that infection may play & role in some of the cases, cymptomatic and biochemical
responses to antibiotic therapy have been reported (French, Gaddie, and Smith 1956,
Sheehy and Ferez Sentiago 1961), and the syndrome may occur in epidemic form (Beker,
Mathen, end Joseph 1962%. Studies from Theiland, South India, and Pakistan indicate-
that while symptometic tropical sprue occurs only cccesionally in the populetion,
abnormelities of mucosel eppearance and function are common in asymptomstic "normal
individurls without diarrhes (Sprinz, Sribhibhadh, Gangarosa, Bonyejati, Kundel, and
Haéstgad 1962, Baker, Ignatius, Mathen, Veish, and Chacko 1962, Aziz 1964, Lindenbaum
1964a ),

The effect on absorptive function of zcute intestinzl infection, the most commen
form of gestrointestinel diseesse the world over, his received little attention.
Meny cases of acute enteritis are too mild to require hospital admission, or are
discharged from hospitzl soon after symptomctic recovery. Occasional patients have
been reported, however, in whom 2 transient disrrhez associated with malabsorption
appeared to follow acute intestinel infection (hchor end Smith 1955, hing and Joske
1960), In the pest year we hive zlso encountered two cases in which diarrhes and
welght loss cssociated with melabsorption :ppeared to follow eplsodes of acute in-
testinel infection in previously healthy individuals (Lindenbaum 1964b). Interest
in these coses, as well as in the possible relationship of previous bouts of acute
small bowel infection to the asymptomatic melabsorptive state common in tropical
countries, prompted a study of abscrption during end after recovery from acute
intestinal infections in East Pakistan, Preliminary results will be presented
at this time.

Methods snd Meterials:

The 95 patients included in the study were Pakistanis admitted to the Pekistan~
SEATO Cholera Meseorch Laboratory hospitel werd for scute diarrhezl illness of
less then two week's durstion, The mojority of p:tients were admitted efter only
one to twe deys of acute illness, While most of the pstients were young zdults
of either sex, the entire group ranged in age from 7 to 65 years.,

In the majority of ceses 2 bacteriolosic diagnosis wes established by culture
of rectal swabs. In 47, Vibrio cholerae was obtained; in é, Shigellse (types 4,
B, or D); end in 2, Sglmonellese (one type D, one type B). In four patients who
had the classical clinical picture of staphylococcal food poisoning, Staphvlococcus
aureus was isolzted from stool culture and from food recently ingested by all of
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them,  Nine patients, from whom no known p:thogens were iscleuted, had en acute
severely dehydrating iliness resulting in profound circulectory collepse unasscciated
with rises in antibody titer agsinst Vibrio cholerze ('"nonvibrio cholera"). (lini~
cel features of these cases will be reported elsewhere (Lindenbaum, Greenough,
Oseasohn, Rigvi, and Sead 1964). In the remaining 27 ceses, all of whom had an
acute gastrointestinel illness of one to four dey's duretion not cssociated with
circulatory collepse, no pethogens were isoleted ("acute gastroenteritis™),

The five hour urinary excretion of D-xylose after a 25-gram oral dose, zs
well as plesme xylose levels et two hours, were meesured by the method of Hoe and
Rice (1948), Normel velues for 5 hour urinary xylose excretion for this leboratory
range from 5,0 to 10.0 grams, Folic zcid absorption was studied by microbiologic
assay of serum with Streptococcus faecelis after an orel dose of 40 microgm. of
folic acid per kg, Values of > 40 millimicrogm, per ml at one or two hours are
considered normal {Chenarin, Anderson, and Mollin 1956), The 24 ond 48 hour
urinary excretion of vitemin Bl2 was measured ofter on oral dose of 1 microgm. of
Co~58 labelled cyanocobslamin given simultanccusly with 50 mg, of intrinsic factor,
"Flushing" doses of 100C mcg. of nonradioczctive vitemin Bl2 were given at O end
24 hours (Schilling 1953, Ellenbogen, Williems, Habiner, and Iichtmen 1955),
Normal values in this laboratory are 9-254/24 hours and 13-364/4L8 hours,

Since the tests of xylose and vitamin B2 absorption depend on urinsry
excretion of the absorbed substances, care wes taken to exclude peiients with
impaired renal function. Oliguric potients were not included in the study.
Those who had subnormal urinary Xylose excretion associated with two-hour plasma
xylose levels greater tnan 36 mg A were considered to heve renal impeirment end
were excluded from the study. (Uises whose urinery excretion of Co-58 cyanoco-
balamin during the second 24 hours after the oral dose exceeded that of the first
24 hours, were also exciuded, Pstients who vomited within severs]l hours of the
administration of the test substences clso were not included,

Stocl was collected for gross description and volume measurement over eight-
hourly periods. The end of the lest eight-hour period before the passege of
normal zppesring, formed stoocl was defined as "end of diarrhea'. In some petients
studies of xylose, folic acid, and/or BL2 absorption were performed soon after
adnission (after dehydration and circulatory collapse hed been corrected with
intrevenous fluids) in the presence of continuing diarrhea.,  Others were first
studied during the first week after end of diarrhea, In 34 patients, serial
studies of one or more parameters of absorption were performed.

Hesudts:
Duri Larrhe - The results of absorption studies performed during

diarrhea due to a variety of gastrointestinel infections are shown in figure 1,

It will be seen that over 90% of prtients studied during the acute infection

showed impairment of absorptive function, oftun merked in degree. It is of

interest thut despite the milder degree of clinicel illness and dehydretion, end

much less voluminous stool oubtput in the potients disgnosed as "acute gastroenmteritis™,
the degree of impairment of xylcse gbsorption (Table I) was greater in this group

of patients than in those witi acutc cholera (11 of the 16 cholera patients were
admitted in a state of complete circulstory cocllepse, without pulse or blood

pressure; none of the 15 gastroenteritis cases had circulatory collapsc or severe
dehydration). The difference between the meen xylose absorptions in the two groups

-2 -
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is statistically significent (p < 0.01),

After end of diarrhea -  The results of zbsorption studies carried out
during the first week after end of diarrhes are shown in figure.'ZA,B. The great
majority of these pstients hed undergone complete clinical recovery and wers
asymptomatic 2t the time of study; a few complained of weckness or mild abdominal
discomfort. Malabsorption of xylose end vitamin Bl2 wes present in the mejority
of petients in all groups studied, though it appeared to be slightly less common
in the cholera group than in the others,  while post-dicarrhea mzlabsorption of
xylose wes common in thoses petients with gastrouvnteritis who had minimal clinical
symptoms and minimal or no dehydration, 1t was thce rule in those with severe initial
dehydration. Thus 15 out of 23 gestroeniceritis ceses with admission totsal plasma
proteins of less then 9.0 gm./ showed post-dizrrhea melabsorption, wiereas all of
Y patients with admission plasme protein greeter than 9,0 gm.» had subnermal
absorption. All of six petients with "nonvibrio chol.ra', admitted in circulatory
coliapse with severe dehydration, melabsorbed xylose after end of diarrheza. In
the cholura cas¢s, however, severity of illness bore no relation to subseguent
malabsorption after cliniccl recovery. Six of 10 cholera pesticnts with admission
protein of less than 10 gm. » showed subsequent xylose malabsorption, as did 2
similar proportion (13 of 24) with admission protein of grester then 10 gm.s.

Vitamin 3812 melebsorption was prevalent after end of diarrhee in 21l groups,
and in the swell numbsrs of petients studied, there was no evident ccrrelsticn
with bacteriologic diagnosis or scverity of illnuss. hbsorption of folie acid,
however, as measured by S, faec:lis serum levels, was normal after end of diarrhea
in most cases,

Serial Studies - (Table II) In 43 prtients in whom mclabsorption of
Xylose wos present when first studied elther during dierrhea or during the first
week after end of disrrhea, the test was repeated one or more times at varying
time intorvals after end of diarrher, In 29 absorption sventuslly returned to
normal; 1in 22 of these a norinel urincry excretion of xylose was achieved within
eight dcys of end of diarrhea, Fourteen prtients showed persistent malebscrption
of xylose when last studied (11, 12, 15, 18, 26, 31, 34, 43, 52, 180, 200, 338,
37t, end 378 days after end of diarrhea)., Only 3 of these 14 had abdominal
symptoms when last studied and € had gained weight; in the remaining 5, body
weight was stable, Including those patients whose xylose excretion was normal
when first studied after end of diarrhea and who therefore did not undergo serial
study, 14 of a total of 70 petients (204) malabsorbed xylose when last studied.

Persistent malebsorption of vitemin Bl2 was also common, Of 22 petients
with Bl2 malabsorption during or after end of diorrhea, only 9 hed returned to
normal, mostly within the first month of end of diarrhee, Thirteen individuels
had subnormal cyanocobalamin absorption when last studied (8, 9, 11, 13, 14, 1k,
17, 21, 30, 31, 33, 36, ¢nd 138 deys after end of diarrhea), Only 1 of these 13
had gestrointestinszl symptoms and 21l had mesintained or increascd body weight.
Including those patients who did not undergo serial study because of initially
normal Bl2 esbsorption the prevelence of persistent Bl2 melabsorption in the
entire group was 434 (13 of 30).

In all of nine patients who hed malabsorption of folic acid during scute
cholera, repeat studies were within normel limits, scven within the first week
after e¢nd of diarrhea,
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Patterns of recovery of typiczl ceses where seriszl studies were done are
illustrated in figures 3-6.

Antibiotic therapy - A few patients received antibiotic therapy.
Of eight patients with cholere treated with tetracycline, four malebsorbed xylose

after end of diarrhca. Two petients with Shigellosis treated with antibiotics
showed post-diarrhea xylose malabsorption,

Discussion:

These findings indicete that during acute intestinzl infection due to =
veriety of pethogenic organisms, moderate to severe impairment of absorptive
function is the rule, In eddition, in most pectients with acute enteritis of
infectionsorigin, subnormal absorptive capacity is present for variable periods
of time aftur end of diarrhea and apperent clinical TecovVery. In most cases,
return of absorptive function to within normal limits was noted within a week,
While en episode of acute infectious enteritis may rarely be followed by a
period of trensient disrrhes and weight loss (schor and Smith 1955, King and
Joske 1960, Lindenbaum 1964b), nearly £11 individuzls who survive an enteric
infection appear to recover completely,

Of the substances studied, xylose and folic zeid sre believed to be pre-
dominantly absorbed from the duodenum and upper jejunum (Fordtren, Soergel, and
Ingclfinger 1962, Herbort 1559) while vitamin~B12 spsorptitn hoe been shown to
oceur almost cxclusively.in the ileunm (Booth and Hollsn 1959 ); Therefore the
absorptive disorder dermnstrstod in these petients is o widespresd cne, involying
ot leost cerbohydrate and water solublc vitains, and inplicating beth the upper
and lower portions of the sizll bowel,

That there is widespread dersngement of function during acute intestinal
infection is not an unexpeeted finding, though the severity of absorptive im-
pairment in some of the mild cases of gastroenteritis was indeed surprising,
The degree of impairment was often similar to that seen in patients with idio-
pethic steatorrhea and advanced mucosal atrophy. The mechanism underlying the
malabsorption present during acute infectious enteritides is uncertain, De-
creased transit time, or other effects on bowel functiecn attributable to the
mere presence of diarrhea, cannot account for it, Experimental evidence
exists that increased bowecl motility may actually enhance zbsorption (Cummins
and Almy 1953). Studies performed in this laboratory on asymptomatic subjects
with normal baselinc xylose and BL2 absorption revealed minimel or no change
in absorptive capacity during, or in the week following, several days of copious
diarrhea induced by repeated doses of megnesium sulfate (Lindenbaum 1964b),

It is curious that the degree of derangsment of intestinal function was
greater in patients with "acute gastroenteritis"”, including rother mild cases,
than in those¢ with full-blown severe cholera admitted in circulatcry collepse.
This finding mey be consistent with present concepts of the pathogenesis of
chelera. Hecent demonstrations of intect intestinal mucosz on Jejunal bicpsy
during acute cholers (Gengarosa, Beisel, Benyajati, Sprinz, end Piyaratn 1960,
Fresh, Versage, and Heyes 1964) as well as the absence of increased protein
loss into the gut (Wecver, Johnson, end Fhillips 1948, Gordon 1960) have re-
futed the formerly held idea that messive mucosal denudation was responsible
for the copious rice-water stool passed during the disease. It is currently
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felt that cholera vibrios remain for the most part in the lumen of the intestine
and exert their demaging effect by mcans of & toxin which resulis in the pessage
of rice-water stool. A cell-free material thet ceouses inhibition of sodium
transport in a number of in vitro systems has been demonstrated in cheolera stool
(Huber and Phillips 1960) end in culture filtrates (Fuhrman & Fuhrmzn 1960 ).
According to the hypothesis currently foevored by Phillips end associates, the
passage of rice-weter stool is the result of toxic inhibition of mucos:l sodium
ebsorption (Phillips 1963). The daota obteined in the present study neither
support nor negatethis hypothesis, but indicate that if sodium malabsorption exists
during cholers, it may be part of = generalized disorder of ebsorption invelving
Xylose, folic acid, and cyanocobalemin zs well,

Malabsorption of one of the test substances in the present study was not
always paralleled by malabsorption of the others when 21l three tests were per-
formed within a dey or two of cach other (except during di:crrhea when concomitant
impairment of absorption of 21l three substances was almost universal). During
the first weck after end of dicrrhea, 774 of patients studied showed cyanocobelamin
malabsorption, 704, xylose malebsorption, and only 74 folic acid melabsorption,

The folic scid absorption test, in which S, faecelis svrum levels ere asscyed after
an cral dose, may provide & loss quantitative measure of absorption than the tests
employed involving xylose and vitemin E12, in which the percentage of the oral test
dose excrsted in the urine is measurcd, & test of follu wcid absorption, in which
the percentege urinary excretion of & test dose of the tritium-lebelled vitamin is
measured, hes recently become available {Anderson, Belcher, Chenarin, and Mollin
1960).  This procedure may provide & more quintitetive cstimate of absorptive
zpocity. Melabsorption hes been demenstrated by meons of the latter test in
three individuels with chronic small bowel discase who had normal Sy faecelis
levels ofter the test dose (hklipstein 1963). On the other hand, the microbiologic
folic acid ebsorption test is felt %o be the more sensitive one by others
(knderson, et al, 1960). Future studies are planned in which the sensitivity
of the two procedures in detecting inability to absorb folic acid will be com-
pered in patients after reccovery from ¢nteric infection.

While the mejority of potients who showed post-diarrhea melabsorption
eventually regained normal function, a significant number showed persistently
subnormsl xylose znd/or Bl2 melebsorption, in some cases on repeated study ex—
tending several months after end of diarrhea. It is planned to continue these
longitudinel studies to determine whether or not full recovery of absorptive
funetion will occur,

The significance of persistent melabsorpticn in these cases is uncertain.
The majority of these individuals were free of gastrointestinal symptoms, Sprinz
and co-workers studied 20 cholera petients in Thailand one year after recovery
and found malabsorption of »ylose in 9; of 2 control proup of 66 "epparently
heelthy" Thei army recruits, 42 melabsorbed xylose, Nearly all persons in both
groups showed slight or moderate chronic duodenitis or jejunitis on mucosal biopsy
specimens (Spring, Sribhibhadh, Gangarosa, Benyajeti, Kundel and Halstead 1962).
In a survey of healthy, bBast Pzkisteni employwes of the Pakistan-SEATO Cholera
Reserrch Laboratory, 40s were unablc to absorb xylose normally (Table II1),
Therefore, persistent malabsorption after intestinsl infection may merely be a
manifestation of en underlying bowel disorder which preceded (or perhaps even
predisposed to) the intestinel infection, On the other other hend it cannot be
excluded that failure to recover sbsorptive function after single or repeated
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bouts of intestinal infection may be responsible for the widespread abnormalities
of intestinal structure and function noted in takisteani and Thei people,

These preliminary findings will be uxtended by further serial study of
swlected petiunts with acute intestinel infection, in whom ¥ylose, folic acid,
vitemin Bl2, and fat absorption will be correlated with small intestinal
éppearance on muccsel biopsy and roentgenclogic examination.

Preliminery results of a study of xyiose, folic acid and vitamin B12
absorption in Pckistenis with accube intestinel infoctions wre prescnted,

During infection with 2 veriety of orgaiisms, widespread, moderate to severe
impairment of absorptive function was the rule, Meiabsorption was alsc common
during the first wevk after clinicel recovery from infection, In most individu-
als impeirment of absorption wes transient.  However, some showed continued
melabsorption weeks or months aftur the acute infection. The possible relztion=-
ship of these findings to the prevelence of subelinical melzbsorption in East
Pekistan is discussed.
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Xvlose fbsorption During and ifter Acube
Infectious Diarrhesl Disease

Mezn 5 hr, i {
Number xylese
of excretion,
Patients Arams, SaD, Range
During diarrhea:
Cholera 16 3.7 + 1.5 Lo = 6.2
Acute gastroenteritis 15 1.8 + 1.1 0.6 - 4.5
£11 paticnts i 36 2.6 + 1.6 0,6 - 6,2
First week efter end
of dirrrhes:
ChOlEI'a. 314 14-07 i 1.[4— 2.1 - 7.7
heute gastroenteritis 30 Lel + 1.7 1.0 - 7,8
All patients 81 b3 + 1.7 1.0 - 7.8
T




Table 11

Hecovery of ibsorptive Function in Patients

isbnormal When First Studied

I{h)

Folic Acid
Digease Xylose Fxcretion* Bl2 Excretion™® Abgorption®
Cholera 11/15 6/8 9/9
Acute gastroenteritis 11/18 1/8
Non-vibrio cholera 3/5 2/3
Selmonzllosis 1/1 0/1
Staphylococcal food
poisoning 2/2 0/2
Shigellosis 1/2 -
TOTAL 29/43 9/22 9/9

Results of studies performed serizlly after e¢nd of diarrhca
in patients with initial malabsorption.

* Number of patients normel when last studied/
total number serielly studied.
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Table IIT

Xylose Absorpticn in "Healthy, Normal™

Subjects Residing in East Pakistan

I(h}

Mean xylose

No, No. of
of excretion, subjects
Subjects 2, S,D, Range < 5.0 gm
fmericans and
Europeans 19 7.3 + 1,1 5.8 - 10,0 o (08)
Pakistanis 73 5ol + 1.5 2.4 - 9,3 29 (404)
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FIGURE 2i

Xylose i bsorption Study
During First Week /ifter End of Diarrhea
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FIGURE 2B
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= B2 and Folic Acid Absorption Studies
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GM. URIN/RY XYLOSE / 5 HR.
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F Typhoid Fever
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FIGURE 4
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% URINARY E12 EXCRETION / 2i, HRS.

FIGURE 5

B1o M.LABSORPTION WITH
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% URINARY B2 EXCRETION / 24 HRS.

; FIGURE &
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24-HOUR EXCHANGEABLE POTASSI;JM CONTZNT| OF -CHOLERA® PATIENTS.: . "= !
¥ | areior bl
Dr. R. S. Gordon & Mr, M.A. Quddus _ — M,,_,j
In a report presented to the CRL Technical Committee in October, 1963,
the hypothesis was advanced that potassium deficiency might exist among the
poprulation of TMast Pakistan, and that this should be investigated as a possible
factor predisposing to cholera infection, It was suggested that potassium de—
ficiency could devclop as a result of excessive losses of potassium in sweat,
and the consumption of a dict with a relatively low potassium content. Ricey
the staple diet of Zagt Pakistan, contains very little of this clement. In a
survey of electrolyte concentrations in urine specimens collected by the Nutri-
tion Survey of Pakistan, it was found that 2%% of specimens showed potassium to
Ccreatinine ratioe below 15 mEq/gm., suggesting that these individuals might in
fact be conserving potassium naximally. The conclusion reached in the above-
mentioned study was that potassium deficiency might actually exist in a sougnont
of the population, but of eourse no relation bstween potassium deficiency and
cholera susceptibility couid be demonstratod.

-

In the present investigation, twenty-four hour exchangeable body potas-—
sium contents have been measured in a small group of cholera patients. Results
are comparcd with those obtained in a similar series of paticnts admitted to
the CRL ward with diarrhesa, who on bacterivlogic czamination proved not to have
true cholera. It was anticipatod that a majer potassium doficiency occurring
in the cholera patients prior to onset of discase would be roeflocted in a lower
exchangeable potassium content in this group.

Materials and Methods:

The isctope dilution procedure was done with potassium 42, supplicd by
the Indian atomic <norgy Authority roactor in Hombay . in order was placed for
a weekly shipmount of 2 milliourios of protassium 42 chloride { calibratod as of
the tinmc of arrival in Dacca on the Wednesday ), dissolvod in storilo isctonic
sodium chloride solution. -ach pationt roceived a tracer dese of cne to two
hundred microcurics by ¢ither the orsl or intravenous routc. For the follow-
ing 24 hours, all uxcreta were collected and assayed for radio-potassium. By
this means it was possiblo to determine the fraction of the administocred dose
remaining in the patient at the end of tho first 24 hour period. A urine speci~-
men was then collected betwesn the 24th and 28th hour; and the specific activity
of potassium in this specimen determined. Assuming that this stecimen indicates
the specific activity of radio-potassium in the patlent's body as a whole, it is
then possible to calculate the total 24 hour exchangeable potassium.

The radio-isotope assays were carried out with liguid specimens of from
200 to 900 cc voluma. These specimens were placed in screw-carped plastioc
bottles, and known aliquots of tho standard radio-isotope soluiion were diluted
to equal volume in identical bottles. These were then counted inside a lead
shield e¢ver a three-quarter inch thallium activated sodium iodide crystal
scintillation counter ( Picker model no. 5817 ). Corrcctions for physical
half-life were eliminated by concurrent counting of known standards and the
unknown spocimens. 411 count rates werc high enough to reduce the statistical
counting errors to 5% or less.

The patients for the study wore selected brimarily on the basis of avail-
ability. The short half life of potassium 42 made it imperative to perform
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the study on patients on the ward on tho day that the radio-isotope was re-
ceived. Young children; and patients who might be uncooperative in the coll-
ection of excreta were necessarily excluded. Whenever possible, cholera
patients who had been under treatment for only a short time were studied; how-
ever; it was never possible to realize the ideal of instituting the study at
the time a patient was admitted. Patients being studied for potassium content
were at the same time receiving standard CRL treatment for their disease.

This treatment consisted of intravenous fluid replacenent designed to maintain
a physiologic balance between intake =znd output, and all received replacement
fluids which averaged cut to contain 10 to 13 milliequivalents of potassium per
liter. Some also recoived tetracycline, but beczuse the double blind tetra-
cycline study is coded, it is not yet possible to specify which individuals re-
celved active drug.

Results:

The important data are collocted in tables I and IT. Table IIT presents
a comparison of mean figures for the various ETOUpPS. It may be seen that these
data do not suppert the hypothesis that cholera patients are necessarily potassi-~
um deficient.

Discussion:

The present study should be considered as an exploratory investigation,
and not as a definitive answer to the guestion. However, tho results being
negative, one does not feel strongly motivated ¢ undertako the trouble and
expense that would be necessary to obtain an uneguivocal answer.

A sorious drawback in the present invesiigation was the difficuldy of
cbtaining the radicactive isotopo.  The K42 has a physical half life of cnly
12.5 hours, and must be used immediately on its receipi. Thue there was only
one day per wook in which potassium dilution siudies night be initiated, and on
many occasions, the shipment failed to arrive con schedule. Since cholera is
itself an unpredictablo and short lived disease, only coincidence could make
a suitable cholera patient end a supply of active potassium 42 available at
the samo time.

It was never possible o institute the study immediately after the ad-
mission of an acute cholera casec. The interval between onset of disease and
the performance of the isciope study was as long as scven days in one instance,
raising the question whether a petassium deficit which had existed previously
might have been corrected before the study was done. In meost of the cases
however, the exchangecable potassiuvm measurenent was nade on the first to fourth
day after onset of disease, and bofore the patient was back tc normal food in-
take. Therefore it is unlikely that a major potassium deficiency, occurring
before onset of cholera in the typical caso, would have been missed entirely.

It should be pointed out that there are inherent limitations in the
measurement of total body potassium by the 24 hour isotopic exchange method.
The results found by this procedure are always lower than total body potassium
measured chenically, as a fraction of the body content of potassium is not
freo to exchange with the isctope in the short mixing period that is allowed
( Veall and Vetter, 1558 ). fMhe rapid decay of tho isotope and radiation
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safoty considerations preclude tho use of longer oquilibration periocds. A
rocent study ( Flear, ct al., 1963 ) indicates that the cxchangeablo potassium
measurenent is inherently subject to wide variations. They disapprove cof the
use of a single urine specimen for the determination of specific activity, dbut
their work did not come to our attention until the prosent study was almost
complotod. If it is doturmined that the presont line of investigation should
be continued, it weuld be desirable to obtain several urine specimons on each
cage, and make repeated detcrminations of +total potassium pool size.

Total cxchangeable potassium content is, of course,; related to body size,
and the results arc therefore expressed as a ratio to body weight. It is nore
difficult to allow for variations in body composition, but this will affact the
normal value for exchangeable potassium. Most of the body potassium is in
intraccllular water; there being very little in fatty tissue,; and much in the
muscle mass. The differences in normal average potassium content between
males and females, and tho decline in potassium contont with advancing age
( Veall and Vetter, 1958 ), may be explained on this basis. Because the series
of cholera patients whose potassium content was determined might well have heen
leaner; on the avorage, than the normal individuals on which the data quoted
by Veall and Vetter f 1958 ) were obtained, it was considered essential to
measure the potassium content of & number of individuals, not affected by
cholera; who would boe otherwise comparable. Because of the need for gquantita-~
tive colleoctions of oexcreta, we chose hospital patients with non-cholera diar—
thea rather than healthy controls. The fact that the average value found in
this series agreeos so closoly with that gquoted by Veall and Vetter { 1958 )
is probably fortultous, and a result of mild potassium depletion occurring as
a consequence of diarrhea in a population which,; by virtue of leanness, has a
8lightly higher initial normal level of 24 hour exchangeoable potassium.

Sinco large amcunts of potassium may be lost from the bLody in the diar-
rheal stools of chelera, the question arises whoethor or not potassium deficiency
found in cholera patients might be solely a consoquence of the illness, and not
reflect an antecedent potzasium dsficiency. In the present context, this gques-
tion is not of great importance, as in fact there is no evidence of potassium
deficiency in the cholera~affected group. It should be noted, however, that
these pationts were maintainced in approximate potassium equilidbrium throughout
their course of hospital trestmont. Cholera stuols in active cases have bheen
found to contain 16-17 milliequivalents of potagsiunm per liter on the average
( Watten et al. 1960 ). Since our replacement sclutions contain 10 or 13 milli-
eguivalents of potassium, a cumulative deficit of approximately 5 milliequival-
ents per liter of fluid turnover might be anticipated. Considering the volumes
of replacement fluid which had been administered prior to the potassium 42 study,
this might have resulted in a total loss of up to 100 or even 150 milliequival-
ents of potassium, reducing the final value of potassium content per kilo body
welght by at most 2 {0 3 milliequivalents per kilogram. This effect would be
& relatively small one compared to the variation observed within cach seriss
of patients. However, it should be noted that the lowest individual value for
total c¢xchangeable potassium was found in a severely ill femele cholera patient
whose intravenous fluid requirement up to the time of the study had already
reached 36 liters. In her case; a potassium deficit incurred during the
course of cholera may have beesn a significant factor. This uncertainty could
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be avcided in & future study if coreful balanct measurcnonts werc made from the
time of hospital admission until the tine of the radio-isotope investigation.
Such a procedure should be considered for the future in some centre having a
more predictable supply of cholora pationts, and readier access to supplics of
the radio-isotope.

These data should not bo taken to disprove the suggestion that potazssium
deficiency may occur in the populzticn of Zast Pakistan. The eurlier hypo-
thesis rolated potassium deficits to losscs in sweat, and the prescent study
was carried cut during thc cool nonths of the ycar, when sveating is minimal.
It should alszo bc notod that thoe number of individuals studied was too small
to have becn czpectod to demonstrato a doficioncy that might affect only a
few percent of tho total population. The cffect of a het environnent on
human potassium motabolism remains a subjoct requiring further rosocarch.

Sunmary and Conclusionss

The 24 hour cxchangceble potassium has boen moasured in a2 series of
8 cholcra casus and 9 patients guffering fron non-cholora diarrhoa. Potassium
42 was used as thc tracer isotope, and the results expresscod in milliceguivalonts
of exchangenble potassium per kilogran body weight. Tho mcan valuc for the
gerics of cholers cascs was 44, and for the non-cholera cascs 42. These re-
sults offer no support for the hypothesis that a2 pro-cxieting potassiun de-
ficicncy predisposcs to cholura infoction in nan.
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24-hr Exchangeable K in Cholerz Patients
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TABLE I

Ii(a)

Adnissicn Days Liters IV

Plasma Onset Fluid Total
Casge Weight } Protein to K42 before Kg K1
FNo. |Age {Sex ke, (em %) Study K42 Study mE mqukg.
442 30 M 39.9 11.4 3 12 1960 49.0
451 5 M 11.9 10.2 1 3 401 33.8
477 25 M 45.8 12.8 4 21 2200 48.0
480 25 M 54.1 11.6 3 5 2540 49.5
484 13 i 27.0 10.9 7 12 1339 435
493 30 M 46.4 13.2 3 11 2195 47.3
699 28 | F 31.6 14.6 6 24 1330 42.2
711 25 ' F 41.8 12.4 2 36 13C0 31.0

1
Lverages 22.7 36.9 12.1 3.6 15.5 1658 43.8
E

k—




24-hr Fxchangeable K in Non-chelera Diarrhes

—fye=

TABLE II

I1(a)

Admission Days Liters IV

Plasna Onset Fluid Total
Cage Weight Protein to K42 befure Ky K
N¥o. |Age |Sex ke, (gn %) Study K42 Study nkq . mEq?kg.
423 65 M 46 .5 6.9 4 0 2200 47.3
693 60 i 4d .1 3.2 5 6.5 1990 45.0
696 25 ol 39.6 7.9 2 0 1500 38.0
706 50 F 36,9 11.0 5 5 1450 39.3
709 {40 B 4%.3 11.5 3 7 1410 34.2
713 70 M 3.9 8.5 2 10 1300 39.6
730 39 M 55.0 G.h 2 2 2600 47.5
732 45 ¥ 45.4 12.0 2 5 =140 47.3
733 18 i 48.2 5.8 [ Q 1900 39.4

hverages|44.9 43.3 9.9 2.8 3.9 1832 42.0

L W e
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TABLE III

Mean Values of 24-hr. Ixchangeable K.

Tvpe of Patient Mean Kr mBg/kg. Std. Brror of Msan
Cholera ( this study ) 43.8 2.6
Non-cholera ( %his study ) 42.0 1.6
A1l males ( this study ) 44.7 1.4
411 females ( this study ) 36,7 2.2
Normal males ( V. & V. 1958 ) "about 45" —_—

Normal females { V. & V. 1958 ) " about 35" -
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FURTHER DATA CN URINARY ELECTROLYTE EXCRETION IN EAST ?AKISTAN_A el =
by )
Dr. R.S. Gordon
& : o ,
Mr, M.4A. GQuddus. { ) ) ] . L

A report en resuits of sodium and potassium analyses on urine specimens
collected by the Nutrition Survey of Pakistan was prepared for the CRL Technieal
Committee in October, 1963 ( g.v. ). On the basis of ratios cof electrolytes to
creatinine in casual urine specimens, it was concluded that at least a fraction
of the population might be relatively deficient in petassium, at least deficient
enough to be sharply limiting their urinary output of this ion. The probable
basis for deficiency was felt to be a diet low in potassium (rice contains very
little K), combined with losses of potassiwm in the sweat. The question whether
or not a potassium -~ deficient individual might be more susceptible to chelera
infection was raised.

In the months since, the study has been continued. Four localities have
been visited by the field teams of the Nutrition Survey, one of them (Jamalpur)
having been studied previously., The results are attached, tabulated in the same
form that was used previously, aleng with the earlier data for comparison purposes,
In addition, a few more specimens were ~btained from fellew~up visits of former
cholera patients, and are included.

The present results round out a full year of this study, and are the only
cnes to represent the cooler season of the year, It is interesting to note that
the mean values of electrolyte excretion (both Na and K) found in these last four
locations are higher than those recorded earlier, The frequency of potassium:
creatinine ratios equal to or less than 30 is lower, and is markedly lower if the
date from Khulna are omitted. 4s Khulna was studied in November, at the very
beginning ef the cooler season, it may be that these results still reflect the
influence ~f heat, Jamalpur, a village which had been surveyed in August, 1963,
was revisited in early March, 1964. There is z marked difference in electrolyte
excretion values, with higher mesn values ~f sodiun and potassium excretion in
March, and many fewer individuals showing lew potassium eutput. These differ-
ences are statistically significant. The comparison is particularly useful, as
the location was the same, and regional differences, as opposed to seasonal
differences, are thus excluded,

The present data do nnt give cause for any important alteration in the
interpretationuof the earlier results. Tt still appears that potassium deficiency
may exist, especially in the hot months. Further study ~f this presibility appears
indicated, quite apart from its possible relationship with the etiolegy of chelera.
This might best be implemented by a search for electrocardiographic abnormalities
indicative of hypokalemia during the hot season, and serum potassium analyses on
suitably selected and collected samples, If hypokalemic individuals are found,
they should be checked medically for chrenic diseases that might cause the con-
dition and their response to dietary potassium supplements documented,

Whether cor not potassium deficiency predisposes to cholera infection in man
is still an open question. In a small series of patients tested during the cool
months of 1963-1964, we could find no marked abnormzlity ~f 24-hour changeable
potassium content in either cholera er non-cholera diarrhea. patients, The study
did make two things clear - that a flagrant potassium deficiency demonstrable By
that method is not z necessary prerequisite for cholera infection, and that KA
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1s difficult to procure and use in Dacca. Further study of this important
question of the relationship of potassium nutriture to susceptibility to

cholera (and perhaps to other diarrheal diseases of similar nature) is in
order,

2 April, 1964. R.5. Gordon, Jr., M,D.
M,A, Quddus, M, Sc.
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Electrolyte excretion (mEq. per gm. creatinine) in East Pakistan, 1963-64

Hurber vates POTASSIUM _SODIUM
samoles| Locati SO Std.Error|% Samples |% Samples Std.Error [% Samples % Samples
-ampies) Location urvey Mean of Mean. |30 or less|[!5 or less | Mean of Mean 20 or less | 300 or more
BT Dinajpur {16-23 April 58.4,  15.5 28 & 21 32 0 28
{82 | Comilla |16-22 May 72.5 4. 10 1 185 13 0 10
53 Faridpur |10-15 June 89,1 8.2 4 0 263 19 0 30
ély Bogra 26-30 June 66.0 5.4 14 0 239 17 0 30
85 Pabna 3-8 July 55.5 L.5 25 A 158 9.5 1 9
78 Jessore [25-31 July 63.0 3.9 9 1 210 17 0 13
77 Jamalpur |23-29 Aug. Lh1% 3.7 38 % 5 222 25 0 26
72 Kushtia 19-25 Sept. 56.9 4.3 22 6 244 30 1 32
79 Khulna 16-20 Nov. 4L7.9 3.4 28 A 235 17 0 21
L9 Ranganmati 119-23 Dec, 97.7 1h.3 8 0 273 22 0 37
58 Pabna 11-16 Jan. 87.2 6.6 7 0 583 2 o} L3
L5 Jamalpur | 3-6 Mar. 72.8° 5.2 7 wr 0 318 27 0 L7
82 Parpara | 1-4 Mar.'6L| 65.8 7.2 10 0 219 24 1 21,
134, Azampur [10-13 Mar, 54.9 5.0 16 1 215 19 0 20
104 Fulbaria {18-21 Mar. 52.7 6.5 20 0 208 23 o 14
235 Sylhet 20,-28 March 57.3 2.1 21 2 358 21 0 L9
236 Comilla L=7 April 43.0 2.7 37 9 231 17 0 2
321 Chittagond 10~13 April || 40.7 1.4 ] 36 7 186 13 0 13
529 .iﬂ".ll I’ - .
Locations | “Pr ?322. 62 .58 1.9 18 2.& 214 5.7 0.4 21
2N All
Locations | Nov.- March. 73,283 1.3 s 1 279 3.5 Q 36
1129 | Al 1964 -
Locations | March-April. 52.4 4.2 23 3.1 235 18 0.3 24
37 Post- July-Sept. £3.2 7.9 35 8 268 58 0 32
cholera
14 Post- Sept.-Nov. 61.6 15 29 7 370 59 0 57
cholera _ '

* These values differ significantly (t= 4.5 ;3 p <001 ),

#*  These values differ significantly
St M T, =




TI(e)
P
SERUM VITAMIN Bi12 AND FOLATE IEVELS IN PATIENTS wWITH CHOLERA

{

Previous studies at the Cholera Research Laboratory ( cf., "Nutritional
status of cholera patients", Report to the Technical Advisory Committee, 1963 )
failed to reveal nutritional deficiency of thiamine, vitanin C, cr riboflavin in
the majority of patients with infection with V, cholerae. In order to obtain
further evidence of the presence or absence of nutritional deficiency as a
possible predisposing factor to cholera, it was decided to evaluate vitamin Bl2
and folic acid nubriture in a group of patients admitted to the C.R.L. Defici-
ency of one or the other of these factors is commonly associated with gastro-
intestinal disturbances. In addition, it has been reported that monkeys fed a
folic-acid deficient diet have a greater susceptibility to bacillary dysentery
than control snimals { Janota and Dack, 1939 ).

Vitamin Bl2 ~ Serum vitamin Bl2 levels were determined by microbiclogical
assay with Lactobacilius leichmanii, according to the method of Spray ( Spray,
1955 ) in 46 patients with acute diarrheal disease due to V. cholerae. Serum
was obtained during the first week after admission, usually on the second hospi-
tal day, after rehydration had been accomplished, but before vitamin Bl2 con-
taining foods had been added to the diet. The ncormal range in this laboratoery,
based on hezlthy American and Pakistani staff personnel, is 180 to 900 micro-
microgm, per milliliter. Serum levels of this vitamin have been shown to
correlate well with overt deficiency in a variety of clinical situaticns, and
to become abnormel before tissue stores are exhausted or anemia and symptoms
appear ( Spray, 1962 ).

Two out of the 46 patients had subnormal levels. One of these was a
woman in the third trimester of pregnaicy; the other, a 20 year old male with a
subclinical chronic malabsorption syndrome.  Of the remaining 44 patients, B12
levels were normal in 41 and elevated in 3.

The reason for the elevated Bl2 levels in the latter 3 patients, all of
whom were well hydrated at the time serum was obtained, was not readily apparent.
Pre-existing liver disease was not suspected in any. However, since the
patients were admitted in circulatory collapse, Bl2 levels may have become ele-
vated due to hepatic necrosis ( as is the rule in patients with infectious
hepstitis ).

In 15 patients zdmitted with acute diarrheal disease in whom no pathogen
was isolated from the stools, the Bl2 levels were normal in all.

It would appear, therefore, that vitamin B12 deficiency is uncommon in
patients with diarrheal disease in Dacce., This is in accord with the province-
wide findings of the Nutrition Survey of Bast Fakistan, where Bl2 deficiency
was an uncomaon finding ( Reiner, et al, 1964 ), It is unlikely that either
dietary lack of Bl2, or disease of the ileum interfering with its absorption,
is a factor in the development of cholera in a significant number of cases.

Folic acid ~ Serum folate levels were measured by microbiologic assay
with Lactobacillus casei, according tc a modification { Waters and Mollin, 1961 )}
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of the method of Baker and his colleagues ( Baker, et al, 1959 ). Serum
folate levels have been shown to correlate well with c¢linical folic acid defici-
ency ( Herbert, et &l, 1960; Waters and Mollin, 196l; Cooper and Lowenstein,
1961; Klipstein, 1963 ). In normsl volunteers on diets deficient in folie
acid, serum folate levels become subnormal before hemstologic abnormalities
make their appearance ( Herbert, 1962a and 1962b ). In this laboratory, the
assay has proved reliable and reproducible, though a wider range of normal

( 3.5 to 25 millimicrogm. per ml. ) has been found thsn in other laborztories.
FPatients with megaloblastic anemias due tc folic acid deficiency ( associated
with normal serum Bl2 levels ) were found to hezve folete levels below 3
millimicrogm. per ml.

Sera from 73 petients with acute diarrheal disease due to V. cholerae
and 43 pstients with acute diarrhea from whom pathogenic corganisms were not
isolated, were obteined during the first hospital week, after rehydration had
been accomplished, and were assayed for folate activity. The groups were
comparable as to age, sex, body weight, convslescent hemoglobin and convalescent
total plasma protein,

Twelve out of 73 cholera prtients ( 164 )} and 17 out of 43 patients with
non~cholera disrrhea ( 4O¢ ) had subnormsl folate levels. The mean folate
level for the cholera group was 7.8 millimicrogm. per cent, and for the non-

. cholera group 9.8 millimicrogm. per cent. When the patients with low folates
were compared with those with normal levels, there were no significant differ-
ences in ege, body weight, convelescent hemoglobin and convalescent plasma
protein levels in either the cholera or non-cholera groups. Peripheral blood
smears from 25 of the 29 patients with low folate levels were available for
review ( by an observer unaware of the folate levels ) for evidence of folate
deficiency ( hypersegmented neutrophils with or without macrocytes ), In 11
petients these abnormalities were found, though ususlly of mild degree.

It would appear then that in a minority of pztients with diarrheal disease
in our population, folic ecid deficiency is present. The incidence of de~
ficiency appeared tc be somewhat higher in the non-chclera than in the cholera
group; the difference was statistically significant { p < 0.01 ). These
findings parallel those found with regard toc ascorbic acid deficiency in our
patient population ( cf. Report to the Technicesl Advisory Committee, 1963 ).
This is not surprising, as dietary deficiency of folic acid is frequently
assoclated with deficiency of Vitamin C. bs with Vitamin C, it does not appear
that folate deficiency is a predisposing factor to cholera, at least in the
majority of cases,

Whether or not serum fclate levels mey fell during the course of acute
intestinal infections ( as, for example, serum iron levels drop during a vari-
ety of infectious diseases during which body iron stores ere not depleted ) is
unknown. To resolve this guestion, serial studies of folate levels in
selected patients with vsrious acute enteritides =sre planned.

Sumary -  Subnormal serum vitamin Bl2 levels were found in 2 ( LA )
of 43 patients with cholera; subnormel serum folate levels were present in

-2 -
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12 ( 164 ) of 73 cholera pstients. These findings indicate that deficiency
of neither of these vitamins is a major predisposing factor to cholera in
East Pakistan,

A higher incidence of subnormal serum folcte levels was found in patients
with diarrhea due to no known pathogens than in those with cholera.

* ok %

The technical assistance of Mrs, Shiela Wickenden in performing the
microbiologic assays is gretefully acknowledged.

John Lindenbaum, M,D,
7 September, 1564.

JL/raf
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Digitalis-like Activity in the Stool of Patients and Lxperimental
dninals Infected with Vibrio cholerae.

b
Dr. E.J. Leonard (Nagional Heart Institute) NIH,
an

Introductiont Mr., J,R., Shaha

Uver the years various investigators have punlished reports concern-—
ing extracts of cholerz vibrios which have been toxic when injected intoc ex-
Perimsntal animals. Jdecently, interest in this field has been stimulated
by twe kinds of resulte in which the reported "toxio" activity appoared to be
possibly related to the pathogenesis of the profuse diarrhea which is charac—
teristic of the human disease. Qag and Dutta ( 1963 ) showud that the oral
adninistration to suckling rabbits of & toxin prepared by ultrasonic disinte—
iration of cholera vibrios produced a syndrome similar to clinical cholera,
characteriged by diarrhea, hypothermia and death. The syndrome was also pro-
duced by vibrio-free Seitz-filtered stools from T cut of 12 patients with
cholera ( Panse & Dutta, 1961 ).  Huber and Phillips ( 1962) reported that
stools of paticnts with cholera were capable of markedly decreasing the short
circuit current of isolated frog skin, and concluded from thess results that
there was a material in cholera stool that could inhibit the active transport
of sodium by the skin. Puhrman et al. ( 1962 ) found that extracts of 30ma,
but by no means all, preparations of dried cholera culture filtrate inhibited
short cirecuit current of frog skin and tecad bladder. Both sets of investiga-
tors working on the frog skin suggested that the inhibition of sodium trans-
port might be the cause of the diarrhea of cholera. Reporta on the chemical
nature of the %oxin have been fragmentary and in certain respects conflicting.
It is of intervust that the choleragenic material studied by Dutta is inactiva-
ted by pancrentin, phosphorylase and lipase, but not by trypsin or pepsin
( Dutta & Oza 1963 ).

Further studies on cholera toxin appeared worthwhile for several
reasons, Pirst, the nature of the action of the toxin on in vitro systems
requires extension: how fast dous the toxin act, is the offoct reversible,
have the observad rosults bean =z specific inhibition of sodium transport or a
nore general tissuc danage? Second, what is the range of tissue specificity?
Can cholera toxin be absorbed and affcct heart, skeletal musclc or red cells,
or is its action limited tc the intcstinal mucosa? Third, what biozssay system
would be most suitable for vurifying the toxin and determining its chemical
nature?

Methods:

A number of assay systems were considersd befors the trip to the CrL
in Dacoa was undertakan, The isolated toad bladder was tried in a number of
exporimente; but hae the disadvantage that stability of short cirecuit current
ig not characteristic of the proparation., Frog skin is more stable, but the
Bame goneral problem exists. It was dvoided to set up the isolated frog heart
system of Hajdu ( 1957 } in Dacca, with the inten%tion of checking any matecrial
that had digitalis-like activity on thc frog heart {and therefore presumably
sodium-transport inhibiting activity) for ite capacity to produce cholera in
the suckling rabbit or inhibition of salt and water transport in an isolated
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intestinal loop. In Hajdu's assay procedure a distinction betwesn digitalis-
like activity and pesitive inotropic effects caused by a large variety of com-
pounds like adrenzlin and bile salts is made on the basis of the staircase
phenomenon demonstrated by frog heart. The only substances hitherto known
that cause the hoart to maintain maximal tension at freguencies of contraction
below 3 per minute are the cardiac glycosides, the lysolecithin isolated by
Hajdu et al, ( 1957 ), and the recently described plasma protein system called
cardioglobulin ( Hajdu and Leonard, 1958 ).

Stools were cullectoed and prepared for assay as outlined in *he tables.
Because the potassium concentration in cholera stools is genorally considerably
higher than that in Ringor-Conway solution, the stool was either diluted with
potassium-free Ringer or dialyzod for thirty minutes against cold Ringer solu-
tion. This time was sufficient for the potassium concentration to approach
an acceptable level for the assay. Whethor a part of the digitalis-like
naterial diffused across the cellophane during this poriod of timc is not
known.

Regults:

Table I is a summary of oxperiments with human cholera gtool. The
small number of stools teosted wes due to the fact that only three patients with
cholera were admitted to the CRL hospital during the period covered by thizs re-
port. Two out of five cholera stools had digitalis-like activity. Sinca
activity probably often declines rapidly on standing, it is likely that 3 out
of the 5 stools assayed were not cellected unger optimal conditions ( standing
overnight in collection bucket, or slow freezing of a large volume Y.

Table II shows the results with experimental cholera. In two
attempts with adult rats no sign of intestinal fluid accumulation was noted at
the end of 6 hours afier inceulation with cholera vibrios. Accumulation of
voluminous amounts of fluid in small intestine, cecun or colon was observed in
all trials with rabbits, Digitalis~like activity was detected in three out of
five rabbits under 19 days of age, and in one out of 4 rabbits aged 25 days.
Fluid from a 10 day old rabbit still showed activity after 1.5 hours standing
in the cold. Activity in the fluid collscted from animal number 9 was shown
to survive quick freezing followed by thawing after one or two days at minus
20 degrees. It also survived immersion in a boiling water bath for a period
of 8 minutes, after which the activity did not disappear during a pericd of
3.5 hours at room temperature. Table IIT is & summary of ths characteristics
of the digitalis-like ac0tivity, bascd on a limitsd expericnoe with material from
both oxporimental animal and human sources.

No such activity could be detected in cholera culturcs grown in TNy
media, nor was any found in a preparaticn e¢nriched by addition of suckling
rabbit small intestinc. One confusing experimsnt with vgg-yolk enriched TqN4
gave digitalis-like activity both with and without cholera vibrios, possibly
due to lecithin or lysclecithin content of the large amount of .gg yolk in the
medium { Hajdu et al, 1957 ).

Discussions

Because of the paucity of human maturial during the period covered by
this report, attempts were made to produce cholera in experimental animalis.

—o—
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Intraintostinal inoculation of vibrios into suckling rabbits according to the
method described by Dutta and Habbu ( 1955 ) invariadbly produced a cholera-like
syndrome.  Similar results were obtained with 4 older rabbits ( 25 days ) in
which fasting and ligation of lower duodenum or upper jojunum were added in
order to prevent biliary and pancrcatic secretions from reaching the inoculation
site. No cholera-like syndrome was produced in two rats within 6 hours of
inoculation. It is of interest that the rat is relatively insensitive to the
action of cardiac giycosides. Fully adul? radbits and other experimental ani-
mals will be studied in the future.

The results show that digitalis-like activity could be demonstrated
in fewer than half of the cholera stools exanined. It should be remembered that
Panse and Dutta ( 1961 ) found choleragenic activity for suckling rabbits in only
7 out of 12 stools from patisnts with cholera. If one assumes that the digi-
talis-like activity is related to pathogenesis of cholera, why is it not invari-
ably present? It appears that the toxin is readily destroyed, poasidly by
integtinal enzymes. Support for this view is provided by experiments with
purified intestinal enzyies as well as oxtracts from the intestines of adult
rabbits { Dutta and Uza 1963 ). It is also consistent with our findings of
lability at rcom temperature, but survival ( ons experiment ) at 100 degress,
conditions that might be cxpected to inactivate many intestinal enzymes. ax-
periments with frog hea»t suggest that the toxin becomes bound rather strongly
to tissue. If the same phenomenon occurs at the surface of the intestinal
mucosa, it is not hard tc imagine the toxin being produced by the vibrios at
the mucosal surface, followed by binding which would allow the effect of the
toxin to persist in the presence of a voluminous diarrhes that might otherwise
be expecied to wash out the pathogenic muterial. According to this view, the
demonstration of toxin in the stool might well be fortuitous, depending on the
follewing factors: rate of production by crganisem, fraction bound to intestinal
surface, rate of destruction by intestinal enzymes, degree of dilution by in-
tostinal fluiis.

Finally,; onc should raise the question whether the digitalis-like
activity is produced de nove by the organism, or whether the organism releases
an enzyme which in iturn acts on a host substrate to produce the toxin. The
cholera vibrio is a rich source of many engymes; including cnes that can
attack lecithin at several sites ( Felsenfeld 1944 ),  In general, choléra
cultures grown in simple media have not contained toxins that inhibit active
transport of sodium in an in vitro systen. Although the work of Fuhrman
et al. ( 1962 ) with the comuercially available Phillips~Duphar vibric extract
is an exception to this rule, those investigators found many Phillips-Duphar
extracts wichout activity and they list in addition nothing but negative results
obtained with extracts of other cholera cultures from various sources. On the
other hand; the fact that we have been able to produce a c¢heolera-like picture
and demonstrate toxin in a 25 day old rabbii Fasted for three days, with upper
Jejunum 1igaicd, suggests that an sxogenous source of substrate is not required.
The choice, then, lies between proe-formed cholera vibrio toxin or a2 vibrio en-
zyme capable of acting on a substrate thet is normally present in the intestine.

Recommendaticns for Fuiure Hessarch:

T At CRL: ussay of cholera and non-cholera stools from human
patients. Attenpts to stabilize activity for assay purposes by a simple, pre-
ferably one siep procedure. This can perhaps be done by heating, possibly

~3=
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by solvent extraction. Preparation of large amounts of crude material may be
a later requirement.

2+ At NIH: experimental production of the digitalis-like maturial
and investigations of its chemical naturo and mechanism of action.

Edward J. Lecnard, M.D.
J. R. Shaha, M.Sc.
20 October - 7 December, 1963.
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Table I

Effect of Human Stool on Frog Hsart

Stool
Sample Digitalis-
Xp. Trom Case Frosh or Diluted or Other like
D. No. Frozen Dialyzed Conditions Activity
a frozen 2x dil. -
b 295% frozen 2x dil. 70 min 0
(stored room tenpe.
S 3 Q
frozen) frozen 2x 2x dil. 3 hr 4¥C. 8]
frozen 2x 30 min dial. " n 0
313w frozan 2x dil. - Q
{stored
frozen)
a fresh 2x dil. -
b 418% fresh dial. -
c frozen ~dial. -
422 frash dial. - 0
Mitford* fresh dial. - 0
420% fresh dial. - o]
* Confirmed cholora.
L

_mmarg:

II{d)

Comment

Same day as 1a.

Same material as
ta, kept cold,
refrozen, re-~thawed.

less active than
in 3b.

non—-chelera diarrhea.
Stool collected in

bucket, had stood at
room temp up to 10 hrs

i 5 cholera stools, two positive ( one tfresh, one stored frozen ).
1 non-cholera stool, negative.

: Experiments 1 ( b, ¢, and d ) and 3c suggest activity may decline rapidly,
proefore experiment 5 may not be valid.
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Experimental Cholcra

II(4)
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5 rabbits under 19 days:

4 rabbits 25 days, duodenum tied:

cholora 5; toxin 3

cholars 4,

Digitalis-
Time of like
IZxp. Animal Aga Fasting Other Cond. Sacrifice Activity Comment
1 rat adult 2 days  duod. tiec & hrs. 0 no fluid accum.
2 rat adult 3 days ducd. tie 6 hrs. 0 " " "
3 rabbit 18 4. 0 - & hre. +
4 rabbit 16 d. G - | hrs. 0
5 rabbit 11 4, 0 duod. tie about & hrs. 0
6 rabbit 25 d. 2 days  duod. tie 6 hrs. +
7 rabbit 25 d. 2 days ducd. tio 6 hrs. 0
8 rabbit 10 d. 0 - 4.5 hrs. + still active
after 1.5 hrs.
in cold.
9 rabbit 13 d. 0 - 5 hrs. +
10 rabbit 25 d. 3 days  duod. tie 6 hrs. 0
11 rabbit 25 d. 3 days  duod. tic 6 hrs. 0
Summary s
2 ratss cholera O, toxin O

toxin 1
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Table IIT

Characteristics of Toxin ( Preliminary -
some results based on one experiment )

1. Acts rapidly ( within one or two minutes ) on addition to
frog heart.

2. Washes out slowly; therofore probably becomes fixed to
tissue.

3« Unstable on standing in cholcera stool — loss of activity
within an hour at room temperature.

4. Survives gquick freezing and thawing.

5« Detectable activity after 30 minutes dialysis in cold.

6. Survived 8 minutes at 100 degrces centigrade under carbon
dioxide.

Table IV
Digitalis-like Activity of Cholcra Culturcs

1. T4N4 broth, overnight growth of cholcra vibrios: no activity.

2. L] 11 th it T f " H no activity.

3. T4yN, broth, overnight growth of cholora vibrios, followed
by incubation with longitudinally cut suckling rabbit small
intestine: no activity.

4. 50 ml. T4N, broth plus 1 cgg yolk, overnight growth: digitalias-
like activity which washed out rapidly, and similar activity with
egg yolk rlus T¢HNy alone.

Sumnmary

No digitalis-like activity related to growth of cholera vibrios

under the above conditions.
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The Effect of Cholera Stocl and Culture PFiltratus on tho Skin

- i ________.-—-—'—',—d-l
of Guinca Pigs and Rabbits . ‘
-
E NI f,-)r P'Jnl‘-f‘ll (31 N QJ«..HJH ‘
by i fe e G o g
John P Craig, B. D without Auibho & i
- * A=} - - ) - ‘ )
: i i wevne of oo -
with the technical assistahcc of RireC? o

Russell Faust

The initial aim of the prescnt study was to deternming whother the
intracutanceous injuction of storile filtrates of =tuols from bacterio-
logically—-confirmed chelera cases would =voke a skin responsc distin-
guishable from that produced by non-cholera stuols. Th: absence of
skin lesions in eclinical cholera certalnly does not preclude thoe possi-
bility that the noxa responsible for gut damage could also havs a
deleterious offect upon ekin provided it is appliocd to skin in sufficient
concentration. Many cxamples of this kind oxist among the bacterial
toiing. Tho alpha-toxins of Clostridium oodematicns, and Cl. scpticum,
and the alpha and iota-toxins of Cl. welchii csuse an increase in skin
capillary permeability. (¥lder and Milcs, 19573 Craig and Miles, 1961).
Diphtheria toxin and the alpha, beta, epsilon and iota-toxing of Cl.
welchii all produce orythoma and nocrosis following intracutancous
injection. (OQakley and Warrack, 1953). Yot in natural infoction with
thuse organisms; skin damage is nover primary, and usually absont, whilo
the major lesicns ars found in varicus viscora. Indoed, infuction with
the strains of Cl. welehil which producc buta and cpsilon-toxins ars often
asscclated with diarrhca. (Wilson and Milvs, 5th Ed.). Although skin
rezctions 10 various comunononts and products of cholora vibrios grown
in vitro have been describoed, little has becn reportod concerning thoe skin
Tegponse to chelera stools themsclves. Basu Mallik and Ganguli (1964)
have shown that intracutancous injcction of cholora stool filtrates
evekes an immoedlate increase in poermeoability of skin capillaries in the
rabblit, as demanstrated by intravenous dyc technigue. Similar activity
was demonstrated to a lessor oxtont, howover, in non-cholora stools.

If cholera diarrhes is associated with = scluble substance claboraiod
or svoked in the host by cholera vibriocs, it is likely to be detectable in
rice-water stools. Moreover, if such a substance exerts any effecct on
any c¢f the skin e¢lenents, it should Tirst be sought in the stools thomselvaes.
Search fur substances with sinilar activity derived from vibrics in culture
would logically follow.

MILTHCDS

Stocls from cascs =admitted 1o the Pakistan-SEATO Cholera Aesearch
Laboratory were refrigercted immcdintely after ccllection and procossed
as follows: liquid stools were centrifuged at 10,000 rpm at 5° C for 30
minutes and the supernatant fluids were passod through 45 mu millipore
filters in Swinnoy syrings adapters. Formed stools wore diluted 2~-fold
to 10-fold in sterile salinc bofore centrifugation. Most filtrates were
frozen and stored at -20° C, but after it was found that skin-rcactive
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factor was oqually stable in the thawed state, some filtrates werc stcrod
in an ordinary refrigerator at 5-8°% C. For all specimeons the following
data were obtained: age and sex of patient: interval betweon onset of
diarrhoa and collection of specimen j; bacteriologic reosults of initial
culture on S8 and MacConkcy agar plates and daily culturcs on golatin-
agar and bile-tellurite-gclatin agar plates (Monsur) and in bile—-poptone
enrichment broth; sevurity of discasc as measured by presence or absence
of pulse on admission, total diarrhcal stool volume and adnission plasma
protein content.

Materials werc injected intracutaneously in 0.1 ml volumss in
partially-randomized sitos on the backs of albino guinea pigs or rabbits,
Guinca pigs worc proparod by clipping and depilating with barium sulfide
paste, while rabbltes werc clipped only. Guinea pigs woero given 24
injoctions in 6 rows cf 4 cach; rabbits usually accommodated 60-70
injoetions. Sites werc coded sc that rcadings were made without knowledge
of what test maturial had been injoctod =t any given location. For initiszl
scrooning, specimons were dilutod 1:20 in storile saline and, if no
roaction ensucd, were subsequontly injected at 1:5 dilution.

RESULTS

It was notcd carly that stools from some,; but not all, bactericlogically
confirmed cholera casos produced marked induration and erythems boginning
6 to 8 hrs after injection, rcaching a peak at 18-24 hrs, recoding scme~
what by 48 hrs, but persisting for 4 to § days,; in both guinca pigs and
rabbits. Transient crythema without induration was notod with some
non-cholera stools. By rcplicate titration of "positive" stools in both
guinea pigs and rabbits, it was found that the diameter of induration and
crythema bore a linear relationship to log dosce of filtrate, over a range
of & to 15 mm. The anount of filtrate in a Q.1 m1 volune capable of
producing induration of & mm in diamcter was established as an arbitrary
"induration dose¢" in crder roughly to quantitate the activity of the other
stool samples to be tosted. Induration was sclected bucause it was subjoct
to less variation than erythema. Intensity of induration was cstimated
from + to ++++ but, since it appeared to be directly reclated to lesion
diameter, it has not been incorporated in the measurcmonts of sctivity
reported here.

The results of tho first 56 stools tested in guinea pigs are shown in
Table 1. All specimens woere toestoed in =t least twe animals simul taneously
and most werc repeatod in other sets of animals on diffcrent davs. The
active cholera stocls woro employed repcatedly for investigation of the
propertics of tho active substance described below. Most of the samo
stools were alse tested in duplicate in rabbits and rezults werec eszentially
identical. It is of spceial interest that no actlvity was prescnt in any
of the stools from the 16 pationts with the clinical syndrcme of '"non-vibrio
cholera"; i.c., watery diarrhea associatod with deohydraticn and collapse,
from which V. cholerae was not isolated (Lindenbaun ot zl). In the cascs
of early cholera thus far tosted; thore is no deteetablc correlation
betweon skin activity titer and severity of illness or time of stool
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collaection. From thrce paticnts with confirmed cholora, stocls were
coellocted in the zcute stage and again after recovory. In onc case,

both esarly and latc siovols wore negzative. In the othser two, stools
collectod on ths first day wore strongly positive ( >100 induration
doses/ml), whercos stools celluected 57 znd A8 days after onsct woerce
negative (< 5 induration doses/ml). Scrial daily stools arc now being
cellected from both cholera and non-cholera diarrhea cases in oréer to
determine the timc of appuarance and disappearance of skin activity during
the course of illnsss,; and ¢ ascertain whethor or not similar activity
can be fcund in stools from cascs in which vibrios werc net isolatod.

The effect of stool filtratus on skin capillary permeability was
investigated by intravenous inj.ction of Pontamine 3ky Blue 6XB, 0.12 ml
of a 5% solution/lOO Gey 2t verying times afiter the iniracutancous
injection of test matoeriasls. Preliminary coxperimenits showed that Filtrates
capable of eovoking induration also caused an increasec in ckin capillary
poermecabliiity of at least 24 hours duraticn, and that the diamcter of tha
blue lesion also bore a linear rolationship to log dose of filtrate,
within the range of 5-12 mm. Tho time-courso of incroased pormeability
was detorminzd by injecting filtratcs at various intervals followod by
intravenous injection of dye when the skin was bearing losions of differunt
agus. A final injection of filtrate and of salinc was given immudiately
after the dye to detszrmine tho immediate porncability effcct as well as
tho effect of trzuma. Readings wore made 1 hr aftor tho injection of
dyes. Physiclogic saline injeccted intc a guinsa dig with dye in the
circulation evokcs a 2-4 mm losion of increased permeability due to
trauna alone, Within 30 minutcs afier injoction of saline, pormeability
has returned to normal. A graph of tho timc-course of both permeability-—
offuct and induration evoked by 0.1 ml of & 1:20 dilution of an Ugawa
rice-water stool iz shown in theo apper twe curves of Figure 1. The graph
répresents a composite of six oxperimonts in scts of 3 to 6 guinea pigs
each. Although there wos ninor inter-animal veriation in the diamoter
and intensity of the mature 18~24 hour lesions the chronvlogy of perme-
ability events was consisient. Imnediztely after injection theére was a
marked increase in pormeability of skin capillaries followed by recovoery
within on¢ hour. During thoe next few hours tho pernieabllity gradually
incrsased reaching the maximum diamster, but not maximunm intensity, by
8 kours. The blueing bucame more intense botween 8 and 18 hours and
was maximum at 18 to 24 hours. Botwesn 24 and 48 hours intensity faded.
Induraticn developed more gradually during the first 24 hours, but the
poak was tho sanc as the peak of bluocing. Lesions older thin 48 hours
have not been carcfuliy studied, but permeability appeared o roturn to
ncrmal by 72 %o 96 hours, whoreas induration graduzlly rceedod over a 4
to 5 day periocd. Rusidual induration was pzlpahle at 6 to 7 days.

The time-course of permcability and induration in rabbit skin was
osgentially the same as that in guinca pigs, but becausc of the irregu-
larity of hair growth and difficulty of dopilaticn of rabbits, losions
proved t0 be less rouproduccablc than in guines pigs. On thc basis of
time-course studics, 18 hour losions were scloctod for the study ¢f other
proportiea of the stool permeability factor (PF). In all stocol filtratcs
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thus far studied, increasod capillary pcrmcability at 18 hours has
raralleled the induration responsa.

IN VITRO PRODUCTION OF SKIN-~-RUACTIVS SUBSTANCE

Preliminary attcempts to dcmonstrate skin aotivity in culturo
filtrates of V. cholecrae grown in tubes of brain-hoart infusicn, tryptosa,
trypticase soy, and thioglycollate broth met with failure. Likcwise,
susponsicns of living vibrios injectod intracutancously yiclded ne indur-
ation, orythoma or incrcased capillary permeability greater than that
evcked by medium controls. On the other_hand, filtratus of V. cholurae
culturcs grown in 5% Difco Bacto—PuptonéRg PH 7.3, as empleyod by De et al
for the production of cholera enterotoxin (1960, 1962) cvoked skin lesions
indistinguishable from thoso produced by the skin-factor found in cholara

stools.

De gt al (1962) showed that the in vitro production ¢f cholura
enterctoxin active in the ligated rabbit-gut segment worc related to
surface/volumo ratio of the culture modium. Maximum titors were obtained
with a free surfaco of 1.25 to 2.50 sq cm/ml of modium. This association
appears to hold true also in the caso of the skin-roactive fazotor. Figure 2
shows the relative content of guinea pig PF in cultures grown in the same
batch of medium under thrce conditions of surface/volume ratic in Erlenmeyer
flasks (20 ml, 2.5¢1) Kollo flasks (85 ml, 1.9:1) and tost tubos (20 =1,
0.2:1). Bhallow culturos yiclded approximatcly 30 times ag much active
matorial as did tube ecultures.

The influence of time of incubation on skin-factor production was
investigated by titrating PF contunt of filtratos of two s+trains of
V. cholerae grewn in shallow culturcs in Brlenmoyer flasks (surface/volume
ratio of 2.5) for differont pericds of time at 370 C. The time-ccurse
of PF production is shown in Figure 3. Titers did net roach their maximun
until 24-48 hours. According to Do ¢t al (1962) the titer of cholers
entorotoxin, preparcd under similar conditions, roachod its maximum at
6-12 heurs. Parallel titratiocns of tho SamG preparation in the guinca pig
skin and ligated-gut sogments arc obviously indicated.

The skin reactions cvoked by Bit00l and culture filtratcs were comparead
by determining both dosage-rcsponse and time-course of induration and
increased capillary permeablility in parallel tests on the samc scts of
guinea pigs. For those deturminations an active stool filtrate (CRL
hospital patient 531) was comparced with a filtrate of a 24 hour 5% Bacto-
Peptone culture of the Ogawa strain (B 1307) isocluted from the same cast.
Dosage~response curves of induration, erythema and PP of the two preparations
were identical. Time-course of PR activity of both stool and culture
filtrates in tho sane animals dispiayod the same sejuence of events as shown
for CRL 531 stool filtrate in Figure 1. Thus, the skin responszes ovoked
by stool aid culture filtratcs werc indistinguishable qualitatively and
quantitatively, suggesting that the twe materiale arc identical.

In order to determinc whethor suobstances with similar effoct on skin
wore elaborated by othor ontoric organisms, the following strains were
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grown simultaneously for 24 hours in 20 ml of 5% Bacto—PeptonGR, pH 7.3,

in 250 ml Erlenmeyor flaskss Shigella B (B37893); Mnteropathogenic E. coli
serotype 026 (B12282); E. coli, non-typable; non-agglutinabls vibrio,
Heibarg Group II, (B14051) isolated from a case of aiarrhea; and V.cholorae
Ogawa (B13OT). Although medium control as well as filtratos produced a
transicnt erythoma and odema during the first fuw hours, reading at the
routine interval of 18 hours aftour injection reveaslod that no induration

or change in capillary permcability was evoked by introcutancous injection
of undiluted filtratcs of cultures of the first four organisms, whereas

the cholera filtraty gave rise to typical lesions at 1 - 10 t¢ 1 : 40

dilutions.
PHYSTICAL PROPHRTINS

The effects of heat and dialysis upon theo skin reactivity of culture
filtratos and active cholera stool filtrates have been compared in a
gories of proliminary experiments cunductod in parallel. Both ths
induration~eveking factor and PF of both maturials are compluotoly destroyed
at 56° C for 30 minutes. Tho result of a timo—course study with heated
stool is shown in the lower curve in Figure 1. HNeither induration nor
delayed pormeability effect was seen throughout a 48 hcour poriod. Studies
are in progress to determino morc praciscly the temperaturs coefficiont of
both stool and cwlture filtrates. Dialysis of beth stool and culture
filtrates for 24 hours at 5° C against 0.85% Nall has rosultod in 25-50%
loss of skin reactivity. Whether this ropresents slow or pavtial dializ-
ability or the loss of a dialyzable co-factor is not known and requircs
further investigation. Both materials arc inactivoted by addition of 0.4%
formalin. Stoel filtrate retained its full activity after exposure to
trypsin, IOOJpg/ml for 15 minutes at 37° C at pH 7.0. Preliminary obser-
vations waere made on the effect of pH by ozposing stool filtrates to pH 4.0
and 9.0 for 15 minutcs at 37° C and comparing their skin activity with &
control kept at pH 7.0. Roughly 50% of activity was lost at pH 4.0, but
only very slight loss occurred at pH 9.0.

NEUTRALT ZING CAPACITY OF CONVALESCEET CHOLYRA SnRA

Acute and convalescent sera from cholera cases werc inactivated at
560 C for 30 minutes. Threoe-fold serial dilutions of sorum werc mixed
with constant amounts of stocl filtrate or culture filtrate,; and the
mixturcs were incubated at 37° ¢ for 30 minutes. The mixtures wore
injected intracutancously in guinea pigs, and intravouncus dye was injected
18 hours later. Convalescent scrum from confirmod cholora cases wag capable
of preventing both the induration and PP effccts of both stocl filtrate
and culture filtratc at a higher dilution than was acutu phase serum. A
graph of typical titration is shown in Figurc 4 in which culture Tiltrate
was cmployed as PF. The results of titrations of 2 numbor of sera against
culture filtrate are set out in Table II. Tho values shown in Figure 4
are tabulated under Case 944 in this tablc. Titor risos woro domonstrable
in all cases of confirmad cholera, but not in humen beings given commercial
cholera vaccine nor in rabbits given living vibrios grown on 1% trytose
slants. Substantial agglutinin titer rises werc denenstratsd in heth the
cholera cases and in porscns and animals vaccinatod with whole organisms.
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Normal persons and some acute phase sera contained low titers of
nceutralizing substancs. Tho lowest titers were found in normal rabbits
and in the acute phase sora of thos¢ cholera paticnts who showed tho most
marked titer rises during convalescence.

DISCUSSION

Stools from certain gholera patients; and cultures of V. cholcrag
grown in 5% Bacto-Peptonéﬁ’contain filtrable, heat-labile substances

which exert identical deleterious effects following intracutancous injection
in guinea pigs and rabbits: namely, erytovma, induration, and a prolonged
incruase in capillary permcability. Both substances aro neutralized to

the same degree by a heat-stable componont of convaluscont cholera seéerum.
These findings suggest that the two matserials are ldentical. Morcover,
their properties are those of a typical bactorial exotoxin. Hence, tho

term "skin-toxin" will be applied to this material to =implify discussicn.

For the preparation of skin-toxin in vitro, the medium and growth
conditions employed were those used by De et al (ibid) for the production
of cholera entergtoxin. Skin-toxin and enterotoxin ars both produced in
5% Bacto-Peptone” with a large surface/volume ratio and both metsrials
appéar in relatively young cultures. Neither are produced in poorly
aerated cultures nor in any of the other media tested. Both arc destroyed
by heating at 56° C for 30 minutes. The preliminary findings suggoest the
possibility that the skin-toxin and the enterotoxin ars identical.

At present there is no evidence that fhe skin-toxin plays a role in
the morbid sequoence of cholera in man. However, skin-toxin could possibly
exert a deletericus effsct upon gut tissuecs, poerhaps by altering perme-
ability of mucosal c¢ells or of capillaries in the vilili.

Evidence indicates that the skin-toxin is antigonic in man, that it
reaches antibody-producing elements during the course of ciinical cholera,
and that the antibody elaborated behaves like an antitoxzin. Moreover,
antibody against the skin-toxin does not appear to be evoked by wvibrio
antigons capable of evoking agglutinins.

Work is now in progress to determine the antigenicity of skin-toxin
derived from both stool and cultures, and to dotermince whethor antigenicity
is rotained aftor treatment with formalin. Agar-gel diffusion studies
have been started. The relationship betwesn skin-toxin and the entero-
toxin of De et al (ibid) will be investigated by compuring the effccts
of both stool and culture filtrates in both skin and gut.

SUMMARY

Filtratss of stools from cholera paticnts and from young V. cholerae
cultures grown in 5% Difco Bacto-Peptone® contain a hcat-labile skin-toxin
which gives riee to induration and incroased capillary pormeability
following intracutanecus injection in rabbits and guinea pigs. Toxic
activity has not been detected in stools from other kinds of diarrhsea, nor
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in filtrates of cultures of either enteric pathogens. The skin-toxin is
noeutralized by convalescent sera from cholera patients but not by sera
containing agglutinins evoked by vaccination with living or killed

vibrios.
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TABLE I

24 Hours Induration in Guinea Pigs Following Intradermal

Injzction of Stool Filtratoes

Source of Induraticn Doscs/ml Stool Filtrate Positive...
Stool Specimen -""beal
5 5-10 10-1C0 100-1006C -
ACUTE CHOLSRA*
Ogawa 4 - 3 1
Inaba ] 2 2 5
Total acute
Cnolera 7 2 5 & 13/20
CONVALISCENT
CEOLTRA 3 - - - 0/3
NON-CHOLEHKA
DIARGHIA®
Kon-cholera
Vibrio,
Heiberg I1 4 - - -
No Pathogens
Pulseless 16 - - -
With Pulse 13 - - -
Total Non-cholezgs
Diarrhea 33 - - - 0/33

* Within 48 hrs of onset
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Toxin-Neutralizing Titers of Human and Animal Sera

TABLE II

(Toxin from Ogawa B1307}

1I{e}

Source of Sera

Day of Disease

Neutralization ' Agglutination !

or Vaccination Titer i Titer ]
! Ogawa Inaba
Confirmed Cholera Casos
Case No. Organisn
9271 -Inaba 1 10 < 40 < 40
10 30 1280 1280
1021 Inaba 0 10 < 40 < 40
10 270 160 160
30 90 40 80
978 Inaba 1 10 < 40 < 40
12 30 640 640
1188 Inaba 1 < 10 < 40 < 40
10 > 270 120 320
44 Ogawa 0 < 10 < 40 < 40
16 20 160 40
890 Ogaws 0 5 < 40 < 40
9 640 1280 640
Ron-Vibrio Cholera
1011 ¥o pathogoen 0 30 < 40 <40
13 - <. 40 <40
59 30 - -
Normal Human Controls
(Bast Pakistan Residents)
44-1 - - 20 < 40 <40
37-I - - 10 <40 <40
A-684 - - 10 < 40 < 40
Pakistani Personnel
Vaccinated with kitled
Ogawa+ Inaba Vacecine
1 - 0 30 < 20 <20
28 30 160 320
15 - Q 30 40 40
28 30 640 640
Rabbits Vaccinated with
living V.cholerae Ogawa
RJ-6 0 < 10 < 40 <40
36 <10 1280 320
RJ-T7 0 <10 < 40 <40
36 < 10 10,240 10,240

- 10 -



Diameter of Blueing ( mm.)

10 1

FIGURE ! II(e)

Time-course of Increased Capillary Fermeability and Induration
following Intracutaneous Injection of C.1 ml. of 1:20 Dilution
of Cholera Stool Filtrate { CRL 531 Ogawa ) in Guinea Pigs.

» ey Indurationw~ filtrate unheated

—  _ PBlucing - filteate unheated .
— - —— - Blueing - filtrate heated at 56 C for 30"

Age of Lesion in Hrs.

# Intensity of induration is indicated
by arbitrary scale at right.

*# Intensity of blue is indicated by
width of solid line.
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FIGURE 2

Titers of PF of Cholera Filtrates of Bacto-Peptone
Cultures Grown under Different Condition of Aeration.
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FIGURE 3

Time-Course of Production of Capillary Permeability
Factor in 5% Bacto-Peptone, pH 7.3 by two strains
of Vibrio cholerae.
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FIGURE 4 II(e)

Neutralizetion of Permeability Effect of Cholera
Toxin by Convalescent Serum from Cholera Jase CRL 94,

X———13 Acute phase serum - day of onset

o Convalescent serum - day 16
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IMMUNITY IN CHOLERA PATIENTS
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The place of immunity in the epidemiological and clinical pattern of
disease can be assess in vivo by studying the effects of an aministered vaccine
(See section V), and by examining the sera from cholera and non-cholera patients
for the presence of antibodies directed against the vibrio, The technique used
at CRL to date for in vitro antibody studies has been that of ageglutination of
living vibrios, using both the Ogawa and Inaba serotypes, Agglutinins which are
demonstrated in this system may be specific, i,e, directed against the somatic
substance, or may be directed against flagellar antigens, which might be shared
with other organisms.

Compariaon of the wvibrdo positive and vibmio negative diarrhea cases
admitted o the CRL ward reveals .Adc¥ an approoisble number gf
patients in both groups are admitted with agglutinins against one or both cholera
serotypes. Antibodies, when present have usually been both anti Ogawa and anti
Inaba, The latter are, however, slightly more frequent and at slightly higher
titer. Anti Inaba agglutinins are present in 22.2% of CRL cases with vibrio
infections and 35,7% of those negative for vibrics; this is based on all cases
on whom serum was available in the first three days of disease. The distribution
of admission antibody values among CRL cases No., 258 to 1000 was:

Vibrio Pusitive Vibrio Negative

Diarrhea Cases Diarrhea Cases
1280 - 1
6L0 - 2
320 1 4
160 5 22
80 22 38
40 21 L2
<40 172 196
Total 221 305

The geometric mean agglutinin titers are significantly higher, (p<,001)
in the non-vibrio group, These antibodies cannot be attributed entirely to
prior vaccination. By history there is no difference in the number of
"properly" vaccinated individuals in the two groups, i.e, within 10 days to
8ix months, but the non-vibrio group is, in general, better vaccinated; thus:e
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Vibrio Diarrhes Non-Vibrio Diarrhea

Total Number with

Vaccination Data 253 310
No history of vaw®cination 62% 58%
Vaccine within 10 days 12% 3%
10 days - 6 months 9% 11%
6 months - 2 years 13% 22%
Over 2 years L% 7%

While the pre-existing antibodies in the non-vibrio group are in BOme cases
clearly a response to vaccine, this is not evident in analysis in pre-existing
antibodies (anti Inaba) in the two groups:

DISTRIBUTION COF ANTIBODY TITERS FQUND IN FIRST THREE DAYS OF DISEASE

Tubes Vibrio Diarrhea Non-Vibric Diarrhea
Pogitive Titer Vaccine No Vaceine Vaccine No Vaccine
& 1280 - - 1 -
5 640 - - 2 -
4 320 - 1 L 2
3 160 1 3 11 10
2 80 9 13 17 21
L 40 10 11 20 20
0 <40 62 110 71 122
Total 82 138 123 175
Geometric mean (tubes) 0,38 0.36 0.87 0.57

Analysis of 104 cases for the time course of the agglutinin response was
carried out. Only bacteriologically positive cases were included who had no
demonstrable agglutinin to antigen of either serotype in the first serum, and
did develop a four-fold or greater rise in titer in later sera. The pattern
of titers against the infecting serotype was: (See Table I).

* In this series no antibody response occurred before the fourth day and in
only three instances was it not present by the seventh day, Of particular
interest is the fact that the antibodies fall so soon after infection, in
contrast to the persistence of the "pre-existing antibodies™,



Possible relation of cholera susceptibilit
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Y to other serological findings

was explored, Blood type distribution in the two groups was not significantly

different.
BILOOD TYPE OF CRL DIARRHEAL CASES
Blood Type Vibrio Positive Group Vibric Negative Group
No, No,
0 63 29 24 42
A 67 30 13 23
B 71 32 16 28
AB 19 9 4 7

87
23

6.7% of the vibric positive and 7.6% of the vibrio negative groups were

positive in the cardiolipin microflccculation test,
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TABLE i
Titer
7 12560- 1
6 11280 4 2 1
5 | 640 1 6 10 C 1
4 320 3 3 G 12 5 2 2
3 | 160 1 1 3 11 10 4 1 3 3
2 80 4 2 8 9 11 0 0 2 -
1 40 3 Q 4 3 1 1 1 3 1
O | &0 a7 |56 26| 26 | 12 2 2 1 o} 0 7 9 5 -
14 | 19 | 46 {120 | 182 45 23 |24 0
34| 18| 21| 40 50 12 6 17{ 13
Gﬁ“ﬂi;fic 0| o} 0[0.41]1.06{2.19 [3.0 [3.64 3.75  13.83 %-41 0.76 | = | -
11t el 3 4 21 6 7 | 8-10 11-15_[15-3¢ 1 2 3 4 |
D a y =& M o n £ h s
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A simplo, ocenomical, and convenicnt serologic techniquo utilizing
capillary blocd szamples would be desirable in a cemmunity study in choler=z.
Towards this end; a study was undertaken of the microtiter systoum which
had been used for homagglutination and complement fixation procedures, to
determine what changes in the immunolugical system would be necossary for
effective consistoent results,

Matoerials and lethods

The Micrctiter Kit (Cooke Engineering Company) was used. This kit
includes microtiter plates with conical ("V") or radial-bottomed ('U")
cups, pipette droppors calibrated to drop 0.025 ml saline, and calibrated
lecops which deliver 0.025 ml. A totrazolium salt kit was procured from
the Nutritional Biochomical Corporation, Cleveland, Ohio.

The standard V. cholerac strains previously used for aggiutination at
CRL werc used; those included strain 465 V. cholerac, Ogawa and 466 V.
cholerae Inaba; both isclated in this laboratory from chelera paticnts in
Khulna in 1962; strain J89 V. cholorac Insba was sent by Dr. Goodner.

These organisms were maintained on TNy (trypticase 1% NaCl 1%) agar
slants, and for use werc incubated overnight in TyN7 broth (pH 7.3).

Lsgglutination Tests

The agglutination tests worc perfurmed according to the procedure
outlined by Goodner (SBEATO Confercnce on Cholora, 1960) using living
Organisms.

Rosults

Exanination of the bottoms of agglutination tubes in the standard tube
agglutination test with living vibrios rcovealed that vibric agglutination
Teactiocns can be read by observing the bacterial pattern of sedimonted
orgarisms; the agglutinated vibrics form a shield ovor the bottom of a tube
while non-agglutinated vibrios form a button in the bottom of the CUDe
With the small volume (0.025 ml cf antigen) in the microtiter test; it was
thought that the buitons would be sasier to recognize if the bacteria were
colored and the plate examined ageinst a white background.

The various salts included in the tetrazolium salt kit were dissolved
in 0,01% concentration in water (tetrazolium red, triphenyl tetrazolium
chloride, and nitro blue tetrazolium), or in 1% alcohol (neotctrazolium
chloride diformazan, tetrazolium violet, tetrazolium violet difermazan,
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neotetrazolium cheloride, and tetrazolium blue), or 2% alcohol_(triphenyl
tetrazolium chloride formazan, tetrazclium blue diformazan). These stock
solutions were added tuv T.Ny cultures of strain 465 to make a final concen-
tration of 0.001%, 0.0005%, ©.00001% and 0.000005%. After overnight
incubation, color visiblc at the 0,00001% concentration had doveloped in
the tubes containing triphenyl tetrazolium chloride, tetraxolium violet,
tetrazolium blue, and nectetrazolium chloride. At these levels the dye was
not toxic to the vibrios. When thesc salts were added to an 18=20 hour
culture of vibrios, tetrazolium violet at a final concentration of 0.001%
or 0.002%% produced a pink to viclet color within 15 minutes. A4 color also
appeared in this time with tetrazclium blue;, but since this was not as sharp
as that of tetrazolium violet, the latter was chosen for further work.

In preliminary studiss, doubling dilutions of standard rabbit anti-
serum in C.025 ml volume werec brepared in the micrctiter plates. The
calibrated pipette dropper was used to put 0.025 ml of saline in each cup.
The microtiter loop was used to make the serial dilution starting with 1:40.
0.025 ml of the dye-stained antigen was then deposited in wach cup. The
holes were covered with sealing tape and the plates floatcd in a water
bath at 40O - 42° ¢ for one hour and then kept in the refrigerater overnight.
Gross readings of the plates were then easily made; when held against a
brightly 1lit white background; the colored buttons of unagglutinated organ-
isms stood out on the plates. Alternatively, the reaction could be read
under the sterecscopic microscope which clearly revealod agglutinated
shields or unagglutinated buttons.

Later, a simple system was doveloped using the microtiter test reading
mirror. By judicious arrangement of light, the magnified buttons were made
to appear white against a black background; with this arrangement, tetra-
zolium salds wore unnecessary for the white tmttons of undyed organisms

were easily visible.

Initially, sera were tosted in the plates with round bottom (U-shaped)
as well as ccnical cups (V) in addition to the standard test tube technique.
Because the titer readings in U-cups more closely matched those of the test
.tube, these cups were selscted for subseguent use.

Microtiter Agelutination Method

The following technique was cvolved:

Antigen suspensions were diluted to aepproximate the MacFarland No. 1
standard opacity; in thoe Coleman Junior Spoctrophotometer at a wave-length
of 515 satisfactory antigens had an optical transmission of T14% to 80%.
When tetrazolium violot was used, a 0.01% solution was added to make a
final concentration of 0.001%. After 15 minutes; the dye was reduced and
the antigen was ready for use.

Serum dilution

One~t0~20 dulutions werse prepared by mixing one microtiter loopful of
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serum or blood or contents of a 0.025 ml capillary pipette* with 0.475 ml
of normal saline.

The Test

0.025 ml of saline was delivered into vach cup of the plastic plate
by means of %;microtiter calibrated pipette. 0.025% ml of the 1-20 serum
(or blood l%éé“%%ansferred to the final cup with the microtiter locp;
doubling dilutions were made with the loops. They werc rotated 4 or 5
times in each cup and then passed to the next row. Four or more loops
could be handled at one time, providing simultaneous, multiple serum
Allutions. 0.025 ml cf the Inaba and Ogawa antigens were then dropped into
appropriate rows with calibrated pipette droppers.

Reading of Tests

Absence of agglutination was indicated by a sharply marked button,
while agglutinated cells formed a shield over the bottom of +he cups,
The serum dilution in which no button was present was taken as the end
point, since this was an cbjoctive observation on which all observers
would agrce. The prescnce of partial agglutination at higher serum
dilutions was noted, but did nct influence the titer.

* * * * #* * »*

Evaluation of the Method

Comparison of tube and microtiter results. A series of routine
clinical specimens was Tup in parallel using ©tho mame antigen in both the
microtiter and the tube test (Teble I). In 70%, values were in complete
agreement; in 18% microtiter results were one tube higher than tube test
findings; microtiter readings were one tube lower in 11%. There was a
two-tube difference in 2% of samples. In 53 paired samples a rise in titer
was detected with both methods (Table 2). The titers wero identical in T2%
of the pairs and, in the remaining 28%, differed by one tube.

The consistoncy of the method was studied by comparing the titer of
agglutinins in the plasma and serum derived from the same perscn. The
serum was obtained by venipuncture, while the plasma was derived from
finger tip blood using lectins as anticoagulant. Results are presented
in Table 3.

4 series cof tests porformed with the same lot of reference calf serum,
provided the opportunity itc msasure the inter—test variations of the tubae
and microtiter systems., In 39 tests thére was a slightly wider spread of
titers with the microtiter method (Table 4). The lower microtiter values
are due to the fact that completc rather than partial agglutination was
arbitrarily selected as an end point.

* Drummond Scientific Co., Broomall, Pennsylvania

-3 -
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Development of capillary fingertip blcod technigue. Venous and
capillary blood was simultaneously obtained from a series cf patients,
Fingertip blood was drawn, added to 0.475 ml distilled water with immediate
hemolysis or 0.475 ml of saline to a 1:20 dilution, using either the 0.025
ml capillary pipotte or the microtiter loop. Vibrio agglutinin titers
were obtained by the microtiter method of the serum, hemolysed blood, and
the plasma (after centrifuging out the RBC). Agglutinin titers of the
serum tended to be higher than those with fingertip blood; however, 55%
of the tests gave identical values. The difference is consistent with
the volume of the whole blood sample occupied by the red blood cells.
Values obtained when the fingertip droplet was placed in distilled water
wore similar to those obtained with saline. From a technical peint of
view, the specimens collccted in saline and then centrifuged gave sparkling
clean results and made the use of tetrazolium salts unnecessary. On the
other hand, hemclysed blood could be tested without centrifugation, but
tetrazclium viclet was required to differentiate the button of red cell
stroms and debris from +that of non-agglutination.

Concurrent studies werc carriod out to determine whether the antibody
content in a l-tc-20 dilution is stable under refrigeration or freszing
conditions., No significant difference in titer was observed as the result
of freczing, thawing, or storage for ono week at 4° - 6° C. For routine
use; specimons were kept frozen when not in use.

Conclusion
22UCLUus1on

Simplieity, economy, and the ease of reading the microtiter method
Justified ite adoption for routine use. The necessity for thorough
¢loaning of the plates between use and the coemplete removal of detergent
aftervards is a limitation in the microtiter system; this can be obviated
by the use of disposable plates. The use of filter paper would further
simplify collection of blood in community surveys and eliminateo need for
refrigeration.
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TABLE 1

Comparison of Tubc Agglutinstion & Microtiter Results
of Routine Clinical Specimens

6 - - - - - 6 8
5 - - - 2 1 20
Tubos 4 - - - 14 31 4 -
Positive 3 - - 7 18 - -
2 1 8 19 4 - -
1 34 4 - - - -
0 47 8 - - _ - _
0 1 2 3 4 5 6
Microtiter Cups Positive
(1 = 1340)
TABLE 2
Comparison of Rises in Titer in Clinical Serum Pairs
by Tube Agglutination and Microtiter
& - - - - - 1 2
5 - —- - - 2 4 -
Tube 4 - - - 2 17 1 -
Rise
in 3 - - 5 6 2 - -
Titer 2 - 1 i 1 - - -
1 - 2 - - - - -
0 - - - - - - -
? 0 1 2 3 4 5 6

Rise in Titer by "Tubes" in Microtiter
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TABLE 3

Reproducibility of Agglutination Titors with Microtiter
Serum & plasma of an individual in same test

6 - - - ~ - - 3
5 - - - - 1 2 -
Cups 4 - - - - 8 - -
Positive
with 3 -7 o’ T B
Serum 2 - - 4 - - - -
{from
Venous 1 - 4 - - - -
blood) 0 10 - - - - - -

0 1 2 3 4 5 &

Cups Positive with Plasma from fingortip blood
(1 = 1:40 dilution)

TLBLE 4

Inter—Test Consistency Using Reference Calf Serum in Different Tests

Qgawa /ntigen Inaba Antigzen
Tube Microtiter Tube Microtiter
Test Test Test Test
Positive 9 = C = 1
Tubes or 8 21 11 4 5
C e
(115;40 7 17 15 29 13
dilution) 6 1 11 5 16
5 - - 1 4
Mean 75 + 7.1 6.9 £.6
95% CODfidGnOB 7.4 - 7!6 7.0 - 7.2 6-8 - 7.0 6.4 o 6-8
Limits
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Cups
Positive
with
Serun

TABLE S

Comparison of Titers Obtasinod with Serum and Whole Blood

Diluted 1320 in Distilled Water

6 - - - - - 3 1
P - - - - 2 - -
4 - - - 4 4 - -
3 - - 7 7 - - -
2 1 4 7 - - - -
1 1 5 - - - - -
0 3 1 - - - - -

0 1 2 3 4 5 6

Cups positive with hemolysed whole blood
{1 = 1:40 dilution)

I1(g)
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Since the last mecting of the Technical Committee, rhesus menkeys have been
prepared and chellenged with ¥V, cholera¢ in a varisty of weys. Initial experiments
were carried out to test the possibility of duplicating the results of :. Mendoza,
and H, Pottevin and H, Violle (sce lest year's hgport to the CKL Technicel Committee),
Subsequently, attempts ware mede to inturrupt the flow of bile end pancrsatic en-
zymes by ligation of the common bile znd noncrestic ducts. This work was based on
a report by Dutta, sug_esting that absence of pancreatic lipase and phosphorylase
might explein why the infant rabbit is susceptible to chelera, To dete & successful
reproduceable cholere model has net been achieved in our monkeys; however, several
interesting obsurvations heve been made and idess generated from them are being in-
vestigated in man.

METHODS

Rhesus monkeys weighing 1% to 4 kilograms were used. They were obtained from
dealers who had caught them in the Sunderbans. Unless on special diect they received
fruit, rice, dhal, fish, and salt. During experiments they were kept in separate
cages. Prior to experiments, & rectal swab, body weight, tempcrature, and general
appearancs were noted, and blood tzken. hfter chzllenge, daily rectal swabs were
taken,  Liver biopsies were performed with the denghinl needle after zn iodine-
¢lcohol skin preparation. In case of death or sacrifice en autopsy was performed.
£t autopsy the abdomen was cpened and ths intcstines clamped at different levels
before further menipulstion, Fer szerifice, animals were ancsthetised, the clemps

placed and then the snimal wos killed by an overdose of sther, Cultures of organs
for V., cholerse were done by searing the site for aspiration by syringe and needle
or excision of smell pieces of tissue. The gruss appearance of organs was noted

and sections pleced in 106 formelin or Zenkers solution. The bactericlogic methods
for vibrie isolations are those in standard use in the Laboratory - dirsct plating
on TIGA and Gih and enrichaent through bile peptone,

Pretreatment:-
Monkeys were pretreated fer chellenge in the following ways:-

1) Deficient diets were given consisting of ¢ither vitamin frec essein or
rice end selt alone.  after verying intervels on these diets a challenge of
V. cholerae wes given.

2) 10k sodium sulfate wes given by stomach tube surfficient to induce diarrhea.
Immedictely after dierrhea begen, o chellenge of V, cholerae wes given,

3) » modification of the scdium sulfate prepearation was used, giving enough
potassium sulfate to prevent cxcessive potassiwa depletion before challenge,

k) 3k sodium bicarbonate solution was substituted for the drinking water for
1-2 deys before chellenge and continued after chellconge,

5) In monkeys preparcd by 1-2 days of 34 sodium bicarbonatc, 10s scdium sulfate
was glven to the point of diarrhea prior to challenge,

6) .nimals were given injections of DOCA 0,1 mg for 3 to 10 days priocr to
challenge, to induce potassium depletion,
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7) The animals were operated and the common bile duct or common bile duct
and pancreatic ducts were either tied and cut. Challenge with V. cholerse wes
given 1-4 wecks after surgery.

Challenge:-

Severel methods were used for challenging with V. cholerae, The usual
procedure wes to give 25 ml of #n overnight broth culture of V. cholerse grown in
TyN1 breth.. i1l monkeys received bstwecn 106 to 1011 crganisms by stomach tube,
Vibrics were also grown in rice and ricewatcr snd fed either once or repsatedly.
Ricewater stool taken directly from patients was used in seversl cases. Une group
of monkeys received accldental challenges, presumebly through contemination of
their food,

Hesults:-

None of the procedures tried to date hes established a method whereby the
monkey will predictably develop the clinicel or autopsy findings of cholers, &
acute cholera syndrome has been seen sporadically in all groups chellenged with
the gross autopsy findings analogous tc those scen in the autopsy of human cholera,
Un the other band, infection with vibrics, as evidenced by positive rectal swabs
persisting for several days, occurred quite regularly, Five monkeys whe had not
been chellenged deliberitely but were held in the infected enimal room, developed
positive cultures,

Vibrics were recovered at the autopsies of 39 of 69 monkeys dying or sacrificed
as much as 61 deys after cxposure to cholera vibrios, Orgenisms werc more con-
sistently discleted from the smell intestine, and particulerly from the duodenum,
then from the large bowel. This was not the conseguence of infection of the gall
bladder, es was shown by the analysis cf 33 instances in which culture data are
eveilable on both orgens:

Duodenum Fogitive Duodenum FPositive Duodenum Negative 7
Bile Negative Bile Positive Bile Positive lotal
18 13 2 33

The finding of more intense positivity of the small intestine wes observed
in animals found dead and then autcpsied as well as those in whom the infection
wes more sharply circumscribed by killing the animal efter the intestinal loops
had been isolated as showns

Vibric Isolation

. . Small Large
& Bile Stomea -
Liver ile otomach Intnstine’ Tntesbine
He, o No, P No . P No . A

Monkeys (y%%wa) 11/28% 39 18/20 90 57/62 52 L8/56 | 85
Sacrificed ‘monkeys! 9/21 43 7/17 41 36/51 70 20/41 | 49
A1l 20/49 L1 1 25/37 | 68 | 93/1131 83 68/97 | 70

*  Number positive over number examined.

-2 -
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This phenomenon is seen in its extrome in 12 bactericlogically positive
animels w.ose rectal swabs hed been negative for vibrios for 1 to 15 deys before
sutopsy. Three of these had never become pusitive after the chillenge given
2, > and 6 days ecarlier.

The liver parenchyme wes cultured nineteen times cither at eutcpsy or by
blopsy, In five instances V. cholcerse was recovered; in 4 of these the bile
duct hed besn lirzted to prevent retrograde infection of the biliary tract. Liver
pesitivity was only observed during the first & days as is shown below, Eile,
on the other hand, was found positive in 17 of 67 monkuys exainined., Ccimon bile
duct ligation performed seversl weoks buforc chzlilienge, which ceused achelic stocls,
did not prevent the development of positive bile,

Time .fter Ch:llenge when Fositive Cultures of V,cholerae
dere Found in liver and Bile

g davs or joss ncre than 8 days

I ( Fositive 5 0
VL ( Negetive A 10
—_— ( Positive 7 10
Blg ( Negative 12 38

There is a suggestion in the following teble that there is en assceiation
between a cholera-like syndrome and zn infected liver, while this does not follow
with infected bile,

Fogitive Cultures lor V.cholorac in slonkeys
ving of s Cholera-like Ilincss
Cholera-like Lio Cholera

_ ( Positive 3 2
Liver ( Negative 2 13
( Positive 3 14

Bile X .
ZhL€ ( Negative 8 42

Inereesing experience sumiarized below hes fortificd the ecarlicr impressicn
thet the first expeosure t. vaibrios provides statistically demcnstrable imrmanity,
although an individuel monkey mey still procesd to acquire a fatal infection.

Effect of Prior Challenge on Dureticn of Fositive Culture
and Incidence of "Lholera-like" Illiness

First Chailenge Subseguent Challenge

* 3 deys or more (+) R/S 59 14
Less than 3 days (+) R/S 32 32
"Chelere-1like" illness 9 3
Mo "cholera® a2 43

* Uhi square distributions show p velues of < ,001

-3 -
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Digcussions~

~-lthough it hes not been possible to define the conditions under which a
monkey exposed to vibrios will consistently develop disecase, these studies have
opened at lcast two suggestive leads,

The first of these is the observetion that the vibric infection is more
intense in the upper then the lower intestinel trect, and thet en enimel con be
consistently negetive on rectzl swab while harbouring infection within his body,
This means that thu smell bowel, perticulerly the upper smcll bowel, may be the
reservoir in which the orgenism survives, The bile wos infected in 211 monkeys
positive more than 1 month efter challenge, but the ducdensl and Jejunel infection
in infections of shorter durction cen cccur with negetive bile. These obscurvations
suggest the nwed for appropricte studies of mon.

Bile ond liver positivity, which can occur even ofter the bile duct is severed,
suggests that in the monkey the cholerc vibric is not necesserily confined within
the lumen of the intestine. These cbservotions suggest that in this enimel
& portel beeteremic coin occur early in the discase, rnd reises the gucstion whethor
this might occur in man,

Histoprthologicel studies are contemploted te see whethor tissue chenges
similar tu these seen in humen autopsies cccur in the menkey; the results will
heve great weight in determining the velidity of the menkey infecticn zs a
rmodel of humen discase.
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(A) DIAGNOSTIC BACTERIOLOGY:
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Work Load:

The elinical and epidemiologicel activities of the Cholera Research
Laboratory depend on demonstration of the presence or absence of vibrics in
clinical or envirornmental material. The recognition of pathogens other than
V.cholerae which might be responsible for a clinical picture resembling that
of cholera infection is equally important; therefere, the buik of bacteriolo-
gical effort of the laboratory has been diagnostic.

General Report:

From October 1, 1963, to September 30, 1964, a total of 42,120 specimens
was examined bacterioclogically: 41,478 {98.2%) rectal swabs, 30 bacterial
isolates, 170 blood cultures, 75 throat swabs, 51 urine, 32 sputum, 34 worms,
197 water, 7 vomitus, 9 pus, and 37 miscellaneous - spinal fluids, eye swabs,

autopsy specimens, etc, :E}'
The scurces of these specimens were as follows:
1, Mitford and Victoria Hospitals 650
2. CRL Hespital 4,584
3. Rayer Bazar Study 18,490
4. Matlsb Gtudies 17,844
5. Shaitnal 309
6. Other places in E. Pakistan 33
7. OQutside East Pakistan 210

These blclogical specimens were received in the laboratory in one or more of the

following media:

a, Bile-peptone tellurite enrichment broth 41,051

b, Selenite broth 1,010
*e, TlNl Broth 504
*d, Alkaline peptone water 2G4,

e. Direct TTGA plates (Monsur) 15,731

f. Direct GA plates 6,381

g. Direct SS plates 7,560

h, Direct MacConkey plates 5,258

i. Direct blood agar 3

* These enrichment media were used when sodium taurcocholate was unavailable.
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The following pathogenic organisms were isolated:

Vibrio cholerae Inaba 789
Ogawa 499
Vibrio Ei Tor Inaba 1
Ogawa 60
Nen-cholera vibrios 192

Other pathogens

Shigella A (dysenteriae) 9
" B (flexneri) 133

H ¢ (boydii) 4

It D (sonnei) 35
Salmonella paratyphi A L
B 2

Cy 3

Salmenella typhi L
Klebsiella 3

All vibrio isolates are routinely subjected to chicken cell agglutination
as a screening test for El Tor. During the period covered by this report,
eight hemagglutinating strains were obtained which, by all other tests were
classical cholera vibrics. A paper has been submitted for publication on the
properties of these strains (Sece 'Isclation of Hemaggliutinative Non E1 Tor
Vibrios).

Routine Vibrio Diagnosis for Field Studies:

Based on the results reported last year, tellurite bile peptone broth is
being used for all CRL vibrio field studies. Accordingly, studies to determine
the efficacy of this medium and of isclating Vibrio cholerae assume importance,
particularly because getting specimens from the field to the laboratory some-
times takes several days.

The general procedure for recognition of vibrios in the field is as
follows: The rectal swab is obtained with a tellurite impregnated cotton swab
which 1s then immersed in 10 ml of alkaline bile peptone broth; after overnight
incubation (or as soon thereafter as possible) it is streaked in a standard
manner on gelatin agar (GA) and tellurite taurocholate gelatin agar (TTGA)
plates (Monsur),

After overnight incubation, vibrio-like colonies are examined by slide
agglutination with specific anti-vibrio serum and subjected to biochemical
testing. Degree of positivity based on the number of positive colonies on the
surface of the plate is reported arbitrarily in a + to ++H+ scale, In order
to determine whether there was numerical significance in these degrees of
positivity, a series of log dilutions of Vibrio cholerae were prepared, and
12 plates were streaked in the standard fashion for each of 2 log dilutions,

> 2 -
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Streaking was done by the laboratory technicians who normally streak the
plates, then the plates were coded and after overnight incubation were read
by three other technicians who normally read the plates. The relation of
plus values to the vibrio count shows an appreciable consistency (Table I).

Stool samples were received in the laboratory both on plates as well as
in the enrichment broth from 1108 vibrio positive cases, affording an oppor-
tunity to evaluate the consistency and reliability of the enrichment procedure;
239 samples were negative on the direct TTGA plating; thus 21,63 of positive
samples were isolated by enrichment only (Table II). Surprisingly, 40 samples
positive on the direct plate were negative after enrichment. These are analysed
in Table III, which shows that in 13 instances only non-cholera vibrios were
isclated after enrichment, which could be explained by more rapid growth or
bacterial antagonism of non-cholera vibrios; in the 27 other samples another
explanation is necessary, Lytic phages were not found in any of the enrichments.

TABIE I
Vibrio "Degree of Positivity"
Count
per ml -+ +++ + + Neg.
108 11% 20 1 - - -
7
10 7 24 5 - ~ -
10° - 9 26 1 - -
10° - - 21 15 - -
104 - - 2 33 1 -
103 - - - -~ 36 -
10° - - _ - 36 -
10 - - - - - 36

Number of readings

Relation of Plugs Values of Vibrio Isclation Plates
to Vibrio Count and Jnoculation.
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TABLE II

Comparison of the Degree of Positivity of Direct TTGA
Plate with Positivity on TTGA Plates after Enrichment

Direct TTCA Reading Specimens after enrichment showing degree of positivity
Vibrio
Degree of No,
Direct of - 0 + ++ =t A+ -
Positivity | Samples
- 79 0 o] 6 26 29 16 2
0 91 0 0 11 19 38 23 0
+ 33 3 1 4L 9 7 9 0
Ogawa ++ 51 6 2 2 9 25 5 2
++ 101 g 1 5 17 50 18 2
HH 131 2 & 3 26 L1 51 2
it 13 1 1 1 3 4 3 0
- 162 0 0 14 22 62 57 7
0 124 2 0 15 23 62 21 1
+ 47 2 5 6 8 16 10 0
Inaba ++ 67 3 6 g 14 18 1L 1
S+ 158 6 21 1 24 66 36 2
- 212 1 7 19 39 68 73 5
Attt 19 C o o 6 5 8 J
- 127 0] 0 13 20 41 5C 3
| 0 24 ¢ 0 3 2 10 9 0
-+ 10 2 0 0 0 3 4 1
NCV ++ 11 2 1 1 2 5 C 0
+H+ 15 0 1 2 2 3 4 3
-+ 5 o 0 1 0 1 3 0
; A 0 0 0 0 0 0 0 0




TABIE III

Enrichment isolations in 40 rectal swabs positive for
V.cholerae on direct plating on TTGA and negative after
enrichment in alkaline tellurite bile peptone.

'Enrichmeny Isclation!
Positivity on Non-cholera Vibrios Other Bacteria

Direct TIGA plates Ogawa* Inaba®* | Ogawa™ Inaba* fotal
s anie 1 - - - 1

LR 3 3 3 4 13

-+ - 4 1 7 12

++ 1 1 1 5 8

+ - - 1 5 )

Total 13 27 40

* Serotype of V.cholerae isolate.

Dynamics of Vibric Growth:

To test the effect of non-cholera vibrios on Vibrio cholerae in enrichment
media, growth curves were obtained for mixtures of ncn-cholera vibrio and
V. cholerae isolated from the same stool specimen (Fig, 1). In a series of
experiments, the NCV's were found to be about 10-1C0 times as abundant as
V, cholerae, but the V, cholerae could be detected on streaked TTGA plates.
Thus, the presence of NCV does not cause the disappearance of V, cholerae from
bile-peptone enrichment but makes it difficult to reco_1ize the few agglutin-
able vibrios among the multitude of non-cholera vibrios. Obviously, plating
from enrichment broth after 4-6 hours will provide a more favorable ratio.

Occasionally, vibrio negative gelatin agar plates showed profuse growth of
Pseudomonas pvocyanea, indicated by green or blue pigmentation of the medium,
As many of the Pseudomonas group produce antibiotics with vibriocidal action,
the effect of these bacteria on growbth of V, cholerae in T1N7 and bile-peptone
broths was investigated. When Ps, pyocyanea and V. cholerze were mixed in

culture, the vibrios disappeared after 24 to 48 hours of growth, depending on
the medium (Fig. 2). At first the vibrios rultiplied at a greater rate than
Pseudomonas, but after 12 to 24 hours of growth, the Vibrio counts levelled off
or began to fall, while those of Pseudomonas continued to rise. After 36-48
hours, viable vibrios had disappeared, Pseudomonas pyocyanea grew faster and
reached a higher concentration in T;Nj broth than in bile-peptone broth.
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In stools, however, the number of Ps, pyocyanea may already be large
with respect to the vibrio count. When the stool is put in enrichment broth,
enough Pseudomonas may be present to kill a large proportion of the vibrios
in a short period. In conjunction with other bacteria or with some other
component of the stocl, this vibriocidal action may be enhanced.

It is evident that the V. cholerae growth is more rapid in the initial
few hours than that of at least these two interfering organisms. Accordingly,
the standard practice has been changed so that enrichment broths are streaked
on plates after L4-6 hours of enrichment, as well as afier overnight incubations.

Nonmotile Vibrios:

Several vibrios isclated on gelatin agar plates on which Pseudomonas
pyocyanea were alsc present in large numbers were found to be nonmotile under
darkfield microscopy and in the motility tube. When broth cultures of the
nonmotile forms are kept at room temperature, a few motile forms begin to
appear after 3-5 days, Five colonies from each of 7 nonmotlle strains were
carried through seven serial broth passages; some strains remained nonmotile,
while in others motile forms reappeared with passage (see Table below).

Ps._pyocyanea was suspected as the cause of mutation. When three known
motile strains of V. cholerae were grown in bile peptone broth in mixed culture
along with Pseudomonas, nonmotile forms appeared; the behaviour of these forms
was similar to that of the nonmotilie vibriocs isolated initially. A number of
these nonmotile vibrics have been stocked for further study.

PROPORTION OF ISOLATES REMAINING NONMOTILE
Vibrio Passage Number
Strain
1st 2nd Ird Ltn 5th 6th Tth
’ 379514 5/5 L/5 3/5 1/5 1/5 1/5 1/5
F|
; 374804 5/5 5/5 5/5 0/5 o/5 0/5 0/5
37815 5/5 5/5 5/5 5/5 5/5 f  5/5 5/5
389284 5/5 5/5 5/5 5/5 5/5 9,5 3/5
384,288 5/5 5/5 5/5 5/5 5/5 545 W/5
379474 0/5 0/5 0/5 0/5 0/5 o/5 0/5
379478 5/5 5/5 5/5 5/5 5/5 5/5 5/5
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o FIGURE 2 III(a)
10— Growth Ps,.pyocyanes and V.cholerae
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(B) BACTERIOPHAGE STUDIES:
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In order tc precparc high titer cholera bacteridphagé, zrowih curves

of V. cholerac, host strain M-154, worc comparcd under different conditions
of acration. One nl of overnight culture of tho bactoria in T1N] broth

was put in 50 ml flasks; one flask was left standing in the incubator,

tho second flask was put on & shaker, and the third was attached to a
vacuum pump for acration with filtered air. Maxinum growth iook place

with aeration (Mig. 1}.

Bacteriophages (Mukcrjee's typing phages and a local isolate) grown
in asrated host cultures achieved the highest titors when the host bzotoria
wore grown for five hours and then oncugh phage added to infect all the
bacteria. In following o§ferimont, S5-hour V. cholorae M-154 cultures
were sccded with 4.0 x 10 phage particles per 50 ml of culture.

YIELD OF Bi4CTERIOPHAGE IN AERATED HOST CULTURES
Total Phage Yield

Phagze Typo in PFU per 50 ml
Phage T 3.0 x 1012
Phago IT 3.3 x 1012
Phage III 4.5 x 1012
Phage IV 9.0 x 1012
Phage 268 4.0 = 1012

Bactoriophage Burst Time

The burst time of several bacteriophages was detormined at 37° C by
mixing phage and the host bacteria, allowing ton minutes for attachment,
then diluting the mixturc 100-fold. One-tenth ml samples of this diluted
mixture wore plated at various intervals to detcrmine the timc at which
incrcasc in phage titor became ovident. The results ares

Phage Type Burst Time
(minutes)
Phage I 47
Phage II 47
Phage III T3
Phage IV 41
Phago 268 31
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A1l these cholora phages have longer burst times than gencrally seen
with other phages. Thereforc, if phage is contemplated as a therapeutic
agent, a cycle of infecticn and libcoration of phage could not be cxpected
to kill all tho bacteria. In soverc disrrheoa, tho passage time through
tho gut is so fast that the infected bacteria may pass from thc gut bofoTE
having time to liboraty muck phage. However, as treatment with about 10
phage could infect all the bacteria, this might boe an effective method for
the treatment of cholecra.

Factors Involved in Maintenance of Bactcoriocphages:

If bacteriophage therapy for cholera pationts 1s found to be effective,
availability of a stock of high-titer phage would be essential. Therefore,
stability of the bacteriophages in rolation to pH and other storage treat-—
ments was determined. Phage preparations werc propared by chloroform
treatment of a phage lysatc of the host strain in trypticase broth,
followod by low speced contrifugation. Chloroform was rcmoved by acration
before testing.

As shown in Fig. 2, the phages arc senasitive to pH lovels bolow 6.5
and over T7.5. The effects of froeszing, frceoze-drying from trypticase broth
and storage at 5—100 ¢ arc shown bclow. Refrigepration and freezing appear
to be satisfactory for maintcenance of viability for short periods of time.

PFU/ml
Treatmont Phage Typc Initial After 3 wceks
Phage I 1.7 x 1019 6.5 x 107
Phagc II 3.4 x 10° 1.43 x 101°
FROZEN g
Phagce I1I 6.8 = 10 6.4 x 10
ONLY Phage IV 3.3 x 10°° 1.15 x 10°°
Phage 268 1.42 x 1010 T5 x lO9
Phago I 1.7 x 1018 2.8 x 10°
FREEZE ~ Phage IT 3.4 % 10 5.2 x 107
DRIED IN Phago III 6.8 x 10° 6.0 x 100
TRYPTTCASE Phago IV 3.3 x 10%° 4.3 % 107
Phage 268 1.42 x 10°° 3.2 x 107
Phage T 1.7 x 1010 4.3 % 107
Phago II 3.4 x 101° 1.8 x 10%°
REFRIGERATED Phege III 6.8 x 10° 2.2 x 107
Phage IV 3.3 % 100 1.7 x 10°°
Phage 268 1.42 x 10%° 8.2 x 107
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Sensitivity of El Tor Vibrio to Cholera Phages

Nonsensitivity of Ll Tor strains to Mukerjoce Group IV phage has boen
utilized to diffcrentiatc Bl Tor from classical cholora strains. When El
Tox was tostod for suscoptibility to Mukerjee phagus, by both Mukerjec's
method and tho softi-agar pour-plate method, all strgins werc killed if
phages I, III, and IV werc used at a titer about 10° por ml. At routine
test dilutions of tho phago, the strains were not scensitive. With the
pour-platc method, however, phage IIT formed minute plagues on some of the
strains at low concontrations. A report from this laboratory on tho effect
of group IV phagse on El Tor vibrios will be published in The Bulletin of
tho World Health Organization (Bnclosurc).

Minute Plaguc Formation by Phage III on El Tor Strains

Number attacked

Origin of S+4rain Numbor Testoed by Phage IIT
Dazt Pzkistan 10 4
Malaysia 17 10
Wator E1 Tors 4 3
Indonesia 7 6
Phillipines 3 3
Thailand 8 6
Hong Kong T 3
OCthers * 59 12
Total 115 a7y

These E1 Ters were not attacked by Phage I, II, and IV at low concentrations,

* After infection with Group I-Group IV phages, some of thoese strains gave
rise 10 turbid plague-forming phages that did not attack the univorsal
host for chelera phages.

Phege Typos of V. cholsrac Isclated in Tast Pakistan in 1963-64

The phage type of tho V. cholerae strains isolated in our laboratory
wag dotormined aoccording to the method of Mukerjce. Most of 4he strains
belong to type ITI, but variations from thc classical type wore noted. The
table below shows the distribution of cultures on which records were kept.

Numbwr of Effect of Lowar Effect of Lower
Group Strains Phage I Dilutions Phage ITIT Dilutions
a 268 Clearing Clearing
b g5 No clearing Clearing
C 15 Clearing Ho clearing
d 23 No c¢learing No c¢learing
e 22 Clearing Very minute

rlaques only

- -
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Study of Nen-Vibrio chelera: Steols for Lysogenic FPhage

The fcllewing procedure was used for the detection of lyscgenic

phage in 44 diarrken cases admitted te Tii. 28 of these are included

in the separate rsoort on "nen-vibrio cholera™, Stual maiterizl b2d heen
stored in the deep freeze immediately after collecticn. it tie time of

the experiment, 7 vial was taken cut and ouickly thawed by immersing in

a water >ath at 37°. Induction of the preduction of lyscgenic phnge was
attempted as follows:

phzge

1} 1.5 ml of the stocl wis treated with ckloreform for 1 hour and
centrifuged to remove bacterial debris. The dissolved chloro-
ferm w2s renoved by suction. Dravs of the ctlercform-free
sunernates were thken spotted on lawns of tle irdicater strains,

2) 1.5 ml of the stoel was hented for 1 hour at 55-567 =nd centri-
fuged. Drops of the supernates were spotted on lawns of the
indicator strains.

3} 1.3 ml of the stool was treated with ultraviolet light for
3 minutes and 3llowed to girow for an additiontl thrze hours.
The sanple was then centrifuged fc remeve bacteriz, and drcops
were put on lawns of indicator strains as befors.
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..... of tha
culturgs (5 C cc) of
wis then divided inte

under {1}, (2) ind (3).

staol were cariched overnight in 4-hour
selected indicotor strains. The culture
3 ecurl parts and treatad =25 descrihed

o 0

The fellowing indicator strains were used for detecting the lysogenic

Mukerjee Type Strain vV 154 Coawa True cholera
i " " ’r 308 Coawa True chelera
" I " Pr 528 Cgawn True ciclera
" " " Fro 342 Tgrwa True ckelera
" " " E 23 Cgawa Trus ckolera

cast Pakistan ClL 3 1¢ Yikejima (7) True cholera
: " " 3 1187 Inab2 True clelzra
" " n 3001197 Tnabz2 True chtoelera
" i n 5/64 Yater NC vibrio Heiburg group I
T I " 682/64 watsr MO vibrie Peiburg group IT.
Indcnesia Ind-% Cgawa £l for
Malacea 3734 Cgawa rl Tor
Jangkok SE 52 Inzha El Ter
fangkok It37 inaba 1 Tor

~ 10—
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Five of 44 (11%) of the stcols tested directly for lysogenic vhage showeddege
activity(Table I). with errichment, ph2ge was detected from 11 of

the 44 (25%); it is pertinent that two stools, positive for phage on

direct examinition, were negative after enrichment. Io toto, 13 of

the 44 stools (3C%) were lysorenic., The vhage of five of these speci-

mens was detected by Malacca 3734; the other phages varied in host

organism.

Phage activity was detected by chloroform, hkert and /or ultraviolet
light treatment of the stool or stool enrichments. Ultra-vielet treat-
ment avpeared te give the most frequently ocsitive results ( Tanle II),

Tadle T
Results [Lysogenic Jefore Phage after Total
3acteriologyisested inrichment. ‘‘nrichment Positive Stools
Cgawa pA 2 1 2z
Inaba 1C C 1 1
NCV 3 2 1
No Pathogeni 29 1 & g
Total 14 5 1] 13
TaBLe I1

Iffect of Various Inductive Treatments on Lysogenic
Phage octivity of Stoels and Steol Enrichments,

Number of Stools skowing phage activity after various treatments,
Chloraform
Faat + |Chlnsroform i+ heat
Ultra- iChlorcform|{Ultra- |+ Ultra- + ltra-
Stools | Chloroform| Heat |violet + hent violet vioclet violet.
Before
enrich- 0 0 2 1 ¢ I ¢
ment
~sfter
enrich- ¢ 2 Y O G 1 3
ment,

-11 -
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FIGURE 2
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(C) DRUG SENSITIVITY CF VIBRIOS AND OTHIR ; P o
BACTERIA ISOLATED FROM D IARRHEAL PATIEHTS:L_.

- - A e el ant s SR Y, TR Y

The antibioctic and sulfz drug sensitivity of recent isolates from diarrhea
patients was determined in order to provide guidance for therapy.

The tests were performed by the tube diluticn method. The antibiotics
were digsolved in trypticase ascy broth while the sulfonamides were dissolved
in 25 ml of 0.1 normal NaOH , pH was adjusted to 8.5 and then added in the
necessary amount to tubes con“aining 5.0 ml alkaline peptone water, preparing
serial two-fold dilutions. Approximately 104 bacteria, grovn overnight in
TN, broth, were added tc each tube, the samples incubated overnight and
cbserved for bacterial growth or inhibition,

1

Thus far, this methol hies been uced to study the following: A5 strains

L strains of unidentified organisms isolated from an outbreak of probable food-
borne dicrrhea in,a group of rickshaw pullers; 4 strains of E. coli from "mon-
vibrio chole:.i“*’ patie ts: and 16 pairs of vibrio strains isolated from
patients at admission and at discharge. The results are given in Table I.

The antibictics were effective at 00625-lu254pg/ml concentration except for
streptomycin wirich was effective only at concentrations greater than 20/ug/ml.
These concentrations can easi’ be attained in a patient. Only one patient
showed 2 significant diffevence in sensitivity betwsen sirains isolated on
admission and at dlscharge; this wes a woman whose first isolate was inhibited
by 1,25 yg/rml terramvein snd 0.625 ng/ml “ebracycl ne. Her last isolate, 5 days
later, was inhibited by 5.0 and 2.5 zg/ml respectively; she had been treated
with fluids only @1 had not received any antibiotics!

Most o the sulfa drugs are effective only at a concentration of 5 mg/ml or
more, except for &1 Tor wibrios “n which Lhe cffective concentration ic 0.625
mg/ml or less. Ccnoenmfraticus of 5ozl .o Tn rheel would be Adfficult
te obtain in a pavient. necesritating a daily cose of 20 grams or move if there
is no absorpticn,

(1) See Lindenbaizi % al, "MNonwvidrio Cheleora! tiis Tepors.



Susceptibility of Bacteria to Various Drugs

TABLE I

11X (c)

NUMBER OF STRA4INS
Minimum Inhibitory Vibrio Pairs
DPrug Concentration V. cholerae| L1 Tor! NCV |Food E.coli | from Patients
Qutbreak First Last

Tetracycline:

5.0 mg/ml or more 0 0 .0 0 e ¢ o

2.5 ug/m} 9 0 0 2 4 0 10
.625-1.25 ng/ml 36 29 1 8 o 16 15
.31 ng/ml or less ¢ 1 ¢ 0 0 0 0

Terramycin:

2.5 ug/ml or more 0 0 0 0 4 y; 1
.625-1.25 ug/ml 43 27 1 g C 15 15
.31 ug/ml or less 2 3 0 2 ¢ 1 0

Chloromycetin:

5.0 ng/ml or more 0 0 0 Q 0 ¢ 0

2.5 pg/ml 4 C 0 y 4 ¢ 0
.625-1.25 ug/mi 41 8 1 8 v 16 16
.31 ug/ml or less ¢ 22 0 2 0 0 0

Streptomycin:

40 ug/ml 15 17 0 5 0 7 4 5

20-30  ug/mi 26 11 1 3 \ 7 7

10 ug/ml or less 4 2 0 2 4 2 4
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Social Groupings in Rural East Pakistan

by ‘ ) - . . - -
Dr. R. Glasse

Introduction:

In September, 1962, Dr. Robert H, Black suggested to the Technical
Committee of Pakistan-SEATO Cholera Research Laboratory (CRL) that anthro-
pologists be employed to investigate social and environmental factors that
might be important in the spread of cholera. He pointed out that little is
known of social life in rural East Pakistan and that this knowledge might
lead to a better understanding of the epidemiology of cholera, The Committee
accepted this recommendation, and asked Dr. Black to recruit a husband and
wife team. The fustralian government generously undertook support of the work
This paper presents some of the findings of the investigation.

Shaitnal Union, the community under study, comprises 11 villages in the
north-western corner of Matlab Thana in Comilla District. Shaitnal lies on
the Tropic of Cancer, 23 miles south-southeazst of Dacca on the eastern bank
of the Meghna River. My wife and I carried out a year of field work in this
area, mainly in Shbtiki and Segundi villages. During most of the year, I had
the valuable assistance of Mr. A,K., Mozibul Hague, a local resident from
Senerchar; my wife profited from the help of Mrs. Stella Das, a Bengali
Christian from Dacca, who lived with us for several months. Our base was at
Shotiki Bazar, first in a houseboat (which threatened to sink), then in a tin
shed belonging to Sharifuliah School, and finally in a brick house built by
CRL.

The social groupings in Shaitnal are representative of those found in
south-central East Pakistan., As several studies of Bengal Hindu society have
been published {scc bibliography), I shall not here describe the Hindu
portion of Shaitnal society. Suffice it to say that Hindus form about 7% of
the population and that most of the men are landless fishermen. The majority
of the Muslims are cultivators; a small fraction are shopkeepers and business-
men,

My concern then is with the three Muslim groupings; (1) the gusti, a
patrilineal lineage and its component families; (2) the mallot or samoj, a
corporate social and Islamic association of great importance; and (3) the
gram or village settlement. Another paper will discuss the networks of
relationship created by kinship and marriage, and a third will describe social
behaviour in relatisn to cholera, as well as the ideas and. beliefs of Shaitnal
people about the causes, spread, and proper care of illness. This paper begins
a series, introduces the people of a typical rural community, and describes
the social groupings that are basic %o their life,

Environment and History:

In his well-known geography of India and Pakistan, Spatel divides the
Bengal delta into five subregions. Shaitnal belongs in the division known as
the eastern margin, which includes the Surma valley and the plains along the
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Meghna River and the Chittagong coast. This embagment of lowland "forms the
most amphibious part of Bengal during the rains."< The lower tracts are
flooded to a depth of eight to fifteen feet, and homesteads are built on
earth platforms fifteen to twenty feet high.

The climate is monsoonal, Winter is from December to February; the days
are dry and cool, the nights are cold. From March until the arrival of the
monsoon in June, heat and humidity prevail; this is the time of the "mango
showers." Local depressions and conventional movements produce violent,
thundery squalls--nor!westers--which occasionally reach hurricane force.
From June through August, some relief from the heat comes with the rains and
the increased cloud cover; during this period rain falls on an average of
eighteen days per month, and accounts for more than half the annual total of
ninety inches. Rain continues into September, but with fewer wet days. In
October, the monsoon is in full retreat, and the temperature rises. Agaih,
low pressure over the Bay of Bengal may unleash cyclonic storms.

The temperature and rainfall observations recorded at Comilla, forty-
five miles east and in the same latitude as Shaitnal, are characteristic of
the climate. (See Table I),

During the wet season, the rivers rise, and the fields are heavily flooded.

At the height of the monsoon, little land is visible and travelling must be

done by boat. "To say that travelling has to be done by boat gives... an
inadequate idea.... Half a dozen huts are clustered together on a hillock a
few yards square, and the inhabitants cannot proceed beyond that hillock,
whether to visit their neighbors or their fields, to go to market or to school,
without wading, swimming, or travelling in or on something that can be
floated,n 3

Though little natural vegetation remains on the land, the countryside is
far from treeless. Each settlement carries clumps of bamboo, the Indian date
and the toddy-palm, banyan, pipoli, tamarind, and mango trees. The aguatic
flora is alsc rich; the ponds and canals are choked with reeds and sedges.
"In the past two or three decades, the water hyacinth has spread with its
usual-disaztrous proliferation, blocking many waterways to navigation and
drainage."

The agriculture of Shaitnal is dominated by jute and rice. Other field
crops include millet, oil seeds, tumeric, chillies, onions, st' ar cane, and
pulses. In addition jack fruit, bansna and payaya (paw-paw) grow abundantly.
Vegetables such as pumpkin, cucumber, and gourds grow in kitchen gardens.

The inhabitants of Shaitnal believe that the thana was sparsely settled
before the invasion of the Moghuls and the reign of Sultan Hussain Shah of
Gour in the sixteenth century. The first settlers in the Union came from
Barisal, Comilla, and Khulna about 250 years ago. The land was then part of
the Zamidary of Kartikpur; the proprietor lived across the Meghna River near
Faridpur. The rent collector (na'ieb), who was the proprietort!s local

1954: Chapter 19

Tbid, 532

Quoted in Spate, 1954:533
. Spate, 1954:526

WM
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representative, lived just north of the Union of Sikirchar. ILater, the land
was transferred to the zamindar Sher Ali, who held all of Matlab thana., About
one hundred years ago Matlab was divided into five smaller samindaries; soon
after, two families living at Shaitnal and Sengerchar purchased zamindary

rights when the -British auctioned an estate that had not met the revenue demand.
Subsequently, Jther families purchased interests in these lands from the
zamindars and became intermediary proprietors (talukdars), collecting revenue
from the cultivators, paying a portion to the zamindar, who in turn met the
fixed demand of the British government.

At Shaitnal, the landlords had great power, were respected and feared by
the cultivators, many of whom were landless. The zamindars collected ten times
the value of the fixed demand; they could raise rental charges at will, and
often did so. Legislation to abolish the zamindary system, with compensation
to landlords, was passed in 1950 soon after independence., This legislation
took effect at Shaitnal in 1956. Today the prestige of the zamindar and
talukdar families has diminished considerably., They have lost much of their
income and now are less frequently calledbn to resolve disputes. Nevertheless,
they are active in politics and still possess large personal land holdings,
which give an adequate if not luxurious return.

Today the class structure of Shaitnal is in flux. The old bases of
prestige--nobility of lineage, interest in land, adherence to traditlional
Islamic values--have been partly undermined. The newly emergent values are
higher education, secure, remunerative urban employment, and success in business.

Social Groupings:

Though found in parts of Bengal, the compact village is not typical of
Matlab thana. In Shaitnal settlements situzted on river levees approach a
linear layout but the majority have little form. The spacing cf homesteads

is so continuous that little pattern is discernable; but to describe this

i ~ pe T s e I
settlement 28 disperscd would be an abuse of language.

Shaitnal Unicn covers six and one half square miles, including canals and
the fields which are completely inundated during the wet seascn., In this space
live 14,000 people, an average of 2,200 persons per square milo, If fields,
tanks and waterways are excluded, the density of inhabited land rises to 22,000
per square mile, equal to urban concentration. Few rural populations in the
world are so closely packed.

1. The Gusti

The homestead or bari is the basic spatial and residential unit; the people
who live there form the gustl, a patrilineal descent group. Each barl contains
dwellings, kitchens, barns, often a2 bungalow for guests, and a dugout tank for
water., The houses have high-pitched rcof, thatched with grass, or made of
corrugated iron if this is within the householder's means. The walls are made
of split bamboo, reed or jute-stick matting, or more rarely of tin sheets or
brick; the floor is hard-packed mud. Much of family living, including prepar-
ing and cooking food, takes place out of doors, either in an open kitchen
partitioned from the central courtyard or in the square itself.

-3 -
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A Bengali's concept of home includes an entire homestead with several
houses, a courtyard, tank, and outbuildings. In a Bengali homestead, most of
the householders are closely related; they are ek gusti, one family in the
extended sense, The gusti has a known genealogy of three or four generations,
and all or most of the males are patrilineally related, The gusti owns in
common such property as tanks for drinking and washing, latrines, and a
bungalow kept for visitors, Generally, the senior male is head of the gusti,
and he may intercede in family quarrels. Marriage within the gusti is per-
mitted, but rarely occurs. A man who leaves his bari to work in towns con-.
tinues to take an interest in his home; most urban jobholders return to the
village frequently, particularly at Id and other holidays.5

Figure 1 shows the physical layout of a bari; the genealogy (Figure 2)
indicates kinship ties among members of the gustl and the people who live in
each house. The ten occupied houses form nine hearth groups; households 3
and 4 share a common kitchen. Two types of family occur: the simple or
nuclear family, as in houses 2, 7, 9, 20 and 11, and the joint family, as in
1, 3 and 4, 6 and 8.

The simple family becomes a joint family when a son brings his wife to
live in his father's house. The Bengali phrase ek shonga bhukto poribar means
literally "joint meal family", indicating one of its essential characteristics.
Bengali has no equivalent for simple family; people refer to the simple family
as vunno, separate, in contradistinction to the joint family.

The second characteristic of the joint family is the possession of joint
property, including land and rice granaries. The title to this property vests
in the father during his lifetime; upon his death, title passes to his heirs
as a joint estate. The joint family comprises either a man and his adult
married son or sons with wives and children, or brothers with their families.
The family head allots work, controls expenditure, and directs the sale or use
of produce; the rice granary stands in his house, and his wife organizes cook-
ing and distributes food among the women for their families.

As shown in Table II, the sample of 21 gusti is composed of 56 simple
and 19 joint families, The simple family averages 4.5 members, the joint
family 8.2. Each simple family lives in a single housej but 12 of the 19 joint
families cccupy more than one dwellinu(Table III). Chart 1 shows examples of
joint family structure and house occupancy. As the joint family expands by
the marriage of sons and the birth of children, new houses are added.

The partition of a family estate does not automatically follow the death
of the father; partition is often delayed for some years, for the heirs may
have advantage in preserving the property intact. When the land is of consider-
able size, i.e., more than 10 acres, the brothers can manage more efficiently
without division; one may specialize in keeping records and accounts, another
may menage the labour, a third may take agricultural training. Such large
estates are rare, however, and joint families with small holdings tend to
break up quickly.

5, In a sample of 4 joint and simple families, 46 (6.5% 0f the 706 members
were living away from their homestead at the time of census. Ten were in
Chittagong; 9 in Dacca; 7 in Narayanganj; 7 in Comilla; 4 in Sylhet; 3 in
West Pakistan; and 1 each in Mymensingh, Faridpur, Rajshahi, Calcutta, Faraj-
kandi, and Matlab. Thirty-one were males over age l5; 5 were females over
15; 5 boys and 5 girls under 15.
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The joint family usually divides because of friction among the women
who share the common hearth. One cause of trouble is dissatisfaction about
apportioning food; according to its number, each family is entitled to a
share., As the older brothers generally have larger families than the younger,
the latter receive smaller portions. This annoys the younger brothers!' wives,
who know their husbands have a claim on the joint property equal to that of
the elder brothers. The junior wives favor dividing the estate, the senior
stand to lose. A younger brother's wife may also resent the way the family
head allots work. Security is another motive: if her husband dies before
the division, she and his children lose their rights in the property.

In Table II, the sex ratio in the simple family is 1.15 males per female,
The blas increases in the joint family where the ratic is 1.66 males per
female. This difference, significant at the 1% level {chi squared = 6.97,
df=1, p>01), reflects the difficulty women have in living together in the
Joint family. Despite the wide range in Jjoint family size, - from 3 to 18
members, - no family has more than three married or widowed women members
(Table II),

When the joint family breaks up, the result is not necessarily simple
families; one or two simple families may detach themselves, leaving a smaller
jeint family behind. This situation occcurs when the younger sons are immature
or when some of the brothers take jobs away from home. Single men have less
interest than married men in leaving the joint family., The unmarried need
women to cook for them; because their sisters marry out at the age of 12, the
men must rely on their mothers or wives of their elder brothers.

Thus, development of the family follows a cycle, When internal. friction
grows, the joint unit breaks up. Several simple families may result at once,
or over the years sections may break away from the remaining joint family.

In its turn, the simple family expands with the birth of children. “hen a son
brings his bride te his father's nome, lhe simple family becomes a joint unit,
and the cycle begins anew.

Gusti are identified by quasi-hereditary titles which formerly indicated
their position within a three-tiered heirarchy (Table IV). A son has the right
to his father's title, though he is not obliged to assume it. Because these
titles are not officially conferred, an ambitious man may acquire a higher
title than that of his father. In the past the purchasing of a gamindary
enabled a man to gain a higher title, Today, this is no longer possible; if
not inherited, title must be achieved by the acquisition of large personal
land holdings or by amassing wealth, A man seeking prestige adds the desired
title to his signature on documents, such as wedding invitations and land deeds.
If people accept his new status, they address him by the new title. Men who
change their title are usually middle class; regardless of their income,
aristocrats disdain title changes.

A title once indicated profession or occupation, as shown in Table IV,
Though no longer a guide to all social behavior, the titles are still relevant
in marriage. A man of high standing will marry a girl of lower title only if
she 1s exceptionally beautiful and fair, rich or highly educated,
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In a settlement of thirty gusti, only six or seven titles are used.
Profession of a common title does not indicate cosaguinity; gusti with the
same title usually are of separate origin.

In summary, the inhabitants of the bari form a patrilineal descent group,
averaging twenty members. Approximately two-thirds of gusti members live in
simple families which are domestically independent. The other third belong
to joint families which share a common hearth, The males of the joint family
possess rights in a common estate: the father holds the title during his
lifetime, but the sons become coparceners upon his death.

2. The Mallot

After the gusti, the most important social grouping at Shaitnal is the
mallot. Mallot is the local pronunciation of the Arabic millot. In reffering
to mallot, Bengalis also use somaj, meaning society or association. Unlike
the gusti or the village, the mallot has no name; instead in conversation
people refer to it by the title or personal name of one of its prominent
members. The mallot is a multi-purpocse institution, The group eats together
on festive occasions. Because of purdah, women cannot participate publicly
in these gatherings; but when their husbands give a feast, the women help
prepare the foocd., The mallot eassembles at religious festivals such as Id;
at sacrificial meals during the month of Ramadan; at marriages and deaths of
members; and at rites of circumcision (musulmani). The mallot also meets
for common prayer when flood, epidemic, or other calamity threatens. Mallot
members visit each other in sickness. When help is needed to protect crops,
members assist each other., Men with large holdings especially rely on this
help. They do not pay the workers, but must provide goatmeat curry when the
task is done.

Each family pays a monthly subscription (chanda) which is used to support
a religious leader (mulla) who serves the group. At Shaitnal, the fee ranges
from cne arma to one rupee eight annas, according to the family income.

Mallots have no fixed size, At Shaitnal, they range from about 80 to 400
members, including women and children, and one north Dacca village of 5,000
has five mallots. The composition of three Segundi mallots is given in Table
V. In this sample, the average number of members is 235, of whom 64 are males
over the age of fifteen. (See Table V).

Families living in one bari usually belong to the same mallot, but this
is not obligatory. A man may join a different mallot as a result of a guarrel
in his bari. Although mallot membership is usually for life, there is no
barrier to leaving and joining another. A person may alsc beleng to two
mallots at the same time. For example, if a man marries a girl with no
brothers, her parents encourage him to settle on their land with the under-
standing that their daughter will inherit a share in her father'!s estate.

A man in this position seeks admittance to his wife's mallot and also retains
membership in his own. He then has two sets of obligations to fulfill and
can call on both groups for help.

At marriage a bride becomes subject to the authority of her husband's

mallot, If she commits a matrimonial offense, both her own and her husband's
mallot mete out punishment. While a woman primarily belongs to her husband's
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mallot, she retains certain rights and obligations in her own -- wife and
mother in one, she 1is sister and daughter in the other.

The corporate character of the mallot is demonstrated in many kinds of
behaviour. Although not a kinship group, the mellot members express unity
in kinship idiom. * man says of his mallot: "We are like one gusti."
Members address each other by kinship or personal names,? and the norms of
kin behaviour are cbserved by all. The orgenization of festive meals clearly
shows the corporate unity. When a wealthy or pious man sacrifices a cow, he
invites all the men cf the mallot to partake of the meal. They bring all or
some of their sons, and daughters under the age of about eight. If they
camnot afford to provide food for the whole mallot, three or four men unite
to sacrifice a goat; they invite the senior male from each hearth group,
whether it be a simple or jeint family, By this means, they feed represent-
atives of the whole group. Men who cannot afford meat for a large group
purchase fish instead and invite only mellot leaders, the mulla, and a few
close relatives. However,few the invited guests, they represent the unit.

The unity of the maliot can zlso be observed when quarrels arise between
a member and an outsider. His kinsmen immediately support him, while other
members intercede, If mediation fails, the whole mallot rallies around the
member. The fracas may lead to fighting with bamboo sticks.

Within the mallot, the rich give alms to the poor, all who can afford
help others to weather a crisis, Charity is not limited to the mallot, but
the chligation is stronger within it. As well as individual alms-giving, the
entire group may give to the needy, using income from fines levied against
delinquent members or from contributicns of rich members.

The mulla is not a mallot official, His duties are to lead prayers at
the mosque, to give religious instruction to the children, and to guide his
followers in the way of Isiam. One mulla may be supported by several mallois.
His work is teaching rather than controlling his supporters.

While the mallot has no formally recruited officers, its leadership is
seldom in doubt. The group is governed by a small number of informal leaders
called matbars, who secure their position through force of character and social
prestige and often by vying for power. The mathars adjudicate quarrels, fine
offenders, administer corporal punishment, and represent the group in disputes
with outsiders. Other leading men support their decisions and review their
acts, The matbars can admit a man to membership and can expel anyone who
! offends the group. An ostracised person has a hard time. HNo one cooperates
\ with him. He cannot enter the mosque. He receives nc invitations. His
existence as a social being is denied. He can, however, apologime and make
zmends; when he sc does, the matbars may reinstate him.

Although the mgllot has no fixed size, it has an optimal size which
varies with local conditions. These include density of settlement; the
presence of other institutions, such as courts to resolve disputes; and the

7. In certain kinship relationships, the senior person is expected to
address the junior by perscnal name.

-7 -




w(a)

regional distribution of wealth and prestige. Informants say that in the
past the mallot and the village were one unit, that as the settlements
expanded, internal quarrels became more difficult to settle, and finally the
mallot split forming new groups. The process of fission can be seen today.
When a mallot becomes too large, any internal quarrel will divide it.

3. The Gram

Table VI shows the population of the eleven grams in Shaitnal Union.
The mean size is 1237 members; the range is from 213 to 4168 members. Seven
of the eleven units are divided intoc sections called para, which are socially
significant only for Hindu fishing communities. The para is a neighbourhood
within the gram; the inhabitants of one para rarely compose a mallot.

In English, the word "village" has mixed connotations, referring both
to a physical settlement with a concentration of houses and to the people who
live there. The Bengali equivalent, gram, shares this ambiguity. In addition
gram can be used to include not only residential space, but also the fields
adjacent to the settlement as fixed for revenue purposes. From the air it is
difficult to see where one gram ends and another begins, so dense 1s the
population, so amorphous the aggregation of houses. This difficulty does not
exist in people!s minds, however; everyone knows to which gram he belongs,
and most people are familiar with the gram's geographical limits. But the
social unity of the gram is questionable. The gram does not perform any
collective activity; it owns no property in common; it has no official leader
or administrative structure; it has no common centre or village square,

Nevertheless, certain ties occassionzlly unite the members of the gram;
villagers do have a sense of common identity. Schoolboys compete in games
and dramatic contests as representativea of one gram. The people living in
a gram feel an attemiated kinship, though many among them have no cosanguin-
ial and little social connection. Within the gram, it is polite to use kin-
ship forms even when nc truc relatiounship exists. In conflicts, gram members
support each other against cutsiders.

Comment :

Although this paper has not been concerned with cholera per se, knowledge
of social organization may be of use in studying cholera epidemiology. For
example, the family system provides a ready-made unit for testing hypotheses
about the precise role of food and water in the process of infection.
Comparison of incidence of cholera in joint and simple families should reveal
a higher male attack rate in the joint family, which has a preponderance of
males whose fecod is prepared at a common hearth. If differences exist along
familial lines, the role of the age factor might also merit study., Consider-
ation of the structure of these social groupings may be useful in planning
and interpreting field studies.

Summagxi
This first report of field work at Shaitnal descrives the three most

important social groupings in rural Muslim Bengal. The gusti is a patrilin-
eage, averaging 20 members who live in a single bari or homestead. Within
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the gusti the component units are joint and simple familiea. The joint
family cooks at a common hearth, stores rice in a common granary, and has

an interest in a2 joint estate, Aifter the death of the father, the joint
family may either continue as a unit with the eldest son as head, or may
divide into smaller units with each son receiving a share of the inheritance.
Members of the gusti bear the same title, live in close proximity, own

common property; and usually belong to the same mzllot.

The mallot, the corporate group of greatest social significance at
Shaitnal, usually numbers in the hundreds. Membership in the mallot is by
birth or prolonged residence; but leaders of the mallot can accept or reject
newcomers, and they can expel from the membership anyone who offends the
group. Though not a kinship group per se, the mallot observes the forms and
etiquette of kinship. The members unite on festive occasions; support a
mulla for religious service and Islamic teaching; provide for the needy
within their ranks; settle internal disputes, and unite against outsiders who
threaten any member. The mallot is the largest corporate unit in the gram.

The gram or village is a social aggregate of limited importancs; it
performs no characteristic social activities, owns no property in common,
and has no official leadership of administrative structure, The gram is
significant in terms of social identity; its boundary is the limit of
collective feeling, the dividing line between 'we! and 'they!.
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FIGURE 2
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CHART 1

Single Dwelling Joint Families

SOME EXAMPLES OF JOINT FAMILIES AT SHOTIKI
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TABLE T

Temperature_and Rainfall at Comilla, 1957-1960 monthly averages.

v(a)
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Temperature Rainfall | Number
Honth Maﬁ?an daﬁ%%. Range inthes ggygainy
January 78.5 52.9 25.6 .32 0.8
February 82.2 57.5 247 1.22 1.9
March 89.7 67.1 22.6 3.01 3.5
April 92.3 73.3 19.0 .85 6.5
May 1.1 7h.9 16.2 12.39 11.8
June ga. T0.8 11.5 18,28 17.1
July 87.7 7.1 10.6 16.42 1i8.8
hugust 87.5 76,9 10.6 17,18 17.8
September 88.6 76,9 11.7 11.33 13.7
Uctober 88.2 73.4 4.8 6.72 6.6
November 84.0 64,1 19.9 1.29 1.6
December 752 54.8 2.4 0.30 0.4
94..33 100.5
Source: Comille District Census, 1961.



TABIE II

Composition of 21 Lineages in Shotiki (Gusti)

Iv{a)

Simple Joint
families Families Totals
Number 56 19 75
Individuals 254 135 LO9
Mean Size 4.53 8.16 -
Modal Size 4 7 -
Range 1-10 3 -~ 18 -
Sex Ratio 1.15 1.66 -
Y
TLARIE ITIT
Number of Houses Occupied by 19 Joint Families
No. Neo. Mean Mean Joint
Houses Joint of Persons Family
Fédmilies Persons per House Size
One 7 L4 6.3 6,3
] .
‘ Three 3 1-3-14- h-og lz{--?
19 155 4.6 8.2
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TABLE IV
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The Traditional Heirarcly of Some Titles in Use

at Shaitnal.

Madhya bungsha
"riddiet

Servants
of the
zamindars

Nicho bungsha

1 lowﬂ

Mia (Zamindar)
(i,e. landlord)

Talukdar {(landlord by
subinfeudation)

Btuiya (land owner with
large holdings )

Sarkar (writer cor scriba)
Prodhan (leader or judge)

Khan

(Dewan (advisor to

( zamindar )

(

(

(Halder) bodyguards and
(Dhali ) police for the
(Laskor) zamindars

(
(Napit ) barber

Class Secvlar Title Religious Title
Uchchobungsha Chowdhury Khondoker (those who
llhigh"

first preached Islam)

Mir (those who wrote
amilets with Koranic
verses)

Mulla (imam and Koranic
teachersa)

Miji (minor religious
teacher, assistant
to the imam)

Munshi (minor religious

teacher)

Fakir (popular saints not
recognized by Islam)
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TABLE V

The populaticn of Three Segundi Mallots, 1964

MALES FEMAIES | No. of
-1 RN ‘ imple No
Mallet Under Over Under QOver Totals S1mp- *
15 15 15 15 & joint of
families | lineages
A 26 35 27 L, 132 31 5
B 93 100 98 81 372 70 12
¢ 53 57 38 54 202 43 5

172 192 163 179 706 144, 22
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TABIE VI

The Population of Shaitnal Union 1961

Iv(a)

Gram Para Males Females Total
Khaskandi 162 111 213
(Boro Shaitnal 857 827 168l
Shaitnal (Staitnal Malpara | 539 4,67 1006
(Chotto Shaitnal 42 736 8
{ A1l 2318 2030 4,168
Segundi 635 590 1225
(Kalipur Bazar 315 269 581,
Kalipur (Kalipur 256 278 534
( A21 571 547 1118
Lalpur (West Lalpur Li2 L7 889
(East Talpur 406 33 769
A1l 848 790 1638
Imampur ( Imampur 268 309 577
(Chengerchar 187 172 359
( a1l 455 181 936
(Shotiki 120 121 251
Shotiki (Shotiki Bazar 117 110 227
(Shotiki Malpara 1387 i34 318
( A11 L34 365 796
Dhalikandi 116 117 233
Keshairkandi 312 286 598
{North Barivanga 233 226 L43
Barivanga (South Barivanga L 145 289
( A1l 367 371 738
{Molla Kandi 236 229 L65
(Chan Sardar 324 323 647
North (Mulber Majir 308 279 587
Sengerchar (Nij Sengerchar 116 134 250
{ All 984 965 1949

13,612
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Attitudes to Health an
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Introduction:

fnthropological fieldwork wes bocgun in Novemboer, 1963, to collect data
relevant to the spread of cholura in a domestic setting, This required the
study of local treatment given to cholera psticnts and of indigencus attitudes to
causation and prevention of the disease, It becaime cvident whilce colleucling this
information that to understand views about cholera it was necessory to study
attitudes to health end disecase in general, During the coming year additional dzata
will be collected on attitudes towards chelera, personsl hygiene, the hendling,
preparaticon, and distribution of food, and other social factors which may be
relevant to the fsecal-oral route of transmission of the disease,

This is an account of the treatment of disease in & predominently Muslinm
rural community in Kast Palkdstan. This repert is not concerned with the extent
to which non-Western medicine is magico-religious or retionali. The zim is to re-
veal ideas implicit in the treatment of disease and to show that these ideas pervade
wider reelms of belief ond action in the society.

Fieldwork wss mainly carried out in two settlements of Shaitnal Uhicn(l)named
Shotiki and Shugundi.  Shugundl is sn entirely Muslim sebtlement of agriculturclists
end small businessmen., Besides Muslims, Shotiki includes three Hindu caste groups
- fishermen, a caste of Malis whose male members are cmployed as Union Council
Choukidare, and weavers (though this traditional occupation is no lonpger followed
by the ceste members who now include in their ranks a primary school tcacher, a
kobiraj doctor, shopkecpers and a goldsmith).  The informants thoerefore ropresent

a stratified, heterogencous group of people, differing in religion, occupsation, and
income. it one end of the scale the Musiim large landholders ars the wealthiest
and politically most powerful. Hindu fishermen are the pooresi group.

Different levels of medical sophistication are found throughout the community.
Middle and upperclass Huslims with business intecroests of their own or kinsmen in
employment in the city have access to medicel treatment in Pacca and Nerayanganj.
Poor Muslims or poor Hindus, if they could afford it, are timid about sceking aid
beyond the boundaries of known torritory, fiich and poor alike suvck medical help
from local practitioners.

In the Shaitncl area there arc about 18 mele practitioners with dispunserics
in one of three bazzars‘<) or practices operating from their own houses.

(1) In Matlab Thana, District of Comilla. See R.M, Glassc for an account
ef the history and social structure of the area,

(2) Sengacor, Shotiki and Bapu Bazaars. For the purposes of this papcr,
practitioners at Kslipur to the north and Mohanpur to the scuth have
been excluded, with the exception of one LMF Doctor who sometimes attends
Shotiki on Bazaar days and who has bcen celled to cases in Shotiki field-
work area.,
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They include:

3 Allopaths(a) -~ Muslim - 2 with National Certificates. "Hational
practationcrs study for 4 years after mctriculation ot the
"National Medical Institute", They cre unrepistersd and

are at prescnt fighting for recognition.

1 Licentiate Medicel Fellow.  The LéF course of 4 years
training has recently been cancelled, Students still in
training at the time of cancelletion cen enrel for an
additionsl 2 years to takc out a "condenscd MBBSY,

6 nllopathic 'guacks' - Muslim =~ a 'guack' is a practitioncr with no
formal gualification, who hes acquired mudical
mowledge by working with otler guallificd or un-
qualificd practitioners,

(4)

4 kobirajs - Hindu =~ who give mixed iyurvedic-fllepathic treetment.

1 ‘'quack! - Muslim - who gives Aywrvedic-hllopathic-Unani troatment.

1 HomEOpathic(S) 'guack! - Muslim - s=1f taught from Homeopathic literature,

3 Homeopsths - fuslim - with HMB coertificates, who also give Allopathic
medicines.

There are in addition, three fomale Muslim kobiraiis who use indigenous medi-
cines, charms cnd amulets, one Muslim fakir who also dispenses both medicine and
megico-religious cures, and a community of Bede 6) whose male members catch snakes
and give treatment for snakebite, while the females provide amulets and perform
cupping for body pein and for stomach complaints in children.

During the year too, on bazaar deys, itinerant practitioners (mostly Mus1im)
atbrect an audience with drums and tricks, songs and the music of the e%—tara to
sell & panacea compounded largely of Uneni medicines(7/). Two fakirs{8) were
celled in, from Comilla and Chittagong, to exorcise spirits possessing the inscne,

(3) Alopathy - The modern Western system of medicine.
{4) kobiraj - Ayurvedic physician - loosely used to apply te eny practitioner,

Muslim or Hindu, who gives treatment with indigenous »cdicines and
who has power to control spirits.

(5) Homgopathy - & system of mudicine founded on the prineciple thet 'like cures
like!, which prescribes minute doses of mudicines thet would
produce in a hcalthy person the symptoms of the discase treated.

(0) Boat-dwelling, scmi-nomedic iuslims, Bede are divided into 2 groups: a) one

group, cslled Boido or Melboido, whosc male members speciality is snokes and
whose female mumbers trest the sick. b) the others, Bede, wio at Shotiki are
fishermen, and cntrepreneurs for the hindu fishermen, and whose wives travel
throuzh the compounds selling banglcs, soap containers c¢nd combs,. The 2 groups
say they do not intermarry.

(7) Unani medicine - The systum of medicine developed by the irabs incorporating
Greek (Ionian, hence Unani), Iranian and Hindu ideas,
(8) Fakir -~ a Muslim religious mendicant. cf. Hindu Shadu.
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and therc was one itinerant fakir who said prayers for the sick, declarcd aus-
picious days on which a member of the business comaunity might bank hils money and
settled a marriage dispute for the Mali caste group.

In addition e number of individuals in the community provide indigenous
treatient - persons renowned for their skill in treating a single condition
(for example, a Hindu Mali-Choukidar who on Tue?d°ys end Saturdays trcats diarrhoea
in breestfed children Yit? 'blowing' and mantral9 causing the mother's milk to
dry), fumale purrubis 10) who minister to the youngsr women end infants of thedir
compound, and intelligent, inventive women who retain a fund of indigenous curec
told te them by others or who perhaps themselves fabricate now ones. They treat
their own kin and gener:lly give free advice to neighbours.

One exemple will illustrete a form of magical thinking involved in
this kind of treatment - that is, give the psticnt a medicine
which has similar properties to the diseasc,and he will recover.
suring, a Muslim woman about 35 ycars of age, is the only living
daughter of a father (deceased) said tc have been & kobirad. The
father left his land half to durine and helf to her stepbrother,

and as furine has no children of her own she diverts her restless
energies into running her smell estate, Her fifth husband hac couic
to live with her, He markets oilseed, jute and chillics in adjaccnt
markets and Narayenganj, and from her home 4urina sells to her neigh-
bours jutesticks, swect potctoes and the fruit of her guava trecs,
She is en znimated, rowdy conversationalist, given to earthy hunour
and boisterous story-telling illustreted in song and couplet.
turina's sged mother recently suffered o condition in whick water
wes seid to have appeared all over her body. ayrine did two things
about it.  Firstly, she collected a long piece of holmi Sag (Ipomua
reptans), an edible plant that grows in swampy ground, ceasured it
to the length of her mother's body and hung it looped zbove the
cooking placy, hg the plant dried, it wss belicved that &ll
moilsture on her mother's body would alsc dry. Next, from smzll
pieces of banana trec-trunk she mede two anklcts for her mother to
wear,  During September the Hindu fishing community cclebrated
Gangima Puja, and they werc joined in this by the Bede, who also
depend on the river for their livelihcod. At that time the
fishoermen mede a miniaturc boat from a curved section of banana
trunk, in the base of the boat placing paddy, onc paisc, a little
cil and sugar. +t sunset theru was a ceremony at the water's cdge,
the oil was 1lit and the small boat sent off into the river, It

was this banzna-boat which rurina collected and brought home to her
house, Picces of it were then used zs anklets in the treatment for
her mother's oedema. Thus an object rituclly associated with waber
was believed to have therapeutic efficacy for a state of wator
retention,

(9} The blowing of air is a widely used therapcutic procedur:s among
kobirzj, Bede, mullas; mantra ~ spells,

10) Murrubi - senior femalcs lor mzles) of the conpound, who therelore
commend respect, if zlert and active,

-3 =
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In addition, most adult women in Shaitnal, as in Decca, have a broad knowledge
of what might be called 'house medicines', gunerally used to treat themsclves and
thelr offspring, knowledge handed down in the fomily.,  For example, in Shaitnal,
women dry vaccination and other sores with powdered turmeric, burnt paddy or ¢
paste of powdered Chondon bark, Both Hindus and Muslins make poultices of hoated
cow dung and drink the urine of male cattle for liver troubles. Children with
sore throats have their necks coated with white lime, and mothers wean of fspring
by rubbing their nipples with the juice of bittsr loaves. Sirdilerly, in Dacce,
sprains are treated with a paste of hiated turmeric and lime; children are
cured of bed-wetiing if they are rubbed st night low on the back (on what is
believed to be the area of the kidneys) with nustard oil; «nd @ little nwt il on
the scelp, and two or threec nuts catcon sach morning, ere bulicved to lmprove a
dull memory. Thus, therc is a pastiche of medicel krowledge oand beliel, (a
onie hand there is a fusion of ayurvedic, unzni and homeoputhic knowl .dge,
stemming as it does from traditional thinking. On the other hand, #llopsathic
medicine is pertially aecccpted. As the list of nrectitioners showed, most
doctors have incorporated the use of allopathic medicines in their trostoent,

The one exception is tho sulf-taught homcopath who refuses to use silin. to trush

& cholera patient, and who criticises other homeopaths whe 'mix' their ncdicine,

A1l informants, even wealthy Muslims who often bake their medical vroblems to Dacea,
state that 2llopathic mudicine is unsuitable for smell children, It is thought

to be too strong. Homcopathic medicine may heve a good result o no result, they
58y, hllopathic medicine may heve o bad result. Children also take homeopathic
medicine more easily because it is given with suger.  UOne of the prictitioners, o
homeopeth who also pgives allopathic nedicines, reserves his saline for adult cholera
patients ind treats cholera in children with homeopathic mudicines only,

Both Hindus snd Muslims manifust a wiliingness to try all kinds of modicel,
magical and religious treatment, to approach discasc [rom as neny vantage polnts
as possible, In the course of the year, one Muslim farily of father, mother
and five children 1s known to have employed:-~

1. A local homecpeth for the smallest child's fover,
2. Dacca Medical Coliege for cataracts on ihe father's CFLS.
3. 4 Hindu nuighbour for e poultice of leaves for the nother's
infeeted finger,
be & Muslim neighbour for the small son's [over, associated
with facial and body swelling., The neighbour gave him
wristlets of something said to be clephant's stool.
5« The Bede for an amulet for a female compleint of the mothur's.
6. Powdered medicines from an itinerant bazcer Hekim for the SaMC,
7. 4 Hindu kobiraj for saline when the mother's brother wes
visiting and suffered scmething like cholercz.
8, The CRL fieldhouse for huadaches, coughs, sorcs and worms.
9. Home treetments for smallpox sores (dricd turnoric), fover
(wristlets of Musikani Lota - Stephrnia lormendifo ia)
and mony others,
10, Betery restrictions and controls on those with colds, fever,
dizziness, weaknose,
11, Preyers and reading of the Koran for tas rucovery of thu son
with fever and fits, A goct was promised 4o tiw poor if the
child rccovered,,

Beliefs about causation and treatnent of disease differ according to the age,
sex, and social status of the potient.. slmost all infent maladi.s arc thought

..j_'__
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to be caused by Bugn(ll) - both Hindu and Muslims believe this, Therefore,
babiecs with diecrrhoeal disease are treated with amulcts, charms and mantra and /!
iney not be taken to a doctor for consultation, Uld people, especizlly wlderly ¥
women, both Hindu snd Muslim, feel themselves to be in the hends of God, and may’
refuse vaccination or any medicine if they fall ill,  Poor people sey they suffe
from diarrhoca becausc they eat 'bad' food (the water from boiled rice, gng—xggi,lz)
but that if rich people elso have stomach trouble, then God his caused it and it

is a matter to put right by behaviour,

The degree of belief in the supernsturel varics from onc discasc to another,
Leprosy is regarded as & punishment by God for sin. Temporary insanity and
e¢pilepsy are thought to be evidence of spirit posscssion, Worms arce considered
to result from eating large quantitics of sweet potato,  The appropriatc treatment
for these three states are consequently prayer, exorcism and medicine with a
controlled dist.

Despite this apparent diversity of thought and action, therce is throughout the-
community a basic culturesl conviection that discase is o metter of discord. Harmony
and order are esscential to well-being.,  Health depends on physical, sociai, and
spiritual harmony.

Frulty diet is probably the commonest explanation offercd by both hindus and
Muslims for illness and the disorganisation of forces which control health. The
Ayur-Veda deals at length with the action of foods that keep that kecp the human
body and mind in a state of perfect health, The whole of chapter 5 of the Koran
relates to food.,  Thus, Muslim and Hindu literature recommend strict nutritional
centrol.,

""The Holy Prophet recommended for & normel man the foliewing quantity
of food. OUne portion of his belly may be filled up with solid food
and one portion with drink, and the remsining portion must be left
empty. " (13) ...."Excessive eating is o cause of bad luck" (14)...
"The wlmighty #1llah knows our constitution perfectly well and He
knows how to kecp it best in health. ' (15)

"It is said in Bhagwat Gita - that with a view to develop 11l good
qualities, particuler attention should be paid to diet.. +#s this
diet produces immunity against verious discasc and gives strength

men will feel heppiness and would have a desire to love other human
beings" (16)... "Only good diet and sound digestive system arc
czpable of keeping the body free from disease", (17)... "Hilf of the
stomach should be filled with focd, one fourth of it should be filled
with water and the remaining one fourth should be kept empty for air,
digestion of food and discharge of useless substances,"(18)

The organs of the bedy arc given a hierarchic order of importence.

(llg Budh - ghosts, devils. (12) atta ruti - chepotis, mede from wheat flour.,
(13) k1 Hadis, Vol. 2, p129 - Translation end commentary by isl-Haj Meulana

(14) Ibid., p.130 Fazlul karim.

(15) Inpid., pul54

(lég Kj.Dr. G5, Varma: '"Miracles of Indian Herbs' p.269

(17) Inid., p.270

(18) Ibid., p.271
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"The stomach is the most important place of the body for heslth.
It is, as it wcre, the fountein of health. If the stomach is
healthy, the veins connccting with it carry hcalthy and pure
blood throughout the body, and if the stomach is unsound, thc
veins carry discase.(19)

"The rest of the bodily orgens will be purforming their res-
pective functions desirably well provided that the stemach
remeins in perfect order but as soon as any disorder [inds its
way in the stomach, the whole system is upset and scmc serious
illn?ss)liku cholera, gastritis, hyperacidity or znorcxia scis
in."(20

A most deteiled set of beliefs concerning the effect of specific foods on
the body hes been worked out in ayurvedic medicine, Foods erc classiiicd
according to their 'heating' or 'cooling' «ffect on the body.  The borin, too,
discusses foods with the propertics of 'coldness' and 'heat!.  Thuse belicfs about
the propertics of food are Firmly held by both Muslim :nd Mindu informunts. — For
instance, mecat, eggs, ghee, fish, honey and some oils (nut, musterd and coconut )
are seid to be 'hot'.,  Vegctables and fruit (espeeiclly the marrow eut, lenmon,
and cucumber) curd, and some oils, (til, lau end kodu sced) are regarded as 'cold!,

Illnesses too ore classified as ‘hot! ond 'cold'. "Hot ' illnossus must be
neutralised by 'cold' food end medicines and viee VOISa, n person suffering from
the effects of txcessive hoat (11 forms of fever) should be bathed in cold water
end given 'cold' food to eat. In gencral, a weclk person must 1imit his consumption
of 'hot! foocds because he is incepable of digesting them. ng his hocolth improves,
he may teke more 'hot! foods.

There ere detailed veliefs about tho specific resulte of certain foods,

For seversl doys ofter chlldbirth, women cat no seal, ogis, or fich or hot
currics which would cause indigestion, but keop meinly to rice, bresd, tos end
cumin seed, These are gasily digested, the latter cspeclally having the property
of making things dry.(213 Mothers increasc their supply of broeast milk by eating
kol, magur and shing fish (ﬁngpga Lostudineus, Ylarias batrachus, Hoteropnentes
gossiLis), and give the newborn child a first mcal of heney and mustird oil,
'heating’ foods, to give it strength and keep it frec of colds.

Thore is a fund of information about foods that causc stomach ups.t and foods
to restore dictary balance,

Jackfruit, sweet pumpkin, the seceds of kau fruit (Gereinia a) and sorc
'sag! (green leaf vegetebles ), wspeciclly pea 'seg!, causc loose stool.  Hnglish
potetovs make stool firm, and prawns end hilsa fish (hilss ilisha) ey constipats,
Sour foods are thought to irritate wounds (circuwacision and vaccination) and
temarind couses loss of sexual power, 'Hot' foods should be eatun in cold
weather, and 'cold' foods in swmer. For cxample, panta bhat, a 'cold! wet food,
is suitable for summer mornings, but in winter dry foods (cirra - bosten rice
and murd - puffed rice) arc preferrad.

(19) a1 Hadis, Vol, 2, p, 70

(20) Varma p. 150

(21} For several dzys after the birth of 2 child the nother may sit on hcated
earth or hold a pottery 'ridiator' of burning cinders tc lor stomach to dry
out her insides, -6 -
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vhilev feulty diet ic probabiy ik commoncst «xplination off.red te explain
discree, i1l fealth my alsc be caus.d by imwoderat: 1 ineppropricto bohoviour
in physiccl, social or evun ceonumic matturs. U sen of Shugundi whoe  risht
hand was maimed as ¢ result of an nfocted wouRd, despite treztoont in beces, is
said to have suffercd for hic norciless business duvrlings.

Leck of hercony with the supernfsturel worla iv znotihor potunt @ ource of
sicknwuss, sOSL pecpliv.wear amulots, troellets or tee-rings te were o 3 ettack
by spirits, If several children of one Hindu or susiis .aothor dic, thue next

survivor may b. _iven arn uncorplimintary nooo. or syrirclicelly 'scid! te e hindu
family fecr one paisa and 'purchascd' again ot the tiae of @ arriage. Thus, it neo
longer belongs to the mother ond it is hopod that the calous oyo =f on cvil spirit

will thercfore not be intercsted Lo taole it.

I11 health may also roesult from disordered rvlations between God and rnan.
in times of cpidemic, proyers and relipious survices are perrfurmed U totrn Findu
and uslims to rostore harmony with God,

Beligious objects ere thought to have a speclrl wfficacy te dexl with
natters of hezlth, To hesten childbirth, a dricd flower trousht by a pilsrin from
Micca is dropped in water and the watcer given the nother to drink. w f'uw drops
of water fro. the buricl plece of 2 holy men will alsc spued a difficult 1:bour,
The cindu bazcred Threcd is used as = vournicqu.t for snakvbite. The foran is usod
s a8 weepon against discvisc - bura 113 is oulivved to be vspeednlly officacious
against ills of the flosl and tl4 has power te counturact psychic afflic.ions.
+ mulle mey recite portlons of the Loran end breathe over o glass of water, then
give a peticnt the water to drink. OUr, ¢n cxample of the syncolic use of writing,
& verse from the Koren mey be written on @ plete or inside a bowl which is tl.en
fillod with water to dissolve the writing,end this woter is given to Lo patient,
amdoets ofioer enclose the written none of Goc, the Prophet or a holy placc.

Good hoalth thn in & conegocnce of physical hermony, proper diot, and the
ordervd rol:ticons among un end butween man sndg Lho fupernoiurel, ~widicel care has
& ccmprohensiveness which allows it to take account alse of the oreveiling weason
and climete, and the temporanent end constitution of the individucl. twonn of hot
tumper should restr in thuwsclves from cating excessively of 'heating'! foods, lust
their tenpers bocome testicr. In mid-Oclobor people at Shaitnel were spesking of
7 fewling of unecasiness, dul to "the change in tho atrosphere, end ti. change in
the atriosphere of my bedy", (22)  Others associoied seasonal chenge with pain in
the body exd a lack of joy. the meirtunance of good health is ot a discrete form
of retivity,  +1 hadis, in & scclion on unlawiul foud, discusses it in turme of
health, food and rorality,

"as voundn.se Sf aind depends on soundnese Wf bedy, thoerofore food

ind drink may be seid to be one of Lhe principle cous.es wrick load
& nen to vice and virtuc." (23)

febir mey eppropriately act ec doctor, judge, business adviser, spiritusl guide,
sver and maglcian,

(22) ~ secondary schooltuacher.
(23) =1 Hadis, Vol. V p, 154
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"Indian medicine considers disease zs a statc of disharmony

in the body as a whole and a result not only of the caxternal
factors, nor merely of the externsl causcs. Hence, according

to it, treatment should alm &t not only the finding of appropri-
ate renmedivs but the employment of all aveilable means to restorce
the normal belance of cquilibrium.™ (24)

Harmony and discord are not ideas associated solely with health and
discase, Harmony, balance end regulated relationships may be secn to be values on
which the entire social order depends.  ruthority in the family rests with the
father over sons, cldest brother over younger brothcr, husbhand cover wife. The
larger sccial units, both Hindu crste and iuslim class groups, form an ordered
hierarchy, and rules about marriage and the traditional exchenge of c¢conomic
services help regulate relations among them,

Crmmary :

A11 levels in the community at Sheitnel cmploy o gamut of approachcs - to
the problem of diseasc. Treatment may be had from a variety of eyurvedic, unani,
homeopathic and allopathic practitioncrs, from kobirajs, frkirs, itinerant sellers
of medicine, and the Bede. Many oiluents are also treated with indigenous
therspics or 'house medicines’.

Beliel cbout the ceusation and proper treatment of disease varies according
to the age, sex ond social status of the paticnt, vhother iliness is attributed
to the Supernatural varies from one disessc to another,

Despite this apperent diversity, there is a basic assumption that disease

is & matter of discord, to be controlled by diet or by mending disordered relations
with man, God ond the Supernatural.

(24) Heport of the Committee on Indigenous Systems of Medicine, 11, Ministry
of Health, Government of India, 1948, P 355,

-8 ~
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The study of water was continued in order to define its part in the
transmission and persistence of cholera in this endemic area (Table I),
Chemical and bacteriological surveillance was maintained on the Buriganga
and Sitalakhya Rivers (Graphs 1 and 2), the two principal water sources in
the Dacca/Narayanganj area. V. cholerae Inaba organisms were isolated from
the Burigenga on one occassion in February, and V. cholerae Ogawa was isolated
once in August. This classical Ogawa organism was recovered where there were
no known Ogawa cases. V, cholerae was not isolated from the Sitalakhya river
on routine sampling; however, an epidemic of cholera broke out in late January
among people who sought shelter from civil disturbances in the Laxmi Narayan
Cotton Mills, situated on the banks of the Sitalakhya River,

Sampling points were established as shown in the map, The samples were
obtained from the top é inches of the surface in mid riyer, with imgediate
plating of 0,1 ml on TTGA plates, and 50 ml was added to triple strength bile
peptone broth, The findings are shown in Table II, All isolates were obtained
by enrichment procedures only, indicating that the count was less than 10 per
ce. but more than one per 5C cc. On 29th January, 1964, when 8 out of 10 points
were positive, samples were taken at the same time from a depth of 10 feet; all
were negative,

The infection apparently spread both above and below the point of outbreak,
consistent with the fact that the river at this level is tidal and would be
expected to carry organisms in both directions from the point of contaminztion.
However, no cases were reported from this area after 5th February, 1964,
despite extensive exposure to this contaminated water which many use for washing,
bathing and drinking.

Previcus studies on the survival of V,cholerae in water samples, from the
local area were extended, As reported by others, survival is somewhat longer
when competing organisms are removed by filtration or by boiling. Our studies
of water samples have revealed no evidence that V,_cholerae converted to a
non-agglutinable vibrioc which was able to survive; indeed the logical conclusion
cf these studies would be that contamination of water with vibriecs yields only
transient positivity. In boiled or filtered water, the organisms multiplied
with a rise in titer for 2 or 3 days, after which counts dropped consistently
to elimination,

John Snow clearly demcnstrated the part water plays in the dissemination
of cholera vibrics. Whatis mtclear, however, is whether infection results
from drinking contaminated water, or whether the contaminated water serves to
inoculate some food in which the vibrios can multiply to achieve an infective
dose for man. Our interest has been concentrated on the possibility that rice,
the main staple local diet, might serve as such a culture medium.
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The study of Bengal rice cookery (Qggpa bhat) reveals differences in

vibrio. propagation based on the variety of rice used, Two types of cooking
vere used; in one the rice was boiled with an excess of water which was then
decanted and, after the rice had cocled, the vibrio-containing water was *
added; in the other, only enough water was used in cooking to soften the rice
and, after cooling, the contaminated water added. Recent Ogawa aBd Inab%
isolates were used; after 18-20 hours in bile veptone troth, a 10° to 10
dilution was made in saline and this was then diluted 1:100 in distilled water,
laboratory tap water or filtered river water, 200-300 mls of these vibrio-
containing mixtures were added to cover the rice and the mixture permitted to
stand overnight at ambient temperatures varying from 26° - 33° C. Periodic
counts of the supernatant were made,

Three varieties of rice were used in our studies: Borc rice which is
harvested in the spring; Aus, the fall variety which grows during the monsoon
floods; and Aman, which is seeded in the spring but harvested in the winter,
The Boro rice actually appeared to kill the vibrios; in 7 of Ll instances no
vibrios could be isolated four hours after they have been added to the cooked
rice (Table III)}. This absence of vibrios was especially marked (in , out of
8 instances) when the rice was boiled in an excess of water. Despite these
negative results, one of the 14 Boro rice experiments shgwed a three-log
increase in count of Ogawa organisms (from 420 to 6 x 10 vibrios per ml. of
the supernatant).

Although the multiplication of Ogawa vibrios was poor in Aus rice, in
all instances they survived for 8 to 12 hours, The addition of 0.1% or 0.5%
sodium chloride resulted in marked increases in both Ogawa and Inaba counts
in every instance. In a few experiments, Aman rice supported vibrio (Inaba)
growth well, even without added salt; when salt was added the vibrio prolif-
eration was the greatest observed.

Because a local cock was observed rinsing cooked rice in a pond or tank,
studies were carried out in which cocoked rice was rinsed in vibric-containing
water and then the water decanted, As shown in Table IV, these preparations
also supported vibrio multiplication at room temperature.

The poorer vibrio growth seen in rice that has been boiled with an excess
of water, and the stimulating effect of added salt, suggest that the potential
hazard in Bengal rice cocking may be related to the salt content of the medium.
This suggests that perhaps the rice grown in areas of high salinity may be
more dangerous; in FEast Pakistan these areas also tend to have a higher cholera
incidence., Studies are planned to determine whether salt content does in fact
vary with place, rice variety, or season.
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Jater Renort, October 1963 — Sentemher 1964,
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VISRICS FOCAL FOLLUTION
No., of % % Ho. of %
tests W,cholerae | MAG tests Positive
Dug Surveillance 1878 0.7 60.0 605 92.0
Tells Case Investigations 150 12,0 66.0 B7 84,0
TOTAL 2028 1.5 60.0 652 %1.0
Surveillance 274 0 60,6 58 95,0
Tanks Case Investigations 110 27.3 50,0 35 90.0
TOTAL 384 8.0 6C.0 93 92,5
Surveillance 83 14.5 74,7 657 95,6
Rivers (Cage investigations 21 10.0 80.0 9 169,0
TOTLL 104 13,5 75.0 76 96,0
. Surveillance 88 1.1 70.0 27 92.6
Canals  Case Investigations 14 0 70.0 7 100,0
TOTAL 104 0 70,0 34 94,0
Tube Surveillance 145 0 7.5 137 11.0
Vel;s Case Investigations 179 0 1.6 93 9,6
T TOTAL 324 0 4,6 230 10.4
unici- Surveillance 6 C 0 10 0
pal Case Investigations 136 3 2.2 71 10.0
Supplies TOTAL 142 0 2.1 g1 8,6
Storamc Surveillance - - - - -
éarsage Case Investigations 767 2.2 ! 636 50,6
TOTAL - - - - -
wewage  Surveillance 52 8.0 65.0 - -
Effluent
Drain &
Jaste Case Investigations 45 8.0 80.0 - -
Water
Lat- Case Investigations 87 16.4 19,4 - -
Tines
ﬂi?;g Surveillance 12 0 33.0 - -
#

One municipal supnly point at Agha lasih Lane showed faecal pollution
in 3 of 9 examirations in early August during the floods.




L. S RS

TABLE II
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POSITIVITY OF TIE LASUYA RIVER,NARAVANCAMJ FOR V.CUCLERAE INASA

27 January to 30 March, 1964

(Zpidemic period 23 January - 5 Feb., 1964)
Mid-stream Samnling.
Points

i F - + - - Keysg: -

S E - + - 0 + = Ineba isolated,

.S D ~ 0 _ 0 0 = No Inaba found

A - = Mot sampled.

5S¢ -+ - 0

T, .

i L7 - + - +

$ c + + + - 0 0 0 0 0 ~ 0

+2

E H + + + - 0 0+ + - - +

&I o+ o+ - - 4 L4+ 0

| J + o+ o+ - 0 + 0 ~ + +
Date_of 27/1 9 ' / 1 - /3
sampling 27/1 29/1 3/ 5/2 12/2 21/2 21/2 2/3  10/3 16/3 30,

Range of Findings,

rccal contamination -
( E. Coli/100 mls)

pH ‘ -
Chloride content in
mg/1 -

Alkalinity in mg/1 -
as Ca €O,

Sp. Conductance -
micromhos/cm

230 to 930

8.3 to 8,6

5 to 14,
166 to 176.

316 to 393.




TABLE III

Effect _of Salt and Rice Variety on Vibrio Multinlication

in 'PANTA BHAT!

IV (c)

NO ADDED SALT 0.1% OR 0,5% SALT ADDID
Mality Change in Rice Rice Rice Rice
of Titer - boiled with | boiled with | boiled with| boiled with
Rice after 8~12 excess minimal excess minimal
hours water water water water
B Fall 5(5) 6(12) _ -
Boro Rise x 101 = 1 = -
Rise x 10° - 1 - -
Aus Fall 4 - -
Rise x 2 1 1 - -
Rise x 101 - 1 - -
Rise x 102 - - 1 1
Rise x 103 - - 3 1
Rise x 107 - - 1 7
Aman Fall - - - -
Rise x 101 - 1 - -
Rise x 103 - 1 - -
Rise x 10% - 1 - -
Rise x 10° - - - 1

( ) Mo vibrios recovered after 8-12 hours.
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Multiplication of V.cholerae in rice

rinsed with contaminated water.

Storage AUS RICE TXPRINTNTS BORO RICH FXPRIMTITS
Time N
Hours Count per gram of wet rice
1 2 3 1 2 3 4
. - - .
0 3.4%x10° | 9x10% (2.5x10% |1.8x10°( 7.5x 10°] - 103
: —
4 108 | 5 x10° [2.5x10% | 3,5 x10% 1,25 x 10%] 5 x 102 ]
6 1.6 x 106 | 5 x 10% (1.5 x 10? _ 3.3 x 107 103 -
8 2.8 x 107 14,1 x 108 105 - 8.5 x 107 | - ~
8 5 5
12 1.6 x 10° | 1.8 x 10° | 6 x 10° 55108 | 3.1 x 108} 1.5 x 10° 1.5x10
' 7
24 1.2 x 10° [1.1 x 1010 6 x 108 5 x 108 5 x 108 5 x 10° | 1.5 x20
7 g {plate cov- 7 - ' 5
30 2x 10 3.2 x 10 ered with 3.8 x 10 - - 2 x 10
conta—~
minant
pH
Range | 7+7 ~6+1 - Tl 648 | Tubm 6.0 | 77262 | 7.7-6.8 [1.8~6.2
(24 tirs)
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Map of Lakhya River, Narayanganj, showing sampling
points under surveillance both up stream & dowm
stream from the point of cholcera outbreak in
January, 1964.
Scale ; 1 inch = 1 mile,
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Family Study

by
Drs. Oscasohn, Khan, Ahmedg v -evom.—0 S
Islan and Rabman and Mr.}Zafar car Dy C s Y ren 1

Introduction:

Data collucted from 8% faniles observed during 1962-63 wore proscntod
in part in thce 1963 Annual Report. Further analyscs were porformed and
findings summarizod as follows:s multiple cholera cases were cbsorved
in 33 of 85 families. Intrafamilial attack rates werc higher among
children than adults. Spread of cholera within thesc familiss was
suggested by the distribution of intervals hetween primary and subscguant
casus, the rclationship boetweon length of home stay +f index cases and
increased anumbors of subsequent cases, and the cffoct of family structure
on intrafamilial attack ratas. (This material has beeon accopted for pub-
lication by the Bull. of the WHO).

The proscnt invostigation was designed to deseribe 1) inapparent
infection as well as diarrhkeal discasc associated with V. cholerag,
2) thu rolationship betweon imfection, water use, and sanltarj facilitics,
and 3) the spoctrum of disability associated with V. chelerae infection.

Methods

Familics of CRL hospitalizod cholcera paticnts living in Daceca wore
sclocted for study within two days of ongct of illness in bactouriclogically
positive index cases. Pamilics woere dofined as units consisting of two
or mere persons who lived and ato togother. Faniliczss were obsorved deily
for 10 days by tecams compriscd of onc physician and cvnc health visitor.
At thoe firwt visit a census was taken and deta were collewcted on housing,
water use, and sanitary facilities. TFamily members werce quericed daily
about the occurronce of diarrkoa or any symptom which intcrfercd with
usual duties. When sithcer diarrhea or disability was cncountercd, a
dotailed histery of illness was obtalned. Disability was classificd
as follows: 1) none, 2) inability to porform usual dutics, 3} inability
to stand without aid,; and 4) inability to respond to queries. Roctal
swabe were uscd to colloct daily focul samples from all family members
for typable V. cholcocrac. Swabs were placed in bilc peptone transport
media and incubated ovornight at 37° €. Sub-cultures werce made on golatin
agar and Monsur's bilo peptono tellurite medium and incubatced ovornight
at 37 C, Suspiciocus coleonics werc tested for agglutination by specific
antisera. Cholcra casos werc defined as porsons with acute diarrhoal
disease asscclated with rocovory of V. cholcrae from onc or more focnl
samplesy all other isclations of V. cholerae Wero rogardeod as instancos
of inapparvnt infocticn. All watcr sources and storage facilitics were
sampled daily for bhactericlogic examination by th. methods roported
previously (Annual Roport, 1963).



T Y
Rosults: o (d

Twenty-seven familios were sclectod for study betwceon Hovembor, 1963
and October, 1964. Although the number of familes with multiple cases
is small, certain trends aro suggesicd by their distribution within
families.

One or more instancos of subscvquent infection was found in 11 of
those 27 familioes. The distribution of diarrhcal anc inapparent infectinn
in familios is shown in Tablo 1. The ago and sex distribution of p.rsons
with infeetion and tho population at risk are shown in Table 2. The
total infection rate was highor among thosc below 15 yoars of age than
among those 15 and cvur. Infoction rato did not inecreasc with family
size (Table 3)s nor did the rate differ botween persons cxposed to indox
cases for lengthy intervals {12+ hours) and thosc cxposod for shorter
intervals (Tablo 4). A significantly highur ratc was obscrved in familiocs
in which the index casc was female than among those in which tho index
was male (Table 5).

The distribution of first positive cultures by day of appearance amcng
inf .cted persons is shown in Table 6. The bulk of subscgusnt infuctions
appearcd within 2-3 days of onset of illncss in the index cases. No new
infcetions wore observod aftor thoe soventh day. The rclationship boetweon
positive culturocs and appoarance of symptoms among 18 cholore cascs is
shown in Fig. 1. Scoveral subjeects cxhibited positive culturce for intcor-
vals up to 5 days pricr to onsot of gastrointestinal symptoms.

Disability asscciated with cholera infection was <xamincad in 22
subjuets 3 or more yoears of age (TPable 7). dinc »f the 22 were soveroly
disabled.

Family watcr sources and stoeragoe facilitios for contamination with
V. cholerae have been studiocd sinco January 1964. Findings in 20 consceou-—
tive families are summarizod in Table §. Initially, vibrios wore prosent
in wat:r samples in 12 of the 20 familice. 3By the scventh day nonc of tho
water testod rovealced cholera organisms. Thoe rolationship bltwoun water
findings and appoaranco of nultiple infoetions in familics is shown in
Table 9.

Discussion:

suitablc case mat.rial was found only infroquuntly during the paagt
year, and family studies have progressed slowly. The burden of wndomic
cholora appoars to fall morc heavily on children than adults,a finding
obgervod proviocusly in Dacca families (1962-63) and consistent with ago
- incidonce data in @ variety of infoctious discasocs,

The data on vibrios in wator and infoectioms in famili.s do not
provide any answor to the riddle about which cam¢ first., Studies in large
EBuropean epidemics in thc last century havc established that cholera can
be spread by water. However, watir does not appear to bo a major factor
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in tho sprcad of cholora within familioes in this undomic sotting. Hatoer
sanples (Table 9) werc positive with oqual froquency in houscholds with
and without multiplc infection. In additicn, despito up to 6 days of
exposuro to organisms, a proncunced socondary wave of infoctions was

not ohsorvod.

Theso family studios will be continuced during the cuming yoar.
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TABLES 1

Distribution ¢f Typc of Chelora Infoction in 27 Familics

Type of Infoction Number of Familics

[ fionc 15

Diarrhcal discasc

alcno 4
Inapparcnt infce-

tion alcne 2
Both 5
TOTAL ; 27




TABLE 2

f'requoncy of Cholora Casos and Cerricrs and Porsons at Risk
in Familics of 27 Hospitelizced Cholora Pationts

Numbcr Number Total Numbor Infuction

Ago of of Number at Rate
(yrs.) Cescs Carricrs | Infoct.d Risk (%)
<15 12 5 17 11 23.9

15+ 6 5 11 83 13.3
POTAL 18 10 28 154 18.2
SEX

Malo T T 14 85 14.5
Funale 11 3 14 69 20.3
TOTAL 18 10 28 154 18.2




TABLE 3

Inf'oction Ratc and Family Siszc

Family Infuetion
8inc tic. Infuoted/No. at Risk Rate (%)
2-5 8/21 38.1
6~9 19/93 20.4
10+ 1/40 2.5
TOTAL 28/154 18.2
TARLE 4

Inf.ction Rato and Length of Stay at Homc

Boef'ore Hospitaligation of Inder Cosos

Intorval Infeetion
(hours) No. Infcoted/No. 2t Risk Rate (%)
<12 22/125 17.6
12+ 6/29 20.6
TUTAL 28/154 18.2

v ()



TABLE 5 L (d)

Infcotion Ratc and Sox of Indox Cascs

sox of

Index Infeoetion
Casc ¥o. Infected/No. at Risk] Ratc (%)
Malo 8/87 9.2
Femnlc 20/67 29.9
TOTAL 28/154 18.2

TABLL 6

Distribution of Firgt Positive Culturcs by Day of Appuarance
Among 28 Infuctod Pursons

Day Cosos Carricrs | Tetal
1 g 4 13
2 5 1 6
3 0 1 1
l 4 3 1 i
5 0] 1 1
6 1 O 1
1 G 2 2
8 G 0 O
E 9 0] G 0
[ 10 0 0 0
TOTAL| 18 10 28




Disabllity sssoclatced with Cholera Infuction Among
&

TABLE 7

22 Porscns 3 Yoors of Lge or Over

Wator Findings in 20 Cholorae Fanilics

Luovel of Disability

ACUTE DILRRHEA

Unrcsponsive 2
Unable to stand 7
No disability 4
N¢ symptoms 9
TOTAL 22

TABLE 3

A e e ———————

Vibrio Days nftor onsot of illnese in
Culture index cases

1-2 13-4 |5-6 [7-8 |9-10
Pozitive 12 5 3 0 0
Nogative 8 {15 17 20 20

v (d)



Wator Findings

and Multiple Infoctions in Fenilics

TABLE

9

i
Gholora
Vitrios L Multiplce Infuections
in Watcr rresont Tibsent Total™
Prosent IS 12
Lbsent 1
TCTAL 7 13 20

v (d)
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Bactericlogic Findings and Appozarance of Synpions
in 18 Cholurs Cascs

i;nd. Ago o | Lays aftor ounsgt of illgpgs in index casc

IvO. (yrs) | Findings*) 1 2 F—B L4 5 6 f 7 8 9 % 19_‘
§1—3 <15 Culturc A l ' ’
o4 f<as | oan & I N N T I O O
!6-2 15+ !_Culturo B _

i | tecstod

6=T7 <1y : Culturc o 0 0 ] 0 + +

-4 <15 Culturc

7-5 <15 i Culturec + B

:8-2 154+ ? Culturc + + 0 0 o 0 A
;8-3 <15 Culture 0 -

534-2 15+ | CwWlture 0

;34—4 <15 Culturo 0 + + + | + 0 ;ﬂ + C 0 |
?37*3 <15 Culture 1 |

99—3 <15 Culturc 0 0 0 + + + 0 a
239—4 <15 Cul tuzrc + :j M Moyed ayay from QZQO

139-8 | <15 | Culturc
L

41-7 | <15 | Culturo

§42-2 15+ Cul ture

42-3 | 15+ | Culturc

Culture

* cultural findings - presence of abscnece of V. chelcerac in doily roctal
swabs (+ or c)

® shadcd arca indicatos prescnce of diarrhea for voriting; ne entry
indicatos ne synpioms

#* hcspitalizod

- 10 -
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Hayar Bezar Diarrhes Morbidity Study (e)

by i LR TN 11 i T C. it. L.

John P, Craig, M,D., Muslimuddin Khan, M.B5,B.5., D.F.L.
Renjit K. Barui, M.B,B,S,, Syed Zafar fhmed, M.Sc.

Cne of the many unresolved problems in the netural history of cholera
concerns the whereabouts of the infective agent between outbresks of clinically
manifest discase. In places and at times when cases of cholera diarrhes are con-
tinucusly present, it is reasonable to postulate that new cases are infected by
direct or indirect exposure to discharges from existing cases. Similarly, pan-
demic spread has ususlly been ascribed to a direct case-to-cese dissemination along
trade rcutes across the werld, In the endemic ares of Bengel, however, many local
erees, free of recognized disease for months or years, suddenly experiecnce sporadic
cases, or more often sizeable outbreaks, in the absence of obvious intrcduction or
contzet with frenk clinicel cholera from outside the cormunity, It is undoubtedly
true that negative findings must be interpreted with caution, especizlly in an
area where accurate histories of movements and contact are difficult to obtain;
nevertheless, the facts cell for continued search for scurces of infective vibrios
other than clinical cases of cholera,

Inference from other diarrhesl discases would suggest thot environmental
reservoirs and persistent inapparent infection in man would be the most likely
means of maintaining cholera in an endemic crea. Ropested scarch for inapparent
infecticn with cholere vibrios hes led most workers in the past to conclude that
the so-called carrier state is transient, usuelly persisting for no longer than two
wecks, and that vibrios aro rerely, if ever, found in routine rectal swab surveys
even in communities in cholera-endemic areas, unless clinicel disease is also
present in the community at the same time, It must be recalled, however, that the
metheds employed hove depended on the presence of viable vibrios in the terminal
one or two centimeters of the intestinsl tract; experience with typhoid bacilli
reveals that the flora of this locus is not always representative of the preceding
ten meters of the enturic cinal and its scveral tributaries,

The occurrence of a sharp outbreak of cholera in a refugee camp near Dacca,
Bast Pekistan, in Jamwery, 1964, provided an unusual opportunity to investigate the
fate of vibrios following the disappearance of clinical disease.

The camp was organized in the center of the village when the need for pro-
tection during communal disturbances forced tho residents to flee from their homes.
They werc congregated under extremely crowded conditions for more than a week,
Hence, the movement of these refugecs from their homes to the cuemp did not involve
contact with persons outside their own village.

Imicdiately after the cholera outbreak had subsided, a longitudinal study of
diarrhcal discese and enteric infection wes begun in families in which cholera had
occurred, and in control femilics which had not suffered from cholera.

klthough the original and primary aim of the study was to conduct a long-
term search for cholera vibrios in a community during a time when clinical cholera
was absent, it was clear that the epidemiclogy of cholera must be viewed as only
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-one aspect of the epidemiology of diarrheal disease in general. Hence, the
originel scope of the study was broadened to include a description of diarrheal
illness in a community in Eest Pekisten, and a search for association between
diarrheel disease and a selected group of organisms usually considered to be
enteric pathogens.

The study, which is still in progress, has been designed to answer the
following questions:

1, What are the seasonal incidence and age and sex distribution of
diarrheal disease in families with and without recent cholera.

2. What is the incidence of infection with Vibrio cheolerae, non-cholera
vibrios, Shigella and Sglmenella in these groups, and what association exists
between infection and diarrheal illness?

3. Wwhat is the time and place distribution of contamination of water
sources with cholera and non-chclera vibrios and with fecal E, c¢oli, and what
association exists between such contamination and diarrheal illness among water
consuners ?

L. More specifically, in the event cholera reappears in the village, do
inapparent infection with V, cholerae end/or contamination of water sources pre-
cede or follow the appearance of clinical cholera?

The interim report which follows is presented in two sections; the first
describes the cholera outbreszk in January; the sccond describes the design and
methods of the diarrhea morbidity survey and the preliminary findings of the first
seven months, from Februasry 1 to sugust 30, 1964.

I, THE CHOLERx OUTBREAK

On dJenuery 15, 1964, in the wake of communal disturbances, over 6,000 men,
women and children, representing an estimated 908 of the populetion of a village
near Dacca, East Pskistan, fled from their homes into the central area of the village
to seek mutuel protection.  Although femily units were partially maintained for
cooking and eating, the extrsme overcrowding resulted in a marked increase of
personal contact and a complete breakdown of sanitary fecilities. i{bundant
opportunity arose for contamination of the limited water supplied in open ¢arthen~
ware jars before covered tanks withravity ocutlets were installed.

Two cases of cholera appeared on Jenuery 17 and, between Jonucry 18 and
February 11, o totzl of 95 cascs were admitted to the Prkistan-SEsTO Cholers Re-
search Leboratory, V, cholerag Ogawa wes isolated from all 95 cases, The dates
of onsct of the 95 cases are shown in Table I.  Subsequent family histories suggest
that two fatal cases in children occurred in the camp, A member of the CRL staff
visited the cemp two to four times deily between Januery 18 and Januery 31, to search
for cascs, and daily visits were made throughout February to obtain complete family
histories, It is therefore unlikely that any ceses of frank cholera were missed.
Mild diarrhea associated with V, cholerae was certainly overlooked as attested by
the fact that cholera vibrios were isolated in three instances from ambulatory
children with very mild diarrhea., No attempt was mede, however, to determine the
incidence of inapparent infection or mild diarrhea associated with V. cholerae
during the epidemic period.

-2 =
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Food rotioning officials estimated the total camp population to be 6,422 repre-
senting 1,022 femilies with an avercge family size of 6,3 members, In Table LI, sttack
rotes in the tobal oamp population are conpared by age with attack rates in affected
families, In the totas cemp population, the attack rate in children was more than
twice as great as in adults, but within affected families the excess in children
was slight, On first exemination this discrepancy appeared to be attributable
to the excess of adults in the total camp population, as compered to the population
of effected families, and suggested that families with fewer children had lower
«ltack rates, However, the date in Tables V and VI do not indicste that attack
rates among affected femilies were influenced by family size, This does not pre-
clude the possibility that wnaffected fomilies may be smaller and have fewer
children,

Teams of field workers from the CRL compiled family rosters of ¢ll affected
families, defining a femily es o group of people living in the same dwelling, who
cook and eat together, The 95 confirmed cases were distributed in T4 Families
comprising 595 individuals with an average family size of 8.0. The data indicated
that affected families were somewhat larger than nonaffected femilies, The
occurrence of multiple cases in families is shown in Table III.

- The attack rates in members of affected families, by age and sex, are shown
in Table IV, No cases were seen in infants. fmong families the attack rates rose
slightly with age, but the paucity of cases among adult males resulted in overall
lower attack rates among adults and among meles,

Se¢condary attack rate cennot be accurately determined in cholera, since
present knowledge does not allow us to distinguish between those simultaneously in~
fected but with different incubation periods, and those arising secondarily following
exposure to & primary case, Hence, in this discussion, the terms "subseguent
case" and "subsequent case rates" have been used.

It was of interest tc determine whether, under conditions of refugee canp
life, attack rates in members of affected familie¢s and frequency of multiple cases
in families would be related to fanily size a2s has been shown in fixed family
settings, (See Family Studies Section, this reporty  Multiple cases occurred in
17 of the 74 affected families as shown in Table II,  sttack rates in family
members and subsequent case rates by femily size and number of children in the
family are given in Tables V and VI, The attack rates and subsequent case rates
are higher in smaller femilies and families with fewer children, In the case of
fanily size, the difference in attack rates is significant (p, < ,02),

In contrast to these findings, previous cbservations indicated that subsequent
case rates were higher in larger families. Perhaps this difference is related to
the epidemic setting of the present study, In the crowded refugec camp family
integrity had partially broken down, whereas the sarlier observations were made on
sporadic cholera occurring in fixed fapily settings more widely dispersed in time
and space, Hence, family size might reasonably be expected to exert less influence
on case distribution in a refugee camp situation.

The hours of onset of the 95 confirmed cholera cases are shown in Table VII,
ks has been noted previously®, onsets tended to be clustered in the early morning

*  Rumpf, T,, 1898 #siatic Cholera, Twentieth Century Practice, Vol., XIV
p. 363, William Wood and Co., New York.
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hours, Onset was defined as the time of first episode of vomiting or diarrhea,
whichever occurred earlier; patients were rarely questioned concerning prodromal
symptoms and, when they were, the severity of later symptoms often obscured their
memory. Concentration of onsct time at & certain puriod of the day may be
assoclated with time of exposurc or with cyclic changes in gut function, Careful
observations of onset time would be worthwhile to increasc knowledge of both the
epidemiology and patho-physiology of cholera,

II, IONGITUDIN.L FanILY STUDY

The study commenced on Fobruary 4, 1964, as soon as the families in the
refugee cemp had returned to their houses, The study is still in progress, and
this report deals with the seven month period ending august 30, 1964.

Pe e Metho

Three teams of house visitors, cach consisting of one male and one female
worker, visited the study arca deily from Mondsy through Friday, The village was
divided into three¢ zones, with one team assigned to sach zone. The cholera-affected
femilies were located, and for each affected femiiy a nelghboring femily which
had been unaffected by cholera during Jenuary and February, 196l, was selccted as
a control. The femilies were not selected by a random system since willingness to
cooperate in a long-term study was o necessary prerequisite. In gencral, affected
families were willing to zllow weekly visits and rectal swab collections, but some
failed to cooperate and were deleted from the study. Hence, both affected and
control families con best be defined as groups of families who were willing to
coeeperate in such 2 study,

At first visit to ecach family, a record was made of the name, age, sex and
femily relationship of each individual, and the address and date of entry into
study. (hppendix ﬂg #n occupational and residential history of each family member
wes taken and the numbers of days per week on which each member regularly left the
village was recorded. {(Appendix B) A family water consumption record was mede
showing source of water used for drinking, cooking, washing dishes, bathing,
laundry, and latrine. (sppendix C) Water records were given to a team of two
senitary inspectors from the Water Section, CHL, who were permanently assigned to
the study. Water surveillance activities sre described below.

Bach family wes visited once a week by the field teems. Inquiry was made
concerning births, deaths, illnesses, occupational changes, &nd changes in water
usege since the lest visit, Rectal swabs werc obtained from vach willing member,
streaked directly on 55 plates and placed in bile-peptone broth, pH 5,0,  After
overnight incubation, bile-peptone was subcultured to tellurite-taurocholate-gelatin
ager plates (TTGA), = During the first five months of the study, swabs were first
streaked on TTGx and then placed in selenite broth.  However, experiment with a
sample group using both SS pletes and selenite broth showed that Shigella isoclated
on 55 plates frequently failed to appear following selenite enrichment, Hence,
the frequency of Shigella isolations in thc first five months was not comparable
to that of lsater months.

Between 45 and 604 of all members of study families submitted to swabbing in
any given week.,  Cooperation was greatest among females and among children, Two

-[+.-.



tvie)

samples of weekly collections were examined to estimcte the age and sex distribution
of persons swabbed. Of = total of 1,186 persons under observation, specimens were
collected on 647, or 554, Forty-four percent of males, 654 of femeles, 854 of
children O-4, 65% of children 5-14 and 374 of persons over 15 were swahbed,

On June 1, 1964, a diarrhea clinic was opened in the village, staffed daily
by a physician and aid nurse. A1l residents of the village were encouraged %o
attend, Two rectal swabs were obtained on ¢ll ceses of diarrhea. One swab was
streaked directly on TTGA and placed in btile-peptone, pH 8,0; the other swab was
strezked directly on 5SS agar and pleced in selenite broth,  Because it served the
entire village, the clinic provided gquelitative informetion from & populetion
approximately ten times thet of the study families, and thus alerted the investiga-
tors to the kinds of illness and kinds of organisms present in the community.

The clinic also provided medical care for the study families and promoted
greater willingness to coopercte in a long-term study. Mo chemotherapeutic or
antibiotic agents were dispensed in the clinic. All patients whose illnesses
appeared 1o rcquire specific therapy were admitted to CHL,  Othwuws were treated
symptomatically,

Water surveillance consisted of weekly sampling of all dug wells located on
study~femily premises, and of all tube wells, tanks, and canals in the village,

k1]l water samples were cultured for vibrios by adding 50 ml of water to 25 ml
triple-strength bile-peptone enrichment medium. Fecel contemination ¢# each tube
well was estimated et the time of entrance into the study by culituring for heat-
resistant Lschepichia goli. A weekly record of the results of sanpling was kept
on each dug well, tube well, and tank, (Appendix D) Isclation of cholera vibrios
from any water source was followed by quantitative estimation of vibrios daily for
eleven days by direct streaking of 0.1 ml of the water sample on TTGA plates.

The following procedures werc done in the event of isolation of Y,cholerss
from any individuval: (1) ezch member of that individuel's family was swabbed every
other day, for a total of six swabbings; (2) if there was a dug well on the family
premises, daily wabter somples were collected for cloven doys, and cultured for vibrios
by both direct plating and by bile-peptone enrichment; (3) all memters of the family
who used the seme dug well for any purpose were also swabbed as in (1); and (4)
all du% wells on all premises contiguous to those of the index case were cultured
as in (2). Isolations of Sclmonelle, Shigells or non-cholera vibrios from study-
femily members were followed up by swabbing on the third or fourth day as well as
by routine weekly swabbings,

Births, deaths end illnesscs were reported on simple forms completed by field
tesms or the clinic physician, (sppendices E, F end G For each study family,
& separate file was maintained and included: (1) & copy of the fanily roster, (2)
results of all weekly rectal swab exeminations (Appendix H), and (3} reports of all
births, deaths and illnesses occurring in the family members,

RESULTS:

During the first seven months of the study, a total of 1,477 psrsons were scen.
Of these, 77 families were in the cholera-affected group, and 135 were control families,
Because of emigration and failure to cooperate, many of the original affected families
were lost., New control families were added during each month of study. A total of
19,797 person-weeks of observation were made -- 9,478 in affected framiliecs and 10,319
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in control families.

hge and sex distribution and family sizc of affected and control families
indicated that no significant differences in family structure existed. The
median size of affected families was 8,0 members, and of control families 7.2.

Chole

During the period covered by this report, two unassociated cases of cholera-
like diarrhea were seen in the entire village. The first case, with an onset during
the week of Februcry 24, was an adult female member of a femily which had had cholera
in January. No chclera vibrios were isolated throughout her hospital stay; hence,
she was considered a case of non-vibrio cholera, The second case, with onset during
the week of March 30, was an adult male who had recently immigrated, V,cholerae
Inaba waes isolated, No previous isolations of Inaba sub-type had ever been recorded
from this village, although Ogawa strzins had been isolated from sporadic cases
in late 1963, prior to the refugee camp outbrcak. Nc subsequent cases appeared,
but Inaba was isolated during routine weekly rcctal swebbing from a healthy male
child during the weck of ipril 6. This child hed had clinical cholera in January
from which V, choleraec Ogawa had been isolated. The detection of two Inaba infec-
tions in the same village within two wecks, in the sbsence of prior or subsequent
Inaba cases, suggested that they might be asscociated in some way. They resided
approximetely one half mile apart, however, and intensive questioning of members
of hoth families revealed no direct or intermediate contact between the two cases
at eny time, 4 chein of undetected infections could not, of course, be excluded,
Water supplics used by both families remained negative,

Uther Illnesses

in the following discussion, date from cholera affected and non-affected
femilies are combined, as numbers were small, and the chief purpose in meintaining
separate groups was to compare their future choler:s experience.

Monthly incidence of diarrhezl and non-diarrheal discese, sxpressed in cases
per 1,000 person-weeks, is given in Table VIII. Diarrhes was the chief cause of
reported illness during all months except August, when an acute, febrile non-disrrheal
illness reached minor epidemic proportions in the community.

The ege and sex distribution of these illnesses is shown in Table IX.
Dlarrheal illness was concentrated in very young children and incidence fell with
increase in age, The sexes were affected equally in all 28C Eroups.

A summary of sll isolations of enteric pathogens and their asscciation with
diarrhea is given in Table X, hge, sex, and seasonal incidences of infection have

not yet been determined. Nearly half the Shigella isolations were made from persons
with diarrhea whereas Salmonella and non-cholera vibries were more often found in

healthy persons.

The frequency with which various organisms were isolated from patients with
diarrheal illness is shown in Table XI, As in most studies of this kind, no
recognizable pathogen was isolated from the vast majority of diarrheal illnesses,
Shigella, heretofore rarely isolated from natives of Dast Psakistan, proved to be
fairly common, and to be essociated with dizrrhea with unexpected frequency,
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Salmonella, on the other hand, was rarcly associated with diarrhea. Ten of the

twelve Salmopella isolates, including two S, typhi, were isolated from healthy
individuals.
Since Shjgella was the only organism isolated in apprcciable numbers, an

attempt was made to estimatc the frequency of inepperent infection based on total
swabs collected. The results are shown in Table XII, The inepparent infection
rate, based cn the total number of swabs collected from persons without diarrhea
during the weck of collection, was only O.44, whercas among persons with diarrhea,
16,94 of cultures yvielded Shigella. The number of swabs obteined from persons
without diarrhca represented about one-haslf the maximum possible collections, based
on the total person-wecks of observations. It is possible, therefore, that so-
called carriers could have been concentrated in the unswabbed half. The more
likely assumption, however, is that Shigells was associated with diarrhea in this
community and that inapparent infection was not common.

Of the 82 Shigella isolated, the largest number were Group B, but Groups
A, C, and D have alsc been found, In addition, several strains were isclated
which had all the bacteriologic characteristics of Shigella, but failed to aggluti-
nate with &, B, C, D or Alkeligenes-Dispar serum. These have been tentctively
included with Shigella in this report; they are being investigated further,

™

The age, sex and sezsonal distribution and association with disease will be
determined for sach of the kinds of organisms icclated. The disrrheel incidence
among family memoers associated with infected persons is also being studied.

Non-cholere vibrios of seversl Reiberg groups were isoleted frequently from
dug wells throughout the seven-month puriod. Helatively few buman isclates were
made, and these were rarcly assocliated with diarrhea, The role of non-chclera
vibrios as pathogens is of considerable interest, however, end the Rayar Bazar
cormunity provides a unique opportunity to observe the association of diarrhea and
the presence of these corganisms in drinking water. Accordingly, a study designed
to investigate this question has been initiated.

SUMMALRY

A longitudinal diarrhee morbidity study was started in February, 1964, among
femilics residing in a village in which a sharp outbreak of cholera had occurred
during the preceding month. k total of 77 cholera-affected families and 135 control
femilies were observed during the first seven months,  Surveillence consisted of
weekly rectal swabbing for bacterial enteric pathogens end recording of diarrheal and
non-diarrheal illness,

The first part of this report describes the cheleraz outbrezk in January and
sarly Februery, 1964k, The second part is a report of preliminary findings for the
pericd of February 1 to sugust 30, 1964, Dierrheal illness zccounted for more than
half of reported morbidity, and was concentrated among children O-4 ycars of age.
The bacterial agents isolated and their essociation with diarrheal disease are
briefly discussed. As planned, the study will continue until June 30, 1965, for a
total of 17 months of observation,



Date cof QOpnset

January
January
January
January
January
January
January
Jenuary
January
January
January
January

snuary

17
18
19
20
21
22
23
2
25
26
27
28
29

Januery 30

February 5

February 11

Unknown
TOTAL

11
14

11

i1

10

NoWw W

95
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TABLE IT

Refugee Cemp Populeation and in Affected

Families, Yayar Bazapr, Dacca, Januery.Februzryv. 1964,

1v(e)

. Persons at Attack
Estimatedg risk in Confirmed httack rates in
persons affected cholera rates in affected
Age at rigk * families cases camp {p) families (5)
9 or under 1,687 228 42 2.48 18.4
over 9 4,735 367 53 1,11 14.5
TOTAL 6,422 595 95 1.47 16.0
*

Based on food ration records.

TARLE 11T

Distribution of Cholera Cases by Family

Rayar Bszar, Dacca, Januery-Februarv 1964

Number of
cases per Number of
family families Total Cages
0 oL8* 0
1 57 57
2 13 26
3 L 12
TOTAL 1,022* 95

* Based

on e¢stimetes from food ration records.




TABLE IV

Persons Intrafamilial
Agg At Risk Cases attack Rate (%
M F T M F T M F T
<1 15 8 23 - - - 0 0 o
1-4 37 32 69 6 5 11 16,2 15,6 15,9
5-14 114, 108 222 20 23 43 17.5 21.3 19.4
15+ 142 139 281 8 33 41 5.6 23.7 14.7
TOTAL 308 287 595 3L 61 95 11.0 21.2 16,0

o
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t .
Reyar Bazar, Januwary-Februsry,1964

TABLE V

by F

Size,

Iv{e)

Intra- ! Subsequent
Number of |Number of | Persons| Total familial Subsequent | Persons Case
persons in JFamilies | at risk] Cases attack Cases at risk Rate
2 fate (4) (%)
, 217 L6 21.2 9 180 5.0
& or more ’ 378 L9 13,0 i2 341 3.6
TOTAL I 595 95 16,0 21 521 i 4.0
TABLE VI
Attack Nunbe Chi in Fami
Rayar Bazar, January-February,1964
fumber of ' Intra-
children familial Subsequent
< 10 years |Number of| Persons|{ Yotal attack Subsequent Persons Case
n femily | femilies!| at risk| Cases | Eete (4) Cages at risk | Rate (%)
| < 48 339 60 17,7 12 291 Lol
Eh or more 26 256 35 13.7 9 230 3.9
TOTAL Th 585 95 16.0 21 521 4O
a




TABLE VII

Hour of Onset of 95 Confirmed Cholera Cases,

Ravar Bagzar, Dacga, January-Februarv.196)

Hour of Onset

0001
0201
o401
0601
0801
1001
1201
1401
1601
1801
2001

2201

Unknown

]

0200
0400
0600
0800
1000
1200
1400
1600
1800
2000
2200
2400

TOTAL

Nugber of Cases
5
10

22

19

e Y e e o o R
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TARLE VIII

Monthly Disease Incidence, Cases per 1,000 Person-Weeks,
for all Families, Rayar Bezar. Dacca

February - August, 1964

Month Person- Disrrheal Disease : Non-diarrheal Disease

of Weeks of

Onset Cbservation Cases Rate Cases Rate
?February 3,342 27 8.0 5 L4
March 3,011 5 1.6 3 0.9
hpril 2,451 4 1.6 0 0
May 2,552 ' 28 10.9 8 3,1
June 2,422 37 15.2 21 | 8,6
July 3,225 68 21,0 45 13.9
August 2,79 L8 17,1 65 23,2
Unknovn 8 13

TOTAL 19,797 225 11,3 160 ' 8.0




TABLE IX 1V (e)

Disease Incidence by #ge end Sex, Cases per 1.000 Person-Weeks.

A}l Familics, Hever Bazar, Dacca.
February - August, 1964

Diarrheal Disease

MALE FEMALE TOTAL
Ape Cases Rate Cases | Rate Caseg Hate
0-4 L0 26,7 36 22,5 76 2h.5
15+ 22 h,7 32 6.8 51 5.7
TOTAL 112 11,1 113 11.5 225 11,3

Non-Harrheal Disecase

MALE FEMALE TOT &L L
hge Cases Hate Cases Rate Cases Hate
O=i; 14 9.3 21 13.1 35 11.3
5-14 53 13,9 27 7.7 80 11,0
15+ 18 3.7 27 5.7 45 a7
TOTAL 85 8.4 75 7.6 160 8.0




igents_ Isolated from Study Family Members

TABLE X

Rayar Bazar, Dacca.

IV(e)

Februe - f t
hssociated Not Associated
with with
Agent Diarrhea Diarrhea Total Igolateg

Shigella 36 L6 82
Salmonella 2 10 12
V.cholerae Cgawa 2 0 2
V.cholerag Inaba 1 1 2
Non~Chelera Vibrios 2 17 19




TABLE XT

Bacteriolegic Findi in A ia I1inesse
in Study Familie Hava Dacca.
February - august, 1964
# of Total
Organism . Diarrheal
Isolated Freguency J1lnesses
Shigella 36 16,0
Salmonella 2 0.9
V.cholerae Ogawa 2 0.9
V.cholepes Inaba 1 0.4
Non-cholera Vibrios 2 0.9
E. histolvtica 2 0.9
No enteric pathogen 168 Th.7
No culture taken 12 5,3
Totsl Illnesses 225 100,0

L e b cumll
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TLBLE XJT

February - August., 1964

Symptoms
Within one Number Rectal % Shigella
Week of of Swabs Fercent Shigella of total
Swabbing Visits Collected Swabbed Isglated Swabbed
Dierrhea
absent 19,572 * 10,359 52.9 L6 0.4
Diarrhesa
present 225 213 TR 36 16.9
TOTAL 19,797 * 10,572 534 82 0.8

*  Based on total person-weeks of cbservation.
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FAMILY ROSTER OF CHOLERA CASE 1964

Location of House

Name

No.

Age

Family
Relationship

Refugee {Datn & Hour of

Camp

sntsring tocamp

Date & Hour of Date & Hour of
onset, of cholera|fAdmission-CRL

(3)A1

V¥ Xypueddy

w— — un“,‘ms‘mﬁ
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RAYAR BAZAR FAMILY STUDY Appendix B
OCCUPATIONAL AND RESIDENCE HISTORY
Family Number } Lecation of house in Rayar Bazar

(para or section of village)
Date form completed

a. At present

If family leaves Rayar Bazar, give, b. Before dJan, 15, 1964:

Same House? (Yes-No)

a, Date If no, give previous loczation:

b. Destination

Questions to be answered for each family member:

'« Present Occupation

2. Has person changed job since Jan. 17, 1964? (ves-ro)

3. Place of work (thana, mohalla, para & street)

L. How many days per week does he or she work outside Rayar Bazar?

5. For Footnotes, If necessary, indicate footnote by nuaber and write explanati-n
on reverse side of sheet, '

Ind,
No. : 2 | 3 4L 5




RAYFR BAZAR FAMILY STUDY

Family Water Consumption Record

Family Number Date this form was completed

¥ame of Head of Household

Individual Mumber of Head

Location of House in Rayer Bazar (Para)

Chief Sources of Water for this family:

Dug Well Tube Well |River or Other
Usage Tank Mo. No. No. Canal
Drinking
Cooking

Washing Dishes

washing Clothes

Bathing

Latrine Use

If dug well is used for any purpose by this family, give location of well with respect
to house

How many femilies use water from this well?

Is this well used by any other study family?{Yes or No)

If yes, give family number

If any changes in water usage take place after this form is completed, please fill
in the following:

Date Change Mature of Change
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Appendix D
RAYAR BAZAR FAMILY STUDY

DUG WELL RECORD

*Code Number of Well Index Family Number

Other Study Families using same well

Location (Para) in Rayar Bazar

Location of Well in Household Compound

Distance from latrine (indicate unit of measure)

Sket.ch of household with location of well and latrine:

g:rizle ;J:‘;er Vibrios Coli forms o
Obtained b NAG AG E. coli h5.5g coliforms| F / Lab

| Number  F 5 ovF T Piate Broth | Plate| MPN/100 ml. Jper 100 ml,




1.

2.

8.

Appendi
RAYER BAZAR FAMILY STUDY ppendix E

BIRTH REPCRT

Family and Individual number of Mother

Vie

Name of Mother

Individual Number Assigned to Newborn

Name of Newborn

Date of Birth

day month year hour

Was this a normal delivery? (Yes or No)

If no, describe the abnormality

Is Mother now well? (Yes or No)

If no, describe fllness

Is infant now well? {Yes or No)

If no, describe illness

Signed

Date

)



l.
2.
3.

4,

5.

6.

7.

9.

eyl
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Appendix F
RAYER BAZAR TAMILY STUDY

DEATH REPQRT

Family number of deceased

Individuai number of deceased

Name of deceased

When did deceased become 1117

day month year hour

When did death occur?

day month year hour

Was the illness leading _o death associated with diarrhea?

(Yes or No)

Was the deceased hogpitalized? (Yes or No)

If yes, at what hospital?

Describe :iircss in detail

Signed

Date
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Appendix :G

RAYER BAZAR FAMILY STUDY

ILINSSS KEPORT

Date of visit/attending clinic Clinic entry number
Study family? (yes or no) Family number Indiv.Mo,
Name i Age Sex
5/0 Head of Family
Address
If diarrhea: Date of onset Hour of onset
Total number of stools since onset Average daily number

Rice~water stools/loose motion/blood/mucus/vomiting/tenestus/fever/

prolapsed rectum/abdominal pein/distension/tenderness

Other comnlaints:

Remarks:

Is patient able to nerform usual duties? ; confined to bed?

Provisional diagnosis

Zxamined / interviewed by :

CRL Admission Ho. Date of admission Hour

iWas rectal swab obtained? (Yes or no) Specimen number

Laboratory results:



Family Number

RAYER BAZAR FAMILY u5IUDY
Bacteriologic Keport

Date Collected

Appendix H

Signature

(e

e —

Ind. No. Bact. No. Ind. No. Bact. lio.
Resulc: Kesult:
Ind. No. Bact .lio. Ind. ho. " Bact.ilo.
Result: Kesult
Ind. Ho. Bact Ho. Ind. No. Bact.HNo.
Result: Resulc:
Ind. No. Bact.No. : Ind.No. dact.lto.
Kesult: ' Kesult s
Ind. No. Bact.lio. Ind.No. Bact.lHo.
Kesult: Result:
Indo NO- Bact-NO- Ind. 1100 Bact-NO-
Result: Result:




Vibrio Infoctions of Ruminants

by . ‘ z

Miss iAnisa Sazd and Dr. Robert 9. CGordon 7T e sea L

Introductions

The continuing prevazlence of chelera in Tast Pakistan stimulated a
gtudy of ruminants as possible reservoirs of V, chclerae. The investi-
gation was based on the obmervation made by Abou Gareeb (1960) of non-
agglutinable vibrios. He raised but rejected the hypothesis that silent
animal reservoir for V. cholerae might possibly cxist ameng cattle when
true cholera vibrios arc nct found among human beings. In July 1962,
study of ruminants began in our laboratory and cuntinued for a period
of seven months. To determine whether the findings were reproducible,
cows were rostudied in august 1964.

Materials and Methods:

Blood was obtained from 564 cows, 161 goats, 57 buffaloes and 6
sheep at the fime of slaughter in the Dacca abattoir. Sera were provided
from 44 cows at thoe iAgricultural College, Mymensingh, Bast Pakistan, by
courtesy of Dr. William Dieterich. Blood specimens werc drawn from 30
calves at the Institute of Public Health, Dacca, prior to their use for
the production of Smallpox Vaceine., Sera were obtained by Dr. Rcbert
Gordon from 46 cows in the abattoir in Hechingen, Germany.

Rumen contents of 479 cows, 274 goats, 56 buffaloes and 3 sheep
were cbicinsd in the Dacca abattoir immediately after the rumen was removed

L & PR

using as sterile technique as the conditions permitted.

Rumen contents were cultured aerobically in alkaline peoptone water
(peptone 1% NaCl 1%, pH 9.0). Overnight cultures were streaked on golatin
agar plates and incubated at 370 G for 18 to 20 hours. Slide and tube
agglutinations woere performed on suspected colonies of vibriocs using 'G!
Group I and type specific sera provided by Dr. Goodner. Biochemical pro~
cedures were used to classify isclated vibrios into Holberg groups. The
sera were screened for Y. choleraeg agglutinins by standard tube agglutination
technique (Goodner 1960). Living suspensions of Ogawa 463, 465 and Inaba
462, 466, all isolated in this laboratory in 1962 from cholera cases in
Khulna, were used an zntigen.

Brucella agglutinins were determined by the rapid slide agglutination
test (Schubert 1953) with antigen provided by Cclonel Robert Yaeger, V.C.

Absorption tests were performed on two cow sera with kigh anti chelera
agglutinin titer. Living organisms, Ogawa strains 465 and Inaba strain
462;)NCV 5 and Escherichia cwli were used in the abscrption tests (Goodner
1960),
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Rosultss

Vibrios werc isoclated from the rumeon ¢f all species oxamined in this
study; from a few animals, two strains, biochemically difforent were
isolated (Table I). HNo isolated organisms agglutinatod in 'O' Group I
seraj biochumically all fcll into Heiberg Group I and I1. Only threc
shoep werc cxaminod - the rumen of onc was found to contain Heiberg Group I
non-chcisora vibrio.

Serclogical Studies:

intibodies which agglutinated living chiclera vibrios were found in
all specios of rumens examined (Table II). They werc most froguently
seen and at higher titer among cattlc. In 1962, 23% of cows tested had
titers of 1 to 300 or greater as comparcd to 10% among goats and 2%
among buffaloes. In 1964, antibvodies worc again domonstrated which
agzlutinatod the classical cholora vibrios; altheugh at lower titer.
Pertinent, however, is tho obscrvation that 20% of scrum from 46 German
cows available agglutinatod chulera vibrios at a titer of 1 to 100,

From 10 animals, both a non-chclora vibrio isolate and a serum were
available; 3 of thosc had no agglutinins cither against cholora or tho
homclogous non-cholora vibriossy in 3, antibodiocse worc prescnt against
both organisms to egqual titer, and, in thc othor 4, the anti-chelera
titers woro highor than thosc against tho homologous non-cholera vibrio.

The persistenco of theso antibodics was oxamined in a calf with &
titer of 1:2000 Ogawa and 131000 Inabz which wasg purchascd in Novembox
1962, 4t tho proscnt timo it still has agglutinating titer of 1:320
against both antigens.

Becouso of the antigeric cross between vidbrios and Brucgllae, tho
sera were examinod for Brucella agglutinins. Only 8 out of 594 cows had
anti~Brucclla titers of 1:80 or higher (Tablc III}. Comparison of
anti-Rrucella and anti-cholera titers in 580 of thosc sera is sheown in
Table IV, No asgociation is svident.

Five cow sera with titers of 1:1000 or greater against V. cholerae
were testod against 45 non-chelera vibrios to see whethor these agglutinins
arc directed againgt all vibrios. Patterns of agglutination foll into
every possible variety as scen in Table V.

The result of abgsorption of two cows and a vaccinated goat is givon
in Tablc VI. The cow sera wore cobteined in 1662, when both agglutinated
Ogawa and Inaba to a titor of 1:1000, At that time, Calf 4 agglutinatced NCV
5 to a titer of 30, whilc oow 106 had a titer of 1000 ageinst this
organism. The agglutinating antibodies were complotely absorbed from the
cow sora by Ugaewa, Inaba and non-chclora vibrio antigens. In contrasti,
zbscrption with tho same NCV strain had no effcct on the spocific aggluti-
ning of the goat which had boon vaceineted with frozen and thawed Ugawa
organisng; only absorption with Ogawa wvibrios completoly rcemoved agglutinins.
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Discussions

Theso results arc interesting in two ways. Pirstly, rumcn vibrios
usually reported arc obligatory anacrobus; thoesc were typical acrobic
growing non-cholera vibrics. Beeondly, there was no ovidence in this study
that infoction of the cow with V. chelerao occurs in the ondumic arca.

The complcte absorption of the agglutinating antibody by non-cholora
vibrios suggosts that this may be a common flagellar cr other factor.



TABLE T

Isolation of non-cholera vibrios from rumen
ruminants.

contents of different species of

1v(r)

] Rumens positive e s
Animal No. t ror vibrios NCV strains isolated
source examined
No. % Groupl |[Group II{ Tetal
Cattle 200 76 38.0 27 51 78
196/,
Cattle
July - January 279 30 1C.75 15 18 33
Goats
July - January 274, 14 5,83 7 10 17
"
Buffalces .
July - January 56 e 1ip.28 I 4 g
Sheep ‘ 3 1 1 - 1




T4aBLE 1I

agglutinins in ruminant sera fer living

Vibrio cholerae antigens,

V(f)

igglutinins Titer
tuminant <13C 1:30 11100 1:300 1:1000C
~umnants Na, % | s, % sie, % Ho. 7 Mo 7 ITotal
Cattle 92 23.1 194 8.7 | 48 21,9 22 5.5 3 1 398
1964
Cattle 18 7.5 70 26,2 96 4C,0 19 2C .1 7 2.9 24¢
July 1562-
Jan 1963
Goats 43 26,7 6E 42.2 34 21.1 16 2.9 - - 161
July 1962-
Jan 1963,
Auffalces 21 36.8 21 36.8 14 24,9 ] 1.8 - - 57
July 1962-
Jan 1663,
Sheep - - 5 £3.3 1 16.7 - - - -~ 6
July 1562-
Jan 1963,
German Cows 3 6.5 34 73.9 9 19.6 - - - - 46
Ccteber 1962




BRUCELLA

TABLE I1II

A30RTUS AGGLUTIMIN TITIRS IN RUMINAMNTS.

IV(f)

~ntibrucella Titers

Puminants Total Less
1:20 | 1:20 1:40 1:80 1:160: 1:320 1:640
Cattle 594 470 101 15 5 2 - 1
German cattle 46 45 1 - - - - -
Goats 113 110 2 1 - - - -
Buffaloes 47 47 - - - - - -
Sheep 4 4 - - - - . - -
TAPLE IV
Comparison of Zrucelle and V.Cholerae
Agglutininis in 580 cow sera.
Serum
g dilution
o]
.E 1000 - 8 0 1 0 0
£ 300 44 10 6 2 0
Q
~
,% 100 -1 120 40 4 2 1
g 30 - 203 34 2 4) 1
<t
30 - 90 g 1 0 1 1
' i ] 1 T 3 1
20 20 40 80 160 320 640

Serum dilution
Antibrucella agglutinins




i . St

Ageglutination titers of cow sera 2gainst
45 NCV isclated from rumenents.

Number of NCV S E ] U ™
strains witk Cow 13 | Cow 30 Cow 106 Cow 137 | Cow 4

|__given pattern
13 0 0 0 c
2 e ¢ 30 0
1 ¢ ¢ 30 30 0
1 c ¢ 100 100 c
1 0 N 100 100 30
1 0 30 Q 30 0
2 C 3¢ o a ¢
3 C 30 3¢ 30 ¢
1 0 3e 0 0 0
1 c 30 30 30 100
1 0 30 0 C 30
[ o 3c 30 100 30
1 30 30 30 100 100
1 30 30 0 30 e
2 30 30 3¢ 30
1 3C 100 o 30 o
1 30 3C 0 30 0
4 30 3¢ 30 30 30
1 3C 100 1co 100 1000
1 100 3c 30 100 0
1 1ce 30 3c 30 3¢
1 10¢ 300 3¢¢ 3er ¢
1 10 T 100 300 30
1 3c0 3cc 300 300 300
1 1C0C 10¢0 100G 100C 30

Ogawa 1000 1000 1000 1000 2000

Inaba 1000 1000 1000 1000 1000




TA3LE .

vl

sgglutinin titers of sera absorved
with whole living organisms

IV(f)

S E R U M

Calf 4 Cow 106 Cgawa immunized Goat
dgelutination Og In NCV ®.coli fOg 1In NCV &,cold Cg In NCV 7 .,coli
antigens 465 466 5 - 465 466 5 - 465 466 5 -
Asbsorbin
antigen
None 630 64C ¢ 20 320 320 O 0 5120 5120 © 0
V.cholerae
Cgawa 465 0 c 0 20 0 ¢ ¢ 0 ¢ ¢ 0 0
V.chkclorae ) 0 ¢ 20 0 o ¢ c o40 ¢ 0 C
Inaba 466
NV 5 0 c o 20 v 0 ¢ ¢ 5120 5120 ¢ ¢
E, ccli 128¢ 640 ¢ C - - - - 10240 5120 c C
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frolers Unacine Fiegld Trial n Rural Fast Pakistan

First Six Months of Observation

by . U for Pybplicatien or Quatation |
Dr. R, Oseasohn and Dr. A.[S. BéhaHsouihorzition of the

Director of & R. L
o

Introduction:

Caolera wveccine was the first anti-bacterial vaccine introduced for the
control of communicable disease in man, Despite widespread use, convincing
proof of its efficacy is still not available. Accordingly, in November 1963,
the Pakistan--SEATO Cholera Research Laboratory initiated a controlled field
trial of cheiera vaccine in rural Zast Pakistan., The study was designed to
answer three related questions: (1) can a parenterally injected vaccine prevent
the diarrhea associated with Vibrio cholerae? (2) if so, for how long? and (3)
does vaccine prevent inapparent infection among family contacts of persons with
diarrhea associated with V.chclerae? This report deals with the experience of
the first 5ix months of this field trial,

Methods:

A group of 23 riverine villages in Matlab thana, an administration sub-
divisicn of Comilla District abcut A0 miles from Dacca, was selected for study
because of contimied bigh prevalence of cholera in the recent past. These
commenities are located along the Gumti River which allowed easy access by boat
for case finding and treatment, This is one of Fast Pakistan's most densely
populaved areas; the vopulation density exceeds 1500 per square mile,

Local hsalth officers hed preparad a census of the population of these
villages, during o cmallpox control program in 1961, On the basis of this censua,
the pepulation wos estimoted to be 24,000, These census lists were revised by a
house-to-heuse survey, and each individual within each village was numbered in
consccutive order with a lether prefix identifying the village. Interest in the
immunication program was aroused by discussion with town elders and distribution
of explaratory lzaflets in Rengali,

The cholera vzcoine uced was a commercial preparation containing a mixture
of both Inaba and Ogawva strains. The vaccine was prepared by harvesting surface
agar growth in 0,5% phenolized saline. and diluting the two components to an
opticel density ecuivalent to 8000 mililien V, cholerae organisms per ml, The
finished vaccine had 2 »elative mouse potency of 4.40 against the Ogawa, and
32.L againsy Lac Tnaha reference vaceines of the National Institutes of Health,
Bethesda, Maryland®*. The vaccine contained Ll.3 mg total nitrogen per ml, 0,08
mg trichleracetic acid-precipiatable nitrogen per ml, and 0.9 mg nitrogen per
ml pree’»itoted by 1.5 volumes of acetone®*. Typheild, paratyphoid A and

* These ascays were performed by Dr. John C. Feeley, Division of Biologics
Standards, Naticnal Institutes of Health,

**4 Chemical determinations were performed by Dr. John Barbaro, Department
of Imuuno-chemistry, Walter Reed Army Institute of Research, Washington.
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paratyphoid 3 vaccine was used as the control. The organisms were grown on
agar surfaces, heat-killed, suspended in 0.5% phenol, and diluted by nephelo-
metric density so that the finished vaccine contained 1000 million S. typhi
and 750 million of both Paratyphoid A and Paratyphoid 3 organisms per ml.

The two vaccines were distributed in identical bottles, one labelled by a red
letter "A", and the other by a blue "8". The materials were coded by one
observer who did not reveal the identity of the test wmaterials throughout the
field trial. The dosage schedule was C.5 ml for those over 12 years of age,
€.25 for those 2 to 12, and 0,1 for those under 2. After 7027 persons had been
inoculated, the dose was reduced to .4 ml. for those over 12 years of age
because local reactions had interfered with the participation of adults.

Immunizations were performed during a 6-week period beginning on 1 November,
1963. The vaccination team proceeded along the river by bost. Jet injectors
were used almost exclusively to perform the inoculations. Cdd-numbered persons
received vaccine "A", and even-numbered persons, vaccine "3, Family members
who appeared at the time of vaccine administration, but who had been overlaoked
during thke census review a few days earlier, were added to the lists and given
alternately vaccine "A" and "3". All recinients were given a card, one side
of which showed the following: village, vaccine trial number, name (in Bengali)
age, sex, and date of inoculation. On the reverse side of the card, A notice
in 3engali recuested that the study team be notified promptly in case of diarrhea,
and that the patient come at once to the central field hospital for treatment
if symptoms suggested cholera. (Appendix A).

Medical care was provided by this laboratory in a facility situated in
Matlab Zazar, a centrally located market community. A physician and nurse were
in constant attendance at the hospital which was housed first in a small tin
shed and later on a barge provided by the Govermment of East Pakistan. Patients
were treated with intravenous fluids and tetracycline ( %. 8. Greenough III,

i, &. Gordon, Jr., 1. S, Rosenberg, 3. I. Davies and A. §. 3enenson 1964},

Case finding was organized as follows: The 23 villages were divided into
3 grours, Surveillance within each group was under the sunervision of an expe-
rienced field worker. All supervisors had received graduate training in social
sciences at Dacca University and had been engaged in community studies related
to cholera for at least one year prior to the vaccine trial. The villages within
each group were assigned to 7 field workers who were assisted by a local midwife
in each village. TFamilics were visited twice weekly to inocuire about diarrheal
disease and encourage prompt use of the field hospital in the event of illness.
Whenever a new case of diarrhea was discovered, detail§ of the illness were
recorded on a simple report form (see \ppendix 8}, and a fec2l sample collected
by means of a tellurite~imnregnated rectal swab which was placed in bHile-peptone
transport media. Specimens were sent to the laboratory in Dacca, usua lly withkin
24 hours, for further bacteriological investigation. The iaboratory procedures
employed have been described previously. (Monsur, k. A., 1963). Fecal samples
obtained from hospitalized patients were streaked directly on tellurite-tauro-
cholate-gelatin agar in addition to the use of the liouid transport media.

Disability associated withk diarrheal disease was classified as follows:

no interference with usual duties, inability to perform usual duties, inability
to walk, and inability to respond. Whenever persons were observed with diarrhea

-2 -
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who showed inability to walk or to respond, fecal samples were collected on
at least two consecutive days from vaccinated contacts, and they were gueried
concerning diarrhea.

The area supervisors were responsible to investigate and report each
death occurring among vaccine recipients during the study interval in their
respective area (see 4ppendix ). Whenever death was associated with diarrhea,
fecal samples were collected from household contacts if none had been obtained
from the deceased.

Results:

The total population of the 23 villages was 27,639, of which 14,059
(5¢.9%) participated in the trial (Table 1). An escess of males (114.7 males
per 100 females) was observed. This finding is consistent with previous
estimates showing sex ratios in the 17 districts of East Pakistan ringing from
106.5 to 116.8 males per 100 females (Jensus of Pakistan,1951). Participation
was greatest (61.8%) among 5 to 14 year olds. Males appeared to he less co-
operative than females (47.5% versus 54.8%): this may be an artefact related
to the purdak system.

Vaccine "4" was given to 7013 persons and "3" to 6956. The two grouns
did not differ by age, sex, history of prior cholera or past amnti-ciolera
inoculation ( Tabhle 2)}.

The frequency of diarrhea episodes occuring in the two groups within
the first 6 months of the triil is shown in Table 3. Curing the first 7 days
after inoculation, V. cholerae Inaba was isolated from 6 persons with diarrhea.
One had received Vaccine "A' and 5 Vaccine "3", These have not “een included
in the subsequent analysis. Findings are summarized by 3-month intervals
according to the presence or absence of vibrios on culture, and whetker the
individuals were observed in the community or hospital. Twenty-eight instances
of cholera infection were seen in the first 3-month period, and !3 in the
second. In both time intervals, the number of infections occuring in the "A"
group exceeded that in tke "8" group. The freguency of diarrtea episodes from
which vibrios were not isolated was similar in both grouns and increased during
the period of study. The age distribution of persons with vibrio-associated
diarrhea is shown in Table 4., Thirty-four of the 41 infected individuals were
less than 15 years of age, and 17 of these 34 were less than 5 years of age,
Tke incidence rate during the 6-month interval was 4,8 per 1000 among vaccine
"A'' recipients and 1.0 per 10CO among recipients of vaccine "7,

Cnly 5 asymptomatic infections were discoverad among 131 inoculated
family contacts studied during the first 6 months of the trial. One of the
5 bhad received vaccine "A" and the remiining 4, vaccine "2,

Forty-seven deatbs occurred among vaccine recipients (Table 5). Two
of the 47 died less than 7 days after inoculation: one was a 2-year old
female vaccine "A" recipient with chronic bloody dysentery from whom V.cholerae
was not recovered; and the other was a 16-year old male with bacteriologically
confirmed cholera one day after vaccine "2" was adininistered.

-3 -
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Fatal illnesses in 12 of the remaining 45 were asscciated with gastro-
intestinal symptoms ("diarrhea", "loose stools", dysentery", 2nmd "mucus and
blocd stools") (Table 6). Rectal swabs were obtained from cither patients
or family contacts in 10 of the 12, and ¥. cholerae was isolated from only 1
of the 10. This patient (PI069) was a 5-year old male who was given vaccine
"a" on 29 November and developed typical cholera on 9 December. His mother
refused to permit hospitalization, '

Discus<ion:

While previous reports ( W, M. Haffkine, 1895; R. Adisesban, C.G. Pandit
and X. V. Venkatraman, 1947) indicated that cholera inoculation reduced tke
incidence of the disease, the evidence was not convincing. These earlier
studies { Creenwood, M., Jr. and G. U. Yule, 1915; C. M, Macleod, 1960) were
critized because of faulty exverimental design, such as the lack of a suitable
control group, failure to observe a strict doublz-blind technique, the conduct
of trials during an epidemic resulting in unequal exposure to infection in the
groups being compared, and inzdequate diagnostic data. In this study a double-
blind techirigue with a suitable control group was used: the two test groups
were compirable in every resvect measured. Intensive surveillance was maintained,
and only bacteriologically confirmed instances of cholera infection were included.
The riveriné villages which were selscted provided 2 tynical endemic setting.

Cholera reporting in most endemic areas has been incomplete and based
largely on deaths certified by nomnedical officials. The present study provided
an opportunity to determine more accuratcly the frequency of diarrheal diseases
associated with Vibrio cholerae in a defined population. Infections were more
frequent among children as might be expected in an endemic situation.

A significantly lower incidence of diarrhea associated with V. cholerae
was cobserved in the group which reccived vaccine "3", which proved to be the
cholera vaccine. Thus, the data collected during the first 6 months of the
trial indicate that choalera vaccine can be an effective prophylactic procedure.
The duration of effcctiveness, however, remains unknown, and surveillance is being
maintained to answer this question. The data concerning the effect of inocula-
tion on inapparent infection are too scanty as yet to permit conclusioms,

Because this study was designed to ask whether a parenterally injected
vaccine can protect against cholera, the most potent commercial preparation
available was used. Hence the inferrence cannct be made that all cholera
vaccines will afford protection.

Conclusion:

In a2 controlled field study of cholera vaccine, the incidence rate of
diarrhea associated with V. cholcrac over 2 € month nsricd was 4.8 per 1000
among those receiving a control (TAB) vaccine, and 1.0 per !0CC among those
receiving a comnercial cholera vaccine of high potency. The disease in this
endemic area was concentrated among children.



TASLE 1

Participants in Vaccine Study by :ge and Scx

V(a)

MALE FEMALE TCTraltl

age Ne, of Vaccinated ¥o, of Vacginated No, of Vaccinated
Group Inhabitants {Xo. % Inhabitants [Nc. % [[nbabitantg Ko, %
<5 2607 1273 48,8 2665 1263 47.4 5272 2536 (48.2
5-14 2417 2638 59.7 3355 2160 61.4 7772 4798 [61.8
15+ 7731 3088 39.9 6837 3632 53.1 1 14568 6720 116.2
Not

recorded 11 4 - 6 1 - 17 5 -
TOTAL 14,766 7003 47.4 12,863 7050 54.9§27,639 14,059 | 50.9




TABLE I1

Via)

Vaccine Groups by age, sex, orevious cholera and prior

chelera inoculation.

VACCINT A VACCINE B8
No. % No. %
Males:
Age <5 621 17.3 652 19,0
5-14 1342 37.5 1296 37.9
15+ 1613 15.1 1475 13.1
‘Unknown 4 0.1 - -
TOTAL 3580 10¢.¢ 3423 1¢Q.0
Females:
Age <5 667 18.9 596 16.9
5-14 1072 3.4 1088 30.8
15+ 1783 50,6 1848 52.3
Uniknown 1 - - -
TCTAL 3523 99.9 3533 100.0
Total: :
Age <5 1288 18,1 1248 17.9
5-14 2414 34.0 2384 34.3
15+ 3396 47.8 3324 17.8
Unknown 5 C.1 - -
TOTAL TiG3 100.C 6956 10¢.0
History of previous cholera 415 5.9 414 6.C
No history of mrevious " 6577 94.1 6440 94.0
Total withknown history 6992 1¢C.0 6£54 1C0. 00
Prior cholera inmunization 5465 78.4 5347 7R.2
No history cholera ¥ 1508 21.6 1488 21.8
Total with known history 6973 1CC.0 6835 10C.0




TABLE

11T

Frequency of Diarrhea Episcdes During First Six Months

Via)

V. cholerae culture®* | Dec, 63 - Feb, 64 Mar, 64 - May 64 Dec. 63 - May 64
result and source
of matients Vaccine AfVaccine 3 |Vaccine a|Vageine 3 |Vaccine 4 {Vaccine 8
Culture nositive
Community 10¢3) 3{1) 5 1 15 4
Fospital 12(1) 1 5 2 19 3
TOTAL 24 4 10 3 34 7
Culture negative
Communi ty 708 684 15¢8 1447 2216 2131
RHespital 13 12 49 38 62 s
TOTAL 721 696 1357 1485 2278 2181

* A1l isolates were lnaba serotype with the excention of 5

Ogawa isolates shown in pareutheses,
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TA3LE IV

Frequency of dizrrhea zssociated with V, Chclerae
during first 6 menths by age and vaccine groun.

T 0 T A L
AGE GROUP VACCIN® A VACCINE 93
NO. Rate No. late
<5 15 11.7 1.0
5-14 13 5.4 1.7
154 6 1.8 ¢.3
TOTAL 34 4.8 1.0




TABLE V

Deaths in Vaccinated Persons During First Six Months

V(a)

Dezaths Associsated with
Gastrointestinal Symptoms

Tota]l Deaths

Time

Interval Vacgine A Yaccine B Vaccine & | Vaccine 3
Dec. 63 - Feb, 64 4 2 11 7
Mar. 64 - May 64 4 2 15 12
Dec. 63 ~ May 64 8 4 26 19
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TABLE VI

Findings in 12 Deaths associated with CGastrcintestinal Symptems

Age V. cholerae
Patient Vaccine & isolated Kemarks
No. Group Sex Date Patient Family

P1069 A 5M 12/18  Inaba - typical ckelera illness; family
refused hospitalization.
BS1 h\ 5F 12/18  Not neg. tynical chelera illness after
tested (1 of 7) contact with chelera.

tested

1955/4 A 3M 1/3 n neg. typical chelers illness.
(2 of 2)

C1855 b 4M 1/25 " n.t died of severe diarvheal

illness in anather village

D799% A M 4/8 neg. neg, chronic - blecody diarrkea with
(7 of 12) dekydration, died in transit
t> CRL Hespital in Daceaz.

R625 A 6oM  4/24 neg. neg. chrenic lysentery with
(1t of 1) repeated (3) cultures.
0495 A 50F 5/4 neg, neg. -
(7 of 7)
C1259 A 58F 5/7 neg. n.t. chronic illness.
#1046 B 2F 1/10 neg. n.t. probable pneumonia.
8836 B M 1/21 n.t. n.t. ckronic bYloody dysentery.
D430 B 2F 4/17 neg. n.t. opast bistorr of dyseatery and
diarrhes; details of terminal
illness uncertain; mother refused
hrsnitalization.
S86 B 3M 4/22 neg. n.t. chronic dysentery ir a2dditien
to "celd and cough. !
®

This patient was hospitalized; all others were ohserved in the community.




APPENDIX A,

( franslation)

If you have loose motion, report at once to
the Health dssistant of your area or to the
Sanitary Inspcctor of Matlab for taking
oroper care. If you think it is cholgra
please bring the patient 2t once to the
Medical Cfficer at Matlab deputed by the
Cholera desearch Laboratery for orompt
treatment.

V{a)
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APPENDIX 3

SPECIMEN REPQAT

Vaccine trial number of persons from whom Sample WS TAKEIN wuvrreeenrrvernnenennn,

Date sample was taken ...... Ceaa i s saee hhcaseaaeaa Ceesasise et
day manth year hour

wWas this the first ..... 2nd ...... 3rd .......4th ......5th ceeaaath ... 7th....
swab in this illness?

Wwas swab taken because of diarrhea? B = s R

If yes, date of onset of diarrhea? ....iiiiiniins  tevrrnnrenss veanennnenens
day month year

If yes, was person unable to perform usual duties? YeS........ NOusuvuovruones
If yes, was person unable to walk? YeS........vvenvnnne NOuutoinnennnnennnss
If yes, was person unconscious? Yes it N0 i it it s

Was swab taken because another family member had diarrhes? Yes ....... NOoveuou....

%¥hat is vaccine trial nunber of family member with diarvhea? ...oveevsoensnes,

LaBORATOWY REPORT:-



Vaccine trial number of deceased

APPENDIX C

DEATH REPORT

was the deceased hosnitalized?

Was 1 culture obtained? Yes ..o veninnn..

LR R R I I Y

Yes ...

when did the deceased become il1? ....
day

When did death cccur?

LR N I

day

. - a

a0

manth

*

e

month

L L I A

V(a)

LR I B

vereenane M3 00......{Check)

NO et ieieiiiirannsn

LRI I L B R R P A e s

year

vear hour

* v s 00 s e mn

hour

¥as the illness leading to death associated with djarrhea? Yes... No...

Describe the illness in detail...

L R R R N R R R R e

L N N N N T R R

L R R I I S

s e

I NN

.....

Signed.....

Date

LR

LR I I A N ]

L R A

LI R B B

L I R

L R ]

4 s s 0 b

LR LR R B R

L A A A I

L A I R R Y

LR I A A R A R
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TETRACYCLINE
IN THE TREATMENT OF CHOLERA
W. B. Greenovay, 111 R. 8. GorDON, jr.
M.D. Harvard M.D. Harvard
I. S. ROSENBERG B. I. Davies
M.D. Harvard M.B. Lond.

A, S. BENENSON
M.D. Cornett
From the Pakistan-SEATO Cholera Research Laborarory,
Dacca-5, East Pakistan

ANTIBIOTICS are well known 1o be vibriecidal in vitro
and in vivo; but, despite this, no beneficial effect of anti-
biotic therapy on the clinical course of cholera has been
reported (Pollitzer 1959). If the clinical syndrome of
cholera is the result of the presence of Vibrie cholere in the
gastrointestinal cract, removal of the organism should
result in observable clinical benefit. During December,
1962, cholera cases entering the ward facilities of the
Pakistan-SeaTo Cholera Rescarch Laboratory included
many instances of severe and long-continued diarrheea,
associated with continucd excretion of large numbers of
vibrios. The management of thesc cases with replace-
ment therapy required large quantities of fluids and much
professional care. In the hope of shortening the course of
the illness, we clected to administer a potent vibriocidal
agent in addition. We here prgsent the results observed
in seventy-seven patients with bacteriologically proven
cholera, all of whom received fluid and electrolyte replace-
ment. In thirty-eight, tetracycline was also administered
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intravenously and by mouth, while the other thirty-nine
received no antibiotic or other vibriocidal agent. Treated
and control cases were not strictly alternated, but the
groups were sufficiently alike to make comparison valid.

Patients and Methods

Proven cholera cases admitted to the ward of the Pakistan-
Seato Cholera Research Laboratory during the last week of
December, 1962, and the first 4 months of 1963 were analysed.
Any case requiring fluid replacement on admission or passing
at least 1%, of the body-weight in liquid stocl during a 24-hour
period was.included. Only patients given tetracycline both
intravenously and orally were considered in the antibiotic-
treated group. Thirty-nine cases which met these criteria fell
into the tetracycline-treated group, and forty fell into the
control group. There were two deaths in this series. One, in the
tetracycline-treated group; was that of a 40-year-old man who
had been in vascular collapse for about 72 hours before ad-
‘mission. One 2-year-old child in the control group died as a
result of insufficiently rapid initial rehydration. These two
tases have been excluded from further analysis.

On admission, and daily thereafter, a rectal swab was plated
directly on gelatin agar (Smith and Goodner 1958) and bile-
tellurite agar (Monsur 1961) as well as being put through en-
richment media for vibrios (alkaline bile-teHurite peptone
broth). Isolates were verified by slide agglutination, using
both group and specific Ogawa and Inaba antisera. All isolates
were non-hamolytic, did not agglutinate chicken cells, and
were lysed by Mukerjee’s phage IV (Finkelstein and Mukerjee
1963}, No other pathogens were identified in any of these cases.

Serum-proteins were measured by refractometry in a Bausch
and Lomb . serum-protein meter. Serum-CO; content was
determined by the Van Slyke manometric technique on blood
drawn under oil. White blood-ceil counts,. differential counts,
microhamatocrits, and photoelectric h&moglobin determin-
ations (cyan-methamoglobin technique) were done on all cases
in the acute and convalescent periods. Urinanalysis and stool
examinations for ova and parasites were carried out during
convalescence.,

Patients were treated on specially designed cholera cots
which permitted total collection of stool and urine. Total in-
take and output were summarised at 6-hourly intervals. The
accuracy of intake and output measurements was verified by
weighing patients at least once daily.

All patients were treated by fluid replacement along the lines
suggested by the balance studies of Phillips and his collaborators
(Watren et al. 1959, Phillips 1962). An initial infusion of non-
pyrogenic isotonic saline was followed by a bicarbonate-saline-
potassium mixture consisting of 5 g. sodium chloride, 4 g.
sodium bicarbonate, and 1 or 2 g. potassium chloride per litre.




The goal was
to eliminate
hypovolemia
as soon as
possible, to
correct actd-
osis, and then
to maintain
a balance
between in-
take and ourt-
put of fluids
and electro-
lytes. No glu-
cose was given
by any route.
Fig. 1—Number of tetracycline-treated and Inthe maiOI‘itY
control cases, by month of admission. of cases it was
necessary to
uge the femoral vein for inirial finid administration and drawing
of blood samples. Some cases received vitamin C, thiamine,
andjor B-complex vitamins parenterally.

In those cases treated with tetracycline, a dose of 100 mg.
(stabilised with 250 or 300 mg. of ascorbic acid) was added
to the 1st or 2nd litre of saline infused, and given rapidly over a
period of 15-20 minutes, An oral schedule of 250 mg. every 6
hours was begun immediately on adimission unless vomiting
prohibited it, in which case the schedule was delayed for 6-12
hours. Intravenous doses were repeated approximately every
8 hours as long as medication could not be given reliably by
mouth.

The treatment groups were not established in a prearranged
manner; but over the course of the epidemic, approximately
equal numbers of patients were included in the tetracycline-
treared and control groups (fig. 1). After we had gained an
impression that tetracycline therapy was bencficial, cases
deemed to have a poor prognosis because of extremes of age or
severity of symptoms were usually included in the tetracycline-
treatment group. In the analysis of records, the various para-
meters (listed in tables T and II) were examined to test the
comparability of the two groups. The only points of compari-
son showing statistically significant discrepancy were vitamin
therapy and initial intravenous fluid requirement. By all
criteria ¢xamined, the group treated with tetracycline
conrained the more scriously affected patients.

Cantrol
BB Tektrucycline treated

NO OF CASES

Dec.  Jan. Feb. Mar. Apr,
1962 1963

Results
The effect of tetracycline was manifest in the course after
the 1st day of treatment. Both total volume of stool and
requirement for intravenous fluids after the first 24 hours

~d
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TABLE I—CLINICAL COMPARABILITY OF TETRACYCLINE-TREATED AND
. CONTROL GROUPS

— No. in No. in
' treated group | control group

Totzl hymbers .. .. . .. 38 39

Males .. s .- . .. 26 28

Females . . .. . e . 12 11
V. chelere Inaba .. .- .. . kv 35
V. cholere Ogawa .. .. .. [} 3
Other disease present .. . .- i 5%
Intestinal parasites present - ‘e 24 28
History of previous cholera ¥ .. . 3 3
Cholera immunisation t:

Within 2 yr. .. . .. .. 14 14

QOver 2 yr. ago .. .. .. . 2 3

None .. .. .. .. .19 17

Unknown . o - .. 3 5
Treatment before admission:

MNone .. .. .. o 17 18

Sulphaguanidine and iv. fluids .. 19 21

Other .. .. e - .. 2 4]
Radial pulse weak or absent . i 17 17
Stuporeus Of unconscious .. .. 18 20
Tempcerature greater than 99°F  during

hospital stay, .. o o o 8 10
Vitamin therapy after admission:

Vitamin C A . .. 383 11

Vitamin B . N .. .. 25 11

None .. - e .. .. 0 17

. ® Other diseases: 1 case each of asthma, pneumenia, chronic bronchitis, and

revious gastrectomy in the treated group; and nen-toxic goitre, herpes
bialis, emphysema, bronchitis, and pregnancy in the control group.
+ Undocumented statement by patient or relative. ‘
t The preparation of tetracycline for iv. use contained a therapeutically
gignificant quantity of ascorbic acid.

were strikingly less in the tetracycline-treated group
(fig. 2). Tests of significance indicate r values of 3-9 and 18
respectively, and P < 0-001 for each comparison. Fig. 3
shows that duration of diarrheea (defined to include any
24-hour period in which more than 1%, of the body-weight
in .liquid .stool was passed) was significantly shortened
in the tetracycline-treated group as compared to ihe -
control group (¢t=3-65; P <0-001).

The mean duration of bacteriological positivity of the
stool was greatly reduced in the treated group (1=66;
p <0-001), with no case having a positive culture for
more than 3 days (fig. 4). '

Since vitamin therapy was not the saine in the two groups
the seventeen in the control group who did nor receive
vitamins B or C were compared with the twenty-twe who
had received these vitamins. The same variables used to

" evaluate tetracycline were examined. No influence of
Mommm e e e

vitamin therapy was demonstrable. . -




TABLE [I—CLINICAL COMPARABILITY OF TETRACYCLINE-TREATED AND CONTROL GROUTPS

Treated group

Untreated group

Significance of

_ - o o difference
95 % confidence . 93 Y%, confidence
Mean limits Menn limits r P
Age (vr) 17 13-21 18 14-21 o1 =01
Body-weight (kg ) I 27 21-33 33 29-36 i6 >01
Hours of diarrhera before admission 18 13-23 21 15-26 07 >0-1
Plasma-protein on admission {g. per 100 ‘mi. } 10-1 9.5-10'6 97 9-1-10-4 08 =01
Plasma-protein_convalescent (g. per 100 ml. ) 7-0 66— 73 69 &35- 73 0-18 =01
C0O; on admission (mEq. per lltrc) 12-4 13-9-13-9 123 10:7-13-8 0-14 >Q1
Hzematecrit on admission . . . 47 45-50 44 41-47 15 >01
Hamatocrit convalescent 35 34-37 34 32-36 0-65 =01
White cells on admission {c.mm. = <10~ ’) 23 20-26 20 17-23 1-2 >{1
Stool-velume in first 24 hr. after admissicn (ml. pcr kg ] 100 68-133 72 32-104 1-2 >01
Intravenous Aluids required in first 6 hours after admission (ml pcr kg ) 852 14-96 626 48-77 21 <005
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Fig. 2—Mean stool-volumes and intravenous fluid requirements after first 24
hours of therapy (85% confidence limits of tean indicated).

Because of the difference in initial intravenous fluid
requirements of the two groups, the relationship of this
variable to the subsequent course was examined in those
cases not treated with antibiotic. The coefficient of

Mean
Control 1-8 days
Tetracycline treated 08 -
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Fig. 3==Duration of diarrhcea after start of treatment. .
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Fig. 4—Duration of positive culture after start of treatment.

correlation was positive and highily significant (r < 0-001)
for the comparison of intravenous fluid requirement dur-
ing the first 6 hours with each of the following variables:
stool-volume after the first 24 hours, intravenous fluid
requirement after the first 24 hours, and duration of
diarrheea after hospital admission. The coefficicnt of
corrclation for the comparison of initial intravenous fluid
requirements with the duration of positive cultures was
lower, but still significant (P <0-05). These correlations
indicate that patients who appear to be severely ill on ad-
misston to the hospital are most likely to have a long and
SeVerc Course.
Discussion

The present study was not planned in advance as a
controlled trial, and no placebo medication was available.
Although the cases treated with retracycline and the
controls were not strictly alternated, the only evident
resulting bias lies in the direction of including cases of
higher risk and greater severity in the tetracycline-
treated group., As these severe cases arc the ones mner
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prone to prolonged illness, the bias in case selection tends
to obscure the therapeutic effect of the antibiotic. The
ability of antibiotic to eliminate the organism from the stool
has been recognised in the past (Pollitzer 1959) and is
cvident in the results of the present study. A favourable
effect on the course of disease, however, has not previously
been reported. A preliminary account (Carpenter et al.
1963} indicates that confirmatory data will be forthcoming.

It is generally agreed that replacement of fluid and
electrolytes is essential in the treatment of cholera patients.
Such replacement is the only necessary therapy for patients
in whom the natural course of the disease is short. FFor
patients who suffer lengthy purging, however, manage-
ment can be difficult and costly, and death is common
unless sophisricated medical attention is available, along
with laboratory support and adequate sterile supplies.
Unless difficult cases can be recognised in advance, a
potent antibacterial ‘agent should be given to every patient
from the beginning. This will not only reduce the number
with lengthy diarrheea, with resultant savings in sterile
fluids and hospital bed space, but will also obviate rec-
turning paticnts who are still bacteriologically posirive to
the community.

Summary

Tetracycline as an adjunct in the treatment of cholera
was evaluated by comparing the clinical course of patients
who had received replacement of fluids and electrolytes
alone with those who had been given tetracycline as
well, The antibiotic eliminated bacteria from the stool,
shortened the duration of diarrheea, and decreased the
requirements for intravenous fluids.

This work was supported in part by Research Agreement no.

196802 between the National Institutes of Health, Berthesda, Mary-
land, U.S.A., and the Pakistan-SeEaTo Cholera Research Laboratory.
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Introduction

It is a paradox that cholera, a discase
which can be treated with out-standing
success by simple medical technigues, con-
tinues to take an annual toll of life in East
Pakistan und neighbouring areas. The
exact magnitude of the problem and its
annual cost cannot be determined, as
many cases occur in isolated rural districts
and are not reported. Deaths occur
not only among the elderly and weak. but
among productive labarers. amonz mothers
with  dependent  children,  and
students who have
their education. These are persons
whose services should not be lost to a
developing nation.
cholera  may have effect
upon travel, business, and tourism resul-
ting in indirect economic losses which
cannot be evaluated with certainty. Unul
adequate

among

an adverse

measures are developed and
put into effect, the primary burden of pre-
venting suffering, grief, and economic
losses due to cholera will continue to fall
upon the hospitals
whom the affected

care.

and physicians 1o
individuals turn for

10

not yet made use of

In addition. fear of

Rezia Akbar, A. K. M,

Md. Rafiqul

John Lindenbaum. A. §. M. M. Rahman, Md.

Why are not all cholera cases in
East Pakistan receiving adequate  treai-
ment today ? It s aot because existing
knowledge is inadequate, as will be shown -
in this article. Rather, the chief problem
is thut the necessary materials for the cure
of cholera, and personnel skilled in their
use, are not provided at the time and place
they are needed. Cholera outbreaks occur
suddenly,  without warning, and the
number of people affected is often so great
that the available medical facilities are
overwhelmed. Before extry help can  be
brought. the epidemic has danc its da-
mage and subsided.
demic cholera

Treatment of ecpi-
must be made as simple
and cheap as possible, so that no time or
money will be wasted on unessential medi-
cines, and so that paramcdical or even uns-
killed personnel can effectively assist
doctors in  ensuring survival of the
victims,

Pathogenesis  of Cholera

The treatment  of  chalera s based
upen an understanding of the pathologic
physiclogy of the disease, with the thera-
pist counteracting, by specific procedures,
the abnormalities that develop. The
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main features of the pathophysiology of
cholera were known in England overa cen-
tury ago, long before the causative micro-
organism had been discovered. Basing
his findings on the work of  earlier scien-
tists, Dr. John Snow in 1854 could ascribe
the co]lapscd state of the cholera sufferer
to the loss of water, salt, and alkali from
the blood into the stools. He argued
against the idea of a general toxemia in
cholera, because all the morbid signs and
symptoms of the disease could be relieved
by the intravenous injection of saline
solutions containing sodium bicarbonate.
Thus cholera was long ago recognized
as a primary aﬁliblion of the digestive
tract, with all other signs and symptoms
being conscquences of the diarrhea and
losses of body fluids,. .

. These pioneer studies - have. been
followed . by many further investigations,
culminating in the precise balance studies
carried out in recent years by Phillips and
associates, (Watten, et al.. . 1959, ‘Watten,
et al. -1962, Phillips, 1962). .These inves-
tigations have revealed that in cholera,
large volumes of .liquid stool are formed
that contain, on. the average, about 140
mEq. (3.2g). of sadium, 15 mEg. (O.6g)
of potassiuri, 100 mEg. (3.6g) of chloride,
and 45.mEq. - (2.7g) of bicarbonate: per

liter. The evacuations contain. only
insignificant quantities of proteins, Ssu-
gars, or other ,body .constituents. The

copious stool is formed whether or not
{he :phiient:takes.food or fluids by mouth.
Ag -a-resuft, ‘thére s a net loss. of water
and électrolytes from the body; particularly
from the <circulating blood. -The blood
v&llimesis - diminished, while its ~viscosity

TREATMENT OF CHOLERA

is greatiy increased by the elevated concen-
trations of plasma proteins and erythrocy-
tes left behind. The only electrolyte
whose concentration in the plasma is

“greatly altered is bicarbonate, as salt and

water are lost in the stool in
proportions.
much more bicarbonate per liter

i§otonic
Because the stools contain
.than

"does plasma, a relative deficiency of this

ion results, and the patient becomes
acidotic. . The decreased blood - volume
and elevated blood viscosity result in im-
paired circulation, and in shock which
may progress to death in severe cases.

Failure of circulation is the cause of cya-

nosis, coldness of extremities,. suppression
of .urine, and many of the classical
signs and symptoms of cholera. Acido-
sis causes vomiting and labored respira-
tion, and may alone be _the cause of
death if allowed 1o .persist while  dehy-
dration is corrected. ‘

The causative organism of cholera,
Vibrio. cholerae, was discovered. by
Robert Koch in 1883. This bacterium has
been studied intensively since that time,
and diagnostic mzthods have been deve-
Joped which make its specific. indentifi-
cation easy ( Monsur, 1963 ; Benenson,
et al, 1964). - There can be little doubt that
the.presence. of this organism in. the intes-
tine: of cholera. victim is. the .: cause
of the diarrhea and all its consequences,

but understanding, of the underlying
biochemical . mechanisms  still. eludes
investigators. . Unlike many. other enteric

pathogens, the. cholera. vibrio does: not
invade or-destory tissue, and is not usually
found outside the lumen of the: digestive

tract. Presumably, the bacterium, pro-

w1l
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duces a toxin which affects the intestinal
epithelium resulting in the outpouring of
fluid, but this hypothetical toxin has not
been identified.

Principles of Cholera Therapy

On the basis -of these concepts. a
therapeutic program for acute cases has
been formulated  and found to be
cfiective in practice. The first need is to
correct losses of water and electrolytes
which have been incured before the start
of treatmenr.
stool which the patient has passed is un-
known, so that the required volume for
replacement has to be determined by cli-
nical examination of the patient ( sce
below) or laboratory study of his blood,
as recommended by Phillips (1926). we
must emphasize that the quantity of finid
to be given to cach casc of cholera must be
individually determined and that there is
no fixed dose. Once the dehydration pre-
sent on admission has been overcome the
paticnt will require further intravenous
fluid in a quantity that will depend on the
quantity and duration of his diarrhea.
While he is in the hospital, his stoo) out-
put can be measured. and intravenous
fluid given to equal the output.

In general. the volume of

Acidosis should be corrected at the
same time us dehydration.  Acidosi; and
dehydration develop together  and
usually of parallel severity, as bolh are
consequences of the loss of an alkaline
stool  of the average composition noted
above. We recommend  the use of a
single solutton for the treatment of cho-
lera which provides sodium chloride and
sodium bicarbonate or sodium lactate in a

dre
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ratic approximating that in which they are
lost in the stool. If enough of this
fluid is given to rehydrate the patient and
maintuin him in a satisfactory balance,
the acidosts  will be simultaneously
relieved.

Although potassium. calcium, mag-
nestum, and other substances are lost in
the stool in cholera, the replacement of
these components by vein has not been
shown to be essential. Body pools of
these substances are not dangerously deple-
ted in a case of chotera which is properly
managed, with the exception of potassium,
which usually can be given satisfactorily
by the oral route.

it ts important that
replacement solutions be clean, free of py-
rogens, and given through scrupulously
clean fusion scts.  Unless these precau-
tions are followed, rigors and febrile reac-
tons enasue. Such pyrogenic  reac-
tions cause intense discomfort to the
patient, and give rise to apprchension on
the part of relatives and staff. However.
the occurence of such a reaction should
not be allowed to interrupt necessary
intravenous  therapy. The offending
bottle and infusion set should be removed
new bottle of non-

substituted.
and

intravenous

will

at once. and a
pyrogenic solution
Intravenous  rehydration,

ration of clectrolyte balances in the cho-

resto-

lera patient will prevent death, and must
be continued for as many days as the
disgase persists.  In severc cases given this
treatment alone, the purging may continue
as long as 7 or § days, and the require-
ments for professional care and steriie
infravenous fluids may  be very great,
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Therefore, it is advisable to attack the
cause of the diarrhea, the cholera vibrio,
with an " antibacterial agent capuble of
putting a rapid end to the infection. Prac-
tical trials of different agents and doses
have been too few in the past, and we are
not yet in a position to state which is the
drug of choice in cholera. However,
tetracycline has been shown to be effec-
tive in -two independent studies (Gree-
nough et al. - 1964, Carpenter et al. 1964).
Other agenis which are known to be
capable of killing V. cholerae in the test
tube are likely to prove useful, but have
not yet received adequate clinical trial.

A wide variety of medicines, other
than replacement fluids and antibacterial
drhgs, have. been advocated and
being used, in treating cholera. None of
these have been scientifically proven to
be. of value, and some may be harmful.
All are indirectly harmful by diverting
medical attention and financial resources
from the procedures that should be emp-
loyed. Some of the most commonly used
medications are :

arc

(1) Epinephrine, coramine, and other
cardiac stimulants. These are given by
injection in the vain hope that they will
restore circulation, but are more likely
to do harm by increasing vasoconstric-
tion and further limiting blood supply to
such vital organs as the kidneys. Ade-
quate circulation is impossible until the
blood,. volume is restored to normal by

infusions. When sufficient fluid replacement -

is given, the pulse and blood pressure
rapidly return to normal, and there is no
need for.a stimulant or vasopressot agent.

TREATMENT OF CHOLERA

(2) Atropine
nergic drugs.
lessen

and other anticholi-
The notion that these will
intestinal motility and decrease
the diarrhea has no scientific basis. The
loss of fiuid from the blood inte the intes-
tine would be just as dangerous to the
patient even if expulsion of the fluid per
rectum could be stopped.

(3) Oxygen. The rapid breathing of
the cHolera patient is due to acidosis,
not anoxia. Jt should be treated with
intravenous bicarbonate or lactate rather
than: oxygen. Cyanosis in cholera is the
result of impaired circulation, rather
than damage to the lungs. Cyanosis
cannot be relieved by oxygen alone, but
responds immediately to adequate fluid
therapy. Oxygen is costly and is not in-
dicated in the therapy of cholera,

(49) Desoxycorticosterone and  other
stéroid hormones. The use of these
agents, for their salt retaining properties,
is unnecessary. Cholera patients retain
salt well when treated with adequate in-
travenous fluid replacement. The addi-
tion of steroids is of no demonstrated
benefit to the patient, and in view of their
many toxic effects, potentially harmful.

(5) Sulfaguanidine. This  drug is
used in an attempt to combat the infec-
tion, but is probably inadequate. . Exa-
mination-of a few sirains of Vibrio cho-
lera recently isolated from patients in
Dacca revealed that these were telatively
resistant to sulfa drugs. Present evidence
is not sufﬁcienp to settle the question, but
until further research can be done on
the sulfonamides, the
antibiotics should. be ‘the antibacterial’
agents of choice.» - ' Coa

13.

‘more’ ‘powerful -
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(6) Bismuth. kaolin. and other relu-
ted mixtures. These  agents sup-
posed to lessen the diarrhea by iocal me-
chanical  or absorplive effects. There
is no evidence that they have any effect
in the overwhelming diarrhea of cholera.
Treatment of cholera at the Pakistan-
Seato cholera research laboratory :

The standard
treatment of acute

are

procedure  for  the
cholera now in use
at the hospital ward of the Cholers Re-
search Laboratory is as follows :

(1} The newly uarrived patient is seen
by a physician who makes the diagnosis
on the basis of history, physical examina-
tion, and the appearance of the stool when
it ts passed. Paticnts with other ilinesses
{such as gastrointestinal  hemorrahge )
may complain  of vomiting. diarrhea,
and collapse: such cases are transferred
to an appropriate medical facility. If the
docter is satisfied that the illness is consis-
tent with cholera. and that the patient will
require intravenous fluid. he is admitied.

(2} The cholera vietim is placed on a
specially constructed cholera cot for the
duration of his acute illness, This cot is
made of canvas or jute. and has a hole
under the  buttocks. A rubber sheet
on the cot with an attached sleeve that
fits through the hole channels all liquid
stool into a calibrated bucket where it can
be measured.  Accurate records of Auid
intake and output are maintained a1 the
bedside. and the medical and nursing staff
make frequent checks of the balance beat-
ween intake and output.

(3) Intravenous replacement selution
ts given by wvein, rapidly at first in col-
lapsed cases, and then more stowly to

14
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complete hydration and maintain it
The inittal rate of fluid administration
should be at least 50 ml. per minute in
an adult in shock, continued until radial
pulse is restored. The rate may then be
reduced to perhaps 25 mb. per minute until
the patient is adequately rehydrated as jud-
ged by a full. slow pulse with normal
blood pessure. restoration of skin turgor.
loss of the drawn and sunken-cyed facial
appearance. return of full consciousness,
and loss of restlessness.  Initial rehydra-
tion in a typical collapsed adult casc will
usually require about 3 liters of fuid. |If
too much fluid is given, the patient will
develop obvious edema. first of the face
and subsequently in dependent regions.

Unless there s pre-existing heart
diseuse, a modest degree of overhydration
onlv causes peripheral edema and docs
no serious harm. The hecart and lungs
should be exammed by auscultation at
frequent especially  if  heart
When the patient
normal state ol

intervals,
disease is suspected.
has been restored lo a
hydration, the rate of infusion s reduced
so that the amount given is determined by,
and equul to the output of stool and/or
vomitus. Many cases begin active pur-
ging again about 3 hours after initial re-
hydration. and fluid requirements during
the first 12 to 24 hours in hospital may
reach 20 titers in an adult.

dehydrated collap-
sed patients. particularly in infants and

In severcly and
young children, the performance of a veni-
puncture in the arm may be difficult or
impossibte.  In  such cut-downs
could be done, but this procedure takes time

that may be at a premium.

cases,

We prefer
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to place a needle temporarily in the femoral
vein in adults or the external jugular in
children. After enough fluid has been
given to restore circulation to normal,
insertion of a needle into an arm vein for
mainienance th:érapy is usually not diffi-
cult. a

Other routés for fluid administration
cannot be recof_nmended with confidence.
Hypodermoclys’is is  not satisfactory ;
the rate at which the fluid is absorbed is
o0 low to méinlain balance. Infusions
into bone marrow or into the peritoneal
space may be of value in certain cases
where venipuncture cannot be effected,
but these procedures  require [further
evaluation. ,

The  simplest effective replacement
solution is one containing 100 mEq.
(5.9 grams ) of sodium chloride, and 350
mEq. (4.2g) of sodium bicarbonate or
lactate (5.6g) per liter. Prepared solu-
tions. of this or similar composition are
available commercially in some places;
elsewhere the solution must be prepared
by the user, either from the basic ingredi-
ents .ot from commercially available nor-
fal saline and isotonic sodium lactate.
1f the latter preparations -are used,
they need not be mixed before adminis-
tration. Adequate mixing will occur in
the patient’s circulation if one wunit of
isotonic lactate is given for every two
units of saline. A slightly more complex
solution, which has been used cxtensively
at the Pakistan -SEATO Cholera Reserach
laboratory,* is- one prepared from 5
grams sodium chloride, 4 grams sodium
bhicarbonate, and 1 gram potassium
chloride, dissolved in a liter of pyrogen-
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free distilled water. This solution offers
133 mEq. sodium, 13 mEq. potassium, 99
mEq. chloride, and 48 mEq. bicarbonate
per liter.

(4) Antibiotic therapy is instituted as
soon as is practical. Until further clinical
trials have defined the optimal agent and
dosage, we recommend the use of tetracy-
cline. An oral schedule of 250 mg every
6 hours may be begun immediately on
admission unless vomiting prohibits it,
in which case the initiation of therapy
may be delayed for 1 to 3 hours. Another
schedule which may be even more effective
includes “loading” doses of 500 mgm
by mouth at admission and 6 hours
later, followed by 250 mgm 6 hourly. Pre-
sent evidence indicates that supplementa-
tion of oral therapy with intravenous
tetracycline does not further hasten the
patient’s recovery or the eradication of
vibrios from the stool. :

(5) As soon as vomiting subsides,
the patient is allowed to take water by
mouth. 1f intravenous solutions con-
taining no potassium are used, oral potas-
sium supplements should be started at
once. One should administer about 15
mEq. of potassium (1 gram of potassium
chloride, or 250 ml. of coconut juice)
for every liter of stool passed. Two to
three grams of potassium chloride -may
be dissolved in each liter of drinking water
without making it unduly bitter: Natural
fruit juices, especially the juice of the
green coconut, are rich in potassium and
more palatable,

(6) Within the first 24 hours of admis-
sion, the majority of patients regain their
appetites and may be given bland foods.

13
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Food is not withheld from any patient.
gspecially a child, when he complains
of hunger. Bananas. bread.
Juices are easily tolerated. and provide
extra potassium. calcium. and other
nutrients. Early administration of such
a bland diet does not appear to aggravate
or prolong diarrhea,

(7Y As soon as diarrhea  ceascs.
the patient is translerred to an ordinary
Dietary intake is

milk, and

bed for convalescence.
increased as rapidly as the patient desires.
In our experience. relapses have been very
rare when antibiotic therapy was discon-
tinued as ecarly as the third dav, but fur-
ther experience will be required before this
practice can be generally recommended.
We prefer to kcep the patient under ob-
servation and on antibiotics for a mini-
mum of four days when circumstances
permit.

Complications of Cholera

With  the exception of pre-existing
condttions or diseases, virtually no com-
plicittions  wilt when the typical
acute case of cholera is treated from the
outset by the procedure outlined above.
annoying symptoms may
occur during convalescence. but these
are not serious and require no special
treatment. They include weakness, bur-
ning discomfort in the abdomen und tran-
Haowever.

oceur

A variety of

sient hearing loss in a few cases,
if no treatment is available until late in the
course of tllness, or il inadequate treat-
ment is given and the patient is referred
to hospital tater, a number of sericus com-
plications may ensue.  Of these, the most
serious is acute renal failure.
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Acute renal failure may develop after
shock from any cause, and chofera i1s no
exception. Renal failure may be preven-
ted by adequale rehydration gtven at the
outset of collapse. but cannot be so
casily reversed once itis established.  The
is the same as that for acute
and

ireaiment
renal shut-down in
consists of the following :

other illnesses

(1) Limitation of fluid and elce-
trolyte intuke to equal fosses from the
body by stool, urine (if any} and vomitus,
plus an allowance for insensible water
loss.  The insensible loss may range from
less than one liter for a small adult in
to several liters in hot
climates where sweating occurs.  Daily
weights are of great value in the control
of overall body-fluid balance.

(2) Administration of a diet low in

cool weather

nitrogen and potassium, but high in
carbohydrate and fat to diminish body
catabolism. Butter, sugar. and rice arc

good foods for this purpose, whereas meat.
fish. fruits and should bc
avoided.  If anorexin, navsea. or vomiting
prevents oral intake of carbohydrate. ut
Jeast 100 grams of glucose per day should
be given in a very slow intravenous drip.

(3)  Use ofartifical substitutes for renal
function in severe cases. Peritoneal dialy-
sis has been succesfully employed at the
Cholera Research Laboratory. and is a
simple enough procedure 1o be used In

vegetables

any hospital,
Acidosis may  persist after dehydra-
tion is corrected in cases of cholera treu-
Such pa-
mentally

ted with normal salinc alone.

tients feel ill, often appear
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obtunded, may be unable to eat, and have
a tendency to develop edema. Excessively
‘deep and rapid respiration is a universal
sign, as the body tries to rid itself of ex-
cess acid in the form of carbon dioxide.
In the worst cases, pulmonary comp-
lications may develop. The basis of this
respiratory syndrome is not clear, but its
manifestations are increasing dyspnea, de-
velopment of moist rales in the lung
bases, and, with further progression, the
occurrence of fatal pulmonary edema.
In our own limited experience, these cases
fail to respond to the administration of
digitalis or oxygen, but are benefited by
the administration of sodium bicarbonate
in massive doses. As much as 20 mEq.
of bicarbonate per kg. body weight has
been required to return plasmaCO, con-
tent to the normal range. Whether this
large amount could be administered by
mouth is doubtful; our experience has
been with the intravenous administration
of an isotonic solution of sodium bicarbo-
nate (12 grams per liter ). In patients
so treated, the excess of fluid and sodium
might have been expected to increase
pulmonary congestion; none the less, its
administration was followed by rapid
improvement and relief of symptoms.

Hypokalemia may occur in cholera if
potassium replacement is not given either
by vein or by mouth. It is less common
in cases treated with antibiotics, as diarr-
hea does not long continue in this group.
Muscular weakness is the main symptom;
hypokalemia may also induce ileus, ab-
dominal distension, and drowsiness.  The
principal-danger lies in the chance of the
development of fatal cardiac arrhythmias;

.
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fortunately, this outcome is rare. Hy-
pokalemia need not occur at all if the
therapy outlined here is utilized. If it does
oceur, it should be treated immediately by
the oral administration of potassium-
containing fluids ( see above ), or- by the
incorporation of potassium salts into
infusions.

Tetany occurs rarely in cases of cho-

lera when acidosis is corrected very rapidly
or if an excess of atkali is given. This comp-
lication is easily recognized clinically and
may be treated by injections of calcium
gluconate by vein.
-+ Hypoglycemia severe enough to cause
symptoms may occur in cholera patients
if food is withheld. In our experience, the
majority of such cases are children. This
complication must be considered if a pa-
tient, particularly a child, who “has not
yet been able to take food seems unusually
drowsy or exhibits irrational behaviour.
Such a patient should receive intravenous
glucose; if he'improves rapidly, he may be
presumed to have been hypoglycemic.
Further attacks may he prevented by
giving food by mouth, or adding glucose
to the infusion fluid.,

Pre-existing diseases-or conditions may
complicate the course and treatment, Of
these, the most common and troublesome
in our experience is pregnancy. Cholera
in late pregnancy frequently precipita-
tes a premature delivery, and fetal loss is
common. .During the past.year, six cases
of cholera occurring in late pregnancy have
been admitted to the Cholera Research
Laboratory. All the mothers responded
satisfactorily to treatment, but oniy two
continued their pregnancy. The remainder

17.
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went into labor and delivered stilthorn
fetuses between one and four days after
onset of cholera. Until more can be lear-
ned of the causes of fetal loss in cholera.
we cannot rccommend any particelar
proccdure for dealing with these cases.
However. a pregnant female suspected
of having cholera should be hospitalized
and given vigorous therapy as early as
possible.

A patient with edema who subsequen-
tly develops cholera may present an  un-
usual problem. During the epidemic of
January, 1964. two such cases entered
the CRL ward. In one a 40-vear-old
housewife. the edema due (o
of ten ycars’ duration, pre-
and untreated. In
man, it was

was
myxcdema
viously unrecognized
the other. a 50-year-old
attributed heart failure,
presumably cor pulmonale on  the basis
of chronic bronchitis and emphysema. In
cach of these cases, the clinical estimation
of fluid requirements was difficuli.  and
subsequent laboratory tesis showed  that
too little had been given. In each cusel
however, satisfactory  recovery ogcurred.

to congestive

Results of therapy of Cholera

Results of some of our
pericnces with the treatment of cholera
have been published elsewhere (Greenough
ct al, 1964): these data contributed to the
formulation of the present regimen. A
short-lived but severe cholers  outbreak
occurring in Dacca and Narayanganj in
1964, afforded an opportunity
conditions of

carlicr ex-

January.
to test current ideas under

sTress.
During the two-week period from 18
January through 31 January, 1964,

18
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175 chaolera suspects were admiited to the
ward. Rectal swab cultures yiclded V
cholerae in {510of these. On the peak day
of the outbreak, 32 new patients were
admitted, of whom 30 were bacteriolo-
gicallv proven to be cholera. Although
the normal bed capacity of the ward 1s
only 20. its census rose as  high as 54,
Convalescent patients had to remain on
the floor until tents could be set up to
them. Any paticnt who
require
none .

accommodate
in the doctor's opinion would

intravenous fluid wads admitted ;
were turped away f{or lack of space.
During the outbreak, 39% of the patients
trcated were males. and 61% females.
Small children weighing under 10 kg.
formed 18% of the admissions, while 5%
of the patients gave their age as 50 ycars
or more. Although the patient popula-
tion included many at the extremes of
age, in whom the prognosis of cholera
has been considered lo  be serious. no
hospital deaths occurred. The Epide-
miology Section of the Cholera Research
Laboratory has initinted a  follow-up
study, und 93 of these patients have
been visited after discharge from the hos-
tal. It was learned that one five-year old
boy died at home after discharge, but
circumstances are not known in detail.
This patient. whose cultures yielded V,
cholerae, had no diarrhea while in  the
hospital. He was not anuric. and was dis-
charged improved. The death was clearly
not due to acute cholera but may have
undiagnosed compli-
cation. Aside from this individual. all
patients remuined  well after  discharge.
with no elapses or other complications.

represented  some
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The average requirements for bed space,
antibiotics, and intravenous fluid in this
experience may be of value'in planning
for future epidemics. The average case was
discharged in 24 days. The standard dose
of tetracycline was 250 mgm every six
hours, with initial intravenous doses given
to some patients.
tinued when the patient left the hospital.
For the average adult case, thérsfore, the
total amount of antibiotic :used varied
from 2.5 to 3.0 grams, depending on - whe-

ther an intravenous dose or an initial oral

Summary :

All drugs were discon-

" L TREATMENT OF CHOLERA'

loading dose was préscribed. The a\'era'ge
body weight for the whole group was
24.8 kg., the averdge intravencus fluid
requirement,- 5.2 liters.

Although many laboratory determina-
tions were performed on these patients,
the results were utilized for research pur-

“poses only. None of - the findings were

available to the-attending physicians early
enough to influence their decisions con-
cerning patient ‘care. Satisfactory therapy
can thus be given without any laboratory

assistance. ' o

- The treatment of cholera is simple, and is based on lwo premises :

1. . Water and electrolytes lost in the stool must be replaced by intravenous
infusions containing sodium choride and sodium bicarbonate’ {or sodium lactate).

. 2. The duration of the infection must be shortened with antibiotic therapy. -
Tetracycline is .of proven value. If these measures arc carried out as recommen-
ded, the mortality for cholera cun be reduced to the vanishing point, even under
trying epidemic conditions. The principal remaining problem in cholera therapy is
a logistic one : that of making the necessary materials and skilled personnel
avu_ilal'b'l'e at the time and place of an outbreak of the disease.

ISV
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CURRENT THiRA PY

The copious "rice-water" diarrhea which characterizes cholera may result

in the loss of as much as 1 leter of body fluid per hour., This causes a typical

clinical syndrome marked by dehydration, acidosis, and shock., Vascular collapse

can result within 2 hours of the abrupt onset of disease, Death may occcur

within 4 hours, but more often after 24 hours of illness., Vibrio Cholerae can

often be isolated in nearly pure culture from the stoolsvof early cases, Some-
times, cases clinically indistinguishable from cholera occur from which no
pathegen can be isolated, On the othér hand, ¥, cholerae infection may alsn

be associated with mild, self-limited diarrhea, or an asymptomatic carrier
state. Thus, although isclation of the causative organism may be useful for
investigation of the disease, or control of an outbreak, it is not useful as

a guide to treatment of the individual case.

The signs and symptoms of cholers are readily explained by profound losses
of water and electrolytes. Recent careful studies of the composition of cholera
stool are those of Watten, et o1, (J. Clin. Invest., 1959), Cholera stmol is
isotonic and contains on the average 137 mEg/l Na, 16 mEq/l X, 107 mEq/1 C1

and 45 mEqg/1 HCO3. Other ionic components are present in approximately the
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same concentration 2s in plasma. Insignificant amounts of plasma proteins

and glucose are found.

The treatment of cholera is fundamentally simple. The basic objectives

are to replace losses of water and electrolytes by infusions, and to destroy

the causative organism, If fluid and electrolyte losses are promptly and

adequately replaced there should be no deaths or serious complications.

Satisfactory replacement can be effected with isotonic solutions containing

approximately 100 mEqfl sodium chloride and 50 mEq/l of either sodium bia

carbonate or sodium lactate. Although losses of potassium are large, intrae

venous replacement has not yet been shown to be essential to survival,

Moreover, potassium replacement may be easily accomplished by the oral route.

Bedside observations suffice to determine the quantity of replacement

fluid to be given. The most reliable and convenient indices are the quality

of the radial pulse, blood pressure (particularly pulse pressure), facial

appearance, auscultation of lungs, urine output, and if possible, body weight.

it is important to recogilse that in uncomplicated cases there is considerable

latitude on either side of the state of "ideal hydration" consistent with a

favorable result, 177 consecutive cases of cholera were suecessfully treated
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in Dacca at the Pakistan-SEATO Cholera Research Laboratory and 62 cases in
Calcutta by Carpenter and associates without using laboratory data to judge
intravenous fluid needs. Thus, although laboratory measurements such as
plasma protein, plasma specific gravity aml electrolyte concentrations, etc.,
are useful for s tuyding the disease, they are not essential to guide . the
‘therapy of an uncomplicated case of cholera. This is particularly important
sinee cholera so often oecurs in situations and on such a scale that it is
‘not feasible to have adequate laboratory support.

Studies both at% the Pakistan-3EATO sholera Research laboratory (Lancet
1:355, 15 February, 1964) and by Carpenter and associates {Bulletin of
Calcutta School of Tropical Medicine 12, 30,January 1964) have shown that
early administration of tet?acycline to cholera cases will not only kill
V. cholerae but also significantly shorten the duration of diarrhea. Some
cases treated by fluid replacement alone may continue to pass large volumes
of liguid stool for 7 or & days, and require as much as 70 liters of intra-
venous fluid replacement. An agent capable of shortening the duration of
disease greatiy simplifies management,

Although cholera is an infectious disease it is not highly contagious.
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Medical personnel attending cholera patients are protected by observing

simple rules of hygiene such as washing hands after being in contact with

infected material, FElaborate isolation techniques interfere with patient

management and are not necessary. Vaccination of ward personnel is recom-—

mended although its efficacy remains unproven despite meny years of use.

Treatment Method:

l.  Place the patient on a cot which has a hole located under the patient's
buttocks. This can be made of canvas or burlap on a wooden frame; a rubber
sheet with a sleeve through the hole channels the stool into a bueket. This
permits collection of total output and avoids contamination of the area.

The bucket should te capable of containing 7 liters. A dip stick or the
bucket itself should be calibrated to measure the volume contained.

2. A single isotonic solution containing 50 mig/l of sodium bicarbonate

or sodium lactate and 100 mEq/1 of scdium chloride will be effective replace-
ment for all uncomplicated cases. If such a solution is not available
isotonic saline can be alternated with isotonic sodium lactate or bicarbonate
in a ratio of 2:1. Physiologic concentrations of other solutes may be

beneficial in infusion solutions but have not been shown to be necessary for

survival.
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3. [Establish an intravenous route through which fluid can be given as fast

as 1 liter in 15 minutes. Inadults, if a peripheral vein cannot be located
either the external jugular or femoral vein may be used. In infants and
children a 21 gauge thin-walled scalp vein needle is helpful for placement

in an external jugular vein. If all else fails the subclavian vein ean be used.
L. Infuse fluid as rapidly as possible until a good full radial pulse has
returned and pulse pressure is at least 20-30 um Hg. Subsequently, fluid is
given at the same rate as the stool putput. Further regulation of intraven-

ous fluid should be based on observation of the patient's radial pulse, blood
pressure, lung bases, facial appearance, urine output and, if possible, body
weight, &8 well as the stool volume.

5. Oral fluids should be given to cover insensible water losses and provide
supplements of potassium, carbohydrate, etc., Green coconut water, frequently
avallable in cholera prone areas, contains on the average 70 mEq/l of

potassium, and 2.5 gms % reducing substances, Water, other fruit juices,
banamas, milk and other soft foods or liquids may be given as soon a2s the

patient desires, which is often shortly after rehydration.’



b Tetracycline, 100 mgm I.V., should be given immediately and repeated 6

to 12 hours later. As soon as the patient can swallow, a dose of 500 mgnm

every 6 hours should be administered for at least 48 hours. It is very likely

on the basis of more recent studies that the intravenous component is un-

necessary and may be omitted without less of effect. Other vibricecidal anti-

biotics have not yet been properly tested; they may also work.

7. Vasopressor agents, cardiac stimulants, anti-cholinergie drugs and

steroids are not indicated and may be harmful.

Complications:

1. Acidosis, although a feature of all cases, may be extreme, particularly

in instances of prolonged vascular collapse or when previous treatment with

saline alone has been given. Profound hyperventilation occurs and rales

suggestive of pulmonary edema may develop. In such cases infusion of isotornic

sodium bicarbonate solution is effective in treating the acidosis. When the

acidosis is corrected, hyperventilation and pulmonary rales diminish despite

the added fluid volume and sodium.

2, Oliguria lasting 11-36 hours is a feature of some cases of cholera, If

shock has been prolonged and therapy inadequate, renal failure ensues which
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may last for several weeks. The treatment of such cases is the same as for
acute renal failure due to other causes,

Laboratory measurements, such as 002, electrolytes and BUN, NPN, or
creatinine are desirable in treating the complications mentioned in (1) and
() and greatly improve the accuracy of the therapy rendered,
3. Hypokalemia may be severe if the diarrhea is prolonged and potassium
replacement neglected. In such cases ECG changes ooccur and renal tubular
damage has been demonstrated by renal biopsy.
4. Hypoglycemia, sometimes resulting in coma, has been seen, particularly
in the pediatric age group. Oral administration of carbohydrate in the form
of soft foods or juices is recommended and will avert bhis complication.,
5, Hypocalcemia and tetany have been secen rarely and require intravenous
calcium.
6. Burning abdominal pain, transient hearing léss, and dizziness may occur
in convalescence but resolve spontaneously.
SUmmary:

In cases of uncomplicated acute cholera, prompt and adequate replacement

of fluid and electrolyte losses will ensure survival, Bedside observation
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suffices to control fluid replacement. It has been shown that both sodium
éhloride and either sodium lactate or bicarbonate are essential components
of intravenous replacement solutions. Potassium losses are considerable but
can be successfully replaced by mouth, Tetracycline administered promptly
in an adequate dosage will eradicate V, cholerae and shorten the duration of

illness,
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Synopsis

A rapid, simple, reproduceable method for recognizing the presence

of Vibrio cholerae in diarrhea cases is described. Employing darkfield

microscopy and specific antisera, the method is capable of accurate
recognition and serotyping of vibrios. In 80% of cases, a definitive
diagnosis is available within five minutes. Elaborate equipment and
long term training of technicians are not required for reliable results,

The method is easily performed by one person in the field,



RAPID IDENTIFICATION COF VIBRIO CHOLERAE BY DARKFIELD MICROSCOFY

The genus Vibrio is named for the unique rapid to-and-fro motility which
is characteristic of this group of organisms. In 1884, Robert Koch compared
this vibrating, swarming movement to the exceedingly rapid progress of a host
of gnats, In 1919, Sancerelli (quoted by Pollitzer, 1960) reported that vibrio
movement was three to ten times more rapid than that of other common motile
bacteria, However, diagnostic methods based on this characteristic have not
been advocated since 1896 (Dunbar, quoted by Pollitzer); in fact, the value of
direct microscopic examination of material from cholera patients is deprecated
in the literature generally available (Pollitzer).

Although proper treatment of the cholera patient does not depend on early
recognition of the causative organism, early diagnosis is important for checking
the spread of cholera and studying the disease., Ordinary bactericlogical culture
techniques usually require 18 to 24 hours before the specific diagnosis can be
established., For the recognition of carriers, the added enrichment procedure
prolongs the period to 36 or 48 hours. The fluorescent antibody technique
(Finkelstein, 1959) makes a definitive diagnosis possible within one hour of
taking a sample from the suspected case, and the carrier can be recognized within
7 to 8 hours., This technique, however, requires eostly equipment and a highly
skilled observer. The present study was undertaken to determine whether early,
reliable diagnosis sould be achieved by simpler techniques based on the vibrio!s
characteristic motility.

Materials and Methods:

Equipment: The following equipment was used for these studies: A Baker
research microscope equipped with a Trilux condenser, which provides both phase
contrast and darkfield illumination; a Leitz Ortholux microscope with phase
contrast condenser; and a Cocke-Mchirthur microscope equipped with darkfield
condenser. 10X and 40X objectives were used with 8X or 15X oculars. Microscope
slides and cover slips were chemically clean, The group and type-specific
cholera antisera contained no bacterial preservative, as determined by lack of
effect on heterologous vibrio strains. The titers of the sera used were such
that a 64-fold dilution was the end point in tube agglutination with living
vibrios,

Media:

Bile peptone broth with a pH of 9,2, and tellurite-taurocholate gelatin
agar (TTGA) plates were prepared by the method of Monsur (1963). The non-
suppressant broth was 1% trypticase (Difco) and 1% sodium chloride in distilled
water; this had a pH of 7.2,

Examination Technique: A small drop of the test material was placed on a
clean slide by a bacteriological loop, a capillary pipette, or other means; a
clean cover slip was applied, and the slide examined under darkfield or phase
illumination at 400 to 600X magnification, If organisms with the typical motility
of vibrios were observed, two other preparations were set up: one was mixed with
an equal volume of Inaba antiserum, and the other with anti-Ogawa serum; cover
slips were applied., If motility ceased in one of these preparations within



three to five minutes and no change had occurred in the other, specific identi-
fication was completed. If the contrast between the two preparations was not
definite, an additional mount was grepared with vibrio O group I antiserum,

If this mixture had no effect on the vibric motility, the organisms were presumed

to be non~cholera vibrios.

With enrichment technique, the rectal swab tube containing bile peptone
broth was held at 37°C., and the fluid was examined after various intervals with
final examination after at least 18 hours of incubsatien.

The sensitivity of the darkfield method was measured by performing simult-
aneous darkfield readings and bacterial counts on 10-feld dilutions in enrichment
broth of cholera stool or broth culture of vibrios, At least two observers made
darkfield rea.iings on coded samples; the readings were repeated after overnight
incubaticn., Counts were performed by dropping a measured volume on the surface
of TTGA plates and enumerating the colonies after overnight incubation,

Clinical material: Rectal swabs or fecal samples were obtained from 138
patients admitted to the ward of this laboratory. By the laboratory's normal
bactericlogic routine, 107 of these patients were shown to be infected by
V,chelerae., This routine consists of daily culturing directly on gelatin agar
and TTGA plates, with subculturing to these media after overnight enrichment in
tellurite bile broth (Monsur, 1963). The other 31 cases were bacteriologically
negative for V, cholerae on all examinations.

The rectal sfabs (plain cotton wool) were placed in test tubes containing
0.3 to 0,5 mL of bile peptone broth and held at 37° C. Every time material was
removed for examination, a drop was streaked ocn a TTGA plate, which was examined
the following day independently by the diagnostic bacteriologists,

The swabs of 53 patients were taken and examined within five minutes of
the patient's admission; swabs from 33 were examined within five minutes and
again after L4 to 30 hours incubation at 37°C., Swabe from 52 other cases were
first examined micreoscopically after incubation for ore than three hours; these
were re-examined at 18 hours or more if a specific diagnosis had not been
established.

Rectal swabs were taken daily from 111 patients (89 of the V., cholerae
pesitive and 22 of the negative cases) to cbserve the persistence of vibrios,
If a specific vibrio type had already been established, typing was not always
repeated. The majority of these patients had been treated with tetracycline
(Greenough, et al 1963),

Results:

With either darkfield or phase illumination, the metility of wvibrios is
easily visualized and clearly different from that of other organisms we have
found in fecal samples, At 400-600X magnification, the motility of the vibrio
is.go rapid that it cannot be held in the microscopic field, Some vibrios are
observed to move in a gyrating, centrifuge-like manner., In the dark £1alg,
material positive for vibrios evokes a mental image of many shooting stars in
a dark sky. At a magnification of 100-150X, Koch's analogy of swarming gnats
1s apparent, with busy milling in a scintillating field. The characteristic

-2 ~



motility is perhaps clearer in the darkfield than the phase contrast microscopy.
Because darkfield eaipment is more generally available and less costly than that
for phase contrast, our further studies were done with darkfield only.

In 16 separate dilution studies, the highest dilution in which vibrios were
recognized had an average bacterial count of 4,3 x 10° vibrios per mi, with a
range in individual observations from 2,3 x lOL to 1.7 x 10¥, After at least
eight hours incubation at 37°C., re-examination of these dilutions suggested
that the sensitivity of the method with the enrichment step allows detection of
an individwal vibric in the starting material, Similar results were obtained
with the suppressant bile peptone broth at pH 9, and with the non-suppressant
broth at pH 7.2.

Specific or group antisera immobilized cholera vibrios within three to five
minutes; in many instances, motility hed ceased before the mixture could be
examined. The differences in the two preparations were unequivocal if the vibrio
density was sufficient; in case of doubt, longer enrichment usually clarified the
situation. Occasionally, though the difference between the two preparations was
definite, some vibrio motility persisted. In several of these cases, both choclera
and non-cholera vibrios were later found on the culture plates,

The swabs of 62 of the 107 V. cholerae positive patients were examined within
five minutes; 79% were correctly detected by the direct technigue, When the
material was examined after enrichment, the darkfield findings agreed almost
perfectly with the cultural results. Of 71 V. cholerae cases, % were recognized
by darkfield examination, as compared to 96% recognized in the same material by
a highly selective cultural method (Table I).

Subsequent daily swabs were teken from 89 of the positive casess again,
agreement with the cultures was excellent, More specimens were detected as
positive after enrichment by darkfield than by culture (32% compared to 29%);
the validity of these positive results is attested by two instances in which
re-¢xamination of the plates disclosed rare vibrio colonies obscured by over-
growing organisms. (These instances are tabulated as positive by both technicues),
One case reported as V, cholerae Ogawe by darkfield, but NL by culture, developed
a significant rise in antibody titer against Ogawa. (Footnote (a) Table I).

All cases negative for V. cholerae were negative on all examinations(Table I),
It is pertinent that non-cholera vibrios were recognized as such in three admission
specimens of V. cholerae negative cases, and in the subsequent specimens on two

other cases, These were not confused with V., cholerae.

Correlation was cxcellent between the darkfield technique and matching
cultures, However, discrepancies between darkfield results and those of routine
bacterial methods were noted in significant number when the rectal swabs were
tested after patients had one or two days of tetracycline therapy., Winety-five
plain swabs incubated in ©,3-0.5 ml of bile peptone broth were negative by
darkfielc and m-tching culturc; V. cholerae was demonstrated in 26 of the
tellurite impregnated swabs taken at the same time and incubated in a relatively
large volume (1.5 ml) of bile peptone broth., It is likely that dilution of
antibiotic by the excess medium permitted isolation of V. cholerae in these
tetracycline treated cases,



Discussion:

A simple darkfield microscopic technigue can makeavailable to the clinician,
investigator, or quarantine officer a specific diagnosis of cholera within minutes
in approximately 80% of vibrio-caused diarrheal cases. When enrichment (in either
selective or non~selective media) is added, nearly all cases recognized by culture
are detected, Definitive information is available within 8 to 18 hours; in
contrast, 48 hours may be required for a final pegative report with cultural
techniques,

motility

The characteristic/of the vibrio has long been appreciated; in 1960, Majid
Khan (1962) used the hanging drop to diagnose cholera, but reported that this
technique had real value only after six hours incubation in alkaline peptone
water, The use of darkfield illwumination facilitates” the visualization of
typical motility; the addition of the specific antisera minimizes the risk of
false positive results; indeed, in sone instances the darkficld technique may
detect vibrios when recognition by culture is prevented by overgrowth of other
organisms.

The procedure can be simplified by testing with vibrio O group I antiserum
to establish that the observed vibrios are V, cholerae; if desired, the vibrios
can then be tested with the specific antisera. This sequence spares the more
valuable antisera, For examination of antibiotic treated cases, 1f the direct
examination is negative, enrichment should be done with a relatively large volume
of enrichment broth. The availability of compact portable microscopes (McArthur,
1945) makes the technique practical even under the most primitive conditions. The
simplicity of the prcedure.places it within the grasp of any technician trained
in basic microscopy, enabling him to detect vibrios literally within seconds.
These attributes make the technique valuable in screening specimens for the
presence of V. cholerae, minimizing delay in initiating epidemiologic or special
clinical observations.

This procedure has advantages over fluorescent microscopy in that less
costly equipment is required, the processing of the specimen is minimal, and
less technical skill is necessary for achieving accurate results, Neither direct
microscopic method provides material for confirmation or further studies; however,
the rectal swabs in enrichment fluid need only be transported to a central lab-
oratory for strain isolation, if desired (Monsur, 1563).

This diagnostic technique, based on equipment and media available in all
general laboratories, makes diagnosis pessible in minimal time, with an accuracy
equal to that of the most selective vibrio culture system in cases of cholera
suspect diarrhea,

Summa;z:

Darkfield examination of liguid stool or a rectal swab immersed in broth
permits immediate recognition of the characteristic motility of vibrios, The
addition of specific vibric antisera results in total immobilization of the
Specific V., cholerae strains, providing specific diagnosis within five minutes
in 79% of diarrhea cases culturally positive for V. cholerae.




In 71 V. Choleraec positive czses examined after enrichment, 94% were
recognized by this method on admission, as compared to 96% recognized in the
same material by culturing in highly selective media. Correlation of results
on subsequent specimesns from 57 positive cases remained hiphk; 32% vpositives were
recognized by darkfield against 29% by culture. 3mong 31 nagative cases, no
false positives were revorted, although material from five of these patients
contained non-cholera vibrios. The sensitivity of the method is such that
approximately 109vibrios per ml are necessary for recognition microscopically;
with enrichment, the presence of very few vibrios is detected. In ar+ibiotic
treated cases, the enrichment broth should be of sufficient volume to permit
dilution of any antibiotic substance,



RESULTS wF DARKFIELD AND CULTURE STUDY ON SPECIMENS FROM HUSPITALIZED DIARRHOEA PATIENTS

Material tested

Darkfield ‘W)

and culture (Cult,.) techniques

Observation and plating directly

Observation and plating after enrichment

IF + DF + IF = DF - DF + oE + DF - DF -
Cult.+ Cult.= _:fult.+ |Cult,.- Cult .+ Cult.- Cult.+ Cult.-
V. cholerae-positive diarrhes & patients
Specimens at admission from
107 patients, 49 0 13 | © 66 1& o b 2 C
Specimens after admission ’ d
from 89 patients 30 3 12 70 39 7 3 95 =
AI -
V. cholerac-negative diarrt ea paticnts
Specimens at admission from
32 patients 0 0 |0 2L & 0 0 0 14 &
Specimens after admission from
22 patients, 0 0 0 2, £ o 0 0 2L

2 Reported as V. cholcrae Ogawa by darkfield examination; reported as non cheolera vibrio by culture.

hgglutination showed rise in titre from < 1:40 with both anti

and Inaba antigens, respectively.

= jo |o

= o

One diagnosed as

Two diagnosed as non cholera vibrios

" 1

gens to 1:320 and 1:40 against Ogawa

In one case, vibrios were identified but were reported as nencholera vibrics.
Both patients were positive in other specimens; onc positive only on the second day.

26 tetracycline-treated patients were positive after routine enrichment technique in 15 ml broth.
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EFFECT OF MUKERJEE'S GRCUP IV CHOLERA PHAGE ON EL TOR VIBRIOS

Introductions Vibrios agglutinated by cholera "O" sera wors originally
clagsified as El Tor or as true cholera strains on the basis of their
production of soluble haemolysin in the Greig test (Greig, 1914).
Recently, other methods for difforentiating these vibrios have bheen
advocated (Gispen, 1938; Tanamal, 1948; Mukerjee; 1961: Han and Khie;1963).
Mukerjee and his associates reported that the phags strain which they
designated group IV phage would lyso all true cholers vibrios, but even
when used undiluted, would not lyse any of the El Tor strains (Mukerjee,
19613 Muksrjee and Guha Roy, 1961). Rocent observations made in our
laboratory, presented in this communication, call for partial modification
of this gencralization.

MATVRIAL AND METHODS

The phage and indicator strain. Group IV cholera phage was obtained
from Dr. S. Mukcrjee and stored in glass sealsd ampules as seed virus,
Vibrio cholerae Ogawa strain 154 (also provided by Dr. Mukerjee) was used
for propagation and detection of the phage.

Test organisms. Thirty strains of El Tor cholera vibrios were tested.
All were considerod to be El Tor because they were haemolytic in tube or
plate toests (Taylor, 19415 Feeley and Pittman, 1963), agglutinatod chicken
cells (Finkelstein and Mukerjee, 1963), and wore resistant to low—titre
group 1V phage. Five strains isolatod in Malaceca in 1963 were furnished
by Prof. M. B. Maitland. PFive strains from Burma isolated in 1963, one
from Indonesia, and one from Hong Kong were provided by Dr. S. Mukerjeo.
Ten isolated in Thailand in 1863 were provided by Dr. H. E. Noyes. Fight
strains isolatcd in East Pakistan in November, 1963, were furnished by
Dr. C. H. Yen. Of these thirty strains; six from Thailand were of Inaba
soerotypes the rast were Ogawa.

Culture media. As tho fluid medium, broth containing trypticase
(B.B.L.) 1.0% and sodium choloride 1.0% in distilled watoer was used.
Bacto Agar (Difco) was added to give a concontration of 1.5% for use in
normal agar plates, and of 0.7% for tho preparation of soft agar. All
media were autoclaved at 20 1bs. pressure for 20 mins; the pH was 7.1 and
did not require any ad justment.

Phage propagation and titration. Phago with titre of approximaitely
1011 plague forming units (p.f.u.) por ml. was obtained as follows:

Vibrio cholerae, strain 154, was grown for 5 hours under consiant aegration
at 37° C in Ehrlenmeyer Flasks (125 ml.) containing 50 ml. of tryticase
broth. The total bacterial poFulation in the f}fsk at the end of this
incubation period was about 1011 Approx. 2x10°~ p.f.u., of phage was then
added to the flask to ensure infection of all bvacteria and aeration was
continued for an additional 3 hours incubation at 37°cC.
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Chloroform was added; after one hour,; the fluid was centrifuged at low
speed to sediment the bacterial bodies. The supernatant was used as the
neat phage suspension. Phage plagues were counted by the agar-layer

method (Adams, 1959).

Action of group IV phage on Bl Tor vibrios. The effect of group IV
Phage on El Tor vibrios was studied both on agar plates and in broth.
Lawns of Bl Tor strains were seeded by streaking or by flooding the surface
of agar plates with young broth culture and allowing the plates to dry.
Serial 10-fold dilutions of the bacteriophage were spotted on the inoculated
surface of the agar by drop or by loop. The phage dilutions were also
tested on a lawn of V.cholerae strain 154. Chloroform-trsated broth
cultures of strain 154 were also spotted on lawns of Bl Tor to assure
that the effect was not that of an advontitious agent in the phage
propagating medium. The working phage was tested on lawns of salmonella,
shigella, and Eschorichia coli %o rule out =z nen-specific anti-bacterial
action. All plates were incubated overnight at 37°C and examined the
following morning.

Broth dilutions of four Bl Tor cultures were separately mixod with
phage to give various phage-to-bacteria ratiossy after 15 mins at 37°%¢,
approprriate dilutions were plated out to determine the viable bacterial
count. Simultaneous titrations of the original bacterial cultures angd
the phage were done. All titrations were done in duplicate; plotted or
reported data are arithmetic averages.

Mixtures of the same four El Tor vibrios and group IV phage were
titrated at intervals for p.f.u. on strain 154 to determine the quantitative
effect on the phage. These mixtures woro also tested for phage activity
on the homologous 31 Tor strain.

The effcet of phage on El Tor vibrios was visually observed by
mixing a young culture of the bacteriz with high-titrc phage and examining
the wet preparation undor dark-field and phase-contrast microscopy at
400 x magnification. To detecrmine whother the phage caused lysis of the
El Tor Vibrios 0'S ml. of phage containing approx. 7x109 p.f.u, of phage
was mixed with 4'S ml. of bacterial suspension containing 1'4x109 viable
bacteria to give a 5:1 phaga-to-bactoria ratio. The optical density of this
mixture was dotermined immediately and thon at the ond of 1 and 2 hours in
a Coleman Jr. Spuctrophotometer at 650 m (Herriot & Barlow, 1957), Full
range of controls were included. Decrease in the optical density of such
pPhage-bacteria mixtures at the end of 1 and 2 hours, is considered to be duse
to lysis of the bacteria (Horriot & Barlow, 1957).

RESULTS

The lawns of all 30 Bl Tor strains were clear where concentrated
group IV phage had been applied. As the phage concentration dropped,
clearing became less complete, but no discrete plaques were scen (Pig. 1)e
When phage dilutions were spotted on lawnse preparod with serial 10-fold
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dilutions of two different E1 Tor cultures, the clearing offect was seen
to bo dependant on the number of bacterial originally sceded on thc lawn.
Clearing was generally not gerceptible, even with dilute broth culturse,
with a phage titer below 10° p.f.u. per ml. The chloroform-treated
culture of strain 154 which had not been inoculated with phage did not
produce any clearing. Concontrated phage had no effect on the lawns

of salmonella, shigella, or 2. coli.

Within 15 minutes after the El Tor vibrios wers mixed with phags,
a loss in viable bacterial count had cccurred; the viable count fell
as the phage-to-bactoria ratio increasod (Fig. 2). Results with these
four strains suggest differences in the interaction of individual E1 Tor
strains with group IV phage.

Phage count progressgively fell when vibrios were mixed with phage;
after one hour, less than 10% of tho original phage could be rccovered.
Over the same time interval with strain 154; the phage titre increasoad
approximately thirty fold (Table 1). These incubated phage~El Tor
mixtures had no effcet on the homologous El Tor strain.

With dark ground or phase contrast microscopy, mixture of bacteria
and phage exhibited a marked reduction in vibrio motility which was
obvious in less than 10 minutcs. No motility was evident at the highest
phage concentration. The proportion of motile bacteria in the mixture
increased as the concentration of rhags was reduced.

Active phago resulted in reduction of optical density which was
not less marked than that seen with strzin 154 (Table II)}. Ko decrease
in optical density occurred whon the vibrios had beon killed by hoating.

DISCUSSION

These studies indicate that Mukerjee's group IV phage has a marked
effect on El Tor vibrios, though the phenomenon may be different from
that occurring with true cholera vibries. At concentrations of 10° p.f.u.
per ml. or higher, deponding on the number of bacteria on the plate,
this phage produces cloaring on lawns of El Tor strains. In fluid nedia,
the effect of phage on bacteria is soon evident; within 10 minutes, vibrio
movement ceases; in 15 minutes, lcss than 10% of baoteria survive
exposure to 100 p.f.u, per vibrio. With = ratio as low as 5 p.f.u. per
vibrio, significant numbers of bacteria are lysed by thc phage, as
indicated by reduction in optical density (Herriott & Barlow, 1957).

Although group IV phage attacks Bl Tor vibries, no indication of
virus multiplication during this process has been found wi<h either
strain 154 or the homologous El1 Tor as indicator organismj in fact,

a progressive fall in p.f.u. was noted. The failure to form plaques
at terminal dilutions also argues against phage multiplication.

These results do not deprecate the value of rhage IV as a toxonomic
tool bocause the behavior of the phago towards true cholera and El Tor
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vibrios is domonstrably different. Because the reported insusceptibility
of El Tor strains to group IV phage is only relative, the concentration

of phage used in thc test can be critical. Such reosistance or sensitivity
should therefore be cxpressed in toerms of plague forming units of
bacteriophage.

SYNOPSI S

E]l Tor vibrios are characterised by their insusceptibility to
Mukorjee's group IV phage in routinc test dilutions. This study shows
that group IV in sufficient titre will produce clearing on lawns of El
Tor vibrios resembling phage lysis. However, when the phagce is mixed
with E1 Tor culturcs; a fall occurs in thc viable count of both bacteria
and phage. Dark-ficld microscopy shows that the bactcria lose their
motility; measuremont of the mixturc's optical density indicates that
bacterial lysis docs occur.

Lvidence to date provides no indication that group IV phage
undorgoes multiplication in El Tor vibrios. Becauso of the marked
differcence in its bohavior towards thom, phage IV is valuable in
differentiating true cholera from El Tor vibrios.

SUMMARY

The #tudies have shown that Mukorjeo's group IV phage, when presont
in gufficicntly high concentration, will clcar the lawns of tho Bl Tor
vibrios tested, all of which werc isolated during several rucent outbreaks
of cholera. This cloaring roscmbles phage lysis; howgver, on dilution,
discrete plagques are not formed. A phage titer of 10° p.f.u. per ml
or higher is necessary to observe this effect. '

Within fiftecn minutes aftor Bl Tor vibrios are mixed with Group
IV phage, a loss in bacterial count occurs which is greater as the
phage-to-bacteria ratio is increvasedy the phage count falls progressively
so that after one hour less than 10% of the original phage can be
recovered. Direct microscopy reveals that the phage immobilizes the
vibrios; optical density studies indicate that the Bl Tor vibrios aro
actually lysed. :

These observations do not deprecate the value of phage IV as a
toxonomic tool; but indicate that the resistanco or sensitivity of all
typoes of vibrios to bacteriophage should be expressed in guantitative
torms.



PHAGE COUNTS AFTER MIXING GROUP IV PHAGE WITH EL

TABLE I

TOR VIBRIOS

Bacterial
Strain

in original mixture

Phage p.f.u.
per vibrio

Phagc Plague Forming Units Recovercd on Strain 154

Time in minutes

0 10 30 €0 120
El Tor Vibrios
CMS-~1 0.2 1.5x107 6.51106(43)* 2, 4x108 (16) | 1.1x10° (7) 1.0x10% (7)
SE-52 0.25 " 9.4x106(63) 1.1x10° (7) | 1.0x10% (7) | 7.9x105 (5)
HK-2 0.2 " 5.2x106(35) 2.7x10% (18) | 9.5x105 (6) 4.7x102 (3)
Tnd-9 0.3 " 9.1x100(61) 1.6x108 (11) | 1.2%x108 (8) | 4.0x105 (3)
True Cholera
Ogawa 154
(indicator 0.4 " 1.5x107(100) 1.9x107(130) | 4.7x108(3100) 6,9x108(46oo)
strain)

* Percent of original

plague forming units.



LYSIS OF %L TOR VIBRIOS BY PHAGE IV

TABLE 11

Bacterial

Optical Density (in % of initial)

Strain

Live bacteris

Heat-killed bacteria®

Active phage Heated vhage¥

No phage

Active phage

1l hr. 2 hr. 1 hr. 2 hr. l hr.2hr. 1l hr. 2 hr.

Bl Tor Vibriocs

CMS-1 43 32 112 118 112 117 101 100
SE-52 63 46 105 110 108 114 102 103
HK-2 46 30 102 1c8 102 109 g8 101
Ind-9 75 44 109 114 113 124 101 102
True Cholera .

Ogawa 154 67 51 1c4 108 106 112 1ce 100

* Bacteria werc killed by hoating at
killed by immersion for 10 min. in

569 for 1 hr; the phage was
a boiling watur bath.



FIG. 1 Effect of group IV phage on El Tor vibrios
(Ind-9) and V. Cholcrac strain 154 (indicator
organism for group IV phagc) after application

of log dilutions of group IV phago.






FIGURE 2

Viable bacterial count 15 mins after mixing El Tor vibrios

jof— with group IV phage in different phage: vibrio ratios.
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The families of 85 cholera paticnts hospitalized during
1962~3 in Dacca District, East Paxistan, were investigated.
Secondary cases were observed in 33 of the 85, Secondary
attack rates were higher among ckildren thap adults. Spread
of cholera within these familics was supgested by the dis-
tribution of intervals between primary and subseguent cases,
the relationship between lengthy home stay of index cases
and increased numbers of secondary cases, and the effect

of family structurec om sscondary attack rates,



CHOLIRA IN EAST PAXIST:AN
FAMILIES 1962-3

Introduction

The endemic and epidemic pattern of cholera in Bengal is well-known
(Pollltzer, 1959}; however, the precise manner in which cholera is spreasd
and the disease perpetuated is not clear,

Since little is known about the bekaviour of cholera in svecific sud-
groups of the population, such as families, stulies of spread of infection
in families of cholera patients in the Dacca District of East Pakistan were
begun in 1962. This report describes the enidemiologic features of multiple
cases occurring in a grosup of 85 farilies of patients hosvitalized with bact-
eriologically confirmed cholera. Fifty-seven secondary cholera cases were
obscrved in 33 of the 85 households. The present study oprovided an opportun-
ity to examine the relationship betweenfamilialand iniividual characteris-
tics and the likelihood of occurrence of multipl: cases within households.

Method

Families located within a 10-mile radius of Dacca were seclectad for
study usually within two days of hospitalization of a family member with
bacteriologically proven cholera, Families were definad as units consisting
of two or more individuals who lived 2nd dined together, Members wero not
necessarily bleood related. Cholera was defiued as an acute diarrkeal disease
associated with recovery of V. cho lerae (Inaba or Cg2wa) organisms from
faeces within five days of onset of qvmntoms Six families were included
although cultures were not obtained from index cases. Those were rapidly
fatal cases whick cccurred in families witk one or more subsecuent bact-
erjologically proven cases.

The families were visited at daily intervals, ercludinc weekends, for
at least two weeks by teams comprised of physicians and sociologists, COn
the initial visits, questionnaires were completed to peovide the tfollowing
infermation about the families; location and type of housing, religious
affiliation, travel away from home, recent contact with diarrbea and cholera
cases and past cholera experience. Infividual cheracteristics suck as age,
sex, maritil status, and occupation were recorded, At each visi , inouiry
was made concerning the health of every family member. Whenever diarrbea
or vomiting was reported, a rectal swab was obtained for bacteriolosical
investigation, and clinical details of the illness recorded. These were
placed in bile peptens transport media and incubszted overnight 2t 379C,
Subcultures were made on gelatin ager and Monsur's bile pentone te]lurlte
medium and incubated overnight at 37°%¢, fuspicious colonies were tested
for agglutination witk specific antisera.



Results

The study was perfermed from late October 1962 tkrough June 1963,
Subsequent cases of cholera developed in 33 of the 85 families during the
two-week observation pzriods, The freguency distribution of the number of
affected individuals in families is shown in Table I,

Tke intervals between onset of illness in index cases and the appe2r-
ance of the 57 subsecuent cases in families are shown in Table 2. The bulk
of secondary cases developed within 4 days. 2 few continued to appe2r each
day thereafter. 1In 6 instances, intervals exceeded 7 d»ys. Tke occurrence
of secondary cases was not related to age or sex of index cases. Secondary
attack rates are shown in Table 3. The number of affected versons bhelow
15 years of age was significantly higher than that for adults, (P= < Q1.) .
There was no significant difference in secondary attack rates by sex,

The average family size was 6.1 individuals per family in the 52
househclds without subsequent cases, and 8.5 in the 33 multiple case families,
The effect of family size and structure on the vreportion of families with
secondary cases and secondary attack rates is stown in Tables 4 and 5.
Secondary attack rates increased withk family size but were not significant
a2t the 5% level. Ths attack rates increased significantly, however, when
the families were classified by the number of children below 15 years of
age (P = «.05).

The relationship between intervals from onset of illpess in index
cases to removal from the household, and the occurrence of multiple cases
was exarined(Table 6). Secondary a2ttack rates were significantly higher
in those familizs exposed to index cases longer than 12 hours than those
exposed less than 12 hours. The effect of the length of exposure on the
secondary attack rate was also demonstrable when family structure (the
number of nersons <15 years) was held constant (P = <(.C5).

Discussion

In the present study, one or more additional cases of cholera were
found among the farilies of 33 of 85 hospitalized cases. Thirteen contacts
developed cholera on the same day symptoms appeared in thz 85 inlex cases.
These 13 cases, 2nd possibly the 23 other illnesses occurring within 3 days
of the onset of dise»se in index cases, may represent spread from a common
source, infection from contact with prvimary c¢ases, or 2 combinatiop of
both, "True seconiary casss" cannot bz identified precisely among multiple
illnesses occurring in families since source of infection is difficult to
preve and incubation periods in chelers may vary from 2 few hours to several
diays. Cecondary cases as defined in this study provide, however, an estimate
of risk among family members.

Several findings in the prescent study suggest that spread within
families did occur. Cholera continued to awpear in family contacts up to
i days following primary cases. An increase in secondary illness was
associated with prolonged houschcld contact with index cases prior to
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hospitalization. The relationshin between szcondary rates in families and
the number of children below 15 years of age is consistent with intra-
familial spread in a crowded setting. Multivole introductions c2nrnot,
however, be excluded.

The freouent occurrence of multiple ceses of cheler= in households
was described during the last century in the United fingdom by Snow(1855)
and by udd (1883). Recently, Morgew et al in Tkailand (1960) =2nd Dizon
et 21 in the Philippines (1963) reported that multiple illnesses in the
same family were uncommon. However, comp=rison of secondary 2ttack rates
in different studies is hazardous owing te¢ variations in msthods of morbi-
dity data cellection,

Bigh incidence rates among children would be ernected in 2 Jensely
populated country in which cholera is a dise2se of continuved high prevalence.
Snow stated that "where a whole family live, slesen, cook, eat and wash in a
single room, ... cholera h2>s been found to soread when once introduced...”

Summary

This report describes the epidemiologic feoturss of multinle coses of
cholera occurring in the families of 85 hosoitalized cholezra natients.
The relationshin between fanilial and individual characteristics and the
occurrence of multiple cases in households was examined., Fifty-seven
secondtry cases were observed in 33 of the 85 housebolls., Mest of the
57 cises appeared within four days after the onset of illness in index
cases and a few cases occurred 2t daily intervals up to ten days., Secon-
dary zttack rates were higher among individ:als bzlow 15 ys2ars of 1ge than
among adults. Thke occurrence of secondiry c2ses was not related to age or
sex of index cases. “hen families were classified by the number of children
below 15 years of 2ge, secondary attack rates incressad. . ttack rates were
higher among those exnosad to inder cases longer than 12 hours than in those
less than 12 hours. These fiandings are censistent with intra-fzmilial spread
in 2 crowded setting,
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FA3LE 1

Number of cases Number of
per family, families

i 52

2 24

3 4

4 2

5 1

6 1

11 1

Distribution of families by the number

of cholera cases (inder and secondary)

TASLE II.

Intervals in days
Subsequent cases same 1 2 3 4 5 6 7 B 9 10 Total

Daily total 3 9 8 68 3 3 1 3 - 3 57

Cumulative tot2l 13 22 30 36 44 47 50 51 54 54 57 57

intervals between onset of illness in first cases

and appearance of subsequent cases in families.




fige (years)
Sex

Index cases

Family members
at risk

Secondary
cases

Secondary
Attack
Aate

TAZLE I11

¢ to 4 5 to 9 10 to 14 15+ Unknown

M F M F M F M F

18 9 3 14 7 3 8 19 3
42 47 50 46 34 39 134 121 4
10 B 9 8 6 5 © 5 -

23.8 17.¢ 18.¢C 17.4 17,6 12.8 4.5 4.1 -

Jge and sex distribution of index cases,

secondary cases and poopulation at risk

in families.

57

11.1



No.

of individuals Proportion

in family  of fanilies
with second-
2ry cases

2 -5 §/37

6 -9 14/32

10+ 11/16

Totals 33/85

Ages of 2 persons unknown.

TABLE I_y_.

No. of persons /  No.of persons
affected at risk

Age Grouws (yz2rs)
<15 15+ Total

7/48 (15.67) 1/70 (1.4%) e/118¥%

15/102(11.7%) 7/98 (7.1Z) 22/200
24/11C(21.8%) 3/87 (3.4%) 27/197

36/260{(17.7%) 11/255(4.3%) 57/515

Family size and pronortion of families

with secondary cases and secondary

attack rates in children and adults.

Secondary
attack
rates

6.8%
11.0%
13.7%

11.1%



Number of persons Proportion of

under 15 years families with
in families second ary cascs
¢ 0/2
1-2 8/28
3-4 9/28
5-6 7/15
7+ 9/11
Totals 33/84%

TABLE ¥

No, of persons

affected

Age Grouns(years)

<15

c/0 -

7/29(2%.1%)
8/73(11.0%)
11/69(15.9%)

20/89(22.5%)

46/260(17.7%) 11/255(4.3%)

¥* lge of 2 persons in | family unknown.

/  No.

of versons

at risk

15+

e/5 -

1/66(1.5%)
6/76(7.9%)
1/55(1.8%)
3/53(5.7%)

Total

/5

8/95

" 14/149

12/124

23/142

57/515%

Family structure 2nd nreoortion of families

Secondary
attack
rates

8.4%
¢,4%
9,7%

16.2%

11.1%

with secondary cases and secondary attack rates in families.




TA3LE VI

No. of persons Time Intarval

<15 years in

families <12 hours 12+ hours

0 0/1 0/4

1-2 1/40 7/55
3-4 1/77 7/62
5.6 10/72 ' 2/52
T4 1/60 16/68
Total 16/250 32/241

# 26/517 Perscns at risk not classifiecd due to unknown
ages and/or intervals.

Number attacked/number at risk by

family structure and interval between onset

Total

¢/5

g/95

8/139
12/124
20/128

18/491%

of illness in index cases to remeval from bouschold,
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The nearly inevitablo diarrhea which fells the traveler, often
within hours of his arrival in certain parts of the world, is a problem
which Kean and his associates! have deacribed. The causes of this tempo-
rarily disabling illness are froguently not demonstrated even after
careful scarch for baciterial and viral pathogens293. In this report is
documented a diarrheal discase in both local residents of East Pakistan
and U.S. personncl and their dependonts, and from which the only likely
pathogzns isolated were non-cholcra vibdbrios, (NCV). 1In 1954, Yajnik and
Prasad”™ suggested that NCV werc pathogonic in man after recovering them
from pilgrims afflicted with gastroonteritis while attending the religious
fair at Allahbad, India. Dutta, Panse, and Jhala”? have roviewed the
literaturc doaling with the possible pathogenic nature of these organisms
and have reported the induction of a cholera-liko discase in the infant
rabbit with thom.

Non-chelera vibrios fail to agglutinato in antiserun speeific for
Vibrio cholerag, tho cause of epidemic cholora (hence thé name "non-
agglutinable"” or "NAG" used by some writers) and usually differ from
V. cholerae in fermentation or other biochemical tcsts. Thoey can be
distinguished rgadily from the microaerophilic vibrigs which cccasionally
cause dysentery T ag well as other human infections®s?d by their abundant
growth on simple media under aercbic conditions. The methods used in many
enteric diagnostic bacteriology laboratorics, howsver, might not permit
recognition of these organisms. Because of world-wide distribution, NCV
may possibly contribute to cases of undiagnossd diarrhceal disease in
areas far romoved from the locality of our study.

The results given in the pres.nt paper provide additional evidence
that some NCV are pathogenic for man. The organisms were isolatoed in
abundance from cases of diarrhea, no other known pathogens werc present
and antibody titer rise directoed against the infucting organism was
observed during oonvalescence. In addition, these vibrios were found
capable of inducing a cholera-like disease in infant rabbits.

METHODS

Rectal swabs from cases of acute diarrhoa submitted to the wards of
local hospitals, %o tho Pakistan-SBATO Cholera Research Laboratory (CRL)
ward, or from U.B3. pereonnel residing in Dacca, Bast Pakistan, were
plated directly on taurocholato gelatin—agarlo with or without added
tellurite’~, for the detcction of gelatinase producing vibrio colonies.
They also were placed in alkaline peoptone water or bile peptone fluigl?2
and plated aftor incubation. Organisns showing golatinase activities wore
confirmed as vibrios if the "string test™ 3 was positive and a formalin
fixed smear stained with crystal viclet showod typicael vibrio morphology.
They were differentiatced from V. cholerae by failure to agglutinate in
vibrio O group I and "rough" antisoralZ by both slide and tube motheds.
Details of the bacteriological procedurcs uscd to charactoerize and
distinguish NCV from othor vibrios will be prosonted in a subseguent paper.
If other pathogenic bacteria were found on MacConkcy and SS agar plates



which also were inoculated dircctly with the swab or after earichment
in selenite broth, the patieni was cxcluded from this study.

Blood was drawn from patients during the acute phase of the illness
and during convaloscence whencver possible. Serum was hoated at 56°C
for 30 minutes to inactivato complement. Agglutinins were measured by
mixing 0.5 ml amounts of serial 0.45% saline dilutions of patient's serum
and of an 18 hr. broth culture of tho organism, isolated from the ratient,
diluted to a density of approximatcly one opacity unit (U.S. Opacity
Standard); thc tubes were held at 37°C for 1 hour and overnight at 4°C.
The titer was designated as the highest final dilution in which aggluti-
nation was present.

Experimental NCV infection with strains isolated from three aifferent
paticnts (strains 696, 965, 1044) was induced in 10~day old rabbits using
Dutta's techniquo, The organisms had boon maintained for six months by
monthly serial transfors on 1% trypticase, 1% NaCl agar. Approximately
40C colony forming units (CFU) from a 4 to 5 hour heart infusion agar
culture suspended in 1 ml of a 0.1% trypticase, 0.85% NaCl solution were
injected at laparotomy into the¢ small intosting under ether anesthesia.
Five of 13 rabbits challenged with strain 696 received intraperitoneally
24 hre. previously 1 ml of antiserum from rabbits immunized with living
vibrios of the homologous type and having an agglutinin titer of 1:20,480.
Control rabbits roceived either no intraintestinal injection, 1 ml of
suspending fluid, or 490 CFU of an entoropathogenic Egcherichia coli strain
0111:B4.

After surgery tho animals were obscrved closely for illness. They
weore sustained by gastric feeding of 5.0% glucose and 0.45% NaCl solution
initially, followed by bovine whole milk. The time of onsct of diarrhes
and the time of death were noted. All animals dying or sacrificed either
when death was imminent or showing no signs of illness at 120 hrs.

(4 at 96 hrs) were autopsied and cultured.

RESULTS
PATIENT STUDIES

Nineteen patients with diarrheal disease from whom hcavy growths of
NCV were obtained on dircct plating of roctal swabs wers studied. Neithor
V. cholerae, Salmonella or Shigella wore found in their stool cul turos
and no patient showed a definite rise in antibody titer against V. cholerae.
Table 1 gives the clinical and laboratory features of the infoction.
The cases showed variation in thc severity of their discasc. Some had
voluminous diarrhea lasting up to 50 hours and roesemblod true cholera.
Others had a mild illness reguiring no therapy and were only slightly
disabled. The highest plasma protein, an index of dehydration, was 9.6
gndh, Only half of tho patients wore considored to require intravenous
réplacement of fluid losscs. The discase occurred in beth sexes. Fever
of groater than 99° F was present in 7 of 16 pationts on whom data aro
available. This fever was trangient; usually disappearing bofore the
end of diarrhea. The maximur stool volume was 8 liters and the longest
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duration of diarrhca was 2.5 days. The median stool volume recorded
after hospitalization was less than one liter, and the diarrhea ceased
in less than 24 hours in one-half of tho cases. Significant acidosis as
measured by the COp contcnt of venous blood on admission was present in
5 of the 11 cases tested; the lowest value was 5.5 mEq/l. Seven casos
received antibiotics. There was no striking difforence between cases so
treated and those not given antibiotics, although the rapid clearing of
symptoms in case 19 is suggestive of therapeutic effect. The disease

is naturally short and self-limited and thu obscrved improvement could be
fortuitous. In the 16 cases in whom satisfactory paired sera are avail-
able; six showed rises in agglutinin titers of four-fold or greater
against the NCV strain isolated from them; two cases showed rises to a
final titer of 1,280 or more.

The following case reports give a morc dotailed account of the
character of the discaso.

Case 13 CRL Fo. 160. A 30-year-old Hindu, Bengali wife of a
fisherman, was transferrcd tc the CRL from a local infectious diseases
hospital, with a lO-hour history of purging diarrhea and vomiting.

Her blood pressure on admission was 70/40 mm Hg, pulse 130/min and
weak, her skin was hot and dry and fingors showed shriveling or
"washer woman's" changes. Her tempcrature was 101° Fy; and her eyes
appoared sunken. She was too weak to sit and cried for water. Her
abdomen was slightly distended. Bowel scunds were normal. The
renainder of the examination was within normal limits. She was given
55250 ml of intraveonous fluid in tho first 24 hours. During this time
she passed 5,655 ml watory stool. During the next 24 hours she passed
only 710 ml stool and roquired no intravcnous fluids. Lavoratory

studies on admission showed a WBC of 10,800/mmJ, plasma protein 8.6 am,
Het 47%, COp 15.2 mBg/1, & virtually purc culture of NCV was obtained

from th¢ rectal swab. Ova of both Ascaris lumbricoidos and Trichuris
trichiura also were presont in hor stool. Hoo hospital coursc was
complicatod by a right lower lobe pneumonia which responded to penicillin.
Serum titor against her cwn NCV on tenth day was 8-fold greater then on
second day. Thore was no rise in agglutinins against V. cholorae.

One year lator this patient was trcated at the CRL for typical
Bavere cholera with V. choloraae, Inaba, present in nearly pure culture.

Case 25 CRL No. 243. A 19-ycar old Muslim, Bongall man weas
brought to the CRL six hours after tho onset of purging diarrhea and
vomiting. He had a palpablc radial pulse and a BP of 85/45 mm Hg.

His temperature was 100.4° F and he appeared mildly dehydrated.
Laboratory stgdies on admission showed plasma protein 8.5 gm%, Het 45%,
WBC 20,500/mm>, CO; 13.9 mTa/l. He was given 2000 ml intravenous

fluid in the first 24 hours and excroted slightly over 1000 ml of liquid
stool. FKis tempoerature returned to normal and diarrhea ceascd within

24 hours. Culture of his rectal swab yielded a nearly purc growth of
NCV. Serum titer against his own NCV on tho sixth day of discase was
32-fold greater than on firs: day. Direct platings of rectal swabs

wero positive for this NCV for a period of eight days.
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Casg 3¢ ASB; NCV No. 1035. After spending 36 hours in Calcutta,
a 48-year-old American physician devsloped abdominal cramps at 9:00 a.m.
followed by diarrheal bowel movements with considerable loss of fluid
beginning threc hours later. Culture of the stools on the second day
of illness revealed NCV (No.1035). Diarrhoa ccased on the second day
only to return on the fourth day after the patient had ingested food in
public eating places in Karachi and Rawalpindi. Copious fluid stools
numbered four to five a day and were accompanied by minor diffuses
abdominal cramps. The number of stools increased on the fifth day at
which time a culturc was taken which rovealed again NCV (No.1044).
- Two "Polymagma" tablets representing a total of 300 ng of hydrostrepto-
mycin and 100,000 units of Polymyxin B wore taken late on the sixth day
of illness. Complets cessation of the ¢ramping and fluid stcols followed.
There was no fever during the illness. The patient had a rise in serum
agglutinin titer of similar magnitude to the garly and the late isolates
which were also indistinguishablo in their biochemical reactions.

ANIMAL STUDILS:

Table 2 shows that cach of the three NCV strains tosted was capable
of inducing infoction in 10-day old rabbits with as fow ag 300 - 480 CFU.
Fifteen of the 17 rabbits dovcloped entoritis manifosted by large accumu—
lation of fluid stool in both the small bowel and colon. Fluid accumulation
however, was usually not as great as secn in infant rabbits infected with
V. cholerae. Cultures of the fluids from the 15 rabbits were positive
for NCV. Homologous hyporimmune scrum administered intraperitoneally
24 hours prior to challenge provided protection to each of five rabbits
against accumulation of intraintestinal fluid; and from two rabbits
vibrios were not rocovered. Nine control rabbits, including three
challenged with a human enteropathogenic strain of B+ coli, failed to
develop characteristic pathological findings.

DISCUSSION

It has been noted previously12 that cccasional paticents with cholera
have been found to excrote NCV in addition te V. cholcrae. We have
observed this association at thc CRL in the cultures of some patients
Wwith cholera, espocially after enrichment of the roctal swab in solective
media. These obscrvations, coupled with the common cccurrence of NCV in
the surface watcer of the area have lod soma to doubt their paﬁhogenicity.l

Since we have been able to decmonsirate the presence of NCV in large
numbers on dircet platings of rectal swabs of pationts 111 with =
diarrheal disease; have not found the organism on dirvet platings from
hozlthy people; and have shown that these organismsg produce a diarrheal
discase in tho infant rabbit similar to that produced by V. cholerae, we
feel that thc ovidence that those NCV are pathogunic for man is strong.
The serum agglutinating antibody rcesponse in NCV infection is loss
regular than that obsorved in infeetion with V. cholerae in which 91% of
individuals have been shown to devslop antibedy rises. HJowevoer, the
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development of antibody specific for the infecting NCV and the failure
to develop antibody against V. cholerae further substantiate the
spocificity of the discase.

The relation of NCV to these enteric infections was recognized
because they occurred in a cholera endemic arsa and were investigated in
a lahoratory studying vibries. Since NCV are found in many parts of the
world, they may well play an important part in the etiology of diarrheal
disease in regions where classical cholera has not been present for many
years. Schemes intcnded for isolation and identification of entero-
pathogenic members of the family BEnterobacteriaceas are not entirely
sul table for the decmonsiration of NCV, These organisms grow voery poorly
on the selective mediz usually cmployed and about two-thirds of them are
late lactose fermenters. If isclated, it is likcly that many bacteri-
clogists would not recognize them as vibrios and would place them in the
"paracolon" group, ghich, although the practice has been decried by
Bdwards and Ewing,l remains a "designation of convenioence for corganisms
the exact nature of which was not determined or not undeorstood.'" Appli-
caticon of the relatively simple techniques montioned in this paper to the
study of cases of gastroenitcritis due to unknown causes will provide
answers to the guestions of how freguently and in what geographic arcas
NCV disease occurs.

SUMMARY

Pationts with diarrheal 1llness occurring in Dacca, Bast Pakistan,
from whom cultures showed heavy growths of non-cholera vibrios wero
studied. Cases occurred in both s0x®s and in both local rosidents and
in U.S. personnel residing in Dacca. Uncguivocal antibody titer rises
against the infecting NCV were demonstrated in sera from certain cases.
Survey of healthy individuals in the arca failed to reveal any peoplo
with heavy infestations of NCV. Small numbers of organisms from the three
strains tested wore able to produco a diarrheal disease in infant rabbits
and complete protecction agailnst diarrhoa followed passive administr,t+ion
of hyperimmune serum. The demonstrated pathogenicity for man and the
widesprcad disiribution of NCV in surface waters of the world suggest that
gimple methods designed to identify these organisms should be included in
the laboratory routines used in the study of diarrhea.
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TABLE 9
CLINICAL /ND LABORATORY FEATURES OF NCV INFECTIONS

Serological Studies

Adm, Total Type and agglutinating Titer
Body Plasma Adm.  Adm. v Volume Length  Anti- V. cholerae Homolo
Nation- Weight Hypo- Frot. WBC/ ¢ Temp. Fluid of Stool of D'hea biotic Day of gous
Case _ality Sex Kg = tensive gnf mm 3 mEq/1 99°F ml. ml Days Ax Disease Qpawa Ynaba NGV
1. ' rice - :
NCV Pak. F adult yes - - - - 7,500 water - 0 - - - -
#696
2. '
NCV Pak. F'adult no - - - - — - - 0 2 40 - 320
#817 21 20 - 2,660
3. acute 320 160
CRL Pak. M adult yes - -— - - - - 0 conva- -
#2 lescent 320 1,280
L rice before 20 20 20
CRL  Pak. M 19 no 5.9 12,400 21,8 + none  water 2 1/2 0 illness 20 20 . 20
#126 1,185 1 20 20 20
4 20 20 20
5. : ' rice 2 20 20 20
CRL Pak. F 32 yes 8.6 10,800 15.2 + 5,000 water 2 1/2 C 10 20 20 160
£160 8,360 17 20 20 80
0.R.M. U.S. M 70 no o —_— - + 0 brown 1 1/2  Paromo- 1 2,560 - 150
NOV water mycin 7 5,120 -- 160
#965
7 _
CRL Pak. M 44 ves 8.3 18,000 17.7 © 1,000 rice 1 Tetra- 1 20 20 160
#185 water cycline 1 L0 20 80
2 20 20 80
8. no stool 2 40 40 20
CRL Pak. M 20 no 6.6 10,800 -~ 0 0 after <1 0 5 80 40 L0
#222 admission 7 80 L0 160
5 31 4O 80 80
W.B.G. U.S. M 76 no - - -— + 0 brown <1 0 28 640 — 320
NCV water 17 640 - 320
#1073
10. 2 80 80 40
CEL  Pak. F 39 no 7.2 — - 0 1,000  no stool <t 0 3 160 160 40

#232 after adm. [ 160 160 80




1t. no stool

CRL Pak. M 10 no 7.6 — - 0 0 after <1 0
#2140 admission ‘
12. #1035 &
ALS.B. #1044
NCW»: U.S. M 72 no - -—_ - O 0 br own 2 0 ist -2t 320 - 20
#1035 water & polymyxin 3 320 - 20
#1044, A & hydros- 3 320 -=- 20
_ treptomycin 23 320 -—- 80
13, rice
CRL Pak. M 19 no 8.5 20,500 13.9 + 2,000 water 1 0 1 LO 4O 20
#243 1,025 6 40 4O 640
14. no stool
CRL Pak M 49 no 8.9 15,500 24.5 O 2,000 after <1 tetra- 2 160 160 160
#2uh admi ssion cycling 7 160 80 160
15, green 2 320 320 160
CRL Pak F 28 yes 6.7 _— 12.2 0 2,300 waterp 2 tetra- 7 160 320 320
#246 2,105 cyeline 15__160 320 320
16. no stool
CRL Pak M 27 o 7.0 5,400 21.9 O 0 after <1 tetra- 1 40 40 -
#264 admission cvecline 8 LO 40
17. rice
CRL Pak. M 42 no 7.8 13,700 19.5 + 3,60C water 1 tetra- 0 4O 4O 40
#,00 1,540 cvcline 6 40 L0 4O
18. 3 8 20 20
CRL Pak, F L no 9.4 12,800 5.5 0 1,000 brown - 0 7 80 20 20
#712 water 11 40 20 20
. 19 40 20 20
1G. O 160 160 20
CRL Pak. M 54 no 9.6 8,700 19.8 + 2,000 ‘brown <1 0 1 160 80 20
#730 ) water 3 160 80 20
210 6 160 80 40

¥ Two separate infections or a relapse occurred four days apart.



TABLE 2.

Results of Experimental NCV Infection in Infant Rabbits.

Time of Autopsy Findings
Number death or Number with
Challenge Dose Number with sacrifice Cholera Positive
strain CFU challenged diarrhsa (hours) culture
965 320 3 3 66-96 3 3
433 3 3 20-116 3 3
1044, 270 3 2 51-96 2 2
480 3 3 38-96 3 3
696 370 3 2 29-120 2 2
300 2 2 LO- 7 2 2
696 and 4,80 3 0 38-956 ¢ 1
Antiserum IP 200 2 O 120 0 2
Controls:
Non-operated 0 3 0 120 0 0
Trypticase- 0 3 0 120 0 0
Saline
E. coli O0111:B4 490 3 0 120 0 NDsst

#* Colony forming units,
**  Not examined specifically for challange strain.
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During 1963, EI Tor cholera spread through Thailand and Burma and
finally appeared in the Chittagong area of Bast Pakistan in November
(Yen et al 1964). With disease caused by this clearly marked serotype
within 50 miles of areas under study by this laboratory, all vibrio
jgolates which agglutinated in specific sera were screened by testing for
their ability to hemagglutinate chicken crythrocytes (Finkelstein &
Mukerjee, 1G63).

On 10 January, 1964, rectal swabs were recelved in alkaline tellurite
bile peptone broth from & individuals suffering with the clinical syndrome
of cholera. These had been obtained on 6 January by a government health
visitor from a village adjacent to the vaccine study area of this
laboratory. From all these cultures, Vibrio cholerae, Inaba, was isolated;
agar surface growth of two of these agglutinated chicken cells in a slide
agglutination test (Finkelstein & Mukerjee, 1963). During the ensuing
six weeks, cholera vibrios were isolated from 384 other individuals.

Prom 6 individuals, hemagglutinating organisms were obtained; in three of
these; a non-hemagglutinating strain was isolated at the same time as the
hemagglutinative strain. No hemagglutinative strains had been found among
the cholera vibrics isolated from 750 individuals previously studied.
Until 13 September, 1964, vibrios were isolated from an additional 160
individuals (17 Ogawa and 143 Inaba) but no hemagglutinative strains were
igolated despite the search for such organisms. Sixty-six typical Ogawa
El Tor strains received during this latter period from various other
laboratories were all hemagglutinative.

Because typical El Tor organisms had been isclated in Dast Pakistan
in November, 1963 (Yen et al 1964), these strains were believed to herald
the appearance of Bl Tor cholera within our study area. Accordingly,
the strains, together with the non-hemagglutinative strains isolated from
the same individuals, were subjected tc the classical tests designed to
differentiate E1 Tor from classical vibrios. Susceptibility to Mukerjee's
Group IV phage was determined guantitatively (Monsur et al, 1964). The
presence of the hemolytic activity was examined by the method of Feeley
and Pittman (1963) and by the plate hemolysis modification of Greig's
teat (Taylor, 1941). The following additional tests were also used:
soda sublimatoe precipitation and soda serum agglutination (Tanamal, 1948);
sensitivity to polymyxin B (Han & Khie, 1963); ability to grow in 0.9%
trypsin (Han & Khie, 1963); Barritt!s(1936) modification of the Voges-
Proskauer reaction; the hcat inactivation of specific serum agglutinability
(Gispen, 1938); and the chioroferm inactivation of specific serum agglutin-—~
ability (Meyer, 1939). The results are presented in Pable I. All strains
tested gave the sugar fermentations of Heiberg CGroup I, all were motile,
produced indol, and used nitrate as substrate. These hemagglutinative
strains resemble ¢lassical vibrios in all respects except for their
ability to agglutinate chicken red blood cells. The hemagglutinative and
non-hemagglutinative strains isolated from the same individuals were
recognized on the purity plate; the hemagglutinating and non-hemagglutinating
colonies were sub-—cultured and found to breed itrue on successive sub-
cultures both on solid media and through serial passage in T{N; (1% trypti-
ceso, 1% NaCl), 5% peptone water at pH 7.5, bile peptone water at pE 8.5
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or trypticase soy broth. No difference in colonial morphology of the
growth on golatin agar or tellurite taurocholate gelatin agar plates

was detected by microscopic examination with oblique illumination
(Finkelstein & Gomez, 1963). The 8 individuals from whom these strains
were isolated lived in 7 different villages within an area 30 miles in
diameter, located in 2 districts of Bast Pakistan. With the exception
of the first 2 cases, no inter-relationship could be established between
cases. All but one of the cases suffered from diarrhea (Table II); one
of the two first patients died. Of the 6 individuals who came under
observation of CRL laboratory personnel, four were sevorely 111 requiring
intravenous therapy. 4 year-old male child had a mild diarrhea which
required no therapy. The sixth was an asymptomatic contact of a 2-year
old child with diarrhea from whom typical Inaba organisms (B 4048) were
isolated (See Table I).

The chicken cell agglutinating property of Vibric cholerae vas
correlated with the presence of hemolysin and resistance to attack by
Mukerjee Group IV phage based on the examination of 287 classical strains
and 349 El Tor strains. This finding of 8 hemagglutinative strains with-
out resistance to Group IV phage or hemolytic properties, isolated during
& limited period in East Pakistan, suggests that the chicken cell aggluti-
nating property may represent a marker usually, but not always, associated
with the other properties used to characterize the "El Tor vibrio."

Finkelstein & Mukerjee {1963) had isolated two hemagglutinative
variants from one strain of V. cholerae after broth passage, and noted
the appearance of hemagglutinative properties in tube tests when vibrios
were cultivated in trypticase soy broth under forced seration. The
hemagglutinative property of the organisms reported herein was noted
after a single passage through 1% trypticase, 1% sodium chloride broth,
but this property was fixed on agar passage and was domonstrated with
agar grown cultures in slide agglutination tosts. Because all isolates
in this laboratory are subjected to this procedurs, these eight strains
clearly differ from isolates found previously or since. Their occurrence
once again suggests that the various properties taken to ¢lasgify an
organism as an El Tor strain merely represent a group of markers of the
Vibrio cholerae which may be of primary epidemiological importance.

The isolation of such intermediate strains is an additional argument
against the establishment of El Tors as a separate taxonomic species.
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COMPARISON OF PROPERTIES OF CHICKEN-CELL AGGLUTINATING STRAINS
WITH CL1.SSICAL AND EL TCR VIBRIOCS
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EAST. PAKTSTAN
CLASSICAL CHOLERA
STRAINS:
B 3302-4 ™ III <'C - - -+ S1% - -+ 4 + 11.,2.62 Comilla Distriet
B 3802-A N III <10 - - -+ s1 - - + 4 + 17.2.64 Comilla District
B LO,8 IN IIT <10 - - -+ S1 - - -+ + + 19.2.64 Comi)la District
B L4273-A IN III <10 - - -+ S1 - - + + + 20.2.6, Comilla District
B 6425 oG III <10 - - -+ 51 - - + + +  B.3.84 Dacca  District
B 12789 m IIT <10 - - -+ 51 - - + o+ + 21.4.64 Dacca District
B 12945 oG IIT <10 - - -+ sl ~ = + + + 22.4L.64 Dacca District
B 13296 oG III <10 - - - -+ 51 - - + + + 26.4.64 Dacecn District
BAST PLKISTAN
CHICKEN CELL
POSITIVE CHOLERA
STRAINS:
B 631 N IIT <10 + - -+ Sl - = 4+ 4+ +  b.1.64 Comilla District
B 63L N III <10 + - - 4 s1 -~ -~ 4+ 4+ +  9.1.64 Comilia District
B 1716 N III <10 + - -+ s1 - - + + + 26.1.64 Daeca  District
B 1997 IN IIT <10 + - -+ sl - - + + + 30.1.64 Dacca  District
B 3302-B IN III <10 + - -+ 51 - - + o+ + 11.2.64 Comilla District
B 3802-B IN IIT <10 -+ - - + S1 - - + + + 17.2.64 Comilla District
B 4L273-B N III <10 + ~ -+ 51 - -+ 4+ + 20.2,64 Comilla District
B 4841 W ITT <10 + - -+ S1 - - + + + 19.2.64 Comilla District
FL TOR STRAINS:
Chittagong-1 oG - >108 + + - - + + + - = = 16.11.63 Chittagong
Chittagong-12 o - >108 + + - - + 4 + - - - 16.11.63 Chittagong.
D=9 oG - >108 + + o+ - + + + - - - 1961 Indonesia
. IND-40 oG - >108 + 4+ o+ - + + + - - - 1960 Indonesiza
Thailand-SE,47 IN -  >108 + o+ - -+ + o+ - - - 21.10.63  Bangkok
Malacca-3734 oG - >108 4+ o+ =+ + o+ =z - - May 1963  Malaceca
Hong Kong-2 oG - >108 + O+ o+ = ek - - 16.8.63 Hong Kong
Hong Kong-50 oG - >108 s + 4+ - - - 29.8.63 Hong Kong




TABLE IT

CLINICAL FEATURES OF INDIVIDUALS FROM WHOM HEMAGGLUTINATIVE STRI.INS WERE ISOL..TED.

Strain No. Date of Isolation Date of Onset Patient's Identification Age  Sex Clinical Sywptoms

B 631 6 Jan 1964 ? Monowara 16 F Clinical cholera

B 634 6 Jan 1964 ? Mustafa g M Fatal cholera

B 1716 26 Jan 1964 25 Jan CRL 615 10 F Hospitalized cholera
B 1997 30 Jan 1964 29 Jan CRL 663 LO F Hospitalized cholera
B 3302% 13 Feb 1964 12 Feb Shaitnel 13 19 F Clinical cholera

B 3802 18 Feb 1964 17 Feb E 95 1 M Mild diarrhea

B 4273# 21 Feb 1964 None W 1066 16 F No symptoms

B 4841 19 Feb 1964 19 Feb MH 115 10 M Hospitalized cholera

* Both hemagglutinative and non-hemagglutinative strains isolated.
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