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On purely- taxonomic grounds, the so-
called NAG vibrios or non-cholera vibrios
(NCV) clearly belong to the same species
as the E1 Tor and classical biotypes of Vibrio
cholerge (3, 20). There-are very important
differences. however, between members of the
species. Most obvious is that some members
are-highly adapted.human pathogens respon-
sible. for massive pandemics while others
are, apparently water-dwelling saprophytes.

A biotyping scheme is needed which takes

this. into account. Possession of certain
properues-influences an organism’s ability
to propagate or maintan itself in the human
small intestine, aquatic environment, or
other potentially important ecological niches.
These must be characterized and incorporated
into the definition of appropriate biotypes.
Since the potential fot human pathegenicity
is the crucial issue in-discussions about the
species ' V..icholerae now and in the fore-
seeable future, it seems especially appropriate
that a greater.effort.be made to identify
the inature .of virulence characters among its
members. #With respect to the,,nonOGroup
L:apglutinating *V cholerae (or NCV or NAG
vibrios) information concerning human patho-
genicity is very incomplete.’” There is no

doubt that.some members of this group are.
huffian pathogens (1,715 :24); nor that some-

produce an enterotoxin+remarkably-*similar
toxcholeraziokin (18,725, 26, 27). Beyond
this, however, the picture “of this group is

too badly blurred to identify patterns asso-
ciated with a pathogenic or saprophytic
mode of existence.

In the work reproted here, we attempted
to define, in hospitalized patients, detailed
clinical an¢ laboratory features of disease
due to non-O-Group I agglutinating V."cho-
lerae. We have also been able to include.
cases associated with related species, suchi:as
V., parahaemolyticus, for which ‘the -diarrheal
syndrome has not been clearly defined-in
Bangladesh. The V. cholerze non-O-Group
I clinical isolates have been screened for
biological activity in several animal models
and for a number of specific virulence factors.
Similar data about isolates from other sources
in the world have also been included in. the
current analysis.  Though incomplete, ;the
results thus far reveal several virulence charae
ters and patterns of potential clinicel: im
portance.

MATERIALS AND METHODS:

All patiriets -admitted to the Treatment
Center- of the Cholera Research Laboratory
in Dacca;"Bangladesh  in November 1977
through April 1978 were screened. Treat
ment “Center admissions consisted ofifithe
more, seriously 1!1 patients those judgedzto
be moderately. 101, ;severely.dehydrated atithe
time they presented to the admitting.phy



siclan 'I‘he weight of each patient was mea-
sured at’ the time of -admission and a stool
spemmen «was collected by sterile rectal
catheter for an immediate darkfield examina-
tion for vibrios (2). Patients whose stool
contained organisms which possessed typical
vibrio “shooting-star” motility that was not
inhibited by the addition of Gardner and
V'_enkatramen O-Group I antiserum were
“included in the study.
Liln many - cases vibrio concentration in
stool was insufficient for us to test motility-
inhibition -with ‘specific antiserum. A 3-
_hour enrichment of stool in trypticase soy
“broth followed by darkfield examination
was used to confirm the presence of non-
- agglutinating vibrios.  All patients with
‘sispected vibrio infection were tentatively
ad}mitled to the study until the results of the
‘_eh,ﬁchment " darkfield examination were
known. w ¥
“1On admission, 2 history and physical
examination were -performed; stool was ob-
tained by rectal catheter for microscopic
analysis and culture; and a venous blood
sample was drawn for measurement of electro-
lytes and specific gravity and for acute serolo-
5? ‘A finger tip blood smaple was taken at
¥4hours for specific gravity and a complete
‘«hloou count. Intravenous fluid replacement
awa " begun. immediately after admission and
mamtamed as needed No“antibiotics were
ElVEn Patients were- kept in hospital for 24
ho{us aftet diarrhea had ended. Convalescent
semm was obtamed at 14 days.

For the detection of vibrios, stool samples
were streaked to gelatine agar (GA), pH 8.5,
‘and’ to tauracholate-gelatine agar (TTGA)
(l g) plates. Serial 10-fold dilutions of stool
Were spread’ plated on gelu.:.c agar in order
to fdetermine vibrio concentration. A 6-
hour enrichment culture. aof %tool in alkaline
peptone broth-was also- prepared and streaked
’togGA and%TTCA’ plales All plates were
&ﬁc’ubitedgovemlght at-37° C
m::ve colonies were screened by the string

s (17, {22)" oxldase,test and a slide test

b

xfof‘ )
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Gelatinase-

gg]utﬁaﬂon “in OGroup I polyvalent’
erumis Selected isolates were. streaked.
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for purity on GA and stocks were ptepw-'d
on heart infusion agar slants and covered with
sterile paraffin oil. Isolates were taken from
GA plates whenever possible to avoid using
organisms exposed to bile salts-containing
media. This was done in consideration of
the fact that bile salts can act as a curing
agent for plasmids (10, 23). Since we tould
not rule out the possibility that plasmids
mediated improtant virulence facots in non-O-
Group 1 V. cholerae, we wished to avoid
selecting against them in the isolation pro-
cedure. Isolation from TTGA was necessary
in less than 3% of cases. '

Stool samples were also streaked directly
onto MacConkey agar and SS agar, and en-
riched in selenite broth for detection of dther -
bacterial enteric pathogens. Salmonella or
Shigella sp. were confirmed by routine bio-
chemical ‘and serological tests.  Escheri-
chia coli isolates, in addition to routine
biochemical confirmation, were tested for
production of LT in the Chinese hamster
ovary (CHO) cell assay (8) and for ST by the
infant mouse assay (6). Two individual
picks were grown in ‘trypticase soy broth
with 0.6% yeast extract (TSBY) in shake
(100-120 cycles/min) at 37°C for 24 hours
and tested in each assay. )

Vibrio isolates were subjected to the
following confirmatory tests: Gram reaction
and morphology, reaction on' Kliglet ifon’
agar, growth ‘characteristics’ in motility-
indole-urea medium  (9),  Hugh-Leifson .
glucose, fermentation of sucrose, mannose,”
arabinose or mannitol in bromeresol pu!ple
broth, lysine or ornithine decarboxylas(
and arginine dihydrolase (Moeller method)
halophilism shake culture test-with 0,+3;
7 or 10% NaCl, growth at 4C, sensitivity to"
0/129 vibriostatic  compound using discs
containing 10 and 150 mcg (21), and. the'
Kanagawa test (Bactenologcal Analynca]
Manual for Foods, 4th ed., AOAC, 1976)"
Antibiotic resistance -Was determined usingf
the standard Kirby~ Bauer disc- diffusion’

‘method (14),

Isolates were screened ‘for. biological
activity' in the following models: : 1) experi‘



-

'Craig (12).,

.-mental infection in 10-day old New Zealand
.*whj‘te rabbits using the technique of Dutta
‘and Habbu (M 2) virulence of whole cultures

admlms{ered I.P. to young adult mice, lethal
activity of filtersterilized culture fluid; 3)
rabbit ileal loop activity (5) of whole culfures
and culture filtrates; 4) rabbit vascular
perfneability factor assay {4); S) CHO and
adreral cell (19)- assays; and 6) suckling
mouse assay. TSBY cultures grown in shake
flasks at 32°C and 100-120 cycles/min for
6 hours were used to prepare whole culture
challenges.  Filtrates for 1ovin assays were
prepared from 18 hour shune flask cultures
in the casamino acids medium of Kusama and

."l(,

I .The adherence of lsolates to 1solated rabbit
brush border cells and human group C ery-
throcytes (11) was evaluated using cells grown
in TSBY shake flasks at 32°C for 16 hours.
In,the brush border adherence assay, vibrios
and brush borders were incubated at 30°C
for' 30 min before the number of bacteria
on each of 20 brush borders was counted,

RESULTS AND DISCUSSION

Over 700 patients were screened by dark-
field microscopy. Direct darkfield examina-
tion of stool was not an efficient screening
procedure by itself becuase vibrio concentra-
tion in too many stool specimens were at the
borderkine of detectability. It was necessary
to admit tentatively all suspected vibrio cases,
then confirm with a 3-hour stool enrichment
and second darkfield examination.

Enrichment darkfield results agreed with
bacteriological culture in 77 out of 81 cases
in which one or both methods were positive
(Table 1). This is better than 95% agreement.
Sixteen isolates proved to be V. cholerad s
El Tor. These came from cases in which-
the enrichment culture still contained too
few organisms to assess clearly the effect
of Q-Group I antiserum. In all, non-O-Group
1 agglutinating V. cholerae and related species
were isolated in 74 cases, representing about |
10% of the patients screened.

Table 1

Efficiency of Darkfield Examination Coupled with 3-hr Enrichment for the
Detection ¢f Non-O-Group | V. choferae :

© e -

Darkfield Result

Pasitive

.

v Negative .

Bacteriological Culture

Positive™ Negative'
77 1

3 483

" lIdentification of isolates:

V. cholerse El Tor 16 {20%}

V. cholerae non-O-Group ! 35 {44%)

V. parahaemolyticus 17 (21%)' .
-'Related organisms 12 (15%1. .

All 3 false negatives identified as V. cholerae.El Tor.
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Isolates fell into one of four well-differen-
tiated groups: non-O-Group I V. cholerze,
. parahaemolyticus, Group™ F vibrios (13)
1ramd Aeromonas hydroph:ia subsp. anaero-

genes’ (Table 2’) Group F vibrios represent
an mtermediate cluster between the two
genera‘ VIbI‘IO and Aemmonas The string test
wias an’“"éffectivc dlfferenhal method: 86%
of V. choleme and 71% of Group F vibrios

Table 2

proportion in the other two gro'l?faws'yga
weak or neganve reactions. Inhibition: of!
growth in the presence of 0/129 v1bnostatlc.
compound was also a useful character. ‘Pm'éﬁ
duction of lysine decarboxylase or arginine
dihydrolase effectively separated Vrbrios~
and non-Vibrios.

were strongly positve while’ virtuaﬂy the: s%{%af

Differential Characteristics of Vibrio-Like Isolates from Patients
(% of Isotates Showing Character)

0/120V 5.C.*

. Sensitivity
*String Test

10 Mcg 150 Mcg

e

Growth % NaCl
: 0%‘1

'.;'S:rong

EI.f' cholama ;#Lmy#; 100
“Non Oﬂroup!l,- S w2 (88)

V parahaemolyrrcw T 22 Wesk/Neg 23
(92}

Group Fvibrios--; LT “Strong 0
T (7

Lﬂe.—oménas hydrophifa 4 Negative 0
' {75)

:;;ubsp. anaarogenes

100

100

43

Lvs.“_‘ Arg** Helberg Group
100 0 - (70} 1000 22
v (30
00 0 vii ey . 14 oo
v i9) '
0 86 neogon 000 79
‘50 100 I (oo 100 50

L0129 Vibriostatic compound = 2, ddiamino 6, 7 diisopropyl preridine.

Lys = Lysine decarboxylase; Arg =

Helberg groupmg ‘was *alomost completely
Excluswe with” the" exceptlon of a few HG V
3V, parahaemolyﬂcus Growth in peptone
0 or 7% NaCl was useful in differ-
enuatmg V. parahaemolyncus In addition,
"2l isolates ldentlﬂed as. V. parahaemolyticus
fwere tester’i for Kanagawa hemolysis and all
~.Wzare posntwe 1

Ofwthe‘S'J cases for which a complete
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Dihydrolase,

analysis is available so far, 8'(149’)"- v
mixed infections (Table 3).~ Othe: pa oge
included ' LT/ST, £. coli, ST-only¥E Bcol
Shigella ﬂexnen or Shigella -boydii: vOf ‘the
cases in which ¥ibrio ot Vibrio-like organisms
were the only pathcgen identified 20 (31%)
had non-0-Group 1 ¥. cholerae and 21 (43%)
had V. parahaemolyticus.



Table 3
Bacteriological Isolations from 57 Study Cases

Single Pathogen Totéf infections
No. % No. %
‘ v , - - . i PRl
V. cho[erae Non-O-Group | 20 41 25 44're,
*Heibérg Group V 8 16.5 9 16 ”
.Heibera Group 1! 12 245 16 28w 1
V. parahaemolyticus 21 43 22 39 ¥
) il
Group F vibrios 5 10 7 12 4
: i S
A. hydrophila i’-i; 0¥ 3 6 3 5
subsp. anaerogenes '
Table 4 compares clinical features of these vomifing ~ About one-quarter had muscle}

cases Only adult panents have been included
}n this 1ab}e A-point not shown is that
- males and fernales are equally represented
Vin the V- rc‘hoieme cases but males account
for 17 (81%) of the V. parahaemolyticus
cases . Thls dlfference is close to statistical
gmﬂca:%ce (P .06, Fishers Exact Test).
'Iable 4 shows that almost all patients had

Table

Clinical Features of Adult Ca

cramps; 71% of V. cholerae and 95% of V'.-

pain. The frequency of fever was almost ¥
twice as great in V. parahaemobmcus casés-'
(81%) as in V. cholerae cases (43%);, the
mean duration in the former was 14.7 hours
compared t0 9.] hout. in the latter.

4

ses with Single Pathogen

V. cholerae Related
non-0-Group | V. parahaemolyticus QOrganisms
(N=14) (N =21) (N=7)
No. % No. % No. %
Vomiting 14 - 100 20 95 7 100
H
T Musclé cramps 3 21 6 29 i 14
- Abdominal.pain 10 71 20 - 95° 5 - 71
Ternp(§1oo Faxilay)* 6 43 17 81 3 43
-Fever_dU[atlon (hr) 9.1+£50"* 14768 133+6.1%
| - 4 % . 5 e

V. parahemolyticus vs other
£1S. dev.
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P < .05 Chi Square Test,



Table 5 presents selected admission labo-
‘tatory features of cases. The mean admission
‘serum protein  and the mean hematocrit
value measured 4 hours after admission were
normal. The mean total white count 4
hours after admission was elevated in all
groups with the count in V. parahaemoly-
tucus cases (21,100) significantly higher than
the others. Most patients in each group had
a shift to the left. Stool microscopic examina-

tion revealed less than 5 polymorphonuclear
leucocytes per high powered field in 98%
of cases with no difference between groups.
Fecal red blood cells were observed signifi-
cantly more often in V. parahaemolyticus
cases; 10 cases (50%) had 6-10 or more RBC/
hpf. Of these cases, 9 had a history of bloody

or red stool. In the remaining 10 cases, only,
2 reported a similar history. None of ‘thé
V. cholerae cases reported bloody orred’
stool. Over 90% of all cases had parasitic
infestation with no difference between
groups.

Data’ in Table 6 shows that mean serum
and stool electrolyte values in V. cholerae
and V. parahaemolyticus cases are similar.
Serum elelctrolyte values are essentially
normal and stool electrolytes are similar to
values reported elsewhere for diarrheas
caused by enterotoxigenic £. coli and, other
agents. The data from cases due to related
vibrio-like organisms, which is not shown,
are also similar.

Table 5

Admisson Laboratory Features of Vibrio Cases

V. cholerae Related.
Non-O-Group | V. parahaemolyticus Organisms
(N =14} (N=21) (N=7)
Serum protein {Gm%)} 81+18* 75+08* 7.4 +0.6*
Hematocrit (%)** 379.£59 389153 344135
WBC** 16,200 £4,300 21,100+ 7,800 16500+7,100  p<025%
‘Fecal leucocytes
{No./hpf) 05 14 20 6
6-10 0 0 1
Fecal RBC
(No./hpf) 0-5 13 10 7 ,
6-10 1 1 0 p = .002
>10 0 9 0

* N =13,19, b respectively.
Measured 4 hou © after admission,

T test, V. parahaemolyticus vs others {grouped).

‘Fishiers exact testi V. parahaemolyticus vs others {grouped in 2 x 2 contingency table

(< 6 vs >5 RBC/hpf)
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Table 6

Serum and Stool Electrolytes by Etiology
{(Mean £ 1 S.' Dev.)

Na K C1 HEO,
Serum
V. cholerae
Non-O-Group | 14 135 3 4.8t 0.6 100t 3 224833
V. parc “aemolyticus 21 137+ 3 43106 101 4 25.0i 2.8
Stoo!
V. cho!é??e
Non-O-Group | 12 88 + 33 21412 60 -t34* 33F 13
V. parahaemolyticus 21 106 % 24 21 £11 6519 41 156
N =11,
N =-20.

Other data contrasting V. cholerae non-
O-Group 1 and V. parahaemolyticus cases
is shown in Table 7. V. parahaemolyticus
was found only in adults while a significant
proportion (30%) of V. cholerae cases occurr-
ed in children. Comparing only adult cases,
the V. cholerae group had modestly elevated
admission . serum specific gravity (1.030).
This was significantly different from the
other groups 1.028. The duration of diar-
thee before admission tended to be shorter
in : V. parahaemolyticus patients possibly
because the higher incidence of bloody
stool and fever led them to seek treatment
sooner. Total duration of diarrhea was similar
in both groups, but stool output was three
times as great and IV requirement almost
twice as great in V. cholerae cases. The
mean stool pathogen count expressed as a
‘log value was similar, representing a mean
‘value of 34 x 10®/ml.

“Two findings are not shown-in this table.
First, the. pediatric rion-O-Group I V. cholerae
cases /teniléd Tto*bé, .more semous:.illnesses
han " adult'Casés. ™ The ‘mean"total duration
oft‘diarrtiea was- 67.-hours and mean stodl
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value was 346 cc/Kg. Mean admission serum
specific eravity was 1.028,

Secuiid, 4-fold or greater agglutinafing titer
rises ,.against the homologous dsolate were

seen in*5;of 9 paired sera.from:ionQ:Group

1 V. cholerae cases,but inz nonegdf:9:V.
parahaemolyticus patients, NoZpajient:in
either group had a titer rise’to Q:Gfghp.I:V.
cholerae.

In the screening which has‘beensfone so
far for properties that mayscontfiiitetto
virulence in non-O-Group {A+iV:3&Holerae,
a few have been identified,that appeht to be
of clinical relevance. First, we have detected
an enterotoxin in four of 14 isolatessthat is
active-in adrenal and CHO cell assays3} Some
characteristics of this toxin will be described
later. Ve are presenting .the datd;ir’fTable 8
to- show that those patients withifoxigenic
isolates had more severe 2illness ithatdthosé
with nontoxigenic isolates. {.Ifi: thezcagéy with
toxigenuc .organisms, weightiflossgisTafeater,
the 'admission® serum spécitic RravityEI signi-
ficantly Higher, and diarrhealast§a0fgeE and
is more profuse.

"Four-fold; of “greater 1383 i T ARRTIINGEG:Y



Table 7
Comparative Features of V. cholerae Non-O-Group | and
V. parahaemolyticus Adult Cases

V. cholerae
Non-Q-Group | V. parahaemolyticus
(N =14) (N = 21)
Patients excluded” due to
YT age (€10 yrsold) : 6 0 P = 009*
'wAdmiss’ion séfum specific
gravity 1.030 + 004 1.028 + 003 P<.001%*
‘Duration of diarrhea thr)
'}; Pre-admission 116t 89 "76¢+ 38 P < .06*"
i Tota! : 421 £31.4 368 +16.2 .
'%7_ & ) ‘ ¥ W .
;fmol volume {cc/Kg] : 60 .+ 20 p= o4
iV voiume (ce/Kg) - 123 6 paost
T ' ; . ' T -
§tool pathogen count 5
' llogys CFU/MI) & 86+ 0.7 g4t 09f
Flshers exact test t Rank sum test.
T otesty ot N=14
' 4.
Table 8
Comparative Features of Toxigenic and Nontoxigenic V. cholerae
Non-O-Group | Cases
{Mean Value * 1 S, Dev.)
Toxigenic Nontoxigenic
(N=4) g (N=10}
'Weight loss (%) - 56+ 52 . L1516 P<O2B
,Ahm.ss.on leumsoec gravity:  10345¢ 0031 1020040088, p<i01® ¢ i
i v, .
T taldurétlon ofdlarrhea (he) & 80 +40 ST 36127 .y P( 10 W
A
Stcol volu’me (cc;lkg] 103 41’ ",_ﬂ.(-l_ *?-:P,, 0;3‘*" ‘?
o ‘ R BRSO U £r
volume'tcc/Kg) 184 98, "~ Pms012% .0
3 z ' A A .
z o ap *
213 08 i Pom. 054t

‘f T;test o 1t Wf}.‘* includes data from cases-<: 10 yrs old:
. ~Ranksimtest. 7§~ 3’ t  Fishers exact test.
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laple. 'y - -

‘Adherence Factors in Isolates'from Study Cases .

Brush Border Assay
No. Orgamsmsl

. . . o u
s g n " PRI SRy . ot |

N N Brush Border N

j- V. cholerae ' .

Non-0-Group | 18 132 ¢+ 74* 16 ‘39 t*"? :%}
V. parshaemoaly ticus 18%* 25 %+ 18* 14 23 1 9
Group F-vibrios 5 39 £ 29 5 30 :1:___4_1 ._z;
Aeromonas hydrorahr'la 3 18.1 1 3.5 3 27 ;0.6

P00, T test.

(Mean Value *1. Sf!f:’);ev‘;l&'

Excludes 1 isolate with brush border adherence value > 30.

tmatmg titer agamst toxigenic or nontoxigenic
isolates occur with’ equal frequency Signi-
;ﬁcant antltoxm titer  rises, however,” occur
K ?nly i patients with toxigenic vibrios. Even
with the very small numbers involved, this
.dlfference approaches statistical significance.
-Antitoxin titeis were determined in adrenal
cell neutralization assays. Neutralizing titers
‘in the two posit:;ic sera rose against homo-
logous non-O- Group I toxin, purified cholera
toxin, and £. eo! L
Another property we have begun to exa-
mine is adherence (Table 9). Thus far we
have completed the rabbit brush border assay
and haemagglutination of human type O red
cells—both performed essentially as described
by Jones and Freter. The mean hemapglu-
tinating titer of the non-O-Group I V. cho-
lerae is similar to ‘that of the other three
éroupk The hemagglutinating titer of indivi-
dual orgamsms did not relate to the organisms
fblhty to adhere to brush borders. The differ-

,Jen”c/a ‘between’ the.mean number of vibrios per -

o s

sh b d:r. jth Vl cholerae (13.2) and with
parahaem :fcu; +(2.5) is-highly signi-

pictured in Figure' 1'is conf rmed y

"ronglyn whﬂe“adherence iy the group F'"'

gc t‘@Aqmﬁﬁﬁﬁrhydrophda also adheres .
t
Eyibrids s aimose’as ;poor ‘assamong V. para-

haemolyticus.

A factor "associated wrt
adherence ifi the non: O-Grou ]
may be of clinical relevance lf

shows a srmple rank correlatlon @et:

Correlation Coefficwnt) and may reflectia
colonization factor of some lmportancegm
human disease. Also interesting is the tenden
cy of the few toxigenic isolates to clistes
the upper and right portion of thérwgraph
The results 50 far are encouraging that clusters

that d:fferentrate protentral pat}}oge
those which are not in the: krmn -OrC
LV. cholerae. ‘

. The ch

isolates descrlbed* abfive
g ﬂ{

to 2 batteﬁo’f assays
.mora fully therr biol
"10
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BAUSH BORDER ADHERENCE
Figure 1. ,Rank Correlation of Brush Border Adherence with Severlty of
4 9

" Diarrhea in V. cholerae Non-a-group | Cases (Circled Dots?
Hepresent Toxigenic Strains).

Tabie 10

Sources of Addmona! V. cholerae Non-O-Group | Strains Screened
- for Biological Activity

Country 8 _ Source No. Examined
"%Bangladesh " CRL (1973 ~1977) 26 -
%’S\“/:\f’rr‘;cza .Robihs — Browne .5
; l_.ldan - Zinnaka 6

" Lee 3 ,
- i
a 3

o Jﬁdclnt‘yre ' 4

" Colwell | sf’

146



Tlre,rnethods used 1o test the isolates for
'bloactmtya are presented in Figure 2. All
procedures were standardized before the

i301ates were tested. Isolates were initially
lested in duphCate in the infant rabbit model.

Tsolates which produced negative or'variable - o ot

results were! retested until a clear cut result
was produced If after three passages isolates
st111 fajled “fo’ produce diarthoea and death

Mouse lethal assay
——®=  Whole culture (I.P)} .

Isolate ——— Infant rabbit

del,¢ Passaged,
o were; itested” for their. IethalltyJ%?a ult

. ing mouse assay and mduc}ron of-' s
- - gical “changes in the’ CHOland dre lill.l S

in the infant rabbrt then tl_rey'werei:fé
to be negative in, this, model>: Passage

and for extracellular lethal*toxm T "

1nduct10n of fluid accumulauoﬁlin i

3 '“ml

lines.

[} et |1y 0 3 passages

Figure 2, Screening for BiologicaI'A(':'ti\Fity

{+} ——pp Repeat usmg culf,

{-)

Ty

Flltrate tested in rabbit skin permeablllty. suckllng mouse, - CHOrand* / !

adrenal cell assays.

A‘sspectrum OP‘brologtcal actwrty was v.«'

observed wlllch fell nto four basic’ patterns
ficlates were characterized ‘as
belng able tb""produce 2 cholera of CT-like ¥
toxm "1 heat-stablc or ST-iike-toxin; _enteritis
wlthout*erthér toxin,,or no actrvrty in the
Biotogical ‘assayshs0ut of 110 non-O'Group .

”
S
s"‘“

/i 0

" but srmliar'_
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A7V, cholerdt "“21‘*‘
“Tike "Toxin, ¥ ol yaiy
produced‘m shake flask’ clultlfrés l -;zlfg._.' ;-
by adrenal' Tell titfation Was ‘onectent *r iy
“than that” pr.’ uced by V. cholgf" ';ﬁ-;j.

ElTor strams



Table 11

Four Basic Types of Biological Activity Observed in Screening Assays

_ InfantZ%  lleal Loop Rabbit Skin  CHO/Adrenal * “iifant-
N Rabbit Cult. Filt. Permeability Cells: ‘Mouse
CTdike 21 Pos "Pos Pas Blueing Pos Neg:
ST-like 2 Neg Pos Pos Neg Neg Pos.
Enteritis 73%  Var Var Neg Haemorrhagic Neg Neg:
lesion-var
Ingctive 24 Neg Neg ©  Neg Neg Neg "Neg'

Two isolates both from the Chesapeak
Bay, produced a toxin which was active in
the suckling mouse assay and ileal loop.
These! strains were unable to cause disease
in mfant rabbits.
will be shown later suggest that this toxin is
similaf to the'heat-stable toxin of E. coli.

Sixty-six percent of isolates thad activity
Jn .thé infant .rabbit- or the rabbit ileal loop
:.when whole ‘cells were used. But none pro-
duced demonstrable extracellular enterotoxin.
The remaining 24 isolates were completely
inactive in all assays shown. Results of the
mousel lethal assay have not been shown,
but virtually all isolates were lethal.

Isolates producing enteritis without detec-
tablewenterotoxin "could tbe further .subdi-
vided ifito four categoties’as“shown in Table
1274 Forty-nine of these ‘isoaltes produced
diarrthea and death'in the infant rabbit and
fluid accumulation in the ligated ileal loop.

Prehm\mary data which -

Of these, culture filtraté§i#from 7 isolates
produced a haemorraghic fesion in the shaved
back of rabbits. Isolates-in Group III are
inactive .in'the’ infant rabbit but positive ,
in the ileal loop. Isolates in Group 1V are
ileal loop negative but cause disease in infant;
rabbits. The reason for these last two pattems'%
is unclear An isolate which cannot colomze+
the gut might be unable to produce diarthoea
in the infant rabbit whereas in the ligated
ileal loop, colonization factors would not be
as important. A positive infant rabbit reac:
tion but a negative ileal loop, as in Group
4, may be explained by the older animals
being refractory to the agent which- initiates®
fluid secretion in, the gut of infant rabbit$s
The brush border adherencé assay “does not}
differentiafe’ Groups III and" IV. “For bothy
the mean number of vibrios adhering’ per

‘brush border is about 11.

Table 12

Subgroups ‘of Enteritis Type of Bialogical Activity

Infant lleal Loop Rabbit Skin
N Rabbit (Whole Cult.) Haemorrhagic Lesion
42 Pos Pos Neg
7 Pos Pos Pos
11 Neg Pos Neg
13 Pos Neg Neg
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Table 13 presents the patterns of biological
acuvxty ‘in all of the isolates collected in our
-clinical study ‘Only 1443 isolates in the non-
O- Group 1 V. cholerae is completely without
biological activity in the models tested. Seven
isolates (16%) produce detectable CT-like

_produce enteritis but only 57%of

toxin and the rest produce enteritis. “Nong

of the other species produce a CT-like: to"iin

‘Twenty- V. parahaemoijmcus*1so1a!es§( J’[ '
dl

Thydre:
phila and 20% of the Group F VibHG§Y;
active.

Table 13
Biological Activity of Clinical Study lsolates

Bio Activity
Enteritis |
without No. of strains
Species CT-like ST-like CTor ST Negative examined

V. cholerae
Non-O-Group | 7 0 35 1 43
V. parahaemolyticus 0 0 20. 7 27
A. hydrophila.
Subsp. anaerogenes 0 0 4 3 7
Group’ F vibrios 0 0 2 8 10

Table 14 shows the biological activity of
noﬁ—O-Group [ V. cholerae from different
sources. The proportion of isolates producing
enteritis is similar regardless of source. One-
quarter of the clinical isolates from diar-
rheal patignts and cases of other illness pro-
duce CTlike toxin. Ten of these isolates
are stock cultures {rom past outbreaks and
have maintained their .toxigenicity for.up to

richer source for organisms which are mactwe q:
in our modet systems 27% of env;ronmental-

"f

biotypes of V. cholerae would not be m=a-.

ningful,

Table 14
Biological Activity of V. cholerae Non-O-Group | Isalated from Different Sources

Diarrheal patients

Nen-diarrheal iflness

Enwronmental

(N =72 (N=28) {(N= 30)1

No. % No. % No. %

CT-like 17 24 2 25 2 -7
ST-like 0 - 0 - 2 7
Enteritis 49 68 6 75 18 60
fnactive 6 8 0 - 8 &y
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The spectrum of biological activity.in each

cherg groups represented in the sutdy
\ A in 'l:able 15. Toxngemcxty, at least
t 1':3. : hke toxin, is'not limited to any one
Helberg group. ..What is not shown here,
howev".r, is that for i partlcular area at a
partlcmlax tlme alomost all toxigenic islates
have foccurred in the - same Heiberg group.
In-Datca druirig ‘the’ past ‘year, all toxigenic

‘lsféh

isolates were in Group V. In contrast, the .

isolates from the Sudan outbreak of. 1968 4
all belonged. to. Group I and those from

Czechos]ovakla in 1966 were in Group e
Thus, Helberg grouping .may .be of some
limited epidemiological value. We are unable
to comment on serotyping since this was.*r
started recently and no data is available yet. .

Table 15

- Biological Activity of V. ¢, ./erse Non-O-Group 1 Belonging to Different Heiberg Groups

Heiberg Group

) “ I , 'Vh;;
LN=21) NS 641 e (N=25
o 3 I AR A
A T A v - No. L% “'No... §.'
i(: {' T ‘TZ-" “h e . ©Ra AL
E Aok LAY % 33 6 . ..,9 L8 %
s ¥ fAelin oofp = | - 2 . v
s 2 Fa0 0 ¢ g o w3
.- 1 O . ‘ o
tve & 4 9 -8 13 ) 8

fﬁm‘leéﬁnal table (Talble -16) contrasts the

charactéristics “of the two enterotoxic .activi-
Heswehave detected in culture’ ﬁltrates from

non-O«ﬁgoupI V. cw 8, § ,Tue CT like toxms

2 y'za [
flu"id aa%umulauon it about-‘lz hours 15’14 both
iieal” 1oop and sucklmg mouse models. This
was similar, to .the pattern of fluid accumula-

tign: foﬂowmg ‘exposure to V. cholerag’ S69B
“'nure filtfate! -1 adreridl ‘and CHO cell

sclivz 8
aprepare.-}' against , purif’ edugcholera Aoxin.
ﬁﬁﬂé‘éi #prodlfce,dnxagainst'gthe. rude CT-
mé'” t‘?, S neuirahzes ‘activit of_ cholera
ﬂﬁomnlete\mh&biuon of,ﬁc i

éan be- neutrahzed by antxtoxm'

. ratory. Clﬁared lysatets_ﬁ,wgre run on 0?%

Bk ‘ i- s l E 5-“ I’l(i
m"_.-ﬁn 1S no;,ﬂl heatTabx)e?‘évgn
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an Amlcon AM 10 ﬁ]ter Jllts action s m;ufh ,
more rap;d than - that. of cholera’ toxin in? th
s'fxckhngumouse ".r-J’eak ﬂuld'*

accumulanon odcurs” by 4 hours. 1ts actlvﬂy '
cannot be neutralized by anti-choelra toxin

anuserum

The . C’l" like -toxin and. ST:like - -toxin- -,

producing isolates- described here have beenv

~ examined for plasrmds by agarose gel electro-"ﬁ:

phoresis. +This work -was done: by Dr. I_oré

" Anné: Mchchol «in Dr R1ta Colwell’s labo-

et
%‘&ll}p]asn}sg el
et ] ‘does.nutgse
R )
hkely, i therefore"* a #ﬂlq&pmgygﬁm}_
either toxif 1§ plasmid- mediated:?

dotécted in. any dsolate




Table 16

Comparative’ Features of CT-Like

and ST-Like Toxins

{100C, 30°'min)
{ 56C. 10 min)

Heat{abile

Dialyzablé

Peak fluid accumulation
in ileal loops (hrs)

in suckling mouse {hrs)
Neutralized by anti-CT

Antitoxin neutralizes activity of CT

CT-like* ST-like
Yes No
Yes No
No Yes

10-12 2-4

12 4
Yes
Yes

Tested in.Y-1 adrenal cell assay.

Tested in suckling mouse assay.

In.the preliminary results we have present-
ed here, we can-detect a number of pattems
of biological -activity that we believe would
be.very profitable to characterize further.
The work done so, far also appears to be a
‘successful way of starting on the problem
‘of biotyping the non-O-Group I V. cholerae,
at least with respect to pathogenic potential.
It is obvious, though, that much more work
iremais to be_done.
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