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SUMMARY

Epidemiological studies have demonstrated that hands may be an important vehicle for
transmission of shigellosis. The present study was carried out to find out the survival potential of
Shigella dysenteriae 1 on fingers of volunteers. Finger surface was inoculated with 10° cfu of S.
dysenteriae 1 and then the bacteria were detected using conventienal cuiture, PCR and fluorescent
antibody (FA) techniques after different time intervals. It was found that S. dysenterige 1 survived
for up to one hour in culturable form but up to four hours in non-culturable form on human
fingers. The non-culturable S. dysenteriae was detected by PCR and FA techniques. This study
claborates on the role that fingers have in the transmission of shigellae.
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INTRODUCTION

Shigellosis is mainly associated with low levels of personal
hygiene and sanitation (14). Shigellosis is hyperendemic in
some parts of Bangladesh, and occasionally flares into
‘epidemics. In routine admissions in a diarrhoeal disease
hospital in Bangladesh, the isolation rate of shigellae is
approximately 11 to 12% (7).

Shigellosis is mainly transmitted by the faecal-oral
route. Several studies have demonstrated that hands may be
an important vehicle for transmission of shigellae (5,15,24),
Hardy and Watt (6) isolated shigellae from the fingers of
mentally retarded individuals in a custodial institution.

The non-culturable phenomenon, a survival strategy of
shigellae has been reported (1, 9). The potential health
hazard presented by non-culturable shigella spp. may be
significant, because of the possibility of conversion into
culturable state in the appropriate milieu. It has recently
been shown that non-culturable bacteria can revert to the
culturable state (18,21,28).
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However, one difficulty in elucidating the potential hazard
of non-culiurable pathogenic bacteria is the inability of
routine bacteriological methods to detect such germs from
environmental samples, specially when they are present in
low numbers. Polymerase chain reaction (PCR) can detect
low number of germs in a sample, This technique allows a
specific segment of DNA to be amplified by a factor of 10t
or more within hours (22). It depends only on the presence
of target DNA. Thus, PCR is potentially able to detect the
presence of non-culturable cells.

On the other hand, it has also been reported that
fluorescent antibody (FA) technique is a highly selective
and sensitive method for detection and identification of
bacterial population in the environment (10, 11, 23, 26).
Thus, this technigue can also be employed for detection of
low numbers of germs, including non-culturable shigellae
from environmental samples (9).

Even though hands play an important role in the
transmission of shigellae, there is littie information about
the persistence of shigellac on contaminated fingers.
Hutchinson, using conventional cultural techniques (8}, has




66 JDIARRHOEAL DIS RES Jun 1997

- —— e,

Istam et al.

shown that Shigella sonnei can survive for up to three hours
on fingers in temperate climates, but there is no information
on survival of §. dysenteriae 1 in a tropical climate.
Moreover, when the study on §. sonnei was conducted
there was no knowledge about non-culturable organisms
which could potentially transmit the disease. We are also
not aware of any study about the survival of . dysenteriae
l on fingers using culture, PCR and FA. Therefore, the
present study was undertaken to find out the persistence of
S. dysenteriae 1 on human fingers using culture, FA and
PCR techniques,

SUBJECTS AND METHODS
Volunteers and bacterial strain

Four male, healthy volunteers were selected for this study,
One clinical strain of S. dysenteriae 1 was obtained from
the Microbiology Laboratory of the International Centre for
Diarrhoeal Disease Research, Bangladesh (ICDDR,B). This
strain was reconfirmed by morphological, cultural,
biochemical, and serological tests following standard
procedures (13).

Preparation of inoculum

The strain was first inoculated onto MacConkey agar (MA)
and incubated at 37 °C for 24 hours. A loopful of growth
was suspended in 10 mL phosphate buffered saline (PBS,
pH 7.3). The 90% transmitlance of the suspension at Ay
was measured with a spectrophotometer (Coleman Junior,
HA model 6/20A: Perkin Elmer corp.). Bacterial counts
were assessed following standard procedures.

Inoculation of fingers

The finger surface of volunteers was swabbed with 70%
alcohol and allowed to dry following washing with sterile
distilled water. A drop of 20 p! inoculum (~10° cfu) was
placed onto each finger tip of the left hand, except the
thumb, and was spread over an area of 2 cm x 1 em, The
right hand fingers were not inoculated and used as negative
control. The volunteers did not touch anything and were
confined to the laboratory during the experiment.

Sampling '

Each inoculated finger was washed once in 2 mL washing
solution (0.25 Ringer solution containing 0.1% Tween 20)
by rubbing with the thumb of the same hand. The thumb
was then sterilised by alcoliol and rinsed with sterile
distilled water. Different fingers were washed at different
time intervals €0, 5, 10, 20, 30, 60 minutes, 2, 3, 4, 5, and 8
hours), and shigellae were counted from the Ringer
solution. Aliquots of the solution were stored at —~20 "C for
detection of shigellae by PCR. and FA technique.

Culturable cell count

The viable germ numbers in - the finger washes were
enumerated on MacConkey agar (MA), Salmonclia-
Shigella agar (SS), xylose lysine deoxycholate agar (X1.D),
and Hektoen enteric agar (HEA) following standard
procedure with a sensitivity of 1 cfu/em?® (9). Two to three
colonies from the plates were tested with S. dysenteriae 1
antiserum (Difco) by slide agglutination for confirmation of
the strain, The bacterial count was expressed as cfu/em’ of
finger surface. When the count of culturable cells came
down to less than 1 cfufem?, then the cuiturability of the
germs was tested by culturing on MA following enrichment
with Gram-negative (GN) broth.

DNA extraction

When there were no culturable germs, one mL sample was
put in an Eppendorf microfuge (model 5415C) and
centrifuged at 3000 x G for three minutes to remove skin
particles and debris. The supernatant was collected and
DNA of bacterial cells was extracted by the method
described by Islam er al. (9). The extracted DNA was
stored at -20°C if the subsequent experiment was not
carried out immediately. The DNA was extracted from the
non-culturable form of S. dysenteriae after 2, 3, 4, 5, and 8
hours of exposure on the fingers.

DNA amplification by PCR

The amplification of ipaH sequences was performed in 100
pl reaction mixture in polypropylenc microfuge tubes
(Perkin Elmer Cetus). The reaction mixture was prepared
using 10 pl buffer solution, 2 pl of each deoxy-
ribonucleoside triphosphate (dATP, dCTP, dGTP, and
dTTP), 0.5 pl of Taq DNA polymerase, 1 pl of each
primers (H8, 5’-GTTCCTTGACCGCCTTTCCGATAC-3
and H13, 5'-GCCGGTCAGCCACCCTC-3") which were
derived from an invasion plasmid of S. flexneri MOOT, (27)
8 ul of extracted DNA and sterile deionized water to a final
volume of 100 ul. The reaction mixture was overlaid with
50 pl mineral oil. The PCR reaction was done for 35 cycles
of one minute each at 94 °C (for denaturation), 1.5 minute
cach at 60 °C (for annealing of primers to single-stranded
DNA), and 0.25 to onc minute each at 72°C (for DNA
polymerase-mediated extension) according to the procedurc
described by Echeverria er al. (3). :

Analysis of PCR product

The amplified DNA was analysed by agarose gel
elecrophoresis. The PCR product and molecular weight
marker (Haelll digest of $X174 replicative form DNA)
were subjected to electrophoresis. The separated product
was visualised by UV transilluminator (Ultraviolet products
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Inc. San Gabriel, California, USA) after staining  with
ethidium bromide.

Hybridisation of PCR product

The PCR product was also identified by hybridisation
technique  according to the ECL {enhanced
chemiluminescence) direct nucleic acid labelling and
detection systems protocol (Amersham, UK). After
electrophoresis, the gel was processed with the denaturation
solution (1.5 M NaCl, 0.5 M NaOH) and neutralisation
solution (1.5 M NaCl, 0.5 M Tris HCI, pH 7.5), followed
by washing with deionised water. The separaled product
was then transferred to a nylon membrane by capillary
blotting technique (17). A single-stranded ipaH probe,
described previously (27) was labelted with horseradish
peroxidase (20). The hybridisation between PCR product
fixed on the blot and the labelled probe was carried out
under - stringent conditions. The blot was removed
immediately from the hybridisation medium and washed
twice in primary wash buffer (0.4% SDS, 0.5 x S5C) for 10
minutes at 55 °C followed by another wash in sccondary
wash buffer (2 x S8C) for five minutes at room
temperature. The occurrence of hybridisation was detected
using ECL detection reagents (Amersham, UK).
Autoradiography film was used for detecting hybridised
product on the nylon membrane.

Fluorescent microscopy

One mL of hand wash sample was put into an Eppendorf
microfuge tube and centrifuged at 3000 x G for three
minutes to remove the skin paricles and debris.
Supernatant was collected and was centrifuged at 15,000 x
G for five minutes. The supernatant was discarded and the
pellet was resuspended in 25 pl of PBS (pH 7.3). 5 yl of
this suspension was applied to a microscopic slide. The
germs were stajined with S, dysenreriae 1 polyclonal
antissrum  {(Wellcome Diagnostics, Dartford, United
Kingdom) and fluorescein isothiocyanate-conjugated anti-
rabbit goat serum. The slide was mounted under a coverslip
with buffered glycerol (pH 8.3) and then examined under
an cpifluorescence microscope (model BH-2; Olympus). S.
dysenteriae 1 was used as a positive control.

Data analysis

The experiment was carried out with four volunteers and
was repeated four times with each individual. The count of
the culturable S. dysenteriae 1 on the fingers was calculated
at intervals of 0, 5, 10, 20, 30, 60 and 120 minutes. Firstly
the average counts were obtained from the 4 readings of
each individual; then the mean values of the counts were
expressed with standard deviation (SD) from the average
counts of the four individuals at cach sampling interval.
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RESULTS

Survival of §. dysénteriae 1 in the culturable state on the
finger was considered as the ability of that organism to
multiply and to form colonies on various selective media,
e.g. MA, 8§, XLD, and HEA. Fig. 1 shows the survival
pattern of S. dysenteriae 1 on the fingers of four volunteers,
The result demonstrated that the growth response of 8.
dysenteriae 1 was similar on all the media used. The initial
count was over 10° cfu/em? which gradually decreased with
time and the cells were not culturable after 60 minutes on
the fingers of all the four individuals.
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Fig. 1: Culturability of S. dysenreriae 1 on different media after
incculation on volunteers’ fingers. Log,, counts of S
dysenicrige type 1 on fingers ar different time intervals are
shown with + 1SD. Symbols: MacConkey agar (M)},
Salmonella-Shigeila agar (8), xylose lysine deoxycholate agar
(X) and Hektoen enteric agar (H)

The DNA was subjected to amplification by PCR and the
PCR products were analysed by agarose gel electrophoresis
(Fig. 2A). The analysed PCR products were then .
transferred to nylon membrane and were hybridised with
the ipal probe. Figure 2A shows that the finger washing
samples coilected at 2, 3, and 4 hours intervals generated
the expected 700-bp fragment of the M locus which
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hybridised to the ipaH probe (Fig. 2B), indicating the
presence of non-culturable S. dysenteriae } on the fingers
for up to four hours.
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Fig. 2: Analysis and hybridisation of PCR products : (A) The
extracted DNA from contaminated finger washings was
subjected to specific amplification of invasion plasmid antigen
H locus {ipaH) DNA by PCR. The PCR products were then
analysed by 0.8% agarose gel electrophoresis. Lanes : 1 and 11,
Hae IfI digest of ¢X174 replicative-form DNA as markers; 2
and 10, positive controls with DNA from culturable §.
dysenteriae 1; 3 and 9 negative controls without DNA; 4 and 5,
finger washing samples after 8 and 6 hours respectively which
did not generate any bands; and 6, 7 and 8, finger washing
samples after 4, 3 and 2 hours respectively which generated
bands indicating the presence of non-culturable S. dysenteriae |
(B) Hybridisation of the corresponding DNA products with
horseradish  peroxidase-labelled ipaH probe on nylon
membrane.

The non-culturable S. dysenteriae (Fig. 3A) on the fingers
were also detected up to four hours using FA technique and
appeared as rounded bodies rather than rods, contrasting
with the culturable form of §. dysenteriae 1 (Fig. 3B).

DISCUSSION

In the present study, S. dysenieriae 1 was shown to survive
in a culturable state for up to one hour but persisted for up
to four hours as non-culturable state on volunteers' fingers.
The non-culturable stage in the life cycle of a bacterium

appears to be a strategy for survival when the organism is
exposed to conditions that are less than optimal for cell
growth and division.

Fig. 3; Fluorescence photomicrograph of S. dysenteriae |.
(A) non-culturable §. dysenteriue 1 obtained from the finger
washings of volunteers (B) cuiturable S. dysenteriea 1 as a
positive contro! (magnification x 1000 for both)

There is evidence that S. sonnei can survive on human
hands (8), and human hands have been implicated as
sources of transmission in oulbreaks of shigellosis (15).
This has led us to explore the persistence of 5. dysenteriae
on human fingers. The non-culturable form of S
dysenteriae has been investigated, because this non-
culturable form has been shown to occur in V. cholerae,
Salmonella enteritidis, enteropathogenic E. coli and other
pathogens (I, 21,29). It is, therefore, important that
methods to detect such germs be developed. Morcover, a
technique to detect small numbers of cells is essential, since
many bacteria are present in the environment only at low
densities. Such detection is especially important for
bacteria, such as Shigellae, which can produce disease after
ingestion of as few as 10 organisms (16). The PCR
technique scemns ideally suitcd for this goal, since it
potentially allows amplification of the DNA obtained from
only a few germs (25).
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In the present study, the persistence of §. dysenteriae on
volunteers’ fingers has also been observed by fluorescence
microscopy for up to four hours, despite the fact that after
one hour the cells could not be cultured. This study shows
that S. dysenteriae became non-culturable within one hour
on finger surface, which may be due to dryness and the low
pH of the skin (19). Moreover, antimicrobial substances
(e.g. lysozyme, complex lipid products, antibodies,
primarily IgA and IgG) cxcreted from the skin (12) may
play a significant role in the quick transformation of
culturable to non-culturable state of . dysenterige on
human fingers. However, these non-culturable bacteria, if
still viable, may revert to the culturable form in a
favourable environment. Colwell et al. (2) observed that
non-culturable V. cholerae, when ingested by volunteers,
reverted to culturable form and were excreted in the stools.

The present study shows that the present methods of
detecting shigellae by. conventional culture techniques are
not fully adequate. This is corroborated by ocutbreaks of
shigellosis in which no organisms can be isolated from the
suspected transmission vehicles by conventional culture
techniques (8), However, the PCR and fluorescent antibody
methods allow the detection of these non-culturable S.
dysenteriae germs, even if present in very low numbers,

The non-culturable state reported here for S. dysenteriae
1 may be significant for understanding the epidemiology of
 shigellosis. Recently, a community-based study in an
endemic area of Thailand has demonstrated that non-
culturable shigellae detected by PCR can cause dysentery
with similar clinical characteristics as when caused by
shigellae (4). Therefore, it is possible that such non-
culturable shigellae may pose health problems, The results
of this study, therefore, demonstrate the significance of the
persistence of non-culturable S. dysenteriae 1 on fingers,
which may be important from a public health point of view.

ACKNOWLEDGEMENTS

This rescarch was supported by Swiss Development Co-
operation (SDC) and the International Centre for Diarrhoeal
Disease Research, Bangladesh (ICDDR,B). The ICDDR,B
is supported by countries and agencies which share its
concern for the health problems of developing countries.
Current donors include: the aid agencies of the
Governments of Australia, Bangladesh, Belgium, Canada,
China, Denmark, Germany, Japan, The Netherlands,
Norway, Republic of Korea, Saudi Arabia, Sweden,
Switzerland, the United Kingdom, and the United States;
international organisations, including Arab Gulf Fund,
Asian Development Bank, European Union, International
Atomic Energy Centre, United Nations Children's Fund
(UNICEF), United Nations Development Program

DHAKA 1212

(UNDP), United Nations Population Fund {UNFPA) and
World Health Organization (WHO): private foundations,
including Child Health Foundation, Ford Foundation,
Population Council, Rockefeller Foundation and Sasakawa
Foundation; and private organisations, including American
Express Bank, Bayer A.G., CARE, Family Health
International, Helen Keller International, Johns Hopkins
University, Procter Gamble, RAND Corporation,
SANDOZ, Swiss Red Cross, University of California
Davis, and others.

We thank Mr. Md. Anisur Rahman for typing the
manuscript,

69

REFERENCES

1. Colwell RR, Brayton PR, Grimes DJ ef al. Viable but
non-culturable Vibrio cholerae and related pathogens
in the environment: implications for release of
genetically engineered microorganisms. Biotechnology
1985;3:817-20.

2. Colwell RR, Tamplinn ML, Brayton PR, et al
Environmental aspects of Vibric cholerae in
transmission of cholera. /n: Sack RB, Zinnaki R,
editors. Advances in research on cholera and related
areas. 7th ed. Tokyo: KTK Scientific Publishers,
1990:327-43,

3. Echeverria P, Sethabutr O, Serichantalergs O,
Lexemboon U, Tamura K. Shigella and
enteroinvasive  Escherichia  coli  infections in
households of children with dysentery in Bangkok. J
Infect Dis 1992;165:144-7.

4. Gaudio PA, Sethabutr O, Echeverria P. Hoge CW.
Infectivity of nonculturable Shigelfa in family contacts
of dysentery patients in an endemic area (abstract). In:
Thirty-first US-Japan Cholera and Related Diarrheal
Diseases Conference, Kiawah Island, §.C., December
1-3, 1995:210.

5. Han AM, Hlaing T. Prevention of diarrhoea and
dysentery by hand washing. Trans R Soc Trop Med
Hyg 1989,83:128.31.

6. Hardy AV, Watt J. Studies of acute diarrheal diseascs:
epidemiology. PPub Heaith Rep 1948,63:363-78.

7. Hossain MA, Albert MJ, Hasan K7. Epidemiology of

shigellosis in Teknaf, a coastal area of Bangladesh: a
10-year survey. Epidemiol Infect 1990;105:41-9,

8. Hutchinson RI. Some observations on the method of
spread of Sonne dysentery. Month Bull Min Health
1956;15:110-8.

9. Islam MS, Hasan MK, Miah MA, Sur GC, Felsenstein
A, Venkatesan M, et al. Use of the polymerase chain




70

10.

11.

12,

13.

14,

15.

16.

17.

18.

19.

] DIARRHOEAL. DIS RES Jun 1997

ﬂm—-—’_\

Islam et al.

reaction and the fluorescent antibody methods for
detecting viable but nonculturable Shigella dysenteriae
type 1 in laboratory microcosms. Appl Environ
Microbiol 1993;59:536-40.

Islam MS, Miah MA, Hasan MK, Sack RB, Albert MJ.
Detection of non-culturable Vibrio cholerae 01
associated with a cyanobacterium from an aquatic
environment in Bangladesh. Trans R Soc Trop Med
Hyg 1994;88:298-9.

Islam MS, Drasar BS, Bradley DJ. Long-term
persistence of toxigenic Vibrio cholerae 01 in the
mucilaginous sheath of a blue green alga, Anabaena
varigbilis. J Trop Med Hyg 1990,93:133-9.

James WD, Roth RR. Skin microbiology. In:
Lederburg J, editor. Encyclopedia of microbiology. V.
4, New York: Academic Press, 1992:23-32,

Keliy MT, Brenner DJ, Farmer }J, 1II, Entero-
bacteriaceae. In: Lennette EH, Balows A, Hausler W],
ir, Shadomy HIJ, editors. Manual of clinical
microbiology, 4th ed. Washington, D.C.: American
Society for Microbiology, 1985:263-77,

Keusch GT, Bennish ML., Shigellosis. /n: Evans AS,
Brachman PS, editors. Bactenal infections of human.
2d ed. New York: Plenum, 1991:593-620.

Khan MU. Interruption of shigellosis by handwashing.
Trans R Soc Trop Med Hyg 1982;76:164-8.

Levine MM, DuPont HL, Formal SB, Homick RB,
Takeuchi A, Gangarosa EJ, er al. Pathogenesis of
Shigella dysenteriae 1 (Shiga) dysentery. J Infect Dis
1973;127:261-70.

Maniatis T, Fritsch EF, Sambrook J. Molecular
cloning: a laboratory manual. New York: Cold Spring

'Harbor Laboratory, 1980.

Nilsson L, Oliver JD, Kjelleberg S. Resuscitation of
Vibrio vulm'ﬁcus from the viable but nonculturable
state. J Bacteriol 1991;173:5054-9.

Pelczer Jr. MJ, Chan ECS. Krieg NR. Microbial flora
of the heaithy human host: In: Peiczer MJ, Jr,, Chan
ECS, Krieg NR, editors. Microbiology. Sth ed. New
York: McGraw-Hill, 1986:673-86.

20.

21

22.

23.

24,

25.

26.

Renz M, Kurz C. A colorimetric method for DNA
hybridization. Nucleic Acids Res 1984;12:3435-44.

Roszak DB, Grimes DJ. Colwell RR. Viable but non-
recoverable stage of Salmonella enteritidis in aquatic
systems. Cr._m J Microbiol 1984;30:334-8.

Saiki RK, Gelfand DH, Stoffel S, Schart SJ, Higuchi
R, Hom GT, et al. Primer-directed enzymatic
amplification of DNA with a thermostable DNA
polymerase, Science 1988;234:487-91.

Schmidt EL, Bankole RD, Bohlool BB. Fluorescent-
antibody approach to study of Rhizobia in soil. J
Bacteriol 1968;95:1987-92.

Steere AC, Mallison GF. Handwashing practices for

the prevention of nosocomial infections. Ann Intern
Med 1975;83:683-90.

Steffan RJ, Atlas RM. DNA amplification to enhance
detection of genetically engineered bacteria in
environmental samples. Appl Environ Microbiol
1988;54:2185-91.

Strayer RF, Tiedje JM. Application of the fluorcscent-
antibody technique to the study of a methanogenic
bacterium in lake sediments. App! Environ Microbiol

" 1978;35:192-8.

27.

28.

29,

Venkatesan MM, Buysse JM, Kopecko DJ. Use of
Shigella flexneri ipaC and ipaH gene sequences for the
general identification of Shigella spp. and entero-
invasive Escherichia coli. J Clin Microbiol 1989,
27:2687-91.

Wai SN, Moriya T, Kondo K, Misumi H, Amake K.
Resuscitation of Vibrio cholerae Ol strain TSI-4 from
a viable but noncultrable state by heat shock. FEMS
Microbiol Letr 1996;136:187-91.

Xu HS, Roberts N, Singleton FL, Atwell RW, Grimes
DJ, Colwell RR. Survival and viability of
nonculturable Escherichia coli and Vibrio cholerae in
estuarine and marine environments. Microbiol Ecol
1982;8:313-23.




