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Introduction
 

The principal objective of this research was to determine factors

influencing the ecology of Vibrio cholerae, including physical, chemical,
and biological parameters of the aquatic environment. Epidemiological data

concerning transmission of V. cholerae in the environment to human
 
populations was also collected and analyzed.
 

Specific objectives were to determine the distribution, growth, and
survival of V. cholerae and related bacteria in the aquatic environment; to

expand the application of direct detection of microorganisms by

immunofluorescent techniques; 
to measure physico-chemical parameters and
biological ass.ciations, and to determine genetic factors influencing the

ecology and pathogenicity of these organisms. 
Also, methods suitable for
 
isolation and identification of pathogenic bacteria from environmental

samples were developed from the data gathered during this study. 
A summary

of specific aims follows.
 



Section I
 

Refining the immunofluorescent direct microscopic method for detecting
 
specific microorganisms in the aquatic environment
 

Enumeration of indicator organisms or, preferably, direct detection of
 
pathogens in the aquatic environment, is essential for estimation of water
 
quality. Public health safety is determined from the results of such tests
 
and the choice of method for assessment depends on specificity,

reprcducibility, and statistical validity, in conjunction with time and cost
 
efficiency, and ease of operation. Immunofluorescent detection methods
 

-- these critera and are being used to detect 
a variety of organisms

4n environmental samples (6, 10, 
14, 15, 17).
 

The viable, but non-culturable stage of bactcria has been established
 
by our laboratory (3, 10-12). In addition, results of studies have shown
 
that nutrient-starved and "injured" cells are incapable of growing on
 
standard culture media and, therefore, "starved" or "injured" indicator
 
organisms will not respond when standard cultivation methods for assessing

microbial populations are employed. The virulence of viable, but non
cuturable cells may be retained, and this phenomenon has been demonstrated
 
bv animal studies (3, 16).
 

7lucrescent antibcdy (FA) procedures can overcome the problem of
 
organisms remaining viable but yielding "no growth" in standard tests, since
 
the presence, absence, or number of specific cells comprising such
 
populations can be detected microscopically.
 

Critical to the success of 
the FA staining procedure is the specificity

of the antibody utilized. For that reason, it was our objective to prepare
 
a monoclonal 2ntibody specific to the 01 antigen of 
Vibrio cholerae.
 

Production of monoclonal antibcdies to the Vibrio cholera 01 antigens
 

It was our objective to produce monoclonal antibodies (mAb) that would
 
react only with V. cholerae 01 antigen, for use in the fluorescent antibody
direct viable count assay, immunoblotting assay, and agglutination tests.
 

It has long been known that antibodies employed in agglutination assays
 
are often not useful for tests of greater sensitivity. For example, serum
 
that agglutinates with V. cholerae 01 will cross-react with many non-V.
 
cholerae 01 bacteria when used in fluorescent antibody or enzyme-linked

immunosorbent assays. Such limitations of polyvalent serum antibodies led to
 
production of monoclonal antibodies with greater specificity.
 

Monoclonal antibodies were prepared by standard methods. 
 Briefly, Balb
 
C mice were immunized with 1 x 107 CFU of 
a mixture of whole, formaldehyde
killed cells of V. cholerae, serotypes Inaba and Ogawa. Immunizations were
 
performed on days 1, 21, 35, 
and 38. Tail vein blood was tested at selected
 
timed intervals by whole-cell enzyme-linked immunosorbent assay (ELISA). At
 
day 35, antibody titers were observed to be greater than 50,000. On day 38,
 
mouse splenocytes were fused with SP2/O myeloma cells by the method of Lana
 
(9). Hybridoma supernatants were screened by ELISA, using whole cell and
 

2
 



Ogawa lipopolysaccharide-coated microtiter plates. 
 Hybridoma supernatants
testing positive were cloned by limiting dilution and, thereafter, stored in
 
liquid nitrogen.
 

Specificity of the mAb was 
tested by whole cell ELISA assays, including
the bacterial species listed in Table 1. NAb 4AG6 was 
found to react only
with V. cholerae 01 strains and lipopolysaccharide (LPS) prepared from V.
 
cholerae 01 strains.
 

Other hydridomas produced mAbs 
(LPS and non-LPS specific) that crossreacted with a variety of bacterial species. 4AG6 reacted with both Ogawa
and Inaba serotypes. 
This finding was in agreement with results for
antibody reacting with the A antigen of 01 
IPS. This antigen, unlike B and
C, has recently been reported to be specific to 01 V. cholere (13).
 

The value of the 01 monoclonal in fluorescent antibody assays was
confirmed by testing a variety of bacterial strains frequently found in
 
environmental samples (Table 2).
 

All cultures were grown overnight in TiN1 
broths (1%w/v tryptone; 1%
w/v NaCl) at 250 C or 350 
C, depending on the bacterial strain. 
 Loopfuls of
culture were transferred to a tube of phosphate buffered saline 
(PBS), until
 a concentration of 104 107 cells/mil,
- determined by acridine orange direct
count, was achieved. At 
this point, 2.0 ml of the PBS suspension was
filtered through an 0.211 
 x 25mm polycarbonate membrane filter 
(Muclepore
Co., Pleasanton, CA), 
and stained by the fluorescent antibody procedure

(18). 
 One hundred fields of each filter were examined by fluorescent
microscopy to assess cross-reactivity between the mAb and test strains.
Bacterial strains tested are listed in Table 2. Results showed that all
Vibrio cholerae 01 
strains appeared as small distinct rods surrounded by a
bright peripheral fluorescent green band. Fluorescent cells 
were not
observed in preparations of the other 75 bacterial species tested.
 

Field trials in Bangladesh using the V. cholerae 01 monoclonal antibody
 

In the conventional FA procedure, all organisms possessing a speciesspecific antigen can be detected. However, it is 
not possible to determine
which cells are viable and which are dead. 
 By combining the indirect

fluorescent antibody procedure of Xu et al. 
(18) for direct detection of
bacteria in natural water samples with the direct microscopic viable count
of Kogure et al. (8), enumeration of viable, specific populations of
bacteria can be achieved. 
This membrane filter procedure is described in
 
detail by Brayton et al. (1).
 

Briefly, environmental samples are incubated with yeast extract and
nalidixic acid. Substrate responsive cells, i.e. viable cells, elongate
and, after staining with specific antiserum and fluorescein conjugate,
viable V. cholerae 01 cells appear as 
long, peripherally fluorescent, greenbanded bacilli, when viewed by microscopic examination. Using an ocular

reticule, the number of viable cells per ml can be calculated.
 

The mechanism of nalidixic acid centers on its ability to inhibit DNA
gyrase. At the concentration employed in this study, protein and RNA
synthesis continue, but cell division is interrupted. As a consequence,
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those cells exposed to the nalidixic acid and yeast extract mixture elongate

(5,8).
 

The method permits filtration of increasing volumes of water when the
bacterial count is low. 
The maximum volume filtered will be dependent only
on the degree of turbidity of the water. 
It the turbidity of the water
sample is high, the sample can be prefiltered through a 1.2v filter (Gelman
Science Inc., Ann Arbor, MI) 
to remove large particulate matter.
 

The protocol for cultivation and enumeration of V. cholerae 01 involves
sample filtration, transfer of the filter to thiosulfate-citrate-bile saltssucrose agar 
(TCBS Oxoid, Columbia, MD) incubation for 24 h, followed by
biochemical testing of all 
sucrose positive colonies with subsequent
serological confirmation. 
 For most probable number (MPN) determinations,

samples 
are enriched, employing alkaline peptone broth and incubation for 6
h. Then a loopful from each tube is streaked onto TCBS agar. 
 The same
biochemical and serological protocols as above 
are followed. Inaccurate
enumeration can result if V. cholerae is overgrown by other organisms during
the enrichment procedure and, therefore, fails to appear on 
the plating

medium. 
 Confirmation of identification and enumeration in both procedures
may require several weeks. 
 In comparison, the immunofluorescent technique

is 
not time consuming and is cost-effective. A total FA count of V.
cholerae 01, using the membrane filtration method (yeast extract-nalidixic

acid step is elim.inated to count live and dead cells), can be accomplished
.n 
3 h. The fluorescent antibody-direct viable count (FA-DVC) can be
completed the same day, or by the next day, depending on 
the length of the
 
incubation period required.
 

A field trial using the FA-DVC and employing 01 antigen-specific mAb
 was 
conducted, with water samples collected in Bangladesh (2). 
 This
procedure was compared with standard cultural methods to determine the
relative sensitivity and rapidity of 
the two methods.
 

Sampling for the experiments was undertaken in January 1986, at
villages surrounding Matlab, where cholera is endemic. 
For MPN estimates of
V. cholerae 01 (4), 
100 ml, 10 ml, and 1.0 ml volumes of water were
inoculated into alkaline peptone broth tubes, using three replicates of 
each
volume. Tubes were incubated at 350 
C for 6h, after which a loopful from
each tube was streaked onto TCBS agar. 
 Plates were incubated at 350 C for
18-24 h, at which time yellow colonies appearing on the agar were picked and
subcultured to tryptic soy agar (TSA, Difco, Detroit, MI) amended with 0.5%
w/v NaCl. 
 After incubation at 350 C, slide agglutination tests were

performed on all isolates using V. cholerae poly 01 antiserum (Difco). Any
isolate yielding a positive test 
was confirmed by fluorescent antibody

staining, using mAb.
 

Fluorescent microscopy enumeration included acridine orange direct
counts (AODC), following the protocol of Hobbie et al. 
(7), and FA for total

V. cholerae 01, following the protocol of Xu et al. 
(1).
 

Enumeration data for water samples from village sites are shown in
Table 3. AODC, employed for the purpose of enumerating the total bacteria,
revealed tube well counts of 104 
- 106 cells/ml. River water samples
contained 106 cells/ml, while pond water counts ranged from 106 
- 107
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cells/ml.
 

The FA results for total V. cholerae 01 indicated all tube well samples

to be negative. The river water sample collected adjacent to the Kadamtali

village, contained 102 V. cholerae 01 per ml, while 103 per ml were present

in all other river and pond water samples.
 

Results of viable V. cholerae counts, enumerated by the FA-DVC
 
procedure, yielded similar findings. 
 As might have been predicted, V.

cholerae 01 could not be detected by FA-DVC in tube well water samples

examined in this study. 
 Both the pond and river water samples from
 
Kadamtali yielded 102 viable V. cholerae 01 per ml. 
 All other FA-DVC
 
enumerations for pond and river water samples were in the range of 103
 
ceils/ml.
 

As shown in Table 3, all M!FN estimates for water samples were ( 0.3 V.choierae 01 cells per 100 ml, except for the river water sample collected at 
the village of Gajipur, which contained 2.0 cells per 100 mrs. This sample
yielded the only culturable V. cholerae 01 in the sample set. No other
 
isolates were recovered after screening all yellow colonies growing on TCBS
 
culture plates by slide agglutination.
 

In all river and pond water samples examined in this study, total V.

cholerae 01 cells comprised 0.01 
to 0.1% of the total microbial population.

Of the V. cholerae 01 present, 16 to 85% were viable when examined by FA-

DVC.
 

Although the tube well water samples yielded high AODC counts, results

of FA and FA-DVC counts indicated V. cholerae 01 were not present. Tube
 
wells have been installed in many villages to provide safe drinking water.
 

The International Center for Diarrhoea! Disease Research 
- Bangladesh

(ICDDR-B) conducts epidemiological examinations by conventional culture
 
methods at those villages reporting cholera cases. Attempts to isolate V.

cholerae 01 from food and water sources 
in the villages is not always

successful (unpublished data). Our attempts to culture V. cholerae 01 were

unsuccessful in all but one water sample, which had been collected at 
the
 
same time samples for FA analysis were collected. In contrast using the FA-

DVC method, viable V. cholerae 01 could be detected and enumerated in all

river and pond water samples examined. Viable V. cholerae 01 was detected
 
in all samples that were culture positive, as well as those that 
were
 
culture negative.
 

The advantage of the FA-DVC far exceeds conventional plating methods

for viable bacteria. Plate counts considerably underestimate viable
 
populations in the aquatic environment. ho culture medium is capable of

supporting growth of all microorganisms. It is possible that all viable
 
bacteria are not capable of enlarging in the DVC procedure, with yeast

extract as a substrate. 
 Therefore, this procedure may also underestimate
 
the true viable count. However, the FA-DVC more closely portrays the viable
 
environmental population than traditional cultural methods. 
 Also, the

difference in results between the cultural and FA procedures provides strong

evidence of the existence of viable but non-culturable V. cholerae in
 
natural environments of cholera-endemic areas (3).
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Direct membrane filtration and replica-plating method for detection of 01
 
serogroup Vibrio cholerae by monoclonal antibody enzyme-linked immunoassay
 

Detection and enumeration of culturable V. cholerae 01 is complicated

by many factors. These include the seiLsitivity of the methodology,

overgrowth of V. cholerae in culture by other endogenous bacteria, and the
 
selection of V. cholerae-like colonies on the surface of agar media.
 
Standard methodologies typically include broth culture of 
water samples,

followed by plating onto selective, differential, and non-selective media.
 
A common problem is that bacteria occurring with V. cholerae 01 will
 
overgrow it. This interferes with subsequent isolation and characterization
 
of the organism. These problems could be overcome if all colonies 
on agar

media could be screened for a specific V. cholerae 01 characteristic, such
 
as the 01 antigen.
 

As stated above, one of the goals of this research was to develop and
 
implement an immunoassay for rapid and sensitive screening of V. cholerae 01
 
colonies on agar media. This screening technique was facilitated by the use
 
of anti-Ol antigen-specific monoclonal antibody.
 

T.o membrane immunoassays were developed to detect V. cholerae 01 in

aquatic systems. The first assay was developed to screen all colonies on
 
agar following standard methods of culture. Bacterial colonies were
 
replica-plated from standard selective and non-selective agar media to nylon

membranes, transferred to selective and non-selective agar media, then
 
assayed by enzyme-immunoassay.
 

Previous experiments established that anti-01 monoclonal antibody did
 
not crossreact with other non-01 bacterial isolates 
(see above experiments).

Results of these experiments showed that the replica-plating method allowed
 
detection of all V. cholerae 01 colonies. After replica-plating, 01
 
colonies were detected in less than 4 hours. 
 Because of the specificity of
 
the monoclonal antibody and the sensitivity of the method, this assay

eliminates the time-consuming and labor-intensive activities of selecting
 
numerous colonies for further biochemical and serological testing.
 

The methodology was evaluated in a field study during a cholera
 
outbreak in Louisiana in October, 1986. We were contacted by Louisiana
 
State Health Officials of the outbreak and offered the opportunity to employ
 
our method in a field trial.
 

Water samples suspected to be contaminated with V. cholerae 01 were
 
filtered and tested by colony immunoassay. The Louisiana State Health
 
Department personnel tested the same samples using conventional
 
methodologies. We detected and enumerated V. cholerae 01 in a sample of
 
water that also tested positive by the Health Department. No other samples

tested positive. Our results were obtained 24 hours earlier than the Health
 
Department.
 

The field study also allowed us to recognize limitations of the assay.

Examination of sev'age samples was not possible because of the large number
 
of non-cholera vibrios which also grew on the selective media. Also, the
 
presence of sulfur-reducing bacteria results in deposits of H2S which react
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with enzyme substrate. This is not a serious limitation, however, since the
 
method still allows screening of all colonies, thus increasing the
 
probability of detecting 01 colonies.
 

We conclude that this method is valuable for rapid detection of
 
culturable V. cholera 01 and should be tested in future cholera outbreaks in
 
the United States and abroad.
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Table 1. 
Bacteria and LPS Tested in Monoclonal Antibody Cross-Reaction
 
Experiments employinq ELISA.
 

Bacteria] species 
 Strains
 

Vibrio cholerae 
 01 
 ATCC14033, ATCC14035, HV113, 1114635, *599655,
 
194, 192, 395, 195, 01, 
N16961, 193, 102
 

LPS prepared from
Vibrio cholerae 01 strains 
 5875, 569B, ATCC14033, ATCC14035, 411, NIH41
 
Vibrio cholerae 
 non-01 
 N2030H, SG8268, SG7509, 43, 42, N8246, 905,
 

13, 163, 19
 

LPS prepared from
 
Vibrio cholerae non-Ol strains 
serotyped according to

the LSU system 
 G, K. 0, Q, X, Y, FF, "UU, XX
 

Vibrio fluvialis 
 UM4476, U4122
 
Vibrio 2arahemovticus 
 UM4111, UM4324, UM4237, UM4108, ATCC17802 

Vibrio loii 
 ATCC15382
 

Vibrio splendidus 
 UM4259
 

Vibrio mimicus 
 UM4074, UM4053
 

Vibrio tubiashi 
 3358
 

Vibrio natriegens 
 UM4384
 

Vibrio furnissii 
 UM4158, UM4137
 

Vibrio campbellii 
 UM4344
 

Vibrio alginolyticus 
 UH4367, U4109
 

Vibrio vulnificus 
 UH4304
 

Vibrio anRuillarum 
 UM4248, UM4393
 

Vibr o carchariae 
 ATCC35804
 

Proteus vulRaris 
 UM769, ATCC13315
 

Pseudomonas aeruginosa 
 ATCC1I0145
 

Staphylococcus aureus 
 ATCC13598
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Bacteria] species 


Flavobacterium meningosepticum 


Streptococcus liquefaciens 


Pseudomonas putida 


Shigella sonnei 


Shigella flexneri 


Escherichia coli 


Aeromonas hydrophila 


Alcaligenes faecalis 


Plesiomonas shigelloides 


Enterococcus faecalis 


Salmonalla typhimurium 


Klebsiella pneumoniae 


Citrobacter freundii 


Serratia marcescens 


Strains
 

ATCC13253
 

ATCC1047
 

ATCC12633
 

UM773
 

UM774, ATCC12022
 

HBIOI
 

UM4396
 

ATCC8750
 

ATCC14029
 

ATCC19433
 

ATCC14028
 

ATCC13883
 

ATCCS090
 

ATCC13880
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Table 2. Bacterial strains screened for cross-reaction by fluorescent
 
antibody assay, employing monoclonal antibody.
 

V. cholerae 01 


V. cholerae 01 


V. cholerae 01 


V. cholerae non-Cl 


V. cholerae non-Ol 


V. cholerae non-Ol 


V. cholerae non-Ol 


V. cholerae non-Ol 


V. cholerae non-Cl 


V. cholerae ncn-Of 


V. cholerae non-Cl 


V. cholerae non-Ol 


V. mimicus 


V. mimicus 


V. mimicus 


V. proteolyticus 


V. vulnificus 


V. vulnificus 


V. diazotrophicus 


V. alginolyticus 


V. aI ir.ulytIcus 


V. parahaemolyticus 


V. parahaemolyticus 


V. 2arahaemolyticus 


ATCC" 14035
 

ATCC 14033
 

59965
 

SG 7509
 

2030H
 

SG 8268
 

N 8246
 

42
 

90
 

13
 

19
 

43
 

ATCC 33653
 

UMb 4053
 

UM 4074
 

ATCC 15338
 

ATCC 27562
 

UM 4304
 

ATCC 33466
 

ATCC 17749
 

UM 4109
 

ATCC 17802
 

ATCC 27969
 

UM 4111
 

V. parahaemolyticus UM 4324
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V. parahaemolyticus 


V. parahaemolyticus 


V. damsela 


V. damsela 


V. carchariae 


V. anguillarum 


V. an uillarum 


V. anguillarum 


V. aestuarianus 


V. cincinnatiensis 


V. natriegens 


V. natriegens 


V. harvevi 


V. ordallii 


V. campbellii 


V. campbellii 


V. fluvialis 


V. fluvialis 


V. fluvialis 


V. tubiashil 


V. tubiashi[ 


V. solendidus 


V. 	 splendidus 


. pelagus 


V. pelagius 


V. furnissii 


UM 4108
 

UM 4237
 

ATCC 35083
 

ATCC 33539
 

ATCC 35804
 

ATCC 19264
 

UM 4393
 

UM 4248
 

ATCC 35048
 

ATCC 35912
 

ATCC 14048
 

UM 4384
 

ATCC 14126
 

ATCC 33509
 

ATCC 25920
 

UM 4344
 

ATCC 11328
 

UM 4476
 

UM 4122
 

3358
 

3359
 

UM 4259
 

UM 4424
 

U 4422
 

UM 4494
 

UM 4137
 

Pseudomonas aeruginosa ATCC 10145
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Pseudomonas putida 


Pseudomonas solonacerium 


ShIgella sonnei 


Shizelila flexneri 


Shigella flexneri 


Serratia liquefaciens 


Serratia marcescens 


Proteus vulgaris 


Proteuz vularis 


Flavobacterium meningosepticum 


Photobacterium anzustum 


Plesiumonas shigelloides 


Escherichia coli 


escherichia coli 


Escherichia coli 


Enterococcus faecalis 


Salmonella typhimurium 


Klebsiella pneumoniae 


Citrobacter freundli 


Enterobacter aero.enes 


Aeromonas punctata 


Aeromonas media 


Aeromonas hydroh la 


Aeromonas hydrophila 


Aeromonas hydrophila 


Alcaligenes faecalis 


ATCC 12633
 

ATCC 11696
 

UI 773
 

ATCC 12022
 

UM 774
 

NCTCr 10442
 

ATCC 13880
 

ATCC 13315
 

UM 769
 

ATCC 13253
 

ATC 25915
 

ATCC 14030
 

H10407
 

ATCC 11303
 

ATCC 11775
 

ATCC 19433
 

ATCC 14208
 

ATCC 13883
 

ATCC 8090
 

ATCC 13048
 

ATCC 15468
 

ATCC 33907
 

ATCC 99071
 

ATCC 15467
 

UM 4396
 

ATCC 8750
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•ATCC - American Type Culture Collection, Rockville, 	MD 

bUM 	 - culture collection at University of Maryland 

PubliccNCTC - National Collection of Type Culture, Central 

Health Laboratory, London, England 
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in Dang]ad'sh waters by

.able 3 	 Enumeration of Vibr~o choleran 01 

cultural and fluorescent antibody methods 

FA-UVC C MpNDAODCA FAB 
SAIP L ING 

DATE SITE SCURCE CELLS/ML CELLS/ML. CELLS/ML lUU MLS 

1U3 x 1U39. x 1.6 ' 0.31-8-Bb 6OALVAOR RIVER 2.2 	x 1C,6 

x 106 	 u.3

1-8-BG GOALVAOR TUBE WELL 2.5 	 0 0 ' 


lU 3 x Ju 31-8-86 SHAHWAZKANDI POND 2.7 	 x lu 7.7 x 5.9 , U.3 

x 105 U U ' 0.31-8- b SNANWAZKANDI TUBE WELL 3.2 

103 
x lJ6 x 1u3 	 , 0.3 
1-8-5t SHAHWAZKANDI RIVER 5.9 5.7 3.4 x 


u.3
1-8-8b KADAMTALI TUBE WELL 8.5 x 10 4 0 0 0 

107 2.9 x 1U3 9.4 x 1u ? U31-8-86 KADARTALI POND 1-9 	 x 

X 1U2 102 1-2-86 KADrANT.I RIVER 6.8 	X 106 4.1 1.6 x 0.3
 

x lu 6 10 3 

1-19-86 SARDERANDI POND 4-4 2.9 x 1.5 x 10 3 0.3
 

x 103
5.4 1.9 x 103 < 0.31-19-86 SARDERANDI RIVER 2.9 x 10 


103 
 1.4 x 1033 0.3 
1-19-8b UDDA..DI POND 2.0 	x 107 6.1 x 

1.8 x 103 0.3 
]-11-Sb UDDAJW'I RIVER 4.9 x 	 106 3 .5 x lU3 


1u 7 10 3 0.3
POND 1.8 x 4.1 x 3.5 x 1u 3
1-19-86 GAJIPUR 

4.4 x 10 3 1.6 x 1U3 2.01.9 1061-19-46 GAJIPUR RIVER 	 x 

10 3 2.0 x 103 0.3 
1-19-8b CHARMOIKUNDI POND 1.9 x 	 106 3.9 x 

x 1u3lu 6 x 10 3 	 '0.3
1-1 9-86 CHARMOKUNDI 2ND POND 2.5 x q.9 1.6 

AAOMC - ACRIDINE ORANGE DIRECT COUNT-

BFA - FLUORESCENT ANTIBODY COUNT-

CFA-DYC -	 FLUORESCENT ANTIBODY - DIRECT VIABLE COUNT-

O1pX - MOST PROBABLE NUMBER ESTIMATE. 
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Section II
 
Effects of microcosm salinity and oreanic substrate concentration on
production of Vibrio cholerae enterotoxin.
 

The incidence of cholera, as other enteropathogenic diseases, ranges
from sporadic outbreaks to epidemics that characteristically
seasonal cycles (1,3, 7, 8). occur in
Indeed, the cyclical nature of 
the occurrence
of disease caused by Vibrio cholerae can be influenced by many variables,
including the habits of individuals and a variety of environmental factors.
The former has been'well-studied in classical epidemiology, especially in
the examination of the direct transmission of diarrheal disease. 
 The
latter, however, is of special interest, from the perspective of the
microbiologist, because the physiological state of the organism, V.
cholerae, 
can be directly affected by temperature, salinity, nutrient
concentration, and other environmental factors. 
 If these also affect
potential pathogenicity (for example, production of enterotoxin),
environment can, indeed, influence the incidence of the disease in 
then the
 
a very
direct way (2).
 

In this study, the effect of salinity and organic nutrient
concentration on 
production of enterotoxin by V. cholerae was studied in
order to gain information about the physiological and potentially pathogenic
state of V. cholerae in the natural environment and, therefore, how it may
be transmitted to humans from aquatic sources.
 

Toxigenic isolates of V. cholerae were used in all experiments,
including classical biotype strains 569B, CA401, ATCC 14035, HV1l3,
University of Maryland isolates 4507, 4510, International Center for Disease
Research, Bangladesh (ICDDR,B) isolates 599655, 599687, 599716, 599717, and
CDDR,B El Tor biotype VCELOG52. 
 Stock cultures were maintained in liquid
nitrogen and bench cultures were maintained on
1% peptone, 1% NaCl, and 1.5% agar, pH 7.4. 
peptone agar, which comprised


Bacteria were transferred from
peptone agar to 100 ml of broth consisting of 3% casamino acids, 0.3% yeast
extract, 0.2% glucose, 0.05% KH2 PO
4 , pH 8.4 (CAYEG; 9),
approximately 15 h at 37 and incubated for
0C. One ml of 
a 15 h culture was added to 100 ml of
freshly prepared CAYEG broth and incubated at 370C to mid-to-late
logarithmic growth phase, after which cells-were washed twice in phosphate
buffered saline (PBS) at 
1500 x g for 10 minutes. 
Cells were resuspended in
PBS at approximately 10 
 CFU per ml.
 

Microcosms consisted of 50 ml of defined seawater medium, previously
described by Singleton et al. 
(10). Concentration of components in 32 ppt
seawater were as 
follows (g/L): NaCl, 23.926;
4.004; MgCl2 6H20, 10.83; Na2SO 4 ,
CaCl 2, 1.147; 

0.026; 

KCL, 0.677; NaHCO3, 0.0.196; KBr, 0.098; H3BOa,
NaF, 0.003; SrCl 2 , 0.024. 
 Each microcosm contained 48.5 ml
seawater, 0.i ml bacteria in PBS, and 1 ml organic nutrient 
(CYG) in H20.
CYG consisted of 30 g casamino acids, 3.0 g yeast extract and 2.0 g glucose
per liter. 
 The resulting microcosms contained approximately 106 CFU per ml.
Organic nutrient concentration in individual microcosms was adjusted to
10.0, 1.0, 0.1, 0.01, or 0.001 g per liter,
only bacteria and PBS. 
Control microcosms received
In some experiments, individual salt components were
deleted from microcosms. Microcosms were incubated at 
370C for 15 h with
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agitation at 100 rpm. Microcosm salinity was measured with a salinometer
 
(American Optical Corporation, Keene, New Hampshire). In some experiments,

microcosms were prepared using seawater collected from the open ocean at
 
Hogsty Atoll in the Bahamas. Microcosms of various salinities were prepared

using natural and artificial seawater diluted with sterile, distilled,
 
deionized water.
 

Toxin production was also measured in CAYEG and syncase broth (4),
 
incubated at 370C for 15 h at 150 rpm.
 

Cholera toxin (CT) was detected using a modified enzyme-linked

immunosorbent assay (ELISA, 5). Polystyrene (Costar, Cambridge,

M!assachusetts) or polyvinyl chloride (Falcon, 3912, Becton Dickinson,
 
Oxnard, California) 96-we__ microtiter plates were coated with 0.1 ml of
 
anti-cholera toxin serum (312 rabbit serum Peterson, Nationai Institute of
 
Health, Bethesda, Maryland) diluted 1:10,000 with 0.1 M carbcnate buffer, pH

9.6. Broth and microcosm samples were dialysed three times against 100 
volumes of PBS at 60C. One-tenth milliter of samples was added to coated 
plates and incubated for one hour at room temperature. Bound toxin was 
detected using anti-cholera toxin IgG mAb 227-65, and affiniiy-purified 
horseradish peroxidase-ccnjugated goat anti-mouse igG (Capei!, Malvern, 
iennsylvania). The developing substrata employed was 2,2'-azinodi-3
ethylbenzhia.oline sulonc acid (A-333, Sigma Chemical Company, St. 
Louis, Missouri) in 0.05 A citric acid, pH 4.0. Negative controls consisted 
of place wells receiving unincculated microcosms or brcths. Purified 
cholera to.in used for positive controls, and in some microcosms, was 
purchased frcm Sigma Chemical Company, St. Louis, Missouri. Cholera toxin
 
was stored at 50C at 1 ml of protein/ml in buffer composed of 0.051M Tris,
 
0.00!M Naz-EDTA, 0.003h NaN and 0.2M NaCl.
 

The Y-l adrenal cell assay was used to measure the biological activity
 
of cholera toxin (6).
 

Toxin production increased when V. cholerae strains were grown in 10 to
 
20 ppt seawater and !g CYG/L (Fig. 1). This effect was not related to CFU
 
concentration at 10, 20, and 30 ppt, although CT levels were associated with
 
CFU concentration of strain 599687 (Table 1). When salinity was increased
 
in 5 ppt increments, 20 to 25 ppt was optimal for strain 569B (Fig. 2). In
 
contrast, when the concentration of CYG was increased, e.g. from 1 to 10
 
g/L, the enhanced production of CT production were at 30 ppt. Toxin was not
 
detected in microcosms when the organic nutrient concentration was less than
 
0.1 g/L (Fig. 3).
 

Toxin was added to 10 ml of 0, 0.5, 10, 15, 
20, 25 and 30 ppt sterile
 
seawater (final concentration of CT of 1 ug/ml) to determine if CT was
 
stable at various concentrations of salt. Results of ELISA and Y-1 cell
 
assays confirmed that biological and antigenic properties of cholera CT were
 
stable under conditions of the experiments employed in this study (Fig. 3).

Extended measurements of CT over a 6 month period yielded results showing

the CT was remarkably stable at salinities ranging from 10 to 30 ppt. Very

high concentrations of salt, e.g. 25 to 30 ppt, provided greatest stability.
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The effects of individual salt compcnents on CT production were tested
 
by deleting individual salts of 20 ppt (I g/L CYG) microcosm medium. CT was
 
not detected in microcosms when sodium bicarbonate or potassium chloride
 
were individually deleted (Table 2). Elimination of NaCl, !IgCl: 6H20
 
Na.SO4, CaCI2, or SrCi2 did not significantly reduce CT production (P'0.05).
 
However, a small reduction in CT (P<0.05) was observed when KBr, H3BO3, or
 
NaF were deleted.
 

Seven of 10 strains of V. cholerae produced more CT in defined seawater
 
medium (20 ppt, lOg CYG/L) than in CAYEG (15 g/L) or syncase 35 g/L) (Fig.
 
4). The enhanced production.of CT in seawater was not related to CFU/ml

Table Paricula-rly since CFU/ml syncase brort was higher than in
 
seawater or CAYEG.
 

Many reports have been published describing properties and mecnanisns
 
of pathcgenicity cf bacteria and providing an understandin- of disease
 
processes in general. However, lit:le is known about environmental factors
 
affecting the physi-logical state of enteropathogenic bacteria and control
 
of pathogenicity.
 

These experiments elucidated the effect of m.arine and ectuarine 
nrn.mens on th= physioIg.y o1.. choIere. Since estuarine and bra..sh 
ar_.have been idenified as a scurce of V 1 o E ,crs of these 

;aters na. ft and hsi' oi, o' calerae and inilutece

the transmlssin r" chcera (.*3).ovofV hoea 

The findings repor ted here also demonstrace a salinity dependency of V. 
cholerae, rmsured at a nutrient concentration cf 0.1 tc 1.0 g/L, nearly 2
fold greater than that reported by Singleton et a!. (10). It is probable 
tnat trere is a greater sensitivity of direct methods in measuring 
..... nwhich effects of nutrient at lo..erallows detection of 

concentrations than is possible with ELISA.
 

The results of this study show that at high concentrations of organic
 
nutrient, e.g. 10 g substrate per iier, toxin production increases with
 
salinity, in the range of 0 ppt to 30 ppt. However, when organic nutrient
 
is less than 1 g/L, toxin production is markedly enhanced at salinities of
 
10 to 25 ppt. The salinity effect is concluded to be directly related to
 
the rate of toxin production into the extracellular environment and not to
 
the concentration of culturable cells or stability of toxin in various
 
salinity strengths.
 

Sodium bicarbonate and potassium chloride were essential salts for CT
 
production at 20 ppt. Importantly, seawater medium, in general, supported
 
higher CT production than CAYEG or syncase media, even though the seawater
 
concentration was 1.5 to 3.5 fold less. The fact that seawater medium
 
enhances toxin production and survival of V. cholerae further supports
 
studies which show V. cholerae to be autochthonous to estuarine environments
 
(2,3).
 

Both chemical and physical factors of the aquatic environment have a
 
significant effect on the physiology of V. cholerae, reflected in the
 
production of enterotoxin associated with clinical disease. We believe that
 
the altered physiology of cells responding to physico-chemical variations in
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the natural environment is reflected in enteropathogenic disease processes.
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Table 1. 
Effect of salinity and organic nutrient on cell concentration of V. cholerae strains.
 

colony-forming units per ml (x 107)
 

salinity
Strain 
 0 amei
 media
 
10 
 20 
 30 
 seawater b 
 syncase 
 CAYEG
 

14035 -4
1.2 x 10
 175 
 95 
 192
CA401 205
3.0 x 10-4 330 42
128 
 125 
 160 
 45 
 67
599655 - 70
1.8 x 10 3 

5.3 
 3.5 
 7.1 
 71 
 325
599716 73
5.3 x 10-4 
 8.0 
 16 
 8.1 
 70 
 325
599687 265
3.5 x 10-4 
 7.0 
 140 
 7.5 
 59 
 275
588717 315
4.5 x 10- 4 15 
 3.9 
 4.8 
 NT c NT
VCELOG52 NT
<5.0 x 10- 5 
4.0 
 3.5 
 7.4 
 NT 
 NT 
 NT
4510 
 1.5 x 10-2 
 53 
 53 
 45 
 60 
 255 
 40
569B -
9.4 x 10
 72 
 76 
 100 
 46 
 405 
 6.6
 

a 0, 10, 20, and 30 ppt salinity microcosms were incubated at 370C, 100 rpm, for 15 hr; seawater (1 g CYG/L),
 
syncase, and CAYEG media were incubated at 37°C, 150 rpm, for 15 hr
b seawater 
-
20 ppt, 10 g CYG/L 

C NT  not tested
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Table 2. Effects of seawater medium components on production of
 
cholera toxin.
 

Salt component deleted CT ELISA a
 

from seawater medium (absorbance 415nm)
 

None 
 0.118
 

NaCl 
 0.118
 

MgCl2 6H20 
 0.126
 

Na2SO4 0.125
 

CaCl2 
 0.101
 

KCI 0.000 b
 

NaHCO3 
 0.000
 

KBr 
 0.083
 
H3BO3 0.G79
 

NaF 
 0.046
 

SrCl2 
 0.096
 

a CT - cholera toxin ELISA; absorbance values were corrected for
 

microtiter plate wells receiving uninoculated microcosms
 

b CT levels in microcosms with KCl, NaHCO3, KBr, H3BO3, NaF, or SrCl2
 

deleted were significantly lower than complete medium
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Section III
 

To study growth and survival of pathogenic bacteria in the aquatic

environment; to identify physico-chemical parameters that may influence the
 
ecology and pathogenicity of these organisms.
 

We hypothesize that the viable, but non-culturable form of aquatic V.
 
cholerae 01 is important in the transmission of cholera in cholera-endemic
 
regions. In the present experiments, we investigated survival of V.
 
cholerae in Bangladesh waters commonly used by villagers for a variety of
 
domestic activities.
 

River, pond and tube well waters were collected at several Matlab
 
"'lia-gs where cases of cholera ,w7er reported (Tanle . r-n
ximately one
 
iiter or water was cot ected in sterile polypropylene ccn-a~ners. Ac the
 
tine of collection, salinity, conductivity, and temperature were measured
 
with a VSI mode 33 S-C-T meter (Yellow Springs Tnstruments Co., inc., Yellow
 
Springs, Ohio). Measurement of total organic carbon was performed by Dr.
 
Lloyd Wolfinbarger, Jr., Department of Biological Sciences, Old Dominion
 
niversity, Norfo 
 , Virginia. The data in Table 1 show that temperature,


p.H, and salinity were similar for all water samples ceszed. -incontrast,
 
ion was nced i- conductivinu.
zy and total organic conc_ntration (Table
 
lube ware dlsplayed h highest corductvty. ..asurements of
 

:oarani car'bon Snwec that r-- concentrations rane r- .9 Mr"gi/L to 
.6 ng/L. All samples, with the exception of Shahwazkandi pond water (i.e.
.6 i.. yieldeA.' total organic concen:rations J, the range of
 
pproo'mately 3 to 6 mg/L.
 

Survival experiments were conducted using clinical V. cholerae isolates 
in pond, river, and tube well waters. V. cholerae 01 strains employed in 
these studies included American Type Culture Collections (ATCC; Rockville, 
•.ar land) 14035, and Bangladesh isolates 599655 (classical biotype), 599717 
(classical biotype), 49 (El Tor biotype), 51 (El Tor), and 52 (El Tor). V.
 
parahaemoivicus ATCC 17802 and V. viOnificus C7!04 were studied in separate
 
experiments.
 

Vibrio isolates were grown in broth composed of Casamino acids (Difco)

(30 g/L), yeast extract (Difco) (3 g/L), glucose (2 g/L), and K2HPO4 (0.5

g/L), pH 7.4 (11). Cultures were incubated for 15 h at 370 C, with rotary

agitation at 100 rpm. Cells were harvested and washed with PBS (NaCl, 7.65
 
g/L; NazHPO4 , 0.21 g/L; PH 7.4) by centrifugation at 3000 x g. The
 
bacterial suspension was adjusted to approximately 2 x 103 CFU/ml by

spectrophotonetric measurement at 420 nm. Microcosms were prepared using

5 ml Erlenmeyer flasks containing 50 ml of autoclaved sample water.
 

Vibrios were added to microcosms to a final concentration of 103 CFU/ml, and
 
incubated at 250C with 100 rpm rotary agitation. Samples of the microcosms
 
were removed at selected time intervals to determine CFU/ml on TSA and TCBS
 
media, in triplicate.
 

Figure 1 shows survival patterns of V. cholerae ATCC 14035 exposed to
 
eight different water samples for 72 hours. CFU's decreased 0.4 to 1.4
 
logio units within 2 h, declining an additional 0.1 to 1.1 log units by 24
 
h. From 24 to 72 h, CFU's increased 0.4 to 1.1 log units in all water
 
samples, with the exception of sample 8, where the CFU count decreased an
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additional 0.7 units. 
 Over the entire period of 72 h incubation, CFU/ml
changed from an increase of 0.4 to a decrease of 3.0 log units, with a mean
value of -1.3. 
 Therefore, after 72 h of incubation, V. cholerae ATCC 14035showed similar survival patterns in pond, river, and tube well waters andremained detectable at a mean value of 5.0 x 103 CFU/ml.
 

In similar experiments, 3 classical and 3 El Tor V. cholerae 01
Bangladesh clinical isolates were 
tested in laboratory microcosms of two
river and two Dond water samples. Survival patterns were observed for 
a
total of 100 h. The results of these survival studies showed that CFU
generally increased between 10 h and 30 h and remained at 
the same
approximate concentration at 100 h. (Figure 2). However, CFU/ml decreased
 -or two V. cholerae El 
Tor strains at a time interval between 10 h and 30 h
in water samples 12 and 15. El 
Tor and classical biotypes, and Inaba and
Ogawa serotypes showed sinmilar survival patterns in pond and river waters.

Total cell counts, determined by acridine orange staining, showed that the
-acterial numbers increased in all water samples at 
100 hours (Table 2).
These experiments demonstrated that the six strains of 
V. cholerae 01
examined in this study, representing El Tor and classical biotypes, survived
 
a minimum of 100 h in natural waters of 
!atlab.
 

From these results and those of previous experiments conducted in
.atlab, we hypothesize that the waters of 
Hatlab act as reservoirs of V.
c*oer_ disease. 
 Since these waters favored the survival this
' 

Pathogenic baczerium, then cholera could be acquired by contact with
 
contaminated water.
 

To test this hypothesis, we studied the survival of V. Darahaemolyticus
and V. vulnificus, two halophilic Vibrio species that 
are not associated
with large numbers of cases of water-associated disease in Hatlab 
(personal
communication). They, however, do cause disease in 
areas of Bangladesh
where human populations come into contact with marine and estuarine water

(Personal commuaication). 

V. parahaemolyticus ATCC 17802 and V. vulnificus C7184 were grown in
TSA broth and added to microcosms of pond and river water, as described
above. 
 After incubation for one h, V. parahaemolyticus was not detected in
water samples 3 and 5 (Table 3). 
 Samples 7 and 8 contained only 2.5 x 102
CFU/ml, respectively. Similarly, V. vulnificus was 
detected only in sample
8 (i.e. 2.5 x 102CFU/ml). After 24 h of incubation, both V. parahaemo!yticus and V. vulnificus CFU were not detected in any microcosm.
 

The survival patterns of V. parahaemolyticus and V. vulnificus were
markedly different from V. cholerae. 
The former species rapidly died in
waters as early as 
one h after exposure. Results of previous work has shown
that estuarine and marine environments favor the survival and isolation of
V. parahaemolyticus (5,10, 14). 
 Therefore, the lack of V. parahaemolyticus
and V. vulnificus disease in Matlab is supported by their respective

survival patterns in Matlab waters.
 

Previous laboratory experiments have suggested that estuarine
salinities 
are optimal for V. cholerae survival, however, the present
experiments showed that survival of V. cholerae was 
extended in fresh
waters. It is possible that the higher organic content of Matlab water
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.versus synthetic estuarine water, as well as 
trace salts and biotic factors

(e.g. plankton) may contribute to V. cholerae 01 survival under conditions

that are very different from those of laboratory microcosms. Indeed, Huq et
a!. (3, 4) have shown that copepods enhance V. cholerae survival in fresh
 
water environments, and other investigators have reported that specific

:orms of chitin, a compound found in abundance in aquatic environments,

enhance V. cholerae survival (1,2, 8, 9).
 

In conclusion, results of the experiments reported here demonstrate

that fresh water environments of Matlab, Bangladesh enhance the survival of
V. c.oerae 01 strains for extended periods of time. This suggests that if
Clinical strains of 
V. cholrae 01 enter the aquatic envi-ro-ment of Matlab(=.g. via fecal contamination), these waters can extend the survival time of

inte ero.nmenc. If used.n z_. the water is by -llagers following
-ecal the choleila may be infac-e.con-amination, V. 

Atrachment of Vibrio Cholerae 01 to Dlankton surfaces 

The aquatic ecology of V. c..o_.rae 01 in cholera-endemic regions of the*o..d can be influenced by a variety of biological and physiochemical

Several--- repors describe the effect of temperature, salinity and
nutrient on V. cholere surviva! and physiology (6, 7, 12, 13, 15).
 

known of interacticns 
- between V. cholerac and biological:ac:r f aqua ic ecosYcTs, and the effect of trans.nissicn of cholera in 

Early reports by Huq et a!. (3) demonstrate that live pi ankonic

copepods of Chesapeake Bay and Patuxent River 
 enhance the survival of V. 
c.no.erae 01 in laboratory microcosms.
 

The cbjective of this research was to study the attachment of clinical
V. cholerae 01 isolates to plankton of Bangladesh waters. -luorescein
-an_=le nAb, specific for the 01 antigen, was used in 
a direct qualitative

analysis of attached V. choleree 01. 
Plankton populations were sampled

during the Spring 1987 cholera season in !atlab, Bangladesh.
 

Plankton were collected from river, canal, and pond water of Matlab,
Bangladesh with a nylon Nytex plankton net 
(64p pore size). Plankton were

resuspended in autologous water and transferred to the la'oratory. 
An
approximat: 107 CFU/ml suspension of clinical V. cholerae 01 Bangladesh

isolates were prepared in autologous water. Ca. 0.9 ml of plankton were
adae to polypropylene cups fitted with nylon Nytex screen fitted to one
end. These containers were placed in wells of a 24-dell cluster plate. 
 One

hundred microliters of bacteria were added to plankton samples and incubated
for 60 minutes at room temperature (approximately 24oC). Nylon mesh-fitted

containers were 
rinsed with PBS and fixed with 2% formaldehyde for 15
minutes at room temperature. Samples were rinsed with PBS, then placed in
wells containing 1.0 ml diluted anti-Ol mAb. 
 After incubation for 60 min.,

samples were rinsed and transferred to wells containing 1.0 ml of
fluorescein-conjugated goat anti-mouse IgG. 
 Following incubation for 60

min., samples were rinsed with PBS and viewed under lOX and 40X with a
 
microscope fitted for fluuLescent microscopy.
 

Results of these experiments showed the V. cholerae 01 attached to
 

30
 



moulted copepod exoskeletons (i.e. exuviae) in high numbers. 
 Fewer vibrio
cells attached to live copepods. Four of 5 V. cholerae strains examined
attached to copepod moults. 
 One strain, however, attached to both live
 
copepod moults (Table 4).
 

V. cholerae 01 also attached to a Volvox species, a colonial form of
phytoplankton. This attachment to Volvox sp. appeared in 
a "ring" pattern.
When natural, autochthonous bacteria were visualized by acridine orange
stain, endogenous bacteria attached to similar surfaces 
(i.e. to copepod

moults) as exogenous V. cholerae 01.
 

These experiments demonstrate that the surfaces of plankton serve as
attachment sites for V. cho.erae 01 and suggest that in Bangladesh aquatic
systems the ecology of Y. cho... 
is intertwined with the ecology of the
plankton in those waters. 
 The relevance of this finding to 
the epidemiology
cf cholerais under investigation. 
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Table I. Environmental 
and clinical data for Bangladesh village water 
supplies.
 

uter t -ntu-e finlinity total
stapl e I ccnhirtivity orpnic cnrbknvIUAge -te chAeraa(0C) Fil (°/cn) (nfr/cm) (n-L)cP 

I Qmlvaor river 21.5 6.0 0.0 1702 Glwvor tube %11 4.4 516.0 6.0 0.4 6M03 Seh~ez 2.9pon 21.0 6.0 0.0 1054 -'S'& tube %) 25.0 7.0 0.5 
11.6 1 

BT5 r 5.6rive- 21.0 6.0 0.0 2206 KadwtA.U tube - 26.0 4.6
6.0 0.57 1000 6.6Kada.,, pod 021.0 6.0 50
8 Kadaita11 river 21.0 

0.0 4.8 
6.0 0.09 Sarderandi pord 22.5 

ICO b6.0 0.0 IRo NT10 Sarderandl river 221.5 6.0 0.011 Wdardia pxt 
1R5 fT20.5 6.0 0.0 1(012 LUiqm river 24.0 

Nr 26.0 0.013 Cajipur poxi 100 NT24.0 6.0 0.0 1qJ14 (ajtpur river 23.0 6.0 
Nr 3

0.0 100
15 OwJm:k, pond 22.0 NT6.0 0.0
16 MO IrOrwnir d pond 20.0 36.0 0.0 (0 NT 

total cholera c5s repon-d per village 2 uc& pre- xI p-t-b NT - not tested l I ng 



Ta-ble 2. Cianges observed in total cell counts of V. chclerae classical 
and El Tor biotypes exposed to Bangladesh river and pond water 
in zicrocosm flask tests. 

Isolate 
 Water Source
 

River 10 River 12 Pond 13 Pond 15 

b 0.9 5.9 
 10.5 1.2 
2 5.8 2.6 
 5.5 2.2
 
3 10.6 2.0 1.5 1.8 
4 11.3 3.0 
 2.0 5.5
 
5 7.6 1.5 3.8 2.3
 
6 10.5 5.0 
 3.1 2.1
 

a River 1 - s&-nple No. 10, River 2 - sample No. 12, Pond I - saxple No. 13, 
Pond 2 - sample No. 15 

V. cholorea strains 1-3 were classical strains of V. cholerae
 
and 4-6 were El Tor strains
 

cNet fold increase in total cells/ml from time of inoculation to 100 hr.
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Table 3. Survival of V. parahaemolvticus 17802 and V. vy-nificus C7184
 
in Bangladesh water microcosms
 

Time (hr)
 

Water V. ,parahaemolvticus V. vulr.ifzcus
 

sa=pe 224 2 24 

3 XD ND bD ND 
5 NDb ND ND ND 
7 2.4 ND ND ND
 
8 2.7 ND 2.4 ND
 

a ND - not detected
 
b log CFU/l microcosm
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Table 4. Attachment of V. cholerae 01 to 
copepods.
 

Species 


ZOOPLANKTOI, 

COPOPODS
 
Acartia sp. 

Cycs .
 
D.p.tcmus so. 


CL.2 RDOGSmR 
Bcsn...a sI. 
Daphnia sn. 
Ceriodaphnia sp. 
Diaphansoma sp. 
Bcsminopsis s.. 

ROTIFER<S
 

Brac..onus spp. 


PHYTOPLAIJKTON
 

Volox sp. 
Pediastrum simplex 

Anacystis sp. 

Spirulina sp. 


ATTACHM..T 

Liv 

yes 
yes 

yes 

yes 


yes 


yes 


yes 

yes 

yes 

no 


u ae 

yes 


yes 


yes 


yes 


yes 

yes 


L e-icn 

River 
River & Ponds
 
Pon-is
 

!;River 

R 
Ponds 
Ponds 
River & Ponds 
Ponds 

R4,er & Ponds 

River & Ponds 
River & Ponds 
River & Ponds 
River & Ponds 
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Figure 1. Survival patterns of V. cholerae ATCC 14235 in 8 Bangladesh
water microcosmg, Microcosms were inoculated at 10
incubated at 25 C and 100 rpm. Water 
CFU/ml, and


samples were I1 (0). #2 (Q),13 (0), #4(), #5 (0), 16 (n), 17 (*), and 18(A).
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Figure 2. Survival patterns of classical and El Tor V. cholerae biotypesin river and pond water microcosms. Three cl ssical (0.O,E) and 3 ElTor (GN,A) strains were inoculated at 10 CFU/ml in each of 2 river(A, sample 110; B, sample 112) and 2 pond water micrcosms (C, sample
113; D, sample 115) Conditions of incubation were 250C and 100 rpm.
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Section IV
 

Develonment of methods for recovery of cells exposed to the evironment for
the purDose of increasing understanding of the "non-recoyerabi1it,"
 
pnenomenon of bacteria.
 

The viable but non-culturable stage of ba:taria has been established
(1,3, 4, 5) Experiments were undertaken to devise media and/or methods to
reco7er cells that have entered the dormant, non-culturable state in
aqua:ic environments. 
 If successful, a better understanding of the dormancy
phenomenon, as well 
as a means of more effecti,e assessment, cf conta.nination
 
of publc wat-rs can be achieved. 

A .icrocosmof ster- Chesaneake Bay water and V. chcerae strain ATCC14035 was assembled accorn 
 o menos escrd by-C el et (1).aCe growth was monitored by microscopy (DVC/FA/AODC) and .- e culture
until cells were "viable but non-culturable." 

PART A: Aliquots of r-os2cIs Aescribed above 4ere ;'-.ense= inco
srle test: and grwn under sec'fif condition Sf 7tperat ur-e,
gase;us atmosphere and ;ith v.rius grco.-.'.. f-,ctcrs, nu.rients, e. (see'' " ied"c -i >.e soirc cf.... s.... . :Or routine 
re' rr -- " ;-L;.fl 

-- : cnt a inef yeast eratrct (0.03!5Tub n , 0..C%25%, 0.0-25%,0.2%, E.2.)and NaCi (1%). incubation temps: 4° C, 25C and 35°C. Gaseousams:nhr aeriae 
 Campyiobacter cultivaticn a-.osphere (i.e.
5-N'xy-n 10% C02, 35% . 

-- :, e -' int 2: x-ermenr 1 above was repiated but wi: the addition of
nalidixic acid. to each tube a: a final ccncentraticn of 0.02?: . 

-- E" -' n 3: abo,;e .as. 1ment repeated but mcn :i:ed as follows: 

a) Tubes contained yeast e:xract, 0.25%; NaC!, 0.5%; :gSQ.;, and0.2%; 
histidine, 1.0%
 

b) As in (a)above but to each tube was added EDTA (0-6 ).
 

c) As in (a)above but 
to each tube was added Tween 30 (0.05%)
 

d) Incubation temperatures (a,b, c): 
 25)C, 350C. Gaseous atmosphere

(a,b, c): See experiment 1.
 

-- Experiment 4: Experiment 1 above was repeated but modified as follows:a) Tubes containing RP.I 1640 tissue culture medium (Flow Laboratories)
were prepared. 
 The following were added individually or in
 
combination:
 

(1)Gramicidin D (13 mg/ml)

(2)Gramicidin S (6.5 mg/ml)
 
(3)Chitin (0.05%)

(4) Sodium pyruvate (1%)

(5) Foetal bovine serum (5%)
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b) 	Incubation temperature: 350C
 
Gaseous atmosphere: aerobic
 

c) Tubes contained RP.I 1640 and the antibiotic triethylene-tetramine

dihydrochcride (TRIEN) at final concentrations 0.0025 X.and 0.10 M.
 

--	 Ezoeriment 5: Experiment 4 (b)was repeated but modified as follows:
 
(a)Each tube contained the flowing added individually or in
 

combination:
 
(1)Ferric ammonium citrate 1.0%
 
(2)Asparagine (2.5g/L)
 
(3)Glucose (0.3%)
 
(4)IgS04 (0.005%)


Incubation temperatures and gaseous atmosphere as 
in Experiment 4 (a)
 
acve.
 

- .Deriment 6: As in Experiment 1 but modified as follows:
 
a) Tubes conrined nutrient broth, Na/CI 
 (0.5%) and TRIEN (See Experiment 

4 [cj above). 
b) Incubation temerature: 350C 

:ba~Biohasic (liquid/sclid) cell culture systems !were prze;areld according-. 	t.'e me-tocs outlined by Krieg and Gerhar.t (2- . he agar (solid) layer,
ccnzaining various nucrients, growth factors, metal icns, icnchrs etc.,
"_s o'-	 mcrocosm ce",_ in the "vi a*-le but nonawlth ai~auors cf _ _ 


cut.a.- phase (see above) 
 Clls under these conditions served as

inocula 

.
 

for routine recovery plate media: 

--	 Experiment 1. 
a) Agar layer contained yeast extract (0.25%), NaCl (0.5%), and EDTA 

(10-6 -)
 
b) incubation temperature: 33CC
 

Gaseous atmcsphere: aerobic
 

--	 Experiment 2. As in Experiment 1 above but the following were added 
inaividually and in combination: 
(1)iron (as ferrous sulfate) 1.0%
 
(2)sodium pyruvate (1.0%)
 
(3)MgS04 (0.005%)
 

--	 Exeriment 3. Experiment 1 was repeated with the following modifications. 
a) The agar layer contained yeast extract (0.25%) and NaCl (0.5%)

b) The following were added individually and in combination:
 

(1)Gramicidin S (6.5% mg/ml)
 
(2)Gramicidin D (13 mg/m!)
 
(3)Chitin (0.05%)

(4)Ferric ammonium citrate (1.0%)
 
(5)Foetal bovine serum (5.0%)
 
(6)Glucose (0.3%)
 
(7) MgS04 (0.05%)

(8)Sodium pyruvate (1.0%)
 
(9)Histidine (1.0%)
 

(10) Asparagine (2.5 g/l)
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c) 	Incubation temperature and gaseous atmosphere as in Experiment 1
 
above.
 

Results: Recoverability of the cells was 
not improved by the experiments

detailed in parts A and B above. 
 Only by animal passage has good recovery

been obtained to date (1).
 

PART C: Aliquots of V. cholerae microcosm cells in the "viable but 
non
culturable" phase were inoculated into microtitre tissue culture wells

containing Henle intestinal epithelial cells. The V. cholerae cells grown

under these conditions served as 
the source of inocula for routine recovery

plate media.
 

Results: Recoverability of the cells was not Lmproved by t-e 
use of tissue
 
cul ture.
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Section V
 

To deveiop methods suitable for isolation end identification of pathoaenic
 
bacteria from environmental samDj"es.
 

A odified caurochciace- tel1u.te-gelacin agar (TTGA) was developed to
 
.mpro-e the differentiation cf Vibrio spp. 
isolated from the environment
 
(3). 4-methylumbelliferyl-6-D-galactoside (150 g/ml) incorporated intowas 

he .'.GA
medium, to allow for direct detection of a-D-galactosidase ($-gal
activity. In addition to other differential features of the TTGA medium,
tie MOdf,4ed varsion provided easy differentiation or '...n. cnoierae (a-gal
+) from... no pa.haemol,ic,s ( $-gal-). A preI4 ar7 z z lsuny was 
conucted.. Dhaka, Bangladesh, to compare TTGA and modifiezd-, TTGA me a-sing fresh clinical cimens. So nr- c-w c -let 
rrom diarrhceal patients at the CrDDR/B hos.i- in Dha:a and which were
found to be presumntively pos - for cholera by fieldtve V. nic.r.os copy(mctility i.Mmcbiization te-st), were processed as fo..lonws: The:e plates
each of TCBS, TTGA and modif TTGA media inoculated in para-lel using the
 
.
 .. V. soates in TCBS werersh clinical cnoerae presumptiv elyideznt~frn according to colony; morphology and sucrose fr:=ticn. Slide

" t .... .using pcly-;a_:nt V. ch0le a..antzs-era was done. The following
 
a-=a e, o e ,rI _ C .. r, .-n A ,m r
t -u z -Adu z,C,4 , -:,) t-_-. = ="i nSC 

.. S144.. .. = - - - - --.- -on soI.r
 ss.. ... g....... c
 
-.. wth. ch=_ua. .,=_y " ;ant'--' ' . B 

,C*.c1=,7l was isolaed and sum"-!en iC 
 TTGA
 
an Todif.d.... . ... e .as e eTi t a i em.nin rf esults for V.
 

re-ec.o and p.sump tive
--- -ve-y idntificatin for the three media. The
 
:eazures of the V. cholere isolates recovered on TTGA and :cdified TTGA
 
.:.na are
Ja recorded in Table I, with e:,ceIlent agreement Jn results ror both 

i.dii-Jon of -ne -D-galactsdase su'strate to .ncdiz =' 7?G Im 
n --povei presumptave iderification of V. cho-1v-_ .ddtcaa n or thneU.'cszr-te nnot affect the perfor mnce of TT medium in recovery of 

". chlerae from fresh clinial sDecimens. Both TTGA and mcoifieid TTGA,
unl.ke TCBS, allowed for ready determination of slide agg!u.ination,
supporting the findings of Gangarosa et a!. 
(1)and Morris et a!. (2).
 

in addition, a rapid, simple-to-perform, and inexpensive technique todet.ct chitobiase activity has been developed (4). 4-methylumbeliiferyl-14
acetyl- -D-glucosaminide was incorporated into a filter paper disc andorganisms were Results nerespot tested for activity. compared to those
 
obtained by a conventional plate method for chitinase activi-y using 
co.o.a chitin as substrate. There was excellent agreemen in results for
noth methods. The can used taxonomymethod be in routine protocols for the 
identification of microorganisms from environmental and clinical sources.
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Table 1
 

atures of.c.o_..e isciace on TTGAa and modified TTGA h)
 

i'ro. (%) ?csi:17e 
if:. sola:es -

Tested TTGA N!,difi) d TTGA 

- 25_. ±5 =, -- ! 5
24 


-- _ e '3*! .3!110 

u'- c-d...nic 24 C96) 24 

b m - "- 4-: :Y"U -D -ga s . 
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__ 

Filter membrane
 

I
IBB medium
 

IBB + colony
 
Subcultured 
to fresh IBB medium
 

IBB medium
 

IBB + colony
 
Subcultured 
to TSA medium
 

TSA medium
 

Biochemical Screen: 
 Oxidase+
 

ADH+, LDC+, ODC+, N-acetyl-1-D
galactosaminidase+
 

.LL.>Pr
sumpt v as 
fD e s_________on, 

ptiveID Plesiomonas shigelloides
 

Figure 1. Screening procedure 
for isolation and presumptive

identification of P.shigelloides 
from environmental
 
water samples in Bangladesh.
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'i~~ ~ cdtg'g'li 	 t tue relc ls'.t\ Di s -fluo 

n(,IDstate,i . epb"'lk incain i, are Sajj~ 5 (')il ,,er CU' Wo n 

I a ra'I~~t 	 r a~t s ile qait y wa ihe a t fte fl'~ai u t .i e , t t a un
eoed eit n3iitn/bZLI i3c! 81 
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0 4 8 12 16 FtItUR 2Shige/la jonei 53 G exposed to Chesapeake Bay water 

DAYS in microcosms. 0 Acridine Orange Direct Count: A Fluores. 
cent .. ntibodv Count; Direct Viable Count: 0 Plate Count.TSA. , Plate Count..MacCunkes. 

H 1ij4)7 e\posed to Chesapeake Baz
FlUIJJ I Erhenrhm ,i 

%ater in nlcrocoSih A and Birminillagoon ,ater b\ meats 
ofmembrane chamber iB - Acridine Orange Direct Count;
 
2 Acridire Orange Direct Count-control; A Fluorescenti cfuinl respectivelv. After 24 hours, all plate counts
 
Anubod Count. 0 .s(ndard Plate Count. L EMB kgar dropped to 0. and remained not-culturable for the dura-

Count. U Direct \ jable Count tion of the rlicrocosin experiment.
 

Results compiled by Roszak et al.- for Salmonella enten
dis folloed a similar trend regarding the fate of nutrient 

containing Chesapeake Ba\ %a(er. at a concentration of starved cells. FA and DVC dropped 0.5 iog below the 
101 cells!nl (salinit\ 15:,,!. AODC remained at the initial AODC. while all plate counts and MPN estimates exhibit
concentration (Fig. IA t. Over a period of 19 dass. direct ed rapid decline and became non-culturable b% the second 
%iable counts declined onl b% 1.5 log Signtihcanth. plate and third da% of the iicrocosn experiment. 
counts on Trsptic So% Agar iTS.\ and Eosin Meths lene Membrane chambers %%ere used to conduct in 51u ex-
Blue Agar E NIBi dropped from I ( cellsiml on Da\ I. to perimetts in the setti-tropical waters of Bimti. Bahamas 
104 on [)a% 7. and then to I1t)of Da% I-I. (salinit 3!/... ritean temperature 25CC). The% %\ereini-

Shigella ,,,, ,'ei%\asintroduced at a concentration of 11 I6 iall in(x.ulated '%il, 10' .ells fil of 1'. cholerae(.- -101 and 
cells. rnil into a rnttictt-icisnt ilepared %,fith Chesapeake Ba\ E. cult H 10407. Etinttcatiotis %%ereconducted ()it samples 
s.ater (sahnits 13',.,. I he AUU remained at the initial remocd at ()13. 21. 3Oi. alnd 112 hioi. All FA. DVC aiid 
concent raton i Fig. 2). [lie )VC declined b%1.0 log. The plate counts o1 V. chuieine dropped to zero. Values plotted 
organisnit bcame non-culturable on .MacConkev Agar bs for E. co/l are arithmetic meais of the results from the 3 
Day 14, and otl TSA b\ Da\ 21 Slttgella /lexeriexhibited a inoculated chanbers (Fig I B). File FA and FA-DVC held 
similar pattern: however, this strain reached 0 clu at a rate constant at I 15 cellsuil. Plate counts oi Brain Heart 
three time, iater than '. onnei. Infusion .-\gar (BlHI) dropped Iron I0' cfutn/l at 0 hours. 

Flikull 3Allntitame, the surs\ al patterns ol the toxin io <1 ttil at 13 hours and remained as sucLh for the 
PIlisit\e N1,11 " h,,lee (:..\ 4(J in micro istn, [so tern of the e pe i,leti E (ilt %as ,,ot present in tileai V, 

flasks (if 'att\ie,,t Riser %.,ier sere inoculated %ith IllI control cthatihie,, which prosed ittiper\l ius to envItni
ell fill I t hiilh s,\sietti, \()D(.. aid F.-\ cotunts rem,aineld tietlt,tl * (I'll NI.eIc'S. blt 1i11 t 1,1na lle bacteril. as 

ti .iit.1, i , tle seek fillotNnig inmu laiit. ,eilelh ed l l the ilh, ( )D(. .iid c)t1ttl,,1 I (). (this"tel.ll iil liii 
Mill D%\ ( imintl,. le ,hlma in ti,,,,, it Ilip' (ells.,ml L'pm ~ ( hanier timil.m dlll, i Itdt l 1 2J f.,lnj -,eiaatei al tile s.l.,, 

%iililliltjill s.iiiilcN .11 tote hit1t 1stinioulati ill. plate )I ile CNxpRni lltt Al1 IIetest is h tac tfl a tlls E Ill 
WMiitii rilsll l~t- ii~t-il ,t.tTeati (ICBS) straini (1ti1 Iiiii goI cnittltls~l ,iiii-( Lilliti1,161C Ill thle lbma 

.iidi . plat ilitill cli. fl both expel tlls.tLest illied .llic. I lnses'r. (iotltlifllls iI SA liliitili I %%ete 10, .ors ott mll 
Iitetli-i 1\1c-F Ilitrimtnisi t 2. t toet kee c I00 and 10' tihe lahoratils ,11lriLIitr iN 'eret nor1,as harsh I .1 salitti
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FlI!JU 3 t bot,, rhtulrr C.\ 411 esposed to Patuxent Riser 
sater it mlcroioslms 2 .\cridite Orange Direct Count. A 
Flu re ent nlbotl Count. E Dire(i Viable Count. " Plate
Cout. F(.BS. 0 ['late (,uni. FSA 

2-Vc. filtered [(0.2 imj and atutoclased %%ater).
The non-culturable, but siable and dormant stage in 

bateria e\amined to dale reseals %tablecounts by fluores-
ceti Itticroscup% to be utNtsIstentls higher ihatl :()rre-
spondlii' plate cmiotits. Since nin-culturable cells are 
int.ipadle of Lrossing iii standard tmtedia. it tan be (in-
tltidtd that di(litoi l i tilltire ,ttethwIids to asess n ttrobial 
l)ippid.iiitts are itiaclequitic ()I (omceri, is thieptitne •tltlt".ll (1I %, llllht-, xhlb . la lio i.(ul~l-able I).lclial 

Ir'llljlll, \. IIIdtcol. 


Rah it li.,tcl ile.il t'''l' .i as, %%etce pe-rfotrme(l to 
.rto,%,r this ittil)ilr.im (tlcsii,- N'it-Culturaile cells 
Iron fill( rit(Ils ,tI V1ht," (.\ (11 %ere haivested byett if iigu t teetlt.,,ll ed to . iit.enttatilii of 140 

I tiells, ,il ,1iluliiitiga I)"' VC) and Ittjected 11t14 tie 
litltvsii.,l l I.I , I'i,.,tli e illttle,,c ,espi .se, %%ere ( )-
Nt'l.tcd Ill .Ill %i cl,,l.lll h d elll lt l t I tip,,., %%e.. slnllilalr In 

p te.,.,t't to lh (i .\ Ill ,1iiiitl lo)p. I.e.. diietilt.l. 

li tll, Ill. II.iii'f11 ll I %l,it l 1-lu id%%as,luial 

.1111 i.fit,i l dtlIll ilul., el i,, lh..tt l iitidpi ,,oi l il h . li',,1 1t1 ,'i .,111l 1'" V .11141 l+ cpt-d l ln .\A ( C,. \ .,11 d 
[) ( I ,I., , I,, ( \ fil II -,Ifll. l a ll l l(,, tt lf,, ,s 1,t 1,. Ird 
,,,14, t i ll ,ps %,,'it.tI',c t 'i .,lblt. ill B ill hbroth ai :lnd 

's ali.s ill!i ii h.I', \ .*iI I (i .i u g15 .111plait. tullitl cs 
I it'ii .ls Iii,* 1 cllul.s l'Iilic,c.ttlse i edli.l i"till( 

TAU I!Vb,,,, ,t,,,., ,l nul t,11111 it/l~ue-ll .\1'\results 
oitLouli.lnii .i ilie, 

MPN Index, 

Culture Epifluorescen 

Date Source' Total, 01 01 

611 I 24 <3 o 460
6/13,81 SD6i23/81 SW 1.1 <0.311,(00 >11M16 >1,100 

9/14/81 W 29/4.600, <3.0 1509/14/81 SD 1.2/21 <0.3 4.2
 
9/15181 SW 11.000 <3.0 20
 

12/07/81 W <3.0 <3.0 <3.0

12/07i81 SD <0.3 <0.3 <0.312/15,81 SW <3.0 <3.0 <3.0 

"'ws= aier: SD = sedintent: SW = sesage.

:1" chlere NIP.'N index per liter of ,ater or grain of
ofsefient. 
i'otal 'ibrumhtulere concentration. inJependlent of scrosar
 
Irvo nurnbers beause a -I-fold diluuotn %,asused: ihe lower 3
 
tubes gis e one .IPN index. lnd the upper 3 another index.
 

agglunnatiOrt tests were positive using V. cholerae 01 anti
sera 
on TS.-\ isolates. DVC counts increased to 108 to I09
cells.'mIl. Transfers from the Tjo, N IH percent irs ptone. I 
percent 'aCI) control loop re%ealed no growth on TSA.
 
[CBS. and EM B plates, or ii, BHI broth. The river water
 

control foo) ias negative for CA 4j1

The tnott-culturable E. colt %,ithdrasn from the submerged membrane chambers produced fluid accumula

tion, but no hemorrhaging in a separate ileal loop experi
ment. .-\spiraled fluid was streaked to EMB and 1/8
 
streng th BHI-instant Ocean plates. E. colt was recosered
 
on ,llI the media tested and its biochemical profile was
 
confirnmed onl API 20E iclertifIcatioti st rips. It was shown
 
to he slrai, H 1041)J7 b %irtueof detecting the plasmicd
I hands chatacteristic oft that strain". 

DISCUSSION
 
[;.e ImI utluof ,,il. ent-epilfuorescent method has
 

elucidated sursisal patterns of bacteria in the aquatic

ell ironment. Although 'fie-oil' 
 has been reported when
con' en~ional plating methods were used. results obtained
I|\ fiuorescetit ittcroscop. reseal that pathogens remain
 
%table /it
far greater numbers than pre\ ousl\ reported. 

-[le taratMifnt-stir al' mechatusm : elicited during

ihsetce(of uiable eneg seMding substrates isprevalent
 
il tie nitur,d en'irootnett Such bateria pers., t ili tile
 

(dr n tl )l11.aeutil ,itit,l le Lii(ltIlns I lott)Litit lfi
 
leimiort. [h laiter tt I,(Lit ditt\,n I ll t he.ot: ter as. I(tll+ (ItHiflo , I )1lfltk~ l() hklonl (or Inl an~ a illnial |Im";t
 
Rct'., ll. ol .llllllhal st~ l' ,'ildi,, 
 tat.l I I+ -( tillitlablt. 

cells citiitiiue I() fialf)() the p()tettal fo1 struletic e. boith 
irtilence l) liids and the littial manifestat o of iru

lence. ie. engttged deal l<ips

ll. ip it health signifi.ante if these hildinigs is
 

obsioi. Nol so tmltmtiu is tile relesanu(e oI these finlinigs
 
for deit. ,iie release tit M4lxCie t(i
ertt.' ills tt,'li Ct ttiitl + 
g.aiii ,ilI,( iii lht e.lllim illtic ll. If \%Ill Ilia be(. li, ,d le tl 

dIepetiil il piling ltct lslhit,tll i i int olt itlr ling 
,I s ,llf ttlilt iill ,illisitisill, al.th 'r. hl t'drI Ic t'It llcl 

lilvif III ilil it %Illh~e I. -tlii'h s l., t , lilt[ if 1il,,, 'lf iutsel 
epiJlill"I,,a vol v.i m , lp% -,lr %%fil, ltlight% 

Is Il, l11(It m l i l. tsdfl ,,'um, h i.sclutm v-.. 
, -,u , ,,,Ul0t l + 

not+Ii ,lod li lltt ' l i , t.1,gcrllt I.1klI jL.ll I)(t'llg + l: 1l1(0%% , 
,pe ll iii iNtl i N bll jl,,lt'll.uiil ( %ilisellItll h. 
huhedt estilll 

Rio 
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EX I E L PROTOCOLAcknowledgment s 	 He 
testing.Iasma tleld i( , 8l (I Ken1iii 1 Hull 

l~oi medit~ I) kdiLlil~~f neif (1Barnkkid( ~,1.Nxm(f1),riidj P ClN 
Loohimls I r6il eCwl tube of BII. hsineIe'pter E6tei lilthmem , rir ia olleioion of' wartcr 
Brorti (Ipepioile I percent wl," NaCI, 'eriit(w/v;ox.'smls1irts oe(.Teaho.aeaS g;IltIfr 

percew /i f ,)'~werc.rransfer'redto TC3S- thadvice ad( ar~s srceiblFA H ~N Roberts, adH,
?jl jie Color)' 	 Rue ior d v6 krrine'hsiie by (IIIcbsld 	 nBrr~diordc 

nil, Coig iD a' National Sol ou 	 Qf'e oplcitfa cfmoeulrwitamioerauI batin ori'e fie -184-01397 
presene ot tgrd ,-o U a ),' ProanlEnvrornenal 

'4'ckfiu gtli..s slide, fo'r tIiuorescenutanitibod(]%,star'nrntg' aridan, tectioriAgency (C.RSI'31"16- 01)i WolHat"raii 
- o	 Ithe b:croscopicdetectinwas made" ion (C6/181/710) Agency f'r Interna i D" e omn 

f.. I 100;m~volesr w-e-e-f '1Thh .Mryln..5 i~ihd. 7waer iIiu -Sea-Granu Col. 
ol,~rutigh ,45' pLm filters' (Gelman -GN.b) which were :'lege -through 'theA National Oceanic 'and Atmospheric 
Plce innrichmen~t 'broths. Broths were incuibated at 'Administrtion: (RP l5)2, 
30'C~ .for 12 .hours, aftrcr which 1.0ml aliquots'were' 2 -"'"~ 

- ~ vd'a IIid dispensed to fresh en richmencI, broth. Incur mrc plise 'Il us e %,r itCa gl -: %a u po tdr1 a t
 
bationa 37C followed for an additional 22 hours. Received 20 june 1985: accepted 3'July 1985.
 

~A oopfuls ollnoctilum11 were transferred. after each incuba
tnon stage, ,to ' .uroc.holdte- relluri(e-(C'elatinI .gar-'o and
 

* 	 slides, Slide agglutinations were performed onl portions of' efe 
3,000 bacterial colonies andfluorescent amntibodystaining I Nu,1-1. . Roberts F L Sietn, K Wi Atwell D.Jrimes.And 
was (lone'to determine the presence 'of V. dwlerae 01 RK.LColw~.ell,19M2. Surval antid iub~iit ofnuculturibleEigchelnha 

antige The fluorescet antibodY staining procedure is - (t, and rhaItra, in the esuarine and enironni" '4Jl'tbfu marinedescribed elsewhere", , Xu,'-, S., N. C. Roberts, L.B.Adlarns. . ~.West, RJ. Sie lin&, A;
Laboratory' microcosms. -Microcosm water -was prefil. Huq M1, Huq, R.Rahmin, and R.R.Colwell 1984. An indirct 

tered. autoclaved and placed in acid washed flasks,. Rub. fluorescent .antibod% staimiin5 procedure for detection of b',io olerne 
ber stoppers were fitted with serum stoppered glss srolir 01 cells in aiquatic. enironmental samples, J. %lcrobiol.

gls M.ethodis 2,2.11 _23I 
tubing to permit aseptic inoculation of the baced an1~Ch.~h -1 S, u. N.Roberts S.Siebeling, A.Huq, P.West. 1,

A'- -.	 l el. 1 8 withdrawal of the microcosm water with a needle and Huq "K.M. S Am 0 Nianel. P. Brjaton, D Rosiak, and M. 
syringe. Overnight broth cultures of each bacterial strain StacDloneli i98-1 Ecoiug and mssematics oft ibiiu diolerat inendensit 

t a.nd non-cienm areas L'~S.japan Choicrac (:(nference, Washing, 
r, fornmnicroA,20 ..... ton. D.C 8.....were centrifuged (5000 rpmn) mninures. The cells EEal 

were washed and centrifuged thre times with sterile 4.Kogure KI. Simidu, andi N Iag19. A tcntdtlr uire 
microcosm water. Experimenital organisms included E. MI~l"0CO1 I rcethod for cuuntin4 iiing nitrne bacteria. Ca. J 

Slcoil 5:415-42(J
'coi strain H 10..07, S.igella ionneh strain 53-G, S. fixnei 3, 1llobbie, , R. J Dite.i ndSSJasper 19i Useof'uleporefilters 
strain M(42-3 an~ for countiiig rnicrop~ Api £n~iron.ttd 1'ibrw' 1-woerae strain' CA '401, serotype 	 hairerij b%fluorescen~ce 

iN iicril.ii3 :1225 fl ig . 
-l ' r'01. 6 Palmer. I. M_ A. . Bi.a, D j Grimes, and R, R. Colwell.' 1984' - ' 

Env,ironmental micro-osms. Environmental chambers Mlecular getienc .mndphenimpic sieraton 4 Eicha Collir, ctrn ari.........R:R.
 
were described h', M\ach and Grimnes-'"' The%' %%ere'fitted aiter nroms coiiingm toxic chemicals. FENIS %ficrubi ; 

hld"ahfitrd(.2pn'es arbat a ulpo 

-natural 

"with 713 frlm dia. 0,- pLrm pore liz la colect .(I.rbil.iu 1ifi i	 J.4 
'' I ond R.'R Viabl~whe 

bae Nuclepore Corp..,l~sttnCA.Ec hme re~umeraulvk 'itge of S,:bqmunt/a enlidt, in juuaoc s~srms. Ca.n," 

ed ro te es ~dthn l S.dSpair ' W.RK B 'Sack, and Frshlich. J 1981 Simple .adult rahbbit 

br~res ( 'Plai iw'n C~. Eaichmber 7 ukti*k. 1) B. Grime%. 1'i18, but non, 

sre oeredfo lak,
ed fontthetestsit.sered fr an (lin alow d 	 s .ind entrrmmigenil Ev i no laks 	 todel hurlVnb :len ru/,acv.! diarrhea, 

to 	equilibratei, Inimut 32 
o\e right in -1/8 BHI-Istant Ocean' bro111 9 %icriiii. F L. D . Kpeku, K.R, )ones. D J, ers, and S. M,'scems utL'H 1 	 A nmultiple aisnid ountining E,(hiaw roh strain:l 'e:fuedan Mccul-en. 197.\nurun I S 

.1
Mfentr centr ge torin nieor oil qa* reference piasmid PiasmidKtns OH iuurte nmolecules, 

warshed i: filteredl seawater. Two chattbers each'received 1:417-420; -

J suspe 11iorilAE (-ill H 10-107. a third received E. co/i and hi0,8.ier. R,M.F L '.iiiettun, dnd %I..A H-oud. i483l1he cliccts of 
I - ~n ourt n uiriculted nuirie::: dteprnun ion Vibri, (hocdrae. Api Emniron. Micrioholrui~ C. A 11)se~ed~s 
I,61a redaF A 4 rt sevda al nn c ltd 46;iJ 111-941i. ,.

control. All1 ch.3mbers %,eresecuredl to a sunken barge 'iI iifope,.Ii: t.l.oti~n~itut n rprte i ci;h eao 
located . i I I infitfont shore in Nix~on's Ha rhor, South fi 11ig hieierositophisImbtreito in ihe7ea. Moi ugiiated bs oeicais of 

Bis i i ah m ut.:r.idi,..rait Mar It :-i ierlini 36:291 -. 
12. I-itic, 1, 1. and \i [: khirouh e mxi.IlJhl The surial of mirinte A 

Ligated ileal loop assay. -I Ile on-culIru r ihl LIIls from - * imiteri. turd.i' r i,irtalm I Asppl, 50:246-2'58.'~,mn ,Inrdimiunt B~toeriol 
bin11h I u/ulemo., (~I' .1101 I ibor .1ior mnitreoc o s were 1S'\Iiti~hI'l~ Rt 'ii .111irile ui (-iuetlit of nion~narine 111icro*

ithlr~rtO~ i r 	 5%ii r Res 2:.A4 - ?4.I: ti~ m Ifl~ I~ clintrIl gJti10 l 11 (1nresiend~ecI in sterile 14 ' Nltl't.- I'ii iitiinlohhrri.ihi ttih n Iort 

ii iritrotimsm w ti , ,\ *lrawhat pirpl,. cc lot urger.%, 7 - iMIiIIlii-h All , ,' . F-oh 6;11,1 9'. 
:~ '~~ -- '--'loops '.eI.3rim d \\fill inrillop'. weltre liqated w'.illh U t t 1* Nolk I A' ,mid K 'i NSitti 1977 ',rr . ii 1 1 i'.'.chiriljb1rIhu 

C~~~~~~~~ihm' ilref~lt S'I(11 	 4i6:9111-11-11 er .~i'at~tr 5 P in ronn~olu tons were injeL nut 1 

ed m intil ial hmnIpN. ii I'N rb.\ioth, 2)~CA 401 (Itillv Ilbitn s I antI k is hoiiia,17 i ii hir thesi r1ld I'fu bst 'tltl 
-~- k iarble, pt tilutv 10' tells mull: I3I sterile P'atuxent u;lsm~al il: Ilactnt.' I. ilt'li onlder tiatm-iino~itidiituioN, Mar ill 

'iA' '-Rser~ wici 448:. "14 
Rie t~~ed ft(i ncooi's:(4) muicrocosmn1 17 14t 19, ''sa rm ignial toinniamiNvIntn1i. Ii' 	 .ilowih 

~~~~'4~~fil'A I'I' ~' 
I)t-sn i%Sc v t\I;N 11111111'If. 
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A total or 78 strains, representing 21agar (TTGA) 	 Vibrio species, were examinedmedium and modified TTGA 	 by using taurocholate-tel/urite.gelatinmedium containing 4-meth(lumblif0p.zg/ml). Modified TTGA medium allowed far simple and direct detection of 0-o-gaactosdase (13-gal) activity.
This feature, In conjunction with other differentialdifferentiation of the vibrios tested. The modified 

characteristics of TrGA medium, gave Improved
cholerae (P-gal TTGA medium allowed for easy differentiation) from Vibrioparahaemolyticus (03-gal-). 	 or Vibrio
inexpensive and 	 The 4"methvlumbelliferl-.1-D-galactosidevery stable. Incorporation into the agar did not 	

substrate is
differential medium. affect the performance of TTGA as aThe assay for P3-gal activity with this substrate was specific and sensitive. 

There are several media, in addition to TCBS (thiosulfate-citrate-bile salts-sucrose) agar, employed for isolation and 
Furniss et al. (3). For the modified medium.presumptive identification of umbelliferyl-o-D-galactoside (Sigma 

4-methyl-
Vibrio spp. Taurocholate- Louis, Mo.) 	

Chemical Co., St.teflurite-gelatin 	 wasagar (TTGA) medium, devised by Monsur 	
added to molten TT-GA medium to a final(9) and recommended 	 concentration of 150 g/ml.by, the World Health Organization 	 Both TTGA and modified TTGA(15), has several distinct advantages media were autoclaved at 121'C for 15 min. Both TTGA andover TCBS agar. It is modified TTGA platesrelatively inexpensive to prepare and there 	 wereare no problems 	 used fresh. Nutrient agar wasprepared by the method of West and Colwell (14).

in follow-up serological tests (4, 10). Furthermore, oxidaseactivity can be determined directly 	 Procedure. TTGA and modified TTGA media were inocufrom the plate (10). Amajor drawback to the widespread 	 lated in parallel with each of the test strains by using a wireacceptance of TTGAmedium as a primary isolation medium for vibrios has been 
loop (4 mm diameter) and a 16-streak dilution procedure toobtain isolated colonies. Some strainsthe failure of the medium to provide adequate differentiation ceptibility 	 were tested for susto the vibriostaticbetween Vibrio cholerae and Vibrio parahaemolyticus (10). 	 agent (2 .4-diamino-6,7.Preliminary studies 	 diisopropyl-pteridine) by the methodin our laboratory, 	 of West andusing 4-methyl-	 Colwellumbellifer'l-conjugated 	 (14) with sterile antimicrobial assay disks (BBL Microbiolsubstrates, showed that P-D-galactosidase (0- ',ztivity can 	
ogy Systems, Cockeysville. Md.) impregnated with 10 andbe a useful differential 150 g.gcharacter for vibrios. The substrates can be readily incorpo-

of the 0/129 compound, respectively. ITGA andrated into selective media (13), and detection 
modified TTGA plate cultures were incubated at either 35°C
activity with 4 "methylumbelliferyl-conjugated 

of enzyme (clinical strains) or 2.5"C (environmental strains).
substrates is 	 Unlessspecified otherwise, resultsboth highly specific and sensitive (11). The objective of the 	 were recorded after incubationpresent study was to evaluate the modified 	
for 24 to 48 h. P3-Gal activity was tested by direct examina.fTGA medium,which contains 4-methylumbelliferyl-3.D-galactosidc, lion of plate cultures under UV light (366 nm) after incubathe differentiation of Vibrio spp. 

for tion overnight and 24 to 48 h.
at Positive reactions wereindicated by bright-blue fluorescence of the individual colo-
MATERIALS AND METHODS nies and confluent growth due toreaction by-product 	 the formation of the4 -methylumbelliferone (11, 13). TheBacterial strains. A total 	 standardof 78 strains, representing 21 tube method of 	Lowe (7), employingVibrio spp. and including both clinical and 	

nitrophenyl-3-D-galactopyranoside 
compound (Sigma)

the o
environmental 	 andisolates. were examined. Type and reference 

with 1.0% NaCI added, instead of 0.5% NaCI, was also done.strains
(American Type Culture Collection, Rockville, Md.) 
Tellurite reduction, gelatinase production, and susceptibility
included. The 	 were to 0/129 wereV. cholerae strains employed were 01 and cultures on 

detem ;ned by direct visual examination ofnon-O1 serotypes. Identification of the strains was confirmed 
agar plate The following characteristics wereby the criteria of West and 	 also determined directly from plate cultures: Gram reactionColwell (14); and details ofprocedures used are provided by Molitoris ct al. (submitted 	

by the KOH method of Gregerson (5), oxidase (6), catalase(1), and catalase reaction speed (1).
for publication) and West el al. (submitted for publication).Strains in nutrient broth 	 A number of strains wereto which 12% glycerol was added 	 tested twice. When discrepan
were maintained under liquid nitrogen 	

cies in results on both types of media occurred, the strainsat -170'C. were retested.Inocula. A loopful (5 to 15 colonies) of a nutrient agar plateculture incubated at either 35°C (clinical str ins) or 25°C(environmental strains) for 24 to 48 h was 
RESULTS

Media. ustu.TTGA medium was prepared by the method of Excellent correlation was observed in test results for bothTGA and modified TTGA media. Results for the 78 vibriosCorresponding author. 	 examined on modified TTGA medium are presented in Table1.All but two of the strains grew well on TTGA and modified 
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reaction by-product. 4 -methylumbelliferone, is highly fluo-
rescent at this pH. rendering the test more sensitive. Positive 
and negative reactions of colonies growing on this medium 
cannot be confused. However, caution should be exercised 
in delaying observation of plate cultures for activity.

especially for mixed cultures, since diffusion of the fluores-
cent by-product could lead to erroneous interpretation.

Fortuitously, the results show that the addition of the 
substrate to T7GA medium did not affect its performance as 
a differential medium. The cost benefit of incorporating the 
substrate into TTGA medium is very good (additional cost 
per plate, less than $0.05). This makes modified TTGA 
medium particularly attractive since TCBS agar is expensive(10). In light of the disadvantages ofTCBS agar (2, 8, 10, 14) 
and the advantages of the modified TTGA medium detailed 
above, the modified TTGA medium containing 4-methyl-
umbelliferyl-o-D-galactoside is concluded to be a preferred
alternative for differentiation and presumptive identification 
of Vibrio spp. 
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The fate of enteric pathogenic bacteria in estuarine and
 
marine environments
 
DJ Grimes,: RW Atwell, PR Brayton, LIM Palmer, DNI Rollins, DB Roszak, FL 
Singleton, ML Tamplin & RR Colwell 

Sulficient laboratory and field data are now available to IvpotIite.size that enteric pathogens survive Jor very longperiodts oftime in sea-water. /iladt.these Gran-ne~twtive bacteriaprohablY enter into dormnancY. durin' which t/eyretnainviable and potentiallv virulent, vet arenon-ctdturable Ithen,traditional bacteriologicalinL'thodsLire employed.Increasing use ofthe world'soceansJor discharKe ofdo,,,estic wastes may restlt in public health problems in thefitttre]roin the a/lochithonots ]uananpathogens acctinttlating,in the martineen 0vironment at disposal sites. 

Introduction 

Survival of enteric pathogens in estuarine and marine 
environments has been the subject ofextensive study for
nearly a century. The conclusion reached by various 
investigators over the years has been consistent. namely
that allochthonous pathogenic bacteria do not survive in
salt-water.' This conclusion has been drawn from 
results showing inability to culture pathogens from sea-
water samples plated on standard bacteriological culture 
media, after the bacteria had been dischartzed to an 
estuary or the sea (or added to sea-water in laboratory 
simulations. i.e., in salt-water microcosms). Results ofsuch studies indicate a steady decline with time, in culti-
vable bacteria, until the pathogens can no longer be grown in or on culture media. Variables postulated as
responsible for the decline in numbers of culturable 
bacteria include sedimentation,' predationj para-

sitism.' sunlight.: temperature,"' osmotic stress."' toxic

chemicals., and 
 the high salt concentration of 

sea-water.'' A variety of mathematical formulae have 

been published which describe observed declines. ' 
Some investigators have constructed 'decay models' for 
'Department olMicrohiology. Unierity oflaryland. College Park.Maryland 20742. USA. 
Received 22 January . I',. 

Table 1. Methods tLved to detect cells in aquatic .sYstems. 

Direct count.

specific habitats.--" It is. in general, concluded that thefate of enteric pathogens in salt-water is. eventually.
death. This review will examine recent data which 
suggest that enteric pathogenic bacteria have quite a 
different fate in sea-water. For the purpose of this 
review. "enteric" will be used in the epidemiological 
sense. i.e. to describe those bacteria that are associated 
with the intestines of warm-blooded animals and are
known to cause gastrointestinal disease, as opposed to 
the taxonomic use of the term *enteric'. referring to 
members of the family Enterobacteriaceae. 

Viable but non-culturable bacteria 

Studies conducted in our laboratory over the past

decade have focussed on the incidence, distribution, and
 
survival of Gram-negative enteric bacteria in estuarine
 

"and marine habitats.' Xu etal.7 showed that a decline
in cultivable bacteria in a svstem does not correlate with 
cell death in the case of Escherichia coli and Vibrio 
cholerae exposed to salt-water (15%5c salinity) micro
cosms. 

Methods used to monitor the fate of E. colt, V. 
cholerae and other species in salt-water microcosms arelisted in Table I. In the microscopic methods for 

AODC Fluorochrome specific for nucleic acid; used to count all cells (living and dead).FAG Antigen-specific tluorochrome: used to count all cells carrying a specific antigen(s) (living and dead).DVC Fluorochrome for counting physiologically responsive (living) cells, either nucleic acid- orantien-specific. 

Indirect coutnts'MPN Only living cells capable ot'growth in the broth medium employed are enumerated (media can be selective 
HPC 

and/or differential); when combined with FAC also allows enumeration of non-culturable cells.Counts only living cells capable of growth on the medium employed (media can be selective and/or
differential). 

A titialinodel and tissue cultureProvides growth conditions (not yet defined, in most cases) for non-culturable (dormant) cells; useful also for detecting virulent
cells. 

1AODC. acridie orange direct count; FAC, fluorescent antibody count; DVC. direct viable count: MPN. most probable number: HPC.heterotrophic plate count. 
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enumeration. intact cells take up the stain, either acri- negative slope compared to the total direct countsdine or antihody conjugated to fluorescein is ithl- (,AO[X) anI FAC's.('s Figure I ).In general, but dependcyanate (indirect fluorescent antibody method). ing on the bacterial species emplo.ed, the salinity of theCounting is done usinrg epilluorescent microscopy. water and 	 the temperature of incubation, IPN andApplication 	 of the direct viable count (DVC) was HPC indices approach zero within 8 to 201 d,after whichimportant in documenting that cells do not necessarily time the cells cannot be transferred. i.e. growth ntdie when 	 exposed to sea-water. 3riellv. the DVC longer occurs even though the DVC indicates continuedemploys yeast extract as a growth-st imulating nutrient presence of viable cells. Concentration of large volumesand nalidixic acid as a DNA gyrase inhibitor.'" Other of water containin the viable but non-culturable cellssubstrates have also been tested. showing the inlluence does riot provide growth. These viable but nonof substrate and substrate concentration on substrate culturable cells can he considered either starved" orresponse."' Cells respond to nutrient by enlarging, but dormant.
division is inhibited by nalidixic acid. Recent evidence I. co/i H 10407. an enterotoxigenic pathogen isolatedsugg-ests that nalidixic acid may also facilitate uptake of from a patient with diarrhoea..' was exposed to seanutrient.- The enlarged cells enumerated by the acri-	 water of 15%f, salinity in a microcosm maintained atdine orange direct count (AODC). or bv the fluorescent 18'C. Results comparable to those shown in Figure Iantibody count (FAC). have been shown to be me:,j- were obtained." 	 When the non-culturable cells werebolicallv active by autoradiographic methods (D.B. analysed for characteristic plasmid bands (Table 2) byRoszak and R.R. Colwell, unpublished results). The direct extraction of cells harvested from the microcosmDVC. as a measure of viability, has been correlated with without recrowth on any medium, there was no evidenceresults of other methods bv other investieators." In of plasmid DNA in the ethidium bromide-exposed gels.addition to 	 the D'v'C (a direct microscopic method). However, when a portion of 	the harvested cells wereindirect counts were also used to assess viabilitv. rown on Brain Heart Infusion agar and then re-Speciticall.. most probable number (IlPN) indice,', and e\amined for plasmids. all three plasmid bands wereheterotrophic plate counts (HPCs) bv the spread-plate %isible.method" were 	

C1 was also
used to detect viable, culturable cells. .S/ahonelht enteritidis serogroup

Results typical of those obtained in the initial micro- examined." Unlike either E.coil or V'.cholerae, it wascosm study by Xu etal.: and in subsequent experiments possible to resuscitate S. enteritidis 4 d after the nonare shown in Figure 1.Total counts. either AODCs or culturable state was achieved. RecoveryFACs. remain relativelv constant with rime, indicating 	
was 

accomplished by harvesting viable but non-culturablethat cellular integrity is maintained. However, viability cells from the sea-water microcosm, placing the cells incannot be 	 demonstrated by either the AODC or the art equal volume of full-strength Veal Infusion brothFAC. unlike conventional cultural methods and the and, following incubation at 25'C for 25 h. platingDVC method.' Indirect counts made using broth aliquots of water from the recovery microcosm on toculture (,\IPN) decline more vowlv than those on solid Veal Infusion agarat selected time intervals. Vervsmall.media (HPC), especially when selective agar media are atypical colonies appeared on the agar plates (coloniesemployed. 	 Nevertheless. both exhibit significant which normally would have been rejected as S. enter
" iidis). Resuscitation was repeated after the cells had 

been in the viable but non-culturable state for 21 d.but 
8 

was unsuccessful despite persistent elevated DVC 
counts. 

Success in recoverin otherwise viable but non-
Acc culturable cells from sea-water nicrocosms has been 

6 FAC 	 achieved by introduction into igated rabbit ileal loops.-
Viable but non-culturable microcosm cultures of both E. 

oc5v 

- 'Table 2. Mamdbor irulene- markers carried b 
Escherichia coli 110407.-"11 

Plasmid 	 Size Marker' 
pCS I N CFA I 

MPN 
 STHPC pJY 1I 42 	 LT A 
LT B

2 4 	 6 8 10 2 14 ST 
Days 	 p'RA 42 	 unknown

Figure 1.Enuieration ojeiteripait ets by~se-erailntethods, cryptic 4 unknown 
Results shown provide evidence lbr viable but tion-culturable 'CFA. ctlonizing factor anigecn: ST. heat-,htable toxin; LT. heat-labileorganiisnits. (See Table I ]or abbreviations.) toxin. 
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colt H -4107 and V. c/oh'rat, CA 4101 have been 
recovered Iron loops. providing ,,initiltancous recovery 
otfotherwvise non-culttrable cells and detection of 
enterotoxigenicitv." E. colt II1(1417 was used in a 
membrane chamber study conducted in Nixon's 
Harbour. South Bimini. Bahamas" with very similar 
results. 

.- llochthonous versus auttchthnnous pathogens 

Bacteria indigenous to a given habitat are witwoch-
thon1to.s to that habitat, while those foreign to the 
habitat are //uochtliotous. Most enteric Pathogens are 
allochtlhonous to estuarine and marine en. ironments. 
although some of the more notable pathogens are trul\ 
autochthonous e.g.. V. cholerte.; V. paraliano 
1Yticus".: and .Aerotmottas hlrophilI. : 

It has already been shown that both autchthonous 
and allochthonous species are capable of entering a 

"viable but non-culturable state. -'"' Unlike alloch-
thonous bacteria. hovever. autochthonou, enteric 
pathogens not only survive in Nea-%%ater. but grov. it 
suitable nutrient is present. The nutrient may be 
supplied by wastewater and,or Surtace run-olt entering 
estuaries or coastal zones.:-" This situation has led 
many investigators to conclude that %astewater is only a 
point source of pathogens. rather than a source ot 
nutrients as well which may. in turn, stimulate growth of 
the autochthonous pathogens. Such erroneous interpre-
tations of data are lar,,ely responsible for the belief that 
autochthonous enteric pathogens such as V. cht'oerae are 
human gut inhabitants. only transiently waterborne 
following input of faecal matter from an infected host." 

Wastewater and surface run-off to estuaries and sea-
water constitues a serious public health hazard, 
Allochthonous pathogens entering the sea may enter the 
viable but non-culturable state. Autochthonous human 
pathogens. as well. are supplied with growth-stimulating 
nutrients, and increase in number, a phenomenon docu-

"mented for at least two pathogens. . .- Similarly. anthro-
pogenic wastes may stimulate growth of other non-
human pathogens. for example. pathogens of migratory 
waterfowl." In addition to nutrients, wastes may contain 
chemicals toxic for some species of bacteria, eliminating 
(selecting against) those bacteria sensitive to the 
chemicals, resulting either in populations of bacteria 
resistant to the chemicals or populations capable of 
chemical degradation. Such a result has been demon-
strated repeatedly for antibiotics selecting for resistant 
strains." Furthermore, in situ transmission of plasmid-
encoded antibiotic resistance has been demon-
strated.-' 4' 1 Thus. an additional public health threat can 
occur, namely the selection for resistant and potentially 
virulent strains of allochthonous and autochthonous 
pathogens. 

Movement of pathogens through the water column 

It is difficult to quantify, spatially and temporally, the 
movement of human enteric pathogens, or bacteria in 
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general, through sca-water. Few studies have been con. 
ducted. and the rapidity i which allochthonous path
ogens enter the viable but non-culturable state com
plicates interpretation of resultant data. The relative 
contributions ot'physical and chemical parameters, such 
as sedimentation. advection. Ivsis and accumulation at 
interfaces. to survival otfhuman pathogens in sea-water 
are not fully understood at this time. 

"'he contention that large bodies of water, especially 
the ocean. afford rapid and effective dilution of wastes is 
11o longer without dispute. Results of several studies 
have demonstrated that particulate wastes discharged to 
the ocean are not rapidly dispersed but. instead, tend to 
remain associated and move in response to ocean 
currents.'-' Some particulates sink' whereas others 
meander with ,-resand warm core rings." Bacterial 
particulates tend to accumulate at interfaces, where they 
attach to surfaces and to eaLh other." Still others 
become airborne, for example coliforms become associ
ated with lipoidal surface particulates (7300 coliforms 
per mg ofhexane-extractable material, on average, have 
been calculated).' Presumablv other enteric bacteria 
(including pathogens) have a similar tendency to par
lition on to/into lipoidal particulates. In such a micro
environment the%would be protected from chlorination 
at the wastewater treatment plant and from the high 
salinity of water in estuaries and the ocean. It has been 
observed that lipoidal particulates are buoyant and can 
ascend from deep water, through the pycnocline. to the 
surface. Once surfaced. the particulates are rapidly 
dispersed toward shore, mainly by wind and wave 
action. Similar observations have been made in studies 
of wastewater discharges in Puerto Rico and France. a3 " 

It can be concluded that human pathogens can accumu
late at surfaces. and in numbers large enough to 
constitute an infective dose. Unfortunately. by currently 
accepted enumeration methods such assemblages of 
cells are counted as a single colony on a solid medium or 
as a single MPN unit. 

Sediment-bound bacteria are subject to vertical fluxes 
and can be resuspended in the water column following a 
variety of physical forces. Forces capable of initiating 
this type of resuspension include storms, dredging,'-" 
navigation, natural upwellings," bioturbation (sediment 
disturbance bv benthic invertebrates. primarily oligo
chaetes and chironomids). currents and wave action. 
For example. faecal coliform concentrations increased 
five-fold as a result of dredging polluted sediment from 
the Mississippi River.' Once resuspended, bacteria can 
be picked up by (i) a potential host and (ii) non-host 
animals and transmitted via the food chain to a potential 
host. The bacteria may also simply resettle into the 
bottom sediment: for example, it was hypothesized that 
sediment-bound Shigella spp. could have been re
suspended by dredging activity in the Mississippi River 
and thereby involved in a swimming-associated out
break of shigellosis.33 

Some cells enter the viable but non-culturable state 
and others are sedimented to the bottom, so enteric 
pathogens will cease to be detected in the water column 
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if conventional methods arc emphlved. Upon entering to humans [hrough shark hites' and improperly coked
the SedinenIl. ifnot ireads in Ihat Miale. %iahlc bacteria meat (P.R. Bravio and D.J. Grimes. unpublished 
may become non-cuhurabhle. results). 

Animal association Conclusions 

Enteric pathogens Ircqucly become associ,! ed with It can no longer be argued that inability to culture a
aquatic animals ranging from microscopic invertcbraces given enceric pathogen from estuarine or marine water 
to marine mammals. 'he.e association., call be acci- samplhs is prima-facie evidence that the pathogen is
dental and transient, asseems to he the case with fish and cith.'r dead or absent from the sample. Enteric palho
Sabii/&laspp.. ' or they can he very specific and long ge,.s can enter a viable but non-culhurable state. Table 3
lasting. as demonstrated for copepods and V. cho/erae" summarizes the salient features of viable but non
and V. jmrahaemnu/vsut..'" In the case of copepods and culturable bacteria. These dormant bacteria then
V. parahaett olvtrcus. seasonal growth of copOpods has follow variety pathways 

can 
a of in the ocean. Figure 2 

been correlated with grot h of 1'. 1ira/hac'tolvtcItS 
and. in turn, increased incidence of gastroenteritis t 1- i h -clliTahle 3. . elcld t harn h'ra (l vible btt u'oh/, 
caused by this pa thogen.' In the case of V. cholerae, bactiart.
 
copepods mav act as an overvintering substrate for the
 
bacteria() 
 No gro th on or in standard culture media.
 

Shellfish-borne enteric discase iS. of course, 
 a direct (2) Resumption of gro., th under appropriate condition.
 
result of animal associations. This type of disease is
 
usually of viral actzolog..' alth ugh bacteria such as E. kt,'".",y
 
colh. *_'amplobacter Icjtuf.
l ( ) Cells appear itact '. hen stained by AODC and/orPl'iot. aSpp.nan be I-A(C methoids. 
Ple.siotn as 3 ,' ,v and 1,'tibrto spp. canins.oived. There has.e heen almost 120)()0 be (2) Cells are substrate-rc,, onsr e. demonstrated by thecases of DVC method and autoradiograph.
shellfish-borne disease reported in the United States and (3) Cells mav underuo changes in size (viz: smaller)
Canada since 19(0 (US Government. General andAorshape (%iz: rounded).
Accounting Office. HRD-84-3. June 14. 19S4). 

In addition to associations with invertebrates, bony Virulence 
fish and marine mammals, enteric pathogenic bacteria (I) Viable but non-culturable cells remain virulent.
have recently been isolated from sharks..' These 
bacteria appear to be part of the autochthonous flora of illustrates the fate of enteric pathogens in wastes dis
healthy, free-raneing sharks" although. under con- charged to estuarine and marine environments.
ditions of stress, they may cause disease in their shark Serious thought is now,' being given to expanding
host. It is possible that these pathogens could be passed ocean disposal of wastes: concurrently, the population 
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Figure 2. .Schenatic rep)res~et rion oj the disribtiton 'jfentrericpathlogenis in wastes dischairged inito tire Atlantic Ocean. 
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SQ n ury 

A membrane rdtridoo method has been developed which is useful for enuneatioo of viable Vibrio 
cholerue Ol in enviroamecntai water &aimples by immunofluoescent staiains. The samples ar incubated 
with yeasi etract and najidixic acid. Subtruate responsive cclls, i.r,viable peus dongaie and ater stining
with spgeciic antisere and fluoreacein conjugae. viable V cholerne cells appear as Iongl. peripbcaJ
fluorescertt Veen banded bacilli when vicked under the mikroscope. Using an ocular rericule. the number 
ot viable clls per ml can be calculated. The procedure has been adapted for use with other baceril 
species if specific antidra isemployed. 

i" wonic Fluorecent antibody; enumeradon; viable; Vibrio choleroe 01 

Intioduction 

Enumeration of indicator organisms or, preferably, direct detection of pathogens
in the aquatic environment is essential if water quality is to be estimated. Public
 
health safety, of course, is determined from the results of such tests. The choice of
 
method for assessment depends on specificity, reproducibility and statistical validity,

in conjunction with time and cost efficiency and case of operation.

Immunofluorescent-epifluorescnt detection methods fulfill these criteria and 
are 
being used to detect a variety of organisms (4, 8, 11, 12, 14].

The viable, but non-culturable stage of bacteria has been established [1, 8-10]. In
addition, results of studies have shown that nutrient starved and injured cells are

incapable of growing on standard culture media, and, therefore, indicator organisms
in that state will not respond to standard methods for assessing microbial 

Correspoodcce to: Dr. R. R. ColwcUl, Department of Microbiology, Univcrity of Marytland. CoLleg
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populations. The virulence of viable but non-recoverable cells may persist, 
demonstrated by animal studies (1, 131. 

Fluorescent antibody (FA) procedures can overcome the problem of organisms
remaining viable yielding growth' in standard sincebut 'no tests, the presence,
absenceAor size of specific cell populations can be easily detected microscopically. In 
the conventional FA procedures, all organisms possessing a species-specific antigen 
can be observed. However, it is not possible to determine which cells are viable and 
which are dead. The method described here is advantageous because it allows 
detection of viable cells. By combining the indirect fluorescent antibody procedure
of Xu et al. [15] for direct detection of bacteria in natural water samples, with the" 
direct microscopic viable counby Kogure et al. [7], enumeration of viable, specific
populations of bacteria can be achicved. We described here a procedure we have used 
to detect viable V chnlerae scrovar01. The method, however, is adaptable to any
organism, provided specific antiscra are available. 

Materials and Methods 

1. Collect water samples in sterile containers following standard procedures for 
sample collection and employing aseptic techniques. Add filter-sterilized and 
autoclaved solution of yeast extract to obtain a final concentration of 0.025%. It is 
recommended that the concentration of yeast extract be prepared so that 1.0 ml of 
0.25176 yeast extract solution can be added to a 10 ml sample. 

2. Incubate for 20 min at a temperature appropriate to the environment from which 
the sample was collected. 

3. Prepare an 0.2% solution of nalidixic acid (Sigma Chemical Co., St. Louis, MO) 

in 0.05 N NaOH; filter sterilize; add 0.1 to 10 ml of sample. 

4. Incubate at the appropriate environmental temperature for 12 h. 

5. Filter the water sample through an 0.2u x 25 mm polycarbonate membrane filter
 
(Nuclepore Co., Pleasanton, CA), mounted on a 25 mm glass filtration unit
 
(MilUpore Corp., Bedford, MA). Filters are prestained overnight in 0.2% irgalan

black (Ciba-Geigy Corp., Greensboro, NC), dissolved in 2% acetic acid and rinsed
 
.everal times in distilled water before use. (Prestained filters are available from the
 
Nuclepore Co.) Place filters in a 30 x 10 
mm petri dish. 

6. Fix cells to filters by placing petri dishes on the surface of a test tube rack partially

submerged in a 55 "C water bath. Incubate for 20 min.
 

7. Prepare a 1:20 dilution frhodamine isothiocyanate-bovine serum albumin 
(RITC, Difco, Detroit, MI). Place one drop on the surface of the membrane, and 
place a*coverslip on top of the membrane to spread the reagent across the fidter. 

8. Incubate 35-370 C for 30 ain in a dark moist chamber. 



9. Rinse filters three times with phosphate-buffered saline (PBS, per liter: NaCI,
8.5 g; Na2HPO4, 9.1 g; KH 2PO4 , 1.5 g; pH 7.3) and allow the filters to soak for 
10 min in the petri dish. Remove PBS and air dry the filters. Care must be taken to 
ensure that the top of the frdter always remains upright throughout the procedure. 
10. Add one drop of V cholerae 01 antiserum and place a coverisUp on top of the 

drop. 

11. Repeat steps 8 and 9. 

12. Add or: drop of fluorescein isothiocyanate and-rabbit goat serum (FITC, BBL, 
Cockeysville, MD). Place coversip on top. 

13. Repeat steps 8 and 9. 

14. Mount each filter on a glass slide with acoverslip using FA mounting fluid, pH 9 
(Difco). 

15. Examine with a microscope equipped with a neofluor objective, IVFL 
epifluorescence condenser, 100 W halogen lamp, BP 450-490 band pass fdter,
FT 510 beam splitter and LP 520 barrier filter, or equivalent. Slides should be exam
ined as soon after preparation as possible to avoid fading of the intensity of the 
fluorescence. Slides should be stored in a dark box until used. The V cholerae 01 
cells that are counted are those that appear as long and/or fat rods possessing a 
peripheral green band just below the cell wall (Fig. I). Calculate total viable cells/ml
of sample, according to the size of the ocular reticule employed in the microscope [6]. 

Discussiou 

The mechanism of nalidixic acid centers on its ability to inhibit DNA gyrase. At 
the concentration employed in this study, protein and RNA synthesis continue, but 
cell division is interrupted. As a consequence, the cells exposed to the nalidixic acid 
and yeast extract mixture elongate [3, 7]. 

The length of the yeast extract-nalidixic acid incubation isat the discretion of the 
investigator. Bacterial cells that are starved or injured may need a longer time to re
spond to added substrate. It is suggested that 6, 12 and 24 h time intervals be used 
initially, in order to establish which incubation interval produces the largest number 
of elongated cells per sample. Experience has shown that adjacent sampling sites in 
the field require the same length of time for incubation, providing a guide for future 
FA-DVC work in the same geographical area. 

For convenience, formaldehyde may be added to samples after incubation,
stopping the reaction (0.2 ml of fdtered 37% formaldehyde per 10 ml of sample).
The samples can then be stored at 4C. During processing, dried filters may be 
frozen after the filtration step, or after the RITC and/or antiser-im application. For 
best results, the filters should be viewed the day the FITC is applied.

It must be emphasized that the reliability of the FA-DVC procedure depends on 



Water sample containing viable and non-viable V. cholerae 01 cells. 

the specificity of the antiserum used. The antiserum must be carefully earnined for 
possible cross-reactivicy with other bacterial species, and should be absorbed with 
those strains to eliminate binding activity. Experimental control slides must be 
prepared to test each new batch of antiserum and FITC to determine which 
concentration of each reagent will produce the maximum intensity of fluorescent 
cells. 

The filter method permits filtration of increasing volumes of water when the 
bacterial count is low. The maximum volume filtered will be dependent only on the 
degree of turbidity of the water. If the turbidity of the water sample is high, the 
sample can be prefilterd through a 1.2 pm filter (Gelman Sciences Inc., Ann Arbor,
MI) to remove large particulate matter. The yeast extract-nalidixic acid incubation 
can then follow immediately. FITC has a tendency .tb absorb non-specifically to 
organic particles and detritus. RITC counterstaining can limit this problem because 



the counterstain occupies active sites on the particle surfaces. The red background
provides good contrast for fluorescent cells.

Polycarbonate filters are essential for the success of the FA-DVC procedure [5].The flat surface and uniform pore size of the polycarbonate filter prevents bacteriafrom being imbedded inside the membrane and, instead, retains the sample on the
surface. Irgalan black dye eliminates autofluorescence of the filter.The membrane filter (MF) method has gained acceptance and recognition as aneffective, reproducible and rapid procedure [2]. It is convenient, in that samples canbe collected, incubated, fixed and stored for later staining.

The cultural protocol for enumeration of V cholerae 01 involvs sample filtration,transfer of the f-dter to thiosulfate-ctrate-bile salts-sucrose agar (TCBS), incubation
for 24 h, followed by biochemical testing of all sucrose positive colonies withsubsequent serological confirmation. For most probable number (MPN)determinations, samples should be enriched, employing alkaline peptone broth andincubation for 6 h. Then, a loopful from each tube is streaked onto TCBS agar. Thesame biocheidica and serological protocols as above should be followed. Inaccurate

counts can result if V cho/erae is overgrown by other organisms during theenrichment procedure and, therefore, fails to appear on the plating media. Finalidentifications and counts for both procedures can for severalextend weeks. Incomparison, the irnmunofluorescent technique is very time and cost effecive. A totalFA count of V cholerue 01 using the MF method (yeast extract-nalidLxic acid stepis eliminated to count live and dead cells) can be prepared in 3 h. The viable count,or FA-DVC, can be completed the same day, or by the next day, depending on thelength of the incubation period. The time of the staining procedure can be furtherreduced if an antiserum-FA conjugate is available. This direct staining process would 
then involve two, rather than three, reagent applications.

The advantage of the FA-DVC far exceeds the conventional plating methods for
viable bacteria. Plate counts considerably underestimate the viable population in the
aquatic environment. No culture mediaiis capable 
 of supporting growth for allorganisms. It 	is probable that all viable bacteria are incapable of enlarging in theDVC procedure with yeast extract as a substrate, and therefore this too,
underestimates the true viable count. However, the FA-DVC can more closely portray

the viable cnvironmental 
 population than traditional culture methods. 
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A total of 101 strains of bacteria from environmental and clinical sources, most of which were gram negative,were tested for chilobiase activity by using a filter paper spot test with 4-methvlumbllifery I-NV-acetyl-3-lu
glucosaminide as the substrate. The results were compared with those obtained by a conventional plate methodfor chitinase activity by using colloidal chitin as the suhsirate. There was excellent agreement in the results forboth methods. The filter paper spot test with 4 -nmtethvinihellifervI-aV.ceivl-3-iglucosanliiii(le has tleadvantages of being rapid, simple to perform, and iniexlpensive. This method should be adaptable to a wider 
range or microorganisms, particularly those wih unusual growth requirements. 

Except for cellulose, chitin is probably the most abundant ized isolales received from other laboratories were exampolysaccharide in nature, heing a primary constituent of ined. Many of the strains tested in this study have been usedshells in crustaceans and insects (9). Centrate diatomns pro- in other studies (H1), and they include both environmentalduce significant amounts of crystalline chitin (3: R. Smucker and clinical isolates. For the chitinase plate test and cultureand R. Dawson, J. Exp. Mar. Biol. Ecol.. in press). Chiin media, nutrient agar was prepared is described by West andalso occurs in some protozoa and fungi (16. 23). Chitinase Colwell (19). and brain heart infusion agar and tryptic soyactivity has been found in a wide variety of" microorganisms agar were prepared by adding bacteriological agar (Difco(2. 5. 7, 12-15. 19. 22. 23). Chitinase activity plays an L-aboratories. Detroit. Mich.) (final concentration, 1.5%important role in the ecology of many marine bacteria (23). j\ttvol 1)to brain heart infusion broth (Difco) and tryptic soyFor some pathogenic bacteria, such a, V'ihri, choh'ra', broth (Difco), respectively.interactions between the organism and chitinaceous materi- The rapid test method was as Iollows. The 4-MUF.GIcNAcals have been postulated as playing a role. albeit indirectly, (Sigtna Chemical Co.. St. Louis, Mo.) stock substrate soluin the epidemiology of disease (6. 10). lion was prepared by dissolving 50 pLmol in 2.0 ml ofTests for bacterial chitinase activity have relied on con- dinethylformamide (Sigma). For the test, 0.6ventional plate methods, such as those described by Sker-
ml of this

solution was diluted in 9.4 ml of phosphate buffer (0.1 M [pHman (17) and West and Colwell (19) in which colloidal chitin 7.41) (4). The substrate solutions (stock ant iered) wereis incorporated into a nutrient agar base optimal for the used immediately, without sterilization, or sto,,d at -20'C.growth of the test organism. Chitinase activity is indicated Both solutions were stable for several months at this ternby zones of clearing around the inoculum growth. While the perature.test itself is straightforward, preparation of the substrate One to five colonies from cultures grown from 24 to 48 hmedium is laborious and complicated. Furthermore, the on nutrient agar (I ibrio spp.), brain heart infusion agarplate test is an insensitive assay for chitinase activity: e.g.. (Enterococcus [Streptococcus] fiecalis and 1literococcussome organisms require a long incubation period (up to 7 fStreptococcus] 'fiicium),or tryptic soy agar plates weredays or longer). Problems may also be encountered with vigorously rubbed onto Whatman no. 1filter paper, and 20 IdLorganisms which have fastidious or unusual growth require- of the 4-MUF.GIcNAc-buffered substrate solution wasments. Thus, it is understandable why many laboratories are added. The substrate only and the organism plus the solventreluctant to include chitinase activity as part of an enzyme were included as controls.profile. After incubation at 37°C (or 25°C for Vibrio strains testedA major end product of chitin degradation by chitinase (or on nutrient agar) for 10 min. each test spot was covered withendochitinase) is chitobiose, which is further degraded by 1 drop of a saturated sodium bicarbonate solution andthe enzyme chitobiase (7, 8, 13). The test described here. exposed to UV light at a wavelength of 366 nm. The sodiumwhich uses 4-methylumnbellifery-N-iacetyl-3-D-glucosamn. bicarbonate solution enhances the fluorescence intensity ofinide (4-MUF.GIcNAc), is an assay for chitobiase activity, the reaction by-product, methylumbelliferone (18).the inference being that chitobiase activity is produced Depending on the fluorescence intensity, reactions wereconcomitantly with chitinase activity. The following study graded as positive, weakly positive, or negative. In positivewas done to find a better method for determining chitinase reactions, substrate-organism mixtures produced a strong,activity. The test described is an assay for N-acetyl-P-D- light-blue fluorescence.glucosaminidase activity, the logic being that chitin isessen- The conventional plate method for determining chitinasetially a biopolymer of GIcNAc subunits (14, 20, 22). activity was a modification of the method of West andThe strains used in this study are listed in Table 1. No Colwell (19) in that tryptic soy agar and brain heart infusionattempt was made to confirm the idciitiiy of all of the strains agar were used as alternative preprepared medium bases intested. However, whenever possible, American Type Cul- addition to nurient agar and a 20% (wt/vol) concentration ofture Collection type or reference strains or well-character- colloidal chitin suspension was used, West and Colwell (19) 
suggest a 15% (wt/vol) concentration. Briefly, a colloidalCorresponding author. chitin suspension (20% [wt/vol]) was prepared and added to 
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TABLEI" I. Results ofrchiltoll : liltand chilinse assays with 
bacterial strains 

Grant reaction/strain 
No. 

tested 
No.f,;)pit,,ive 

Chilohiae C hittinase 

Gram positive 
lhtti/hfssu lilis 

Microc'otc'. hlties 
Slpth vhhcox''cttsttl'ftt.t 
Etter''occ' is relt'ws'rtt.) 

.loccali.s 

1 
1 
1 
1 

I (100) t )t 
0 M)t) 0tt) 
t (0) 0(t)I)
1(ItD)) I t It0) 

Eoit'teriutoIn (Sin-piurwcoa) 2 2 I10t) 0 (It 

Gram negativc 
.4cronti',tUs hydrolhih I(1 6 )l 6 1100) 
Arofono(S cWtu11, 6 6 (l0o) 0 i1100 
Aerr,oo.s .liu 5 5 (10)) 5 ((I) 
A 'r ititint itu:utieut. I1 I0)t t II 010DD 
Etlerohacler (J("iMttt' 0((1It) 0(0))
E.hchrichia colt 7 1(14) (1 )
Klhh.id'lo ht'umtoioi. 1 0 ) (0)
Mqc.%iotlfona.I
.hige'lloide.sI'rstIttt', a'i . 10l It0( 100)D li0(I100)t)) It) (1 

I'oeu o'oi~1 I) M1) 0 M((ItPsol'tmtonaotertightosa 1 0(0) O ill 
I'se'jnudolnasputida 2 1 0) ) (I) 
Salmnella ltyphi 7 (0) ( (0)) 
.Sh'hieltadvwsntrit 1 4 (M 0 (0) 
Shi.gell sonnei 1 0t10) 1)() 
Shi-eit h0oyd1ii 1 11111 It 0) 
ihrio al.,iIl'ti. 2 2 (1(f 2 (100)

Vihrio ctphe//i 1 1 t(I)) 1 (100:t'ihrit)catrchr ta I 1 (100)1 1 ( 0 

Vijhrio J'hro'r 10 I) t1t) 1i(t0lVihrio cj'l('itttlttfl.j. 

Many ol' the Vihrio test strain- were able to grow on 
tryptic soy agar. therefore, in a ,,eparate series of experi

merits. we tested for chitobiase and chitinase activities on 
this medium and at 37°C by using the methods describedabove. 

The results for chitobiase (rapid test) and chitinase (con
ventional plate method) activitie, are given in Table 1. 
Overall. there was excellent agreement inl the restlts for both 
methods. Furt ho:-more, the results obtained here for 
chitinase activity by the conventional plate method are in 
very good agreement with the results reported by other 
workers (2, 7. 19). Certain test organisms. e.g., Agrohba
ttu/eriltn Bacillus stuhtilis. E. fitecium. VihrioIt fwaens. 

diauttrvophicits and Vibr)io natriv±,'ens. showed chitobiase 
activity but no chitinase activity by the conventional plate
method. This was most likely a result of the latter being a 
less sensitive method. Enzyme assays thait use 4-methyl
tyhellif cryI-Conjugated substrates ire notably more sensi
tive than conventional enzyme test methods (M. O'Brien. 
Ph.D. thesis. University o'Queensland, St. Lucia, Austra
lia. 1985). We nver observed chitinase activity in the 
conventional plate method without observing concomitant 

tstchitobiase activity in the rapid test. 
The degree of activity for chitobiase and chitinase was not 

necessarily directly correlated. For example. while many of 
the strains tested positively with the rapid test. yielding 
strong reactions within 10 rain. corresponding tests with the 
conventional plate method produced varied results. For 
some strains, there was strong chitobiase activity and weak 
chitinasechiti" activitv: for others, although there was strong 
clhitobiase activity, positive plate tests required incubation1 1 (10() 1(iD(D} for 4 days or longer. Some test organisms, e.g.. Aeronontas 

Vihrio dhmitsel 2 2 (10) 2 I(100) 
Vibrio) diazotrophicus t 1(100) 1)(0)
Vihrio fluvialis 3 3 (100) 3 (100) 
tihrio gazoagnes 1 0(0) ()(0)
Vibrio tteischnikovii 1 1 (10) 11(1)) 

Vibrioittticu.\ 2 2 (100) 2 (10(
Vihrio ntiriegent" 1 1 (1001 )t0)
Vibrio nereis II (000) 11 1(0o))Vihrio ni.,raptdcrituio 11 (1001 (ll00) 

Iibrio ordttii 1 0(0) 0(0) 
Vibrio parthaentolyticu.i 6 61100) 6(1000)
Vibria pelagi.s 1 1 (100) 1 00) 
Vihrio protealvticu. 1 (100) 11100) 
Vihrio tuhithii 1 1(100) 1(100)
Vihrio vuiniicus 3 3 0I(X)) 3(100) 

Includes weakly positive reactions. For chitohiase. the rapid filcr paper 
spot test with 4MUF.GtcNAc as the substrate was used. For chitinase 
activity. a conventional plate assay with colloidal chitin as the substrate was 
used. 


molten bacteriological-grade agar to a final concentration of 
1 ,%(vol/vol) and poured as an overlay on a prepared medium 
base. Thus, the Vibrio strains were tested on chitin-nutrient 
agar. E.fitecalis and E.ficcintt were tested on chitin-brain 
heart infusion agar, and chitin-tryptic soy agar was used for 
all other test organisms. Plates were spot inoculated (four 
spots per plate) with growth (one to five colonies) from it 

plate culture of the test organism grown on its optimal 
medittm (without chitin) for 24 to 48 h,as indicated above, 
Exc, .)I for the Vibrio test strains, which were incubated at 
25°C. the chitin plate cultures were incubated at 37°C for at 
least 7 days to observe clearing zones around growth, 
indicating chitin hydrolysis. A narrow (1 to 2 mm in width) 
clearing zone extending from the periphery of the spot
growth was considered a positive reaction, 

spp.. Vibrio daiseh. Vibrio nigrapttlchritudo,showed very 
strong N-acetyl-3-D-glucosaminidase activity before the ad
dition of the bicarbonate solution. 

Results of tests for enzyme activities in Escherichia coli 
proved interesting, since one of the two strains tested was 
the recipient of plarmid DNA from chitobiase-positive
clones but was otherwise identical to the first strain (21). The 
chitobiase gene was isolated originally from Vibrio vidniicits 

by cloning chromosomal DNA (21). Very strong chitobiase 
activity was detected in the transformed sttain. The plasmid
less strain, as well as five other E. coli strains examined, was 
negative for chitobiase and chitinase activity by both test 
methods.
 

Comparable results were obtained with Vibrio strains 

tested for chitobiase activity on tryptic soy agar and for 
chitinase activity on chitin-tryptic soy agar at 37°C. Some of 
tie strains did show stronger reactivities with both assays, 
probably more a reflection of the higher incubation temper
ature than of media differences. 

The test for chitobiase activity described in this study has 
many advantages over the conventional plate method for 
chitinase activity. It is rapid and simple to perform and uses 
a substrate that is relatively inexpensive and very stable. 
The test is specific and sensitive. 

Different incubation temperatures may be used for the 
rapid test, and a variety ofgrowth media may be used as the 
source of the inoculum. Chitinase is produced in chitinase
positive bacteria even when they are grown in a rich organic 
medium, since only chitin or glucosamine has been shown to 
induce chitin hydrolysis (1). Furthermore, the rapid test may 
be more adaptable to microorganisms whose unusual growth 
requirements do not allow for determination of chitinase 
activity by the conventional plate method. For example, we 
are at present carrying out enzyme profiles of barophilic 
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bacteria by using chitobiase and other 4-mellhyltml)elliferyl-
conjugated L . since enzyme assaysubstrates, conventional 
methods are largely inappropriale for this group of hacteria 
(W. L. StraLhe and M. O'Brien. Abstr. Annu. Meet. Am. 
Soc. Nficrobiol. 1986, 1-37. p. 1711. 'Ius, many Liselulapplications of the test described here can be seen. 
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ABSTRACT
 

Vibrio cholerae grown in microcosms can 
enter into and persist in a
 

dormant state 
in which the 
cells, although viable, are non-culturable by
 

routine laboratory culturing methods. 
Microcosms were constructed, using
 

aged estuarine water adjusted 
to a suitable pH and salinity, to simulate
 

conditions of 
the estuarine environment. Bacterial survival was monitored
 

by the following procedures: 
 (i) plate counts on appropriate selective and
 

non-selective media; 
(2) indirect fluorescent antibody (FA) staining 
to
 

enumerate cells reacting with 01 
antiserum; (3; acridine orange direct
 

counts (AODC) to enumerate total number of bacteria present; and (4) direct 

viable counts 
(DVC) to determine substrate-responsive 
(viable) bacteria. 

The toxin-producing, 01 serovar of V. cholerae, CA 401, was inoculated 

into microcosms to a final concentration of 106 CFU/mI 
and monitored for
 

eight days. AODC and FA counts remained constant at 
106 CFU/mI and the DVC
 

6
count at 10 CFU/ml. Plate counts on Tryptic Soy Agar (TSA, Difco) and
 

Thiosulfate-citrate-bile salts-sucrose agar (TCBS, Oxoid) dropped from
4
 

10 CFU/ml at one hour post-inoculation 
to <0 CFU/ml after 24 hours. To
 

determine whether viable, but non-culturable V. cholerae CA 401 cells
 

remained virulent, filtered, washed, and resuspended non-culturable cells
 

8.
from microcosms 6
(10 total cells, of which 10 
 were "viable," i.e.,
 

substrate-responsive cells by 
the method of Kogure et al., 1979) were
 

injected into rabbit ileal loops. 
 A viable, i.e., platable, culture of
 

V. cholerae CA 401 
was injected into loops, separated by uninoculated
 

loops, as positive control. 
 When the ileal loops were examined ca.
 

30 hours post surgery, a positive virulence response was noted in all
 



experimental loops, similar 
to the V. cholerae CA 401 control. 
 The
 

experimental and control loops were distended, hemorrhagic, and filled with
 

fluid. V. cholerae CA 401 cells were recoverable from all positive loops
 

using Brain Heart Infusion Broth (BHI, Difco), 
TSA and TCBS plates. The
 

viable, but non-culturable, i.e., "dormant," cells were recovered by animal
 

passage and retained the potential for virulence. We have further observed
 

that cholera toxin is stable in 
seawater microcosms for periods of time
 

exceeding 28 days, and that significant quantities of toxin are produced by
 

V. cholerae strain 569B in microcosms at a salinity of 25 parts per
 

thousand and at concentrations of organic nutrient ranging from 0.1 
to
 

10 g/liter. Experiments in progress are 
aimed at elucidating the salinity
 

and organic nutrient concentrations required for cholera toxin production
 

in microcosms by viable, but non-culturable cells and the biological
 

activity of the toxin produced therein.
 



To date much is known of pathogenic mechanisms ot 
bacteria. However, 

there is little knowledge of how environmental factors affect survival, 

growth, and production of pathogenic properties by bacteria in the natural
 

environment. Our laboratory has recently obtained evidence that Vibrio
 

cholerae, a major cause 
of epidemic bacterial diarrhoeae in various
 

geographical areas of 
the world, undergoes both physiological and
 

morphological changes in marine and estuarine water environments (1, 11).
 

In addition, we have demonstrated that V. cholerae can 
exist as a "viable,
 

but non-culturable" cell, yet can return 
to the culturable state, inducing
 

positive ileal loops in 
the rabbit intestine (1). Thus it is important to
 

understand how the pathogenic properties of V. cholerae can 
be affected by
 

environmental factors, such as water temperature, salinity, pH, and/or
 

organic content.
 

As a result of 
a series of studies carried out in our laboratory over
 

the past several years, it has been observed that, over time, V. cholerae
 

and related human pathogens enter a viable but non-culturable state under
 

conditions simulating that of the natural environment (1). Direct viable
 

counts by epifluorescent microscopy consistently remain higher than
 

corresponding plate counts because stressed or nutrient starved cells are
 

unable to grow and be enumerated by standard plate count methods. 
 Indirect
 

immunofluorescent microscopy offers a more sensitive detection system for
 

environmental sampling for human pathogens.
 

By adapting the indirect, immunofluorescent-epifluorescent methods
 

developed in our laboratory for use in microbial ecology, a more accurate
 

estimate of total population size can be obtained (11, 
 12). An application
 

/
 



of this new approach, compared with conventional enumeration methods was
 

made in several countries, besides the United States. Results of these
 

studies are reported here.
 

In Brazil in September, 1982, alkaline peptone enrichment broths
 

(peptone, 1% w/v; NaCI, 1% w/v; ox-bile, 0.5% w/v; pH: 
 8.6) were inocu

lated with water and plankton samples. After incubation, loopfuls from
 

each tube were removed and streaked to Thiosulfate-citrate-bile salts

sucrose agar (TCBS, Oxoid, U.S.A. in Columbia, MD) and suspect colonies
 

were examined by biochemical tests, and slide agglutination employing
 

commercial antiserum (Difco Laboratory, Detroit, MI) for the presence of
 

the 01 antigen A loopful was also spread on a clean glass slide for
 

fluorescent antibody (FA) staining (12). A comparison of results between
 

the cultural method and the fluorescent antibody staining method are shown
 

in Table 1. No V. cholerae 01 colonies were isolated by plating; however,
 

five of six field samples proved positive by fluorescent staining.
 

By modifying the collection procedure, MPN estimates for V. cholerae,
 

01, were calculated by inoculating a 3-tube, 3-dilution alkaline peptone
 

enrichment series. 
 Both TCBS plates and slides were inoculated from each
 

of the tubes after inoculation with water samples and incubation for
 

6-8 h. In Zimbabwe, field studies were conducted in April, 1984. Water
 

samples were collected from farm areas, river washing sites near villages,
 

animal habitats on the banks of the Zambesi River above Victoria Falls, and
 

MPN results are shown in Table 2. Population sizes were estimated and were
 

consistently higher by the fluorescent antibody assay, compared with
 

cultural counts.
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Field samples collected in South Africa at Soldana Bay, Capetown, and
 

in the Transvaal in the North near the Limpopo River were assayed for
 

V. cholerae 01. Fluorescent antibody results ranged from a low of
 

14 cells/100 ml of seawater along the coast of Langebaan, to a high of
 

>2400 cells/00 ml of algal and sea urchin pool water. 
Water samples col

lected near a fish cannery in Soldhana yielded 240 V. cholerae non-01
 

cells/l00 ml.
 

From our results, the fluorescent antibody technique proved more
 

sensitive for detecting the presence of V. cholerae 01, especially when it
 

is in the "environmental stage," compared to traditional culture methods.
 

This also held true for other bacteria, when appropriate specific antisera
 

were used.
 

Other fluorescent antibody-specific methods have been applied in the
 

laboratory to study the non-culturability phenomenon. Direct viable
 

counts 
(DVC) (4) permit observation and enumeration of viable cells by
 

direct microscopy. The method is relatively simple, i.e. yeast extract is
 

added to a water sample to provide nutrient for growth and replication.
 

With addition of nalidixic acid (0.01% to 0.002%), cell wall formation is
 

inhibited. Therefore, substrate responsive cells, 
i.e. viable cells,
 

appear elongated, when stained with acridine orange. Acridine orange
 

direct counts (AODC) (2), an epifluorescent microscopy procedure used 
to
 

enumerate 
total bacteria in a sample, along with the fluorescent antibody
 

procedure described above, and traditional plate count and MPN methods (7),
 

have been incorporated in studies examining survival patterns of selected
 

pathogens in laboratory microcosms.
 



Microcosm experiments, designed to explore survival ot 
V. cholerae
 

CA 401, a toxin positive strain (Fig. 1), were carried out using aged
 

estuarine water, for which the pH and salinity 
were adjusted. These
 

microcosms simulated conditions in 
the environment over time. No addi

tional nutrients were introduced, in order to 
induce a dormant state in
 

the culture. Two flasks of Patuxent River water were 
inoculated with
 

106 cells/ml.
 

In both systems, AODC and FA counts remained constant at 106 cells/ml
 

during the week following inoculation, and DVC counts at 104 cells/ml.
 

Upon withdrawing samples 1 A post-inoculation, plate counts on TCBS and
 

Tryptic Soy Agar (TSA, Difco) plates using inocula from microcosm 1
 
4 4 

were 10 cfu/ml, on both media. For microcosm 2, counts were 10 and
 

105 cfu/ml, respectively. 
 Plate counts made 24 h after inoculation dropped 

to 0, and the microcosm remained non-culturable for the duration of the 

experiment. 

Clearly, a non-culturable, but viable and dormant stage 
can be induced
 

in the bacterial species examined to date. 
 Of prime concern is the ques

tion of whether these viable but non-culturable bacteria remain virulent.
 

Thus, the following experiments were done.
 

Ligated ileal loop assays (9) were performed. Non-culturable cells
 

from both microcosms of V. cholerae CA 401 
were harvested by centrifugation
 

and resuspended in river water to a concentration of 108 cells/ml,
 

comprising a DVC count of ca. 
106. Rabbits were prepared for surgery and,
 

in one experiment, seven loops, separated by interloops, were ligated with
 

catgut. Ca. 1.0 ml volumes of the 
following solutions were injected into 

individual loops: (1) T1N1 broth (1% tryptone, 1% NaCI, the original 

growth medium for strain CA 401); (2) CA 401 (fully viable, pure culture, 



10 cells/ml); (3) sterile Patuxent River water; (4) microcosm I cells;
 

(5) microcosm 2 cells; (6) microcosm I cells; (7) microcosm 2 cells. Ileal
 

loop assays were done ca. 
30 h post surgery. When the intestine was ex

cised, positive virulence response was noted in all microcosm loops, and
 

all were similar in appearance to the CA 401 control loop, i.e., distended,
 

hemorrhagic, and filled with fluid. 
 The river water loop returned to its
 

original size. 
 The TN, loop was distended, but not hemorrhagic. An
 

average of 4 ml of fluid was aspirated from each microcosm loop.
 

In this experiment, fluid was transferred to a tube of Brain Heart
 

Infusion broth (BHI, Difco), streaked onto plates of TCBS and TSA, and
 

prepared for AODC, FA and DVC counts. Results showed that CA 401 cells
 

from all microcosms, when injected into the rabbit ileum, could be
 

recovered using BHI and on TSA and TCBS plates. 
 Slide agglutination tests
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were positive with V. cholerae 01 antisera. DVC counts increased to 10 to
 
9 
 8 10
 

10 cells/ml. 
 AODC counts increased from 10 to 10 cells/ml. Transfers
 

from the T1N1 loop revealed no growth on TSA, TCBS, and Eosin Methylene
 

Blue (EMB, Difco) plates and in BHI broth.
 

Similar results with enteropathogenic E. coli were also obtained.
 

Rabbit ileal loop assays were performed using E. coli H10407 cells that
 

were non-culturable, having been held for 42 d in a microcosm. AODC and
 

DVC counts were 103 and 102 cells/ml, respectively. Rabbits were sacri

ficed 48 h after inoculation. In one of the experiments, no swelling or
 

fluid accumulation was observed in the microcosm sample-inoculated loops.
 

Sterile saline was injected into and then aspirated from the loops.
 

Results showed recovery of E. coli from all microcosm loops. Biochemical
 



testing ot the isolates, including plasmid band profile analysis, confirmed
 

the organism to be the E. coli strain 100407 which had been injected. 

There was no growth from the aspirate ot uninoculated loops. One out of 

the 18 interloops grew E. coli, but the plasmid profiles of it were nega

tive. Also, biochemical test results differed from that of the H10407.
 

These results provide further evidence 
that cells, other than V. cholerae,
 

which are non-recoverable by standard culture methods 
can be recovered by
 

ileal loop passage.
 

Other microcosms examined, included V. cholerae strain CA 401. It
 

showed a DVC of 10 
 cells/ml after being non-culturable for 8 months. 
 The
 

organism was not recovered by ileal loop passage.
 

Autoradiography was 
done to answer the question of whether all or a
 

few of the viable, but non-recoverable cells were active. 
 Microcosms from
 

which samples for autoradiographic slides 
were to be removed were prepared
 

and inoculated as 
for survival study microcosms. In addition to 
culturable 

and microscopic enumeration, microautoradiographic analysis was also per

formed (10). Salmonella enteritidis and E. coli microcosm samples were 

incubated with I uCi/ml (U 14 3C) glutamic acid, (methyl H] thymidine or
 

[3H] adenine for 20 min 
to 3 h. Concentrations were 
determined on the
 

basis of results of preliminary studies showing the lowest concentration
 

yielding readily observed silver grains associated with cells, which could
 

be distinguished from background. 
At the appropriate time, the reaction
 

was halted by addition of 2% formaldehyde and refrigeration overnight
 

(5°C). Acridine orange direct counts and direct viable counts performed
 

prior to the autoradio- graphic preparation, as well as plate counts made
 

the next morning, provided information as to the appropriate volumes of
 

sample to be filtered for microautoradiography.
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There were few (U-2%) examples of elongated cells which did not
 

exhibit any associated silver grains and the
these were comparable to 


number of elongated cells observed in acridine orange controls, but up to
 

28% ot the cells appeared to be active by association with silver grains
 

while not exhibiting elongation (Table 3). In addition to being respon

sive by the 
DVC method, viable but non culturable cells were found to be
 

metabolically active, evidenced by uptake of radiolabelled glutamic acid,
 

thymidine and adenine. 
 While cells incubated with radiolabelled substrate
 

alone, i.e., without added naliaixic acid or yeast extract, did not show
 

significant uptake, results of 
combining radiolabelled substrates with DVC
 

methods were significant. 
 At least 90% of DVC enumerated cells were shown 

to be metabolically active. Less than 2% of the elongated cells showed no
 

sign of uptake. Interestingly, some small cells, i.e., 
cells which had not
 

elongated, evidenced by DVC, showed metabolic activity, i.e., 
took up
 

radiolabelled substrate. 
 These cells represent up to 28% of the total
 

population of cells, lending credence 
to the postulation that there is a
 

linear response by bacteria 
to nutrient limited environments. The permea

bility increase in the cell produced by 
the nalidixic acid appears 
to
 

permit uptake of substrate. However, elongation 
was not observed at this
 

advanced stage of response 
to nutrient limitation. This phenomenon was
 

observed only in later stage microcosms, when few or no cells were able to
 

be resuscitated, possibly representing 
further progression into dormancy,
 

the reversal of which remains to be 
elucidated.
 

V. cholerae was grown in a drfined salt medium 
(i.e. microcosm) (8) to
 

determine the effect of 
salinity, organic substrate concentration, type of
 

organic substrate, temperature and pH on production of cholera 
toxin (CT).
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CT antigen was dssayed by 
the ELISA method (3), using monoclonal antibodies
 

(b). Biological activity of toxin was measured by the y-1 adrenal cell
 

assay (5). At 10 g of organic substrate (casamino acids:yeast extract:
 

glucose; 15:1.5:1) 
per liter of defined medium, the maximum quantity of
 

toxin was produced at salinities between 15 to 30 parts per thousand (ppt)
 

(Figure 2). However, at 1 g of organic substrate per liter, maximum
 

production occurred at 20-25 ppt, decreasing at both higher and lower
 

salinities (Figure 2). Biological activity and antigenic structures of CT
 

were also very stable in microcosms with salinities from 15-30 ppt (Fig

ure 3). Lower salinities resulted in a marked reduction of 
toxin activity
 

(Figure 3). Addition of concentrations of tryptone, and conditions of
 

lower temperature and reduced ph resulted in less 
toxin production. These
 

results can be related to the physiological state of V. cholerae and its
 

potential pathogenicity in the aquatic environment, 
as well as to the
 

epidemiology of the disease. With this information, it will be possible to
 

predict more precisely which water samples may contain potentially entero

pathogenic V. cholerae. Experiments in progress are designed to elucidate
 

the mechanism of the above factors as 
they may affect colonization of
 

intestinal epithelium and the pathogenic disease processes in animal
 

models.
 

Studies are being done on 
serum drawn from free-ranging, neritic
 

sharks collected in Bimini, Bahamas. 
 It has been found that the serum is
 

capable of agglutinating V. cholerae, serovar 01, along with other Vibrio
 

spp. found in the aquatic environment and associated with sharks. 
To date,
 

V. cholerae 01 
has not been isolated from sharks, but the bacterium has
 



been detected in the seawater column by fluorescent antibody procedures 

(12). Microagglutination titers ot V. cholerae with shark serum are shown 

in Table 4. Interestingly, higher titers were reported trom the nurse 

sharks (family Ginglymostomatidae), correlating with the habitat of the 

species. These animals are typically slow-moving and bottom-dwelling,
 

feeding on lobster, shrimp, crabs, squid, sea urchins and small fish. The
 

animals comprising food for the shark are also common hosts for Vibrio spp.
 

and may explain why the shark demonstrates antibodies against vibrios.
 

The ability of members of the genus Vibrio to degrade chitin appears
 

to be important for survival and in seasonal distribution. To initiate
 

studies of regulation and distribution of this function in nature, the
 

chitobiase gene from Vibrio vulnificus, ATCC 27562, has been cloned in
 

E. coli strain DHi using pBR322 as the cloning vector (Wortman et al.,
 

manuscript in preparation). In E. coli host cells containing the chimeric
 

plasmid, chitobiase activity is cell associated and constitutively
 

expressed. Suncloning is in progress to define more precisely the
 

chitinase determinar-s which can be used as a genetic probe to assay for
 

the presence of related gene sequences in Vibrio and related species and to
 

study the evolution of the chitinase gene complex.
 

Cloning of genes involved in sucrose fermentation has also been ini

tiated. Mutants of a non-01 V. cholerae strain which are unable to ferment 

sucrose were obtained by Tn5 mutagenesis. Most mutants had also lost the 

ability to ferment one or more additional sugars. The mutants were defi

cient in sucrose transport and sucrose hydrolase activity both of which are 

inducible activities in the wild type strain. A segment of a Tn5 inacti

vated gene from a mutant strain deficient only in sucrose fermentation was 
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isolated by cloning into the plasmid vector, pUC9. This segment trow the 

sucrose specific mutant was nick translated with 32P dCTP and used as a 

hybridization probe with restriction endonuclease digested genomic DNA from
 

Vibrio strains. No DNA homologous to the probe DNA 
was detected in the
 

five V. mimicus strains examined or in 4 of 5 negative V.
sucrose 
 cholerae
 

strains. Some 
sucrose positive species--V. anguillarum, V. alginolyticus
 

and V. diazotrophicus--had DNA homologous to 
the probe. Studies to further
 

characterize sucrose utilization in V. cholerae and 
to determine distribu

tion of related genes 
in other Vibrio species are in progress.
 

Arabinose fermentation is 
a variable characteristic in Vibrio
 

parahaemolyticus. The arabinose genes of an 
arabinose positive strain of
 

Vibrio parahaemolyticus have 
been cloned in E. coli. 
 The cloned segment
 

restores arabinose fermentation ability in an 
E. coli strain deleted for
 

the arabinose operon as well as complementing dra point mutations. 
 The
 

cloned genes will be used to 
assess the molecular genetic basis of intra

specific variation in arabinose utilization.
 

In summary, the ecological aspects of V. cholerae have provided
 

insight into the epidemiology of this organism.
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TABLE I
 
A
COMPARISON BETWEEN EPIFLUORESCENT AND CULTURAL METHODS FOR DETECTION
 

OF V. CHOLERAE, SEROVAR 01 IN BRAZIL, 1982
 

SITE 	 DETECTION OF V. CHOLERAE SEROVAR 01
EPIFLUORESCENT 

CULTURE
 

BILLINGS RESERVOIR,
 

Rio GRANDE RIVER WATER 

+
 

BILLINGS RESERVOIR,
 

Rio GRANDE RIVER PLANKTON
 

JURUBATUBA-STREET, SEWAGE WATER 
 +
 
ORQUI DA' Rio, SEWAGE WATER 


+
 

SAN LOURENCO, SEAWATER 

+
 

SAN LOURENCO, CONCENTRATED PLANKTON 
 +
 



TABLE 2
 

A COMPARISON BETWEEN EPIFLUORESCENT AND CULTURAL METHODS FOR
 

DETECTION OF V. CHOLERAE, SEROVAR 01 IN ZIMBABWE, 1984
 

MPN ESTIMATE/100 ML SAMPLE
 
SITE EPIFLUORESCENT CULTURE
 

VICTORIA FALLS: 

ALLIGATOR SPILLWAY AT ZAMBEZE 11 < 3 

HIPPOPOTAMUS WATERING SITE 15 < 3 

ZAMBEZI RIVER, NON-FLOWING INLET 14 < 3 

MAZOE RIVER:
 

FARM WELL WATER 12 < 3
 
WASHING PLACE AT RIVER 19 <3
 
WASHING PLACE 150 < 3
 

BELOW DAM 15 < 3
 

SETTLED POOL WATER 7 < 3
 

ROCK POOL WATER 13 <3
 

STAGNANT POOL WATER 
 33 3
 

'1 




TABLE 3. 
Results of Microautoradiography
 

% of Acridline Orange Direct Count
Day Plate Count 

E.c. S.e. 

Direct Viable 

E.c. S.e. E.c. 

Active 

S.e. N.f. 

Active Direct Viable 

E.c. S.e. 

0 

2 

5 

100 

40 

100 

74 

67 

100 

53 

100 

78 

74 

5-30 

11-22 

50-05 

2-44 

8-10 

0 

0 

0 

98-100 

96-100 

100 

93-100 

95-100 
9 29 45 1-11 0 96-100 

10 

28 

20 

0 

61 

11 

16-43 

10-17 

0 

7 

92-100 

92-100 
30 0.02 3 2-7 0-2 91-100 
56 0 4 6-

E.C. - E. coll. 

S.e. - S. enteritidis.
 
N.f. - non-filamentous but active.
Plate Count and Direct Viable Count listed as mean.
Active counats 
listed as ranges.
 



TABLE 4
 

MICROAGGLUTINATION TITERS OF SHARK SERUM WITH
 

V. CHOLERAE, ATCC 14035 

CODE SPECIES TITER 

184 NURSE 1:640 
LL NURSE 1:1024 
95563 'NURSE 1:512 
698 LEMON 1:2 
476 LEMON 1:4 
;0oo LEMON 1:128 

LEMON PUP 1:2 
699 LEMON 1:256 
678 LEMON 1:2 
642 LEMON 1:8 

BLACKTIP 1:10 



CAPTIONS TO FIGURES
 

Figure 1. V. cholerae CA 401 cultures exposed to 
Patuxent River water 

in microcosms. O AODC, *FA, *DVC, A Plate counts, TCBS, 

OPlate counts, TSA. 

Figure 2. Plot 
of cholera toxin levels 
(y-axis) measured in absorbance
 

units 
at 415 nm versus salinity (x-axis) (0-30 ppt, in 
incre

ments of 5). Incubation time 
= 18h. 

Figure 3. Plot of y-1 adrenal cell response (% of control titer,
 

y-axis) to toxin 
incubated at various salinities, under sterile
 

conditions, at 25 
C for times ranging from 0-48 hours and at
 

38 days (x-axis).
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Abstract
 

A field trial to enumerate Vibrio cholerae 01 
in aquatic
 

environments in Bangladesh was 
conducted, comparing
 

fluorescent antibody-direct viable count (FA-DVC) with
 

cultural detection by the most probat le number index (MPN).
 

Specificity of a monoclonal antibody prepared against 
the 01
 

antigen was assessed and incorporated into the fluorescent
 

staining method. AlI pond and water samples yielded higher
 

counts of viable V. cholerae 01 by FA-DVC than 
IPN. Fluor

escent microscopy is a more sensitive detection system 
than
 

cultural 
methods, allowing the enumeration of both culturable
 

and non-culturable cells, and therefore, providing a more
 

precise monitoring of microbiological water quality.
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Introduction
 

Vibrio cholerae serovar 
01 is the causative agent of
 

epidemic cholera in Bangladesh. Its persistence and
 

transmission 
is fostered by environmental 
and climatic
 

conditions and sanitary practices. 
 Frequent exposure by
 

villagers to contaminated surface waters 
makes it mandatory
 

that improved detection methods for V. cholerae be developed
 

to evaluate water quality and assess 
the risk for disease.
 

Recent laboratory studies have shown 
that the organism
 

can exist in 
a viable but non-culturable state. 
 Furthermore,
 

animal models have demonstrated that such cells 
can regain
 

culturability and 
remain pathogenic (2). As result of
a 


these findings, alternatives to standard culture methods 
were
 

sought to detect and 
enumerate non-culturable V. cholerae
 

serovar 01.
 

In this report, we describe a field trial 
using fluor

escent antibody in a 
direct viable count 
(FA-DVC), as
 

described by Brayton et al. 
 (1), for detection and enumer

ation of Vibrio cholerae 01 occurring in the natural
 

environment. Fluorescent microscopy was 
compared with stan

dard cultural methods 
to 
determine the relative sensitivity
 

and rapidity of the 
two methods.
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Materials and Methods
 

Sample Collection
 

Sampling for the experiments was conducted in January,
 

1986, at villages surrounding Matlab, Bangladesh whqre
 

cholera is endemic. The region is 
located 30 
miles southeast
 

of the capital city of 
 in 


the Meghna and 


Dhaka and lies the delta formed by
 

the Ganges Rivers.
 

All water samples were collected in 
sterile containers
 

from village tube wells, ponds and the adjacent river.
 

Temperature, salinity, and pH 
were measured using a YSI meter
 

(Yellow-Springs 
Instrument Co., Yellowsprings, Ohio).
 

Initial processing of samples was done the Matlab laborat 


atory branch of the International 
Center for Diarrhoeal
 

Disease Research-Bangladesh (ICDDR-B), 
within two hours after
 

collection.
 

Most Probable Number 
enumeration
 

For most probable number (MPN) estimates of V. cholerae
 

01 (4), 100 ml, 
 10 ml, and 1.0 ml volumes of water were
 

inoculated into alkaline peptone broth tubes 
(APB; per liter:
 

peptone, 10 g; NaCI, 
10 g; sodium taurocholate, 5 g; sodium
 

carbonate, I g; 
ph, 8.6) using three replicates of each
 

volume. Tubes were 
incubated at 350 
C for 6h, and then a
 

loopful of 
each tube was streaked to thiosulfate citrate
 

bile-salts sucros 
 agar (TCBS, Oxoid, Columbia, MD). Plates
 

were incubated at 350 
C for 18-24 h, at which time yellow
 

colonies were picked and subcultured to tryptic soy agar
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(TSA, Difco Labs, Detroit, MI) amended with 0.5% w/v NaCi.
 

After incubation at 35
 ° 
C, slide agglutination tests were
 

performed on all isolates using V. cholerae poly 01 
antiserum
 

(Difco). 
 Any isolate yielding a positive test was confirmed
 

by fluorescent antibody staining, using monoclonal antibody
 

(see below).
 

Fluorescen- microscopy enumeration
 

Becauise the pond water 
samples examined in our study
 

were 
relatively turbid, prefiltering through a 1.2pm filter
 

(Gelman Sciences Inc., Ann Arbor, MI) 
was necessary.
 

Acridine Orange Direct Counts 
(AODC) were completed on
 

all samples following the protocol of Hobbie et al. (6).
 

Each sample was formalin fixed 
(2% v/v) and refrigerated
 

until counts were performed.
 

Fluorescent antibody counts 
(FA) for total V. cholerae
 

01 were determined by the method of 
Xu et al. (23). However,
 

V. cholerae monoclonal antibody specific for 
the A antigen of
 

01 lipopolysaccharjde (M.L. Tamplin, manuscript in prepar

ation) and goat antimouse fluorescein isothiocyanate (Difco)
 

were employed as reagents.
 

Fluorescent antibody direct viable counts 
(FA-DVC) of V.
 

cholerae 0) were done following the protocol of Brayton et
 

al. (I).
 

Specificity determination of the monoclonal antibody
 

To confirm the specificity of monoclonal antibody to
 

V. cholerae 01 antigen, fluorescent antibody screening was
 

conducted using a variety of 
bacterial strains that may be
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present in environmental samples. 
 All cultures were grown
 

overnight in TN, broths 
(1% w/v tryptone; I% w/v NaCI) 
at
 

25 C or 350 C, depending on the requirements of the
 

bacterial strain. Loopfuls of culture 
were transferred to a
 

tube of phosphate buffered saline 
(PBS; per liter: NaCI,
 

8.5 g; Na2 HPO
 4 , -.1 g; KH2 PO 4 , 1.5 g; pH = 7.3), until a 

suspension yielding a concentration of 10' 
- 107 cells/mI,
 

determined by AODC, achieved. At this point, 2.0 ml
was 
 of
 

the PBS suspension was filtered through an 0.2 jm 
x 25mm
 

polycarbonate membrane filter 
(Nuclepore Co., Pleasanton,
 

CA), and stained by the fluorescent antibody procedure. 
One
 

hundred fields of 
each filter were 
examined by fluorescent
 

microscopy to assess cross-reactivity between 
the monoclonal
 

antibody and test 
strains. Bacterial strains included in the
 

study are listed in Table 1.
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Results
 

Screening of bacterial strains for cross-reactivity with
 

monoclona! antibody
 

All Vibrio cholerae 01 strains appeared as small
 

distinct rods surrounded by a bright peripheral fluorescent
 

green band. Fluorescent cells were not observed in
 

preparations of the other 75 bacterial species tested.
 

Temperature and pH results
 

The temperature of the river and pond 
water samples
 

examined in this study ranged from 21 to 24a C. 
 All pH
 

readings were 6.0, and salinity values 0.0 For
0/oo. tube
 

wells, temperature readings ranged from 16 to 260 C, pH 6 to
 

7, and salinity 0.4 to 0.5 0/00. 

Enumeration of V. cholerae 01 
in water
 

All Bangladesh village sites that sampled were
were 


connected by the same river. In some villages, small ponds
 

were sampled. Both the river and pond water sources are used
 

for bathing, washing, occasional drinking and cooking. All
 

villages had tube wells, installed to provide safe drinking
 

water.
 

Enumeration data for water samples from village sites
 

are shown in Table 2. 
 AODC, done to enumerate total
 

bacteria, revealed tube well 
counts of JO4 -I06 ceIls/ml.
 

River water samples contained 106 cells/ml, while pond water
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counts ranged from 106  10' cells/mi.
 

The FA results 
for total V. cholerae 01 Indicatcud all
 

tube well samples to be negative. 
 The river water sample,
 

collected adjacent 
to the Kadamtali village, contained 102 V.
 

cholerae 01 per ml, 
while 103 per ml were present in all
 

other river and pond water 
samples.
 

Results of 
viable V. cholerae 01 counts, enumerated by
 

the FA-DVC procedure, yielded similar findings. 
As might have
 

been predicted, V. chcflerae 01 
could not be detected by FA-


DVC in tube well 
water samples examined in this study. Both
 

the pond and river water samples from Kadamtali yielded 
102 

viable V. cholerae 01 
per ml. All other FA-DVC enumerations
 

for pond and river water samples were in the range of 103
 

cells/ml.
 

As shown in Table I, all 
MPN estimates for water samples
 

were <0.3 V. cholerae 01 
cells per 100 mls, except for the
 

river water sample collected at 
the village of Gajipur, which
 

contained 2.0 cells per 100 mls. 
 This sample yielded the
 

only culturable V. cholerae 01. 
 No other isolates were re

covered after screening all yellow colonies growing on 
TCBS
 

culture plates by slide agglutination.
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Discussion
 

Critical to success of
the the fluorescent antibody
 

staining procedure described here is the specificity of the
 

antibody that is utilized. Results of the screening for
 

cross-reactivity demonstrated extraordinarily high
 

specificity of 
the monoclonal antibody for 
the V. cholerae 01
 

antigen. Because the reagent 
was to be employed in a
 

microscopic procedure, a 
large number of bacterial strains
 

were 
tested for cross-reactivity. 
By filtering a 106-107
 

cell per ml suspension onto a 
filter, and staining by FA, 
a
 

large population of 
cells could be examined in 100 micro

scopic fields, and therefore, any individual 
cells expressing
 

antigens common to 
the 01 
antigen would be deLected. No
 

cross-reactivity 
was 
observed when representatives of the
 

Vibrionaceae, Aeromonadaceae, Pseudomonadaceae, Entero

bacteriaceae, Micrococcaceae, and Streptococcaceae were
 

tested. 
 On the other hand, all V. cholerae 01 cells appeared
 

bright and distinct when stained by FA.
 

The MPN method was used to enumerate culturable
 

V. cholerae 01. 
 Sucrose positive colonies were examined by
 

slide agglutination, a 
tedious and time-consuming task,
 

requiring a minimum of 3 days from the time of 
sample
 

collection to completion. V. cholerae 01 
was not cultured
 

from any sample, except river water at Gajipur. Those
 

isolates that 
were positive by slide agglutination were
 

confirmed microscopically by using FA staining and employing
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monoclonal antibody.
 

By fluorescent microscopic methods, enumeration of
 

environmental samples was accomplished easily and more
 

rapidly, e.g. a complete AODC required 
ca. 10 min per sample.
 

These results served as a reference for determining what
 

proportion of the bacterial
total population in the water
 

sample was comprised of V. cholerae 01.
 

The FA procedure was used to enumerate the total
 

V. cholerae 01 population. The FA-DVC variation enumerates
 

viable cells only. In this procedure, water samples were
 

incubated with yeast extract and 
nalidixic acid. Substrate

responsive cells, i.e. 
viable cells, elongate because of
 

inhibition of DNA gyrase (5,9). 
 After staining with specific
 

antibody and fluorescein conjugate, viable V. cholerae 01
 

cells appeared as long, fluorescent, green-banded bacilli,
 

when 	viewed under the microscope (1).
 

Approximately 3 hours is required to complete the
 

staining process for FA enumeration. An additional 6, 12, or
 

24 hours is needed for the FA-DVC procedure, taking Into
 

account the requirement for-supplemental incubation. The
 

filter method utilized in these techniques permitted filtra

tion of increasing volumes of 
water. The maximum volume
 

filtered was dependent only on the turbidity of 
the water.
 

In all river and pond water 
samples examined in this
 

study, total V. cholerae 01 cell!; comprised 0.01 to 0.1 % of
 

the total microbial population. Of the V. cholerae 01
 

population present, 16 to 85% 
were 	viable when examined by
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FA-DVC.
 

Although the tube well 
water samples yielded high AODC,
 

results of 
FA and FA-DVC indicated V. cholerae 01 were not
 

present. Tube wells 
have been installed in many villages to
 

provide a source of 
safe drinking water. However, studies
 

have shown that the rate 
of cholera infection is the same
 

among those inhabitants drinking water from tube wells as
 

those who do not. 
 This finding was attributed to the
 

multipurpose use of contaminated surface water 
routinely used
 

for bathing, cooking and washing (10,20,21).
 

The ICDDR-B conducts epidemiological examinations by
 

conventional culture methods, at those villages reporting
 

cholera cases. Attempts to isolate V. 
cholerae 01 from food
 

and water sources in the villages is 
not always successful
 

(unpublished data). 
 Our attempts to culture V. 
cholerae 01
 

were unsuccessful in all but one 
water sample which had been
 

collected at 
the same time samples for FA analysis were
 

collected. Using the 
FA-DVC method, viable V. cholerae 01
 

could be detected and enumerated In all the Fiver and pond
 

water samples examined. Viable V. 
cholerae 01 was detected
 

in all samples 
that were culture positive, as well as culture
 

negative.
 

It 
is apparent from these results that the FA procedure
 

is a more sensitive detection method than standard cultural
 

procedures. The significant difference in 
results between
 

the cultural 
and FA procedures provides additional evidence
 

for the existence of the viable but 
non-culturable stage of
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V. cholerae In 
the natural environment in a cholera-endemic
 

area (2).
 

Many environmental and laboratory studies have been done
 

in which growth and survival of V. cholerae in 
water have
 

been examined (3,11,18,19,22). 
 Nutrient content, salinity,
 

temperature, pH and size of 
inoculum are some 
of the factors
 

contributing to 
the persistence and recoverability of the
 

organism. Survival 
of V. cholerae 
in water may extend from
 

hours to months. Viability in 
these experiments 
was
 

determined by colony forming units appearing 
on plating
 

media.
 

More recent studies have shown that 
a variety of
 

bacteria may enter a 
dormant 
state when physical and chemical
 

conditions are 
less than optimal. The organisms remain
 

viable, but non-culturable (2,15,16, D.B. Roszak, Ph.D.
 

thesis, University of Maryland, College Park, 1985). 
 The FA-


DVC technique has made it 
possible to detect, well
as 
 as
 

enumerate, specific viable cells that yield 
"no growth" by
 

standard methods of 
cultivation.
 

It is not certain that all viable cells 
are capable of
 
elongating under the outlined experimental conditions of 
the
 

DVC method. Yeast extract may be 
an inadequate substrate for
 
bacteria in advanced stages of 
dormancy, as suggested by the
 

results of Peele and Colwell 
(14). Furthermore, 
some bacteria
 

may be resistant to 
the action of nalidixic acid. 
However,
 

the FA-DVC method yields significantly greater 
success In
 

detecting viable V. cholerae, even 
though it may possibly
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underestimate the total 
viable count. 
 Only viable cells are
 

capable of elongation when exposed 
to the testing regime and
 

both laboratory and field data 
indicate 
that the FA-DVC
 

always exceeds plate 
counts (2,15,16, D.B. Roszak,
 

Ph.D.thesis, University of Maryland, College Park, 1985).
 

The role of zooplankton in the ecology of 
V. cholerae
 

has been studied, i.e., providing a substrate 
for attachment
 

and nutrient, as well as 
a vehicle for transmission to
 

humans. Chitin, found on 
the surface of copepods is capable
 

of protecting microorganisms from the bacterlocidal action of
 

gastric acids (7,8,12,13). That non-culturable bacteria can
 

attach to zooplankton during unfavorable environmental
 

conditions, and, by ingestion, pass 
into the human gut where
 

optimal 
conditions for growth, replication and pathogenic
 

mechanisms exist, must be considered. 
 Thus, viable but non

culturable bacteria cannot be 
ignored, especially since
 

virulence of 
these bacteria as well 
as "injured" bacteria
 

have been demonstrated 
in animal studies (2,17).
 

In conclusion, the FA-DVC provides a 
highly specific and
 
/ 

sensitive detection system. Culturable, as well 
as non
culturable bacteria can be observed and enumerated relatively
 

quickly and easily. Village water 
sources in Bangladesh
 

should be monitored by FA-DVC for viable V. cholerae 01 and
 

correlated with the incidence of 
disease. 
 With the inform

ation needed becoming available, it will 
be possible to
 

predict the risk of contracting cholera and explain the
 

epidemiology of 
the disease.
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Table 1. Bacterial 
strains screened for cross-reaction wit
 

monoclonal antibody.
 

V. chclerae 01 


V. cholerae 01 


V. cholerae 01 


V. choierae non-O1 


V. cholerae non-O 


V. cholerae non-01 


V. cholerae non-Ol 


V. cholerae non-O0 


V. cholerae non-Ol 

V. cho-erae non-O 

V. cholerae non-Ol 


V. cholerae non-Oi 


V. mimicus 


V. mimicus 


V. mimicus 


V. proteolyticus 


V. vulnificus 


V.vulnificus 


V. diazotrophicus 


V. alginolyticus 


V. aI Rinoly icus 


V. Parahaemolyticus 


V. parahaemolyticus 


ATCCa14035
 

ATCC 14033
 

599655
 

SG 7509
 

2030H
 

SG 8268
 

N 8246
 

42
 

90
 
13
 

19
 

43
 

ATCC 33653
 

UMb4053
 

UM 4074
 

ATCC 15338
 

ATCC 27562
 

UM 4304
 

ATCC 33466
 

ATCC 17749
 

UM 4109
 

ATCC 17802
 

ATCC 27969
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V. parahaemolyticus 


V. parahaemolyticus 


V. parahaemolyticus 


V. parahaemolyticus 


V. damsela 


V. damsela 


V. carchariae 


V. an-uillarum 


V. anauillarum 


V. anguillarum 


V. aestuarianus 


V. cincinnatiensis 


V. natrie~ens 


V. natriegens 


V. harveyi 


V. ordallij 


V. campbellil 


V. campbellii 


V. fluvialis 


V. fluvialis 


V. fluvialis 


V. tublashil 


V. tubiashil 


V. splendidus 


V. splendidus 


V. oeLa-ius 


V. pela~ius 


UM 4111
 

UM 4324
 

UM 4108
 

UM 4237
 

ATCC 35083
 

ATCC 33539
 

ATCC 35804
 

ATCC 19264
 

UM 4393
 

UM 4248
 

ATCC 35048
 

ATCC 35912
 

ATCC 14048
 

UM 4384
 

ATCC 14126
 

ATCC 33509
 

ATCC 25920
 

UN 4344
 

ATCC 11328
 

UN 4476
 

UM 4122
 

3358
 

3359
 

UM 4259
 

UM 4424
 

UN 4422
 

UM 4494
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V. furnissli 
UM 4137 

Pseudomonas aeruainosa ATCC 10145 

Pseudomonas putfda ATCC 12633 

Pseudomonas solonacerium ATCC 11696 

Shigella sonnet UM 773 

Shigella flexnerf ATCC 12022 

Shigella flexneri UM 774 

Serratia liquefacfens NCTCc10442 

Serratia marcescens ATCC 13880 

Proteus vularis ATCC 13315 

Proteus vulearis UM 769 

Flavobacterium meningosepticum ATCC 13253 

Photobacterium angustum ATCC 25915 

Plesiomonas shigelloides ATCC 14030 

Escherichia col H10407 

Escherichla coil ATCC 11303 

Escherlchia coil ATCC 11775 

Enterococcus faecalis ATCC 19433 

Salmonella typhimurium ATCC 14028 

Klebsiella pneumonlae ATCC 13883 

Citrobacter freundil ATCC 8090
 

Enterobacter aerogenes 
 ATCC 13048
 

Aeromonas punctata 
 ATCC 15468
 

Aeromonas medta 
 ATCC 33907
 

Aeromonas hydrophila 
 ATCC 99071
 

Aeromonas hydrophila 
 ATCC 15467
 

Aeromonas hydrophila 
 UM 4396
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Alcallgenes faecalls 
 ATCC 8750
 

ATCC 
- American Type Culture Collection, Rockville, MD
 
bUM - culture collection at University of 
Maryland
 

cNCTC -
National Collection of Type Cultures, Central Public
 

Health Laboratory, London, England
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TABLE 	2. ENUMERATION OF 
VIBRIO CHOLERAE U1 IN BANGLADESH WATERS BY CULTURAL AND
 

FLUORESCENT ANTIBODY METHODS
 

SAMPLING AODCA 
DATE SITE 
 SOURCE CELLS/ML 


1-8-86 GOALVAOR RIVER 2.2 x IU6 
1-8-86 GOALVAOR TUBE WELL 2.5 x 10 6 


1-8-86 SHAHWAZKANDI POND 2.7 x lu/ 

1-8-8b SHAHWAZKANDI 5
TUBE WELL 3-2 x 10.


1-8-db SHAHWAZKANDI 
 RIVER 5.9 x iU6 

1-8-8b KADAMTALI 
 TUBE WELL 8.5 x 10 4 

1-8-86 KADAMTALI POND 1.9 x 107 

1-8-86 KADAMTALI RIVER 6.8 x 	 106 

1-19-86 SARDERANDI POND 4.4 x 1U6 
1-19-86 SARDERANDI RIVER 2.9 x 106 


1-19-8b UDDAMDI 
 POND 2-0 X 10 7 
l-l-8b UDDAMDI RIVER 4-9 x 106 

1-19-86 GAJIPUR POND 4.8 x 107 

1-19-86 GAJIPUR RIVER 1.9 x 106 
1-19-8b CHARMOKUNDI POND 4.9 x 106 
1-19-86 CHARMOKUNDI 2ND POND 2.5 x IU6 

AAOUC 	- ACRIDINE ORANGE DIRECT COUNT. 

BFA - FLUORESCENT ANTIBODY COUNT.
 
CFA-DVC - FLUORESCENT ANTIBODY 
- DIRECT VIABLE COUNT. 

D/tPN - MOST PROBABLE NUMBER ESTIMATE. 

FAB 


CELLS/ML 


9.9 x 103 

0 


x IU3
7.7 


0 


x iU3
5.7 
0 


1U32.9 x 
4-1 x 102 

10 32.9 x 
5.4 x 	103 


6.1 	x 103 


1U3
3.5 x 

103
4.1 x 

103
4.,4 x 

103
3.9 x 

103
4.9 x 

FA-VDV C IPN D 

CELLS/ML 1U d MI.S 

1.6 x 1U3 < 0.3 

0 < 0.3 

5.9 x iu3 < 0.3 

U < 0.3 

3-4 x 103 < 0.3 
0 < U-3 

9.q x U2 U-3 

1.6 x 102 <0.3 

1-5 x 103 <0.3 
1-9 x 103 <0.3 

1.4 X 103 < 0.3 
1.8 x 0.3 

3.5 x 103 < 0.3 

1.6 x 1 3 2.0 

2.0 x 103 < 0.3 

1.6 x .103 0.3 

23
 


