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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 microorganisns by
inmunofluorescent techniques; to measure physico-chemical parameters and
biological ascsiciations, and to determine genetic factors infiuencing 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
oI specific aims follows.



Section I

Ag the immunofluorescent direct microscopic method for detecting
ic microorganisms in the aquatic environment

Enumeration of indicator organisms or, preferably, direct detection of
pathogens in the aquatic environment, is essential for estination of water
quaiity. Public health safety is determined from the results of such tests
and the choice of method for assessment depends on specificity,
r=prcduc1b111t1, and statistical validity, in conjunction with time and cost
2fficiency, and ease of operation. Immunofluorescent detection methods
ftuifill cthese criteria and are being used to detecrt a variety of organisms

- - -

n environmental sampizas (5, 10, 14, 15, 17).

The viable, but nen-culturable stage of bacteria has besn established
5y our laboratory (3, 10-12). 1In addition, results of studies have shown
that nutrient-starved and "injured" cells are 1ncapanle of growing on
standard culture media and, therefore, "starved" or "injured” indicator
organisms will nct respend when standard cultivation methods for assessing
2icrobial populaticns are employad. The virulence of viable, but non-
culturakble cellis may be retained, and this phenomenon has been demonstrated

oy animal studies (3, 15).

lucrescent antibedy (Fd) procesdures can overcome the problem of

sms remaining viable but yielding "no growth" in standard tests, since
ce, absence, or number of spaecific cells comprising such
populatlon can be detected microscopically.

Critical to the success of the FA staining procedure is the specificity
¢ the antibody utilized. For that reason, it was our objective to prepare
a monoclonal 2ntibody specific to the 01 antigen of Vibrio cholerae.

Producticn of monoclonal antibedies 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
inmunosorbent 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 SP2/0 myeloma cells by the method of Lanz
(9) . Hybridoma supernatants were screened by ELISA, using whole cell and



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. MAb 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 cross-
reacted with a variety of bacterial species. 4aG6 reacted with both Ogawa
and Inaba serotypes. This finding was in agreement with resuits for
anribody reacting with the A antigen of 01 LPS. This antigen, unlike B and
C, has recently been reported to be specific te 01 V. cholaras (13).

The value of the 01 monoclonal in fluorascent antibodv issays was
confirmed by testing a variety of bacterial strains frequenrly found in
environmental samples (Table 2).

All cultures were grown overnight in T:N: broths (1% w/v tryptone; 1%
Ww/v NaCl) at 25° C or 35¢ ¢, depending on the bacterial strain. Looprfulis of
culture were transferrad to a tube of phosphatz buifered saline (PBS), untii
a concentration of 104 - 107 cells/mi, determined by acridine orange direct
count, was achieved. At this point, 2.0 ml of the PBS suspension was
fiitered through an 0.2p x 25mm polycarbenate membrans filrtear (Huclepore
Co., Pleasanton, CA), and stainad by the fluorescent antibedy procadurs
(18). One hundred fields of each filter were examined by fluorescent
microscopy to assess cross-reactivity between the miAb and test strains. .
Bacterial strains tested are listed in Table 2. Results showed that ali
Vibrio cholerae 01 strains appeared as small distinct rods surrounded by a
bright peripheral fluorescent green band. Fluorescsnt cells were not
observed in preparations of the other 75 bacterial species tested.

Field trials in Bangladesh using the V. cholerae 01 monocional antipody

In the conventional FA procedure, all organisms possessing a species-
specific 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 detaction 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 ai. (1).

Briefly, environmental samples are incubated with yeast extract and
nalidixic acid. Substrate responsive cells, i.e. viable celis, elongate
and, after staining with specific antiserum and fluorescein conjugate,
viable V. cholerae 01 cells appear as long, peripherally fluorescent, green-
banded 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,



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. If the turbidity of the water
sample is high, the sample can be prefiltered through a 1.2y filter (Gelman
Science Inc., Ann Arbor, MI) to remove large particulate martter.

The protocol for cultivation and enumeration of V. cholerae 01 involves
sample filtration, transfer of the filter to thiosulfate-citrate-bile salts-
sucrose agar (TCBS Oxoid, Columbia, MD) incubation for 24 h, foliowed 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. TInaccurate
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. 1In comparison, the immunofluorescent technique
is not time consuming and is cost-eifective. A total FA count of V.
cholerae 01, using the membrane filtration method (yeast extract-nalidixic
2cid step is eliminated te count live and dead cells), can be accomplished
in 3 h. The fluorescent antibody-direct viable count (FA-DVC) can be
completad 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 0l 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
Y. 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 35° C for 6h, after which a loopful from
each tube was streaked onto TCBS agar. Plates were incubated at 35° 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 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 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 fronm 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 108 cells/ml, while pond water counts ranged from 106 - 107



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 10?2 viable V. cholerae 01 per ml. All other FA-DVC
enunerations for pond and river water samples were in the range of 107
cslis/ml.

As shown in Table 3, all MPN estimates for water samples wers ¢ 0.3 V.
choierae 0l c2lis per 100 rl, except for the river water sample collected at
the village of Gajipur, which contained 2.0 celis per 100 mls. This sample
vielded 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 siide aggiutination.

In all river and pond water samples examined in this study, total V.
cholarae 01 cells comprised 0.01 to 0.1% cf the total microbial population.
Of the V. cholerae 01 present, 16 tc 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 0l were not prasent. Tube
wells have been installed in many viilages to provide safe drinking water.

The International Center for Diarrhoeal Disease Research - Bangladesh
(ICDDR-B) conducts epidemioiogical 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. 1In 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. Mho 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).



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 seusitivity of the methodology,
overgrowth of V. cholerae in culture by other endogznous bactaria, and the
selection of V. cholerae-like colonies on the surface of agar media.
Standard methodologles 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
nmedia could be screened for a specific V. cholerae 01 characrteristic, such

as the 01 antigen.

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

Two nmembrane immuncassays were developed to detect V. chclerae 01 in
aguatic systems. The first assay was developed to screen all colonies on
agar following standard methods of culturs. Bacterial coloniss ware
repilica-platsd from standard selective and non-selactive agar nedia tc nylon
nembranes, transierred 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).
Resuits of these experiments showed that the replica-plating method allowed
dstection of all V. cholerae 01 colonies. After repiica- plating, 01
colonies were dstected in less than 4 hours. Because of the specificity of
the monocional antibody and the sensitivity of the method, this assay
eliminates the time-consuming and labor-intensive activities of salecting
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 sevage 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 HzS which react



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.

Bacterial species

Experiments employing ELISA.

Bacteria and LPS Tested in Monoclonal Antibody Cross-Reaction

Strains

Vibrio cholerae 0]

LPS prepared from
Vibrio cholerae Ol strains

non-01]

Vibrio cholerae

LPS prepared from
Vibrio cholerae non-0l strains

serotyped according to
the LSU system

Vibrio fluyvialis

Vibrio parahaemolyticus

Vibrio logii

Vibrio splendidus

Vibrio mimicus

Vibrio tubiashi

Vibrio natriegens

Vibrio furnissii

Vibrio campbellii

Vibrio alginolyticus

Vibrio vulnificus

Vibrio anguillarum

Vibrio carchariae

Proteus vulgaris

Pseudomonas aeruginosa

Staphylococcus aureus

ATCC14033, ATCC14035S, HV113, UM463S, 599655,
194, 192, 395, 195, 01, N16961, 193, 102

5875, 569B, ATCC14033, ATCC14035, 411, NIH4]

N2030H, SG8268,

13, 163, 19

G, K, 0, Q, X,
UM4L76, UML122

UM4111, UM4324,

ATCC15382
UM&4259

UM4074, UM4L0S3
3358
UM4384
UM4158, UM4137
UM4344
UM4367, UM4109
UM4304
UM4248, UM4393

ATCC35804

SG7509, 43, 42, N8246, 905,

Y, FF, LU, XX

UM4237, UM&4108, ATCC17802

UM769, ATCC13315

ATCCl0145

ATCC13598

10



Bacterial species

Strains

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

ATCCI3253
ATCC10447
ATCC12633
UM773
UM774, ATCC12022
HB101
UM4396
ATCC8750
ATCC14029
ATCC19433
ATCC14028
ATCC13883
ATCC8090
ATCC13880

11



Table 2.
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Bacterial strains screened for cross-reaction by fluorescent

antibody assay, employing monoclonal antibody.

cholerae 0Ot
cholerae 01
cholerae 01
cholerae non-01
cholerae non-0t
cholerae non-01
cholerae non-01
cholerae non-01
cholerae non-0!
cholerae ncn-01
cholerae non-014
cholerae non-01
mimicus

mimicus

mimicus

proteolyticus

vulnificus

vulnificus

diazotrophicus

alginolyticus

alginrolyticus

parahaemolyticus

parahaemolyticus

parahaemolyticus

parahaemolyticus

12

ATCC* 14035
ATCC 14033
58965

SG 7509
2030H

SG 8268

N 8246

42

80

13

19

43

ATCC 33653
UM® 4053

UM 4074
ATCC 15338
ATCC 27562
UM 4304
ATCC 33456
ATCC 17749
UM 41089
ATCC 17802
ATCC 27968
UM 4111

UM 4324
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Pseudomonas aeruginosa

parahaemolyticus

parahaemolyticus

damsela
damsela

carchariae

anguillarum

anguillarum

anguillarum

aestuari{anus

cincinnatiensis

natriegens

natriegens

harvevi
ordallii

campbel lii

campbel lii

fluviallis
fluvialis
fluvialis
tubjashii
tubiashii

splendidus

splendi{idus

pelagius
pelagius

furnissii

13

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 33508
ATCC 25820
UM 4344
ATCC 11328
UM 4476

UM 4122
3358

3359

UM 4258

UM 4424

UM 4422

UM 4484

UM 4137

ATCC 10145



Pseudomonas putida

Pseudomonas solonacerium

Shigella sonnel

Shigella flexneri

Shigella flexneri

Serratia liguefaciens

Serratia marcescens

Proteus vulgaris

Proteuz vularis

Flavobacterium meningosepticum

Photobacterium angustum

Plesiumonas shigelloides

Escherichia coli

escherichia coli

Escherichia coll

Enterococcus faecalis

Salmonella typhimurium

Klebsiella pneumcniae

Citrobacter freundil

Enterobacter aerogenes,

Aeromonas punctata

Aeromonas media

Aeromonas hydrohjla

Aeromonas hydrophila

Aeromonas hydrophila

Alcaligenes faecalis

14

ATCC 12633
ATCC 11696
UM 773
ATCC 12022
UM 774
NCTCe 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 8080
ATCC 13048
ATCC 15468
ATCC 33907
ATCC 99071
ATCC 15467
UM 4396

ATCC 8750



« ATCC - American Type Culture Collection, Rockville, HD
* UM - culture collection at University of Maryland
¢« NCTC - National Collection of Type Culture, Central Public

Health Laboratory, London, England
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o cholerae 01 in langladesh waters by

Table 3. Enumeration of Vibrio
cultural and fluorescent antibody methods
SaLiING AODCA FA® Fa-ove© neu®;
Date SITE SCURCE CELLS/ML CELLS/AL CELLS/ML 10U mes
1-8-3% 60ALYAOR RIVER 2.2 x 106 9.5 x IU3 1.6 x 103 <0.3
1-8-38¢ GOALYAOR TUBE WELL 2.5 x 106 0 0 <u.3
1-8-86 SHAMWAZKAND! POND 2-7 x 107 7.7 x lU3 5.9 x .IU3 < 0.3
1-8-8b SHAHWAZKAND! TUBE WELL 3.2 x IUS U v <0.3
1-8-8b SHAHWAZKAND! RIVER 5.9 x lu6 5.7 x 103 3.y x 103 «<0.3
1-8-8b KADARTAL! TUBE WELL 8.5 x 10q 0 0 «<y.3
1-8-8b KapanmTaLl POND 1.9 x 107 2-9 x 103 9.4 x 102 <y.3
1-8-86 KADAMTALL RIVER 6.8 x 106 4.1 x 102 1.6 x102 «y.3
1-13-86 SARDERAND! POND 8.4 x 106 2.9 x 103 1.5 x 103 <0.3
1-13-86 SARDERAND! RIVER 2.9 x 108 s.ux100  1.9x100 <03
1-19-8b UDDAMD! POND 2-0 x 107 6-1 x 103 1.4 x 103 <0.3
1-1y-¥» UDDAMDI RIVER §.9 x 106 3.5 x 103 1.8 x 103 <0.3
1-19-36 6AJIPUR POND x.8 x 107 8.1 x 103 3.5 x 103 <0.3
1-19-¥b GAJIPUR RIVER 1-9 x 106 4.4 x 103 1.6 x 103 2.0
1-19-8b CHARMOKUND! POND 5.4 x 106 3-9 x 103 2.0 x 103 <y.3
1-19-86 CHARMOKUNDI ZMD POND 2.5 x 1u6 §.9 x 103 1-6 x 103 <0.3

A
AOUC - ACRIDINE ORAMGE DIRECT COUNT-

B8
FA - FLUORESCENT ANT]BODY COUNT-

C
FA-DYC - FLUORESCENT ANTIBODY — DIRECT VIABLE COUNT-

(0]
NPN - KOST PROBABLE NUMBER ESTIMATE.

16



Section II

Effects of microcosm salinity and organic substrate concentration on
production of Vibrio cholerae enterotoxin.

The incidence of cholera, as other enteropathogenic diseases, ranges
from sporadic outbreaks to epidemics that characteristically occur in
seasonal cycies (1, 3, 7, 8). 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 organisnm, 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), then the
anvironment can, indeed, influence the incidence of the disease in 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 Y. cholerae in the natural environment and, therefors, how it may
De transmitted to humans from aquatic sources.

Toxigenic isolates of V. cholerae were used in all experiments,
including classical oiotype strains 569B, CA401, ATCC 14035, Hv113,
University of Maryland isolates 4507, 4510, International Center for Disease
Research, Bangladesh (ICDDR,B) isolates 599655, 599687, 599716, 599717, and
ICDDR,B E1 Tor biotype VCELOG52. Stock cultures were maintained in liquid
nitrogen and bench cultures were maintained on peptone agar, which comprised
1% peptone, 1% NaCl, and 1.5% agar, PH 7.4. 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% KH2PO4, pH 8.4 (CAYEG; 9), and incubated for
approximately 15 h at 37°C. One ml of a 15 h culture was added to 100 ml of
freshly prepared CAYEG broth and incubated at 37°C 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 108 CFU per ml.

Microcosms consisted of 50 ml of defined seavater mediun, previously
described by Singleton et al. (10). Concentration of components in 32 ppt
seawater were as follows (g/L): NacCl, 23.926; MgcCl: 6H20, 10.83; Naz S04,
4.004; CaClz, 1.147; KCL, 0.677; NaHCOz, 0.0.196; KBr, 0.098; H3 BO3,
0.026; NaF, 0.003; SrcClz, 0.024. Each microcosm contained 48.5 ml
seawater, 0.1 ml bacteria in PBS, and 1 ml organic nutrient (CYG) in H:0.
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, Control microcosms received
only bacteria and PBS. In some experiments, individual salt components were
deleted from microcosnms. Microcosms were incubated at 37°C 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, distiiled,
deionized water.

Toxin production was also measurad in CAVEZG and syncase broth (4),
incubated at 37°C for 15 h at 150 rpm.

Chelera toxin (CT) was detected using a modifiad enzyme-linked
imnunosorbent assay (ELISA, 5). Polystyrene (Costar, Cambridge,
¥assachusetts) or polyvinyl chioride (Falcon, 3912, Becton Dickinson,
Cxnard, California) 9%6-well micreotiter plates werz2 coated with 0.1 ml of

anti-cholera toxin serum (512 rabbit serum Pererson, MNarional Instituce of

-4

lealth, Bethesda, Maryland) diluted 1:10,000 with 0.1 ¥ carbcnate buifer, pH

8¢

¢.6. Broth and microcosm samples were dialysad three times against 100
7clumes of PBS at 6°C. One-tenth milliter of samples was added to coatad
pilates and incubated for one hour at rocm temperature. Bound toxin was
dstected using anc*-"nc’era texin IgG mAb 227-65, and affini:zy-purified
horseradish peroxidase-cenjugatad goat anti-mouse IgG (Capeill, Malvern,
Fennsylvania). The developing substratz emrleoyved was 2,2'-2zinodi-3-
2thyloenzthiazoline sulifonic acid (3-1883, Sigma Chemical Cempany, Sc.
Leuls, Misscuri) in 0.0% ¥ citric acid, pH 4.0. MNegative contrels consisted
cf plate walls recsiving uninccularzd microcesms or breths. 2urified
cholara toxin used for pesitive contrels, and in some microccsms, was
aurchased frem Sigma Chanical Company, St. Louis, Missouri. Cholera toxin
was stored at 5°C at 1 mi of protein/ml in buffer composed of 0.05M Tris,
0.001M Na:-zDTA, 0.003¥ MNaMNs and 0.2M NacCl.

The Y-1 adrenal cell assay was used to measure the bicicgical activity
ol chelera teoxin (5).

Toxin production increased when V. cholarae strains were grown in 10 to
20 ppt seavwater and 1g CYG/L (Fig. 1). This effect was not ralated to CFU
concentratien at 10, 20, and 30 ppt, although CT levels were associated with
CFU concentraticn of strain 599687 (Table 1). When salinity was increased
in 5 ppt increments, 20 to 25 ppt was optimal for strain 5698 (Fig. 2). 1In
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 concentraticn was less than

0.1 g/L (Fig. 3).

Toxin was added to 10 m} 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 producticn were tested
by deleting individual salts of 20 ppt (1 g/L CYG) microcosm medium. CT was
not detected in microcosms when sodium bicarbonate or potassium chloride
wer2 individually deleted (Table 2). Elimination of WaCl, MgCl: 6H20
Ma:S04, CaClz, or SrCi: did not significantiy reduce CT production (P<90.05).
However, a small reductien in CT (P¢0.05) was obsarved when KB+, H3BOi, or

MaF were delietead.

Seven of 10 strains of Y. cheolerae produced more CT in defined seawater
madiun {20 ppt, 109 CYG/L) than in CAYEG (15 g/L) or syncase 35 g/L) (Fig.
4). The enhanced produc'ion of CT in seawater was not reslatszd rto CFU/ml
Tabiz 1), particularly since CFU/ml syncase broth was higher than in

szawatar or CAYEG.
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Scdium bicarbonate and petassium chloride were ossential salts for €T
producticn at 20 ppt. Importantiy, seawater medium, in general, supported
nhigher 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, refiected 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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Figure 1. Effect of salinity on toxin production by V. cholerac strains.,

Conditions for incubation: 37°C, 100 rpm, 15 hr, 1 g CYG/L scawater. Toxin

measured by CT FELISA (415nm). Absorbance units were corrected for control

microcosms receiving PBS, not bacteria. Salinities tested were 0 ppt 4.

10 ppt @R, 20 ppt (W) and 30 prt (C2). N - not detected.
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. cholerae strains.
- 2 frae

colony-forming units per ml (x 107)

salinity

media

Strain 0@ 10 20 30 Seawater b syncase CAYEG

14035 1.2 x 1074 175 95 192 205 330 42

CA4O1 3.0x 107 28 125 160 45 67 70
599655 1.8 x 1073 5.3 3.5 7.1 71 325 73
599716 5.3 x 1074 8.0 16 8.1 70 325 265
599687 3.5 x 1074 7.0 140 7.5 59 275 315
588717 4.5 x 1074 15 3.9 4.8 NT © NT NT
VCELOGS2 <5.0 x 107 4.0 3.5 7.4 NT NT NT

4510 1.5 x 1072 53 53 45 60 255 40

5698 9.4 x 107 72 76 100 46 : 405 6.6

a 0, 10, 20, and 30 ppt salinity microcosms were incubated at 37°C

» 100 rpm, for 15 hr; seawatar (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

¢ NT - not tested
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Figure 3. Effects of salinity on antigenic structure and bioloyical activity of cholera

toxin. ‘Ten ml of each sterile microcosm contained 1 ug of toxin per ml.
Samples were incubated at 25C and tested using ELISA and Y-1 assays. Values
are given as percent of PBS control receiving 1 ug of toxin per ml on day of

assay.



Table 2. Effects of seawater medium components on production of
cholera toxin.

Salt component deleted CT ELISA ©®
from seawater medium (absorbance 415nm)

None 0.118
NaCl 0.118
MgCl2 6H20 0.126
NaZSO4 0.125
CaCl2 0.101

KC1 0.000 °
NaHCO3 0.000
KBr 0.083
H3BO3 0.C79
NaF 0.046
SrCl2 0.096

g8cr- cholera toxin ELISA; absorbance values were corrected for
microtiter plate wells receiving uninoculated microcosms
b CT levels in microcosms with KC1, NaHCO3, KBr, H3BOB, NaF, or SrCl2

deleted were significantly lower than complete medium
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Section III

To study growth and survival of pathogesnic bacteria in the aquatic
anvironment; to identify physico-chemical parametars that nay influence the

ecology and pathogenicity of these organisms.

We hypcthesizs that the viable, but non-cuiturable form of aquatic V.
choleraz 01 is important in the transmission of cholera in cholera-sndemic
regions. In the present experiments, we investigated survival of v.
cheierae in Banglacdesh waters commonly used by viliagers for a variety of
domestic activities.

River, pond and tupe #well watars wera collected ar saveral Matlab
7illages where cases of cholsra war: resrorted (Tabiz i). Aprreximately one
iiter of water was collected in sterila polypropylena containers. At che
tizz of collection, salinity, conductivirty, and temperaturs were measurad
#ith a ¥SI mode 33 S-C-T meter (Ysilow Springs Inpsrtruments Co., Inc., Yellow
Springs, Ohic). Heasurement of total organic carbon was performed by Dr.
Lloyd Yoliinbargsr, Jr., Department of B*olog*ca- Sciences, 21id Dominion
University, Nericlk, Virginia The data in Table 1 show tha: temperature,
pH, and salinity wers similar for 211 water samples tested. 1In contrast,
variation was rotsd in cenductivity and total corganic concancration (Tabie
l}. Tube well water displaysd th:s highest conducclv:ty. Azasurenents of
Total organic carben showed that ths concentrations ranged from 2.9 mg/L te
1.5 2g/L. ALl sampices, with thz z¥ception of Shahwazkandi pond water (i.s.
11.5 =g/L), yieldzd total organric concentrations in th rangs of
approxirmatzly 3 to 6 ag/L.

Survival experiments were conducted using clinical V. cholerae isolates
in pend, river, and tube well waters. ¥. cholerae 01 strains employed in
these studiss included American Type Culture Collections (ATCS: Rockville,
faryliand) 14035, and Bangladesh isolates 5996533 (ciassical biotype), 599717
{classical biotype}, 49 (El Tor >ictype), 31 (£l Tor), and 52 (Ei1 Tor). V.
parahaemoivticus ATCC 17802 and V. wninificus €71i24 were studiad in separate
gxperiments.

Vibrio isclates were grown in broth composed of Casamino acids {Difco)
(30 g/L), yeast extract (Difco) (3 g/L), glucose (2 g/L}, and KzHPO: (0.5
g/L), pH 7.4 (11). Cultures were incubated for 15 h at 37°C, with rotary
agitation at 100 rpm. Cells were harvested and washed with PBS (NaCl, 7.65
¢/L; NazHPO4, 0.21 g/L; rH 7.4) by centrifugation at 3000 ¥ g. The
bacterial suspension was adjusted to approximately 2 x 103 CFU/ml by
spectrophotometric measurement at 420 nm. Microcosms were prepared using
-~5 ml Erienmeyer flasks containing 50 ml of autoclaved sample water.
Vibrios were added to microcosms to a final concentration of 103 CFU/ml, and
incubated at 25°C with 100 rpm rotary agitation. Samplies 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
7alue of -1.3. Therefore, aftar 72 h of incubation, V. cholerae ATCC 14035
showed similar survival pattasrns in pond, river, and tube well waters and
remained detectable at a mean value of 5.0 ¥ 103 CFU/ml.

In similar experiments, 3 classical and 3 El Tor ¥. cholerae 01
Bangladesh clinical isolates were tested in laboratory microcosms of two
river and two pond water sampies. 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
ipproximate concentration at 100 h. (Figure 2). However, CFU/ml dscreased
Zor two V. cholerae El Tor strains at a time interval between 10 h and 30 h
in water sampies !2 and 15. =1 Tor and classical biotypes, and Inaba and
Qgawa serotypes showed sinmiiar survival patterns in pond ané river warters.
Total cell counts, determined by acridine orange staining, showed that the
bacterial numbers increased in all water sanples at 100 hours (Tabie 2).
These experiments demonstrated that the six strains of V. cholerae 01
examined in this study, re resenting E1 Tor and classical biotypes, survived

2 2inimum of 100 h in natural warcers of Matlab.

From these rssuits and those of pravicus experimants conducted in
#fatiab, we hypothesizs that ths watzrs of Yatlab act as reservoirs of v.
chelesras diseasa. Sincs these waters favered the survival of this
rathogenic bactarium, than cholera could be acquirad by ccntact with
ccntaninated water

To test this hypothesis, we studied the survival of V. parahaemolyticus

nd V. vulnificus, two halcphilic Vibrio species that are not associated
i1th large numbers of cases of water-associated disease in Marlab (personal
cmmunication). They, however, do cause disease in areas of 3angladesh
Where human populations come into contact with marine and sstuarine water
scral corauarication).

3 s
[N
oy

Y. parahaeamolyticus ATCC 17802 and Y. wulnificus €7184 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 sanple
8 (i.e. 2.5 x 102CFU/ml). After 24 h of incubation, both V. parahae-

molyticus and V. vulnificus CFU were not detected in any microcosnm.

The survival patterns of V. parahaenolyticus and VY. vulnificus were
rarkedly different from V. choierae. The former species rapidiy 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
Y. 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) mavy contribute to V. cholerae 01 survival under conditions
that are very different from those of laboratory microcosms. Indeed, Huq et
al. (3, 4) have shown that copepods enhance Y. cholerae survival in fresh
water environments, and other investigators have reported that specific
Zforns of chitin, a compound found in abundance in aquatic snvironments,
enhance V. choleras survival (1, 2, 8, 9).

In concliusion, results of the experiments reportad herz demonstrate
that fresh water environments of Matlab, Bangladesh enhance the survival of
Y. chelesrae 01 strains for extended pericds of tims. This suggasts that if

clinical strains of V. cholarae 01 enter the aguatic envire ef Matlab
(z.g. via fecal conptanination), these watsrs can extsnd tha ival time of
. chelaraz in the envircnment. If the water is used hy 7l feliowing
fscal contanination, the V. cheisras may ke infacrive.
avtacament of Vibric Cholsraz 0l to plankten surfaces

The aquatic ecclogy of V. cholisrae 01 in cholera-endemic regicns of the
vJerld can be influenced by a varisty of biological and physicchemical
Zactors. Several reperts describe the effact of temperaturs, salinity and
nutriant on V. cholzras survival and physiology (6, 7, 12, 13, 15).

Howgwer, iizgls d of interacticns betwean V. cholzraz and hiological
Zazters tzms, and the 2ifect of transaissica of chclara in
humzan

Early reperts by Kug et al. (3) demonstrace that livs plankronic
copspeds of Chesapeake Bay and Patuxent River enhanca tha survival of V.
cholzsras 01 in laboratory microcosas.

The cbjective of this rassarch was to study the attachnent of clinical
¥. chelsrae 01 isolatss to plankton of Bangladesn waters. Ilucrescain-
labeilsd mAh, spscific for the 01 antigen, was used in a dirsct qualitative
analysis of attached V. cholsras 01. Plankton populations ware sampled
during the Spring 1987 chelera season in Hatlab, Bangladesh.

Plankton were cecllectad from river, canal, and pond water of Matlab,
Bangladesh with a nylon Nytex plankton net (64u pore size). Plankton were
resuspended in autologous water and transferred to the laroratory. An
approximat> 107 CFU/ml suspsnsion of clinical V. cholerae 01 Bangladesh
isclates were prepared in autologous water. Ca. 0.9 ml of plankton were
id2d to polypropyisne cups fittad with nylon Nytex screen fitted to one

These containers were placad in wells of a 2d-weil ciuster plate. One
ed microliters of bacteria were added to plankton samplies and incubated
0 minutes at room temperature (approximately 24°C). MNyion mesh-fitted
containers were rinsed with PBS and fixed with 2% formaidehyde for 15
minutes at room temperature. Samples were rinsed with PBS, then placed in
wells containing 1.0 ml diluted anti-01 mAb. After incubation for 60 min.,
samples were rinsed and transferred to wells containing 1.0 ml of
fiuorescein-conjugated goat anti-mouse IgG. Following incubation for 60
min., samples were rinsed with PBS and viewed under 10X and 40X with a
microscope fitted for fluuzescent microscopy.
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Results of these experiments showed the V. choleraes 01 attached to

30



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

copepod moults (Table 4).

Y. cholerae 01 also attached to a Volvox species, a colonial form of
rhytoplankton. This attachment to Volvex Sp. appeared in a "ring" pattern.
When natural, autechthonous bacteria were visualized by acridins orange
stain, endogesnous bactaria attached to similar surfaces (i.z. to copepod
moults) as exoganous Y. cholerae 01.

These experiments demcnstrate that the surfacss of plizn¥ton serve as
attrachment sites for V. chelarae 01 and suggest that in Bangladesh aquatic
sfstens the ecology of V. cholsrasz is intsrtwined with ths zcology of the
Planzton in those waters. The ralavance of this finding to tha epideniology
cI cholera is under investigation.
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Table 1. Environmental and clinical data for Bangladesh village water supplies.

total
vater tomerature mlinity conductivity orgmic carbon cholers @
sample 1 village saurce (OC) i (o/oo) (\ntos/cm) (mg/L) cases
1 Coalvaor river 21.5 6.0 0.0 170 4.4 5
2 Goalvaor  tube vell 16.0 6.0 0.4 60 2.9
3 Sehwarandi pond 21.0 6.0 0.0 105 11.6 1
L Sehazdandi  tybe well 25,0 7.0 0.5 80 5.6
5  Swehazkandi river 21,0 6.0 0.0 0 4.6
6 Kadamtali  tude well 2.0 6.0 0.5 1000 6.6 0
7 Xadareali pond 21.0 6.0 0.0 0 4.8 b
8 Kadamtald river 21.0 6.0 0.0 100 NT
9 Sarderandi pond .5 6.0 0.0 10 NT 2
10 Sarderandi river 21.5 6.0 0.0 185 NT
11 Uddarmd i pond 20.5 6.0 0.0 160 NT 2
12 Wddermdy river 24,0 6.0 0.0 100 NT
13 Cajipuar pond 2.0 6.0 0.0 190 NT 3
14 Cajipr river 2.0 6.0 0.0 1(0 NT
15 Crarmdlandt pord 2.0 6.0 0.0 9] NT ]
16 Crarmdandi pord 2.0 6.0 0.0 0 NT
total cholera cases reported

NT - not tested
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Table 2. Changes observed in total cell counts of V. chclerae classical

and E1l Tor biotypes exposed to Bangladesh river and pond water

in microcosm flask tests.

Water Source

Isolate
River 10 a River 12 Pond 13 Pond 15
1 ® 0.¢ € 5.9 10.5 1.2
2 5.6 2.6 5.5 2.2
3 l10.6 2.0 1.5 1.8
4 11.3 3.2 2.0 5.5
5 7.6 1.8 3.8 2.3
6 l10.5 5.0 3.1 2.1

a _. .
River 1 - sample No. 10, River 2 - sample No. 12, Fond 1 - sample No. 13,

Pond 2 - sample No. 15

b . . ,
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. parshaemolyticus 17802 ard Y. vulnificus C7184
in Bangladesh water microcosas

Time (hr)
Wazer V. parahaemolvticus V. vulrnificus
sazrple 2 24 2 24
3 ND © ND ND ND
5 ND b ND ND 5ND
7 2.4 ND ND ND
8 2.7 ND 2.4 ND

2 ND - not detected
log CFU/ml microcosa
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Tabla 4, Attachment of V. choleras to
copepods.
ATTACHMEIIT
Specizs Live Zxuvlas Leczticn
ZOOPLAHKTON
COPOPODS
Acartia sp. yes vas T
Cycicrs szp. vas ves sr & Ponds
Dizpteonus so 2z
Sznesceila su.. y2s ? E34
CLADOCZIRANS
Besmina sp. vVes VEER] River
Daphnia sp. Pends
Ceriodaphnia sp. Pends
Diaphancscma sp. ves yes River Ponds
Besminopsis sp. Ponds
ROTIFERS
Brachionus spp. yes ves & Ponds
PHYTOPLANKTON
Yoicox sp. yes vas River & Ponds
Pediastrum simplex vyes ves River & Ponds
Anacystis sp. yes River & Ponds
Spirulina sp. no River & Ponds
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Figure 1, Survival patterns of Y. cholerae ATCC 16935 in 8 Bangladesh
vater uicrocosms. Microcosms were inoculated at 107 CFU/mi, and
incubated at 25°C and 100 rpm. Water samples were f#1] (O), 2 (),
13 (Q), 16 (D), 15 (@), 16 (M), #7 (&), and 18 (A).
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Figure 2, Survival patterns of classical and El1 Tor Y. cholerae biotypes
in river and pond water microcosms., Three clgssical (Q,D,ZS) and 3 El
Tor (@ ,M,A) strains vere inoculated at 10° CFU/ml in each of 2 river
(A, sample #10; B, sample #12) and 2 pond water micrcosms (C, sample

#13; D, sample #15) Conditions of incubation were 25°C and 100 rpm,
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Section IV

Davelonment of methods for rsco
the purpose of increasing under
ph2nomenon of bacteria.

2
C

v of cells exposed to th2 enviro ment for
ab T

var
standing of the "non-racovar

The viable but non-culturabie stage of bactaria has besn a2stadlished
(1, 3, 4, 5). Experiments wera undertaken to devise media and/or methods to
rscover cells that have entersd the dormant, non-culturabiz scate ip
aguatic envircnments. If successsful, a betrer nndsrstanding of the dornmancy
shenomenon, as well as a means of mors effactic s assessment cf contarnination
of public waters can be achieved.

A micreocosn of starila Chzzapeaks Bay watar and V. checlzraz strain ATZC

14033 was assembled according to marheds descripad by Colw=ll 2t al (1).
C2il grewth was nonitorsad by alcroscopy (DVC/FA/AODC) and D237z culturs
until cells were "viabla but non-culturabie."
32T A: Aliquots of microcosn czlls dascribagd asovz wzrs diszensad inro
sterile tast tubss and greown under snecified conditions of tzmperarture,
52ss=cus atxespharz and with varicus growch facters, nutrisncts, arcg {sea
Teicwl. Thess "modifiad" czlls servad as ras sourcs ¢ inscula for rourine
TEooTIry 2lats nadiag:
-~ Zizzsrinznt 1: Tubks conrainad 72235t extract (0.0313%, 0.9C525%, 0.0125%,
C.1%, 0.2%%) and MaCl (1%). <Incubarion tempes: d4°C, 28°C and 33°C. CGaseous
itmesphers:  asrcbic, anaerchbic, Canpviobactar cultivaticn zzzosphars (i.e.
S% oxvgen, 10% COx, 85% MNa).

a) Tubes contained yeast gxiract, 0.25%; NaCl, 0.5%; HgSos, 0.2%; and
nistidine, 1.0%

b) 3s in (a) above but to each tube was added EDTA (10-5M).

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

)

Incubation temperatures (a, b, c¢): 25°C, 35°C. Gassous atnosphere
(a, b, c): Se2 exreriment 1.

(o7
~—

fied as follows:
low Laboratories)
ally or in

-~ Experiment d4: Experiment 1 above was repeated but modi
a) Tubes containing RPMI 1640 tissue culture medium (F
were prepared. The following were added individu
combination:
) Gramicidin D (13 mg/ml)
2) Gramicidin S (6.5 mg/ml)
3) Chitin (0.05%)
)
)

Sodium pyruvate (1%)
Foetal bovine serum (5%)

40



Incubation temperature: 35°C
Gaseous atmosphere: aerobic

b)

Tubes contained RPMI 1640 and the antibiotic triethylens-tetramine
dihydrochleride (TRIEH) at final concentrations 0.0025 ¥ and 0.10 M.

c)

Ezperiment 5: Experiment 4 (b) was repeated but modified as follous:
(a) Each tubs contained the flowing added individually or in
combination:
(1) Ferric ammonium citrate 1.0%
(2) Asparagine (2.5g/L)

Exderiment 3.

(3) Glucose (0.3%)
(4) MgSOs4 (0.005%)
Incubation temperaturss and gaseous atmosphere as in EZxpariment 4 (a)
asevs.
-- Zxperiment 6: As in Expariment 1 but modified as follows:
a) Tubes conrainred nutrient hroth, Na/Cl (0.5%) and TRIZN (See Experiment
4 [c] abovz)
5) Incubation tamperatura: 35°C
rart b: 3iphasic (liquid/sclié) c211 culturs systenms were prazarsd according
T2 tae methods cutlined by Krizg and Garhardc (2) The agar (solid) layer,
contilning various nutrisnts, growch factors, metal icas, icnopheras etc.,
%23 ovsriald with aliquots cf microcosm csils in the "viakis rut non-
culturablz" phase (ss2 above). Czlls under thase conditicns ssrved as
irccula for routina recoverv plata media:
-- Experiment 1.
a) Agar layer containzd yeast extract (0.25%), MaCl (0.5%), and EDTA
(10-31) .,
b) Incubation temperaturs: 33°C
Gaseous atmosphere: asrobic
-~ Zxperiment 2. As in EZxperiment 1 above but the follewing weras added
indiv1dua1lj and in combination:
{1) iron (as ferrous sulfata) 1.05%
(2) scdium pyruvate (1.0%)
(3) MgSO4 (0.005%)

Experiment 1 was repeated with the following modifications.

The
The
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

a)
b)

agar layer contained yeast extract (0.25%) and NaCl (0.5%)
following were added individually and in combination:
Gramicidin S (6.5% mg/ml)

Gramicidin D (13 mg/ml)

Chitin (0.05%)

Ferric ammonium citrate (1.0%)

Foetal bovine serum (5.0%)

Glucose (0.3%)

MgS04 (0.05%)

Sodium pyruvate (1.0%)

Histidine (1.0%)

Asparagine (2.5 g/1)
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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. cholsrae microcosm cells in the "viable but non-
cuiturable" phase were inoculated into microtitre tissue cuiture welis
containing Henle intestinal epithelial ceils. The Y. cholaras cells grown
undar thesz conditions served as the source of inocula for routine recovery
nlate media.

tissue

1

use ¢

7

: Recoverability of ths calls was nct improved by th
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Filter membrane

IBB medium

\V

IBB + colony
Subcultured to fresh IBB medium

IBB mecdium

IBB + colony
Subcultured to TSA medium

TSA mecdium

WV
Biochemical Screen:

ADH+, LDC+, ODC+, N-acetyl—z?-u-
galactosaminidase+

L /

Oxidase+

>Presumptive ID as Plesiomonas shigelloides

Figqure 1. Screening procedure for isolation and Presumptive

identification of P.shigelloides from environmental
water samples in Bangladesh.
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of membrane chamber By Z Acridine Orange Direct Count;
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Anubody Count. @ Standard Plate Count. J EMB Agar
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com;unmg Chesapeake Bav water. at a concentration of
107 cellsrml (salinity 15% w2, AODC remained at the initial
concentrauon (Fig. 1Ay, Over a perlod of 19 davs. direct
viable counts declined onls by 1.5 log. Significantly, plate
counts on Triptic Sov Agar (TSA) and Eosin \lc(h\lcnc
Blue Agar (EM B dropped Irom 10° cellssml on Dav 1,
10* on Dav 7. und then o 11} on Dav 14,

Shigella sonner was introduced gt a concentraton of 10°
cells.mlinto a microcosm prepared with Chesapeake Bas
water salimiy 13%wg. he AQDC remutned at the inial
concentraton (Fig. 2). The DVC dechned by 1.0 log. The
organisin became non-culturable on MacConkev Agar by
Dav 14, and on TSA by Dav 21 Shigellu flexneri exhibited a
similar patiern: however, this stramn reached 0 cfu ata rate
three times fister than S, souner.

Frrure 3 allustrates the survival patterns of the toxin
positive stran Vo chaderar CA 401 0 mucrocosnn. Two
Hasks ol Patunent River water were inoculated with 1)°
cells mlb [n bath sostems. AODC and FA counts remaned
canstant at 10%cells b tor the seek tollowing inoculanon,
and DVC counts remuuned constant at 107 cells b Upan
withdeawimyg samples at one hour postanoculaton, plate
ounts on Fhiesulbare tete-bile salts-sucrose agar (TCBY)

A plates ton mctocosn 1 owere 107 clumlon Imlh

and IS
medin tvpes For nucrocosm 2, counts were 10* and 10*

CELLS / mi

4 8 12 16 20
DAYS

FGURE 2 Shigella sonnet 53 G exposed 1o Chesapeake Bay water
in microcosms. O Acridine Orangc Direct Count: A Fluores-
cent Anubody Count; B Direct Viable Count: @ Plate Count,

TSA; & Plate Count, MacConken.

cfu/ml respecuvelyv. After 24 hours, all plate counts
dropped to 0, and remained noan-culturable for the dura-
uon of the microcosm experiment.

Results compiled by Roszak et al.” for Salmonella enterniti-
dis tollowed a similar trend regarding the fate of nutrient
starved cells. FA and DVC dropped 0.5 iog below the
AODC. while all plate counts and MPN estimates exhibit-
ed rapid dechine and became non-culturable by the second
and third dav of the microcosm experunent.

Membrane chambers were used to conduct in situ ex-
perimentsan the senu-tropical waters of Bunum, Bahamas
(salinits 3870, mean temperature 25°C). They were ini-
(l.l“\ imoculated with 10" cells inl of V. cholerae CA 401 and
E. colt HI0407. Enumerations were conducted on mmples
removed at 0, 13,25, 35, and 112 hours. AlLFA. DVC and
plate counts ot V. cholerue dropped to cero. Values ploted
for £. coli are arithmeuc means ol the results trom the 3
inoculated Lh.nnbcrs (Fig 1B). The FAund FA-DVC held
constant at 10° cellsnl. Plate counts on Brain Heart
Infusion Agar (BHI) dropped trom 10* cfwml at U hours,
to <! cturml at 13 hours and remained as such for the
term of the experiment. £ colt was not present in the
control chumber, which proved umpervious to environ-
mental £ colt speaes. but not o manne bacteria, as
reflected i the hieh AQDC and contal AQDC (this
chamber contumed ilteved 02 wm] seawater at the starnt
ob the experimenty. OF interest s the tact that this £ ool
steamn dul not o completels non-cultarable i the tabora-
tory expenments descnbed above, However, condinons i
the laboratars nucrocosins were not as harsh (13% w0 salim-
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JPOURE 3 Uibrn cholone CA 4111 exposed to Patunent River
j water nonncrocosins T Acrnidine Orange Direct Count. A
Fluorescent Anubody Count. B Direct Viable Count, = Plate
| Count. TCBS. @ Plate Count. TSA
I
0. 25°C hlered (0.2 pm] and autoclaved water).

The non-culturable. but viable and dormant stage In
bacteria examined to date reveals viable counts by luores-
cent microscopy o be consistenthy higher than corre-
sponding plate counts. Since non-culwerable cells are
weapable of wrowing on sandard media. 1t can be con-
uded that tradional culture methods t assess mernbial
pupulations are iadequate . O prime concern s the
questin ol whether viable but non-culturable bacteria

reatun vitulent.
Rabbit higated deal loop assavs were perlformed 1o

answer this important question®. Non-culturable cells
trom mcracosms ol UV chalerae CA 101 were harvested by
centnifudauon, resuspended 1o g concentraton ol 1O¥
cells b wconsttunng w 10° DVC) and injected into the
mtestinal doups Positive vivalence responses were ob-
seisedan adl microcosmanjected loops and were sumilar in
dppeatance ta the CA 0 contral loap. e distended,
hematthawic, and blled with Hlod Fluid was daspitited ,
s ansterred o hes of BHI broth, steked 1o plates
ot TCBS e ES A and prepared o AODC, FA ,l
DVO U vhidore €N 40 cells tronn all imicrocoss mnpected :
e rabh loops were teanerable i BHE broth and on ’
I

ISV nd TCBS plaes Surprsingly, all plate culttres
rew s pure cabltures on the sel=cuve medium. Shde

(et e e ——
TARLE 1 Vibrsee s huderar cultune aned eplancescent MPN results
ol Loutstana samples

MPN Index?

Culture Epifluorescent
Date Source! Towal? 01 01
671581 W M <30 160
6/15:81 SD 1.1 <0).3 >110
6/23/81 SW 11,000 16 >1,100
9/14/81 W 294,600 <30 150
971481 SD 127214 <03 1.2
/15781 SW 11.000 <3.0 20
12/0781 W <30 <30 <30
12/07/81 SD <0.3 <i).3 <0.3
12/15/81 SwW <30 <30 <3.0

'w = waier: SD = sediment: SW = sewage.

V- cholerae MPN index per liter of water or gram of sediment.
"Total Vibria cholerae concentrauon, independent ol serosar

‘Two numbers because a +-told dilution was used; the lower 3
tubes give one MPN index. and the upper 3 another index.

agglutnation tests were positive using V. cholerae 01 anti-
sera on TSA isolates. DVC counts increased to 108 o 10°
cells'ml. Transfers from the T,N, (1 percent tryptone, |
percent NaCl) control loop revealed no growth on TSA,
TCBS. and EMB plates, orin BHI broth. The river water
control loop was negative for CA 401

The non-culturable £ colt withdrawn from the sub-
merged membrane chambers produced Hluid accumula-
ton, but no hemorrhaging in a separate ileal loop experi-
ment. Aspirated fluid was streaked to EMB and /8
strength BHI-Instant Ocean plates. £. coli was recovered
on all the media tested and its biochemical profile was
confirmed on APl 20E identification strips. [Cwas shown
to be stramn HIOL0T by virtue of detecting the plasmid
bands characteristic ot that strain.

DISCUSSION
[ie immunofiuc. escent-epifuorescent method  has

eluadated sursinal patterns of bacteria in the aquatic
environment. Although “die-off™ has been reported when
conventonal plaung methods were used. results ohtnned
by Huorescent microscopy reveal that pathogens remain
viable v fur greater numbers than previoush reported.
Fhe stanauon-survival” mechanism =1~ elicited during
absence ot suntable energy vielding substrates 1 prevalent
in the naturdd environment Such bacteria persatan the
dormant phase unul suitable condiions lor outgrowth
return. Fhe latter may occur direct!s in the water as. for
example. during o plankion blaom ar i an antmal host
Results of annmd stadies detnnnstrate that none-caltut able
cells contimue 1o harbor the potenual for vrulence, bath
virulence plismids and the climcal mamtestation of viru-
lence. e, engorued ileal loops

Fhe public health sigmbficance of these hndings
obvious: Not so obvious is the relevance ol these lindings
tor deliberate release of venencally envineered nucroor.
gantsms to the envaonment. Ie will nor he peossible o
depend on planng methods tor recovers and monstornmy
ol such microargamsins bhat, rather, direct detecuon
methods of Tneh speation will he tequied Sach meth-
ody indude huav are nor hoaied o, anmuanoHuotes ence-
eptlunescence mictoscopy coupled swith highls spealn
methods o molecnla genetie tigging now ety devel
oped an aur Lihoratay A Donell ad Calwell unnth-

Ished resulin
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A total of 78 strains, representing 21 Vibrio species, were examined by using Laurocholate-tellurite-gelatin
agar (TTGA) medium and modified TTGA medium containing 4—melhylumbeiliferyl-B-D-galactoside (150

There are several media, in addition to TCBS (thiosulfate-
citrate-bile salts-sucrose) agar, employed for isolation and
presumptive identification of Vibrio spp. Taurocholate-
tellurite-gelatin agar (TTGA) medium, devised by Monsur
(9) and recommended by the World Health Organization
(154, has several distinct advantages over TCBS agar. It is
reiatively inexpensive 10 prepare and there are no problems
in follow-up serological tests (4, 10). Furthermore, oxidase
activity can be determined directly from the plate (10). A
major drawback to the widespread acceptance of TTGA
medium as a primary isolation medium for vibrios has been
the failure of the medium to provide adequate differentiation
between Vibrio cholerae and Vibrio parakaemolyticus (10).
Preliminary studies in our laboratory, using 4-methyi-
umbclli_fcryl-conjugaled substrates, showed that B-D-
galactosidase (B-a®szctivity can be a useful differential
character for vibrios. The substrates can be readily incorpo-
rated into selective media (13). and detection of enzyme
activity with 4-mcthylumbcllifery]-conjugatcd substrates is
both highly specific and sensitive (11). The objective of the
Present study was to evaluate the modified TTGA medium,
which contains 4~mcthylumbcllifcryl-B-D-galac(osidc. for
the differentiation of Vibrio spp.

MATERIALS AND METHODS

Bacterial strains. A total of 78 strains, representing 21
Vibrio spp. and including both clinical and environmental
isolates, were examined. Type and reference strains
(American Type Culture Collection, Rockville, Md.) were
included. The V. cholerge strains employed were Ol and
non-Ol serotypes, Identification of the strains was confirmed
by the criteria of West and Colwell (14); ard deuwils of
procedures used are provided by Molitoris et al, (submitted
for publication) and West et al. (submitted for publication).
Strains in nutrient broth to which 129 glycerol was added
were maintained under liquid nitrogen at -170°C.

Inocula. A loopful (510 15 colonies) of a nutrient agar plate
culture incubated at cither 35°C (clinical str ins) or 25°C
(environmenta) strains) for 24 to 48 h was uscu,

Media. TTGA medium was prepared by the method of

* Corre sponding author.

. i . ‘,‘,&“‘;l O

Furniss et al. (3). For the modified medium, 4-methyl-
umbelliferyl-B-b-galactoside (Sigma Chemical Co., St.
Louis, Mo.) was added to molten TTGA medium to a final
concentration of 150 we/mi. Both TTGA and modified TTGA
media were autoclaved at 121°C for 15 min. Both TTGA and
modified TTGA plates were used fresh. Nutrient agar was
prepared by the method of West and Colwell (14).

Procedure. TTGA and modified TTGA media were inocu-
lated in parallel with each of the test strains by using a wire
loop (4 mm diameter) and a 16-streak dilution procedure to
obtain isolated colonies. Some strains were tested for sus-
ceptibility to the vibriostatic agent (2,4-diamino-6,7-
diisopropyi-pteridine) by the method of West and Colwell
(14) with sterile antimicrobial assay disks (BBL Microbiol-
ogy Systems, Cockeysville. Md.) impregnated with 10 and
150 ug of the 0/129 compound, respectively. TTGA and
modified TTGA plate cultures were incubated at either 35°C
(clinical strains) or 25°C {(environmental strains). Unless
specified otherwise. results were recorded after incubation
for 24 to 48 h. B-Gal activity was tested by direct examina-
tion of plate cultures under UV light (366 nm) after incuba-
tion overnight and at 24 to 48 h. Positive reactions were
indicated by bright-blue fluorescence of the individual colo-
nies and confluent growth due to the formation of the
reaction by-product 4-methylumbelliferone (11, 13). The
standard tube method of Lowe (7), employing the o-
nitrophcnyl-B-D—galactopymnosidc compound (Sigma) and
with 1.0% NaCl added, instead of 0.5 NaCl, was also done.
Tellurite reduction, gelatinase production, and susceptibility
to 0/129 were detern ined by direct visual examination of
cultures on agar plate  The following characteristics were
also determined directly from plate cultures: Gram reaction
by the KOH method of Gregerson (5), oxidase (6), catalase
(1), and catalase reactjon speed (1),

A number of strains were tested twice. When discrepan-
cies in results on both types of media occurred, the strains
were retested.

RESULTS

Excellent correlation was observed in test results for both
TTGA and modified TTGA media. Results for the 78 vibrios
examined on modified TTGA medium are presented in Table
1. All but two of the strains grew well on TTGA and modified
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reaction by-product, 4-methylumbelliferone, is highly Ruo-
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 -gal activity.
especially for mixed cultures, since diffusion of the fluores-
cent by-product could lead to erroneous interpretation.
Fortuitously, the resuits show that the addition of the
substrate to TTGA 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
(20). In light of the disadvantages of TCBS agar (2. 8, 10, 14)
and the advantages of the modified TTGA medium detailed
above, the modified TTGA medium containing 4-methyl-
umbelliferyl-B-p-galactoside is concluded to be a preferred
alternative for differentiation and presumptive identification

of Vibrio spp.

ACKNOWLEDGMENTS

We thank P. Brayton, E. Molitons. C. Kaysner. S. Gelban, and
T. Overman for supplying the strains used in this study.

This work was funded by National Science Foundation grant
BSR-84-01397.

LITERATURE CITED

1. Chester, B. 1979. Semiquantitative catalase test as an aid in
identification of oxidative and nonsaccharolytic gram-ncgative
bactera. J. Clin. Microbiol. 10:525-528.

. Farmer, J. J., LI, F. W. Hickman-Brenner, and M. T. Kelly,
1985. Vibrio, p. 282-301. In E. H. Lennette. A. Balows, W. J,
Hausler, Jr., and H. J. Shadomy (ed.)., Manual of clinical
microbiology. 4th ed. American Society for Microbiology,
Washington, D.C.

3. Furgiss, A. L., J. V. Lee, and T. J. Donovan. 1978. The vibrios.

Public Health Laboratory Service monograph no. 11. Her

1

Oul UL 1Y WIS [ YN

FOR IMPROVED DIFFERENTIATION OF VIBRIOS 1013

Majesty’s Stationery Office, London.

4, Ganzarosa, E. J.. W, E. DeWitt, 1. Hu . .
Laboratory methods in cholera: isolalio:of“\l"l!blr‘i;) ﬁglr:raw?gl
Tor and Classical) on TCBS medium in Mminimally cqui;pcd
laboratonies. Trans. R. Soc. Trop. Med. Hyg, 62:693-699,

5. Gregersen, T. 1978. Rapid method for distinction of gram
negative from gram positive bacteria. Eur. J. Appl. Microbio],
Biotechnol. 5:123-127,

6. Kovacs, N. 1956. [dentification of Pseudomonas pyocyanea by
the oxidase reaction. Nature (London) 178:703.

7. Lowe, G. H. 1962, The rapid detection of lactose fermentation in
paricolon organisms by the demonstration of B-D-galacto-
sidase. J. Med. Lab. Technol. 19:21.

8. McCormack, W. M., W, E. DeWi, P. E. Bailey, G. K. Morris,
P. Soerharjono, and E. J. Gangarosa. 1974. Evaluation of
thiosulfate-citrate-bile salts-sucrose agar, a selective medium
for the isolation of Vibrio cholerae and other pathogenic vibrios.
J. Infect. Dis. 129:497-500.

9. Monsur, K. A. 1961. A highly sclective gelatin-taurocholate-

tellunte medium for the isolation of Vibrio cholerae. Trans. R.

Soc. Trop. Med. Hyg. 55:440—442,

Morris, G. K., M. H. Merson, I. Hugq, A. K. M. G. Kibrya, and

R. Black. 1979. Comparison of four plating media for isolating

Vibrio cholerae. J. Clin. Microbiol. 9:79-83.

O’Brien, M., and G. H. G. Davis. 1982, Enzymatic profile of

Pseudomonas maliophilia. J. Clin. Microbiol. 16:417421.

. Sakarzaki, R., and A. Balows. 1981. The genera Vibrio,

Plesiomonas. and Aeromonas, p. 1272-1301. In M. P. Starr, H.

Stolz. H. G. Truper. A. Balows, and H. G. Schlegel (ed.). The

prokaryotes: a handbook on habitats, isolation and identifica-

tion of bacteria. Springer Verlag. Berlin.

Trepeta, R. W, and S. C. Edberg. 1984. Methylumbelliferyl-8-

D-glucuronide-based medium for rapid isolation and identifica-

tion of Escherichia coli. J. Clin. Microbiol. 19:172-174.

West, P. A., and R. R. Colwell. 1984. Identification and classi-

fication of Vibrionaceac—an overview, p. 285-363. /n R. R.

Colwell (ed.). Vibrios in the environment. John Wiley & Sons,

Inc.. New York.

World Health Organization. 1974, Guidelines for the laboratory

diagnosis of cholera. World Health Organization, Geneva.

10.

11.

13.

14,

15.



324

/ 7 X Microbiolugical Sciences Val. 3, No, 11, 19406

The fate of enteric pathogenic bacteria in estuarine and

marine environments

DJ Grimes,” RW Atwell, PR Brayton, LM Palmer, DM Rollins, DB Roszak, FL

Singleton, ML Tamplin & RR Colwell

Sufficient laboraory and ficld data are now available o hypathesize tha
pertods of time in sea-water. In fuct, these Gram-negative bacteria probably
remain viable and potentially virulent, ver are non-culturable
Increasing use of the world's oceans-for discharge of dome:

Jronmihe allochthonous human pathogens accunudating

[ntroduction

Survival of enteric pathogens in estuarine and marine
environments has been the subject of extensive study for
nearly a century. The conclusion reached by various
investigators over the vears 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 discharged to an
estuary or the sea (or added to sea-water in laboratory
simulations. i.c., in salt-water microcosms). Results of
such studies indicate a steady decline with time. in cultj-
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 predation.’ 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 ot Microbiology. University of Marviand, College Park,
Muryland 20742, USA.

Recetved 22 Junuary. 1956,

Table 1. Methods used 1o detect cells in aqueatic systems,' 10

creric pathogens survive for very long
eneer into dormancy, during which they
when traditional hacteriological methaods are emploved.

stic wastes may result in public health problems in the future
i the marine environment at disposal sites.

spectfic habitats.”* [t is. in general, concluded that the
fate 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 fute in sea-water. For the purpose of this
review, “enteric’ will be used in the epidemiological
sense, i.¢. 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 et al.'” 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%c salinity) micro-
cosms,

Methods used to monitor the fate of £, coli, V.
cholerae and other species in salt-water microcosms are
listed in Table 1. In the microscopic methods for

Direct counis
AODC
FAC
DVC

Indirect couns'
MPN
and/or ditterential); whe
Counts only living ce
ditferential).

HPC

Animal model and tissue culture
Provides growth conditions
cells.

Only living cells capable of growth in the broth medium em
n combined with FAC also allows enumeration of non-culturable cells.

lis capable of growth on the medium employed (media can be selective and/or

Fluorochrome specitic for nucleic acid; used 1o count all cells (living and dead).
Antigen-specitic tuorochrome: used to count all cells carrying a specitic antigen(s) (living and dead}.
Fluorochrome for counting physiologically responsive (living) cells, either nucleic acid- or antigen-specific.

ployed are enumerated (media can be selective

(notyetdetined, in most cases) for non-culturable (dormant) cells; usetul also fordetecting virulent

'AODC. acridiae orange direct count; FAC, Huorescent antibody count; DVC, direct viable count;

heterotrophic plate count,

Rec'd i & OCTS 1987

MPN, most probable number; HPC,
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enumeration, intact cells take up the stain, either acri-
dine or antibody conjugated to fluorescein isothio-
cvanate  (indirect  Huorescent  antibody  method).
Counting is done using epilluorescent microscopy.
Application of the direct viable count (DVC)™ was
important in documenting that cells do not necessarily
dic when exposed to sea-water, Briefly, the DVC
employs veast extract as 4 growth-stimulating nutrient
and nalidixic acid as a DNA gyrase inhibitor.™ Other
substrates have also been tested., showing the influence
of substrate and substrate concentration on substrate
response.™ Cells respond to nutrient by enlarging, but
division is inhibited by nalidixic acid. Recent evidence
suggests that nalidixic acid may also facilitate uptake of
nutrient.” The enlarged cells enumerated by the acri-
dine orange direct count (AODC). or by the Huorescent
antibody count (FAC). have been shown to be meta-
bolically active by autoradiographic methods (D.B.
Roszuk and R.R. Colwell, unpublished results). The
DVC. as a measure ot viability, has been correlated with
results of other methods by other investigators.” In
addition to the DVC (a direct microscopic method),
indirect counts were also used o assess viabtlity,
Specitically. most probuble number (MPN) indices™ and
heterotrophic plate counts (HPCs) by the spread-plate
method=" were used to detect viable, culturable cells,
Results typical ot those obtained in the wnitial micro-
cosm study by Nu eral.** and in subsequent experiments
are shown in Figure |. Total counts. either AODCs or
FACs. remain relatively constant with time. indicating
that cellular integrity is maintained. However, viability
cannot be demonstrated by either the AODC or the
FAC. unlike conventional cultural methods and the
DVC method.” Indirect counts made using broth
culture (MPXN) decline more slowly than those on solid
media (HPC), especially when selective agar media are
employed. Nevertheless, both  exhibit significant

Cetis mi™! (loq.o)

Doys

Figure 1. Enweneration of enteric pathogens by several methods.
Results shown provide evidence for viable but non-culrable
organisms. (See Tuble | for abbreviations. )

AN}

negative slope compared o the wtal direet counts
(AODCs and FACs. Figure 1), In general, but depend-
ing on the bacterial species emploved. the salinity of the
water and the temperature of incubation, MPN and
HPC indices approach zero within 8 to 20 d. after which
time the cells cannot be transferred. i.c. growth no
longer occurs even though the DVC indicates continued
presence of viable cells. Concentration of large volumes
of water containing the viable but non-culturable cells
does not provide growth. These viable but non-
culturable cells can be considered either starved™ or
dormant

£ coli HI0407 ., an enterotoxigenic pathogen isolated
from a patient with diarrhoea.™ was exposed to seu-
water of 3% salinity in a microcosm maintained at
[8°C. Results comparable to those shown in Figure |
were obtained.”” When the non-culturable cells were
analysed tor characteristic plusmid bands (Table 2) by
direct extraction ot cells harvested from the microcosm
without regrowth on any medium. there was no evidence
ot plusmid DNA in the ethidium bromide-exposed gels.
However, when a portion of the harvested cells were
grown on Brain Heart Infusion agar and then re-
examined for plasmids. all three plasmid bands were
visible,

Salmonella  enerindis serogroup C, was  also
examined.” Unlike either E. coli or V. cholerae, it was
possible to resuscitate S. enreritidis 4 d after the non-
culturable  state  was  achieved. Recovery  was
accomplished by harvesting viable but non-culturable
cells from the sea-water microcosm. placing the cells in
an equal volume of full-strength Veal Infusion broth
and, following incubation at 25°C for 25 h, plating
aliquots of water from the recovery microcosm on to
Veal Infusion agar at selected time intervals. Very small,
atypical colonies appeared on the agar plates (colonies
which normally would have been rejected as S. enrer-
itidis).> Resuscitation was repeated after the cells had
been in the viable but non-culturable state for 21 d. but
was unsuccesstul despite persistent elevated DVC
counts,

Success n recovering otherwise viable but non-
culturable cells from sea-water microcosms has been
achieved by introduction into ligated rabbit ileal loops.™
Viable but non-culturable microcosm cultures of both £,

Table 2. Plasmid-borne  virulence  markers  carried by
Escherichia coli H 10407 2"
Plasmid Size Marker!
pCsl o0 CFA L
ST
plY!l 42 LTA
LTB
ST
pTRA 42 unknown
cryptic 4 unknown

'CFA. colonizing lactor untigen: ST, heat-stable toxin: LT, heat-labile
toxin,
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coli HIOI07 and V.o cholerae CA L have been
recovered from loops, providing simultancous recovery
ol otherwise non-culturable cells
enterotoxigenicity.™ £ coli HIOI7 was used in a
membrane  chamber  study conducted  in o Nixon's
Harbour., South Bimini, Bahamas® with very similar
results,

Allochthonous versus autochthonous pathogens

Bacteria indigenous to a given habitat are wwoch-
thonous to that habitat, while those toreign to the
habitat are allochthonous. Most enteric pathogens are
allochthonous to estuarine and marine environrments.
although some ot the more notable pathogens are truly
autochthonous, Vi cholerae > V. parahaemo-
Ivticus™ and Aeromonas hvdrophilla.

It has already been shown that both autochthonous
and allochthonous species are capable ot entering a
viable but non-culturable state.” <7 * Unlike alloch-
thonous bacteria. however. autochthonous  enterice
pathogens not only survive in seu-water. but grow., it
suttable nutrient s present. The nutrient may be
supplied by wastewater and/or surtace run-ott entering
estuaries or coastal zones. ™ ™ This situation has led
many investugators to conclude that wastewater is oniyv a
point source of pathogens. rather than a source of
nutrients as well which may. in turn. stimulate growth of
the autochthonous pathogens. Such erroneous interpre-
tations ot data are largely responsible for the belief that
autochthonous enteric pathogens such as V. cholerae are
human gut inhabitants. only transiently waterborne
following input of taecal matter from an intected host.”

Wastewater and surtace run-oft to estuaries and sca-
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 mav 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.”*" Thus, an additional public health threat can
occur, namely the selection for resistant and potentially
virulent strains of allochthonous and autochthonous
pathogens.

ey,

Movement of pathogens through the water column

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

The contention that large bodies of water, especially
the ocean. afford rupid and effective dilution of wastes is
no 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 gyres and warm core rings.** Bacterial
particulates tend to accumulate atintertaces, where they
attach to surtaces and to cach other™ Sull others
become airborne. for example coliforms become associ-
ated with lipotdal surtace particulates (7300 coliforms
per mg of hexane-extractable material, on average, have
been caleulated).™ Presumably other enteric bacteria
(including pathogens) have a similar tendency to par-
tton on to/into lipodal particulates. In such a micro-
environment they would be protected from chlorination
at the wastewater treatment plant and from the high
salinity of water in estuaries and the ocean. [t has been
observed that lipoidul particulates are buoyant and can
ascend trom deep water. through the pyvenocline, to the
surface. Once surtaced. 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
[t can be concluded that human pathogens can accumu-
late at surfaces. and in numbers large enough to
constitute an intective dose. Untortunately. 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 luxes
and can be resuspended in the water column following a
variety ot physical forces. Forces capable of initiating
this type of resuspension include storms, dredging**
navigation. natural upwellings.** bioturbation (sediment
disturbance by benthic invertebrates, primarily oligo-
chaetes and chironomids). currents and wave action.
For example. taecal 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 Shigellu spp. could have been re-
suspended by dredging activity in the Mississippi River
and thereby involved in a swimming-associated out-
break of shigellosis.*

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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il conventional methods are employed. Upon entering
the sediment, it notalready in that state, viable bacteria
may become non-culturable.

Animal association

Enteric pathogens frequently become associzied with
aquatic animals ranging from microscopic invertebrates
to marine mammals. These associations can be acci-
dental and transient, as seems to be the case with fish and
Salmonella spp..* or they can be very specitic and long
lasting. as demonstrated for copepods and V. cholerae™
and V. parahaemaolyucus.™ In the case of copepods and
V. paradiaemolvicus, seasonal "rm\[h ot copupods has
been correlated with growth ot purahaemolviicus
and. in turn, increased incudcncc of gastroenterits
caused by this pathogen.™ In the case of V. cholerae,
copepods may act as an overwintering substrate for the
bacteria.™

Shellfish-borne enterie discase is. of course. a direct
result ot animal associations. This type of disease is
usually of virat actiology.” although bactenia such as £,
coli,  Cumpylobacter  jejunt,  Salmonella spp..
Plesiomonas  shigellowdes and  Vibrio spp. can be
invoived. There have been almost 12000
shellfish-borne disease reported in the United States and
Canada  since 1900 (US Government.  General
Accounting Otfice, HRD-84-36, June 14, 1984).

In addition to associations with invertebrates. bony
fish and marine mammals, enteric pathogenic bacteria
have recently been isolated from sharks.®™ These

bacteria appear to be part of the autochthonous flora of

healthy, free- ranging sharks™ although. under con-
ditions of stress, thg\ mayv cause disease in their shark
host. It is possible that these pathogens could be passed

cases of

£27
to humins through shark bites™ and improperly cooked
meat (PR Bravton and DJ. Grimes, unpublished
results),

Conclusions

[t can no longer be argued that inability to culture a
given enteric puthos_cn from estuarine or marine water
samples is prima-facie evidence that the pathogen is
cither dead or absent from the sample. Enteric patho-
gens can enter a viable but non-culturable state. Table 3
summarizes the salient features of viable but non-
culturable bacteria. These dormant bacteria can then
follow a variety of pathwavs in the ocean. Figure 2
Table 3. Selecied churaciensics of viable but non-culturable
hacteria,

Culture
(1) No growth on orin standard culture media.

{2) Resumpuion ot growth under appropriate conditions.

Crvtology
(1) Cells appear intact when stamed by AODC undsor
FAC methods.
(2) Cells are substrate-responsive. demonstrated by the
DVC method and autoradiography.
{3) Cells may undergo changes in size (viz: smaller)
and/or shape (viz: rounded).

Virulence
(1) Viable but non-culturable cells remain virulent.

illustrates the fate of enteric pathogens in wastes dis-
charged to estuarine and marine environments,

Serious thought is now being given to expanding
ocean disposal of wastes: concurrently, the population
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Schematic representation of the disiribution of enteric pathogens in wastes dischurged into the Atlantic Ocean,
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of coastal cities is increasing. The public health problem
ol enteric pathogens in sea-water must be recognized,
espectally in estuaries, coastal waters and deep ocean
disposal sites,
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Sammary

A membrane filtration method bas been developed which is useful for coumeration of viable Vibrio
cholerue Ol in enviroamental water samples by immunofluorescent staining. The samples are incubated
with yeast extract and palidixic acid. Substrate responsive edls, ic., viable cells, cdongate and after staining
with specific antiserum and fluorescein conjugate, viable ¥, cholerge cells appear as long, peripbhenal
fluorescent green banded bacilli when viewed under the microscope. Using an ocular reticule, the oumber
of viable cells per ml can be calculated. The procedure has becn adapted for use with other bacterial

species if specific antisera is employed.

Key words  Fluorescent antibody; enumeration; viable: Vibrio cholerce 01

Introduction

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, n:pmducibilitykand statistical validity,
in conjunction with time and cost efficiency and” ease of operation,
Immunofluorescent-epifluorescent 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

¢ Cormrespoadence to: Dr. R.R. Colwell, Department of Microbiology, University of Maryland, College
Park, MD 20742, USA.
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populations. The virulence of viable but non-recoverable cells may persist,
demonstrated by animal studies (I, 13].

Fluorescent antibody (FA) procedures can overcome the problem of organisms
remaining viable but yielding ‘no growth®' in standard tests, since the presence,
absence,or size of specific cell populations can be casily 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 count by Kogure et al. (7], enumeration of viable, specific
populations of bacteria can be achieved. We described here a procedure we have used
to detect viable V. cholerae serovar 0l. The method, however, is adaptable to any

organism, provided specific antisera arc available.

Masterizls 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 m! of
0.25% ycast extract solution can be added to a 10 m! sample.

2. Incubate for 20 min at a temperature appropriate (o 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.

S. Filter the water sample through an 0.2 4 x 25 mm polycarbonate membrane filter
(Nuclepore Co., Pleasanton, CA), mounted on a 25 mm glass filtration unit
(Millipore Corp., Bedford, MA). Filters are prestained overnight in 0.2% irgalan
black (Ciba-Geigy Corp., Greensboro, NC), dissolved in 2% acetic acid and rinsed
several times in distilled water before use. (Prestained filters are available from the

Nuclepore Co.) Place fiiters 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 q:!—}hodanﬁnc 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 filter.

8. Incubate 35~37°C for 30 min in a dark moist chamber.



9. Rinse filters three times with phosphate-buffered saline (PBS, per liter; NaCl,
8.5 g Na,HPO,, 9.1 g; KH,PO,, 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
cnsure that the top of the filter always remains upright throughout the procedure.

10. Add one drop of V. cholerae Ol antiserum and place a coverslip on top of the

drop.

11. Repeat steps 8 and 9.

12. Add onu: drop of fluorescein isothiocyanate anti-rabbit goat serum (FITC, BBL,
Cockeysville, MD). Place coverslip on top.

13. Repeat steps 8 and 9.

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

15. Examine with a microscope equipped with a neofluor objective, IVFL
cpifluorescence condenser, 100 W halogen lamp, BP 450—490 band pass filter,
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 ¥, cholerae 01
cells that arc counted are those that appear as long and/or fat rods possessing a
peripheral green band just below the cell wall (Fig. 1). Calculate total viable cells/ml
of sample, according to the size of the ocular reticule employed in the microscope [6].

Discussion

The mechanism of nalidixic acid ceaters 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 is at 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 clongated cells per sample. Expericnce has shown that adjacent sampling sites in
the field require the same length of time for incubation, providing a guide for future
FA-DYC work in the same geographical area.

For convenience, formaldehyde may be added to samples after incubation,
stopping the reaction (0.2 ml of filtered 37% formaldehyde per 10 ml of sample).
The samples can then be stored at 4°C. During processing, dried filters may be
frozen after the filtration step, or after the RITC and/or antiserum 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 O} cells.

the specificity of the antiserum used. The antiserum must be carefully examined for
possible cross-reactivity with other bacterial species, and should be absorbed with
those strains to eliminate binding activity. Experimental control slides must be
prepared (o 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 Niltration 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 prefiltered through a 1.2 um 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 to 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 bacteria
from 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 an
effective, reproducible and rapid procedure [2]. It is convenient, in that samples can
be collected, incubated, fixed and stored for later staining.

The cultural protocol for enumeration of ¥, cholerge 0! involve< sample filtration,
transfer of the filter to thiosulfate-citrate-bile salts-sucrose agar (TCBS), incubation
for 24 h, followed by biochemical testing of all sucrose positive colonies with
subsequent serological confirmation. For most probable number (MPN)
determinations, samples should be enriched, employing alkaline peptone broth and
incubation for 6 h. Then, a loopful from each tube is streaked onto TCBS agar. The
same biocheuiical and serological protozols as above should be followed. Inaccurate
counts can result if V. cholerae is overgrown by other organisms during the
enrichment procedure and, therefore, fails to appear on the plating media. Final
identifications and counts for both procedures can extend for several weeks. In
comparison, the immunofluorescent technique is very time and cost effective. A total
FA count of V., cholerae 0] using the MF method (yeast extract-nalidixic acid step
is 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 the
length of the incubation period. The time of the staining procedure can be further
reduced 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 media‘is capable of supporting growth for all
organisms. It is probable that all viable bacteria are incapable of enlarging in the
DVC 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 environmental population than traditional culture methods.
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A total of 101 strains of bacteria from environmental and clinical sourees, most of which were gram negative,
were tested for chitobiase activity by using a filter paper spot test with d-methylumbelliferyl-V-acetyl--n-
glucosaminide as the substrate. The results were compared with those obtained by a conventional plate method
for chitinase activity by using colloidal chitin as the substrate. There was excellent agreement in the results for
both methods. The filter paper spot test with d-methylumbelliferyl-V-acetyl-B-n-glucosaminide has the
advantages of heing rapid, simple to perform, and inexpensive. This method should be adaptable to a wider
range of microorganisms, particularly those with unusual growth requirements,

Except for cellutose, chitin is probably the most abundant

polysaccharide in nature, being a primary constituent of

shells in crustaceans and insects (9). Centrate dintoms pro-
duce significant amounts of crystalline chitin (3; R. Smucker
and R. Dawson, J. Exp. Mar. Biol. Ecol.. in press). Chitin
also occurs in some protozoa and fungi (16, 23). Chitinase
activity has been found in a wide variety of MICrOOrganisms
(2.5, 7. 12-15. 19. 22, 23). Chitinase activity plavs an
important role in the ccology of many marine bacteria (23).
For some pathogenic bacteria. such as Vibrio cholerae.
interactions between the organism and chitinaceous materi-
als have been postulated as plaving a role. albeit indirectly,
in the epidemiology of discase (6, 10).

Tests for bacterial chitinase activity have relied on con-
ventional plate methods, such as those described by Sker-
man (17) and West and Colwell (19) in which colloidal chitin
is incorporated into a nutrient agar basc optimal for the
growth of the test organism. Chitinase activity is indicated
by zones of clearing around the inoculum growth. While the
test itself is straightforward, preparation of the substrate
medium is laborious and complicated. Furthermore. the
plate test is an insensitive assay for chitinase activity; e.p..
some organisms require a long incubation period (up to 7
days or longer). Problems may also be encountered with
organisms which have fastidious or unusual growth require-
ments. Thus, itis understandable why many laboratories are
reluctant to include chitinase activity as part of an enzyme
profile.

A major end product of chitin degradation by chitinase (or
endochitinase) is chitobiose, which is further degraded by
the enzyme chitobiase (7, 8, 13). The test described here,
which uses 4-methylumbelliferyl-N-acetyl-B-p-glucosam-
inide (4-MUF.GlcNAc), is an assay for chitobiase activity,
the inference being that chitobiase activity is produced
concomitantly with chitinase activity. The following study
was done to find a better method for determining chitinase
activity. The test described is an assay for N-acetyl-B-p-
glucosaminidase activity, the logic being that chitin is essen-
ually a biopolymer of GIcNAc subunits (14, 20, 22).

The strains used in this study are listed in Table 1. No
attempt was made to confirm the idcatity of all of the strains
tested. However, whenever possible, American Type Cul-
ture Collection type or reference strains or well-character-
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ized isolates received from other laboratories were exam-
ined. Many of the strains tested in this study have been used
in other studies (11), and they include both environmental
and clinical isolates. For the chitinase plate test and culture
media. nutrient agar was prepared as described by West and
Colwell (19), and brain heart infusion agar and tryptic soy
agar were prepared by adding bacteriological agar (Difco
Laboratories. Detroit. Mich.) (final concentration, 1.5%
[wi/vol]) to brain heart infusion broth (Difco) and tryptic soy
broth (Difco), respectively,

The rapid test method was as follows. The -MUF.GIcNAc
{Sigma Chemical Co., St. Louis, Mo.) stock substrate sofu-
tion was prepared by dissolving 50 pmol in 2.0 ml of
dimethylformamide (Sigma). For the test, 0.6 ml of this
solution was diluted in 9.4 ml of phosphate buffer (0.1 M [pH
7.4]) (4). The substrate solutions (stock an¢  Tered) were
used immediately, without sterilization. or stoiod at —20°C.
Both solutions were stable for several months at this tem-
perature.

One to five colonies from cultures grown from 24 to 48 h
on nutrient agar (Vibrio spp.), brain heart infusion agar
(Enterococens [Streptococens) faecalis and Enterococcus
[Streptococcus] faecium), or tryptic soy agar plates were
vigorously rubbed onto Whatman no. 1 filter paper, and 20 pl
of the 4-MUF.GlcNAc-buffered substrate solution was
added. The substrate only and the organism plus the solvent
were included as controls.

After incubation at 37°C (or 25°C for Vibrio strains tested
on nutrient agar) for 10 min, each test spot was covered with
1 drop of a saturated sodium bicarbonate solution and
exposed to UV light at a wavelength of 366 nm. The sodium
bicarbonate solution enhances the fluorescence intensity of
the reaction by-product, methylumbelliferone (18).

Depending on the fluorescence intensity. reactions were
graded as positive, weakly positive, or negative. In positive
reactions, substrate-organism mixtures produced a strong,
light-blue fluorescence.

The conventional plate method for determining chitinase
activity was a modification of the method of West and
Colwell (19) in that tryptic soy agar and brain heart infusion
agar were used as alternative preprepared medium bases in
addition to nurient agar and a 20% (wt/vol) concentration of
colloidal chitin suspension was used. West and Colwell (19)
suggest a 15% (wt/vol) concentration. Briefly, a colloidal
chitin suspension (209 [wt/vol]) was prepared and added to

o\
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TABLE 1. Results of chitobiase and chitinise assays with 101
bacterial strains

No. No. (57) positive”

tested Chitobiase

Griam reaction/strain
Chutininne

Gram positive

Buacilluy subtilis 1 1 (100) 0«
Micrococens luteus 1 0 () 0
Staphylococens aurcens 1 0w 0
Euterococeus (Streptococeny) 1 1 (16) 1 (10m
Juccalis
Lnterococeus (Streptococeus) 2 2(100) 0 ()
Juecium
Gram negative
Acromonas hvdrophila 6 6 (1) 6 (100
Acromonas caviae 6 6 (1) 6 1Y
Acromaonas sobria s S (100 sScrom
Avrohacterinm tumefucieny 1 1 {100) 0
Enterobacter acrogenes 1 0« 0
Escherichia coli 7 1 (14) 00
Klebsicella pnewmoniae 1 0« 0 ()
Plesiomonas shigelloides 10 10 (100) 10 (10m
Proteus vulyaris 1 0 10) 0
Pyeudomonas aeruginosa 1 0 0
Pseudomonas putida 2 0« 0(m
Salmonella tvphi 7 0 0
Stivella dvsenteriae 1 4 0. 0
Shigella yonnei 1 0 () 0 )
Shigella boydii 1 0 10)
Vibrio alginolviiciy 2 2(100) 2 (100
Vibrio camphelli 1 1 (1) 1 (100)
Vibrio carcharae 1 1100 1 ¢100)
Vibrio cholerae 10 10 (100) 10 (1)
Vibrio cincinnatiensis 1 1¢100) 1 (100}
Vibrio damsela 2 2(100) 2 (100)
Vibrio diazotrophicus 1 1 (100) (0
Vibrio fluvialis 3 3100 3 1om
Vibrio gazogeney 1 0 () 0
Vibrio meschnikovii 1 1 (100) 1.(100)
Vibrio mimicus 2 2(100) 2 (100
Vibrio natriegens 1 1 (100} 00
Vibrio nereis 1 1 (100) 1¢100)
Vibrio nigraprdehritudo 1 1(100) 1 (100)
Vibrio ordalii 1 0 00
Vibrio parahaemolyiicus 6 6 (100) 6 (100)
Vibrio pelagius 1 1(10) 1 .(100)
Vibrio proteolyticus : 1(100) 1(100)
Vibrio tubiashii 1 1(100) 1 (100)
Vibrio vulnificus 3 100 3100

“ Includes weakly positive reactions. For chitobiase, the rapid filter paper
sput test with SMUF.GIcNAc 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 « final concentration of

¢ (vollvol) and poured as an overlay on a prepared medium
base. Thus, the Vibriu strains were tested on chitin-nutrient
agar, £, fuecalis and E. fuecium 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 a
plate culture of the test organism grown on its optimal
medium (without chitin) for 24 to 48 h, as indicated above.
Excent 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.
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Many of the Vibrie test strains~ were able to grow on
tryptic soy agar; therefore, in a separate series of experi-
ments, we tested for chitobiase and chitinase activities on
this medium and at 37°C by using the methods described
above.

The results for chitobiase (raptd test) and chitinase (con-
ventional plate method) activities are given in Tuable 1.
Overall, there was excellent agreement in the results for both
methods. Furthermore, the results obtained here for
chitinase activity by the conventional plate method are in
very pood agreement with the results reported by other
workers (2, 7. 19). Certain test organisms, e.g., Agrobac-
terivm tumefaciens. Buacillus subiilis, E, faecium, Vibrio
diazotrophicus and Vibrio natriegens, 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 that use 4-methyl-
umbelliferyl-conjugated substrates are notably more sensi-
tive than conventional enzyme test methods (M. O'Brien.
Ph.D. thesis, University of Queensland, St. Lucia, Austra-
li, 1985). We never observed chitinase aclivity in the
conventional plate method without observing concomitant
chitobiase activity in the rapid test.

The degree of activity for chitobiase and chitinase was not
nccessarily directly correlated. For example, while many of
the strains tested positively with the rapid test, yielding
strong reactions within 10 min, corresponding tests with the
conventional plate method produced varied results. For
some strains, there was strong chitobiase activity and weak
chitinase activity: for others. although there was strong
chitobiase activity, positive plate tests required incubation
for 4 days or longer. Some test organisms, ¢.g., Aeromonads
spp.. Vibrio damsela. Vibrio nigrapulchiritudo, showed very
strong N-acetyl-B-p-glucosaminidasc 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 plasmid DNA from chitobiase-positive
clones but was otherwise identical to the first strain (21). The
chitobiase gene was isolated originally from Vibrio vulnificus
by cloning chromosomal DNA (21). Very strong chitobiase
activity was detected in the transformed stiain. The plasmid-
less strain, as well as five other E. coli strains examined, was
negative for chitobiase and chitinasc 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
the striains 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 varicty of growth 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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bicteria by using chitobiase and other 4-methylumbelliferyl-
conjugated substrates, since conventional enzyme assay
methaods are largely inappropriate for this group of bacteria
{W. L. Straube and M. O’Brien, Abstr. Annu. Mcet. Am.
Soc. Microbiol. 1986, 1-37, p. 171). Thus. many useful
applications 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: (1) plate counts on appropriate selective and

non-selective media; (2) indirect fluorescent antibody (FA) staining to
enumerate cells reacting with 01 antiserum; (3] acridine érange 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/ml and monitored for

eight days. AODC and FA counts remained constant at 106 CFU/ml 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. 6
from microcosms (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 responsgse 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

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

fluid.
using Brain Heart Infusion Broth (BHI, Difco), TSA and TCHS 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 wuch 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 a2 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

/\3
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of this new approach, coumpared with conventional enumeration methods was

wmade in several countries, besides the United States. Kesults of these

studies are reported here.

In Brazil in September, 1982, alkaline peptone enrichment broths

(peptone, 1% w/v; NaCl, 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 ﬁests, and slide agglutination eumploying

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.



Field samples collected in South Africa at Soldana Bay, Capetown, and
in the Transvaal in the North near the Limpopo River were assayed ftor

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/100 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/100 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 (0.0l1% 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 & sample, along with the fluorescent antibody

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

have been incorporated in studies examining sucvival patterns of selected

pathogens in laboratory microcosms.

/
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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-

tinnal 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.
6
In both systems, AODC and FA counts remained constant at 10 cells/ml

. ‘ . ) 4
during the week following lnoculation, and DVC counts at 10 cells/ml.

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

Tryptic Soy Agar (TSA, Lifco) plates using inocula froo microcosm |

4 4
were 10 cfu/ml, on both media. For microcosm 2, counts were 10 and

10° cfu/ml, respectively. Plate counts made 24 h after inoculation dropped

tc 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) TlNl broth (1% tryptone, 1% NaCl, the original

growth medium for strain CA 401); (2) CA 401 (fully viable, pure culture,
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10 cells/ml); (3) sterile Patuxent River water; (4) microcosm | cells;

(5) microcosm 2 cells; (6) microcosm | 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 TNy 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

were positive with V. cholerae 0! antisera. DVC counts increased to 10 to

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

from the T)N) 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
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testing ot the isolates, including plasmid band profile analysis, confirmed

the organism to be the E. coli strain H10407 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

2
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

14 3
incubated with 1 uCi/ml (U C) glutamic acid, [methyl H] thymidine or

3 . . . .
["H) 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
(Scb). 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.



There were tew (U-2%) examples of elongated cells which did not
exhibit any associated silver grains and these were comparable to the
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 elongaticn (Table 3). 1In addition to being respon-

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

me tabolically 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-

bi1lity 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).

N



CT antigen was assayed by the ELISA method (3), using monoclonal antibodies

{6). Biological activity of toxin was measured by the y-1 adrenal cell

assay (5). At 10 g of organic substrate (casamino aclds: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 marts 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_!. 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

i)



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 from 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 DH! 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, Subcloning 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 r«zlated 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, pUCY. This segment trow the

Sucrose specific mutant was nick translated with 32? 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 sucrose negative V. cholerae

alginolyticus

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

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

rastores arabinose fermentation ability in an E. coli strain deleted for
the arabinose operon as well as complementing dara 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 provi-ed

insight into the epidemiology of this organism.

X
N\
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A CoMPARISON BETWEEN EPIFLUORESCENT AND CULTURAL METHODS FOR DETECTION
OF y. CHOLERAE, SEROVAR 01 in BraziL, 1982

S DETECTION OF V. CcHOLERAE SEROVAR (1
ITE _ EPIFLUORESCENT CULTURE

BrLLiINGs RESERVOIR,
R10 GRANDE RivERr WATER +

BrLLinGs RESERVOIR,

R1o GRANDE RIVER PLANKTON -

JURUBATUBA - STREET, SEWAGE WATER + -
Oraur Da’ Rio, SEWAGE WATER + -
SAN LouRrENCoO, SEAWATER +

SAN LOURENCO; CONCENTRATED PLANKTON +




TaBLE 2

A CoMPARISON BETWEEN EPIFLUORESCENT AND CULTURAL METHODS FOR

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

SITE

MPN EsTiMAaTE/100 ML SaMPLE
EPIFLUORESCENT  CULTURE

VicTor1A FALLS:
ALLIGATOR SPILLWAY AT ZAMBEZE
HIPPOPOTAMUS WATERING SITE
/AMBEZ1 RIVER, NON-FLOWING INLET

Mazoe RIVER:
FARM WELL WATER
WASHING PLACE AT RIVER
WASHING PLACE
BELow DaM
SETTLED POOL WATER
Rock pooL WATER
STAGNANT POOL WATER

11 <3
15 <
14 <3
12 <3
18 <3
150 <3
15 <3
/ <3
15 <3
33 3




TABLE 3. Results of Microautoradiography

% of Acridine Orange Direct Count

Plate Count Direct viable

})

Active Active Direct Viable

E.c. S.e. E.c. S.e. E.c. S.e. N.f. E.c. S.e.

0 100 100 100 100 5-30 50-05 o 98-100 100

2 40 74 53 78 11-22 2-44 0 96~-100 93-100

5 67 74 8-10 0] 95-100
9 29 45 1-11 0] 96-100

10 20 61 16-43 0 92-100

28 0 11 10-17 7 92-100
30 0.02 3 2-7 0-2 91-100
56 Q 4 6~ 4-28 100

E.c. -.§. coli.
S.e. = E, enteritidis,

N.f. = non-filamentous but active,
Plate Count and Direct via

Active couats listed as ranges.

ble Count 1isted as mean.



TaBLE 4
MICROAGGLUTINATION TITERS OF SHARK SERUM WITH
V. cHoLerAE, ATCC 14035

CopE SPECIES TITER
184 NURsE 1:640
LL NURsE 1:1024
95563 ‘NURSE 1:512
698 LEMON 1:2
476 LEMON 1:4
/00 LEMON 1:128
LEMON PUP 1:2
699 LEMON 1:256
678 LEMON 1:2
642 LEON 1:8
BLAckTIP 1:10




Figure 1.

Figure 2.

Figure 3.

CAPTIONS TO FIGURES

V. cholerae CA 401 cultures exposed to Patuxent River water

in microcosas. O AODC, ®FA, MDVC, ADPlate counts, TCB8S,
OPlate counts, TSA.

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.

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 0! 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. All pond and water samples yielded higher

counts of viable V. cholerae 0! by FA-DVC than MPN. Fluor-

escent microscopy is a more sensitive detection system than

cultural methods, allowing the enumeration of both culturable

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

precise monitoring of microbiological water quality.



Introduction

Vibrio cholerae serovar 0! is the causative agent of

epidemic chole;a in Bangladesh. I'ts 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 a result of

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 O occurring Iin the natura!

environment. Fluorescent microscopy was compared with stan-

dard cultural methods to determine the relative sensitivity

and rapidity of the two methods.



Materials arid Methods

Sample Collection

Sampling for the experiments was conducted in January,

1986, at villages surrounding Matlab, Bangladesh where

cholera is endemic. The region is located 30 miles southeast

of the capital city of Dhaka and lies in the delta formed by
the Meghna and the Ganges Rivers.

All water samples were collected in sterile containers
from village tube wells, ponds and the acdljacent river.

Temperature, salinity, and pH were measured using a YS! meter

(Yellow-Springs Instrument Co., Yellowsprings, Ohio).
Initial processing of samples was done at the Matlab labor-

atory branch of the International Center for Diarrhoeal

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

collectian.

Most Probable Number enumeration

For most probable number (MPN) estimates of V. cholerae
0l (4), 100 ml, t0 ml, and 1.0 m! volumes of water were
Inoculated into alkaline peptone broth tubes (APB; per liter:
peptone, 10 g; NacCl, 10 g sodium taurocholate, 5 g; sodium

carbonate, 1 g; ph, 8.6) using three replicates of each

volume. Tubes were incubated at 35 C for 6h, and then a

loopful of each tube was streaked to thiosulfate citrate
bile-salts sucrose agar (TCBS, Oxoid, Columbia, MD). Plates
were Incubated at 35° C for 18-24 h, at which time yellow

colonies were picked and subcultured to tryptic soy agar



(TSA, Difco Labs, Detroit, MI) amended with 0.5% w/v NaCi.

After Incubation at 35 C, slide agglutination tests were

performed on all i{solates using V. cholerae poly 0l antiserum
(Difco). Any isolate yielding a positive test was confirmed
by fluorescent antibody staining, using monoclonal antibody

(see below).

Fluorescen- microscopy enumeration

Because the pond water samples examined in our study
were relatively turbid, prefiltering through a 1.2ﬁm filter

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

Acridine Orange Direct Counts (AODC) were completed on

all samples following the protocol of Hobbie et al. (8).

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

until counts were performed.

Fluorescent antibody counts (FA) for total V. cholerae
0Ol were determined by the method of Xu et al. (23). However,
V. cholerae monoclonal antibody specific for the A antigen of
01 lipopolysaccharide (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. (1).

Specificity determination of the monoclonal antibody

To confirm the specificity of monoclonal antibody to

V. cholerae 0! antigen, fluorescent antibody screening was

conducted using a variety of bacterial strains that may be



present in environmental samples. All cultures were grown

overnight In T; N, broths (1% w/v tryptone; 1% w/v NaCl) at

25* C or 35° c(, depending on the requirements of the

bacterial strain. Loopfuls of culture were transferred to a

tube of phosphate buffered saline (PBS; per liter: NaCl,
8.5 g; Na;HPO,, 9.1 g; KHz2PO., 1.5 g; pH = 7.3), until a

suspension yielding a concentration of 10¢ - 107 cells/ml,
determined by AODC, was achieved. At this point, 2.0 m! of

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

polycarbonate membrane filter (Nuclepore Co., Pleasanton,

CA), and stained by the fluorescent ant{ibody 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 Iin Table 1.



Resul ts

Screening of bacterial strains for cross-reactivity with

monoclonal antibody

All Vibrio cholerae 0Ol 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 24° C. All pH
readings were 6.0, and salinity values 0.0 °/oo. For tube

wells, temperature readings ranged from 16 to 26° C, pH 6 to

7, and salinity 0.4 to 0.5 °/00.

Enumeration of V. cholerae 0! in water

All Bangladesh village sites that were sampled were

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

S
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 {n Table 2. AODC, done to enumerate total

bacteria, revealed tube well counts of 104 -104 cells/ml.

River water samples contained 10¢ cells/ml, while pond water



counts ranged from 10¢ - 107 cells/ml.
The FA results for total V. cholerae 01! indicatced all

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

collected adjacent to the Kadamtali village, contained 102 V.

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

other r{ver and pond water samples.

Results of viable V. cholerae 0Ol counts, enumerated by

the FA-DVC procedure, yielded similar findings. As might have
been predicted, V. chulerae 0!l 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 0! per ml. All other FA-DVYC enumerations

for pond and river water samples were in the range of 103
cells/ml.

As shown in Table 1, all MPN estimates for water samples
were <0.3 V. cholerae 0! 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 Ol. No other isolates were re-

covered after screening all yellow colonies growing on TCBS

culture plates by slide agglutination.



Discussion

Critical to the success of 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 0!

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 10s-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 deiLected. 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 cu{turable

V. cholerae 01}. Sucrose positive colonies were examined by

slide agglutination, a tedious and time-consuming task,

requiring a mininum of 3 days from the time of sample

collection to completion. V. cholerae 0! 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



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 wvhat

proportion of the total bacterial population in the water

sample was comprised of V. cholerae O1.

The FA procedure was used to enumerate the total

V. cholerae 0Ol 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 i{s 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 cells comprised 0.01 to 0.1 %X of

. the total microbial population. Of the V. cholerae 01

population present, 16 to 85% were viable when examined by



FA-DVC.
Although the tube well water samples yielded high AODC,

results of FA and FA-DVC indicated V. cholerae 0! 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 014

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 river and pond

.
water samples examined. Viable V. cholerae 01 was detected

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

negative.

It {s apparent from these results that the FA procadure

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

i0



V. cholerae {n 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

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

viable,
thesis, University of Maryland, College Park, 1985).
DVC technique has made it possible to detect, as well 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

11



underestimate the total viable count. Only viable cells are

capable of elongation when exposed to the testing reglme and

both laboratory and field data {ndicate that the FA-DvVC

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 bacterf{ocidal 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
P
sensitive detection systen. 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 i{nform-

ation needed becoming avai{lable, it will be possible to
predict the risk of contracting cholera and explain the

epidemiocology of the disease.

12
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Table 1.

monoclonal

antibody.

Bacterial strains screened for cross~reaction wit

A A SIS SRR s g 1k e K e e I<

0

o 4

(o]

1}

e ]

Y]

1]

<

chclerae 01t

01

cholerae 01

cholerae non-01

cholerae non-01

cholerae non-01

cholerae non-01
cholerae non-01
cholerae non-01
cholerae non-01
cholerae non-01

cholerae non-01

mimicus

mimicus

mimicus

proteolyticus

vulniticus

vulnificus

diazotrophicus

alginolyticus
alginolyticus

parahaemolyticus

parahaemolyticus

ATCC* 14035
ATCC 14033
599655

SG 7509
2030H

SG 8268

N 8246

42

90

13

19

43

ATCC 33653
UM® 4053

UM 4074
ATCC 15338
ATCC 27562
UM 4304
ATCC 33466
ATCC 17749
UM 4109
ATCC 17802

ATCC 27969
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I<

V.

parahaemolyticus

parahaemolyticus

parahaemolyticus

parahaemolyticus

damsela
damsela

carchariae

anguillarum

anguillarum

anguillarum

aestuari{anus

cincinnatiensis

natriegens

natriegens

harveyi
ordallit

campbellii

campbellii

fluvialis

fluvialis

fluvialis

tubfashii

tubiashi{

splendidus

splendidus

velagius
pelagius

19

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 258920
UM 4344
ATCC 11328
UM 4476

UM 4122
3358

3359

UM 42589

UM 4424

UM 4422

UM 4494



V. furnissii

Pseudomonas aeruginosa

Pseudomonas putida

Pseudomonas solonacerium

Shigella sonnet

Shigella flexneri

Shigella flexneri

Serratia liguefaciens

Serratia marcescens

Proteus vulgaris

Proteus vulgarisg

Flavobacterium meningosepticum

Photobacterium angustum

Plesiomonas shigelloides

Escherichia colt

Escherichia colt

Escherichia coli

Enterococcus faecalis

Salmonella typhimurium

Klebsiella Pneumoniae

Citrobacter freundii

Enterobacter aerogenes

Aeromonas Punctata

Aeromonas media

Aeromonas hydrophila

Aeromonas hydrophila

Aeromonas hydrophila

UM 4137
ATCC 10145
ATCC 12633
ATCC 11696
UM 773
ATCC 12022
UM 774
NCTCe 10442
ATCC 13880
ATCC 13315
UM 769
ATCC 13253
ATCC 25915
ATCC 14030
H10407
ATCC 11303
ATCC 11775
ATCC 19433
ATCC 14028
ATCC 13883
ATCC 8090
ATCC 13048
ATCC 15468
ATCC 33907
ATCC 99071
ATCC 15467

UM 4396
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Alcaligenes faecallis ATCC 8750

*ATCC - American Type Culture Collection, Rockville, MD
* UM - culture collection at University of Maryland
¢ NCTC - National Collection of Type Cultures, Central Public

Health Laboratory, London, England
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TABLE 2. ENUMERATION OF VIBRIO CHOLERAE Ul 1IN BANGLADESH WATERS BY CULTURAL AND

FLUORESCENT ANTIBODY METHODS

SAMPLING A0DCA FAB FA-bvc© uPND/
Date SITE SOURCE CELLS/ML CELLS/ML CELLS/ML 102 mMis
1-8-86 GoALVAOR RIVER 2.2x 160 9.9x10°  1.6x100 <q.3
1-8-86 GOALVAOR TUBE WELL 2.5 x 106 0 0 <0.3
1-8-86 SHAHWAZKAND | POND 2.7 x lu7 7.7 x 103 5-9 x lu3 <0.3
1-3-8% SHAHWAZXANDI TUBE WELL 3.2 x lU5 0 U <0.3
1-8-3%0b SHAHWAZKANDI RIVER 5.9 x J.U6 5.7 x J.U3 3.4 x 103 <0.3
1-8-¥b KADAMTAL | TUBE WELL 8.5 x l[JLl 0 0 <y.3
1-8-80 KADAMTALI POND 1.9 x 107 2.9 x lU3 9.4 x W~ <0.3
1-3-86 KADAMTAL1 RIVER 6-8 x 106 4.1 x IU2 1.6 x 102 <U.3
1-19-86 SARDERAND! POND 4.4 x lu6 2-9 x 103 1.5 x 103 <0.3
1-19-8% SARDERANDI RIVER 2.9 x 106 5.4 x 103 1.9 x lU3 <0.3
1-19-8b UppAMD ! POND 2.0 x 107 6-1 x 103 1.4 x 103 <0.3
1-1y-8b Ubpamp | RIVER 4.9 x 106 3.5 x 103 1.8 x 103 <0.3
1-19-86 GAJIPUR POND 4.8 x 107 4.1 x 103 3.5 x 103 <0.3
1-19-86 6AJIPUR RIVER 1.9x105  sax103  1exwd 20
1-19-86 CHARMOKUND I POND 4.9 x 106 3.9 x 103 2.0 x 103 <y.3
1-19-86 CHARMOKUND 2ND POND 2.5 x 106 4.9 x 103 1.6 x 103 <0.3

A
AODC =~ ACRIDINE ORANGE DIRECT COUNT-

BFA ~ FLUORESCENT ANTIBODY COUNT-.

CFA-DVC =~ FLUQRESCENT ANTIBODY = DIRECT VIABLE COUNT-

DHPN = MOST PROBABLE NUMBER ESTIMATE.
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