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Isolation of Vibrio cholerae at several locations in Chesapeake Bay
in the fall of 1976 and spring 1977 was reported recently (Colwell ejt al.,
1977). Isolations were made in late fall 1976 and early spring 1977, and
we are continuing to isolate V. cholerae. Data gathered by Kaper e_t al.
(1979) provide conclusive evidence that V_. cholerae can be isolated
throughout the Chesapeake Bay in a distinct, not random, pattern depen-
dent chiefly upon salinity and inversely related to pollution. At
locations in the upper Chesapeake Bay and in the Potomac and James Rivers,
major tributaries of the Bay where the salinity of the water was very low,
viz., < 1-3 /oo, V. cholerae was not isolated from samples collected at
these stations. Moderately saline regions of the Bay consistently
yielded V. cholerae. Thus, the optimal salinity limits for this organism
in Chesapeake Bay are concluded to lie in the range of 1-3 /oo to
17 /oo. Interestingly, the optimal salt concentration for V_. cholerae
in culture, i.e., approximately 1% (10 /oo) is that which approximates
the in_ situ salinity range for this organism in middle portions of the
Chesapeake Bay.

Additional evidence of the autochthonous nature of V_. cholerae in
the Chesapeake Bay was obtained by examining water samples collected
along a track line representative of a pollution gradient in the Upper
Chesapeake Bay for presence of V. cholerae, to determine association,
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if any, with recommended microbial indicators of pollution (Kaper et al. ,
1979). See Table 1. Results of correlation calculations indicated that
the presence of Salmonella was indeed associated with elevated numbers of
fecal coliforms (P <0.01) but that V. cholerae was not. V. cholerae,
as V. parahaemolyticus (Kaneko and Colwell^ 1978), is an autochthonous
species in the estuarine ecosystem.

The V. cholerae strains from Chesapeake Bay represented serotypes
other than group 01, the so-called nonagglutinable vibrios, and were not.
recognized as a serious epidemic threat, although nonagglutinable V.
cholerae have been associated with sporadic cases of cholera-like
diarrhea. In principle, V. cholerae strains other than group 01 are
more properly defined as V. cholerae non-01 since these are agglutinable,
but not 01 serovar. Hence, non-agglutinable (NAG) and non cholera
vibrio (NCV) are terms less preferable than V. cholerae non-01 (VCN).

Since the initial report of the isolation of V. cholerae from
Chesapeake Bay (Colwell e_t aĴ . , 1977) , we have isolated \/. cholerae 01
serotype Inaba from Chesapeake Bay and from bayous in Louisiana.

In September, 1978, the first cholera outbreak in the United States
since 1911 occurred in Louisiana (Morbid. Mortal. Weekly Rept., 1978).
Eleven cases of clinical cholera were diagnosed. Southwestern Louisiana
south of Interstate 10, where the cases of cholera occurred, is a marsh-
land area of only a few feet above sea level. The marsh extends ca.
25 miles inland from the Gulf of Mexico, and is saline near the coast
and brackish in the midportion. Association of the disease with eating
improperly cooked or stored steamed or boiled crabs was noted (Morbid.
Mortal. Weekly Rept., 1978).

V. cholerae Group 01, Inaba serotype, was isolated from water
samples collected in Chesapeake Bay and from the Louisiana saltmarshes
and we are continuing to isolate \f. cholerae from these areas. Strains
isolated from Louisiana and Chesapeake Bay, along with clinical isolates
4808 and 718, are listed in Table 2. Methods employed for isolation,
characterization, and identification have been published (Colwell e_t al. ,
1977; Colwell and Kaper, 1979; Kaper e_t a^. , 1979). Confirmation of the
01 Inaba serotype was provided by Dr. R. Sakazaki, Tokyo, Japan, Dr.
A. Furniss, Maidstone, England, and Dr. D. Brenner, Center for Disease
Control, Atlanta, Georgia.

DNA/DNA homology studies have been done. For these studies, cul-
tures of V. cholerae were shaken for 16 hr at 37C in Brain Heart
Infusion (BHI) Broth (Difco Laboratories, Detroit, Michigan) with NaCl
added to a final concentration of 1%. DNA was prepared and purified
by a modification of the method of Marmur (1961). Percent guanine plus
cytosine (% G+C) (over-all) DNA base composition was determined by the
thermal denaturation method (Marmur and Doty, 1962; Mandel ejt a_̂ ., 1970).
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Measurement of reassociation was accomplished using the membrane filter
technique (Denhardt, 1966; Sriranganathan e_t a_̂ . , 1973; De Ley and
Tijtgat, 1970). in addition, DNA renaturation was measured optically
(Seidler and Mandel, 1971) and using S-l endonuclease (Crosa et al.,
1973).

With the exception of strains 718, a non-01 Vibrio sp. isolated from
a patient in Louisiana hospitalized with severe diarrhea and V-ll from
Chesapeake Bay, the strains isolated from Chesapeake Bay and the
Louisiana Bayous showed species level DNA/DNA homology with the El Tor
biotype of y_. cholerae (Table 3) . The phage typing and hemolytic reac-
tions, which differ from those of the epidemic strain of V. cholerae,
suggest that introduction of these strains by a cholera case or carrier
is highly improbable (J. Lee and C. Parker, personal communication). The
V. cholerae 01 Inaba strains, as well as several non-01 strains were
found to be enterotoxigenic, as measured by the rabbit ligated loop and
the Y-l assay (Kaper et. al_. , 1979) . Strain 718 was negative in both
tests. Strain 4808-78, isolated from a cholera patient in Louisiana,
was tested in the rabbit ileal loop assay. Two separate assays were
performed using 1 ml whole culture grown in BHI broth for 18-24 hr.
Both assays were positive with 1.2 and 0.92 ml fluid accumulation/cm
intestine, respectively. This strain also produced enterotoxin in sever-
al media detected at dilutions up to 1:256 of culture supernatants by
the Y-1 assay. Strain V69, isolated from a water sample collected in
Chesapeake Bay, gave positive reactions, 0.75, 0.75, and 1.0 ml/cm in
ligated rabbit loops and was toxic to Y-l adrenal cells at the 1:40
dilution.

Fifty-six strains of non-0 Group I V. cholerae isolated from a tank
and canal in the study area of Matlab Village and Dacca, Bangladesh were
examined for presence of plasmids by agarose gel electrophoretic assay.
The majority of the strains were examined by two procedures: 1) the
method of Meyers e_t al̂ . (1976) , in which DNA extracted from cleared
lysates is applied to the gels, and 2) a modification of the method of
Eckhart (1978) adapted to horizontal gel electrophoresis (J.W. Newland,
personal communication). The Eckhart method is a rapid procedure in
which cells are directly lysed in the gel slots. Good agreement was
obtained between the results of the two methods. CCC DNA was detected
in 16 strains (28%). Toxicity in the Y-adrenal cell assay was observed
for strains containing small molecular weight plasmids, but also in
strains in which plasmid DNA was not detected. In general, strains con-
taining large molecular weight plasmids did not show toxic activity.
However, strain BV93, a toxigenic V. cholerae strain, appears to
possess a large plasmid. The function of these plasmids in V. cholerae
is under investigation.

Recently Rondle et_ al_. (1978) presented the hypothesis that the
source of some cases of cholera might be effluent discharge from
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aircrafts. They point out that there is an apparent relationship
between distribution of isolated outbreaks of cholera and the major
airline routes. This hypothesis appears untenable since aircraft dis-
charge only washbasin effluent, with sewage held in chemical tanks.
y_. cholerae in wash basin effluents would be subjected to drying and to
lethal effects of ultra-violet irradiation. More important, however, is
the fact that the flight paths of regular airline services from
Calcutta, where cholera is endemic, to Europe cover the entire estuarine
and brackish water areas of those countries where sporadic cases of
cholera occur. The low incidence of cholera carriers on aircraft,
coupled with the dilution factor of cholera aerosols, make it unlikely
that this route of infection is a feasible explanation for the spread
of cholera. In fact, the link between disease and planes carrying
cholera-infected passengers is much less probable than that between the
natural habitation of V. cholerae in estuarine and brackish water areas
and occurrence of cholera when sanitation or proper food handling
practices are lacking, a view also expressed by Bashford ejt aJU (1979) .

As indicated above, V. cholerae has been isolated from water
samples collected in Chesapeake Bay and Louisiana in areas free of fecal
contamination, based on fecal coliform determinations. Similar results
were obtained by Bashford e_t aĴ . (1979) who isolated V. cholerae 01
from marshes in England. The association of Vibrio spp. with estuarine
and marine copepods (Sochard et_ a^., 1979) has been demonstrated. In-
terestingly, Nalin e_t a^. (1978) found that association with chitin
confers resistance to acid pH for V. cholerae. V. cholerae is, as other
brackish water, estuarine, and marine vibrios (Colwell, 1965), capable
of digesting chitin. The majority of the strains of V. cholerae
isolated from Chesapeake Bay were found to be capable of digesting
chitin (Kaper ert a^. , 1979) .

During March, 1979, samples of plankton, aquatic plants, water and
sediment were collected from canals near Matlab, Bangladesh and, in
late June, from stations throughout Chesapeake Bay. Enrichment in
alkaline peptone and, in general, other methods previously published
(Kaper et̂  alj., 1979) were employed. V. cholerae non-01 were isolated
in large numbers. Association with plankton was particularly noted,
both for the Bangladesh and Chesapeake Bay samples. In addition, five
strains of Group F Vibrios were also isolated from the plankton samples
collected in Chesapeake Bay during the June, 1979, cruise.

Plankton samples collected in Bangladesh were preserved in 1%
formalin immediately upon retrieval of the plankton net and brought to
the University of Maryland for examination by scanning electron
microscopy (SEM). Plankton samples from Chesapeake Bay were fixed in
gluteraldehyde solution on board ship and brought back to the labora-
tory for examination by SEM. Methods employed for SEM were essentially
as described by Zachary et al. (1978). A variety of planktonic forms
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were observed in the Bangladesh samples. See Figs. 1 and 2. Also,
bacteria were found associated with the plankton. See Fig. 3.
Bacteria attached to leaves of the aquatic plants were also observed.
See Fig. 4. Association of V. cholerae with plankton, both in canal
waters in Dacca, Bangladesh, and in Chesapeake Bay, appears to be a
significant factor in the ecology of this species, although a great
deal of work remains to be done before the questions of association
and of seasonality can be answered.

The phenetic, molecular genetic, and ecological data obtained to
date in our laboratory support the conclusion that V. cholerae is,
indeed, a component of the autochthonous flora of brackish water,
estuaries, and salt marshes of coastal area of the temperate zone.
Work is in progress to determine the basis of the commensal relation-
ship, if any, of V. cholerae and related vibrios to plankton species,
including larvae of Crustacea, as well as association of these micro-
organisms with adult shellfish (Sizemore et_ al_. , 1975) . Work in our
laboratory is now directed toward the hypothesis that the enterotoxin
may play a role in salt tolerance and osmoregulation in chitinaceous
plankton and shellfish of brackish and estuarine waters.

The epidemiology of cholera appears to be closely linked to the
microbial ecology of the environment, especially in the association of
V. cholerae with the macro- and micro-flora and fauna of coastal waters
and estuaries.

A more complete understanding of the epidemiology of cholera
requires recognition of the fact that V. cholerae occurs in the absence
of fecal contamination and that sporadic outbreaks can be expected in
coastal areas when proper food handling techniques are not used. Thus,
public health surveillance of these areas for V. cholerae, as well as
cholera-like disease, appears warranted, but should be done with an
understanding of the natural history of the microorganism and its
habitat.

SUMMARY

In the course of studies carried out at the University of Maryland
and in collaboration with the Cholera Research Laboratory in Dacca,
Bangladesh, isolations of Vibrio cholerae, including Vibrio cholerae 01,
from the estuarine and brackish water environments of Chesapeake Bay
and Louisiana have been accomplished. The isolates have proved, on the
basis of DNA/DNA hybridization, to be highly related to the type strain
of Vibrio cholerae ATCC 14033. From analyses of environmental vari-
ables, it has been found that salinity correlates with incidence of
Vibrio cholerae but that incidence of fecal coliforms was not correlated
with isolation of V. cholerae. Methods for isolation of Vibrio cholerae
from the environment require adaptation of methods used in clinical
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laboratories. However, isolation of V. cholerae requires an increased
awareness of its ecological role in the estuarine environment.

Production of enterotoxin has been tested and fluid accumulation
has been found in the rabbit ileal loop model. Both cytotoxin and
enterotoxin-like effects have been observed in Y-l adrenal cell assays.

The relationship between antibiotic resistance, enterotoxigenicity
and plasmid carriage in the environmental vibrios has been examined.
The plasmids observed are cryptic in function, and much more common in
the Bangladesh isolates. Correlation between toxigenicity and plasmid
carriage, if any, remains unclear.

The role of Vibrio cholerae in the natural environment is under
study. The chitinoclastic nature of these vibrios and of other estua-
rine and aquatic vibrios appears to be important in the aquatic
ecosystem. We conclude that V. cholerae is an autochthonous bacterial
species in the estuarine environment and that the incidence of Vibrio
cholerae requires an ecological explanation in order for epidemiological
controls to be effective.
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Tabla 1. Physical, chemical, and bacteriological data for Chesapeake Bay. Transect cruise, July 1977. Station numbers correspond to

those of Kaper et al. (1979).

Station

Trans-

parency

Teapera-

Salinity DO

<%») (»q/ll pH

Suspended

partlcu-

latea

(r.q/1)

Sail•onella
b

MPN

Colifora

HPNb

Fecal

col 1 fora
b

HPN

TVCC

(X 105)

Total

vibrio

species

V. parahae-

siolytlcus
b

MPN

V.

cholerae
d

HPN

Ui
ro
i 6

5

7

e

9

10

12

13

1.3

1.3

1.0

1.2

1.0

0.9

0.9

1.3

27.5

26.6

29.4

2B.2

26.5

29.2

27.B

27.0

9 . 9

io. e

8 . 2

7 . 8

6 . 7

7 . 6

B.O

B.O

9.1

5.0

12.5

10.3

6.2

7.5

6.7

0.1

7.5

7.2

6.B

e.o
6.9

6.4

6.4

6.3

12.2

7.6

12.4

7.8

10. B

19.2

34.6

12.4

< .03

< .03

< .03

< .03

< .03

.23

>24O.O

4.6

24

46

21

46

150

1100

110000

>24OOOO

< .3

4.3

< .3

.4

< 3

240

24000

46000

0.16

0.1

0.6

1.2

0.9

10.0

15.0

110.0

10

14

27

40

45

1500

3400

1200

9 .3

2 4 . 0

1 .5

2 4 . 0

24 .0

>24O.O

>240.0

4 6 . 0

0.7

1.5

0.4

0.4

] .5

46.0

0.7

0.3

Dissolved oxygen.

Most probable nuaibcr per 100 m\ of water.

C Total viable count per 1 al of water.

V. choleraa Boat probable muabar per 1 l i t e r of water.



Table 2. Biochemical, serological, and toxigenic characteristics of V. cholcrae isolates from Chesapeake
Bay* (Kaper, 1979).

Strain Source

V-2

V-3

V-«

V-5

V-10

V-ll

V-15

V-19

V-20

V-24

V-25

V-2«

V-29

V-31

V-3J

V-3J

V-M
V-J7

V-M

V-M

V-40

V-*l

V-42

V-43

V-44

V-48

V-50

V-51

V-52

V-53

V-54

V-55

V-56

V-57

V-5«

V-60

V-611

V-«2

V-63

V-64

V-45

Jones Falls

Jones Fall!

Jonti Falls

Jonti Falls

Jones Falls

Jonas Falls

Jonas Falls

Jonas Falls

Jones Falls

Jones Falls

Jones Falls

Jonas Falls

Jones Falls

Ft. McHenry

Ft. McHenry

Chester River

Chaster River

Chaster River

Chester River

Chester River

Chester River

Ft. McHenry

Colgate Creek

Colgat• Creek

Colgate Creek

Choptank River

Potosuc River

Patuxent River

Patuxent River

Patuxent River

J * M S River

Bay Bush Point

Bay Bush Point

Bay Bush Point

Eastern Bay

Ft. McHenry

Ft. McHenry

Hawkins Point

Hawkins Point

Hawkins Point

Hawkins Point

Date

9/76

9/76

9/76

9/76

9/76

9/76

9/76

9/76

9/76

9/76

9/76

9/76

9/76

4/77

4/77

5/77

5/77

5/77

5/77

6/77

6/77

6/77

6/77

6/77

6/77

6/77

6/77

6/77

6/77

6/77

6/77

7/77

7/77

7/77

7/77

7/7?

7/7?

7/77

7/77

7/77

7/77

Heiberg
group

II

I

1

I

II

V

V

V

V

V

V

V

V

II

II

V

II (I)

II

II

II

V

I

I

V

II

V

II

I

I

II

I

II

II

I

II

II

II

I

I

I

II

Serot yj>e
Smith

999

999

24

23

14

999

999

999

999

999

999

999

999

999

14

23

999

999

17

343

94

23

999

94

31

999

33

14

14

19

14

19

23

999

999

308

IS

333

333

37

31

Sakazaki

81

45

45

37

6

UK

UK

UK

UK

UK

UK

UK

UK

58

6

24

6

6

2

2

66

37

41

66

14

UK

12

6

6

23

6

23

37

39

10

54

28

49

37

27

2

- If)

- (+)

ND1

- ( + 1

- (•)

- (•>

- (•)

- (•)

- • < • )

- (•)

- (•)
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Tafele 2 (continued)

Strain

V-66

V-67

V-68

V-69

V-70

V-71

V-72

V-73

V-74

V-75

V-76

V-77

V-78

V-79

V-80

V-81

V-821

V-83

V-84

V-8S

V-M

V-»7

V-»8

V-99

V-90

V-91

V-92

*-93

V-94

V-9S

V-96

V-97

V-98

Source

Hawkins Point

Hawkins Point

Chester River

North Point

Bodkin Point

Eastern Bay

Magothy River

Hawkins Point

Chester River

North Point

North Point

Chester River

Chester River

Chester River

Chester River

Chester River

Chester River

Plankton filtrate

Chester River

Chester River

Chester River

Chester River

Chester River

Chester River

Chester River

St. Georges Island

St. Georges Island

St. Georges Island

St. Georges Island

Point Lookout

Ft. NcHenry Sed.

Ft. McHenry Sed.

Turkey Point

Date

7/77

7/77

7/77

7/77

7/77

7/77

7/77

7/77

7/77

7/77

7/77

9/77

9/77

9/77

10/77

10/77

10/77

10/77

10/77

12/77

1/78

1/78

1/78

1/78

3/78

6/78

6/78

6/78

6/78

6/78

8/7B

8/76

7/78

He i berg
group

II

I

I

I

II

I

I

I

I

I

II

II

II

II

II

I

I

I

II

I

I

I

I

I

II

II

II

I

II

II

I

I

V

(II)

(II)

(II)

(II)

(II)

(II)

Serotyp*!
Smith SakazaXi

999

94

104

333 0-1,

43

999

106

14

102

999

333

94

999

19

333

19

94

115

999

999

999

999

999

999

999

999

999

999

17

22

999

76

999

6

53

11

, Inaba

32

28

41

6

11

11

2

10

10

23

43

23

53

53

19

UK

UK

UK

2C

UK

UK

19

2B

49

2

6

38

38

41

Toxin

M

(*>

ND

ND

ND

ND

ND

ND

ND

ND

ND

Phaqe
rxn

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

- (••)

- !•>)

- (*)

man-

man-

man-

man-

man-

- ( • )

- (•)

All i io l t tea , unless otherwise noted, were positive for oxidase, lysine decarboxylase, ornithine decar-
boxylase, citrate utilization, indole production, gelatin hydrolysis, growth in 0% NaCl, p-galactosidase,
hesolyiii and fermentation of 9lucose and mannitol. All isolates were negative for arginine dihydrolase,
H S production, urease, and a.cid from arabinose, melibiose, rhamnose, sorbitol, inositol and a/nygdalin.

All strains were isolated from water sAJnples, unless otherwise noted.

Heiberg group I Indicates fermentation of both sucrose and majinose; group II indicates sucrose +,
Mnnose -j group V indicates sucrose -, nannose +. Numbers in parentheses ( ) indicate a discrepancy
between results obtained by Or. H. L. Smith, Jr., Vibrio Reference Laboratory, Philadelphia, and Dr. R.
SaXazaXi, National Institute of Health, Tokyo. Htiulti received from Sakazaki are noted in parentheses.
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Table 2. Footnotei (continued)

Strains were «erotyped by both serotyping schemes commonly used, i.e., the scheme of Dr. M. L. Smith, Jr.
and Dr. R. SaXazaki. Types "999" and "UK" indicate that the strain did not agglutinate ir> any antisera
currently available in the laboratories of Dr. Smith and Dr. Sakazaki, respectively.

Toxin essay using Y-l Adrenal cells. +4 • positive within 10 hours, + • positive within 24 hours,
(•) • weak positive within 24 hours, - « negative at 24 hours. Toxic response reported includes reaction of eytotoxin and enterotoxin

• • susceptible to MuXherjee type III phage. +• - susceptible to both type I and II.

*vog>ei-Proskauer rxn. Where two reactions are given, the first reaction is that obtained using the API 20
test strip and the second reaction (in parenthesis) is the result reported by Dr. SakazaXi.

Miscellaneous characteristics; Pig. • extracellular pigment produced; man- « mannitol not fermented.

ND • not determined.
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Table 3. Results of DNA hybridization of fresh isolates of 0 Group I and non 0 Group I vibrio cholerae

from U.S. Coastal areas with V. cholerae Biotype El Tor strain 14033.

V. cholerae
Serotype

DNA 2

Base Composition
{\ Guanine + Cytosine)

Hybridization

Optical
Renaturation

Membrane
Filter

SI
Cndonuclease

Biotype El Tor

ATCC 14033

ATCC 1403 5

(neotype strain)

CB V-373

CB v-69

CB V-40

CB V-43

CB V-48

CB V-35

CB V-98

CB V-ll

LA 4808-78

LA 6049-3

LA 718

01

01

999

01

94,

94,

999
23,

999

999

01

01

14.

, 6

66

66

, UK
24

, 41

, UK

Inaba

Inaba

a4

47.0,

48.0,

47.0,

46.1,

47.4,

47.8,

47.6,

47.0,

46.4,

46.8,

48.6,

46.4,

48.0

47.0

47.6

46.6

48.2

48.4

47.4

46.8

46.6

46.8

48.0

46.0

100

NO

84

96

ND

NO

ND

ND

ND

ND

96

ND

8

100

89

92

88

98

84

80

ND

74

35

95

88

12

100

NO

98

ND

75

75

ND

92

58

36

ND

ND

ND

See text for details of methods. Strain 14033 was obtained from the American Type Culture Collection

and is the proposed neotype for V_. cholerae biotype El Tor. ND = Not Done.

Results of two separate determinations.

CB = Chesapeake Bay isolates,- LA = Louisiana isolates.
First number given is from H. Smith,

second from R. Sakazaki.

Associated with severe diarrheal disease, but not identified as V. cholerae.
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Figure 1. scanning electron micrograph of plankton samples collected
in Dacca, Bangladesh, March, 1979. Magnification of the
upper micrograph is 1100X and of the lower 6,600X



Figure 2. Scanning electron micrograph of Bangladesh plankton samples.
Magnification of the upper micrograph is 3900X and the
lower, an enlargement of the area outlined in the upper,
is 2O,OO0X. Bacteria can be seen in the lower micrograph.
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Figure 3.
Plankton samples from Bangladesh. Magnification of the
upper micrograph is 700X and the lower, an enlargement of
the area outlined in the upper, is 4200X.

-59-



Figure 4. Aquatic plant leaf showing bacteria attached to the surface.
The plant was collected from a canal near Matlab, Bangladesh
in March, 1979. 10,000X.

-60-



1C©DR,B Library
Dacca—12

PROCEEDINGS OF THE

JOINT CONFERENCE ON CHOLERA

SPONSORED BY THE U.S.-JAPAN COOPERATIVE MEDICAL SCIENCE PROGRAM

MICROBIOLOGY AND INFECTIOUS DISEASES PROGRAM

NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES

NATIONAL INSTITUTES OF HEALTH

BETHESDA, MARYLAND

JULY 23, 24, 25, 1979

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service National Institutes of Health

NIH Publication No. 80-2003
February 1980

,


