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Abstract
For a period of one year (March 1987 to February 1988), the incidence
of Escherichiacoli was determined in water, sediment and plankton collected from two
sampling sites in a freshwater lake extensively used by humans and animals. Densities of E. coli associated with plankton was the lowest while sediments, especially at site
2, harbored high densities of the organism. Correlation coefficients revealed that
the density of E. coli in water samples was linearly correlated to temperature, pH of
water, sediment and humidity. Stepwise multiple regression analysis, however,
showed that sediment temperature was the dominant variable which could explain
27% of the observed variation in the numbers of E. coli in the overlying waters (p =
Of the 150 environmental E. coli strains which were characterized, 31
＜ 0.001).
(20.7%) were found to belong to the classic enteropathogenic E. coli (EPEC) serogroups. Seven of the serogroups among the environmental EPEC strains were also
encountered from EPEC strains isolated from human cases during a concurrent
clinical study. None of the 150 environmental strains were enterotoxigenic or
enteroinvasive but 4 strains possessed HEp-2 cell adhesive factor. With the exception of one, all the EPEC strains isolated were multi-drug resistant. From this study,
it was evident that the lake is an important source of infection of EPEC and other
related diarrheagenic E. coli.

Escherichia coli constitutes the normal microflora of human and animal intestine
and plays an important role in maintaining the intestinal physiology (7). However,
within this species, there are fully pathogenic strains that cause distinct syndromes of
diarrheal disease. Currently, diarrheagenic E. coli are classified into five main
categories, namely, enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC),
enteroinvasive E. coli (EIEC), enterohemorrhagic E. coli (EHEC), and enteroadherent E. coli (EAEC) (23). While a distinct mechanism of action has been
shown to be associated with ETEC, EIEC, EHEC, and EAEC, the EPEC encompass
a group of E. coli belonging to a restricted range of serogroups which have been
implicated as causes of epidemic infantile enteritis (14). The diarrheagenic mechanism(s) of this group is uncertain (32) and/or multifactorial (20).
Due to the lack of adequate filtered water, aquatic bodies like ponds and lakes
in Calcutta are widely used by the local population for a variety of purposes. Since
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1982, we have initiated a comprehensive research program to study the spatial and
temporal variations in populations of enteric microorganisms in the aquatic environs
of Calcutta (28, 34), an area which is endemic for diarrhea! disease and often referred to as the traditional home of cholera.
In these investigations, a lot of emphasis has been placed on the individual environmental isolate and on as to how and
why they differ from their clinical counterparts
(26, 28).
No detailed investigations have been conducted on the prevalence of diarrheagenie E. coli in the environs of Calcutta.
Previous studies were related to assessment
of water quality using total and fecal coliforms as indicator organisms.
Considering
the above, it was decided to specifically ennumerate E. coli in the present investigation to determine the temporal variations of this organism in a lacustrine environment
heavily influenced by human and animal activities.
Subspecific differentiation
of
the pathogenic isolates from the commensals was then determined on the basis of
their phenotypes.
MATERIALS
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collected from the Meteorological Office, Alipore, Calcutta.
Bacteriological methods'. Viable aerobic, heterotrophic
counts
determined on nutrient agar (Difco) without added sodium chloride

(TVC) were
by the spread

plate technique (28). The plates were incubated at room temperature
for 48 hr
before colonies were counted.
The method used for enumeration of E. coli was the
three tube most-probable-number
(MPN) procedure described by Kaper (18).
Appropriate decimal dilutions of homogenized plankton, water and sediment were
serially prepared to cover a dilution range between 1 and 10 6 using sterilized water
sample from the collection area as diluent.
MacConkey broth (Difco) containing an
inverted Durham's tube was used as the enrichment medium.
After incubation for 18 to 20 hr at 37 C, the enrichment broth cultures which
showed both acid and gas production were plated on MacConkey agar (Difco) and
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incubated for 24 hr at 37 C. rfypical colonies (flat lactose positive with entire
periphery) were picked and inoculated into triple sugar iron (TSI, Difco) slant and
incubated overnight at 37 C. Strains exhibiting an acid/acid reaction and gas
production were presumptively identified as E. coli. Using the IMViC tests, strains
which gave the characteristic + + - reactions were further confirmed by previously published protocol (9). MEN values of samples yielding confirmed isolates
of E. coli were determined by using the appropriate formula (3). The E. coli strains
recovered were stored in nutrient agar (Difco) as stabs for further characterization.
Characterization of representativeenvironmentalisolates; Serogrouping. During the
period of investigation, a total of 800 isolates of E. coli were recovered from the two
sampling sites. EPEC serogrouping was performed on all environmental E. coli
isolates using commercially prepared antisera [poly-21026: K60, 055: K59, O111:
K58, O119: K69, O126: K71; poly-31O86: K61, O114: K90, O125: K70, O127:
K63, O128: K67; po1y-41O18c:K77, O44: K74, O112: K66, O124: K72, O142:
K86 (Wellcome Reagents Limited, Beckenham, U.K.) by the slide agglutination
test. The results were confirmed by performing tube agglutination with heat-killed
bacterial suspension.
Toxin assays.All the EPEC isolates and 119 randomly selected non-EPEC strains
were tested for production of heat-labile enterotoxins (LT) and heat-stable enterotoxins (ST) and also for production of verocytotoxins (VT). LT production was
examined by the Biken test (16) using commercially available reagents (Meguro
Instit. Col., Japan) while the suckling mouse assay (6) was used for detection of ST.
The Verocell assays was used for detection of VT following the procedure of Konowalchuk et al (19).
Detectionof HEp-2 cell adhesivefactor. EPEC and non-EPEC isolates were examined for enteroadherence property on HEp-2 cells using the procedure detailed
elsewhere (5).
Detectionof invasivefactor. The Sereny test (37) was performed to detect the
invasive phenotype of selected 15 strains which included O124 (4 strains), O112
(5 strains), O26 (2 strains), O18c (2 strains) and O128 (2 strains). In the Sereny
test, Shigelladysenteriaetype I was used as the positive control and sterile saline as the
negative control.
Studypopulationand isolation of clinical E. coli. During the period of the environmental study, a concurrent clinical investigation was carried out in which a total of
218 acute diarrheic infants of 0-6 months age-group, admitted to the Dr. B.C. Roy
Memorial Hospital for Children, Calcutta, were investigated. Age, sex, and
clinical history of each patient were recorded in a standard proforma. On admission, fresh stool samples were collected and were processed for the identification and
isolation of E. coli and other bacterial, parasitic, and viral enteropathogens following
standard procedures (36). Fecal samples were plated onto MacConkey agar and
incubated for 24 hr at 37 C. After incubation, characteristic lactose fermenting
colonies were picked up and were further characterized as described earlier.
Antibiotic sensitivity testing. Antibiotic sensitivity patterns of the EPEC and
EAEC isolates were determined by the single disc diffusion method of Bauer et al (2).
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The antibiotic discs (Span Diagnostics, Lidhna, India) used with the concentration
are given in Table 5. Strains with intermediate resistance to an antibiotic were
classified as resistant to that antibiotic.
Statistical analyses. Relationship between the densities of E. coli in the three
heterotrophic niches at both the sites and the environmental parameters were
evaluated by generating a correlation coefficient matrix on a WIPRO micro computer (IBM compatible) using an SPSS package version 3.
RESULTS

The mean and range of variations for each of the various physico-chemical
parameters and for TVC at the two sampling sites are shown in Table 1. For
hitherto unknown reasons, eutrophic conditions as reflected by alkaline pH values of
above 9 in the water samples prevailed at both sites during May and September ,
1987. Corresponding sediment pH values during the same period were , however,
much lower. Seasonal variations in dissolved oxygen concentrations and turbidity
were not very striking and did not follow readily discernible patterns. Fluctuations
in dissolved organic matter, at both sites, showed a bimodal pattern with peaks in
May and November, 1987. Highest rainfall (203 mm) was observed in the month
of August 1987. Variations in TVC did not follow a defined seasonal trend at the
two sites, with no discernible interrelationships between TVC peaks in plankton;
water and sediment.
Seasonal incidence and counts of E. coli associated during the year-long study
in plankton, water and sediment is depicted in Table 2. Desities of E. coli associated
with plankton were the lowest as compared to the other two heterotrophic niches while
sediments harbored higher densities of the organism. What was important, however, was that E. coli could be isolated from water and sediment throughout the year.
Pronounced seasonal pulses in E. coli counts were not discernible although the counts
of the organism showed a discernible decline in the winter months, with an exception of the E. coli density in sediment at site 1.
Correlation coefficients computed between concentrations of E. coli and other
physico-chemical parameters (Table 3) indicate that the density of E. coli in water
samples was linearly correlated to temperature and pH of water and sediment and
to humidity. In contrast, no statistical significance between the environmental
variables and the densities of E. coli in sediments or plankton was discernible . The
effect of each of the factors in the presence of the others was evaluated using the
stepwise multiple regression analysis. This essentially showed that a single variable ,
i.e., sediment temperature, explained as much as 27% of the observed variation in
the numbers of E. coli found in the overlying waters (R2=0.26679; F=15 .28; P=
<0.001).
The variance contribution due to other variables was not substantial.
Of the 150 strains examined, 31 (20.7%) were found to belong to one or the
other of the classical EPEC serogroups of E. coli (Table 4). The concurrent clinical
study afforded us an opportunity to compare the serogroups of EPEC isolated from
human cases and those isolated from the environment during the same period of time
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(Table 4). The dominant clinical EPEC serogroup (0128: K67) was also one
among the most prevalent serogroups in the environment. The other dominant
environmental EPEC serogroups (018c: K77 and 0112: K66) were, however, not
detected among cases. Of the 11 different serogroups detected from EPEC strains
of clinical origin, 7 could also be recovered from the environment.
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Distribution
of the various EPEC serogroups among plankton, water and
sediment is shown in Fig. 2. There were 16 sediment isolates belonging to 7 serogroups, 7 water isolates belonging to 6 serogroups, and 7 plankton isolates belonging
to 3 serogroups.
Water isolates showed the greatest serological diversity.
No
dominance of any single serogroup during a particular season was evident.
However, serotypability
of the strains on a seasonal basis was highest during summer
months and progressively declined with the approach of the post-monsoon and
winter months.
None of the 150 representative
E. colt strains from the environment produced
LT, ST or VT or caused keratocoMunctivitis
in the guinea-pig eye model, indicating
that none of the strains were enterotoxigenic, cytotoxin producers or enteroinvasive.
Only four of the 150 E. coli isolates were found to be enteroadherent.
Two strains
belonging to the EPEC serogroups (0127: K63 and 026: K60) and two other untypable strains exhibited diffuse adherence pattern (Fig. 3) on HEp-2 cell line indicating
that these untypable isolates belong to the enteroadherent
group of E. coli (EAEC).
The frequencies of resistance of the 31 EPEC isolates to individual antibiotics
is given in Table 5. The most commonly found resistance was to tetracycline fol-
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lowed by streptomycin, carbenicillin,
cephalothin and ampicillin, in that order.
With the exception of a single isolate, all the other EPEC strains were multiply resistant (Table 6). In all, a total of 7 antibiograms were recorded in this study with
more than one-third of the EPEC isolates exhibiting resistance to as many as five
antibiotics.
DISCUSSION

During a major part of the study, counts of E. coli in sediments were higher than
in the overlying waters at Site 2 as compared to Site 1. Site 2 is located near the
middle of the lake and the waters here are more placid than at Site 1, which is a
public bathing spot and where constant human activity would have contributed to
the resuspension of the bottom sediments resulting in higher numbers of E. coli in
the waters at this site. On the whole, the isolation of higher numbers of E. coli from
sediments suggests that these allochthonous microorganisms
survive better in sediments.
Several previous investigations have documented
prolonged survival of
enteric bacteria (15, 42) and enteric viruses (12) in bottom sediments.
In fact, it
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has been shown that certain strains of Salmonellaand Shigellacan metabolize substrates
present in aqueous extracts of bottom sediments at 24 C or below (15). A positive
correlation between the MPN counts of E. coliin water and the sediment temperature
and pH reiterates the impact of sediment E. coli population on the numbers of the
same in the overlying waters. The observed increase in the numbers of E. coli in
the overlying waters may be due to desorption of bacteria from the sediments as a
result of alkaline pH and increasing temperature. Roper and Marshal (33) have
shown that E. coli remained firmly adsorbed to saline sediments but was rapidly
desorbed after dilution of the electrolytes below a critical concentration.
Studies on adsorption of F. parahaemolyticusand other bacterial species onto
chitin and copepods have clearly demonstrated that E. coli do not adsorb to chitin
(17). We, nevertheless, sampled planktonic organisms from the two sites to determine the association of E. coli if any, with plankton in an environment which
is heavily exposed to human and animal activities. The results show that the
numbers of E. coli associated with planktonic organisms were much lower than water
and sediment, a clear indication that the planktonic substrate is not utilized by E. coli
as a nutrient source. Unlike the vibrios, the association of E. coli with planktonic
organisms is transient and non-specific.
EPEC is an important cause of infantile epidemic diarrhea and is also a likely
cause of endemic diarrhea (4, 30). In the present investigation, 20.6% of the 150
environmental E. coil isolates examined belonged to the classic EPEC serogroups,
which by any standard is extremely high. Previous reports indicate that only
1 to 5%of all the fecal coliforms recovered from recreational waters could be identified serologically as EPEC (11). The most notable feature of the epidemiology of
EPEC diarrheal disease is its predilection in nature for very young infants, usually
less than six months of age (22). Two recent consecutive investigations in Calcutta
have clearly documented that EPEC is the dominant cause of diarrhea among hospitalized patients below 5 years old (35, 36). The presence of such high densities
of EPEC in the lake may not pose a health risk to the adult population who use the
lake waters for various purposes. The adults, however , would include mothers and
handlers of infants who could serve as the source of infection. Indeed , it has been
documented that asymptomatic adult carriers are involved in the direct or indirect
transmission of infection to infants of EPEC-related diarrheas (31, 40, 41) .
Matching serogroups between clinical and environmental EPEC isolates is a
disturbing finding indicating that some of the environmental EPEC isolates are the
source of infection. This is especially valid in the present situation because the
children's hospital from which the clinical specimens arrived is located close to the
lake (less than 2 km). In all probability, infants suffering from an episode of acute
diarrhea residing in the immediate vicinity of the lake would be admitted to this
hospital. While it is not a practice to bathe the infants in the lake, there are several
routes like washed clothes, towels, etc., by which the adult handler can infect an
infant. Even within the relatively clean confines of hospitals, it has been amply
documented that EPEC-related diarrheas could assume epidemic proportions if
adequate care is not taken (24).
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We were unable to detect any LT, ST or VT producing environmental E. coil
isolates, which is not surprising. Reduced virulence has been demonstrated for
various waterborne pathogens including ETEC, Yersinia enterocolitica,Salmonella
typhimurium,and Shigella spp. following sublethal aquatic injury (21, 38, 39, 43).
According to Walsh and Bissonnette (44) the sites involved in the processing, synthesis
and release of LT by ETEC may be affected when these organisms are exposed to
extraenteral habitats that can cause injury to the organisms. None of the environmental E. coli strains were enteroinvasive. Four EPEC strains isolated in this study,
however, belonged to the serogroup 0124, which are allegedly enteroinvasive but
proved to be non-invasive in our study. Moyenuddin and Rahman (25) have
similarly isolated non-invasive EPEC strains belonging to 0124 from hospitalized
children in Bangladesh. HEp-2 cell adhesive factor is believed to be one of the
pathogenic attributes associated with some EPEC strains (8). Two of the isolates
with the serological specificity of EPEC in this study were positive for HEp-2 adhesive
factor. 11w diffuse pattern of adherence of the two EPEC and the two untypable
isolates is reportedly (32) shown by some uncommon EPEC serogroups as well as by
ETEC, enteroinvasive E. coli and uropathogenic strains.
The high frequency of resistance to some of the common antibiotics and the
multi-drug resistance of the environmental EPECs are a cause of major concern.
The absolute resistance to tetracycline is not surprising considering the widespread
and arbitrary use of this drug in clinical practice in this part of the country. Almost
comparable frequencies of resistance to individual antibiotics in indicator bacteria
from hospital and domestic sewage have been documented (10, 13). Increased
overall resistance to streptomycin, carbenicillin, cephalothin and arnpicillin reflects
the widespread use of these drugs in human medicine.
The alarming antibiograms, the high numbers of EPEC in the lacustrine milieu,
and matching serogroups between clinical and environmental EPECs suggest that
an aquatic body subjected to human and animal abuse could serve as an important
source of infection and also as a reservoir of EPEC and other related diarrheagenic
E. coll. In striking contrast, we have not been able to establish such a clear association in the case of F. cholerae and F. parahaemolvticus in the same environs of
Calcutta despite very intensive investigations (26 -28). Our inability to detect the
enteropathogenic vibrios, particularly the 01 serovar of V. cholerae,may be because
vibrios are autochthonous to the aquatic system while E. coli like Salmonella and
S'Irigellaare allochthonous to these water bodies. In the case of autochthonous
organisms, searching for the enteropathogenic isolates would be like looking for the
proverbial "needle in the haystack- since the enteropathogenic strains would be
one among the millions of innocuous vibrios present naturally in the environment.
Efforts in the next few years should be invested in developing methods which could
selectively and specifically be able to detect the elusive enteropathogens in natural
environs. Such an approach would allow us to understand, in greater detail, the
exact extent of the problem posed by enteropathogens that have strayed into the
environment.
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