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A total of 135 fecal samples were collected to characterize the 
waterfowls (whistling Swan) harbored in the Hakaluki Haor of Bangladesh in the year of 2008 and 2009. Out of 135 
fecal samples, 100 samples were distinguished as posi
biochemical and motility test. Amongst the recovered isolates only 38% were found upbeat to enterotoxin 
production propensity on mice inoculation test. Finally, out of 38 % enterotoxigenic E. coli (ETEC) positive isolates 
no any isolates found to be positive for the aptitude of heat stable (ST) toxin yield. So, the presence of ETEC in 
migratory waterfowls indicating the possibilities of them to act as vector and reservoir of E. coli to spread further 
infection to animals and humans. This work indicates the first time ETEC characterization from the migratory birds 
of Bangladesh.
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Introduction
Within the enterobacteriaceae family, 
leading species responsible for various types of 
diseases encountering in the lower portion of the 
intestine (Thompson, 2007) of human, warm blooded 
animals and birds (Pelczar et al., 1986). Different 
strains of E. coli are often host-specific, making it 
possible to determine the source of fecal 
contamination in environmental samples (Feng et al., 
2002). The potential for transport and dissemination of 
E. coli by migratory birds is of concern regarding drug 
resistance and public health (Damare et al., 1979). 
Migratory birds might be involved in dispersal of 
coli (Middleton and Ambrose, 2005) as their 
biological carriers, (Zdenek, 2004) may lead to
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A total of 135 fecal samples were collected to characterize the Escherichia coli isolates from the migratory 
waterfowls (whistling Swan) harbored in the Hakaluki Haor of Bangladesh in the year of 2008 and 2009. Out of 135 
fecal samples, 100 samples were distinguished as positive for isolates of Escherichia coli
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Within the enterobacteriaceae family, E. coli is the 
leading species responsible for various types of 
diseases encountering in the lower portion of the 
intestine (Thompson, 2007) of human, warm blooded 

1986). Different 
specific, making it 

possible to determine the source of fecal 
contamination in environmental samples (Feng et al., 
2002). The potential for transport and dissemination of 

ry birds is of concern regarding drug 
resistance and public health (Damare et al., 1979). 

might be involved in dispersal of E. 
(Middleton and Ambrose, 2005) as their 

Zdenek, 2004) may lead to

gastroenteritis, urinary tract infections
meningitis and in rare cases it  is also responsible for 
haemolytic-uremic syndrome (HUS)
mastitis, septicemia and Gram-negative 
human and other related hosts ( Todar, 2007). 
Migratory birds play a vital role for the transmission 
of diseases from one place to anothe
the host-species barrier (Hussong et al., 1979) leading 
to a notorious impacts on the ecosystem.

Enterotoxigenic E. coli (ETEC) strains are non
invasive, and they do not leave the intestinal lumen. 
ETEC is the leading bacterial cause of di
animals and commonly to children in the developing 
world, as well as the most common cause of 
diarrhea (Nataro and Kaper, 1998). Each year, ETEC 
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urinary tract infections, and neonatal
is also responsible for 

uremic syndrome (HUS), peritonitis, 
negative pneumonia to 

human and other related hosts ( Todar, 2007). 
Migratory birds play a vital role for the transmission 
of diseases from one place to another and may cross 

species barrier (Hussong et al., 1979) leading 
to a notorious impacts on the ecosystem.

(ETEC) strains are non-
invasive, and they do not leave the intestinal lumen. 
ETEC is the leading bacterial cause of diarrhea in 
animals and commonly to children in the developing 
world, as well as the most common cause of traveler's 

(Nataro and Kaper, 1998). Each year, ETEC 
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causes more than 200 million cases of diarrhea and 
380,000 deaths, mostly in children in developing 
countries (Qadri et al., 2005). ETEC produces two 
district enterotoxins: a high-molecular weight, 
immunogenic, heat labile toxin (LT) and/or a low-
molecular weight, non-immunogenic, heat stable toxin 
(ST) (Greenberg and Guerrant, 1981). Historically, 
zoonotic disease research has emphasized 
occupational or animal-origin food borne exposures. 
Although fecal contamination of raw food products in 
fields is an important source of zoonotic infection 
(Tauxe, 1997). Consequently, environmental 
reservoirs of microbes of public health importance and 
their epidemiological linkages on zoonoses need to be 
investigated.

In Bangladesh, there are many Haors, bills, lagoons, 
lakes, marshland etc. wherein various types of 
migratory birds harbor mainly during winter season. 
This research was conducted with a view to isolate and 
identify E. coli from the migratory whistling swan and 
to determine the toxin profile of that isolates to orient 
a future research module on their antibiogram profile, 
genetic linkages, transmission modes, mutational 
status etc.

Material and Methods
Isolation and identification of E. coli isolates : Fecal 
samples of whistling swans were collected from 
different scattered regions of Hakaluki Haor using 
sterile cotton buds and transferred the buds 
immediately into the sterile nutrient broth. The 
samples were kept in box, wrapped with ice and 
transferred immediately to the laboratory. Pure culture 
of E. coli was isolated using Eosin Methylene Blue 
(EMB) agar according to the methods described by 
Tsubokura et al., (1995). To identify the E. coli 
isolates the gross colony morphology produced on 
EMB agar, McConkey agar, SS agar etc. were 
observed. 

Grams staining and motility test using hanging drop 
method were also performed to observe the properties 
and traits of asking isolates according to the methods 
described by (Cowan, 1985). Then the isolates were 
subjected to different biochemical tests according to 
Merchant and Packer (1967) such as sugar 
fermentation test, Indole production test, Methyl-Red 
and Voges-Proskyer (MR-VP) test.

Determination of Toxin Profile : With the view to 
maintain the stock culture for each isolate Nutrient 
agar slants were used. Inoculation induced in the slant 
as streaking pattern and incubated at 370C for 24 
hours. Culture was kept at room temperature after 
overlaying with glycerol. Overnight cultures were 

centrifuged at 1200 rpm for 30 minutes and 
supernatants were poured into new vials and stored in 
room temperature after adding 5µg gentamicin 
(Gentipra R) in each vial. To detect the purity of the 
toxins, streaking of supernatant was applied on EMB 
agar and incubated at 370C for 24 hours. Forty 
numbers of 3 days old Swiss albino suckling mice 
were divided into two groups namely A and B 
consisting of twenty mice in each group. The mice of 
group A were administered orally with 3 �l of crude
culture supernatant containing enterotoxin using 
separate micropipette and were kept in incubation at 
370C for 24 hours to observe toxic effects. On the 
contrary, the mice of group B were kept as control in 
the same environment. Finally, the supernatant was 
used for detection of heat-stable (ST) toxin by Infant 
Mouse Assay (IMA) in case of those petridishes 
devoid of any colony formation

Detection of heat stable toxin by IMA : Nine number 
of day old Swiss albino suckling mice arranged in 
three groups consisting of three mice in individual 
group were also inoculated with crude culture 
supernatant at a volume of 0.2 ml and kept at room 
temperature for 4 hours. The abdomen was opened and 
the entire intestine was removed after sacrificing by 
cervical dislocation. The weight of the gut and the 
remaining carcass were taken separately for the 
interpretation of ST by inducing IMA according to 
Giannella, (1976) described the method of STs 
remarks as either positive (0.0700.085) or negative 
(< 0.070) after calculating the ratio of gut weight 
against remaining carcass weight for individual 
mouse. 

Embryo lethality assay : A total of ten randomly 
selected isolates subjected to chicken embryo lethality 
(ELA) test following the method disclosed by Gibbs et 
al., (2007) with a view to identify the presence of 
putative virulence factors and pathogenic potentials. 
The test isolates kept overnight in broth cultures and 
then washed in phosphate buffered saline (PBS) and 
inoculated into the allantoic cavity of ten (one embryo 
for one sample) 12 day-old embryonated chicken eggs 
(ECE) at a volume of 0.1 ml containing >200 colony 
forming unit (CFU). The ECE candled twice daily to 
count the death embryos up to 6 days of post 
inoculation. No any control test was performed 
regarding ELA due to lack of availability of repository
E. coli isolates yet from migratory birds in 
Bangladesh. The ELA result for test isolates was 
concluded on the basis of embryo mortality <10%, 10-
29% and >29% as avirulent, moderately virulent and 
virulent strain respectively (Wooley et al., 200).
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Results
Isolation and Identification of fecal E. coli isolates
The gross colony morphology on EMB agar, 
McConkey agar and S-S agar represented by 100 
samples out of 135 as yellow green metallic sheen, 
bright pink or red and pinkish colonies respectively. 
Similarly as before, 100 samples found as gram 
negative rod shaped isolates on Gram staining during 
microscopic examination. Motile traits observed in all 
positively found gram negative rod on Hanging drop 
motility test.

Biochemical characterization of the isolates
A series of biochemical tests selective for E. coli were 
performed with the suspected Gram-negative rod 
shaped isolates (100 culturally positive samples) and 
all the suspected isolates produced acid and gas due to 
the fermentation process in sugar fermentation test. All 

the isolates also showed Indole test positive (red ring), 
Methyl Red positive (bright red), Voges Proskauer test 
negative (colorless/ no change) and Citrate negative 
(no change/ green color). 

Enterotoxigenicity test
Enterotoxigenic E. coli (ETEC) isolates were detected 
based on mortality and survivability of 3 days old 
mice (n=40) during 24 hours of post inoculation. Out 
of 100 positive isolates, 38 (38%) E. coli was found to 
be positive for ETEC. 

Determination of STs toxin by IMA  
All the positive isolates showed IMA value with a 
range of 0.092 – 0.103 (Table 1) indicating that all 
isolates were found negative for ST in this study.

Table 1. Determination of STs toxin

Isolates
Crude culture supernatant (toxin) Gut weight : Carcass weight

Remarks
Quantity Route Incubation

Ranges of standard 
value

Ranges of 
obtained value

W. swan 0.1 ml Oral 4 hours 0.070 to 0.085 0.092 to 0.103 ST (- ve)

Embryo lethality assay
Out of ten embryos only two embryos died on 2nd day, 
three embryos died on 4th day and the remaining five 
embryos still alive on 6th day of post inoculation. A 
marked hemorrhage on skin and edema found on 
postmortem of died embryos on 2nd day. Some sort of 
petechial hemorrhage on skin also found on death 
embryos after 4 days post inoculation. Remaining 
twelve live embryos did not develop any remarkable 
lesions. So, in context of ELA out of 100 positive 
isolates; 20 % were virulent, 30% were moderately 
virulent and remaining 50% were avirulent isolates.

Discussion:
The findings of E. coli isolation and identification of 
this study is strongly similar with Dana et al., (2007); 
where they used swabs collected from Canada goose to 
inoculate in brain heart infusion broth (BHIB) and 
incubated overnight at 37°C. BHIB cultures were 
subsequently streaked for isolated colonies on 
MacConkey agar plates; 1 lactose-fermenting colony 
was selected from each goose sample that exhibited 
growth on agar. The microscopic traits belonged to the 
gram negative (- ve) short rod, single, pair or short 
chain which are the characteristic features of E. coli.
Damare et al., (1979) also isolated the E. coli from the 
gut of Canada geese (Branta canadensis) and whistling 
swans (Cygnus columbianus columbianus). Middleton 
and Ambrose (2005) also isolated the E. coli from 

fecal samples of Migratory Canada Geese (Branta 
Canadensis) showing the similar morphology. 
Tsubokura et al., (1995) also isolated 554 stains of 
Escherichia coli from feces of migratory watefowl, 
including whistling swans (Cygnus columbianus). On 
hanging drop method all isolates revealed motile traits 
as postulated by Buxton and Fraser, 1977; Jones, 1987).

Out of 135 fecal samples 74.07% found positive as E. 
coli  isolates in this research that is very identical with 
the result found by Aguirre et al., (1992). They 
recovered 54% E. coli isolates from adult black-bellied 
whistling ducks trapped at Laguna La Nacha, 
Tamaulipas, Mexico. Dawn et al., (2004) got 65.33% 
prevalence of E. coli (294 isolates out of 450 fecal 
samples) recovered from free living waterfowls through 
the zoological settings and their result is also similar to 
this study. On the other hand, Geoffrey et al., (2006) 
found one Escherichia coli O157 positive out of 231 
composite samples recovered from wild bird feces in 
southwest Scotland and noted the isolate as phage type 
21/28 and possessed vtx2, eaeA, and enterohemorrhagic 
E. coli hlyA genes. The prevalence of E. coli isolate in 
their study was very low (0.433%) in contrast to this 
study that might be due to using composite fecal 
samples in their study. Data on prevalence of E. coli
from migratory birds are not so available.

Out of 100 positive E. coli isolates the ETEC found as 
38% on enterotoxigenecity test in this study indicating 
the strong possibilities of occurrence of enterotoxocity 
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as traveler’s diarrhea to surrounding animals and 
humans especially to children. This finding is strongly 
agreed with Nataro and Kaper (1998) and Qadri et al., 
(2005) where they disclosed the common causal agent 
of infantile  and visitors’ diarrhea of third 
developing coutries as ETEC due to poor sanitation and 
no hygienic water. The sanitation and water condition 
around the Hakaluki Haor was absolutely awful. In this 
connection, some case studies of visitors’ diarrheal 
occurence demonstrated around the
during the sample collection of this study. This case 
occurrence extremely supported with the findings of 
ETEC of this study.

In aspect of ST, this result discloses similar finding with 
the Giannella, (1976), but he described that the ST 
production was optimal in Casamino Acids
extract media, but both Trypticase soy and brain heart 
infusion broths resulted in several false negative 
reactions. Gülhan et al., (2009) recovered 10 ETEC 
positive strains from gulls in Turkey, but they didn’t
any positive isolates for ST, indicating similar result 
with this work, though lethal toxin (LT) was not 
performed here.

On ELA, the virulent isolates demonstrated 
hemorrhages and edema on death embryos on 2 days 
post incubation, moderately virulent r
petechial hemorrhages, and avirulent isolates with no 
lesions; highly analogous with that described by Gibbs 
et al., (2003) in aspect of E. coli from the feces of 
Yellow-Headed Blackbirds (
xanthocephalus) in North Dakota. Gibbs and Wooley 
(2003) also compared the ELA with intravenous 
chicken challenge (ICC) method in case of chicken 
colibacillosis, that is not studied here due to devoid of 
any such occurrences in migratory birds examined. 
Montgomery et al., (2005), Wooley et al., (2000) and 
Nolan et al., (1992) also reported the virulent 
recovered from poultry tend to embryonic death and 
hemorrhagic skin lesions with edematous body of ECE 
of 24 hours post inoculation; that notify the similarities 
with this study. But, in case of migratory birds the data 
are not so available to compare the result of ELA of this 
study. So, it can be concluded that the Hakaluki Haor 
bears higher predisposition to spreading virulent 
infection to other animals and humans as well.

There are many such findings available in aspect of 
chicken rather than migratory waterfowls and 
particularly in Bangladesh there is no any past evidence 
of characterization and toxin profile of
recovered from migratory whistling swan. 
of this study will be act as a milestone in designing 
further study plan on molecular epidemiology related 
with that migratory waterfowls. So, further studies 
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