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Cattle and other ruminants are natural reservoir of sorbitol non–fermenting shiga toxin
producing Escherichia coli (SNF–STEC), and human beings can be infected through food chain.
Likewise, anti-microbial resistant strain of animal origin may be transmitted to human. The
objectives of this study were to determine the antimicrobial resistance profile of SNF–STEC
isolated from smallholdings cattle. A total of 57 SNF E. coli isolates were tested, of which 88%,
Key Words: STEC; Anti84% and 82% were sensitive to chloramphenicol, gentamicin and ciprofloxacin, respectively. All
microbials; Resistance; Plasmid
the isolates (100%) were resistant to penicillin, whereas, 53% were resistant to trimethoprim–
sulfamethoxazole. Among the 57 SNF E. coli, 28 were shiga toxin producing (carrying stx1 or stx2
gene) which exhibited the highest resistance (57%) against trimethoprim–sulfamethoxazole and
tetracycline, and the lowest (4%) against chloramphenicol. Of the Stx1 genotypic isolates, 60%
and 40% were resistant to trimethoprim–sulfamethoxazole and ampicillin, respectively. On the
other hand, 58% Stx2 genotypic isolates were resistant to tetracycline, whereas 44% both of hly
and eae genotypic isolates were resistant to trimethoprim–sulfamethoxazole. About 60% isolates
carrying all the three STEC virulent genes were resistant to ≥ 2 antimicrobials; among them one
isolate was resistant to six antimicrobials – ceftriaxone, nalidixic acid, ciprofloxacin,
tetracycline, doxycycline and trimethoprim–sulfamethoxazole. Isolates having no virulent gene,
but harboring 54.2 kb sized plasmid were resistant to tetracycline. sulfamethoxazole, ampicillin
and amoxicillin.
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INTRODUCTION
The gut of endotherms is home to very diverse type of Escherichia
coli. Among them shiga toxin producing E. coli (STEC) is major
concern for public health. Shiga like toxin is the principal
factors in the virulence of STEC (Acheson, 2000). There are two
major types of shiga toxin and are identified namely stx1 and stx2
(Paton and paton, 1998). Some members of this group are
unable to ferment sorbitol which are known as sorbitol non–
fermenting STEC. Of the sorbitol non–fermenting STEC, E. coli
O157 is the notorious serogroup causing hemolytic–uremic
syndrome (HUS) in humans (Karch et al. 1999; mead and
Griffin, 1998). Cattle and other ruminants are the primary
reservoir of STEC (Bettelheim, 2000) and these animals are the
principal sources for human infection. The emergence of STEC
as a global public health threat has been established since its
first outbreak in 1982 (Riley et al. 1983). Treatment of an
infectious disease like STEC by antimicrobials is questionable
because the lytic action of antimicrobials upon bacterial cell
may liberate shiga toxins from organism (Karch et al. 1986;
Walterspiel et al. 1992; Wong et al. 2000). But some studies
reported that early administration of antimicrobials in STEC
infection may inhibit the disease progression (Fukushima et al.
1999; Ikeda et al. 1999; Shiomi et al. 1999). But, the fear is in the
development of resistance of the organism against antimicrobial
agents. The phenomenon of antimicrobial resistance of a
bacterium can spread from one to another via transferable

plasmid (Winokur, 2001) if the resistance is due to plasmid
encoded resistance gene. Drug resistant strain can transmit
from animal to human through food channel.
In Bangladesh, use of antimicrobials as therapeutics and
growth promoter in food animals is very common and
extensive. The abuse of antimicrobials leads to inevitable
selection and spreading of resistance among gut commensals of
food animal that is threatening for human health (Witte, 1998).
In developed countries attention is paid to commercial dairy
farms but in developing countries maximum effort is given to
smallholdings cattle farm. The objective of this study was to
determine the antimicrobial resistance profile of sorbitol non–
fermenting shiga toxin producing E. coli isolated from
smallholdings cattle.
MATERIALS AND METHODS
A total of 57 sorbitol non–fermenting E. coli were collected from
a previous prevalence study (Islam, 2012). The organisms were
isolated from smallholdings cattle population in Bangladesh
from three randomLy selected districts. The samples were
collected from different age groups of smallholdings cattle.
All the sorbitol non–fermenting isolates were investigated
for their antimicrobial susceptibility profiles. Bauer–Kirby
disk–diffusion procedure (Bauer et al. 1966) was used on
Mueller–Hinton (MH) agar, prepared according to the
manufacturer’s instructions (Oxoid). A 0.5 McFarland
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standard was prepared by adding 0.5 mL of 1% (11.75g/L)
BaCl2.2H2O to 99.5mL of 1% (0.36N) H2SO4 (Carter and Cole,
1990). The panel of antibiotics used for the assays along with
the sizes of zone of inhibition of them to be considered as

“resistant (R)”, “intermediately resistant (I)” and “sensitive (S)”
against the tested isolates are shown in Table 1. These
characterizations were based on the recommendations from
Clinical and Laboratory Standards Institute (CLSI, 2007).

Table 1: Panel of antibiotics used, their concentrations and zone diameter interpretative standards for E. coli (CLSI, 2007)
Zone diameter, nearest
Manufacturer
Group of Antimicrobial
Disk
whole (mm)
Antimicrobial agents
agents
contents
Oxoid Ltd. Basingstoke,
R
I
S
Hampshire, England
Penicillin
Ampicillin
10 µg
≤ 13
14–16
≥ 17
Amoxicillin–clavulanic
β–lactamase inhibitor
20/10 µg
≤ 13
14–17
≥ 18
acid
combination
Cephems
Ceftriaxone
30 µg
≤ 13
14–20
≥ 21
Amino glycosides
Gentamicin
10 µg
≤ 12
13–14
≥ 15
Tetracycline
30 µg
≤ 11
12–14
≥ 15
Tetracycline
Doxycycline
30 µg
≤ 10
11–13
≥ 14
Fluoroquinolones
Ciprofloxacin
5 µg
≤ 15
16–20
≥ 21
Quinolones
Nalidixic acid
30 µg
≤ 13
14–18
≥ 19
Trimethoprim–
Folate pathway inhibitor
1.25/23.7 µg
≤10
11–15
≥ 16
sulfamethoxazole
Phenicoles
Chloramphenicol
30 µg
≤ 12
13–17
≥ 18
The isolates (Islam, 2012) having no virulent gene
(stx1/stx2/hly) but sorbitol non–fermenter were tested for their
plasmid content. Plasmid profiling was conducted by alkaline–
lysis method according to the protocol described by Kado and
Liu (1981) with minor modifications. One mL overnight shaking
culture grown in LB broth at 37°C was used for plasmid
isolation. The extracted plasmid DNA was subjected to
electrophoresis using 0.8% agarose (Sea Kem LE® agarose;
Lonza, Rockland, ME USA) gel in Tris–acetate–EDTA (TAE)
buffer at 120V for 3 hours at room temperature and
subsequently stained with ethidium bromide (10 µg/mL; E1510;
Sigma–Aldrich, USA). The gel picture was taken under UV–
transillumination using GelDoc EQ system with Quantity One®
(Version 4.2.1) software (Bio–Rad Laboratories, Hercules,
California, USA). Plasmids in E. coli 39R861 (Threlfall et al.
1986) and E. coli V517 (Macrina et al. 1978) were used as
references for standard plasmid sizes. The sizes of plasmids
were estimated by calculating the migration of plasmid

mobility relative to that of the reference plasmids (Rochelle et
al. 1985).
All data were entered into a spreadsheet programme
(Excel 2003, Microsoft Corporation) and analyzed by using
Stata 9.2 (Intercooled Stata 9.2, Stata Corp., College Station,
Texas, USA).
RESULTS
All the 57 sorbitol non–fermenting E. coli isolates were tested for
susceptibility to 11 different antimicrobial agents. The
frequencies of isolates showing sensitive, intermediately
resistant and resistant to the antimicrobials tested are shown in
Figure 1. Of the tested isolates 88%, 84% and 82% were
sensitive to chloramphenicol, gentamicin and ciprofloxacin,
respectively; 100% isolates were resistant to penicillin, and 53%
to trimethoprim–sulfamethoxazole.
.

Figure 1: Frequencies of
isolates showing sensitive;
intermediately resistant and
resistant to the antimicrobials
tested

S, I, R = proportional representations of sensitive, intermediately–resistant and resistant isolates, respectively, against the
antimicrobials tested; AML; Amoxycillin; CRO, Ceftriaxone; NA, Nalidixic Acid; CIP; Ciprofloxacin; TE; Tetracyclin;
AMP,Ampicillin; P, Penicillin; DOC; Doxycycline; SXT, Sulfamethoxazole–Trimethoprim; CN, Gentamicin; C, Chloramphenicol
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Table 2 :Frequency of anti-microbial resistance in relation to presence of virulent gene (n = 57)
No. resistant isolates (%)
Antimicrobial
discs

Stx1

Stx2

Stx1/Stx2

hly

eae

stx1/stx2/hly/eae

(n = 5)

(n = 26)

(n = 28)

(n = 16)

(n = 25)

(n = 36)

1 (20%)
1 (20%)
1 (20%)
1 (20%)
1 (20%)
2 (40%)

8 (31%)
2 (7%)
4 (15%)
2 (7%)
15 (58%)
9 (35%)

10 (36%)
3 (11%)
6 (21%)
3 (11%)
16 (57%)
11 (39%)

5 (31%)
2 (13%)
2 (13%)
1 (6%)
3 (19%)
5 (31%)

P

5 (100%)

26 (100%)

28 (100%)

16 (100%)

DOC
SXT
CN
C

1 (20%)
3 (60%)
2 (40%)
0 (0%)

3 (12%)
14 (54%)
5 (19%)
0 (0%)

4 (14%)
16 (57%)
7 (25%)
1 (4%)

1 (6%)
7 (44%)
3 (19%)
0 (0%)

8 (32%)
3 (12%)
4 (16%)
2 (8%)
9 (36%)
9 (36%)
25
(100%)
3 (12%)
11 (44%)
5 (20%)
1 (4%)

11 (31%)
3 (8%)
6 (17%)
2 (6%)
16 (44)
11 (31%)
36 (100%)

21 (100%)

3 (8%)
17 (47%)
6 (17%)
1 (3%)

5 (24%)
13 (62%)
3 (14%)
1 (5%)
Figure 2: Frequency distributions of the isolates showing different zones of inhibition to 11 antimicrobials tested (zone diameter
in millimeter)

AML
CRO
NA
CIP
TE
AMP

Without
virulent
gene
(n = 21)
12 (57%)
4 (19%)
6 (29%)
2 (9%)
10 (48%)
12 (57%)
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Figure 3: Plasmid profiles of the 7 selected sorbitol non
fermenting E. coli isolates lacking any of the three virulent
genes (stx1/stx2/hly). Lane 1, plasmid size standards from E.
coli strain V517 (54 kb, 7.4 kb, 5.6 kb, 5.1 kb, 4.4 kb, 3.3 kb,
2.7 kb and 2.1 kb plasmids); Lane 2, E. coli 39R861 (147 kb, 63
kb, 36 kb and 7 kb plasmids); Lanes 3– 9; 7 selected E. coli
isolates
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Different gene
combination
(No. of isolate)
stx1 (n = 5)
stx2 (n = 26)
stx1/stx2 (n = 28)
hly (n = 16)
stx1,stx2,hly (n = 3)
stx1/stx2/hly (n = 31)
none (n = 26)
overall (n = 57)

No. of MDR
isolates

60%
62%
69%
56%
67%
61%
58%
60%

Table 3: Multi-drug resistance (MDR)
profile of sorbitol non–fermenting E.
coli isolates containing different
combination of virulent gene

Figure 4: Multi-drug resistance
profile of sorbitol non–fermenting E.
coli

3
16
18
9
2
19
15
34

Percentage
(%)

The frequencies at which different zones of inhibition to 11
different antimicrobials tested are displayed in Figure 2. The
Stx1, Stx2 and hly genotypic isolates’ susceptibility profiles are
demonstrated in Table 2. Among 28 shiga toxin producing E. coli
isolates (carrying stx1 and/or stx2 gene), the highest resistance
(57%) was found against trimethoprim–sulfamethoxazole and
tetracycline, and the lowest resistance (4%) was against
chloramphenicol. Of the Stx1 genotypic isolates 60% and 40%
were resistant to trimethoprim–sulfamethoxazole and

ampicillin, respectively; 58% Stx2 genotypic isolates were
resistant to tetracycline, whereas 44% both of hly and eae
genotypic isolates were resistant to trimethoprim–
sulfamethoxazole
About 60% isolates carrying all the three EHEC O157
virulent genes were resistant to ≥ 2 antimicrobials; among them
one isolate was resistant to six antimicrobials – ceftriaxone,
nalidixic acid, ciprofloxacin, tetracycline, doxycycline and
trimethoprim–sulfamethoxazole. Isolates having no virulent
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gene, but harbouring 54.2 kb sized plasmid were resistant to
tetracycline, sulfamethoxazole, ampicillin and amoxicillin.
All the seven isolates had a >54.2 kb size plasmid (Figure
3). Six isolates contained ≥ 1– <3 plasmids. Four of the isolates
contained very large plasmid of 147 kb size in addition to other
smaller plasmid(s). Other isolates contained a plasmid of 95 kb
size. Only 17 sorbitol non–fermenting isolates was showing no
resistance to any of the 11 antimicrobials tested and 14 isolates
were resistant to one or two antimicrobials. On the other hand
23 isolates (40%) were resistant to more than two
antimicrobial agents (Figure 4). A variable level of multidrug
resistant profile was found in the isolates containing different
combination of virulent gene (Table 3).
DISCUSSION
There exist a paucity of information on the antimicrobial
resistance profile of sorbitol non–fermenting E. coli isolated
from smallholdings cattle. Identification of drug resistant
sorbitol non–fermenting shiga toxin producing E. coli in
smallholder’s cattle might have potential public health impacts
owing to smallholders’ closer contacts with their cattle. It is
thinkable that antimicrobial resistant microorganisms may be
transmitted from food animal to human beings through several
channels including food chain, direct exchange through
professional exposure, or from animal production surroundings
(Van den Bogaard and Stobberingh, 1999; Witte, 1998).
In this study, majority of isolates showing resistance to
antimicrobials tested were diverse based on the variable
numbers of antimicrobials against which they showed
resistance. However, the present study observed a high
prevalence of resistant isolates to sulfamethoxazole,
tetracycline and ampicillin, an agreement with some previous
reports (Galland et al., 2001; Meng et al., 1998; Zhao et al.,
2001). Obviously penicillin was resistant to all isolates tested
which is a normal phenomenon of Gram negative bacteria.
Because antimicrobial–resistant bacteria from food animals may
colonize in humans and smallholders’ contacts with their cattle
heads are close and more frequent therefore such antimicrobial
resistant strains might have more zoonotic consequences.
Interestingly, a small percentage of the tested isolates were
resistant to ceftriaxone, chloramphenicol, and nalidixic acid.
These antibiotics are not commonly used to treat any bacterial
diseases of smallholders’ cattle in the study areas; consequently,
why a few isolates were resistant to them is hard to explain
from this study. But one possibility is that ceftriaxone and
nalidixic acid resistant bacteria from human have colonized
smallholdings cattle via environmental cross–contamination.
However, coselection via genetic linkage of resistance
determinants may have a significant contribution in the
development of resistance (Zhanel et al. 1995).
Isolates lacking Stx1/Stx2/hly gene, but harbouring 54.2 kb
sized plasmid were resistant to tetracycline, sulfamethoxazole,
ampicillin and amoxicillin, suggesting that such resistance
might be plasmid–borne (Winokur, 2001). There is common
perception; antibiotic is generally used in commercial dairy
farm where infectious disease is more prevailed compared to
smallholder’s cattle. However, in this study it was shown that
antibiotic resistant bacteria were isolated from smallholder
farm indicating random uses of antibiotic or it might be cross
infection from the environment shed by commercial dairy farm.
Therefore, awareness against random uses of antibiotic in food
animals should be strengthened in commercial as well as
smallholder farm.
CONCLUSION
The antimicrobial resistance profiles of the isolated organisms
to the 11 antimicrobials tested are varied. There was also

evidence to multidrug resistance of E. coli Isolated from
smallholding’s cattle. This result is more significant and
alarming for public health if the organism colonizes to human
body from animal.
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