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ABSTRACT

Background: Healthcare effluent acts as the store house of harmful infectious agents such as the
pathogens and microorganisms possessing multiple drug resistant genes. Potential health risk includes
spreading of diseases by these pathogens and wide dissemination of antimicrobial resistance genes.
Gram-negative bacteria are particularly important for causing most of the hospital and community
acquired infections. Aim: This study was carried out to highlight the incidence of antibiotic resistant
bacteria in hospital generated effluent discharged into municipal sewage system of Sylhet city,
Bangladesh. Methodology: Standard biochemical tests were used to isolate and identify 29 gram
negative bacteria from 6 effluent samples. Antibiotic susceptibility test was assessed by Kirby-Bauer
disc diffusion method. Plasmid isolation and gel electrophoresis were performed using standard
protocols. Results: Antibiogram study showed that the percentage of isolates resistant to amoxicillin,
ceftriaxone, ciprofloxacin, gentamicin, imipenem, azithromycin, andsulphamethoxazole-trimethoprim
were 93.10%, 55.17%, 27.6%, 24.14%, 20.7%, 13.8% and 10.34% respectively. Ten of the isolates
showed resistance to three or more commonly used antibiotics. Plasmid profiles of the multi-drug
resistant isolates showed to harbor two or more plasmids and almost all of them showed a common band
for plasmid DNA size of 24.5kb. Conclusion: Resistance to the bacterial pathogens causing community
acquired infections may, thus, exert a serious public health threat through confining the antibiotic pool.
Hospitals should follow, monitor and regulate proper sanitary measures of hospital generated effluents
to forestall the dissemination of multi drug resistant bacteria transfer from hospital waste to the
environment.
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INTRODUCTION

Waste effluent from hospitals and clinics contain
high numbers of resistant bacterial strains and
residual antibiotics at a concentration to which

susceptible bacterial growth is inhibited.1 One
study by Schwartz et. al.,2 has evaluated the
microbiological content of hospital and
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household waste quantitatively and qualitatively
and found that general hospital waste contains
bacteria with pathogenic potentials for humans
compared to household waste.2 Grabow and
Prozesky3 showed that two mechanisms,
introduction and selection for resistant bacteria
results in increased number of resistant bacteria
in the sewers where hospital effluents are
immediately discharged3. Excretion mechanism
is responsible for the addition of a significant
amount of un-metabolized antibiotics.4 Longterm exposure of microorganisms to low
concentrations of antibiotics in wastewater and
surface water has the potential for the
development of antibiotic resistance, which was
reported by Smith et. al.,5 If the hospital effluents
are not treated, concentrated forms of infectious
agents and antibiotic resistant microbes are shed
into communities resulting in water borne
diseases such as cholera, typhoid fever,
dysentery and gastroenteritis.6 Grabow and
Prozesky stated that, although, sewage treatment
reduces the number of bacteria in wastewater but
the effluent generally contains a large number of
both resistant and susceptible bacteria3.
The basic principle of underlying wastewater
management is the strict limit on the discharge of
hazardous liquids into sewers without prior
treatment so that living pathogenic organisms are
not introduced into the environment.7 In
Bangladesh, at present no government rule is
prevailing for regulating the hospital waste
management. No institutional mechanism is
working on the government side specially for
handling this kind of waste, which was reported
by ‘Prism Bangladesh.8 Also, unfortunately,
there is no structured form of medical waste
treatment in Bangladesh, and most wastes are
dumped in open areas for natural degradation or
re-sold by scavengers9, although, hospitals
usually maintain local measures (e.g.,
incineration, chemical sterilization etc.) of waste
treatment before disposal. The sewerage network
of Sylhet city consists of many small drains

connected with some natural hilly channels,
which fall into the Surma River.10 Therefore,
even if the hospitals are discharging their health
care liquid waste into the sewerage system, it
mixes with the sewage and gets in surface water
without proper treatment.
Haque (1994) reported that some 5.2 million
people (including 4 million children) die each
year
from
waste-related
diseases
in
11
Bangladesh.
Therefore, untreated hospital
liquid waste discharges into surface water
directly or indirectly have been causing
additional problems. Gram-negative bacteria are
crucial in this aspect because they are the most
common causes of hospital and community
acquired infections and they are inherently
resistant to many hydrophobic antibiotics.12-15 In
such scenario, this study was carried out to
screen the antibiotic susceptibility pattern of
gram-negative bacterial isolates from healthcare
liquid waste generated in Sylhet metropolitan
area of Bangladesh and investigate on their role
in developing antibiotic resistance.
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MATERIALS AND METHODS

Sample collection, isolation and identification
of bacteria: A total of six sewage samples
associated with hospital and clinical effluents
were collected from six different spots in the
Sylhet Metropolitan area, where hospitals
effluents are immediately discharged. Sample
from each site was collected in 150 ml sterile
containers and transported to the laboratory
within an hour of collection in cold conditions.
100 ml diluted samples were spread over
MacConkey agar media that inhibits the growth
of gram positive bacteria and incubated for 24
hours at 37ºC. Differentiation as lactose
fermenter and non-lactose fermenter could be
made on Mackonkey agar for the isolates based
on pigmentation.16 Five colonies from each plate
were selected with different colony morphologies
by using five-colony method and further purified
twice.17 A total of twenty nine isolates thus
924

obtained were identified on the basis of
morphological characteristics, gram staining and
biochemical tests according to Bergey´s Manual
of Determinative Bacteriology.18 Other media
used in this study include Eosine Methylene Blue
Agar (EMB), Salmonella Shigella (SS) Agar and
Thiosulfate Citrate Bile Salts (TCBS) agar.
Antibiotic sensitivity test: Antimicrobial
susceptibility testing of all 29 bacterial isolates
was performed following the modified KirbyBauer disk diffusion method on Muller-Hinton
against selected antibiotics namely Amoxicillin
(AMX) 10µg, Ceftriaxone (CTR) 30µg,
Azithromycin (AZM) 15µg, Gentamycin (CN)
10µg, Imipenem (IPM) 10µg, Ciprofloxacin
(CIP) 5µg and Sulphamethoxazole-Trimethoprim
(SXT) 10 µg. Klebsiella ATCC and
Pseudomonas ATCC were the only standard
controls used to screen antibiotic resistance of
Klebsiella sp. and Pseudomonas sp. isolates
respectively. Inhibition zone size was interpreted
using standard recommendation of the National
Committee for Clinical Laboratory Standards19
now known as the Clinical Laboratory Standard
Institute (supplementary data: Table 1).
Plasmid analysis: The present study emphasized
on investigation on the correspondence between
antibiogram and plasmid profile of the multiple
drug resistant (MDR) isolates. Therefore,
plasmid DNA of MDR isolates was extracted
from cultured cells following alkaline lysis
method of plasmid preparation.20 The samples
were processed using gel electrophoresis to
identify the number of plasmid copies present in
different isolates. Agarose gel electrophoresis
was carried out in a horizontal gel apparatus (My
Run Cosmo bio co. ltd, IMR-201). After
electrophoresing of all the plasmids in 0.7%
agarose (Merck, Mumbai), the gel stained with
ethidium bromide were visualized by Ultraviolet
Transilluminator (UVP, High Performance
transilluminater; USA)and photographed by
Samsung camera. The number and molecular

sizes of the plasmid DNA were determined on
the basis of mobility through agarose gel and was
compared with the mobility of Supermix DNA
Ladder, (Genei Pvt. Ltd., Bangalore, India)
which was used to estimate the plasmid size.
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RESULTS

In the present study, we collected effluent
samples from hospitals and clinics which were
immediately released into the corresponding
municipal sewerage. As gram negative bacteria
are the most common causes of hospital and
community acquired infections15, an effort was
given to isolate and identify gram negative
probable pathogens. Of the 29 isolates, eight
(27.58%) were found to be of Pseudomonassp.,
followed by seven (24.14%) of Escherichia coli,
six (20.69%) of Klebsiella sp., three (10.74%) of
Shigella sp., two (6.90%) each of Yersinia sp.
and Vibrio sp., and one (3.49%) of Serratia sp.
respectively.
Antibiogram study of the 29 isolates
(supplementary data: Table 2, 3, 4) showed that
the percentage of isolates resistant to amoxicillin,
ceftriaxone,
ciprofloxacin,
gentamicin,
imipenem, azithromycin and sulphamethoxazoletrimethoprim were 93.10%, 55.17%, 27.6%,
24.14%, 20.7%, 13.8% and 10.34% respectively.
Highest rates of sensitivity pattern were found to
imipenem (68.96%), followed by SXT (65.52%),
ciprofloxacin (62.06%) and azithromycin
(62.06%) (Fig. 2). Among the predominant
isolates (Pseudomonas sp., E. coli, and
Klebsiella sp.), The highest percentage of
resistance to ciprofloxacin and azithromycin was
shown by E. coli isolates (42.86%) whereas
66.66% of Klebsiella sp. showed resistance to
ceftriaxone and gentamycin which was highest
(supplementary data: Table 2). All of the isolates
of Pseudomonas and Klebsiella sp. expressed
resistance pattern to amoxicillin whereas in case
of E. coli it was 85.71%.
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(A)
(B)
Fig. 1: Antibiogram of two of the isolates- (A) Klebsiella sp. and (B) Pseudomonas sp.
Although, imipenem showed highest sensitivity
pattern to the isolates, both of the two Yersinia
sp. expressed resistance to this antibiotic.
Bacterial isolates resistant to three or more of the

antimicrobial agents tested, hence multi-drug
resistant (MDR) were found to be 10 in number
(34.48%) out of 29.

100
90

% of Susceptibility

80
70

Resistant

60
50
40

Moderately
sensitive

30

Sensitive

20
10
0
CTR

AZM

GEN

IPM

CIP

SXT

AMX

Antibiotics
Fig. 2: Comparative antibiogram study of twenty nine isolated bacteria.
Plasmid profiling of ten isolates showed that
eight of the isolates show plasmid DNA of
varying sizes (1.5 kb to 24.5 kb) (Fig. 3and
Table 1). One of the isolates possessed single
band of plasmid while others had more than one
with different sizes as shown in the table. On the
other hand, only two isolates have no plasmid
even though they were resistant to antibiotics.

Almost all of the isolates that showed presence
of plasmid contained common plasmid DNA size
of 24.5kb. Earlier, antibiogram of MDR bacterial
isolates showed that all isolates were resistant to
amoxicillin. Four of the isolates were resistant to
ciprofloxacin and three of them (P-1-3, K-1-2
and K-6-4) harbored a plasmid each of size
around 2kb.
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Fig. 3: Agarose gel eletrophoresis of plasmid DNA from ten MDR isolates.
*L= Ladder DNA, †P-A=Pseudomonas ATCC, ‡K-A= Klebsiella ATCC
Table: 1. Plasmid profiling and correlation with antibiogram.
Isolates
Antibiotics resistance No. of
pattern
bands
*P-4-5
AMX, CTR, SXT
0
P-1-3
AMX, CTR, CIP, 4
SXT
†
E-1-4
AMX, CTR, AZM
0
E-3-1
AMX, CTR, CIP
2
‡
S-6-2
AMX, CTR, IPM
1
§
Y-4-4
AMX, CTR, IPM, CN 2
||
K-1-2
AMX, CTR, CIP, CN 2
K-3-2
AMX, SXT, CN
2
K-2-2
AMX, CTR, CN
2
K-6-4
AMX, CTR, CIP
2
ATCC-Pseudomonas AMX
0
ATCC- Klebsiella
AMX
0

Band size (kilo base pair)
7kb, 4.2kb, 2.4kb, 1.7kb
24.5kb,7kb
24.5kb
24.5kb, 14.5kb
24.5kb, 2kb
24.5kb, 2.8kb
24.5kb, 9kb
24.5kb, 2kb
-

*P=Pseudomonas sp., †E= E. coli, ‡S=Shigella sp., §Y=Yersinia sp., || K=Klebsiella sp.
DISCUSSION

Both lactose fermenting and non-lactose
fermenting bacteria were isolated and identified
in which most predominant was Pseudomonas
sp. with 27.58%, followed by Escherichia coli24.14%, and Klebsiella sp.- 20.69%. One of the
hospital effluent studies carried out in India
involved isolation of gram negative bacilli, in
which E. coli (37.19%) was predominant
organisms, which is contrasted to this study

whereas percentages of Pseudomonas Sp.
(22.31%) and Klebsiella sp. (19.83%) were fairly
consistent. The study carried out in India showed
higher percentage of resistant isolates from
hospitals to ciprofloxacin (42.97%) and
gentamicin (27.27%) whereas the less percentage
of isolates was found to show resistance to
imipenem (16.66%).21 In contrast to this, less
percentage of isolates showed resistance to
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ciprofloxacin (27.6%) whereas almost same
pattern of resistance was found in the present
study in case of gentamycin (24.14%).
Amoxicillin was the antibiotic to which highest
number of resistant bacteria (93.1%) was found,
followed by ceftriaxone (55.17%). Discharge of
antibiotic residues from hospitals and households
usage into effluent and municipal sewage
provides an indication of a selection pressure on
bacteria.22 Islam et al (2008) carried out a similar
type of study in Bangladesh and found that the
resistance development was directly related to
the use of antibiotics.23 It can be assumed that
isolated organisms in this study have been
persistently exposed to the antibiotic residues
and as a result, they might have developed
resistance mechanisms to them. Walton (1988)
pointed out that hospital environment appears to
be the origin of MDR bacterial strains and the
selective pressure responsible for expanding such
bacterial populations in hospitals must have been
through the use of drugs in humans and
veterinary and agricultural uses are not
responsible.24 Therefore, the results suggest that
the MDR bacteria containing multi drug resistant
genes present in the hospital effluent of this
particular locality may act as a possible source of
transfer of these resistant genes to the bacterial
population.
Plasmid profiling of two of the MDR isolates did
not show up any visible band. Possibly, some
resistant genes were not located on plasmid and
perhaps exist on the bacterial chromosome as it
is known that genetic origin of drug resistance
may be plasmid or chromosomal.25 Beta-lactams
are particularly important because they are the
most prevalently used antibiotics all over the
world, and because clinical crisis resulted due to
resistance to this antibiotic.26 β-lactamases,
including
extended-spectrum
β-lactamases
(ESBLs), AmpC β-lactamases (AmpC) and
metallo-β-lactamases (MBLs) genes that are
responsible for prevalent emergence of antibiotic
resistance in gram-negative bacteria are most

often carried on plasmid, thus, facilitate rapid
spread between microorganisms.27 Being the
types of beta-lactam, this may be attributed to the
widely dissemination of amoxicillin, ceftriaxone
and imipenem resistant genes, because a
significant percentage of bacterial isolates tend to
show resistance to antibiotics in the present
study. It is suggested to carry out further research
including plasmid curing and transformation in
order to examine plasmid-mediated mode of
resistance to the antibiotics used in this study.
As this study was performed over limited number
of samples and isolates, studies in broad manner
are needed to fully understand the extent to
which hospitals and clinics in big cities of
Bangladesh contribute to resistance properties of
bacterial strains. In addition, the samples were
collected from the spots where the effluents
immediately discharged into municipal sewage,
with a view to isolating those bacteria which
have a better chance to come from effluents or
persist to effluent materials i.e., antibiotic
residues. In this circumstance, some other
bacterial strains that have attained resistant
properties from other sources other than hospital
effluents may be mixed. Despite the possibility
of this rare pitfall, the present observations
suggest that hospital effluents may contribute to
health hazard by adding MDR bacteria to city
sewage of this particular locality, which
ultimately falls into river.
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CONCLUSION

The present study was carried out on a
preliminary basis, in order to investigate on the
development of antibiotic resistance and their
possible mode of dissemination. Finally, it can be
concluded that the isolated strains were showing
resistance mechanisms against various antibiotics
especially to beta lactams and these drug
resistant strains may cause to induce health
hazard. Hence, solution to the problem of MDR
bacteria in healthcare liquid waste is crucial.
Good safety sterilization methods should be
928

implemented before releasing of waste materials
to the environment or sewage. Proper regulation
and monitoring of an integrated health care liquid
waste management practice is essential in order
to diminish the risk of disseminating multiple
drug resistant microorganisms for the safeguard
of public health.
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