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General Note

effectivity of current antibiotics and pressing the urgent need for development of more potent antibiotics. Hospital waste is one of
the major sources of antibiotic resistance development and spread in the environment. Resistance status of two commonly used
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ABSTRACT
Antibiotic resistance in bacteria is one of the biggest challenges of healthcare sector. Increasing resistance in bacteria limits
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antibiotics, namely ciprofloxacin and cefixime in a tertiary care hospital waste was evaluated in present study. Resistance bacterial
7

count was determined using non-selective media by spread plate method. Total viable count of hospital waste (1.81x10 cfu/ml) is
5

much greater than that of municipal waste (5x10 cfu/ml). Percentage of ciprofloxacin and cefixime resistant bacteria in distal sample
(10.5% & 19.8% respectively at 5 µg/ml) is higher than that in proximal samples (4.425 & 11.05% respectively at 5 µg/ml). Again,
percentage of resistant bacteria decreased with increasing antibiotic concentration. Bacteria in the hospital waste were found to be
resistant to high concentration of the antibiotics. Proper antibiotic prescribing pattern and treatment facility for hospital waste
should be developed to slower the rate resistance development against current antibiotics.
Key words: Antibiotic resistance, Hospital waste, Cefixime, Ciprofloxacin

1. INTRODUCTION
The excessive and inappropriate use of antibiotics adds in an unnecessary economic burden to healthcare system and coincides with
an increase in drug resistant organisms. Exposure to antibiotics at sub lethal doses can cause resistance development in certain
bacteria (Davies 2007, Diwan et al. 2012). Because huge numbers of patients are taking treatments in the hospitals and antibiotic use
is extensive in these places, bacteria are easily exposed to the antibiotics in the body of the patients and become resistant.
Moreover, in-complete metabolized antibiotics are expel out through urine, feces and other routes (Kummerer 2001). As a result,
hospital waste is a reservoir of antibiotic resistant bacteria and metabolites. This hospital waste will contribute in antibiotics resistant
development and spreading, if these untreated or improperly managed wastes are discharged to municipal sewerage system which
end-up as pollutant of water bodies (Ding and He 2010). Environment pollution with such resistant microbial communities and unmetabolized antibiotics could create a widespread pool of antibiotic-resistant microbes from which resistance could be transferred
back into human and animal disease organisms (Martinez 2009).
The emergence of antibiotic resistant bacteria in hospital waste may be due to their flourish in the patient’s intestines, or
increasing use or misuse of the particular antibiotics against which the resistance developed. It is very much alarming in view of the
fact that the resistance is transferable (Arias and Murray 2009). So if the resistant bacteria are allowed to distribute in the
environment they will most likely transfer resistance gene to other bacteria of same species or different. The emergence and spread
of resistance in several microorganisms have rendered the management of many infectious diseases difficult (Bisht et al. 2009).
Failure to discover new antimicrobial agents has further hampered the war against infectious agents. Research is urgently needed
into the environmental impacts on natural microbial communities of widely used antibiotics and other drugs used in medicine and
agriculture/aquaculture and total awareness is required for the proper usage of antibiotics (Byarugaba 2004).
Considering these facts, the aim of this study was to determine the load of cefixime and ciprofloxacin resistant bacteria in
hospital waste with respect to total viable bacteria in those waste. Current study focuses on these two antibiotics as they are most
commonly used in this region.

2. MATERIALS AND METHODS
History of samples
The septic tank of the Dhaka Medical College Hospital (DMCH) collects the excreta and medical waste of patients of the wards of
Surgery ward of the hospital was considered as the initial sampling sites. The waste from different wards directly drained out to the
municipal sewerage system through a common waste drain. The patients in the wards were of different age, sex and with various
diseases and treated with different antibiotics.
Sample collection point
Three groups of samples were collected from the three distinct sites. Total 2 groups of samples connected with DMCH liquid waste
discharge and 1 control groups of samples from Shahidullah hall having no connection with DMCH discharge. Samples were

wastes).
Sample 2 (Distal): Collected from the waste outlet to a drain to sewerage system from the same safety tank (named hospital waste
discharges).
© 2017 Discovery Publication. All Rights Reserved. www.discoveryjournals.com

OPEN ACCESS

Page

Sample 1 (Proximal): Collected from the waste falling directly from the toilets into one of the safety tanks of the DMCH (hospital
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collected from each site thrice at about two days. Samples were grouped on the basis of the collection sites.
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Sample 3 (Negative control): Samples were taken from the sewerage drain collecting wastes from the student resident hall named
“Shahidullah Hall - extension 1” which is a non-hospital connected wastes sources.
Sample collection
Strict sanitary and clinical safety measures were maintained during sample collection. Samples were collected in clean sterilized 500
ml Duran’s bottle. About 300 ml of liquid wastewater samples containing suspended particles were collected in the bottle.
Sample processing
-6

The samples were allowed to reach the room temperature, and diluted serially with sterile normal saline up to 10 . 10ml sample was
-1

directly diluted into conical flask containing 90ml saline (10fold/10 ). Then 1ml diluted solution was added into McCartney bottle
-6

containing 9ml normal saline and sequentially diluted up to 10 dilution.
Total viable bacterial count
o

0

The agar media was sterilized at 121 C temperature and 15 lb. pressure for 15 minutes and allowed to cool to approx. 50 C and
-4

-5

-6

nystatin was added as anti-fungal additive. 100 µl of the samples from 10 , 10 and 10 dilution was spreaded on the nutrient agar
o

plate with sterile glass rod spreader. The plates were placed to an incubator (Model - Wise cube) in an inverted position at 37 C
temperature for 24 hours. After 24 hours of growth, plates with 30 to 300 bacterial colonies were counted [9]. The number of the
total bacteria/ml will be the multiplication of the colony number and the dilution factor. Plates for all dilutions were counted like
this. Then an average of the number of the three dilutions was done and this was the total number of bacteria in the sample. The
total bacteria of all the four samples were counted by this procedure.
Enumeration of Cefixime and ciprofloxacin resistant Bacteria
Nutrient agar media with different concentration of cefixime and ciprofloxacin were used for total resistant bacterial count. 100μl of
o

the samples from eachdilution were spread onto Nutrient agar media. The plates were placed to an incubator at 37 C temperature
for 24 hours. The spreaded NA plates were screened (using a colony counter, Model YC-2A.Erma, Tokyo) for the presence of after
incubation period and the actual numbers of bacteria were estimated as a colony forming unit (cfu/ml). Then the result per dilution
counted was recorded (Akter et al. 2012).
Statistical analysis
The study was replicated four times. All the bacterial counts are expressed as mean ± standard deviation (SD). Data were subjected
to analysis of variance using the Microsoft Excel program (Redmond, Washington DC, USA). Significant differences in resistant
bacteria count were established by the least-significant difference at the 5% level of significance.

3. RESULTS
Ciprofloxacin resistant bacteria in Hospital waste
Ciprofloxacin resistant bacterial count and resistance percentage (%) against different concentration is shown in table 1. Number of
ciprofloxacin resistant bacteria lowers with increasing antibiotic concentration. Total viable bacterial count at proximal sample was
7

6

1.81x10 whereas at distal sample was 4 x10 . Total viable bacterial count at negative sample (water sample collected from
5

Shahidullah hall) was 5 x10 . In proximal sample, 4.42% bacteria were found to be resistant to 5 µg/ml ciprofloxacin, whereas, in case
of distal sample the percentage was 10.5. Only 0.14% bacteria were resistant to ciprofloxacin at this concentration (5µg/ml) in the
negative control sample. Against 250µg/ml, resistant bacteria percentage in proximal sample was 0.004% and in distal sample was
0.028%. At all concentrations of ciprofloxacin, resistance percentage was higher in distal sample than proximal sample.
Cefixime resistant bacteria in Hospital waste
Cefixime resistant bacterial count and resistance percentage (%) against different concentration is shown in table 2. Number of
cefixime resistant bacteria also lowers with increasing antibiotic concentration. Total viable bacterial count at proximal sample was
7

6

1.81x10 whereas at distal sample was 4 x10 . Total viable bacterial count at negative sample (water sample collected from
case of distal sample the percentage was 19.8. Only 0.38% bacteria were resistant to cefixime at this concentration (5µg/ml) in the
negative control sample. Against 250µg/ml, resistant bacteria percentage in proximal sample was 0.014% and in distal sample was
0.016%. At all concentrations of cefixime, resistance percentage was higher in distal sample than proximal sample.
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Shahidullah hall) was 5 x10 . In proximal sample, 11.05% bacteria were found to be resistant to 5 µg/ml ciprofloxacin, whereas, in
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25
35
50
75
100
150
200
250

8.0(±1.2)

4.42

5A

×10

2.1(±0.32)

1.16

5A

×10

2.5(±0.19)

1.38

5B

×10

2.1(±0.41)

1.16

5B

×10

1.4(±0.11)
5B

×10

1.81(±0.11)

1.0(±.07)

x10

0.773

7

5A

×10

1.8(±0.24)

0.552
0.099

4A

×10

8.6(±1.1)

0.047

3A

x10

4.2(±0.28)

0.023

3A

x10

7.4(±0.51)

0.004

2B

x10

Resistance %

control)

(Negative

(cfu/ml)

Hall

Total Viable count

count (cfu/ml)

10.5

5B

×10

3.0(±0.33)

7.5

5B

×10

1.4(±0.09)

3.5

5A

×10

1.0(±0.08)

2.5

5B

×10

4.8(±0.64)
4C

Resistant bacterial

Shahidullah

4.2(±0.72)

Resistance %

(cfu/ml)

Total Viable count

count (cfu/ml)

Resistant bacterial

Resistance %

(Proximal)
(cfu/ml)

Total Viable count

count (cfu/ml)

Resistant bacterial

DMC
15

(µg/ml)

Ciprofloxacin
5

DMC (Distal)

Table 1 Ciprofloxacin resistance bacteria in Hospital waste

×10

4(±0.77)

2.0(±0.27)

x10

1.2

6

4C

×10

1.8(±0.33)

7.0(±1.3)
2D

0.50

×10

5(±0.87)
5D

x10

0.14

0.45

4A

×10

6.4(±1.1)

0.16

3A

×10

3.9(±0.61)

0.098

3B

×10

1.1(±0.13)

0.028

3B

×10

Values represent mean ± standard deviation. Values with the same letter in the same column are not
significantly different (P<0.05).
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(Negative control)

Shahidullah Hall

DMC (Distal)

DMC (Proximal)

(µg/ml)

Cefixime

Table 2 Cefixime resistance bacteria in Hospital waste

15
25
35
50
75
100
150
200
250

2.0(±0.32) ×

11.05

6A

10

1.1(±0.11)×

6.08

6B

10

1(±0.09)

5.52

6B

×10

8.0(±1.3) ×

4.42

5A

10

5.8(±0.31) ×
5B

10

1.81(±0.23)

3.7(±0.22) ×
5C

10

8.9(±1.38) ×
4A

10

3.6(±0.51) ×
4A

10

7.8(±0.98) ×
3B

10

2.6(±0.21) ×
3B

10

3.21

7

x10

2.05
0.49
0.19
0.043
0.014

7.92(±1.18) ×
5.1(±0.63) ×
3.3(±0.33) ×
2.2(±0.19) ×
1.5(±0.11) ×

4D

1.3(±0.15) ×
4C

10

8.1(±1.33)×
3C

10

2.73(±0.58)×
3C

10

6.2(±0.78)×
2D

10

Resistance %

(cfu/ml)

5.5

5A

10

10

Total Viable count

8.25

5A

10

6.0(±1.06) ×

(cfu/ml)

12.75

5C

10

5B

Resistant bacterial count

19.8

5C

10

10

Resistance %

(cfu/ml)

Total Viable count

(cfu/ml)

Resistant bacterial count

Resistance %

Total Viable count

(cfu/ml)

Resistant bacterial count
5

(cfu/ml)
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4(±0.46)x

3.75

1.9(±0.31)×

6

10

3C

10

1.5

5(±0.81)
5D

x10

0.38

0.325
0.21
0.068
0.016

Values represent mean ± standard deviation. Values with the same letter in the same column are not significantly
different (P<0.05).

4. DISCUSSION
The intensive use of antibiotics, for treatment and prophylaxis, make hospital a prime site for the emergence, maintenance and
spread of resistant pathogens. The majority of antibiotics used is only partially metabolized after administration, and are released via
patient excreta into the hospital sewage system (Kummerer and Henninger 2003). Untreated liquid hospital waste containing unmetabolized antibiotics in low concentration contributes largely to the development of antibiotic resistance in natural microflora/
environmental microflora. Improper disposal of hospital waste accentuates such spread (Islam et al. 2008). Release of antibiotics into
hospital waste subsequently to municipal sewage creates a selection pressure on bacteria (Kummerer 2003). Low concentrations of
antibiotics in the environment may select for resistant bacteria. These resistant bacteria from environments may be transmitted to
humans, in whom they cause disease that cannot be treated by conventional antibiotics (Khachatourians 1998).
Development of antibiotics resistance in microorganisms and it’s transfer horizontally or/and vertically limits the control of use of
common antibiotics in infectious diseases. This problem exceeds acceptable level in the developing countries where antibiotics are
used indiscriminately by the clinical practitioners as well as by the community people without any prescriptions (Hasan et al. 2009).
Moreover, the waste disposal systems and management of hospitals, clinics and pharmaceutical industries are extremely important
in order to minimize the resistance incidence in bacteria. Particularly, the hospital and clinical waste disposal system is really poor in

antibiotics resistance in environmental microorganisms around the hospital (Yim 2007). The

findings presented in this project

clearly demonstrate the relationship of hospital waste discharge and antibiotics resistance development in the environmental
bacteria present in our samples.
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the liquid waste directly into the environment through municipality sewerage systems which contribute in the development of
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Bangladesh (Chowdhury et al. 2009). Hospital authorities does not follow the recommended waste disposal standards and releasing

ARTICLE

RESEARCH

Total viable count of proximal sample collected from near the emergency gate of DMC and distal sample collected from near
outdoor gate (where several internal sewage lines are coincided) are much greater than the sample collected from shahidullah hall
sewage line. Percentage of ciprofloxacin and cefixime resistant bacteria in distal sample is higher than that in proximal samples. This
may be due to the fact that distal sampling line is comprised of some internal lines, each of which represents an individual ‘ward’
sewage line implying higher probability to develop resistance in bacteria. Again, in both samples, percentage of resistant bacteria
were decreased with increasing antibiotic concentration.
Ciprofloxacin and cefixime resistant bacteria in hospital waste and municipal waste of Bangladesh has been reported by some
7

previous studies (Byarugaba 2004, Adnan et al. 2013, Barua et al. 2012). Faruk et al. (2014) reported ~1.67x10 cfu/ml total viable
count in hospital waste samples from south-eastern region of Bangladesh. Total cefixime (50 μg/ml) resistant bacterial count was
7

8

~2x10 cfu/ml with resistance percentage of 11.98. Another study reported ~1.1x10 cfu/ml total viable count in hospital waste
7

samples from a hospital of Chittagong, Bangladesh. Total ciprofloxacin (50 μg/ml) resistant bacterial count was ~1.54x10 cfu/ml with
resistance percentage of 13.54 (Akter et al. 2012). Another study conducted in Jessore region of Bangladesh reported moderate
ciprofloxacin (5μg disc) resistance (23%) in bacterial isolates in hospital waste (Siddiqui et al. 2015). Adnan et al. (2013) reported total
7

viable count in wastewater of a hospital in Dhaka city to be ~0.7x10 cfu/ml. Ciprofloxacin (1μg/ml) resistant bacterial count was
6

6

~0.65x10 cfu/ml and cefixime (5μg/ml) resistant bacterial count was ~0.9x10 cfu/ml. In this study, we found bacterial count and
resistance percentage slightly lower than previous results.
Present study alarms us about increasing antibiotic resistance in the environment due to improper and untreated release of
hospital waste in municipal sewage and environment. Therefore, development of proper disposal system is very important because
these wastes can contribute to the spread of microorganisms including various infectious bacteria, harmful pathogens, and most
alarming antibiotic resistance bacteria.

5. CONCLUSION
The results we presented on this project suggest that the hospital liquid waste is reservoir of resistant bacteria and may contributes
in the resistance development of environmental microorganisms in municipality area. We further suggest that observance of very
high resistance to ciprofloxacin and cefixime and may be other drugs implicating the need of proper hospital waste management
and antibiotics selection by the hospital practitioners.
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