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Abstract

Untreated Hospital wastewater piped into septic tanks contributes to the spread of antibiotic re-
sistance in developing countries. This study was conducted to determine the resistant profile, and
Extended Spectrum Beta-Lactamases (ESBLs) production in isolates from hospital waste water, of
2 hospitals in Delta State, Nigeria. A total of 147 organisms were isolated from 32 waste water
samples. One hundred and twenty three isolates were Gram negative and 24 were Gram positive.
Escherichia coli was the most prevalent in the two locations. Antimicrobial susceptibility by stan-
dard disk diffusion method was performed. All isolates were resistant to 4 or more antimicrobial
agents. Out of the 123 Gram negative Bacteria, 33 were pan drug resistant and were selected for
plasmid curing, DNA extraction and phenotypic detection of ESBL. Transfer of resistant by broth
mating technique was performed. Plasmid curing and extraction result indicated that isolates car-
ried resistance on the plasmid and harboured similar multiple high molecular weight plasmids of
23.13 kb and 9.4 kb. ESBL production was detected in 15.15%. Transfer of resistant genes be-
tween ESBL producing and non-ESBL producing isolates was observed. Incidence of ESBL in un-
treated hospital waste water has public health implications. Therefore establishment of treatment
plants in our hospital is paramount in achieving sustainable health.
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1. Introduction

Hospital effluents from operation theatres, laboratories and infected patients contribute significantly to the pol-
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lution of natural environment. Mismanagement of hospital effluents has largely been over looked. These efflu-
ents are loaded not only with pathogenic microorganisms but also with pharmaceuticals and toxic chemical sub-
stances, some of which are recalcitrant [1] [2]. Most antibiotics administered to patients are partially metabo-
lized, as such are found in varying concentrations in hospital wastes water. Sewage treatment reduces the num-
ber of bacteria in wastewater [3]. In most developing countries, hospitals do not have sewage treatment plants
treating effluents. The effluents are piped into septic tanks without pre-treatment. This is of major risk to public
health as these septic tanks are liable to leakage, collapse and there are clear possibilities for microorganisms to
sip into ground water. The wastewater may also enter into surface water bodies and cause pollution. [4] [5] have
attributed the deterioration in water quality to pollutants entering surface and ground water sources.

Patients care givers and laboratory personnel play a lot of role in polluting hospital environment with efflu-
ents, as they accidentally and/or deliberately introduce harmful liquid wastes into hospital environment. Transfer
of resistance genes as well as the already resistant bacteria themselves is facilitated if antibiotics are present in
sub-therapeutic concentration and over a long period [6]. As antibiotics are continuously released into the envi-
ronment, a niche of resistant bacteria is created. The development of resistance by persistent exposure of bacte-
ria to such sub-therapeutic antimicrobial concentration favors transfer.

In normal circumstances as is the case in most developed countries of the world, health-care sewages are pre-
treated before discharge into municipal sewers. Several studies evaluating the microbiological content of hospi-
tal and household wastes have found that hospital wastes contain pathogenic bacteria that could be harmful to
humans than there are in household wastes [7]-[9]. It is paramount therefore that in the establishment of sewage
treatment plants, in developing countries yet to establish municipal sewers, hospital sewage should undergo a
pretreatment.

The present study was carried out to determine the prevalence of resistant pathogens in effluents and to stress
the need for sewage treatment plants.

2. Materials and Methods
2.1. Study Area

Hospital waste water samples were collected from two hospitals in Delta State; Delta State University (DELSU)
health centre Abraka and Federal Medical Centre (FMC) Asaba.

2.2. Sample Collection

Waste water in the hospitals sampled are usually not treated before they are piped into septic tanks. The waste
water samples used in this study were therefore collected before they were poured into sinks or carelessly
thrown away outside the hospital environment. Samples were collected from laboratories, theatres and wards at
4 weeks interval over a period of 4 months.

2.3. Sample Processing, Isolation and Identification

Samples were transported to the laboratory in Ice Park and processed within 2 hours of collection. Each sample
was inoculated on Macconkey agar, Blood agar and Pseudomonas agar. Incubation followed at 37°C for 24-hrs.
Representative pure colonies were picked based on morphology. The isolated colonies were identified biochem-
ically following standard methods.

2.4. Antimicrobial Susceptibility

Antimicrobial Susceptibility tests were carried out on isolates by standard disk diffusion method on Mueller-
Hinton Agar (MHA) agar according to [10]. The antibiotics used were Nitrofurantoin (300 pg), Ciprofloxacin (5
pg), Ceftazidine (30 pg), Cefuroxime (5 pg), Gentamicin (10 pg), Ofloxacin (5 pg). Amoxicillin-Clavulanic
acid (30 pg), Cefixime (5 pg), Cefotaxime (30 pg) (Oxoid UK).

The bacteria inoculum was prepared by suspending isolates in 5 ml of sterile nutrient broth and adjusting the
turbidity to that of 0.5 McFarland standard. Aliquots from each suspension were spread plated on MHA agar.
The antibiotic discs were then placed on the surface of the plate using sterile forceps.

Plates were incubated aerobically at 37°C for 24 hrs. The zones of inhibition were measured and recorded as
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resistant or sensitive based on [10].

2.5. Plasmid Curing and DNA Extraction

Plasmid curing was carried out using sodium dodecy! sulfate (SDS) as the curing agent [11]. Bacteria DNA was
extracted using Qiagen extraction kit (Qiagen, UK), following manufacturer’s instructions and by alkaline ex-
traction procedures of [12].

2.6. ESBL Detection by Double Disc Synergy Test (DDST)

ESBL production was detected phenotypically by the Double Disc Synergy Test (DDST) according to [13].
Briefly, the isolates were inoculated in nutrient broth at 37°C for 5 hrs. The turbidity was adjusted to 0.5 McFar-
land standards using normal saline solution. A lawn culture of the isolates was made on the surface of Mueller-
Hinton agar plates using sterile cotton swab. An Augmentin disc was placed at the centre of the plate. A Cefo-
taxime (30 pg) and Ceftazidine (30 pg) disc were placed 15mm apart on both side of the centrally placed Aug-
mentin disc. The plates were incubated at 37°C for 24 hrs. Increase in the zone of inhibition of either/or both
Ceftazidime and Cefotaxime towards the Augmentin disc was interpreted as positive.

2.7. Conjugation Experiment

Conjugation by broth mating technique as described by [14] and the method adopted by [15] was carried out us-
ing 5 ESBLs producing isolates as donors (3 Escherichia coli, 2 Pseudomonas aeruginosa and 1 Klebsiella
pneumonia) and four non-ESBL producers as recipients (2 Pseudomonas aeruginosa and 2 Escherichia coli).

Briefly, the recipient and donor strains were grown in 5 ml of LB broth, incubated at 37°C for 24 hrs. Over-
night culture of the bacteria was diluted in LB broth and cell density adjusted to 1.5 x 10° cells/ml. The cultures
of donor and recipient were mixed at a ratio of 1:2 (donor:recipient) in 1 ml of LB broth, and incubated at 37°C
for 24 hrs. To recover ESBL producing isolates; samples of the mixtures were inoculated on MacConkey (Hi
media, India), and incubated at 37°C for 24 hrs. The mixed colonies of the transconjugants were subjected to
biochemical analysis following standard procedures and ESBLs screening by phenotypic test. A separate culture
of donor and recipient diluted in phosphate buffer saline with a dilution of 10~ and 10 plated on MacConkey
agar were used as control.

3. Result

A total of 32 waste water samples (16 from each centre) were obtained from Delsu Health Center (DHC),
Abraka and Federal Medical Centre (FMC), Asaba. The samples were processed for the presence of drug resis-
tance bacteria pathogens, S-lactamase production and the ability to transfer resistance markers. A total of 147
isolates were obtained; 67 isolates were obtained from DHC, Abraka (Table 1) while 80 isolates were from

Table 1. Number of isolates from Delsu Health Centre (DHC) waste water.

Isolates No of isolate (%)
Escherichia coli 20 (29.85)
Pseudomonas aeruginosa 06 (8.96)
Klebsiella pneumonia 14 (20.90)
Aeromonas sp. 05 (7.46)
Salmonella sp. 08 (11.94)
Proteus mirabilis 10 (14.93)
Staphylococcus aureus 04 (5.97)

Total 67
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FMC, Asaba (Table 2). One hundred and twenty three Gram negative and 24 Gram positive organisms were
isolated. E. coli was the most frequently isolated organism from both DHC, Abraka (29.85%) and FMC, Asaba
(25.00%). Other gram negative organism isolated, were Pseudomonas aeruginosa, Klebsiella pneumoniae,
Aeromonas sp., Salmonella sp., Proteus mirabilis, Shigella dysenteriae. The Gram positive organism isolated
include Bacillus subtilis and Staphylococcus aureus (Table 1 and Table 2).

All the isolates were multi drug resistant; being resistant to 4 or more antibiotics. All the isolates in these
study were resistant to one or more g-lactam antibiotic used. The Gram negative isolates obtained from DHC
Abraka, though showed high levels of resistance (Table 3), however higher levels of resistance were observed
in FMC, where all Pseudomonas aeruginosa and Klebsiella pneumoniae were resistant to all antibiotics tested
(Table 4). Similarly all Gram positive organisms isolated were resistant to all antibiotics tested (Table 5). Of the
123 gram negative organisms isolated, 33 (26.83%) were pan drug resistant (resistance to all antimicrobial agent
tested). These pan drug resistant gram negative isolates were selected for further studies. Result of plasmid cur-
ing indicated that the isolates harbored one or more resistance on the plasmid (Table 6 & Table 7). A most
striking observation on carriage of resistance on the plasmid was with Pseudomonas aeruginosa. Pseudomonas
aeruginosa harbored the highest number of antibiotics on the plasmid as indicated by the number of antibiotics
lost after curing (Table 7). Out of the nine pan drug resistant isolates selected for plasmid extraction, 7 har-
boured multiple similar high molecular weight plasmid of 23.13 kb and 9.4 kb (Figure 1).

The result of ESBLs production by DDST indicated that 3 E. coli, 1 Klebsiella pneumoniae and 2 Pseudo-
monas aeruginosa were positive. It was also observed that all the 5 ESBL producing isolates were pan drug re-
sistance.

Transfer of resistant genes between ESBL producing and non-ESBL producing isolates was observed in this
study. Result is shown in Table 8.

Table 2. Number of isolates from Federal Medical Center (FMC) waste water.

Isolates No of isolates (5)
Escherichia coli 20 (25.00)
Pseudomonas aeruginosa 10 (12.50)
Klebsiella pneumonia 10 (12.50)
Aeromonas sp. 06 (7.50)
Shigella dysenteriae 08 (10.00)
Salmonella sp. 06 (7.50)
Bacillus subtilis 12 (15.00)
Staphylococcus aureus 08 (10.00)

Total 80

Table 3. Percentage Antimicrobial susceptibility test of waste water isolates from DHC, Abraka.

Isolates CAZ CXM CRM CFT OFL GEN CPR NIT AUG
Escherichia coli 90.00 80.00 80.00 90.00 90.00 80.00 80.00 50.00 70.00
P. aeuroginosa 85.7 85.71 85.71 100.00 100.00 71.43 71.43 71.43 57.14
K. pneumoniae 66.67 100.00 66.67 66.67 66.67 100.00 6.667 66.67 100.00
Aeromonas sp. 80.00 80.00 80.00 80.00 40.00 80.00 40.00 20.00 100.00
Salmonella sp. 100.00 100.00 100.00 100.00 87.50 100.00 87.50 87.50 87.50

Proteus mirabilis 100.00 70.00 70.000 100.00 37.50 62.50 37.50 37.50 70.00

CAZ = Ceftazidine; CXM = Cefixime; CRM = Cefuroxime CFT = Cefotaxime; OFL = Oflaxacin; GEN = Gentamycin; CPR = Ciprofloxacin; NIT =

Nitrofloxacin; AUG = Augmentine.
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Table 4. Percentage Antimicrobial susceptibility test of waste water isolates obtained from FMC, Asaba.

Isolates CAZ CXM CRM CFT OFL GEN CPR NIT AUG
P. aeuroginosa 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
K. pneumoniae 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
S. dysenteriae 100.00 100.00 100.00 100.00 75.00 75.00 75.00 62.50 100.00
Aeromonas sp. 100.00 100.00 100.00 100.00 100.00 100.00 100.00 50.00 100.00
Escherichia coli 100.00 100.00 100.00 100.00 100.00 100.00 100.00 66.60 100.00
Salmonella sp. 100.00 100.00 100.00 100.00 66.60 1100.00 66.60 100.00 100.00
Proteus mirabilis 100.00 100.00 100.00 60.00 100.00 100.00 50.00 50.00 100.00

CAZ = Ceftazidine; CXM = Cefixime; CRM = Cefuroxime CFT = Cefotaxime; OFL = Oflaxacin; GEN = Gentamycin; CPR = Ciprofloxacin; NIT =
Nitrofloxacin; AUG = Augmentine.

Table 5. Percentage Antibiotics resistance Profile of gram positive bacterial isolates in hospital effluent.

COoT CXC ERY CFT GEN AUG STR TET CHL
Staphylococcus (6) 100.00 100.00 100.00 100.00 10.0 100 100 100 100
Bacillus sp. (4) 100.00 100.00 100.00 100.00 100 100 100 100 100

Key: COT Cloxacillin, CXC Cotrimoxazole, ERY Erythromycin, GEN Gentamycin, AUG Augumentin, TET Tetracyclin, STR Streptomycin, CHL
Chloramphenicol.

Table 6. Plasmid curing of pan drug resistant isolates from waste water samples ob-
tained from Delsu Health Centre.

Number of Number of
Isolates Isolates code . . .
resistant carried resistance lost
DH EC01 9 9
DH EC02 9 9
E. coli
DH EC03 9 8
DH EC04 9 7
DH K01 9 5
Klebsiella DH K02 9 5
pneumonia DH K03 9 9
DH K04 9 9

9 8 7 6 5 4 3 2 1 M
- == 03130bp
: = 9416bp

w=® 4361bp

Figure 1. Plasmid DNA of isolates from untreated hospital waste water.
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Table 7. Plasmid curing of pan drug resistant isolates from waste water samples obtained

from Federal Medical Center, Asaba.

Isolates From FMC Number of res_istance Number of re_sistance
Isolate Code before curing after curing
FMCPsol 9 9
FMCPs0 2 9 9
FMCPs03 9 8
FMCPs04 9 8
Pseudomonas FMCPs05 9 l
aeruginosa FMCPs06 9 8
FMCPs07 9 7
FMCPs08 9 6
FMCPs09 9 6
FMCPs10 9 6
FMCKs01 9 1
FMCKSs02 9 5
FMCKs03 9 5
FMCKs04 9 5
;’gfﬁ;g;’; FMCKs05 9 5
FMCKs06 9 6
FMCKsO07 9 8
FMCKs08 9 8
FMCKs09 9 7
FMCEs01 9 8
FMCEs02 9 4
FMCEs03 9 5
E. coli
FMCEs04 9 5
FMCEs05 9 5
FMCEs06 9 8

Table 8. Transfer of resistance genes between ESBL and non-ESBL producing isolates.

Donor
(No. of donor isolate)

E. coli (3)
Pseudomonas aeruginosa (2)

Klebsiella pneumonia (1)

Recipient
(No. of recipient isolate)

P. aeruginosa (2)
E. coli (2)

P. aeruginosa (2)

No. of Transconjugants

)
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4. Discussion

Health improvement and environmental protection are the two major challenges developing countries are faced
with. There are lack of facilities such as sewage treatment plants in the hospitals. Most antimicrobial agents used
to treat infections are only partially metabolized by patients. These antimicrobial agents are discharged into sep-
tic tanks in most developing countries or end up accidentally or deliberately in the environment. Resistant bacte-
ria may be selected by antibiotic substances in hospital. There are clear possibilities that these partially-metabo-
lized or resistant bacteria enter into surface or ground water [3] [16]. Most studies have evaluated the microbi-
ological content of treated hospital waste water effluents [17] [18] and have found that these hospital waste ef-
fluent though undergo sewage treatment, they still contain bacteria with pathogenic potentials for humans and
antibiotic resistant bacteria [17]. The hospital waste water in most developing countries like Nigeria are not
treated, they are either deliberately/accidentally thrown away or are piped into septic tanks without treatment.
Untreated hospital effluents, therefore contains concentrated forms of infections agents and antimicrobial resis-
tant organisms which when released into the environment result in a myriad of infections. Provision of treatment
plant per se may not be the only means of achieving a better quality of life in developing countries. Unlike de-
veloped countries, most developing countries are faced with illiterates as hospital cleaners or care givers, who
are unaware of the health implication of disposing liquid wastes without treatment. There is need to invest in the
training and educating of cleaners on the dangers associated with disposing untreated hospital effluents into the
environment.

Most of the organisms isolated in this study are frequently found in hospitalised patients. E. coli was the most
prevalent in the two hospitals sampled. Other gram negative organisms isolated include Klebsiella pneumoniae,
Pseudomonas aeruginosa, Aeromonas sp., Salmonella sp., Shigella dysenteriae and Proteus mirabillis. The gram
positive organisms were Bacillus subtilis and Staphylococcus aureus. The presence of opportunistic pathogens
such as Klebsiella pneumoniae poses serious implications especially for the immunocompormised living in the
community. The presence of isolates such as Aeromonas sp., Salmonella sp. and Shigella dysenteriae that are
associated with gastroenteritis are of concern especially for young children.

Antimicrobial resistance has been recognized as a significant problem worldwide [19] both in developed and
developing countries. All the isolates in this study were resistant to one or more S-lactam antibiotic used. This
indicates that the organisms have been well exposed to these antibiotics and have developed resistance to them.
The p-lactam antibiotics are one of the treatment choices for bacterial infections [20]. One of the most effective
mechanisms of resistance to f-lactams is the production of S-lactamase enzymes such as ESBLs [21]. ESBLs
were derived as a result of mutation in as few as one amino acid of their progenitors. This resulted in a profound
change in enzyme activities of the ESBLs. The ESBLs are able to hydrolyze the third generation cephalospoms
or aztreonam hence the extension of spectrum of activity when compared to the parent enzymes. Genes for
ESBL enzymes are often carried on plasmids facilitating their rapid dissemination [22]. These genes also carry
resistance to other antimicrobial agents [23].

A number of study describing the prevalence of ESBL-producing Enterobacteriaceae has increased rapidly
worldwide [24]-[26]. A total of five (15.15%) ESBL producers were detected in this study; 3 Escherichia coli, 2
Pseudomonas aeruginosa and 1 Klebsiella pneumoniae. Beta-lactamase gene has been amplified by PCR in
waste water [3]. Though bacteria are essential in eliminating degradable substances from the environment, most
hospital wastes are stable and non-biodegradable. The concentration of these wastes especially antibiotics
maybe much higher if the active compound persist and accumulate. Broader spectrum of activity may also occur,
which is usually the case with ESBLs. The organisms harboring ESBLS in this study were all pan drug resis-
tance. This could pose a major risk to public health. The isolates in this study were all MDR and the water sam-
ples from which isolates were obtained did not undergo any form of treatment before they were poured into the
environment. An important analogy observed in this study is a possibility of having a higher prevalence of
ESBL producers in the hospital environment sampled because the waste waters from the hospitals were always
carelessly thrown away by cleaners as they wash patient’s bed covers, mob floor or carry out other activities in-
volving water.

The current work also revealed that these organisms harbored plasmids, as shown by plasmid curing and
plasmid extraction experiments. The fact that these organisms harbored plasmid is an indication that they can
acquire new resistance genes through horizontal transfer [27]. High levels of multi and pan drug resistance was
observed in isolates in this study. To minimize the spread of drug resistance from hospital to the environment, it
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is important to initiate and implements sustainable solid sewage treatment plants and to train hospital cleaners.

This result of this investigation also revealed transfer of resistance genes between ESBL producing isolate and
non-ESBL producing isolates. The transfer as well as the emergence of new combination of resistance genes is
favored in environment where bacteria aggregates are high. [28]. Aggregates of bacteria i.e. biofilms are very
high in septic tanks. Important prerequisite that aid transfer is long exposure, high concentration of antibiotics
and high bacteria density. The hospital environment or the septic tanks where the waste water are discharge
without treatment meets these conditions and therefore favors the transfer of resistance. Huge public health im-
plications results when such hospital septic tanks, collapse or pipes are broken and sewage leak into the envi-
ronment. These organisms can be transferred to humans through several obvious means. Treatment with con-
ventional antibiotics may become ineffective since these transferred organisms have become resistant to the
commonly used drugs.

5. Conclusion

Isolates obtained from hospital waste water in this study were not only pan or multi drug resistant but also were
ESBLs producers and harboured plasmids. Provision of means of treating hospital waste water before they are
piped into septic tanks should be done. Educating hospital cleaners and care givers on the dangers of carelessly
throwing away waste water should also be done. All these will help to create a save environment.
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