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ABSTRACT 

Microbial load of hospital wastewaters from seven hospitals in Owerri, Imo State, 

Nigeria, was determined using standard microbiological methods.  Susceptibility of the 

isolates to commercial antibiotics was also assessed. Results showed that total bacterial 

counts ranged from 8.4 x 10
6
 cfu/ml to 25.2 x 10

6
 cfu/ml while total coliform counts 

ranged from 2.5 x 10
6
 cfu/ml to 9.7 x 10

6
 cfu/ml. Predominant bacteria isolated included 

Escherichia coli,  Staphylococcus aureus, Coagulase negative staphylococci,  Bacillus 

spp,  Pseudomonas spp, Streptococcus spp, Klebsiella spp,  and  Salmonella spp.  The  

antibiogram carried out using the disc diffusion technique showed that Escherichia coli  

was 57.1% resistance to co-trimoxazole, 61.9% resistance to ampicillin and tetracycline 

but 85.7%, 76.2%, 81.0%, 76.2%, 81.0%, 76.2% and 90.5% highly sensitive to 

ciprofloxacin, ceftazidime, reflacine, ceporex, streptomycin, nalidixic acid, and 

gentamicin respectively.  Staphylococcus aureus recorded 100% resistance to ampicillin, 

tetracycline, and chloramphenicol and was highly sensitive to streptomycin, gentamicin, 

ciprofloxacin, ceftazidime, reflacine and ceprorex. Pseudomonas spp was 100% 

resistance to co-trimoxazole, ampicillin, tetracycline, chloramphenicol and 100% 

sensitive to ciprofloxacin, ceftazidime, reflacine and ceprorex. Salmonella spp.  were 

highly resistant to co-trimixazole, ampicillin, tetracycline, chloramphenicol, nalidixic 

acid, augmentin, gentamicin, and ceporex. The high prevalence of antibiotic-resistant 

bacteria with various degrees of resistance to antibiotics observed in this study could  

represent a potential public health risk. This will contribute to the hazards of poorly 

managed hospital wastes. With the exhibition of good sensitivity to some antibiotics by 

the isolates in the study, the researcher recommended  that regular assessment of the 

sensitivity pattern of pathogens from clinical specimens be carried out to serve  as a guide 

for antibiotic therapy in a particular environment. 
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INTRODUCTION 

Antibiotic resistance among bacterial genera is a world-wide problem. The rate at which 

resistance arises among bacterial populations has been reported to be contingent on the 

extent of use of a particular antibiotic in a particular environment (Kunin  et al., 1990; 

Jacoby and Archer, 1991; Kummerer, 2004; WHO, 2011). Resistance may be the result 

of mutation, adaptation, selective inheritance or transferable resistance and is especially 
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common within the   hospital environment.  Modern hospital environment favours 

bacteria with special properties; organisms that are multiple drug resistant, and those that 

are  able to withstand or even multiply in dilute antiseptics commonly applied to wounds 

or skin are found better adapted than others (CDC, 1978). Transferable resistance is of 

particular importance because resistance to several antimicrobial agents may be 

transferred as a group from one organism to another and this occurs both between and 

within   species (Cohen,  et al.,  1982; Gill and Best, 1998). Unnecessary or ineffective 

prescription of antibiotics has undoubtedly contributed to much of the antibiotic 

resistance seen in hospitals (Harley, et al., 1982; Kummerer, 2004). Some microbes that 

exhibit remarkable versatility in their behaviours towards antibiotics have overcome most 

commonly used drugs (Grassi, 1988). Exposure to new antibiotics often results in further 

selection of homologous resistant strains (Harley, et al., 1982) a phenomenon particularly 

favoured by irrational antibiotic administration. Infection with such resistant strains is 

likely to be more severe and require longer hospitalization with incumbent increased 

costs, than infection with susceptible strains (Baron, 1992). 

Hospital wastes include different kinds of infectious and non infectious wastes. If 

hospital effluents are not treated, infectious agents (antibiotic resistant agents inclusive) 

are shed into the environment. The development of antibiotic resistance in bacteria and 

their spread in the environment is a serious public health concern because infection with 

such resistant strains is likely to be more severe and require longer hospitalization. There 

is also the likelihood that such resistant strain would be spread in the community by such 

affected individuals if not hospitalized. Inadequate and improper handling and treatment 

of hospital liquid wastes may therefore have serious public health consequences and a 

significant impact on the environment, affecting patients, staff and the community 

(Sharma et al., 2010; Abah and Ohimain, 2011). It has been observed that many hospitals 

in Nigeria do not practice safe waste treatment and disposal (Ogbonna et al., 2012). 

Therefore, the aim of this study was to assay the antibiogram of bacteria isolated from 

hospital liquid wastes in Owerri, Imo State, Nigeria. 

 

MATERIALS AND METHODS 

Seven hospitals in Owerri that were well attended were randomly selected for the study. 

The seven hospitals were identified with the alphabets: A, B, C, D, E, F, G. From the 

outermost chambers of washing sinks before discharging into the public drainage, 

1500ml hospital effluent water samples were collected for each of the hospitals studied. 

Standard procedures were observed and the samples were collected in clean sterile 

containers. The samples were then taken to the laboratory in a box container with ice 

packs for analysis within an hour of collection. 

 

Microbiological Analysis 

Viable counts were made on serial ten fold dilutions of the hospital effluent water; 0.1ml 

of the appropriate dilution was spread over the dried surface of freshly prepared nutrient 

agar plates supplemented with fulcin (500mg/l), an antifungal agent, and MacConkey 

agar plates. The plates were incubated aerobically at 37
0
c for 24-48 hours. Different 

colony types were counted; counts were made in duplicates and the mean expressed as 

cfu/ml. Distinctive and representative colonies were selected and subcultured on nutrient 

agar plates by the streak plate technique for purification and then incubated at 37
0
c for 24 
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hours. The purified cultures were transferred to and maintained on agar slants in a 

refrigerator for characterization and identification. The bacterial isolates were 

characterized and identified using standard methods (Cheesbrough, 1984; Cowan and 

Steel, 1993; Oyeleke and Manga, 2008). 

Sensitivity test was carried out using Mueller-Hinton agar plates with commercial discs 

according to Kirby-Bauer disc diffusion technique (Bauer, et al., 1996). The antibiotic 

discs used for the study include: co-trimoxazole (30 µg), ampicillin (30 µg) tetracycline 

(30 µg), chloramphenicol (30 µg), nalidixic acid (30 µg), streptomycin (30 µg), 

augmentin (10 µg),gentamicin (10µg), ciprofloxacin (10µg), ceftazidime (10 µg), 

reflacine (10 µg), ceporex (10 µg). The plates were incubated at 37
0
c for 24 hours, after 

which zone of growth inhibition around each disc was measured and used to classify the 

organisms as sensitive or resistance to the antibiotic using the interpretive standard of 

Clinical and Laboratory Standard Institute (2012). 

 

RESULTS 

Prevalence of bacterial isolates from wastewaters of the hospitals sampled 

A total number of 109 isolates belonging to the following bacterial genera-Escherichia, 

Staphylococcus, Bacillus, Pseudomonas, Streptococcus, Klebsiella  and  Salmonella  

were identified (Table 1). From the result,  Escherichia coli  was the most predominant 

isolate with the percentage prevalence of 19.3% followed by Pseudomonas spp  

(17.4%),Staphylococcus aureus (15.6%), Bacillus  (11.0%), Salmonella  (10.1%), 

Coagulase-negative staphylococci and Klebsiella spp  (9.2%) and Streptococcus spp  

(8.3%) 
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Table 1: Prevalence of bacterial isolates from wastewaters of the seven hospitals investigated  

 

ISOLATES A 

N = 26 

n (%) 

B 

N= 22 

n (%) 

C 

N=22 

n(%) 

D 

N=17 

n(%) 

E 

N=6 

n(%) 

F 

N=7 

n(%) 

G 

N=9 

n(%) 

% Overall of 

isolates 

N=109 

n(%) 

Escherichia coli 5(19.2) 3(13.6) 4(18.2) 3(17.6) 1(16.7) 3(42.9) 2(22.2) 21(19.3) 

Staphylococcus aureus 3.(11.5) 3(13.6) 4(18.2) 2(11.8) 2(33.3) 1(14.3) 2(22.2) 17(15.6) 

Coag. neg. staph. 1.(3.8) 2(9.1) 2(9.1) 3(17.6) - 1(14.3) 1(11.1) 10(9.2) 

Bacillus spp 4(15.4) 3(13.6) 3(13.6) - - 1(14.3) 1(11.1) 12(11.0) 

Pseudomonas spp 4(15.4) 5(22.7) 4(18.2) (3(17.6) 2(33.3) 1(14.3) - 19(17.4) 

Streptococcus spp 3.(11.5) 2(9.1) 2(9.1) 2(11.8) - - - 09(8.3) 

Klebsiella spp 3(11.5) 3(13.6) 1(4.5) 2(11.8) - - (1(11.1) 10(9.2) 

Salmonella spp 3(11.5) 1(4.5) 2(9.1) 2(11.8) 1(16.7) - 2(22.2) 11(10.1) 

N = Total number of isolates in each hospital; n= number of individual isolates; coag. 

neg. staph = Coagulase negative staphylococci. 
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Microbial Load of Wastewaters from the Hospital Sampled 

 

Table 2 shows the total bacterial population ranging from 8.4x10
6
 cfu/ml to 25.2 x 10

6
 

cfu/ml. The highest total bacterial count of 25.2 x 10
6
 cfu/ml was recorded in hospital 

“A” while the lowest count of 8.4 x 10
6
 cfu/ml was recorded in hospital “E”. The total  

coliform counts ranged from 2.5 x 10
6
 cfu/ml (in hospital F) to 9.7 x 10

6
 cfu/ml (in 

hospital A). 
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Table 2: Total bacterial and coliform counts of wastewaters of the seven hospitals investigated 

                                 HOSPITAL 

Parameter A B C D E F G 

TBC (cfu/ml) 25.2x10
6
 21.8x10

6
 21.8x10

6
 16.3x10

6
 8.4x10

6
 8.7x10

6
 11.5x10

6
 

TCC (cfu/ml) 9.7x10
6
 6.5x10

6
 6.4x10

6
 6.6x10

6
 3.7x10

6
 2.5x10

6
 6.5x10

6
 

 

TBC = Total bacterial count; TCC = Total coliform count; 

Cfu/ml = colony forming unit per ml.
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Bacterial Characterization and Identification 

The Gram reaction, motility and the biochemical properties of the bacterial organisms 

isolated from hospital waste waters are shown in table 3. Eight bacterial isolates were 

characterized and identified as follows- Escherichia coli,  Staphylococcus aureus,  

coagulase-negative staphylococci, Bacillus spp, Pseudomonas spp., Streptococcus spp., 

Klebsiella spp  and  Salmonella spp. 

 

Table 3: Biochemical characterization of isolates from wastewaters of the seven 

hospitals investigated 
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Organisms 

GNB (Small 

rods) 

+ + - + - + - - - ND + A/G A A - A Escherichia 

coli 

GPC (in 

cluster) 

- + - - + + - - + + + A A A A A Staphylococ

cus aureus 

GPC (in 

cluster) 

- + - - + + - - + - + A A A A - Coag.-neg. 

staph 

GPB (Large 

rods) 

+ + - - + - + + - ND + A A A A - Bacillus spp 

GNB (Small 

rods) 

+ + + - - - + - + ND + A - - - - Pseudomon

as spp 

GPC (in 

Chains) 

- - - - - - - - - ND - A A - - - Streptococc

us spp 

GNB (Small 

rods) 

- + - - + - + - + ND + A A A A A Klebsiella 

spp 

GNB (Small 

rods) 

+ + - - - + + + - ND + A/G A - - A Salmonella 

spp 

 

Key:  -    =   Negative;  A   = Acid production; +   =   Positive;   A/G   = Acid & gas 

production; ND  = Not Done; Coag.-neg.  Staph = Coagulase negative staphylococci; 

GNB = Gram negative bacilli; GPB = Gram Positive bacilli;GPC = Gram positive cocci 

 

 

Antibiogram Of Bacterial Isolates Of Hospital Wastewaters 

 

The antibiogram carried out using the disc diffusion technique showed that E.coli  was 

57.1% resistant to co-trimoxazole, 61.9%  resistant to ampicillin and  tetracycline but 

highly sensitive  to ciprofloxacin (85.7%),  ceftazidime (76.2%), reflacine (81.0%), 

ceporex (76.2%), streptomycin (81.0%), nalidixic acid (76.2%) and gentamicin (90.5%) 

(Table 4).  Staphylococcus aureus  recorded 100% resistance to ampicillin, tetracycline, 

and chloramphenicol and 52.9%, 94.1%, 94.1% resistance to co-trimoxazole, nalidixic 

acid and augmentin respectively. The result showed that Staphylococcus aureus was 
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64.7%, 94.1%, 88.2%, 88.2%, 76.5% and 64.7% highly sensitive to streptomycin, 

gentamicin, ciprofloxacin, ceftazidime, reflacine, and ceporex respectively. Pseudomonas 

spp  was 100% resistant to co-trimoxazole, ampicillin, tetracycline chloramphenicol and 

94.7%, 89.5%, 84.2%, 78.9% resistant to nalidixic acid, streptomycin, augmentin  and 

gentamicin respectively. Pseudomonas spp recorded 100% sensitivity to ciprofloxacin, 

ceftazidime, reflacine, and ceporex. Salmonella spp  were 90.9%, 100%, 90.9%, 81.8%, 

81.8%, 90.9% 81.8% and 72.7% resistant to co-trimoxazole, ampicillin, tetracycline, 

chloramphenicol, nalidixic acid, augmentin, gentamicin,  and ceporex respectively and 

highly sensitive to streptomycin (72.7%), ciprofloxacin (90.9%), ceftazidime (81.8%), 

reflacine (72.7%),  Streptococcus spp  were highly sensitive  to gentamicin, (88.9%), 

ciprofloxacin (77.8%), and ceporex (77.8%). 

 

 

Table 4: Sensitivity pattern of bacterial isolates from wastewaters of the seven 

hospitals investigated. 

 

Percentage sensitive to: 
Isolates No of 

Isolate 

COT AMP TET CHL NAL STR AUG GEN CIP CEF REF CEP 

E.coli  21 9(42.9) 8(38.1) 8(38.1) 10(47.6) 16(76.2) 17(81.0) 10(47.6) 19(90.5) 18(85.7) 16(76.2) 17(81.0) 16(76.2) 

Staph aureus 17 8(47.1) 0 0 0 1(5.9) 11(64.7) 1(5.9) 16(94.1) 15(88.2) 15(88.2) 13(76.5) 11(64.7) 

Coag.neg.Staph 10 5(50) 0 0 2(20) 2(20) 5(50) 3(30) 9(90) 6(60) 6(60) 9(90) 7(70) 

Bacillus spp 12 6(50) 5(41.7) 5(41.7) 0 9(75.0) 0 7(58.3) 2(16.7) 11(91.7) 7(58.3) 8(66.7) 7(58.3) 

Pseudomonas spp 19 (0) 0 0 0 1(5.3) 2(10.5) 3(15.8) 4(21.1) 19(100) 19(100) 19(100) 19(100) 

Streptococcus pp. 09 3(33.3) 5(55.6) 3(33.3) 5(55.6) 4(44.4) 4(44.4) 6(66.7) 8(88.9) 7(77.8) 6(66.7) 6(66.7) 7(77.8) 

Klebsiella spp 10 5(50) 2(20) 4(40) 2(20) 2(20) 5(50) 6(60) 7(70) 8(80) 7(70) 6(60) 7(70) 

Salmonella spp 11 1(9.1) 0 1(9.1) 2(18.2) 2(18.2) 8(72.7) 1(9.1) 2(18.2) 10(90.9) 9(81.8) 8(72.7) 3(27.3) 

 

Key:  COT  =  Co-trimoxazole; AMP = Ampicillin;  TET = Tetracycline; CHL = 

Chloramphenicol; NAL = Nalidixic acid; STR =Streptomycin; AUG = Augmentin; 

GEN = Gentamicin; CIP = Ciprofloxacin; CEF = Ceftazidime; REF = Reflacine; 

CEP=  Ceporex; Coag. neg. staph = Coagulase negative Staphylococci; 

 

 

DISCUSSION 

The bacterial isolates obtained from the hospital liquid wastes  studied were identified as 

Escherichia coli, Staphylococcus aureus, coagulase-negative staphylococci, Bacillus 

spp., Pseudomonas spp, Streptococcus spp, Klebsiella spp  and Salmonella spp. 

Escherichia coli  was the most predominant isolate with 19.3% prevalence rate followed 

by Pseudomonas spp  (17.4%). The isolation of these genera of microorganisms 

corroborates the results of similar studies carried out elsewhere (Ekhaise and Omavwoya, 

2008; Akubuenyi,  et al.,  2011; Adieze,  et al.,  2015;Eze and Onwurah, 2015). 

 

Hospitals and healthcare settings are regarded as reservoirs for large number of 

pathogenic bacteria (Mulvey and Simor, 2009). Escherichia coli, Klebsiella spp  and 
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Salmonella spp  are  intestinal organisms and may have entered the liquid wastes from 

contaminated materials and/or faecal matter. The enterobacteriaceae are known for 

carrying drug resistant plasmids that could be transferred to other wise sensitive species 

and strains (Stokes,  et al.,  1993).  Pseudomonas aeruginosa  is primarily a soil 

bacterium and a cause of various infections for example, of burns and the urinary and 

respiratory tracts, (Stokes,  et al.,  1993). These organisms end up in hospital wastewaters 

via excretion of faeces and urine, as well as water contaminated with body wash, blood 

and other infectious materials. 

 

Some of these organisms are well known pathogens, and  their presence constitute 

potential risk to nearby farms/lands and water bodies, which may be contaminated by 

hospital wastewaters. 

 

The microbial load of the hospital wastewaters showed a total bacterial count from 8.4 x 

10
6
 to 25.2 x 10

6
 cfu/ml and a total coliform count from 2.5 x 10

6
 to 9.7 x 10

6
 cfu/ml. The 

presence of high coliforms densities in the waste water samples is an indication of faecal 

pollution  of the environments. Sharma, et al., (2010) in their study of hospital liquid 

wastes in Nepal obtained a mean total viable bacterial count ranging from 12.3 x 10
6
 to  

56.0 x 10
6
cfu/ml. Ekhaise and Omavwoya (2008) obtained values ranging from 1.9 x 10

7
 

to 8.3 x 10
12

 cfu/ml and 1.2 x 10
3
 to 1.6 x 10

3
 MPN/100ml for total heterotrophic 

bacterial counts and total coliform counts respectively in   their study in Benin City, 

Nigeria. Eze and Onwurah (2015) obtained a mean total aerobic bacterial counts ranging 

from 13.7 + 0.65 x 10
7
 to 22.8+ 1.14 x 10

10
 cfu/ml in hospital waste water in Enugu 

urban, Nigeria. When evaluating the effect of hospital wastes on microbial communities, 

it is important to note that target organisms  vary in types and loads between hospital 

wastes. The high microbial load obtained suggests  that the activities of hospital 

wastewaters in the environment is a major health and environmental threat.  

The antibiogram carried out showed that the isolated organisms showed resistance to 

ampicillin, tetracycline, chloramphenicol, co-trimoxazole, nalidixic acid and 

streptomycin.  

 

Sharma,  et al.,  (2010) observed resistance to antibiotics from common groups such as 

penicilins, cephalosporins, quinolones, aminoglycosides, chloramphenicol, 

cotrimoxazole, and other antibiotics assayed in their study. All the isolates from the 

wastewaters in Adieze et al.,’s  (2015) study, showed multi-drug resistance to  

amoxycillin, tetracycline, gentamicin erythromycin and chloramphenicol. Thus these 

antibiotic agents might be ineffective as therapeutic agents of choice in the treatment of 

infections caused by these organisms. The emergence and spread of resistance in 

pathogenic bacteria that consequently cannot be treated by previously successful 

regiment is the greatest threat to the use of antibiotics. 

 

Hospitals and healthcare settings are regarded as reservoirs for large number of 

pathogenic bacteria (Mulvey and Simor, 2009). Antibiotic resistance reported in hospitals 

is potentially associated with the fact that there is high usage of antibiotics to treat 

infections in patients, which places bacteria under great selective pressure (Katouli and 

Stratton, 2012). Particular concerns surrounding antibiotic resistant bacteria (ARB) are 
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their transmission and long term survival in the environment. It is postulated that  a 

highly possible route of dissemination of ARB from hospitals into  the environment is 

through waste water discharges (Pauwels and Verstraete, 2006). If these waste water are 

disposed of improperly, they pose an even greater threat than the original diseases 

themselves   due to presence of concentrated forms of numerous risks including 

pathogenic and antibiotic resistant microorganisms. 

 

The resistance to antibiotics used in this study by bacterial isolates therefore highlights 

the global problem of antibiotic resistance to public health. From this study, it is glaring 

that there is an urgent need to raising awareness and education on medical waste issues. 

Proper waste management strategy is needed to ensure health and environmental safety. 

The judicious use of antibiotics by health workers and efforts to control their 

procurement and use in the locality will help to limit the increasing rate of drug resistance 

in pathogens 
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