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Hospital environment serves as a complex ecosystem that need proper
intervention in order to have adequate infection control. The
prevalence of potential nosocomial bacterial pathogens in liquid waste
and waste dump soil of three major hospitals in Calabar Metropolis
was investigated. The liquid waste and waste dump soil samples were
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41(22.9%),

Escherichia

coli.

37(20.7%),

Streptococcus

spp.

21(11.7%), Pseudomonas aeruginosa 23(12.8%), Salmonella spp
14(7.8%), Providenia spp 9(5.0%), Enteronacter aerogenes 9(5.0%), Klebsiella pneumoniae
12(6.7%), Bacillus cereus 3(1.7%), Chryseobacterium spp 3(1.7%) and Serratia mercescens
2(1.1%). Statistical analysis carried out on the data obtained shows no significant (p>0.05)
difference in the frequency of occurrence of nosocomial bacterial pathogens in liquids waste
and waste dump soil of the three hospitals studied. The finding of this study shows that the
hospital liquid waste and waste dump soil may be a potential reservoir of potential
nosocomial bacterial pathogen that can cause nosocomial infections.
INTRODUCTION
Nosocomial infections popularly known as “Hospital Acquired/associated infection”, are
those infection that develop in a patient during his/her stay in a hospital or other types of
clinical facilities which were not present at the time of admission. (Likere et al., 2008). The
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pathogen that causes nosocomial infections are therefore termed “Nosocomial Pathogens”
Nosocomial pathogens may be bacteria, viruses and fungal parasites. Bacteria are the most
common pathogen responsible for nosocomial infection. Some belong to the natural flora of
the patient and cause infection only when the immune system of the patient is compromised.
(Bergogne – Berezin and Towner, 1996). These micro-organisms vary depending upon
different patient population medical facilities and even differences in environment in which
the care is given (Hassan et al., 2017). The manifestation of nosocomial infections can occur
during healthcare delivery for other diseases. Most nosocomial infections become clinically
apparent while patients are still hospitalized; however, disease onset can occur after patient
has been discharged. Beside harming patients, nosocomial infections can affect nurses,
physicians, aides, visitors, salespeople, delivery personal, custodians and anyone who has
contact with the hospital. Infections that are incubating when patients are admitted to a
hospital are not nosocomial, they are community acquired (Prescott et al., 2005).
Medical devices employed in modern health are often associated to nosocomial infections
(CDC, 2016). Animate and inanimate sources of nosocomial infections include hospitals
staffs, other patients, visitors, food, water, formites, urinary catheler, intravenous devices,
respiratory equipment and other prostheses (Prescott et al., 2005).
Nosocomial infections affect large number of patients globally, elevating mortality rate and
financial loses significantly. According to estimate reported by WHO, approximately 15%of
all hospitalized patients suffer from these infections (Wood et al., 2009; Apanga et al., 2014).
These infections are responsible for the dead neonates, with incidence rate of 75% in southeast Asia and sub-saharan Africa (WHO, 2011). The incidence rate is higher in high income
countries (3,5% and 12%),whereas in middle and low income countries, it varies between
2.7% and 19.1% (Mbim et al., 2016). The frequency of overall infections in low income
countries is three times higher than in high income countries whereas the incidence is 3-20
times higher in neonates (WHO, 2011).
Risk factors associated with nosocomial infection depends upon the environment in which
care is delivered, the susceptibility and condition of the patient, and the lack of awareness of
such prevailing infections among staffs and health care providers.
Hospital environment plays an important role in nosocomial infection because the
environment contains diverse population of microorganisms. These micro-organisms are
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always present in great numbers in organic and moist environments, though some can also
survive under harsh environmental condition (Ummu et al., 2013). The hospital environment
also serves as a potential reservoir of infectious agent since it houses both patients with
diverse pathogenic micro-organisms and large number of susceptible/immuno-compromised
individuals (Rhomberg et al., 2006; Zhanel et al., 2008). Nosocomial pathogens can come
from either endogenic source or exogenous source. The endogenic source are those that are
from the patient’s own normal microbial flora while the exogenous source are those that
comes from the surrounding environment. The bacteria that commonly cause nosocomial
infections include; Staphyloccus aureus, Streptococcus spp, Bacillus cereus, Acinetobacter
spp, coagulase negative Staphylococci, Enterococci, Pseudomonas aeruginosa, Legionella
and members of the enterobacteriaceae (Esposito and Leone, 2007; Zhanel et al., 2008). The
most frequently reported nosocomial pathogen have been Escherichia coli. Staphylococcus
aureus, Enterococci and P. aeruginosa. (McCraig et al., 2006; Pitout et al., 2005 and 2007).
The occurrence of multidrug resistance in hospital-associated pathogens has resulted in
emergence and re-emergence-of-difficult to treat nosocomial infection in patients.
Hospital waste are one of the most dangerous causes of pollution. Hospital waste refers to all
biological or non-biological waste from hospitals which are discarded directly to the soil.
Hospital wastes are generated during diagnosis and treatment or immunization of human
being or animals. Hospital wastes are so infectious/hazardous that every mean of improper
disposal pose a threat to the environment (Chikere et al., 2008). In developing countries like
Nigeria, the incidence of Nosocomial infections can be devastating resulting in major disease
outbreak in hospitals and other healthcare facilities. This may be attributed to poor
infrastructure, overcrowding inadequate personal management in most hospitals and
improper disposal of untreated hospital waste. This study was undertaken to investigate the
prevalence and distribution of potential nosocomial bacterial pathogens in liquid waste and
waste dump soil of three major hospitals in Calabar Metropolis-south-south, Nigeria.
MATERIALS AND METHODS
Sample Collection
Hospital Liquid waste: The hospitals liquid wastes were collected from three hospitals, from
the outer chambers before discharging into the drainage system, following standard
procedures. Samples were collected into a sterile container.
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Hospital waste Dump Site soil: The soil samples were collected from the waste dump site of
the hospitals. Surface soils were randomly collected using a sterile trowel. The samples were
collected in triplicates.
Isolation of Bacterial Strain: A 10fold serial dilution of the samples was done and 10 -4 and
10-5 dilutions was plated in duplicates by pour plate method using freshly prepared nutrient
agar, it was incubated aerobically at 230C for 24hours.
Enumeration of Bacteria: After the period of incubation, the bacterial colonics the showed
visible growth were counted by using colony forming unit (CFU) formula and average counts
for duplicate cultures as total viable bacteria in the samples.
Formula: CFU = Average count
Purification of Bacterial Isolates: Bacterial colonics differing in size, shape and colour in
different plates were selected and purified through repeated sub-culturing method. Streak
plate methods were used. Nutrient agar was used as the media. When the culture plate yielded
only one type of bacterial colony, the isolates were considered to be pure.
Characterization and Identification of Bacterial Isolates: The isolates were characterized
based on colonial and cell morphology, growth on differential selective media and
biochemical test which include gram’s reaction, indole test, MR-VP test, citrate utilization,
motility, utilization of carbohydrates such as glucose, sucrose, manitol, lactose and fructose,
oxidase, catalase, coagulase, and starch hydrolysis test. The bacterial isolates were then
identified by comparing their characteristics with those of known taxonomy using Bergey’s
manual of systematic Bacteriology.
STATISTICAL ANALYSIS
Replicate readings were managed using Microsoft Excel 2010. All the replicates readings for
the various analyses were subjected to one way factor analysis of variance (ANOVA).
Student t-test were used to compare paired mean readings. The results were presented as
mean plus or minus standard deviation (Mean±SD). Mean values with probability values less
than 0.05 (p < 0.05) were considered significant at 95% level of significance while those
greater than 0.05 were not significant (p > 0.05). Confidence interval was set as described
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previously (Uusippaikka, 1985) while analysis of variance of variance was done as reported
by Nelson (1983).
RESULT AND DISCUSSION
The mean counts of bacteria isolated from the liquid waste and waste dump site soil of the
three hospitals studied is presented in Table 1 & 2. The number of bacteria isolated from
waste dump soil was higher (52.5%) compared to that of liquid waste (47.5%). The statistical
analysis carried out on the values showed no significant different (p>0.05) in the number of
bacterial isolated from the sampling points in the hospitals.
Table 1: Mean counts of bacterial isolates in liquid waste and waste dump soil from
different sampling points in the three hospitals.
Sampling points
B

Hospitals Samples
A
C
a
7
b
7
c
7
H1
WDS(CFU/g) 1.46 ± 4.00 x 10 1.46 ± 7.64 x 10 1.48 ± 5.51 x 10
a
6
b
6
c
6
LW (CFU/ml) 1.40 ± 2.00x 10 1.39 ± 3.06 x 10 1.68 ± 1.00 x 10
a
7
b
7
c
7
H2
WDS(CFU/g) 1.89 ± 4.16 x 10 1.88 ± 5.29 x 10 1.72 ± 6.93 x 10
a
6
b
6
c
6
LW (CFU/ml) 1.67 ± 1.15 x 10 1.62 ± 2.52 x 10 1.59 ± 4.16 x 10
H3

a

7

b

7

c

7

WDS(CFU/g) 1.52 ± 3.61 x 10 1.36 ± 5.29 x 10 1.33 ± 2.65 x 10
a
4.16×106
8.2b 2.00×106
LW (CFU/ml) 8.7
8.2c±2.08×106
Superscripts a, b and c represents non-significant one way ANOVA p values (p > 0.05)
Table 2: Total mean count of bacteria isolated from 3 hospitals studied.
Hospitals WDS(%)
LW(%)
a
b
H1
147(49.7) 149(50.3)
a
b
H2
183(53.9) 163(47.1)
a
b
H3
140(62.5)
84(37.5)
a

Total(%)
296(34.1)
346(40.0)
224(25.9)

b

TOTAL
866(100)
470(54.3) 396(45.7)
Superscripts a and b represents non-significant paired Student t-test p values (p > 0.05) across
the various rows.
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Indole

MR

VP

Coagulase

Gas

H2S

Manitol

Glucose

Sucrose

+
+
+
+
+
+
+
+

+
+
+
+
+
-

+
+
+
+
+
-

+
+
+
+
+
+
+

NA
NA
NA
NA
+
NA
NA
NA
NA
NA
NA
NA

+
+
+
+
+
+
+
+
-

+
+
+
-

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

+/- + Escherichia coli
+
+ Klebsiella pneumoniae
- Proteus spp
- Pseudomonas aeruginosa
+
+ Staphylococcus aureus
+
+ Streptococcus spp
+ Chryseobacterium spp
+ +/- Bacillus cereus
+
- Providencia spp
- Salmonella spp
- Enterobacter aerogenes
+
- Serratia marcescens
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Probable
organism

Citrate

+
+
+
-

Lactose

Oxidase

+
+
37
+
12
+
+
5
+
+
23
+
+
+
41
+
21
3
+
+
+
+
3
+
+
9
+
+
14
+
+
9
+
+
2
Key: NA: Not applicable, +/- : Variable

Catalase

Motility

Gram’s reaction

Numbers of
Isolates
showing similar
reaction

Table 3: Biochemical characterization of bacterial isolates.
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Fig. 1: Distribution of bacterial species from liquid waste and waste dump soil from
Hospital H1.

Fig. 2: Distribution of bacterial species from liquid waste and waste dump soil from
Hospital H2.

FIG. 3: Distribution of Bacterial species from liquid waste and waste dump soil from
Hospital H3.

www.wjpr.net

Vol 7, Issue 17, 2018.

140

Andy et al.

World Journal of Pharmaceutical Research

Total number of isolate
(%)

Chryseobacterium spp

Providencia spp

Salmonella spp

Enterobacter aerogenes

Streptococcus spp

Staphylococcus aureus

Escherichia coli

Pseudomonas
aeruginosa

Klebsiella pneumoniae

Hospitals

Table 4: Prevalence of bacterial isolates in Hospitals liquid Waste (%).

H1
5
6
11
8
6
2
4
3
45(52.9)
H2
2
2
7
3
1
6
2
2
25(29.4)
H3
2
2
3
3
2
1
2
15(17.6)
TOTAL (%) 7(8.2) 10(11.8) 16(18.8) 18(21.2) 11(12.9) 4(4.7) 10(11.8) 7(8.2) 2(2.4) 85(100)
KEY: = Absent
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Escherichia coli

Staphylococcus aureus

Streptococcus spp

Enterobacter aerogenes

Salmonella spp

Providencia spp

Chryseobacterium spp

Proteus spp

Bacillus cereus

Serratia mercescens

Total number of isolate
(%)

H1
3
H2
2
H3
TOTAL (%) 5(5.3)
KEY: = Absent

Pseudomonas
aeruginosa

Klebsiella pneumoniae

Hospitals

Table 5: Prevalence of bacterial isolates in hospitals waste dump soil (%).

7
4
2
13(13.8)

9
8
4
21(22.3)

9
11
3
23(24.5)

5
3
2
10(10.6)

3
2
5(5.3)

4
4(4.3)

2
2(2.1)

1
1(1.1)

2
3
5(5.3)

2
1
3(3.2)

2
2(2.1)

38(40.4)
42(44.7)
14(14.9)
94(100)
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Table 6: Frequency of occurrence of bacterial isolates in liquid waste and waste dump
soil sample in 3 hospitals examined.
Bacterial isolates

H1 (%)

Klebsiella pneumonia
Pseudomonas aeruginosa
Escherichia coli
Staphylococcus spp
Streptococcus spp
Proteus spp
Enterobacter aerogenes
Bacillus cereus
Providencia spp
Chryseobacterium spp
Salmonella spp
Seratia mercescens
TOTAL (%)

8 (9.6)
13(15.7)
20(24.1)
17(20.5)
11(13.3)
2(2.4)
5(6.0)
0(0.0)
3(3.6)
0(0.0)
4(4.8)
0(0.0)
83(46.4)

Hospitals
H3 (%) Total (%)
H2 (%)
2(3.0)
2(6.9)
12(6.7)
6(9.0)
4(13.8)
23(12.8)
10(15.0) 7(24.1)
37(20.7)
18(26.9) 6(20.7)
41(22.9)
6(9.0)
4(13.8)
21(11.7)
3(4.5)
0(0.0)
5(2.8)
3(4.5)
1(3.4)
9(5.0)
2(3.0)
1(3.4)
3(1.7)
4(6.0)
2(6.9)
9(5.0)
3(4.5)
0(0.0)
3(1.7)
10(15.0)
0(0.0)
14(7.8)
0(0.0)
2(6.9)
2(1.1)
67(37.4) 29(16.2) 179(100)

Table 3 shows the biochemical characterization of the bacterial isolates form liquid waste and
waste dump soil of the hospitals. It was observed that out of the 179 isolates subjected to
biochemical characterization, 114 isolates were gram negative while 62 isolates were gram
positive bacteria. The isolates identified were Escherichia coli.[37] Klebsiella pneumoniae.[12],
Proteus spp.[5], Pseudomonas aeruginosa.[23], Staphylococcus aureus[41] Streptococcus
spp.[12], Chryseobacterium spp.,[3] Bacillus cereus.,[3] Providencia spp.,[9] Salmonella spp.[14]
Enterobacter aerogenes.[9] and Serratia mercescens. [2] Similar bacterial isolates were
reported by Chikere et al (2008) as possible nosocomial organism in the hospital
environment.
The distribution of bacterial isolates from liquid waste and waste dump soil from the three
hospital studied is presented in Figure 1-3. The hospital with the highest number of bacterial
distribution was hospital H2. Chryseobacterium spp. was isolated in hospital H2 only, while
other bacterial isolates in this study were present in the three hospital.
Chryseobacterium spp. especially Chryseobacterium indolegenes is a rare pathogen in the
human microflora, although it is widely distributed in nature (Chen et al., 2012). According
to SENTRY Antimicrobial surveillance program, Chryseobacterium spp. represent 0.03% of
the total isolates and account for 0.03% of all bacteraemia cases (Sakurada, 2008). Reported
infections caused by Chryseobacterium spp. include ventilator –associated pneumonia and
urinary trait infections, and they are often associated with a high motality rate (Abhuyar et
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al., 2012; Souza de Souza et al., 2012), nearly half of the published cases of
Chryseobacterium spp. refers to nosocomial infections, and the vast majority of patients has
underlying immunocompromising conditions (Bhuyar et al., 2012). Other potential
nosocomial pathogens that are often associated with nosocomial infectiosn were Escherichia
coli, staphylococcus aureus, pseudomonas aeruginosa and klebsiella pneumoniae.
Escherichia coli and staphylococcus aureus had the highest frequent of distribution in both
liquid waste and waste dump soil.
The prevalence of bacterial isolates in hospital liquid waste and waste dump soil is presented
in Table 4 and 5. From the result, Staphylococcus aureus had the highest prevalence of
occurrence in liquid effluent sample (21.2%) while Chryseobacterium spp had the least
occurrence of 2.4%. Among the bacterial isolates from waste dump soil, Staphylococcus
aureus and Escherichia coli had the highest percentage of occurrence 24.5% and 22.3%
respectively, while Chryseobacterium spp had the least percentage of occurrence (1.1%),
followed by Providencia spp and Serratia mercescens 2.1% each. The result of this study
pinpointed that Staphylococcus aureus. was the most prevalent pathogen isolated from the
hospitals liquid waste and waste dump soil while Escherichia coli was the most frequent
gram negative bacteria isolated. Ummu et al., (2013) also reported similar organism in the
hospital environment with Staphylococcus aureus being the most prevalent pathogen.
Table 6 shows the frequency of occurrence of bacterial isolates in liquid waste and waste
dump soil samples from the three hospitals examine. The result of this study clearly spelled
out Escherichia coli 37(20.7%) was the most prevalent gram negative bacteria isolated in the
hospitals liquid waste and dump soil while Staphylococcus aureus. 41(22.9%) was the most
prevalent gram positive bacteria isolated. Similarly, the result of this study coincided with the
work of Chikere et al (2008) which reported Staphylococcus aureus as the most prevalent
nosocomial pathogen in a hospital environment, followed by Escherichia coli. Asghar and
Faidah (2009) also showed that Escherichia coli and Pseudomonas spp were the main
pathogen isolated in hospital environment and according to them many international studies
reported that Pseudomonas aeruginosa was the most prevalent gram negative bacteria
isolated in the hospital environment in comparison to Escherichia coli and other bacterial
isolates. This differences observed in the frequency of occurrence of the types of bacterial
isolates between hospital is as a result of the variation that occur in maintaining standard
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personal hygiene’s, patient’s population and lack of adequate treatment given to hospital
waste before it is being disposed.
CONCLUSION
Liquid waste and waste dump soil of hospitals serves as a complex ecosystem that need many
intervention in order to have adequate nosocomial infection control. The result of this study
revealed a wide spread of nosocomial pathogens in the hospital waste examined. The present
of this pathogen might be due to poor hygiene practice in these hospitals and lack of regular
surveillance system for the control of potential nosocomial bacterial pathogens. Based on this
study, it is therefore recommended that hospital management should set up national intensive
surveillance program that will help to curtail the distribution of potential nosocomial bacterial
pathogen in the hospital liquid waste and waste dump soil.
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