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ABSTRACT

Background: Antimicrobial resistance (AMR) is one of the top ten (10) public health threats. It
is, therefore, imperative to scale up efforts aimed at tackling the AMR menace. One approach
could involve expanding the range of AMR surveillance targets to include hospital wastewater

(HWW), a target that has largely been overlooked by researchers.

General Aim: The aim of this study was to evaluate the occurrence of multidrug-resistant bacteria

in hospital wastewater of the Korle Bu Teaching Hospital (KBTH).

Methodology: This was a longitudinal study involving a total of 288 hospital wastewater samples
consecutively collected across twelve weeks from the pool of wastewater emanating from two
critical care units of the Korle Bu Teaching hospital, that is, the Child Health Unit and the
Maternity Unit on Mondays and Thursdays, each week. The samples were immediately
transported on ice to the laboratory and cultured for bacteria, which were identified using the
Matrix-Assisted Laser Desorption/lonization-Time of Flight (MALDI-TOF) technique and

subjected to antimicrobial susceptibility testing via the Kirby-Bauer method.

Results: In total, 294 bacteria of 23 different types, all being Gram-negative, were isolated from
the 288 samples. The predominant ones were Escherichia coli (30.6%, n = 90), Klebsiella
pneumoniae (11.2%, n = 33), Citrobacter freundii (10.9%, n = 32), Alcaligenes faecalis (5.8%, n
=17), and Pseudomonas mendocina (5.4%, n = 16). Escherichia coli was the only organism whose
proportion significantly differed between the two units studied [Maternity Unit = 23.8%, n = 37;
Child Health Unit = 38.0%, n = 53, p = 0.02], and it persisted for weeks 1 to 6 in the wastewater

from the Maternity Unit and Weeks 6 tol1l in the wastewater from the Child Health Unit, while
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occurring intermittently during the other periods. The prevalence of multidrug resistance among
the isolates was 55.4% (n = 163) [Maternity Unit = 53.4%, n = 87; Child Health Unit = 46.6%, n
=76, p = 0.22]. Moreover, the prevalence of extended-spectrum beta lactamase (ESBL) producers
was 15.6% (n = 46) [Maternity Unit = 18.4%, n = 26; Child Health Unit = 13.1%, n = 20, p =

0.21]. E. coli accounted for the most ESBL-producing organisms (28.9%, n =26).

Conclusion: The wastewater generated by the Maternity and Child Health Units of KBTH
harboured a wide range of multidrug resistant bacteria, with a good proportion of these being
ESBL producers, and the predominant and persistent one being Escherichia coli. The study thus
identifies the wastewater of KBTH as an important source of infection transmission, and
underscores the significance of appropriate treatment of wastewater of the hospital and other

clinical and related settings prior to its discharge.
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CHAPTER ONE

1.0 INTRODUCTION

1.1Background

Hospital wastewater is any water generated from cleaning laboratories and other facilities within
hospitals. It is a major source of environmental pollutants, as it contains pathogens and other
potential contaminants of the aquatic environment (Prado et al., 2010; Gheethi et al., 2018).
Moreover, as it is often discarded without prior treatment, it has a high potential as a source of
human and animal infection, particularly, with those of multidrug-resistant pathogens (Wang et
al., 2018a). Properly disposing liquid clinical waste is becoming a herculean task in the 21%
century due to an increase in contagious and deadly diseases treated in healthcare settings and a
variety of dangerous pathogens encountered. The act of discharging clinical liquid waste in the
sanitary sewer into the aquatic environment and on bare soil has become normal, especially in
developing countries (Fianko et al., 2016). Chemical and liquid wastes from hospital laboratories
are dumped into public sewers without treatment, exposing a section of the public to infections
and other healthcare hazards during floods due to blocked drains. Many developed countries have,
however, developed strict guidelines to deal with the collection, segregation, storage,
transportation, and disposal practices of hospital wastewater. Drug-resistant microbes have, over
the years, spread and multiplied as a result of the unsuitable and unprofessional use of antibiotics

in healthcare and community settings (Azanu et al., 2018).

The fact that many microbes are becoming increasingly resistant to antibiotics is a huge concern
in the health industry given its contribution to the rise in clinical deaths, which could otherwise

have been treated (Azanu et al., 2018). Antimicrobial resistance is prevalent in both developed
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and developing countries. Ghana, for instance, is dealing with multidrug-resistant pathogens like
methicillin ~ resistant ~ Staphylococcus aureus (MRSA) and carbapenem-resistant
Enterobacteriaceae, which are dangerous to human health ( Donkor et al., 2019; Appiah et al.,
2020; Donkor & Kotey, 2020; Dayie et al., 2021; Egyir et al., 2021). According to Jury et al.
(2010) and Colque et al. (2019), antibiotic resistant strains are able to multiply in the
gastrointestinal tract of humans and animals as a result of exposure to high concentrations of

bacteria and sub-lethal doses of antibiotics.

1.2 Problem statement

The World Health Organization (WHO) has stated antimicrobial resistance as one of the top ten
public health threats facing humanity (WHO, 2020). The cost of antimicrobial resistance to the
economy is significant, spanning across prolonged illness and longer hospital stays, the need for
more high-priced medicines, thereby, causing financial challenges for those impacted, disability,
and death (Ledingham et al., 2019). Presently, not less than 700,000 lives are lost each year due
to drug-resistant diseases (WHO, 2019). By 2030, AMR could force up to 24 million people into
extreme poverty, and by 2050, it could result in the loss of 10 million lives each year (WHO,
2020). It is therefore imperative to scale up efforts aimed at effectively tackling the AMR menace.
One approach could involve expanding the range of AMR surveillance targets, such as expanding
to include hospital wastewater, which is a significant source of multidrug-resistant pathogens

(Husain et al., 2020).



1.3 Justification

The high public health threat posed by AMR demands that efforts aimed at curbing the menace
are done holistically. One approach could involve expanding the range of AMR surveillance
targets, such as expanding to include hospital wastewater, which is a significant source of
multidrug-resistant pathogens (Husain et al., 2020). That notwithstanding, the majority of AMR
surveillance efforts have focused on human and animal populations (Egyir et al., 2016; Donkor et
al., 2019; EKkli et al., 2019; Adzitey et al., 2020; Dayie et al., 2021a; Dayie et al., 2021b), with
little attention paid to the environment. In this context, the environment refers to ambient air, soil,
water, and other locations that are neither on nor within the bodies of humans and animals, as
conceptualized by Huijbers et al. (2019). Elsewhere, AMR surveillance in the environment has
spanned a variety of targets, including hospital wastewater, domestic wastewater, surface water,
and sewage (Caplin et al., 2008; Korzeniewska et al., 2013; Zhang et al., 2013; Blaak et al., 2015;
Kwak et al., 2015; Li et al., 2015; Daoud et al., 2017; Buelow et al., 2018; Miller et al., 2018;
Aarestrup et al., 2020). The little attention paid to the environment presents a major setback to
having robust AMR surveillance data, a key critical to unlocking the AMR conundrum, and may
explain some of the bottlenecks regarding the effective management of the AMR menace. As
filling the identified knowledge gaps is important, this study aimed to evaluate the occurrence of
multidrug-resistant bacteria in wastewater of the Korle Bu Teaching Hospital (KBTH).
Specifically, the prevalence of different bacteria present in the hospital wastewater, the spatio-
temporal distribution of the predominant wastewater-contained bacteria, and the prevalence of
antimicrobial resistance and multidrug-resistant organisms, especially, extended-spectrum beta-
lactamase (ESBL)-producing Enterobacteriaceae among the hospital wastewater isolates, were
investigated. Such insights, particularly, the distribution of HWW bacteria spatially and
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temporally, are limited in sub-Saharan Africa (Moges et al.,2014; Fekadu et al.,2015; Anssour et

al., 2016; Asfaw et al., 2017; Tesfaye et al., 2019).

1.4 General aim

The aim of the study was to evaluate the occurrence of multidrug-resistant bacteria in hospital

wastewater of the Korle Bu Teaching Hospital.

1.5 Specific Objectives

The specific objectives of the study were:

1. To determine the prevalence and types of bacteria present in the hospital wastewater.

2. To determine the spatio-temporal distribution of the predominant hospital wastewater-
contained bacteria.

3. To determine the prevalence of multidrug-resistant organisms, especially, extended-
spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae among the hospital
wastewater isolates.

4. To determine the antibiogram of the bacteria isolated from the hospital wastewater.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Hospital Wastewater

Any volume of water whose quality has been affected by human activities is referred to as
wastewater (Fekadu et al., 2015). Hospitals generate lots of wastewater, which could be hazardous
or non-hazardous, and pose serious health problems to individuals in the community (Ali et al.,
2017; Husain et al., 2020). Hazardous, infectious or clinical wastewater, comprises liquid wastes
from hospital laboratories, wards, surgical theatres, pharmacies, mortuaries, healthcare workers,
patients and visitors (Fianko et al., 2016). Hospital wastewater is also a changing system in which
pharmaceutical conjugates and biological alteration products are formed, with some of these
products being pharmaceuticals themselves (Kovalova et al., 2012). Thus, hospital wastewater is
very dangerous, as it contains drug residues, pathogenic microbes, chemicals, cultures from
laboratory, blood, cultures of infectious agents, discarded vaccine, chemical toxins, biological
products (infectious viruses and bacteria), unused and excreted non-metabolized pharmaceuticals
and organohalogen compounds such as the halogenated organic compounds absorbable on
activated carbon (Fianko et al., 2016). The makeup or composition of hospital wastewater
discharged differs between countries, and this can be associated to the size of the hospital,
proportion of in and out patients, practices, and the kind of services rendered at the various
hospitals. The waste aggregation options available, proportion and use of reusable items, wealth
of user and finally the growth of the country, also contributes to the makeup of hospital wastewater
discharge (Aththanyaka et al., 2014). Although it has been stated by Fianko et al. (2016) that

hospital wastewater discharge is dependent on the size of the hospital, it was estimated in a study
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by Aththanyaka et al. (2014) that the consumption of water was 400 to 1200 liters/day/bed for
developed countries and 500 liters/bed/day for developing countries. Fianko et al. (2016) further
estimated from a study conducted in Sunyani on the clinical management of three healthcare
facilities, that the highest liquid waste was generated from the wards, that is, 7,817 liters/day, of
which 199 liters and 7,618 liters were pathological and infectious wastes respectfully, followed
by the surgical theatre which generated a total of 1,620 liters of which 560 liters were pathological
waste and 1,060 liters were infectious waste, followed by the laboratory which generated 192.5
liters of which 162 liters were pathological wastes and 30.5 liters were infectious wastes. This was
closely followed by 987 liters generated from the mortuaries of which 412 liters were pathological
wastes and 575 liters were infectious wastes. Also, 45.5 liters and 19 liters of infectious wastes

were generated from the pharmacy and clinics respectfully.

Due to the maximized use of antibiotics in hospitals, hospital wastewater contains more antibiotic

residues and antibiotic-resistant bacteria than domestic wastewater (Fekadu et al., 2015).

2.2 Composition of Hospital Wastewater

Bacteria, antibiotic residues and antibiotic-resistance genes detected in untreated hospital
wastewater are also sourced from human excreta and urine (Maheshwari et al., 2016). Itzel et al.
(2018), in a study, noted that wastewater treatment plants (WWTPSs) are not designed for the
specific removal of micro pollutants. These pollutants are, however, disposed into receiving water
surfaces in ng/L to p/L range. Hospital wastewater can have several genotoxic, immunotoxic,
cytotoxic and endocrine disrupting effects on these aquatic organisms. The abundance of
Escherichia coli in the hospital environment, as stated by Wang et al. (2018), is characteristic of

the environmental risk posed by humans, most especially patients on antibiotics, as Escherichia



coli is dominant in the intestinal tracts of humans. The pH values of hospital wastewater has been
found to be slightly acidic after satisfactory removal of BOD< (biochemical oxygen demand over
5 days), COD (chemical oxygen demand over 5 days), and N — NHz(ammonium), this is an
indication of the presence of high concentration of chemicals in hospital wastewater (Prado et al.,

2010).

2.2.1 Microorganisms

Bacteria may be present in hospital wastewater, ground water, and municipal water. Escherichia
coli is present in untreated hospital wastewater and in ground water, but absent in municipal water
(Diwan et al., 2010; Wang et al., 2018). Bacteria akin to the genera Aeromonas, Citrobacter,
comamonas, Pseudochrobactrum, Morganella and other opportunistic pathogens such as
Escherichia, Enterococcus, Acinetobacter, Proteus, Streptococcus, Pseudomonas Myroides, et
cetera, are prevalent in untreated hospital wastewater (Wang et al., 2018). Drug resistant bacteria,
such as Klebsiella spp., are frequently isolated from untreated hospital wastewater, followed by
Escherichia coli, Pseudomonas spp., Citrobacter spp., Staphylococcus aureus and Shigella spp.,

(Moges et al., 2014).

Strongyloides stercoralis, which was prevalent, followed by hookworms and Opisthorchis viverini
were detected in treated hospital wastewater samples evaluated by Assanasen (2014) in their study

of microbial and heavy metal contamination in treated hospital wastewater in Thailand.

Human adenoviruses (HAdV), rotaviruses A (RV-A), hepatitis A viruses (HAV) and noroviruses
(NoV) Genogroup | and Il have been found in hospital wastewater treatment plants (Prado et al.,
2010). NoVs Genogroup Il are responsible for acute gastroenteritis diseases due to NoVs.

Noroviruses are excreted in faeces by infected patients and are eventually deposited into the



acquatic environment via sewage or night soil systems (Kishida et al., 2012). NoVs are not
completely eliminated in conventional treatment system and also, they persist for long periods,
with temperature and solar radiation being a factor once they are discharged into the recipient
water. NoVs are mostly detected in areas where fecal contamination exist in water environments
(Kishida et al ., 2012). In a study of river basins used by some communities in drinking and
cooking, it was observed that the presence of viral contamination was directly linked to the cases
of acute gastroenteritis diseases in patients. The presence of viruses in the river basins was also
due to the discharge of water through the wastewater treatment systems into the river basins,
because NoVs are shed in faeces of infected patients. The detection of viruses in river water has
become public health concern as most rivers receive effluents from wastewater treatment plant
upstream, and supply drinking water through treatment plants downstream (Kishida et al., 2012).
A study in Tunisia on three different neighbouring clinics by Ibrahim et al. (2018), reported the
presence of high human adenoviruses (HAdVs) molecular detection frequency in 65 (64%)
samples out of 102 hospital wastewater samples used. The fact that human adenoviruses have been
recorded at high rates in treated hospital wastewater is a prerequisite for necessary steps to be

taken for wastewater treatment surveillance (Ibrahim et al., 2018).

2.2.2 Antibiotic Resistance and Antibiotic Resistant Bacteria

The ability of bacteria, through genetic mutation or by obtaining antibiotic resistance genes
(ARGsS) to repel the effects of an antibiotic which they were initially susceptible to is termed as
antibiotic resistance (Amarasiri et al., 2020). Resistance to antibiotics stems mainly from antibiotic
misuse as a result of off label prescriptions, potential interactions with other drugs, non-completion
of treatment, inadequate protocol implementation, mal-administration, partial treatment, lack of
follow ups by health physicians, occurrence of error due to a disorder in the frequency between
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IV and oral formulation of an antibiotic (Garcia-Vello et al., 2020). The reasons for these are due
to the absence of a well- structured antibiotic stewardship programme (ASP), and also because of
improper antibiotic management among health workers (Garcia-Vello et al., 2020). Another
substantial reason for the development of antibiotic resistance is simply because, in Ghana, for
instance, there are about 80% of lower healthcare facilities than hospitals (Ahiabu et al., 2016).
These lower healthcare facilities generally prescribe higher numbers of antibiotics as compared to
the hospitals. The National Health Insurance Scheme (NHIS), also plays an important role in the
prescription practices of antibiotics, considering the difference in insurance coverage among
outpatient compared with the general population of Ghana. Most health facilities are profit based,
also, because NHIS has standardized reimbursement rates, it influences the prescription of
antibiotics which again, are also viewed by both health professionals and the public as potent
medicines (Ahiabu et al., 2016). Moreover, in the treatment of common infections like candida,
sore throat and common flu, antibiotics play a key role. Afriyie (2014), however, suggested that
the generic use of antibiotics has resulted in vast cases of antibiotic resistance. Although ARBs
were detected in three hospitals that were sampled for a study, higher loads of the ARBS were
found in the clinical isolation wards. In the same way, hospital wastewater discharged from wards
with patients recovering from severe infection tends to contain higher levels of ARBs and this only
plays a major role in the spread and emergence of ARBs, that is, if wastewater is not properly
treated in the downstream environment, making this one of the major reasons why hospital
wastewater should be sufficiently treated in wastewater treatment plant before its final release into
the aquatic environment (Le et al., 2016). Without prior treatment of wastewater before its
discharge into the treatment plants, effluents that contain large amounts of antimicrobials always

exert huge pressure on ARBs (Hocquet et al., 2016). In the wastewater microbiome, disinfectants



and heavy metals with antimicrobial activity may favour the perseverance of ARB. The selective
pressure which is exerted on antimicrobials favours and promotes interspecies and intraspecies

horizontal gene transfer of resistance genes (Hocquet et al., 2016).

Lee et al. (2016), in a study in Ghana about occurrences and characterization of antibiotic-resistant
bacteria and genetic determinants of hospital, came to a conclusion that parts of Ghana prescribed
more antibiotics in their hospitals and pharmacies than other countries such as Iran. Lee et al.
(2016) further concluded that even though the concentration of specific antibiotics may be high in
hospital wastewaters, this does not necessarily mean high resistance of bacteria to that antibiotic.
A contributing factor to antibiotic resistance, especially among Enterobacteriaceae, is as a result
of the use of antibiotics in animals in the retail food chain (Carlet et al., 2011). More so,
Escherichia coli and Salmonella strains which showed resistance to fluoroquinolones and third
generation cephalosporins in a study by Carlet et al. (2011) have been associated with meat and
poultry products. Prudent use of antibiotics minimizes or lowers the risk of serious clinical
problems, such as cost of retreatment, drug resistance, and super infections associated with

antibiotic abuse and misuse (Carlet et al., 2011).

Staphylococcus aureus, a Gram positive bacterial pathogen responsible for a wide range of skin
infections, pneumonia and septicaemia, in a research conducted by Moges et al. (2014) was
observed to be 100% resistant to ampicillin, an isolate of Staphylococcus aureus also showed
resistance to 11 antimicrobials, which included methicillin, making it multidrug resistance but was
however, susceptible to vancomycin. All Staphylococcus isolates were reported by Sakkas et al.
(2019) to be resistant to penicillin and oxacillin when the cefoxitin disc was used for analysis.
Also, amongst six methicillin resistant Staphylococcus aureus (MRSA) strains, one was found to

be resistant to vancomycin. Dayie et al. (2021), in a study in Accra, on nasopharyngeal carriage
10



and antimicrobial susceptibility profile of Staphylococcus aureus among children under five years
in Accra, also confirmed reports of Staphylococcus aureus resistance to penicillin (98%),
amoxiclav (20%), tetracycline (18%) and ampicillin (100%). The reason for the resistance of
Staphylococcus aureus to B-lactam antibiotics like penicillin as given by Dayie et al. (2021) is
because of its accessibility, that is, they are over the counter drugs and easily accessible, relatively
cheaper than other antibiotics and lastly because they have been on the market for a very long
time, hence reasons for their great misuse. Similarly, amoxiclav resistance by Staphylococcus
aureus is as a result of amoxiclav being used in Ghana as a frontline presumptively prescribed

antibiotics (Dayie et al., 2021).

Pseudomonas aeruginosa, is a nosocomial infection of the urinary and respiratory tract, usually
common in the intensive care units (Breathnach et al., 2012). 15% of nosocomial infections are
attributed to this pathogen (Luczkiewicz et al., 2015). Pseudomonas aeruginosa, unlike
Escherichia coli is not a commensal bacterium, where the frequency of carriage among inpatients
is high but comparatively low in Pseudomonas aeruginosa. There are many locations within the
hospital water network where this bacterium can be located. Pseudomonas aeruginosa can be
located at distal, better oxygenated parts of the water distribution system like the sinks, U bends,
taps and the toilets (Hocquet et al., 2016).Refraction or resistance of Pseudomonas aeruginosa to
many classes of antibiotics is through chromosomal mutations or horizontal gene transfer
(Hocquet et al., 2016). Isolates of Pseudomonas aeruginosa (100%), Klebsiella pneumoniae
(95.8%) and Escherichia coli (83.3%) were analyzed and found to be resistant to three or more
classes of antibiotics. The treatment of Pseudomonas aeruginosa infections may be complicated
because of its intrinsic resistance to many classes of antibiotics and its ability to acquire resistance
to many effective antibiotics as well (Hocquet et al., 2016). Some isolates of Klebsiella
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pneumoniae were resistant to carbapenems while some of those resistant to carbapenems were also
resistant to tigecycline (Moges et al., 2014). In one study, Tesfaye et al. (2019) observed that
Citrobacter, Enterobacter, and Escherichia coli were multidrug-resistant and more common in
isolates obtained from hospital wastewater than from other sources of wastewater. Also, other
opportunistic human pathogens such as members of the genera Myroides, Enterococcus, Proteus,
Pseudomonas, and Streptococcus were found to be prevalent in the multiple antibiotic resistant

bacteria communities (MARB) in the hospital wastewaters (Wang et al., 2018).

Even though the number of ARBS in hospital wastewater is minimized after treatment with sewage
processing techniques, various resistance factors are still present in greater proportions in hospital
wastewaters than in surface waters. Also, wastewater treatment plants have been reported to
provide the appropriate environment for the growth and propagation of ARBs (Wang et al., 2018).
The widespread development of drug-resistance among pathogens has become one of the most

serious challenges worldwide (Asfaw, 2019).

2.2.3 ESBL-producing Enterobacteriaceae

A study conducted by Hocquet et al. (2016) on antibiotic resistance in hospital wastewater
systems, have shown high frequency of human intestinal carriage ESBLEc in both hospital and
community settings. The Escherichia coli load in the hospital effluents was 3.8% - 39% higher
than in urban effluents but within the same range of — 10° — 10°cfu/mL as in community
effluents. This occurrence can be attributed to the high carriage rates of ESBLEc among in-patients
in hospitals than in communities. The presence of large amounts of antibiotics and disinfectants in
hospital wastewater is a contributing factor to the high survival rate of ESBLEc in the hospital
wastewater network (Hocquet et al., 2016). On the contrary, Escherichia coli concentration was

slightly greater in urban wastewaters than in hospitals, this is because of the high dilution rate in
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hospital wastewater resulting from the high daily water consumption per bed (Hocquet et al.,

2016).

Escherichia coli in a study by Diwan et al.(2010) and Moges et al. (2014), showed resistance to
ciprofloxacin, ampicillin and amikacin, whereas they showed sensitivity to amoxicillin and other
antibiotics that were tested. Some Gram negative isolates including Citrobacter spp and
Enterobacter spp were reported to be 100% resistant to ampicillin in a study by Moges et al.
(2014). The above stated Gram negative isolates were also resistant to cotrimoxazole (38%),
tetracycline (37%), naldixic acid (36%), cephalotin (49%) and cefotaxime (33%) but showed least
resistance to ciprofloxacin (12%) (Diwan et al., 2010). In a study by Moges et al. (2014) as
mentioned earlier, Enterobacter spp showed resistance to 12 antibiotics, Klebsiella also showed
resistance to 11 antibiotics, and Pseudomonas spp showed refractory to 10 antibiotics. Some Gram
positive bacteria also exhibited multiple drug resistance to frequently used antibiotics in a study

site at Gondar, Ethiopia (Moges et al., 2014).

2.2.4 Antibiotics and Antibiotic Residues

Antibiotics are incorporated in medicines and widely used by humans and animals to treat and
prevent diseases (Jury et al., 2010). They are naturally occurring or synthetic chemical compounds
with antimicrobial activities (Jury et al., 2010; Tesfaye et al., 2019). Antibiotics were one of the
most prescribed drugs followed by analgesics in a health facility survey conducted in the Eastern
region of Ghana (Ahiabu et al., 2016). In Ghana, some of the most prescribed antibiotics are
amoxicillin, metronidazole, flucloxacillin, amoxicillin/clavulanic acid, ciprofloxacin,
erythromycin, chloramphenicol and co-trimoxazole (Ahiabu et al., 2016; Azanu et al., 2018). The
high prevalence and concentration of antibiotic residues detected in the hospital wastewater

suggests that hospital wastewater is a major source of antibiotic contamination and a greater cause
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for public health concern (Petrovich et al., 2020). Pharmaceuticals like antibiotics (ciprofloxacin,
erythromycin, tetracycline et cetera) are also known as emerging organic contaminants and are
mostly endocrine disruptors or carcinogenic and this is usually based on the level of concentration
detected (Bhattacharya, 2017). Wang et al. (2018) in a study ascertained that the types of antibiotic
residues detected in untreated hospital wastewater samples also reflect the various antibiotics
prescribed to patients. A research by Wang et al. (2018) on the occurrence and diversity of
antibiotic resistance in untreated hospital wastewater revealed the presence of antibiotic residues,
which included tetracyclines, sulfonamides, macrolides, quinolones, cephalexin, lincomycin and
trimethoprim in hospital wastewater samples collected from three tertiary public hospitals in
Xinxiang City, central China, in January 2016 and July 2016. Also, ciprofloxacin and
sulfamethoxazole were detected in a study by Paulus et al. (2020) at concentrations of 2706 ng/L,
3752 ng/L and 367ng/L, 269ng/L respectively in two different hospitals. These concentrations
were several orders of magnitude higher than in community wastewater samples (Paulus et al.,
2020). However, erythromycin was not detected in both HWWTPs influent and effluent samples
used by Al Qarni et al. (2016) in a study on investigating the removal of some pharmaceutical
compounds in hospital wastewater treatment plants operating in Saudi Arabia. Among these,
eleven antibiotic residues were detected in all samples analyzed (Al Qarni et al., 2016). The
occurrence of quinolones, tetracyclines and cephalexin antibiotic residues were more prevalent
than those of macrolides and sulfonamides in all wastewater samples. Municipal water and ground
water were free from antibiotic residues as reported by (Diwan et al., 2010). Also, ceftriaxone,
one of the most-prescribed antibiotics and other antibiotics with the 3-lactam ring have never been
detected in hospital effluents because of the easy degradation of the B-lactam ring, its high

metabolic rate and the processes of decarboxylation (Diwan et al., 2010). Six (6) antibiotics
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residues out of eight (8) antibiotics used for a study by Tamhankar et al. (2013) in a teaching
hospital wastewater samples were recorded. The antibiotics detected were the sulfonamides
(sulfamethoxazole), imidazoles (metronidazole), and fluoroquinolones (ciprofloxacin,
levofloxacin, ofloxacin, norfloxacin). Cephalosporins (ceftriaxone and cefeperazone) on the other
hand were not detected in hospital wastewater samples used for the studies. High concentrations
of antibiotics which included ciprofloxacin, clarithromycin and sulfamethoxazole were found in
hospital wastewater influent in a study conducted in Saudi Arabia by Al Qarni et al. (2016).
Similarly, high amounts of ciprofloxacin (11,352 to 15,733 ng/L ) and erythromycin (7944 to
10613 ng/L) and low concentration of tetracyclines were found in hospital wastewater samples
collected from KATH by Azanu et al. (2018) in a research on occurrence and risk assessment of
antibiotics in water and lettuce in Ghana. It is worth noting, that in Azanu et al.'s (2018) research,
the maximum concentration of ciprofloxacin that was detected in hospital wastewater and river
samples analyzed were 15ug/L and 1.2ug/L respectively, this is respectively 150 and 2 times
greater than the proposed concentration of 0.1/L purported to promote antimicrobial resistance.
Generally, detecting high level of antibiotics in raw hospital wastewater is expected due to the
high consumption of antibiotics in the hospitals. Even though concentrations of antibiotic residues
in hospital wastewater varies across hospitals, similar dimensions of concentrations of
ciprofloxacin, sulfamethoxazole and metronidazole have been recorded (Paulus et al., 2020).
However, in Ghana, very little information on the actual use of antibiotics by humans is available
due to the weak systems for the regulations of medicines. Obtaining data on the quantities of
antibiotics sold are very difficult to come by. Tamhankar et al. (2013) and Diwan et al. (2010),

however, did not record the presence of norfloxacin and sulfamethoxazole in hospital wastewater
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sample collected from a non-teaching hospital in India. Similarly, Tamhankar et al. (2013),

recorded no antibiotic residues from incoming water samples for hospitals.

The efficient removal of antibiotics from wastewater treatment plants varies depending on the
treatment method adopted. Ciprofloxacin, for instance, in a published work by Al Qarni et al.
(2016) was efficiently removed using the activated sludge treatment method, whereas the efficient
removal of sulfamethoxazole was lower using the activated sludge treatment plant in temperate
regions. It is to be noted, however, that removal efficiency is relatively higher during summer than
in winter (Al Qarni et al., 2016). Overall, the removal of antibiotics in HWWTPs in a study was
efficient during the hotter tropical climate seasons of Saudi Arabia. The higher temperatures of
>26°C which is available all year round in Saudi Arabia contributed to the removal efficiency of
these compounds (Al Qarni et al., 2016). The reason is that tropical conditions may lead to an
increase in microbial activity during the active sludge process, leading to an increase in the
biodegradation kinetics. This process has been supported by the theory that microorganisms living
in reactors reach their optimal activities usually at temperature rates within the range of 25°C to
35°C (Al Qarni et al., 2016). Nevertheless, the availability of sunlight which is important for photo
degradation also plays a major role in the efficient removal of pharmaceutical compounds in
hospital wastewater. However, the removal of pharmaceutical products from effluents does not

signify absence or reduced level of toxicity (Al Qarni et al., 2016).

Rivers, streams and other aquatic bodies are at the receiving end of partially treated or untreated
hospital wastewater and this explains the reason for the occurrence of antibiotics in the rivers and
streams (Azanu et al., 2018). A study in Kumasi by Azanu et al. (2018) indicated that all water
bodies were significantly contaminated with antibiotics and as such the concentration of

antibiotics recorded in rivers were usually high with -~3ug/L, while the concentration in irrigation
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water were comparatively low with —~0.2ug/L. These concentrations were influenced by the
wastewater discharge from surrounding hospitals. Sulfamethoxazole (2861 ng/L) recorded the
highest concentration in river samples analyzed by Azanu et al. (2018), followed by ciprofloxacin
and erythromycin. Amoxicillin was least represented with a maximum concentration of 2.7 ng/L.
Also, the concentrations of antibiotics detected in the upstream samples collected before entry of
WSP effluents was lower than antibiotics concentrations detected and recorded in the midstream
and downstream river samples (Azanu et al., 2018). Overall, for wastewater used for irrigation
purposes, occurrence of antibiotics detected in a study suggested that the concentrations of
antibiotics in water used for the irrigation of vegetables were lower than the concentration of
antibiotics detected in river which ranged from <LOD to 146 ng/L for ciprofloxacin. However,
differences in concentrations of tetracycline and cefuroxime residues detected in a river sample
compared to its concentration in the irrigation water sample was statistically significant, with
tetracycline (p=0.04) and cefuroxime (p=0.01). Differences in concentrations were, however, not
significant for ciprofloxacin, metronidazole, erythromycin, trimethoprim, sulfamethoxazole,
amoxicillin, ampicillin, oxytetracycline, chlortetracycline and doxycycline (Azanu et al., 2018).
Again, out of 12 antibiotics that were used in a study in the Ashanti region of Ghana, five
(erythromycin, ciprofloxacin, cefuroxime, sulfamethoxazole, metronidazole) were detected in
market samples, trimethoprim and ampicillin together with these five antibiotics were also

detected in farm samples (Azanu et al., 2018).

Antimicrobial resistance is gradually built by the selective pressure that is exerted onto the
wastewater micro flora as a result of the chemical residues present in the hospital wastewater.
Hospital wastewater, in a study by Paulus et al. (2020), was found to contain more antibiotic
resistance-genes and antibiotic residues as compared to wastewater samples from the communities
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and urban wastewater treatment plants. In a study conducted in Netherlands, it was reported that
hospital wastewater samples exhibited .04 to1.8 fold higher, relative to antibiotic resistance-genes
concentration than community wastewater samples. However, no ARGs were detected in
significantly higher concentrations in community wastewater samples. Comparatively, ARGs
levels per milliliter in hospital wastewater samples and community wastewater samples differed
significantly with 0.8 and 2.3 fold increase in the former (Paulus et al., 2020). The higher
concentrations of ARGs detected in hospital wastewater implies higher occurrences of antibiotic
resistance which can result in multidrug-resistant bacteria. Moges et al.(2014) further reported that
seasons do not have effect on the occurrence of bacteria in untreated hospital wastewater.
Similarly, hospital wastewater samples collected 100 meters away from hospitals were reported to
have had higher numbers of antibiotics and higher antibiotic residual levels than samples collected
in close proximity to the hospital (Diwan et al., 2010). In fact, Azanu et al. (2018) concluded in a
study that 94% of antibiotics detected in water bodies were from hospital effluents and the
remaining 6% were from WSPs. Diwan et al. (2010) in another study discovered a link between
antibiotics prescribed to in-patients and the antibiotics detected in the hospital effluents. Gupta
(2017) indicated in a study on sources, effects and control of water pollution, that contamination
of an aquatic environment affects places that are hundreds or even thousands of miles away. This
correlation is as a result of factors such as the metabolism of antibiotics, water flow rate, time of
sample collection, temperature etc. On the contrary, Wang et al.(2018) in a study, reported that
the antibiotic residues that were detected in the hospital wastewater samples used for survey on
the occurrence and diversity of antibiotic resistance in untreated hospital wastewater did not
positively correspond with the abundance of the various ARGs and ARBS, indicating that these

ARBs were already present in the human excreta, especially intestinal excreta. It is important to
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note that the types and mass load of the various antibiotic residues found in hospital wastewater is
dependent on the geographical location and the type of healthcare facility as well (Khan et al.,

2020).

2.3 Management of Hospital Wastewater

Managing hospital wastewater is a serious issue in many parts of the world, as mismanagement
can result in health, safety and environmental risk to inhabitants. Most developing countries like
Asia, Africa and the Middle East have legislature governing the disposal of wastes, of which
hospital wastewater is inclusive, however, the implementation of these regulations are short
coming. Rachel et al. (2012) confirmed in a study that hospital staff responsible for wastewater
management are very few and marginalized. Sadly, these category of staff are undertrained,
resulting in alarmingly low level of knowledge and awareness regarding effective management of
hospital wastewater. Moreover, most of these categorized staff are not immunized and they do not
wear protective clothing when handling these wastes, as such, they are mostly infected through
inhalation and dermal exposures (Rachel et al., 2012). Some individuals who are exposed to
wastewater include: people residing near spray irrigation sites and spray irrigators (Rachel et al.,
2012). Most scavengers on sites where some of these wastewater are dumped are also not

immunized, exposing them to adverse health risks (Rachel et al., 2012).

Hospital wastewater requires additional efforts to ensure safe storage, conveyance and treatment
(Aththanyaka et al., 2014; Fianko et al., 2016; Ibrahim et al., 2018; Husain et al., 2020).
Developing countries require special attention in the management of hospital wastewater due
increased urbanization, lack of resources and the relatively large population. Most developing

countries do not have the expertise and technology that are necessary in the effective management
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of hospital wastewater, hence, steps to be taken to reduce the adverse effects of such wastes

include: waste reduction, minimization and source segregation (Ali et al., 2017)

2.4 Treatment of hospital wastewater

Treatment employed by the various hospitals affect the quality of water discharged into water
bodies which are eventually used for cooking, drinking and irrigation (Diwan et al., 2010; Beattie
et al., 2020). Bhattacharya (2017) explained that contaminated drinking water can be detected by
scrutinizing or examining the odor, taste, color and turbidity of the water. However, most
contaminated water cannot be easily detected unless tested in the laboratory. Efficient treatment
of hospital wastewater is vital to the health of individuals because dissemination of poorly treated
hospital wastewater into the aquatic environment and its consumption has adverse effects on
inhabitants, this, is usually dependent on the individual’s vulnerability and immune strength as
explained by Bhattacharya (2017). The EPA (2015), however, did not find the correlation between
long-term exposure to low levels of pharmaceuticals in drinking water and adverse health
implications. A similar study conducted by Beattie et al. (2020) on survivor of microbial
population in post chlorinated wastewater, identified the presence of multiple microbial taxa in
treated and disinfected effluents, these included potential pathogenic species such as Escherichia
coli, and B-lactam resistant microbial communities. Similarly, findings by Lien et al. (2017) in a
study conducted on antibiotic resistance and antibiotic-resistance genes in Escherichia coli isolates
from the hospital wastewater in Vietnam, reported that even after treatment, antibiotic resistant
bacteria and antibiotic-resistance genes were found in hospital wastewater. Fekadu et al. (2015),
also revealed in a study that hospital effluents that are released into recipient water bodies contain

antibiotic-resistant bacteria and eventually pose public health threat.
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Disposal of clinical wastewater has been defined by Fianko et al. (2016) as the final placement of
treated liquid waste on the land or into water bodies based on local rules and conditions. In most
developing countries, hospital effluents do not undergo any treatment before disposal into the
aquatic system (Khan et al., 2020). Besides, Fianko et al. (2016) also revealed in a study that the
act of discharging untreated water down the sewer into water bodies and onto bare soil has been
normalized in certain hospitals especially in developing countries. A typical example is the Accra
Municipal Assembly (AMA) treatment plant, which initially diverted the sewage to the original
pipe and further discharged the treated wastewater into the ocean. Now, with a faulty pipe, the
wastewater is now discharged directly into the Korle Lagoon despite an ecological restoration
project that is multi-million dollar (Murrel and Dreschel, 2011). Similarly, Azanu et al. (2018) has
revealed in a study that wastewater from the Komfo Anokye Teaching Hospital (KATH), Kumasi,
flows directly into surface water, serving as a great source of introduction of antibiotic residues
and antibiotic resistant bacteria into the environment. Also, in the Sunyani municipality, treated
clinical liquid wastewater is discharged into nearby rivers where it is used by inhabitants for

drinking, cooking and irrigation purposes.

Lien et al. (2017) reported that the occurrence of antibiotic resistant bacteria is minimized in
advanced wastewater treatment processes such as ozone, UV, and ultrafiltration. Even with such
advanced treatment processes, resistant bacteria are not completely removed. Most hospital
wastewater treatment plants used are inefficient in getting rid of the microorganisms and chemical
residues, resulting in the transfer of these substances into the environment, an example is the high
occurrence of antibiotic resistance and antibiotic-resistance genes detected in Escherichia coli
isolates from hospital wastewater samples before treatment and after treatment (Lien etal., 2017).
Therefore, it has become necessary for hospitals to be provided with effective wastewater
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treatment plants with treatment processes that can completely get rid of antibiotic resistant bacteria
(Lien et al., 2017; Asfaw, 2019). Analytical evaluation, periodic assessment and treatment of
hospital wastewater that is released into the aquatic environment is necessary to limit or reduce

its public health impact (Asfaw, 2019).

Treatment method is any technique used to change the chemical and physical composition of any
waste (Fianko et al., 2016) . The need to protect the aquatic environment and provide potable water
has led to the use of science-based solutions for hospital wastewater treatment methods that
provide solution to the problem. It has therefore become necessary that the quality and quantity of
hospital wastewater be given the necessary attention (Bhattacharya, 2017). Although the effective
solution to be used is dependent on the nature and extent of contamination and infrastructure, that
is, power, man power, presence of chemicals, and cost of production as well as acceptability of
technology, these play essential roles in the effective treatment of wastewater (Bhattacharya,

2017).

In most instances, hospital wastewater is directly connected to the urban sewer system without
pre-treatment. Municipal sewage systems, however, have not been designed to remove medical

or pharmaceutical wastes (Al Qarni et al., 2016).

Sedimentation, distillation and disinfection are some of the common wastewater treatment and

purification methods as stated by (Bhattacharya, 2017).

2.4.1 Sedimentation
According to Fianko et al.(2016), many teaching hospitals in developing countries still use
conventional treatment methods and waste stabilization ponds in the treatment of their clinical

wastes. For example, a regional hospital in Sunyani uses on-site conventional treatment method,
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where the sedimentation tank processes are in three stages, that is, primary, secondary, and tertiary.
Here, the grits and particulate matter, biological-floc, sludge, odour and chemical-floc are removed
by pumping chlorine through a piping system into the sedimentation tank to disinfect the liquid of
any bacteria present, afterwards it is left for a day or more, then it is finally dislodged into a tunnel
connected to a stream (Fianko et al (2016). One of the main disadvantages of conventional
treatment plant is the fact that effluent still contains large number of pathogens even after
treatment, whereas the waste stabilization pond uses the suns energy for its operation and
treatment by selecting appropriate organic loadings, retention periods and pond depth to promote
the maximum growth of organic material needed for treatment, thus making it easier and more
effective especially in the removal of total faecal coliform bacteria (Fianko et al., 2016). Fianko
et al. (2016) in a microbial analysis that was made on a conventionally treated liquid waste
revealed the total coliform and the faecal coliform to be 18 and 16 respectively, this however, does
not meet the standard total and faecal coliform count of the WHO and the GWCL, which are 0 and
0 respectively. This is an implication of the presence of bacteria in treated effluents which is far
above the standards of WHO and GWCL (Fianko et al., 2016). Results from Azanu et al. (2018)
revealed that WSPs significantly minimises antibiotic loads to about 96% indicating that sewage

sludge is the main reservoir of antibiotics as a result of their effective sorption properties.

2.4.2 Distillation

Distillation is the most common separation technique used in the treatment of water. Heat is
applied in the separation technique to separate the mixed constituents of the wastewater.
Separation is achieved based on the variance of the boiling points of the constituents, where water
is separated from inorganic substances such as lead, calcium, magnesium etc (Bhattacharya, 2017).

Distilled water is safe, however, it is not considered healthy for consumption purposes as it does
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not contain nutrient minerals (Bhattacharya, 2017). Treating water by the distillation method
removes a wide range of contaminants which includes heavy metals, toxic chemicals, bacteria,
viruses, parasites etc., also, treatment by this method does not require additional disinfection
processes, and does not rely on physical barriers like filters. However, treatment by distillation
requires careful maintenance to ascertain purity, and also, treatment of wastewater by this method

makes use of huge amount of energy in terms of cooling and heating (Veenstra et al., 1997).

2.4.3 Disinfection

Disinfection method of treating wastewater is categorised into physical and chemical methods.
The physical method involves using ultra violet radiation and the chemical method involves using
chlorine (Bhattacharya, 2017). With the ultra violet radiation, the water to be treated is passed
through germicidal ultraviolet light that is configured inside a low pressure lamp. The genetic
components of the microbes are destroyed as the contaminants pass through the ultra violet purifier
and are exposed to the ultra violet light (Kataki et al., 2021). Advantages of this method include
its ability to destroy and inactivate pathogenic microbes, degrade some organic contaminants and,
it also has no effect on minerals in water. This method, however, cannot be achieved without

electricity (Bhattacharya, 2017) .

Chlorine together with its compounds chloramine or chlorine oxide are used in the disinfection of
wastewater (Kataki et al., 2021). Chlorine acts against bacteria or protozoa that form cysts. One
disadvantage of using chlorine is that it reacts with natural organic compounds in the water to form
harmful chemical by-products such as trihalomethanes and haloacetic acids which have been

shown to cause cancer (Bhattacharya, 2017).
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Treating and disinfecting drinking water to reduce water-borne diseases is one of the major public
health advances of the 20" century (EPA, 2015). No technology has been 100% effective in
treating hospital effluents or contaminated water, so the concept of hybrid technology has been
adopted to improve effective treatment of hospital effluents and contaminated water (Al Qarni et
al., 2016). The biodegradation efficiency of some pharmaceutical compounds under anaerobic
processes has fluctuated from no elimination to high elimination, an example is the high
elimination rate that was observed in some antibiotics like sulfamethoxazole and natural
oestrogens, and the no elimination rate that was observed in carbamazepine in a published article
by Al Qarni et al. (2016). In using the biological treatment, it has been found that the level of
removal efficiency is dependent on the physicochemical properties of the compounds, the type of
wastewater treatment technology, the hydraulic retention time (HRT), the solids retention time
(SRT) and the climatic conditions which include rainfall, dilution, level of sunlight and
temperature (Al Qarni et al., 2016). The variations are mostly as a result of these parameters and
other physicochemical properties of compounds that have effects on microbial activity and growth,
thereby causing changes in the quality of effluents. Moreover, the temperature variations of the
biological treatment processes can have effects on microbial activities and growth in the
wastewater (Al Qarni et al., 2016). Furthermore, the stability of temperature in the biological
wastewater treatment process is an important factor in the overall removal of micro pollutants
especially in arid and semi-arid areas like Saudi Arabia where the temperature is >25°C (Al Qarni
etal., 2016). This eventually leads to higher temperatures in wastewaters compared to both winter
and summer conditions in temperate countries. Scarcity of rainfall and intense sunlight are also
important factors in the removal efficiency of microbes in biological wastewater treatment

processes (Al Qarni et al., 2016).
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Among the treatment plants identified in a work by Murray and Drechsel (2011), about 30% were
capable of treating influent but not capable of rendering it safe for public consumption and usage.
Again, another observation was made by Murray and Drechsel (2011), that the problems with
treatment plants were usually the result of institutional bottlenecks, missing aeration devices,
failing electrical supply and broken pumps or motors. A further observation was made, that in
facilities like the hospitals where the treatments plants were non-functioning, the wastewater
generated was deliberately diverted into nearby streams or lagoons. Even though there are many
treatment plants in Ghana, only a small percentage serves the population, for instance, 31
wastewater treatment plants (WWTPs) have been identified in Accra and have been shown to serve
less than 10% of the population (Murray and Drechsel, 2011). The malfunctioning of most
treatment plants in Ghana are not to be blamed solely on “inappropriate technologies”, simply
because in Ghana, very simple technologies like waste stabilization ponds (WSPs) and aeration
tanks/ponds are used in the treatment of wastewater, but it is the reliance of most treatments plants
on electricity that has contributed to its fragility as a result of irregular power supply in the country
(Murray and Drechsel, 2011). A discussion with treatment plant operators further blamed the
failure of these treatments plants on the cost of electricity and stealing of electrical power lines

and its component (Murray and Drechsel, 2011).

In a study, Al Qarni et al. (2016) using the sand filtration treatment method, found it to have
negligible effect on the removal of pharmaceutical products in wastewater. Chlorination, however,
plays a relatively important role in the removal of some pharmaceutical compounds like
ciprofloxacin and sulfamethoxazole, with the pH influencing the level of removal achieved (Al

Qarni et al., 2016).
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The hospital has a responsibility to protect the health needs of inhabitants in its environs because
treated effluents which are disposed into nearby aquatic environments are used for irrigation
purposes and are also, in most instances used by straying animals for drinking (Azanu et al., 2018).
More so, inhabitants along the aquatic environments that are not connected to the GWCL pipeline
depend on these streams for cooking and drinking water (Fianko et al., 2016). Another important
factor to consider with inhabitants living around the sedimentation pool aside using the
contaminated water to cook and drink is the fact that flies can go and sit on their drinking waters
and food. Additionally, these wastewater may also permeate into the ground and eventually cause
adverse health effects such as gastro enteric infections and diseases as a result of faecal coliform
and Escherichia coli. Pathological, radioactive, chemical, infectious and pharmaceutical residues
left untreated can escalate the outbreak of communicable diseases such as cholera, enteric
illnesses, skin diseases and diarrhoea (Aththanyaka et al., 2014). Similarly, reports from hospitals
and clinics within the Sunyani Municipal Assembly in a study by Fianko et al. (2016) suggested
an increase in the cases of cholera, typhoid and diarrhoea due to water-borne related diseases.
These effects emphasize the need for pre-treatment of hospital wastewater before its discharge,
and an important reason to effectively train wastewater treatment operators and also ensure the

functioning of these treatment plants.
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CHAPTER THREE

3.0 METHODOLOGY

3.1 Study Design

This was a longitudinal study.

3.2 Study Site

The study was conducted in the Greater Accra Region of Ghana. A referral hospital, Korle Bu
Teaching Hospital was selected for this study because it is has a huge attendance and admission
records. The Child Health Unit has an OPD attendance of 28,152 and 9,790 admissions and the
Maternity Unit has a total OPD attendance of 83,001 and 14,070 admissions. It is also the premier
health facility, serving an estimated population of 15 million people within southern Ghana. KBTH
is equipped with 2000 beds and a central laboratory with several departments, including
microbiology to which all microbiological specimens from patients are brought for processing.
Hospital wastewater sampling was done at wastewater outlets of the two critical care units
selected, Maternity and Child Health, where wastewater comes out of the wards after being
contaminated with microorganisms (Diwan et al., 2010). All the wastewater from the Maternity
Unit exit through one channel into a manhole. This is similar for wastewater from the Child Health
Unit. Samples were collected from sites where the wastewater from the two units do not merge.
The wastewater outlets for these two units were traced and marked by a personnel from the
plumbing department of the Korle Bu Teaching Hospital. As of the time of collection, there was

no known treatment of wastewater from these two wards.
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3.3 Sample Size Determination and Collection

Sterile bottles were used for the collection of the hospital wastewater samples. A total of 288
wastewater grab samples of 100 ml volumes each (144 from each Unit) were collected across 12
weeks, on two days, that is, Mondays and Thursdays of each week, twice each sampling day
(morning and evening), three samples per sampling site at each sampling time, in the months
October to December at ambient temperatures ranging from 24°C to 31°C. Hence 24 samples were
collected each week from both Units. In the mornings, samples were collected from 7:00 a.m. and
8:00 a.m., and in the evenings, between 5:00 p.m. and 6:00 p.m. The samples were kept on ice and
conveyed to the research laboratory (within 2 hours) of the Department of Medical Microbiology,

University of Ghana Medical School, for microbiological analysis.
The minimum sample size was calculated as follows:

_z*xp(1-p)
= —

n
Descriptions as follows:

n = Minimum sample size

z = Confidence level at 95% (standard value of 1.96)
m = Margin of error at 5% (standard value of 0.05)

p = Estimated Enterobacteriaceae prevalence = 5.3% or 0.0053 (Urase et al., 2020)

_ 1.96% x p (1-p)

=77.12
0.052

The minimum sampling size was calculated to be 77. However, the sample size was increased to

288. This was done to increase the statistical power of the study.
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3.4 Laboratory Analysis

3.4.1 Isolation and Identification of Bacteria

The samples were cultured for bacteria by direct streaking of 0.5 ml on 5% sheep blood agar and
chocolate agar, the resultant plates of which were incubated at 37 °C in 5% CO2, as well as
mannitol salt agar and MacConkey agar, the resultant plates were aerobically incubated at 37 °C.
After 18-24 hours of incubation, each of the plates were examined for growth, and subcultures
done until pure cultures were obtained. The pure bacterial cultures were subsequently identified

using the Matrix-Assisted Laser Desorption/lonization-Time of Flight (MALDI-TOF) biotypher.

3.4.2 Antimicrobial Susceptibility Testing

Following the directives of the Clinical and Laboratory Standards Institute (CLSI, 2021), disc
diffusion assay on Mueller-Hinton agar plates were used, the antimicrobials used were: amikacin
(30 pg), ampicillin (10 pg), cefuroxime (30 pg), ceftriaxone (30 pg), ceftazidime (30 ug),
cefepime (30 ug), ciprofloxacin (10 pg), cotrimoxazole (trimethoprim/sulfamethoxazole) (1.25
Mg/23.75 ug), imipenem (10 pg), ertapenem (10 pg), gentamicin (10 pg), and amoxicillin-
clavulanic acid (25 pg). Using a nephelometer, a suspension similar in turbidity to that of 0.5%
McFarland standard was achieved by emulsifying the test isolate in normal saline. A sterile cotton
swab was dipped into the suspension and swabbed evenly across the entire surface of a Mueller
Hinton agar, in three different dimensions. This was done to obtain a semi-confluent growth
following incubation. The plates were incubated at 37°C for 18-24 hours, after which the zones of
inhibition around the antimicrobial discs were measured and interpreted according to the
breakpoints of CLSI (2021). Escherichia coli ATCC 25922 was used as control strain. The CLSI

guidelines were used for the interpretation of the bacterial isolates being resistant, susceptible or
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intermediate. A bacterial isolate was regarded as multidrug-resistant when they showed resistance

to three or more classes of antimicrobial drugs.

3.4.3 Phenotypic screening of Extended Spectrum Beta Lactamase in Enterobacteriaceae

A standard inoculum (0.5 McFarland) of test isolate was streaked on Mueller Hinton agar and
tested for ceftazidime (30 pg) and cefotaxime-clavulanic acid (30 pg/10pug) using the double disc
synergy test (DDST), a disc of clavulanic acid was placed in the center of Mueller Hinton agar
plates (90 mm) at 20 mm distance to ceftazidime and cefotaxime. ESBL production was detected
by the appearance of keyhole effect due to the enhanced activity of ceftazidime and cefotaxime
with clavulanic acid. E.coli ATCC 25922 and Klebsiella pneumoniae ATCC 700603 were used

as negative and positive control strains, respectively.

3.5 Ethical Consideration

Ethical approval was sought from the Institutional Review Board of KBTH. All data, both

electronic and physical, were stored in a secure password-protected computer.

3.6 Data Analysis

Data were entered into and analyzed with Microsoft Excel, 2019, and Statistical Products and
Services Solutions (SPSS), version 25. The data on the types of bacteria and their spatio-temporal
distribution, as well as antimicrobial resistance data were summarized using descriptive statistics.
Chi square tests were used to compare the two critical care units with regard to the proportions of

the bacteria isolated from their wastewater effluents, at an alpha level of 0.05.
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CHAPTER FOUR

4.0 RESULTS

4.1 Prevalence and types of bacteria present in the hospital wastewater

The 288 samples collected from the wastewater pools of the two critical care units selected for this
study, that is, Maternity and Child Health, yielded 294 bacteria, with all being Gram-negative. The
Maternity Unit accounted for 48.0% (n = 141) of these, whereas the Child Health Unit accounted

for 52.0% (n = 153).

The bacteria were of 23 different types, with the predominant ones being Escherichia coli (30.6%,
n =90), Klebsiella pneumoniae (11.2%, n = 33), Citrobacter freundii (10.9%, n = 32), Alcaligenes
faecalis (5.8%, n = 17), and Pseudomonas mendocina (5.4%, n = 16). Besides Escherichia coli
recording the highest prevalence (30.6%, n = 90), it was the only organism whose proportion
significantly differed between the two units studied [Maternity Unit = 23.8%, n = 37; Child Health
Unit = 38.0%, n = 53, p = 0.02]. The distribution of the organisms isolated from the wastewater

samples is presented in Table 1.
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Table 1: Prevalence of the bacteria in the hospital wastewater samples

Maternity Child Health
Organism Total p value
(N =141) (N =153)

Escherichia coli™ 90 (30.6%) 37 (41.1%) 53 (58.9%) 0.02

Klebsiella pneumoniae 33 (11.2%) 15 (45.5%) 18 (54.6%) 0.4

Citrobacter freundii 32 (10.9%) 15 (46.9%) 17 (53.1%) 0.6

Alcaligenes faecalis 17 (5.8%) 8 (47.0%) 9 (52.9%) 0.4
Pseudomonas mendocina 16 (5.4%) 12 (75.0%) 4 (25.0%) -
Pseudomonas alcaligenes 10 (3.4%) 5 (50.0%) 5 (50.0%) —
Acinetobacter towneri 10 (3.4%) 2 (20.0%) 8 (80.0%) -
Acinetobacter kookii 9 (3.1%) 6 (66.7%) 3(33.3%) -
Acinetobacter junii 8 (2.7%) 5(62.5%) 3 (37.5%) —
Acinetobacter gerneri 8 (2.7%) 4 (50.0%) 4 (50.0%) —
Enterobacter bugandensis 8 (2.7%) 4 (50.0%) 4 (50.0%) —
Aeromonas hydrophila 8 (2.7%) 3 (37.5%) 5(62.5%) -
Aeromonas caviae 8 (2.7%) 5 (62.5%) 3 (37.5%) —
Comamonas jiangduensis 6 (2.0%) 3 (50.0%) 3 (50.0%) —
Acidovorax temperans 6 (2.0%) 2 (33.3%) 4 (66.7%) —
Enterobacter cloacae 5 (1.7%) 3 (60.0%) 2 (40.0%) -
Aeromonas veronii 5(1.7%) 2 (40.0%) 3 (60.0%) —
Pseudomonas extremorientalis 4 (1.3%) 4 (100.0%) 0 (0.0%) —
Acinetobacter baumannii 3 (1.0%) 3 (100.0%) 0 (0.0%) —
Comamonas testosteroni 3 (1.0%) 1 (33.3%) 2 (66.7%) —
Pseudomonas koreensis 2 (0.7%) 2 (100.0%) 0 (0.0%) —
Enterobacter aerogenes 2 (0.7%) 0(0.0%) 2 (100.0%) —
Rahnella aquatilis 1 (0.3%) 0 (0.0%) 1 (100.0%) —

p <0.05
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4.2 Spatio-temporal distribution of the predominant bacteria isolated from the hospital

wastewater samples across the twelve weeks of sampling

As observed in Figure 1, Escherichia coli was present in the wastewater samples collected from
the Maternity Unit throughout Weeks 1 to 6 for the first days of sampling of those weeks. The
organism, however, demonstrated an intermittent occurrence (Weeks 1 to 3, Weeks 5 and 6, Week

9, and Weeks 11 and 12) on the second days of sampling (Figure 1).

The other hospital wastewater-contained organisms that recorded a high prevalence — Klebsiella
pneumoniae, Citrobacter freundii, Alcaligenes faecalis, and Pseudomonas mendocina — occurred
sporadically during the sampling period. Citrobacter freundii was additionally present from
Weeks 3 through to 6, and Klebsiella pneumoniae, Weeks 10 to 12, on the second days of

sampling.

Similar to the case of the wastewater samples collected from the Maternity Unit, in the wastewater
collected from the Child Health Unit, Escherichia coli was observed to have persisted, particularly,
during Weeks 1 to 4 and 6 to 11 of the first days of sampling and Weeks 3 to 7 and 9 and 10 of
the second days of sampling (Figure 2). Similarly, the occurrence of each of the other organisms
was intermittent, with Klebsiella pneumoniae additionally occurring repeatedly during Weeks 2

to 4 of the second days of sampling.
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Figure 1: Spatio-temporal distribution of the predominant bacteria recovered from
hospital wastewater collected from the Maternity Unit
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Figure 2: Spatio-temporal distribution of the predominant bacteria recovered from
hospital wastewater collected from the Child Health Unit
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4.3 Prevalence of multidrug resistance among the hospital wastewater isolates

The prevalence of multidrug resistance among the hospital wastewater isolates was 55.4% (n =

163) [Maternity Unit = 53.4%, n = 87; Child Health Unit = 46.6%, n = 76, p = 0.22]. Moreover,

the prevalence of ESBL producers among the hospital wastewater isolates was 15.6% (n = 46)

[Maternity Unit = 18.4%, n = 26; Child Health Unit = 13.1%, n = 20, p = 0.21]. E. coli accounted

for the highest proportion of ESBL-producing organisms (28.9%, n = 26). The distribution of the

predominant ESBL-producing bacteria is presented in Table 2.

Table 2: Distribution of the predominant ESBL-producing bacteria in the hospital

wastewater samples

Organism Total Maternity Child Health p value
Escherichia coli (n = 90) 26 (28.9%) 11 (42.3%) 15 (57.7%) 0.27
Klebsiella pneumoniae (n =33) 10 (30.3%) 10 (100.0%) 0 (0.0%) -
Citrobacter freundii (n = 32) 6 (18.8%) 3 (50.0%) 3 (50.0%) -
Enterobacter cloacae (n =5) 2 (40.0%) 2 (100.0%) 0 (0.0%) —
Enterobacter aerogenes (n=2) 2 (100.0%) 0 (0.0%) 2 (100.0%) —
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4.4Antimicrobial resistance patterns of the hospital wastewater bacteria

All the Escherichia coli isolates recovered were resistant to cotrimoxazole and ampicillin, but not
gentamicin, amikacin, imipenem, and ertapenem, and the resistance rates recorded for amoxiclav,
cefuroxime, ceftriaxone, ceftazidime, and cefepime ranged between 24% and 30%. A similar trend
was recorded for those of them that were ESBL-producing, except that the ESBL-producing ones
were additionally wholly-resistant to amoxiclav, cefuroxime, ceftriaxone, ceftazidime, and
cefepime. Klebsiella pneumoniae resistance rates for amoxiclav, cefuroxime, ceftazidime, and
cefepime ranged between 10% and 67%. A similar trend was recorded for those of them that were
ESBL-producing, except that the ESBL-producing ones were additionally wholly-resistant to
gentamicin, amoxiclav, cefuroxime, ceftriaxone, and ceftazidime. Also, Citrobacter freundii
resistance rates for cefuroxime, ceftazidime, and cefepime ranged between 20% and 30%. A
similar trend was recorded for those of them that were ESBL-producing, except that the ESBL-
producing ones showed full resistance to cotrimoxazole, gentamicin, ampicillin, amoxiclav,
cefuroxime, ceftriaxone, ceftazidime, cefepime, and ciprofloxacin. In addition, all the Alcaligenes
faecalis isolates recovered were resistant to ampicillin and amoxiclav, but showed no resistance
to the other antibiotics tested. Moreover, all the Pseudomonas mendocina isolates were resistant
to cotrimoxazole, ampicillin, ceftriaxone, ciprofloxacin, imipenem, and ertapenem. All the ESBL-
producing Enterobacter cloacae showed full resistance to ampicillin, amoxiclav, cefuroxime,
ceftriaxone, ceftazidime and cefepime, but they showed no resistance to cotrimoxazole,
gentamicin, amikacin, ciprofloxacin, imipenem, and ertapenem. Likewise, all the ESBL-
producing Enterobacter aerogenes showed full resistance to ampicillin, amoxiclav, cefuroxime,

ceftriaxone and ceftazidime but they showed no resistance to cotrimoxazole, gentamicin,
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amikacin, cefepime, ciprofloxacin, imipenem and ertapenem. Details of the antimicrobial

resistance patterns of the predominant bacteria are presented in Table 3.
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Table 3. Antimicrobial resistance patterns of the wastewater bacteria

Antibiotics / Organisms

Rates of Resistance (%)

COT GEN AMK AMP AMC CFU CFTX CFTZ CFP CIP IMI ERT
o 100.0 0.0 0.0 100.0 26.7 289 289 289 289 56 00 0.0
Escherichia coli
(n =90)
ESBL E. coli 100.0 0.0 0.0 100.0 100.0 1000 100.0 100.0 100.0 19.0 0.0 0.0
(n=26)
Klebsiella pneumoniae 455 0.0 00 1000 45 303 1000 303 212 121 0.0 0.0
(n=33)
ESBL K. pneumoniae
(n=10) 1000 100.0 0.0 100.0 100.0 100.0 1000 1000 70.0 40.0 0.0 0.0
Citrobacter freundii 100.0 96.9 00 100.0 1000 125 1000 200 253 1000 0.0 0.0
(n=32)
ESBL C. freundii
(n=6) 1000 1000 0.0 100.0 1000 100.0 100.0 100.0 100.0 1000 0.0 0.0
A'Ca"?rf”:esl;‘;‘eca“s 00 00 00 1000 12000 00 00 00 00 00 00 00
Pseudomonas mendocina
(n = 16) 100.0 0.0 00 1000 176 00 1000 00 0.0 100.0 100.0 100.0
ESBL E. cloacae 00 00 0.0 00 1000 1000 100.0 100.0 1000 0.0 0.0 0.0
(n=2)
ESBL E. aerogenes 00 00 00 1000 100.0 100.0 1000 100.0 1000 00 00 0.0

(n=2)
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COT = Cotrimoxazole; GEN = Gentamicin; AMK = Amikacin; AMP = Ampicillin; AMC =
Amoxiclav; CFU = Cefuroxime; CFTX = Ceftriaxone; CFTZ = Ceftazidime; CFP = Cefepime;
CIP = Ciproflloxacin; IMI = Imipenem; ERT = Ertapenem
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CHAPTER FIVE

5.0 DISCUSSION

This study evaluated the occurrence of multidrug-resistant bacteria in hospital wastewater of the
Korle Bu Teaching Hospital. One aspect of this study investigated the prevalence and types of
bacteria isolated from the Korle Bu Teaching Hospital wastewater. The bacterial organisms
present in the hospital wastewater sampled from both the Maternity and the Child Health Units
comprised 23 different species of Gram negatives, with the predominant ones being Escherichia
coli, Klebsiella pneumoniae, Citrobacter freundii, Alcaligenes faecalis, and Pseudomonas

mendocina.

The range of bacteria recovered from the wastewater emanating from the two KBTH units could
be a reflection of the bacterial infections managed at the units during the study period, and
compares well with many of the hospital wastewater evaluation studies conducted previously. For
instance, Daoud et al.(2017) who conducted their study in a hospital in Lebanon, reported the
range of organisms they found to be E. coli, Enterobacter cloacae, Klebsiella pneumoniae,
Klebsiella oxytoca, and Serratia odorifera. Lee et al. (2016) also reported Acinetobacter junii,
Comamonas testosteroni, Enterobacter spp., and Pseudomonas spp., as the organisms they
recovered from the wastewater of a hospital in Singapore. Similarly, Anssour et al. (2016)
recovered Escherichia coli, Klebsiella pneumoniae, Citrobacter freundii, Klebsiella oxytoca,
Escherichia vulneris, and Citrobacter koseri/farmer from the wastewater of an Algerian hospital.
Likewise, Moges et al. (2014) also recovered Klebsiella pneumoniae, Klebsiella oxytoca,
Klebsiella ozaenae, Pseudomonas spp., E.coli, Shigella spp., Citrobacter spp., S. aureus,

Enterobacter spp., Provendencia spp., Edwardsiella spp., Serratia spp., and Morganella spp.,
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from the wastewater of Gondar University Hospital in Ethiopia. The findings of these studies,
along with those of the current study, confirm that individuals who rely on water bodies
contaminated with hospital wastewater for domestic use, without appropriate prior treatment, put

themselves at risk of a wide range of microbial infections.

The subtle disparities between the range of organisms reported in the current study and those of
the other studies highlighted could be accounted for by differences in the bacterial identification
methods employed. Most of these other studies used manual methods of bacterial identification,
compared to the MALDI-TOF technique used in the current study which is more specific, and
hence would identify a wider range of organisms, following their isolation (Croxatto et al., 2012).
Also plausible is the potential role that differences in the content and brands of agar used may have
played in the growth of the target bacteria (Stecchini et al., 2001; Donkor et al., 2007; Costa et al.,

2021).

Moreover, in the current study, five bacterial species dominated in both units, with Escherichia
coli being the frequently isolated organism, at a prevalence of 30.6%, followed by Klebsiella
pneumoniae (11.2%), Citrobacter freudii (10.9%), Alcaligenes faecalis (5.8%) and Pseudomonas
mendocina (5.4%). Similar to these findings, Daoud et al. (2017) in a study on Lebanese hospital
wastewater, isolated Escherichia coli as the predominant organism accounting for 56.3%, Anssour
et al.(2016), likewise recovered Escherichia coli as the predominant bacteria, with a prevalence
of 85%, Klebsiella pneumoniae (6.7%), and Citrobacter freundii (3.3%) from hospital wastewater
in Algeria. Again, Sakkas et al. (2019), also recorded Escherichia coli and Klebsiella pneumoniae
as the predominant bacteria with a prevalence of 34.1% each, followed by Pseudomonas spp.
(12.8%). Contrarily, Moges et al. (2014) recorded Klebsiella pneumoniae as the frequently

isolated organism accounting for 23.5%, followed by Pseudomonas spp., (16.8%), Escherichia
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coli (11.5%) and Citrobacter spp., (11.5%). Asfaw et al.(2017) in a study on antibiotic resistant
bacteria in a North Ethiopia hospital wastewater, also isolated Klebsiella pneumoniae, Escherichia

coli, and Citrobacter freundii, with prevalence of 17.9%, 12.7% and 6.7%, respectively.

One other key objective of this study was to determine the spatio-temporal distribution of the
hospital wastewater-contained bacteria. This study is one of the few in sub-Saharan Africa to go
beyond determining the prevalence of different bacteria in hospital wastewater to use a design that
allows for gaining insights into the dynamics in bacterial composition of hospital wastewater
effluents overtime. As observed, Escherichia coli persisted for several of the weeks in the
wastewater from the two critical care units. While it is difficult to explain the intermittent absence
of E. coli, it is conceivable that the wastewater system may host environmental E. coli
contaminants that may not have originated from the critical care units studied. Accordingly,
changes in environmental conditions within the wastewater system may have played a role in the
E. coli transiency. As E.coli is a known indicator of faecal contamination, its persistence during
those periods could also have been influenced by shedding of the organism by patients and hospital
staff alike into the lavatory wastewater of the two KBTH units during those periods (Croxen et al.,
2013). Possibly, too, it could reflect a prevalence of E. coli-associated diarrhoea, E. coli UTI, some
other E. coli infections like neonatal meningitis, cholangitis, or pneumonia, or a mixture thereof,
during those weeks at the units studied. In like manner, the sporadic occurrence of the other
organisms could be a reflection of sporadic cases of infection involving those bacteria at the units
during the specified periods. The absence of a distinction between facultative and obligate
pathogenic E. coli, however, minimizes the conclusiveness of this infection hypothesis. Future

studies on microbiological evaluation of hospital wastewater could include an investigation of
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cases managed at the units of the hospital from which the effluents emanate to add to the robustness

of the data generated.

This study additionally investigated the prevalence of multidrug-resistance among hospital
wastewater isolates that were recovered. The prevalence of multidrug resistance among the
hospital wastewater isolates was 55.4%, and that of ESBL producers was 15.6%, with the
organisms generally demonstrating high resistance rates. The high antibiotic resistance rates,
including multidrug resistance, is consistent with the high rates reported by various studies among
clinical isolates emanating from the study hospital (Newman et al., 2011; Labi et al., 2014; Obeng-
Nkrumah et al., 2015; Opintan et al., 2015; Donkor et al., 2018; Anafo et al., 2021; Anafo et al.,
2021) Several studies have also reported high prevalence of multidrug resistant bacteria in hospital
wastewater. For example, Voigt et al. (2020) found between 85.7% and 96.4% of hospital
wastewater they sampled from different sites to contain ESBL E. coli, Citrobacter spp.,
Enterobacter spp., and Klebsiella spp. That in the current study, organisms with the identified
resistance traits were recovered from the wastewater effluent of a leading referral hospital in the
country is worrying, as the wastewater effluents could potentially end up in water bodies used in
community settings. Previous studies have demonstrated a high potential for transmission of
multidrug resistant organisms from such contaminated water bodies to humans, such as those
involving IMI2-producing Enterobacterales and KPC3-producing K. pneumoniae in south of
France and Frankfurt, Germany, respectively (Heudorf et al.,, 2018; Laurens et al.,
2018).Consequently, the pool of hospital wastewater evaluated in this study, and by extension,
those generated in the hospital, could serve as a reservoir for dissemination of drug-resistant
infections. In fact, previous studies in the country have demonstrated that fomites, as well as
cockroaches, are important in harbouring and disseminating multidrug resistant organisms and
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drug resistance determinants (Donkor et al., 2018; Donkor et al., 2019; Obeng-Nkrumah et al.,

2019).

The public health concerns raised by the findings of the current study may be accentuated by the
fact that besides potentially providing a snapshot of the nature of the wastewater generated by
other hospitals in the country, the hospital studied is a major referral healthcare facility, and by
virtue of this status, may have more robust waste management strategies than would lower-tier
hospitals in the country. It is also possible that the findings of the current study may be a reflection
of the complexity of cases handled at the hospital, and not necessarily be a general reflection of
the wastewater of the entire healthcare system of the country. To clarify this hypothesis and
adequately guantify the aforementioned public health threat, it would be necessary to replicate this
study at other hospitals in the country which belong to other tiers of healthcare classification. As
an additional public health measure to safeguard antimicrobials, it is important that hospitals in
the country routinely monitor the microbiological safety of their wastewater effluents and disinfect
them. These monitorings could encompass evaluation of prevalence and types of antibiotic
residues. Moreover, as noted earlier, the high rates of resistance recorded highlight the need to
intensify antimicrobial stewardship efforts to help tackle the antimicrobial resistance menace

efficiently.
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CHAPTER SIX

6.0 CONCLUSION, RECOMMENDATIONS, AND LIMITATIONS

6.1 Conclusion
The main conclusions of the study are as follows:

The wastewater generated by the Maternity and Child Health Units of KBTH harboured a wide
range of multidrug resistant bacteria, with a good proportion of these being ESBL producers, and
the predominant and persistent one being E. coli. The study thus identifies the wastewater of
KBTH as an important source of multidrug resistant organisms, and underscores the significance
of appropriate treatment of wastewater of the hospital and other clinical and related settings prior

to its discharge.

Findings from this study, particularly, the high prevalence of multidrug resistance, suggest that
studies of this nature should be done routinely and expanded to other hospitals in the country.
Extensive research is to be conducted to identify efficient and cost-effective ways to remove
antibiotic resistant organisms from hospital effluents. Again, hospitals should be built to include
waste treatment plants, and the effectiveness and functioning of these plants should be regulated
by the authorised bodies. In fact, it is recommended that wastewater from hospital settings is

pretreated, even prior to arrival in local treatment plants (Paulus et al., 2019).
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6.2 Recommendations

Findings from this study suggest that studies of this nature should be done routinely and expanded
to other hospitals in the country. Extensive research is to be conducted to identify efficient and
cost-effective ways to remove ARBs from hospital effluents. Furthermore, hospitals should not be
built without treatment plants and more so, the effectiveness and functioning of these plants should

be regulated by the authorised bodies.

Finally, per the results of this study, it can be suggested that regular monitoring and surveillance
of water quality including antibiotic-resistant bacteria of all water bodies, should be taken up as a
priority in National and Global actions plans as these can have adverse impacts on the build-up of

antibiotic resistance.
6.3 Limitations

One limitation this study has is that it was conducted in only one hospital, and focused on only
two units of the hospital, and hence the results may not be representative of all the departments in
the hospital or all the hospitals in the country. A study of the presence of antibiotic residues in the
waste water and the pattern of microbial resistance in human specimens form these units would

have provided further insight. Also the source of contamination could have been exogenous.
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