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GLOSSARY

Antibiotic misuse/overuse

Antimicrobial resistance

Carbapeneme-resistance

One Health

refers to irrational use and abuse of antibiotics including use of
antibiotics to treat viral infections, use of antibiotics without
prescription, use of antibiotics for non-therapeutic purposes in
sublethal dose.

refers to a phenomenon where the activities of infection-causing
bacteria can no longer be terminated or inhibited by
antibiotics/antimicrobial agents that are previously used for these
purposes as a result of bacteria modification to these agents.

refers to a phenomenon where bacteria are no longer treatable with
carbapenem, a set of beta-lactam antibiotics.

refers to working together of local, national and international
stakeholders from different sectors in a collaborative approach to
ensure healthy human, animal and the environment.
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ABSTRACT

Background: Increasing rates of carbapenem resistance (CR) are reported in Africa, driven
primarily by misuse and overuse of antibiotics for humans and animals. Still, the extent of
occurrence of CR and drivers of antibiotics misuse/overuse in Nigeria are not comprehensively
understood due to lack of effective CR and antimicrobial use surveillance systems. This scoping
review was conducted to describe the prevalence of CR as well as determinants of antibiotics
misuse/overuse in Nigeria using One Health Approach.

Methodology: Peer-reviewed articles published in English language from January 1, 2000, to
June 30, 2020 were retrieved from the MEDLINE and AJOL databases in two searches: CR
prevalence, mechanism, and geographical distribution; and determinants of antibiotics
misuse/overuse. Using the PRISMA guideline for a scoping review with established inclusion
and exclusion, data from eligible studies were extracted in an Excel spreadsheet. Findings were
reported using appropriate frameworks.

Results: Of the 1361 and 1617 articles identified, 94 and 33 were eligible in the first and second
search, respectively. The majority, 75(79.8%) and 38(40.4%) of the CR studies utilized clinical
samples and from Southwestern Nigeria, respectively. CR range from 0%-100% mainly due to
carbapenemase production. Antibiotics misuse/overuse determinants include drive for profits,
availability of leftover antibiotics, cost and lack of diagnostics.

Conclusion: CR varies widely but prevalent across the country and socio-economic, health
system and policy factors continue to drive the misuse/overuse of antibiotics among the
prescribers and consumers. It is essential to establish a national CR surveillance system and
design antimicrobial stewardship interventions in the country.

Keywords: carbapenem resistance, antimicrobial resistance, antibiotics misuse/overuse, One
Health

Abstract word count: 246
Total word count: 11,917



CHAPTER 1: BACKGROUND

The discovery and development of penicillin in the 1940s and other antibiotics in subsequent
years is one of the landmarks in modern medicine (1). Antimicrobial therapy has therefore been
an important component of prevention and treatment of infections as well as surgical operations.
The significant contribution of antibiotics to human existence cannot be overemphasized as it has
significantly improved outcomes in disease treatment, contribute to decreased mortality and
increased life expectancy as well as improved productivity (2)(3). Antibiotic use has become an
essential part of modern-day human medicine evidenced in the consumption rates. Recent global
antibiotic consumption estimation showed that between year 2000 and 2015, the mean rate of
antibiotic consumption increased by 28% from 16.4 (SD 9.9) defined daily dose (DDD) per
1,000 inhabitants per day to 20.9 (SD 9.8) across the countries although this upsurge was largely
driven by increased consumption in low and middle-income countries. In 2015, total global
antibiotics consumption was 42.3 billion DDD (15.8 DDDs per 1,000 inhabitants per day) and
without any policy intervention, this will increase by over 200% in 2030 (4).

Similarly, antibiotics are used in livestock farming, fish and poultry management and as well as
in food processing procedures. These medicinal agents are vital to the expansion of industrial
farming over the years thus contributing to food productivity, security and animal health.
Antibiotics are used in veterinary and aquaculture and in crop production for prophylactic,
curative and growth promoting purposes. Although used to treat and prevent infections in
animals, a significant proportion of the antimicrobials is used to enhance and promote rapid
growth in animals. These antimicrobials are administered in low doses with potentially grave
implications for resistances (5). Antibiotic consumption is relatively low in crop production
compared to livestock production, where 67% of the estimated increase in future consumption of
antimicrobials is expected to take place (6)(7).

1.1 Occurrence and burden of antimicrobial resistance

The gains of antimicrobial discovery and use are slowing down and taking a downward trend as
bacteria are beginning to develop resistance to the world’s classes of antibiotics (8).
Antimicrobial resistance describes a situation when bacteria no longer respond to antibiotic
agents that impede their development or destroy them. Most bacteria develop resistance to
antibiotics as a result of rapid change of the bacterial genome due to mutation or horizontal gene
transfer although bacteria can be intrinsically resistant to some antibiotics. The latter
phenomenon occurs when a bacterium has natural structural and functional characteristics which
makes it able to withstand the actions of the antibiotic. Bacteria also develop or acquire
antibiotics resistance through three main ways: firstly, by minimizing the concentration of the
antibiotics in the cell due to inadequate entry into the microorganism or of the antibiotic efflux;
secondly, through modification of the antimicrobial target as a result of mutation or po-
translational alteration of the target; and thirdly, through inactivation of the antimicrobial via
alteration or hydrolysis (9). Acquired resistance occurs under continuous selective antibiotic
pressure due to routine antibiotics consumption (10) and as shown in figure 1, the timelines for
antibiotics discovery is relatively slower than the rate of bacterial resistance.

AMR has increased significantly over the years and the rising trend of AMR has become a public
health threat that requires urgent attention. The WHO global report on surveillance of AMR in
2014 revealed resistance of many pathogenic micro-organisms to the commonly used antibiotics
across the globe making it difficult to manage the bacterial infections. For instance, the
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prevalence of Klebsiella pneumoniae’s resistance to third-generation cephalosporins was higher
than 30% globally and Escherichia coli was resistant to fluoroquinolones, exceeding 50% in
almost all WHO regions (11). Similarly, a 2017 systematic review revealed increasingly high
rates of antimicrobial resistance in Africa. The review showed that bacteria causing urinary tract
infections were notably highly resistant to common first line regimens, and Klebsiella spp
resistance to second generation fluoroquinolones were increasingly high West Africa (12).

The impact of AMR is enormous, and this will increase without any policy intervention.
Globally, an estimated 700,000 are attributable to AMR annually and 100 trillion USD is
estimated as potential global production loss by year 2050 if no effort is directed towards curbing
the AMR menace (13). AMR potentially challenges efforts to improve human and animal
productivity, reduce poverty and improve the quality of life. The World Bank estimated that by
2050, annual global GDP and real exports will be reduced by 1.1% in in a low AMR-impact
scenario, at least 2.6% reduction in global livestock production, rise in global healthcare of at
least $300 billion per year and possibilities of additional 26.2 million extreme poverty cases in
the LMICs in a high impact situation (8). Similarly, increase healthcare cost, increased health
workers’ burn out, depersonalization and stress due to preventable death of patient are potential
consequences of AMR on the health system (13)(14).
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Figure 1: Timeline for antibacteria discovery and development of resistance (15)



1.2 Factors influencing antimicrobial resistance

Antibiotics become less effective over time because bacteria develop resistance to the drugs.
However, the rate at which antimicrobial resistance occur can be enhanced by clinical,
environmental and behavioural factors which are preventable (10). Inappropriate human and
animal antibiotics use has notably been identified as a key driver to AMR and this is coupled
with other direct and indirect factors such as environmental transmission, healthcare
transmission, suboptimal rapid diagnostics, suboptimal vaccination, suboptimal dosing including
from substandard and falsified drugs, travels and mass drug administration for human health
(16).

In the Agricultural sector, the rapid growth of industrial farming over the years in a bid to meet
up with the rising world population is a major factor fueling the use of irrational antibiotics use
in the sector (17). Other factors influencing AMR in the Agricultural sector include price of
antibiotics, farmers’ expertise, and availability and access to diagnostics (18).

The WHO, in it’s country level situation assessment, identified other broader factors contributing
to AMR which include weak surveillance and laboratory diagnostic capacity, weak regulatory
capacity on the use of antimicrobials, weak or lack of infection prevention and control
programmes and inefficient monitoring and supervision of antibiotic use (AMU). AMR and
AMU surveillance mechanism carried out by experts and relevant stakeholders, using
appropriate tools to detect resistant organisms and corresponding risks is central to control AMR
epidemics (19).

1.3 AMR in a One Health context

The occurrence of AMR, including carbapenem-resistant Enterobacterales (CRE), listed among
WHQO’s critical priority pathogens (20), has been primarily considered from a human health
perspective (21). However, AMR is also being reported in wildlife, food-producing and
companion animals (22). José Graziano da Silva, director general of the FAO emphasized at the
United Nations (UN) meeting that the challenge of AMR is evidenced in the hospitals and farms
(23). Similarly, Forsberg et al (24) also described in their study, the possibilities of spread of
AMR genes from soil bacteria to clinical pathogens which suggests availability and transmission
from AMR across different reservoirs. This implies that AMR is highly inter-connected among
the human, animal, plant, food and the environment (25).

Although the pathway and mechanism of resistant bacteria transmission among the three AMR
domains are complex and yet to be fully understood, potential routes of transfer of resistant exist.
Human-to-human transmission is possible via contact with infectious body fluids while animal to
human transmission could occur via contact with animal feaces, consumption of contaminated
uncooked or improperly cooked foods and water or breathing in of air from farms or abattoir.
Similarly, the use of bacteria-resistant wastewater for irrigation as well as release of household,
farms, hospitals and industries bacteria-resistant pollutants such as fecal matter into the
environment increases surface contamination and consequently risk of exposure (26).

The irrational use of antibiotics in humans, food and animal production as well as uncontrolled
environmental pollution fuels the emergence and spread of AMR (Figure 2). In humans, the
practice of treating viral infections with antibiotics and misuse or over-use of broad-spectrum
antimicrobial agents for bacterial infections creates antibiotic selection pressure which tends to
eliminate the susceptible pathogens, leaving the resistant ones to reproduce, thus increasing the
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rate of AMR development (10). In the same vein, AMR is driven in food and animal industries
because of use of antimicrobials as growth promoters and prophylactics. These therapeutic
agents are administered in sublethal doses which provides an environment for pathogenic
bacteria in the animals to thrive and develop resistance to the antibiotics (5).

The rising trend and potential consequences of AMR among humans, animals, plants and
environment reinforce the need to address it using a coordinated and multi-prong approach such
as ‘One Health’. The One Health approach refers to the working together of relevant sectors in
designing and implementing research, policies and interventions through effective
communication in order to achieve better health outcomes for humans, animals and the
ecosystem (27). In addressing AMR with this approach, burden and risks through interactions of
humans, animals and the environment are assessed and mitigated.

In 2016, the UN made a political declaration to use a One Health strategy to address AMR as
contained in the WHO action plan. These leaders indicated commitment to allocate resources in
this direction, with her tripartite human, animal and food agencies charged with the
responsibilities of planning and coordination (23). The National Centre for Disease Control of
Nigeria (NCDC), in 2017 developed a five-prong Action Plan in line with the WHO global plan.
This plan aimed to increase awareness and knowledge of AMR and related topics; build a ‘One
Health> AMR surveillance system; intensify infection prevention and control in the tripartite
sectors; promoting rational access to antibiotics and antimicrobial stewardship; and invest in
AMR research and development. Execution of this plan was hinged on the collaborative efforts
from the Ministries of Agriculture, Environment and Health (28).
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Figure 2: Ecology of antibiotics and antibiotic resistance (Cycling of antibiotics among the
One Health domains) (29)



1.4 Antimicrobial resistance in Nigeria

Until 2017, there was little or no nationally coordinated response to AMR in Nigeria. In 2017,
the Ministries of Health, Agriculture and Environment developed the national action plan for
AMR from year 2017 to 2022, coordinated by the NCDC (28). A situational analysis conducted
by the NCDC revealed a high prevalence of AMR from both nosocomial and community-
acquired infections in the country (30). Systematic reviews reported increasing prevalence of
methicillin-resistant Staphylococcus aureus from 18.3% in 2009 to 42.3% in 2013, high rise in
AMR among food animals and environment and a 34.6% pooled prevalence of extended
spectrum beta lactamase-producing Enterobacterales (ESBL-PE) in Nigeria (31)(32)(33). A 2020
systematic review reported high prevalence of ESBL-producing Gram-negative bacteria
resistance across all the geopolitical zones in the country (34) and recent reports also indicated
the occurrence of CR pathogens from clinical and veterinary samples (35)(36)(37).

The emergence of CR in the country has severe implications for mortality rates, length of
hospital stay, health expenditure as well as economic loss and inability to achieve universal
health coverage (38). This is because CR bacteria have very limited treatment options (39) and
recently, the WHO classified ESBL-producing and CRE as critical priority pathogens and highly
drug-resistant microorganisms (HRMOs) (20) as a result of their increasing rates of resistance to
most beta-lactam antibiotics (40). Currently, carbapenems are considered as antibiotics of last
resort for treatment of bacterial infection; generally prescribed as next line of treatment when the
other antibiotics are failing especially in the treatment of causative agents from the
Enterobacterales group (39). Common carbapenem agents include meropenem, imipenem,
ertapenem, doripenem and panipemen (41). Carbapenems possess wider broad spectrum
antimicrobial actions, independent of concentration (40)(42) however, factors such as prolonged
hospital admission, immunosuppression, age, amechanical ventilator, stem-cell or organ
transplantation, initial exposure to antibiotics, and admission to the intensive care unit could
increase the risk to CR (43)(44).

In accordance with the five strategic objectives from the WHO Action Plan (45), the NCDC
identified gaps in addressing AMR in the country: low public awareness among the different
stakeholders, lack of coordinated multi-sectoral surveillance system, non-existence of AMR
laboratory surveillance system, high incidence of infectious disease, weak antimicrobial
stewardship drive in the government and private sectors, vertical implementation of control
programmes, non-existence of guidelines for national Infection Prevention and Control (IPC),
lack of data on AMR health and economic impact and poor funding (28). Despite laws to ensure
antimicrobials are only dispensed with prescription, health system and economic factors such as
shortage of licensed prescribers especially in the rural areas, increased activities of under-
regulated patent drug vendors and hawkers, low awareness among the public and health workers,
poor infection control, production of low-quality antibiotics and poverty promotes inappropriate
antimicrobial use by patients and farmers, (30).

Considering the cardinal role of surveillance to AMR stewardship, the NCDC developed
blueprints for the nationally coordinated AMR surveillance and generation of data for the Global
antimicrobial Surveillance System (GLASS) amongst other strategic objectives but the actual
implementation commenced in 2018 (30). As illustrated in the 2020 WHO report (figure 3), there



were three surveillance sites and twenty-six outpatient facilities linked with two National
Reference Laboratories (NRL) (46).
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Figure 3: Nigeria National AMR surveillance systems key indicators (46)

1.5  Antibiotic use in Nigeria

Antibiotic use in Nigeria can be categorized into two: prescription and non-prescription usage.
Interestingly, evidence shows that usage is highly prevalent in the two categories. A survey on
rational drug use conducted in 12 LMICs revealed that Nigeria’s overall prescription rate is 3.8
prescriptions/encounter and antibiotic prescription rate is 48%, making the country rank highest
in the number of prescribed drugs and third highest prescriber of antibiotics (47). A study
reported over 85% antibiotics prescription rate for children with watery diarrhea (48) and another
recent multi-center hospital point-prevalence survey in the country reported 80.1% prescription
rate with broad spectrum antibiotics in one of every three prescription and protracted use of
surgical prophylaxis and needless antibiotic combinations (49).

Similarly, several studies revealed high rates of non-prescription antibiotics rate among
Nigerians. A study reported that 31.7% of university students use antibiotics without prescription
and only 42% of the those that used antibiotics following a doctor’s prescription did not
complete the recommended dosage (50). More than 15% of mothers of under five children were
reported to initiate antibiotic use for watery diarrhea without a doctor’s prescription in a study
(48) and another 24.4% use antibiotics for their children without a clinician’s prescription (51).

A comparable high rate of antibiotic use in the Agricultural sector is recorded among farmers in
the country. Ojo et al (52) reported widespread non-prescription use of fluoroquinolones among
livestock farmers in a multi-state study. Other prohibited antibiotics such as furazolidones and
chloramphenicol were being freely used by these farmers. Another similar study documented
about 58.3% self-prescription of antibiotics used on animals by pastoralists and these drugs are
used for prevention, treatment and growth promoting in animals (53).
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1.6 Country Profile
1.6.1 Demographic and geographic context

Nigeria is a country in the West Africa located between 3° and 14° East Longitude and 4° and 14°
North Latitude. It is bounded in the west by the republics of Benin and Niger, Niger in the north,
Lake Chad in the northeast, Cameroon in the east and the Atlantic Ocean in the south. The
country has an area of 923,769 SqKm? (made up of 909,890 SqKm? of land area and 13,879
SqKm? of water area) and an estimated population of 195,874,740, the largest population in
Africa (54).The country operates a federal system of government and is divided into 6
geopolitical zones namely North-central, Northeast, Northwest, Southeast South-south and
Southwest. These are further divided into 36 states and the Federal Capital Territory, Abuja
(which is usually categorized with the North Central zone). The 36 states are subdivided into 774
Local Government Areas (LGAS). About 49.3% of the population is women and the country has
a young population with the national median age of 17.9 years (54). The official language
adopted in the country is English but there are more than 250 ethnic groups in the country with
Hausa, Yoruba and Igbo as the major ones (55).

1.6.2 Health System

The Nigerian healthcare system is pluralistic in nature consisting of public, private sectors,
modern and traditional providers. It is structured into three levels: primary, secondary and
tertiary with about 34,176 health facilities in the country. Primary health facilities make up 88%,
secondary 11.7% and tertiary 0.25%. The public tertiary health facilities are managed by the
Federal government while secondary facilities by the State government and the primary
healthcare facilities by the Local government. There is considerably financial and health service
autonomy at each level of the healthcare system with guidance from the Federal Ministry of
Health (FMoH). There is at least a public tertiary health facility in every state of the country and
the a spread of public primary health facilities across the country (56). The primary healthcare
facilities including health posts, dispensaries and health centres which are closest to the
population, serve as entry point into the health system and provides an estimated at 61% of the
health services in the country. Health workers in Nigeria range from the less skilled Community
Health Workers (CHWSs) who provide mostly preventive and referral services at the lower level
of the health system to the specialists at the tertiary level (56). The private sector plays
significant roles in healthcare delivery with about 11,323 facilities and numerous unregistered
patent medicine stores, contributing actively to antibiotics distributions and use in the country
(56)(57).



Indicators

Population 195,874,740
Gross Domestic Product (US$) 397.27
Life expectancy at birth (years) 54.3
Domestic Health Expenditure (DOM) as % of Current Health Expenditure (CHE) 92
Domestic General Government Health Expenditure (GGHE-D) as % Current 14
Health Expenditure (CHE)

GNI per capita (US$) 1,960
Gross Domestic Product (GDP) per Capita in PPP Int$ 5,887
Current Health Expenditure (CHE) per Capita in PPP 221
Current Health Expenditure (CHE) as % GDP 4
Poverty rate (%) 40.1
Unemployment rate (%) 23

Table 1: Nigeria Profile (54)




CHAPTER 2: PROBLEM STATEMENT, JUSTIFICATION, OBJECTIVES AND
METHODOLOGY

2.1 Problem statement

Globally, there are increasing reports of incidence of human and animal infections resistant to
available antimicrobials (58)(59) and presence of resistant pathogens in sewage water (60). The
rising trend is alarming especially because of significant role played by the misuse of antibiotics
and other factors as drivers of this phenomenon (61). Of these resisting pathogens, CR pathogens
are one of the top priorities for global health in recent times. The WHO classified CR pathogens
as ‘critical” pathogens, in its recently published list of priority pathogens with the aim to attract
global attention and actions on life-threatening pathogens (20).

With over 77% of the current health expenditure in Nigeria coming from out-of-pocket spending
(62) and 40.1% of the population below the poverty line (63), prolonged hospital stay to due
AMR and particularly CR is a potential trigger for catastrophic spending and poverty cycle
within the population thus undermining other efforts geared towards attaining universal health
coverage (UHC) (64). In addition, AMR could have an overwhelming effect on the human
resource for health as well as the motivation of the health workers; increasing the stress level
with the number of in-patients unlikely to reduce with AMR, creating stress condition for the
health system (14). The high incidence of infectious diseases in Nigeria makes carbapenems, the
last line antibiotic drugs, a reliable therapy however, resistance to this set of antibiotics translates
to increased mortality due to exhaustion of antimicrobial therapy.

Reports showed high level of irrational antibiotics prescription and use among the health workers
and the general population. Despite increasing awareness, misuse/overuse is still prevalence.
This is as a result of interacting factors driving the phenomenon. However, these factors and
their interlinkages are poorly understood thus undermining the antimicrobial stewardship efforts
in the country.

Unlike in Europe where the use of antimicrobials is well regulated and there is a good
coordination of CR surveillance (65), many low and middle income countries including Nigeria
are yet to set up a surveillance system for CR and therefore unable to monitor the phenomenon
and its trend. Similarly, risk factors contributing to AMR from humans, animals and environment
are not well understood and poorly reported, limiting evidence-informed interventions which can
effectively control AMR in Nigeria.

2.2 Justification

Addressing the epidemic of AMR including CR in Nigeria is only possible in the presence of an
efficiently coordinated surveillance system. The WHO stressed the need for a one health
approach in surveillance to bridge the gaps across the relevant sectors. The situation analysis of
AMR conducted by the NCDC was focused primarily on clinical samples (30) and the study by
Oloso et al (32) complemented this with a review of AMR in food and animals in Nigeria.
Similarly, other studies described the geographical distribution and the trend of AMR in Nigeria
using a systematic review (33)(34). However, CR prevalence was out of the scope of these
studies thus creating a gap in knowledge on the prevalence and distribution of CR in Nigeria.
This gap is detrimental to efforts geared toward addressing the growing rates of CR in the
country.



Convincing evidence showed that AMR is highly associated with the level of inappropriate
(misuse/overuse) antibiotics consumption in the human and non-human settings. Therefore,
understanding the factors contributing to antibiotics misuse/overuse is key to antimicrobial
stewardship in Nigeria and hence the focus of this study. The 2017 situation analysis by the
NCDC on these factors was focused on humans leaving out the drivers in the non-human
settings.

Therefore, this study aims to fill these gaps, using the one health approach in describing the
prevalence and distribution of CR in Nigeria and factors contributing to antibiotic
misuse/overuse in all the sectors including the agricultural and environmental domains. The
results from this study will provide systematic information on the burden of CR, contributing to
how to incorporate carbapenem surveillance in the existing plans for AMR surveillance of
Nigeria. It will also provide evidence on indirect fueling factors from a one health approach
which are vital to effective policy formulation and program design for antimicrobial stewardship.

2.3  Objectives

2.3.1 Broad objective: To describe the prevalence of carbapenem-resistance in Nigeria and to
conduct a situation analysis of factors influencing antibiotics misuse/overuse in order to make
recommendations on strategies for effective carbapenem-resistance surveillance and
antimicrobial resistance stewardship in Nigeria.

2.3.2 Specific objectives
1. To describe the prevalence of CR in humans, livestock and environment in Nigeria.
2. To describe the mechanisms for CR in humans, livestock and environment in Nigeria

3. To describe the geographical distribution of CR in humans, livestock and environment in
Nigeria.

4. To analyze factors influencing misuse/overuse of antibiotics in Nigeria.

5. To give recommendations on strategies for effective carbapenem-resistance surveillance
and AMR stewardship in Nigeria.

2.4  Methodology
2.4.1 Study design

This study is a scoping review on the prevalence of CR and factors contributing to the misuse
and overuse of antibiotics in Nigeria using One Health approach. Although a scooping review
share similar processes with systematic review, it however aims to rapidly map out existing
literature on a broad subject with a range of methodologies without critically evaluating each
study quality nor combining their results (66). This selection of articles for this study was guided
by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (67). This study was focused on CR because of the current gap in knowledge in
Nigeria. Nevertheless, contributory factors to inappropriate use of antibiotics were extended to
all AMR pathogens as these apply to CR pathogens as well.
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2.4.2 Search strategy

An electronic literature search was conducted using Google Scholar search engine and through
MEDLINE and AJOL databases. Two broad searches were conducted with identified keywords
using Boolean operators ‘OR’ and ‘AND’ to separate the keywords: the first for the first three
objectives and the second search for the fourth objective. Keywords used in the first literature
search are ‘“carbapenem*”, “meropenem”, “imipenem”, “ertapenem”, “doripenem”,
“panipemen”,  “carbapenem-resist*”,  “enterobacteriaceae  antibiotics  susceptibility”,
“enterobacteriaceae  multidrug resist*”, “carbapenem multidrug resist*”, “enterobacterales
resist*”, “humans”, “patients”, “hospital-acquired”, “community-acquired”, “animal”,
“livestock”, “cattle”, “cow”, “horse”, “pig”, “poultry”, “chicken”, “birds”, “broiler”, “dairy”,
“farm”, “seafood”, “fish”, “aquatic”, “Nigeria”. The second literature search was conducted
using the following keywords: “factors”, “risks!, “determinants”, “drivers”, “reasons”, “motiv*”,
“antimicrobial use”, “antibiotics use”, “self-medicat*”, self-treat*”, “patient use”, “antimicrobial
use” “non-prescription”, “over-the-counter”, “irrational use” “overuse” ‘“non-prudent” “drug
misuse”, “medicine misuse”, “community pharmacy”, “patent medicine vendor”, “drug seller”,
“animal treatment”, “farm use”, “poultry use”, “aquatic farming”, “livestock use”, “veterinary
use”. The combination of the keywords in the search process is shown in tables 4 and 5
(Appendix)

The population, intervention, comparison and outcome (PICO) framework considered in
selecting the articles for the first and second literature searches are presented in the table below.

Criteria Determinants
Search 1 Search 2
Population Patients/Farmers Humans, animals, environment
Intervention Antimicrobial/antibiotics use | Carbapenem resistance
Comparison Not applicable Not applicable
Outcome Factors/Determinants/Drivers | Prevalence, geographical distribution,
mechanism of resistance
Settings Nigeria Nigeria

Table 2: PICO framework for eligibility of articles to include in the study

2.4.3 Inclusion criteria

Literature search was limited to publications in English language from January 1, 2000 to June
30, 2020 and only peer-reviewed articles from original studies conducted in Nigeria were
selected for review. For the first three objectives, studies using any type of sample from humans,
animals and environment, and reporting phenotypic or genotypic antibiogram with at least one
carbapenem antibiotic were included. Only studies that included numerator and denominator
were included to be able to report prevalence. Studies with antimicrobial susceptibility data from
all methods and guidelines including use of VITEK machine were included in the review. All
types of study designs were also included in the search and selection. Additionally, for the fourth
objective, articles with all study designs documenting association or outlining contributing
factors to antibiotics misuse/overuse by all categories of people were selected.
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2.4.4 Exclusion criteria

Studies reporting other antibiotic resistance without any carbapenem antibiotics or studies done
outside Nigeria and before January 1, 2000 were excluded. Similarly, case reports and multi-
country studies aggregating prevalence of CR with other countries were also excluded.
Conference abstracts or studies without access to full the paper, meta-analysis, reviews
editorials, letters to the editor on AMR and grey literature were excluded from this review.
However, references of these materials were checked using snowballing technique for additional
articles not part of the search. In the same vein, articles reporting the drivers or factors
contributing to the use of other drugs such as antimalarial, antiretroviral were excluded.
Literature reporting only the pattern of antibiotics misuse/overuse without the factors or reasons
were also excluded.

2.45 Data extraction/variables of interest

Data extraction was carried out from all the selected studies after thoroughly reading through
them to ensure inclusion of relevant articles. Relevant information linked to the study objectives
were extracted and analysed using an Excel spreadsheet. The following variables were extracted
from reviewed studies in the first search; title, author, year of publication, subject, study setting,
study design, sample size, specimen/sample used, pathogens recovered, carbapenem antibiotics
tested, location and geopolitical zone of study, hospital type, level of care of hospital, diagnostic
methods used, prevalence of CR, mechanism of CR and resistant genes reported. In the same
vein, article title, author, year of publication, sample size, category of respondents, study design,
group of respondents, location, geopolitical zone, source of antibiotics, factors influencing
antibiotic misuse/overuse were extracted from the selected articles in the second search.

2.4.6 Ethical Consideration
This was not applicable to this study.
2.4.7 Conceptual framework

The conceptual frameworks by Harbarth et al (68) and Lhermie et al (18) were utilized in this
study to describe the identified factors of misuse/overuse of antibiotics, their interactions and
contributing factors for which there is no evidence available in the humans and non-humans,
respectively. These frameworks were selected because they provide comprehensive structures
beyond the clinical/microbiological and farm settings to analyze antibiotics use contributory
factors. They considered individual and macro-level factors influencing antibiotic use and hence
provide different points for possible interventions. The lack of a One Health framework
describing the drivers of antibiotic misuse/overuse in human and non-human necessitated the use
of two different frameworks. Most One Health frameworks analyzed AMR from the perspectives
of research and surveillance (69)(21), stakeholders and interactions (70) among the three
domains of AMR. In the same vein, other frameworks describing factors influencing drivers of
antibiotic use were limited to prescriber factors (71), AMR interventions (72)(73), while
frameworks focusing on the patients/farmers considered only the individual and interpersonal
determinants of antibiotic use (74).

Although the framework by Harbarth et al (68) used in this study was limited to outpatients in
Europe, evidence suggests that majority of antibiotics use in humans is used in the outpatient
setting (75) and this is related to the prescribers’ influence described by Harbarth et al and the
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framework was adapted to Nigeria for lack of more context-specific framework. It is noteworthy
that there are few similarities among all frameworks reviewed for use in this study, Harbarth et al
and Lhermie et al frameworks were selected because of their strengths in analysis of factors
across the socio-ecological levels and results in this study were classified and presented under
appropriate sections of the framework and linkages were also reported where relevant.

The framework by Harbarth et al (68) considered the non-microbiological factors which
influence the use of antibiotics. It describes the five categories of influencing factors namely
prescribers, patient, cultural influences, social determinants and regulatory. This framework
proposed that clinician’s or prescribers’ choice of antibiotic agents, dosing and instructions affect
the use antibiotics by the patients. The prescription behaviour of the clinician influenced by
intrinsic or extrinsic factors influence how and what antibiotics are used by the patients.
Similarly, the health beliefs of the patients influence the use of antibiotics. Health perceptions
and beliefs such as delayed health-seeking behaviour or adopting a less aggressive approach in a
non-life-threatening infection could influence the use of antibiotics. This also contributes to the
demand of antibiotics by the patients from the clinicians. The cultural factors such as acceptance
of traditional or alternative medicine, cultural perception of signs and symptoms of infections
that determine antibiotics influence the use of antibiotics. In addition, other social determinants
such as child-care, workplace and other systems contribute to acquisition of infections and
subsequently antibiotics use. Furthermore, policies and regulations such as control of availability
of pharmaceutical products, pricing, advertisement and other commercial activities of
pharmaceutical companies are examples of macro-level factors influencing the use of antibiotics
by the patients.

The framework by Lhermie et al (18) considered the factors influencing antimicrobial use in
food-animal production. The framework highlighted the influence of several broad factors on
farmers’ decision to use antibiotics. These include research, voluntary approaches, institutional
influences, regulations, possibilities of substitution and disease occurrence or pathogen
expression. Others are surveillance, exogenous factors and endogenous factors such as disease
appraisal, cost-benefit evaluation of treatment, farmers’ attitude and behavior, farmers’ expertise,
risk aversion and diagnostic test. According to Lhermie et al, exogenous factors refers to factors
imposed on the farmers such as the climate, regional pathogen prevalence or general factors such
as changes in markets. These factors directly contribute to the minimal level of infectious disease
and antibiotics use in a given production system. They concluded that farmer’s decision to use
antibiotics is primarily influenced by: (a) the cost-benefit analysis of antibiotic use; (b) the
farmer’s expertise, attitude towards risk and behaviour, and; (c) ability to detect the disease.
This study will therefore focus on these primary factors because they largely represent the
production factors that lie within the control of the farmers, and they are responses to the
exogenous factors which cannot be controlled by the farmers. (18).

2.4.8 Limitation of the study

The quality of articles reviewed in this study was not assessed. Most of the studies reported CR
pooled prevalence for multiple specimens used and for pathogens recovered making it difficult to
describe CR for specific organisms and samples. In addition, the sample size varies widely for all
the study.
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3.0 RESULTS
3.1 Literature search results for prevalence of CR

The first broad literature search across the two databases yielded 1,361 articles. Only 94 of these
articles were included in the review after screening using the inclusion and exclusion criteria
(Figure 6). While this study reviewed articles published between 2000 and 2020, 57(60.6%) of
these articles were published between 2015-2020. As shown in figure 7, the majority of the
articles reviewed were from southwest Nigeria 38(40.4%), South-south 15(16.0%), Southeast
14(14.9%), Northwest 10(10.6%), Northcentral 8(8.5%), Northeast 6(6.4%) and 3(3.2%) multi-
zonal studies. Of the 94 reviewed articles, 90(95.8) employed a cross-sectional study design
(80(88.9%) used active sampling for study purpose and 10(11.1%) were observational studies
using routinely collected samples), and 4(4.3%) adopted a prospective cohort research design.

As shown in figure 6, 75(79.8%) were carried out in the human sector, animal sector 10(10.6%),
environment sector 7(7.5%) and 3(3.2%) from combination of the sectors. Imipenem and
meropenem antibiotics were mostly used for susceptibility testing to identify carbapenem
resistance across all the sectors. The disc diffusion susceptibility testing method using the CLSI
guideline was employed in 60(80.0%), 8(80.0%) and 5(71.4%) of the human, animal and
environmental studies respectively. Of the 25 studies reporting mechanism of carbapenem
resistance across the sectors, 10(26.6%) utilized the Modified Hodge Test method (MHT). Other
susceptibility testing methods and guidelines, and carbapenemase detection techniques are
summarized in table 3 below.

The human studies were conducted in hospital 72(96.0%) and community 3(4.0%) settings. The
hospital-based studies employed patients from public hospitals in 53 studies (73.6%) and private
hospitals in 2 studies (2.8%) while the rest were unspecified. Fifty-nine (81.9%) and 5(6.9%) of
these hospitals were tertiary and secondary healthcare facilities, respectively. The community-
based studies were conducted among asymptomatic university students, farm and abattoir
workers. The type of samples utilized in the studies are presented in table 3. Six (60.0%) of the
animal susceptibility data were recovered from poultry samples and a study (11.1%) utilized
rectal swab from horses. The environmental samples utilized by the studies were pond water,
wetland water, wastewater, sewage, soil and vegetables.

As presented in table 3, Escherichia coli 54(72.0%), Klebsiella spp 48(64.0%), Pseudomonas
spp 32(42.6%) and Proteus spp 24(32.0%) were the commonly reported bacteria from the human
studies while Escherichia coli 5(50.0%), Klebsiella spp 2(20.0%) and Salmonella spp 2(20.0%)
were commonly reported in the animal studies and Pseudomonas spp 2(28.6%), Enterococcus
spp 2(28.6%), Citrobacter spp 2(28.6%), Escherichia coli 2(28.6%) and Salmonella spp
2(28.6%) were reported in the environmental studies.
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Figure 6: PRISMA diagram of the article selection procedure in the first literature search
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North-West (10 studies)
Human studies — 10(100%)
Animal studies — Nil
Environmental studies — Nil

North-Central (8 studies)
Human studies — 7(87.5%)
Animal studies — 1(12.5%)
Environmental studies — Nil

BENIN

South-West (38 studies)
Human studies — 33(86.8%)
Animal studies — 2(5.3%)
Environmental studies — 1(2.6%)
Human + Animal — 1(2.6%)

Human + Animal + Environment — 1(2.6%)

North-East (6 studies)
Human studies — 6(100%)
Animal studies — Nil
Environmental studies — Nil

CAMEROON
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Environmental studies — 2(14.3%)

Figure 7: Geo-political distribution and domain of studies included in the review



3.2 Literature search results for factors influencing misuse/overuse of antibiotics

As shown in figure 7, 1,617 papers were identified in the second broad search. A total of 33
articles were selected for review after screening using the inclusion and exclusion criteria. All
the articles employed a cross-sectional study design with the exception of two studies which
employed a mixed method approach. Of the 33 studies considered for review, 23(69.7%) focused
on determinants for patients antibiotic misuse/overuse, 2(6.1%) described factors influencing
clinical prescribers and 3(9.1%) described factors influencing patent proprietary medicine
vendors (PPMVs) who dispense for human and animal use. Similar to the first literature search,
studies were from all the geo-political regions in Nigeria with the majority of studies conducted
in the Southwestern Nigeria 12(36.4%) and the least number of studies conducted in the North-
eastern region of the country 1(3.0%). Non-prescribed antibiotics were reportedly sourced from
the PPMVs or local drug shops, community pharmacy stores, hawkers, or left-over drugs.
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Figure 8: PRISMA diagram of the article selection procedure in the second literature search
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Number of studies: 75

Sample types: Urine, wound biopsies/swabs, blood,
stool, ear, and vaginal swabs, eye exudate, peritoneal
effluent and finger abscess CSF, gastric biopsy, sputum,
tracheal aspirate, catheter, rectal swab

Prevalence range: 1.2%-100%

Carbapenamese genes: NDM, OXA, VIM,

KPC, GES, GIM, SPM, IMP

C
C

/f'rD One Health

Number of studies: 7

Sample types: Water, Soil, treated Number of studies:
wastewater, Vegetable. Wetland water Sample types

Wastewater Prevalence range: 3.7%-85.4%
Prevalence range: 5.9%-100% Carbapenamese genes: Nil

Carbapenamese genes: OXA, NDM, VIM

Figure 9: Pictorial representation of characteristics and summary findings of studies identified from the three One Health domains
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3.3  Prevalence of carbapenem-resistance in Nigeria

The result from studies conducted in Nigeria showed varying but high prevalence of CR to
pathogens causing common infections in humans, animals and the environment.

3.3.1 Prevalence of carbapenem-resistance in humans

A total of 22(29.3%) of the human studies (21 hospital-based and 1 community-based) reported
complete susceptibility to carbapenem antibiotics tested
(76)(77)(78)(79)(80)(81)(82)(83)(84)(85)(86)(87)(88)(89)(90)(91)(92)(93)(94)(95)(96)(97).
Eleven of these studies (50.0%) tested carbapenems on E. Coli, Klebsiella spp 9(40.9%),
Salmonella enterica serovars, Enterobacter spp, Proteus mirabilis, P. aeruginosa 3(13.6%) each.
Others were Acinetobacter baumanni 2(9.1%), Stenotrophomonas maltophilia 1(4.6%) and
Staphylococcus aureus 1(4.6%). Forty-eight studies (64.0%) reported varying CR prevalence
between 1.2% to 80%
(98)(99)(100)(101)(102)(103)(104)(105)(106)(107)(108)(109)(110)(111)(112)(113)(114)(115)(1
16)(117)(118)(119)(120)(121)(122)(123)(124)(125)(126)(127)(128)(129)(130)(131)(132)(133)(1
34)(135)(136)(137)(138)(139)(140)(141)(142)(143)(144)(145) and 5(6.7%) studies reported
complete Escherichia fergusonii, Acinetobacter spp, S. aureus. E. coli, Klebsiella spp. and
Salmonella spp (146)(147)(148)(149)(150)

3.3.2 Prevalence of carbapenem resistance in the animals

Findings from this study showed CR prevalence among the animals ranged between 3.7%-
85.4%. From the six poultry studies, 4(66.7%) reported complete susceptibility of different
pathogens (K. pneumonia, Morganella morganii, Leclercia adecarboxylata, C. freundii and
Ocnrobactrum spp) to carbepenems (151)(152)(153)(154) while the other two reported E. coli
and Klebsiella spp resistance rates of 12.0% (37) and 62.5% (155) respectively. One of the two
pig studies reported E. faecalis and E. faecium resistance rates of 5.1% and 3.7% respectively
(156) while the other reported 80% resistance of S. Enteritidis resistance to imipenem and 9.1%
resistance of S. Typhimurium to meropenem (157). E. coli, Salmonella spp and Proteus spp
recovered from rectal swabs in horses were completely susceptible to meropenem (158) but E.
coli isolated from cattle in Abattoir were 85.4% resistant to imipenem and meropenem (159).

3.3.3 Prevalence of carbapenem resistance in environment

This review showed that most of the studies conducted on environmental samples such as
wastewater, soil and sewage documented high prevalence of CR. A study conducted in Lagos
using wetland water documented complete susceptibility to imipenem antibiotics (160).
However, Igbinosan (161) reported that Vibrio spp isolated from pond water showed 5.9%
resistance to imipenem while an aggregated resistance prevalence of 47.9% was reported for A.
baumannii, Aeromonas caviae, Enterobacer, cloacae, Pseudomonas putida, K. pneumoniae,
Citrobacter freundii isolated from soil and water (162). Similarly, E. coli recovered from the soil
reportedly showed 76% resistance to imipenem while E. coli isolated from treated wastewater
and vegetable in the same study were completely susceptibility to imipenem (163). In two
different studies conducted in Benin city in 2017 and 2019 using wastewater from abattoirs,
Salmonella enterica serovars showed 8% resistance to imipenem while Enterococcus spp showed
84.4% and 100% resistance to meropenem and ertapenem respectively (164)(165).
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The study by Onuha (166) reported 50% imipenem-resistance rate from K. pneumoniae and
Pseudomonas spp recovered from water while E. coli, P. aeruginosa, S. aureus, Shigella,
Salmonella, Enterococcus spp, Streptococcus spp were completely susceptible to the carbapenem
agent.

Adefioye et al (167) reported an aggregated E. coli-meropenem resistance prevalence of 40%
from human and animal samples while Odumosu et al (168) reported that P. aeruginosa isolated
from vegetables and poultry samples showed complete susceptibility to imipenem but the same
pathogen recovered from clinical samples showed 1% resistance to imipenem.
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One Health

Domain CR Mechanism Carbapenemase
(number of | Study Antibiotic Susceptibility CR (number of genes (number
Region studies) design Specimen/Sample Pathogens tested Method Prevalence studies) Mechanism method of studies) References
Humans Urine 14/33(42.4%), Hodge Test (MHT) method (96)(141)(13
(n=33) Blood 15/33(45.5%), Klebsiella spp 23/33(69.7%), E. 3/33(9.1%), PCR 3/33(9.1%), 1)(145)(143)
Stool 5/33(15.2%), Coli 20/33(60.6%), Proteus spp DDST and a combined disk (132)(97)(13
Gastric biopsy 1/33(%), | 9/33(27.3%), Pseudomonas spp Disk diffusion (CLSI test MBL 3)(78)(121)(
Wound 14/33(42.4%), | 13/33(39.4%), Salmonella spp guidelines) detection methods 101)(134)(1
Sputum 6/33(18.2%), 3/33(9.1%), Acinetobacter spp 24/33(72.7%), 1/33(3.0%),Carba NP test 35)(104)(14
Peritoneal effluent 6/33(18.2%), Staphylococcus VITEK 3/33(9.1%), version | 1/33(3.0%), Inhibitor 9)(106)(82)(
1/33(3.0%), Finger aureus 5/33(15.2%), Disk diffusion combination disc test called 136)(137)(8
abscess Enterobacter spp 4/33(12.1%), (EUCAST the KPC, MBL and OXA-48 4)(108)(109)
1/33(3.0%), Tracheal Enterococcus spp 3/33(9.1%),H. guidelines) detection discs for (110)(88)(89
aspirate 3/33(9.1%), pylori 1/33(3.0%), Hafnia alvei | IMI 3/33(9.1%), Modified Enterobacteriaceae )(146)(126)
CS Vaginal swab 1/33(3.0%), Shigella spp 24/33(72.7 | Stokes method 1/33(3.0%),Isothermal (113)(115)(1
30/33(9 | 3/33(9.1%), Catheter 1/33(3.0%), S. mercesens %), MEM | 1/33(3.0%), National amplification (eazyplex NDM 3/33 16)(117)
0.9%), | 2/33(6.1%),Ear swab 1/33(3.0%), Stenotrophomonas | 16/33(48.5 | Committee for SuperBug CRE Kit; (9.1%), VIM (128)(94)
PC 5/33 (15.2%), CSF maltophilia 1/33(3.0%), C. %), ERT | Clinical and AmplexDiagnostics GmbH, 2/33(6.1%), GES
3/33(9. | 2/33(6.1%), Rectal freundii 1/33(3.0%), Serratia 4/33(12.1 | Laboratory Standards Carbapenemase | Gars Bahnhof, Germany) 2/33(6.1%),
South- 1%) swab 1/33(3.0%), rubidaea 1/33(3.0%) %) Method 1/33(3.0%) 1.2%-100% 10(30.3% 1/33(3.0%) OXA 2/33(6.1%)
west Animals (154), (152)
(n=2)
IMI
E. coli 1/2(50%), K. pneumonia | 2/2(100%)
1/2(50%), Morganella morganii | , MEM
1/2(50%), Leclercia 2/2(100%)
adecarboxylata 1/2(50%), C. ,ERT
CS Different samples, Stool | freundii 1/2(50%) 1/2(50%) | VITEK
Environment Escherichia spp, Enterobacter (160)
(n=1) spp, Citrobacter spp, P.
monteilii, P. taiwanensis, P.
plecoglossicida, C. segnis,
Achromobacter insuavis,
Achromabacter spanius,
CS Wetland water Stenotrophomonas spp IMI 0%
Humans (167)(168)
(n=2)
2/2(100%),
Animals IMI1 2/2
2/2(100%), Vegetable, animal stool, (100%),
Plants human isolates, Stool, E. coli 1/2(50%), P. aeruginosa | MEM Disk diffusion (CLSI
1/2(50%) Cs beef 1/2(50%) 1/2(50%) | guidelines) 1%-40%
Humans Blood 4/7(57.1%), E. coli 3/7(42.9%), Klebsiella IMI Disk diffusion (CLSI Total MBL Confirm Kit from (150)(102)(8
(n=7) Stool 2/7(28.6%), Urine | spp 3/7(42.9%), P. Aeruginosa | 6/7(85.7% | guidelines) Carbapenemase | ROSCO Diagnostica (ROSCO 1)(111)
CS 3/7(42.9%), Wound 2/7(28.6%), Proteus spp ), MEM 6/7(85.7%), Disk 3%-100% 1/7(14.3%) Diagnostica A/S, VIM 1/7(14.3%) | (114) (93)
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North- 2/7(28.6%), Sputum 1/7(14.3%), S. aureus 2/7(28.6% | diffusion (NCCLS Taastrupgaardsvej, Denmark (118)
central 2/7(28.6%), Ears swab | 1/7(14.3%), Salmonella spp ), DRP guidelines) 1/7(14.3%)
2/7(28.6%),, Eye swab | 1/7(14.3%) 1/7(14.3% | 1/7(14.3%)
2/7(28.6%),, Nasal )
swab 2/7(28.6%), ,
Bone Tissue 1/7(14.3%)
Animals Disk diffusion (CLSI (37)
(n=1) CS Stool E. coli Imipenem | guidelines) 12.0%
Human E. coli 6/6(100%), Klebsiella (76) (99)
(n=6) spp 3/6(50%), Proteus mirabilis (80) (103)
2/6(33.3%), Pseudomonas spp (86) (91)
3/6(50%), Enterobacter spp
2/6(33.3%), Morganella
morganii 1/6(16.7%), C. freundii
North- Urine 5/6(83.3%), Stool | 1/6(16.7%), Serratia marcescens | IMI
east 4/6(66.7%), Blood 1/6(16.7%), Hafnia alvei 4/6(66.7%
2/6(33.3%), Sputum 1/6(16.7%), Citrobcter sedlakii | ), ERT
2/6(33.3%), Wound 1/6(16.7%), Providencia rettgeri | 3/6(50%), NDM
2/6(33.3%), Vaginal 1/6(16.7%), Stenotrophomonas | MEM 2/6(33.3%), VIM
swab 2/6(33.3%), CSF | maltophilia 1/6("6.7%), 2/6(33.3% | Disk diffusion (CLSI Carbapenemase | Hodge Test (MHT) method 2/6(33.3%), KPC
CS 1/6(16.7%) Aeromonas spp 1/6(16.7%) ) guidelines) 6.8%-10.2% | 4/6(66.7%) 2/6(%), PCR 2/6(33.3%) 1/6(16.7%)
Northw | Human Urine 9/10(90%), (130) (140)
est (n=10) Wound 6/10(60%), (123) (142)
Stool 5/10(50%), Blood (100)
3/10(30%), Catheter (85)(147)
tips 5/10(50%), Vaginal (139) (129)
swab 3/10(30%), Ear Klebsiella spp 9/10(90%), E. (95)
swab 3/10(30%), coli 8/10(80%) Proteus spp
Semen 1/10(10%) 7/10(70%), Pseudomonas spp
Urogenitals 2/10(20%), | 7/10(70%), Salmonella spp,
Abscesses 2/10(20%), | 3/10(30%), C. freundii
Sputum 2/10(20%), 1/10(10%), Enterobacter spp
Rectal swab 1/10(10%), | 2/10(20%), Shigella spp Hodge Test (MHT) method
Bed linen swab 1/10(10%), Staph aureus IMI 3/10(30%), EDTA-disc
1/10(10%), CSF 1/10(10%), Acinetobacter spp 9/10(%), Disk diffusion (CLSI synergy test 1/10(10%),
1/10(10%), Nasal feed | 1/10(10%), Streptococcus spp MEM guidelines) Carbapenemase | Combined discs method
Cs tube 1/10(10%) 1/10(10%) 4/10(40%) | 9/10(90%) 10.5%-100% | 5/10(50.0%) 1/10(10%)
Urine 5/7(71.4%), (98) (77)
Blood 3/7(42.9%), (105) (122)
Sputum 2/7(28.6%), E. coli 7/7(100%), Klebsiella MEM SPM 1/7(14.3%), | (87) (127)
CSs Wound 2/7(28.6%), spp 4/7(%), Salmonella spp 6/7(85.6% IMP 1/7(14.3%), | (112)
6/7(85. | Rectal swab Stool, Anal | 3/7(42.9%), P. aeruginosa ), IMI GIM 1/7(14.3%),
7%), swabs 1/7(14.3%), 2/7(28.6%), S. aureus 1/7(14.3% | Disk diffusion (CLSI GES 1/7(14.3%),
PC Pleural and peritoneal 2/7(28.6%), Citrobacter freundii | ), ERT guidelines) NDM
Humans 1/7(14. | aspirate 1/7(14.3%), 1/7(14.3%), E. aerogenes 1/7(14.3% | 6/7(85.7%), Widal Carbapenamase | Hodge Test (MHT) method 1/7(14.3%), VIM
(n=7) 3%) CSF 1/7(14.3%) 1/7(14.3%) ) test 1/7(14.3%) 2.9%-36% 1/7(14.3%) 1/7(14.3%) 1/7(%)
Anal swabs 2/5(40%), | E. coli 3/5(60%), Salmonella spp | IMI (158) (151)
Animals Cloacal swabs 1/5(20%), Proteus spp 1/5(20%), | 4/5(80%), | Disk diffusion (CLSI Carbapenemase | Inhibition based assay (155) (159)
(n=5) CS 1/5(20%), Stool Ochrobactrum spp 1/5(20%), MEM guidelines) 4.2%-85.4% | 1/5(%) 1/5(20%) (153)
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1/5(20%), Rectal swab | Klebsiella spp 1/5(20%) 3/5(60%),
1/5(20%) ERT
Southe 1/5(20%)
ast E. coli 2/2(100%), P. aeruginosa (166) (163)
1/2(50%), S. aureus 1/2(50%),
Shigella spp 1/2(50%),
Klebsiella spp 1/2(50%),
Water, Treated Salmonella spp 1/2(50%),
Environment wastewater, Soil, Enterococcus spp 1/2(50%), Disk diffusion (CLSI
(n=2) CS Vegetable Streptococcus spp 1/2(50%) IMI guidelines) 50% -76%
Urine 7/10(70%), (124) (79)
Wound 4/10(40%), E. coli 9/10(90%), Klebsiella (107) (148)
Sputum 2/10(20%), Ear | spp 6/10(60%), Proteus spp (90) (144)
swab 2/10(20%), Eye 5/10(50%), Enterobacter spp Disk diffusion (CLSI (92) (138)
2/10(20%) swab, Throat | 4/10(40%), Pseudomonas guidelines) (119) (120)
swab 1/10(10%), aeroginosa 4/10(40%), 6/10(60%), British
Vaginal swabs Citrobacter spp 4/10(40%), Society for
1/10(10%), Acinetobacter spp 3/10(30%), Antimicrobial
swab, Catheter tip Providencia spp 3/10(30%), S. IMI Chemotherapy
1/10(10%), Stool aureus 2/10920%), Serratia 8/10(80%) | (BSAC) method
1/10(10%), Rectal swab | marcescens 1/10(10%), , MEM 2/10(20%), Disk
1/10(10%), Aspirates Alcaligenes spp 1/10(10%), 7/10(70%) | diffusion (EUCAST
Humans 1/10(10%), Blood Atlantibacter hermannii , ERT guidelines) Carbapenemase | Hodge Test (MHT) method
South- | (n=10) CS 1/10(10%) 1/10(10%) 2/10(20%) | 1/10(10%) 4%-100% | 1(10%) 1(10%)
south Anal swab, Stool, (157)(156)
Animals Feeds, water trough, Enterococcus spp 1/2(50%), IMI, Disk diffusion (CLSI
(n=2) CS water source Salmonella spp 1/2(50%) MEM guidelines) 3.7%-80%
IMI (161)
2/3(66.7% (164)(165)
), MEM
1/3(33.3%
), ERT
Environment Pond water 1/3(33.3%), | Vibrio spp, Enterococcus spp, 1/3(33.3% | Disk diffusion (CLSI
(n=3) CS Wastewater 2/3(66.7%) | Salmonella spp ) guidelines) 5.9%-100%
Multi- Disk diffusion (CLSI (125) (83)
zonal Blood 2/2(100%), Urine guidelines) 1/2(50%),
1/2(50%), Wound Epsilometer test
1/2(50%), Sputum MEM (Etest, Disc-based ‘carbapenemase
1/2(50%), CSF 2/2(100%) | bioMérieux) and ESBL detection set” from
Humans 1/2(50%), Tissue , IMI methodology Carbapenemase | Mast Group (Bootle, UK) NDM 1/2(50%),
(n=2) Cs 1/2(50%) A. baumannii, Salmonella spp 1/2(50%) | 1/2(50%) 33.3% 1/2(50%) 1/2(50%) OXA 1/2(50%)
A. baumannii, Aeromonas (162)
caviae, Enterobacer, cloacae,
Pseudomonas putida, K. Disk diffusion
Environment pneumoniae, Citrobacter (EUCAST Carbapenamase | Rapidec Carba NP test OXA, NDM,
(n=1) CS Water, Soil freundii IMI, ERT | guidelines) 47.9% 1(100%) (bioMérieux) /PCR VIM

Table 3: Summary of findings based on geopolitical CR distribution
CS — Cross-sectional, PC — Prospective Cohort, IMI — Imipenem, MEM — Meropenem, ERT — Ertapenem, DRP — Doripenem
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3.4 Mechanisms for carbapenem-resistance in Nigeria

Carbapenem resistance may be intrinsic to the bacterial species or mediated by carbapenemase-
encoding genes such as metallo-beta lactamases (MBLs) and other carbapenemases. As
presented in table 3, 23(92.0%) of the 25 studies that investigated and reported mechanism of
carbapenem were from human studies, 1(4.0%) from an animal and environmental study each.
Almost half, 10(40.0%) of the studies reporting CR mechanism were from the Southwest.

The reported prevalence of carbapenemase-producing bacteria ranges from 8.9%-91.7%
(121)(108)(80)(99)(103)(130)(123)(100)(122)(131)(133)(134)(162)(143)(125)(129) with
prevalent MBL-producing bacteria from humans (96)(101)(118)(142)(124) and (41.7%) from
animal pathogens (155). The carbapenemase-producing bacteria in the environmental study was
47.9% (162)

Carbapenemase encoding genes reported were blakpc, blayim, blanom, blaoxa, blasem, blawe,
blagiv and blages. The blaypm and blayiv genes were reported by most of the studies (80.0% and
70.0% respectively) while blapxa and blages were reported in 40% and 30% of the studies
respectively and other genes in a single study each. While the blaxpc gene was only reported in a
hospital study in Northeastern Nigeria (99), others were observed in studies in different parts of
the country including multi-zonal environmental study
(101)(103)(118)(121)(122)(133)(134)(162)(125).

3.5  Geo-political distribution of carbapenem-resistance in Nigeria

Findings from the reviewed studies showed slightly varied pattern of CR discussed under each
geopolitical zone below.

3.5.1 Southwest Zone

Of the 38 studies conducted in this geopolitical zone, 33(86.8%) focused primarily on humans,
2(5.2%) on animals, 1(2.6%) on environment and 2(5.2%) combined samples from humans and
non-humans. All the human studies were hospital-based, and almost half of the isolates
recovered 15/33(45.5%) were from blood (mostly in combination with other samples as
presented in table 3). Twenty-four (72.7%) were from tertiary hospitals and the disc diffusion
method using CLSI guidelines was used by 24(72.7%) for susceptibility testing

A total of 8(24.2%) studies reported complete susceptibility of E. coli, H. pylori, Pseudomonas
spp, Klebsiella spp, Acinetobacter baumanii, Acinetobacter Iwoffi, Acinetobacter calcoaceticus,
Stenotrophomonas maltophilia, Proteus spp, Enterobacter spp and Salmonella enterica serovars
to carbapenems (78)(82)(84)(88)(89)(94)(96)(97) while CR prevalence range between 1.2% and
72.7% was reported by 23(69.7%) studies (101)(104)(106)
(108)(109)(110)(113)(115)(116)(117)(121)(131)(132)(133)(134)(135)(136)(137)(141)(143)(145)
(143)(126) and 2(6.1%) studies documented complete resistance of Klebsiella pneumoniae to
imipenem and Escherichia fergusonii to imipenem, meropenem and ertapenem respectively
(149)(146).

Antimicrobial susceptibility results in one of the two animal studies conducted in five states in
the zone (Oyo, Ondo, Ogun, EKkiti and Osun) using different poultry samples revealed complete
E. coli, K. pneumonia, Morganella morganii, Leclercia adecarboxylata and C. freundii
susceptibility to imipenem and meropenem (152). Similarly, fecal samples collected from cattle,
chicken and pigs yielded E. coli completely susceptibe to carbapenems (154). The environmental
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study using wastewater reported Escherichia spp, Enterobacter spp, Citrobacter spp, P.
monteilii, P. taiwanensis, P. plecoglossicida, C. segnis, Achromobacter insuavis, Achromobacter
spanius and Stenotrophomonas spp complete susceptibility to imipenem (160). The two studies
with combined samples from humans, animal and environment reported 1% P. aeruginosa
resistance to imipenem and 40% E. coli resistance to meropenem (168)(167).

3.5.2 South-south Zone

As presented in table 3, 10(66.7%) of the 15 studies in this zone focus on humans while
2(13.3%) on animals and 3(20.0%) on environment. Most of the studies, 11(73.3%) including the
three environmental and two animal studies were from Edo state. Nine (90%) of the human
studies were hospital-based and 1(10%) study was conducted in the hospital/community setting.
Susceptibility testing was commonly carried out using disc diffusion method (CLSI guideline)
6(60%). Table 3 showed that urine was commonly used as testing sample 7(70.0%) and E. coli
9(90.0%) was mostly recovered (in combination with other bacteria as shown in table 3). CR
prevalence by clinical pathogens range from 0% (79)(90)(92) to 4%-63.6%)
(107)(119)(120)(138)(124)(144) and 100% (complete resistance) (148).

The two animal studies were carried out using pig samples. In one of the studies, CR prevalence
rates of 5.1% and 3.7% was reported by E. faecalis and E. faecium recovered from anal swabs
respectively while S. Enteritidis and S. Typhimurium isolated from feaces, feeds and water
trough showed 80.0% and 9.1% CR respectively (156)(157). Similarly, the three studies
conducted using environmental samples (wastewater and pond water from abattoir and farm)
isolated Vibrio spp, Salmonella enterica serovars and Enterococcus spp with CR prevalence of
5.9%, 8% and 100%, respectively (161)(164)(165).

3.5.3 Southeast Zone

A total of 7(50%) of the 14 CR studies carried out in this region was focused on humans, animals
5(35.7%) and environment 2(14.3%). Six (85.7%) and 1(14.3%) of the human studies were
carried out in the hospital and community settings, respectively. Urine was used more than other
human samples 5(71.4%) while the disc diffusion method for susceptibility testing using CLSI
guidelines was commonly employed 6(85.7%) and E. coli was isolated from all the human
studies. Other samples, susceptibility methods used and bacteria isolated are presented in table 3.
Two of the human studies including the community-based study among asymptomatic students
reported complete susceptibility of E. coli and Salmonella spp to carbapenems (77)(87). The
other five studies reported CR ranging from 2.9% to 36% from E. coli, Salmonella spp, C.
freundii, E. aerogenes, E. coli, P. aeruginosa, S. aureus, Klebsiella spp
(105)(98)(122)(127)(112). While three of the animal studies reported complete carbapenem
susceptibility, the other (158)(153)(151), the other two documented E coli and Klebsiella spp CR
prevalence of 85.4% and 62.5% respectively(155)(159). K. pneumoniae and Pseudomonas spp
isolated from water and E. coli recovered from the soil showed a CR prevalence of 50%, 50%
and 76.0%, respectively (166)(163).

3.5.4 Northwest Zone

All 10 studies conducted in this zone were carried out in the hospital setting using clinical

samples, mostly urine 9(90.0%) in combination with other samples presented in table 3. Eight,

(80.0%) of the studies were carried out in Kano State and the disc diffusion susceptibility method

(using CLSI guidelines) was used most of the time 9(90.0%). CR prevalence range from 0% in
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two studies (85)(95) to 10.5%-71.4% in seven studies (100)(130)(139)(140)(123)(129)(142) and
100% in a study., others recorded resistance ranging from 10.5% to 100% (147).

3.5.5 North Central Zone

Seven, (87.5%) out of the eight CR studies conducted in this zone investigated isolates recovered
from clinical samples and 1(12.5%) from animal samples. Disc diffusion susceptibility testing
using CLSI guidelines was mostly employed in the human studies 6(85.7%), blood was
commonly sampled 4(57.1%) than other human specimens (mostly in combination), and E. coli
and Klebsiella spp were recovered from 3(42.9%) of the human studies. Two of the human
studies reported complete susceptibility of Klebsiella spp to carbapenem (81)(93), four reported
CR range of 6.3% to 24.7% (102)(111)(114)(118) and a study documented complete CR of
Samonella spp to meropenem (150). E. coli isolated from poultry fecal sample was 12.0%
resistant to imipenem (37).

3.5.6 Northeast Zone

All the six CR studies from this geopolitical zone were conducted in the tertiary hospital setting.
The disc diffusion method using CLSI guidelines was used in all the studies and urine sample
was used in 5(83.3%) of the studies (in combination with other samples as presented in table 3).
E. coli was recovered from all the studies alongside other pathogens. A relatively low prevalence
of CR was reported with four studies reporting complete susceptibility of E. coli, K. pneumoniae,
Proteus mirabilis, and P. aeruginosa to imipenem and ertapenem (76)(80)(86)(91). The two
other studies yielded P. aeruginosa, K. pneumoniae, E. coli, Providencia rettgeri, Klebsiella spp,
Enterobacter spp, Stenotrophomonas maltophilia, Aeromonas spp, and Pseudomonas spp
documented 6.8% and 10.2% CR rates (99)(103).

3.5.7 Multi-zonal studies

Two of the three studies conducted across more than one zone focused on human CR while the
third study investigated isolates recovered from water and soil. Susceptibility testing was carried
out in the human studies using disc diffusion and Epsilometer test (Etest, bioMérieux) methods.
While Salmonella spp from blood was completely susceptible to carbapenems in one of the
studies (83), A. baumannii isolated from urine, wound, blood, sputum, cerebrospinal fluid and
tissue in the second study showed a CR of 33.3% (125). Similarly, Terrier et al (162) reported
aggregated CR 47.9% prevalence from bacteria isolated from water and soil samples collected
from lbadan (Southwest), Akwa Ibom (South-south), Nnewi (Southeast), Kano (Northwest),
Yola (Northeast) and Abuja (North Central) .
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3.6 Factors contributing to misuse and overuse of antibiotics

Based on the Harbarth et al (68) framework, factors influencing antibiotics misuse/use in humans
can be categorized into:

3.6.1 Prescribers factors

Clinicians and others health workers including the community pharmacists and the PPMVs play
significant roles as prescribers of antibiotics misuse/overuse. Students and mothers of under five
children reportedly overuse antibiotics as a result of recommendations from the health workers
(51)(169)(170). Interestingly, these prescribers are also influenced by other factors to either
overprescribe or under-prescribe antibiotics. For instance, clients’ high demand and crave to
maximize profits were major reasons for PPMVs over-prescription of antibiotics (171).
Abubakar and Tangiisuran (172) reported that community pharmacists in Kaduna, North-western
Nigeria were influenced by their confidence in their knowledge of antibiotics therapy,
consideration of patients’ long waiting time and financial incapability to pay for medical
consultation at the health facility, consideration of patients’ inaccessibility to the health facility
in addition to fear of loosing their clients to other community pharmacy (172). In a similar study
conducted in Warri, Southern Nigeria, Erah et al reported that the availability of antibiotics and
feedback from the patients as well as consideration of the socio-economic status of the patients
were determinants to antibiotics misuse among community pharmacists (173).

Orthopaedic surgeons from a study conducted in 2015, in Lokoja, North Central Nigeria used
prophylactic antibiotics for reasons of just following instructions from medical training school
and doubt of the hospital hygienic environment and practices (174). A more recent study
reported that the antibiotic prescribing behaviour of doctors in a tertiary hospital in Lagos were
determined by consideration of cost to patients, clinical experience, availability of drugs,
decisions by senior colleagues, evidence from literature, laboratory results and hospital drug
policy (175).

3.6.2 Patient factors

The patient individual factors such as the socio-economic background, perceptions and beliefs as
well as behaviours were determinants of antibiotic misuse/overuse.

3.6.2.1 Socio-economic background (Age, gender, marital status, level of education
and socio-economic status)

Two studies reported significant association between age and antibiotics misuse (176)(177).
Although the association was not linked with any pathway in the studies, middle-aged
individuals (25-44years) were more likely to misuse antibiotics than their younger and older
counterparts. In the same vein, mothers of under-five children were less likely to administer
antibiotics to infants compared to mothers with children above one year of age because infants
were perceived as frail and thus require clinician’s prescription before antibiotics use (178). Four
of the studies, conducted among university students reported that the level of study in the
university was associated with the misuse/overuse of antibiotics (176)(177)(169)(179). Students
in the lower level of study tend to misuse antibiotics more than those in higher levels of study.
This relates to the age of the students as both are not mutually exclusive. While higher education
qualification was reportedly significant in reducing the likelihood of misusing/overusing
antibiotics as a result of increase increased awareness and knowledge of the antibiotics and AMR
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(178)(180), another study reported that higher education was significantly associated with misuse
of antibiotics because of intentional use as a result of the knowledge of the efficacy of the drugs
(181).

Significant associations between gender and misuse use of antibiotics were reported by three
studies (176)(177)(180) with women were more likely to stay away from clinical consultations
for fear of medical and dental procedures and thus resort to non-prescription and misuse of
antibiotics (182). Lawan et al (183) also reported that marital status was significantly associated
with the misuse of antibiotics. In addition, four studies reported that lack of money or financial
incapability contributes to self-prescription of antibiotics (50)(182)(184)(185). Patients who are
unable to bear the cost of going to the health facility easily resort to self-prescription of
antibiotics from the patent medicine store which is perceived as a cheaper alternative (178)(180)
(186)(187).

3.6.2.2 Perception and attitude towards illness and the efficacy of antibiotics

Perceptions about illness and antibiotics were reported contributory factors to antibiotic misuse.
Patients result into self-prescribed antibiotic use when they perceive their illness or infection as
mild and simple and do not require clinical consultation or antibiotic prescription
(183)(188)(187)(170). Similarly, three studies reported that patients/consumers’ perception of
antibiotics as efficient drugs of cure for infections encourages the misuse/overuse of the drug
(178)(186)(184). These perceptions are fuelled by previous antibiotics use and experience,
another contributory driver of antibiotic misuse. Left over drugs are kept and used for occurrence
of infections with similar signs and symptoms (51)(187)(189) as the patients exaggerates their
knowledge and ability to treat themselves of any infection with antibiotics (177)(187)(170).

Another determinant of inappropriate use of antibiotics identified in the studies was lack of time
to visit the healthcare facility due to busy schedule. Four studies reported that the need to save
time required in visiting the hospital, consult with a doctor drives the faster option of self-
prescription of antibiotics (176)(177)(182)(187)(188). A study reported that students
inconsistently take prescribed antibiotics medication because of the number and size of the
tablets they are required to take and the side effects of the medication (50).

3.6.3 Cultural influences

Cultural perspectives and interpretation of health, signs and symptoms of infections as well as
treatment options influences the health seeking behaviour including use and misuse of
antibiotics. Although, huge gap in knowledge exist as a result of lack of studies on cultural
influences on antibiotic use and misuse in Nigeria, the influence of friends, family, neighbours,
and colleagues documented in five of the reviewed studies (51)(178)(180)(186)(190) indicates
significant social pressure as a determinant of antibiotics misuse and overuse as described by
Harbarth and Monnet (191).

3.6.4 Socio-determinants

As described by Habarth et al (68), the social factors represents other broader determinants in the
society such as practices, structures and systems. However, there is a wide gap in this aspect as
many of the societal and system factors addressed and reported by studies reviewed were within
the health system. Of the eight studies that described reasons for antibiotic misuse/overuse
relating to the health system, three reported far distance to the health facility as a barrier to seek
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care at the health facility (176)(182)(192) therefore resorting to indiscriminate use of antibiotics.
Similarly, long queue and waiting time were reported by three studies as reasons for preferring to
self-treat with antibiotics to visiting the doctors for antibiotics prescription (50)(177)(183). This
is related to lack of time due to busy schedule as the feeling of having to wait for a long time at
the healthcare facility just to consult with a clinician or to get antibiotics prescription may not be
productive and hence their use of unprescribed antibiotics.

Two studies reported that high cost of healthcare services contributes to the motivation to self-
medicate with an antibiotics (183)(188). This is connected to the low socio-economic status as
poor people are unable to afford the high user fee in the health facility thus resorting to a
seemingly cheaper alternative of self-treating with OTC antibiotics. Lack of trust and confidence
in the health facility prescriber was also reasons for self-medicating with antibiotics. As a result
of past experience, students reported that drugs dispensed at the healthcare facility do not
improve their health conditions and so are not confident in the prescribers, therefore preferring to
buy OTC antibiotics for use (50)(176). In contrast, PPMVs are gaining the confidence of the
patients which promotes seeking care from them (182). The unfriendly attitude of health workers
and non-readily availability of antibiotics at the health facilities were addition reasons for
embarking on non-prescribed use of antibiotics (176)(184).

3.4.5 Regulatory practices

Harbarth et al (68) described regulatory practices as determinant of antibiotics prescription,
availability and use. Regulatory mechanisms such as enforcement of policies on pharmaceutical
products including antibiotic, pharmaceutical promotional activities, prescription and dispensing
guidelines affect the extent of antibiotics misuse/overuse. For instance, four studies reported that
unrestricted, relatively cheaper and available OTC antibiotics from PPMVs was a motivating
factor to use antibiotics anytime without doctors’ prescription (178)(186)(188)(192). Doctors in a
Lagos teaching hospital also reported being influenced by drug promotional and marketing
activities to prescribe antibiotics (175).

3.5  Factors influencing antibiotics misuse/overuse in food animal production

Factors influencing antibiotics misuse/overuse in food animal production were described based
according to Lhermie et al (18) framework:

3.5.1 Cost-Benefit Analysis

Antibiotics are used for both therapeutic and non-therapeutic purposes in animal production and
the latter is targeted towards optimization of profits via use as growth promoters. Therefore, the
cost of antibiotic use vis-a-vis evaluation of benefits derived from it such as cure for infections,
prevention of diseases and economic gains as a result of rapid growth of the animals influences
the decision to use antibiotics (18). Three of the studies reported the use of antibiotics as growth
promoters (52)(193)(190) and another study reported that the drive to maximise profit motivates
the irrational use of antibiotics on the farm. Animal signs such as diarrhoea and loss of appetite
which reduces the economic value of the animals immediately prompt the use of antibiotics even
when these signs are not as a result of infections and as a result antibiotics were being used to
boost animal appetite (190)(194). The expected economic profits are reasons for use of
antibiotics as treatment in spite of the cost of treatment (52).

30



The expectation of immediate antibiotics outcomes and need to maximise gains facilitated
extensive husbandry system which was also reported as an important contributor to antibiotics
misuse in Nigeria (53). A study from Southwestern Nigeria reported that farmers were motivated
to administer antibiotics to animals in order to boost farm production, an indication of positive
consideration of benefits over cost of antibiotics use (190). However, cost-benefit analysis is
closely related to cost and the level of knowledge and expertise of the farmers (52)(53).

3.5.2 Farmer’s expertise, attitude toward risk and behaviour

The decision to use or not use antibiotics is influenced by the technical ability of the farmers to
detect, appraise, interpret and evaluate the need for it; forming the linkage among other
endogeneous factors such as cost-benefit analysis and disease appraisal (18). As described by
Harbarth and Monnet (191), farmer’s personal perceived efficacy of antibiotics and potential
benefits from its use influence decisions to use antibiotics in animals and these perceptions and
expertise are in turn related to the age, level of education, and previous practical experience. One
of the reviewed studies reported that level of education of farmers predicts misuse of antibiotics
with farmers having low level of education administering more antibiotics irrationally to the
animals (53). Likewise, previous experience with antibiotic use was associated with misuse of
antibiotics for animals and over 85% of the farmers based their decision to use antibiotics on
their previous experience (52)(190)(194). Another example of expertise-related factor is the
route of antibiotics administration which require skills. Most farmers prefer to administer
antibiotics to animals orally and antibiotics involving intramuscular administration were used
personally by a few or through the engagement of a veterinarian thus limiting the extent to which
farmers can use such antibiotics(52)(190).

In addition, the attitude and behaviour towards risk are determinants of antibiotic misuse/over.
Two studies reported that farm hygiene practices as a contributory factor to use or not use
antibiotics (52)(194). Poor hygiene practices do not only exposes the animals to infections which
consequently require antibiotic use, the awareness of unhygienic environment by the farmers
promotes the use of antibiotics as prophylaxis (193).

3.5.3 Disease Appraisal

The availability and accessibility to diagnostic test as well farmer’s knowledge and experience
contributes to the ability to detect diseases in the animals and consequently impact the decision
to use or not use antibiotics without prescription. The likelihood of indiscriminate use of
antibiotics is higher in a situation where farmers are unable to access diagnostics due to cost or
other reasons (18). Ojo et al (52) reported that the limited and in some cases non-existence of
animal disease diagnostic laboratory contributed to irrational use of antibiotics by the farmers
(52). Non-use of laboratory diagnostics can also be linked with the nomadic and transhumance
culture of the pastoralist reported by Alhaji and Isola (53).

Ojo et al (52) and Alhaji and Isola (53) also reported that lack of awareness and knowledge about
animal disease and antimicrobial agents fuelled the misuse of antibiotics. This explained the
farmers’ ability to appraise animal infections and decide on the use of antibiotics as described by
Lhermie et al (18).

3.5.4 Other factors

A study reported the influence of advertisement of antibiotics on use (52). The farmers get
stimulated by the effect of the advertisement to try new antibiotics without prescription.
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Similarly, the availability of antibiotics is a one of the drivers for misuse/overuse of antibiotics
by the animal farmers. Ready and unrestricted access to OTC antibiotics was reported by two of
the studies as reasons for antibiotic abuse (52)(194). The ease at which farmers access antibiotics
coupled with the cheaper cost of the drugs promotes indiscriminate use. Alhaji and Isola also
reported that the farmers are motivated to purchase and use antibiotics wherever and whenever
they choose because there is no enforcement of law limiting availability and restricting usage
(53).
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40 DISCUSSION

This study compiled research on the prevalence, geographical distribution and mechanism of
carbapenem resistance as well as factors influencing antibiotics misuse/overuse in humans and
animals in Nigeria. The results revealed widespread, varied but high prevalence of CR, ranging
from 0% up to 100%. This is similar to the systematic review findings of Tanko et al, where the
prevalence of ESBL gram-negative bacteria in Nigeria ranged from 7.5% to 93.4% (34).
However, the CR rates were higher compared to many other African countries (195)(196)
although the different sample types and pooled prevalence reporting could possibly explain the
variations. The use of various samples and limitation in geographical scope make comparison of
data challenging, underscoring the need for a nationally coordinated and standardized CR
surveillance. Considering the high burden of infectious diseases in Nigeria (197), high CR is an
indicator for imminent risk of treatment failure for common infections and reduced chances of
recovery from minor and major surgeries as CR presents with limited treatment options (39).

The few CR susceptibility studies for animal and environmental isolates confirmed the huge lack
of AMR data from this domain reported by the O’Neill report (6). Nevertheless, the high CR
prevalence of 85.4% and 100% from the scanty animal and environmental studies, respectively
could be linked with the high antibiotics usage for livestock reported in different parts of Nigeria
(52)(53). This is in congruence with the previous AMR prevalence results from food animals in
Nigeria (32) and a review report of 2%-26% prevalence of CRE in animals from Africa
compared to less than 1% in Europe (22) where the use of antibiotics for animals is well
regulated (65).

A notable finding of this review is that the susceptibility data on CR were generated mostly from
cross-sectional, hospital-sampled studies, suggesting a gap in knowledge of CR in the
community. This is similar to the pattern observed by Tanko et al (34) and could possibly be
attributed to easy access to patients, access to rountinely collected clinical diagnostics data from
hospital settings and relatively easier research logistics compared to community-based studies.
Similarly, the CR prevalence from this review may not have shown the true picture of the
phenomenon in the country because most of the hospital-based studies were from tertiary, public
hospitals. This finding corroborates past reports by the NCDC and the FMoH that susceptibility
data is almost absent in the non-tertiary health facilities (30) and there is very little or no
reporting structure from the private sector in Nigeria (56). Yet, reports showed that the tertiary
facilities constitute only 0.25% of the health facilities in the country and the private sector
contributes about 60% to healthcare service provision through the 30% conventional healthcare
facilities (56). Evidence of polypharmacy and over-prescription of antibiotics exist in private
clinics in Nigeria (198) still the prevalence of AMR especially CR in these facilities remain
unresearched.

The CR prevalence was lowest in the Northeast geopolitical zone of the country but there were
little variations in studies among the remaining zones. Certain factors could be responsible for
this pattern which requires further research. The geopolitical distribution of studies reviewed
showed a skewed pattern towards specific regions and states within regions. The number of
studies from the Southwest were more than twice that from any other region with the Northeast
having the lowest number of studies conducted. Tanko et al (34) reported similar pattern from
their studies and this may not be unconnected with the concentration of Higher Education
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Institutions that facilitates research activities in the country in the Southwest (199) and the unrest
and conflict in the region (200). As revealed in this study, CR mechanism was mostly through
carbapenemase production and predominant carbapenemase genes were blaypm and blayv.
Similar patterns were also reported in many other African countries (195)(196).

The review on factors influencing misuse/overuse of antibiotics revealed that patients are
influenced by recommendations from prescribers in the formal and informal health sectors. In
line with findings from a 2015 review, PPMVs and community pharmacists in Nigeria were
motivated by customers’ demand and drive for economic gains, to sell antibiotics without
prescription (57). The customers’ demand for antibiotics, mostly linked to their perceptions and
previous experience of antibiotics suggests low level of knowledge about antibiotics and AMR
(187)(194). Getting away with considerations for personal gains over the public health impact of
AMR by the PPMVs and community pharmacists indicate weak enforcement of antibiotics
dispensing regulations in Nigeria

Consideration of the cost of antibiotics and medical consultation antibiotics misuse/overuse in
this review. While the patients preferred non-prescribed OTC antibiotics because of its relatively
cheaper cost compared to seeking prescription, the prescribers also consider the financial
capability of the patients and this may lead to under-prescription or over-prescription. Other
prescribers’ factors identified in this review have been reported in other parts of the world with
slight context-specific variations (201). For instance, performance-based financing factor
reported in Cameroon was uncommon and unreported in the Nigerian setting (202).

Several patient-related factors were highlighted in this review similar to findings from other
previous studies (201)(203). However, it is worthy to take note that these factors could be linked
with one another and with other social determinants. For instance, the perception of antibiotics
efficacy could be linked with previous experience, side effects, level of antibiotics awareness and
level of study or education. Likewise, financial incapability could be related with availability of
leftover antibiotics and cost of antibiotics. Similarly, the long waiting time at the facility could
be linked with busy schedule reported in the study.

This review revealed that the intention to maximize profits from animal production has been
reported to often drive the use of antibiotics as growth promoters in Nigeria. The use of growth-
promoting antibiotics is still rampart in many African countries unlike in the European countries
where it has been banned (204). Antibiotics use for non-therapeutic purposes accounts for
significant proportion of the total antibiotics use in Agriculture and it is estimated to primarily
drive the increase in antibiotics consumption by 67% in 2030 without any policy intervention
(7). Growing evidence shows that the use of antibiotics as growth promoters was not
significantly associated with increased economic gains and profits as previously thought (205).
While farmers’ poor perception of illness and antibiotics efficacy reported in this review could
possibly translate into low technical expertise influencing the demand and misuse/over of
antibiotics in animal production, weak regulatory structure could also enhance the sales of non-
prescribed antibiotics for animals just like for humans. This review showed the role of farmers’
access to veterinary diagnostics as determinant of antibiotics misuse/overuse. Laboratory
diagnostics for infection and susceptibility detection has been reported as a tool to prevent AMR
in food animal production. However, limited diagnostic facilities, cost as well as the mobile
nature of the pastoralist undermine the accessibility of the farmers to diagnostics. Previous
NCDC assessment reported weak veterinary regulatory capacity and inadequate veterinary
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diagnostic services in Nigeria thus creating a gap for enforcement and diagnosis respectively
(30).

4.1  Strengths and weaknesses of the study

There are limitations to this study. Firstly, articles reviewed were from studies conducted mostly
in public and tertiary health facilities, making it difficult to generalize the results for prevalence
of CR in a country where the majority of the population seek healthcare services from the private
and non-tertiary health facilities. Secondly, most of the studies reported pooled CR prevalence
for multiple samples and bacteria tested thus, making it difficult to report resistance rates by
specific sample or bacteria type. A qualitative description of pooled prevalence was therefore
adopted since more appropriate meta-analyses estimation was beyond the scope of this study. In
addition, this study carried out a qualitative description of determinants of antibiotic
misuse/overuse without critical appraisal of studies. It also did not provide insight to the
magnitude or importance of the identified determinants relative to antibiotics misuse/overuse.

Nevertheless, one main strength of this study is its representativeness in the description of CR
across all the geopolitical regions in the country, giving an overview of CR occurrence rates. It
also clearly revealed the One Health sector and geopolitical regions not covered in the country.
In addition, this study broadly identified factors associated with antibiotics misuse/over pointing
to areas for further research and likely AMR interventions.
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5.0 CONCLUSION AND RECOMMEDATIONS
5.1 Conclusion

This study reviewed the prevalence, mechanisms and geographical distribution of CR in addition
to factors influencing the misuse/overuse of antibiotics in Nigeria. The prevalence of CR is
relatively high in Nigeria with many infection-causing bacteria from humans, animals and
environment showing varying degree of resistance to the three mostly used carbapenems in
Nigeria. This calls for urgent integrated One Health-approach national surveillance based on
standard and uniform diagnostics and laboratory guidelines and data management. This is
required for evidence-based interventions to prevent the looming consequences of post-
antibiotics era. Worrisome but not surprising is the existence of very few susceptibility studies
from animal, environmental and non-hospital-based isolates pointing to the need to engage all
relevant stakeholders in human, animal and environmental health. There is a need to also conduct
more community-based research in order to fully understand the burden of CR in the country.
The geographical distribution of CR across the country showed similar pattern with little
variations in geographical areas studied.

Addressing antibiotic misuse/overuse is not a linear simple challenge considering the country’s
socio-economic and cultural context. However, the analysis of factors influencing the
misuse/overuse of antibiotics provides useful information that can be used to determine entry
points for antimicrobial stewardship interventions. This study identified interrelated intrinsic and
extrinsic factors, influencing antibiotics misuse/overuse by both prescribers and consumers from
descriptive studies in the country pointing to need for multi-layer antimicrobial stewardship
initiatives. Nevertheless, there is need to understand in detail, the weight and relationships
among these factors using qualitative and interventional studies. This would help to determine
the best strategies to address these factors with consideration of the social determinants of health
prevalent in the country-context. For instance, while creating awareness on rational antibiotic use
and AMR is an important strategy, its optimal success is hinged on availability and accessibility
to quality diagnostics services when needed. Therefore, a multi-faceted approach and
collaboration is required for the fight against misuse/overuse of antibiotics and by extension,
antimicrobial resistance.

52  Recommendations
Based on the aforementioned findings, the followings are recommended:

1. Creating antibiotics rational use and AMR awareness among the public, informal
and formal healthcare workers: The government and other stakeholders need to direct
more concerted efforts towards creating awareness on antibiotics irrational use. AMR
specialists should work with the health promotion department of the FMoH to design
targeted awareness campaigns for the general population and health workers (both in the
formal and informal sector). Awareness and education campaigns using behavioural
change communication platforms such as mass and social media platforms; seminars for
health professional associations including PPMVs; use of billboards; and promotion of
the world antibiotics awareness week (WAAW). It is also essential to revise and
incorporate antibiotics prescribing training for doctors-in-training at all levels.
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Optimizing antibiotic use through recall/withdrawal of leftover antibiotics: Since
leftover antibiotics is a source for non-prescribed antibiotics, initiatives aimed at
returning leftover antibiotics could address this. Incentivising the return of unused or
expired antibiotics with financial/non-financial tokens such as voucher towards future
treatment could motivate the patients/farmers to return leftover antibiotics.

Building nationally representative AMR surveillance system, including CR: A
surveillance system with sentinel of healthcare facilities across the different facility types
and routine point prevalence surveys in the predominant farm animals are recommended.
These should be integrated into the country surveillance system.

Incorporating the private and non-tertiary healthcare facilities and veterinary
laboratories into the current national AMR surveillance system: The government
through the NCDC need to design initiatives to network and incorporate all health and
veterinary facilities into the current surveillance system. This can be through retrieval of
susceptibility data from a sentinel of healthcare facilities, with or without transport of
isolates to designated reference laboratories. This will also require establishing more
NRL and surveillance sites in addition to the existing ones in the country.

Regulating the dispensing and use of antibiotics: There is need to build stronger
monitoring of antibiotics sales system and ensure enforcement of antibiotics dispensing
especially among the PPMVs and community pharmacists. Disciplinary measures should
be enforced on defaulting dispensers to deter others from the act. Similarly, the use of
antibiotics as growth promoters should be banned with strong enforcement among the
farmers

Strengthening the health system: Since health system factors indirectly contribute to
the irrational use of antibiotics, there is need to improve physical and financial
accessibility to infection prevention and control as well as curative health system
services.

Improving access to veterinary diagnostics: There is need to provide adequate
veterinary diagnostic facilities in the country. This could be done through public-private
partnership. The different categories of animal farmers including nomadic pastoralists
should engaged in planning and setting up of these facilities to optimize usage by these
mobile farmers.

37



REFERENCES

1.

10.

11.

12.

13.

Ligon BL. Penicillin: Its Discovery and Early Development. Semin Pediatr Infect Dis.
2004;15(1):52-7.

Shapiro M, Schoenbaum SC, Tager IB, Mufioz A, Polk BF. Benefit-Cost Analysis of
Antimicrobial Prophylaxis in Abdominal and Vaginal Hysterectomy. J Am Med Assoc.
1983;249(10):1290-4.

Gough EK, Moodie EEM, Prendergast AJ, Johnson SMA, Humphrey JH, Stoltzfus RJ, et
al. The impact of antibiotics on growth in children in low and middle income countries:
Systematic review and meta-analysis of randomised controlled trials. BMJ. 2014;348:1—
13.

Klein EY, Van Boeckel TP, Martinez EM, Pant S, Gandra S, Levin SA, et al. Global
increase and geographic convergence in antibiotic consumption between 2000 and 2015.
Proc Natl Acad Sci U S A. 2018;115(15):E3463-70.

Food and Agriculture Organization of the United Nations. The FAO action plan on
antimicrobial resistance 2016-2020: supporting the agriculture sectors in implementing
the global action plan on antimicrobial resistance to minimize the impact of antimicrobial
resistance. FAO, Rome. 2016. Available from: http://www.fao.org/3/a-15996e.pdf

Jim O’Neill. Antimicrobials in Agriculture and the environment: reducing unnecessary
use and waste. The Review on Antimicrobial Resistance. 2016. Available from:
http://docplayer.net/14366004-Antimicrobials-in-agriculture-and-the-environment-
reducing-unnecessary-use-and-waste.html

Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et al.
Global trends in antimicrobial use in food animals. Proc Natl Acad Sci U S A.
2015;112(18):5649-54.

The World Bank. World Bank.Pdf. By 2050, drug-resistant infections could cause global
economic damage on par with 2008 financial crisis. 2016. Available from:
https://www.worldbank.org/en/news/press-release/2016/09/18/by-2050-drug-resistant-
infections-could-cause-global-economic-damage-on-par-with-2008-financial-crisis

Blair IMA, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJV. Molecular mechanisms of
antibiotic resistance. Nat Rev Microbiol. 2015;13(1):42-51.

Kolai M, Urbéanek K, Latal T. Antibiotic selective pressure and development of bacterial
resistance. Int J Antimicrob Agents. 2001;17(5):357-63.

World Health Organization. Antimicrobial Resistance Global Report on Surveillance.
WHO. 2014. Available from:
https://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748 eng.pdf;jsession
1d=4867344D479355329CAAD65026514E77?sequence=1

Tadesse BT, Ashley EA, Ongarello S, Havumaki J, Wijegoonewardena M, Gonzalez 1J, et
al. Antimicrobial resistance in Africa: A systematic review. BMC Infect Dis.
2017;17(1):1-17.

O’Neill J. Tackling drug-resistant infections globally: Final report and recommendations.

38



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

2016. Available from: https://amr-review.org/sites/default/files/160525_Final paper_with
cover.pdf

Boerner K, Gleason H, Jopp DS. Burnout After Patient Death: Challenges for Direct Care
Workers. J Pain  Symptom Manage. 2017;54(3):317-25. Available from:
http://dx.doi.org/10.1016/j.jpainsymman.2017.06.006

Saran S, Rao NS, Azim A. New and promising anti- bacterials: Can this promise be
sustained? J Anaesthesiol Clin Pharmacol. 2020;36:13-9.

Holmes AH, Moore LSP, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, et al.
Understanding the mechanisms and drivers of antimicrobial resistance. Lancet.
2016;387(10014):176-87.

Medina MJ, Legido-Quigley H, Hsu LY. Antimicrobial Resistance in One Health. Glob
Heal Secur. 2020;Springer,:209-29.

Lhermie G, Grohn YT, Raboisson D. Addressing Antimicrobial Resistance: An Overview
of Priority Actions to Prevent Suboptimal Antimicrobial Use in Food-Animal Production.
Front Microbiol. 2017;7:1-11.

World Health Organization. Worldwide country situation analysis: response to
antimicrobial resistance. World Health Organization, 20 Avenue Appia, 1211 Geneva 27,
Switzerland. 2015. Available from:
http://www.who.int/drugresistance/documents/situationanalysis/en/

World Health Organization. Global priority list of antibiotic-resistant bacteria to guide
research, discovery, and development of new antibiotics. 2017. Available from:
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-
ET_NM_WHO.pdf?ua=1

Queenan K, Hasler B, Rushton J. A One Health approach to antimicrobial resistance
surveillance: is there a business case for it? Int J Antimicrob Agents. 2016;48(4):422—7.
Available from: http://dx.doi.org/10.1016/j.ijantimicag.2016.06.014

Kock R, Daniels-Haardt I, Becker K, Mellmann A, Friedrich AW, Mevius D, et al.
Carbapenem-resistant Enterobacteriaceae in wildlife, food-producing, and companion
animals: a systematic review. Clin Microbiol Infect. 2018;24(12):1241-50.

United Nations. Antimicrobial resistance: UN endorses a One Health approach. Vet Rec.
2016;179(13):317-8.

Forsberg KJ, Reyes A, Wang B, Selleck EM, Sommer MOA, Dantas G. The shared
antibiotic resistome of soil bacteria and human pathogens. Science (80- ). 2012;337:1107—
11.

Butaye P, Van Duijkeren E, Prescott JF, Schwarz S. Antimicrobial resistance in bacteria
from animals and the environment. Vet Microbiol. 2014;171(3-4):269-72.

Graham DW, Bergeron G, Bourassa MW, Dickson J, Gomes F, Howe A, et al.

Complexities in understanding antimicrobial resistance across domesticated animal,

human, and environmental systems. Ann N Y Acad Sci. 2019;1441(1):17-30.

World Health Organization. World Health Organization | One Health. [cited 2020 Mar 2].
39



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Available from: https://www.who.int/features/qa/one-health/en/

National Center for Disease Control 2017-2022. National Action Plan for Antimicrobial
Resistance. 2017. Available from:
https://www.ncdc.gov.ng/themes/common/docs/protocols/77_1511368219.pdf

Andersson DI, Hughes D. Microbiological effects of sublethal levels of antibiotics. Nat
Rev Microbiol. 2014;12(7):465-78.

Nigeria Centre for Disease Control. Antimicrobial use and resistance in Nigeria: Situation
Analysis and Recommendations. 2017. Available from:
https://ncdc.gov.ng/themes/common/docs/protocols/56_1510840387.pdf

Abubakar U, Sulaiman SAS. Prevalence, trend and antimicrobial susceptibility of
Methicillin Resistant Staphylococcus aureus in Nigeria: a systematic review. J Infect
Public Health. 2018;11(6):763-70. Available from:
https://doi.org/10.1016/j.jiph.2018.05.013

Oloso NO, Fagbo S, Garbati M, Olonitola SO, Awosanya EJ, Aworh MK, et al.
Antimicrobial resistance in food animals and the environment in Nigeria: A review. Int J
Environ Res Public Health. 2018;15(6).

Musa MB, Imam H, Lendel A, Abdulkadir I, Gumi SH, Aliyu HM, et al. The burden of
extended-spectrum B -lactamase-producing Enterobacteriaceae in Nigeria: a systematic
review and meta-analysis. Trans R Soc Trop Med Hyg. 2020;(114):241-8.

Tanko N, Bolaji RO, Olayinka AT, Olayinka BO. A systematic review on the prevalence
of extended spectrum beta lactamase producing Gram-negative bacteria in Nigeria. J Glob
Antimicrob Resist. 2020; Available from: https://doi.org/10.1016/j.jgar.2020.04.010

Yusuf I, Rabiu AT, Haruna M, Abdullahi SA. Carbapenem-Resistant Enterobacteriaceae
(CRE) in Intensive Care Units and Surgical Wards of hospitals with no history of
carbapenem usage in Kano, North West Nigeria. Niger J Microbiol. 2015;27(1):2612-8.

Nwadike, Victor Ugochukwu, Ojide, Chiedozie Kingsley, Kalu El. Multidrug resistant
acinetobacter infection and their antimicrobial susceptibility pattern in a Nigerian tertiary
hospital ICU. African J Infect Dis. 2014;8(1):14-8. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L37023
8983%5Cnhttp://journals.sfu.ca/africanem/index.php/AJID/article/view/2179/1669%5Cnh
ttp://sfx.hul.harvard.edu/sfx_local?sid=EMBASE&issn=20060165&id=doi:&atitle=Multi
drug+resista

Tama SC, Ngwai YB, Nkene IH, Abimiku RH. Molecular Detection of Extended
Spectrum Beta-lactamase Resistance in Escherichia coli from Poultry Droppings in Keffi,
Nigeria. Asian J Med Heal. 2019;15(4):1-9.

Okeke IN, Laxminarayan R, Bhutta ZA, Duse AG, Jenkins P, Brien TFO, et al. AMR
Resistance in developing countries pl. Lancet Infect Dis. 2005;5(August):481-93.

Morrill JH, Pogue MJ, Kaye SK, LaPlante L. Kerry. Treatment Options for Carbapenem-
Resistant Enterobacteriaceae Infections. Open Forum Infect Dis. 2017;2:1-15.

Abbott I, Cerqueira GM, Bhuiyan S, Peleg AY. Carbapenem resistance in Acinetobacter

40



41.

42.

43.

44,

45,

46.

471.

48.

49,

50.

51.

52.

53.

54,

baumannii: Laboratory challenges, mechanistic insights and therapeutic strategies. Expert
Rev Anti Infect Ther. 2013;11(4):395-409.

Patel G, Bonomo RA. “Stormy waters ahead”: Global emergence of carbapenemases.
Front Microbiol. 2013;4(48):1-17.

Watkins RR, Bonomo RA. Increasing prevalence of carbapenem-resistant
Enterobacteriaceae and strategies to avert a looming crisis. Expert Rev Anti Infect Ther.
2013;11(6):543-5.

Arnold RS, Thom KA, Sharma S, Phillips M, Johnson JK, Morgan DJ. Emergence of
Klebsiella pneumoniae Carbapenemase (KPC)-producing Bacteria. South Med J.
2012;104(1):40-5.

Gasink LB, Edelstein PH, Lautenbach E, Synnestvedt M, Fishman NO, Gasink LB, et al.
Risk Factors and Clinical Impact of Klebsiella pneumoniae Carbapenemase — Producing
K . pneumoniae. Infect Control Hosp Epidemiol. 2014;30(12):1180-5.

World Health Organization. Global Action Plan on Antimicrobial Resistance. WHO.
2015.

World Health Organization. Global Antimicrobial Resistance Surveillance System
(GLASS) Report. WHO. 2020. Available from:
https://apps.who.int/iris/bitstream/handle/10665/332081/9789240005587-eng.pdf?ua=1

Hogerzeil H V., Bimo, Ross-Degnan D, Laing RO, Ofori-Adjei D, Santoso B, et al. Field
tests for rational drug use in twelve developing countries. Lancet. 1993;342(8884):1408—
10.

Efunshile AM, Ezeanosike O, Nwangwu CC, Konig B, Jokelainen P, Robertson LJ.
Apparent overuse of antibiotics in the management of watery diarrhoea in children in
Abakaliki, Nigeria. BMC Infect Dis. 2019;19(1):1-7.

Abubakar U. Antibiotic use among hospitalized patients in northern Nigeria: a multicenter
point-prevalence survey. BMC Infect Dis. 2020;20(1):86.

Sanya TE, Fakeye TO, Adisa R, Segun JS. Use of antibiotics among non-medical students
in a Nigerian University. Afr Health Sci. 2013;13(4):1149-55.

Adisa R, Orherhe OM, Fakeye TO. Evaluation of antibiotic prescriptions and use in
under-five children in Ibadan, SouthWestern Nigeria. Afr Health Sci. 2018;18(4):1189-
201.

Ojo OE, Fabusoro E, Majasan AA, Dipeolu MA. Antimicrobials in animal production:
usage and practices among livestock farmers in Oyo and Kaduna States of Nigeria. Trop
Anim Health Prod. 2016;48(1):189-97.

Alhaji NB, Isola TO. Antimicrobial usage by pastoralists in food animals in North-central
Nigeria: The associated socio-cultural drivers for antimicrobials misuse and public health

implications. One Health. 2018:6:41-7. Available from:
https://doi.org/10.1016/j.0nehlt.2018.11.001
World Bank. Nigeria Profile. 2020. Available from:

https://data.worldbank.org/country/nigeria
41



55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

National Bureau of Statistics (NBS). Annual abstract of statistics , Federal Republic of
Nigeria [Internet]. 2012. Available from: www.nigerianstat.gov.ng

Federal Ministry of Health-Nigeria. Second National Strategic Health Development Plan
2018-2022. Abuja, Nigeria; 2018.

Beyeler N, Liu J, Sieverding M. A Systematic Review of the Role of Proprietary and
Patent Medicine Vendors in Healthcare Provision in Nigeria. PLoS One. 2015;10(1):1-21.

Guetiya Wadoum RE, Zambou NF, Anyangwe FF, Njimou JR, Coman MM, Verdenelli
MC, et al. Abusive use of antibiotics in poultry farming in Cameroon and the public health
implications. Br Poult Sci. 2016;57(4):483-93.

European Food Safety Authority European Centre for Disease Prevention, and Control.
The European Union summary report on antimicrobial resistance in zoonotic and indicator
bacteria from humans, animals and food in 2015. EFSA J. 2017;15(2):1-212. Available
from: https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2017.4694

Talebi M, Rahimi F, Katouli M, Kihn I, Méllby R, Eshraghi S, et al. Prevalence and
antimicrobial resistance of enterococcal species in sewage treatment plants in Iran. Water
Air Soil Pollut. 2007;185(1-4):111-9.

Mladenovic-Antic S, Kocic B, Velickovic-Radovanovic R, Dinic M, Petrovic J,
Randjelovic G, et al. Correlation between antimicrobial consumption and antimicrobial
resistance of Pseudomonas aeruginosa in a hospital setting: a 10-year study. J Clin Pharm
Ther. 2016;41(5):532—-7.

World Health Organization. Global Health Expenditure Database Nigeria Profile. 2017.
Available from: https://apps.who.int/nha/database/country_profile/Index/en

National Bureau of Statistics (NBS). 2019 Poverty and Inequality in Nigeria: Executive
Summary. 2020.

Organisation for Economic Co-operation and Development (OECD). Antimicrobial
resistance policy insights. 2016. Available from: https://www.oecd.org/health/health-
systems/AMR-Policy-Insights-November2016.pdf

Glasner C, Albiger B, Buist G, Tambi¢ Andrasevi¢ A, Canton R, Carmeli Y, et al.
Carbapenemase-producing Enterobacteriaceae in Europe: A survey among national
experts from 39 countries, February 2013. Eurosurveillance. 2013;18(28):1-7.

Arksey H, O’Malley L. Scoping studies: Towards a methodological framework. Int J Soc
Res Methodol Theory Pract. 2005;8(1):19-32.

Tricco A, Lillie E Z, W OK, H C, D L, et al. PRISMA extension for scoping reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467-73.
Available from: http://www.prisma-statement.org/Extensions/ScopingReviews

Harbarth S, Albrich W, Brun-Buisson C. Outpatient antibiotic use and prevalence of
antibiotic-resistant pneumococci in France and Germany: A sociocultural perspective.
Emerg Infect Dis. 2002;8(12):1460-7.

Coker R, Rushton J, Mounier-Jack S, Karimuribo E, Lutumba P, Kambarage D, et al.
Towards a conceptual framework to support one-health research for policy on emerging

42



70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

zoonoses. Lancet Infect Dis. 2011;11(4):326-31.

Australian Academy of Science. An interdisciplinary approach to living in a risky world.
2016. Available from: https://www.science.org.au/think-tanks/risky-world

Warreman EB, Lambregts MMC, Wouters RHP, Visser LG, Staats H, van Dijk E, et al.
Determinants of in-hospital antibiotic prescription behaviour: a systematic review and
formation of a comprehensive framework. Clin Microbiol Infect. 2019;25(5):538-45.
Available from: https://doi.org/10.1016/j.cmi.2018.09.006

Fishman N. Antimicrobial Stewardship. Am J Med. 2006;119(6 SUPPL. 1):53-61.

Sumpradit N, Chongtrakul P, Anuwong K, Pumtong S, Kongsomboon K, Butdeemee P, et
al. Antibiotics Smart Use: a workable model for promoting the rational use of medicines
in Thailand. VVol. 90, Bulletin of the World Health Organization. 2012.

John M. Eisenberg Center for Clinical Decisions and, Science C. Interventions To
Improve Antibiotic Prescribing for Uncomplicated Acute Respiratory Tract Infections.
Comp Eff Rev Summ  Guid Clin. 2016;(163). Available  from:
http://www.ncbi.nlm.nih.gov/pubmed/27227250

Suda KJ, Hicks LA, Roberts RM, Hunkler RJ, Danziger LH. A national evaluation of
antibiotic expenditures by healthcare setting in the United States, 2009. J Antimicrob
Chemother. 2013;68(3):715-8.

Giwa FJ, Ige OT, Haruna DM, Yaqub Y, Lamido TZ, Usman SY. Extended- Spectrum
Beta- lactamase Production and Antimicrobial Susceptibility Pattern of Uropathogens in a
Tertiary Hospital in Northwestern Nigeria. Ann Trop Pathol. 2017;9:99-103. Available
from: http://www.atpjournal.org/text.asp?2018/9/1/11/234155

Anyanwu MU, Okpalanwa CF, Ugwuanyi RN. Occurrence and Antibiogram of Extended-
Spectrum Cephalosporin- and Cephamycin-Resistant Escherichia coli in Asymptomatic
University Students. Int J Enteric Pathog. 2019;7(2):31-6.

Olaitan AO, Diene SM, Kempf M, Berrazeg M, Bakour S, Gupta SK, et al. Worldwide
emergence of colistin resistance in Klebsiella pneumoniae from healthy humans and
patients in Lao PDR, Thailand, Israel, Nigeria and France owing to inactivation of the
PhoP/PhoQ regulator mgrB: An epidemiological and molecular study. Int J Antimicrob
Agents. 2014;44(6):500-7. Available from:
http://dx.doi.org/10.1016/j.ijantimicag.2014.07.020

Ogban GI, Ochang EA, Emanghe UE, Usang UE, Akpan UB, Agan TU. Rectal
Colonization with Extended Spectrum p-Lactamase producing Enterobacteriacieae in
Surgical Patients in a Tertiary Hospital in Calabar, Nigeria. IOSR J Dent Med Sci.
2014;13(1):47-53.

Igwe J, Olayinka B, Ehnimidu J, Onaolapo J. Virulent Characteristics of Multidrug
Resistant E. coli from Zaria, Nigeria. Clin Microbiol. 2016;5(6):1-9.

Iregbu KC, Elegba OY, Babaniyi IB. Bacteriological profile of neonatal septicaemia in a
tertiary hospital in Nigeria. Afr Health Sci. 2006;6(3):151-4.

Nwadike VU, Ojide CK, Kalu EI. Multidrug resistant acinetobacter infection and their

43



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

antimicrobial susceptibility pattern in a Nigerian tertiary hospital ICU. African J Infect
Dis. 2014;8(1):14-8.

Obaro SK, Hassan-Hanga F, Olateju EK, Umoru D, Lawson L, Olanipekun G, et al.
Salmonella bacteremia among children in central and Northwest Nigeria, 2008-2015. Clin
Infect Dis. 2015;61(Suppl 4):S325-31.

Akinyemi KO, lwalokun BA, Alafe OO, Mudashiru SA, Fakorede C. BlaCTX-M-I group
extended spectrum beta lactamase-producing Salmonella typhi from hospitalized patients
in Lagos, Nigeria. Infect Drug Resist. 2015;8:99-106.

lliyasu G, Daiyab FM, Tiamiyu AB, Abubakar S, Habib ZG, Sarki AM, et al. Nosocomial
infections and resistance pattern of common bacterial isolates in an intensive care unit of a
tertiary hospital in Nigeria: A 4-year review. J Crit Care. 2016;34:116-20. Available
from: http://dx.doi.org/10.1016/j.jcrc.2016.04.018

Isaiah IN, Nche BT, Nwagu IG, Nwagu Il. Incidence of temonera, sulphuhydryl variables
and cefotaximase genes associated with B-lactamase producing escherichia coli in clinical
isolates. N Am J Med Sci. 2011;3(12):557-61.

Ohanu ME, Iroezindu MO, Maduakor U, Onodugo OD, Gugnani HC. Typhoid fever
among febrile Nigerian patients: Prevalence, diagnostic performance of the widal test and
antibiotic multi-drug resistance. Malawi Med J. 2019;31(3):184-92.

Bebe T, Odetoyin B, Bolarinwa R. Occurrence of multidrug-resistant uropathogens
implicated in asymptomatic bacteriuria in adults with sickle cell disease in ile-ife,
Southwest Nigeria. Oman Med J. 2020;35(2):e109.

Oyedeji KS, Smith SI, Coker AO, Arigbabu AO. Antibiotic susceptibility patterns in
Helicobacter pylori strains from patients with upper gastrointestinal pathology in western
Nigeria. Br J Biomed Sci. 2009;66(1):10-3.

Onanuga A, Mahindroo J, Singh S, Taneja N. Phenotypic and molecular characterization
of antimicrobial resistant escherichia coli from urinary tract infections in Port-Harcourt,
Nigeria. Pan Afr Med J. 2019;34:1-14.

Seni J, Peirano G, Okon KO, Jibrin YB, Mohammed A, Mshana SE, et al. The population
structure of clinical extra-intestinal Escherichia coli in a teaching hospital from Nigeria.
Diagn Microbiol Infect Dis. 2018;92(1):46-9. Available from:
https://doi.org/10.1016/j.diagmicrobio.2018.04.001

Onwuezobe 1, Orok F. Extended spectrum beta-lactamase producing uropathogens in
asymptomatic pregnant women attending antenatal care in an urban community secondary
health facility. African J Clin Exp Microbiol. 2015;16(2):49-53. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L60474
1701%5Cnhttp://dx.doi.org/10.4314/ajcem.v16i2.1%5Cnhttp://sfx.hul.harvard.edu/sfx_loc
al?sid=EMBASE&issn=1595689X &id=doi:10.4314/ajcem.v16i2.1&atitle=Extended+spe
ctrum+beta-lact

Fadeyi A, Zumuk CP, Raheem RA, Nwabuisi C, Desalu OO. Prevalence and antibiotic
susceptibility pattern of ESBL producing Klebsiellae isolated from clinical specimens in a
Nigerian tertiary hospital. African J Infect Dis. 2016;10(1):32-7.

44



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Abayomi S, Adegboro B, Taiwo S. Laboratory survey of extended spectrum beta-
lactamase producing enterobacteriaceae in clinical infections among hospitalised patients
at LAUTECH Teaching Hospital , Ogbomoso , Nigeria Abstract: lactamases a spectre
étendu. African J Clin Exp Microbiol. 2020;21(1):66-71.

Mohammed A, Magashi A, Yushau M. Incidence of extended spectrum beta -lactamase
producing Klebsiella pneumoniae among patients with urinary tract infections in Kano
metropolis, Nigeria. Bayero J Pure Appl Sci. 2019;12(1):139-44.

Enwuru N, Enwuru C, Ogbonnia S, Adepoju-Bello A. Metallo-B-lactamase production by
Escherichia coli and Klebsiella species isolated from hospital and community subjects in
Lagos, Nigeria. Nat Sci. 2011;9(11):1-5.

Aibinu IE, Ohaegbulam VC, Adenipekun EA, Ogunsola FT, Odugbemi TO, Mee BJ.
Extended-spectrum B-lactamase enzymes in clinical isolates of Enterobacter species from
Lagos, Nigeria. J Clin Microbiol. 2003;41(5):2197-200.

Oli AN, Itumo CJ, Okam PC, Ezebialu 1U, Okeke KN, Ifezulike CC, et al. Carbapenem-
resistant enterobacteriaceae posing a dilemma in effective healthcare delivery. Antibiotics.
2019;8(4):1-11.

Mohammed Y, Zailani SB, Onipede AO. Characterization of KPC, NDM and VIM Type
Carbapenem Resistance Enterobacteriaceae from North Eastern, Nigeria. J Biosci Med.
2015;03(11):100-7.

Yusuf I, Rabiu A.T, Haruna M, Abdullahi S. Carbapenem-Resistant Enterobacteriaceae
(CRE) in intensive care units (ICUs) and surgical wards of hospitals with no history of
carbapenem usage in Kano, North West Nigeria. Niger J Microbiol. 2015;27(1):2612-8.

Olalekan A, Onwugamba F, Iwalokun B, Mellmann A, Becker K, Schaumburg F. High
proportion of carbapenemase-producing Escherichia coli and Klebsiella pneumoniae
among extended-spectrum B-lactamase-producers in Nigerian hospitals. J Glob
Antimicrob Resist. 2020;21:8-12. Available from:
https://doi.org/10.1016/j.jgar.2019.09.007

Iregbu K, Zubair K, Modibbo I, Aigbe A, Sonibare S, Ayoola O. Neonatal infections
caused by Escherichia coli at the National Hospital, Abuja: a three-year retrospective
study. African J Clin Exp Microbiol. 2013;14(2):95-100.

Shettima SA, Tickler 1A, dela Cruz CM, Tenover FC. Characterisation of carbapenem-
resistant Gram-negative organisms from clinical specimens in Yola, Nigeria. J Glob
Antimicrob Resist. 2020;21:42-5. Available from:
https://doi.org/10.1016/j.jgar.2019.08.017

Adenipekun EO, Jackson CR, Ramadan H, Iwalokun BA, Oyedeji KS, Frye JG, et al.
Prevalence and multidrug resistance of Escherichia coli from community-acquired
infections in Lagos, Nigeria. J Infect Dev Ctries. 2016;10(9):920-31.

Nwafia IN, Ohanu ME, Ebede SO, Ozumba UC. Molecular detection and antibiotic
resistance pattern of extended-spectrum beta-lactamase producing Escherichia coli in a
Tertiary Hospital in Enugu, Nigeria. Ann Clin Microbiol Antimicrob. 2019;18(1):41.
Available from: https://doi.org/10.1186/s12941-019-0342-9

45



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Makanjuola O, Fayemiwo, SA, Okesola A, Gbaja A, Ogunleye V, Kehinde A, et al.
Pattern of multidrug resistant bacteria associated with intensive care unit infections in
Ibadan, Nigeria. Ann Ibadan Postgrad Med. 2018;16(2):162-9.

Agbugui J, Obarisiagbon E, Osaigbovo I. Bacteriology of urine specimens obtained from
men with symptomatic benign prostatic hyperplasia. Niger J Surg. 2016;22(2):65.

Akinduti PA, Olasehinde GlI, Ejilude O, Taiwo OS, Obafemi YD. Fecal carriage and
phylodiversity of community-acquired blaTEM enteric bacilli in southwest Nigeria. Infect
Drug Resist. 2018;11:2425-33.

Shobowale EO, Solarin A, Elikwu CJ, Onyedibe KI, Akinola JI, Abiodun AF. Neonatal
Sepsis in a Nigerian Private Tertiary Hospital: Bacterial Isolates, Risk Factors, and
Antibiotic Susceptibility Patterns. Ann Afr Med. 2017;16(2):52-8.

Jewoola OO, Bode-Sojobi 10, Ogunsola TF, Okonji EP. High Carriage Rates of
Extended- Spectrum Beta- Lactamase- Producing Enterobacteriaceae in Children at
Admission into Paediatric Wards of a University Teaching Hospital in Lagos, Nigeria.
Niger Postgrad Med J. 2020;27(2):136-42.

Aworh MK, Kwaga J, Okolocha E, Mba N, Thakur S. Prevalence and risk factors for
multi-drug resistant Escherichia coli among poultry workers in the Federal Capital
Territory, Abuja, Nigeria. PLoS One. 2019;14(11):1-15. Available from:
http://dx.doi.org/10.1371/journal.pone.0225379

Uzoamaka M, Ngozi O, Johnbull OS, Martin O. Current trends on Bacterial Etiology of
Lower Respiratory Tract Infections and Their Antimicrobial Susceptibility. Am J Med
Sci. 2017;354(5):471-5. Available from: http://dx.doi.org/10.1016/j.amjms.2017.06.025

Osundiya O, Oladele R, Oduyebo O. Multiple Antibiotic Resistance (MAR) indices of
Pseudomonas and Klebsiella species isolates in Lagos University Teaching Hospital.
African J Clin Exp Microbiol. 2013;14(3):164-8.

Iregbu K, Nwajiobi-Princewill P. Urinary tract infections in a Tertiary Hospital in Abuja,
Nigeria. African J Clin Exp Microbiol. 2013;14(3):169-73.

Ayeni FA, Olatunji DF, Ogunniran M. Prevalence of methicillin resistant Staphylococcus
aureus and resistance pattern of its clinical strains to beta-lactam antibiotics. African J
Biomed Res. 2014;17(2):129-33.

Alabi OS, Obisesan AO, Ola AA. Prevalence of methicillin-resistant Staphylococcus
aureus and extended spectrum p-lactamase producers among bacteria isolated from
infected wounds in a tertiary hospital in Ibadan City. African J Clin Exp Microbiol.
2016;17(4):235.

Alabi OS, Mendonga N, Adeleke OE, da Silva GJ. Molecular screening of antibiotic-
resistant determinants among multidrug-resistant clinical isolates of Proteus mirabilis
from SouthWest Nigeria. Afr Health Sci. 2017;17(2):356-65.

Zubair KO, Iregbu KC. Resistance pattern and detection of metallo-beta-lactamase genes
in clinical isolates of pseudomonas aeruginosa in a central Nigeria tertiary hospital. Niger
J Clin Pract. 2018;21(2):176-82.

46



119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

Okojie R, Omorokpe V. A survey on Urinary Tract Infection associated with two most
common uropathogenic bacteria. African J Clin Exp Microbiol. 2018;19(3):171-6.

Isichei-Ukah O, Enabulele O. Prevalence and antimicrobial resistance of Pseudomonas
aeruginosa recovered from environmental and clinical sources in Benin city, Nigeria. Ife J
Sci. 2018;20(3):547-55.

Oduyebo O, Falayi O, Oshun P, Ettu A. Phenotypic determination of carbapenemase
producing enterobacteriaceae isolates from clinical specimens at a tertiary hospital in
Lagos, Nigeria. Niger Postgrad Med J. 2015;22(4):223.

Ugwu MC, Shariff M, Nnajide CM, Beri K, Okezie UM, Iroha IR, et al. Phenotypic and
Molecular Characterization of B -Lactamases among Enterobacterial Uropathogens in
Southeastern Nigeria. Can J Infect Dis Med Microbiol. 2020;

Ibrahim Y, Sani Y, Saleh Q, Saleh A, Hakeem G. Phenotypic Detection of Extended
Spectrum Beta lactamase and Carbapenemase Co-producing Clinical Isolates from Two
Tertiary Hospitals in Kano, North West Nigeria. Ethiop J Health Sci. 2017;27(1):3-10.

Ibadin EE, Omoregie R, Igbarumah 10, Anogie NA, Ogefere HO. Prevalence of Extended
Spectrum pB-Lactamase, AmpC [-Lactamase and Metallo-pB-Lactamase Among Gram
Negative Bacilli Recovered From Clinical Specimens in Benin City, Nigeria. Int J Enteric
Pathog. 2017;5(3):85-91.

Ogbolu DO, Alli OAT, Oluremi AS, Ogunjimi YT, Ojebode DI, Dada V, et al.
Contribution of NDM and OXA-type carbapenemases to carbapenem resistance in clinical
Acinetobacter baumannii from Nigeria. Infect Dis (Auckl). 2020;1-7. Available from:
https://doi.org/10.1080/23744235.2020.1775881

Iwuafor AA, Ogunsola FT, Oladele RO, Oduyebo OO, Desalu I, Egwuatu CC, et al.
Incidence, clinical outcome and risk factors of intensive care unit infections in the lagos
university teaching hospital (LUTH), Lagos, Nigeria. PLoS One. 2016;11(10):1-15.

Oli AN, Akabueze VB, Ezeudu CE, Eleje GU, Ejiofor OS, Ezebialu IU, et al.
Bacteriology and Antibiogram of Urinary Tract Infection Among Female Patients in a
Tertiary Health Facility in South Eastern Nigeria. Open Microbiol J. 2017;11(1):292-300.

Oladipo EK, Ajibade OA, Adeosun IJ, Awoyelu EH, Akinade SB, Alabi OA, et al.
Antimicrobial resistance pattern of clinical isolates of Pseudomonas aeruginosa and
Escherichia coli on carbapenems. African J Clin Exp Microbiol. 2018;19(3):159-64.

Mukail A, Tytler BA, Adeshina GO, Igwe JC. Incidence of carbapenemase production
among antibiotic resistant Klebsiella isolates in Zaria, Nigeria. Niger J Biotechnol.
2019;36(1):138.

Yusuf I, Arzai AH, Haruna M, Sharif AA, Getso MI. Detection of multi drug resistant
bacteria in major hospitals in Kano, North-West, Nigeria. Brazilian J Microbiol.
2014;45(3):791-8.

Akinduti PA, Ejilude O, Motayo B, Adeyokinu A. Emerging Multidrug Resistant Ampc
Beta-Lactamase and Carbapenamase Enteric Isolates in Abeokuta, Nigeria. Nat Sci.
2012;10(7):70-4.

47



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Ogbolu DO, Terry Alli OA, Webber MA, Oluremi AS, Oloyede OM. CTX-M-15 is
established in  most multidrug-resistant uropathogenic Enterobacteriaceae and
Pseudomonaceae from hospitals in Nigeria. Eur J Microbiol Immunol. 2018;8(1):20—-4.

Ogbolu DO, Webber MA. High-level and novel mechanisms of carbapenem resistance in
Gram-negative bacteria from tertiary hospitals in Nigeria. Int J Antimicrob Agents.
2014;43(5):412-7. Available from: http://dx.doi.org/10.1016/j.ijantimicag.2014.01.014

Ogbolu DO, Piddock LIV, Webber MA. Opening Pandora’s box: High-level resistance to
antibiotics of last resort in Gram-negative bacteria from Nigeria. J Glob Antimicrob
Resist. 2020;21:211-7. Available from: https://doi.org/10.1016/j.jgar.2019.10.016

Smith S, O. G, R. J, M. F, K. A, P. O. Antimicrobial resistance and molecular typing of
Pseudomonas aeruginosa isolated from surgical wounds in Lagos, Nigeria. Acta Med Iran.
2012;50(6):433-8. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L36555
9341%5Cnhttp://journals.tums.ac.ir/PdfMed.aspx?pdf_med=/upload_files/pdf/21206.pdf
&manuscript_id=21206%5Cnhttp://sfx.hul.harvard.edu/sfx_local?sid=EMBASE&issn=00
446025&id=doi:&

Omoyibo EE, Oladele AO, lIbrahim MH, Adekunle OT. Antibiotic Susceptibility of
Wound Swab Isolates in a Tertiary Hospital in Southwest Nigeria. Ann Afr Med.
2018;17(3):110-6.

Odewale G, Adefioye OJ, Ojo J, Adewumi FA, Olowe OA. Multidrug resistance of
Acinetobacter baumannii in Ladoke Akintola University Teaching Hospital, Osogbo,
Nigeria . Eur J Microbiol Immunol. 2016;6(3):238-43.

Ogefere HO, Aigbiremwen PA, Omoregie R. Extended-spectrum beta-lactamase (ESBL)-
producing gram-negative isolates from urine and wound specimens in a tertiary health
facility in Southern Nigeria. Trop J Pharm Res. 2015;14(6):1089-94.

Shu’aibu S., Arzai AH, Nura S, Shaaibu AS. Antimicrobial susceptibility profile of class
D Oxa B-lactamases producing bacteria in Kano state, Nigeria. Bayero J Pure Appl Sci.
2019;11(1):471.

Yusuf I, Haruna M, Yahaya H. Prevalence and antibiotic susceptibility of AmpC and
ESBLs producing clinical isolates at a tertiary health care center in Kano, north-west
Nigeria. African J Clin Exp Microbiol. 2013;14(2):109-19.

Raji MA, Jamal W, Ojemhen O, Rotimi VO. Point-surveillance of antibiotic resistance in
Enterobacteriaceae isolates from patients in a Lagos Teaching Hospital, Nigeria. J Infect
Public Health. 2013;6(6):431-7. Available from:
http://dx.doi.org/10.1016/j.jiph.2013.05.002

Olowo-okere A, Abdullahi MA, Ladidi BK, Suleiman S, Tanko N, Ungokore HY, et al.
Emergence of metallo-b-lactamase producing gram-negative bacteria in a hospital with no
history of Carbapenem usage in northwest Nigeria. Ife J Sci. 2019;21(2):323.

Motayo BO, Akinduti PA, Adeyakinu FA, Okerentugba PO, Nwanze JC, Onoh CC, et al.
Antibiogram and plasmid profiling of carbapenemase and extended spectrum beta-
lactamase (ESBL) producing Escherichia coli and Klebsiella pneumoniae in Abeokuta,

48



144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

South Western, Nigeria. Afr Health Sci. 2013;13(4):1091-7.

Jesumirhewe C, Springer B, Allerberger F, Ruppitsch W. Whole genome sequencing of
extendedspectrum B-lactamase genes in Enterobacteriaceae isolates from Nigeria. PLoS
One. 2020;15(4):1-11. Available from: http://dx.doi.org/10.1371/journal.pone.0231146

Anibijuwon I, Gbala ID, Adebisi OO. Carbapenem-Resistant Enterobacteriaceae among
In-Patients of Tertiary Hospitals in Southwest, Nigeria. Not Sci Biol. 2018;10(3):310-7.

Adesina T, Nwinyi O, De N, Akinnola O, Omonigbehin E. First detection of carbapenem-
resistant escherichia fergusonii strains harbouring beta-lactamase genes from clinical
samples. Pathogens. 2019;8(4).

Bashir A, Garba I, Aliero AA, Kibiya A, Abubakar MH, Ntulume I, et al. Superbugs-
related prolonged admissions in three tertiary hospitals, Kano State, Nigeria. Pan African
Med Journalournal. 2019;32:166.

Njoku CO, Njoku AN. Microbiological pattern of surgical site infection following
caesarean section at the university of calabar teaching hospital. Open Access Maced J
Med Sci. 2019;7(9):1430-5.

Akinpelu S, Ajayi A, Smith SI, Adeleye Al. Efflux pump activity, biofilm formation and
antibiotic resistance profile of Klebsiella spp. isolated from clinical samples at Lagos
University Teaching Hospital. BMC Res Notes. 2020;13(1):1-5. Available from:
https://doi.org/10.1186/s13104-020-05105-2

Okpalanwa C, Anyanwu MU, Momoh MA, Nnamani PO, Attama AA. Generic
Salmonella in Asymptomatic Adult Volunteers: Occurrence, Antibiogram, Extended-
Spectrum B-Lactamase Production and Carbapenem Resistance. Not Sci Biol.
2019;11(3):383-90.

Carissa D, Edward N, Michael A, Chika E, Charles E. Extended-spectrum beta-lactamase-
producing Escherichia coli strains of poultry origin in Owerri, Nigeria. World J Med Sci.
2013;8(4):349-54.

Akinbami OR, Olofinsae S, Ayeni FA. Prevalence of extended spectrum beta lactamase
and plasmid mediated quinolone resistant genes in strains of Klebsiella pneumonia,
Morganella morganii, Leclercia adecarboxylata and Citrobacter freundii isolated from
poultry in South Western Nigeria. PeerJ. 2018;2018(6).

Alonso CA, Kwabugge YA, Anyanwu MU, Torres C, Chah KF. Diversity of
Ochrobactrum species in food animals, antibiotic resistance phenotypes and
polymorphisms in the blaOCH gene. FEMS Microbiol Lett. 2017;364(17):1-7.

Adenipekun EO, Jackson CR, Oluwadun A, Iwalokun BA, Frye JG, Barrett JB, et al.
Prevalence and Antimicrobial Resistance in Escherichia coli from Food Animals in Lagos,
Nigeria. Microb Drug Resist. 2015;21(3):358-65.

Chika E, Ifeanyichukwu I, Benigna O, Loveday OO, Stanley E, Collins O, et al. Emerging
Multidrug Resistant Metallo-p-Lactamases (MBLs) Positive Klebsiella Species from
Cloacal Swabs of Poultry Birds. J Bacteriol Parasitol. 2017;08(01):10-3.

Beshiru A, Igbinosa IH, Omeje FI, Ogofure AG, Eyong MM, Igbinosa EO. Multi-

49



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

antibiotic resistant and putative virulence gene signatures in Enterococcus species isolated
from pig farms environment. Microb Pathog. 2017;104:90-6. Available from:
http://dx.doi.org/10.1016/j.micpath.2017.01.020

Igbinosa IH, Beshiru A, Ikediashi SC, Igbinosa EO. Identification and Characterization of
Salmonella Serovars Isolated from Pig Farms in Benin City, Edo State, Nigeria: One
Health Perspective. Microb Drug Resist. 2020;1-10.

Anyanwu, Madubuike Umunna Ugwu IC, Onah CU. Occurrence and antibiogram of
generic extended- spectrum cephalosporin-resistant and extended-spectrum B-lactamase-
producing enterobacteria in horses. Maced Vet Rev. 2018;41(2):123-32.

Chika E, Charles E, Ifeanyichukwu I, Michael A. First detection of FOX-1 Ampc B-
lactamase gene expression among escherichia coli isolated from abattoir samples in
Abakaliki, Nigeria. Oman Med J. 2018;33(3):243-9.

Adelowo OO, Ikhimiukor OO, Knecht C, Vollmers J, Bhatia M, Kaster AK, et al. A
survey of extended-spectrum betalactamase-producing Enterobacteriaceae in urban
wetlands in southwestern Nigeria as a step towards generating prevalence maps of
antimicrobial resistance. PLoS One. 2020;15(3):1-19.

Igbinosa EO. Detection and Antimicrobial Resistance of Vibrio Isolates in Aquaculture
Environments: Implications for Public Health. Microb Drug Resist. 2016;22(3):238-45.

Le Terrier C, Masseron A, Uwaezuoke NS, Edwin CP, Ekuma AE, Olugbeminiyi F, et al.
Wide spread of carbapenemase-producing bacterial isolates in a Nigerian environment. J
Glob Antimicrob Resist. 2020;21:321-3. Available from:
https://doi.org/10.1016/j.jgar.2019.10.014

Chigor V, Ibangha IA, Chigor C, Titilawo Y. Treated wastewater used in fresh produce
irrigation in Nsukka, Southeast Nigeria is a reservoir of enterotoxigenic and multidrug-
resistant ~ Escherichia  coli.  Heliyon.  2020;6(4):e03780.  Available  from:
https://doi.org/10.1016/j.heliyon.2020.e03780

Igbinosa E, Beshiru A. Isolation and Characterization of Antibiotic Susceptibility. Ife J
Sci. 2017;19(2):389-97.

Igbinosa I, Raje O. Characterization of Enterococcus species isolated from Abattoir
environment in Benin City, Nigeria. Ife J Sci. 1873;21(3):81-95.

Onuoha SC. The Prevalence of Antibiotic Resistant Diarrhogenic Bacterial Species in
Surface Waters, South Eastern Nigeria. Ethiop J Health Sci. 2017;27(4):319-30.

Adefioye OJ, Weinreich J, Rodiger S, Schierack P, Olowe OA. Phylogenetic
Characterization and Multilocus Sequence Typing of Extended-Spectrum Beta Lactamase-
Producing Escherichia coli from Food-Producing Animals, Beef, and Humans in
Southwest Nigeria . Microb Drug Resist. 2020:1-10.

Odumosu BT, Ajetunmobi O, Dada-Adegbola H, Odutayo I. Antibiotic susceptibility
pattern and analysis of plasmid profiles of Pseudomonas aeruginosa from human, animal
and plant sources. Springerplus. 2016;5(1).

Sapkota AR, Coker ME, Rosenberg Goldstein RE, Atkinson NL, Sweet SJ, Sopeju PO, et

50



170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

al. Self-medication with antibiotics for the treatment of menstrual symptoms in southwest
Nigeria: A cross-sectional study. BMC Public Health. 2010;10:610.

Azodo C, Ehigiator O, Ehigiator L, Ehizele A, Ezeja E, Madukwe I. Self-medication
practices among dental, midwifery and nursing students. Eur J Gen Dent. 2013;2(1):54.

Adamu AA, Gadanya MA, Jalo RI, Uthman OA, Wiysonge CS. Factors influencing non-
prescription sales of antibiotics among patent and proprietary medicine vendors in Kano,
Nigeria: a cross-sectional study. Health Policy Plan. 2020;1-10.

Abubakar U, Tangiisuran B. Knowledge and practices of community pharmacists towards
non-prescription dispensing of antibiotics in Northern Nigeria. Int J Clin Pharm.
2020;42(2):756—-64. Available from: https://doi.org/10.1007/s11096-020-01019-y

Erah PO, Olumide G, Okhamafe AO. Prescribing practices in two health care facilities in
Warri, Southern Nigeria: A comparative study. Trop J Pharm Res. 2003;2(1):175-82.

Madubueze CC, Umaru H, Alada A. Attitudes of Nigerian orthopaedic surgeons to the use
of prophylactic antibiotics. Int Orthop. 2015;39(11):2161-5.

Ogunleye OO, Fadare JO, Yinka-Ogunleye AF, Anand Paramadhas BD, Godman B.
Determinants of antibiotic prescribing among doctors in a Nigerian urban tertiary hospital.
Hosp Pract (1995). 2019;47(1):53-8. Available from:
https://doi.org/10.1080/21548331.2018.1475997

Esan DT, Fasoro AA, Odesanya OE, Esan TO, Ojo EF, Faeji CO. Assessment of Self-
Medication Practices and Its Associated Factors among Undergraduates of a Private
University in Nigeria. J Environ Public Health. 2018;2018.

Osemene KP, Lamikanra A. A study of the prevalence of self-medication practice among
university students in southwestern Nigeria. Trop J Pharm Res. 2012;11(4):683-9.

Ekwochi U, Chinawa JM, Osuorah CDI, Odetunde OI, Obu HA, Agwu S. The use of
unprescribed antibiotics in management of upper respiratory tract infection in children in
Enugu, South East Nigeria. J Trop Pediatr. 2014;60(3):249-52.

Okedo-Alex I, Madubueze UC, Umeokonkwo CD, Oka OU, Adeke AS, Okeke KC.
Knowledge of antibiotic use and resistance among students of a medical school in Nigeria.
Malawi Med J. 2019;31(2):133-7.

Adedapo H, Lawal A, Adisa A, Adeyemi B. Non-doctor consultations and self-medication
practices in patients seen at a tertiary dental center in Ibadan. Indian J Dent Res.
2011;22(6):795-8.

Abasiubong F, Bassey EA, Udobang JA, Akinbami OS, Udoh SB, Idung AU. Self-
medication: Potential risks and hazards among pregnant women in Uyo, Nigeria. Pan Afr
Med J. 2012;13:1-8.

Idowu EA, Afolabi AO, Fakuade BO, Akintububo OB, Ibiyemi O. Self-medication profile
of dental patients attending a Northeastern tertiary hospital in Nigeria. Ann Ibadan
Postgrad Med. 2019;17(2).

Lawan U, Abubakar I, Jibo A, Rufai A. Pattern, Awareness and Perceptions of Health
Hazards Associated with Self Medication AMong Adult Residents of Kano Metropolis,

51



184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Northwestern Nigeria. Indian J Community Med. 2013;38(3):144-51.

Omolase C, Adeleke O, Afolabi A, Ofolabi O. Self medication amongst general
outpatients in a Nigerian community hospital. Ann Ibadan Postgrad Med. 2011;5(2):64—7.

Akande-Sholabi W, Adebusoye LA, Olowookere OO. Potentially inappropriate
medication use among older patients attending a geriatric centre in south-west Nigeria.
Pharm Pract (Granada). 2018;16(3):1-7.

Ekwochi U, Chinawa JM, Obi I, Obu HA, Agwu S. Use and/or misuse of antibiotics in
management of diarrhea among children in enugu, Southeast Nigeria. J Trop Pediatr.
2013;59(4):314-6.

Auta A, Omale S, Folorunsho TJ, David S, Banwat SB. Medicine vendors: Self-
medication practices and medicine knowledge. N Am J Med Sci. 2012;4(1):24-8.

Enato EFO, Uwaga CF. Profile of antimicrobial drug use patterns in a Nigerian
metropolitan city. Int J Heal Res. 2011;4(1):37-44.

Ehigiator O, Azodo C, Ehikhamenor E. Self-medication with antibiotics among Nigerian
Dental Students. Tanzania Dent J. 2010;16(2):48-53.

Fadairo O, Ajayi S. Use of antibiotics and compliance with standard practices in Poultry
Health Management among farmers in Oyo State, Nigeria. African J Sustain Dev.
2016;6(2):51-69.

Harbarth S, Monnet DL. Cultural and socioeconomic determinants of antibiotic use. In:
Antibiotic policies: fighting resistance. Springer, Boston, MA.; 2008. 29-40 p.

Yusuff KB, Omarusehe LD. Determinants of self medication practices among pregnant
women in Ibadan, Nigeria. Int J Clin Pharm. 2011;33(5):868-75.

Oluwasile B, Agbaje M, Ojo O, Dipeolu M. Antibiotic usage pattern in selected poultry
farms in Ogun state. Sokoto J Vet Sci. 2014;12(1):45.

Adebowale OO, Adeyemo FA, Bankole N, Olasoju M, Adesokan HK, Fasanmi O, et al.
Farmers’ perceptions and drivers of antimicrobial use and abuse in commercial pig
production, Ogun state, Nigeria. Int J Environ Res Public Health. 2020;17(10):3579.

Codjoe FS, Donkor ES, Smith TJ, Miller K. Phenotypic and genotypic characterization of
carbapenem-resistant gram-negative bacilli pathogens from hospitals in Ghana. Microb
Drug Resist. 2019;25(10):1449-57.

Ssekatawa K, Byarugaba DK, Wampande E, Ejobi F. A systematic review: The current
status of carbapenem resistance in East Africa. BMC Res Notes. 2018;11(1):1-9.
Available from: https://doi.org/10.1186/s13104-018-3738-2

Institute for Health Metrics and Evaluation (IHME). Global Burden of Disease 2017:
Nigeria profile. 2017. Available from: http://www.healthdata.org/Nigeria

Tamuno |. Prescription pattern of clinicians in private health facilities in Kano,
Northwestern Nigeria. Asian Pacific J Trop Dis. 2011;1(3):235-8. Available from:
http://dx.doi.org/10.1016/S2222-1808(11)60037-6

Lembani RL. Country Report on Nigerian University Education. 2019. Available from:
52



200.

201.

202.

203.

204.

205.

http://ideaspartnership.org/userassets/IDEAS_Nigeria_Country_Report_2019 FINAL.pdf

Omilusi M. The Multi-Dimensional Impacts of Insurgency and Armed Conflicts on
Nigeria. Asian J Soc Sci Arts Humanit. 2016;4(2):29-39. Available from:
https://socialscienceresearch.org/index.php/GJHSS/article/view/1781/1722

Machowska A, Lundborg CS. Drivers of irrational use of antibiotics in Europe. Int J
Environ Res Public Health. 2019;16(1):27.

Chem ED, Anong DN, Akoachere JFKT. Prescribing patterns and associated factors of
antibiotic prescription in primary health care facilities of Kumbo East and Kumbo West
Health Districts, North West Cameroon. PLoS One. 2018;13(3):1-18.

McKay R, Mah A, Law MR, McGrail K, Patrick DM. Systematic review of factors
associated with antibiotic prescribing for respiratory tract infections. Antimicrob Agents
Chemother. 2016;60(7):4106-18.

European Union. Ban on antibiotics as growth promoters in animal feed enters into effect.
Press Release. 2006. Available from:
https://ec.europa.eu/commission/presscorner/detail/en/IP_05_ 1687

Laxminarayan R, Van Boeckel T, Teillant A. The economic costs of withdrawing
antimicrobial growth promoters from the livestock sector. 2015.

53



APPENDIX

Terms 1 Terms 2 Term 3
(carbapenem* OR meropenem OR AND (humans OR patients OR | AND Nigeria
imipenem OR ertapenem OR doripenem OR | hospital-acquired OR community-
panipemen OR carbapenem-resist* OR acquired OR animal OR livestock OR
enterobacteriaceae antibiotics susceptibility | cattle OR cow OR horse OR pig OR
OR enterobacteriaceae multidrug resist* OR | poultry OR chicken OR birds OR
carbapenem multidrug resist* OR broiler OR dairy OR farm OR seafood
enterobacterales resist*) OR fish OR aquatic)
Table 4: Combination of keywords for the first broad literature search
Terms 1 Terms 2 Term 3 Term4
(factors OR AND (antimicrobial | AND  (self-medication OR  self- | AND Nigeria
risks OR use OR antibiotics treatm_enF OR patient use OR non-
_ prescription OR over-the-counter OR
determinants use) irrational use OR overuse OR non-
OR drivers OR prudent OR underconsumption OR
OR overconsumption OR underdosed OR
reasons inappropriate OR overprescribing OR
motiv*) unnecessary OR drug misuse OR
community pharmacy OR patent
medicine vendor OR drug seller OR
farm use OR livestock use OR
veterinary OR food-animal OR animal
husbandry OR growth promotor)

Table 5: Combination of keywords for the second broad literature search
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