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Editorial           Open Access 

Reducing the risks of nuclear war—the role of health professionals 
 
 In January, 2023, the Science and 
Security Board of the Bulletin of the Atomic 
Scientists moved the hands of the Doomsday 
Clock forward to 90s before midnight, reflec- 
ting the growing risk of nuclear war (1). In 
August, 2022, the UN Secretary-General, Ant- 

ónio Guterres, warned that the world is now in 
“a time of nuclear danger not seen since the 
height of the Cold War” (2). The danger has 
been underlined by growing tensions between 
many nuclear armed states (1,3). As editors of 
health and medical journals worldwide, we call 
on health professionals to alert the public and 

our leaders to this major danger to public hea- 
lth and the essential life support systems of 
the planet, and urge action to prevent it.
 Current nuclear arms control and non-
proliferation efforts are inadequate to protect 
the world’s population against the threat of 

nuclear war by design, error, or miscalcula- 
tion. The Treaty on the Non-Proliferation of 
Nuclear Weapons (NPT) commits each of the 

190 participating nations ”to pursue negotia- 
tions in good faith on effective measures rela- 
ting to cessation of the nuclear arms race at 
an early date and to nuclear disarmament, and 

on a treaty on general and complete disarma- 
ment under strict and effective international 
control” (4). Progress has been disappoint-
ingly slow and the most recent NPT review 
conference in 2022 ended without an agreed 
statement (5). There are many examples of 
near disasters that have exposed the risks of 

depending on nuclear deterrence for the inde- 
finite future (6). Modernisation of nuclear ars- 
enals could increase risks, for example, hyper- 
sonic missiles decrease the time available to 
distinguish between an attack and a false 

alarm, increasing the likelihood of rapid escal- 

ation.     
 Any use of nuclear weapons would be 
catastrophic for humanity. Even a “limited” 
nuclear war involving only 250 of the 13000 
nuclear weapons in the world could kill 120 
million people outright and cause global cli- 
mate disruption leading to a nuclear famine, 

putting 2 billion people at risk (7,8). A large-
scale nuclear war between the USA and Russia 
could kill 200 million people or more in the 
near term, and potentially cause a global “nuc- 
lear winter” that could kill 5–6 billion people, 
threatening the survival of humanity (7,8). 

Once a nuclear weapon is detonated, escala- 

tion to all-out nuclear war could occur rapidly. 
The prevention of any use of nuclear weapons 
is therefore an urgent public health priority 
and fundamental steps must also be taken to 
address the root cause of the problem, by abo- 
lishing nuclear weapons.  

 The health community has had a cru- 
cial role in efforts to reduce the risk of nuclear 
war and must continue to do so in the future 
(9). In the 1980s, the efforts of health prof- 
essionals, led by the International Physicians 
for the Prevention of Nuclear War (IPPNW), 
helped to end the Cold War arms race by edu- 

cating policy makers and the public on both 
sides of the Iron Curtain about the medical 
consequences of nuclear war. This was recog- 
nised when the 1985 Nobel Peace Prize was 
awarded to the IPPNW (10).   
 In 2007, the IPPNW launched the 

International Campaign to Abolish Nuclear 
Weapons, which grew into a global civil society 
campaign with hundreds of partner organisa- 

tions. A pathway to nuclear abolition was crea- 
ted with the adoption of the Treaty on the Pro- 
hibition of Nuclear Weapons in 2017, for which 
the International Campaign to Abolish Nuclear 

Weapons was awarded the 2017 Nobel Peace 
Prize. International medical organisations, inc- 
luding the International Committee of the Red 
Cross, the IPPNW, the World Medical Associa- 
tion, the World Federation of Public Health 
Associations, and the International Council of 
Nurses, had key roles in the process leading 

up to the negotiations, and in the negotiations 
themselves, presenting the scientific evidence 
about the catastrophic health and environ- 
mental consequences of nuclear weapons and 
nuclear war. They continued this important 

collaboration during the First Meeting of the 

States Parties to the Treaty on the Prohibition 
of Nuclear Weapons, which currently has 92 
signatories, including 68 member states (11).
 We now call on health professional 
associations to inform their members world- 
wide about the threat to human survival and 
to join with the IPPNW to support efforts to 

reduce the near-term risks of nuclear war, 
including three immediate steps on the part of 
nuclear-armed states and their allies: first, 
adopt a no first use policy (12); second, take 
their nuclear weapons off hair-trigger alert; 
and, third, urge all states involved in current 
conflicts to pledge publicly and unequivocally 
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that they will not use nuclear weapons in these 

conflicts. We further ask them to work for a 
definitive end to the nuclear threat by suppor- 
ting the urgent commencement of negotia- 
tions among the nuclear-armed states for a 

verifiable, timebound agreement to eliminate 
their nuclear weapons in accordance with co- 
mmitments in the NPT, opening the way for all 
nations to join the Treaty on the Prohibition of 
Nuclear Weapons.    
 The danger is great and growing. The 
nuclear armed states must eliminate their 

nuclear arsenals before they eliminate us. The 
health community played a decisive part dur- 
ing the Cold War and more recently in the 
development of the Treaty on the Prohibition 
of Nuclear Weapons. We must take up this 

challenge again as an urgent priority, working 

with renewed energy to reduce the risks of 
nuclear war and to eliminate nuclear weapons. 
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Editorial           Open Access 
 

COP28 Climate Change Conference:  

Time to treat the climate and nature crisis as one indivisible 

global health emergency 
  
 Over 200 health journals call on the 
United Nations, political leaders, and health 
professionals to recognise that climate change 
and biodiversity loss are one indivisible crisis 

and must be tackled together to preserve hea- 
lth and avoid catastrophe. This overall envi- 
ronmental crisis is now so severe as to be a 
global health emergency. The world is curren- 
tly responding to the climate crisis and the 
nature crisis as if they were separate chal- 
lenges. This is a dangerous mistake.  

 The 28th Conference of the Parties 
(COP) on climate change is about to be held in 
Dubai while the 16th COP on biodiversity is due 
to be held in Turkey in 2024. The research 

communities that provide the evidence for the 
two COPs are unfortunately largely separate, 

but they were brought together for a workshop 
in 2020 when they concluded that; “Only by 
considering climate and biodiversity as parts 
of the same complex problem…can solutions 
be developed that avoid maladaptation and 
maximize the beneficial outcomes” (1). 
 As the health world has recognised 

with the development of the concept of plane- 
tary health, the natural world is made up of 
one overall interdependent system. Damage 
to one subsystem can create feedbacks that 
damage another, for example, drought, wild- 

fires, floods and the other effects of rising glo- 
bal temperatures, destroy plant life, and lead 

to soil erosion and so inhibit carbon storage, 
which means more global warming (2). Clim- 
ate change is set to overtake deforestation 
and other land-use change as the primary 
driver of nature loss (3).  
 Nature has a remarkable power to res- 

tore. For example, deforested land can revert 
to forest through natural regeneration, and 
marine phytoplankton, which act as natural 
carbon stores, turn over one billion tonnes of 
photosynthesising biomass every eight days 
(4). Indigenous land and sea management has 

a particularly important role to play in regen- 

eration and continuing care (5). Restoring one 
subsystem can help another, for example, rep- 
lenishing soil could help remove greenhouse 
gases from the atmosphere on a vast scale 
(6). But actions that may benefit one sub- 
system can harm another, for example, plan- 

ting forests with one type of tree can remove 
carbon dioxide from the air but can damage 
the biodiversity that is fundamental to healthy 
ecosystems (7).  
  

The impacts on health:  

 Human health is damaged directly by 
both the climate crisis, as the journals have 
described in previous editorials (8,9), and by 
the nature crisis (10). This indivisible plane- 

tary crisis will have major effects on health as 
a result of the disruption of social and econo- 
mic systems—shortages of land, shelter, food, 
and water, exacerbating poverty, which in turn 

will lead to mass migration and conflict. Rising 
temperatures, extreme weather events, air 
pollution, and the spread of infectious diseases 

are some of the major health threats exa- 
cerbated by climate change (11). “Without 
nature, we have nothing,” was UN Secretary-
General António Guterres’s blunt summary at 
the biodiversity COP in Montreal last year (12).  
Even if we could keep global warming below 

an increase of 1.5oC over pre-industrial levels, 
we could still cause catastrophic harm to hea- 
lth by destroying nature.  
 Access to clean water is fundamental 
to human health, and yet pollution has dama- 

ged water quality, causing a rise in water-
borne diseases (13). Contamination of water 

on land can also have far-reaching effects on 
distant ecosystems when that water runs off 
into the ocean (14). Good nutrition is under- 
pinned by diversity in the variety of foods, but 
there has been a striking loss of genetic diver- 
sity in the food system. Globally, about a fifth 
of people rely on wild species for food and their 

livelihoods (15). Declines in wildlife are a 
major challenge for these populations, parti- 
cularly in low-and-middle-income-countries. 
Fish provide more than half of dietary protein 
in many African, South Asian and small island 
nations, but ocean acidification has reduced 

the quality and quantity of seafood (16). 
 Changes in land use have forced tens 
of thousands of species into closer contact, 
increasing the exchange of pathogens and the 
emergence of new diseases and pandemics 
(17). People losing contact with the natural 
environment and the decline loss in biodiver- 
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sity have both been linked to increases in non- 
communicable, autoimmune and inflamma- 
tory diseases, metabolic, allergic, and neuro- 
psychiatric disorders (10,18). For Indigenous 
people, caring for and connection with nature 

is especially important for their health (19). 
Nature has also been an important source of 
medicines, and thus reduced diversity also 
constrains the discovery of new medicines. 
Communities are healthier if they have access 
to high-quality green spaces that help filter air 
pollution, reduce air and ground tempera- 

tures, and provide opportunities for physical 
activity (20). Connection with nature reduces 

stress, loneliness and depression, while pro- 
moting social interaction (21). These benefits 
are threatened by the continuing rise in urba- 
nisation (22).    

 Finally, the health impacts of climate 
change and biodiversity loss will be experien- 
ced unequally between and within countries, 
with the most vulnerable communities often 
bearing the highest burden (10). Linked to 
this, inequality is also arguably fuelling these 
environmental crises. Environmental challen- 

ges and social/health inequities are challenges 
that sh- are drivers and there are potential co-
benefits of addressing them (10). 

  

A global health emergency:  

 In December 2022, the biodiversity 
COP agreed on the effective conservation and 
management of at least 30% percent of the 
world’s land, coastal areas, and oceans by 
2030 (23).  Industrialised countries agreed to 
mobilise $30 billion per year to support deve- 
loping nations to do so (23). These agree- 

ments echo promises made at climate COPs. 
Yet many commitments made at COPs have 
not been met. This has allowed ecosystems to 
be pushed further to the brink, greatly inc- 
reasing the risk of arriving at ‘tipping points’, 

abrupt breakdowns in the functioning of nat- 

ure (2,24). If these events were to occur, the 
impacts on health would be globally catastro- 
phic.      
 This risk, combined with the severe 
impacts on health already occurring, means 
that the World Health Organization should 
declare the indivisible climate and nature crisis 

as a global health emergency. The three pre-
conditions for WHO to declare a situation to be 
a Public Health Emergency of International 
Concern (25) are that the situation; (1) is 
serious, sudden, unusual or unexpected; (2) 
carries implications for public health beyond 

the affected State's national border; and (3) 

may require immediate international action. 
Climate change would appear to fulfil all of 
these conditions. While the accelerating clim- 
ate change and loss of biodiversity are not 
sudden or unexpected, they are certainly 
serious and unusual. Hence, we call for WHO 

to make this declaration before or at the 
Seventy-seventh World Health Assembly in 
May 2024.     
 Tackling this emergency requires the 
COP processes to be harmonised. As a first 

step, the respective conventions must push for 
better integration of national climate plans 
with biodiversity equivalents (3). As the 2020 
workshop that brought climate and nature 
scientists together concluded, “Critical leve- 
rage points include exploring alternative vis- 
ions of good quality of life, rethinking consum- 

ption and waste, shifting values related to the 
human-nature relationship, reducing inequali- 

ties, and promoting education and learning” 
(1). All of these would benefit health.  
 Health professionals must be powerful 
advocates for both restoring biodiversity and 

tackling climate change for the good of health. 
Political leaders must recognise both the sev- 
ere threats to health from the planetary crisis 
as well as the benefits that can flow to health 
from tackling the crisis (26). But first, we must 
recognise this crisis for what it is: a global 
health emergency.  
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Executive Summary: 

Antimicrobial stewardship (AMS) remains a cornerstone of efforts aimed at improving antimicrobial-related patient safety. It slows 

the development and spread of antimicrobial resistance (AMR), while helping clinicians to improve clinical outcomes and minimise 

harm by improving antimicrobial prescribing. AMS programmes (ASPs) are driven through various processes and people. An AMS 

structure comprises the core elements that should be in place to support the ASP including the AMS team, treatment guidelines, 

and surveillance of AMR and antimicrobial use (AMU). This manual aims to provide a practical guide to health care facilities in 

Nigeria and other low-and-middle-income countries, for establishing, implementing and sustaining ASPs, and is structured into 
14 sections. Section 1 introduces the subject matter and gives background information on the current situation of AMS in Nigeria. 

It describes the efforts of the National Antimicrobial Stewardship Working Group (NASWOG), an arm of the Clinical Microbiology 

and Infectious Diseases Society of Nigeria (CLIMIDSON), in identifying the AMR issues in health care facilities in the country and 

providing evidence-based recommendations for ASPs. Section 2 describes the goals of AMS and core elements which must be in 

place for successful and sustainable ASPs. Section 3 presents how a health care facility could start an ASP depending on the size, 

highlighting the important role of point prevalence survey (PPS) in obtaining baseline data on AMU and prescribing practice in 

health care facilities, which is useful in developing an action plan. Although management support is key for a successful ASP, the 

governance of the programme rests with the AMS committee, which composition and size will depend on the level of health care 

facility. Section 4 describes AMS strategies, which include the core and supplemental strategies. Every hospital should aspire to 
do at least a core strategy, although it may be convenient to start with other stewardship activities and supplemental strategies. 

Section 5 describes the antibiotic policy and guidelines, which provide the framework for all AMS activities, and is an effective 

means of changing behaviour in antimicrobial prescribing. The guidelines should be written by a multidisciplinary team and due 

consideration must be given to the local antibiotic susceptibility data and the common infectious disease syndromes in the facility 

or region. Dissemination of the policy and guidelines should be given wide publicity. At the primary health care facilities, where 

there may be no doctors to prescribe, “standing orders” are used to guide antibiotic prescribing. Section 6 describes the critical 

importance of stakeholder engagement to a successful ASP. If stakeholders are more informed about AMR issues and ASP, they 

are better able to positively support the programme. AMS stakeholders will differ from facility to facility but generally include 

health care facility management, clinicians, pharmacists, nurses, infection prevention and control (IPC) practitioners, clinical 

microbiologists, other relevant laboratory staff, and patients. The importance of education and training to the successful 
implementation of AMS is presented in section 7. Health care facilities should provide induction and in-service training to all staff 

on AMS and IPC. Training objectives should be clear and targets of education and training should include AMS committee and 

team(s), clinicians, pharmacists, nurses and other health care staff, patients and caregivers, and advocacy and community 

campaigns. Sections 8 and 9 explain how monitoring and evaluation (M&E) of ASP, and feedback to stakeholders are conducted. 

Monitoring and evaluation are critical to identifying the impact of intervention measures and opportunities for improvement. This 

involves the evaluation of the structures, processes and outcomes of ASPs. Sections 10 and 11 delved into the roles of clinical 

microbiology laboratory support for AMS, and diagnostic stewardship as well as information and communication technology (ICT) 

in ASPs. The clinical microbiology laboratory should provide quality antibiotic susceptibility testing data, and standard 

antibiograms periodically to the AMS committee. Sections 12, 13 and 14 enumerated the core elements of outpatient ASP, 
institutional mentoring in AMS, and system building approach to sustainability of ASP. The recommendations for outpatient AMS 

in this document apply to either stand-alone clinics and casualties or those located in secondary or tertiary hospitals. 
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Résumé Exécutif: 

La gestion des antimicrobiens (AMS) demeure la pierre angulaire des efforts visant à améliorer la sécurité des patients liée aux 

antimicrobiens. Il ralentit le développement et la propagation de la résistance aux antimicrobiens (RAM), tout en aidant les 

cliniciens à améliorer les résultats cliniques et à minimiser les dommages en améliorant la prescription des antimicrobiens. Les 

programmes AMS (ASP) sont pilotés par divers processus et personnes. Une structure AMS comprend les éléments de base qui 
devraient être en place pour soutenir l'ASP, y compris l'équipe AMS, les directives de traitement et la surveillance de la RAM et 

de l'utilisation d'antimicrobiens (AMU). Ce manuel vise à fournir un guide pratique aux établissements de soins de santé au Nigeria 

et dans d'autres pays à revenu faible ou intermédiaire, pour l'établissement, la mise en œuvre et le maintien des ASP, et est 

structuré en 14 sections. La section 1 présente le sujet et donne des informations générales sur la situation actuelle de l'AMS au 

Nigéria. Il décrit les efforts du Groupe de travail national sur la gestion des antimicrobiens (NASWOG), une branche de la Société 

de microbiologie clinique et des maladies infectieuses du Nigéria (CLIMIDSON), pour identifier les problèmes de résistance aux 

antimicrobiens dans les établissements de santé du pays et fournir des recommandations fondées sur des preuves pour ASP. La 

section 2 décrit les objectifs de l'AMS et les éléments de base qui doivent être en place pour des ASP réussies et durables. La 

section 3 présente comment un établissement de santé pourrait démarrer un ASP en fonction de la taille, soulignant le rôle 

important de l'enquête de prévalence ponctuelle (EPP) dans l'obtention de données de base sur l'UAM et les pratiques de 
prescription dans les établissements de santé, ce qui est utile pour élaborer un plan d'action. Bien que le soutien de la direction 

soit la clé du succès d'un ASP, la gouvernance du programme incombe au comité AMS, dont la composition et la taille dépendront 

du niveau de l'établissement de soins de santé. La section 4 décrit les stratégies AMS, qui comprennent les stratégies de base et 

supplémentaires. Chaque hôpital devrait aspirer à mettre en place au moins une stratégie de base, bien qu'il puisse être pratique 

de commencer par d'autres activités de gestion et des stratégies supplémentaires. La section 5 décrit la politique et les directives 

en matière d'antibiotiques, qui fournissent le cadre de toutes les activités de l'AMS et constituent un moyen efficace de modifier 

les comportements en matière de prescription d'antimicrobiens. Les lignes directrices doivent être rédigées par une équipe 

multidisciplinaire et une attention particulière doit être accordée aux données locales de sensibilité aux antibiotiques et aux 

syndromes de maladies infectieuses courants dans l'établissement ou la région. La diffusion de la politique et des lignes directrices 
devrait faire l'objet d'une large publicité. Dans les établissements de soins de santé primaires, où il se peut qu'il n'y ait  pas de 

médecins à prescrire, des « ordonnances permanentes » sont utilisées pour guider la prescription d'antibiotiques. La section 6 

décrit l'importance cruciale de l'engagement des parties prenantes pour la réussite d'un ASP. Si les parties prenantes sont mieux 

informées sur les problèmes de résistance aux antimicrobiens et sur l'ASP, elles sont mieux à même de soutenir positivement le 

programme. Les parties prenantes de l'AMS différeront d'un établissement à l'autre, mais comprennent généralement la direction 

de l'établissement de soins de santé, les cliniciens, les pharmaciens, les infirmières, les praticiens de la prévention et du contrôle 

des infections (IPC), les microbiologistes cliniques, d'autres membres du personnel de laboratoire concernés et les patients. 

L'importance de l'éducation et de la formation pour une mise en œuvre réussie de l'AMS est présentée dans la section 7. Les 

établissements de soins de santé doivent fournir à tout le personnel une formation initiale et continue sur l'AMS et l'IPC. Les 
objectifs de la formation doivent être clairs et les cibles de l'éducation et de la formation doivent inclure le comité et les équipes 

AMS, les cliniciens, les pharmaciens, les infirmières et autres personnels de santé, les patients et les soignants, ainsi que les 

campagnes de plaidoyer et communautaires. Les sections 8 et 9 expliquent comment le suivi et l'évaluation (S&E) de l'ASP et les 

retours d'information aux parties prenantes sont effectués. Le suivi et l'évaluation sont essentiels pour identifier l'impact des 

mesures d'intervention et les possibilités d'amélioration. Cela implique l'évaluation des structures, des processus et des résultats 

des ASP. Les sections 10 et 11 se sont penchées sur les rôles du soutien du laboratoire de microbiologie clinique pour l'AMS, et 

de la gérance du diagnostic ainsi que des technologies de l'information et de la communication (TIC) dans les ASP. Le laboratoire 

de microbiologie clinique doit fournir périodiquement au comité AMS des données de test de sensibilité aux antibiotiques de 

qualité et des antibiogrammes standard. Les sections 12, 13 et 14 énumèrent les éléments de base de l'ASP ambulatoire, le 

mentorat institutionnel dans l'AMS et l'approche de construction de système pour la durabilité de l'ASP. Les recommandations 
pour l'AMS ambulatoire dans ce document s'appliquent soit aux cliniques autonomes et aux blessés, soit à celles situées dans des 

hôpitaux secondaires ou tertiaires. 

Mots clés: Résistance aux antimicrobiens; Gestion des antimicrobiens; Mise en œuvre; Programme; Manuel 

Section 1: Introduction 

1.1. Purpose, Objective and Scope 

Purpose:     
 This document provides evidence-
based support and guidance to promote the 

successful establishment, implementation and 
sustenance of AMS programmes (ASPs) across  

 

Nigerian health care facilities as a strategy to 
optimise antimicrobial use (AMU) and combat 
antimicrobial resistance (AMR).                

Objective:     
 To provide a practical guide to health 

care facilities for establishing, implementing 
and sustaining ASPs.   
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Scope:      
 This manual covers practical steps and 
guidance on establishing ASPs in primary, sec- 
ondary and tertiary health care facilities, par- 
ticularly concerning the promotion of appro- 
priate prescribing and use of antibiotics in hea- 

lth care facilities. 

1.2. Background information on AMR 

and AMS 

 Antimicrobial agents remain valuable 
in humanity’s fight against infections, and this 

value is reducing and under grave threat, mai- 
nly due to the growing menace of AMR. The 
large number of such antimicrobial agents 

discovered in the early twentieth century her- 
alded the golden age of modern medicine (1). 
These agents have the ability to inhibit or kill 

microorganisms, hence the concept of AMR 
connotes the ability of such microorganisms to 
defeat the actions of antimicrobial agents (2). 
This translates into a reduction in the efficacy 
of the agents and a corresponding decrease in 
positive patient outcomes (2). Aside from incr- 
easing mortality, AMR also adds to economic 

losses, estimated at 100 trillion US dollars in 
gross domestic products (GDP) globally by 
2050 (3) as well as psychosocial stress in trea- 
ting or controlling infections in patients, care- 
givers and the health system (4).  
 Antimicrobial resistance is a naturally 

occurring phenomenon that is a survival mec- 

hanism for wild type bacterial strains. The rate 
and variety of mechanisms, and the number 
of resistant microorganisms has increased ex- 
ponentially in the last couple of decades bey- 
ond that which can be wholly ascribed to 
nature (4). This has been occurring in tandem 

with a decrease in the discovery, development 
and adoption of novel antimicrobials (2). The 
grave implications this has for health care, a 
world where no effective agents are left to 
manage even the simplest of infections, was 
recognised by the WHO in its 2015 action plan 
to tackle AMR (5,6).    

 Since the early recognition of penicillin 
resistance among Staphylococcus aureus and 

the emergence of more resistant types such as 
methicillin-resistant S. aureus (MRSA) and va- 
ncomycin-resistant S. aureus (VRSA), other 
resistance types have been discovered and 
reported to cause high mortality in patients 

infected with multidrug resistant (MDR) orga- 
nisms (1,7). Other clinically significant resis- 
tant organisms and mechanisms include ext- 
ended spectrum beta-lactamase (ESBL)-prod- 
ucing Enterobacterales, carbapenem-resistant 
Acinetobacter baumannii (CRAB), carbapenem 

resistant Pseudomonas aeruginosa (CRPA), 
carbapenem-resistant Enterobacterales (CRE), 
vancomycin-resistant Enterococcus faecium 
(VRE), fluoroquinolone-resistant Campylobac- 

ter (FRC) spp, fluoroquinolone-resistant Salm- 

onella (FRS) spp, and cephalosporin-resistant 
Neisseria gonorrhoeae (CRNG) (7,8,9). Additi- 
onally, about 4.1% of newly diagnosed infec- 
tions are caused by multidrug-resistant orga- 

nisms (MDROs), which are reported to be spr- 
eading globally due to increased travels (10). 
 A recent systematic analysis suggests 
that in sub-Saharan Africa, AMR contributes 
up to 27.3 deaths per 100,000 population, and 
250,000 deaths were directly attributed to 
AMR in 2019 alone (7). Nigeria has not been 

spared the increase in AMR among clinical iso- 
lates. Available data show that MRSA rates in 
clinical infections have reached 50% while 
resistance to third-generation cephalosporins 
exceeds 70% among clinical Escherichia coli, 

Klebsiella spp and Pseudomonas aeruginosa 

isolates (11,12). While the increased emer- 
gence of AMR has multifaceted roots, human 
activity is by far the most significant factor 
(13). This activity is in the form of antibiotic 
misuse, the emergence and effects of which 
were predicted by Sir Alexander Fleming, who 
discovered penicillin, as far back as 1945 (14). 

Animal husbandry and pisciculture comprise 
the bulk of antibiotic use and may be the 
major source of resistant bacteria entering the 
human population. However, a more direct 
association has been reported between inapp- 
ropriate prescribing and poor dispensing prac- 
tices and antimicrobial resistance (4,10,15). 

These are particularly applicable in low-and-
middle-income-countries (LMICs) with limited 
resources and poor drug regulatory mecha- 
nisms (10,13,16). Data have shown that the 
levels of antibiotic prescribing in Nigeria are 
high, and vary from one region to another, 

ranging from 62.4% to 83.5% (17-21). These 
high prescribing rates are associated with low 
rates of appropriate prescribing practice (17). 
 Antimicrobial stewardship (AMS) is de- 
fined as the coordinated interventions desi- 
gned to improve and measure the appropriate 
use of antimicrobial agents by promoting the 

selection of the optimal antimicrobial drug 
regimen including dosing, duration of therapy, 
and route of administration, thus preventing 

harm to the patients and preserving drugs for 
future patients. This was first applied as a 
term by McGown and Gerding (22), and has 
been demonstrated as an effective tool to red- 

uce the high levels of inappropriate antimicro- 
bial use, and by extension reverse AMR emer- 
gence (6,16, 23). However, the level of aware- 
ness of AMS in Nigeria is low, ranging between 
28.2% and 40.6% among physicians (24,25), 
and implementation rate is even lower, with 

only 10% of health care institutions surveyed 
having some form of AMS activity (12). The 
reasons for these include low utilization of 
microbiology laboratory services by physi- 
cians, poor knowledge and awareness among  



Manual of Antimicrobial Stewardship Programme  Afr. J. Clin. Exper. Microbiol. 2023; 24 (4): 314-338 

 

317 
 

key stakeholders, and institutional resistance 

to AMS due to poor knowledge and lack of un- 
derstanding of AMS strategies (26,27). 
 The current poor state of AMS practice 
in our health care facilities emphasises the 

need for strategies to encourage the adoption 
of AMS in all aspects of human health care 
services (16). A sustained engagement of rel- 
evant stakeholders is needed to enable AMS 
programmes to have any chance of success 
(2,6). One way of engaging effectively is by 
acquiring data on antibiotic prescribing and 

utilization within individual health care facili- 
ties using acceptable scientific methods such 
as point prevalence surveys (6,27). In light of 
this dire need for quality and patient safety in 
our health care environment, the Clinical Mic- 

robiology and Infectious Diseases Society of 

Nigeria (CLIMIDSON), through its National 
Antimicrobial Stewardship Working Group 
(NASWOG), undertook to drive the process of 
raising awareness and knowledge base aimed 
at encouraging our health care facilities to em- 
brace AMS practices and make them routine in 
their daily practice. This manual is one of the 

tools designed to achieve this purpose. We 
emphasise that this manual is not exhaustive, 
but we believe it will help resource-constrai- 
ned health care facilities to initiate, establish 
and sustain effective and efficient ASPs.  

1.3. National Antimicrobial Steward- 

ship Working Group (NASWOG) 

1.3.1.  Role of NASWOG:   

 The National Antimicrobial Steward- 
ship Working Group (NASWOG) is an arm of 
the Clinical Microbiology and Infectious Dise- 
ases Society of Nigeria (an Incorporated Trus- 

tee with the Corporate Affairs Commission of 
Nigeria), charged with the responsibility of pr- 
omoting AMS in Nigeria. It is a research-led 
group of health care professionals with experi- 
ence and zeal for quality health care, who aim 
to promote antimicrobial stewardship and rel- 
ated practices via mutual understanding, coll- 

aborative activities and interdisciplinary health 
care education. The objectives of NASWOG are 

to foster an understanding of AMS, enhance 
knowledge, provide templates for guidelines, 
educate policy makers and influence national 
policy.      
 The group was formally inaugurated in 

Owerri, Imo State, Nigeria, in August 2018. 
The inauguration paved way for the first work- 
shop in Owerri, and a communique was publi- 
shed thereafter (28). The membership of NAS- 
WOG was drawn mainly from hospitals condu- 
cting the Global Point Prevalence Survey (Glo- 

bal-PPS) of AMU and AMR in their hospitals. In 
attendance were health care workers from 
various specialities and different parts of the 
country. 

1.3.2.  Vision of NASWOG: 
 To have every health care facility and 
practitioner in Nigeria practice AMS.  

1.3.3.  Mission of NASWOG:  
 To halt and reverse the rising inci- 
dence of AMR in Nigeria’s health care facilities 
especially at the tertiary and secondary levels. 

1.3.4.  Goals of NASWOG:    

• Development of national relevant working 
documents such as antibiotic guide- 
lines, antibiotic policies, and AMS manual.  

• Sensitisation and education of stake- 
holders  

• Working with other stakeholders on 
monitoring antimicrobial consumption 

in Nigeria 
• Establishing and sustaining AMS in Nig- 

erian health care facilities 
• Sensitisation of the Nigerian public to 

the danger of misuse and abuse of anti- 
microbials  

Section 2: Goals and core elem- 
ents of AMS  

2.1.  Goals of AMS:  

 The overarching goals of AMS are; 

• Optimise antimicrobial prescribing by 

ensuring that only those who need 
antibiotics receive the right drug pro- 

mptly in the appropriate dose and dur- 
ation. 

• Prevent antimicrobial overuse, misuse 
and abuse, and development of anti- 
microbial resistance by ensuring that 
antibiotic prescribing is evidence-bas- 
ed and indicated. This ensures that 

those who do not need antibiotics do 
not have them, and that those who 
need them do not use them indiscri- 
minately. 

• Reduce antibiotic-related adverse eff- 
ects by ensuring that patients are not 

given drugs to which they are allergic. 

Also, that the antibiotic prescribing is 
evidence-based and as much as possi- 
ble limited to non-toxic drugs and for 
an appropriate duration 

• Decrease mortality, morbidity and len- 
gth of hospital stay: When patients are 
placed on antibiotics without labora- 

tory evidence, it increases the chance 
of inappropriate therapy, and this in 
turn increases the likelihood of prolon- 
ged illness, extended stay in the hos- 
pital, and death. 

• Reduce healthcare-associated costs: 

Very often patients are prescribed ex- 
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pensive antibiotics without any labora- 

tory evidence supporting that, where- 
as equally effective and much less ex- 
pensive alternatives would have been 
identified for use had there been a 

laboratory culture. Again, when pati- 
ents spend more time in the hospital 
receiving excessive drugs, some of 
which are unnecessary, they incur more 
costs. 

2.2.  Core Elements of AMS:  

 The core elements of AMS according to 
the Centers for Disease Control and Prevention 
(29) are:  

• Leadership commitment: Requires the 
hospital Management recognising the 
importance of AMS and making a doc- 

umented commitment, providing res- 
ources and taking other actions to su- 
pport and promote AMS in their facili- 
ties. 

• Accountability: Requires that ASP needs 
a leader that is passionate and know- 
ledgeable in AMS issues, who should 

be responsible for the programme ma- 
nagement and outcomes. 

• Pharmacy expertise: Requires a pass- 
ionate clinical pharmacist, preferably 
one with expertise in infectious disea- 

ses. 
• Action: Refers to specific interventions 

taken to address the deficits in prac- 
tice that promote AMR. 

• Tracking: Every action/intervention 
leads to an outcome, which needs to 
be measured to determine its impact. 
This is the monitoring and evaluation 

component of ASP.  
• Reporting: Data from AMS actions 

need to be shared with all stake- 
holders. This encourages further parti- 
cipation, cooperation and support 

• Education: Necessary education needs 
to be provided to stakeholders to ena- 

ble them play their roles effectively in 

AMS. 

Section 3: How to Start an AMS 
programme (ASP) 

 In order to start an effective ASP, it is 
important to obtain baseline information on 

antimicrobial prescribing and use in health 
care facilities. This can be done with a simple 
and objective method, the Point Prevalence 
Survey (PPS), which can readily be conducted 
using the Global-PPS method.  
 In low-and-middle-income-countries 

(LMICs) such as Nigeria, AMS strategies may 
be cumbersome in resource-limited settings 

especially those without good laboratories. 

Global-PPS provides an easy tool to obtain 
background data on antimicrobial prescribing, 
which are necessary for health care facilities 
to begin their ASP.  It also allows the identifi- 

cation of antimicrobial prescribing problems, 
highlights peculiar issues, and enables moni- 
toring and evaluation of the ASP. AMS prog- 
ramme can be initiated by the appointment of 
an AMS committee or team (by the hospital 
management), which is led by a health care 
practitioner with high level training, interest 

and passion for AMS/AMR.  

 

3.1. Starting AMS Programme using 

Global-PPS  
 
 The Global-PPS is a simple, standardi- 
sed, freely available web-based surveillance 
method (available free at https://www.global-
pps.com/) which enables assessment of the 
quality of antibiotic use and identification of 

targets for quality improvement. It provides 
an objective snapshot of the antimicrobial 
situation at the health care facility at a precise 
time. The method collects documented data 
from the medical records on: 
  

• Drug name and dosage of antimicro- 

bials prescribed for the patient 
• Diagnosis 
• Indications for prescribing antimicro- 

bials 
• Route of administration of antimicro- 

bials 
• Stop/review date of antimicrobials  

• Targeted or empirical therapy   
• Availability and compliance with anti-

biotic guidelines 
• Duration of surgical antibiotic prophy- 

laxis 
• Healthcare-associated infections 

• Presence of invasive devices 
 
3.1.1.  Procedures for conducting Global-PPS: 

• Register the health care facility (HCF) 
on the Global-PPS website. This sho- 
uld be done by the AMS committee or/ 

team lead.                           
• Assess the HCF to know the following:                    

o Number of wards                        
o Number of beds                                                           
o Number of patients on admis- 

sion in each ward  
o Hospital work schedule (clinic, 

theatre and ward round days)                           
• Plan on how to carry out the Global-

PPS based on the above information 
• Identify and engage key stakeholders 

(department/unit/ward heads) to faci- 
litate the Global-PPS 

• Download the information-guiding tools 
from the Global-PPS  website  such  as 

https://www.global-pps.com/
https://www.global-pps.com/
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the Global-PPS protocol, data collec- 

tion forms, and gather other materials 
such as pencils and erasers needed for 
the work.                           

• Assign duties/roles (data collection, 

validation and entry) to members of 
the Global-PPS team and train them 
on the Global-PPS method.  

• Collect the data based on the Global-
PPS method as detailed on the forms.                           

• Ensure the data forms are securely 
kept and available for validation.  

• Validate the data by cross-checking 
for errors and omissions.                            

• Upload the data onto the web-based 
Global-PPS analysis tool through the 
facility portal  

• Download analysed data 

• Interpret the data and identify key 
areas for intervention. 

 
3.1.2.  Dissemination of Global-PPS data: 

 The Global-PPS data should be disse- 
minated locally, and probably, nationally and 
internationally.  

• Communicate findings from the Glo- 
bal-PPS to the stakeholders with em- 

phasis on gaps/challenges determined 
from the Global-PPS data 

• When disseminating the data, consi- 
der the proposed audience and pre- 
sent the data in a way that enables 
them to reflect on their practice and 

change their behaviour. 
• Avenues for dissemination of informa- 

tion include; 
o Multi-disciplinary meetings – 

Grand rounds 
o Department/ward/unit 

meetings  

o Clinical meetings  
o Presentations at professional 

meetings and conferences  
o Scientific journals, newsletters 

and similar publications  

3.2.  Writing up an AMS action plan: 

 The AMS action plan (see template at 

www.climidson.org.ng) should be created based 
on the findings of the health care facility stren- 
gth, weakness, opportunity and threat (SWOT) 

analysis using the CLIMIDSON Assessment 
checklist (www.climidison.org.ng), which covers 
the AMS core elements as thematic areas; 

• HCF/Leadership/Management  
• Commitment      
• Accountability              
• Pharmacy/Drug Expertise  
• Action                         
• Tracking                   

• Reporting                    
• Education  

3.3. Advocacy for health facility lead- 

ership/management support for AMS 

 The results of SWOT analysis and Glo- 

bal-PPS data should be used to engage mana- 
gement to; identify AMS as a top priority, 
provide financial support and dedicated time 
for health care workers involved in AMS acti- 
vity, and include AMS responsibilities in job 
descriptions and appraisal of relevant staff. 

3.4. Setting up an Antimicrobial Ste- 

wardship Committee and Team(s) 

with Clear Terms of Reference 

3.4.1.  Setting up an AMS Committee:  

 
 Antimicrobial stewardship program- 
mes (ASPs) require appropriate oversight and 

governance to ensure proper implementation, 
monitoring and sustainability. Planning and 
implementing an effective AMS programme 
requires the involvement of key players such 
as facility leadership (management and exe- 
cutives), medical doctors, nurses, pharma- 
cists, microbiologists, and other relevant staff. 

 The AMS committee should be consti- 
tuted and inaugurated by the hospital mana- 
gement to coordinate the implementation and 
review of the AMS programme at the hospital 
or facility. The AMS committee will bring toge- 
ther key players and involve them in the pro- 

grammes’ decision making from planning to 

delivery of its initiatives.  
 
3.4.2.  Membership of AMS Committee
  
 The membership of the Committee 
may include; 

• A representative from top mana- 
gement  

• Clinical microbiologist 

• Infectious diseases physician  

• Pharmacist  

• Nursing representative(s)  

• Medical staff representatives from 
different wards/departments/units 

(Medicine, Surgery, Obstetrics and 

Gynaecology, Paediatrics, Oncolo- 
gy, Emergency, Intensive Care, 
Community Medicine, General Out- 

patients, Dentistry)  

• Drug and Therapeutics Committee 
representative 

• Infection Prevention Control Com- 
mittee representative  

• Clinical microbiology laboratory 
representative 

• Information and Technology (IT) 
representative (for example, a 
system analyst)  

• Patient Safety and Clinical Quality 

http://www.climidson.org.ng/
http://www.climidison.org./
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Manager  

• Consumer representative (optio- 
nal, if available) 

• Medication Safety Committee rep- 
resentative (optional, if available) 

• Other personnel may be co-opted 
as required to assist the work of 
the Committee. 

  
 Membership at secondary and primary 
health care facilities will depend on available 

human resources.  
 

3.4.3.  AMS Committee Chairman: 
  
 The Chairman of the AMS Committee 

should be a physician with interest, know- 
ledge, passion and expertise in the field of 

AMS and AMR, usually a Clinical Microbiologist 
or Infectious Disease Physician (29,30). In 
their absence, a Clinical Pharmacist or Nurse 
with the above attributes may play this role.  
 The key functions of the Chairman are 
to; directly oversee the activities of the AMS 
Committee, convene meetings quarterly or 

more frequently if needed, report on the com- 
mittee’s activities to the management, and 
represent the committee at meetings amongst 
others.  
 
3.4.4. Terms of reference of the AMS 
Committee: 
 

 The Committee should have clearly 
defined Terms of Reference including but not 
limited to:  

• Roles and responsibilities  

• Reporting lines 

• Review of membership and terms 
of reference as needed 

• Evaluation and identification of 
Key Performance Indicators (KPI) 

 
3.4.4.1. Roles and Responsibilities 

• Reviewing hospital AMS core ele- 
ments checklist and undertaking 
SWOT analyses  

• Implementing the restriction of se- 

lected antimicrobial agents in liai- 
son with the hospital Drug and Th- 
erapeutics Committee  

• Developing, endorsing and planning 
implementation of;  
o Systems to review antimicro- 

bial prescribing and feedback 
results to prescribers  

o Systems to monitor antimicro- 

bial usage and resistance 
o Clinical guidelines for antimic- 

robial prescribing  
o An education program for 

good antimicrobial prescribing 
practice and AMR, in liaison 

with clinical educators in the 

hospital 
o Resources to support point-of-

care interventions   

• Liaising with clinical microbiology 
services in hospital to ensure sel- 
ective reporting of susceptibility 
testing results is in place and aligns 
with the antimicrobial formulary 

and guidelines  

• Monitoring the effectiveness of str- 
ategies used in the ASP at the hos- 
pital, including the review of rele- 

vant reports and key performance 
indicators  

• Performing AMR surveillance 

• Planning action to improve the eff- 
ectiveness of the ASP at the hospi- 
tal 

• Provide an action plan for the ASP 
and review it periodically 

 
3.4.4.2. Reporting lines:  

 The AMS Committee should meet at 
least quarterly to generate a report of its acti- 
vities to be presented to the management of 
the health care facility on a regular basis. The 

committee can meet as often as it may deem 
fit in case of emergency. The report should be 
prepared to outline:  

 

• AMS strategies implemented and pro- 

gress made, following gap analyses 
and risk assessments. 

• Reports reviewed by the committee 

relevant to the ASP for example, AMS 
Team reports, antibiograms, Global-
PPS reports 
 

 The AMS Team(s) should report to the 
AMS Committee 
 
3.4.4.3. Evaluation and Key Performance 
Indicators (KPI): 

• The AMS Committee should develop 

KPIs for the hospital based on the con- 
tent of the AMS action plan. 

o Process measures from Glo- 
bal-PPS and audit data, for ex- 

ample, the prevalence of AMU.  
o Outcome measures, for exam- 

ple, AMR rate, length of hos- 

pital stay and mortality rate.   
• Monitoring hospital AMS action plan 

and its performance. 
• Publication and distribution of hospital 

AMS Committee reports.  
• Meeting frequency and attendance in 

accordance with the terms of refere- 
nce  

 

3.4.5.  AMS Team:   
     
 The AMS Team should consist of staff 
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with daily duties to support the ASP, imple- 

ment the hospital AMS action plan and facili- 
tate optimised use of antimicrobials in the 
departments and wards. Depending on the 
size of the hospital, there can be one AMS 

Team for the whole hospital (Central AMS 
Team) and/or an AMS Team for each depart- 
ment/unit.  

3.4.5.1. Membership of AMS Team(s): 

 At the minimum, the Central AMS 
Team should be led by a physician with an 
interest in infections or antimicrobial use, and 
should include a pharmacist and a nurse. At 
the departmental level, a clinician in that 
department, preferably the representative of 

the department in the AMS Committee, should 

lead the AMS Team.  
 The departmental AMS Team should 
comprise mainly doctors and nurses in the 
department with support from the Central 
AMS Team and AMS Committee. The AMS Te- 

am should be accountable to the hospital AMS 
Committee. 
 
3.4.5.2. Roles and responsibilities of AMS 
Team: 

• Development, use and review of local 
antimicrobial guidelines and audit tools  

• Promotion of AMS core and supplem- 
ental strategies  

• Conduct AMS rounds in wards  
• Perform monitoring and evaluation of 

AMS interventions  
• In collaboration with the hospital pha- 

rmacy, monitor, analyse and interpret 
the quantity and types of antibiotic 

use at the unit and/or facility-wide 
level (antimicrobial consumption data)  

• In collaboration with microbiology labo- 
ratory, monitor antibiotic susceptibi- 
lity and resistance rates for a range of 
key indicator bacteria at the facility-
wide level 

• Facilitate the required education and 
training on AMS in the hospital and/or 
departments. 

• Should meet on a regular basis at a 
frequency that enables them to carry 

out their responsibilities.  
 

 The AMS Team should work in close 
synergy with IPC and other relevant commit- 
tees in the facility. 

Section 4: Antimicrobial Steward- 
ship Interventions 

 Antimicrobial stewardship (AMS) int- 
erventions comprise actions (or strategies) 
designed to achieve the objective/goals of the 
programme. These are divided into two main 
groups, namely the core and supplemental 
strategies.     

 The strategies are normally practised 

as a bundle of interventions, however, if pro- 
perly practised, each of these interventions 
will result in optimising antibiotic use and red- 
ucing health care expenditures without com- 

promising clinical outcomes.  

4.1. Core strategies: 

 These are the two-core evidence-based 
strategies for hospital ASPs. They both require 
that antibiotic guidelines are obeyed and pers- 
onnel are available to ensure this. These core 

strategies enable health care facilities to take 
direct control over antimicrobial prescribing at 
the facilities and have the advantage of pro- 

viding education to prescribers when enquiries 
are made. The major challenge is that pres- 
cribers may perceive a loss of autonomy, esp- 

ecially with pre-authorisation, although this 
may be overcome with education. 

4.1.1. Prospective audit with intervention 
and feedback:                           

 This is an audit of antibiotic prescri- 
bing based on antibiotic guidelines and the 
hospital antibiotic policy. Recommendations 

(feedback) are made to the clinicians in real 
time when the antimicrobial prescribing is 
considered inappropriate. Recommendations 
may include changing antibiotics, adjusting 

doses, duration, and de-escalation based on 
antibiotic policy and guidelines.  
 The AMS Team will give feedback to 

the clinicians, and then check for the level of 
compliance to the recommendations, and also 
find out why some may not have complied 
with the recommendations. The feedback 
could be during ward rounds, face-to-face 
meeting, phone conversations, or any other 

appropriate and effective means. Audit data 
are obtained from case notes, drug prescri- 
ption charts or relevant section in the elect- 
ronic medical record (EMR) where this is used. 

4.1.2. Pre-authorisation with formulary 
restriction:  

 Under formulary restriction and pre-

authorisation, specified antimicrobials will only 
be dispensed based on approval of prescri- 
ption by recognised personnel. The choice of 
restriction to antibiotics may be guided by the 
WHO AWaRe classification of antimicrobials 
(31), and this should be clearly specified in the 
locally formulated antibiotic guidelines.  

4.2.  Supplemental strategies  

4.2.1. Education of health care profess- 
ionals:                      
 The health care professionals to be 
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educated should include the AMS Committee, 

AMS Team(s), clinicians, pharmacists, nurses, 
IPC practitioners and all other health care 
workers.     
 Education has been shown to be imp- 

actful in improving antimicrobial prescribing 
and use (32,33). The goal of education is to 
achieve behavioural change with respect to 
antimicrobial prescribing, dispensing, procure- 
ment and distribution. Appropriate and stan- 
dardised content and curricula for health care 
workers education and training on AMR/AMS 

have been developed and published (34). The 
content should create awareness of:  

• The impact and drivers of AMR  

• Principles and practice of AMS  
• Rational or appropriate AMU  
• Diagnostic stewardship/surveillance of 

AMR 
• Infection prevention and control 

 

4.2.2. Guidelines and clinical pathways: 
 

 Clinical pathways are a common com- 
ponent of improvement initiatives. They aim 
to organise and standardise care processes, 
thus maximising patient outcomes and imp- 

roving organisation efficiency. They may be 
developed as paper-based forms or charts or 
algorithm, or electronic documents, and sho- 
uld be based on local protocols (Fig 1, Table 
1).   

 

4.2.3. Intravenous (IV) to oral switch 
therapy:  
 

 In many instances there is no advan- 
tage of IV antimicrobials over oral formula- 
tions except when a high serum concentration 
is urgently required as in life-threatening con-  
ditions such as sepsis and meningitis. There- 

 

fore, whenever a patient is able to tolerate 

orally, an IV or parenteral antimicrobial should 
be changed to oral, provided there is an oral 
formulation. This reduces the length of hos- 
pital stay so that patients can complete oral 

antibiotics at home where necessary, and red- 
uces cost and complications associated with 
the administration of IV antibiotics. There sho- 
uld be a section in the policy and guidelines for 
IV to oral switch. 
 

4.2.4. Dose optimisation:  
 

 Optimised antimicrobial dose should 
be based on patients’ age, weight, organ dys- 
function and tissue penetration and other fac- 
tors such as obesity or critical illness, site of 

infection (for example central nervous system 
and blood) and pharmacokinetic (PK) and 
pharmacodynamic (PD) characteristics of the 

drug, for example, concentration or time 
dependent activity. For instance, in critically-
ill patients, extended-infusion administration 
of beta-lactams is required for dose optimisa- 
tion.  
 Prescribers need to do a review of 
patient’s antimicrobial prescription(s), to det- 

ermine the need or otherwise to continue the 
antimicrobial or modify as necessitated by the 
microbiology laboratory report. The review is 
usually done after 48-72 hours of administra- 
tion of empirical therapy, when the laboratory 
report would have been received.  
 

4.2.5. Automatic stop orders:  
 

 This is used to ensure that the admini- 
stration of specific and prescribed antimicro- 
bials does not exceed a predetermined dura- 
tion, for example, a maximum of 48 hours for 
vancomycin where MRSA infection is suspect- 
ed until confirmed by the laboratory. The

  
      

 

Fig 1: Management algorithm/clinical pathway for bacterial meningitis  
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Table 1: Template for empirical treatment guideline for bacterial meningitis 

 

pharmacist stops further dispensing until labo- 
ratory evidence is provided confirming the 
infection requiring the antibiotics. It has the 
advantage of ensuring that patient safety is 
not compromised.  
 

4.2.6. De-escalation or escalation: 
 

 This refers to the process of changing 
a prescription from a broad-spectrum anti- 
biotic to a narrower spectrum antibiotic that 
targets specific microorganisms. Sometimes, 
escalation to an active antibiotic may be indi- 
cated if the identified organism is resistant to 

the antibiotic in use. Both escalation and de-

escalation depend on result of antimicrobial 
susceptibility test (AST), the type and site of 
infection.  
 

4.2.7. Microbiology strategy:  
 
4.2.7.1. Comments in Clinical Microbiology 
Reports:  

 The clinical microbiologist should pro- 
vide guidance to prescribers on the interpre- 
tation and use of microbiology reports as a 
routine practice, for example, to know which 
pathogens might represent colonisation or 
contamination.  
 

4.2.7.2. Antibiotic testing policy: 
• Microbiology laboratories should have 

a testing policy based on hospital anti- 
biotic guidelines or the WHO AWaRe 
classification (31). This will ensure do- 
ctors do not prescribe antibiotics out- 
side of the hospital formulary.  

• Every Clinical Microbiology laboratory 

should choose antibiotics to test aga- 
inst particular bacteria from clinical 
samples. This should be in accordance 
with the facility’s antibiotic guidelines 
and patients’ clinical information. This 
will further guide prescribers in mak- 
ing rational choice of antibiotics. 

Section 5: Writing Antibiotic Pol-               

icy and Guidelines 

 Antimicrobial stewardship interventions 
rely on policies and guidelines which provide 
the basis/framework for all activities. An AMS 
programme requires the development and use 

of certain documents which include antibiotic 
policy and guidelines. These documents sho- 
uld outline how the health care facility would 
ensure appropriate use of antibiotics and 
monitor compliance.    
 Using antibiotic policy and guidelines 
has been shown to improve patient outcomes, 

enhance cost savings by reducing the cost of 

patient care, improve quality of care, reflect 
local patterns of resistance, and is an effective 
means of changing behaviour in antimicrobial 
prescribing.    
 Antibiotic policy contains the princi- 
ples that guide rational and prudent antimicro- 

bial prescribing while antibiotic guidelines are 
recommendations for prescribing antimicro- 
bials for specific indications. 

5.1. Objectives of Antibiotic Policy and 

Guidelines 

• To promote appropriate use of anti- 
microbials. 

• To provide a simple approach for trea- 
ting common infections. 

• To curb the emergence of AMR in the 
health care facility. 

• To recommend antimicrobials with 
consideration of local antibiotic suscep 
ptibility patterns. 

 

5.2.  Writing the Policy and Antibio- 

tic Guidelines 
 

 The flow chart of the process of writing 
antibiotic policy and guidelines is shown in Fig 

2 (35). 
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Fig 2: Flow chart of the process for writing antibiotic policy and guideline (35) 

 

5.2.1.  Human Resources  
 

• Clinicians, clinical microbiologists, nur- 
ses, pharmacists, and IPC practitio- 
ners should form a team to write the 

antibiotic policy and guidelines 

• At the primary health care facilities, 
where these health care workers are 
not available, “standing order” is used 

for antibiotic prescribing (usually of 
antibiotics in the Access group of WHO 
AWaRe classification). The “standing 
order” should be reviewed periodically 
based on an applicable antimicrobial 
susceptibility test report. The “stand- 

ing order” may be available from the 
Primary Health Care Development Ag- 
ency (PHCDA).    

• The AMS Team may identify available 
evidence-based policies and guide- 

lines (national or international) and 
adapt appropriately to fit local situa- 
tions and write the first draft. 

• The Team must have information on 
the local antibiotic formulary of the 
hospital or country and the antibiotics 
that are available locally. 

• Local antibiotic susceptibility data sho- 
uld be provided by the clinical micro- 
biology laboratory. 

• A list of common infectious disease 
syndromes or infections based on the 

result of the Global-PPS should be pro- 
vided. 

5.2.2. Scope of Hospital Antibiotic Policy 

 Each hospital should design an anti- 
biotic policy to govern prophylactic, empirical 
and targeted antibiotic therapy. In particular, 

there should be a policy on surgical antibiotic 
prophylaxis, antibiotic time-outs, use of the 
clinical laboratory to guide targeted therapy, 
and access to restricted or reserved anti- 

microbials. The guideline must align with the 
policy.  

5.2.3. Content of Hospital Antibiotic Policy 

 

• Contains a list of antibiotics for gene- 
ral use, reserved and restricted anti- 
biotics  

• Recommendations for principles of 

AMS  
• Guidance for IV to oral switch  
• AWaRe classification of antibiotics 

• Policies for good antibiotic prescribing 
 
5.2.4. Getting started with Guideline  

 

• Choose your indications (common inf- 
ections) in the health care facility ba- 
sed on the point prevalence survey of 
antibiotic use 

• Look for available national and inter- 
national guidelines, or guidelines from  
agencies, professional societies or mi- 

nistries of health on antibiotic use, 
which may be adopted for your facility 

• The AMS Team and stakeholders write 
the first draft of the guideline taking 
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into consideration the local antimicro- 

bial susceptibility data. This can be 
done in each clinical department in a 
tertiary health care facility. 

• This is disseminated to all stake- 

holders including resident doctors, 
medical officers, pharmacists among 
others for input. 

• Based on the input from all stake- 
holders, a second draft is prepared. 

• Do a pilot testing of the second draft 
in a section of the health care facility. 

• Monitor and review the guideline ba- 
sed on the pilot testing. 

• Write the final version of the guideline 
which will be approved by the anti- 
microbial stewardship committee.  

• It is very important that antibiotic 

guideline is written by those who will 
use it so that they can take ownership 
and responsibility for implementation. 

 
5.2.5. Contents of Guidelines 
 
 The following factors should be inclu- 

ded in the contents of the guideline; 
 

• Should be syndrome/disease based 
such as urinary tract infection (UTI), 
skin and soft tissue infection (SSTI), 
pneumonia  

• Type of clinical setting: outpatient cli- 

nics, inpatient units, ICU setting 
• When to switch from parenteral to oral 

route 
• Clinical criteria for the diagnosis of 

infection/syndrome. 
• Severity of illness  

• Suggestion for diagnostic testing of di- 
sease condition(s)  

• When to discharge 
• Choice of antibiotics for empirical the- 

rapy, dose, route and duration of ad- 
ministration.  

 

5.2.6. Selection of Antibiotics 
 
 In the selection of antibiotics, the foll- 

owing factors should be taken into conside- 
ration; 

 
• Appropriate choice, dosage, route of 

administration, and duration of anti- 
biotics 

• Alternatives for allergy to first-line 
agents 

• Adjusted dosage for patients with imp- 
aired liver or renal function including 

special needs of individual patient 
groups, for example, critically ill, preg- 
nancy and obesity 

• Severity of infection 
• Site of infection 
• Spectrum of antibiotic activity 

• Pharmacokinetics/pharmacodynamics 

• Adverse effects  
• Potential to select resistance 
• Cost of antibiotics, administration and 

monitoring microbiological causative 

microorganisms 
 
5.2.7.  Antibiotics Prophylaxis 

 
• The duration of the prophylaxis should 

be specified  
• Antibiotics dedicated for prophylaxis 

should not be used as first line or for 
empirical therapy except indicated by 
the results of AST. 

 

5.3.  Dissemination of the Antibiotic 

Policy and Guidelines 
 

• Electronic copies sent to WhatsApp 
and e-mails of prescribers 

• Print copies to be placed in the wards 
• Pocket book copies that can be given 

to all prescribers 
• Intranet within an electronic medical 

record 
• Mobile applications 

 

5.4.  Audit of compliance to the Anti- 

biotic Policy and Guidelines 
 

• The periodic audit of antibiotic policy 

should focus on;   
o Documentation of the indica- 

tion for antibiotic use 

o Stop/review date 
o IV-to-oral switch 

• The periodic audit of antibiotic guide- 
line should focus on compliance with 
current; 

o  Clinical treatment guidelines 
o  Guidelines for surgical pro- 

phylaxis 
• Feedback of audit results to prescri- 

bers and health care facility manage- 
ment and other stakeholders is essen- 
tial. 

 

Note that: 
 

• It is important that clinicians, pharma- 
cists, nurses and other stakeholders 
are educated on the policy and guide- 
lines and given an opportunity for 
feedback.  

• Dissemination of the policy and guide- 
lines should be given wide publicity 

• It should be the responsibility of the             
AMS Committee/Team to assess and 
ensure the compliance of clinicians 
and other health care workers with 
their antibiotic policy and guidelines. 

• Policy and guidelines are living docu- 
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ments, therefore, they should be rev- 

iewed at periodic intervals based on 
current medical knowledge, clinical 
practice and local circumstances. 

Section 6: Engaging Stakeholders 

on Antimicrobial Resistance and 
Stewardship 

 Stakeholder engagement is critical to 
a successful ASP. Stakeholders become more 

informed about issues and are able to posi- 
tively support such programmes. A good eng- 
agement clarifies the purpose of the activity; 
why it is important; clarifies the context; and 
sets a clear direction of action. Engagement is 

a means to an end.  

 For effective stakeholder engagement, 
the following factors should be taken into con- 
sideration;  

• Identifying who the stakeholders 
are  

• Understanding who has the most 
influence on the issue 

• Sharing and delivering on expec- 
tations 

• Showing an understanding of the 
stakeholders’ concerns 

 AMS stakeholders include health care 
facility management, clinicians, pharmacists, 
nurses, IPC practitioners, clinical microbiolo- 
gists, other relevant laboratory staff, patients, 

etc. The stakeholders should be engaged in 
the following areas; AMR awareness, appro- 

priate antibiotic prescribing, IPC, diagnostic 
stewardship and surveillance. 

 

6.1. Goals, Processes and Tools for 

AMS stakeholders’ engagement 
 

• Goal 1: To inform and inspire stake- 
holders 

This is usually a one-way com- 
munication to stakeholders to inform 
them about a health issue or policy 

matter. Tools/processes for this inclu- 
de handbills, fact sheets or meetings 

solely for information, for example 24-
hour surgical prophylaxis compliance 
rates from Global-PPS results.  

 

• Goal 2: To consult and listen to stake- 
holders 

Here, the stakeholders are 
given the opportunity to make input or 
suggestions to proposals but debates 
for or against these proposals are 
usually not done at this level. The 

tools/processes for this includes mee- 
tings, submissions, focal group discus- 
sions, surveys, for example determi- 
nation of reasons for non-compliance 

with 24-hour surgical prophylaxis, and 

suggestions for improvement. 
 

• Goal 3: To involve the stakeholders 
Stakeholders receive new inf- 

ormation on the issues under conside- 
ration, deliberate on them and then 
come to an agreement and/or make 
recommendations to inform the deci- 
sions. The tools/processes for this inc- 
lude workshops, and committees, for 
example, form a group to review the 

information available on non-compli- 
ance with surgical prophylaxis, and 
proffer solutions.   
 

• Goal 4: To collaborate with stake- 

holders 

Committees/sub-committees 
should be created from members who 
have some decision-making authority. 
The tools/processes to achieve this 
include participatory decision-making 
strategies, for example, a meeting of 
authorities involved in ensuring com- 

pliance with antibiotic guidelines at 
the highest level, such as meeting 
with the head of department and cons- 
ultants in surgery 
 

• Goal 5: To empower the stakeholders 
In this case, a committee is 

set up to undertake the responsibility 
entirely and tasked with addressing a 
public problem over an extended per- 
iod of time. The tools/processes for 
this include a committee for implem- 
entation, for example, a committee to 

implement and monitor compliance 
with 24-hour surgical prophylaxis, 
such as the AMS Committee. 

 
 Note that each level of engagement 
deepens the involvement of the stakeholders. 
 

6.2. Strategies for successful stake- 

holder engagement 

• The reason or goal for engagement 
must be clear.  

• Share the identified purpose with the 
stakeholders very early.  

• Adopt the appropriate process; the 
type of engagement needs to be tailo- 
red to the purpose (see goals 1 to 5 
above).  

• Usually, stakeholders’ engagement is 
most  effective  when  it  stretches  to  
collaborative and empowerment levels.  

• Stakeholders are not a uniform group, 
therefore, engagement needs to focus 

on a specific issue or topic and invo- 
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lves interaction with the groups most 

relevant to the issue. 
 

6.3. Platforms for stakeholders enga- 

gement on AMS 
 

• Hospital meetings/Grand rounds  

• Focus group discussions 

• Surveys 

• Web-based engagements 

• Print and electronic media 

• Billboards, Posters, Handbills 

• Social media 

• Relevant committees and professional 
bodies/Associations 

• Conferences and Workshops 
 

6.4. Categories of stakeholders 
 
 The knowledge and attitude of stake- 

holders on particular issues vary, and must be 
considered during engagements (36).  

 
• The unaware: These are not awa- 

re of the issues (for example AMR, 
AMS) and their potential impact such 

as high mortality and morbidity 
• The resistant: These are aware of 

the issues and potential impacts, but 
are resistant to change 

• The neutral: These are aware of the 

issues, but are neither supportive nor 
are resistant to change 

• The supportive: These are aware of 
the issues and potential impacts, and 
are supportive of change  

• The leading: These are aware of the 
issues and potential impacts, and are 
actively engaged in ensuring the prog- 
ramme is a success 

 
 The overarching target is to make all 
stakeholders become supportive towards the 
programme. 

Section 7: Education and Training 

 Training and education are paramount 
to the successful implementation of interven- 

tions in ASPs (37). However, it is most effect- 
ive when paired with interventions and measu- 
rement of outcomes (29). The health care 
facility should provide training to all staff on 
AMS, during new staff orientation programmes 
and provide continuous in-service training or 
continuous professional development on AMS 

and IPC (38). 

7.1. Training objectives should be to: 

• Create awareness of AMR, AMS and 
their relationship 

• Provide knowledge on the drivers and 

impact of AMR 

• Impart detailed knowledge of ASPs  

• Promote behavioural change in anti- 
microbial prescribing, use, procure- 
ment, dispensing and disposal 

• Educate new or rotating staff and stu- 
dents 

• Emphasise and promote the need for 
appropriate use of the clinical micro- 
biology laboratory 

• Update and reinforce previous know- 
ledge 

• Encourage continuous quality impro- 
vement 

7.2. Targets of Education & Training 

 Activities should target various audi- 
ences using behavioural change communica- 

tion strategies. These targets should include: 

7.2.1. Antimicrobial Stewardship Comm- 

ittee and Team(s) 

 The members of the AMS Committee 

(AMSC) should be adequately trained on AMS 
and the ASP including principles/actions requi- 
red for its establishment and implementation, 
antimicrobial policy and guidelines, and IPC. 
This should be done at the inception of the 
Committee and reinforced periodically. Train- 
ing should be practical and specific to the roles 

of each member. Award of certificates of 
participation would be a motivation and an 
added advantage.    
 Administrative heads of health care 
institutions should support AMSC and AMS 
Team(s) (AMSTs) by facilitating opportunities 

for training and retraining, to reinforce pre- 
vious training as well as updating their know- 
ledge. They should also provide funding and 
foster collaboration with partners, nationally 
and globally to support their ASPs (29). Reso- 
urces on practical guidance for implementing 
an ASP should be made available and acces- 

sible when required.   
 Hospital AMS campaigns should be 
publicised. This is necessary to gain support 

for successful interventions in identified prio- 
rity areas. Critical stakeholders such as clini- 
cians and other health care providers should 
be educated on the proposed activities around 

the priority area. AMS champions in the speci- 
alty(ies) in focus should lead publicity efforts 
in their units. Heads of health care facilities 
and key opinion leaders may be made ambas- 
sadors to successfully drive the programme.  

7.2.2. Clinicians, Pharmacists, Nurses, 
and other health care staff  

 This should be an ongoing process 
with trainings repeated as much as feasible. 
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Education should cover the fundamentals of 

AMR, AMS, the importance of proper and opti- 
mised diagnosis, and promote adherence to 
antimicrobial policy and guidelines. Structured 
training relevant to specific AMS interventions 

is essential.   
 Opportunities for training include ori- 
entation programmes for new staff, grand 
rounds, clinical meetings and undergraduate 
medical education by including it in the curri- 
culum. information, education and communi- 
cation (IEC) materials (posters, fliers, ban- 

ners, text messages, social media posts) sha- 
red physically, via telephone and on social 
media, could be used to promote ASP activi- 
ties. Telemedicine could provide AMS support 
for prescribers such as mobile Apps for AMS 

and antimicrobial guidelines (38). A health 

care worker guide has been published by the 
Public Health England and the WHO with 
details on the training of various health care 
workers (34). 

7.2.3.  Patients and Caregivers 

 These stakeholders should be educa- 
ted on the inappropriate use of antimicrobials, 
negative consequences of inappropriate anti- 
microbials use, including sharing, use of left- 

overs, inappropriate disposal and demand for 
antibiotics. Fora such as the antenatal clinic 
(ANC), immunisation clinics and waiting areas 
in consulting clinics should be utilised to drive 

the health education.   
 They should know what antibiotics 
they are receiving, and for what reason(s), 

and about their adverse effects (signs and sy- 
mptoms to identify these) including those that 
may occur after discharge or stopping anti- 
biotics. They should be encouraged to be anti- 
microbial guardians. Engaging patients and 
caregivers in the development and review of 
educational (IEC) materials is beneficial (29). 

7.2.4.  Community 

 This includes teachers and educators, 
journalists and communication experts, social 
media influencers, religious leaders, and the 

general community including children and 
young persons. To support AMS at the com- 
munity level, they should be educated regu- 
larly on antimicrobial resistance, ills of self-

medication and the responsible use of anti- 
biotics. This can be routinely done by trained 
public health, ASP ambassadors and advo- 
cates, and family medicine practitioners (39).  

7.2.5.  Advocacy and community campa- 
igns 

 Regular engagement and awareness 
creation campaigns on the threat of Anti- 
microbial resistant infections and measures to 

contain them, should be carried out by AMS 

practitioners using data generated locally. 
Highly visible and regular national advocacy 
activities, among policy-makers and the gene- 
ral public (such as during World Antimicrobial 

Awareness Week) are beneficial, to raise the 
political and public profile of AMS and to get 
their “buy-in” to AMS programmes (39). 

Section 8: Monitoring and Evalua- 
tion 

 Monitoring and evaluation (M & E) are 
critical to identifying opportunities for impro- 
vement and the overall impact of intervention 
measures. M & E involves the evaluation of 

structures, processes and outcomes of ASPs. 

8.1.  Monitoring 

 Monitoring is a systematic and routine 
collection of data to enable implementers to 
determine whether the objectives of the prog- 
ramme are being achieved. The attainments 
are compared to set targets during evaluation 

and actions taken to address gaps or deficits. 
Data acquired through monitoring is used for 
evaluation. 

8.2.  Evaluation  

 Evaluation involves assessment of a 
programme as systematically and objectively 

as possible, at defined time points. It apprai- 
ses data and information that inform strategic 
decisions and helps to draw conclusions about 
the relevance, effectiveness, efficiency, imp- 

act, and sustainability of the intervention. It is 
an integral concept in every project or progra- 
mme design.  

8.3. Approach to Monitoring and Eva- 

luation in AMS  

 For convenience and ease of under- 
standing, monitoring and evaluation in AMS 
could be grouped into structure, processes, 
and outcomes. 

8.3.1. Structure:  

 This should cover aspects that include 
the composition, terms of reference and 
governance structure of the AMS Committee 
and Team(s). Membership and composition of 

the Committee/Teams are as highlighted in 
Section 3.4 of this document. The CLIMIDSON 
AMS checklist (www.climidson.org.ng) can be 
used as a tool for measurement.  

8.3.2. Processes:  

 The processes in this context include 
quality indicators in the application and imple- 
mentation of AMS which can best be evaluated 

http://www.climidson.org/
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using the Global-PPS and audit of specific anti- 

microbials. Some of the process measures/ 
indicators based on Global-PPS include docu- 
mented indication for antibiotic use, stop/ 
review date, compliance with current clinical 

treatment guidelines, de-escalation, and IV-
to-oral switch. Others include prevalence of 
antibiotic consumption measured as defined 
daily doses (DDD) or day of therapy (DOT), 
prevalence of antimicrobial prescribing, and 
surgical antibiotic prophylaxis (SAP) not bey- 
ond 24 hours. 

8.3.3. Outcomes:  

 Outcomes of AMS represent the inten- 
ded benefits which include AMR rates, morta- 

lity rates and length of hospital stay. Outcome 

indicators should be defined at the planning 
stage of the ASP and monitored while implem- 
enting the programme. 

Section 9: Feedback of Data from 
Surveillance and M&E  

 This entails the distribution of results 
and outcome of AMS interventions and surveil- 
lance activities to those who need to know and 

act. This is essentially communicating the out- 
come to relevant stakeholders, including but 
not limited to hospital management and pres- 
cribers. This can be done using appropriate 
media and platforms such as presentations at 

clinical meetings/grand rounds, advocacy, fli- 

ers, posters and scientific publications.  
 During dissemination, opportunities 
should be created for responses from the sta- 
keholders to the feedbacks. Such responses 
can then be used to improve the AMS action 
plan. These include feedback to prescribers, 
AMS Committee and Teams, and health care 

facility management on: 

• Global-PPS data  

• Antibiotic consumption data  

• AMS interventions and actions  

• AMR surveillance and antibiogram  

Section 10: Clinical Microbiology 

Laboratory Support and Diagno- 
stic Stewardship   

10.1. Strengthening Laboratory Cap- 

acity for Hospital ASPs  

 The clinical microbiology laboratory 
plays a key role in ensuring the success of the 
antimicrobial stewardship programme. In 
order to provide quality services and reliable 

data, clinical laboratories should ensure the 
followings:  

10.1.1. Provide guidance to laboratory 

users 

 The laboratory should provide docu- 
ments (laboratory handbook, periodic adviso- 
ries) with details of the policies and operations 

of the laboratory including; hours of opera- 
tion, proper collection and transport of labora- 
tory specimens, appropriate use of laboratory 
services and other relevant information (29). 
These documents should be made accessible 
and available to the laboratory users. It should 
also provide interpretation of laboratory res- 

ults and reports.  

10.1.2. Provide quality laboratory servi- 

ces including Antibiotic Susceptibility Te- 
sting (AST)  

 The laboratory should perform the 
right test requested at a minimal turn-around-

time (TAT), release laboratory reports to hea- 
lth care providers in a timely manner to guide 
physician decisions on treatment and optimise 
communication of critical test result values 
and alert systems (40,41). With respect to 
AST, the laboratory should:  

• Ensure quality-assured AST data are 
available  

• Adhere to standardised protocols with 

appropriate quality controls          

• Be involved in proficiency testing (PT) 
• Test supplementary antimicrobial age- 

nts in the event of resistance 
• Promptly report unusual patterns of 

AMR               
• Provide advice to the physician on 

therapy for such patients. 
• Update methods for susceptibility tes- 

ting periodically 
 

 The use of automated or semi-auto- 
mated testing systems is encouraged where 
possible, especially when dealing with severe 
life-threatening infections. The use of single 
antibiotic disc for AST offers the staff the 
opportunity to choose specific antibiotics for 

testing against specific organisms.  

10.1.3. Promote Diagnostic Stewardship  

 Diagnostic stewardship (DS) is the co- 
ordinated guidance and interventions to imp- 
rove the appropriate use of microbiological 
diagnostics to guide therapeutic decisions 
(42). It refers to the appropriate use of labora- 
tory testing, including use of biomarkers, to 
guide patient management, in order to opti- 

mise clinical outcomes and limit the unnece- 
ssary use of antibiotics and spread of AMR. 
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 This requires synergy between clinical 

laboratories and physicians so that appropri- 
ate tests are requested, and laboratory rep- 
orts are translated into appropriate antimicro- 
bial management (43). DS aims to promote 

appropriate and timely test request/ordering, 
specimen collection, specimen processing and 
reporting. The process of implementing DS is 
summarised in Fig 3 (44).  

10.1.4. Continuous laboratory quality im- 
provement 

 The laboratory should upgrade diag- 

nostic capacity to: 
 

• Perform standardised tests, which inc- 
lude microscopy, culture, identifica- 
tion (ID) and AST.             

• Use rapid diagnostic technologies for 

targeted critical specimen types and 
detection of AMR  

• Test for biomarkers of infection includ- 
ing non-culture-based fungal markers. 

• Promote appropriate use of point-of-
care microbiological tests, when avai- 
lable (41). 

 

10.2. Antimicrobial resistance survei- 

llance  
 
 Antimicrobial resistance surveillance 

involves tracking changes in microbial popu- 
lations for early detection of resistant strains 
of clinical and public health importance, and 
reporting on trends in resistance on a periodic 
basis. Clinical laboratories should collaborate 
with the institution’s AMS committee, using 
information from the analysis of AST, to deter- 

mine priority pathogens, syndromes, patient 
populations, antimicrobials and provide target  

for stewardship interventions. Thus, AMR sur- 

veillance data are needed to;  
 

• inform clinical therapy decisions  
• guide policy recommendations and 

treatment guidelines development  
• assess the impact of ASP interventions 

to contain AMR  
 
 At the facility level, regular analyses of 
AMR data should be provided to groups with 
responsibility for antimicrobial guidelines (i. e. 

AMSC/AMST, DTC) to inform empirical therapy 
recommendations and formulary manage- 
ment.  
 A specification for health care facility 
cumulative antibiogram is an essential step to- 

wards achieving detailed, accurate and effici- 

ent AMR surveillance. To achieve this, health 
care facilities should ensure that;  
 

• A standard technical specification of a 
facility cumulative antibiogram is dev- 
eloped using the appropriate CLSI do- 
cument (45)   

• There is ongoing maintenance and re- 
vision of the cumulative antibiogram 
specification.  

• Clinical microbiology laboratory should 
report signal resistances from antibio- 
gram data for the health care facility’s 
ASP annually.  

 

10.3. Antibiogram 

 An antibiogram is an overall profile of 
antimicrobial susceptibility testing results of a 
specific microorganism to a battery of anti- 
microbial drugs within a defined period (45). 

This is produced periodically, usually annually, 
to provide information on common pathogens 

     

 

 

 

 

 

 

 

 

 

Fig 3: Implementation of Diagnostic Stewardship (adapted from 44) 
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and their antibiotic susceptibility patterns to 

guide the choice of empirical antibiotics.  
 Antibiogram should be derived from 
records of culture and antibiotic susceptibility 
testing carried out during the period under 

consideration.  
 
10.3.1. Uses of an antibiogram 

 
• Helps in guiding the clinicians and AMS 

team in the selection of best empirical 
antimicrobials  

treatment in the event of pending 
microbiology culture and susceptibility 
results. It should be the basis for faci- 
lity and national guidelines develop- 
ment. 

• Useful tools for detecting and monito- 

ring trends in AMR, which can then be 
investigated.  

 
10.3.2. Specifications for antibiogram 

 
• Cumulative antibiograms should be 

produced differently, for urine, non-

urine and blood culture isolates.  
• For statistical significance, there sho- 

uld be at least 30 isolates at the spe- 
cies level. However, if this is not pos- 
sible, the isolates can be grouped by 
genus or family.  

• In smaller laboratories, cumulative 

antibiograms may be produced for all 
isolates combined irrespective of spe- 
cimen type but should be categorized 
into Gram-negative and Gram-posi- 
tive bacteria (Tables 2a and 2b). 

• When the antibiotic data from less 

than 30 isolates is presented, it is re- 
commended that a footnote should 
state that the results may not have 
attained a statistically significant mea- 
sure of susceptibility in that microbial 
population 

• Each cumulative antibiogram should 

consist of data for one calendar year 
and be published early in the following 
year. 

• Only the antibiotic susceptibility data 
from the first isolate of a bacterial 
species from an individual patient sho- 
uld be included to eliminate duplica- 

tes. If the same bacteria species is 
isolated from urine, a non-urine site or 
blood from an individual, then the sus- 
ceptibility data from the first isolate 
from each site should be included in 
their respective antibiogram.  

• Only validated antibiotic susceptibility 
test results from clinical isolates sub- 
mitted for diagnostic purposes should 
be included.  

• For each genus, species or other grou- 
pings, the number of isolates (deno- 

minator) used in determining the per- 

centage should be noted on the anti- 
biogram report. 

• Limitations of the antibiogram should 
be listed in the footnote. 

 

10.4. Signal Resistance 
 
 Certain combinations of microorgani- 
sms and antibiotic resistance should be repor- 
ted in a specialised antibiogram to draw atten- 

tion to multi-drug resistant organisms (MDROs) 
and resistant mechanisms (Tables 3a and 3b). 
With automated ID and AST methods, these 
are more readily detectable and characteri- 
sed. The frequency of these should be repor- 

ted including zero occurrences. Signal Resist- 

ances may include:  
 

• Methicillin-resistant Staphylococcus au- 
reus (MRSA)                       

• Vancomycin-intermediate and vanco- 
mycin-resistant Staphylococcus aureus 
(VISA, VRSA). The method used for 

identifying VRSAs should be reported.                 
• Vancomycin-resistant Enterococci                                                       
• Enterobacterales resistant to third or 

later generation cephalosporins. Where 
the genetic mechanism for this resis- 
tance has been determined such as 
with ESBL, the method should be rep- 

orted                    

• Carbapenem-resistant Enterobacterales 
(CRE) and other plasmid mediated 
carbapenemase producing Gram-neg- 
ative bacteria such as Acinetobacter 
spp and Pseudomonas aeruginosa.      

• Streptococcus pneumoniae with a pe- 
nicillin MIC ≥ 0.06 µg/ml. These sho- 
uld be categorised as intermediate 
(MIC 0.12 – 1µg/ml) and resistant 
(MIC > 2 µg/ml) referring in the com- 
mentary to the fact that breakpoints 
for meningitis differ.  

Section 11: Role of Information 
and Communication Technology 
(ICT) in the AMS Programme 

 The following are areas where ICT can 

be of benefit to AMS (46,47); 

• Electronic medical records/hospital in- 
formation system. This can be used for 
interventions such as audit, and for 

monitoring and evaluation.  

• Database on procurement and ward 
dispensing at the facility pharmacy 
level. This can be used in calculating 

antimicrobial consumption and estab- 
lish trend over time. 

• Database of AMR surveillance in differ- 
ent units/departments 
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     Table 2: Template for presenting cumulative antibiogram    [Health care facility Logo] 
         

(a): Cumulative antibiogram for all hospital isolates (Gram-Negative Bacteria) (Jan – December) 
 

Bacterial Pathogen 
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Escherichia coli                      

Klebsiella pneumoniae                      

Proteus mirabilis                      

Pseudomonas aeruginosa                      

Antibiogram with <30 isolates are of questionable statistical significance; interpret data with caution   
 * = Nitrofurantoin is reported for urine sources only; Antibiogram with <30 isolates are of questionable statistical significance; interpret data with caution         
 NB: The antibiogram should report antibiotic susceptibilities for the antibiotics in actual clinical use, not the susceptibility to any surrogate antibiotic used in the laboratory e. g. for a laboratory using CLSI method, the antibiogram should report as percentage 
 susceptible to flucloxacillin and not percentage susceptible to cefoxitin for Staphylococcus aureus.            
 If the ‘breakpoint’ for any antimicrobial-organism pair has changed since the last publication of a cumulative antibiogram for an institution, then the date the change was implemented should be indicated in a footnote to the table.  

 
(b): Cumulative antibiogram for all hospital isolates (Gram-Positive Bacteria) (Jan – December) 
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Staphylococcus aureus (MSSA)                 

Staphylococcus aureus (MRSA)                 

Enterococcus faecalis                

Enterococcus faecium                

Viridian streptococci                

Coagulase negative staphylococcus6                

1. Oxacillin predicts susceptibility to most cephalosporins, carbapenems, and beta-lactam/beta-lactamase inhibitors; 2. For E faecalis: ciprofloxacin, levofloxacin, tetracycline is reported for urine sources only 

3. For Staphylococcus species: clindamycin is reported for non-urine sources only; 4. For Staphylococcus species: daptomycin is reported for non-respiratory sources only; 5. Nitrofurantoin is reported for urine sources only 

6. Only clinically significant isolate should be reported 
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  Table 3: Template for signal resistance reporting  [Health care facility logo] 
 

 

 

(a): Multidrug resistant bacteria isolated from non-urine (January – December)  

Extended Spectrum Beta-Lactamase Producing Enterobacterales (ESBL) 

Bacteria Total No of isolates Tested No ESBL Positive % ESBL positive 

Escherichia coli    

Klebsiella spp    

Enterobacter spp    

Citrobacter spp    

Carbapenem-Resistant Enterobacterales (CRE) 

Bacteria Total No of Isolates Tested No CRE Positive  % CRE positive 

Escherichia coli    

Klebsiella spp    

Enterobacter spp    

Citrobacter spp    

Vancomycin Resistant Enterococci (VRE) 

Bacteria Type No VRE Positive % VRE positive 

Enterococcus spp total    

 Enterococcus faecalis   

 Enterococcus faecium   

Methicillin-Resistant Staphylococcus aureus (MRSA) 

Bacteria Type No MRSA positive  % MRSA positive  

S. aureus total    

 S. aureus (non-multi-resistant)   

 S. aureus (multi-resistant 

hospital-associated) 

  

Streptococcus pneumoniae Penicillin Susceptibility*   

S. pneumoniae (Oral 

Penicillin V Breakpoint) 

MIC category  No of Isolate % Isolate 

 Sensitive (≤ 0.06 µg/ml)   

 Intermediate (0.12 - 1 µg/ml)   

 Resistant (≥ 2 µg/ml)   

*Breakpoint for non-meningitis isolate IV treatment (R ≥ 8 µg/ml), meningitis isolate IV treatment (R ≥ 2 µg/ml)  

Viridians Streptococcus Group Penicillin Susceptibility   

Viridian streptococci MIC category No of Isolate % Isolate 

 Sensitive (≤ 0.12 µg/ml)   

 Intermediate (0.25 – 2 µg/ml)   

 Resistant (≥ 4 µg/ml)   

 
 
 
 

(b): Multidrug resistant bacteria isolated from urine (January – December)  

Extended Spectrum Beta-Lactamase Producing Enterobacterales (ESBL) 

Bacteria Total No of isolates Tested No ESBL Positive % ESBL Positive 

Escherichia coli    

Klebsiella spp    

Enterobacter spp    

Citrobacter spp    

Carbapenem-Resistant Enterobacterales (CRE) 

Bacteria Total No of Isolates Tested No CRE Positive  % CRE Positive 

Enterobacterales (total non-

duplicates reported) 

   

Vancomycin Resistant Enterococci (VRE) 

Organism Types No VRE Positive % VRE Positive 

Enterococcus spp total    

 Enterococcus faecalis   

 Enterococcus faecium   

Methicillin-Resistant Staphylococcus aureus (MRSA) 

Organism Types No MRSA Positive  % MRSA Positive   

S. aureus total    

 S. aureus (non-multi-resistant)   

 S. aureus (multi-resistant 

hospital-associated) 
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• Alerts on specific antibiotic use can be 

generated and used to check the AMS 

process especially when restricted 
antibiotics are prescribed   

• Time-sensitive automatic stop orders  

• Electronic guidelines (via electronic 
mailings to prescribers, intranet) 

• Adapted for mobile applications for 
antibiotic guidelines and other rele- 
vant documents. 

• Point-of-care access to microbiological 
results from all units 

• Clinical decision-support system 

Section 12: Outpatient Antimicro- 
bial Stewardship (OPAS)  

 Although the principles of AMS in the 
in-patient and out-patient sections of the 
health care facility are essentially the same, 
the approach to implementation may vary 
depending on the facility and the resources 
available to it. This manual is focused mainly 
on in-patients, but it was considered nece- 

ssary to accommodate some principles and 
recommendations for out-patient AMS. The 
recommendations here may therefore apply to 
stand-alone clinics and casualties or those loc- 
ated in secondary or tertiary hospitals.  
 The outpatient AMS may be based on 
the 4 core elements of the CDC outpatient 

stewardship checklist for both clinician and 

facility (48).   

12.1. Commitment 

12.1.1. Leadership:  

 Health care facility leadership will cre- 

ate a multidisciplinary AMS team to collabo- 
rate on AMS activities, including representa- 
tives from clinicians, nursing, pharmacy, infor- 
mation technology, electronic health records, 
infection prevention, and quality improve- 
ment. AMS activities include; 

• Regular meetings (monthly or quart- 
erly)  

• Provision of AMS guidelines, protocols, 

and defined prescribing standards and 
recommendations 

• Tracking and reporting at least one 
aspect of antibiotic prescribing                     

• Making an AMS action plan and revie- 
wing annually as needed                 

• Receiving feedback from clinicians 

about current AMS interventions.                
• Reviewing the AMS plan document 

annually and revising as needed.              
• Communicating prescribing standards 

to staff and providers. 

 The same facility AMS set up for in-

patient programme can also serve the out-

patient section. There is no need for a dual 

AMS committee 

12.1.2. Accountability:  

 Health care facility leadership will ide- 

ntify one physician leader to be responsible for 
AMS oversight and promotion. He/she will lead 
the AMS team. AMS responsibilities will be 
included in job description or performance 
review criteria. 

12.1.3. A written commitment statement in 
support of AMS will be posted in the facility, 
visible to patients, families, and all staff.  

12.1.4. AMS team will regularly communicate 

with all clinic staff to manage patients' expec- 
tations. 

12.2. Action for Policy and Practice 

 These are intended to support appro- 
priate prescribing practices by individual pre- 
scribers and to inform all staff about the imp- 

ortance of AMS. The actions should include; 

• Evidence-based diagnostic criteria and 

Antibiotic policy and treatment guide- 
line 

• Policy to document the indication for 
antimicrobial prescription in the pati- 
ent's case notes including the dose, 

duration, route of administration and 
frequency.  

• Delayed prescribing and watchful wai- 
ting. This involves the supply of anti- 
biotic prescription to a patient with 
clear instructions about when to com- 
mence the treatment in relation to 
their symptoms. It is useful for condi- 
tions that usually resolve without trea- 

tment but which can benefit from anti- 
biotics if the condition does not impr- 
ove. 

o Patient communication requi- 
red when initiating a watchful 
waiting period include; diag- 

nosis, suggestions for symp- 

tom relief (including any non-
antibiotic medications), and 
instructions for follow-up. 

• Provide communication skills training 
for clinicians through;  

o Annual communication skills 

training to enhance their abili- 
ty to address patient concerns 
about prognosis, benefits and 
harms of antibiotics and mana- 
gement of self-limiting condi- 
tions, 

o To address clinician concerns 

about managing patient expe- 
ctations for antibiotics. 
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12.3. Tracking and Reporting 

• Track and report antibiotic prescribing 
for one or more high-priority condi- 
tions such as upper respiratory tract 
infection, acute bronchitis, sinusitis, 
pharyngitis and acute watery diarrh- 

oea. 
• Track and report the percentage of all 

visits leading to antibiotic prescrip- 
tions. This can be done as a point pre- 
valence survey using the out-patient 
Global-PPS.  

• Assess documentation of indication for 

antibiotic prescription in the patients’ 
case note. 

• List of staff who have completed com- 

munications skills training. 
• Feedback on tracking of antibiotic pre- 

scribing for high priority conditions 
• Monthly or quarterly AMS reports to 

the health care workers and health 
care facility leadership 

• Antibiogram  

12.4. Education and Expertise 

• Use effective communications strate- 

gies to educate patients and families 
about when antibiotics are and are not 
needed. 

• Educate patients and families about 
the potential harms of inappropriate 

antibiotic treatment 
• Provide patient education materials 

• Provide continuing education activities 
for clinicians 

o Annual in-service training  
o Induction or orientation train- 

ing for new staff 

Section 13: Mentorship in AMS 

 Antimicrobial stewardship mentorship 
will contribute to capacity building and support 
towards the implementation of the ASP. The 
aim of the AMS mentorship is to improve 
knowledge, performance and skills of the 
AMSC and AMSTs in carrying out an effective 

ASP in various institutions.   
 The mentorship programme requires 
clear goals and objectives, as well as an 
agreement on the method and frequency of 
communication. Mentorship could be between 
individuals or between institutions/organisa- 

tions or institutions/organizations and indivi- 
duals. The mentor will be an expert in anti- 
microbial resistance and stewardship or an 
institution that is advanced in AMR/AMS prac- 
tices (49).    
  

 

 

The roles of a mentor are to motivate and; 

• Advice and support the facility to dev- 
elop multidisciplinary AMSC/AMST  

• Increase the knowledge of the facility 
AMSC/AMST on AMR and AMS and de- 
velop action plan.   

• Train the facility AMSC/AMST on the 

principles of rational AMU and AMS 
• Train facility AMSC/AMST on how to 

monitor and evaluate AMS interven- 
tions using Global-PPS and other met- 
hods      

• Assist facility AMSC/AMST in develop- 
ing AMS policies and guidelines inclu-

ding antibiotic guidelines                       
• Support the health care facility in stre- 

ngthening diagnostic stewardship or 
assisting in the analysis of microbiolo- 
gical investigations as the case may- 
be.    

• Advice facility AMSC/AMST on how to 

carry out communication and aware- 
ness programmes amongst staff 

• Advice and guide facility AMSC/AMST 
on grant applications in order to pro- 
mote researches on AMR and AMS 

 It is also essential to establish KPIs 
that should be used to measure the impact of 
the mentorship programme. Collection of both 
qualitative and quantitative data is important 
in the assessment of the impact of the mentor- 

ship. The key indicators that should be focused 

on are as follows; 

• Engagement indicator: This will cover 
data collection on mentoring sessions, 
mentoring hours and actions taken  

• Process indicator: This will include col- 
lecting data on the number of goals 
established and achieved, and perso- 

nal satisfaction scores   

 AMS mentorship initiatives can be con- 
ducted following a step-wise pattern; 

• Application by mentee institution to 
AMS mentor, for example CLIMIDSON, 

NASWOG  
• Complete a pre-visit survey (for exa- 

mple with CLIMIDSON AMS checklist) 
including information about the facili- 

ty’s current ASP. This information will 
be critical to a successful onsite visit.              

• Mentoring onsite visit: The mentor will  
work with the AMS Team leader and 
other members of the AMS Team by 
phone in advance of and following the 

onsite visit.                
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• The onsite visit will feature an in-

depth evaluation of the facility’s AMS 
programme, practices, challenges and 
opportunities for improvement, and 
proposed activities to enhance patient 

care. Presentations can be made dur- 
ing the visit and specific activities dur- 
ing the visit will vary according to 
mentee institution goals and needs 
but may include meeting with the AMS 
Team and other teams (such as IPC 
and quality improvement teams), as 

well as reviewing protocols, policies 
and procedures.                     

• Following the site visits, the mentor 
will provide a customised report of 
proposed interventions to improve the 

facility ASP.                       

• Report outcomes: Following a visit, 
the facility (mentee) is expected to 
implement AMS improvement project 
and report key outcomes approxima- 
tely 6 months after the onsite visit. 

 

Section 14:  System Building and 
Sustainability Plan in AMS 

 The sustainability plan in AMS for 
health care facility requires that important fac- 

tors that can influence programme implement-
ation and sustainability be identified (50). It is 
important to recognise ASP as a behaviour 

change programme, and that changing pre- 
scribing habit cannot occur over-night (51). 
Implementing and sustaining ASPs in health 

care facilities will be facilitated by;  
 

• Having an ASP sustainability plan 
• Continuous support of the manage- 

ment in terms of human, material and 
financial resources.                     

• Facility management need to recog- 

nise AMS as a quality improvement 
programme and include it in their ann- 
ual performance indicators.                       

• Having leaders who are passionate 
and knowledgeable on the issues of 
AMR/AMS.  

• Regular and periodic performance of 

Global-PPS as integral part of M & E to 
measure progress and success.                    

• Prioritising interventions that are eas- 
ier to perform such as supplemental 
strategies like education, guideline de- 
velopment, IV-to-PO switch, de-esca- 

lation, dose optimisation, and micro- 
biology strategies. Start small and 
then scale up the interventions.                            

• Ensuring ongoing education training 
with feedback of relevant personnel.                         

• Should be all inclusive: All stakehol- 
ders should be involved. 

• Provision  should  be  made  for  both 

internal and external mentorship 
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Abstract:  

Studies on genital mycoplasmas (GM) role in gynaecologic cancers (GC) such as cervical, endometrial, ovarian, 
vaginal, vulva and fallopian tube, is limited. This review was conducted to evaluate an association between GM and 
GC. The systematic study was conducted in accordance with PRISMA guidelines across online databases including 
Embase, Google Scholar, PubMed, Scopus, and Web of Science from inception to August, 2022. We included cross-
sectional and case-control studies examining possible connection of GM infection and development of GC, and all 
evidence-based studies with likely association between GM infection and incidence of GC were studied. Selection 
criteria aided identification, screening, and risk of bias assessment. Thirteen studies with at least moderate risk of 
bias, were included. The most commonly associated GMs was Mycoplasma genitalium followed by Ureaplasma 
urealyticum and Mycoplasma hominis. Studies reported disease advancement with GMs most especially in cases of 
co-infection. The most associated GCs were cervical, ovarian and endometrial. Infection with U. urealyticum, M. 
hominis, and M. genitalium was associated with cervical cancer risk (OR 1.31-1.41), and M. hominis and M. 
genitalium had associated risk with ovarian (RR 0.93-1.92) and endometrial cancer (OR 1.36- 2.07). No association 
was found with vaginal, vulva and fallopian tube cancers.  
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Résumé: 

Les études sur le rôle des mycoplasmes génitaux (GM) dans les cancers gynécologiques (GC) tels que ceux du col de 
l'utérus, de l'endomètre, de l'ovaire, du vagin, de la vulve et des trompes de Fallope sont limitées. Cette revue a été 
menée pour évaluer une association entre GM et GC. L'étude systématique a été menée conformément aux directives 
PRISMA sur des bases de données en ligne, notamment Embase, Google Scholar, PubMed, Scopus et Web of Science, 
du début à août 2022. Nous avons inclus des études transversales et cas-témoins examinant un lien possible avec 
une infection GM et le développement de GC, et toutes les études fondées sur des preuves avec une association 
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probable entre l'infection GM et l'incidence de GC ont été étudiées. Les critères de sélection ont facilité l'identification, 
le dépistage et l'évaluation du risque de biais. Treize études présentant un risque de biais au moins modéré ont été 
incluses. Les GM les plus couramment associés étaient Mycoplasma genitalium suivi de Ureaplasma urealyticum et 
Mycoplasma hominis. Des études ont rapporté une progression de la maladie avec les GM, plus particulièrement dans 
les cas de co-infection. Les GC les plus associés étaient cervical, ovarien et endométrial. L'infection par U. urealyticum, 
M. hominis et M. genitalium était associée au cancer du col de l'utérus (OR 1,31-1,41), et M. hominis et M. genitalium 
présentaient un risque associé de cancer de l'ovaire (RR 0,93-1,92) et de l'endomètre (OR 1,36-2.07). Aucune 
association n'a été trouvée avec le cancer du vagin, de la vulve et des trompes de Fallope. 

Mots clés: Mycoplasmes génitaux; cancer gynécologique; cancer du col de l'utérus; association; infection 

Introduction:  

Gynaecologic cancer (GC) is reported as 

the most prevalent amongst other cancers in 
women, with significant morbidity and mortality, 
accounting for 25% of cancer deaths in women 
globally (1). Gynaecologic cancers primarily are 
cancers of the reproductive organs of women; 

cervix, vulva, vagina, uterus, ovaries and fallo- 
pian tubes. Of these, cervical, ovarian and ute- 

rine cancers are the most prevalent. Annually, 
881,000 new cervical, 265,000 new ovarian and 
89,300 new uterine cancer cases with deaths, 
are reported (2,3). The principal origins of gyn- 
aecologic cancer are still unclear, however the 
American Cancer Society (ACS) showed the role 

infectious agents in gynaecologic cancer, increa- 
sing the risk of gynaecologic cancer by 20% (3). 
 Cancer is usually characterized by unc- 
ontrolled growth of abnormal cells in human tis- 
sues, which are usually excessive such that they 
metastasize, invade and spread to other organs 
or tissues of the body, causing life-threatening 

pathological situations in most cases. Studies 

have attributed causes of cancer to genetics, 
hereditary factors and carcinogens (4,5). Micro-
organisms such as viruses and genital myco- 
plasma have been studied and their link with 
cervical and other forms of gynecologic cancers 
have been established (6-10). The potential 

ability of atypical bacteria such as mycoplasmas 
in the invasion of host cells and further promo- 
tion of cellular transmission, as a precursor to 
cancer pathogenesis, have since been studied 
from inception in the 1950s (8,11-14). In vitro 
investigations of genital mycoplasmas for poten- 

tial malignancy in host cells have been carried 
out using animal models and human cells, res- 
ulting in variations of cell transformation (15).  
 Mycoplasma are bacteria species with 

very small size and lacking cell wall. The term 
‘genital mycoplasmas’ (GM) denotes a group of 
Mycoplasma species isolated from the geni- 

tals of asymptomatic sexually active individuals 
of both males and females. Consequently, the 
relatively high prevalence of these species amo- 
ng asymptomatic females have been reported 
(16). Mycoplasmas have also been strongly ass- 
ociated with infertility in women of reproductive  

age, as they were found to be more prevalent in 

these group of women than in fertile women of 
reproductive age (17,18). Mycoplasma co-infec- 
tion and its contribution to onco-pathogenesis in 
cervical cancer have been recently studied in 
Africa (18). Apart from significant association 
with cervical cancer (OR 1.31, 95% CI 1.61-

1.49; OR 1.41, 95% CI 1.10-1.99) reported in 

many studies (25-28), these organisms could 
play a role in other gynecological cancer such as 
endometrial cancer with significant association 
(p< 0.0001) reported in many studies (8,10, 20-
24) as well as with ovarian cancer (RR 0.93, 
95% CI 0.70-1.23; RR 1.92, 95% CI 0.78-4.72) 
also reported in some studies (7,10,29). 

 Some authors have reported GM invol- 
vement in some other clinically important gyn- 
aecologic pathologies such as bacterial vagino- 
sis (30), cervicitis (31), pelvic inflammatory dis- 
ease (32,33), salpingitis, uterine myomas and 
endometritis (7,34). Colonization of genitals by 

Mycoplasma and Ureaplasma have notably been 
linked with human papillomavirus (HPV) and 
pathogenesis (7,9). Although studies have not 

thoroughly investigated the prevalence of such 
co-infections, intra-epithelial lesions have been 
shown to play a mediating role in this co-infec- 
tion (7,29). Chief amongst the bacterial agents 

involved in the pathogenesis of GM-associated 
genital malignancy are M. genitalium (35), M. 
hominis, and U. urealyticum (7,36-38). 
 Current diagnosis of GCs is available for 
only cervical cancer which usually involves inve- 
stigation for cancerous and/or pre-cancerous 
cervical cells. It may be advocated that Myco- 

plasma screening be also incorporated into test 
algorithms for women with suspected gynecolo- 
gical cancers since studies have shown strong 
association with presence of Mycoplasma in gyn- 
ecological cancers such as ovarian cancer (39). 

 A good number of studies have shown a 

remarkable link between cancers such as gyne- 
cological cancers and genital mycoplasmas, al-
though some of them remain inconclusive, while 
a few others infer that other factors may be con- 
sidered in mycoplasma-mediated genital onco- 
logy investigations. Understanding the role of ge- 
nital mycoplasmas in chromosomal variability in 

gynaecologic malignancies/cancers development 
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may influence development of novel approaches to 

their prevention. Consequently, published articles 
in the scientific literature regarding the involve- 
ment and specific mechanism of genital Myco- 
plasma infection in the development of different 

types of gynaecologic cancer, were systematic- 
ally evaluated in this study.  

Methodology:  

Search approach for the study    

 A systematic search approach was emp- 
loyed in accordance with the Preferred Reporting 
Items for Systematic Review and Meta-analysis 
(PRISMA) guidelines (40) across these scholarly 
databases; Embase, Google Scholar, PubMed, 
Scopus, and Web of Science from inception to 

August, 2022. The MeSH keywords used for the 
search included; Mycoplasma spp., Ureaplasma 
spp., Ureaplasma urealyticum, Mycoplasma ho- 
minis, Mycoplasma penetrans, Mycoplasma gen- 
italium, Ureaplasma parvum, genital mycoplas- 
ma, gynaecologic cancers, cervical, endomet- 
rial, ovarian, vulva, fallopian tube, vagina and 

gynaecologic tumours. The list of references for 
all retrieved articles similarly aided additional 
studies.  

Systematic study selection:    

 The systematic selection of relevant art-
icles included independent reviewers of two in 
number, to identify eligible studies using an est- 
ablished inclusion criteria for the study. In the 
instance of discrepancies, all authors considered 

the articles and a census reached. The inclusion 

criteria are; (i) journal articles published in Eng- 
lish language and (ii) observational research 
articles including cross-sectional, case-control, 
cohort (retrospective and prospective) studies, 
containing study population, study type (hospi- 
tal-based), type of gynaecological cancer, and 

genital mycoplasma infections (Mycoplasma 
spp., Ureaplasma spp., or both). Furthermore, 
review articles with systematic approach were 
also included.    
 Excluded from the study were journal 
articles not published in English language; cong- 
ress/conference abstracts; article types such as 

letter to editor, case report with unstandardized 
methodology or inadequate data; studies with 

reported bacterial infections other than genital  

mycoplasma or viral infection in gynaecological 

cancer; and articles that considered an associa- 
tion between genital mycoplasma infection and 
other diseases except gynaecological cancer.  

Quality assessment of included studies and data 
extraction:     

 The included studies were assessed for 
quality according to the Joanna Briggs Institute 
(JBI) critical appraisal (41). The study data ass- 

embled included characteristics such as first 
author, publication year, country, sample size 
(number of cases and/or control group), genital 
mycoplasma infection, frequency, diagnostic 
method, measures of association and partici- 
pants’ demographics.  

Data synthesis and risk bias assessment:  

 Because the included studies had a low 
level of heterogeneity in study design, we emp- 
loyed a descriptive approach in analysing the 

data obtained. The assessment of risk of bias for 
included studies was done with the Cochrane 
Risk of Bias software with Risk of Bias of Expo- 
sures (ROBINS-E) applied for non-randomized 
studies (42). Each author assessed individual 
study within the risk of bias domain. Where 

discrepancy ensue, a consensus conclusion was 
attained. The bias risks for each domain were 
recorded accordingly. 

Results:  

Eligible studies:     

 Of 129 full-text articles assessed for eli- 
gibility, 116 were excluded based on the exclu- 
sion criteria. A total of 13 studies were included 
for data synthesis and risk bias assessment (Fig 
1). Publication date for eligible studies was 1996 
to 2020. Country of origin of the articles varied, 

with USA (n=4) having the highest number of 
included articles, followed by China (n=2), and 
Korea (n=2) (Table 1).  In these studies, infec- 
tions with GM were mostly assayed with polyme- 
rase chain reaction (PCR-ELISA, PCR 16SrRNA, 
qM-PCR and q-PCR-RT). However, culture, sero- 

logy, lipid associated membrane protein enzyme 
immunoassay (LAMP-EIA) and Mycoplasma kit 
were also used. Furthermore, advanced high-
throughput methodology such as metagenomic 
sequencing and PathoChip Array were also used. 
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Fig 1: PRISMA flow chart with identification, screening and inclusion of articles 

  

Associations with demographics and genital my- 
coplasma induced gynaecological cancer:  

 In the 13 included studies, data from 
10,255 patients of different nationality with gyn- 
aecologic cancer (cervical, ovarian, endometrial 
vulva, vagina and fallopian tube) were reviewed. 

Patients diagnosed with GM-induced cancer 
were all sexually active with age ranging from 
18 to 73 years. Sexually active young women 
(30–45 years) were also reported (19). Walther-

António et al., (21) reported a significant asso- 
ciation of GC with older women (58-71 years;              
p < 0.0001).     

 Other variables that could further pre- 
dispose the patients to GM-induced gynaeco- 
logic cancer were also observed in the study. 
Walther-António et al., (21) reported significant 
association with post-menopausal (p=0.0034), 
but no association with history of diabetes (p= 

0.621)  and  smoking  status  (p=0.5911). Only  

few authors studied these variables (Table 1). 

Associations with cervical cancer:   

 The first cross-sectional study examined 
the cervical brush sample swabs of 1060 women 
(43). These samples were analysed using 16S 
metagenomic sequencing to determine the ass- 
ociation of GM in each cervical cancer patient. 

Results obtained by the authors showed that 
cervical cancer patients with GM were signifi- 

cantly more prevalent in HPV patients. Abun- 
dance in M. hominis count significantly increa- 
sed among patients with cervical cancer lesions. 
Overall, distribution of GM reported was U. urea- 
lyticum (51.4%), M. hominis (34%), and M. 

genitalium (2.3%) (43).  
 Secondly, the cervical microbiota of 
4290 women (1452 HPV-positive group and 
2838 HPV-negative group) were identified using 
molecular approach - PCR (9). The conventional  
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Table 1: Overview of articles included in study 

Authored 

articles 

Country Year Characteristics of the subjects Sample type Study 

type/ 

design 

Sample 

size 

Assay GM/GC 

Type 

Significant 

association 
Age 

range 

(years) 

Nationality Post-
Meno- 

Pausal 

Hypertension Diabetes Smoking 

Klein et al., 

(19) 

Tanzania 2020 18-73 Tanzanian Yes NA NA NA Cervical 

brush sample 

HB/CS 1060 16S 

Metagenomics 

sequencing 

MH, 

MG/CC 

OR 2.1 

p < 0.0001 

Idahl et al., 
(44) 

Germany 2020 30-81 European Yes NA NA NA Blood 
samples 

HB/CCS 2460 Serology MG/OC OR 1.36; 95% 
CI: 1.13–1.64 

Fortner et al., 

(46) 

USA 2019 34-81 American Yes NA NA NA Plasma 

samples 

HB/CCS 337 Serology MG/OC OR 2.07; 95% 

CI: 1.25–3.43; 

RR 1.92 (0.78-

4.72) 
Banerjee et al., 

(36) 

USA 2017 NA American NA NA NA NA Ovarian 

cancer tissue 

HB/CCS 99 PathoChip 

Array 

GM/OC p < 0.05 

Liu et al., (9) China 2016 18-66 Chinese Yes No No NA Cervical 

brush 

specimen 

HB/CCS 4290 PCR UU/CC OR 1.31 

95% CI: 1.16-

1.49 

Walther-Antonio 

et al., (21) 

USA 2016 ≥ 18 Caucasian Yes Yes No No Vaginal, 

cervical, 

fallopian, 

ovarian 

HB/CS 31 16SrDNA V3-

V5 region 

Mi-Sequecing 

MH/EC p < 0.001 

Xiaolei et al., 

(26) 

China 2014 20-67 Chinese Yes NA NA NA Cervical 

secretion 

HB/CCS 233 qPCR 

(Fluorescence) 

UU/CC p = 0.002 

Debon and 

McGowin (25) 

Korea 2014 20-70 Louisiana Yes NA NA NA Cervical 

Secretion 

HB/CCS 347 qPCR-RT MG/CC p < 0.05 

Choi et al., (27) Korea 2014 20-45 Korean No NA NA NA Cervico-

vaginal 

secretion 

HB/CS 714 PCR MH,MG, 

UU/CC 

 p = 0.054 

Farag et al., 

(43) 

Egypt 2013 20-48 Egyptian No NA NA Yes Endo-cervix 

and posterior 

vaginal 

sample 

HB/CS 300 Mycoplasma 

kit/Pap smear 

cytology 

MH, 

UU/CC 

OR 1.41-1.51; 

95% CI: 1.10-

1.99 

Idahl et al., 

(45) 

Sweden 2011 18-87 Swedish Yes NA NA Yes Plasma 

sample 

HB/CCS 118 LAMP-EIA MG/OC RR 0.93 

95% CI: 0.70-

1.23; p=0.01  

Lukic et al., 

(28) 

Italy 2006 18-50 Italian No NA NA NA Exo-endo-

cervical and 

vaginal 
sample 

HB/CCS 239 Culture UU/CC NA 

Chan et al., 

(37) 

USA 1996 NA NA NA NA NA NA Achived 

human 

ovarian 

tisuue 

HB/CCS 27 Combined 

PCR-ELISA 

GM/OC NA 

NA = not avaliable; HB = hospital-based; CS = Cross sectional study; CCS = Case-control study; MG = Mycoplasma genitalium; UU = Ureaplasma urealyticum; MH = Mycoplasma hominis; GM = Genital 

Mycoplasma; GC = Gynecologic cancer; EC = Endometrial Cancer; OC = Ovarian Cancer; CC = Cervical Cancer; qPCR = Quantitative Polymerase chain reaction; PCR = Polymerase chain reaction; LAMP-EIA = Lipid 

associated membrane protein enzyme immunoassay; PCR-ELISA = Polymearse chain reaction – enzyme-linked immunosorbent assay
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PCR result showed significant association of U. 

urealyticum in the microbiota of HPV-positive 
patients (AOR 1.18; 95% CI 1.04–1.34) and U. 
urealyticum were found in significantly higher 
frequencies (58.2%) among the HPV-positive 

women (9). High prevalence of U. urealyticum 
(49.3-83%) was found to be associated with the 
grade of cytological cervical lesions (squamous 
abnormalities) in 533 participants (19,26-28). 
Ureaplasma urealyticum was significantly asso- 
ciated (p<0.05) with risk of cervical cancer in 
high-grade squamous lesion (HSIL) (57.5%-

65%), atypical squamous cervical cells of undet- 
ermined significance (ASCUS) (27%-30.43%) 
and low-grade squamous intra-epithelial lesion 
(LSIL) (14%-36.59%). The high presence of U. 
urealyticum in these studies is in association 

with HPV, which is consequently, a potential co- 

factor for HPV-induced precancerous and cervi- 
cal cancer. M. hominis was found to be more 
prevalent than M. genitalium among women 
with cervical cancer (26,27), however, M. geni- 
talium was significantly prevalent in women with 
severe cervical inflammation.  

Association with ovarian cancer:  

 Mycoplasma genitalium antibodies was 
identified in 11.76% of 68 females with epithe- 
lial ovarian cancer using multiplex fluorescent 

bead-based serology (lipid-associated membr- 
ane protein-enzyme immunoassay) (44). The 
result showed a significant association (RR 0.93 
(95% CI 0.70-1.23). A similar study found signi- 
ficant association (p=0.01) following detection 

of M. genitalium IgG antibodies among women 
with borderline ovarian tumours (45), although 

the association in this study was due to a type 1 
error from Bonferroni correlation which reduced 
the significance of the finding. A significant ass- 
ociation was reported from the analysis of pla- 
sma samples of 336 ovarian cancer patients with 
showed presence of MgPa-N-Terminus and MgPa 

antibodies of M. genitalium in 17% of the study 
population (RR 1.92, 95% CI 0.78-4.72) (46), 
although C. trachomatis seropositivity was ass- 
ociated with higher risk of ovarian cancer (RR 
2.07, 95% CI 1.25-3.43), similar for invasive 
serous, and borderline tumours.   
 Using a molecular approach such as com- 

bined PCR-ELISA method, genital mycoplasma 

was detected in 59.3% of the study population 
using a genus-specific primer (37). Further ana- 
lysis with a specie-specific primer detected U. 
urealyticum as the dominant specie. An analysis 
of 99 ovarian cancer tissue samples with Pan-
Pathogen Array (PathoChip) technology combi- 

ned with high throughput sequencing, detected 
an abundance (74%) of genital Mycoplasma spp 
among the microbiome of ovarian cancer pati- 

ents (p <0.05) (36). However, Mycoplasma and 

Ureaplasma (Tenericutes) are not higher on the 
list of bacterial signatures in ovarian cancer 
when compared to Proteobacteria and Firmicu- 
tes. 

Association with endometrial cancer:  

 The abundance of U. urealyticum and M. 
hominis was reported among women with ben- 

ign uterine disease, uterine hyperplasia or any 
stage of endometrial cancer undergoing hyste-
rectomy in a case-control study (21). Sequenc- 
ing result revealed that these women had prog- 
ressive PID which led to chronic inflammation 
and subsequently change in uterine endothelial 
cells (carcinogenesis).  

Discussion: 

This systematic review of studies inten- 

ded to assess current trend of the association 
between GM and GC, with their aetiological and 
causative factors in different geographical loca- 
tions. The finding associating the risk of endom- 
etrial cancer with variables such as hypertension 
in American women by Walther-Antonio et al., 
(21) may not be entirely in concurrence with 

other findings due to the difference in metho- 
dology adopted by the different researchers who 
used serology (46) and pathochip (36) as their 
prefered methods of analysis during their rese- 
arch with different study particpants from diffe- 
rent geographical regions.  
 The role of U. urealyticum as an impor- 

tant factor in the promotion of gynaecological 
pathological processes such as cervical cancer 
can no longer be overlooked even at the global 
level, this is because studies by Choi and Roh 
(27) conducted in Korea, together with studies 
conducted with Chinese participants by Xiaolei 

et al., (26) were both in concurrence with a 
previous study conducted in Europe by Lukic et 
al., (28) as they all detected U. urealytium ass- 
ociated with cervical cancer. On this basis, glo- 
bal documentation of this organism as a gynae- 
cological cancer-associated atypical microbe has 
become imperative, as it has shown to promote 

morbidity in women with gynaeological cyto- 
pathologies regardless of race, ethnicity  and the 
geographical location of the patient. 

 Although most of the articles reviewed 
were mostly studies done from outside Africa,  a 
recent study done in Africa by Klein et al., (19) 
with Tanzanian women as study participants 

using molecular methods revealed the link bet- 
ween Mycoplasma and cervical cancer in the 
study participants. The scarcity of African-based 
studies  may not be unconnected with the fact 
that the use of molecular techniques for diagno-  
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stic and research purpose is a relatively new 

development in Black Africa and could be costly 
for both routine and research investigations, 
with scarcity of trained personnels an important 
factor, compared to other continent and climes 

(16). Another factor that may be contributory to 
the dearth of case-studies in sub-saharan Africa 
in comparison to other climes, could be the rel- 
uctance of patients in seeking hospital-based 
care. Many patients  in Africa prefer to seek tra- 
ditional remedies such as polyherbals as their 
primary source of care, some of these poly- 

herbal have been proven to be contaminated 
above safe levels (47). Prior to this study, a  
previous study conducted in Egypt with women 
of middle-eastern origin as study subjects did 
not deploy molecular-based methodology, it sh- 

owed a connection between cervical cancer and 

bacteria such as M. hominis and M. genitalium. 
 Scientific reviews have proven that the 
link between mycoplasma and cancer can no 
longer be considered a mere coincidence or hap- 
penstance by the global medico-scientific com- 
munity, this link has been noted since 1950 
when Mycoplasma were first noted in patients 

with leukemia (11). The predispostion of older 
and post-menopausal women as seen in this 
review, may also be attributed to the lowering 
of immunity as the women progressively age 
into geriatic status. It is also understood that 
immunocompentence dwindles as women beco- 
me older (48) and may also contribute to dybio- 

sis in the cervico-vaginal milieu of women. Dys- 

biosis have also been shown to be linked to 
many diseases such as cancer (49). Immunolo- 
gical factors such as pro-inflammatory cytokines 
which promotes inflammation in the cervico-
vaginal epithelium many also be upregulated 

during dysbiosis and displacement of friendly 
commensals and probiotic bacteria such as Lacto- 
bacillus acidophilus and Lactobacillus crispatus 
(50), who help to physiologically protect the ge- 
nito-urinary tract of women from pathogenic 
and harmful bacteria colonization, by encoura- 
ging the growth and survival of bacteria such as 

mycoplasma which have been linked to some 
gynaecological cancers (51).   
 A positive concordance between mole- 
cular-based test and standard culture technique 

in the detected genito-urinary tract infection 
was noted at 98%. Notwithstanding this postu- 
lation, molecular-based test possess several fea- 

tures that makes it relatively beneficial to timely 
diagnosis and management of fastidious genito-
urinary pathogens such as Mycoplasma and Ure- 
aplasma. This test has shown to be effective in 
the utilization as it can identify fastidious bacte- 
ria, provide faster assessment of antibiotic sus- 

ceptibility, track drug resistance patterns and 

help identify factors that may affect therapy and 

re-infection of gynaecological microbial diseases 
(52,53). It is therefore hoped that since most of 
the articles reviewed in this study were based on 
molecular studies, this therefore should confer a 

substantial level of uniformity on the methodo- 
logy of research works conducted, ensuring rep- 
roduceablity of the studies in this systematic 
review.  

Conclusion:  

Based on this review, it is understood 
that mycoplasma-associated gynaecoloical can- 
cers are not specific to any geographical region 
and they have been detected in women of alm- 

ost all race and regions, with both Mycoplasma 

and Ureaplasma being associated with increased 
risk of cervial cancer, while only Mycoplasma 
have shown association with increased risks of 
ovarian and endometrial cancers in women. 
Molecular-based test for routine investigation of 
genital mycoplasma in gynaecological patholo- 

gies should be encouraged in hospitals.  
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Abstract: 

Acute kidney injury (AKI) of infectious aetiology is a complex condition that requires a comprehensive 
microbiological evaluation. This includes sepsis workup, evaluation of urinary tract infection (UTI), assessment 
for viral, fungal, and bacterial infections, consideration of the patient's microbiome, and vigilance towards 
antibiotic toxicity. Advanced molecular diagnostic tools such as metagenomic sequencing and rapid point-of-care-
testing, may offer future advances in accurate and timely identification of infectious aetiologies in AKI. Careful 
antibiotic selection, dosing, and duration, taking into account renal function and potential toxicity, are crucial in 

the era of increasing antibiotic resistance. The information presented in this review were obtained through a 
thorough literature search using relevant search terms on various databases including PubMed, Embase, and 
Cochrane Library. The review identified bacterial sepsis and UTI as common infectious syndromes associated with 
AKI, but also emphasized the need to consider other infectious aetiologies including viral, fungal and parasitic 
infections in certain clinical scenarios. The review also discussed the potential role of advanced molecular 
diagnostic tools in identifying infectious aetiologies in AKI and the importance of careful antibiotic selection, 
dosing, and duration. In conclusion, a comprehensive microbiological evaluation, coupled with the use of advanced 
diagnostic techniques and antibiotic stewardship, is vital for the effective management of AKI from suspected 
infectious aetiology, which can aid optimize patient outcomes.  
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Résumé: 

L'insuffisance rénale aiguë (IRA) d'étiologie infectieuse est une affection complexe qui nécessite une évaluation 
microbiologique complète. Cela comprend le bilan de sepsis, l'évaluation de l'infection des voies urinaires (IVU), 
l'évaluation des infections virales, fongiques et bactériennes, la prise en compte du microbiome du patient et la 
vigilance à l'égard de la toxicité des antibiotiques. Les outils de diagnostic moléculaire avancés, tels que le 
séquençage métagénomique et les tests rapides au point d'intervention, pourraient offrir de futures avancées 
dans l'identification précise et rapide des étiologies infectieuses de l'IRA. Une sélection, un dosage et une durée 
minutieux des antibiotiques, en tenant compte de la fonction rénale et de la toxicité potentielle, sont cruciaux à 
l’ère de la résistance croissante aux antibiotiques. Les informations présentées dans cette revue ont été obtenues 
grâce à une recherche documentaire approfondie à l'aide de termes de recherche pertinents dans diverses bases 
de données, notamment PubMed, Embase et Cochrane Library. L'examen a identifié la septicémie bactérienne et 
l'infection urinaire comme des syndromes infectieux courants associés à l'IRA, mais a également souligné la 
nécessité de prendre en compte d'autres étiologies infectieuses, notamment les infections virales, fongiques et 
parasitaires, dans certains scénarios cliniques. L'examen a également discuté du rôle potentiel des outils de 
diagnostic moléculaire avancés dans l'identification des étiologies infectieuses de l'AKI et de l'importance d'une 
sélection, d'un dosage et d'une durée minutieux des antibiotiques. En conclusion, une évaluation microbiologique 
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complète, associée à l’utilisation de techniques de diagnostic avancées et à la gestion des antibiotiques, est 
essentielle pour la prise en charge efficace de l’AKI due à une étiologie infectieuse suspectée, ce qui peut 
contribuer à optimiser les résultats pour les patients. 

Mots clés: Lésion rénale aiguë; infection; état septique; infection urinaire; séquelles 

Introduction: 

 Acute kidney injury (AKI) is a complex 
clinical syndrome that is characterized by a 

sudden elevation in serum creatinine levels, a 
reduction in urine output, or a combination 
with this rapid decline in kidney function lead- 
ing to the accumulation of metabolic waste 
products and a range of clinical manifestations 
and outcomes (1). AKI is however always dia- 

gnosed in the context of the patient as it is 

contextually a clinical diagnosis (2). The World 
Health Organization (WHO) has identified AKI 
as a global health priority due to its significant 
associated morbidity, mortality, and health- 
care costs, especially as it is now the 10th lead- 
ing cause of death globally (3).  

 In recent years, the role of infectious 
agents in causing AKI has been increasingly 
recognized, leading to a growing interest in 
the microbiological aetiology of this condition 
especially for sepsis associated AKI (SA-AKI) 
which has extremely high mortality (4-7). The 
UTI-associated AKI (UTI-AKI) is another incr- 

easingly described syndrome with a multifac- 
torial pathogenesis (8). There are numerous 
methods to categorize AKI. However, the con- 

ventional approach involves classifying AKI 
based on urine output and changes in creati- 
nine levels, which can be further categorized 

as prerenal, intrinsic renal, or postrenal (1). 
Syndromic classification is increasingly beco- 
ming more popular as physicians find it more 
clinically relevant. The syndromic classification 
captures the underlying pathophysiology and 
include the nephrotoxic, hepatorenal, and car- 
diorenal AKIs (1,9-11).   
 To successfully manage AKI, it is ess- 
ential to accurately diagnose the underlying 
cause, including potential microbiological fac- 
tors. This usually requires a thorough clinical 
assessment, relevant laboratory tests (such as 
blood and urine cultures), and imaging to ide- 

ntify potential sources of infection or inflam- 

mation (12). Precise diagnosis can guide targ- 
eted therapeutic strategies, such as adminis- 
tering appropriate antibiotics for bacterial inf- 
ections or treating underlying factors for infl- 
ammation or injury. Therefore, it's important 
to have a good understanding of the possible 

microbiological and infectious causes of AKI 
for effective clinical management.  
 Given the significant impact of infec- 
tious agents on kidney health and patient out- 
comes, understanding the microbiological aet- 
iology of AKI is crucial. Here, we provide an 
overview of the microbiological aetiology of 

AKI, with a focus on the role of infectious 

agents. This study reviewed the epidemiology 
of AKI caused by infectious agents, highligh- 
ting the different pathogens responsible for 
this condition and their modes of transmission. 
Additionally, the study delves into the patho- 
genesis of AKI caused by various infectious 
agents, including the mechanisms by which 

they can cause kidney damage and the factors 
that contribute to disease severity. The study 
concludes by discussing the various diagnostic 
techniques used to determine the cause of AKI 

and also covers the treatment and manag- 
ement approaches for AKI resulting from inf-

ectious cases. 

Methododology:  

 A comprehensive literature search was 
conducted using various databases, including 
PubMed, Embase, and Cochrane Library, to id- 
entify relevant articles related to the micro- 
biological evaluation of AKI with suspected inf- 

ectious aetiology. The search was conducted 
using MESH terms such as "acute kidney inju- 
ry," "AKI", "sepsis-associated AKI", "urinary 
tract infections associated AKI", "viral infec- 
tions associated AKI", "bacterial infections 

associated AKI", "fungal infections associated 
AKI", and "microbiome in AKI". The search 

was limited to English language articles publi- 
shed from January 1980 to April 2023.  
 Relevant articles were identified thro- 
ugh a systematic process that included scree- 
ning of article titles, abstracts, and full texts. 
Additional articles were identified through ma- 
nual searching of reference lists of relevant 

articles. Inclusion criteria for the review were 
articles that discussed the microbiological asp- 
ects of AKI with suspected infectious aetio- 
logy including sepsis-related AKI, UTI-related 
AKI, viral, fungal, and bacterial infections. Art- 
icles that discussed the diagnosis, treatment, 

and antibiotic stewardship in AKI with suspe- 

cted infectious aetiology were also included. 
Data extraction and synthesis were performed 
independently by two reviewers. Any discre- 
pancy was resolved through discussion and 
consensus.  

Results and Discussion: 

Infectious syndromes as aetiology of 

AKI 

1. Urinary tract infections and AKI 

 Urinary tract infection (UTI) refers to 
primarily bacterial infection occurring any- 
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where from the urethral meatus to the peri- 

nephric fascia and kidneys (13). They are a 
relatively significant cause of AKI and can lead 
to significant morbidity and mortality if left 
untreated. In general, UTIs are more common 

in women than in men, with up to 60% of 
women experiencing a UTI at some point in 
their lifetime (14,15). To initiate UTI, the 
bacteria typically ascend the urethra into the 
bladder and can cause cystitis, pyelonephritis, 
or both. In severe cases, the bacteria can 
enter the bloodstream and cause sepsis, which 

is a significant risk factor for AKI.  
 The UTI-associated AKI (UTI-AKI) is 
increasingly being recognized as an important 
syndrome with associated high morbidity and 
mortality. The pathogenesis of UTI-AKI is multi- 

factorial and involves both direct and indirect 

mechanisms. The direct mechanisms include 
bacterial invasion of the renal parenchyma, 
leading to pyelonephritis, interstitial nephritis, 
and/or glomerulonephritis. The indirect mech- 
anisms include sepsis-induced hypotension, 
intrarenal vasoconstriction, and/or tubular ob- 
struction by cellular debris or crystals (8). 

Immune-mediated injury, or the activation of 
pro-inflammatory cytokines also contributes 
to kidney injury (8,16).   
 The most common pathogens associa- 
ted with UTI are Gram-negative bacteria (17). 
Of these, Escherichia coli is the most com- 
monly implicated and accounts for up to 80% 

of community-acquired infections (18-21). 
Other Gram-negative bacteria such as Kleb- 
siella pneumoniae, Proteus mirabilis, and Pse- 
udomonas aeruginosa, are also common cau- 
ses of UTI. Gram positive organisms such as 
Enterococcus faecalis and Staphylococcus sap- 

rophyticus can also cause UTI, especially in 
older adults and sexually active women. These 
bacteria express virulence factors, which pro- 
mote inflammation and tissue damage. These 
include lipopolysaccharide, adhesins, and to- 
xins. Acute kidney injury can occur as a comp- 
lication of UTI in some cases. The mechanism 

of AKI due to UTI is complex and can involve 
several factors enumerated below.  

Infection-related inflammation:  
 Urinary tract infection, particularly pye- 
lonephritis which is an upper UTI, can cause 

inflammation of the kidneys. Inflammatory 
processes triggered by the infection can lead 
to damage to the kidney tissue, including the 
renal tubules. Inflammation can also result in 
increased permeability of blood vessels in the 
kidney, leading to leakage of fluid and proteins 
into the kidney tissue and impairing normal 

kidney function (22). Predisposing factors to 
development of UTI-AKI include advancing 
age, diabetes mellitus, upper UTI, afebrile sta- 
tus, and impaired baseline renal function (23).  
Advanced age is a known risk factor for UTI-
associated AKI, as elderly patients may have 

reduced physiological reserves and increased 

vulnerability to infections. Diabetes mellitus 
predisposes patients to UTI-related AKI due to 
compromised immune function and impaired 
renal perfusion (23).    

 Furthermore, upper UTIs, which invol- 
ve the kidneys pose a higher risk of AKI com- 
pared to lower UTIs (22). Additionally, afebrile 
UTI patients may not exhibit typical signs of 
infection, leading to delayed diagnosis and 
treatment, which can increase the risk of AKI. 
Lastly, patients with impaired baseline renal 

function such as those with pre-existing chro- 
nic kidney disease, may be more susceptible 
to UTI-related AKI due to reduced renal res- 
erve (13). Therefore, vigilance and close mon- 
itoring is required in management of UTI 

especially in immunocompromised patients to 

avoid progression, thus preventing further re- 
nal damage and improving patient outcomes.                           

Obstruction:     
 UTI can cause obstruction in the uri- 
nary tract, which can lead to backflow of urine 

and increased pressure in the kidneys. This 
can disrupt normal kidney function and impair 
blood flow to the kidneys, leading to AKI. 
Obstruction can be caused by factors such as 
urinary stones, blood clots, or swelling of the 
urinary tract due to infection (24).                    

Toxins produced by bacteria:   
 Some bacteria that cause UTIs can 

produce toxins which can directly damage the 
kidney tissue. For example, certain strains of 
E. coli, which are a common cause of UTIs, can 

produce Shiga toxin that can cause kidney 
injury (25,26).  

Immune response:    
 AKI may also be brought on by the 
immunological response to UTIs (27). The im- 

mune system may generate inflammatory me- 
diators in reaction to the infection, which can 
harm kidney tissue and decrease kidney func- 
tion (27-29).                   

Host factors:     
 Individual patient factors, such as age, 

overall health status, and pre-existing kidney 
disease, can also influence the development of 
AKI in the setting of UTI. Patients with pre-
existing kidney disease or other risk factors for 
AKI may be more susceptible to kidney injury 
due to UTI (1).     

 It is important to note that not all UTIs 
will result in AKI, and the risk of AKI due to 
UTI varies depending on multiple factors. Pro- 
mpt diagnosis and appropriate treatment of 
UTIs are important to prevent complications 
such as AKI. Treatment of UTI-related AKI 
involves the use of antibiotics to eradicate the 

bacterial infection and supportive measures 
such as hydration and electrolyte manage- 
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ment (1). In severe cases, renal replacement 

therapy may be necessary (1). Prevention of 
UTIs can be achieved through good hygiene 
practices, adequate fluid intake, and prophy- 
lactic antibiotic therapy in high-risk indivi- 

duals. 

2. Sepsis-associated AKI 

 The Surviving Sepsis Campaign 2016 
International guidelines define sepsis as a life-
threatening organ dysfunction caused by dys- 
regulated host response to infection, spreads 
throughout the body (30). Sepsis is a leading 
cause of AKI in critically ill patients (31). The 
most commonly implicated bacterial species 

implicated in sepsis include E. coli, K. pneumo- 

niae, and P. aeruginosa (32-34). Viral, fungal, 
and parasitic causes of sepsis are relatively 
uncommon (34). Respiratory, gastrointestinal, 
genitourinary, and skin or soft tissue infections 
are the most common foci of sepsis, account- 
ing for more than 80% of cases (30,34). 

Urinary tract infections more commonly lead 
to culture positive sepsis. The pathogenesis of 
UTI-AKI is thought to differ from non-UTI-AKI 
but is also complex and multifactorial (35).
 Sepsis results in widespread release of 
cytokines and other inflammatory mediators, 

which ultimately results in extensive inflamm- 
ation and damage to various organs, including 
the kidneys where tubular cell injury and 
necrosis results in decline in glomerular filt- 

ration rate and ultimately lead to AKI (31,35-
37). Previous assumption has been that hypo- 
tension causing hypoperfusion of kidneys was 

the major cause of AKI in sepsis, however, 
recently it has been proven that microvascular 
dysfunction with release of inflammatory med- 
iators, cytokines, microparticles with adapta- 
tion of tubular cells, is the major contributor 
of sepsis induced AKI (31). It has also been 
suggested that patients with UTI-AKI may 

respond differently to interventions and have 
outcomes different from patients with non-
UTI-AKI (1).      
 The severity of AKI in sepsis can vary, 
but it is often associated with a high mortality 

rate. In addition, sepsis-related AKI has been 

linked to an increased risk of developing chro- 
nic kidney disease (CKD) and end-stage renal 
disease (ESRD) (1,35). Therefore, early reco- 
gnition and treatment of sepsis are critical in 
preventing the development of AKI and its 
associated complications. The management of 
sepsis-related AKI involves addressing the 

underlying infection, optimizing hemodynamic 
status, and providing supportive care, such as 
renal replacement therapy when necessary 
(30,31). Antibiotic therapy is the cornerstone 
of sepsis management and should be initiated 
as soon as possible after diagnosis (30,34). 

 

3. Viral infections and AKI 

 Viral infections have been identified as 
potential causes of acute kidney injury AKI. 

The viruses that have been associated with 
AKI include adenovirus, cytomegalovirus 
(CMV), Epstein-Barr virus (EBV), hepatitis B 
and C viruses, and human immunodeficiency 
virus (HIV) (38-42). Direct viral invasion of 
kidney cells is one mechanism by which cer- 

tain viruses can cause AKI. For example, 
viruses like cytomegalovirus (CMV) and aden- 
ovirus can directly invade renal tissue, leading 
to inflammation, necrosis, and dysfunction of 
the kidneys (41,43). This can result in direct 
damage to the renal cells and structures, 
leading to AKI. Immune-mediated injury is 

another mechanism by which viral infections 
can lead to AKI. Viral infections can trigger an 
immune response that results in inflammation 
and immune-mediated injury to the kidneys 
(44,45). This can occur through the formation 
of immune complexes during the viral infection 
that deposit in the kidneys, leading to 

glomerulonephritis.  
 Haemodynamic instability is another 
significant factor in the development of AKI 
during viral infections. Severe viral infections 
can cause hemodynamic instability such as 
hypotension, sepsis, or shock, which can red- 

uce blood flow to the kidneys and result in 
ischemic injury (46). Reduced blood flow can 

impair the normal functioning of the kidneys 
and contribute to the development of AKI. 
Systemic inflammation is also a key mecha- 
nism by which viral infections can cause AKI. 
Viral infections can trigger a systemic inflam- 

matory response that can directly or indirectly 
damage renal tissue (47,48). This can occur 
through the release of inflammatory mediators 
and cytokines during the viral infection, lead- 
ing to inflammation and injury to the kidneys 
(38).   
 Rhabdomyolysis is another mechanism 

by which viral infections can contribute to AKI. 
Certain viral infections can cause muscle 
breakdown, resulting in the release of myoglo- 
bin into the bloodstream. Myoglobin can then 

accumulate in the kidneys, leading to myoglo- 
bin-induced kidney injury and potentially con- 

tributing to the development of AKI (49). Thr- 
ombotic microangiopathy is also a mechanism 
by which certain viral infections can cause AKI 
(50). Viral infections, such as human immuno- 
deficiency virus (HIV), can cause widespread 
clotting of small blood vessels, impairing renal 
blood flow and leading to AKI (50,51). 

 Identifying the viral aetiology of AKI 
requires a thorough evaluation, including a 
detailed patient history, physical examination, 
and laboratory investigations. Serological tes- 
ting for viral antibodies, viral nucleic acid test-  
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ing (such as polymerase chain reaction), and 

viral antigen detection are commonly used 
methods for identifying the viral cause of AKI. 
In some cases, renal biopsy may be necessary 
to confirm the viral aetiology of AKI (52,53). 

Viral infections can thus cause AKI through 
various mechanisms, including direct cyto- 
pathic effects, immune complex deposition, 
and drug toxicity. Although rare, AKI should be 
considered in patients with viral infections, 
especially those who are immunocompro- 
mised or have other risk factors for AKI. 

4. Fungal infections and AKI 

 Fungal infections are increasingly rec- 

ognized as a potential cause of acute kidney 

injury (AKI), particularly in immunocompro- 
mised individuals (54). Fungal infections can 
cause AKI through various mechanisms, inc- 
luding direct invasion of renal tissue, immune-
mediated injury, thrombotic microangiopathy, 
and obstructive manifestations. Direct inva- 

sion of renal tissue by fungi can result in tissue 
damage and inflammation, leading to AKI 
(54). Fungal species such as Candida, Asper 
gillus and Cryptococcus can invade the renal 
tissue, leading to inflammation, necrosis, and 
dysfunction of the kidneys (55,56). This can 

result in direct damage to renal cells and 
structures, leading to AKI. 
 Immune-mediated injury is another 
mechanism by which fungal infections can lead 

to AKI (57). Fungal infections can trigger an 
immune response that results in inflammation 
and immune-mediated injury to the kidneys. 

This can occur through the formation of imm- 
une complexes or hypersensitivity reactions 
during the fungal infection, leading to glomer- 
ulonephritis or interstitial nephritis, which can 
contribute to the development of AKI (54,57).
 Thrombotic microangiopathy is another 
mechanism by which fungal infections can 

cause AKI. Fungal infections, such as invasive 
aspergillosis, can cause widespread clotting of 
small blood vessels, impairing renal blood flow 
and leading to AKI (58-60). The formation of 
microclots in the renal vasculature can cause 

thrombotic microangiopathy, a condition cha- 

racterized by microvascular thrombosis, plate- 
let aggregation, and endothelial injury (61, 
62). Obstructive manifestations of fungal infe- 
ctions can also lead to AKI (61,63). Fungal 
infections can cause obstruction in the urinary 
tract, leading to obstructive uropathy and 
subsequent renal dysfunction. Fungal elem- 

ents can form mycotic balls or fungal balls in 
the renal pelvis, ureters, or bladder, leading to 
obstruction and impaired urine flow, which can 
result in AKI.   
 Diagnosing fungal infections as the 
cause of AKI requires a high index of suspicion 
and careful evaluation. A thorough patient 

history, physical examination, and laboratory 

investigations, including blood cultures, fungal 

serology, and imaging studies, may be nece- 
ssary to identify the fungal aetiology of AKI. In 
some cases, renal biopsy may be required to 
confirm the presence of fungal elements in 

renal tissue.    
 Management of fungal-associated AKI 
involves prompt removal of any indwelling uri- 
nary catheters or other foreign bodies, as well 
as the initiation of appropriate antifungal the- 
rapy (12,64). In cases of obstructive uropathy, 
urgent decompression of the collecting system 

with placement of a nephrostomy tube may be 
necessary to preserve renal function. In sev- 
ere cases, renal replacement therapy may be 
required until the patient's underlying infec- 
tion is controlled and renal function recovers. 

Understanding the mechanisms by which fun- 

gal infections can cause AKI, including direct 
invasion, immune-mediated injury, thrombotic 
microangiopathy, and obstructive manifesta- 
tions, is crucial for accurate diagnosis and 
management of AKI associated with fungal 
infections.  

Role of microbiome in AKI 

 The human microbiome, which con- 

sists of trillions of microorganisms residing in 
and on the body, has been recognized as a 
crucial factor in human health and disease 
(65,66). Emerging evidence suggests that 

alterations in the microbiome can impact the 
development and progression of AKI. The mic- 
robiome can play a role in AKI through several 

mechanisms. First, dysbiosis, or an imbalance 
in the composition and function of the micro- 
biome, can lead to the production of harmful 
metabolites or toxins that can directly damage 
renal tissue and impair renal function (67). For 
example, gut dysbiosis can result in increased 
production of trimethylamine-N-oxide (TMAO), 

a metabolite associated with cardiovascular 
and renal dysfunction, which can contribute to 
the development of AKI (68,69). 
 The microbiome can also influence the 
host immune response, leading to immune-
mediated injury in the kidneys. Dysbiosis can 

trigger an abnormal immune response, lead- 
ing to systemic inflammation and immune-
mediated injury to renal tissue. This can result 
in inflammation, tissue damage, and impaired 
renal function, contributing to the develop- 
ment and progression of AKI (70,71). The 
microbiome can affect the systemic and renal 

hemodynamics (65,72). Microbial metabolites, 
such as short-chain fatty acids, can modulate 
renal blood flow, vascular tone, and blood 
pressure, which can have direct effects on 
renal function (73). Alterations in the micro- 
biome can disrupt these regulatory mecha- 
nisms, leading to haemodynamic instability 

and contributing to AKI. Dysbiosis can affect 
the microbiome's capacity to control the imm- 
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une response and modify the host's reaction 

to sepsis (74). In septic individuals, this may 
lead to organ failure, systemic inflammation, 
and AKI .    
 An active area of research is figuring 

out how the microbiota affects AKI, and inter- 
ventions targeting the microbiome may hold 
promise as potential therapeutic strategies for 
AKI. Strategies such as probiotics, prebiotics, 
faecal microbiota transplantation, and dietary 
interventions are being explored to modulate 
the microbiome and potentially mitigate the 

risk or severity of AKI. 

Approach to management of patients 

with microbial-associated AKI   

 In the context of AKI with suspected 
infectious aetiology, a systematic and compre- 
hensive microbiological workup is imperative 
for appropriate diagnosis and management. 

This includes a step-wise approach that enc- 
ompasses sepsis workup, evaluation of UTI 
(complicated and uncomplicated), assessment 
for viral, fungal, and bacterial infections, con- 
sideration of the patient's microbiome and vig- 
ilance towards antibiotic toxicity. 

Sepsis workup:     

 Suspected sepsis requires expedited 
blood cultures to identify the causative micro- 
organism(s) and guide timely initiation of app- 
ropriate antibiotic therapy (31). Multiple blood 

cultures from different sites should be obtai- 

ned prior to initiating antibiotics, if feasible, to 
maximize the likelihood of positive culture 
results. Concurrent laboratory tests such as 
complete blood count, coagulation studies, 
and inflammatory markers aid in determining 
the severity and progression of sepsis. 

UTI work up:     

 A urine culture with sensitivity testing 
should be performed in all suspected cases of 
UTIs with AKI. Quantitative urine cultures are 
preferred for accurate results (75,76). Urine 
culture identifies the specific microorganisms 

responsible and facilitates tailored antibiotic 
selection. In complicated UTIs, additional ima- 

ging studies such as computerized tomogra- 
phic (CT) or ultrasound scan may be necessary 
to evaluate for urinary tract abnormalities or 
abscesses. 

Viral, fungal, and bacterial workup:  
 In certain clinical scenarios, viral, fun- 
gal, and bacterial infections may need to be 
considered. For instance, in immunocompro- 
mised patients, viral infections such as CMV or 
polyomavirus may be suspected. Risk factors 

such as recent antibiotic use or indwelling 
urinary catheters may prompt consideration of 
fungal infections caused by Candida. Exten- 
ded-spectrum beta-lactamase (ESBL) testing 

may be warranted in cases of suspected anti- 

biotic-resistant bacterial infections. 

Other factors worth considering:  

 Antimicrobial therapy, in addition to 

other supportive therapies, may be required to 
effectively manage AKI. Renal replacement 
therapy (RRT) is a common intervention used 
in cases of severe AKI or when conservative 
management fails to improve renal function. 
RRT includes haemodialysis, peritoneal dialy- 

sis, and continuous renal replacement therapy. 
Other supportive therapies may include elec- 
trolyte replacement, blood pressure manage- 
ment, and nutritional support. 

Prevention:     
 In addition to contributing to emer- 

gence of antibiotic-resistant bacteria that can 
cause serious infections that can result in AKI, 
antibiotic abuse and misuse can also cause 
renal impairment. However, when used appro- 
priately, antibiotics can prevent development 
of AKI (77,78). AKI-causing diseases such as 

hepatitis and COVID-19 can be prevented by 
vaccinations. For proper kidney function to be 
maintained, adequate water intake is essential 
as AKI can develop as a result of dehydration, 
especially in persons who are already at higher 
risk due to underlying medical disorders.
 Early recognition and management of 

infections that can lead to AKI are critical in 
preventing the progression of the disease. 

Timely diagnosis and appropriate treatment of 
infections can help reduce the risk of compli- 
cations and improve outcomes in people with 
AKI. It is important to note that the compre- 
hensive management of AKI requires a multi- 

disciplinary approach, involving physicians, 
nurses, pharmacists, and other healthcare 
professionals. The management of AKI should 
be guided by the underlying cause, severity of 
the condition, and the patient's clinical status. 

Conclusion and future direction: 

 There is still much to learn about the 

pathophysiology of AKI caused by infectious 
pathogens, despite progress in diagnosis and 

treatment. To find novel biomarkers that can 
help in the early identification and diagnosis of 
AKI brought on by infectious pathogens, more 
study is required. Additionally, more research 

is required to examine the possible application 
of novel therapeutics, such as immunomodu- 
latory drugs and stem cell therapies, for the 
prevention and treatment of AKI. 
 Furthermore, for the development of 
targeted therapeutics that can successfully 
treat and prevent this disorder, it will be ess- 

ential to comprehend the interaction between 
infectious pathogens and the immune system 
in the pathogenesis of AKI. To address this 
significant public health concern and enhance 
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outcomes for patients with AKI brought on by 

infectious agents, doctors, researchers, and 
public health officials must work together. The 
emerging understanding of how the micro- 
biome influences the risk and severity of AKI 

is another significant advance. Modulation of 
the microbiome may be a viable strategy for 
preventing and treating AKI. 
 Despite recent advances, much rem- 
ains to be done to improve the prevention, 
diagnosis, and management of AKI caused by 
infectious agents. Future research should fo- 

cus on developing new strategies for preven- 
ting infections, identifying novel biomarkers 
for early detection and monitoring of AKI, and 
exploring the role of the microbiome in AKI 
pathogenesis. By addressing these challenges, 

we can hope to reduce the burden of AKI and 

improve outcomes for affected patients. 
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Abstract: 
 
Human immunodeficiency virus (HIV) infection and acquired immune deficiency syndrome (AIDS) remain major 
public health issues in Nigeria and other developing countries. Discrimination even among healthcare workers 
(HCWs), which includes poor service delivery at the point-of-care and human rights abuses, are the main factors 
that continue to hinder HIV eradication in developing countries, and these spread across all levels of HIV/AIDS 
services, from counseling and testing, to treatment and care. People living with HIV/AIDS (PLWHA) have 
continued to suffer from unethical conduct, human rights abuses, discrimination, and stigmatization from HCWs, 
employers of labor, educational institutions, religious houses, and the public. There exist Federal and some State 
laws that protect the rights and privileges of PLWHA, prevent discrimination and stigmatization from the general 
public, prevent employers from discriminating against persons with HIV infection, protect workers who criticize 
hazardous conditions in the workplace, and offer compensation to victims of HIV-related human rights abuses 
and employees for contracting job-related diseases. However, HIV-related human rights abuses, stigmatization, 
and discrimination, have continued unabated, not because there are no laws to protect victims, but due to 
ignorance of the law, complicated by the fact that some existing laws have remained dormant with regard to 
implementation and enforcement. Domestication of these laws by various State Governments in the country and 
enforcement by relevant institutions are also big issues. It is imperative for healthcare professionals to be aware 
of current professional standards and the general public to be aware of laws protecting victims of the virus. 
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Résumé: 

L'infection par le virus de l'immunodéficience humaine (VIH) et le syndrome d'immunodéficience acquise (SIDA) 
restent des problèmes de santé publique majeurs au Nigeria et dans d'autres pays en développement. La 
discrimination, même parmi les travailleurs de la santé (TS), qui comprend une mauvaise prestation de services 
au point d'intervention et des violations des droits de l'homme, sont les principaux facteurs qui continuent 

d'entraver l'éradication du VIH dans les pays en développement, et ces facteurs se propagent à tous les niveaux 
du VIH/SIDA services, du conseil et du test au traitement et aux soins. Les personnes vivant avec le VIH/SIDA 
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(PVVIH) ont continué de souffrir de comportements contraires à l'éthique, de violations des droits humains, de 
discrimination et de stigmatisation de la part des travailleurs de la santé, des employeurs, des établissements 
d'enseignement, des maisons religieuses et du public. Il existe des lois fédérales et certaines lois étatiques qui 
protègent les droits et privilèges des PVVIH, préviennent la discrimination et la stigmatisation de la part du grand 
public, empêchent les employeurs de discriminer les personnes infectées par le VIH, protègent les travailleurs qui 
critiquent les conditions dangereuses sur le lieu de travail et offrent une indemnisation aux victimes des violations 
des droits de l'homme liées au VIH et des employés qui ont contracté des maladies liées au travail. Cependant, 
les violations des droits humains, la stigmatisation et la discrimination liées au VIH se poursuivent sans relâche, 
non pas parce qu'il n'existe pas de lois pour protéger les victimes, mais en raison de l'ignorance de la loi, 
compliquée par le fait que certaines lois existantes sont restées en sommeil avec en ce qui concerne la mise en 
œuvre et l’application. La domestication de ces lois par les différents gouvernements des États du pays et leur 
application par les institutions compétentes constituent également des problèmes majeurs. Il est impératif que 
les professionnels de santé connaissent les normes professionnelles en vigueur et que le grand public soit informé 
des lois protégeant les victimes du virus. 

Mots-clés: VIH/SIDA; Abus des droits de l'homme; discrimination; stigmatisation; loi 

Introduction: 
 

 Some years ago, people could not come 
out publicly to talk about their HIV status. 
Today, while there have been tremendous ach- 
ievements on the journey as far as HIV/AIDS 

awareness is concerned, we must recognize 
the fact that much more still needs to be done 
to ensure that people living with and affected 
by HIV and AIDS (PLWHA) have the right to 
access care and to live free from HIV-related 
stigma and discrimination (1). Human immuno 
deficiency virus (HIV) infection and acquired 

immunodeficiency syndrome (AIDS) remain 
major public health issues in Nigeria (1).  

 Acts of stigmatization and discrimina- 
tion from healthcare workers (HCWs), which 
include poor service delivery at the point-of-
care and human rights abuses, as well as from 
the general public, are the main factors that 

continue to hamper HIV eradication in Nigeria. 
These acts spread across all levels of HIV/ 
AIDS services, from counseling and testing, to 
treatment and care, thereby discouraging peo- 
ple from getting tested and treated (2). 
 The 2015 UNAIDS guideline on termi- 

nologies defines stigma as a set of beliefs or 
attitudes designating a person or group of ind- 
ividuals as undeserving or dishonorable (3). 
Discrimination is a consequence of stigma when 

any form of division, exclusion, or restriction 
is exhibited against any individual because of 
certain personal attributes or characteristics. 

For effective and operational purposes, HIV-
related stigma is labeled as negative beliefs, 
feelings and attitudes toward PLWHA (4).  
 Although stigma has been significantly 
reduced by training and retraining of service 
providers, poor or lack of access to HIV/AIDS 
care services, especially lack of access to anti- 

retroviral drugs and other supportive care, 
complicated by poor attitude of HCWs towards 
PLWHA, has remained a huge burden on fight- 
ing HIV and AIDS to finish, resulting in high 
cases of HIV/AIDS-related deaths in some de- 

veloping countries (2). Disciplinary laws aga- 

inst homosexuals and injection drug users 
(IDUs) have caused difficulties in accessing 
HIV care services for many reasons which inc- 

lude fear of disclosing their lifestyle and status 

to healthcare professionals (5). 
 The commonest approach targeted at 
reducing HIV stigma and discrimination in Nig- 
eria is media campaigns and public awareness 
aimed at educating the public about HIV and 
the eventual reduction of stigma and discrimi- 

nation. Other strategies include measures put 
in place for counseling, testing, and treatment 
(2). The main philosophy of these approaches 
was that if HIV is seen as a chronic condition 
like diabetes and hypertension, the infection 
would be well humanized thereby reducing sti- 
gma and discrimination against people infec- 

ted and affected by HIV. Two other programs 
related to HIV stigma in Nigeria were the 

PLWHA Stigma Index (SI) measurement (6), 
and the Legal Environment Assessment (LEA) 
in the HIV response (7).  
 This review is aimed at examining rel- 
evant laws and legislations as well as existing 

medical professional ethics that protect the 
rights and privileges of PLWHA, and also cre- 
ate general awareness among healthcare prof- 
essionals, PLWHA and the public. 
 

Brief overview of HIV/AIDS: 
 
Background:  
 Human immunodeficiency virus (HIV), 
the causative agent of AIDS, is a single-stran- 

ded RNA retrovirus that attacks specific white 
blood cells with CD4 receptor on their surface 
(8). The virus is classified into types, groups, 

subtypes, and sub-subtypes according to its 
genetic variety (8). HIV type 1 (HIV-1) is ext- 
ensively distributed worldwide and can be fur- 
ther divided into four genetic groups; group M 
(major), group O (outlier), group N (new or 
non-M, non-O), and the newly categorized gr- 
oup P (8). Whereas HIV-1 groups N, P, and O 

are limited to countries of the Central Africa, 
mainly Cameroon, HIV-1 group M is respon- 
sible for the AIDS pandemic, being responsible 
for more than 90% of worldwide HIV infections 
(9). HIV-2 is restricted to the West African 

countries (10). Nine subtypes of HIV-1 group 

M are presently known (A–D, F–H, J, and K). 
Some subtypes are further characterized into 
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sub-subtypes, for example, subtype A into A1, 
A2, and A3, and subtype F into F1 and F2 (10). 
 HIV can be transmitted through sex, 
needles, unsterilized instruments, unscreened 
blood transfusions, and other routes. The virus 

destroys the CD4+ cells, weakening infected 
person’s immune system against opportunistic 
infections such as tuberculosis and fungal inf- 
ections, severe bacterial infections, and some 
cancers (11). Globally it is estimated that 36.7 
million people are living with HIV/AIDS and 
25.5 million of these are in sub-Saharan Africa 

(12). Every individual who may be at risk for 
HIV should have access to testing, according 
to the WHO. It is important that HIV testing 

services follow the 5Cs; consent, confidential- 
ity, counseling, correct results, and connection 
with treatment and other supportive services  

(11).  
 
Clinical presentation of HIV infection: 
 In the first few months following infec- 
tion, many persons do not exhibit any HIV-
related symptoms and may not even be aware 
that they are infected. Flu-like symptoms such 
as fever, sneezing, headache, and sore throat 
could be early symptoms in others. However, 

the virus is most contagious during these 
initial few months (11). As the disease prog- 
resses, symptoms will be more pronounced, 
and these may include swollen lymph nodes, 

weight loss, fever, diarrhea, and cough. HIV 
impairs the body's capacity to fight other inf- 

ections, and without treatment, persons with 
HIV will become more vulnerable to other sev- 
ere illnesses such as tuberculosis, bacterial 
infections, cryptococcal meningitis, and some 
malignancies such as lymphomas and Kaposi's 
sarcoma (11).  
 Rapid test kits can be used to diagnose 

HIV and they offer immediate results, but a 
laboratory test is still necessary to confirm the 
diagnosis. Early detection increases treatment 
options and lowers the chance of spreading to 
others, such as sexual partners and needle-
sharing partners (11). 
 
Prevention and treatment: 

 HIV transmission is fully preventable. 
Effective treatment with antiretroviral therapy 
(ART) prevents transmission from mother to 
child during pregnancy, delivery, and breast- 
feeding. An infected person on antiretroviral 
therapy and virally suppressed (viral load less 
than 1000 copies per milliliter) will not trans- 

mit HIV to their sexual partners. (11). The use 
of condoms prevents HIV and other sexually 
transmitted infections, and prophylactic use of 
antiretroviral medicine prevents HIV. Circum- 
cision of males is advised in high-burden Afri- 
can nations. Harm reduction (needle syringe 

programs and opioid substitution therapy) 

prevents HIV and other blood-borne infections 
in people who inject drugs (12). 

 HIV is treated with antiretroviral drugs 
which are usually a combination of more than 
one drug. While ART cannot cure HIV, it slows 
down blood-borne viral reproduction and red- 
uce the viral load to undetectable levels. ART 

enables PLWHA to live healthy and productive 
lives. It also serves as an efficient preventa- 
tive measure, lowering the probability of tran- 
smission by 96% (12). As soon as feasible 
after an HIV diagnosis, people should be off- 
ered and connected to antiretroviral treatment 
(ART). Counseling on adherence to ART and to 

stop engaging in practices that encourage 
transmission, and periodic monitoring using 
clinical and laboratory parameters are para- 

mount (12). 
 

Plights of HIV victims and resul- 

tant ethico-legal issues: 
 

 In Nigeria and other developing coun- 
tries, the Fundamental Human Rights (FHRs) 

of PLWHA are constantly violated with reckless 
abandon in several ways, such as testing with- 
out consent, refusal of treatment, and lack of 
confidentiality (5). Testing without consent ap- 
pears to be common practice in many private 
and public healthcare settings, for example, 
pregnant women who attend antenatal care 

(ANC) are often tested for HIV without coun- 

seling and without their consent (13). Testing 
without consent also occurs in pre-employ- 
ment screening and pre-admission medical fit- 
ness tests in educational institutions, and at 
times testing for research purposes, are viola- 
tions of the FHRs of these individuals (14).    

 Medical ethics is a system of moral 
principles that spread across values and clini- 
cal judgments with regard to the practice of 
medicine and medical research allowing for 
people, regardless of ethnicity, religion or gen- 
der, to receive high-quality ethical care. Four 

commonly accepted principles of healthcare 
ethics include respect for autonomy, principle 
of non-maleficence, beneficence, and justice 

(14). Autonomy refers to the patient's right to 
decide what happens to his/her own body, 
whereas confidentiality refers to the patient's 
health information being kept confidential and 

not disclosed to a third party without the pati- 
ent's consent (15). Beneficence requires the 
medical practitioner to act in the best interest 
of the patient. Many ethical and legal issues 
may arise in an effort to prevent or control the 
further spread of the virus (15). 
 The duty of confidentiality of HCWs to 

their patients is not usually upheld in cases in- 
volving PLWHA. Where people fear forced tes- 
ting or disclosure of their health status without 
their consent, they will avoid HIV counseling, 

testing, and support because these are likely 
to mean that they will face stigma, discrimina- 

tion, and other negative effects of the breach 

https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/testing-diagnostics/hiv-testing-services
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/testing-diagnostics/hiv-testing-services
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/treatment
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/treatment
https://www.who.int/initiatives/triple-elimination-initiative-of-mother-to-child-transmission-of-hiv-syphilis-and-hepatitis-b
https://www.who.int/initiatives/triple-elimination-initiative-of-mother-to-child-transmission-of-hiv-syphilis-and-hepatitis-b
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/populations
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/strategic-information/person-centered-hiv-patient-monitoring
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of such duty (15). The FHRs of PLWHA are viol- 
ated when they are subjected to degrading or 
dehumanizing treatment simply because of 
their HIV status. (14) The instances where an 
employer denies a person employment bec- 

ause of his HIV status, a health worker refuses 
to treat a person living with the virus, friends 
and family avoid him/her like a plague, or a 
person’s movement is restricted all because of 
his HIV status, all amount to stigmatization 
and discrimination, and a violation of their rig- 
hts and privileges guaranteed under the law 

(15). 
 

Legal and Ethical Perspectives: 
 

1. Fundamental Human Rights by the Nigerian 

Constitution: 

 Fundamental Human Rights (FHRs) 
are a set of worldwide entitlements that per- 
sons enjoy irrespective of their gender, cult- 
ure, religion, culture, nationality or other sta- 
tus that are protected and proclaimed by both 
local and international laws. In Nigeria, the 
provisions on FHRs are enshrined in chapter 4 

(sections 33 to 44) of the 1999 Constitution of 
the Federal Republic of Nigeria (16). They are 
not to be violated, but where they are violated, 
the plaintiff (victim) can seek redress in a 
court of law. Hence, as for every other person, 

the FHRs of PLWHA are well protected by the 
Constitution (16).  

 Section 33 (RIGHT TO LIFE) states; 
“Every person has a right to life, and no one 
shall be deprived intentionally of his life”; 
Section 34 (RIGHT TO DIGNITY OF HUMAN 
PERSON) states “Every individual is entitled to 
respect for the dignity of his person, and acc- 

ordingly, no person shall be subjected to tor- 
ture or to inhuman or degrading treatment”; 
Section 35 (RIGHT TO PERSONAL LIBERTY) 
states “Every person shall be entitled to his 
personal liberty and no person shall be depri- 
ved of such liberty”; Section 37 (RIGHT TO 
PRIVACY) states “The privacy of citizens, their 

homes, correspondence, telephone conversa- 
tions, and telegraphic communications is here- 
by guaranteed and protected”; and Section 42 
(RIGHT TO FREEDOM FROM DISCRIMINA- 
TION) states “No citizen of Nigeria shall be 
subjected to any form of discrimination and                
deprivation”. 

 One of the major challenges of FHRs 
as enshrined in the constitution is the fact that 
FHRs are not absolute. According to Section 45 
sub-section 1 of the Constitution, “Nothing in 
Sections 37, 38, 39, 40, and 41 shall invalidate 
any law that is substantially justifiable in a 

democratic society; (a) in the interest of def- 
ense, public safety, public order, public mora- 

lity, or public health, or (b) for the purposes of 
protecting the rights and freedom of other per- 
sons”. This provision provides grounds upon 
which certain FHRs can be violated and one of 

such grounds is public health. It therefore 
goes without saying that where the disclosure 
of the HIV status of a person would be in the 
better interest of the public, such disclosure 
will not be in contravention of the constitu- 

tionally guaranteed right to privacy of the indi- 
vidual. 
 
2. The Child Rights Act (CRA) 

 The Child's Rights Act (2003) is the 
law that guarantees the rights of all children in 
Nigeria including children affected by HIV/ 

AIDS (17). Children as defined by the Child's 
Rights Act (2003) are any person under the 
age of 18, and this group is usually victims of 

abuse and exploitation in all forms. The Natio- 
nal Human Rights Commission (NHRC) has a 
mandate to promote, protect, and enforce the 
rights of all citizens as well as foreign nationals 

in Nigeria and undertake several procedures of 
promoting and protecting the rights of children 
under this age group because they are vulner- 
able. 
 Section 1 states that “In every action 
concerning a child, whether undertaken by an 
individual, private or public body, service or 

institutions, court of law, or administrative or 
legislative authority, the best interest of the 
child shall be the primary consideration” (17). 
Section 2 (A child to be given protection and 

care necessary for his/her well‐being) states 

“A child shall be given such protection and 
care as is necessary for the well‐being of the 

child, taking into account the rights and duties 

of the child’s parents, legal guardians, or other 
individuals, institutions, services, agencies, 
organizations or bodies legally responsible for 
the child” (17). “Every person, institution, 
service, agency, organization, and body resp- 
onsible for the care or protection of children 

shall conform with the standards established 
by the appropriate authorities, particularly in 
the areas of safety, health, welfare, number 
and suitability of their staff and competent 
supervision” (17).  

 Section 3 (Application of Chapter IV of 
the 1999 Constitution) states “The provisions 

in Chapter IV of the Constitution of the Federal 
Republic of Nigeria 1999, or any successive 
constitutional provisions relating to Fundam- 
ental Rights, shall apply as if those provisions 
are expressly stated in this Act” (17). How- 
ever, this very important law is yet to enjoy 
universal acceptance across Nigeria, thereby 

making implementation and enforcement diffi- 
cult. So far, only 24 out of 36 States of the 
Federation have adopted the CRA as a State 
law. 
 
3. The HIV/AIDS Anti-discrimination Act  

 The HIV/AIDS (Anti-discrimination) 

Act was passed into law in the year 2014. It is 

divided into four parts and has 31 sections 
(18). The purpose of the Act is to protect the 
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rights and dignity of PLWHA. Section 1 states  
“(a) eliminating all forms of discrimination 
based on HIV status; (b) fostering an environ- 
ment of acceptance so that people with HIV/ 
AIDS can continue to work in regular settings 

for as long as they are deemed medically fit to 
do so; (c) promoting appropriate and effective 
ways of managing HIV in the workplace, com- 
munity, institutions, and other fields of human 
endeavor; (d) establishing conditions that are 
supportive and safe for everyone to work in 
and learn; (e) achieving balance between each 

person's obligations and rights in society; and 
(f) putting into practice the commitments 
outlined in Chapter 4 of the Federal Republic 

of Nigeria's 1999 Constitution, as amended, 
and other international and regional human 
rights” (18). 

 Section 2 of the Act states that; (a) 
This Act applies to all persons living with and 
affected by HIV and AIDS in Nigeria; (b) The 
Nigerian Armed Forces, Nigerian Police, State 
Security Services, other paramilitary organi- 
zations, schools, hospitals, and places of wor- 
ship, and other employers of labor and emp- 

loyees in both the public and private sectors of 
the country, are covered by this Act (18). 
 Section 8 of the Act, deals with the 
issue of disclosure; “(a) Prior to accessing any 
public or privately delivered services, employ- 

ment and any other opportunity, no individual 
or institutions shall necessitate an individual to 

reveal his or her HIV status or the status of 
other persons, by asking questions, directly or 
indirectly; (b) In spite of the restrictions in this 
section, any spouse or roommate who believes 
they may be in danger of contracting HIV from 
a partner has the right to know their partner's 

HIV status” (18).. 
 Section 9(1) states that “No employer, 
institution, or individual will require a test of 
HIV as a prerequisite for employment, access 
to private or public services or opportunities, 
except where it is shown, on the certification 
of two competent medical authorities (working 

independently), that failure to take such a test 
constitutes a clear and present danger of HIV 
transmission to others”. Section 9 (2) states 
“No educational institution may demand HIV 
testing as part of its standard medical screen- 
ing procedures for student admission or accre- 
ditation” (18). 

 Section 21 (1) of the Act, 2014, orders 
that “an employer employing five or more per- 
sons shall in consultation with the employees 
or their representatives adopt a written work- 
place policy that is consistent with the National 
HIV/AIDS workplace policy for the working 

environment” (18). This Act was passed into 
law in Nigeria in 2014, but has since continued 

to be dormant owing to non-implementation. 
It was enacted to discourage discrimination 
against PLWAHA. It is therefore meaningless 
that a law that was enacted to stop the discri- 

mination of victims of HIV has been dormant 
as if it does not even exist.  
 The HIV/AIDS anti-discrimination Act 
2014 specifically gave the duty to ensure com- 
pliance with the entire HIV/AIDS (Anti-Dis- 

crimination) Act, 2014, to the office of the 
Attorney-General of the Federation. Now the 
problem is, whether the office of the Attorney-
General of the Federation is even aware of this 
Act and why it has not performed its duty of 
ensuring the implementation of the law and 
compliance by institutions of learning and 

employers of labor in Nigeria. It is also worri- 
some that an Act that was enacted about nine 
years ago is yet to be domesticated by many 

States of the Federation, hence making imple- 
mentation and enforcement difficult.  
 
4. The Patients’ Bill of Rights (PBoR) 

 People living with HIV, like every other 
person, are protected under the Patients’ Bill 
of Rights (PBoR), especially with regard to acc- 
ess to emergency healthcare. The PBoR was 
launched by the Federal Government of Nige- 
ria on August 1, 2018 (19) and is a law deve- 
loped by the Consumer Protection Council 

(CPC) in conjunction with the Federal Ministry 
of Health to protect consumers of health ser- 
vices in Nigeria. It sums up the existing rights 
of patients in the Constitution of the Federal 

Republic of Nigeria, the Consumer Protection 
Act, the Child Rights Act, the Freedom of Infor- 

mation Act, the National Health Act, other reg- 
ulations, and professional ethical codes such 
as the Hippocratic Oath. 
 The PBoR lists the patients’ rights and 
responsibilities, and health providers’ respons- 
ibilities toward these rights. It makes the con- 
stitutional right to life more sensitive to every- 

one (19). There are 12 Rights that every pati- 
ent is entitled to, according to the document; 
(a) Right to relevant information, (b) Right to 
timely access to medical records, (c) Right to 
transparent billing, (d) Right to privacy, (e) 
Right to clean healthcare environment, (f) 

Right to be treated with respect, (g) Right to 

receive urgent care, (h) Right to reasonable 
visitation, (i) Right to decline care, (j) Right to 
decline or accept to participate in medical 
research, (k) Right to quality care, and (l) 
Right to complain and express dissatisfaction 
regarding services received.  
 As with other very important Federal 

laws, domestication by many States of the 
Federation is a big issue, even though the 
Federal Competition and Consumer Protection 
Commission (FCCPC) Act empowers the body 
to activate the provisions of Section 17(3) 
(d) of the Constitution, for State-owned or pri- 

vate healthcare facilities and providers, which, 

enjoins the State to ensure that “there are 
satisfactory medical and health services for all 
individuals”. Sadly, apart from the general 
mandate of ServiCom and the FCCPC on con- 
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sumer issues, no government agency is speci- 
fically responsible for the tracking and imple- 
mentation of the PBoR. 
 
5. The Code of Medical Ethics 

 According to Section 1 and subsection 

2(c) of the Medical and Dental Practitioners 
Act (CAP 221), Law of the Federal Republic of 
Nigeria, 1990 (Decree No. 23, 1988), one of 
the statutory duties of the Medical and Dental 
Council of Nigeria (MDCN) is to periodically re- 
view and prepare a statement about the code 

of conduct that the Council considers desirable 
for the practice of the profession in Nigeria, 
known as the Code of Medical Ethics (20). 

 Rule 24 of the Code of Medical Ethics 
(22) gives a guideline on the MANAGEMENT OF 
HIV/AIDS AND OTHER SOCIALLY DREADED 
INFECTIOUS DISEASES and therefore states 

that “The prevalence of highly hazardous (con- 
tagious) ailments should be noted by practi- 
tioners. It is therefore worthy of note that pra- 
ctitioners should in no way discriminate in 
handling and treating such patients, that they 
maintain appropriate confidentiality, and apply 
a multi-disciplinary approach. Such patients 

should only be referred on the precise basis of 
professional competence” (21). 
 “The psychological and social conse- 
quences associated with HIV/AIDS, hepatitis 

B, Lassa fever, Ebola fever and others should 
be up in the minds of practitioners handling 

such cases” (21). “Practitioners should ensure 
that they are not used as agents by employers 
or others to deny infected patients their jobs 
where there is no clinical indication for remo- 
val of such employees from their jobs” (21). It 
becomes ethical for the practitioner to provide 
pre-and post-test counseling when investiga- 

tions are clinically justified (21). Consent is 
not required when a patient is the one looking 
for a diagnosis. However, if an investigation is 
needed only for screening or for research, inf- 
ormed consent is necessary (21). 
 

The Legal Environment Assess- 

ment (LEA) 
 

 The goal of the HIV Legal Environment 
Assessment (LEA) is to advance a greater und- 

erstanding of the nation's laws and policies, 
particularly as they relate to how they affect 
the rights of HIV-positive people, the vulnera- 
bility of individuals to HIV, as well as the impli- 
cations of related laws for individuals and org- 
anizations that work on HIV/AIDS (22). The 
LEA aims to determine which laws and prac- 

tices have the ability to lessen or increase HIV-
related stigma, which laws safeguard against 
discrimination, and which laws can provide 

access to justice through legal redress of HIV-
related discrimination experiences (22). It is 
believed that a thorough assessment of the 

legal and policy environment will help streng- 
then the response system to HIV/AIDS in the 
country (22). 
 The LEA is part of the drive at inter- 
national and regional levels to use laws as 

tools for HIV elimination. To improve equity in 
access to services among key populations, the 
law and regulatory environment must not be 
prohibitive (2). The UN General Assembly fav- 
ors the conduct of LEA. The importance of the 
law in responses to HIV was stressed at its 
Special Session on HIV/AIDS in 2001 as well 

as the Political Declarations of 2006 and 2011, 
including law reform, community education, 
and enforcement mechanisms (22). Recom- 

mendations made to countries include commi-
tment to intensifying national efforts by crea- 
ting enabling legal, social, and policy frame- 

works in each national context to eliminate 
stigma, discrimination, and violence related to 
HIV; promote access to HIV prevention, treat- 
ment, care, and support and non-discrimina- 
tory access to education, health care, employ- 
ment, and social services, as well as provide 
legal protections for people affected by HIV, 

including inheritance rights and respect for 
privacy and confidentiality; and promote and 
protect all human rights and fundamental 
freedoms with particular attention to all people 
vulnerable to and affected by HIV.  

 The LEA reveals the following; (a) The 
experiences of abuse of human rights of 

people living with and affected by HIV/AIDS as 
well as key and affected populations; (b) The 
high cost of and lengthy litigation process hin- 
der progress in seeking redress; (c) The exist- 
ence of a weak legal environment for an effe- 
ctive human rights-based response to HIV/ 

AIDS; and (d) The need for sensitization, and 
community mobilization for the popularization 
of provisions of the Anti-Discrimination Act 
and the corresponding laws (22).  
 The LEA in Nigeria was therefore desi- 
gned to identify and review existing laws, 
regulations, and policies that could impact the 

national HIV response through varieties of 
qualitative research methodologies, such as 
desk review, focus group discussion, in-depth 
interviews, and key informant interviews (7). 
Findings showed that the legal environment in 
Nigeria is weak for effective human rights-
based response to HIV/AIDS (7). While advo- 

cating for the review and domestication of 
many of the existing laws related to HIV/AIDS 
victims and their care, the LEA report also 
called for legal literacy among key populations 
and stakeholders in the health and justice 
sectors (2). 
 

Conclusion & Recommendation: 
 

 People living with and affected by HIV/ 
AIDS have continued to suffer from unethical 

conducts, human rights abuses, discrimination 
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and stigmatization, from healthcare workers, 
employers of labor, educational institutions, 
religious houses, and the general public, maj- 
orly due to ignorance of the law. Although 
Federal and some State laws already exist that 

protect the rights and privileges of PLHIV, pre- 
vent discrimination and stigmatization from 
the general public, prevent employers from 
discriminating against PLWHA, protect wor- 
kers who criticize hazardous conditions in the 
workplace, and offer compensation to victims 
of HIV-related human rights abuses and emp- 

loyees for contracting a job-related disease, 
HIV-related human rights abuses, stigmatiza- 
tion, and discrimination, have continued una- 

bated. This is not because there are no laws to 
protect victims, but due to ignorance of the 
law, complicated by the fact that some of the 

laws have remained dormant with regard to 
implementation and enforcement. Domestica- 
tion of these laws by various state govern- 
ments is also a big issue. Because several of 
these issues have remained unsettled, it is 
imperative for healthcare workers to be aware 
of current professional standards and the pub- 

lic to be aware of laws protecting victims of the 
virus. 
 Based on the principle of ignorantia 
iuris non est excusatio (ignorance of the law is 
not an excuse), it is extremely important for 

healthcare professionals to be guided always 
by the ethics of the profession and also be 

aware of all relevant laws protecting the rights 
of people living with and affected by HIV and 
AIDS. Although Medical Ethics is part of medi- 
cal education, medicolegal principles should 
be incorporated into medical education for 
medical students as a course on its own and 

part of continuing medical education for medi- 
cal practitioners. Hospitals in Nigeria should 
set up medicolegal departments to be headed 
by a medical practitioner who has a special 
interest in medical law. 
 The Federal Government through the 
office of the Attorney General of the Federation 

should take steps to ensure full implemen- 
tation and enforcement of all the laws pro- 
tecting victims of HIV-related human rights 
abuses. State Governments in Nigeria that are 
yet to domesticate all the relevant laws should 
do so as a matter of urgency towards relieving 
the plight of victims of HIV-related human 

rights abuses. People living with and affected 
by HIV/AIDS as well as the general public, 
should be aware of their rights and privileges. 
This can be achieved by translating all the 
relevant laws into local languages and circu- 
lating them through the mass media. There is 

a need to educate and enlighten law enforce- 
ment agents to be aware of these laws and 
enforce them accordingly. 
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Abstract:  

Background: Post-exposure prophylaxis (PEP) for human immunodeficiency virus (HIV) is the use of short-term 
antiretroviral therapy (ART) following a single risk exposure to a potential source of HIV infection. If commenced 
within 72 hours following exposure, PEP has been reported to be very effective in preventing replication and 
spread of the virus and therefore prevent acquisition of infection. PEP is recommended for exposures occurring 
in both occupational and non-occupational settings. The objectives of this study are to review the profile of 
patients and determine the reasons for accessing PEP services in our facility with a view to recommending 
evidence-based solutions and ultimately contributing to achieving zero transmission of HIV.    
Methodology: A retrospective review of records of patients who received PEP for HIV in our facility over a 10-
year period was carried out. Demographic and clinical variables of interest were extracted from the medical 
records and the PEP register of 252 eligible patients. Data were presented as frequencies, means, percentages 
and range. Bivariate analysis to determine association of clinical and demographic variables was carried out using 
the Statistical Package for the Social Sciences (SPSS) with p<0.05 considered as statistical significance.                    
Results: The mean age of the 252 patients studied was 26.25±11.81 years, and females accounted for 52.7%.  
The commonest reason for seeking HIV PEP was occupational exposure from sharps or needle sticks or splashes 
in 43.3% (109/252), while rape/sexual assault was the most common non-occupational reason for PEP in 29.0% 
(73/252) cases. Most (72.6% and 95.2%) of the patients presented within 24 hours and 72 hours respectively 
following exposure. While females accounted for 98.6% of cases of rape and sexual assault, children aged 10 
years and below made up 28.8%.                           
Conclusion: Although most patients sought PEP for HIV due to occupational exposure, majority of those who 
came for non-occupational exposure were due to rape or sexual assault, most of which occurred in children and 
adolescents. There is need to institute measures aimed at reducing the menace of rape and sexual assault 
especially of minors in our society and for health facilities to have psychosocial support mechanisms for these 
patients. 
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Résumé: 

Contexte: La prophylaxie post-exposition (PPE) contre le virus de l'immunodéficience humaine (VIH) consiste en 
l'utilisation d'un traitement antirétroviral (TAR) à court terme après une exposition à un risque unique à une 
source potentielle d'infection par le VIH. Si elle est débutée dans les 72 heures suivant l'exposition, la PPE s'est 
avérée très efficace pour prévenir la réplication et la propagation du virus et donc empêcher l'acquisition de 
l'infection. La PEP est recommandée pour les expositions survenant dans des contextes professionnels et non 
professionnels. Les objectifs de cette étude sont d'examiner le profil des patients et de déterminer les raisons 
d'accéder aux services de PEP dans notre établissement en vue de recommander des solutions fondées sur des 
preuves et, à terme, contribuer à atteindre zéro transmission du VIH.        
Méthodologie: Une revue rétrospective des dossiers de patients ayant reçu une PPE pour le VIH dans notre 
établissement sur une période de 10 ans a été réalisée. Les variables démographiques et cliniques d'intérêt ont 
été extraites des dossiers médicaux et du registre PEP de 252 patients éligibles. Les données ont été présentées 
sous forme de fréquences, moyennes, pourcentages et étendues. Une analyse bivariée visant à déterminer 
l'association de variables cliniques et démographiques a été réalisée à l'aide du progiciel statistique pour les 
sciences sociales (SPSS), avec p<0,05 considéré comme statistiquement significatif.                         
Résultats: L'âge moyen des 252 patients étudiés était de 26,25±11,81 ans et les femmes représentaient 52,7%. 
La raison la plus courante pour demander une PPE contre le VIH était l'exposition professionnelle à des objets 
tranchants, des piqûres d'aiguilles ou des éclaboussures dans 43,3% (109/252), tandis que le viol/l'agression 
sexuelle était la raison non professionnelle la plus courante pour la PPE dans 29,0% (73/252) des cas. La plupart 
(72,6% et 95,2%) des patients se sont présentés respectivement dans les 24 heures et 72 heures suivant 
l'exposition. Alors que les femmes représentaient 98,6% des cas de viol et d'agression sexuelle, les enfants âgés 
de 10 ans et moins en représentaient 28,8%.                       
Conclusion: Bien que la plupart des patients aient demandé une PPE pour le VIH en raison d'une exposition 
professionnelle, la majorité de ceux qui sont venus pour une exposition non professionnelle étaient dus à un viol 
ou à une agression sexuelle, dont la plupart se sont produits chez des enfants et des adolescents. Il est nécessaire 
d'instituer des mesures visant à réduire la menace de viol et d'agression sexuelle, en particulier contre les mineurs 
dans notre société, et de doter les établissements de santé de mécanismes de soutien psychosocial pour ces 
patients. 

Mots clés: post-exposition; prophylaxie; VIH; rétrospective; enregistrer 

Introduction: 

 The United Nations Program on AIDS 
(UNAIDS) reports that an estimated 1.5 mill- 
ion new infections with the human immuno- 
deficiency virus (HIV) occurred in 2021 (1,2). 
Although there has been a decline in new infe- 
ctions, the UNAIDS had set targets to achieve 

a reduction of new HIV infections to 200,000 
annually by 2030 (3). One of the strategies to 
reduce new HIV infections is the provision of 
postexposure prophylaxis (PEP) (3,4). Post-
exposure prophylaxis (PEP) is the use of short-
term antiretroviral therapy following a single 
risk exposure to a potential source of HIV with 

the aim of preventing acquisition of infection 
(5-8).     
 Post-exposure prophylaxis offers a 

window of opportunity to protect the exposed 
individual from acquiring HIV when commen- 
ced within 24 hours and not later than 72 
hours following the exposure incident. Several 

studies have reported the efficacy of PEP when 
taken appropriately (6,7,9), and is recommen- 
ded for exposures to sources of potential HIV 
infection occurring in both occupational and 
non-occupational settings. Occupational expo- 
sures occur mostly during provision of health 

care services and can result from percuta- 
neous injury from contaminated needles or 
sharps or splashes of blood or other body flu- 
ids on mucosal surfaces or non-intact skin (10, 
11). Studies have reported that about 65% of 

health care workers experience accidental sh- 
arp injuries during their career and 32% ann- 

ually. This exposure places them at risk of 
infections with blood borne viruses, including 
HIV (12). Percutaneous injuries are reported 
to result in about 4.4% new HIV infections an- 
nually among health care workers (13) 

 Non-occupational exposures that req- 
uire PEP include non-use or breakage of con- 
dom during sexual encounter with a partner 
whose HIV status is unknown or a virally un- 
suppressed HIV positive partner, sexual ass- 
ault or rape as well as bites and other injuries 

outside occupational work environment (10, 
11). Sexual assault and rape have been rep- 
orted to occur frequently. In the United States 
(US), a study reported that 21.3% of women 

and 1.4% of men have reported a sexual ass- 
ault or rape in their lifetime (14). Sexual con- 
tact remains a major contributor to the spread 

of HIV transmission globally (13). 
 Post-exposure prophylaxis for HIV re-
quires the use of an appropriate antiretro- 
viral drug (ARV) regimen that is determined 
after clinical assessment of the exposed indivi- 
dual and the exposure incident. A baseline 
assessment of the patient includes a history of 

the type of exposure, the HIV status of the 
source, and if positive, whether virally suppr- 
essed. The exposed individual’s HIV test is also 
carried out to ascertain they are negative bef- 
ore commencing PEP (4,10,11,15). The ARV 
regimens for PEP evolved over time from sin- 
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gle drug in the early phase of HIV epidemic to 

two or three drug regimens due to the efficacy 
of the drugs and the development of resis- 
tance (16). PEP regimens are taken for 28 
days during which the patient has to adhere to 

the medications and avoid other conditions 
that may render the PEP ineffective and thus 
lead to transmission of infection. These condi- 
tions include high risk behaviours that can ex- 
pose them to HIV infection such as unsafe sex, 
sharing of needles as well as avoiding taking 
other medications that can lead to drug inter- 

actions with the ARVs (14,18).  
 When taken appropriately, PEP has 
been reported to prevent transmission of infe- 
ction in up to 80% of exposures (6,17).  Rep- 
orts show that factors contributing to trans- 

mission of infection after PEP include non-adh- 

erence to medications, concomitant use of 
other medication that may interact with the 
ARVs, engaging in high-risk behaviour during 
PEP and follow-up period and possible expo- 
sure to a resistant strain of the virus (17). 
Some studies report that discussing the risks 
of PEP with the patient during clinical assess- 

ment and counselling helps to reduce failure of 
PEP (8,9). The risks aside from failure of PEP 
leading to transmission of infection also inclu- 
des drug side effects (5-8).  
 While some data are now available on 
post-exposure prophylaxis globally, there is 
still a paucity of data from resource constr- 

ained settings on the practice and efficacy of 
PEP. This study seeks to add to the knowledge 
of service providers in our region with a view 
to improving existing practices. The aim of our 
study is to review the profile of patients and 
determine the reasons for accessing PEP servi- 

ces in our facility with a view to recommend 
ways of improving our services and therefore 
reduce the number of new HIV infections follo- 
wing accidental exposure.  

Materials and method:  

Study setting:     
 This study was carried out at the Spe- 
cial Treatment Clinic (STC) of Dalhatu Araf 
Specialist Hospital (DASH), Lafia, Nasarawa 

State, North-central, Nigeria. The hospital is a 
450-bed tertiary health facility which provides 

all levels of healthcare services. The STC pro- 
vides comprehensive ART as well as Sexually 
Transmitted Infections (STI) services.   
 The clinic receives cases of accidental 
exposures referred by other service providers 
from within and outside the facility. The serv- 

ices provided to patients including the anti- 
retroviral (ARV) regimens provided for PEP are 
in line with the national guidelines (18).  

Study design, population and method of samp- 
ling:      

 The study is a retrospective review 

which utilised secondary of patients of all ages 

who presented for post-exposure prophylaxis 
for HIV in the facility over 10 years (March 
2013 to February 2023). All patients who had 
complete data of the desired variables were 

included in the study. A total of 335 patients 
had PEP during the period studied, but 103 of 
them had incomplete data and were therefore 
not included in the final analysis. The study 
was carried out between June 2023 to August 
2023. 

Data collection:    
 Data were collected from the post-ex- 
posure Prophylaxis (PEP) register and the pati- 
ent’s medical records folders. The PEP register 

has provision for collection of patients’ infor- 

mation including the name, hospital and ser- 
vice identification numbers, age, sex, type of 
exposure, ART regimen, pre and post PEP HIV 
test, date PEP was commenced, and outcome 
of intervention. For this study, only data avai- 

lable and complete were extracted into a desi- 
gned proforma.    
 The data include patient’s identifica- 
tion (which was coded for confidentiality), age 
(to the nearest completed years), gender (ma- 
le and female), type of exposure (occupational 
needle stick or blood slashes, sexual assault/ 

rape, non-occupational parenteral exposure 
(blades or bites), and unprotected sex or con- 
dom breakage), type of ARV regimen [Zidovu- 
dine (AZT), Lamivudine (3TC) and Efavirenz 

(EFV); or Tenofovir (TDF) and 3TC; or TDF, 
3TC and EFV; or TDF, 3TC and Atazanavir/ 
ritonavir (ATV/r); or AZT, 3TC and  Lopinavir/ 

ritonavir (LPV/r); or TDF, 3TC and Dolutegra- 
vir (DTG)].     
 Other information extracted from the 
patient’s medical record folders include occu- 
pation of the patient, duration between expo- 
sure and presentation for PEP, HIV status of 

the source of exposure (negative, positive or 
unknown), and outcome of exposure at 1, 3 or 
6 months (documented HIV test result or not 
documented). 

Data analysis:    

 Data were entered into the Statistical 

Package for Social Science (SPSS) version 22 
(SPSS Inc. Chicago, Illinois, USA). Recategori- 
zation of some variables including age group 
(1-5, 6-10 years etc) and duration of exposure 

before PEP (24 hours or less, 24-72 hours, and 
>72 hours) were done. Descriptive statistics of 
variables was carried out and presented as 
frequencies, means, percentages and range. 
Bivariate analysis to determine association of 
clinical and demographic variables was carried 
out with p<0.05 considered as statistical signi- 

ficance.  

Ethical consideration:   

 Ethical approval for the study was obt- 

ained from the DASH Research Ethics Commi- 



HIV post-exposure prophylaxis   Afr. J. Clin. Exper. Microbiol. 2023; 24 (4): 364-372 

 

367 
 

ttee. All patients’ data were coded and pers- 

onal identifiers removed. The PEP register and 
patients’ folders were handled confidentially 
while extracting data by storing in locked cabi- 
net when not in use. Soft copy of research data 

was stored in a password protected laptop 
accessible only to the researchers. Informed 
consent was not necessary for this study as 
the research did not involve contact with the 
patients.  

Results: 

 A total of 335 patients were seen in 
the facility for PEP for HIV within the ten years 
period reviewed. However, only 252 had com- 

plete records and were included in the ana- 

lysis. One hundred and thirty-two (52.4%) of 

the study subjects were females, with male to 

female ratio of 1:1.1. The age range of the pa- 
tients was 1 and 55 years with a mean age of 
26.25±11.807 years. Children aged 5 years or 
younger and those under 15 years constituted 

7.5% (19/252) and 27.0% (68/252) respecti- 
vely.     
 Majority (64.6%) of the study popula- 
tion were in the age range 21-40 years, while 
53.1% were in the age range 21-35 years 
(Table 1). Medical doctors (16.3%), children 
(14.3%), nurses (12.7%) and civil servants 

(6.7%) were the major occupations. A total of 
42.1% (106/252) patients were in health-rela- 
ted occupations while 57.9% (146/252) were 
either in non-health related occupations, child- 
ren or unemployed (Table 1).

         

Table 1: Frequency distribution of the demographic characteristics of patients who had HIV post-exposure prophylaxis at 

Dalhatu Araf Specialist Hospital (DASH), Lafia, Nigeria 

Demographic variables Number Percentage 

Gender   

 Male 120 47.6 

 Female 132 52.4 

Age group (years)   

 1-5 19 7.5 

 6-10 15 6.0 
 11-15 12 4.8 

 16-20 22 8.7 

 21-25 41 16.3 

 26-30 57 22.6 

 31-35 36 14.3 

 36-40 29 11.5 

 41-45 8 3.5 

 46-50 9 3.6 

 51-55 4 1.6 

Mean age (26.25±11.81 years)   
Occupation    

 Army  1 0.4 

 Artisan  3 1.2 

 Ward attendants  7 2.8 

 Banker 3 1.2 

 Business  9 3.6 

 CHEW 4 1.6 

 Child 36 14.3 

 Civil servant 17 6.7 
 Youth Corper  3 1.2 

 Medical Doctor  41 16.3 

 Driver  3 1.2 

 Engineer  1 0.4 

 Housewife 7 2.8 

 Journalist 1 0.4 

 Laboratory scientist 5 2.0 

 Laboratory technician 8 3.2 

 Laborer 1 0.4 

 Nurse 32 12.7 
 Police 2 0.8 

 Student  48 19.0 

 Student nurse 9 3.6 

 Trader 7 2.8 

 Unemployed  4 1.6 

Type of occupation   

 Health-related 106  42.1  

 Non-health related & unemployed 146  57.9  
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 Table 2: Frequency distribution of the clinical characteristics of patients who had HIV post-exposure prophylaxis at 

Dalhatu Araf Specialist Hospital (DASH), Lafia, Nigeria 

Clinical variables Number Percentage 

Type of exposure  

 Occupational-Needle stick/sharps injuries/splashes 109 43.3 

 Rape or sexual assault 73 29.0 

 Bites/blades/sharps in non-occupational setting 17 6.7 

 Unprotected sex/condom breakage 53 21.0 

Time duration from exposure to PEP  
 24 hours or less 183 72.6 

 24 -72 hours 57 22.6 

 More than 72 hours 12 4.8 

Baseline HIV test of patient 

 Negative -recorded 216 85.7 

 Not recorded 33 13.1 

 Declined testing 3 1.2 

HIV status of source of exposure 

 Negative 10 4.0 
 Positive 112 44.4 

 Unknown  130 51.6 

ARV regimen given 

 AZT+3TC+EFV 15 6.0 

 TDF+3TC+EFV 37 14.7 

 TDF+3TC+ DTG 89 35.3 

 TDF+3TC 4 1.6 

 TDF+3TC+ATV/r 90 35.7 

 TDF+3TC+LPV/r 17 6.7 
AZT- Zidovudine; 3TC- Lamivudine; TDF – Tenofovir; DTG- Dolutegravir; ATV- Atazanavir; LPV- Lopinavir; r- ritonavir 

 Occupational exposure due to accid- 
ental needle stick/sharps injury or blood spl- 
ash were the most frequent reason for seeking 

PEP with 109 (43.3%) accounting for it, while 
rape/sexual assault was the most common 
non-occupational reason, accounting for 29% 
(79/252), followed by unprotected sex or con- 
dom breakage in 53 (21.0%) cases (Table 2). 
The time duration from exposure incident to 

presentation for PEP ranged between 2 and 

312 hours, with a mean time of 27.62 ± 38.56 
hours.     
 Majority (72.6%) presented within the 
first 24 hours and most (95.2%) within 72 
hours following exposure. The HIV status of 
the source of exposure was unknown in 130 
(51.6%) cases, positive in 112 (44.4%) while 

10 (4.0%) were HIV negative (Table 2). Two 
hundred and sixteen (85.7%) of the patients 
had recorded baseline HIV test and all were 
negative. Three (1.9%) participants declined 
testing and 33 (13.1%) had no baseline HIV 
test recorded. The most common ARV regimen 

given to the patients were TDF+3TC and ATV/r 
and TDF+3TC and DTG in 90 (35.7%) and 89 

(35.3%) patients respectively (Table 2) .
 As shown in Table 3, 52.5% of males 
and 34.8% of females had occupational expo- 
sure (OR=2.066; 95% CI:1.25-3.43; p=0.005). 
Rape and sexual assault occurred in 55.4% of 

females and 0.8% of males (OR=0.007; 95% 
CI: 0.0001-0.05; p<0.0001). Unprotected sex 
and condom breakage occurred in 38.3% of 
males and 5.3% females (OR=11.1; 95% CI: 
4.78-25.86; p<0.0001).   
 Compared with other age groups, pat- 
ients in the age groups 26-30, 31-35, and 36-

40 years had significantly higher risk of occu- 
pational sharps exposure (x2=40.658; p< 
0.0001), while those in the age groups 1-5, 6-

10, 11-15 and 16-20 years had significantly 
higher risk of rape/sexual assault (x2=79.561, 
p< 0.0001). Similarly, patients in the age gro- 
ups 1-5 and 6-10 years, compared with other 
age groups, had significantly higher risk of 
non-occupational sharps exposure (x2=38.17, 

p< 0.0001), while patients in age group 36-55 

years had significantly higher risk of unprotec- 
ted sex (x2=24.303, p=0.0068).  
 About 93.4% of patients with health-
related occupations had occupational sharps/ 
splashes HIV PEP exposure, and this was signi- 
ficantly higher than 6.9% in those with non-
health related occupations/unemployed (OR= 

192.34, p<0.0001). About 1.9%, 0.9% and 
3.8% of patients with health-related occupa- 
tion respectively had rape/sexual assault, non- 
occupational sharps injury, and unprotected 
sex HIV PEP exposures, compared to 48.6%, 
10.4% and 33.6% respectively in those with 

non-health-related occupations/unemployed. 
 Patients with health-related occupa- 

tions, compared to those with non-health rel- 
ated occupations/unemployed, had significan- 
tly higher risk of HIV PEP exposure through 
occupational sharps injury and blood splashes 
(OR=192.34; 95% CI: 70.74-522.96; p < 0.0001), 

and significantly lower risk of rape/ sexual 
assault (OR=0.02; 95% CI: 0.005-0.085; p< 
0.0001), non-occupational sharps injury (OR= 
0.077, 95% CI: 0.01-0.59; p= 0.0015) and 
unprotected sex (OR=0.078; 95% CI: 0.027-
0.223; p< 0.0001).
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Table 3: Bivariate analysis of demographic characteristics of patients and type of exposure/reasons for accessing HIV post-

exposure prophylaxis 

Demographic variables Type of exposure 

Occupational-needle 

stick/sharps/splashes 

of body fluids 

(n=109, 43.3%) 

Rape or sexual 

assault 

(n=73, 28.9%) 

Bites/sharps in 

non-occupational 

setting 

(n=17, 6.7%) 

Unprotected sex 

or condom 

breakage  

(n=53, 21.0%) 

Gender  

Male  63 (52.5 )+ 1 (0.8 )++ 10 (8.3 ) 46 (38.3 )+ 

Female  46 (34.8 ) 72 (55.4 ) 7 (5.3 ) 7 (5.3 ) 

OR (95% CI) 2.066 (1.25-3.43) 0.007 (0.0001-0.05) 1.623 (0.59-4.41) 11.1 (4.78-25.86) 

p   0.0052* <0.0001* 0.452 <0.0001* 

Age group (years) 

1-5  2 (10.5 ) 10 (52.6 )+ 7 (36.8 )+ 0 

6-10  1 (6.7 ) 11 (73.3 )+ 3 (20.0 )+ 0 

11-15  1 (8.3 ) 11 (91.7 )+ 0 0 

16-20  5 (22.7 ) 13 (59.1 )+ 2 (9.1 ) 2 (9.1 ) 

21-25  17 (41.5 ) 13 (31.7 ) 1 (2.4 ) 10 (24.4 ) 
26-30  34 (59.6 )+ 10 (17.5 ) 1 (1.8 ) 12 (21.1 ) 

31-35  23 (63.9 )+ 0 2 (5.6 ) 11 (30.6 )+ 

36-40  16 (55.2 )+ 3 (10.3 ) 1 (3.4 ) 9 (31.0 )+ 

41-45  4 (50.0 ) 1 (12.5 ) 0 3 (37.5 )+ 

46-50  4 (44.4 ) 1 (11.1 ) 0 4 (44.4 )+ 

51-55  2 (50.0 ) 0 0 2 (50.0 )+ 

x2 40.658 79.561 38.173 24.303 

p  <0.0001* <0.0001* <0.0001* 0.0068* 

Types of occupation     
Health-related 99 (93.4)+ 2 (1.9)++ 1 (0.9)++ 4 (3.8)++ 

Non-health-related and 

unemployed 

10 (6.9) 71 (48.6) 16 (10.9) 49 (33.6) 

OR (95% CI) 192.34 (70.74-522.96) 0.020 (0.005-0.085) 0.077 (0.010-0.59) 0.078 (0.027-0.223) 

p   <0.0001* <0.0001* 0.0015* <0.0001* 
X2 - Chi square; OR – Odds Ratio; CI – Confidence Interval; n - number; % - percentage; * - statistically significant at p<0.05; + - significantly 
higher; ++ - significantly lower 

 

 Table 4 shows the distribution of pati- 
ents according to the time duration from expo- 
sure to presentation for PEP and it shows that 

there was no difference in time of presentation 
with 24 hours of exposure between the gender 
as 72.5% of the males and 72.7% of the fem- 
ales presented after 24 hours of exposure 
(OR=0.987; 95% CI: 0.568-1.721; p=1.000), 
but less number of males (1.7%) than females 
(7.6%) presented after 72 hours of exposure 

(OR=0.21; 95% CI:0.044-0.964; p=0.037). 
 Majority of the patients aged 1-5 years                 
(84.2%), 31-35 (80.6%) and all those aged 
51-55 years (100.0%) presented within the 
first 24 hours for PEP (x2= 29.357, p=0.0011), 
while the number of those aged 6-10 years 
(33.3%) who presented after 72 hours of exp- 

osure was significantly higher than those in 

other age groups (x2=18.698, p=0.0022). 
 Among the occupational groups, most 
of the medical doctors (97.6%) and all the 
laboratory scientists and technicians (100%, 
n=7) presented within 24 hours of exposure. 
Among patients who had occupational expo- 

sure, 88.1% presented within 24 hours and 
99.1% within 72 hours, while 61.6% of the 
rape/sexual assault cases presented within 24 
hours of exposure and 12.3% presented after 
72 hours. Among the 112 patients who were 
exposed to HIV positive source, 90 (80.4%) 

and 101 (99.2%) presented within 24 hours 

and 72 hours respectively after exposure, 
while 86 (63.8%) of those exposed to a source 
with unknown HIV status presented within 24 

hours and 11 (8.5%) presented after 72 hrs. 
 Significantly higher number of pati- 
ents with health-related occupations (88.7%) 
presented within 24 hours of exposure compa- 
red to patients with non-health-related occup- 
ations (60.9%) (OR=5.02; 95% CI: 2.52-
9.97; p<0.0001), while significantly lower nu- 

mber presented within 24-72 hours (OR= 
0.29; 95% CI: 0.14-0.58; p=0.0002) and 
after 72 hours post-exposure (OR=0.05; 95% 
CI: 0.003-0.86; p=0.0016). Significantly hig- 
her number of patients with occupational 
sharps (88.1%) and non-occupational sharps/ 
bites (88.2%) exposures presented within 24 

hours (x2=32.123, p <0.0001), while signifi- 

cantly high number of patients with unprotec- 
ted sex/condom break exposure (45.3%) pre- 
sented within 24-72 hours (x2=25.557, p< 
0.0001), and significantly high number of rape 
/sexual assault exposure patients presented 
after 72 hours exposure (x2=13.733, p=0.003).

 Only 14 (5.6%) patients had docum- 
ented outcome at least once at 1, 3 or 6 
months after PEP, with all the documented 
results being HIV negative while, 94.4% had 
no documented follow-up or outcome in this 
study. 

 

 



HIV post-exposure prophylaxis   Afr. J. Clin. Exper. Microbiol. 2023; 24 (4): 364-372 

 

370 
 

Table 4: Bivariate analysis of demographic and clinical characteristics of patients and duration of exposure before presenting for 

HIV post-exposure prophylaxis 

Demographic variables 

 

Duration of exposure before presenting for PEP 

Within 24 hours 

(n=183, 72.6%) 

24-72 hours 

(n=57, 22.6%)  

More than 72 hours 

(n=12, 4.8%)  

Gender 

Male 87 (72.5) 31 (25.8) 2 (1.7)++ 

Female  96 (72.7) 26 (19.7) 10 (7.6) 

OR (95% CI) 0.987 (0.568-1.721) 1.42 (0.79-2.57) 0.21 (0.044-0.964) 
p  1.000 0.2917 0.037* 

Age group (years) 

1-5 16 (84.2)+ 1 (5.3) 2 (10) 

6-10 8 (53.3) 2 (13.3) 5 (33.3)+ 

11-15 7 (58.3) 4 (33.3) 1 (8.3) 

16-20 7 (68.2) 4 (27.3) 1 (4.5) 

21-25 31 (75.6) 8 (19.5) 2 (4.9) 

26-30 43 (75.4) 13 (22.8) 1 (1.8) 

31-35 29 (80.6)+ 7 (19.4) 0 
36-40 22 (75.9) 7 (24.1) 0 

41-45 4 (50.0) 4 (50) 0 

46-50 4 (44.4) 5 (55.6) 0 

51-55 4 (100.0)+ 0 0 

x2 29.357 14.698 18.698 

p 0.0011* 0.0996 0.0022* 

Type of occupation 

Health-related 94 (88.7)+ 12 (11.3)++ 0++ 

Non-health-related & unemployed 89 (60.9) 45 (30.8) 12 (8.2) 

OR (95% CI) 5.02 (2.52-9.97) 0.29 (0.14-0.58) 0.05 (0.003-0.86) 
p <0.0001* 0.0002* 0.0016* 

Type of exposure 

Occupational-

needle/sharps/splashes 

96 (88.1)+ 12 (11.0) 1 (0.9) 

Rape or sexual assault 45 (61.6) 19 (26.0) 9 (12.3)+ 

Non-occupational sharps/bites 15 (88.2)+ 2 (11.8) 0 

Unprotected sex or  

condom breakage 

27 (50.9) 24 (45.3)+ 2 (3.8) 

x2 32.123 25.577 13.733 
p <0.0001* <0.0001* 0.0033* 

HIV status of source of exposure 

Negative 10 (100.0)+ 0 0 

Positive 90 (80.4) 21 (18.8) 1 (0.9) 

Unknown 83 (63.8) 36 (27.7) 11 (8.5)+ 

x2 12.175 5.793 8.120 

p   0.0023* 0.0552 0.0172* 
x2 - Chi square; OR – Odds Ratio; CI - Confidence Interval; n – number; % - percentage; * - statistically significant at p<0.05; + - significantly 
higher; ++ - significantly lower 

 

Discussion:  

 The results of this study showed that 
people who access services in this facility are 
aware of the availability of PEP for HIV and are 
utilizing the service in a timely manner as 

indicated by the findings that majority 95.2% 
(240/252) of the patients who came for PEP 
did so within 72 hours following exposure. This 
finding is similar to a report from southeast 

Nigeria which found that half of the patients 
that reported for PEP did so within 24hours 
and most within 72 hours (19). These findings 

are encouraging and show that most people 
are aware of and seek PEP within the ideal 
time frame of 72 hours that PEP will be effec- 
tive in preventing the acquisition of HIV follo- 
wing a single incident of exposure (4-6,10). 
The guidelines recommend that PEP should 
commence as soon as possible after exposure 

and not later than 72 hours for it to be effec- 
tive. However, factors such as adherence to 
the medications and other factors such as 
avoiding drug-drug interactions must be obs- 
erved for PEP to be effective (4-7,10,11).
 This study found that more females 

(52.4%) than males (47.6%) presented for 
PEP, similar to other reports from Nigeria (18-
21). However, Kuoanfack et al., (22) in 2019 
reported from their study in Cameroon, West 
Africa that 70% of those who sought PEP in 

their study were males. The preponderance of 
the female gender in most of these reports 
may be due to the health-seeking behavior 
that has generally been shown to be higher in 
females. However, it may also be due to the 

fact that more females are victims of the risks 
that lead to potential exposure to HIV such as 

sexual assault and rape.   

 Majority (64.6%) of the patients in 
this study were aged between 21-40 years. 
Several reports found a preponderance of this 
age group in those seeking for PEP (20,21, 
23,24). The most common reason for seeking 

PEP in the study was occupational exposure 
through needle stick or sharps or splashes 
from body fluids accounting for 43.3% (109/ 
252). Rape or sexual assault accounted for the 
second commonest reason and the commo- 
nest non-occupational reason for PEP. These 
findings are similar to the report by Oyedum 

et al., (20) from southeast Nigeria. However, 
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it is in contrast to several reports that found 

rape and sexual assaults to be the commonest 
reason for seeking PEP (19,21,23,24). The 
lower number of rape and sexual assault com-
pared to occupational exposure in our study 

may be due to the lack of reporting or the 
effects of stigma attached to rape thus leading 
to refusal to access care or report to autho- 
rities. Also, many healthcare workers in the 
faculty have knowledge of PEP following sen- 
sitization and display of posters on how to 
manage accidental exposures to potential 

source of blood-borne viruses by the hospital 
Infection Prevention and Control Committee 
(IPCC).    

 Majority (98.6%) of those who sought 
for PEP on account of rape or sexual assault in 

this study were females, which constituted 

55.4% (72/132) of all the female patients 
(p<0.0001), and 75.3% of the rape/sexual 
assault occurred in children between 1 to 15 
years and adolescents 16-20 years of age. 
Similar findings have been reported in studies 
from Nigeria and West Africa (19,22). The high 
number of children aged five years or younger 

who accessed PEP due to rape/sexual assault 
during the period of this study (13.7%, 10/73) 
is very disturbing, as this actually constituted 
52.4% of exposure within that age group, and 
43.9% (32/73) in children 15 years or youn- 
ger. Reports from South Africa found that 
15.8% of people accessing PEP for sexual 

assault were 10 years or younger (25). Another 
study from the United States reported that 
12.7% of those exposed to rape or sexual 
assault were aged 10 years or younger and 
30% were between 11 and 17 years of age 
(14). There is paucity of accurate data from 

Nigeria on rape and sexual assault and there- 
fore, figures being reported in most studies 
including ours may be an underestimation 
mainly due to the under-reporting of reporting 
of rape and sexual assault. Many factors 
account for the lack of reporting including 
cultural, stigma and the apparent perception 

of lack of prosecution of perpetrators (26).
 Most of those who sought HIV PEP for 
occupational reasons were those in health-

related occupations such as doctors, nurses 
and laboratory workers. Occupational hazards 
especially needles stick and sharps injuries are 
common among HCWs who provide direct 

patient care including junior doctors and nur- 
ses. Most of these exposures occur in emer- 
gency settings (5,7,8). This study found that 
majority of the cases in rape/sexual assault 
were in non-health related occupations (stu- 
dents) and children. This finding is similar to 

reports from other studies from Nigeria and 
West Africa (19, 22, 24).  

 Unprotected sex or condom breakage 
accounted for the reason for PEP in 21% (53/ 
252) of cases with males accounting for 86.6% 
(46/53), constituting 38.3% of exposure sou- 

rce for males compared to 5.3% for the 

females (p< 0.0001). This finding in similar to 
the report from West Africa where unprotected 
sex and condom breakage accounted for about 
25% of cases seeking PEP (22). The high 

number of males compared to females enga- 
ging in unprotected sex or experiencing con- 
dom breakage may be due to the risk-taking 
behavior mostly associated with the male 
gender. Many of the sexual encounters are 
with a partner whose HIV serological status is 
unknown which might indicate casual sex. This 

study found that the HIV status of the source 
of exposure was unknown in 51.6% (130/252) 
of cases and only 44.4% were exposed to a 
known HIV positive source. Although a lot of 
information is available on the risks for acqui- 

ring HIV, a lot more needs to be done to edu- 

cate people on risk reduction if the target of 
achieving HIV epidemic control is to be achi- 
eved.     

 Our study found significant associa- 
tions between early presentation for HIV PEP 
(within 24 hours) and patients with health-
related occupations, certain age groups (1-5, 

31-35 and 51-55 years), occupational sharps 
exposure, and exposure to an HIV positive or 
negative source. While most of those with 
occupational and non-occupational sharps/ 
bites presented within 24 hours, significantly 
high number of those with unprotected sex/ 
condom break exposure presented within 24-

72 hours, and significantly high number of 
those with rape/sexual assault exposure pres- 
ented after 72 hours exposure. These findings 
are like those reported by Nwolisa et al., (21). 
Some factors that have been reported to influ- 
ence access to PEP include awareness, level of 

education, knowledge of HIV status of source 
and female gender (4,16,19).  

 This study only recorded outcome in 
5.6% (14/252) of the patients studied. Similar 
findings were reported in other studies where 
most patients who had PEP did not return for 
follow up with their outcome unknown (19, 

20). The guideline for PEP recommends that 
follow up HIV serological test be carried out at 
one, three and six months after completion of 

the 28-day PEP regimen (4-8). However, as 
observed in this study, many patients do not 
return for follow up. Although patients need 
proper counselling before the commencement 

of PEP, this is often not the case as PEP is often 
commenced as an emergency. However, there 
is need to institute and carry out proper coun- 
selling of all patients who are placed on PEP to 
ensure adherence to their medications and 
also to complete the follow up for PEP including 

the HIV serological testing at baseline and at 
1, 3 and 6 months after completion of the PEP 
ARV regimen. This will help improve the docu- 
mentation and provide data on the rate of 
seroconversion following PEP if it does occur. 
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Conclusion:  

 This study has brought to the fore the 
need to put in place societal measures to 
reduce the rate of rape and sexual assault 
especially on children. There is also the need 

to ensure victims have access to PEP services 
as well as psychosocial and legal support as 
soon as possible. This will encourage improved 
reporting especially for victims of rape, thus 
reducing their risk of acquiring HIV infection. 
There is also need to institute measures to 
improve patients follow up and documentation 

of outcomes. This will help in the assessment 
of the success or otherwise of the post-expo- 
sure prophylaxis measures. 
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Abstract: 
 
Background: Urinary tract infection (UTI) is one of the most common type of infections worldwide, and this is usually 
preceded by asymptomatic significant bacteriuria (ASB). The emergence of antibiotic resistance in bacteria 
responsible for UTI makes this entity of public challenge, which has been fueled by human immunodeficiency virus 
(HIV) infection. This study determined the prevalence of ASB and antimicrobial susceptibility pattern of bacteria 
isolated from urine samples of selected HIV-infected patients in Ilorin, Nigeria.  
Methodology: A cross-sectional study of 300 randomly selected HIV-positive patients from Sobi Specialist and Civil 

Service hospitals in Ilorin, Kwara State, Nigeria, was conducted from January to March 2019. Clean-catch midstream 
urine samples were aseptically collected from each selected participant, cultured on CLED and Blood agar plates, and 
incubated aerobically at 37oC for 24 hours. The bacterial growth on the culture plates were identified using standard 
microbiological techniques. The Kirby-Bauer disk diffusion method was used to determine the antibiotic sensitivity of 
the bacterial isolates against a panel of antibiotics.  
Results: The overall prevalence of ASB among the participants was 22.3%. Staphylococcus aureus (41.8%, 28/67), 
Escherichia coli (25.4%, 17/67), and Klebsiella pneumoniae (17.9%, 12/67) were the predominant bacterial isolates. 
Staphylococcus aureus was resistant to amoxicillin-clavulanate (64.3%), ceftriaxone (53.6%), ciprofloxacin (64.3%), 
and nalidixic acid (71.4%); E. coli was also resistant to amoxicillin-clavulanate (70.6%), ceftriaxone (53.6%), 
ciprofloxacin (52.9%) and nalidixic acid (64.7%); and K. pneumoniae was moderately resistant to amoxicillin-
clavulanate (50.0%) and resistant to ciprofloxacin (58.3%) and nalidixic acid (75.0%). Multidrug resistance (MDR) 
was observed in 40.8% of the isolates.  
Conclusion: The isolation rate of high MDR bacteria highlights the growing challenge of ASB and UTIs that are 
becoming increasingly difficult to treat with available antibiotics. Health professionals should be aware of regional 
resistance pattern to consider in the current empirical antimicrobial therapy for ASB and UTIs among HIV-infected 
patients. Strategies to mitigate spread of resistance are urgently needed in the study area.  
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Résumé: 

Contexte: L'infection des voies urinaires (UTI) est l'un des types d'infections les plus courants dans le monde, et elle 
est généralement précédée d'une bactériurie significative asymptomatique (ASB). L'émergence de la résistance aux 
antibiotiques chez les bactéries responsables des infections urinaires fait de cette entité un défi public, qui a été 
alimenté par l'infection par le virus de l'immunodéficience humaine (VIH). Cette étude a déterminé la prévalence de 
l'ASB et le schéma de sensibilité aux antimicrobiens des bactéries isolées à partir d'échantillons d'urine de patients 
infectés par le VIH sélectionnés à Ilorin, au Nigeria.                            
Méthodologie: Une étude transversale de 300 patients séropositifs sélectionnés au hasard dans les hôpitaux 
spécialisés et de la fonction publique de Sobi à Ilorin, dans l'État de Kwara, au Nigéria, a été menée de janvier à mars 
2019. Participant, cultivé sur des plaques de CLED et de gélose au sang, et incubé en aérobiose à 37oC pendant 24 
heures. La croissance bactérienne sur les plaques de culture a été identifiée en utilisant des techniques 
microbiologiques standard. La méthode de diffusion sur disque Kirby-Bauer a été utilisée pour déterminer la sensibilité 
aux antibiotiques des isolats bactériens par rapport à un panel d'antibiotiques.                                         
Résultats: La prévalence globale de l'ASB parmi les participants était de 22,3 %. Staphylococcus aureus (41,8%, 
28/67), Escherichia coli (25,4%, 17/67) et Klebsiella pneumoniae (17,9%, 12/67) étaient les isolats bactériens 
prédominants. Staphylococcus aureus était résistant à l'amoxicilline-acide clavulanique (64,3%), à la ceftriaxone 
(53,6%), à la ciprofloxacine (64,3%) et à l'acide nalidixique (71,4%); E. coli était également résistant à l'amoxicilline-
acide clavulanique (70,6%), à la ceftriaxone (53,6%), à la ciprofloxacine (52,9%) et à l'acide nalidixique (64,7 %); 
et K. pneumoniae était modérément résistant à l'amoxicilline-acide clavulanique (50,0%) et résistant à la 
ciprofloxacine (58,3%) et à l'acide nalidixique (75,0%). La multirésistance (MDR) a été observée dans 40,8% des 
isolats.                                                            
Conclusion: Le taux d'isolement des bactéries MDR élevées met en évidence le défi croissant des ASB et des 
infections urinaires qui deviennent de plus en plus difficiles à traiter avec les antibiotiques disponibles. Les 
professionnels de la santé doivent être conscients du schéma de résistance régional à prendre en compte dans la 
thérapie antimicrobienne empirique actuelle pour l'ASB et les infections urinaires chez les patients infectés par le VIH. 
Des stratégies pour atténuer la propagation de la résistance sont nécessaires de toute urgence dans la zone d'étude. 

Mots-clés: résistance antimicrobienne; bactériurie importante asymptomatique; prévalence; VIH 

Introduction: 
 

 Globally, an estimated 38.4 million peo- 
ple are living with human immunodeficiency 
virus (HIV) with a high number of infected peo- 
ple (~25.6 million) in sub-Saharan Africa (1,2). 
Annually, an estimated 40.1 million people died 
from AIDS-related illnesses (3).  In people living 

with HIV/AIDS (PLWHA), almost every part of 
the genitourinary system is affected with diffe- 
rent diseases (4). HIV infects vital cells in the 
human immune system such as CD4+ (helper) T 

cells, macrophages and dendritic cells (5). HIV 
infection leads to low levels of CD4+ T cells 
through three main mechanisms; direct viral 

killing of infected cells, increased rate of apopto- 
sis in infected cells, and killing of infected CD4+ 
T cells by CD8+ (cytotoxic) T-lymphocytes that 
recognize infected cells. When CD4+ cells count 
decline below a critical level, cell mediated imm- 
unity is lost and the body becomes progressively 

more susceptible to opportunistic infections (6). 
 In man, the urinary tract is the second 
commonest site after the respiratory tract for 

bacterial infection (7). The urinary tract is an 
anatomical unit and infection of one part could 
generally spread to other parts (8). When the 
infection is localized at such single sites as the 
kidneys, it is referred to as pyelonephritis, to the 
urethra as urethritis or restricted to the bladder 

as cystitis and to the prostate as proctitis. It 
affects both old and young leading to a number 
of deaths either from acute infection or from 

chronic renal failure (9). Specific group of peo- 
ple are at increased risk of urinary tract infec- 
tion. Vulnerable populations are women, espe- 
cially during pregnancy, infants and elderly 

patients (10). Also, certain conditions may incr- 
ease susceptibility to infections i. e. spinal cord 
injuries, urinary catheters, diabetes, multiple 
sclerosis, immunodeficiency and underlying uro-  
logic abnormalities (11). UTI is one of the most  
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common bacterial infections causing morbidity 

and hospitalization in HIV-infected individuals 
(12).     
 HIV disease is associated with a variety 
of renal syndromes in patients with low CD4+ 

cell counts associated with neurological compli- 
cations which lead to urinary stasis and infection 
(13). Once the CD4+ count falls below 200 cells/ 
mm3, the individual is at risk of a variety of opp- 
ortunistic infections, from fungi, protozoa, viru- 
ses and bacteria. The most predominant causa- 
tive organisms are encapsulated bacteria nota- 

bly Streptococcus pneumoniae and Haemophilus 
influenzae, but non-typhoidal Salmonella, Sta- 
phylococcus aureus and Pseudomonas aerugi- 
nosa have also been implicated (14). Among 
opportunistic infections, UTI accounts for appro- 

ximately 60% of AIDS defining illnesses (7). 

 There are also reports of change in the 
resistance pattern over the last decade leading 
to serious therapeutic challenges (15). Since the 
distribution of these pathogens and their susce- 
ptibility to antibiotics varies regionally, and trea- 
tment for UTI is usually empirical, it is manda- 
tory that there is an adequate knowledge of the 

epidemiological characteristics of the pathogens 
involved and their antibiotic susceptibility pat- 
terns. This will help to achieve good therapeutic 
outcomes and prevent the emergence of drug-
resistant bacteria strains (16). This objective of 
this study is to determine the prevalence of ASB 
and the antimicrobial susceptibility pattern of 

bacteria isolated from urine samples of HIV-

infected patients in selected HIV clinics in Ilorin, 
Nigeria. 
  

Materials and method:  
 
Study setting and participants:  

 This study was carried out in the HIV 
clinics of Sobi Specialist and Civil Service hos- 
pitals in Ilorin, the capital city of Kwara State, 
Nigeria, over a period of 3 months (January to 
March 2019). The laboratory aspect of the study 
was conducted at the department of microbio- 

logy, University of Ilorin Teaching Hospital, and 
the department of microbiology, Kwara State 
University, Malete.  
 A total of 300 HIV-infected individuals 

receiving HIV care were consecutively recruited 
over the period of the study, and the sample size 
was calculated using a formula as previously 

described (17). 

Ethical consideration: 
 Ethical approval was obtained from the 
Ethics Review Committees of the Ministry of 
Health, Ilorin, and Kwara State University Ethics 
Committee. Written informed consent was obta- 

ined from the participants before inclusion in the 

study.  
 
Data and sample collection:  
 Appropriately labeled universal sample 
bottle was given to each participant for collec- 

tion of clean catch midstream urine specimen 
following explanation of the procedure for such 
collection. The samples were immediately trans- 
ported to the department of microbiology, Univ- 
ersity of Ilorin Teaching Hospital for analysis.  
 Demographic and clinical information 

were obtained from each patient including the 
age and gender, history of UTI, antibiotic use, 
and history of opportunistic infections. Partici- 
pants whose urine sample yielded growth were 
requested to provide another early morning 

clean-catch mid‑stream urine sample for confir- 

mation. 
 
Microscopic examination and culture of urine: 
 Each urine sample was well mixed and 
centrifuged at 3200 rpm for 5 mins. The super- 
natant was decanted and a drop of the sediment 
was placed on a sterile glass slide and covered 
with a cover slip and was viewed under 10x and 
40x objective lens to observe for white blood 
cells, red blood cells, casts, crystals, epithelial 

cells, and ova of parasites. 
 Each urine sample was shaken to allow 
for homogeneity. Using a standard sterile wire 
loop (calibrated to deliver 0.001ml of urine), a 
loopful of the urine was aseptically inoculated 

onto Blood and Cystine Lactose Electrolyte Defi- 
cient (CLED) agar plates.  The plates were incu- 

bated aerobically at 37°C for 24 hours, and exa- 
mined macroscopically and microscopically for 
bacterial growth (18).   
 Significant bacteriuria was determined 
on the culture plate when there was ≥ 105 
colony forming units per milliliter (19). Colonies 

of urine culture with significant bacteriuria were 
Gram stained and bacteria identified by conven- 
tional biochemical tests (20). 
 
Antimicrobial susceptibility testing (AST): 

 Using the modified Kirby-Bauer disk dif- 
fusion test, 3 to 5 pure colonies of the isolates 
to be tested were selected, and emulsified in 

sterile saline solution, thoroughly mixed to pre- 

pare bacterial inoculum that was standardized 
by matching the turbidity of the inoculum with 
0.5 McFarland standard. A sterile swab stick was 
dipped into the inoculum and gently squeezed 
against the inside of the tube in order to remove 
excess fluid in the swab. The swab was used to 

inoculate sterile Mueller-Hinton (MH) agar plate, 
which was left to dry for about 5 mins. A sterile 
forcep was then used to place the antimicrobial-
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impregnated disks on the surface of the agar 

plate, which was incubated at 37oC for 24 hours.  
 The diameter of zone of inhibition of the 
isolate to each antibiotic was measured with a 
calibrated ruler, and results interpreted as sen- 

sitive or resistant according to the Clinical and 
Laboratory Standards Institute (CLSI) guideline 
(21). The following antibiotic discs (Oxoid, UK) 
were used; amoxicillin-clavulanate (30μg), gen- 
tamicin (10μg), ciprofloxacin (5 μg), nalidixic 
acid (30μg), ceftazidime (30μg), ceftriaxone (30 
μg), nitrofurantoin (100μg), imipenem (10 μg), 

cefoxitin (30μg) and clindamycin (2μg). 
 
Detection of ESBL in Gram-negative bacteria iso- 

lates:     
 Gram-negative bacterial isolates presu- 

mptively identified as ESBL-producing in the 
AST (ceftazidime zone diameter of inhibition < 

22 mm or ceftriaxone zone < 25 mm) were 
confirmed as ESBL-producing by the double disk 
synergy test (21). The inoculum was prepared 
and agar plates inoculated as done for the AST. 
Ceftazidime (30μg) and ceftriaxone (30μg) discs 
were placed on either side of amoxicillin-clavu- 
lanic acid (20/10μg) 15 mm apart. ESBL-posi- 

tive strains showed an expansion of the zone of 
inhibition of either cephalosporin toward the 
amoxicillin-clavulanate disk, giving a dumbbell 
shape (22). 
  
Detection of methicillin resistance in Staphylo- 
coccus aureus isolates:  

 Mueller-Hinton agar plates were inocu- 

lated with S. aureus isolates as done for routine 
AST. Cefoxitin 30µg disks were applied and the 
plates were incubated at 37°C for full 24 hours. 
An isolate was considered to be an MRSA strain 
if the cefoxitin inhibition zone diameter was ≤ 
21 mm (21). 
 
Statistical analysis of data 
 Data were described in frequency and 

percentages. The Pearson Chi-square test was 
used to determine association of ASB with gen- 
der and age group of participants. P value < 
0.05 was considered statistically significant at 
95% confidence interval. 

Results: 
 

 Three hundred HIV-positive individuals 
were enrolled into the study, with age range of 
0-80 years, with female predominance (262, 

87.3%). The CD4 counts of the participants 
ranged from 58 to 1082 cells/mm3 (Table 1). 
Table 2 shows the results of culture of the urine 
samples, with samples from 67 (22.3%) indivi- 
duals yielding significant bacteriuria, while 233 

(77.7%) samples had either no growth or no 

significant growth, and 51 (17.0%) samples had 
mixed bacterial growth.  
 Staphylococcus aureus was the most 
frequently isolated bacteria (41.8%, 28/67), fol- 

lowed by Escherichia coli, Klebsiella pneumo- 
niae, Klebsiella oxytoca, Pseudomonas aerugi- 
nosa and coagulase negative staphylococci 
CoNS), accounting for 25.4% (17/67), 17.9% 
(12/67), 7.5% (5/67), 4.5% (3/67) and 2.9% 
(2/67) respectively (Fig 1). 
 Table 3 shows the frequency distribution 

of ASB among the participants with respect to 
age group and gender. There was no significant 
association between ASB and age group of the 
participants (p=0.9632). Although, ASB preva- 
lence was higher among the female participants 

(23.3%) compared to the male participants (15. 

8%), the difference was not statistically signifi- 
cant (p=0.4077). 
 Table 4 shows the AST pattern of the 
isolates. Staphylococcus aureus was resistant to 
amoxicillin-clavulanate (64.3%), ceftriaxone 
(53.6%), ciprofloxacin (64.3%), and nalidixic 
acid (71.4%); E. coli was also resistant to amo- 

xicillin-clavulanate (70.6%), ceftriaxone (53.6%), 
ciprofloxacin (52.9%), and nalidixic acid (64.7%); 
K. pneumoniae was moderately resistant to am- 
oxicillin-clavulanate (50.0%), and resistant to 
ciprofloxacin (58.3%) and nalidixic acid (75.0%);  
K. oxytoca was resistant to amoxicillin-clavula- 
nate (80.0%), gentamicin (60.0%), ciprofloxa- 

cin (60.0%) and nalidixic acid (80.0%); P. aeru- 

ginosa was resistant to gentamicin (100.0%), 
ciprofloxacin (66.7%), and nalidixic acid (100%); 
while coagulase negative staphylococci were 
resistant to nalidixic acid (100.0%) and mode- 
rately resistant to nitrofurantoin (50.0%) and 

ciprofloxacin (50.0%).   
 

Discussion: 
 

 In this study, the prevalence of ASB was 
22.3%. The observation of the relatively high 
prevalence of ASB in this study may require the 
need for laboratory investigation as a criterion 
for the commencement of treatment in HIV-inf- 
ected patients. Our finding is in agreement with 

a study conducted in Osogbo, Nigeria which rep- 
orted a prevalence of 23.5% (23), but higher 

than the rates of 11.9% reported in Gondar (24) 
and 10.7% in Jimma (4) Ethiopia, while the rate 
is lower than those reported from studies con- 
ducted in Ebonyi State, Nigeria with 93.8% (25), 
and in Tamil Nadu India, with 77.5% (26). The 

disparity in rates might be attributed to diffe- 
rences in sample size (small sample size might 
overestimate the proportion), geographical var- 
iation, and socioeconomic conditions. 
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 The prevalence of ASB in our study par- 

ticipants appears to be much higher than those 
reported in other parts of the country and glo- 
bally as most studies report prevalence of 3-15 % 
(27,28). Only a few studies such as those by 

Ojoo et al., (29) have reported relatively high 
prevalence as ours. Another study in this envi- 
ronment also reported a high prevalence of 18% 
among HIV-infected pregnant women (30). Com- 

pared with HIV-negative population within the 
same region, it appears that the prevalence of 

ASB is similar to what was obtained in our study 

population. A community-based study on HIV-
negative individuals in the same region also 
reported a prevalence of 22.6%, which is comp- 
arable to our prevalence of 22.3% (31). Similar 

findings were also reported by Gugino et al., 
(32) and Widmer et al., (28) as they did not find 
any difference in the prevalence of ASB between 
their study population of HIV-positive women 
and HIV-negative controls.  

     
Table 1: Age group and gender distribution of HIV-infected study participants attending selected HIV clinics in Ilorin, Nigeria 

Gender Male (%) Female (%) Total (%) 

 

Age group (years) 

 

0-10 

 

1 (0.3) 3 (1.0) 4 (1.3) 

11-20 

 

1 (0.3) 4 (1.3) 5 (1.7) 

21-30 

 

3 (1.0) 44 (14.7) 47 (15.7) 

31-40 

 

8 (2.7) 95 (31.7) 103 (34.3) 

41-50 

 

12 (4.0) 68 (22.7) 80 (26.7) 

51-60 

 

8 (2.7) 38 (12.7) 46 (15.3) 

61-70 
 

4 (1.3) 9 (3.0) 13 (4.3) 

71-80 

 

1 (0.3) 1 (0.3) 2 (0.7) 

Total 

 

38 (12.7) 262 (87.3) 300 (100.0) 

CD4+ count (/mm3) 

<200 8 (2.7) 86 (28.7) 94 (31.3) 

200–500 18 (6.0) 120 (40.0) 138 (46.0) 

>500 12 (4.0) 56 (18.7) 68 (22.7) 

Total 38 (12.7) 262 (87.3) 300 (100.0) 

 

 

Fig 1: Frequency distribution of isolated bacteria from HIV-infected study participants attending selected HIV clinics Ilorin, Nigeria 

Staphylococcus 

aureus 

28 (42%)

Escherichia 

coli 

17 (25%)

Klebsiella

pneumoniae 

12 (18%)

Klebsiella 

oxytoca 

5 (7%)

Pseudomonas aeruginosa 3 (5%) Coagulase negative 

staphyloccoci

2 (3%)
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Table 2: Frequency of bacteria growth from urine of HIV-infected study participants attending selected HIV clinics in Ilorin, Nigeria 

Results of culture growth Frequency of growth Percentage 

Significant growth 67 22.3 

No significant growth 57 19.0 

Mixed growth 51 17.0 

No growth 125 41.7 

Total 300 100. 0 

 

Table 3: Association of ASB with gender and age group in HIV-infected participants attending selected HIV clinics in Ilorin, Nigeria 

Demographic                                             

Characteristics 

Significant bacteriuria 

 

x2 OR (95% CI) p value 

Yes (%)             

[67 (22.3)] 

No (%)     

[233 (77.7)] 

Total            

(n=300)  

 

Age group (years) 

 

 0-20 

 

2 (22.2) 7 (77.8) 9 0.2828 NA 0.9632 

 21-40 

 

32 (21.3) 118 (78.7) 150 

 41-60 

 

29 (23.0) 97 (77.9) 126 

 61-80 
 

4 (26.7) 11 (73.3) 15 

Gender 
  

 Male 

  

6 (15.8) 32 (84.2) 38 0.6856 0.6178 

(0.2467-1.547) 

0.4077 

 Female 

  

61 (23.3) 201 (76.7) 262 

x2 = Chi square; OR = Odd ratio; CI= Confidence interval; NA=Not applicable 

 

 The usual trend in ASB is for the preva- 
lence to be higher in the female population (23), 
and our study also reported similar finding. We 
found the prevalence of asymptomatic bacteri- 
uria to be higher in the females than males in 

keeping with reported trend, which is attributed 
to the proximity of the urethra to the anus and 
its short length (33). We, however could not 
establish statistically significant association (p= 
0.4077) and therefore cannot conclude on such 
association in this group of HIV-infected indivi- 
duals.      

 In the present study, the highest preva- 
lence of ASB was recorded in the age group 61-
80 years (26.7%) followed by age group 41-60 
years (23.0%), age group 0-20 years (22.2%) 

and age group 21-40 years (21.3%). However, 
the association of ASB with age group was not 
statistically significant (p=0.9632). The ASB rate 

of 21.3% recorded in the age 21–40 years in our 
study is lower compared to the ASB rate of 
53.9% reported in a slightly comparable age 
group 20–29 years in Irrua, Nigeria (34), but 
higher than 12.7% in the age group 18–26 years 
in Gondar Ethiopia (24).   

 Our study did not show significant diffe- 
rence in the ASB rate in the younger and older 
age groups in spite of the established fact that 
ASB rate tend to be higher in the younger age 
group in relation to the increased sexual activity 

of this age group, which is a recognized predis- 
position to bacteriuria and UTI (35). However, 
several studies have also reported that older age 
groups, especially the elderly, are also at risk of 
significant bacteriuria (31,35,36).  
 UTIs appear to be multifactorial in pat- 
ients with HIV infections as CD4+ level declines 

(37), and many research studies have reported 
this (38,39,40,41). This implies that the more 
immune compromised the patient is, the higher 
the risk of UTI and possibly to other opportunis- 

tic infections. The declining CD4+ count makes 
it easier for bacterial pathogens to adhere to the 
urinary epithelium (27). Ezechi et al., (30) in 

their study on the risk factors for ASB in HIV-
infected pregnant women also reported similar 
findings. Furthermore, they found high viral 
load, low haemoglobin, and previous UTI to be 
associated with ASB. However, we did not exp- 
lore these parameters in our study.
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Table 4: Antibiotic susceptibility of isolated bacteria from HIV-infected participants attending HIV clinics of selected Hospitals in 

Ilorin, Nigeria 

Organisms 

 

Antibiotics Patterns (%) 

AMC CN CIP NA CAZ CRO F IPM FOX 

Staphylococcus aureus (n=28) 

 

S 10 (35.7) 

R 18 (64.3) 

15 (53.6) 

13 (46.4) 

10 (35.7) 

18 (64.3) 

8 (28.6) 

20 (71.4) 

NT 

NT 

13 (46.4) 

15 (53.6) 

15 (53.6) 

13 (46.4) 

NT 

NT 

20 (71.4) 

8 (28.6) 

Escherichia coli (n=17) 

 

S 5 (29.4) 

R 12 (70.6) 

13 (76.5) 

4 (23.5) 

8 (47.1) 

9 (52.9) 

6 (35.3) 

11 (64.7) 

14 (82.4) 

3 (17.6) 

14 (82.4) 

3 (17.6) 

12 (70.6) 

5 (29.4) 

NT 

NT 

NT 

NT 

Klebsiella Pneumoniae (n=12) 

 

S 7 (58.3) 

R 5 (41.7) 

6 (50.0) 

6 (50.0) 

5 (41.7) 

7 (58.3) 

3 (25.0) 

9 (75.0) 

7 (58.3) 

5 (41.7) 

7 (58.3) 

5 (41.7) 

10 (83.3) 

2 (16.7) 

NT 

NT 

NT 

NT 

Klebsiella oxytoca (n=5) 

 

S 1 (20.0) 

R 4 (80.0) 

2 (40.0) 

3 (60.0) 

2 (40.0) 

3 (60.0) 

1 (20.0) 

4 (80.0) 

3 (60.0) 

2 (40.0) 

3 (60.0) 

2 (40.0) 

5 (100) 

0    

NT 

NT 

NT 

NT 

Pseudomonas aeruginosa (n=3) 

 

S 2 (66.7) 

R 1 (33.3) 

1 (33.3) 

2 (66.7) 

0   

3 (100) 

0    

3 (100) 

2 (66.7) 

1 (33.3) 

3 (100) 

0      

3 (100) 

0    

3 (100) 

0  

NT 

NT 

Coagulase negative 

staphylococci (n=2) 

S 2 (100) 

R 0 

2 (100) 

0   

1 (50.0) 

1 (50.0) 

0   

2 (100) 

NT 

NT 

2 (100) 

0  

1 (50.0) 

1 (50.0) 

NT 

NT 

2 (100) 

0  

AMC- augmentin, CN- gentamicin, CIP- ciprofloxacin, NA- nalidixic acid, CAZ- ceftazidime, CRO – ceftriaxone, F – nitrofurantoin, IPM – imipenem,                     

FOX –cefoxitin, S – sensitive, R – resistant, NT – not tested 

 

 Staphylococcus aureus was the most 
predominant causative agent of ASB in the pre- 
sent study accounting for 41.8% of the uro- 

pathogens. A similar finding was reported from 

in Ebonyi State, Nigeria (25), and in Tamil Nadu, 
India (26), but contrasted the findings from 
Gondar (24) and Jimma (4) in Ethiopia, and in a 
tertiary care hospital in India (42), where E. coli 
was the mostly commonly isolated uropathogen, 
with frequency of 56.1%, 54.3% and 41.7% res- 

pectively. The variation in the type of bacteria 
isolates might be due to differences in sample 
size of studies, specimen collection techniques, 
sample processing methods, and personal and 
environmental hygiene factors (38). 
 Antimicrobial resistance is a major clini- 

cal challenge in treating infections caused by dif- 
ferent bacterial pathogens and has increased 
over the years. In the present study, there was 
high resistance rates to some commonly used 

antibiotics, especially nalidixic acid, amoxicillin-
clavulanate (augmentin), ciprofloxacin, and mod-
erate resistance to gentamicin and ceftriaxone. 

This is to somewhat comparable with the study 
reports from Gondar (24) and Jimma (4) in Eth- 
iopia. The resistance to the antibiotics may be 
due to the fact that some of these drugs are 
used for prophylaxis against opportunistic infec- 
tions associated with HIV (43). The variations in 
the reports of resistance from the studies may 

be due to the differences in the distribution of 
resistant strains across the different settings.  
 Multidrug resistance has serious impli- 

cations on the health outcome of HIV-infected 

patients (44,45). It is quite alarming to note that 
almost 40.8% of the isolates in this study were 
resistant to two or more antimicrobials. This is 
similar to a report of 46.0% by Dadi et al., (46) 
in Hiwot Fana Ethiopia, but higher compared to 
28.0% reported in Mysore India by Murugesh et 

al., (45), and lower than the 95.0% reported in 
Gondar Ethiopia (24). The high resistance rate 
to the most commonly prescribed antibiotics in 
our study might be due to easy availability of 
these drugs in the community and their cheap 
costs, which make them subject to misuse (47). 

It could also be due to the use of antibiotics for 
other non-human purposes such as in livestock 
rearing and animal husbandry activities, which 
may be accelerating the growth of resistance 

(25,46).     
 The strength of our descriptive study is 
that it evaluated urine samples for pathogenic 

bacteria and highlighted the emergence of anti- 
microbial resistance that provides precise scien- 
tific data needed to develop strategy for the 
appropriate treatment, prevention, and control 
of UTI. However, we did not attempt to identify 
other causative agents (anaerobic bacteria, vir- 
uses, and fungi) that would have made a signi- 
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ficant contribution to the true prevalence of ASB 

in HIV-positive patients in our setting. 
 

Conclusion: 
                                    
 In conclusion, the prevalence of ASB in 
HIV-infected persons in this study is relatively 
higher than some previous findings and common 
pathogens such as S. aureus, E. coli, and K. 
pneumoniae are the major agents of ASB. The 
isolation of high MDR bacteria highlights the 

growing challenge of UTIs, that is becoming 
increasingly difficult to treat with available anti- 
biotics. Future studies need to focus on explo- 
ring a range of causative pathogens and the 
mechanisms of antimicrobial resistance.  
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Abstract:  

 

Background: Identification of the causative agent is an essential requirement for better treatment of 
bloodstream infection. The BacT/Alert 3D (BioMérieux, Marcy l’Étoile, France), is a blood culture system equipped 
with CO2 sensors to monitor the growth of microorganisms in blood culture bottles designed to optimize bacterial 
growth. The aim of this study was to determine the performance of this equipment in detecting bacterial 
pathogens from patients with bloodstream infection in the context of low-and-middle-income countries (LMICs), 
with Bobo-Dioulasso Teaching Hospital as a case study.  

Methodology: A cross-sectional study was conducted over a period of 5 months at the Sourô Sanou University 
Hospital, Bobo-Dioulasso, Burkina Faso, a low-income country. Blood samples from a total of 231 patients with 
clinical suspicion of bloodstream infections were collected and processed according to the manufacturer's 
instructions.  

Results: Sixty-nine of the 231 blood culture samples of patients were positive, giving a bacteriological yield of 
29.9%. Escherichia coli, Salmonella spp, and Staphylococcus aureus were the top three bacterial species isolated.  

Conclusion: The implementation of the BacT/Alert 3D system has significantly enhanced the diagnosis of 
bacteraemia in the Bobo-Dioulasso Teaching Hospital. This enhancement is marked by time savings in patient 
care, reduced staff workload, and an increased bacteriological yield over time. 
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Résumé: 
 
Contexte: L'identification de l'agent causal est une démarche essentielle pour améliorer le traitement des sepsis.  
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Le système d'hémoculture BacT/Alert 3D (BioMérieux, Marcy l'Étoile, France) est équipé de capteurs de CO2 pour 
surveiller la croissance des micro-organismes dans des flacons d'hémoculture conçus pour optimiser la croissance 
bactérienne. L'objectif de cette étude était de déterminer la performance de cet équipement dans la détection 
des pathogènes bactériens chez les patients présentant des signes d’un sepsis dans le contexte des pays à revenu 
faible et intermédiaire (PRFI), avec le Centre Hospitalier Universitaire (CHU) de Bobo-Dioulasso comme cas 
d’étude. 
Méthodologie: Une étude transversale a été menée sur une période de 5 mois au CHU Sourô Sanou de Bobo-
Dioulasso, Burkina Faso, un pays à faible revenu. Des échantillons de sang de 231 patients présentant une 
suspicion clinique de sepsis ont été prélevés et traités conformément aux instructions du fabricant. 
Résultats: Soixante-neuf des 231 échantillons d'hémoculture étaient positifs, ce qui représente un rendement 
bactériologique de 29,9%. Escherichia coli, Salmonella spp et Staphylococcus aureus étaient les trois espèces 
bactériennes les plus fréquemment isolées. 
Conclusion : L'acquisition du système BacT/Alert 3D a considérablement amélioré le diagnostic des bactériémies 
au CHU de Bobo-Dioulasso. Cette amélioration se reflète par un gain de temps dans les soins aux patients, une 
réduction de la charge de travail du personnel et une augmentation du rendement bactériologique au fil du temps. 
 
Mots-clés: Sepsis, Hémoculture automatisée, Pays à revenu faible et intermédiaire.  
 

Introduction: 
 

 In the realm of clinical infections, bac- 
teraemia represent a grave concern (1). Their 
unchecked progression can escalate to sepsis, 
often marked by a graver prognosis. Mortality 
rates associated with sepsis span from 10 to 
50%, contingent on the severity of the conco- 

mitant pathology (2). However, the clinical si-
gnificance of bacteraemia is frequently under- 
estimated in low-and-middle-income-countries 
(LMICs), especially in the sub-Saharan Africa. 
Within these regions, fevers are commonly 
misattributed to malaria or addressed through 

empirical antibiotic treatment due to limited 

access to microbiological diagnosis. This prac- 
tice inadvertently fuels the surge of antimicro- 
bial resistance (3–5). 
 A cornerstone for optimal manage- 
ment of bloodstream infections (BSIs) is the 
identification of the causative agent. Despite 

marked advancements in clinical microbiology 
diagnostics, blood culture remains the ‘gold 
standard’ method for diagnosis of BSIs (6). In 
response to the inherent limitations of manual 
and semi-automated blood culture techniques, 
automated diagnostic systems that are reliant 
on continuous bacterial growth monitoring have 

emerged. Within this array of blood culture sy- 

stems, the BacT/Alert 3D system (BTA3D, 
BioMérieux, Marcy l’Étoile, France) stands out, 
employing CO2 sensors for growth surveil- 
lance. This system employs culture media des- 
igned to address inherent blood culture chal- 
lenges (7).   

 Ordinarily, blood is sterile and cont- 
ains antimicrobial elements that suppress bac- 
terial proliferation during infections. Augmen- 
ting BC sensitivity thus mandates substantial 
blood volumes drawn from 2-4 pairs of bottles 
(6). Regrettably, in Burkina Faso and similar 

LMICs, adhering to these recommendations is 
problematic due to patients' limited financial 
means and the absence of universal health 

insurance, leading to cost burdens. Consequ- 
ently, a single blood sample for two blood cul-  

ture bottles is a common practice (8). 
 Considering these constraints, we seek 

to uncover the potential contribution of this 
automated blood culture system in practical 
usage. Here, we present our experience with 
the BTA3D, acquired amid resource constrai- 
nts in the preceding one year. This study aims 
to highlight the performance of this equipment 
in the identification of bacterial pathogens 

from clinical cases of BSIs within the context 
of the Bobo-Dioulasso Teaching Hospital, Bur- 
kina Faso. 

 

Materials and method: 
 
Study setting: 
 Burkina Faso, situated in West Africa, 
represents a low-income country with an esti- 
mated population of 21,840,865 in the year 
2022 (9). A substantial segment of its popula- 

tion (45.3%) resides below the poverty thres- 
hold of annual $ 115 per adult. The country's 
health infrastructure is underdeveloped, parti- 
cularly in terms of diagnostic capabilities with- 
in laboratories.  These diagnostic deficiencies 
hinder the effective management of prevalent 

infectious diseases. Compounded by the chall- 
enges of poverty and malnutrition, the progn- 
osis of such diseases is further complicated in 

this resource-constrained setting (10,11). 

 
Study design:  
 This was a hospital-based cross-sec- 

tional study conducted from October 1, 2015, 
to February 29, 2016, on patients with clinical 
features of bloodstream infection from whom 
blood culture samples were aseptically collec- 
ted and submitted for routine analysis at the 
Department of Bacteriology laboratory of the 
Bobo-Dioulasso Teaching Hospital, Burkina 

Faso. 
 
Blood sampling, inoculation of culture bottle, 
and incubation in BacT/Alert 3D: 

 Blood samples were collected from hos- 
pitalized patients with extreme body temper-  
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atures (>38°C or ≤ 36°C) as indicative of pot- 
ential BSIs. A tourniquet was applied to the 
arm, followed by vein palpation and antiseptic 
application at the puncture site.  
 A sterile approach was maintained 

after antisepsis. Blood was drawn using a nee- 
dle and syringe (or butterfly needle) and dis- 
pensed into specific blood culture bottles. App- 
roximately 20 ml of blood was collected from 
adults, and dispensed into one aerobic (FAN 
adult, BioMérieux) and one anaerobic (FAN 
adult anaerobic, BioMérieux) culture bottles. 

About 5 ml was collected from paediatric pati- 
ents into a paediatric blood culture bottle (FAN 
paediatric, BioMérieux). Established protocols 

were adhered to (6,7,12). Seeded blood cul- 
ture bottles were placed in the BacT/Alert 3D 
system (BTA3D) for incubation at 37°C for up 

to 7 days, optimizing microbial growth detec- 
tion. 
 
Subculture of positive blood culture bottles: 

 Upon detection of positive blood cultu- 
res by the BacT/Alert 3D system, Gram stain 
microscopic examination was performed which 
guided subculture on suitable agar media. Sub- 
culture media were incubated at 37°C aero- 

bically for 18-24 hours.  
 
Microbial identification and antimicrobial sus- 
ceptibility testing: 

 Microbial identification from positive 
cultures was achieved through culture morph- 
ology and biochemical identification tests (13). 
For Enterobacterales and non-fermenting Gram- 
negative bacilli identification, API 20 E and API 

20 NE strips (BioMérieux) were respectively 
utilized. For Gram-positive cocci, selective me- 
dia and conventional biochemical tests were 
employed for identification. Culture results 
were evaluated by a senior biologist to distin- 
guish between causative pathogens and cont- 
aminants.    

 Antimicrobial susceptibility testing (AST) 

was performed on pathogenic isolates by the 
modified Kirby-Bauer disc diffusion method in 

line with the 2015 European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) 
guidelines (14). Internal quality control mea- 

sures were employed to assess all stages of 
the blood culture test, encompassing incuba- 
tion, solid media preparation, Gram staining, 
biochemical identification and AST. This pro- 
cess utilized reference strains, adhering to the 
EUCAST guideline (14). 
 
Data management and ethical considerations: 
 Data collection was conducted from 

the blood culture registry and recorded in Mic- 

rosoft Excel software version 2015. Patient 
anonymity and confidentiality were rigorously 
maintained. The study was smoothly incorpo- 
rated into the standard care delivery frame- 
work and did not interfere with patient treat- 

ment. Given its alignment with routine health- 
care procedures and the absence of any nega- 
tive impact on patient management, no eva- 
luation by the Research Ethics Committee was 
required in accordance with national regula- 
tions. 
 

Results: 
 
Patients’ characteristics               

 A total of 231 requests for blood cul- 
ture were received during the study period 
from 231 patients, with a mean age of 41±12 
years and a gender ratio of 1.17. Most blood 

culture requests were from the Department of 
Paediatric Medicine (61%), followed by Depar- 
tment of Infectious Diseases (11%) and the 
Intensive Care Units (7%). 
 
Bacteriological yield:   

 Sixty-nine blood culture bottles were 
positive, giving a bacteriological yield of 29.9%. 
This yield remained approximately the same 

regardless of the gender or age group of the 
patients. One patient had positive growth in 
both anaerobic and aerobic bottles but only 

the aerobic bottle was evaluated by sub-cul- 
ture. All subcultures were positive, yielding 69 
bacterial isolates belonging to 10 different sp- 

ecies as shown in Table 1.   
 The morphological groups of bacteria 
isolated were almost equally represented with 
50.8% being Gram-negative bacilli and 49.2% 
Gram-positive cocci. Escherichia coli, Salmo- 
nella spp., and Staphylococcus aureus were 
the three most frequently isolated species. 

Staphylococcus epidermidis was isolated in 
14.4% of positive subcultures. 
 
Results of antibiotic susceptibility testing: 

 The antibiotic susceptibility of E. coli, 

Salmonella spp., and S. aureus strains is as 
shown in Table 2. Salmonella spp., showed 
overall good sensitivity to ciprofloxacin (90. 9%) 

and gentamicin (100.0%). They were resistant 
to penicillin and cephalosporins in 80.9% and 
36.4% of cases respectively. S. aureus was 
resistant to cefoxitin in 5.8% of cases, which 
was associated with resistance to fluoroquino- 
lones and aminoglycosides in 58.9% and 
60.6% of cases respectively. E. coli isolates 

were resistant to at least one penicillin, one 
cephalosporin, and imipenem in 93.6%, 80%, 
and 60.0% of cases respectively.
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Table 1:  Distribution of isolated bacterial pathogens from blood cultures of patients with bloodstream infection at Sourô Sanou 

Teaching Hospital, Bobo-Dioulasso, Burkina Faso  

 

Bacterial species Number of isolates Proportion (%) 
 

Gram positive cocci 

(n=34)  

Staphylococcus aureus 17 24.6 

Staphylococcus epidermidis 10 14.4 

Enterococcus spp. 07 10.1 

Enterobacterales  

(n=31)  

Klebsiella pneumoniae 01 1.5 

Citrobacter freundii 01 1.5 

Escherichia coli 15 21.7 

Enterobacter spp. 03 4.4 

Salmonella spp. 11 15.9 

Non fermentative 

(n=4)  

Acinetobacter spp. 02 2.8 

Pseudomonas spp. 02 2.8 

Total  69 100.0 

1  n: number  

 

 

Table 2: Antibiotic susceptibility of the three main bacteria pathogens isolated from blood cultures of patients with bloodstream 

infection at Sourô Sanou Teaching Hospital, Bobo-Dioulasso, Burkina Faso 

 

Bacterial isolates Percentage of isolates sensitive to antibiotics 

 

AMC AX CAZ GM CP CN IM L ER FOX 
PG 

 

E. coli (n=15) 20 

 

6.6 

 

20 

 

26.6 

 

66.6 

 

46.6 

 

40 

 

- - - - 

Salmonella spp (n=11) 36.3 

 

9.1 

 

72.7 

 

63.6 

 

90.9 

 

100 

 

45.4 

 

- - - - 

S. aureus (n=17) - - - - 41.1 

 

29.4 - 52.9 

 

17.6 

 

5.8 

 

17.6 

 
AX: amoxicillin; AMC: amoxicillin + clavulanic acid; PG: penicillin G; CZ: ceftriaxone; CAZ: Ceftazidime; GM: gentamicin; CP: ciprofloxacin;                  

IM: imipenem; FOX: Cefoxitin; ER: erythromycin; L: Lincomycin; -: Not performed 
 

 

 

Discussion:    

      
 This study aimed to comprehensively 
assess the utility of the automated BacT/Alert 
3D system (BTA3D) in comparison to manual 
detection systems for BSIs within the specific 

setting of the Bobo-Dioulasso Teaching Hospi- 
tal, one year following equipment acquisition. 

The investigation predominantly centered on 
elucidating potential improvements in bacteri- 
ological yield, elucidating the advantages of 
the BTA3D, addressing contamination reduc- 
tion, streamlining patient care, reducing staff 
workload, and mitigating healthcare costs in 

the context of limited resources. 
 
Enhanced bacteriological performance: 

 Within the period of study, a total of 
231 blood cultures were processed, with 69 of 
them testing positive, giving a bacteriological 
yield of 29.9%. This reported yield aligns 

closely with findings from comparable studies 
utilizing automated systems (15,16). For ins- 

tance, Okomo et al., (17) conducted research 

in Gambia in 2011, reporting a bacteriological 
yield of 27.1%. This yield outperformed analo- 
gous studies by Ki-Zerbo et al., (18), Ouéd- 

raogo et al., (19) and Bahwere et al., (20) 
which reported yields of 19.8%, 18.3% and 
15.9% respectively. Noteworthy is that these 

studies were conducted within similar contex- 
tual constraints and employed manual detec- 
tion methods.     

 The substantial deviation of approxi- 
mately 10 percentage points underscores the 
pivotal contribution of automated systems in 
elevating bacteriological performance. The pr- 
onounced efficiency witnessed with the BTA3D 
system can be attributed, in part, to the com- 
position of the blood culture media. In contrast 

to the studies cited above, the BTA3D blood 
bottles encompass a unique blend of saponin, 
resin, absorbent polymeric bile, sodium polya- 
netholsulfonate, and complex amino acid sub- 
strates (7,12). Saponin functions as a lytic 

agent, facilitating the release of intracellular 
microorganisms without impeding their gro- 

wth. The presence of resin neutralizes antimi- 
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crobial activity in blood and augments surface 
area, thereby promoting microbial growth in 
biofilms. These attributes collectively augment 
the positivity rate of the automated method 
(2,12). Conversely, the hemoline media emp- 

loyed in studies by Ouedraogo et al., (18) in 
Burkina Faso in 2012 and Bahwere et al., (20) 
in Congo in 2001 lack some of the key com- 
ponents present in the BTA3D blood culture 
bottles. 
 
Superiority of the BTA3D:  
 Our series exhibited a marginal pre- 

ponderance of Gram-negative bacilli (GNB) at 
50.8% (comprising Enterobacterales and non-

fermenting organisms) juxtaposed with 49.2% 
Gram-positive cocci (GPC). These findings pa- 
rallel those reported by Elouennass et al., (21) 
in Morocco in 2008 with 49.3% GNB and 
46.8% GPC. However, Karlowsky et al., (22) 

in the US in 2004 reported an opposing trend 
with GPC dominance (78.1%). The divergence 
in results can be attributed to the distinct bact- 
erial ecology and population characteristics. 
 The prevalence of children and infants 
in our study population likely contributes to a 
higher propensity for GNB-associated bacte- 

raemia such as salmonellosis, in line with find- 
ings from other developing countries (21,23). 
Comparing the BTA3D to other automated 
blood culture systems highlights its discernible 

efficacy in detecting Enterobacterales. This pro- 
ficiency is particularly advantageous in regions 

where limited hygiene and water access cul- 
minate in gastroenteritis and subsequent bac- 
teraemia (5,17). 
 
Contamination mitigation:  

 The issue of contamination in blood 
culture is a critical concern in the diagnosis of 
bloodstream infections. Coagulase-negative 
staphylococci, while capable of causing BSIs, 

are often indicative of contamination, accoun- 
ting for approximately 70% of cases (27). In 
our study, we observed a coagulase-negative 
staphylococci rate of 14.4%, which could be 

closely aligned with the actual contamination 
rate within our study. However, it significantly 

exceeds the expected 2-5% rate reported in 
the literature for developed countries (28). 
Conversely, when compared to 19.3% con- 
tamination rate reported by El Kettani et al., 
(29) in 2017, this finding exhibits a slight disc- 
repancy.  
 This minor variation may be attribu- 

table to variances in sampling techniques and 
the inherent higher risk of contamination ass- 
ociated with manual detection methods. Daily 
manual assessment of blood cultures involves 
frequent handling of culture bottles, increasing 
susceptibility to contaminants from commen- 

sal and environmental human flora, particu- 

larly enteric bacteria (28).  
 

Clinical efficiency and staff workload: 

 The study yielded zero false positives 
when compared to subculture results. This out- 
come is particularly promising, as it enables 
prompt validation of clinical suspicions regard- 
ing the infectious origin of fever without 

awaiting complete identification and antimicro- 
bial susceptibility testing (30). Such an appro- 
ach expedites treatment modifications while 
awaiting comprehensive results. Additionally, 
the automated detection capability curtails la- 
boratory personnel workload.  

 Manual methods necessitate daily vis- 
ual scrutiny of blood culture bottles to identify 
those conducive to bacterial growth, engend- 

ering a higher likelihood of errors, especially 
among inexperienced staff. The BTA3D, with 
its CO2 sensor-based detection mechanism, 
minimizes error risk and work burden, thus 

optimizing resource allocation within LMICs 
(24). 
 

The reduction of costs of care for sepsis in the 
context of poverty:   

 The augmented sensitivity and swifter 
etiological diagnosis of fevers facilitated by the 
BTA3D system can potentially mitigate inpa- 
tient treatment costs. Given the absence of 
widespread blood culture availability in Bur- 

kina Faso, febrile syndromes are often treated 
empirically, leading to inappropriate use of ex- 

pensive broad-spectrum antibiotics (5), cont- 
ributing to both exacerbation of antimicrobial 
resistance and impoverishment of the family 
due to the lack of universal health insurance 
(11).      

 By enhancing the likelihood of identi- 
fying the causative agent in a timelier manner, 
the BTA3D can contribute to shorter hospital 
stays and more judicious resource utilization, 
thereby alleviating the financial burden asso- 
ciated with ineffective treatments. 
 

Study limitations and perspectives: 

 Subcultures of bottles reported nega- 

tive by BTA3D could not be performed due to 

lack of resources. Such cultures would help 
determine the false negative rate. Therefore, 
a study comparing the BTA3D to another 
device in the same line would better highlight 
the strengths and weaknesses of this equip- 
ment. In addition to the large volume of blood 

required, this experiment requires financial 
resources that are lacking in the Burkina Faso 
context.                      
 

Conclusion:     
 

 Blood culture continues to hold its sig- 
nificance as a crucial diagnostic tool for esta- 
blishing the microbiological basis of bacte- 
raemia. However, manual detection methods 

in LMICs exhibit suboptimal performance and 
are  burdened  with  time-intensive  processes.  
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The integration of the BTA3D automated dete- 
ction system has emerged as a transforma- 
tive step in enhancing the diagnosis of bact- 
eraemia, as evidenced by the observed yield 
of 29.9% at the Bobo-Dioulasso Teaching Hos 

pital.     
 This study underscores the substantial 
improvements brought about by the BTA3D, 
addressing both efficiency and accuracy con- 
cerns associated with conventional manual 
methods. Nonetheless, a comprehensive eva- 
luation that directly compares the BTA3D with 

another device within the same domain would 
provide a more nuanced understanding of its 
capabilities and limitations. Such an assess- 

ment holds the potential to contribute to the 
advancement of bacteraemia diagnosis and 
management strategies, offering valuable in- 

sights for clinical practice in LMICs and bey- 
ond. 
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Abstract:  

Background: The decline in the effectiveness of common antibiotics is due to microbial resistance and has sparked 
research interest in discovering new antimicrobial agents from plants. The objective of this study was to evaluate the 
effectiveness of clove extracts on selected pathogenic bacteria and identify the active antibacterial components. 
Methodology: The active components of Syzygium aromaticum (clove) buds were extracted using methanol and 
ethyl acetate and identified by Gas Chromatography-Mass Spectrometry (GC-MS) analysis. Antibacterial screenings 
against selected pathogenic bacteria were conducted using the agar-well diffusion method.                            
Results: The extracts showed activities against Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa 
at 100 mg/ml, so that the diameters of the methanol extracts were 4.00-25.00 mm, 3.00-26.00 mm and 0.00 -16.00 
mm, while the ethyl acetate extracts were 3.00-24.00 mm, 4.00-22.00 mm and 0.00-14.00 mm respectively. The 
ethyl acetate extract showed higher MIC and MBC at 3.125 and 6.5 mg/mL and 12.5 mg/mL, indicating a more lethal 
effect than the methanol extract. Nineteen bioactive compounds were identified the extracts.                          
Conclusion: The study justifies the use of the clove plant by traditional herbalists to treat bacterial infections due to 
the presence and synergy of the plant's various bioactive components. 
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Résumé: 

Contexte: Le déclin de l'efficacité des antibiotiques courants est dû à la résistance microbienne et a suscité l'intérêt 
de la recherche pour la découverte de nouveaux agents antimicrobiens à partir de plantes. L'objectif de cette étude 
était d'évaluer l'efficacité des extraits de clou de girofle sur des bactéries pathogènes sélectionnées et d'identifier les 
composants antibactériens actifs.                          

https://www.afrjcem.org/
https://www.ajol.info/index.php/ajcem
https://dx.doi.org/10.4314/ajcem.v24i4.10
mailto:ibrahimnusaiba2@gmail.com
mailto:abdmohammed@ibbu.edu.ng
http://creativecommons.org/licenses/by/4.0/
mailto:ibrahimnusaiba2@gmail.com
mailto:abdmohammed@ibbu.edu.ng


Antibacterial effects of bioactive components of Syzygium aromaticum                                               Afr. J. Clin. Exper. Microbiol. 2023; 24 (4): 389-397 

390 
 

Méthodologie: Les composants actifs des bourgeons de Syzygium aromaticum (clou de girofle) ont été extraits à 
l'aide de méthanol et d'acétate d'éthyle et identifiés par analyse par chromatographie en phase gazeuse-spectrométrie 
de masse (GC-MS). Des criblages antibactériens contre des bactéries pathogènes sélectionnées ont été effectués en 
utilisant la méthode de diffusion en puits d'agar.                                                         
Résultats: Les extraits ont montré des activités contre Staphylococcus aureus, Escherichia coli et Pseudomonas 
aeruginosa à 100 mg/ml, de sorte que les diamètres des extraits au méthanol étaient de 4,00-25,00 mm, 3,00-26,00 
mm et 0,00-16,00 mm, tandis que les extraits à l'acétate d'éthyle étaient de 3,00-24,00 mm, 4,00- 22,00 mm et 
0,00-14,00 mm respectivement. L'extrait à l'acétate d'éthyle a montré des CMI et MBC plus élevés à 3,125 et 6,5 
mg/mL et 12,5 mg/mL, indiquant un effet plus létal que l'extrait au méthanol. Dix-neuf composés bioactifs ont été 
identifiés dans les extraits.                                             
Conclusion: L'étude justifie l'utilisation du giroflier par les herboristes traditionnels pour traiter les infections 
bactériennes du fait de la présence et de la synergie des différents composants bioactifs de la plante. 

Mots-clés: Syzygium aromaticum, extrait de clou de girofle, activité antibactérienne, composés bioactifs 

Introduction: 
 
 Cloves (Syzygium aromatum L.) are a 
tree in the family Myrtaceae, which contains 

1200 to 1800 species (1). The plant is grown in 
Nigeria and other parts of the world and its flo- 

wer buds produce essential oil used as a spice in 
cooking and in traditional herbal medicine (2,3). 
The plant has been found to contain many phyto 
-chemicals, monoterpenes and eugenol, which 
have antimicrobial effects that can be studied to 
combat diseases caused by pathogenic micro- 

organisms.  
 Antibiotics have evolved from a purely 
microbial product to synthetic substances that 
inhibit pathogenic microorganisms (4). Antibio- 
tics have helped to treat and control the spread 
of infectious diseases and curbed infections in 
surgical and pediatric patients, thereby preven- 

ting high mortality rates for decades (5). Today, 

the benefits of antibiotics extend to various are- 
as of human activity, including medical practice 
and agriculture (4). However, selective pressure 
from drug abuse has created resistance strains 
that can evade antibiotic action (6).  
 The spread of resistant bacteria poses a 

threat to medicine and is one of the main rea- 
sons for the worldwide decline in the effective- 
ness of antibiotics. In addition, multidrug resist- 
ance has increased mortality rates and led to the 
spread of diseases, particularly in African popu- 
lations who were unaware of their effects (7). 

This requires research to focus on the discovery 
of herbal therapeutics. Therefore, this study was 
conducted to evaluate the effectiveness of clove 
extracts on selected pathogenic bacteria and 

identify the active components. 
 

Material and method: 
 
Study area:  
 This research was conducted at the Mic- 
robiology Laboratory of IBB University in Lapai, 
Niger State, Nigeria. The clove buds were collec- 
ted from a community within longitude (9º03 N) 
and latitude (6º34 E) with an estimated popula- 

tion of 120,000 people, most of whom are far- 

mers and heavy users of herbal medicines (8). 

Sample collection and preparation:  

 Fresh cloves (Syzygium aromaticum L.) 

were purchased in bags and authenticated in the 
Department of Biological Sciences of the Univer- 
sity. They were then washed in distilled water 
and dried at ambient temperature. The dry flo- 
wer buds were ground, weighed and stored in a 
sterile container for experiments. The laboratory 
repository of the Department of Biochemistry, 

IBB University in Lapai provided the standard 
grade methanol and ethyl acetate utilized for the 
extraction of bioactive components from cloves.
 Pure isolates of Escherichia coli, Pseudo- 
monas aeruginosa and Staphylococcus aureus 
were obtained from stock cultures at the Micro- 

biology Laboratory of IBB University Lapai Niger 
State. Isolates were sub-cultured onto nutrient 

agar plates to assess viability and obtain fresh 
cultures for the research.  

Extraction of cloves flower buds:  
 The cold maceration method was used 
to extract the sample ingredients (9). Three hu- 
ndred grams of the sample powder was trans- 
ferred to 1000 ml of methanol in a 2-liter conical 
flask. The same procedure was repeated for 

ethyl acetate and each flask was sealed with cot- 
ton wool, wrapped in aluminum foil and allowed 
to stand for 48 hours. The flasks were shaken 
intermittently to achieve maceration and the filt- 
rate was separated through Whatman No. 1 fil- 
ter paper. The solvents were evaporated on a 
steam bath leaving only the extract in the con- 

tainer. Then, the yield of the extracts was calcu- 

lated using the formula; % yield = weight of the 
plant extract/weight of dry sample (x 100). 

Antibacterial activity of plant extracts:  

 The antibacterial activity of the extracts 
was determined by the agar diffusion method 
from zones of inhibition formed around the agar 
wells due to diffusion against the test organisms 
(10). Fresh nutrient agar plates were aseptically 

inoculated with 0.1 ml bacterial culture using the 
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spread-plate technique before making wells in 

the agar with a sterile 6 mm cork-borer. One 
gram of extract was introduced into six separate 
beakers with different volumes of dimethyl sulf- 
oxide (DMSO) to give 100, 50, 25, 12.5, 6.25 

and 3.125 mg/ml of extracts. A positive control 
with the same concentrations of ciprofloxacin 
and a negative control with sterile water were 
setup.      
 The agar wells were filled with 1 ml of 
the different concentrations of the extracts and 
ciprofloxacin. The plates were incubated at 37°C 

for 24 hours and the diameters of the zone of 
inhibition around the agar wells were measured 
with a meter ruler. The experiment was perfor- 
med in triplicate. 

Minimum inhibitory concentration (MIC) by tube 
dilution method:    
 The MIC of the extracts was determined 
according to the tube dilution method of Adegb- 
enu et al., (11). The extracts were serially dilu- 
ted with DMSO in separate beakers to obtain dif- 

ferent concentrations of the extracts (100, 50, 
25, 12.5, 6.25 and 3.125 mg/ml). Five milliliters 
of each concentration were then dispensed into 
separate test tubes, followed by the addition of 
5 ml of Muller-Hilton broth and shaken to mix. 
The tubes were inoculated with 0.2 ml bacterial 
solution and examined for the lower concentra- 

tion of the extracts that showed no turbidity 
after an incubation period of 24 hours at 37°C  

Minimum bactericidal concentration (MBC): 

 In the MIC study above, test tubes sho- 
wing no growth were aseptically pour-plated on- 
to fresh nutrient agar. After incubation at the 

same temperature for 24 hours, the plates were 

monitored and checked for observable colonies 
of the test organisms and the lowest concen-              
tration that showed no growth was designated 
MBC. 

Identification of compounds by GC-MS analysis: 

 The oil compounds were identified by 
GC-MS analysis as described by Ibrahim et al., 

(12). One ml of the diluted oil was analyzed by 
GC-MS equipped with Agilent Split/Splitless and 
a BP5 (30m) equipped with a (0.25m 0.25 m) 
capillary column (30m 0.25m 0.25m). The car- 
rier gas was nitrogen, and the column was kept 
at 60°C for 3 minutes before rising to 220°C for 
5 minutes and remaining constant at 220°C. The 

temperature interface was set to 280°C. Mass 

spectrometric analysis gave 40,800 atomic mass 
units (AMU) at 2,500°C. Identified compounds 
have peaks with greater than 90% accuracy com 
-pared to more than 62,000 spectral samples in 
the National Institute of Standard and Techno- 

logy (NIST) library database and Wiley libraries. 

Results:  

Organoleptic properties of extracts:   

 The clove extracts were sticky and oily 

with the ethyl acetate extract being more of a 
sticky liquid. In addition, methanol extract app- 
ears brown while ethyl acetate extracts are light 
green in color (Table 1). From the result, 40g 
and 20g of extracts of ethyl acetate and metha- 
nol were obtained, corresponding to yields of 

13.3% and 6.3%, respectively. In general, it 

was observed that the extracts produced by the 
solvents were low.

 

 

Table 1: Organoleptic properties and percentage (%) yield of methanol and ethyl acetate extraction 

 

Sample Extracts WOP (g) WOE (g) POE (%) COE TOE 

Cloves flower buds 

Methanol 300 40 13.3 Brown Oily 

Ethyl acetate 300 20 6.3 Light green Oily 

WOP: Weight of plant; WOE: Weight of extract; POE: Percentage of extract; COE: Color of extract; TOE: Texture of extract 
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Chemical compounds composition:   

 The chromatograms in Fig 1 show the 
peaks that identified compounds in methanol 
and ethyl acetate extracts. Nineteen compounds 
were identified in the extracts with the same 
retention time, but they had different percen- 

tage weights and peak areas. These compounds 
are listed in Table 2. Of these compounds, -2-
methoxy-4-prop-2-enylphenol is the most abun- 
dant in the extracts (23.51%-19.03%), followed 
by -bisabolol (14.81%-12.54%) and acetyl-eug- 
enol (14.11%–9.23%).             

 A benzene ring that is structurally com- 

mon could be a relationship between the com- 
pounds, as shown in their structures in Fig 2. In 
addition, several minor compounds were also 
detected by GC-MS analysis. These compounds 

include methyl ester, ethyl ester, terpenes, car- 
yophyllene, cedrenol, 1,3-benzodioxol-5-ol, tet- 
radecanoic acid and heneicosanoic acid. They 
differ greatly in weight from the main compo- 
nents and probably play a role in the effective- 
ness of clove against pathogenic bacteria. 

 

 

 

 

 

 

Fig 1: Peaks indicated by GC-MS analysis for identified compounds from the clove extracts  
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Table 2: Chemical compounds detected in the flower buds of Syzygium aromaticum 

 

Retention 

Time 
Compounds  Formula 

Molecular 

Weight 

Weight 

(%) 

Peak Area 

(%) 

a b a b 

4.50 1,3-Benzodioxol-5- ol C7H6O3 138 0.70 1.60 0.59 0.45 

16.22 –2-methoxy-4- prop-2-enylphenol C10H12O2 352 19.03 23.51 3.20 3.11 

18.84 Phenol, 5-methyl-2- (1-methylethyl)-, acetate C12H16O 192 11.41 16.12 0.65 0.87 

20.60 Acetyleugenol C12H14O3 206 14.11 9.23 7.93 6.27 

22.00 α-Humulene C15H24 204 4.17 2.09 2.56 2.41 

24.53 Tetradecanoic acid C14H28O2 228 1.09 1.24 1.51 2.04 

25.23 1,8,11-Heptadecatriene, (Z, Z)- C17H30 234 2.11 2.03 2.28 2.11 

26.78 9,12-Octadecadienoic acid (Z, Z) C38H68O8 242 2.86 3.44 6.85 6.91 

28.77 Humulene-1-2- epoxide C5H29O 220 1.45 1.29 6.71 5.25 

30.15 Eicosanoic acid, methyl ester C21H42O2 336 11.11 7.03 9.78 9.42 

32.50 Octadecanoic acid C18H36O2 284 2.99 5.85 7.31 8.74 

33.50 Cholecalciferol C27H44O 384 2.68 3.92 4.15 5.03 

34.50 Heneicosanoic acid C21H42O2 326 5.16 3.01 8.59 10.22 

36.01 Caryophyllene C15H24 204 6.07 3.89 6.22 2.60 

36.76 Cedrenol C15H24O 220 2.14 2.23 6.54 6.12 

39.50 Geramyl-α-Terpinene C20H32 272 2.43 2.78 4.48 4.99 

40.50 α-Bisabolol C15H26O 222 0.99 1.52 14.81 12.54 

43.02 Hexadecanoic acid, 2-hydroxy-1- (hydroxymethyl)ethyl ester C19H38O4 330 2.82 2.54 4.79 4.80 

44.96 11-Eicosenoic acid, methyl ester C21H40O2 324 7.23 6.04 7.68 4.16 
 a; Methanol extract, b; ethyl acetate extract 

 

                                             
–2-methoxy-4- prop-2-enylphenol                Phenol, 5-methyl-2- (1-methylethyl)-, acetate                         Acetyleugenol 

    

 

               Eicosanoic acid, methyl ester                        α-Bisabolol 

Fig 2: The structure of the main compounds in clove extracts 
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Fig 3: Antibacterial activity (inhibition zone diameter) of (a) ethyl acetate and (b) methanol extracts compared to that of (c) ciprofloxacin control 
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Results of antibacterial assay of Syzygium arom- 
aticum extracts:    

 The antibacterial screening at 100 mg/ 
ml of ethyl acetate extract produced inhibition 
zone diameter of 24mm for S. aureus, 22mm for 
E. coli and 14mm for P. aeruginosa, while meth- 

anol extract produced 25mm, 26mm and 16 mm 
respectively. The antibacterial assay results are 
presented in Fig 3. From the results, diameters 
of zones of inhibition increased with increasing 
concentrations of the extracts which compared 
with the zones produced by ciprofloxacin cont- 

rol. However, the zone of inhibition was notice- 
ably wider with the extracts, indicating higher 
activity than the ciprofloxacin control. 

Results of MIC and MBC of the extracts:  
 The MIC results showed the lowest dose 
that inhibited the three test organisms to be 
3.125 mg/ml of ethyl acetate extract, which was 
below 12.5 mg/ml for the methanol extract, 
indicating a higher MIC of the methanol extract 
(Table 3). On the other hand, the test plates for 

MBC with 3.125 mg/ml of ethyl acetate extract 
showed no growth of S. aureus and P. aerugi- 
nosa but this occurred for E. coli at 6.25 mg/ml, 
while 6.25 mg/ml methanol extract represented 
the lowest concentration that suppressed the 
three test organisms. Ethyl acetate extract was 
found to have a more suppressive effect on the 

test organisms at a lower concentration of 3.125 
mg/ml than methanol extract, indicating a lethal 
concentration that is considered the MBC (Table 
4). 

Discussion: 

 Herbal products continue to be sources 

of pharmacoactive properties that correlate well 
with drug metabolism and drug kinetics (13). 
Therefore, research still focuses on plants to 
identify bioactive compounds to treat diseases. 
In this study, the color differences between 
ethyl acetate and methanol extracts were consi- 
stent with the findings of Leonard (14). Typi- 

cally, colors represent impurities, and a darker 
extract has a higher level of foreign matter that 
differs from the extract's original chemicals 
(15). In addition, a higher yield for methanol 
indicates better extraction performance, consis- 
tent with the findings of Leonard (14).   

 This finding was also confirmed by 

Temesgen et al., (16) who also had higher 
amount of oil extracted by methanol than by 
ethyl acetate. However, the observed low ext- 
ract yield may be due to the non-heat method 
used in the extraction process. Guan et al., (17) 
obtained more clove extract with a higher yield 

than in this study due to the heat applied, 
confirming the effectiveness of the heating 
process compared to the cold maceration used 
in this study. This could be due to the increase 
in surface area that the heating process allows 
the solvents to penetrate the sample. This is 
because previous research has shown higher 

yields due to the heat used in the extraction 
process (17).

  

Table 3: Minimum inhibitory concentration (MIC) results of the extracts 

 

Bacteria 
Ethyl acetate extract Methanol extract 

3.125 mg/ml 12.5 mg/ml 

Staphylococcus aureus   ++  + 

Escherichia coli  ++  + 

Pseudomonas aeruginosa   ++  + 
++; lower concentration that showed lethal effect on the test organisms 

 

Table 4: Minimum bactericidal concentration (MBC) results of the extracts 

 

Bacteria 
Ethyl acetate extract Methanol extract 

6.5 mg/ml 3.125 mg/ml 12.5 mg/ml 

Staphylococcus aureus  ++ + 

Escherichia coli ++  + 

Pseudomonas aeruginosa  ++ + 

++; lower concentration that showed lethal effect on the test organisms 
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 The nineteen compounds identified in 
this study were less than 31 and 40 chemical 

components identified by (18,19).  The number 
of compounds detected is related to the quality 
and medicinal value of the clove extract. This 
investigation found –2-methoxy-4-prop-2-enyl- 
phenol as the most abundant compound in the 
bud of cloves. However, relatively high levels of 

acetyleugenol in clove buds vary, with most 
studies reporting high levels of eugenol (20,21). 
Its occurrence cannot be excluded since the 
cultivation area, climatic conditions and extrac- 
tion methods limit the eugenol content in the 
clove species (22). In addition, the macerate 
used in this study could not adequately demon- 

strate the infiltration of the sample to extract 

eugenol due to the slow reactivity between sol- 
vent particles and the sample. This is in contrast 
to the heating method, which has been reported 
to extract eugenol from the stem, buds and 
leaves of cloves (21). Heating causes the move- 
ment of solvent particles to penetrate deeper 

into samples and extracts sensitive compounds. 
 The chemical components enrich the 
clove with antibacterial properties of medicinal 
importance that can be related to the medicinal 
values reported by traditional healers (23). 
Despite the complexity of organic compounds in 

the essential oils, clove oil is very effective and 
considered safe and non-harmful to health by 
the United States Food and Drug Administration 
(USFDA). Therefore, 2.5 mg/kg per day has 
been recommended for infected patients by the 

World Health Organization (WHO) due to the 
healing properties of the oil. Also, recent rese- 

arch has discovered properties in clove oils that 
inhibit the growth of severe acute respiratory 
coronavirus 2 (SARS-CoV-2) due to their ability 
to bind to proteases and inhibit virus replication 
in the host (24). This underscores the role of 
clove oil in treatment of diseases caused by the 
coronavirus, the mechanism for which is not yet 

fully understood.                      
 The antibacterial activity expresses the 
effectiveness of the extract in inhibiting micro- 
organisms. It was found that 100 mg/ml ext- 
racts inhibited the test organisms, consistent 
with the findings of Benmakhlouf et al., (20). 

The increased activity with increasing amount of 

extract compared to ciprofloxacin indicates str- 
ong inhibitory properties. In contrast to that of 
Moemenbellah-Fard et al., (25), who observed 
a decrease in activity with increasing concentra- 
tion. The reason for this behavior could be the 
diffusion rate of the extracts. Different dilution 

rates limit the diffusion of the viscous liquid into 
the agar medium, thus inhibiting the organism. 
  

 The MIC and MBC results were inconsis- 

tent with those of Fagere and Al Magbou (26), 
who reported a lower value (1.50 mg/ml) than 
that reported in our study. As with antibacterial 

screening, dilution and diffusion rates could be 
the cause of the differences in MBC and MBC. 
Lower MIC and MBC values in the ethyl acetate 
extract indicate higher lethality compared to the 
methanol extract. This behavior can be related 
to the combined effect of lipophilic and hydro- 
philic compounds extracted by ethyl acetate and 

their synergistic effect on test organisms. Cava-
Roda et al., (27) reported that the hydrophobic 
rings of the major and trace chemicals in cloves 
interact with cells and disrupt their cytoplasmic 
membrane. 

Conclusion:  

 This research examined the antibacte- 

rial effect of clove buds on pathogenic micro- 
organisms and chemical components responsi- 
ble for bioactivity. GC-MS analysis revealed 2-
methoxy-4-prop-2-enylphenol, phenol, 5-meth- 

yl-2-(1-methylethyl), acetate, bisabolol and ac- 
etyleugenol as the most abundant compounds 
in the extracts. At 100 mg/ml, the MIC of ethyl 
acetate and methanol extracts of the buds were 
almost identical. However, ethyl acetate extr- 
acts had greater bactericidal properties (MBC) 
and fatal effects on the test bacteria than the 

methanol extracts. This higher antibacterial act- 
ivity indicates that ethyl acetate is a better sol- 

vent for extracting bioactive compounds from 
clove buds. The invitro efficacy of the clove buds 
against the test bacteria was demonstrated.  
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Abstract: 
 
Background: The clinical presentation and outcome of COVID-19 are likely to be complicated by co-infection 
with other endemic viruses such as Dengue. This study aimed to investigate the occurrence of co-infections of 
SARS-CoV-2 and Dengue viruses in paediatric patients from Osmania General Hospital, Hyderabad, Telangana, 
during the COVID-19 pandemic.  
Methodology: This was a cross-sectional study of 420 paediatric patients (aged 5-17 years) with febrile illness, 
consecutively recruited from the hospital from June to November 2021. Serum samples were collected and tested 
for SARS-CoV-2 antibodies, and COVID-19 positive samples were further analysed for Dengue IgM antibodies by 
enzyme linked immunosorbent assay (ELISA).  
Results: Of the 420 patients, serum samples of 109 (26.0%) were reactive for SARS-CoV-2 antibodies. Of these, 

13 were reactive for Dengue IgM antibodies, giving a co-infection rate of 3.1% (1.9% females and 1.2% males). 
The three most common symptoms in the co-infected patients were joint ache (myalgia) in 53.8% (75.0% in 
females, 20.0% in males, p=0.1026), fever in 46.2% (50.0% in females, 40.0% in males, p=1.000), and rash 
in 46.2% (62.5% in females, 20.0% in males, p=0.2657).                             
Conclusion: These findings suggest that paediatric patients with COVID-19 may be susceptible to Dengue. 
Understanding the presence of multiple viral infections in paediatric patients is crucial for accurate diagnosis, 
management, and prognosis. Further research is needed to explore the potential synergistic mechanisms of these 
co-infections. 

Keywords: SARS-CoV-2, COVID-19, Dengue, co-infection, paediatrics, antibodies, ELISA. 
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Résumé: 

Contexte: La présentation clinique et l'issue de la COVID-19 sont susceptibles d'être compliquées par une co-
infection avec d'autres virus endémiques tels que la dengue. Cette étude visait à étudier la survenue de co-
infections par les virus du SRAS-CoV-2 et de la Dengue chez des patients pédiatriques de l'Hôpital Général 
d'Osmania, Hyderabad, Telangana, pendant la pandémie de COVID-19.                    
Méthodologie: Il s'agissait d'une étude transversale de 420 patients pédiatriques (âgés de 5 à 17 ans) atteints 
de maladie fébrile, recrutés consécutivement à l'hôpital de Juin à Novembre 2021. Des échantillons de sérum ont 
été prélevés et testés pour les anticorps anti-SARS-CoV-2, et Les échantillons positifs au COVID-19 ont été 
analysés plus en détail pour les anticorps IgM de la dengue par dosage immuno-enzymatique (ELISA).                    
Résultats: Sur les 420 patients, des échantillons de sérum de 109 (26,0%) étaient réactifs pour les anticorps 
SARS-CoV-2. Parmi ceux-ci, 13 étaient réactifs aux anticorps IgM de la dengue, soit un taux de co-infection de 
3,1% (1,9% de femmes et 1,2% d'hommes). Les trois symptômes les plus fréquents chez les patients co-infectés 
étaient les douleurs articulaires (myalgies) chez 53,8% (75,0% chez les femmes, 20,0% chez les hommes, 
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p=0,1026), la fièvre chez 46,2% (50,0% chez les femmes, 40,0% chez les hommes, p=1,000) et éruption 
cutanée chez 46,2% (62,5% chez les femmes, 20,0% chez les hommes, p=0,2657).                  
Conclusion: Ces résultats suggèrent que les patients pédiatriques atteints de COVID-19 peuvent être sensibles 
à la dengue. Comprendre la présence d'infections virales multiples chez les patients pédiatriques est crucial pour 
un diagnostic, une prise en charge et un pronostic précis. Des recherches supplémentaires sont nécessaires pour 
explorer les mécanismes synergiques potentiels de ces co-infections. 

Mots clés: SARS-CoV-2, COVID-19, Dengue, co-infection, pédiatrie, anticorps, ELISA 

Introduction: 

 The COVID-19 pandemic highlighted 

the significance of understanding the clinical 
implications and dynamics of co-infections, 
particularly in the paediatric age group. Paed- 
iatric patients with SARS-CoV-2 infections of- 
ten present with acute sickness and hyperin- 
flammatory syndrome that can lead to severe 

outcomes such as multiorgan failure and shock 

(1). Simultaneously, Dengue virus infections 
continue to pose a major public health chall- 
enge, with millions of annual cases reported 
worldwide (2).     
 The coexistence of Dengue epidemics 
in tropical regions with the SARS-CoV-2 pan- 
demic raises concerns due to the shared cli- 

nical features and potential for missed cases, 
which can have fatal consequences (3). The 
range of clinical symptoms associated with 
SARS-CoV-2 infections varies from mild respi- 
ratory symptoms resembling a common cold 
to life-threatening conditions such as bronchi- 

olitis, pneumonia, acute respiratory distress 
syndrome (ARDS), inflammatory syndrome, 

and multi-organ failure. In this context, it bec- 
omes crucial to understand the dynamics of 
co-infection between Dengue and COVID-19 
to accurately assess the clinical impact and 
enable early interventions (4,5).  

 However, differentiating Dengue and 
COVID-19 in endemic regions during the pan- 
demic poses’ challenges, particularly in the 
early stages of infection when symptoms may 
overlap (6,7). The simultaneous peak in Den- 
gue and SARS-CoV-2 infections observed in 
the year 2020 further strained healthcare sys- 

tems, with the implementation of lockdowns 
and social segregation policies exacerbating 
the spread of Dengue (1,8). Therefore, there 
is a pressing need to identify clinical and labo- 

ratory factors that can predict co-infection in 
paediatric COVID-19 patients.   

 Early identification of co-infections is 
essential to guide appropriate antibiotic selec- 
tion and provide timely supportive care. This 
study aims to address this gap by analysing 
the range of co-infections in paediatric COVID-
19 patients and identifying factors that can aid 
in the prediction of co-infection, ultimately 

facilitating early interventions and improved 
patient management. 

 

 

Materials and method: 

Study design and ethical approval:  

 A cross sectional study was conducted 

at the Osmania General Hospital, Hyderabad, 
Telangana, from June to November 2021. The 
study protocol was approved by the ethical 
committee (IEC/OMC/M.N.49(Acad)/60), and 
informed consent was obtained from the par- 

ents of all participating paediatric patients.  

Study participants and data/sample collection:

 Patients aged 5-17 years presenting 
with symptoms of COVID-19 were consecuti- 
vely recruited and included in the study. A 

structured questionnaire was used to collect 
demographic details and record clinical symp- 
toms. Blood samples were collected from each 
participant, serum was separated and stored 
at -20 ºC until further processing. 

Serological testing:   

 The serum samples were tested for 
presence of SARS-CoV-2 antibodies using the 
Wantai SARS-CoV-2 Ab ELISA kit (Beijing 
Wantai Biological Pharmacy Enterprise Co., 

Ltd., Beijing, China). Subsequently, positive 
samples were tested for Dengue IgM antibo- 
dies using the ICMR-NIV MAC ELISA kit (ICMR-
National Institute of Virology, Pune, India). 
 For SARS-CoV-2 antibody detection, 
the assay was performed by adding negative 

and positive controls, as well as the serum 
samples, to microwells coated with SARS-CoV-
2 antigen. HRP conjugate was added, followed 
by the addition of TMB substrate, which was 
then incubated in a dark room. The reaction 
was stopped by the addition of H2SO4, and the 
absorbance value at 450nm was measured to 

interpret the results. An absorbance value ab- 
ove the cut-off was considered positive, ind- 
icating the presence of antibodies to SARS-

CoV-2.      
 For Dengue IgM detection, the assay 
utilized a capture ELISA approach. During inc- 
ubation, IgM in the patient's serum were capt- 

ured by anti-human IgM. After washing, DEN 
antigen was added and incubated. Any unbo- 
und antigen was removed by further washing, 
followed by the addition of DEN monoclonal 
antibody and Avidin HRP. Chromogenic subst- 
rate was added and the reaction was stopped 

using 1N H2SO4. The intensity of the resulting  
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color was measured at 450nm. The results of 

the serological testing were analysed based on 
absorbance values and interpreted according 
to predetermined cut-off values for each as- 
say. 

Statistical analysis of data: 

 Descriptive statistics were used to su- 
mmarize the demographic and clinical data. 

Chi-Square (or Fisher Exact) test was used to 
compare categorical variables and the level of 
significance was p<0.05.  

Results: 

 During the study period, serum sam- 
ples were collected from 420 paediatric pati- 

ents with symptoms of COVID-19 out of which 
109 (26.0%) were reactive to SARS-CoV-2 an- 
tibodies. Out of the 109 seropositive patients, 

54 (49.5%) were males and 55 (50.5%) were 
females. The age range of the seropositive pa- 
tients was 5-17 years. Twenty three of 55 
(41.8%) female and 24 of 54 (44.4%) male 
patients had fever of more than 38ºC.  
 A total of 13 among the 109 seroposi- 
tive samples were reactive to Dengue IgM, 

giving co-infection of Dengue and SARS-CoV2 
rate of 3.1% (13/420), with 8 (1.9%) females 
and 5 (1.2%) males. The clinical presentations 
of the 13 patients with co-infection of SARS-
COV-2 and Dengue are shown in Table 1, with 
the three most common symptoms being joint 

ache (myalgia) in 53.8% (75.0% in females, 

20.0% in males, p=0.1026), fever in 46.2%  

(50.0% in females, 40.0% in males, p= 

1.000), and rash in 46.2% (62.5% in females, 
20.0% in males, p=0.2657).  

Discussion: 

 The co-infection of SARS-CoV-2 and 
Dengue in paediatric patients is a matter of 
concern due to the overlapping clinical fea- 
tures and potential complications associated 

with both viral infections. Our study, which 
included 420 symptomatic paediatric patients, 
showed 26.0% SARS-CoV-2 seropositivity and 
3.1% co-infection of COVID-19 and Dengue. 
The clinical similarities between COVID-19 and 
Dengue pose a challenge in distinguishing bet- 

ween the two infections. There is significant 

overlap in the clinical symptoms of Dengue 
and COVID-19 including fever, myalgia, head- 
ache, cough, dyspnoea, vomiting, abdominal 
pain, and skin rashes (9-11). In our study, we 
observed similar symptoms in the co-infected 
patients.     

 There was a slightly higher prevalence 
of co-infection in females, with 8 (1.9%) fem- 
ales and 5 males (1.2%) showing co-infection. 
The presence of high-grade fever was more 
frequent in females (50.0%, 4/8) compared to 
males (40.0%, 2/5), indicating a potential ge- 
nder difference in symptom severity, although 

the small sample size here makes this obser- 
vation of little importance, but this finding is 
consistent with previous studies reporting mild 

to moderate illness in children with COVID-19 
(12).

 

Table 1: Clinical manifestations of COVID-19 and Dengue co-infection in paediatric patients in Osmania General Hospital, 

Hyderabad, Telangana, India 

  

Clinical symptoms Female (%)    
(n=8) 

Male (%)   
(n=5) 

Total (%)             
(n=13) 

OR (95% CI) p value 

Fever (≥38°C) 4 (50.0) 2 (40.0) 6 (46.2) 1.50 (0.1559-14.428) 1.000 

Sore throat 3 (37.5) 0 3 (23.1)   

Runny nose (rhinorrhea) 2 (25.0) 1 (20.0) 3 (23.1)   

Cough 3 (37.5) 1 (20.0) 4 (30.8)   

Shortness of breath 
(dyspnea) 

0 0 0   

Chills 2 (25.0) 2 (40.0) 4 (30.8)   

Vomiting 2 (25.0) 1 (20.0) 3 (23.1)   

Nausea 1 (12.5) 1 (20.0) 2 (15.4)   

Diarrhea 1 ((12.5) 3 (60.0) 4 (30.8)   

Headache 1 (12.5) 4 (80.0) 5 (38.5)   

Rash 5 (62.5) 1 (20.0) 6 (46.2) 6.667 (0.4863-91.39) 0.2657 

Conjunctivitis 2 (25.0) 0 2 (15.2)   

Muscle aches 1 (12.5) 0 1 (7.7)   

Joint ache (myalgia) 6 (75.0) 1 (20.0) 7 (53.8) 12.00 (0.7952-181.1) 0.1026 

Loss of appetite 1 (12.5) 0 1 (7.7)   
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 Interestingly, the co-infected patients 

did not exhibit symptoms of shortness of bre- 
ath, which is commonly associated with severe 
COVID-19 cases. This suggests that the pres- 
ence of Dengue antibodies might have a miti- 

gating effect on the severity of Dengue symp- 
toms, as hypothesized by Namita Ravikumar 
et al., (7). Studies by Ratageri et al., (11) and 
Khalil et al., (12) reported cases of co-infec- 
tion between Dengue and SARS-CoV-2, with 
varying symptom severity and outcomes in 
paediatric patients. Additionally, Ghosh et al., 

(4) documented multiple cases of co-infection 
of COVID-19 with various diseases in the pae- 
diatric population, highlighting the need for 
vigilance in diagnosing and managing co-inf- 
ections. Co-epidemics of Dengue and COVID-

19 have been reported in Brazil and other reg- 

ions, indicating the potential for simultaneous 
outbreaks and increased burden on healthcare 
systems (13-17). However, studies in adults, 
such as the one by Joubert et al., (14) suggest 
that severe dengue cases may not be more 
symptomatic than mild to moderate COVID-19 
cases.     

 The limitations of our study include 
the relatively small sample size and its single-
centre nature (18-20). However, the study 
highlights the co-infection of SARS-CoV-2 and 
Dengue in paediatric patients, emphasizing the 
need for awareness and early detection of the- 
se dual infections. The overlapping clinical fea- 

tures and potential complications necessitate 
careful evaluation and management of co-in- 
fected cases.     
 Further research with larger sample 
size and multi-centre collaborations are needed 

to validate our findings and gain better under- 

standing of the clinical impact and outcomes 
associated with co-infection of SARS-CoV-2 
and Dengue in paediatric patients. There is 
also the need to explore the mechanisms und- 
erlying the interaction between the two viru- 
ses and to develop effective strategies for dia- 
gnosis, treatment, and prevention of co-infec- 

tion in paediatric populations. 
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Abstract: 

Background: Mathesia is a hydro-alcoholic emulsion, colourless and somewhat viscous, based on extracts of 
medicinal plants and containing saponins, polyphenols, tannins, and reducing sugars. In this study, we 
proposed to carry out an in vitro study of the antibacterial activity of phytomedicine Mathesia on strains of 
bacteria isolated from diabetic foot ulcers and chronic wounds of patients in care in the University Clinics and 
the Hospital Centre of Mont Amba in Kinshasa, Democratic Republic of the Congo.  
Methodology: This in vitro study was carried out in the bacteriology laboratory of the Higher Institute of 
Medical Technology of Kinshasa from February to June 2022. The Kirby-Bauer disc diffusion method on Mueller-
Hinton agar was used for antibacterial assay of different concentrations of Mathesia on 7 different Gram-
positive and Gram-negative bacterial species isolated from chronic wounds. The minimum inhibitory 
concentration (MIC) of Mathesia for the isolates was determined by broth dilution method on Mueller Hinton 
broth media.  
Results: The results from this study showed that Mathesia has an inhibitory effect upon the 7 bacterial species 

at MIC value of less than 100 μg/ml. The lowest MIC value of 1.95 μg/ml was obtained against Staphylococcus 
aureus, Staphylococcus epidermidis and Proteus species.  
Conclusion: The results obtained in this study corroborate previous studies which demonstrated effectiveness 
of Mathesia on Escherichia coli, Streptococcus pyogenes and Aspergillus species. This activity could also be 
justified by the presence of phenolic acids, tannins and flavonoids which possess antibacterial properties.   
 
Keywords: Phytomedicine; Mathesia; antibacterial activity; wound infection; multi-drug resistant bacteria 
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Résumé: 

Contexte: Mathesia est une émulsion hydro-alcoolique, incolore et quelque peu visqueuse, à base d'extraits de 
plantes médicinales et contenant des saponines, des polyphénols, des tanins et des sucres réducteurs. Dans 
cette étude, nous avons proposé de réaliser une étude in vitro de l'activité antibactérienne de phytomédicament 
Mathesia sur des souches de bactéries isolées d'ulcères du pied diabétique et de plaies chroniques de patients 
pris en charge aux Cliniques Universitaires et au Centre Hospitalier du Mont Amba à Kinshasa, République 
Démocratique du Congo.                        
Méthodologie: Cette étude in vitro a été réalisée au laboratoire de bactériologie de l'Institut Supérieur des 
Technologies Médicales de Kinshasa de Février à Juin 2022. La méthode de diffusion sur disque Kirby-Bauer sur 
gélose Mueller-Hinton a été utilisée pour le dosage antibactérien de différentes concentrations de Mathesia sur 
7 espèces bactériennes Gram-positives et Gram-négatives différentes isolées de plaies chroniques. La 
concentration minimale inhibitrice (CMI) de Mathesia pour les isolats a été déterminée par la méthode de 
dilution en bouillon sur milieu de bouillon Mueller Hinton.                        
Résultats: Les résultats de cette étude ont montré que Mathesia a un effet inhibiteur sur les 7 espèces 
bactériennes à une valeur CMI inférieure à 100 μg/ml. La valeur CMI la plus basse de 1,95 μg/ml a été obtenue 
contre les espèces Staphylococcus aureus, Staphylococcus epidermidis et Proteus.                    
Conclusion: Les résultats obtenus dans cette étude corroborent des études antérieures qui démontraient 
l'efficacité de Mathesia sur les espèces Escherichia coli, Streptococcus pyogenes et Aspergillus. Cette activité 
pourrait également être justifiée par la présence d'acides phénoliques, de tanins et de flavonoïdes possédant 
des propriétés antibactériennes. 

Mots-clés: Phytomédicament; Mathesia; activité antibactérienne; infection de la plaie; bactéries multirésistantes 

Introduction: 
 

 A wound is a physical injury invol- 
ving a break in the continuity of the skin (1). 
The exposed subcutaneous tissues provide a 
favorable substrate of growth of a wide vari- 

ety of micro-organisms; and if the tissues 

involved are devitalized and the host immune 
answering is compromised, the conditions be-
come optimal for microbial growth (2). Ind- 
eed, the host immune answering process is 
an important factor in the occurrence of infe- 
ction (3). Infection of a wound refers to a 

deposition and multiplication of bacteria on 
the tissue with reactions that can be classic 
signs like redness, pain, swelling and fever 
(4,5). The evolution of a wound to an infec- 
ted state is dependent on a multitude of mic- 
robes and some factors include the type, loc- 
ation, and the depth of the wound, the extent 

of exogenous contamination, the general he- 
alth of the wounded person, the immune sta- 

tus of the host, the microbial load, and the 
virulence combined with the types of micro- 
organism present (2). 
               The infection of the majority of 
wounds is polymicrobial with both aerobic and 

anaerobic bacteria. Aerobes often include Sta 
phylococcus aureus, Pseudomonas and beta-
haemolytic streptococcus which are frequen- 
tly cited as a cause of prolonged wound hea- 
ling (6-9). Tengrove et al., (10) reported that 
wound infection is not caused by a single 

micro-organism but by typical organisms incl- 
uding Streptococcus spp, S. aureus, Pseudo- 
monas spp; Escherichia coli, Klebsiella spp, 
Proteus spp, Bacteroides fragilis, Clostridium 

spp, Candida spp and Aspergillus. These mic- 

roorganisms are important in terms of morta- 
lity, morbidity, long hospital stay and delayed 
scarring from infections caused by them (10). 
Wound infections caused by multi-antibiotic 
resistant microbes are also costly to treat (11).  

 Another category of wounds that are 

more prone to severe infection or complica- 
ted by gangrene are the foot ulcers of diabe- 
tics. Indeed, more than a third of persons 
with diabetics develop foot ulcers, and half of 
these present with infections that result in 
amputation of foot or digit (12). Bacteria inv- 
olved in such diabetic ulcers are both Gram-

positive and Gram-negative bacteria. Of the 
Gram-positive bacteria, streptococcus (S. ag- 
alactiae, S., pyogenes, S. mitis), Staphylo- 
coccus aureus, Staphylococcus epidermidis, 
Enterococcus faecalis are frequently involved 
while among the Gram-negatives, members 
of the Enterobacterales such as Escherichia 

coli, Klebsiella pneumoniae, Morganella mor- 

ganii, Proteus mirabilis, Citrobacter, as well 
as Pseudomonas and Prevotella spp frequen- 
tly predominate (13). 
 Many studies have reported that alco- 
holic extracts of several plants are active ag- 

ainst multi-drug resistant bacteria isolated 
from infected wounds, with minimum inhibi- 
tory concentrations ranging from 50 to 60 mg 
/ml (14-16). One in vitro efficacy study of a 
phytomedicine plant, Mathesia on multidrug 
resistant strains of tubercle bacillus (Koch’s 
bacillus) by Kabedi et al., (17), showed that 

Mathesia was active against all the 33 strains 
isolated from TB patients, with a minimum 
inhibitory concentration of 30 μg/ml.  
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 Mathesia is a hydro-alcoholic emul- 

sion, colourless and viscous extracts of medi- 
cinal plants, containing saponins, polyphe- 
nols, tannins, and reducing sugars (18). This 
phytomedicine was developed by the team of 

Professor Mulenga Mbombo at the Faculty of 
Sciences of the University of Kinshasa in the 
Democratic Republic of Congo. We propose to 
conduct an in vitro study of the antibacterial 
activity of Mathesia on wild strains of bacteria 
isolated from diabetic foot ulcers and chronic 
wounds of patients hospitalized at the Clini- 

ques Universities of Kinshasa and at the Mont 
Amba Hospital in the Democratic Republic of 
Congo.  
 

Materials and method:   
 
Study location and period:  
 The study was carried out at the bac- 
teriology laboratory of the Higher Institute of 
Medical Technology of Kinshasa from Febru- 
ary to June 2022. 
 
Bacterial isolates:  

 The study was carried out on a collec- 
tion of seven bacteria species isolated from 
different wounds of patients. These included 

5 isolates of Staphylococcus aureus and Sta- 
phylococcus epidermidis, 6 isolates of Esche- 
richia coli, and 1 isolate each of Proteus spp, 
Klebsiella spp, Citrobacter spp, and Pseudo- 
monas aeruginosa.  
 

Phytomedicinal plant Mathesia®: 

 Mathesia® was obtained from the 
Industrial and Technical Group (GITCO), in 
Kinshasa, DRC. The solution of Mathesia was 
prepared for different amounts of lyophilized 
Mathesia® with 14 different dilutions, ranging 
from 1000 μg/ml up to 0.121 μg/ml.  
 
Determination of antibacterial activity of Mat- 

hesia by disc diffusion method: 

 The agar disc diffusion method was 
used to determine the antibacterial activity of 
Mathesia® extracts on the bacterial isolates. 
An inoculum of the overnight (~18 hours) 
culture of each bacteria isolate was made and 

standardized to match the turbidity of 0.5 
McFarland standard which contains ~108 col- 

ony-forming units per milliliter (CFU/ml). The 
inoculum was spread on Mueller Hinton agar 
medium using sterile swabs. Filter paper 
discs (6 mm in diameter) were soaked in 10 
µl of Mathesia extract solution (1000 μg/ml). 
Prepared gentamicin (10 µg/ml) and norflox- 
acin (20 µg/ml) discs were used as reference 

discs.      
 The Mathesia and reference discs 
were placed on the inoculated plates and 
allowed to dry for 30 mins. The plates were 

then incubated aerobically at 37°C for 24hrs. 

The diameters of the inhibition zones were 
measured in millimeters (19), and the inhibi- 
tion zones produced by Mathesia discs were 
compared with those of gentamicin and nor- 

floxacin reference discs. The procedure was 
performed in triplicate and the mean diame- 
ter of inhibition zone (in mm) produced by 
Mathesia and the reference antibiotic discs 
was calculated for each bacterial isolate. 
 
Determination of minimum inhibitory concen- 
tration (MIC) of Mathesia:                                                                

 The minimum inhibitory concentration 

was determined by broth micro-dilution met- 
hod as previously described (20-22). The 
inocula of the bacterial isolates were prepa- 

red from 24 hours old broth cultures. The 
absorbance was read at 600 nm and adjusted 
with sterile physiological solution to match 
that of 0.5 McFarland standard solution. From 

the prepared microbial solutions, other dilu- 
tions with sterile physiological solution were 
prepared to give a final concentration of 106 
CFU/ml.  
 Stock solutions of the extracts were 
prepared in 0.1% (v/v) aqueous tween 80 
(Fisher chemicals) at concentrations of 1 mg/ 

ml. The two-fold serial dilutions in concentr- 
ations of the extracts were prepared in Mue- 
ller Hinton Broth (MHB), to give final concen- 
trations ranging from 1000 to 0.121 µg/ml. 
An aliquot (10 µL) of a 106 CFU/mL overnight 

culture was added to wells of a sterile 96-well 

micro-plate titer. The positive control wells 
contained MHB + bacteria suspension without 
plant extract while negative control wells con- 
tained MHB only.    
 The MIC was determined as the low- 
est plant extract concentration at which no 
growth was observed after 24 hours. The via- 

bility of the bacterial growth was evaluated 
by the MTT (30 μl tetrazole in 0.01% aque- 
ous solution) assay. For MBC determination, 
10 µl was taken from each well of complete 
inhibition of bacterial growth after incubation 
and spot inoculated on freshly prepared MHB 
and incubated for 72 hours at 37°C.  

 
Results:   
 
Antibacterial effects of Mathesia by disc diffu- 
sion method on the bacterial isolates: 

 The sensitivity test result is shown in 
Table 1. According to Berche et al., (23), an 
extract is considered to have in vitro anti- 
bacterial effects when it produces an inhibi- 

tion zone diameter ≥ 10 mm, hence Mathesia 
is active against all the tested bacterial isola- 
tes. The most susceptible isolates (measured 
by  the  mean  diameter of inhibition zone) in 
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Table 1: Mean diameter of inhibition zone of Mathesia and reference antibiotics (gentamicin and norfloxacin) against the 

bacterial isolates  

Bacteria isolates Mean diameter of inhibition zone (mm)  

Mathesia  
(1000 µg/ml) 

Gentamicin  
(10 µg/ml) 

Norfloxacin  
(20 µg/ml) 

Staphylococcus aureus (n=5) 27.2±0.2a 18.22±0.608b 6.42±0.424c 

Staphylococcus epidermidis (n=5) 26.08±0.46a 23.1±0.16b 7.16±0.27c 

Escherichia coli (n=6) 21.7±0.4a 24.03±0.51b 17.5±0.67c 

Klebsiella spp (n=3) 22.0± 0.0  20.0±0.0 17.5±0.0 

Proteus spp (n=3) 23.0±0.0 21.0±0.0 20.7±0.0  

Citrobacter spp (n=3) 19.0±0.0 20.5±0.0 19.5±0.0 

Pseudomonas aeruginosa (n=3) 18.0±0.0 19.0±0.0 21.0±0.0 

a, b, c: statistically significant difference from results of multiple comparisons tests (least significant difference test) between the bacterial isolates 

 

Table 2: Minimum inhibitory concentrations of Mathesia against the bacterial isolates 

+ = growth; - = No growth; MIC = Minimum inhibitory concentration. 

descending order are S. aureus (27.2±1.2mm), 
S. epidermidis (26.08±0.46mm), Proteus spp 
(23±0.0mm), Klebsiella spp (22±0.0mm), E. 
coli (21.7±0.4mm), Citrobacter sp (19±0.0mm) 

and P. aeruginosa (18±0.0mm).  
 Compared to the reference antibiotics 
(gentamicin and norfloxacin) used, Mathesia 
demonstrated significantly higher antibacte- 
rial activity against S. aureus, S. epidermidis, 
Proteus spp, and Klebsiella spp (Table 1).  

Minimum inhibitory concentration of Mathesia 
against the bacterial isolates:                                                                                                                         

 The results of broth dilution MIC test 
of the different concentrations of Mathesia 
(1000 μg/ml to 0.121 μg/ml) on the bacterial 

isolates is presented in Table 2. The MIC of 
Mathesia was lowest (1.95 μg/ml) for S. aur- 
eus, S. epidermidis and Proteus spp, and hig- 
hest for Pseudomonas aeruginosa (31.25 μg/ 
ml). 

Discussion:  
 

 From the results obtained in this stu- 

dy, it was clearly noticed that the phyto- 
medicine Mathesia had inhibitory effects on 
the seven bacterial isolates tested, which was 
explained by the MIC values obtained that 
were less than 100 μg/ml for all the seven 
isolates (22,24). The lowest MIC value (1.95 

μg/ml) was recorded for S. aureus, S. epider- 
midis and Proteus spp. The results obtained 
in this study corroborated our past research 
which showed in vitro antibacterial effects of 

phytomedicine Mathesia on E. coli, Streptoco- 
ccus pyogenes and Aspergillus sp (18), and 
similar to those obtained by Bryskier (25).  
 The antibacterial activity of Mathesia 
on the seven bacterial isolates could be justi- 
fied by some compounds present in Mathesia 
such as terpenes well known from their high 

antibacterial activity, especially the enumera- 
tion of the microbial membrane (18,26,27). 
This activity could also be justified by the 
presence of phenolic acids, tannins and flavo- 

noids (18) which possess antibacterial prop- 
erties (28,29).  
 

Conclusion: 
     

 We showed in our study the broad-
spectrum antibacterial activity of Mathesia on 
Gram-positive and Gram-negative bacterial 
pathogens isolated from chronic wound infe- 
ctions. This antibacterial activity could be att- 
ributed to compounds present in Mathesia 
such as terpenes, phenolic acids, tannins and 

flavonoids. The results of our study reaffirms 
that Mathesia could be classified as a natural 
broad-spectrum antibacterial plant that is use- 
ful in treating most infected wounds. 

Bacterial isolates Concentrations of Mathesia (μg/ml)  

 

MIC 

value 

(μg/ml) 1000 500 250 125 62.5 31.25 15.62 7.81 3.9 1.95 0.97 0.485 0.242 0.121 

 
S. aureus (n=5) + + + + + + + + + + - - - - 1.95  

S. epidermidis (n=5) + + + + + + + + + + - - - - 1.95 

Proteus spp (n=1) + + + + + + + + + + - - - - 

 

1.95 

Klebsiella spp (n=1) + + + + + + + + + - - - - - 

 

3.9  

Escherichia coli (n=6) + + + + + + + + - - - - - - 

 

7.81  

Citrobacter spp (n=1) + + + + + + + - - - - - - - 

 

15.62  

P. aeruginosa (n=1) + + + + + + - - - - - - - - 31.25  
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Abstract: 

 
Background: The intrinsic property of Acinetobacter baumannii to survive in harsh conditions on environmental 
surfaces and its ability to resist commonly used antibiotics in hospitals make this pathogen to be one of the most 
prevalent causes of hospital infections. The present study was aimed at determining the prevalence of A. 
baumannii among critically ill patients in two tertiary hospitals; Alex Ekwueme-Federal University Teaching 
Hospital, Abakaliki (AE-FUTHA) and Mater Misericodiae Hospital Afikpo (MMHA) in Ebonyi State, southeast Nigeria.  
Methodology: This was a hospital-based cross-sectional study of 300 consecutively selected critically ill 
hospitalized patients in the two hospitals over a period of 6 months, from whom a total of 300 different clinical 
samples were collected. The specimens were processed by standard microbiological culture methods at the 
Applied Microbiology Laboratory Unit of Ebonyi State University (EBSU), Abakaliki. All isolated bacteria from 
cultures were phenotypically screened for A. baumannii by conventional biochemical test scheme and antibiotic 
susceptibility of test (AST) of confirmed isolates was done using the Kirby–Bauer disc diffusion technique, with 
AST results interpreted according to the Clinical and Laboratory Standards Institute (CLSI) guideline.  
Results: Of the 300 critically ill patients, clinical samples of 21 (7.0%) were positive for A. baumannii, with 20 
(10.0%) of 220 samples from AE-FUTHA and 1 (1.3%) of 80 samples from MMHA. Analysis of the different 
isolation sites showed that catheter urine (16.0%, 11/70) from AE-FUTHA and (2.0%, 1/50) from MMHA was the 
most frequent site of A. baumannii isolation. A. baumannii isolates showed high resistance rates to tetracycline 
(100.0%), trimethoprim-sulphamethoxazole (100.0%), ceftriaxone (81.0%) and amikacin (81.0%), while low 
resistance rate was demonstrated to meropenem (14.3%), imipenem (19.0%) and polymyxin B (33.3%). The 
multiple antibiotic resistance index (MARI) of the A. baumannii isolates was 12.1, with average MARI value of 
0.57. 
Conclusion: Early diagnosis of infection caused by A. baumannii and its treatment with meropenem, imipenem 
or polymyxin B can reduce the risks of mortality and morbidity in A. baumannii infection of critically ill patients. 
 
Keywords: Acinetobacter baumannii, Critical illness, Prevalence, southeast Nigeria   
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Résumé: 

Contexte: La propriété intrinsèque d'Acinetobacter baumannii de survivre dans des conditions difficiles sur des 
surfaces environnementales et sa capacité à résister aux antibiotiques couramment utilisés dans les hôpitaux font 
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de cet agent pathogène l'une des causes les plus répandues d'infections hospitalières. La présente étude visait à 
déterminer la prévalence d'A. baumannii parmi les patients gravement malades dans deux hôpitaux tertiaires ; 
Alex Ekwueme-Federal University Teaching Hospital, Abakaliki (AE-FUTHA) et Mater Misericodiae Hospital Afikpo 
(MMHA) dans l’État d’Ebonyi, au sud-est du Nigeria.                     
Méthodologie: Il s'agissait d'une étude transversale en milieu hospitalier portant sur 300 patients hospitalisés 
dans un état critique sélectionnés consécutivement dans les deux hôpitaux sur une période de 6 mois, auprès 
desquels un total de 300 échantillons cliniques différents ont été collectés. Les échantillons ont été traités par 
des méthodes de culture microbiologique standard au laboratoire de microbiologie appliquée de l'Université d'État 
d'Ebonyi (EBSU), à Abakaliki. Toutes les bactéries isolées des cultures ont été analysées phénotypiquement pour 
A. baumannii par un schéma de tests biochimiques conventionnels et le test de sensibilité aux antibiotiques (AST) 
des isolats confirmés a été effectué à l'aide de la technique de diffusion sur disque de Kirby-Bauer, les résultats 
de l'AST étant interprétés conformément aux normes cliniques et de laboratoire. Lignes directrices de l’Institut 
(CLSI).                               
Résultats: Sur les 300 patients gravement malades, 21 échantillons cliniques (7,0%) étaient positifs pour A. 
baumannii, dont 20 (10,0%) sur 220 échantillons provenant d'AE-FUTHA et 1 (1,3%) sur 80 échantillons 
provenant de MMHA. L'analyse des différents sites d'isolement a montré que l'urine de cathéter (16,0 %, 11/70) 
de l'AE-FUTHA et (2,0%, 1/50) du MMHA était le site le plus fréquent d'isolement d'A. baumannii. Les isolats d'A. 
baumannii ont montré des taux de résistance élevés à la tétracycline (100,0%), au triméthoprime-
sulfaméthoxazole (100,0%), à la ceftriaxone (81,0%) et à l'amikacine (81,0%), tandis qu'un faible taux de 
résistance a été démontré au méropénème (14,3%), à l'imipénème (19,0%) et polymyxine B (33,3%). L'indice 
de résistance multiple aux antibiotiques (MARI) des isolats d'A. baumannii était de 12,1, avec une valeur moyenne 
du MARI de 0,57.                                
Conclusion: Le diagnostic précoce de l'infection causée par A. baumannii et son traitement par méropénème, 
imipénème ou polymyxine B peuvent réduire les risques de mortalité et de morbidité liés à l'infection à A. 
baumannii chez les patients gravement malades. 

Mots clés: Acinetobacter baumannii, Maladie grave, Prévalence, sud-est du Nigeria 

Introduction: 

 The genus Acinetobacter is a group of 
Gram-negative bacteria belonging to the wider 
class of Gammaproteobacteria (1). This group 
of organisms can survive for prolonged periods 

of time in the environment and on the hands 

of healthcare workers (2). Acinetobacter is a 
clinically important pathogen with widespread 
resistance to various antibiotics. The bacte- 
rium is a key cause of infection among debili- 
tated patients in the hospital (1).  
 Initially, the Acinetobacter calcoaceti- 
cus-baumannii (ACB) complex comprised four 

species; Acinetobacter calcoaceticus (genomic 
species 1), Acinetobacter baumannii (genomic 
species 2), Acinetobacter pittii (previously na- 
med genomic species 3) and Acinetobacter no- 
socomialis (previously named genomic species 
13 TU). Of these, A. baumannii is the most 

important clinically relevant species, responsi- 

ble for 80% of Acinetobacter infections (3,4).
 Acinetobacter baumannii has been re- 
ported as a notorious opportunistic pathogen, 
affecting debilitated patients especially at the 
intensive care units (ICU) and others with un- 
derlying illnesses, and the bacterium has con- 

sistently jeopardized many antibiotics (5). The 
clinical significance of A. baumannii as a hos-
pital-acquired pathogen is undoubtedly rela- 
ted to its resistance to commonly used anti- 
biotics and virulence potentials (4).  
 Although A. baumannii was initially 
considered as a low virulence pathogen, rec- 

ent studies have shown A. baumannii as one 
of the most significant clinical pathogens ass- 

ociated with hospital-acquired infections (5-
8). Pneumonia has been the major disease 
manifestation of nosocomial infections caused 

by this pathogen, resulting in significantly high 
mortality rate of patients. It is also responsible 
for wide range of other infections including 
septicemia, meningitis, urinary tract infection, 
endocarditis, and more recently, severe and 
deadly cases of necrotizing fasciitis (9).  

 Acinetobacter baumannii is recognized 
as one of the six ESKAPE pathogens (Entero- 
coccus faecium, Staphylococcus aureus, Kleb- 
siella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa and Enterobacter 
species) by the Infectious Diseases Society of 

America (IDSA). It has subsequently develo- 
ped into a pan-drug resistant (PDR) pathogen 
and received rapid recognition as one of the 
most important bacterial pathogens causing 
healthcare-associated infections (10,11). This 
high MDR attributes and persistence make A. 
baumannii a serious threat to hospitalized pa- 

tients.      
 The hallmark of extreme or extended 

drug resistance (XDR) phenotype is carbape- 
nem resistance (CR), and carbapenem resis- 
tant A. baumannii (CRAB) constitute the major 
strains in many hospitals today (10,11), and 
are now reported as important cause of diffe- 

rent types of infections including endocarditis, 
skin and soft tissue infections, meningitis, 
septicemia, respiratory and urinary tract infec- 
tions. Carbapenem-resistant strains are often 
resistant to all other routinely available anti- 
biotics except polymyxins (colistin), tigecyc- 

line, and sometimes aminoglycosides (10,11). 
Treatment of CRAB infections therefore invol- 
ves the use of combinations of last resort anti- 
biotics such as colistin (12).  

 High costs of treatment of CRAB infec- 
tions, treatment failure, and high mortality 
have been reported in various health facilities 
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globally. In view of the paucity of information 
on infections caused by A. baumannii in Alex 
Ekwueme-Federal University Teaching Hospi- 
tal Abakaliki (AE-FUTHA) and the Mater Miseri- 
codiae Hospital Afikpo (MMHA) Ebonyi State, 

Nigeria, this study was aimed at determining 
the prevalence and antibiotic susceptibility of 
A. baumannii isolates among critically ill pati- 
ents hospitalized in the various wards and 
intensive care units of the two hospitals.  
 

Materials and method: 
 
Study area: 
 The study was conducted at the Alex 

Ekwueme-Federal University Teaching Hospi- 
tal, Abakaliki (AE-FUTHA), and Mater Miseri- 
codiae Hospital Afikpo (MMHA), Ebonyi State, 
Nigeria. Ebonyi State is located in southeast- 

tern Nigeria within longitude 7.30' and 8.30'E 
and latitude 5.40' and 6.45'N. The State was 
created on October 1, 1996 from the former 
Abia and Enugu States, with Abakaliki as its 
capital. It is bounded to the north by Benue 
State, to the west by Enugu State, to the east 
by Cross River State and to the south by Abia 

State.  
 There are thirteen Local Government 
Areas (LGAs) in the State namely; Abakaliki, 
Ebonyi, Ishielu, Ohaukwu, lzzi, lkwo, Ezza 

North, Ezza South, Afikpo North, Afikpo South, 
lvo, Ohaozara and Onicha LGAs. There are 

many government-owned and some private 
health clinics are obtained from the study 
area.  
 
Study design and period: 

 This study was hospital-based cross-
sectional design involving 300 critically ill pat- 
ients on admission in medical, surgical, and 
orthopedic wards, and the intensive care unit 

(ICU) of AE-FUTHA and MMHA. The study was 
conducted over a period of 6 months (Sept- 
ember 1, 2022 – March 1, 2023)  
 
Ethical clearance: 
 Ethical clearance was obtained from 
Research and Ethical Committee (REC) of AE-
FUTHA (AE-FUTHA/REC/VOL3/2022/129) and 

written permission was obtained from the 
management of MMHA. Participation in the 
study was highly voluntary and participants 
who consented were at will to withdraw from 
participation at any point they felt uninterest- 
ed. Informed consent was obtained from the 
participants or their spouse, parents or care- 

giver.  
 
Sample size and participant selection: 
 The sample size was estimated using 
the Leslie Kish formula (13), which gave the 

calculated minimum number of participants as 
300. The participants were critically ill patients 
who had been hospitalized for at least 14 days 

in male and female medical wards, male and 
female surgical wards, male and female orth- 
opedic wards, burns, and intensive care units 
(ICU) of the hospital. The participants were 
recruited by consecutive sampling over the 

period of study. 

Data and sample collection:   

 Relevant socio-demographic data and 

other information were obtained from the par- 
ticipants care giver or spouse. Demographic 
data collected included age, gender, marital 
status, duration of hospital stay and ward of 
admission. Different clinical samples as app- 
ropriate to each patient condition were asepti- 
cally collected using sterile urine container or 

by sterile swab sticks, and these included 
catheter urine, wound drain, and swabs of 
wound, skin, nose, and mouth. All samples 
were transferred to the Applied Microbiology 
Laboratory Unit of the Ebonyi State University 
(EBSU) for microbiological analysis. 
 
Culture and isolation of Acinetobacter:  

 Wound swab was first inoculated onto 
Nutrient broth (Merck, Germany) and incuba- 
ted aerobically for 24 hours followed by sub- 
culture on MacConkey agar (Merck, Germany) 
and further incubation for 24 hours at 37oC. 
Urine samples were directly inoculated onto 
MacConkey agar. Acinetobacter grew on Mac- 

Conkey agar as non-lactose fermenter (color- 
less or slightly beige), and was presumptively 
identified as Gram-negative bacilli or cocco- 
bacilli (on Gram stain), oxidase negative, cata- 
lase positive and non-motile by hanging drop 
technique.     

 Acinetobacter isolate was phenotypic- 
ally confirmed as A. baumannii by growth at 
37°C and 42°C and by other biochemical tests 
(14). Acinetobacter baumannii ATCC1605 was 
used as a positive control for each test proto- 
col. 
 
Antimicrobial sensitivity testing: 

 Antibiotic susceptibility test on each 

isolate was done by the disk diffusion method 
as previously described (15). The colony susp- 
ension from each overnight culture was prepa- 
red using nutrient broth and compared with 
the turbidity of 0.5 McFarland standards. With 
the aid of a sterile swab stick, Mueller-Hinton 

agar plates were inoculated with suspension of 
the organism and allowed for 30 mins for pre-
diffusion. Antibiotic impregnated discs (Oxoid, 
UK) including imipenem (10μg), tetracycline 
(10μg), meropenem (10μg), sulfamethoxa- 
zole-trimethoprim (25μg), amikacin (30μg), 
ciprofloxacin (5μg), polymyxin B (300 unit), 

ceftriaxone (30μg), doxycycline (10μg) and 
gentamicin (10μg), were placed on the surface 

of the media and incubated at 37o C for 24 hrs. 
The inhibition zone diameters were measured 
using a meter rule and the isolates were class- 
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ified as susceptible or resistant according to 
the Clinical and Laboratory Standards Institute 
guideline (16).  
 Multi-drug resistance (MDR) A. baum- 
annii was taken as simultaneously resistance 

to three or more classes of antibiotics such as 
extended-spectrum cephalosporins (ceftriaxo- 
ne, cefotaxime, ceftazidime, cefepime), flu- 
oroquinolones (ciprofloxacin, ofloxacin, norflo- 
xacin), aminoglycosides (gentamicin, amika- 
cin), β-lactamase and β-lactamase inhibitors 
(ampicillin-sulbactam) and carbapenems (imi- 

penem, meropenem, ertapenem).  
 Multiple antibiotic resistance index 
(MARI) was calculated and interpreted accor- 

ding to the method described by Ayandele et 
al., (17) using the formula; MARI=a/b, where 
‘a’ is the number of antibiotics to which a 

particular isolate is resistant to and, ‘b’ is the 
total number of antibiotics tested against the 
isolate. 

Results: 
 

 A total of 300 critically ill patients (220 
from AE-FUTHA and 80 from MMHA) were 

recruited and clinical samples collected from 
each of them from the different wards of the 
two hospitals. Of these, 153 (51.0%) were 
males while 147 (49.0%) were females, with 
113 males and 107 females from AE-FUTHA, 
40 males and 40 females from MMHA. The age 
of the patients ranged from 18-69 years, with 

majority in age group 30-39 years (n=124) 
and 40-49 years (n=113), while the least is in 
the age group 60-69 years (n=1) (Table 1).  
 Of the 300 patients, 21 (7.0%) sam- 

ples were positive for A. baumannii with 20 of 
the 220 participants (10.0%) from AE-FUTHA 

and 1 of the 80 participants (1.3%) from the 
MMHA being positive (Table 1). The most 
frequent A. baumannii infection occurred in the 

 

Table 1: Frequency and demographic characteristics of critically ill patients with A. baumannii infections at Alex Ekwueme 

Federal University Teaching Hospital (AE-FUTHA) and Mater Misericordiae Hospital Afikpo (MMHA), Ebonyi State, Nigeria 

Characteristics AE-FETHA MMHA Total  

 

No 

of patients 

No positive for A. 

baumannii (%) 

 

No of 

patients 

 

No positive for A. 

baumannii (%) 

 

No of 

patients 

No positive for A. 

baumannii (%) 

All patients 220 20 (10.0) 80 1 (1.3) 300 21 (7.0) 

 
Gender 

 

Male 

 

113 12 (10.6) 40 1 (2.5) 153 13 (8.5) 

Female 107 8 (7.5) 40 0 147 8 (5.4) 

 

Age group (years) 

 

18-29 

 

31 3 (9.7) 22 0 53 3 (5.7) 

30-39 

 

88 4 (4.5) 36 1 (2.8) 124 5 (4.0) 

40-49 

 

94 11 (11.7) 19 0 113 11 (9.7) 

50-59 

 

6 2 (33.3) 3 0 9 2 (22.2) 

60-69 

 

1 0 0 0 1 0 

 

 

Table 2: Frequency of critically ill patients with Acinetobacter baumannii infection by the hospital wards/units at Alex Ekwueme 

Federal University Teaching Hospital (AE-FUTHA) and Mater Misericordiae Hospital Afikpo (MMHA), Ebonyi State, Nigeria 

Ward of 

admission 

 

AE-FUTHA MMHA Total 

 

No of 

patients 

No positive for A. 

baumannii (%) 

No of 

patients 

No positive for A. 

baumannii (%) 

No of 

patients 

No positive for A. 

baumannii (%) 

 

Medical ward 89 15 (16.9) 29 0 118 15 (12.7) 

Orthopaedic ward 65 1 (1.5) 36 1 (2.8) 101 2 (1.9) 

Intensive care unit 5 1 (20.0) 0 0 5 1 (20.0) 

Surgical ward 61 3 (4.9) 15 0 76 3 (3.9) 

Total  220 20 (10.0) 80 1 (1.3) 300 21 (7.0) 
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age group 50-59 years (22.2%, 2/9) follo- 
wed by age group 40-49 years (9.7%, 11 of 
113), while no infection was reported in the 
age group 60-69 years (Table 1). 
 Table 2 shows the different wards of 

admission and the frequency of isolation of A. 
baumannii from the clinical samples of pati- 
ents. Most samples were collected from pati- 
ents in medical (n=118) and orthopaedic (n= 
101) wards followed by surgical ward (n=76) 
and very few from the intensive care unit 
(n=5). A. baumannii were isolated from all the 

wards and ICU of AE-FUTHA with most freq- 
uent being from the ICU (20.0%, 1/5) followed 
by medical (16.9%, 15/89), surgical (4.9%, 

3/61) and orthopaedic (1.5%, 1/65) wards. 
However, the only A. baumannii isolated from 
MMHA was from orthopaedic ward.    

 As shown in Table 3, the most freq- 
uent source of clinical samples from the pati- 
ents were catheter urine (n=120) and wound 
ulcer (n=82). A. baumannii were isolated most 
frequently from catheter urine (10.0%, 12 of 
120), followed by wound drain (7.7%, 2/26), 

wound ulcer (7.3%, 6/82) and skin swab (6.7%, 
1/15). A. baumannii were isolated from all the 
samples in AE-FTHA except from skin and nose 
swabs while the only A. baumannii isolated 
from MMHA was from catheter urine.  

 The antimicrobial susceptibility test of 
the 21 A. baumannii isolates to 10 commonly 
used antibiotics showed the highest levels of 
resistance to tetracycline (100.0%), trimetho- 
prim-sulphamethoxazole (100.0%), followed 
by amikacin (80.9%), ceftriaxone (80.9%), 
gentamicin (57.0%), doxycycline (47.6%), 

and ciprofloxacin (42.8%), while resistance to 
meropenem, imipenem and polymyxin B were 
low 14.2%, 19.0% and 33.3%) respectively 

(Table 4).    
 The MARI value of the total A. bauma- 
nnii isolates was 12.1 while the average MARI 

value was 0.57. Bacteria having MARI (>0.2) 
originate from a high-risk source of contamin- 
ation where antibiotics are widely used. MARI 
value of ≤0.2 indicates strain originated from 
sources where antibiotics are seldom or never 
used.

Table 3: Frequency of critically ill patients with A. baumannii infections with respect to clinical samples at Alex Ekwueme 

Federal University Teaching Hospital (AE-FUTHA) and Mater Misericordiae Hospital Afikpo (MMHA), Ebonyi State, Nigeria 

Sample 

source 

AE-FUTHA MMHA 

 

Total 

No of 
patients 

No positive for A. 
baumannii (%) 

No of 
patients 

No positive for A. 
baumannii (%) 

No of 
patients 

No positive for A. 
baumannii (%) 

 

Catheter urine 

  

70 11 (15.7) 50 1 (2.0) 120 12 (10.0) 

Wound ulcer 

  

67 6 (9.0) 15 0 82 6 (7.3) 

Wound drain 

  

24 2 (8.3) 5 0 26 2 (7.7) 

Skin swab 

 

13 1 (7.7) 2 0 15 1 (6.7) 

Nose swab 
 

20 0 5 0 25 0 

Mouth swab 

 

26 0 3 0 29 0 

Total 

 

220 20 (10.0) 80 1 (1.0) 300 21 (7.0) 

 

Table 4: Antibiotics susceptibility of A. baumannii isolates from clinical samples of critically ill patients in Alex Ekwueme Federal 

University Teaching Hospital (AE-FUTHA) and Mater Misericordia Hospital Afikpo (MMHA), Ebonyi State, Nigeria 

Antibiotic Disc strength No of isolates resistant (%) No of isolates sensitive (%) 
 

Ciprofloxacin 5 μg 9 (42.9) 12 (57.1) 
 

Tetracycline 5 μg 21 (100.0) 0 

 

Trimethoprim-sulphamethoxazole 25 μg 21 (100.0) 

 

0 

Imipenem 10 μg 4 (19.0) 17 (81.0) 

 

Gentamicin 10 μg 12 (57.1) 9 (42.9) 

 
Amikacin 30 μg 17 (81.0) 4 (19.0) 

 

Meropenem 10 μg 3 (14.3) 18 (85.7) 

 

Doxycycline 10 μg 10 (47.6) 11 (52.4) 

 

Polymyxin B 300 unit 7 (33.3) 14 (66.7) 

 

Ceftriaxone 30 μg 17 (81.0) 4 (19.0) 
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Discussion:  

 Infection due to Acinetobacter species 
is a major public health challenge within the 
health care facilities and the community in 
general due to its multidrug resistance even to 

the most potent drugs such as carbapenems. 
Members of the genus Acinetobacter have not 
only shown increasing resistance to β-lactams 
but also to other classes of antibiotics such as 
aminoglycoside antibiotics and also thought to 
be a reservoir of antibiotic resistant genes in 
hospital environment (18,19). The prevalence 

of A. baumannii infection/colonization in the 
study is 7.0% (21/300), with the most freq- 

uent site of infection being the urinary tract 
and surface wound. This agrees with studies in 
Nigeria and elsewhere where urine and wound 
exudates/pus have been reported to be the 
most frequent clinical specimens sent for iso- 

lation of A. baumannii pathogen. However,  
Mohammad  (20) and Neetu et al., (21) in Ban- 
galore reported recovery of A. baumannii most 
frequently from blood samples  
 The number of critically ill patients in 
the intensive care unit (ICU) of the AE-FUTHA 

was relatively small, while there was no pat- 
ient in ICU at MMHA during the entire period 
of the study. In spite of this, at AE-FUTHA, A. 
baumannii was more frequently isolated (20%, 

1/5) from the ICU when compared to the me- 
dical (16.9%, 15/89) and surgical (4.9%, 3 of 
61) wards. This is line with the findings of 

some studies conducted in different parts of 
Nigeria and in other parts of the world. In 
Nigeria, Nwadike et al., (18) reported ICU as 
the major point of isolation of A. baumannii, 
while a prevalence of 18.4 % was reported by 
Natalia et al., (8) at the surgical ICU of Mary- 
land Medical Center, USA, and Neetu et al., 

(21) also reported high isolation rate from ICU 
of the hospital in Padmashree Bangalore. In 
contrast, Ikechukwu et al., (5) in Nigeria rep- 
orted highest isolation rate from medical ward.
 The antibiotic susceptibility test result 

showed that A. baumannii isolates in our study 

were mostly resistant to at least 3 classes of 
antibiotics, making them to be multidrug-resi- 
stant (MDR) isolates. The highest of resistance 
of the isolates was to tetracycline and trime- 
thoprim-sulfamethoxazole while the least resi- 
stance was to meropenem, imipenem and pol- 
ymyxin, which is in agreement with the finding 

of Ikechukwu et al., (5) who reported high in 
vitro efficacy of meropenem and imipenem 
against A. baumannii. Direkel et al., (22) and 
Eghbalimoghadam et al., (23) also reported 
similar low resistance rate to imipenem in 
Turkey and Iran respectively. Our findings and 
those of others suggest that meropenem and 

imipenem still remain the most potent anti- 
biotics against A. baumannii.   
 The resistance to gentamicin was rela- 
tively high (57.1%), and quite high to ceftria- 

xone (80.0%) and tetracycline (100%) in the 
current study. A similar study by Muhammed 
(20) reported high resistance of A. baumannii 
to gentamicin (94.3%) and tetracycline (95%) 
but relatively low resistance rate to ceftria- 

xone (35.0%). Contrarily, the study by Al-
Agamy et al., (24) reported that A. baumannii 
isolates were highly resistant to ciprofloxacin 
(80.0%) and imipenem (70.0%). The differe- 
nce in resistance rates reported may reflect 
the degree of antibiotic exposure and use/ 
misuse in different settings.   

 The result of MARI of the isolates in 
our study agrees with that of Onuoha et al., 
(15) who reported average MARI of their iso- 

lates to be higher than 0.20. Bacteria having 
MARI > 0.2 tends to originate from a setting 
with high levels of antibiotics exposure, while 

those with MARI ≤ 0.2 tend to originate from 
setting with low antibiotic exposure. 
 

Conclusion:  
 

 The prevalence of A. baumannii infec- 
tion/colonization of critically ill patients in this 

study is 7.0%, which emphasizes the clinical 
importance of this pathogen in this group of 
patients. The most frequent sites of infection/ 
colonization are the urinary tracts and surface 
wounds, and the organism exhibited multi-

drug resistance pattern. However, merope- 
nem and imipenem showed high in vitro acti- 

vity and are recommended for treatment of 
infections caused by A. baumannii in critically 
ill patients.  
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