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Abstract

Multidrug drug-resistant (MDR)-Acinetobacter baumannii (A. baumannii) is one of the most

feared nosocomial bacterial agents worldwide, and the World Health Organization classified

carbapenem-resistant strains as a priority ”1” critical pathogen. In Nigeria, the paucity of

information on this pathogen makes it difficult to estimate its potential impact on public

health and veterinary medicine. This systemic review was done to prepare an impact assess-

ment for One Health based on the occurrence of A. baumannii in different environments and

the antimicrobial resistance. A detailed search of articles on A. baumannii in Nigeria was

conducted using search strings in the following databases: PubMed, Scopus, Google search

engine, and Google scholars. This study revealed that 14 out of the 36 states in Nigeria

reported A. baumannii. Specifically, 19/24 articles described isolates from clinical settings,

4/24 from the environment, and 1/24 from animal sources. A. baumannii occurrence of 9.15%

(503/5496) was recorded from 8.4% (418/4950), 16.06% (80/498), and 10.42% (5/48) of sam-

ples of clinical, environmental, and animal origin by culture, respectively. The most common

antibiotics to which A. baumannii was resistant were chloramphenicol, ampicillin-sulbactam,

amoxicillin, amoxicillin-clavulanate, cefuroxime, ceftazidime, ceftriaxone, gentamycin, and

tetracycline. Seventeen resistance determinants were described for A. baumannii isolates

originating mostly from clinical sources with blaOXA-51 and blaOXA-23 gene makers fre-

quently reported. This study demonstrates the lack of data on A. baumannii from animals.

Clinical MDR- A. baumannii isolates, particularly in Intensive Care Units (ICUs), are a

severe public health concern in Nigeria. Thus, findings from this review will form a baseline

for future surveillance research.
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Introduction

Acinetobacter baumannii (A. baumannii) is generally
regarded as an opportunistic nosocomial pathogen ca-
pable of causing various infections. Most often, the res-
piratory tract is affected and especially by ventilator-
associated pneumonia. But bacteremia, mediastinitis,
infections of skin wounds or surgical sites, catheter-
related sepsis, soft tissue infections, osteomyelitis, uri-
nary tract infections, cholangitis, meningitis, and rare
community-acquired disease have also been reported
(Dijkshoorn et al., 2007; Lee et al., 2017). Common
risk factors for the acquisition of multidrug-resistant
(MDR), extensively drug-resistant (XDR), or Pan-drug
resistant (PDR) A. baumannii include previous antibi-

otic abuse, mechanical ventilation, length of stay in in-
tensive care unit/hospital, the severity of illness, use of
medical devices and the status of the immune system.

The World Health Organization (WHO) consid-
ers A. baumannii as one of the most dangerous ES-
KAPE (Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, A. baumannii, Pseudomonas
aeruginosa, and Enterobacter species) organisms as it
effectively escapes the effects of antibacterial drugs.
This bacterium can move on surfaces (Wareth et al.,
2021b). It also up-regulates or acquires resistance
determinants fastly and survives harsh environmental
conditions (Peleg et al., 2008; Lee et al., 2017; Vázquez-
López et al., 2020). Rapid emergence and global spread

12

https://gmpc-akademie.de/journals/gjm
mailto:kabiru.akinyemi@lasu.edu.ng
https://doi.org/10.51585/gjm.2022.3.0018
https://doi.org/10.51585/gjm.2022.3.0018


of carbapenem-resistant A. baumannii (CRAB) within
the past decade left them to become a threat to public
health (Kim et al., 2012; Lee et al., 2014; Huang et al.,
2019). In the USA, a national surveillance study in
2010 found an occurrence of 44.7% and 49.0% A. bau-
mannii strains resistant to imipenem and meropenem,
respectively (Huang et al., 2019). Mortality of CRAB
infections has risen to 76.0% from 16.0% (Huang et al.,
2019). Similarly, in Korea and China, CRAB causes
79.8% and 70.0% mortality in bloodstream infection
(DBI), respectively (Kim et al., 2012; Lee et al., 2014)).

Antimicrobial resistance and virulence determi-
nants in A. baumannii

Genetic analyses have reported several virulence fac-
tors in A. baumannii isolates from clinical samples.
Genes coding for outer membrane porins (Omp),
pathogenicity islands (PAI ), P fimbriae (pap), phos-
pholipases, S fimbriae adhesion and F1C (sfa), fim-
briae adhesion and dr antigen (afa/dra), proteases,
type 1 fimbriae (fimH ), fibronectin receptor (fbn),
lipopolysaccharides (LPS), serum resistance (traT ),
curli fibers (csg), aerobactin (iutA), yersiniabactin
(fyuA), polysaccharide coatings of group II and III
capsules (kpsMT ), cytotoxic necrotizing factors (cnf ),
invasins factors (IbeA), colicin V production (cvaC ),
iron-chelating systems and protein secretory system,
responsible for adhesion, colonization, and invasion of
different target cells as well as genes of various re-
sistance mechanisms to several antibiotic classes have
been identified (Lee et al., 2017; Tavakol et al., 2018;
Vázquez-López et al., 2020). Some of the resistance
mechanisms of A. baumannii include target modifi-
cation, altered binding proteins, enzymatic degrada-
tion of drugs, multidrug efflux pumps, ribosomal (16S
rRNA) methylation, damage to permeability, and ri-
bosomal protection (Vázquez-López et al., 2020).

The virulence factors of A. baumannii extend to
cytotoxicity, chemotaxis, bacterial killing, and persis-
tence (Nocera et al., 2021). A. baumannii strains of hu-
man, animal, environmental origin, and foodstuffs also
harbor a plethora of resistance genes against different
classes of antibiotics at an alarming rate. Most com-
mon genes found are intrinsic chromosomal (OXA)-51-
like (carbapenem), blaOXA-23, 24 (OXA-40-like), -58-
like, and -123-like (acquired carbapenem) genes, aadA1
(streptomycin), aac(3)-IV (gentamicin), sul1 (sulfon-
amides), blaSHV and blaCTX-M (cephalosporins),
cat1 and cmlA (chloramphenicol), LpxA, LpxC, and
LpxD (colistin), tetA and tetB (tetracycline), dfrA1,
(trimethoprim), qnr (fluoroquinolones), imp, sim and
vim (carbenicillin), and blaKPC, blaGES, blaNDM,
blaSIM, blaVIM, blaIMP (beta-lactams) are mainly re-
sponsible for the occurrence of severe antibiotic resis-
tance that are often encoded in the chromosome and
extra-chromosomal structures such as plasmid, inte-
grons, and transposon (Lee et al., 2012; Tavakol et al.,
2018; Ike et al., 2020; Vázquez-López et al., 2020).

A. baumannii from a “One Health” perspective

A. baumannii, as an agent of public health concern, has
been reported in food animals/livestock (cattle, poul-

try, and swine) and pet animals (cats, dogs, horses,
etc.) in some parts of the world (Wareth et al., 2019)
but no data are available in Nigeria yet. This could
be attributed to researchers’ interest and the emerg-
ing nature of Acinetobacter -associated diseases in Nige-
ria. Thus, A. baumannii needs an interdisciplinary ap-
proach for which human, environmental, and animal
health is considered, and antibiotic resistance is ad-
dressed with care (Scott et al., 2019). Based on this
One-Health approach, environmental, animal, and hu-
man (clinical) isolates are investigated to determine the
sources and routes of infections. The detection and
lack of knowledge on the occurrence of A. baumannii
in livestock call for further investigation.

In Lebanon, Al Bayssari et al. (2015) reported the
detection of VIM-2-producing and OXA-23-producing
carbapenem-resistant A. baumannii (CRAB) and P.
aeruginosa, respectively. Also, Tavakol et al. (2018)
reported that sixteen out of 22 A. baumannii iso-
lates from raw meat had different genetic clus-
ters. Only 12 (54.54%) had similar genetic clusters.
These A. baumannii strains were resistant to tetra-
cyclines (90.90%), trimethoprim (59.09%), cotrimox-
azole (54.54%), and gentamicin (50.00%), with tetA
(81.81%), tetB (72.72%), dfrA1 (63.63%), aac(3)-IV
(63.63%), sul1 (63.63%) and aadA1 (45.45%) being the
most commonly detected antibiotic resistance genes.
FimH (81.81%), afa/draBC (63.63%), csgA (63.63%),
cnf 1 (59.09%), cnf 2 (54.54%) and iutA (50.00%) were
the most commonly detected virulence factors. No-
tably, A. baumannii strains isolated from chicken meat
samples had the highest genetic similarities. Further-
more, Klotz et al. (2019) reported that cattle harbored
A. baumannii predominantly in the nose. Some of
these bovine A. baumannii strains shared the same
genotype as human strains. A. baumannii in cattle
has different occurrences in beef cattle (6.8%), dairy
cows (21.1%), and calves (2.4%).

Hrenovic et al. (2019) reported an important public
health risk. They isolated A. baumannii ST195 strains
from pigs on a Croatian farm, representing the predom-
inant clinical isolates from humans in Europe. Habitats
can be shared by wildlife and poultry, and these wild
bird species are considered potential reservoirs of A.
baumannii (Nocera et al., 2021). Kanaan et al. (2020)
showed that poultry products such as meat of turkeys
and chickens might be of concern as they may vector
for transmitting MDR, XDR, and PDR A. bauman-
nii. Zhang et al. (2013) isolated MDR A. baumannii
strains carrying NDMI Metallo-β-lactamase [high po-
tential carbapenemase] from blood samples of animal
origin suffering from pneumonia in China. Hamouda
et al. (2011) reported the isolation of bovine A. bau-
mannii strains that were generally susceptible to an-
tibiotics but discovered three new blaOXA-51 types
for the first time beta-lactamase genes (blaOXA-148,
blaOXA-149, and blaOXA-150) so far not found in hu-
man isolates. Cho et al. (2018) characterized 42 A. bau-
mannii isolates from dry milk samples. All strains were
of the European clonal lineages II and III, were PCR
positive for blaOXA-51, and were resistant to chloram-
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phenicol and oxacillin. Genome sequencing of nine iso-
lates revealed that four isolates harbored blaOXA-530
and another four harbored blaOXA91 and blaOXA-
430 genes of the blaOXA-51-like family. Moreover,
the strains contained a blaADC-25-like gene encoding
for an intrinsic AmpC beta-lactamase Tavakol et al.
(2018); Nocera et al. (2021).

Therefore, significant attention needs to be given
to the meat of cattle, sheep, goats, and camels in both
community and hospital settings, as the source of A.
baumannii MDR genes (Askari et al., 2020). Global
Clones 1 (GC1) and 2 (GC2) have already been spread
to more than 30 countries since 2011 Holt et al. (2016).
Even though the spread of this bacterium in the hos-
pital setting is well known, information on its ecology
within the environment and food animals is still scarce
and neglected in Nigeria; thus, a literature study of the
last decade occurrence and antibiotic resistance of A.
baumannii in Nigeria is required.

Materials and methods

Search strategy, eligibility, and validity assessment

A meta-analysis of original research on A. bauman-
nii from clinical, environmental, and animal sources
across 36 states of Nigeria’s six geopolitical zones, in-
cluding the Federal Capital Territory (FCT) Abuja,
was conducted using the systematic review protocol
PRISMA-P 2015 checklist Moher et al. (2015). Full-
length research publications, abstracts, and keywords
in English (such as MESH terms in PubMed) were
considered. The search results were restricted to
full-length publications and abstracts between Jan-
uary 1, 2011, and December 31, 2021. The elec-
tronic databases PubMed (https://www.ncbi.nlm.nih.
gov/pubmed), Google search (https://www.google.
com), Google scholar (https://scholar.google.com/),
Medline, and Scopus were searched. Following search
items were by 10th March 2022: (Acinetobacter [ti],
baumannii [ti], “Acinetobacter” [Mesh] or “A. bauman-
nii” [Mesh]) and (synerg* [ti], combin* [ti], “MDR
Combinations” [Mesh] or “Antimicrobial resistance,
combination” [Mesh] for PubMed, Medline and Google
Scholar). The same search without the MESH terms
was also conducted in Scopus. While ‘’ Acinetobacter”
or ‘’ baumannii” or a combination of both words, or ‘’
Occurrence” or Antimicrobial resistance” or ‘’Nigeria”
or ‘’Food” or ‘’clinical” OR ‘’Environment” or a com-
bination of all were used as search criteria in Google
search engine. The title and abstract of each publica-
tion and the full text of selected articles were analyzed.
Any study type (including in-vitro, animal models, and
clinical studies) was eligible.

Duplicate reports were sorted and removed from
the analysis. Sorting was done by grouping all reports
according to state and then comparing variables, which
included study time, name, location of the study site,
and the number of isolates. The occurrence was calcu-
lated in this study as the percentage of positive samples
for A. baumannii in the total samples recorded. The
study’s validity was determined by carefully evaluating
all original research publications for the inclusion and

exclusion criteria outlined above, ensuring that only
credible data were included.

Results
Data analysis

A flow chart of the review is depicted in Figure 1.
Twenty-four relevant publications (Table 1 & Table 2)
were identified as eligible for describing 503 [418 clin-
ical, 80 environmental, and 5 animals] A. baumannii
isolates. All (100%) studies were published in the
last 10 years, while most (83.33%) articles were pub-
lished in the last 5 years. Most studies (n=16) were
conducted in the South-West region (62.5 %), three
(16.67%) in North-west, and two (8.33%) in the South-
South region as depicted in Figure 2. The number of
eligible isolates per study was small in 45.83% of stud-
ies with less than 10 isolates. In particular, 16.67 %
(4/24) of published studies from 2014 to 2020 included
Acinetobacter species other than A. baumannii. The
analysis revealed that A. iwoffii (n=22), A. haemolyti-
cus (n=20), and A. calcoaceticus (n=1) are among
the other species studied. Finally, most studies were
single-center studies (62.5%), and multicenter studies
(33.33%) that were conducted in two to six centers.

Spatiotemporal distribution of A. baumannii in hu-
man and non–human reservoirs in Nigeria

A total of 24 published articles were recorded between
2013 and 2021, with the year of studies ranging from
2011 to 2021. Six published articles on A. baumannii
were recorded between 2013 and 2016. Fourteen pub-
lished articles were observed between 2017 and 2020,
an indication of an increase in publication drive. How-
ever, in 2021, there were four published articles on A.
baumannii recorded (Table 1 & Table 2). As a result,
human-to-human, animal-to-animal, food-to-food, and
environment-to-food transmission mechanisms are now
being debated. To tackle this public health issue, a
thorough understanding of the current state of resis-
tance development and epidemiology of this organism
in clinical and non-human sources is required.

The situation in humans

Several clinical samples, such as urine, wound smears,
blood, and sputum, have been reported to harbor
MDR A. baumannii in Nigeria during the usual clin-
ical surveillance studies for A. baumannii. Notably,
the first report of A. baumannii in the clinical setting
was dated back to 2002 by Iregbu et al. (2002), who
reported 50 A. baumannii isolates from Lagos Univer-
sity Teaching Hospital (LUTH). All reported isolates
were beta-lactamases producers and MDR. Then a to-
tal of 19 articles reported MDR A. baumannii from
different geopolitical zones in Nigeria except for North-
central within the last decade. Interestingly, from 19
published articles reviewed in this study, seven (37%)
discussed Hospital-Acquired (HA), and Community-
Acquired (CA) infections, four (21%) dealt with CA
infections only, seven (37%) discussed HA infections
only, and one (5%) article was devoided of any infor-
mation about the case of the study (Table 1). These
publications documented 8.4% (418/4950) of clini-
cal A. baumannii isolates in random samples. Nine
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Figure 1: Flow chart of the systematic literature review of research on A. baumannii isolated in Nigeria.

papers (47.36%) reported phenotypic MDR A. bau-
mannii without resistance genes characterization from
three [South-West, North-West, and South-East) of
the six geopolitical zones of Nigeria. Noteworthily,
the 19 articles reported MDR of A. baumannii for
most commonly used antibiotics such as TET: Tetra-
cycline; SXT: Trimethoprim/Sulfamethoxazole; CHL:
Chloramphenicol; Gen: Gentamycin; AMK: Amikacin;
STR: Streptomycin; AMC: Amoxicillin/Clavulanic
acid; SU: Sulfamethoxazole; PEN: Penicillin; APX:
Ampiclox; CTX: Cefotaxime; CAZ: Ceftazidime; CRX:
Cefuroxime; CRO: Ceftriaxone; AMP: Ampicillin;
CFX: Ceftriaxone; and AMS: Ampicillin/Sulbactam;
and growing emerging resistance to IMP: Imipenem;
MER: Meropenem; CXC: Cloxacillin; AUG: Aug-
mentin; AML: Amoxicillin; CPZ: Cephazolin; AZT:
Aztreonam; CPT: Cephalothin; KAN: Kanamycin;
and COL: Colistin. Nevertheless, ten (52.63%) ar-
ticles reported blaOXA-51 intrinsic carbapenemases
producing genes and blaOXA-23 acquired resistant
genes. Most of the articles reported several other resis-
tant makers also, including blaKPC, blaNDM, blaVIM,
blaIMP, blaTEM, blaCTX-M, and blaSHV (Figure 3).
Notably, most (60%) of these articles were from South-
west Nigeria and published between 2018 and 2021.

One article each (5%) described research/work from
North-west, North-east, South-south, and an unspeci-
fied state/zone and was published in 2021, 2019, 2019,
and 2020, respectively (Table 1 & Figure 2).

The situation in the environment and animal
sources

A. baumannii can be found in soil, vegetables, wastew-
ater, and on environmental surfaces. Four articles were
published between 2015 and 2021 and reported 80 iso-
lates from 498 samples giving an occurrence of 16.06%,
while one article reported 10.42% (5780) A. baumannii
from animal samples. The only published article on
animal sources was conducted on fecal wild bird drop-
pings collected in the vicinity of two irrigation farms
(the Sharada Canal Wastewater Irrigation farm and
Jakara Waste Canal Irrigation farm) in Kano North-
West Dahiru and Enabulele (2015). These occurrences
were recorded from randomly sampled studies on en-
vironmental and animal sources. Interestingly, the five
MDR strains isolated out of 48 samples were resistant
to first-generation cephalosporins and four to strepto-
mycin. Notably, two (50%) of the four published arti-
cles on environmental sources reported the presence of
resistant genes in A. baumannii strains from the soil,
lake, and drinking water.
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Figure 2: Map showing the distribution of published articles on A. baumannii from the geopolitical zones in Nigeria
from 2010-2021.

Figure 3: Chronological emergence of the number of genes coding for AMR in A. baumannii in Nigeria (2012–2021).
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Table 1: Distribution of MDR clinical A. baumannii strains in Nigeria as reported in literature published within the last decade (2011-2021).

Study case Patient age

(years)

Origin of isolates Sample size No. of isolates Time

Month/Year

State/zones Method of detec-

tion

AMR profile Resistant genes Reference

CA ND Wound swab 50 10 ND Lagos [SW] Microbact 12A and

B system

ND ND Ilomuanya et al. (2022)

HA ≥6 Sputum 90 6 June–August 2018 Kaduna [NW] Microgen ID ERY, TET, SXT, AMC,

STR, AML

OXA-51, TEM, and

ermB

Oyegoke et al. (2021)

HA, CA ND Urine, wound, and

blood

107 72 Jan.2012–May.2013 Ekiti, Lagos, Ogun,

Condo, Osun, and

Oyo [SW]

PCR AMP, AZT, CAZ, CFX,

GEN

OXA – 51, intl-1, VIM,

IMP

Ike et al. (2020)

HA, CA ND Wound biopsy and

blood

87 26 Jan–Dec 2016 Oyo [SW] Vitek 2 system LEV, CRX, CAZ, AMK,

CFX

ND Dada-Adegbola et al.

(2020)

ND NA Clinical sample not

specified

ND 21 ND ND WGS ESBL NDM-1, OXA-51, OXA-

23

Ogbolu et al. (2020)

CA ≥16 Urine 175 1 Jul.–Dec.2017 Osun [SW] Multiplex PCR CTX, CAZ, CRO, AMC,

PEN, AMP, STR, TET, F,

CHL, ERY

SHV, TEM, CTX – M Bebe et al. (2020)

HA ND Wound swabs 140 18 Nov.2018-

Mar.2019

Ogun [SW] PCR TET, ERY, MER, CRX,

AUG, GEN, CAZ

OXA- 51 Fasuyi et al. (2020)

HA ND Urine, blood, and

wound swabs

72 69 Apr.2011–May.2013 Ekiti, Lagos, Ogun,

Condo, Osun and Oyo

[SW]

PCR, 16SrRNASe-

quencing

MER, IMP, AML, AMC, A

MP, CPD, CAZ, CFX, CRX,

CXC, CPZ, ERY, AZTCPT,

KAN, CHL, NIT, OFX, COL

OXA-51, OXA-23,

ADC-7

Ike et al. (2020)

HA ≥18 Wound swab, urine

catheter, nasal speci-

men

401 9 Jul.–Dec.2016 Kano [NW] PCR, Sequencing AMS, PEF, CIP, AMK ND Alkali et al. (2019)

HA ≥16 Urine 660 20 Jul.–Dec.2018 Akwa-Ibom [SS] PCR ESBL SHV, TEM, CTX-M Uyanga et al. (2019)

CA ND Urine, wound, sputum,

stool, ear swab, genital

specimens, pleural aspi-

rates

1741 16 Nov.2017–Feb.2018 Adamawa [NE] RT-PCR AmpC, ESBL blaKPC, blaNDM,

blaVIM, blaIMP, and

blaOXA-48)

Shettima et al. (2020)

CA, CR 25 Blood, sputum, urine,

wound biopsy

4 3 Jul.–Dec.2018 Kaduna [NW] Microbact

GNB/24E, 16S

rRNA sequences

GEN, CIP, CAZ, CPM,

PIP/TAZ, MER

ND Jimoh et al. (2018)

HA, CA ≥20 Urine 181 1 Apr.2014 &

Sep.2015

Ondo [SW] Conventional

method

COT, TET ND Oluwafemi et al.

(2018)

HA, CA ND Wound Swab 142 5 Oct.2016–Mar.2017 Oyo, Ogun [SW] API 20 E and API

20 NE

GEN, NET, OFX, CHL ND Bello et al. (2018)

HA, CA ND Wound swab, blood,

urine, vagina secretion,

sputum

ND 42 ND Imo state [SE] Conventional

method A

MS, PIP/TAZ, CAZ, CPM,

CTX, CFX, IMP, GEN,

TOB, AMK, CIP, LEV, SXT

ND Nsofor and Anyanwu

(2015)

HA-ICU ≥1->70 Blood, urine, sputum,

wound swab, CSR

150 11 ND Osun [SW] API 20NE, PCR CIP, AMK, CEF, CAZ,

AMP, MER, GEN, PIP

OXA, CTX-M, TEM,

and SHV

Odewale et al. (2016)

HA-ICU 2-95 Tracheal aspirate,

catheter urine, wound

biopsies, blood

400 11 Jan.-Sept.2011 Ibadan [SW] Microbat 20E AMC, GEN, CIP, CEF,

OFX, AMS

ND Nwadike et al. (2013)

HA, CA ND Clinical 550 72 Apr.2011–May.2013 Ekiti, Lagos, Ogun,

Condo, Osun, and

Oyo [SW]

Microbat 20E AML, AMC, AMP, CPD,

CAZ, CEF, CRX, CXC

ND Ike et al. (2014)

HA, CA ND Clinical ND 5 March-May 2012 Oyo [SW] MALDI-TOF, RT-

PCR

IMP OXA-23, OXA-58,

OXA-143, OXA-51-like

Olaitan et al. (2013)

Total 4950 418

Keys: ND: Not determined; CA: Community-Acquired; HA: Hospital-Acquired, ICU: Intensive Care Unit; CR: Case Report; CIP: Ciprofloxacin; TET: Tetracycline; SXT: Trimethoprim/Sulfamethoxazole; CHL: Chloramphenicol; Gen:

Gentamycin; AMK: Amikacin; FF: Florfenicol; STR: Streptomycin; AMC: Amoxicillin/Clavulanic acid; CEF: Ceftiofur; SU: Sulfamethoxazole; PEN: Penicillin; APX: Ampiclox; NAL: Nalidixic acid; PEF: Pefloxacin; CEP: Ceporex; OFX:

Ofloxacin; NIT: Nitrofurantoin; CTX: Cefotaxime; CAZ: Ceftazidime; CRO: Ceftriaxone; AMP: Ampicillin; ERY: Erythromycin; CFX: Ceftriaxone; AMS: Ampicillin/Sulbactam; IMP: Imipenem; MER: Meropenem; PIP: Piperacillin; CPD:

Cefpodoxime; CRX: Cefuroxime; CXC: Cloxacillin; AUG: Augmentin; AML: Amoxicillin; CPZ: Cephazolin; AZT: Aztreonam; CPT: Cephalothin; KAN: Kanamycin; COL: Colistin; LEV: Levofloxacin; ESBL: Extended Spectrum Beta

lactamases. SW: South West; SE: Southeast; NE: North East; NW: North West; SS: South-South, Microbat 20E: Biochemical Identification kits 20E (Oxoid, United Kingdom).
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Table 2: Distribution of MDR clinical A. baumannii strains in Nigeria as reported in literature published within the last decade (2011-2021).

Source No. of No. of Year of State/zones Detection AMR profile Genes Reference

samples isolates sampling method detected

Hospital surfaces

swabs

220 1 Sept.2011–Jul.2012 Lagos [SW] Vitek 2 system ND ND Agbalaya et al. (2021)

Soil and lake water 122 3 ND Oyo [SW], Anambra [SE],

Akwa-Ibom [SS], Abuja [NC],

Adamawa [NE] and Kana [NW]

PCR CIP, TET, SXT, CHL, GEN,

AMK

blaOXA-23, blaOXA–40 Le Terrier et al. (2020)

Drinking water 96 4 Dec.2010–Jul.2011 Osun, Oyo, and Ondo [SW] 16SrRNA Sequencing FF, CHL, SXT AMC, CEF,

SU

floR Adesoji and Call (2020)

Hospital wastewater 60 72 Jan.–Mar.2014 Edo [SS] Convent. Method. PEN, GEN, APX, AMC,

NAL, CHL, PEF

ND Igbinosa and Beshiru (2017)

Bird feces 48 5 ND Kano [NW] Microbat 20E STR, SXT, AMP, CEP,

OFX, NAL, PEF, GEN,

AMC, CPX, STX

ND Dahiru and Enabulele (2015)

Keys: CIP: Ciprofloxacin; TET: Tetracycline; SXT: Trimethoprim/Sulfamethoxazole; CHL: Chloramphenicol; Gen: Gentamycin; AMK: Amikacin; FF: Florfenicol; STR: Streptomycin; AMC:

Amoxicillin/Clavulanic acid; CEF: Ceftiofur; SU: Sulfamethoxazole; PEN: Penicillin; APX: Ampiclox; NAL: Nalidixic acid; PEF: Pefloxacin; CEP: Ceporex; OFX: Ofloxacin; NIT: Nitrofurantoin; CTX:

Cefotaxime; CAZ: Ceftazidime; CRO: Ceftriaxone; AMP: Ampicillin; TET: Tetracycline; ERY: Erythromycin; CFX: Ceftriaxone; AMS: Ampicillin/Sulbactam; IMP: Imipenem; MER: Meropenem; PIP:

Piperacillin; CPD: Cefpodoxime; CRX: Cefuroxime; CXC: Cloxacillin; AUG: Augmentin; AML: Amoxicillin; CPZ: Cephazolin; AZT: Aztreonam; CPT: Cephalothin; KAN: Kanamycin; COL: Colistin; LEV:

Levofloxacin; NR: Not reported; ND: Not determined; ESBL: Extended Spectrum Beta lactamases. Vitek 2 system; Convent. Method. Conventional biochemical routine test.
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Le Terrier et al. (2020) reported blaOXA-23 and
blaOXA-40 in three A. baumannii isolates recovered
from 122 samples (water obtained from lakes and soil
sampled from landfills) collected in 2017 from six differ-
ent locations, i.e., Abuja (North Central), Kano (North
West), Yola (North East), Nnewi (South East), Akwa
Ibom (South) and Ibadan (South West). Also, Adesoji
and Call (2020) reported resistant genes (FloR) in 96
drinking water samples from Osun, Oyo, and Ondo in a
study conducted between December 2010 and January
2011 using 16SrRNA sequencing for species diagnos-
tics.

Trends of antibiotic resistance in A. baumannii

Twenty-three commonly used antibiotics were reported
by 95.8% (23/24) of published articles reviewed within
the study periods (2010-2021). However, between 2014
and 2021, a fluctuation in the trend of most antibiotics’
resistance reported in A. baumannii was observed (Fig-
ure 4). Interestingly, A. baumannii resistance to tetra-
cycline had steadily increased from 91.7% in 2014 to
93.4 in 2017 and 100% from 2018 to 2021. Also, resis-
tance to piperacillin/tazobactam had maintained re-
duced susceptibility from 80.8% in 2016 to 100% in
2018 through 2019. Furthermore, there is a noticeable
steady increase in the trend of A. baumannii resistance
to imipenem from 56.7% in 2014 to 100% in 2021 (Fig-
ure 4).

Discussion

One Health is a concept that acknowledges the connec-
tions between the well-being of people, animals, and
the environment in which they live. It uses a coop-
erative, multi-sectoral, and transdisciplinary strategy
at the local, regional, national, and international levels
to improve health systems and outcomes (Ihekweazu
et al., 2021). A. baumannii had been isolated from
human, animal, and environmental sources. The cur-
rent study reported the first systematic review of the
occurrence of A. baumannii in Nigeria.

A total of 24 eligible publications reported A. bau-
mannii isolates in clinical, environmental, and animal
samples from 14 of 36 states, including Federal Capi-
tal Territory (FCT) Abuja. The lack of data from the
other 22 states reflects the lack of culture-based stud-
ies and poor infrastructure to undertake cultural and
molecular identification of A. baumannii strains. Also,
the challenging differentiation of A. baumannii from A.
baumannii -A. calcoaceticus complex or ABC complex,
and the lack of researchers’ interest in A. baumannii
play a significant role in the paucity of information.
This study recorded 418, 80, and 5 strains of A. bau-
mannii of human, environmental, and animal origin.

Occurrences of 8.4%, 16.06%, and 10.42% of
culture-proven A. baumannii clinical, environmental,
and animal samples collections were clearly showed
that A. baumannii infections and colonization are pub-
lic health issues. The studies on humans were done
purposefully to determine the occurrence of A. bau-
mannii in clinical settings, while samples from animals
and the environment were randomly collected. An oc-
currence of 8.4% in clinical samples may indicate poor

prevention and control is inadequate. Healthcare facil-
ities, the lack of a surveillance strategy for epidemio-
logical control, inadequate sewage treatment/disposal
systems, and various other associated risk factors
had been previously identified by (Odewale et al.,
2016). Studies from sub-national investigations in
other African countries found considerably varying oc-
currences of clinical A. baumannii infections in their
patients. 8.4% occurrence was recorded in Ethiopia
from nosocomial infections in a cross-sectional study
(Motbainor et al., 2020), 0.54% was recorded by Moyo
et al. (2021) in Tanzania (both west Africa), 5.64% in
Morocco by Uwingabiye et al. (2016), and in Egypt
3.8% according to Abd El-Baky et al. (2020). This oc-
currence variation might be connected to the sampling
plan, sample sources, study type, or detection meth-
ods.

Also, other species of ABC complex were reported
in 16.67% (4/24) of published articles between 2014
and 2020 from clinical studies along with A. baumannii.
These species include A. iwoffi (n=22), A. haemolyti-
cus (n=20), and A. calcoaceticus (n=1). Thus, four
ABC species are currently causing community-acquired
and nosocomial infections in Nigeria. The majority of
studies were single-center studies. This is an important
consideration as this reflects the clonal diversity of the
A. baumannii isolates available for each study.

Interestingly, 75% of the reports were conducted in
the Oyo state of South-west Nigeria. In the North-
east, North-central (excluding the FCT), and South-
east, there was a general lack of published articles and
a very low occurrence of clinical A. baumannii. These
are most likely linked to the security concerns and
crises that have plagued those regions over the pre-
vious decade, despite international humanitarian sup-
port/interventions. There is supposed variability in the
spatial distribution/ occurrence of A. baumannii across
the states/zones if a sample summation of reported
clinical data is done. For instance, South-west (SW)
recorded the highest occurrence of clinical A. bauman-
nii, 14.65% (301/2054), based on data from 12 scien-
tific publications, the zone with the highest number of
publications.

In North-west, three scientific articles calculated an
occurrence at 3.64% (18/495). The least occurrence
of 0.92% (16/1741) was derived from a single scien-
tific publication. Considering environmental and ani-
mal studies, no trends can be described due to the lack
of data. The need for further research is obvious. No
conclusion should be drawn at that time. In this re-
view, 21.1% (4/19) of articles reported A. baumannii
infections across all age groups, independent of gender.
However, age (>49) years and male gender were asso-
ciated with A. baumannii infections (Nwadike et al.,
2013; Odewale et al., 2016; Bello et al., 2018; Alkali
et al., 2019). Furthermore, sickle cell anemia (Bebe
et al., 2020), Intensive Care Unit (ICU) stay (Ode-
wale et al., 2016), and a diabetic ulcer (Bello et al.,
2018), among others, are considered predisposing fac-
tors. Older people have been reported to be more prone
to A. baumannii infections due to decline in immu-
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Figure 4: Trend of antibiotics resistance in A. baumannii reported in published articles (2014-2021).

nity (Odewale et al., 2016). Also, the isolation of A.
baumannii strains from males has been traced to the
constant shifting of job locations due to job placement
which usually makes them exposed to accidental and
occupational traumas (Odewale et al., 2016).

Antimicrobial resistance or genes of AMR in A.
baumannii were reported by 96% (23/24) of articles.
More than 90% of A. baumannii isolates resisted one
or more of the 39 antibiotics tested, especially first-
line empirical antibiotics. In addition, meropenem and
imipenem resistance in A. baumannii were recorded in
54 and 40 isolates from 72 samples (Ike et al., 2020).
Infections caused by MDR (=more than 3 classes) A.
baumannii strains are more severe than those caused
by susceptible strains (Jimoh et al., 2018). In Nigeria,
efficacies of the first-line empirical antibiotics such as
tetracycline, ampicillin, cotrimoxazole, chlorampheni-
col, amoxicillin, and penicillin against A. baumannii
are associated with infections that have an unfavor-
able outcome/prognosis due to loss of efficacy (Alkali
et al., 2019; Ike et al., 2021).

This carbapenem resistance is likely due to the
widespread replacement of traditional first-line antibi-
otics with carbapenem. Now carbapenem-resistant A.
baumannii (CRAB) strains are an emerging public
health threat in Nigeria (Ike et al., 2020) and some
other African countries such as Morocco (Uwingabiye
et al., 2016), Ethiopia (Pritsch et al., 2017), South
Africa (Lowe et al., 2018), and Egypt (Abouelfetouh
et al., 2022). In this study, A. baumannii isolates
also had resistance to ceftazidime, cefotaxime, and ce-
furoxime, indicating that other antibiotics that were
used to treat A. baumannii infections are becoming
less effective. For the time being, in Nigeria and other
developing countries where selective pressure on these
antibiotics is high, the total suspension of ampicillin,

tetracycline, chloramphenicol, and cotrimoxazole in
treating bacteria-associated infections is recommended
(Akinyemi et al., 2018).

This systematic review revealed the lack of aggre-
gated national data on the epidemiology of A. bau-
mannii infection. Research is needed at the state and
federal levels to assess Nigeria’s genuine burden of A.
baumannii -associated infections in humans and ani-
mals and to assist healthcare policymakers and stake-
holders. The wide range of resistance genes found
i.e. blaOXA-23, blaOXA-48, blaOXA-58-like, blaOXA-
143, and the intrinsic blaOXA-51-like, most recently
discovered blaNDM-1 and intl -1, blaSHV, blaTEM,
blaCTX-M, blaADC, blaIMP and blaVIM from Nige-
ria in A. baumannii strains within the last decade is
alarming. Of these, blaOXA-51 and blaOXA-23 were
the most reported.

In this systematic review, the commonly used
assays to investigate A. baumannii were conven-
tional PCR, WGS, multiplex-PCR, 16S rRNA Se-
quencing, MALDI-TOF, and RT-PCR. Indeed, the
intrinsic/species-specific OXA-51-like gene can be used
as a simple and reliable way to identify A. baumannii in
a resource-poor setting like Nigeria (Voets et al., 2011;
Ghaith et al., 2017; Lowe et al., 2018). The high occur-
rence of blaOXA-23-like genes is an assumed result of
hygiene practices in Nigeria which results in advanced
resistance towards carbapenems such as imipenem and
meropenem. Hence, these findings with other studies
from South Africa (Lowe et al., 2018), India (Vijayaku-
mar et al., 2019), China (Lee et al., 2017), Northern
Africa, and the Middle East (Higgins et al., 2021).
The blaNDM-1 was found primarily in E. coli and K.
pneumoniae but not predominant in Pseudomonas and
Acinetobacter in the past. In Nigeria, the first pub-
lished report of an A. baumannii strain with blaNDM-
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1 was not before 2021, in contrast to Germany, where
it was reported in 2007 (Göttig et al., 2010; Wareth
et al., 2020). In the past, international travel of colo-
nized patients, particularly from high-occurrence areas
such as the Mediterranean and Asian countries, has
resulted in the introduction and later spread of MDR
A. baumannii to Europe and worldwide (Wisplinghoff
et al., 2008; Higgins et al., 2010; Jones et al., 2015).

AMR gene detection and characterization have pro-
gressed from PCR technology to whole genome se-
quencing (WGS) and in-silico detection using a vari-
ety of databases (Wareth et al., 2021a). The selec-
tive power of NGS allows for transmission-chain anal-
ysis (the ability to track the route source of infec-
tious agents based on the application of WGS, metage-
nomics, and other bioinformatics applications), im-
proved surveillance, and choice of appropriate contain-
ment measures (Wareth et al., 2021a). It also can be
used to spot transmission dynamics (Eigenbrod et al.,
2019). However, only one study has used WGS technol-
ogy in Nigeria so far (Ogbolu et al., 2020). Hence, till
now, the majority of WGS-based A. baumannii inves-
tigations were conducted in outbreak situations, and
there is little experience on how to use WGS in surveil-
lance settings in developing countries (Leistner et al.,
2015; Willems et al., 2016; Wendel et al., 2018). The
high transmissibility and fast acquisition of resistance
genes from other bacteria genera urge Nigeria to estab-
lish an epidemiological surveillance structure to com-
bat the spread of MDR A. baumannii. WGS-based
surveillance should be implemented in Nigeria as the
best tool for epidemiologists, public health officers, and
physicians. In hospital settings, it will help to contain
outbreaks and initiate treatment with the right drug
at the right time.

Conclusion

Clinical multidrug-resistant A. baumannii isolates se-
riously threaten public health and contribute signifi-
cantly to high global mortality. In Nigeria, data on
the general distribution and antibiotic resistance of A.
baumannii in animals, food, and the environment is
lacking. It is urged that screening and hygiene prac-
tices be put in place right away in the Nigerian setting
to stop the transmission and spread of A. baumannii
because it can survive in the environment for extended
periods and easily acquire resistance genes.

Despite the fact that carbapenems are efficient
medicines for treating A. baumannii infections, the
number of carbapenem-resistant isolates has been
steadily growing in humans and the environment. Sev-
eral pathways conferring carbapenem resistance in A.
baumannii have been discovered in clinical samples
with poor associating risk factors. Therefore, it is per-
tinent to establish NGS-based molecular epidemiology
at hospitals to combat the spread of and guarantee
well-timed on the set of appropriate treatment of infec-
tions caused by MDR, XRD, and PDR A. baumannii
at the current emerging time with trend. The lack of
data for the epidemiologic status/situation of A. bau-
mannii occurrence and disease burden must be tackled

immediately. A spread via the environment or the food
production chain must be eliminated if possible.
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