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The emergence of multidrug-resistant Acinetobacter baumannii is a major
concern to healthcare providers and facilities in many parts of the world. This
bacterial pathogen is commonly implicated in hospital-acquired infections,
particularly in critically ill patients admitted to the intensive care unit (ICU). The
extensive use of antibiotics, particularly in ICUs, and the lack of proper infection
control interventions in many hospitals have led to an increased emergence of
multidrug-resistant A. baumannii. Infections due to multidrug-resistant A.
baumannii are associated with prolonged hospital stays and high morbidity
and mortality, particularly among hospitalized ICU patients. The lack of
antibiotic stewardship programmes in many healthcare facilities has
exacerbated the burden of A. baumannii infections in many parts of Africa. This
review discusses the prevalence and antibiotic-resistance pattern of the
multidrug-resistant A. baumannii, and the possible ways to address or
minimise its emergence in healthcare settings in Africa.
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Introduction

Acinetobacter baumannii is a Gram-negative, non-fermentative, strictly aerobic, non-
fastidious, non-motile, oxidase-negative, catalase-positive, and ubiquitous bacterial
pathogen that is usually isolated from natural and healthcare environments (1). It is an
opportunistic pathogen, and one of the six most significant multidrug-resistant (resistant to
at least one agent in more than three classes of antibiotics) ESKAPE (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter spp.) pathogens, described by the Infectious Disease

Abbreviations: MDRAB, Multidrug-resistant Acinetobacter baumannii; MDR, Multidrug resistance; ICU,
Intensive Care Unit; WHO, World Health Organization.
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Society of America as a global problematic nosocomial threat (2, 3).
This bacterium is implicated in various infections, commonly
pneumonia, bacteraemia, meningitis, respiratory tract, and
urinary tract infections, particularly among immunocompromised
and mechanically ventilated intensive care unit (ICU) patients (4).
The incidence of such infections has increased in the last decade,
with an associated mortality rate of between 30% and 75% in many
parts of the world (4-7). Several predisposing factors, such as burns,
premature birth, prolonged hospital stay (particularly in ICUs),
mechanical ventilation, indwelling foreign devices, and extensive
exposure to antimicrobial therapy (especially broad-spectrum
antibiotics), have been associated with multidrug-resistant A.
baumannii (MDRAB) infections (4, 8, 9). The intrinsic and
acquired resistance of A. baumannii to antibacterial agents and its
propensity to cause outbreaks of hospital-acquired infections,
especially in ICUs, is a major health concern (10-12). The
increasing prevalence of MDRAB has led to limited therapeutic
options. Because of its resistance to multiple antibiotic classes,
particularly the carbapenems and third-generation
cephalosporins, as well as being implicated in life-threatening
infections, MDRAB is currently listed as one of the highly
prioritized pathogens in the World Health Organization’s “Global
Priority List of Antibiotic-Resistant Bacteria to Guide Research,
Discovery and Development of New Antibiotics” (13). Despite the
impact of MDRAB being recognized in many healthcare settings,
there is a paucity of surveillance data in most countries, especially
those in Africa, owing to their sparse healthcare resources (14). This
review discusses MDRAB infections and possible ways to control
their emergence in healthcare settings in Africa.

Antibiotic resistance mechanisms
of A. baumannii

Like other Gram-negative bacteria, A. baumanii has several
mechanisms of resistance that enable it to escape the bactericidal
and bacteriostatic effects of antibiotics. These include expression of
efflux pumps that export antibiotics from the cell (efflux
mechanisms), alterations of outer membrane proteins (reduction
of porin permeability), and the production of hydrolytic enzymes,
such as extended spectrum [-lactamases (ESBLs) and
carbapenemases (15). However, the production of B-lactamases,
especially of carbapenem-hydrolysing enzymes, is the most
important resistance mechanism (16). The Ambler class A B-
lactamases, such as Vietnam extended-spectrum [-lactamases
(VEBs), Guiana extended-spectrum types (GES), class B metallo-
B-lactamases (MBLs), including the imipenemase metallo-[3-
lactamases (IMPs), Verona integron-encoded metallo-f3-
lactamases (VIMs), German imipenemases (GIMs), New Delhi
metallo-B-lactamases (NDMs), and Seoul imipenemases (SIMs),
as well as the class D oxacillinases, such as OXA-23, -24, -51, and
58, have been commonly implicated in B-lactam resistance,
particularly to carbapenems (17-19). The expression of MBLs
located on mobile genetic elements poses a significant risk of
clinical outbreaks because it increases ease of dissemination of the
organism (20, 21).
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In Africa, a number of studies have reported that A. baumannii
resistance is mediated mainly by the production of OXA-23, -24,
-51, and -58 and NDM-1 (22-24). The blagxa »3-like gene is widely
reported across many parts of Africa, including in South Africa,
Libya, Senegal, Tunisia, Algeria, Egypt, and Nigeria (25-28). GES-
11 producing A. baumannii isolates have also been reported in
Tunisia (19). Other resistance mechanisms, such as the expression
of efflux pumps (TetA, TetB, and AdeABC) (29), in combination
with a loss of or reduction in outer membrane proteins (OMPs),
have contributed to resistance to multiple antibiotics (tetracycline,
fluoroquinolones, B-lactams, and aminoglycosides) in this
bacterium (30), in turn posing a challenge to clinicians in their
treatment of infections caused by A. baumannii in many healthcare
facilities in Africa (31). A summary of studies from Africa and other
parts of the world investigating A. baumannii’s resistance to
antibiotics, its mechanism of actions, and the protein/genes
involved in these processes is provided in Table 1.

Global epidemiology of MDRAB

In many parts of the world, infections caused by MDRAB have
increased among patients admitted to medical wards, burns units,
surgical wards, and especially ICUs (47, 48). Increasing levels of
global travel have led to the spread of multidrug-resistant A.
baumannii at the local, national, and international levels (49).
The spread of this bacterial pathogen between different healthcare
settings commonly occurs with the transfer or movement of
colonized individuals or patients. For instance, the presence of the
Vietnam extended-spectrum-f3-lactamases (VEB-1)-producing A.
baumannii clone was detected in 55 hospitals in northern and
south-eastern France. There are also reports that this clonal strain
spread from healthcare settings in the Mediterranean region to
those in south-west Germany and, additionally, of the circulation of
the European clonal types I and II in healthcare settings in Italy (17,
43, 50). The first detection of A. baumannii-producing OXA-48 f3-
lactamase was associated with outbreaks across hospitals in New
York and neighbouring regions in the US. The transmission and
outbreaks of MDRAB have largely been attributed to the movement
of contaminated equipment and the transfer of patients and
personnel between healthcare facilities (51).

The increase in the number of patients travelling abroad for
medical care has also facilitated the intercontinental spread of this
resistant pathogen, particularly from one country to another, thus
posing a threat to global public health. For instance, in Morocco, A.
baumannii harbouring the blagxs ss gene was first identified in a
cluster of A. baumannii clones that were previously detected in
France in an outbreak of hospital infections in 2003 (37), which was
also reported in Iran in transferred patients receiving medical care
(1). In addition, NDM-1-producing A. baumannii isolated from
patients in Jimma Specialized University Hospital in Ethiopia (22)
had previously been detected in patients receiving medical care in
France, and was also implicated in the first outbreak of infection
caused by NDM-1-producing A. baumannii in Europe (52). The
patients infected by NDM-1-producing had previously been
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TABLE 1 Studies of the antibiotic resistance mechanisms of A. baumannii.
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Country  Sample type/site Gene Antibiotics to which A. baumannii is resistant Reference
Algeria Patients and surgery ward environment blaOXA-23, blaOXA-24, MBL, PIP, TZP, TIC, TIM, CAZ, CIP, AMK, GEN, TOB, (23)
and blaNDM-1 IPM, and MEM
Ethiopia Route clinical specimens blaNDM-1 CHL, CIP, EYR, AMX, FOX, CAZ, FEP, GEN, and (22)
MEM
Egypt Routine clinical specimens blaADC, blaOXA-23, blaOXA- AMC, ATM, CEP, CTX, CAZ, CST, AMK, IMP, and (24)
24, blaOXA-58, and blaGES CIP
Ghana Urethral swab aadB-like, blaOXA-91, blaADC- CIP, GEN, TGC, and SXT (32)
Ghana Blood, urine, sputum, wound, and high 25-like, and blaCARB-8-like SXT, PIP, TOB, CAZ, CST, MEM, DTM, SAM, TZP, (33)
vaginal swab blaOXA-23, blaOXA-58, and GEN, CIP, and LEV
blaOXA-420
Kenya Clinical routine specimens blaOXA-48 and blaNDM MEM and IMP (34)
Libya Routine clinical specimens blaOXA-23 and blaOXA-24 IMP (35)
Libya Blood, wounds, urine, sputum, and catheter blaOXA-23 and blaNDM-1 IMP, AMK, CTX, GEN, TZP, CIP, MEM, and CAZ (36)
Morocco Urine blaOXA-58 TZP, CTX, CAZ, CIP, and IMP 37)
Nigeria Tracheal aspirate, blood, urine wound swabs, blaOXA, blaTEM, and blaCTX- AMK, CIP, CAZ, PIP, IMP, GEN, and MEM (38)
Nigeria and sputum M IMP (25)
Routine clinical specimens blaOXA-23
Tanzania Pus and wound swabs blaOXA-23 and blaPER-7 CAZ, CEZ, AMP, CRO, GEN, and SXT (39)
Tunisia Tracheal aspirate blaGES-11, blaOXA-23, and CAZ, CTX, GEN, and SXT (19)
blaADC-like
Senegal Urine and pus blaOXA-51 and blaOXA-23 CIP, TOB, AMK, TIC, MEM, CST, IMP, TIC, and PIP (40)
South Routine clinical specimens blaOXA-23, blaOXA-40, blaSIM- SXT, CIP, CTX, CAZ, FEP, GEN, TZP, IMP, and (28)
Africa Routine clinical specimens 1, and blaOXA-51 MEM (41)
South blaOXA-51 and blaOXA-23 AMP, AMX, CXM, FOX, CTX, NIT, AMK, CAZ, CEP,
Africa IMP, MEM, GEN, CIP, and SXT
Other parts of the world
Tirkiye Routine clinical specimen blaOXA-51, blaOXA-23, and CIP, CAZ, PIP, and SXT (42)
blaOXA-58,
Italy Respiratory secretions, wound swabs, blood, blaOXA-51 aacCl, aacA4, and PIP, TZP, CAZ, ATM, CIP, IMP, and MEM (43)
urine, and cerebrospinal fluid blaOXA-58
India Endotracheal aspirate, blood, pleural fluid, blaOXA-58, blaOXA-23, IMP, TZP, MEM, CRO, PIP, CAZ, AMC, GEN, CIP, (44)
sputum, and cerebrospinal fluid blaVIM, blaIMP, and blaNDM-1 and AMK
Iran Tracheal aspirate, blood, urine, sputum, blaOXA-51, PER-1, and VEB-1 IMP, MEM, CFM, SAM, PMB, CRO, TIC, AMP, (20)
abscess drainage, catheter, and wound swabs ATM, GEN, CST, and CIP
Jordan Blood, wound swabs pus, body fluids, sputum, blaOXA-23 and blaOXA-51 GEN, TOB, AMK, IMP, MEM, CIP, TGC, MIN, CFZ, (45)
bronchoalveolar lavage, and urine CXM, AMP, SXT, CST, ATM, SAM, and TZP
Spain Wound swab, blood, urine, and catheter tips PIP, CIP, TZP, CTX, GEN, PIP, IMP, TOB, MIN, and (46)

CXM

AMC, amoxicillin-clavulanic acid; AMK, amikacin; AMP, ampicillin; AMX, amoxicillin; ATM, aztreonam; CAZ, ceftazidime; CFM, cefixime; CFZ, cefazolin; CHL, chloramphenicol; CIP,
ciprofloxacin; CST, colistin; CTX, cefotaxime; CXM, cefuroxime; DTM, doripenem; EYR, erythromycin; FEP, cefepime; FOX, cefoxitin; GEN, gentamicin; IMP, imipenem; MEM, meropenim;
MIN, minocycline; NIT, nitrofurantoin; PIP, piperacillin; PMB, polymixin; SAM, ampicillin-sulbactam; SXT, trimethoprim/sulfamethoxazole; TGC, tigecycline; TIC, ticarcillin; TIM, ticarcillin—

clavulanic acid; TOB, tobramycin; TZP, piperacillin-tazobactam; CRO, ceftriaxone.

hospitalized in Algeria, Tunisia, and Egypt, and may have also
carried the variant from Africa to Europe (53). Studies from
countries including Algeria, Egypt, Tunisia, Libya, and Morocco
have reported the presence of carbapenem-resistant A. baumannii,
especially the oxacillinases variant, in many hospitals (54-56), with
OXA-23 as the main OXA-type carbapenemase (25, 27, 28). The
OXA-23-producing strain has also been implicated in outbreaks of
infections that occurred between 2010 and 2011 in Aga Khan
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University Hospital in Kenya (57). The fact that the hydrolytic
enzyme activity mediated by OXA-23 is commonly found among
resistant bacterial pathogens isolated from healthcare settings also
suggests that all strains of MDRAB originate from the same genetic
lineage or pool (54).

A systematic review on regional differences and trends in the
antimicrobial susceptibility of A. baumannii reported A. baumannii
prevalence of 0.7%, 1.6%, 1.9%, 2.5%, 3.6%, and 4.6% of all
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infections in hospital settings from the US, Europe, Latin America,
Africa, Asia, and the Middle East, respectively (58). Rates of
multidrug resistance (MDR) ranging between 77% and 87% in
Africa, Asia, and Latin America, and of 47% in North America and
> 93% in the Middle East and Europe, have also been reported. It
was observed that MDR rates were higher in ICUs than in
conventional wards (58). A high prevalence of the MDRAB
pathogen in hospital settings has serious health and economic
implications for both developed and developing countries. For
example, a study of the cost of management of infections
conducted in three tertiary care hospitals in the US found that
the average cost of treating MDRAB infections ($11,359) was higher
than the average cost ($7,049) of treating infections caused by
susceptible pathogens owing to the need for prolonged
hospitalization among the former group. The increased cost
associated with a prolonged hospital stay was largely attributable
to microbiological investigations and the use of more expensive
antibiotic therapies as a consequence of the antibiotic resistance
developed by the pathogen (59). Although MDRAB has emerged as
a global problem, its impact is particularly serious in low- and
middle-income regions such as Africa, straining already limited
healthcare resources in this continent (Table 2) (60-62).

Multidrug-resistant A. baumannii
prevalence in Africa

A. baumannii is ubiquitous in nature and can be isolated from
various sites in healthcare settings, with ICU patients noted as being
high-risk for colonization or infection by this pathogen. Invasive
procedures, the extensive use of antibiotics, and a lack of adherence
to strict infection control measures, especially when patients require
persistent care, are major risk factors for transmission of the
resistant pathogen in ICUs (63). In Africa, MDRAB is implicated
in 4.7% of all ICU infections. Its prevalence in Africa is higher than
the prevalences of 3.5%, 3.3%, and 0.6% reported in Latin America,
Europe, and North America, respectively, but lower than the
prevalences of 9.4% and 9.7% reported in Asia and the Middle
East, respectively (58). Antibiotic resistance rates ranging from
31.8% to 92.1%, from 8.8% to 88.8%, from 28.8% to 91.6%, from
30% to 90.3%, and from 12.2% to 89.9% for cephalosporins,
carbapenems, fluoroquinolones, aminoglycosides, and [-lactam/

TABLE 2 Global prevalence and resistance rate of MDRAB.

10.3389/fitd.2023.1110125

inhibitor combinations (piperacillin/tazobactam), respectively,
have also been reported in a number of studies (58, 64-66). The
relatively high prevalence of A. baumannii with multiple antibiotic
resistance in Africa is commonly associated with increased
morbidity, mortality, and high healthcare costs for patients (63).
There is a paucity of data on the prevalence of MDRAB in
healthcare facilities for many African countries. However, several
studies conducted in East and West African countries, such as
Nigeria, have indicated that the prevalence of this pathogen ranges
between 8.5% and 9.0% in hospital settings (Table 3). High
antibiotic resistance rates of 100% for amikacin and ciprofloxacin,
90.9% for ceftriaxone and ceftazidime, and 81.8%, 72.2%, 72.7%,
and 63.6% for piperacillin, gentamicin, imipenem, and meropenem,
respectively, have been reported (38). The high prevalence of
multidrug-resistant bacterial pathogens, including MDRAB, has
been mainly attributed to suboptimal antibiotic stewardship
protocols in many hospitals in Nigeria (38, 72). In Ghana, a
nationwide surveillance study found that MDRAB accounted for
1.56% of all bacterial infections and for 2.0% of infections with
Gram-negative bacilli (67). Resistance rates of 100% to ampicillin,
tetracycline, and cotrimoxazole in a neonatal intensive care unit
have also been reported (73), consistent with a study by Agyepong
and colleagues that reported 100% resistance to all major antibiotics
(ampicillin, trimethoprim/sulfamethoxazole, cefuroxime,
cefotaxime, ertapenem, meropenem, and amikacin) used for the
treatment of various infections in a Ghanaian teaching hospital
(74). A study in Tanzania among children admitted to the national
hospital with bloodstream infections reported that MDRAB
accounted for 3.97% all bacterial nosocomial infections and 5.88%
of Gram-negative bacterial infections (75). Approximately a decade
later, in the same country, Manyahi and colleagues, in a study to
determine the predominance of multidrug-resistant bacterial
pathogens in surgical site infections, reported that the prevalence
of infections caused by MDRAB was twofold higher (10.2%) (68).
However, it should be noted that the two patient samples differed in
terms of age (i.e., infants versus all age groups), number (1,787
versus 100 patients) and sites of infection. In the same study,
Manyahi and colleagues recorded antibiotic resistance rates of
100% to ampicillin, cefotaxime, ceftriaxone, amoxicillin-
clavulanic acid, and chloramphenicol, and of 86% to ceftazidime
and gentamicin (68). A study from a national laboratory of public
health in Gabon reported that MDRAB accounted for 3.2% of all

Continent/region Study period Antibiotic resistance rate (%) Prevalence (%) Reference
GHs ICUs GHs trend

Africa 2011-2014 80 95 25 47 (58)

North America (US) 2011-2014 47 66 0.7 0.6 (58)

Europe (southern Europe) 2011-2014 93 96 1.6 33 (58)

Latin America 2011-2014 87 96 1.9 35 (58)

Asia 22011-2014 77 100 3.6 9.4 (58)

Middle East 97 4.6 9.7

GH, general hospital; ICU, intensive care unit.
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TABLE 3 Prevalence and resistance rate of MDRAB in Africa.

10.3389/fitd.2023.1110125

Africa
Country Resistance rate to mainstay antibiotics (%) Prevalence Reference
(%)
AMK AMP CIP GEN CXM

Nigeria 2015 100 - 100 722 | - 909 | 909 | 727 | 63 - 818 85 (38)
Ghana 2014 10 80 60 50 70 - - 15 80 70 1.56 (67)
South 2008 - - - - - - - - - _ _ 0.9
Africa
South 2009 - - - - - - - - - - - 22
Africa 2010 - - - - - - - - - - - 24

2014 - - - - - - - - - - - 16

2010 88.7 100 67 67 100 773 772 | 753 753 809 | - 9.3 (66)
Tanzania ~ 2011-2012 - 100 47 86 - 86 100 - - 100 10.2 (68)
Gabon 2010 12,5 - 13 545 | 100 15 - 50 - 125 50 | 32 (69)
Benin 2012 - 100 16 75 100 - - - 62 - 1.0 (70)
Morocco 2012-2014 52 87 86 76 79 9.60 (65)
Libya 2014 81 - - 100 100 100 100 94 94 - - 20 (71)
Egypt 2012 45 80 70 - - - _

AMK, amikacin; AMP, ampicillin; TZP, piperacillin-tazobactam; CAZ, ceftazidime; CIP, ciprofloxacin; CXM, cefuroxime; GEN, gentamicin; CRO, ceftriaxone.

bacterial infections (69). A similar figure (4.2%) was recorded in a
reference hospital in Cameroun among children with sickle cell
disease and various forms of bacterial infections (76). Furthermore,
in Benin, in the first national surveillance study on nosocomial
infections and anti-infective therapy, the prevalence of MDRAB was
found to be 1.0%, and reported antibiotic resistance rates were 100%
for ampicillin, amoxacillin/clavulanate, and ceftazidime, and 80%,
75%, and 62% for tetracycline, gentamycin, and trimethoprim-
sulfamethoxazole, respectively (70). The growing prevalence of
MDRAB is a serious threat, especially in low-resource economies,
including sub-Saharan Africa, where newly efficacious antibiotics
tend to be unavailable or unaffordable (77, 78).

In South Africa, a 7-year study intended to support the
preauthorization of antibiotics was carried out in an academic
complex hospital with a population of infected patients ranging
between 155 and 453 per year. Analysis of microbiological samples
revealed an MDRAB resistance rate of 53%-60%. This study also
found that the prevalence of infection attributable to A. baumanii in
ICU patients was 2.2% to 2.4% in 2009 and 2010, but that it dropped
to 1.6% in 2014 (79). The decline was attributed to the
reinforcement of infection prevention practices in the hospital in
response to recognition of the potential threat posed by the
pathogen (79). Other studies, including that by Reddy and
coworkers, reported a prevalence of 9.3% among hospitalized
patients, particularly those on mechanical ventilation, and
critically ill patients in the paediatric intensive care unit of a
children’s hospital in South Africa (66). The 9.3% prevalence rate
of MDRAB recorded by Reddy et al. (66) was lower than the 15%
prevalence rate previously reported by Ntusi and colleagues among
South African HIV patients (268 out of 1,784 patients). The higher
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prevalence observed by Ntusi and colleagues is possibly due to the
reduced immune status of the HIV patients (64). Antibiotic
resistance rates of 88.7%, 80.9%, 77.3%, and 75.3% for
aminoglycosides, penicillins, B-lactamase inhibitor cephalosporins,
and carbapenems, respectively, were also reported by Reddy et al.
(66). High resistance rates of 100% for ampicillin, amoxicillin,
cefuroxime, cefuroxime axetil, cefoxitin, cefotaxime, and
nitrofurantoin and more than 67% for ceftazidime, cefepime,
imipemem, meropenem, ciprofloxacin, and gentamicin were also
reported in a study among patients with A. baumannii infections in
healthcare facilities in the Tshwane region (41).

In Morocco, MDRAB accounted for 6.94% of all infections and
9.6% of all Gram-negative bacilli infections between 2003 and 2016.
The figure of 6.94% is higher than the figure of 2.5% reported for Africa
as a whole (58), indicating an increasing prevalence of MDRAB in this
country. Antibiotic resistance rates increased from 23% to 76%, from
63% to 86%, from 41% to 52%, and from 68% to 87% for imipenem,
ceftazidime, amikacin, and ciprofloxacin, respectively (65, 80). In
Libya, in a 1-year study conducted among hospitalized patients in a
tertiary teaching hospital, MDRAB was implicated in 20% of all Gram-
negative bacterial device-associated hospital infections. The same study
recorded a 56.3% multidrug resistance rate for A. baumannii (71). An
assessment of the antibiotic resistance capability of A. baumannii in
five hospitals in Algiers recorded a multidrug resistance rate of 93.6%,
and the antibiotic resistance rate ranged from 93.6% to 98.3% for
cephalosporins, and was 75.2% for imipenem (55). The high
prevalence of multidrug-resistant bacterial pathogens, including
MDRAB, in many parts of Africa has been largely attributed to
antibiotic abuse or misuse due to suboptimal antibiotic use policies
and guidelines in healthcare settings (71).

frontiersin.org


https://doi.org/10.3389/fitd.2023.1110125
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org

Agyepong et al.

Clinical significance and economic impacts
of multidrug-resistant A. baumannii

The ability of MDRAB to survive under harsh environmental
conditions over a long period (81) and its ability to cause
nosocomial outbreaks (12) pose a significant threat to healthcare
settings in Africa (28). Several factors, including resistance to broad
spectrum of antibiotics, desiccation, and disinfectants could
account for the pathogen’s survival in hospital environments (81),
in turn making it challenging to control the spread of this
antibiotic-resistant bacterium. The challenges inherent in
controlling the spread of, and treating infections caused by,
MDRAB have seriously impacted the economies of African
countries, which must contend with the loss of productivity
associated with significant morbidity, mortality, and excess
healthcare costs brought about by the spread of MDRAB (82, 83).
Prolonged hospitalization and the use of more expensive alternative
antibiotics increases the healthcare costs associated with patient
management (84, 85). Colistin, which hitherto has been reserved for
use as a last resort in the event of carbapenem resistance, is
associated with a higher toxicity risk and adverse drug reactions
(7, 86).

Although MDRAB is negatively impactful, there is unsettled
controversy regarding determination of mortality associated with
the resistant pathogen independent of the underlying patients’
disease conditions, as studies have reported varying results in
many parts of the world (87, 88). Some studies conducted in
South Africa have reported mortality rates of 26.5% among HIV
patients and of more than 50% in neonatal and paediatric units,
with increased morbidity associated with MDRAB infections in
tertiary hospitals (64, 79). Although the economic impact of
morbidity and mortality caused by MDRAB infections in Africa
remains unclear, it has been found that MDRAB stretches already
limited economic resource and imposes a burden on healthcare
logistics (63).

Control of antibiotic-resistant A. baumannii
spread in healthcare settings

The survival of A. baumanii in hospital environments, due to its
resistance to a wide range of antibiotics, poses a challenge to the
control of its spread (89, 90). In Africa, inadequate active
surveillance, coupled with a lack of effective epidemiological
studies, hinder the implementation of robust infection control
practices (63, 91). A review by Essack et al. (92) on antimicrobial
resistance in the WHO African region highlighted the policy
package to combat antimicrobial resistance in member African
countries. The review found that, although several countries have
implemented pilot surveillance projects, no African country, with
the exception of South Africa has a national surveillance system, as
prescribed by the WHO, that adequately records data on the use of
antimicrobials and resistance patterns. South Africa is host to a
national laboratory-based surveillance programme on selected
bacterial and fungal pathogens (92). This review highlights the
need to adopt comprehensive surveillance policy that provides
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information on regional microbial resistance, and encourages the
undertaking of epidemiological studies, the scaling up of national
antimicrobial stewardship plans, and increased research into new
medicines and diagnostic testing. To combat the increasing
prevalence of MDR pathogens, such as MDRAB, in Africa, it is
important to enforce the implementation of infection control and
antibiotic stewardship programmes, as well as to improve
laboratory capacity, as recommended by the World Health
Assembly’s 2014 resolution 67.25, set out in the WHO’S “Global
action plan on antimicrobial resistance” (93).

In hospital settings, indirect transmission or cross-transmission
of bacterial pathogens, including MDRAB, mainly occurs when
contaminated gloves, dressings, and needles used by healthcare
workers are not changed between patients. Other contaminated
sources, such as infusion pumps, mattresses, pillows, shower units,
tables, and suction and resuscitation equipment, have been
implicated in direct transmission between patients and healthcare
workers and through surface contact between an object and
susceptible host (94-96). Studies conducted in many African
countries have identified non-compliance with hand hygiene
practice among healthcare professionals as a major route for the
transmission of pathogens (65, 97, 98). A study by Asare and
colleagues in a tertiary hospital ICU in Ghana found that
compliance with hand hygiene practices before and after patient
contact was between 15.4% and 38.5% for physicians, and between
14.1% and 9.9% for nurses. Enforcing hand hygiene practice among
healthcare professionals has been a major challenge and, thus, the
study recommended the incorporation of effective education
programmes into the curriculum of health professionals as a
means of improving adherence, with the aim of preventing the
transmission of antibiotic-resistant pathogens in healthcare settings
(99). In addition, other studies have recommended the thorough
disinfection of potentially contaminated environments and medical
equipment by using sodium hypochlorite, as well as bathing
patients with chlorohexidine, as a means of minimizing the
spread of antibiotic-resistant pathogens (95, 100). The
enforcement of contact precautions and isolation of infected
patients, especially in ICUs, has also been reported to prevent
outbreaks (97, 100, 101).

Antibiotic stewardship programmes are strategies intended to
control antibiotic resistance globally. The adoption and
implementation of stewardship programmes by all WHO
countries is critical in monitoring the appropriate use of
antibiotics to control the emergence and spread of antibiotic-
resistant pathogens, particularly, clinically relevant bacterial
pathogens, including A. baumannii, in healthcare facilities
worldwide (63, 102). Some of the strategies in these programmes
involve the use of a microbiology-informed antibiotic therapy to
help minimize the escalation of resistance. In general, microbial
susceptibility profile data in a geographical location or hospital
setting and the development of rapid but low-cost diagnostics
techniques for resource-constrained countries may become
necessary for the control of resistant bacterial strains, including
A. baumannii (103). In most African countries, inadequate
functional laboratory facilities, coupled with low levels of
continuous training and awareness of the burden of antimicrobial
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resistance among healthcare professionals, is a major challenge to
the effective prevention and control of the spread of multidrug-
resistant bacteria. A study conducted in Nigeria to determine the
awareness of multidrug-resistant bacteria among 486 healthcare
professionals, comprising doctors, pharmacists, medical laboratory
scientists, nurses, pharmacy assistants, and midwives from different
hospitals, reported that 30 medical laboratory scientists (MLSs)
interviewed in the study had never screened isolates for ESBLs,
AmpC, or carbapenemase enzymes. In addition, it revealed that
none of the MLSs, despite having over 5 years’ experience, had the
expertise to screen phenotypically for these enzymes, suggesting a
lack of professional enhancement training in many healthcare
settings (104). A lack of trained personnel and inadequate in-
service training on effective infection control practices have also
been reported by other authors to be major barriers to containing
the spread of multidrug-resistant pathogens in many developing
countries, particularly in Africa (96). To overcome this challenge,
stringent measures aimed at improving healthcare services, such as
the continuous professional training of personnel in how to carry
out effective and reliable laboratory investigations, and research
capacity building for care workers, particularly among staff in the
ICUs, is imperative if the prevalence of MDRAB in healthcare
settings in Africa is to be reduced (63, 104).

Conclusion

A. baumannii has become a predominant pathogen associated
with hospital-acquired infections and has been implicated in several
outbreaks in many parts of the world, including in Africa. The
emergence of MDR in many healthcare settings, particularly ICUs,
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