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High prevalence of multidrugresistant Gram-negative bacterial

infections in Northwest Nigeria
Ahmed Olowo-okere"”, Yakubu Kokori Enevene Ibrahim?, Larbi Zakaria Nabti’, Busayo Olalekan Olayinka®

Abstract

Introduction There is limited data on the prevalence and antibiotic susceptibility profile of Gram-
negative bacteria in northwest Nigeria. This study thus aimed to investigate the prevalence of multidrug
resistant Gram-negative bacterial infections among patients in two healthcare facilities in Sokoto,
northwest Nigeria.

Methods A total of 735 non-duplicate clinical bacterial isolates were collected between January and
July 2019, from among specimens processed by the diagnostic microbiological laboratory of the two
hospitals. The isolates were identified using MALDI-TOF mass spectrometry and tested against a panel
of sixteen (16) antibiotics using the current EUCAST guidelines.

Results Of the 735 randomly selected bacterial isolates, 397 (54.0%) yielded Gram-negative bacteria.
In the two hospitals, E. coli 104 (26.2%) and Klebsiella spp. 58 (14.6%) were the most common Gram-
negative pathogens implicated in all infections. Overall, the isolates exhibited moderate to high
resistance to all tested antibiotics, the lowest was observed against amikacin (7.1%). The phenotypic test
for ESBL and carbapenemase enzymes showed that 48 (24.6%) and 15 (32.6%) of the isolates were
positive, with 88.9% of the isolates being multidrug resistant.

Conclusions The study documents prevalent high multidrug resistant Gram-negative bacterial
infections, predominantly caused by E. coli and K. pneumoniae in Sokoto, northwest Nigeria. The
isolates were mostly MDR and exhibited ESBL and carbapenemase activities. The findings of this study
call for urgent implementation of infection control measures and antibiotic stewardship in our hospitals
so as to limit the spread of antibiotic-resistant bacteria in our healthcare facilities.
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Introduction bacteria.” These antibiotic resistant bacteria

After decades of saving millions of lives and
transforming healthcare practices, resistance of
bacterial pathogens to nearly all antibiotics has
emerged worldwide." The successes recorded in
various aspects of modern medicine including
surgeries, cancer chemotherapy and organ
transplantation is being threatened by the
emergence and spread of antibiotic resistant
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constitute a serious threat to the public health in
developed countries as well as in resource limited
setting in developing countries." Its prevalence is
dangerously  escalating  worldwide leading
healthcare practice towards a perilous era of post-
antibiotics.” Currently, deaths attributable to
antibiotic resistance have been estimated to be
more than 700,000 annually and are projected to
exceed 10 million by the year 2050, if serious
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action is not taken to stem the tide.’ The
mortality associated with infections by these
difficult to treat bacteria has been shown to be
more than twice that of infections in patients
with susceptible bacteria.

Although the emergence of antibiotic
resistance is a natural phenomenon in most
bacterial species, their spread is however being
largely driven by negligent antibiotic use
characterised by overuse and misuse in the
healthcare systems, environment, and in
agriculture/livestock practices.” These factors
alongside lack/inadequacy of infection control
practices, overpopulation, poor sanitation and
hygiene particularly in developing countries have
exacerbated the problem.® The poor regulatory
system which enables easy accessibility to all
antimicrobial agents over the counter in most
developing countries including Africa and the
distribution of sub-standard antimicrobials are
some of the other factors driving the spread of
drug resistant bacteria in the developing
countries.”®

Studies conducted in many African countries
have revealed a growing prevalence of Gram-
negative  bacteria resistant to commonly
prescribed antibiotics.”'® In Nigeria, the Nigeria
Centres for Disease Control and Prevention
(NCDC) has equally documented a high rate of
resistance to the commonly used antibiotics."

Despite the untenable rate of antibiotic
resistant bacterial infections reported in most
Nigerian cities, there is substantial gap in the
surveillance of these infections in several
Nigerian cities especially in northwest Nigeria
where limited research has been done on the
prevalence of difficult to treat infections.'>” In
the few studies conducted, a limited number of
antimicrobial classes have been tested. This study
therefore aimed to comprehensively investigate
the prevalence of multidrug resistant (MDR)
Gram-negative  bacterial  infections among
patients attending two major hospitals in
northwest Nigeria.

Methods

Settings and study centres

This was a descriptive epidemiological study
conducted between January and July 2019 among

patients attending the two main tertiary
healthcare facilities in the capital of Sokoto state,
Sokoto, Northwest Nigeria. A total of 86 health
facilities (2 tertiary, 5 secondary, and 79 primary
health facilities) situated within the state are
serving an estimated population of 4,998,090
people living within the state.'* The two tertiary
health facilities owned respectively by the state
and federal governments, Sokoto State Specialist
Hospital (SHS) and Usmanu Danfodiyo
University Teaching Hospital (UDUTH), are
selected for this study. The hospitals are the
largest hospitals located within the state. The
hospitals are respectively 850 and 300-beds
hospitals and rendering essential, specialized and
referral medical and surgical services to residents
of Sokoto state and patients from adjoining states
of Zamfara, Kebbi and Niger within Nigeria and
also to referral cases from the neighbouring Niger
Republic.  Usmanu Danfodiyo  University
Teaching Hospital in particular is a regional
centre for many specialist cares including
neurosurgery.

Bacterial collection and identification

A total of 735 clinical, non-duplicate
bacterial isolates were collected from among the
urine, wound swab, ear swab, high vaginal swab,
and stool specimens processed by the diagnostic
microbiological laboratories of the two hospitals.
The isolates were randomly collected irrespective
of the diagnosis and antibiotic susceptibility of
the isolates or any preselection criteria, from
both in-patients and outpatients. Socio-
demographic and clinical data on gender, age and
specimen types were obtained from patients’
records. The isolates were preserved on nutrient
agar slants and shipped to Institute-Hospital
University (IHU), Mediterranee infections,
Marseille France, for further characterisation.

Identification and preservation

The isolates were re-activated and cultured
primarily on prepared MacConkey agar medium
(bioMérieux, France) and purified on Columbia
sheep blood agar medium (bioMérieux). All
isolates were identified by Matrix Assisted Laser
Desorption-lonization Time of Flight Mass
Spectrometry (MALDITOF) following the
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protocol described by the manufacturer (Bruker
Daltonics GmbH, Germany).

Antibiotic susceptibility testing

Antibiotic susceptibility testing was carried
out using the modified Kirby-Bauer disc diffusion
method as outlined in the current European
Committee on Antimicrobial —Susceptibility
Testing (EUCAST) guidelines, 2019.” In brief,
overnight culture of the test bacteria was diluted
in sterile 0.85% sodium chloride solution to 0.5
McFarland standard and spread over the entire
surface including the rim of a 120 mm dried
Mueller Hinton Agar (MHA) medium
(bioMérieux) using a sterile cotton-tipped swab
bud. A panel of 16 antibiotics sourced from
Biomérieux were placed on the inoculated plates
using an automated disc dispenser. The
antibiotics  tested include the following:
carbapenems: imipenem (10 pg) and meropenem
(10 pg); cephalosporins: ceftriaxone (30 pg),
cephalothin (30 pg) and cefepime (30 pg);
fluoroquinolones:  ciprofloxacin (5  png);
aminoglycosides:  amikacin (30 pg) and
gentamicin (10 pg); tetracyclines (doxycycline 30
pg) and polymyxin-B (colistin 50 pg). Others are
trimethoprim-sulfamethoxazole (25 ng),
amoxicillin-clavulanate (20 + 10 pg), fosfomycin
(200 pg) and nitrofurantoin (100 pg). The
inoculated plates were thereafter inverted and
incubated at 37°C. The zone of inhibition
formed after 16-18 h was measured and
interpreted using the Interscience scan 4000
systems (Interscience, France). Isolates were
classified as susceptible, intermediate or resistant
according to breakpoints defined by EUCAST
2019.

The phenotypic detection of ESBL was
performed using the double-disk synergy test by
placing a beta-lactamase inhibitor (amoxicillin-
clavulanic and piperacillin-tazobactam)  discs
between two third generation cephalosporin at a
distance of 20 mm centre-to-centre.'® Formation
of a characteristic keyhole effect or champagne-
cork shaped zone of inhibition between the discs
was considered as a phenotypic indication of
ESBL production.

The modified Carba NP test as previously
described was used to screen the carbapenem

resistant isolates for phenotypic carbapenemase
production.'”

Operational definitions

An isolate in this study was classified as
multidrug resistant (MDR) if the isolate was
resistant to at least one agent in three or more
different classes of antibiotics as previously
defined.”® Bacterial isolates that were non-
susceptible to at least one agent in all but two or
fewer antimicrobial categories were regarded as
extensively drug resistant (XDR) while isolates
that were non-susceptible to all agents in all
antimicrobial categories were regarded as pan-
drug resistant (PDR)."®

Firstline antibiotics refer to commonly
prescribed antimicrobials with good safety profile
and excellent tolerability by the majority of
patients. This comprises penicillins,
cephalosporins, carbapenems and
fluoroquinolones, resistance to which may thus
necessitate the use of more toxic and expensive
alternatives.” Difficult to treat Gram-negative
bacterial infections on the other hand are
infections caused by bacteria resistant to the first-
line antibiotics."

Ethics statement

The Sokoto State Ministry of Health granted
approval for the conduct of this study. Ethical
clearance was also obtained from the Research
and Ethics Committee of the two hospitals.
Written informed consent is not applicable in
this study as sample were not directly taken from
the patients for the purpose of the study.

Statistical analysis

The data were manually checked for accuracy
and completeness, analysed using IBM SPSS
statistics  software, version 24.0 (IBM
Corporation, NY, USA) and presented as simple
descriptive statistics or pictograms. Continuous
variables were summarized using median and
range and categorical variables were expressed
using frequencies and percentages.
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Results

Socio-demographic characteristics of the
patients with bacterial infections

During the study period, a total of 4000
samples were received in the microbiological
units of the two hospitals. Out of these, 735 were
collected for this study. From among the isolates
collected and shipped to the laboratory, 397
yielded Gram-negative bacteria, giving a Gram-
negative bacterial infection rate of 54.0%. This
comprises 267 (67.3%) and 130 (32.7%) bacterial
isolates from UDUTH and SHS respectively
(Table 1).

The isolates were obtained from 397
individuals aged between 5 weeks and 72 years
old (median = 27.0 years) with a vast majority of
them below the age of 30 (Table 1). The patients
were approximately evenly distributed between
male and female with a male to female ratio of
1.05 to 1.

The distribution of the clinical isolates
recovered during routine clinical diagnostic
testing in the two hospitals shows that the
majority of the isolates were recovered from urine
186 (46.9%) and stool 103 (25.9%) specimens.
Other members were obtained from sputum 24
(6.0%), wound swab 53 (13.4%) and ear swab 10
(2.5%) (Table 1).

Bacterial isolates

The bacterial isolates were comprised of 293
(73.8%) Enterobacteriaceae and 104 (26.2) non-
fermentative bacteria. Among the members of
Enterobacteriaceae family, 182 and 111 were
respectively isolated from UDUTH and SHS. In
the two hospitals, E. coli (26.2%) and Klebsiella
spp. (14.1%) were the most common pathogens
implicated in all infections (Table 2). Members of
Pseudomonas species predominated among the
non-fermentative  bacteria. Some  emerging
opportunistic pathogens were also isolated (Table

2).

Antibiotic resistance profile

The antibiotic resistance profile of the
fermentative Gram-negative bacteria is presented
in Figure 1. The isolates exhibited divergent
degree of resistance to the tested antibiotics.

Overall, the highest resistance was exhibited
against amoxicillin where 86.6% of the isolates
were resistant. This was followed by an equally
high resistance to first generation cephalosporin,
cephalothin  (76.0%). A moderately high
resistance was observed against third generation
and fourth cephalosporin  antibiotics -
ceftriaxone (46.2%) and cefepime (44.4%). The
isolates exhibited exceptionally high resistance to
amoxicillin-clavulanate (77.2% but low resistance
to piperacillin-tazobactam (22.5%), another -
lactam/B-lactamase  inhibitor =~ combination.
Resistance to other antibiotics such as gentamicin
(32.5%), ciprofloxacin (50.5%), and
trimethoprim-sulfamethoxazole (55.9%) was also
high. In all isolates, amikacin remained the most
active antibiotic with only 5.5% resistance. One
isolate each of the Klebsiella pneumoniae and E. coli
tested showed reduced susceptibility to colistin by
disc diffusion test. However, the result of UMIC
test showed that the MIC of the two strains (<2
pg/mL) was below the resistance cut-off as
defined by EUCAST, 2019. Unsurprisingly, all
strains of Proteus spp., M. morganii and Providencia
species as well as S. marcescens, as expectedly, were
100% resistant to colistin.

Figure 2 presents the rates of susceptibility of
non-fermentative  bacteria to the tested
antibiotics. Similar to the Enterobacteriaceae, a
high resistance rate was observed against third
generation cephalosporin - ceftazidime (63.2%) -
and antipseudomonal penicillin-ticarcillin
(70.6%). Resistance to ticarcillin-clavulanate was

equally high (67.7%).

Distribution of resistance phenotypes

The distribution of the various resistance
phenotypes is presented in the Table 3. A total of
353 (88.9%) of the 397 isolates were MDR, i.e.,
resistant to at least one agent in any of three or
more distinct antimicrobial classes, while 1.8%
and 0.3% of the isolates were extensively drug
resistant and pan-drug resistant, respectively.
Moreover, 30 (7.6%) of the isolates exhibited
concurrent resistance to three of the four first
line antibiotics while 36 (9.1%) were categorised
as difficult to treat due to concurrent resistance
to the four first line antibiotics.
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Table 1. Age and gender distribution of the patients from whom isolates were obtained

UDUTH SHS Cumulative

number (%) number (%) number (%)
Gender
Female 126 (47.2) 68 (52.3) 194 (48.9)
Male 141 (52.8) 62 (47.7) 203 (51.1)
Age categories (years)
09 33(12.4) 9(6.9) 42 (10.6)
1015 47 (17.6) 19 (14.6) 66 (16.6)
20-29 62(23.2) 47 (36.2) 109 (27.5)
30-39 33 (12.4) 17 (13.1) 50 (12.6)
4049 36 (13.5) 22 (16.9) 58 (14.6)
5059 25 (9.4) 6 (4.6) 31(7.8)
>60 31(11.6) 10 (7.7) 41(10.3)
Specimen types
Ear swab 10 (3.8) 0(0) 10 (2.5)
Endocervical swab 2(0.8) 0(0) 2(0.5)
High vaginal swab 9(3.4) 10(7.7) 19 (4.8)
Sputum 3(1.1) 21(16.2) 24 (6.1)
Stool 74 (27.7) 29 (22.3) 103 (26.0)
Urine 126 (47.2) 60 (46.2) 186 (46.9)
Wound swab 43 (16.1) 10(7.7) 53 (13.4)
Total 267 (67.3) 130 (32.7) 397 (100)

SHS - Specialist Hospital Sokoto; UDUTH - Usmanu Danfodiyo University Teaching Hospital.

Phenotypic tests for beta-lactamase enzymes

The phenotypic test for ESBL by the double
disc synergy test showed that 48 (24.6%) of the
195 third generation cephalosporin-resistant
isolates showed characteristic ESBL keyhole effect
(Table 4). This is found to be more prevalent
among the members of Enterobacteriaceae family
than among the non-fermentative bacteria.

The result of Carba NP test showed that 15
(32.6%) of 46 CR-GNB with MIC above the
clinical breakpoint exhibited carbapenemase
activity.

Discussion

The surveillance of antibiotic resistant
pathogens is immensely important. This is not
only due to its use in empirical antibiotic
selection but also for advocacy among the
stakeholders for control of infection.”® Also,

antibiotic resistance surveillance has been
recognised as an important strategy for
controlling antibiotic resistance.”'

This study observed a high prevalence
(54.0%) of Gram-negative bacterial infections
among patients attending the two major hospitals
in the extreme northwest, Nigeria, a significant
proportion (88.9%) of which was due to MDR
bacterial pathogens. This correlates with the
observation of NCDC, which observed a high
prevalence of resistant bacterial infections across
the different states of the nation.'' Similarly, a
study of antibiotic resistance in one of the
leading teaching hospital in the country equally
revealed a resistance rate as high as 100% to most
of the commonly prescribed antibiotics.”> The
high numbers of Gram-negative bacterial
infections may be attributed to inadequate
implementation of hospital hygiene practice and
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Table 2. Distribution of the isolated bacteria

Strains UDUTH SHS Cumulative (%)
Enterobacteriaceae

Escherichia coli 55 49 104 (26.2)
Klebsiella pneumoniae 38 18 56 (14.1)
Proteus mirabilis 26 11 37 (9.3)
Enterobacter cloacae 15 12 27(6.8)
Citrobacter freundii 16 3 19 (4.8)
Providencia stuartii 4 11 15 (3.8)
Providencia rettgeri 13 0 13 (3.3)
Morganella morganii 7 4 11(2.8)
Serratia marcescens 3 0 3(0.8)
Enterobacter aerogenes 1 1 2(0.5)
Proteus vulgaris 2 0 2(0.5)
Providencia alcalifaciens 0 1 2(0.5)
Klebsiella aerogenes 0 1 1(0.3)
Klebsiella oxytoca 1 0 1(0.3)
Citrobacter braakii 1 0 1(0.3)
Non-fermentative bacteria

Pseudomonas aeruginosa 27 8 35(8.8)
Pseudomonas putida 2 1 3(0.8)
Pseudomonas otitidis 2 0 2(0.5)
Pseudomonas guariconensis 0 1 1(0.3)
Pseudomonas mendonensis 1 0 1(0.3)
Pseudomonas monteilli 0 1 1(0.3)
Stenotrophomonas maltophilia 15 0 15(3.8)
Acinetobacter baumannii 4 5 9(2.3)
Acinetobacter pittii 1 0 1(0.3)
Alcaligenes faecalis 19 2 21(5.3)
Aeromonas hydrophila 1 0 1(0.3)
Ochrobactrum intermedium 5 1 6 (1.5)
Brevundimonas diminuta 4 0 4(1.0)
Peanalcaligenes suwonensis 1 0 1(0.3)
Pantoea dispersa 1 0 1(0.3)
Delftia acidovorans 1 0 1(0.3)
Wautersiella falsenii 1 0 1(0.3)
Total 267 130 397

SHS - Specialist Hospital Sokoto; UDUTH - Usmanu Danfodiyo University Teaching Hospital.

infection control.” Furthermore, over-crowding
of immunocompromised patients in the hospitals
may further facilitate nosocomial transmission of
resistant bacteria among the patients.”**’

Among the collected WHO

classified serious life-threatening pathogens, E.

isolates,

coli, K. pneumoniae and Pseudomonas spp., were
most prevalent pathogens implicated in all
infections.”® This concurs with the report of a
study at a tertiary hospital in Ibadan, south-west
Nigeria where Klebsiella species (44.4%) and E.

coli (13.0%) were the predominant pathogens
causing  clinical  infections.”” A similar
preponderance of E. coli, K. pneumoniae and
Pseudomonas spp. has been observed in a
neighbouring Republic of Ghana.”® Moreover,
infections by Citrobacter spp., Enterobacter spp.,
Proteus spp. and Morganella morganii have also
been reported among Nigerian patients.”””°
While few cases of infections by Alcaligenes faecalis

(1.2%) and Aeromonas hydrophila (3.92%) have

been documented in the literature, there are no
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Figure 1. Antibiotic susceptibility profile of fermentative Gram-negative bacteria
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Figure 2. Antibiotic susceptibility profile of non-fermentative bacteria

reports in the literature of clinically significant
infections involving Peanalcaligenes suwonensis,
Brevundimonas diminuta, Ochrobactrum intermedium,
Pantoea dispersa, and Delftia acidovorans in
331 Elsewhere, infections by these
bacteria have been described particularly among
the immunocompromised and liver transplant

Nigeria.

patients and they have been described as
emerging opportunistic pathogens.”*  The
isolation of these strains for the first time in
Nigeria may be due to the improved and highly
sensitive analytical technique (MALDITOF MS)
used for the bacterial identification.”® The
difficulty in identification of these emerging
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Table 3. Resistance phenotypes of the bacterial isolates

MDR categories
Strains Non-
MDR MDR XDR PDR

Acinetobacter spp. 0 9 1 0
Aeromonas hydrophila 0 1 0 0
Alcaligenes spp. 1 21 0 0
Brevundimonas diminuta 0 4 0 0
Citrobacter spp. 1 18 1 0
Delftia acidovorans 0 1 0 0
Enterobacter spp. 0 29 0 0
Escherichia coli 16 88 0 0
Klebsiella spp. 17 40 1 0
Morganella morganii 0 9 2 0
Ochrobactrum intermedium 0 5 1 0
Pantoea dispersa 0 1 0 0
Proteus spp. 1 38 0 0
Providencia spp. 0 29 0 0
Pseudomonas spp. 0 42 1 0
Serratia marcescens 0 3 0 0
Stenotrophomonas maltophilia 0 14 0 1
Wautersiella falsenii 0 1 0 0
Total (%) 36 (9.1) 353(88.9) 7(1.8) 1(0.2)

Citrobacter spp.: C. braakii, C. freundii; Enterobacter spp.: E. aerogenes, E freundii; Klebsiella spp.: K. pneumoniae, K.

oxytoca; Proteus spp.: P. mirabilis, P. vulgaris; Providencia spp.: P. stuartii, P. alkalifaciens.
MDR - multidrug resistant; PDR - pandrug resistant; XDR - extensively drug resistant.

pathogens in microbiology laboratories is due to
their taxonomic complexity and phenotypic
similarity.**

The high resistance of the isolates to the
commonly prescribed antibiotics calls for concern
as there are limited alternatives available in the
country. The prevalent high resistance to most of
the antibiotics tested concurs with findings from
in the sub-Sahara Africa. In
Ghana for example, a more than 80% resistance
rate to commonly prescribed antibiotics has been
reported.”® The high antibiotic resistance
reported in this study may be due to easy
accessibility over the counter to most antibiotics
and a high selection pressure due to the extensive
use of these antibiotics, mostly inappropriately
for selfmedications and agricultural purposes.”
The high susceptibility of the most common
pathogens, E. coli and Klebsiella spp. to colistin
and carbapenems may not be unconnected with
their low usage in Nigeria because of their

other countries

comparatively high cost compared to other
agents. This may thus result in low selection and
slow emergence of resistant strains to these
agents. However, the occurrence of carbapenem
resistance in hospitals with no history of
carbapenem usage has been documented.'” The
pattern of resistance observed in this study
correlates with the pattern of antibiotics use in
Nigeria. Generally, B-lactams, aminoglycosides
and fluoroquinolones are the most prescribed
antibiotics in Nigeria.”” The reported high
resistance to these antibiotics in the present study
gives credence to the statement that extensive
antibiotic use is a major driver of emergence of
resistance.’®

The higher resistance of the non-fermentative
Gram-negative  bacteria compared to the
fermentative bacteria is not surprising. These
opportunistic pathogens are known to be
intrinsically resistant to most important classes of
antibiotics. The higher intrinsic resistance in
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Table 4. Distribution of phenotypically ESBL and carbapenemase producing isolates

Strains No. of ESBL No. of  Carbapenemase
3GCR positive CR-GNB producing
Enterobacteriaceae
Citrobacter spp. 10 3 4 2
Enterobacter spp. 18 8 5 3
Escherichia coli 51 10 4 2
Klebsiella spp. 28 15 4 0
Morganella morganii 4 0 1 0
Proteus spp. 13 7 0 0
Providencia spp. 3 0 1 0
Serratia marcescens 1 0 0
Non-fermentative bacteria
Acinetobacter spp. 7 0 0 0
Aeromonas hydrophila 1 1 1 0
Alcaligenes spp. 16 0 2 3
Brevundimonas diminuta 0 1 0 0
Delftia acidovorans 0 0 0
Ochrobactrum intermedium 6 0 0 0
Pantoea dispersa 0 0 0
Pseudomonas spp. 29 1 8 4
Stenotrophomonas maltophilia 7 1 15 0
Wautersiella falsenii 1 0 1 1
Total 195 48 (24.6 %) 46 15 (32.6 %)

3GCR - third generation cephalosporin resistant; CR-GNB - carbapenem resistant Gram-negative bacteria; ESBL

- extended spectrum betalactamase.

these pathogens has been linked with their lower
cellular permeability and higher efflux activities.*

The result of ESBL detection tests
corresponds with a recent study where ESBL-
producing Enterobacteriaceae have been shown
to widely circulate in all geopolitical zones of the
federation with national prevalence of 34.62%*
The circulation of the three common ESBL genes
in Sokoto has also been documented.'

Globally, carbapenemase producing bacteria
are increasingly reported, the prevalence of which
varies from one geographical region to the other.
Previous reports across the country have
established varying rates. The finding of 36.32%
carbapenemase-producing Gram-negative bacteria
in the present study is consistent with a previous
report where 38.0% of carbapenem-resistant
bacteria in one of the hospitals in Sokoto were

found to be carbapenemase-producing.'” While
the finding of the present study corresponds to a
similar prevalence rate of 25.2% reported in
Yola, north-eastern Nigeria,* it was however
higher than 2% reported in Ethiopia® and
18.9% in Ghana.*

Despite the poor drug regulatory system in
Nigeria coupled with the lack of an established
antibiotic stewardship, carbapenem and colistin
use in both hospital and community is generally
low, reserved as a last resort agent against life
threatening infections by multidrug resistant
bacteria.!" The observed resistance to the
cartbapenems in this study is troubling in a
country where alternative antibiotics are rarely
available."" Furthermore, the emergence and
spread of carbapenem-resistant bacteria is more
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worrisome because of lack of laboratory capacity
for their detection.""

This study is limited, majorly, by our inability
to access certain patients’ records which makes it
difficult to pinpoint bacteria recovered to a
particular clinical infection. It should however be
noted that all samples were collected as part of
patient care for diagnosis of infections and not
for surveillance of bacterial colonisation. Also,
the tests reported in this study are mainly
phenotypic, investigation of molecular basis of
the observed resistance is the focus of our future
studies.

Conclusions
The study documents prevalent high
multidrug  resistant Gram-negative bacterial

infections, predominantly caused by E. coli, K
pneumoniae and P. aeruginosa in Sokoto, northwest
Nigeria. The isolates were mostly MDR and
exhibited ESBL and carbapenemase activities.
The findings of this study call for urgent
implementation of infection control measures
and antibiotic stewardship in our hospitals so as
to limit the spread of antibiotic-resistant bacteria
in our healthcare facilities.
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