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ABSTRACT

Food-producing animals like poultry have been identified as potential sources of extended-spectrum -
lactamase (ESPL)-producing Klebsiella pneumoniae. This study aimed to investigate the occurrence
and spread of ESBL-producing Klebsiella pneumoniae among ten (10) smallholder poultry farms in
Abeokuta Metropolis, Ogun State, Nigeria. Antimicrobial-resistant profiles, phenotypic characteriza-
tions, and spread of chicken cloacal swab sample isolates were studied. Isolation and characterization
of ESBL-producing Klebsiella pneumoniae were done using standard microbiological techniques.
Standard antimicrobial discs, cefoxitin, vancomycin, tetracycline, ciprofloxacin, amoxiclav, ceftazidime,
streptomycin, cefotaxime, trimethoprim, and gentamicin were used for resistant profiling using Kirby
Bauer disc diffusion method. In total, one hundred (100) samples were collected, and overall, 22%
Klebsiella pneumoniae and 45% of ESBL-producing Klebsiella pneumoniae isolates were recorded.
Among these, ESBL-producing Klebsiella pneumoniae was isolated from Adigbe (50%), Onikolobo
(33%), Ogun State television area (40%), Ajegunle (67%) and Somorin (25%). ESPL-producing
Klebsiella pneumoniae was detected using a double disc synergy test, determined between cefotax-
ime (30 mg) disc alone and combined with clavulanic acid (30:10 mg) at a 15mm distance apart. Anti-
microbial susceptibility test showed that among the antibiotics used, cefoxitin and amoxicillin-
clavulanic acid (31.8 % resistance) were most effective against the Klebsiella pneumoniae isolates,
while tetracycline (81.8%) and Cefoxtamine (63.6%) were the least effective antibiotics against the
isolates. All ESBL-producing Klebsiella pneumoniae isolates recorded a multiple antibiotic-resistant
index value of 0.5 to 0.8, thus further demonstrating that they are all multidrug-resistant. Findings have
suggested the presence and spread of ESBL-producing Klebsiella pneumoniae between smallholder
poultry farms and farm handlers in Abeokuta. These findings present a significant public health con-
cern. Coordinated efforts that emphasize antimicrobial stewardship must be implemented to mitigate
this problem.
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INTRODUCTION

Extended-spectrum  beta-lactamases
(ESBLs) are enzymes that are produced by
certain types of bacteria and are capable of
breaking down active ingredients in many
common antibiotics. These enzymes are
plasmid-mediated and hence are transmissi-
ble among bacterial species. They are
known for their ability to hydrolyze beta-
lactam antibiotics such as penicillins, cepha-
losporins and monobactams, resulting in
antimicrobial therapy failure” (Akpaka ez al,
2020). Klebsiella pnenmoniae is an Enterobacteri-
aceae member which often displays re-
sistance towards 3-lactam antibiotics, partic-
ularly through the B-lactamase expression,
of which the most important are cephalo-
sporinases, such as extended-spectrum (-
lactamases (ESBLs) and carbapenemases.

Smallholder poultry farming encompasses
households engaged in the rearing of poul-
try, typically including chickens, ducks, or
other avian species, for meat and egg pro-
duction, frequently employing family labour
and utilizing locally available resources.
Smallholder poultry farming is an integral
part of livestock farming in the developing
world, contributing multidimensionally to
the livelilhoods of both rural and urban
households. Its contributions span econom-
ic, social, cultural, and environmental bene-
fits (Birhanu ef @/, 2022). It plays a major
role in generating additional income for
families to pay school fees, cover medical
expenses, and buy agricultural inputs such
as fertilizer and improved seeds (Birhanu ez
al, 2021b). Smallholder poultry farming
serves as the primary source of high-quality
protein for households (Wong e al., 2017).
Poultry meat and eggs are crucial sources
of protein and other essential nutrients.
Poultry meat contains low fats and choles-
terol, is rich in n-3 polyunsaturated fatty

acids, and provides highly digestible protein,
B-group vitamins (mainly thiamin, vitamin
B6, and pantothenic acid), and various min-
erals such as iron, zinc, and copper (Bordoni
and Danesi, 2017). Similarly, poultry eggs are
rich in protein, lipids, vitamins, choline, min-
erals, and trace elements (Réhault-Godbert ez
al., 2019). Accessibility to resource-poor
households and multiple nutritional values
make poultry products the most preferred
animal source foods (ASFs) in the develop-
ing world (Birhanu ez 4/, 2023).

The China Bacteria Resistance Surveillance
Network, in 2021, ranked the isolation rate
of K. pneumoniae to be second after E col,
with a prevalence rate of 13.86%. The same
report documented the isolation of K. pneu-
moniae in livestock and poultry farming
(Yang ez al., 2021). The bacteria, K pneumoniae,
cause infection with a high mortality rate and
mainly cause mastitis in cows (Yang e al.,
2021) and respiratory symptoms in broiler
chickens (Hamza ez al., 2016). In general, the
isolation rate has been reported to be 9 to 35
per cent (Hamza e7 al., 2016; Zhai et al., 2020;
Yang ez al., 2021).

The emergence of extended-spectrum beta-
lactamase-producing Enterobacteriaceae and the
increasing resistance of bacteria to broad-
spectrum beta-lactam and peptide drugs in
both human and veterinary medicine has
attracted public attention (Liu ef al, 2021;
Wang et al, 2021; Li et al, 2022). Even
though the Smallholder poultry farming sys-
tem contributes greatly to the economy of
Nigeria, farmers of smallholder poultry
farms lack proper guidance on the appropri-
ate use of antibiotics. Yet, the irrational ther-
apeutic and or prophylactic use of antibiotics
is still common among smallholder poultry
farmers. In Africa, for instance, the inappro-
priate use of clinical and veterinary antibiot-
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ics, which are often readily sold in shops
and markets without prescriptions, is con-
sidered to be very high and a major contrib-
utor to the emergence of antibiotic re-
sistance in this pre-antibiotic era (Mainda ez
al., 2015). Various studies have reported
that inappropriate use of antimicrobial
agents remains common among smallholder
-operated poultry farms due to the lack of
awareness and access to quality veterinary
services. (Glasgow, 2019).

The bacterium, K. pneumoniae has been
reported as among the most prominent zo-
onotic conditional pathogen in the Entero-
bacteriaceae family (Wang ez al., 2021). It is
also adjudged to be clinically significant in
both humans and animals. Klebsiella spp are
classified as contaminants of surface water,
plants, soil, wastewater, and other environ-
ments. This, combined with their drug re-
sistance, creates a risk of resistance genes
being transferred to other microorganisms
(especially genes conferring resistance to
carbapenems), as well as a risk of their po-
tentially causing superinfections and exacet-
bating primary infections in immunocom-
promised individuals (Rimoldi e a/, 2017,
Effah ez al., 2020). Klebsiella spp often exhib-
its multiple resistance to chemotherapeutics.
Additionally, the presence of genes coding
for extended-spectrum B-lactamase (ESBL)
in Klebsiella spp. renders ineffective the -
lactam antibiotics widely used to treat bacte-
rial infections in poultry. A review of the
available studies on Klebsiella spp. re-
sistance indicates that the problem is global.
Its multidrug resistance (MDR) is worri-
some, given the risk of food-borne patho-
gens spreading to humans through the food
chain and the emergence of super-resistant
bacteria (Hartantyo ez al., 2020).

Although K pnenmoniae has been widely re-
ported in hospital-acquired infections, the

pathogen is equally reported to spread
through foods and food-producing animals,
hence often regarded as a foodborne patho-
gen (Guo ez al., 2016). For example, K. pneu-
moniae has been isolated from foodstuffs
like seafood, frozen food, and fresh chicken
meat (Guo e al, 2016). K. pneumoniae is
not only a pathogen to humans, but it is also
a respiratory disease agent in chickens, which
can cause production loss or even death. In
research conducted at University of Mosul,
Iraq, by Al-AAlim ez al, 30% (15/50) speci-
mens taken from chickens with respiratory
disease contained K. pneumoniae (Al-AAlim
et al., 2024). However, K. pneumoniae in
livestock, especially in poultry, has not been
thoroughly investigated in Abeokuta, as in
other parts of Nigeria. Identifying and un-
derstanding the prevalence, distribution and
characterization of ESBL-producing
Klebsiella pneumonia in smallholder poultry
farms is crucial for assessing the potential
risk to human health. ESBL-producing K.
pneumoniae were detected rarely in healthy
broilers (Hiroi e al., 2012b; Yossapol et al.,
2017; Mahanti ez al., 2018). Hence, there is a
paucity of reports on antibiotic resistance,
especially on ESBL-producing K. pneumo-
nia.

This study thus investigated the occurrence
and spread of ESBL-producing Klebsiella
pnenmoniae among smallholder poultry farms
in Abeokuta South Local Government.
From available information, this study is the
first to document the prevalence of ESBL-
producing Klebsiella pnenmoniae among small-
holder poultry farms in Abeokuta. The data
presented as the findings of this study will
go a long way in developing the prevalence
and characteristics of K. pneumoniae in Ab-
eokuta.
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MATERIALS AND METHODS
Sample Collection

A total of 100 Chicken cloacal swab sam-
ples were collected from various Smallhold-
er poultry farms in Abeokuta metropolis
Ogun, State, Nigeria between April and July
2023 (20 samples from Adigbe area, 16
samples from Onikolobo area, 20 samples
from Ogun Television area, 20 samples
from Ajegunle area and 24 samples from
Somorin area. The samples were collected
using a sterile swab stick, after obtaining
ethical approval and informed consent from
the College of Veterinary Medicine, FU-
NAAB and the farm owners, respectively.
The samples were transported in an ice-
pack, immediately to the Department of
Microbiology, Federal University of Agri-
culture, Abeokuta, for isolation, identifica-
tion, characterization and antimicrobial sus-
ceptibility testing of bacterial isolates using
standard microbiological techniques.

Isolation and Characterization of Bacte-
rial Isolates

All chicken cloacal swab samples were im-
mediately streaked onto MacConkey agar
and blood agar plates (Oxoid, UK) and in-
cubated at 37°c for 24 hours. After 24 h
incubation of the test organism, a single
colony of bacteria isolate that appeared
grey-white in blood agar, mucoid pink colo-
nies on MacConkey agar, were identified to
be Klebsiella pneumonia, which was further
proven using Gram staining, microscopy
and standard biochemical tests
(Cheesebrough, 2006). Biochemical tests
carried out included: citrate utilization test
using Simmons citrate agar, urease test us-
ing modified Christensen's urea broths and
glucose fermentation tests. The isolated col-
onies were purified by first streaking on a
fresh MacConkey agar plate and incubated
at 37°¢ for 24 hours. The pure isolated col-

onies were transferred to a 5 ml nutrient agar
slant and stored in a refrigerator for further
characterization.

Antimicrobial Susceptibility Test

This was done using the Kirby-Bauer disc
diffusion technique on Mueller-Hinton agar
according to the CLSI procedure (CLSI,
2014). A Mueller-Hinton agar plate was pre-
pared according to the manufacturer’s speci-
fications. The Inoculum of the isolate was
prepared by suspending 10 ug of pure colo-
nies from a nutrient agar culture plate in a 5
ml normal saline and standardized by com-
paring with a 0.5 MacFarland turbidity stand-
ard. The standardized inoculum was then
swabbed on the surface of the agar plate us-
ing a sterile swab stick. The plate was al-
lowed 15 min for pre-diffusion to take place.
After which, the following antibiotic discs
were placed on the surface of the agar plate:
Ceftazidime (30 pg/ml), Cefoxitin (30 pg/
ml), Ciprofloxacin (25 pg/ml), gentamicin
(10 pg/ml), streptomycin (10 pg/ml), Tetra-
cycline  (30pg/ml), Trimethoprim/
sulfamethoxazole, Cefotaxime, Vancomycin
and Amoxicillin-clavulanic acid (25ug/ml).
They were incubated at 37°C for 24 h and
radial zones of inhibition were taken. Diam-
eters of the zones of inhibition for individu-
al antibacterial agents were translated into
susceptible and resistant categories, accord-
ing to the EUCAST. Multiple drug-resistant
(MDR) organisms were identified as resistant
to three or more antibacterial classes.

Susceptibility Test with Beta-lactam An-
tibiotics

Mueller Hinton agar plates for the sensitivity
test were prepared following the manufactur-
er's instructions, and the following antibiot-
ics were placed on their surface: ceftazidime
(30 ng), Cefotaxime (30 pg) and cefoxitin (30
ug). These were incubated at 37°C for 24 h,
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and the radial zones of inhibition were tak-
en. Any organism resistant to 3rd genera-
tion cephalosporins (ceftazidime and cefo-
taxime) and sensitive to the 2nd generation
cephalosporins (cefoxitin) used was subject
to ESBL studies.

Phenotype Detection of ESPL using
Double Disc Synergy Test (DDST)

This was carried out using three antibiotics,
namely Amoxicillin-Clavulanic disc (20 pg),
Cefotaxime (30 pg) and Ceftazidime (30
ug). A Mueller-Hinton agar plate (Oxoid,
UK) was prepared following the manufac-
turer’s  specification an Amoxicillin-
Clavulanic disc was placed at the centre of
the Petri dish, and a cefotaxime and
ceftazidime disc was placed 15 mm apart
from the centre disc (amoxicillin-clavulanate
disc (20 pg). The test organisms were con-
sidered ESBL producers (DDS test positive)
if the zone size around the test antibiotic
disc increases from 5 mm and above to-
wards the Amoxicillin-Clavulanic disc after
24 h incubation at 37°C.

RESULTS

A total of 100 chicken cloacal swab samples
were collected and 22 (22%) Klebsiella pnen-
moniae isolates were isolated (Table 1). The
isolates were obtained from five different
locations: Adigbe (4), Onikolobo (3), Ogun
TV (5), Ajegunle (6), and Somorin (4). The
DDST showed that out of 22 isolates of K.
pneumoniae  screened for extended-
spectrum  beta-lactamase production, 10
(45.5%) were positive. Adigbe had 2 (50%),
Onikolobo had 1 (33%), Ogun TV had 2
(40%), Ajegunle had 4 (67%), and Somorin
had 1 (25%) - Table 1.

All of the bacterial isolates, except for CSJ3
and CSS1, were found to be susceptible to
gentamicin (Table 2). Out of the 22 K.

pneumoniae isolates that were tested, 15 of
them showed susceptibility to the Amoxicil-
lin Clavulanic Acid (AUG) antibiotic. A test
conducted on the 22 K. pneumoniae isolates
revealed that Ceftazidime and Ciprofloxacin
antibiotics were effective against 14 of the
isolates. However, only three (3) and four (4)
isolates showed susceptibility to Vancomycin
and Tetracycline, respectively. The analysis
showed that the isolates have a high re-
sistance level against Vancomycin and Tetra-
cycline antibiotics (Table 2).

The ESBL-producing K. pneumoniae iso-
lates exhibited varying levels of resistance to
antibiotics such as Gentamycin (0%), Vanco-
mycin (90%), Tetracycline (80%), Ciproflox-
acin (60%), Trimethoptim/Sulfamethoxazole
(90%), Cefotaxime (80%), Cefoxitin (50%),
Ceftazidime (50%), Streptomycin (60%), and
Amoxicillin Clavulanic Acid had 50% (Figure

1.

The non-ESBL-producing K. pneumoniae
isolates showed resistance to specific antibi-
otics such as Gentamycin 17%, Vancomycin
83%, Tetracycline 83%, Ciprofloxacin 25%,
Trimethoprim/Sulfamethoxazole 50%, Cefo-
taxime 50%, Cefoxitin 33%, Ceftazidime 25
%, Streptomycin 58 %, and Amoxicillin
Clavulanic Acid 17 % (Figure 2).

The K. pneumoniae isolates were found to
be resistant to certain antibiotics. Specifically,
Gentamycin showed a resistance rate of
32%, Vancomycin 86%, Tetracycline 82%,
Ciprofloxacin  59%, Trimethoprim/
Sulfamethoxazole 68%, Cefotaxime 64 %,
Cefoxitin 41 %, Ceftazidime 36%, Strepto-
mycin 59% and Amoxicillin Clavulanic Acid,
with 32% (Fig. 3).

All of the Klebsiella pnenmoniae bacteria that
produced ESBL were found to be resistant to
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vancomycin, trimethoprim/
sulfamethoxazole, and tetracycline, except
for the CSOG6 isolate, which was found to
be susceptible to trimethoprim/
sulfamethoxazole and tetracycline, and the
CSG1 isolate, which was only susceptible to
tetracycline (Table 2). The ESBL-producing

Table 1: Distribution of ESBL-producing

Klebsiella pnenmoniae bacteria also had a high
multiple antibiotic resistance (MAR) index
value. The highest MAR index value of 0.8
was recorded by the CSA7 isolate, while the
CSA3 isolate had a MAR index value of 0.7.
Other isolates had MAR index values rang-
ing from 0.5 to 0.6 (Table 2).

Kiebsiella pneumoniae isolated from smallholder

poultry farms in Abeokuta metropolis

Location No. of Sam- No of K pneu- ESBL ESBL
ples Collected  moniae Isolated Positive (%)  Negative (%)
Adigbe 20 4 (20) 2 (50) 2 (50)
Onikolobo 16 3 (19) 1 (33) 2 (67)
Ogun TV area 20 5 (25) 2 (40) 3 (60)
Ajegunle 20 6 (30) 4 (67) 2 (33)
Somorin 24 4 (17) 1 (25) 3 (75)
Total 100 22 (22 %) 10 (45 %) 12 (55 n%)
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Figure 1: Percentage susceptibility and resistance patterns of ESBL-producing K. preu-

moniae isolated from Smallholder poultry farms
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E Susceptible = Resistant
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Figure 2: Percentage susceptibility and resistance patterns of non-Esfl-producing K
pnenmoniae isolated from Smallholder poultry farms

100 = Susceptible = Resistant

% Susceptibility

Antibiotics

Figure 3: Percentage susceptibility and resistance patterns of Klebsiella pnenmoniae isolated
from smallholder poultry farms
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Table 2: Antibiotic resistance profile and MAR index of ESBL-producing Klebszella pnen-
moniae isolated from smallholder poultry farms

Isolates Code Antibiotics MAR Index
CSA 3 VAN, CTX, TET, SXT, FOX, CAZ, STM 0.7
CSA 5 CIP, VAN CTX, TET, SXT, FOX 0,6
CSA 7 VAN, CTX, TET, SXT, FOX, CAZ, STM, AUG 0.8
CSO 3 CIP, VAN, CTX, TET, SXT, STM 0.6
CSJ o6 CIP, VAN, TET, SXT, FOX, STM 0.6
CSJ 7 VAN, TET, SXT, CAZ, STM, AUG 0.6
CSO 6 CIP, VAN, CTX, FOX, CAZ, AUG 0.6
CSS 4 CIP, CTX, TET, SXT, STM, AUG 0.6
CSG 1 VAN, CTX, CIP, SXT, CAZ 0.5
CSG 6 VAN, CTX, TET, SXT, FOX 0.5

Key: CN = Gentamycin, CIP = Ciprofloxacin, VAN = Vancomycin, CTX = Cefotaxime,
TET = Tetracycline, SXT = Trimethoprim/Sulfamethoxazole, FOX = Cefoxitin, CAZ =

Ceftazidime, STM = Streptomycin, AUG =

and S = Susceptible.
DISCUSSION

The emergence of bacteria that produce
extended-spectrum beta-lactamase (ESBL)
is a significant threat because they can break
down a wide range of [-lactam antibiotics,
making them ineffective. K. pneumoniae is
a zoonotic pathogen of great importance,
and the high prevalence of ESBL-producing
K. pneumoniae makes it one of the multi-
drug-resistant (MDR) pathogens that pose a
significant public health risk (Li ez 2/, 2022).
A study conducted in the Netherlands has
affirmed that antibiotic-resistant genes can
be passed from poultry through the food
chain to humans who are in close contact
with them. Similar ESBL-producing isolates
have been found in both poultry meat and
humans who have close contact with them
(Leverstein-van Hall ez a/., 2011).

The result of the study has revealed that

Amoxicillin Clavulanic Acid, R = Resistant

out of 22 (22%) Klebsiella pneumoniae isolates
identified, 45.5 % were ESBL-positive and
were spread across the study area. The total
isolation rate of K. pneumoniae recorded in
this study was higher than the 7.80 % rec-
orded in a study conducted by Bhardwaj ez a/
on a poultry farm in India in 2021
(Bhardwaj et al., 2021). Also, the 45% ESBL
prevalence rate recorded in this study is low-
er than that of a Shandong broiler slaughter-
house, where 96.67 % (87/90) ESBL-
producing strains were isolated (Wu ez af,
2016), but lower than the 17.50 % ESBL
prevalence recorded in Germany's separation
rate of chicken meat in a study conducted by
Eibach ef al. in 2018. The reason for this fre-
quency may be due to the widespread use of
antibiotics in healthy animals for growth pro-
motion, a practice that is now banned in
some countries of Africa but still active in
others (Adebowale ez @/, 2016). The high
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prevalence of ESBL-producing K. pneu-
moniae found in poultry could lead to an
increase in human carriage if the chicken
meat's microbial flora is not properly inacti-
vated.

All bacterial isolates, except for CSJ3 and
CSS1, were susceptible to gentamicin,
which was the most effective antibiotic. On
the other hand, the analysis of our research
showed that the isolates have a high re-
sistance level against Vancomycin and Tet-
racycline antibiotics. The ESBL-producing
K. pneumoniae isolates exhibited varying
levels of resistance to antibiotics. This ob-
servation is not unexpected since Gentami-
cin is an aminoglycoside group of antibiot-
ics that is important in treating bacterial in-
fections in livestock and pets. Gentamicin is
among the Office International des Epizo-
oties (OIE), now World Organization for
Animal Health (WOAH)-identified antibiot-
ics to be of utmost importance in veteri-
nary medicine. If those identified antibiot-
ics become ineffective, it would require al-
ternative antibiotics to be used. However,
the use of alternatives such as fluoroquin-
olones and colistin is limited in animals, and
they are considered to be extremely im-
portant for human medicine, according to
the European Medicines Agency in 2016.
The high resistance to tetracycline observed
in this study may be due to the common use
of this antibiotic as a feed additive and for
prophylaxis in animal production in Nigeria,
as pointed out by Olatoye (2010). Similarly,
Usman ef al. (2016) noted that the afforda-
bility and availability of tetracycline have led
to resistance being a major problem in vet-
erinary practice in Nigeria. The observed
resistance to cefotaxime could be a result of
the frequent use of cephalosporins in poul-
try in the study area, which has led to the
indiscriminate use of vancomycin as well.

A high MAR index value that was recorded
among BESBL-producing Klebsiella pnenmoniae
Isolates means that for every isolate in this
research, the bacterial MAR index was >0.2,
which is in agreement with the report of
Subramani and Vignesh who revealed that all
the isolates they used in their study had a
very high MAR index value of >0.2
(Ogefere and Idoko, 2024). The statement
suggests that the bacterial isolates might
have been exposed to multiple antibiotics.
The selective pressure exerted by the antibi-
otics used in managing bacterial infections
could be the primary reason for the develop-
ment of resistance, besides the bacteria ac-
quiring the resistance gene through mutation
or interspecies gene transmission (Poonia ez
al., 2014; Ariom et al, 2019). The ESBL-
producing Klebsiella pneumoniae bactetia, in
addition to having a high MAR index value,
were resistant to more than three (3) differ-
ent classes of antibiotics used in the study,
thus making them multidrug-resistant
(MDR). This MDR bacteria has the potential
to spread from poultry to humans which is a
big concern (Wang ef al, 2021). The high
MAR index found in this study can be at-
tributed to an excessive and/or improper use
of antibiotics in the study area (Wang e7 al.,
2021; Yu et al., 2022). The isolation of these
MDR bacteria from both the poultry and
handlers is an indication that they can easily
spread to humans (Montso ¢ al., 2019).
Conclusion and recommendation

The study recorded a high prevalence of
ESBL-producing Klebsiella pnenmoniae, which
spread across the study area with a multiple
antibiotic-resistant index value of >0.2.

The prevalence rate of EsBL in smallholder
poultry farms poses a new threat to human

food safety. The spread of ESBL globally in
both humans and animals can serve as a ref-
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erence in efforts to prevent and treat ESBL
bacterial infections. It is crucial to monitor
and control this spread, or it will cause a
serious problem in poultry farms and com-
munities. Every laboratory should perform
routine detection of ESBL-producing mi-
crobes using standard detection methods to
control the spread of these infections and
develop proper therapeutic strategies. Moni-
toring and judicious usage of extended-
spectrum cephalosporins, periodic surveil-
lance of antibiotic resistance patterns, and
efforts to reduce empirical antibiotic thera-
py are recommended to address some of
the problems associated with ESBLs in the
community.
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