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ABSTRACT

The emergence in recent times of extended-spectrum beta-
lactamases (ESBLs) producing pathogenic bacteria poses a
serious antibiotic management problem. Citrobacter sp., though
less commonly isolated are regarded as an emerging nosocomial
multidrug-resistance (MDR) pathogen. The main objective of this
study is to screen for ESBLs in Citrobacter freundii isolates. Over a
period of two months, 50 clinical samples were collected from
patients attending tertiary health institutions in Lagos state, and
45 animal samples were collected from cattle and poultry farms
giving a total of 95 samples. The samples were cultured by
standard procedures. Isolates were identified using standard
methods. Antimicrobial susceptibility testing was performed on
all isolates by Clinical and Laboratory Standards Institute (CLSI)
guidelines. The isolates were further screened for ESBL
production using double disk diffusion synergy techniques. 4 of
the 48 lIsolates were positive for Citrobacter freundii (8.33%).
Other bacterial pathogens identified included Citrobacter koseri
(14.58%), Escherichia coli (33.33%), E. coli O157 (10.42%),
Klebsiella oxytoca (20.83%), Staphylococcus spp. (12.5%), and
Pseudomonas aeruginosa (2.08%). Antimicrobial susceptibility
testing revealed that high antibiotic resistance was observed in
ceftazidime (100%), cefuroxime (100%), augmentin (100%), and
low in ciprofloxacin (50%). Susceptibility was observed in
gentamicin (100%), nitrofurantoin (100%), cefixime (75%) and
ofloxacin (75%). None of the strains of Citrobacter freundii isolates
showed ESBL production. Gentamicin and nitrofurantoin were
found to be effective treatment option for Citrobacter freundii-
associated infections. This study provides critical insights into
antimicrobial resistance patterns, aiding in the development of
better infection control strategies.
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Introduction

The increasing rate of antimicrobial resistance has
become a worldwide problem predominantly
caused by the family of the Enterobacteriaceae. One
of the main contributors to nosocomial and
community-acquired  illnesses  nowadays s
Enterobacteriaceae. Hospital-acquired urinary tract
infections (UTls) represent a significant health risk
since they are the most prevalent nosocomial
infection, accounting for 35-40% of all infections [1].
Additionally, unchecked and careless use of
antibiotics has led to an increase in the prevalence
of antimicrobial resistance among urinary infections
globally. Furthermore, certain bacteria that were
discovered seldom have since become well-known
infections linked to healthcare. An opportunistic
infection that frequently appears in hospitalised
patients' urine is Citrobacter freundii. This species
can cause diarrhea, septicaemia, meningitis,
respiratory and urinary tract infections.

Extended-spectrum cephalosporins are currently
utilised to treat infections caused by Citrobacter sp.,
a bacteria that is becoming increasingly problematic
due to its multidrug resistance [2]. Early in the 1980s,
third-generation cephalosporins were brought into
clinical use, which was hailed as a significant
advance in the battle against antibiotic-resistant
bacteria caused by beta-lactamases. The higher
frequency of beta-lactamases in novel hosts
prompted the development of  these
cephalosporins. Third-generation cephalosporins
had the significant benefit of having fewer
nephrotoxic effects than aminoglycosides and
polymyxins, in addition to being effective against
the majority of organisms that produce beta-
lactamases [3]. In 1983, it was first shown that beta-
lactamases encoded on plasmids might hydrolyse
the extended-spectrum cephalosporins [4]. Thus,
the term ‘"extended-spectrum beta-lactamases”
(ESBLs) was introduced to describe these novel
enzymes.

"The ESBLs were the first instance in which beta-
lactamase-mediated resistance to beta-lactam
antibiotics resulted from fundamental changes in
the substrate spectra of the enzymes," [5] wrote in
the first significant review of ESBLs in 1989. With the
exception of cephamycins and carbapenems,
extended-spectrum beta-lactamases (ESBLs)
inactivate practically all beta-lactam antibiotics,
posing serious therapeutic challenges. After the first
ESBL was discovered, TEM and sulfhydryl variable
(SHV) derived ESBLs developed and spread around
the world until the late 1900s. The majority of ESBL-
producing Enterobacteriaceae infections have been
reported to be hospital-acquired, linked to
healthcare institutions [7], and increasingly isolated
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from individuals with community-onset disorders
and extended-care facilities [8].

Given the increasing antimicrobial resistance in
Enterobacteriaceae, we hypothesize that
Citrobacter freundii isolates from clinical and animal
sources in Lagos, Nigeria, exhibit a significant level
of ESBL production, contributing to treatment
challenges. This study aims to screen Citrobacter
freundii isolates from clinical and animal samples for
ESBL production and evaluate their antimicrobial
resistance patterns. The findings will provide
insights into the prevalence of ESBL-producing
Citrobacter freundii and support the development
of improved antimicrobial agents in Nigeria.

Material and Methods
Study area

Samples were collected from various locations
across Lagos State, Nigeria, including both clinical
and animal sources. Clinical samples were obtained
from Randle General Hospital (Latitude 6.50832°N,
Longitude 3.35745°E) and Lagos State University
Teaching Hospital (LASUTH) (N 6°27'11.0016", E 3°
23' 44.9988"). Animal samples were collected from
poultry farms at Odo-Eran, Agege Abattoir (Latitude
6°35'N, Longitude 3°45'E), Ojo Barracks area
poultry, and Sagamu poultry (Latitude 6° 27' 59.99"
N, Longitude 3° 10' 60.00" E). Ethical clearance for
this study was obtained from the LASUTH Ethical
Review Committee (LASUTH/EC/2019/045).

Sample collection

A total of ninety-five (95) samples were collected
over period of two (2) months from both hospitals
and animal farm. Thirty (30) blood samples were
collected from patients using sterile syringes by
venopuncture and transferred into a vacuum
ethylene diamine tetra acetic acid (EDTA) bottles
while 20 urine samples were collected into sterile
universal bottles and all samples were labeled
accordingly. Animal droppings from cattle, chickens
such as broilers, layers, cockerel and turkey were
collected. 20 cattle feaces and 25 poultry feaces
were collected using sterile universal bottles and
labeled accordingly. The samples were transported
to the laboratory in cold condition by placing them
in a cold box; the collected samples were
refrigerated and stored at 4°C until analysis was
carried out.

Isolation and identification of bacterial

pathogens

Selective media and initial culturing
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Each sample was cultured on selective and
differential media to facilitate the isolation of Gram-
negative and Gram-positive pathogens. Blood and
urine samples were directly inoculated onto
MacConkey Agar and Eosin Methylene Blue (EMB)
Agar, which support the selective growth of Gram-
negative bacteria [?]. For fecal samples, a 1:10
dilution in sterile normal saline was prepared before
inoculation on the selective media to reduce
background flora and enhance isolation of the
target pathogens. MacConkey Agar was employed
to distinguish lactose fermenters, such as
Escherichia coli and Klebsiella spp., from non-
fermenters. EMB Agar was further used to confirm
lactose fermenters by the presence of metallic
sheen, indicative of E. coli colonies [10]. Mannitol
Salt Agar (MSA) was used specifically for
Staphylococcus spp., which tolerate high salt
concentrations [11]. Pseudomonas Agar was
employed to enhance isolation of Pseudomonas
aeruginosa.

Enrichment and colony selection

Each blood samples were inoculated into Brain
heart infusion broth which was prepared in
McCartney bottles in ratio 1:9 which were prepared
so to enrich the growth of the organisms present in
the blood samples and then incubated at 37°C for
18-24 hours after incubation sub-culture was made
on a solid media. After overnight incubation,
positive plates were observed for colonial
morphological characteristics (sizes, colour, texture,
etc.). The district colonies were inoculated on
Nutrient agar slant and incubated at 37°C for 18-24
hours for further identification and preservation.

Species differentiation and biochemical testing

To confirm the identity of the bacterial isolates,
biochemical tests were performed as follows:

e Citrobacter freundii and Citrobacter koseri:
Both species were initially screened on
MacConkey Agar for lactose fermentation.
Further differentiation was done using Triple
Sugar lron (TSI) agar, Citrate utilization test,
and Urease test (Christensen's urea agar) [12].

e Escherichia coli and E. coli O157: Positive
lactose-fermenting colonies on EMB were
subjected to the Indole test, with additional
testing for sorbitol fermentation on Sorbitol
MacConkey Agar to identify E. coli O157
specifically [13].

e Klebsiella oxytoca: Identified by its mucoid
colonies on MacConkey Agar, positive citrate
utilization, and lack of motility [11].

e Staphylococcus spp.: Colonies that grew on
MSA were Gram-stained, and catalase tests
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were performed to confirm genus identity.
Coagulase  tests  were  subsequently
conducted to identify pathogenic strains such
as Staphylococcus aureus [10]. Pseudomonas
aeruginosa: ldentified on Pseudomonas Agar
based on colony pigmentation and verified by
positive oxidase and catalase tests [11].

Antibiotic susceptibility testing

A standardized Kirby-Bauer disk diffusion method
utilizing the Mueller Hinton Agar (MHA) (Oxoid,
Basingstoke, Hampshire, England) plate technique
was used to to assess the antibiotic susceptibility
profiles of each bacterial isolate according to the
recommendations of the CLSI guidelines [14]. The
following antibiotics were incorporated including
Ceftazidime CAZ (30ug), Cefuroxime CRX (30ug),
Gentamicin  GN (10pg), Cefixime CXM (5ug),
Ofloxacin  OFX (5ug), Augmentin AU (30ug),
Nitrofurantoin N (300pg) and Ciprofloxacin CPX
(5ug). Zones of inhibition were measured after 18-
24 hours of incubation at 37°C, and results were
interpreted following CLSI [14].

Phenotypic detection of extended-spectrum
beta-lactamase (ESBL) production

The double-disk synergy test, as established by [15],
was used to phenotypically corroborate the
discovery of extended-spectrum beta-lactamases
(ESBL). On a Mueller Hinton Agar plate swabbed
with test isolate, a 30pg disc of amoxicillin-
clavulanate and a 30ug disc of each third-generation
cephalosporin test antibiotic (Ceftazidime and
Cefotaxime) were positioned 20 mm from the centre
to detect synergy. It was determined that ESBL
production was positive when the edge of the
cephalosporin inhibition zone clearly extended
towards the amoxicillin-clavulanate disc [16][17].

Results

It was observed that poultry dropping had the
highest number of isolated pathogens with
16(33.33%) followed by cow dung 11(22.92), blood
11(22.92) and urine 10(20.83%) as shown in Figure
1.

Figure 2 shows the morphological characteristics of
C. freundii on Xylose Lysine Deoxycholate agar (A),
its resistance and susceptibility to different
antibiotics (B and C), and ESBL double-disk synergy
test results (D and E). While C. freundii isolates
exhibited a negative ESBL reaction (D), the control
strain showed a positive ESBL reaction (E).

Antimicrobial susceptibility test was done for all the
4(4.21%) C. freundii isolates which revealed that
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Figure 1. Bar chart showing the number of isolates
in each sample
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(100%), cefixime (75%) and ofloxacin (75%) as
shown in Figure 3. Two resistance patterns were
exhibited by C. freundii with CAZ, CRX, and AU,
followed by CAZ, CRX, CXM, OFX, AU, CPR and
CAZ, CRX, AU, CPR, in C. freundii strains as shown in
Figure 3. In this study, all strains of Citrobacter
freundii obtained from both clinical and animal
isolates were all ESBL negative as shown in Table 1.

Table 1 presents the distribution of Citrobacter
freundii isolates in different sample types based on
ESBL production. Among the samples tested, only
poultry droppings showed positive isolates for
ESBL-producing C. freundii, with a total of three
isolates. A total of 4(8.33%) of the 48 positive

Figure 2. Morphological Characteristics, Antibiotic Susceptibility, and ESBL Screening of Citrobacter freundii. A:
Citrobacter freundii on Xylose Lysine Deoxycholate agar. B and C: Citrobacter freundii resistant and susceptible to
different antibiotics. D: ESBL antibiotics double disk synergy negative for Citrobacter freundii. E: ESBL antibiotics double
disk synergy positive for control strain.

=
ISE
S o

o
S

% Susceptibility

60
40
20 I I
0
. &8 J
S

Antibiotics (pg)

M Resistant M Susceptible
Figure 3. Bar chart showing the percentage of resistance
and susceptibility of antibiotics to Citrobacter freundii.

high antibiotic resistance was observed in
ceftazidime (100%), cefuroxime (100%), augmentin
(100%) and ciprofloxacin (50%). Susceptibility was
observed in gentamicin (100%), nitrofurantoin

samples were found to be Citrobacter freundii
positive isolates, and all other isolates were
identified by various biochemical tests as shown in
Table 4.

Table 1. Distribution of Citrobacter freundii in
Samples According to ESBL.

Type of | Number of | ESBL negative
Sample Positive Isolate

Blood 1 0

Stool 0 0

Cattle dung 0 0

Poultry 3 0

dropping

Total 4 0

Table 2 provides a comprehensive overview of
bacterial pathogens which include Citrobacter
freundii 4(8.33%), Citrobacter koseri 7(14.58%), E.
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Table 2. Distribution of Bacterial Pathogens Isolated from Samples.

Type of Sample Blood Urine Cattle Poultry Total % Distribution
dung dropping
Number of Sample 30 20 20 25 95 100
Number of Positive | 11 10 11 16 48 50.53
Sample
Citrobacter freundii 1 0 0 3 4 8.33
Citrobacter koseri 3 0 2 2 14.58
E. coli 3 6 0 7 16 33.33
E. coli0157:H7 1 4 0 0 5 10.42
Klebsiella oxytoca 2 2 2 4 10 20.83
Staphylococcus sp. 0 0 6 0 12.5
Pseudomonas 1 0 0 0 1 2.08
aeruginosa

Table 3. Multi-drug Resistance Pattern Exhibited by Citrobacter freundii.

Antibiotics P08 P10

-
W
0

P

Ceftazidime

Cefuroxime

Gentamicin

Cefixime

Ofloxacin

Augmentin

Nitrofurantoin

Ciprofloxacin
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Total number of
resistances
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Strains: P08, P10, P11, B39; S = Susceptible; P = Poultry; | = Intermediate; B = Blood; R = Resistant.

Table 4. Summary of result on biochemical characterization of the bacterial isolates showing gram test and

morphology.
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Slolslaldlf 161818511518 lol&516138
1 - lY |K A | +++ |+ |+ |+ |+ |V |- + + | - + - Citrobacter
freundii
2 - lY |IK JA | ++ |+ |+ |+ |+ |V |+ |+ + |+ |+ - Citrobacter
koseri
3 - | P A [A - + |+ |+ |- - + |+ - - | E coli
4 - P A [A - + + + + - + + - - E. coli0157: H7
5 - P A A |- + |+ |+ |+ |+ |- - + | - + - | Klebsiella sp.
6 + |G |K |A - - + |+ |+ |+ - - + |+ |+ - | Staphylococcus
sp.
7 - | C |K K - + | - + | - + |- |V + | - + - Pseudomonas
aeruginosa

+ (positive); - (negative); Y = Yellow; P = Pink; G = Golden yellow; C = Colourless; V = Varies; K = Alkaline; A

= Acidic; COAG = Coagulase; Morph = Morphology.

coli 16(33.33%), E. coli 0157:H7 5(10.42%) and
Klebsiella oxytoca 10(20.83%), Staphylococcus sp.
6(12.5%) and Pseudomonas aeruginosa 1(2.08%)
isolated from the various sample types. It includes
the total number of samples tested and the number
of positive samples for each type of pathogen.

Among the 30 blood samples tested, 11 were
positive for bacterial pathogens, with Citrobacter
freundii being detected in one sample.

Table 3 illustrates the multi-drug resistance pattern
exhibited by Citrobacter freundii isolates against
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different antibiotics. The strains are labeled as P08,
P10, P11, and B39, with their corresponding
susceptibility (S), intermediate (I), or resistance (R)
status indicated for each antibiotic tested.

Table 4 summarizes the biochemical
characterization of bacterial isolates, including their
Gram stain, morphology, and results for various
biochemical tests. Citrobacter freundii shows a
negative result for urease production and positive
results for motility and catalase activity.

Discussion

A number of illnesses, including UTls, wound
infections, gastrointestinal infections, septicaemia,
and meningitis, can be caused by Citrobacter sp.,
particularly C. freundii, which is acknowledged as an
emerging opportunistic pathogen, particularly in
hospital  settings and immunocompromised
patients [18]. The discovery that C. freundii
frequently exhibits resistance to several classes of
antibiotics, such as third-generation cephalosporins
and  extended-spectrum  beta-lactams,  has
coincided with this emergence, indicating that both
clinical and animal strains may serve as a reservoir of
antimicrobial resistance determinants [19]. A
startlingly high percentage of C. freundii isolates
from UTls were found to be highly multi-drug
resistance in a recent survey of outpatients in Bo,
Sierra Leone [18].

In this study, Citrobacter sp. were surveyed from
different patients with different health conditions
and also different genders of cattle and chickens to
provide better understanding of antimicrobial
resistance especially extended spectrum
cephalosporins  to Citrobacter freundii. The
distribution of various bacterial pathogens across
different sample types, including blood, urine, cattle
dung, and poultry droppings where highlighted.
The detection of Citrobacter spp., Escherichia coli,
and Klebsiella spp. in multiple sample types
corroborates  findings from  similar  studies
demonstrating the wide distribution of these
pathogens in both clinical and environmental
settings [20]. Additionally, the presence of
multidrug-resistant strains, such as E. coli 0157:H7,
underscores the urgent need for antimicrobial
stewardship efforts to combat the rising threat of
antibiotic resistance [21].

According to reports, 0.5-36% of Citrobacter sp.
worldwide have ESBLs [22]. Eighty percent of
hospitalised patients' Citrobacter isolates in India
produced ESBLs [23]. Citrobacter freundii was
screened for antimicrobial resistance to different
drugs. Remarkable high rates of resistance of the
Citrobacter freundii to antibiotics ceftazidime
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(100%) which are third generations cephalosporins
and this implies that the strains of Citrobacter
freundii isolated from sample such as blood (1%)
and poultry droppings (3.2%) in Nigeria are strains
of Citrobacter that are resistant to third generation
cephalosporins which conforms to the study by [24]
in which it was reported that beta-lactams antibiotics
such as ceftazidime, cefuroxime were ineffective
against the studied bacteria. One cephalosporin-
resistant strain of Citrobacter freundii LMQO7/10,
which is not an ESBL producer, was isolated from a
urine sample in a June 2010 case presentation
involving a 47-year-old woman who had been
receiving private consultation assistance due to a
history of grade Il cystocele and recurrent UTls since
December 2009. Conventional biochemical testing
was used to identify the strain, and the APl 20E
system was used to confirm it [25].

This study also observed high susceptibility to
antibiotics; gentamicin (100%) and nitrofurantoin
(100%) which conforms to the study done by [26]. in
Tanzania. This shows that there is generally low
resistance of Citrobacter strains to gentamicin which
are strong aminoglycoside that are used to treat
several types of bacterial infections which include
UTls sepsis, meningitis which are common
infections caused by Citrobacter freundii and also
nitrofurantoin.  Multiple  antibiotic  resistance
suggested that the isolate must have originated
from environment where antibiotics are misused or
often used as therapeutic measures in humans [27].

The phenotypic confirmation of ESBL producing
Citrobacter freundii was detected negative.
Extended spectrum B-Lactamases producing
Enterobacteriaceae (ESBL-E) are becoming more
common in hospitals and the general public around
the world [28]. Their prevalence differs by nation,
area, or even medical facility [29]. The Incidence of
ESBL producing Citrobacter freundii in Nigeria has
been less studied in contrary to Enterobacteriaceae
such as E. coli, Salmonella sp., Klebsiella sp. Many
developed countries have reported high case of
ESBL producers in contrast to developing countries
which can happen with the constant misuse of drugs
in these countries. Although this rate of ESBL
isolates is greater than the rate seen in recent
European studies, which ranged from 2.5% to 5.1%
in France [31] and 2.9% in Sweden [32], it is
comparable to that reported in the Kingdom of
Saudi Arabia (8.9%) [30]. An estimated 25% of the
Enteriobacteriaceae  family produces  ESBLs,
according to studies done in Ethiopia [33]. These
prevalence rates are high as opposed to our study
which may be related to variation in drug
management policies or follow other control
programs. Furthermore, ESBL prevalences across
Latin America, the Middle East, Europe, and the
South Pacific ranged from roughly 10 to 35% [34]
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[35]. In 2011, however, almost 40% of clinical
isolates from Asia produced ESBL [36]. Therefore,
strains of extended spectrum beta-lactamases are
less detected in Citrobacter freundii in Nigeria.

The strength of this study is that no strains of ESBL
producing Citrobacter freundii can be found in
Nigeria. The emergence of multidrug-resistant
strains, particularly those producing ESBLs, is a
global concern due to its implications for patient
management and public health [36]. The findings
are consistent with previous reports documenting
the spread of ESBL-producing Citrobacter species
in clinical and environmental settings, emphasizing
the importance of effective infection control
measures and antimicrobial surveillance programs
[171.

Conclusion

This study revealed the presence of Citrobacter
freundii in poultry sample as well as C. freundii-
associated bacteraemia in human. None of the
strains of Citrobacter freundii was ESBL producers.
Gentamicin and Nitrofurantoin were found to be
effective drugs for Citrobacter freundii-associated
infections in this study. Further comprehensive
study is essential to substantiate these findings.
Constant surveillance is essential to determine the
true prevalence of this pathogen in our
environment. A need for prudent use of antibiotics
to prevent emerging ESBL producing strain C.
freundii and good environmental hygiene should be
practiced to prevent the emergence of this
pathogen.
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