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Abstract:

Background: Infection caused by antibiotic resistant Enterobacter spp. is a growing public health challenge as this
significantly contributes to disease burden and high mortality in resource-limited settings. This study aimed to
determine multidrug and colistin resistance patterns of Enterobacter isolates from water, human and animal
samples in six rural communities in Akwa Ibom State, Nigeria.

Methodology: This was a laboratory-based study of 124 non-duplicate Enterobacter species isolated from water
(n=43), human (n=46), goat (n=22) and dog (n=13) faecal samples in six local government areas (LGAs) of Akwa
Ibom State. Enterobacter species were isolated from the samples following aerobic culture on Violet Red Bile
Glucose agar after preliminary incubation in Enterobacteriaceae Enrichment broth at 37°C for 18 hours.
Identification of Enterobacter isolates to species level was done using VITEK®2 compact system. Antibiotic
susceptibility testing (AST) of isolates to selected antibiotics was performed using the Kirby-Bauer disc diffusion
method, while colistin susceptibility testing (CST) was performed using disk elution MIC method. Multidrug
resistance (MDR) was defined as resistance of an isolate to antibiotics in three or more classes. Multiple antibiotic
resistance (MAR) index was determined as the number of antibiotics to which an isolate was resistant to, divided
by the number of antibiotics to which the isolate was tested.

Results: Of the 124 non-duplicate Enterobacter isolates, 8 species were identified; E. cloacae (n=42), E. aero-
genes (n=41), E. cloacae subsp dissolvens (n=17), E. gergoviae (n=11), E. quasiroggenkampii (n=4), E. mori
(n=3), E. hormaechei (n=3), and E. bugandensis (n=3). Enterobacter spp from water samples were 95.3% and
90.7% sensitive to ciprofloxacin and ceftazidime respectively; those from humans were 95.7% sensitive to
amoxicillin-clavulanate, those from goats were 86.4% sensitive to ceftazidime while those from dogs were 92.3%
sensitive to amoxicillin-clavulanate and 84.6% sensitive to doxycycline and ceftazidime. The isolates exhibited
varying resistance to imipenem, cefoxitin, and streptomycin. Enterobacter isolates from water, human, goat and
dog samples had MARI of > 2 in 34.9%, 60.9%, 27.3% and 46.2% respectively, with resistance to 2-6 antibiotics.
The MDR rate among Enterobacter isolates was 34.7% (n=43), with 30.2%, 41.3%, 27.3% and 38.5% in isolates
from water, human, goat and dog samples respectively. Colistin-resistant rates in Enterobacter isolates from water,
human, goat and dog samples were 25.6%, 28.3%, 27.3% and 38.5%, respectively, with E. cloacae, E. aerogenes
and E. dissolvens being the most colistin-resistant isolates. Mcr-1 gene was detected in colistin-resistant isolates
from samples in two of the six rural communities (Ikot Abasi and Uruan) in the State.

Conclusion: The findings of this study underscore the need for continuous surveillance to monitor resistance
patterns and implementation of antibiotic stewardship and infection control policies to prevent the emergence and
spread of resistant strains in the community.
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Résumeé:

Contexte: Infection causée par Enterobacter spp. Il s’agit d’un défi de santé publique croissant dans la mesure ou
cela contribue de maniére significative a la charge de morbidité et a une mortalité élevée dans les contextes aux
ressources limitées. Cette étude visait a déterminer les profils de résistance aux médicaments et a la colistine des
isolats d'Enterobacter provenant d'échantillons d'eau, d'humains et d'animaux dans six communautés rurales de
I'Etat d'Akwa Ibom, au Nigeria.

Méthodologie: Il s'agissait d'une étude en laboratoire portant sur 124 espéces d'Enterobacter non dupliquées
isolées d'échantillons fécaux d'eau (n=43), d'humains (n=46), de chévres (n=22) et de chiens (n=13) dans six
zones de gouvernement local (LGA) de I'Etat d'Akwa Ibom. Les espéces d'Enterobacter ont été isolées des
échantillons aprés culture aérobie sur gélose Violet Red Bile Glucose aprés incubation préliminaire dans un bouillon
d'enrichissement Enterobacteriaceae a 37°C pendant 18 heures. L'identification des isolats d'Enterobacter au
niveau de l'espece a été réalisée a l'aide du systéme compact VITEK®?2. Les tests de sensibilité aux antibiotiques
(AST) des isolats a des antibiotiques sélectionnés ont été réalisés a I'aide de la méthode de diffusion sur disque de
Kirby-Bauer, tandis que les tests de sensibilité a la colistine (CST) ont été réalisés a I'aide de la méthode CMI par
élution sur disque. La multirésistance aux antibiotiques (MDR) a été définie comme la résistance d’un isolat a des
antibiotiques appartenant a trois classes ou plus. L'indice de résistance multiple aux antibiotiques (MAR) a été
déterminé comme le nombre d’antibiotiques auxquels un isolat était résistant, divisé par le nombre d’antibiotiques
auxquels l'isolat a été testé.

Résultats: Parmi les 124 isolats d'Enterobacter non dupliqués, 8 espéces ont été identifiées; E. cloacae (n=42), E.
aerogenes (n=41), E. cloacae subsp dissolvens (n=17), E. gergoviae (n=11), E. quasiroggenkampii (n=4), E. mori
(n=3), E. hormaechei (n=3) et E. bugandensis (n=3). Les espéces d'Enterobacter provenant des échantillons d'eau
étaient respectivement sensibles a 95,3% et 90,7% a la ciprofloxacine et a la ceftazidime; ceux provenant
d'humains étaient sensibles a 95,7% a I'amoxicilline-clavulanate, ceux provenant de chévres étaient sensibles a
86,4% a la ceftazidime tandis que ceux provenant de chiens étaient sensibles a 92,3% a I'amoxicilline-clavulanate
et a 84,6% a la doxycycline et a la ceftazidime. Les isolats présentaient une résistance variable a I'imipénéme, a la
céfoxitine et a la streptomycine. Les isolats d'Enterobacter provenant d'échantillons d'eau, d'humains, de cheévres
et de chiens présentaient un MARI > 2 dans 34,9%, 60,9%, 27,3% et 46,2% respectivement, avec une résistance
a 2 a 6 antibiotiques. Le taux de MDR parmi les isolats d'Enterobacter était de 34,7% (n=43), avec 30,2%, 41,3%,
27,3% et 38,5% dans les isolats provenant d'échantillons d'eau, d'humains, de chévres et de chiens,
respectivement. Les taux de résistance a la colistine dans les isolats d'Enterobacter provenant d'échantillons d'eau,
d'humains, de chévres et de chiens étaient respectivement de 25,6%, 28,3%, 27,3% et 38,5%, E. cloacae, E.
aerogenes et E. dissolvens étant les isolats les plus résistants a la colistine. Le géne mcr-1 a été détecté dans des
isolats résistants a la colistine provenant d'échantillons provenant de deux des six communautés rurales (Ikot Abasi
et Uruan) de I'Etat.

Conclusion: Les résultats de cette étude soulignent la nécessité d’une surveillance continue pour surveiller les
profils de résistance et la mise en ceuvre de politiques de gestion des antibiotiques et de controle des infections
afin de prévenir I'émergence et la propagation de souches résistantes dans la communauté.

Mots-clés: Résistance a la colistine, Enterobacter spp, multirésistance aux antibiotiques, eau, matiéres fécales, échantillons

Introduction: Multidrug-resistant (MDR) Enterobacter
isolates have emerged and spread worldwide

Antimicrobial resistance (AMR) is a gr- due to widespread use of antibiotics (4). These

owing global public health threat. It is particu- organisms seem to have innate resistance to
larly worrisome among Enterobacter spp and older antimicrobial agents and have the prop-
other Gram-negative bacteria (GNB) as they ensity to rapidly develop resistance to newer
contribute significantly to disease burden and antimicrobial agents (1). Treatment of infect-
mortality (1). In 2019, it was reported that ions with Enterobacter spp is difficult because
AMR directly caused an estimated 1.27 million of resistance to third generation cephalosporins,
deaths, and an additional 5 million deaths were penicillin and quinolones (5). As reported by
associated with Enterobacter spp (2). A major Davin-Regli et al., (6), Enterobacter spp natu-
concern is the rise of drug-resistant infections, rally carries genes encoding AmpC B-lactama-
especially those caused by antibiotic-resistant ses, leading to intrinsic resistance to ampicillin,
bacteria acquired in hospitals, which are beco- amoxicillin, first-generation cephalosporins and
ming more common in developing countries, cefoxitin. These pathogens can adapt to the
including Nigeria (3). environment and acquire various mobile gene-

580


mailto:adenugba.imaobong@akwaibompoly.edu.ng

Multi-drug and colistin resistance in diverse Enterobacter isolates

tic elements (MGEs) coding for resistance,
making them multidrug-resistant (6). The em-
erging resistance of Enterobacter to B-lactams
and carbapenem antibiotics makes treatment
more challenging, especially in resource limit-
ing countries (1).

To curtail the rising incidence of infect-
ions caused by MDR Enterobacter spp, health-
care systems have increasingly turned to colis-
tin, which is regarded as a last-line therapeutic
option for the treatment of severe infections
caused by MDR Gram-negative bacteria (GNB),
including Enterobacter spp (1). Colistin is a
polycationic antibiotic with broad-spectrum ba-
ctericidal activity. It targets the lipopolysacc-
harides in the bacterial cell walls, disrupting
their outer membrane and causing the bacteria
to break apart and die (7). Colistin was initially
restricted to veterinary medicine due to its
nephrotoxicity and neurotoxicity (8). However,
the rise of MDR and carbapenem-resistant Ent-
erobacter has led to its renewed use in humans
(9).

Unfortunately, the increasing resistan-
ce to this critical antibiotic is becoming a global
challenge, as it is becoming less effective in
treating resistant infections, making patient
care even more difficult (10). Understanding
the patterns of antibiotic resistance and moni-
toring colistin-resistant Enterobacter isolates
are essential for developing effective treatment
and intervention strategies to prevent their
spread in various environments, including hos-
pitals and community settings. However, there
is paucity of comprehensive data on multidrug
and colistin resistance in environmental, hum-
an and animal isolates of Enterobacter spp. in
Akwa Ibom State. Therefore, this study was
carried out to determine the antibiotic suscep-
tibility, multidrug resistance profiles and colis-
tin resistance rates in Enterobacter spp isola-
ted from water, human and animal samples in
selected rural communities of Akwa Ibom State,
Nigeria.

Materials and method:

Study design and settings:

This was a laboratory-based study of
Enterobacter spp isolated from water, human
and animal in rural communities of Akwa Ibom
State. Nigeria. The State covers a total land
area of 7,249 square kilometer and has a po-
pulation of 5,451,277 (11). Akwa Ibom lies
between latitude 4°32” and 5°33” North and
longitude 7935" and 8°25" East. The State is
bordered on the East by Rivers State, on the
West by Cross River State, on the North by
Abia State and on the South by the Gulf of
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Guinea.

The people of Akwa Ibom State are
culturally homogeneous with a common identi-
ty and are reputed to be the first settlers in the
present-day southeastern Nigeria. The three
major dialects are the Ibibio, Anang and Oron.
Other subgroups include Eket, Ibeno, Itu Mbu-
so and the Andonis. The six rural communities
selected for study using random sampling
technique included Ikot Ntuen in Ikono Local
Government Area (LGA), Ikot obong in Ibiono
Ibom LGA, Nto Edino in Obot Akara LGA, Issiet
Ekim in Uruan LGA, Isong Inyang in Mbo LGA
and Ikot Atan in Ikot Abasi LGA.

Ethical consideration:

Ethical approval was requested and ob-
tained from Research Ethics Committee of
Akwa Ibom State Ministry of Health Research
Ethics Committee (AKSMHREC) with HREC ass-
igned (AKHREC/20/04/23/145). Since the stu-
dy also involved direct collection of specimens
from human and animal subjects, written infor-
med consent was obtained from the partici-
pants and animal owners prior to their inclu-
sion and sample collection.

Collection and transportation of samples:

Samples collected for analysis include
water, human faecal, goat faecal and dog fae-
cal samples. Water samples were collected at
targeted stream points directly into 500ml ste-
rilized polypropylene bottles. At the sampling
point, the bottles were opened aseptically and
rinsed with the stream water and held at a
right angle and submerged to a depth of about
20cm with the mouth of the bottle facing
upwards directly opposite the current of the
flowing stream and filled to the brim. The
bottles were stored in ice packed coolers. In-
situ physicochemical analyses were carried out
using water scooper to transfer the water into
a clean bucket where the actual measurement
was taken, some part of the water was also
taken in another 500ml container and labeled
for further biochemical and physicochemical
analysis.

Human faecal samples were collected
from willing volunteers at the nearby primary
healthcare centers within the community. Prior
to sample collection, they were educated on
how to collect their faecal samples using sterile
widemouth, screw cap leak proof sample con-
tainers. Animal faecal samples from goats and
dogs were collected within the six communities
using sterile swab-sticks. Faecal samples were
stored in ice-coolers and transported to Micro-
biology Laboratory, University of Uyo, Nigeria
for processing.
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Isolation and identification of Enterobacter
from samples

For the isolation of Enterobacter spp.
from water, animal and human faecal samples.
One mil (1ml) of water sample and one gram
(1g) of each faecal samples from human, goat
and dog was aseptically inoculated into sterile
peptone water and then inoculated into 9 mL
of Enterobacteriaceae Enrichment (EEE) broth
(Himedia, India). The enrichment cultures were
incubated at 37°C for 18 hours, after which 1
ml of each pre-enriched culture was inoculated
onto Violet Red Bile Glucose Agar (VRBGA, Hi-
media, India) by pour plating and incubated at
37°C for 24 hours. Colonies appearing as red
or purple with a surrounding halo on VRBGA
were presumptively identified as Enterobacter
spp (12). All presumptive isolates were confir-
med by VITEK®2 identification compact system
(BioMérieux, Marcy-L’Etoile, France).

Antibiotic susceptibility testing:

The antibiotic susceptibility testing was
performed by the Kirby-Bauer disk diffusion
method on Mueller Hinton Agar (MHA, Oxoid™
Thermo scientific ™ UK) plates. A loopful of the
pure isolate was prepared and adjusted to 0.5
McFarland standard (equivalent to 108 CFU/ml)
and spread on the surface of the agar using a
sterile hockey stick. Nine selected antibiotic
disks (Bioanalyse® Venimahalle Ankara/Tur-
key) were used and this included imipenem
(IPM, 10pg), meropenem (MEM, 10ug), doxy-
cycline (DOX, 30pg), ceftazidime (CAZ, 30ug),
ciprofloxacin (CIP, 5ug), amoxicillin-clavulana-
te (AMC, 30ug), cefoxitin (FOX, 30ug), Strep-
tomycin (S, 10ug) and trimethoprim/sulfame-
thoxazole (SXT, 23.75ug/1.25ug). The disks
were gently placed on the agar plates, and
incubated at 37°C for 24 hours. The diameters
of the zones of inhibition (in mm) were mea-
sured with a meter ruler and interpreted as
resistant, intermediate or sensitive in accor-
dance with the 2024 CLSI guidelines and inter-
pretative criteria (13). Multidrug resistance
was defined as resistance of an isolate to anti-
biotics in three or more classes (14).

Colistin susceptibility testing by broth disk elu-
tion MIC method:

Colistin was tested by colistin broth
disk elution (CBDE) test on cation-adjusted
Mueller Hinton Broth (CA-MHB; Himedia labo-
ratories, Mumbai, India) according to the CLSI
2024 guidelines (13,15). For each isolate, 0, 1,
2 and 4 10-pg colistin disc was added to four
tubes containing 10 ml each of CA-MHB to
achieve final concentrations of 0 (control gro-
wth), 1, 2, and 4 pg/ml in the CA-MHB tubes.
The tubes were vortexed and left at room tem-
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perature for 30 mins to allow the colistin to
adequately elute from the discs.

To produce a standardized inoculum,
3-5 colonies from 24 hours agar plate were
suspended in 4-5 ml of sterile saline. The tur-
bidity was adjusted to match that of a McFar-
land 0.5 standard. To achieve a final inoculum
concentration of 7.5x10°> CFU/ml, 50uL aligquot
of the standardized inoculum was added to
each tube. MIC values were read as the lowest
concentration that completely inhibits growth
of the isolate after 16-20 hours incubation at
35°C. Interpretation of result was done using
the CLSI breakpoints of <2ug/mL as interme-
diate and =4ug/mL as resistant (13).

Determination of multiple antibiotics resistant
index (MARI) and multidrug-resistant (MDR)
profile of Enterobacter spp.:

Multiple antibiotic resistance (MAR) in-
dex was determined using the formula MAR=
x/y, where ‘x’ was the number of antibiotics to
which the test isolate displayed resistance and
'y’ was the total humber of antibiotics to which
the test isolates were evaluated for sensitivity.
MARI >2 indicates that the isolates are from an
environment where antibiotics are widely used
(16). Multiple antibiotic resistance was also
described by determining multidrug-resistance
(MDR) profiles of the isolates as defined by
Magiorakos et al., (14).

Amplification of colistin resistance gene:

The mcr-1 gene of the isolates were
amplified using the mcr-1F:5'-GTCGGTATGCTC
GTTGGCTTAG-3and McriR: 5'-CATAGGCATTGC
TGTGCGTCTG-3’ primers on a ABI 9700 App-
lied Biosystems thermal cycler at a final volu-
me of 40ul for 35 cycles. The PCR mix included
the X2 Dream Taq Master mix (Ingaba Biotec,
South Africa), Taq polymerase, DNTPs, MgCl,,
primers at a concentration of 0.5uM and the
extracted DNA as template.

The PCR conditions were as follows;
initial denaturation at 95°C for 5 mins, denatu-
ration at 95°C for 30 seconds, annealing at
540C for 30 seconds, extension at 72°C for 30
seconds for 35 cycles, and final extension at 72
oC for 5 mins. The product was resolved on a 1%
agarose gel at 130V for 30 mins and visualized
on a blue light transilluminator.

Statistical analysis:

Data were analyzed using the Stati-
stical Package for the Social Sciences (SPSS,
PASW-Predictive Analytics Software, version
25.0). Antimicrobial resistance patterns of Ent-
erobacter spp, multiple antibiotic resistance
(MAR) indices, multi-drug resistance, and coli-
stin resistance were determined using descrip-
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tive statistics. Associations between categorical
variables were evaluated using the Chi-square
(x?2) test, and differences were considered sta-
tistically significant at p<0.05.

Results:

Enterobacter species isolated from samples:

A total of 124 non-duplicate Enteroba-
cter spp were isolated from water (n=43), hu-
man (n=46), goat (n=22) and dog (n=13) fae-
cal samples. A total of 8 species of Enteroba-
cter were identified; E. cloacae (n=42), E. ae-
rogenes (n=41), E. cloaca subsp dissolvens
(n=17), E. gergoviae (n=11), E. quasiroggen-
kampii (n=4), E. mori (n=3), E. hormaechei
(n=3), and E. bugandensis (n=3).

Antibiotic susceptibility of Enterobacter isolates:

Enterobacter cloacae isolated from water
samples were highly sensitive to amoxicillin/
clavulanate (86.7%) and ceftazidime (86.7%),
and 66.7% were sensitive to ciprofloxacin, but
53.3% of the isolates were resistant to cefo-
xitin and streptomycin. Enterobacter aerogenes
were sensitive to amoxicillin/clavulanate (92.3%),
ceftazidime (84.6%) and trimethoprim/sulfa-
methoxazole (84.6%). However, 46.1% of the
isolates were resistant to cefoxitin and strepto-
mycin. All E. mori were highly sensitive to ceft-
azidime, ciprofloxacin, amoxicillin/ clavulanate
and trimethoprim/sulfamethoxazole. About 90.7%
of the Enterobacter spp from water samples
were sensitive to ceftazidime and 74.4% to
amoxicillin/clavulanate while they were resis-
tant to streptomycin (37.2%), imipenem (25.6%)
and meropenems (27.9%) (Table 1).

The antibiotic susceptibility profile of
Enterobacter spp isolated from human faecal
samples result indicates that E. aerogenes were
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sensitive to amoxicillin/clavulanate (88.9%),
but 50.0% of the isolates were resistant to str-
eptomycin. Enterobacter gergoviae was sensi
tive to amoxicillin/clavulanate (100.0%), ceft-
azidime (66.7%) and trimethoprim/sulfameth-
oxazole (66.7%), and resistant to cefoxitin and
streptomycin (50.0%). Overall, Enterobacter
spp from human faecal samples were sensitive
to amoxicillin/clavulanate (95.7%) and trime-
thoprim/sulfamethoxazole (76.1%) while 39.1%
of the isolates were resistant to doxycycline
and (34.8%) to streptomycin (Table 2).

All E. cloacae from dogs were sensitive
to amoxicillin/clavulanate and trimethoprim/
sulfamethoxazole but 50.0% of the isolates
were resistant to imipenem and meropenem.
All E. hormaechei were sensitive to merope-
nem, doxycycline and ceftazidime but were
resistant to all other antibiotics. All E. quasiro-
ggenkampii were sensitive to doxycycline,
ceftazidime, ciprofloxacin and amoxicillin/cla-
vulanate. Overall, Enterobacter spp from dog
samples were sensitive to amoxicillin/clavula-
nate (92.3%), doxycycline and ceftazidime
(84.6%) (Table 3).

Enterobacter aerogenes from goat sam-
ples were highly sensitive to all the antibiotic
used except ciprofloxacin. About 66.7% of E.
cloacae subsp dissolvens were resistant to me-
ropenem, cefoxitin and streptomycin. E bugan-
densis was sensitive to doxycycline, ceftazi-
dime, ciprofloxacin, amoxicillin/clavulanate and
trimethoprim/sulfamethoxazole. All E. hormae-
chei from goat samples were sensitive to cefta-
zidime, but resistant to amoxicillin/clavulanate.
Overall, Enterobacter spp from goat faecal sam-
ples were sensitive to ceftazidime (86.4%) and
trimethoprim/sulfamethoxazole (81.8%) but
resistant to imipenem (27.3%) and merope-
nem (31.8%) (Table 4).
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Table 1: Antibiotic susceptibility profile of Enterobacter spp isolated from streams in some rural areas in Akwa Ibom State, Nigeria

Enterobacter spp No of isolate susceptibility to selected antibiotics (%)
Status IPM MEM DOX CAZ CIP AMC FOX S SXT

E. cloacae (n=15) S 7 (43.8) 6 (40.0) 7 (43.8) 13 (86.7) 10 (66.7) 13 (86.7) 3 (20.0) 5(33.3) 9 (60.0)

I 3 (20.0) 5(33.3) 2 (13.3) 0 5(33.2) 2 (13.3) 4 (26.7) 2 (13.3) 2 (13.3)

R 5(33.3) 4 (26.7) 6 (40.0) 2 (13.3) 0 0 8 (53.3) 8 (53.3) 4 (26.7)

E. aerogenes (n=13) S 7 (53.8) 8 (61.5) 10 (76.9) 11 (84.6) 7 (53.8) 12 (92.3) 5 (38.5) 7 (53.8) 11 (84.6)
I 2 (15.4) 0 0 0 4 (30.7) 0 2 (15.4) 0 0

R 4 (30.7) 5 (38.5) 3 (23.1) 2(15.4) 2 (15.4) 1(7.7) 6 (46.1) 6 (46.1) 2 (15.4)

E. gergoviae (n=5) S 3 (60.0) 2 (40.0) 3 (60.0) 5 (100.0) 3 (60.0) 4 (80.0) 5 (100.0) 4 (80.0) 4 (80.0)
I 1 (20.0) 1 (20.0) 0 0 2 (40.0) 1 (20.0) 0 0 0

R 1 (20.0) 2 (40.0) 2 (40.0) 0 0 0 0 1 (20.0) 1 (20.0)

E. cloacae subsp dissolvens S 6 (85.7) 6 (85.7) 5(71.4) 7 (100.0) 4 (57.1) 5(71.4) 3 (42.9) 4 (57.1) 4 (57.1)
(n=7) I 0 0 0 0 3 (42.9) 0 3 (42.9) 0 0

R 1(14.3) 1(14.3) 2 (28.6) 0 0 2 (28.6) 1(14.3) 3 (42.9) 3 (42.9)

E. mori (n=3) S 0 0 2 (66.7) 3 (100.0) 3 (100.0) 3 (100.0) 2 (66.7) 2 (66.7) 3 (100.0)
1 3 (100.0) 3 (100.0) 1(33.3) 0 0 0 0 0 0
R 0 0 0 0 0 0 1(33.3) 1(33.3) 0

Total (n=43) S 23 (53.5) 22 (51.2) 27 (62.8) 39 (90.7) 27 (62.8) 32 (74.4) 18 (41.9) 22 (51.2) 31 (72.1)

I 9 (20.9) 9 (20.9) 3(7.0) 0 14 (32.6) 3(7.0) 9 (20.9) 2 (4.7) 2 (4.7)

R 11 (25.6) 12 (27.9) 13 (30.2) 4 (9.3) 2 (4.7) 3 (7.0) 16 (44.2) 19 (37.2) 10 (23.3)

S: Sensitive; I Intermediate; R; Resistant; IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole; %: Percentage of the total
isolates of each species of Enterobacter tested
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Table 2: Antibiotic susceptibility profile of Enterobacter spp isolated from human faecal samples in some rural areas in Akwa Ibom State, Nigeria

Enterobacter spp No of isolate susceptibility to selected antibiotics (%)
Status IPM MEM DOX CAZ CIP AMC FOX S SXT

E. aerogenes (n=18) S 9 (50.0) 9 (50.0) 10 (55.6) 10 (55.6) 9 (50.0) 16 (88.9) 8 (44.4) 9 (50.0) 12 (66.7)
I 7 (38.9) 4 (32.2) 1 (5.6) 0 8 (44.4) 0 3(16.7) 0 0

R 2 (11.1) 5 (27.8) 7 (38.9) 8 (44.4) 1 (5.6) 2 (11.1) 7 (38.9) 9 (50.0) 6 (33.3)

E. cloacae (n=15) S 7 (46.7) 8 (53.3) 8 (53.3) 12 (80.0) 12 (80.0) 15 (100.0) 7 (46.7) 11 (73.3) 12 (80.0)
I 4 (26.7) 1 (6.7) 1 (6.7) 0 3 (20.0) 0 2 (13.3) 1(6.7) 0

R 4 (26.7) 6 (40.0) 6 (40.0) 3 (20.0) 0 0 6 (40.0) 3 (20.0) 3 (20.0)

E. gergoviae (n=6) S 2 (33.3) 1(16.7) 2(33.3) 4 (66.7) 3 (50.0) 6 (100.0) 3 (50.0) 3 (50.0) 4 (66.7)
1 3 (50.0) 4 (66.7) 0 0 2 (33.3) 0 0 0 0

R 1 (16.7) 1(16.7) 4 (66.7) 2 (33.2) 1(16.7) 0 3 (50.0) 3 (50.0) 2 (33.3)

E. cloacae sub dissolvens S 3 (42.9) 4 (57.1) 4 (57.1) 6 (85.7) 3 (42.9) 7 (100.0) 5(71.4) 5(71.4) 7 (100.0)
(n=7) 1 2 (28.6) 1(14.3) 2 (28.6) 0 0 0 1(14.3) 1(14.3) 0
R 2 (28.6) 2 (28.6) 1(14.3) 1(14.3) 4 (57.1) 0 1(14.3) 1(14.3) 0

Total (n=46) S 21 (45.7) 22 (47.8) 24 (52.2) 32 (69.0) 27 (58.7) 44 (95.7) 23 (50.0) 28 (60.9) 35 (76.1)
1 16 (34.8) 10 (21.7) 4 (8.7) 0 (14 (30.4) 13 (28.3) 0 6 (13.0) 2 (4.3) 0

R 9 (19.6) 14 (30.4) 18 (39.1) 6 (13.0) 2 (4.3) 17 (37.0) 16 (34.8) 11 (23.9)

S: Sensitive; I: Intermediate; R; Resistant; IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole; %: Percentage of the total
isolates of each species of Enterobacter tested
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Table 3: Antibiotic susceptibility profile of Enterobacter spp isolated from dog faecal samples in some rural areas in Akwa Ibom State, Nigeria

Enterobacter spp No of isolate susceptibility to selected antibiotics (%)
Status IPM MEM DOX CAZ CIP AMC FOX S SXT
E. cloacae (n=4) S 2 (50.0) 2 (50.0) 3 (75.0) 3(75.0) 3 (75.0) 4 (100.0) 1 (25.0) 1 (25.0) 4 (100)
I 0 0 1 (25.0) 0 0 0 2 (50.0) 1 (25.0) 0
R 2 (50.0) 2 (50.0) 0 1 (25.0) 1 (25.0) 0 1 (25.0) 2 (50.0) 0
E. aerogenes (n=6) S 2 (33.3) 3 (50.0) 5(83.3) 6 (100.0) 3 (50.0) 6 (100.0) 4 (66.7) 3 (50.0) 4 (66.7)
I 3 (50.0) 3 (50.0) 1(16.7) 0 3 (50.0) 0 1(16.7) 0 0
R 1 (16.7) 0 0 0 0 0 1(16.7) 3 (50.0) 2 (33.3)
E. hormaechei (n=1) S 0 1 (100) 1 (100) 1 (100.0) 0 0 0 0 1 (100.0)
I 0 0 0 0 1 (100.0) 0 0 0 0
R 1 (100) 0 0 0 0 1 (100.0) 1 (100.0) 1(100.0) 0
E. quasiroggenkampii S 0 0 2 (100.0) 1 (100.0) 1 (100.0) 2 (100.0) 0 0 1 (50.0)
(n=2) I 1 (50.0) 1 (50.0) 0 0 0 0 1 (50.0) 02 (100) 0
R 1 (50.0) 1 (50.0) 0 1 (100.0) 1 (100.0) 0 1 (50.0) 1 (50.0)
Total (n=13) S 4 (30.8) 6 (46.2) 11 (84.6) 11 (84.6) 7 (53.8) 12 (92.3) 5 (38.5) 4 (30.8) 10 (76.9)
I 4 (30.8) 4 (30.8) 2 (15.4) 0 4 (3.0.8) 0 4 (30.80 1(7.7) 0
R 5 (38.5) 3(23.1) 0 2 (15.4) 2 (15.4) 1(7.7) 4 (30.8) 8 (61.5) 3(23.1)

S:
Sensitive; I: Intermediate; R; Resistant; IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole; %: Percentage of the total isolates
of each species of Enterobacter tested
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Table 4: Antibiotic susceptibility of Enterobacter spp isolated from goat faecal samples in some rural areas in Akwa Ibom State, Nigeria

Enterobacter spp No of isolate susceptibility to selected antibiotics (%)
Status IPM MEM DOX CAZ CIP AMC FOX S SXT

E. cloacae (n=5) S 3 (60.0) 3 (60.0) 3 (60.0) 4 (80.0) 2 (40.0) 4 (80.0) 1 (20.0) 2 (40.0) 5 (100)
I 1 (20.0) 1 (20.0) 1 (20.0) 0 3 (60.0) 0 2 (40.0) 2 (40.0) 0
R 1 (20.0) 1 (20.0) 1 (20.0) 1 (20.0) 0 1 (20.0) 2 (40.0) 1 (20.0) 0

E. aerogenes (n=7) S 5(71.4) 6 (85.7) 6 (85.7) 6 (85.7) 2 (28.6) 7 (100.0) 6 (85.7) 5(71.4) 5(71.4)
1 2 (28.6) 1(14.3) 0 0 5(71.4) 0 0 0 0

R 0 0 1(14.3) 1(14.3) 0 0 1(14.3) 2 (28.6) 2 (28.6)

E. cloacae subsp dissolvens S 2 (66.7) 1 (33.3) 3 (100.0) 3 (100.0) 2 (66.7) 3 (100.0) 1(33.3) 0 2 (66.7)

(n=3) 1 0 0 0 0 1(33.3) 0 0 1(33.3) 1(33.3)
R 1(33.3) 2 (66.7) 0 0 0 0) 2 (66.7) 2 (66.7) 0

E. quasiroggenkampii S 0 0 1 (50.0) 1 (50.0) 1 (50.0) 2 (100.0) 0 1 (50.0) 2 (100.0)
(n=2) 1 0 0 0 0 1 (50.0) 0 0 2 (100) 0 0
R 2 (100.0) 2 (100) 1 (50.0) 1(50.0) 0 0 1 (50.0) 0

E. bugandensis (n=3) S 0 0 3 (100.0) 3 (100.0) 3 (100.0) 3 (100.0) 0 2 (66.7) 3 (100.0)
I 1(33.3) 2 (66.7) 0 0 0 0 2 (66.7) 0 0
R 2 (66.7) 1(33.3) 0 0 0 0 1(33.3) 1(33.3) 0

E. hormaechei (n=2) S 0 0 1 (50.0) 2 (100.0) 1 (50.0) 0 1 (50.0) 1 (50.0) 1 (50.0)
I 2 (100.0) 1 (50.0) 0 0 1 (50.0) 0 0 0 0

R 0 1 (50.0) 1 (50.0) 0 0 2 (100.0) 1 (50.0) 1 (50.0) 1 (50.0)

Total (n=22) S 10 (45.5) 10 (45.5) 17 (77.3) 19 (86.4) 11 (50.0) 19 (66.4) 9 (40.9) 11 (50.0) 18 (81.8)

1 6 (27.3) 5(22.7) 1(4.5) 0 11 (50.0) 0 4 (18.2) 3 (13.6) 1(4.5)

R 6 (27.3) 7 (31.8) 4 (18.2) 3 (13.6) 0 3 (13.6) 9 (40.9) 8 (36.4) 3 (13.6)

S: Sensitive; I Intermediate; R; Resistant; IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole; %: Percentage of the total
isolates of each species of Enterobacter tested
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Antibiotic susceptibility of Enterobacter
spp to colistin

The minimum inhibitory concen-
tration (MIC) of colistin for Enterobacter
spp from water samples shows that 4 of
15 (26.7%) E. cloacae and 5 of the 13
(38.5%) E. aerogenes isolates were res-
istant to colistin. However, all 3 (100.0%)
E. mori isolates were sensitive to colistin.
Overall, 11 (25.6%) of the 43 Enterobac-
ter spp from water samples were resis-
tant to colistin (Table 5).

The MIC of colistin for Enterobac-
ter spp from human faecal samples shows
that 7 of 18 38.9%) E. aerogenes, 4 of
15 (26.7%) E. cloacae and 2 of 6 (33.3%)
E. gergoviae, were resistant to colistin,
while all the 7 (100%) E. dissolvens were
sensitive to colistin. Overall, 28.3% of
the 46 Enterobacter spp from human
samples were resistant to colistin (Table
6).

From goat samples, 20.0% (n=
1/5) of E cloacae, 14.3% (n=1/7) of E.
aerogenes, 33.3% (n=1/3) of E cloacae
subsp dissolvens, 50.0% (n=1/2) E. hor-
maechei, and 100.0% of E. quasiroggen-
kampii were resistant to colistin, while all
3 (100.0%) E. bugandensis isolates were
sensitive to colistin. Overall, 27.3% (n=
6/22) Enterobacter isolates from goat
samples were resistant to colistin (Table
7).

Of the 13 Enterobacter spp isola-
ted from dog faecal samples, 25.0% (n=
1/4) E. cloacae,16.7% (n=1/6) E. aero-
genes, 100.0% (n=1/1) E. hormaechei
and 100.0% (n=2/2) E. quasiroggen-
kampii isolates were resistant to colistin.
Overall, 38.5% (n=5/13) Enterobacter
isolates from dog samples were resistant
to colistin (Table 8).

In summary, colistin resistance
rate among all the Enterobacter isolates
was 28.2% (n=35/124). The resistance
rate among Enterobacter isolates from
water samples (25.6%) was not signifi-
cantly different from 28.3% from human,
27.3% from goat, and 38.5% from dog
samples (x2=0.8306, p=0.8421).

Multiple antibiotic resistance indices of
Enterobacter spp

The MAR indices of Enterobacter
spp. isolated from water samples showed
that some E. cloacae, E. aerogenes, E.
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aerogenes and E. cloacae subspp dissol-
vens were resistant to similar antibiotic
combinations such as cefoxitin and strep-
tomycin, and imipenem, meropenem, st-
reptomycin and trimethoprim/sulfameth-
oxazole. The MARI of all the 43 isolates
from water samples ranged from 0.2 to
0.7, with resistance profiles ranging from
2 to 6 antibiotics (Table 9).

The MAR indices of Enterobacter
spp. isolated for human faecal samples
showed that E. aerogenes, E. gergoviae,
and E. cloacae subsp dissolvens had MAR
index of 0.2, while E. cloacae had MAR
index of 0.4 and E. gergoviae MAR index
of 0.7 (Table 10).

For goat faecal samples, MAR in-
dices of Enterobacter spp showed that E
cloacae subsp dissolvens, E. bugandensis
and E. hormaechei had MAR index of 0.2,
E. aerogenes had MAR index of 0.3, and
E. cloacae had MAR index of 0.7 (Table
11).

The MAR indices of Enterobacter
spp for dog faecal samples showed that E.
aerogenes MARI index of 0.2, E. quasiro-
ggenkampii and E. aerogenes MAR index
of 0.3, and E. quasiroggenkampii had
MAR index of 0.6 (Table 12).

Multidrug resistance profiles of Entero-
bacter spp

Of the total 124 Enterobacter iso-
lates, 43 (34.7%) were MDR. As shown
in Tables 9-12, 13 of 43 (30.2%) Entero-
bacter isolates from water samples are
MDR, 19 of 46 (41.3%) from human sam-
ples were MDR, 6 of 22 (27.3%) from
goat samples are MDR, and 5 of 13
(38.5%) from dog samples are MDR iso-
lates. The difference in MDR rate with
respect to sample source is not statis-
tically significant (x?=1.882, p=0.5974).

Mcr-1 gene carriage among colistin resi-
stant Enterobacter spp

The result of the colistin resis-
tance gene amplification showed that one
Enterobacter spp from Ikot Abasi LGA
and one Enterobacter spp from Uruan
LGA, both from human faecal samples,
carried the mobile colistin resistance
(mcr-1) gene, while Enterobacter spp
from Mbo LGA isolated from goat faecal
sample did not carry mcr-1 colistin gene

(Fig 1).
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Table 5: Minimum inhibitory concentration (MIC) of Colistin for Enterobacter spp. isolated from water sample

Enterobacter isolate No of isolate Colistin MIC
Is2pg/ml (%) R =4pg/ml (%)
E. cloacae 15 11 (73.3) 4 (26.7)
E. aerogenes 13 8 (61.5) 5 (38.5)
E. gergoviae 5 4 (80.0) 1 (20.0)
E. dissolvens 7 6 (85.7) 1(14.3)
E. mori 3 3 (100.0) 0
43 32 (74.4) 11 (25.6)

I: Intermediate <2; R: Resistance 24; %: percent of the number of isolates for each species of Enterobacter tested

Table 6: Minimum inhibitory concentration (MIC) of colistin for Enterobacter spp. isolated from human faecal samples

Enterobacter isolate No of isolate Colistin MIC
I (<2pg/ml) % R (24pg/ml) %
E. aerogenes 18 11 (61.1) 7 (38.9)
E. cloacae 15 11 (73.3) 4 (26.7)
E. gergoviae 6 4 (66.7) 2 (33.3)
E. dissolvens 7 7 (100.0) 0
46 33 (71.3) 13 (28.3)

I: Intermediate <2; R: Resistance 24; %: percent of the number of isolates for each species of Enterobacter tested

Table 7: Minimum inhibitory concentration (MIC) of colistin for Enterobacter spp isolated from goat faecal samples

Enterobacter isolate No of isolate Colistin MIC
I (<2pg/ml) % R (=4ug/ml) %

E. cloacae 5 4 (80.0) 1 (20.0)
E. aerogenes 7 6 (85.7) 1(14.3)
E. dissolvens 3 2 (66.7) 1(33.3)
E. quasiroggenkampii 2 0 2 (100.0)
E. hormaechei 2 1 (50.0) 1 (50.0)

E. bugandensis 3 3(100.0) 0
22 16 (72.7) 6 (27.3)

I: Intermediate <2; R: Resistance 24; %: percent of the number of isolates for each species of Enterobacter tested

Table 8: Minimum inhibitory concentration (MIC) of colistin for Enterobacter spp. isolated from dog faecal samples

Enterobacter isolate No of isolate Colistin MIC
I (<2pg/ml) (%) R (24pg/ml)
E. cloacae 4 3 (75.0) 1 (25.0)
E. aerogenes 6 5 (83.3) 1(16.7)
E. hormaechei 1 0 1 (100.0)
E. quasiroggenkampii 2 0 2 (100.0)
13 8 (61.5) 5 (38.5)

I: Intermediate <2; R: Resistance = 4; %: percent of the number of isolates for each species of Enterobacter Tested
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Table 9: Multiple antibiotic resistance (MAR) index and resistance profiles of Enterobacter spp. from water sample in rural communities in Akwa Ibom State

MARI No of antibiotics Resistance profiles No of isolates Enterobacter species/codes
0.2 2 DOX, S 1 E. cloacae-wIK/03
0.2 2 S, FOX 4 E. cloacae-wl/04, E. aerogenes-wlK/06, E aerogenes-wl/09, E. dissolvens-wU/12
0.2 2 FOX, CIP 1 E. aerogenes-wl/14
0.2 2 IMP, MEM 1 E. gergoviae-wM/07
0.2 2 DOX, SXT 1 E. dissolvens-w0Q/12
0.2 2 FOX, DOX 1 E. cloacae-wM/24
0.3 3 MEM, S, SXT* 1 E. dissolvens-wM/20
0.3 3 IPM, MEM, CAZ 2 E. cloacae-wU/18, E. aerogenes -wIlK/04
0.3 3 MEM, CAZ, SXT* 1 E. aerogenes-wU/08
0.3 3 DOX, AMC, SXT* 1 E. dissolvens-wl/01
0.3 3 MEM, SXT, DOX* 1 E. cloacae-wU/03
0.4 4 IPM, MEM, S, SXT* 3 E. cloacae-wU/02, E. aerogenes-wM/10, E. dissolvens-wIK/21
0.4 4 IPM, DOX, S, FOX* 3 E. cloacae-wU/24, E. cloacae-wl/02, E. cloacae-wO/10
0.6 5 MEM, CAZ, FOX, S, SXT* 1 E. cloacae-w0O/06
0.6 5 IPM, MEM, DOX, S, FOX* 1 E. cloacae-wU/04
0.7 6 IPM, MEM, DOX, S, CIP, FOX* 1 E. aerogenes-wU/20

MAR index in this study was defined as the ratio of the number of antibiotics resisted by an isolate to the total number of antibiotics the isolate was exposed to (12b), while MDR in this study was defined as resistance of an isolate to at least one to three classes of antimicrobial agent
tested (14) IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole (MAR INDEX= 34.9%) ; E- Enterobacter, w- water, I-Ikono, , O-Obot
Akara, M- Mbo, U-Uruan, IK - Ikot Abasi; * = Multidrug Resistant (MDR)

Table 10: Multiple antibiotic resistance (MAR) index of Enterobacter spp. from human faecal samples in rural communities in Akwa Ibom State, Nigeria

MAR index Number of antibiotics Resistance profiles No of isolates Enterobacter species/codes
0.2 2 DOX, S 1 E. aerogenes-hM/07
0.2 2 CAZ, FOX 2 E. aerogenes-hM/26, E. gergoviae-hM/20
0.2 2 DOX, SXT 2 E. cloacae-h1/31, E. gergoviae-hU/06
0.2 2 IPM, MEM 3 E. cloacae-hM/30, E. dissolvens-hlb/10, E. dissolvens -hM/35
0.3 3 DOX, S, FOX* 3 E. aerogenes-hlk/11, E. gergoviae-hlk/26, E. cloacae -hM/28
0.3 3 DOX, S, SXT* 1 E. cloacae-hl/30
0.3 3 CAZ, AMC, FOX* 1 E. aerogenes-hu/33
0.3 3 IPM, MEM, DOX 1 E. cloacae-hO/09
0.3 3 MEM, DOX, FOX* 1 E. cloacae-hI/06
0.4 4 MEM, CAZ, S, FOX* 1 E. cloacae-hU/05
0.4 4 MEM, CAZ, S, SXT* 1 E. aerogenes-h0O/14
0.4 4 DOX, CAZ, S, FOX* 1 E. gergoviae-hIK/26
0.4 4 MEM, DOX, S, FOX* 1 E. aerogenes-hU/17
0.4 4 MEM, CAZ, FOX, SXT* 1 E. aerogenes-h0/28
0.4 4 MEM, IPM, DOX, SXT* 1 E. cloacae-hU/19
0.5 5 DOX, CAZ, GP, FOX, Z* 1 E. aerogenes-hlk/03
0.5 5 IPM, MEM, CAZ, S, SXT* 1 E. aerogenes-hlb/01
0.5 5 DOX, CAZ, FOX, S, SXT* 2 E. aerogenes-hlb/36, E aerogenes-h0Q/34
0.5 5 IPM, MEM, DOX, S, SXT* 1 E. aerogenes hI /13
0.5 5 IPM, MEM, DOX, S, FOX* 1 E. cloacae-hU/31
0. 6 IPM, MEM, DOX, CIP, S, SXT* 1 E. gergoviae-hl/26

MAR index in this study was defined as the ratio of the number of antibiotics resisted by an isolate to the total number of antibiotics the isolate was exposed to (14), while MDR in this study was defined as resistance of an isolate to at least one to three classes of antimicrobial agent
tested (16). IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole (MARI = 60.9%) ; E-Enterobacter, h-human, I-Ikono, Ib-lIbiono, O-Obot
Akara, M- Mbo, U-Uruan, IK - Ikot Abasi; * = Multidrug Resistant (MDR)
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Table 11: Multiple antibiotic resistance (MAR) index of Enterobacter spp. from goat faecal sample in rural communities in Akwa Ibom State

MAR No of No of Antibiotic Resistance Enterobacter species /codes
index antibiotics Resistance profiles isolates class categories

0.2 2 FOX, S 1 2 - E. dissolvens-gl/02

0.2 2 IPM, MEM 1 1 - E. bugandensis-gM /22

0.2 2 DOX, FOX 1 2 - E. cloacae-glb/33

0.2 2 DOX, AMC 1 2 - E. bugandensis—-glk/26

0.3 3 DOX, FOX, SXT* 1 3 MDR E. aerogenes-glb/29

0.4 4 IPM, MEM, S, FOX* 2 3 MDR E. dissolvens-g0/21, E. gergoviae-gM/03

0.6 5 MEM, AMC, FOX, S, SXT* 1 5 MDR E. bugandensis-glk/06

0.6 5 IPM, MEM, DOX, CAZ, FOX* 1 4 MDR E. gergoviae-gM/15

0.7 6 IPM, MEM, CAZ, AMC, S, FOX* 1 4 MDR E. cloacae-gU/27

MDR in this study was defined as resistance of an isolate to at least one to three classes of antimicrobial agent tested (14), while MAR index in this study was defined as the ratio of the number of antibiotics resisted by an isolate to the total number of antibiotics the isolate was
exposed to (16). IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole (MARI=27.3%); E- Enterobacter, g-goat, I-ikono, Ib-Ibiono, O-Obot
Akara, M- Mbo, U-Uruan, Ik - Ikot Abasi; * = Multidrug Resistant

Table 12: Multiple antibiotic resistance (MAR) index of Enterobacter spp from dog faecal samples in rural communities in Akwa Ibom State

MAR Number of No of Antibiotic Resistance Enterobacter species /codes
index antibiotics Resistance profiles Isolates class categories

0.2 2 IPM, SXT 1 2 - E. aerogenes-dI/22

0.3 3 CIP, S, SXT* 1 3 MDR E. quasiroggenkampii-dM/10

0.3 3 FOX, S, SXT* 1 3 MDR E. aerogenes-dib/34

0.3 3 IPM, MEM, CAZ 1 2 - E. cloacae-dlk/01

0.4 4 IPM, MEM, S, FOX* 1 3 MDR E. cloacae-dU/04

0.4 4 IPM, AMC, S, FOX* 1 4 MDR E. hormaechei-dlk/29

0.6 5 IPM, MEM, CAZ, S, FOX* 1 4 MDR E. quasiroggenkampii -dM/25

MDR in this study was defined as resistance of an isolate to at least one to three classes of antimicrobial agent tested (14), while MAR index in this study was defined as the ratio of the number of antibiotics resisted by an isolate to the total number of antibiotics the isolate was
exposed to (16). IPM: Imipenem; MEM: Meropenem; DOX: Doxycycline; CAZ: Ceftazidime; CIP: Ciprofloxacin; AMC: Amoxicillin/Clavulanate; FOX: Cefoxitin; S: Streptomycin; SXT: Trimethoprim/Sulfamethoxazole (MARI=46.2%); E- Enterobacter, d- dog, I-ikono, Ib-lbiono, M-
Mbo, U-Uruan, IK - Ikot Abasi; * = Multidrug Resistant
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L - DNA marker lane

1k- Sample from Ikot Abasi Local Government Area
Ur - Sample from Uruan Local Government Area
Mb -Sample from Mbo Local Government Area

Fig 1: Agarose gel electrophoresis picture of mcr-1 amplicon
Discussion:

Antibiotic resistance arises when
bacteria mutate and reduce the efficiency
of the antibiotics used to treat infections
caused by them. This constitutes one of
the most critical challenges affecting pub-
lic health in the 21st century. Human-
animal-environment interactions are criti-
cal for antimicrobial containment, accord-
ing to the One Health concept (17,18).
Antibiotic use in medical, veterinary care,
and agriculture has contributed significan-
tly to the evolution of bacterial resistance
(18). This is true for Akwa Ibom State,
Nigeria, where antibiotic resistance occurs
across the study locations in water, hum-
ans, and animals.

The isolation of antibiotic-resistant
Enterobacter species in water, human and
animal sources is of public and clinical sig-
nificance, as over-use of antibiotics may
lead to treatment failure, extra length of
hospital stays, increased mortality and
economic losses (19). In this study, the
antibiotic susceptibility profile of Entero-
bacter isolates from water, human, goat
and dog samples analyzed showed varying
outcomes. Most of the Enterobacter isola-
tes from water were resistant to cefoxitin
and streptomycin, which may be due to
the wide availability of these antibiotics
because they are cheap and therefore
consistently used even by rural dwellers.
This finding is consistent with the study of
Tula et al., (20), which reported that maj-
ority of Enterobacter isolates were resis-
tant to streptomycin. Previous studies in

Mecr 1 (290bp)
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Abakaliki, Nigeria (21) and Cape Town,
Ghana (22), have reported similar resis-
tance rates.

Among the Enterobacter isolates,
E. cloacae subspp dissolvens was resistant
to trimethoprim/sulfamethoxazole. This may
be due to the acquisition of resistant
genes from the parent genus E cloacae.
Enterobacter aerogenes and E. cloacae
exhibited the highest rate of resistance to
doxycycline, cefoxitin, streptomycin, and
colistin, probably due to the frequent use
of these antibiotics for treatment of rela-
ted infections. High resistance to these
antibiotics, especially colistin, by enteric
pathogens including Enterobacter species
in water sources has been previously rep-
orted (23).

The high prevalence of resistance
by Enterobacter isolates to most of the
commonly used antibiotics in this study
constitutes a public health risk because
these antibiotics may not be effective in
treating infections that may occur in indi-
viduals who utilize the water sources for
drinking or other domestic purposes. This
study also recorded resistance to imipe-
nem, meropenem, and ciprofloxacin am-
ong the Enterobacter isolates. This is rea-
sonably expected since these antibiotics,
particularly the carbapenems, are now
commonly abused as they are available
over-the-counter and dispensed without
medical authorization. However, the resis-
tance observed among the isolates might
suggest the occurrence of cross-resistance,
which occurs when an organism is resis-
tant to an antibiotic to which it has not
been exposed, probably because of acqui-
sition of resistance markers to related
antibiotics (24). Freshwater is a favorable
environment for growth of many micro-
organisms such as the family Enterobac-
teriaceae (24), as a result of which they
may serve not only as a vehicle for the
spread of antibiotic-resistant organisms
among humans and animals, but also as a
means of resistance gene transfer in the
natural bacterial ecosystems (25).

The antibiotic susceptibility profile
of the Enterobacter isolates from human
faeces indicates low resistance to trimeth-
oprim/sulfamethoxazole due to infrequent
use by members of the community and
high resistance to imipenem due to over-
the-counter availability, which is worri-
some because carbapenems are regarded
as antibiotics of last resort for treating
Gram-negative bacterial infections (1,20).
The clinical influence of carbapenemase
producers has emerged worldwide due to
their regular use in farm animal treatment
(26). Medically valuable carbapenem-res-
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istant Enterobacter species are a threat
due to their resistance profile, accelerated
emergence, and rapid transmission. Addi-
tionally, it can spread to other genera of
Gram-negative organisms through genetic
elements such as plasmids, insertion seq-
uences, and transposons (27).

The emergence of antibiotic-res-
istant bacteria in animal populations may
have important human public health con-
sequences if isolates are transmitted to
humans from their pets or via faecal con-
tamination of water bodies (28). Under-
standing the prevalence of antibiotic resis-
tance among Enterobacter isolates is thus
important both from veterinary medicine
and public health perspectives. Multidrug
resistance is the most important challenge
encountered in treating microbial infect-
ions, and there is an exponential increase
in MDR over the last decade (28). The
emergence of MDR Enterobacter spp has a
negative impact on the clinical outcomes
of infected patients with concomitant inc-
rease in morbidity and mortality (29).

This study found that Enterobacter
spp. from goat faecal samples were sensi-
tive to imipenem, ceftazidime and amoxi-
cillin/clavulanate acid with very low resi-
stance to trimethoprim/ sulfamethoxazole,
probably due to lack of exposure to these
antibiotics, as there are no veterinary ser-
vices in the rural communities studied.
This observation may be partly supported
by the fact that Enterobacter isolates from
human samples had the highest MDR rate
(41.3%), compared to water and animal
samples, although the difference in rates
was not statistically significant (x?=1.882,
p=0.5974). However, overuse of antibio-
tics for treatment of infections in humans
can create ‘selection pressure’ for emer-
gence of MDR strains.

Enterobacter isolates from dog fa-
ecal samples in this study were 100%
sensitive to amoxicillin/clavulanic acid,
and 84.6% sensitive to doxycycline and
ceftazidime. This high sensitivity rate may
be due to lack of exposure to these anti-
biotics in the rural setting. However, there
was a high rate of resistance to strepto-
mycin, which may be due to overuse of
streptomycin as Penstrep (penicillin and
streptomycin) combination to treat bacte-
rial infections in veterinary medicine (30),
which they may acquire through transfer
of resistance genes from the waste food
that they eat while scavenging dump sites,
as they are free-roaming animals in rural
areas. Studies conducted by Mezzatesta et
al. (31) reported that almost all Entero-
bacter isolates from faecal samples of
goats and dogs exhibited resistance to
amoxicillin/clavulanic acid, ceftazidime and
ampicillin, possibly due to AmpC B-lacta-
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mase production, which strongly suggests
dissemination of resistant isolates among
the animals via direct spread from animal
to animal, or indirect transmission from
sources in the environment.

In the present study, minimum
inhibitory concentrations (MICs) of colistin
were determined for all Enterobacter iso-
lates from water, human, goat and dog
faecal samples. The overall colistin resis-
tance rate among the Enterobacter iso-
lates was 28.2%, and this rate was higher
for isolates from dog samples (38.5%)
than humans (28.3%), goats (27.3%) and
water (25.6%) samples, although the dif-
ference in rates between sample sources
was not statistically significant (x2=0.8306,
p=0.8421). Among the 43 Enterobacter
isolates from water samples, 11 (25.6%)
were resistant to colistin, and this could
be as a result of transfer of colistin resis-
tance by plasmid between different Gram-
negative bacilli in the water body, which
could lead to antibiotic resistance, especi-
ally in a community with low exposure to
colistin.

Also, the rate of colistin resistance
of Enterobacter isolates in human faecal
samples was 28.3% (n=13) with E. cloa-
cae, E. aerogenes, E. gergoviae and E.
dissolvens being the implicated isolates.
Resistance to colistin in this study may be
attributed to the gradual use of colistin in
farm animals like poultry and pigs which
are reared by some members of the com-
munities and are eventually consumed by
the people who ordinarily do not take the
antibiotics themselves (32). The Entero-
bacter isolates from the goat faecal sam-
ples were resistant to colistin (27.3%,
n=6). This relatively high resistance rate
may have occurred from consumption of
colistin resistant Enterobacter-contamina-
ted water, from the only source of drink-
ing water for both man and animals in the
community (33). The level of resistance of
Enterobacter spp from dog faecal samples
to colistin was 38.5% (n=5). This resis-
tance rate could be attributed to the dogs
coming in contact with human faecal was-
tes within the environment and their exp-
osure to the streams, which may harbor
colistin-resistant Enterobacter spp (33).

Although colistin was considered a
drug of last resort for treatment of infect-
ions caused by multidrug-resistant orga-
nisms (MDROs), resistance to it is develo-
ping in recent times, probably due to its
increased use in humans and continuous
unauthorized use in farm animals such as
poultry and pigs reared by some members
of the communities. Colistin-resistant iso-
lates may spread through the water and
food chain to reach the populace who had
not previously been exposed to colistin
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(32,33). Itis important to note that most
antimicrobial-resistant non-clinical Entero-
bacter isolates can enter the food chain
undetected (34). Previous reports indicate
that these MDR bacteria can transfer their
resistant genes from animals to humans
through the use of glycopeptides growth
promoters such as avoparcin in feed ani-
mals (27).

According to Thenmozhi et al., (35),
MARI of >0.2 indicate resistant isolates
are from environment where antibiotics
are frequently used, while MARI of <0.2
indicates infrequent antibiotic usage. The
MAR indices of Enterobacter spp isolated
from water samples in our study showed E.
cloacae, E. aerogenes, and E. cloacae sub-
spp dissolvens exhibited resistance to two
drug combinations probably due to low or
no exposure antibiotics in the environ-
ment. Some isolates from Issiet Ekim in
Uruan LGA, Isong Inyang in Mbo LGA, and
Ikot Atan in Ikot Abasi LGA were resis-
tant to three or more antibiotics, which
implies that these isolates may carry anti-
biotic resistance genes probably acquired
from other bacilli within the water source,
brought about through human activities,
runoff from erosion downstream, or agric-
ultural activities in the farmlands around
the vicinity of the stream.

Three Enterobacter spp from hum-
an faecal samples exhibited resistance to
two drugs and had the MAR index of 0.2,
which may indicate low exposure from in-
frequent antibiotic use. However, E. cloa-
cae, E. aerogenes, E. cloacae subspp dis-
solvens and E. gergoviae isolates from hu-
man faecal samples were resistant to at
least three different antibiotics with MAR
index ranging from 0.3 to 0.7, indicating
indiscriminate or frequent antibiotic usage.
This observation is supported by the fact
that the population is predominantly rural
dwellers who rely solely on drugs purcha-
sed from untrained drug vendors because
of lack of access to physicians in the rural
settings.

In goat faecal samples, the MAR
index revealed that E. cloacae subspp dis-
solvens from Ikono, Enterobacter bugan-
densis from Mbo, and Enterobacter horm-
aechei from Ikot Abasi, were resistant to
two antibiotics each with a MARI of 0.2,
which implies low exposure to antibiotics.
Enterobacter aerogenes from Ibiono were
resistant to three antibiotics, and E. gerg-
oviae from Uruan setting was resistant to
six antibiotics, which may suggest that
goats have been exposed to water contai-
ning antibiotic-resistant strains of Entero-
bacter species.

The MAR index of Enterobacter spp
in dog faecal samples showed that E.
aerogenes had an MAR index of 0.2, indi-
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cating low or no antibiotic exposure in the
dogs in Ikot Ntuen community of Ikono
LGA. Enterobacter quasiroggenkampii in
Mbo LGA were resistant to five antibiotics
with MARI of 0.6, indicating that these E.
quasiroggenkampii isolates in Isong Inyang,
Mbo LGA may have possibly acquired resi-
stance to many antibiotics through gene
transfers within the environment or dogs
feeding on faecal samples of humans har-
boring resistant bacteria. A previous study
indicate that multidrug-resistant bacteria
can transfer their resistant genes from
animals to humans through glycopeptide
growth promoters such as avoparcin (27).

The resistance profiles observed in
human, water, and dog samples show a
relatively close connection between some
Enterobacter spp from these sources, wh-
ich may indicate transmission from the
environment (water) to human or animals.
For instance, in Tables 9-12, one isolate
(E. cloacae wU/04) from water sample
had the same resistance profile (IPM/MEM
/DOX/S/FOX) as one isolate (E. cloacae
hU/31) from a human faecal sample. This
may suggest transmission of the same E.
cloacae to humans through contaminated
water. Also, one isolate (E. cloacae wIK/
03) from water sample had the same res-
istance profile (DOX/S) with one isolate (E.
aerogenes hM/07) from human sample,
while two isolates from goat samples (E.
dissolvens gO/21 and E. gergoviae gM/03)
had the same resistance profile (IPM/MEM
/S/FOX) with one isolate (E. cloacae dU/
04) from dog sample. Although these iso-
lates shared the same resistance profile,
they are different species of Enterobacter,
which make them remotely unrelated, and
therefore unlikely that there is transmis-
sion of these isolates from water to hu-
man or animal. Antibiotic resistance pro-
file is known to be a poor discriminatory
tool for epidemiological typing.

The high MAR indices obtained in
this study, with resistance to many anti-
biotics including imipenem, meropenem,
doxycycline, ciprofloxacin, ceftazidime,
amoxicillin-clavulanic acid and colistin, is
worrisome, as this may depict the existen-
ce of high-level antibiotic-resistant Ente-
robacter spp in the study area. The emer-
gence of colistin resistance among Entero-
bacter isolates agrees with a previous stu-
dy (36), due to increasing use for colistin
in the treatment of carbapenem-resistant
bacterial infections (36). Colistin has been
regarded as the last-line therapeutic opt-
ion against carbapenem-resistant Gram-
negative bacteria (37). The detection of
colistin-resistant (mcr-1) gene in some of
the Enterobacter isolates in our study ind-
icates a potential for exchange of genes at
the human-animal-environment interface
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among Enterobacter spp and other Gram-
negative bacilli. Resistance to colistin may
also be due to several mechanisms such
as beta-lactamase production, efflux pumps,
altered porin channels, and intrinsic low
permeability of Enterobacter spp. These
mechanisms may also contribute to the
high level of resistance among the Entero-
bacter isolates, resulting in the high MDR
phenotypes.

This study has some limitations.
First, the study was conducted in only 6
selected rural communities in Akwa Ibom
State, which make findings not generali-
zable to the entire population in the rural
communities and urban areas of the State.
However, based on the scientific method
of sampling used to select the six commu-
nities, we believe there is a fair represen-
tation of the population in the State. Sec-
ondly, the study was limited by sample
size variation across the sample sources;
water (n=43), human (n=46), goat (n=
22), and dog (n=13), however compari-
sons were made using unique denomina-
tors for each sample source, which allo-
wed accurate comparisons of prevalence
of MDR and colistin resistance between
the sample sources. Lastly, the study was
restricted to molecular testing of only the
mcr-1 gene in colistin-resistant isolates,
while other resistance mechanisms were
not investigated. This could explain the
wide disparity between phenotypic colistin
resistance and genetic basis of this resis-
tance. There is need to investigate further
other molecular mechanisms responsible
for colistin resistance in the study area.

Conclusion:

The findings of this study indicate
that most Enterobacter isolates in the
rural setting were resistant to cefoxitin
and streptomycin but susceptible to cef-
tazidime, amoxicillin/clavulanic acid and
trimethoprim/sulphamethoxazole. Multiple
antibiotic resistance indices, multidrug re-
sistance profiles and colistin resistance
rates were generally high for the Entero-
bacter isolates from water, human, goat
and dog faecal samples. An effective anti-
microbial stewardship and surveillance sy-
stem should be put in place to contain
emergence and spread of multidrug and
colistin-resistant Enterobacter spp in both
human and animal populations in Akwa
Ibom State, Nigeria.
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