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ABSTRACT

Bacteria in healthy body sites of humans and livestock waste may harbour antibiotic resistance and
cause community-based opportunistic and resistant infections. The study profiled the antibiotic
susceptibilities of resident bacteria in healthy humans and livestock waste. Gram-negative bacteria
were isolated from 23 specimens including skin swabs (6), nasal swabs (4), urine (6), stool (3),
chicken droppings (2) and cattle droppings (2). VITEK® 2 Automated System was used for
identification, antimicrobial susceptibility and extended-spectrum f-lactamase (ESBL) production
test of the isolates. Nineteen (19) Gram-negative bacteria belonging to five genera and six species
were identified, including Escherichia coli (n=9) 47.4%, Klebsiella pneumoniae ssp pneumoniae
(n=1) 11.1%, Enterobacter cloacae ssp dissolvens (n=1) 11.1%, Acinetobacter baumannii (n=3)
15.8%, Acinetobacter haemolyticus (n=1) 11.1%, and Providentia stuartii (n=4) 21.1%. The isolates
showed highest resistances to Ampicillin (78.6%) and Piperacillin (63.2%) and high susceptibilities
to Ertapenem, Amikacin, Ciprofloxacin and Levofloxacin (100%); Ceftazidime, Cefepime,
Meropenem (94.7%); Cefoxitin (93.3%); Gentamicin and Tobramycin (73.7%). Multiple Antibiotic
Resistance (MAR) index values above the critical limit of 0.2 were shown by 100% (4/4) of
Providentia stuartii isolates, 75% (3/4) of Acinetobacter isolates and 33.3% (3/9) of E. coli isolates.
All the isolates tested negative for ESBL production. The public health implication is that resident
bacteria from healthy individuals harbouring antibiotic resistance may transmit these to other
bacteria or cause resistant opportunistic infections difficult to treat. Resistant bacteria from livestock
can be transmitted to humans through the food chain. Proper disposal or decontamination of human
body secretions and livestock waste is necessary.

Keywords: Resident bacteria, antibiotic resistance, VITEK-2 System, Providentia stuartii,
Acinetobacter baumannii.

INTRODUCTION interactions among microorganisms. Human
individuals host thousands of bacterial types,
with different body sites having their own
distinctive communities. The mouth, gut,
respiratory tract, skin and vagina have varying
diversities of resident microbiota (PL0S
Human  Microbiome  Project,  2014).

The easy availability and misuse of antibiotics
in developing countries including Nigeria have
promoted the development of resistance
among bacterial strains, which is the cause of
a global health crisis. Antibiotic resistance
often borne on plasmids is easily spread during
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Interactions with other microorganisms in
such communities could potentially accelerate
resistance evolution via horizontal transfer of
resistance genes (Baumgartner et al., 2020).

Resident bacterial microbiota in humans do
not cause disease in normal circumstances, but
may cause infectious diseases in immune-
compromised individuals, or have the
potential to develop resistance during
antibiotic therapy with broad spectrum
antibiotics, an adaptation for survival which is
achieved by various mechanisms including
mutation, altered target, and acquisition of
resistance plasmids through horizontal gene
transfers (Colavecchio et al., 2017).

Human microbiomes are wide sources of
antibiotic resistant genes (ARGs) and a
potential reservoir for pathogenic bacteria to
acquire more resistance genes. Human
microbiomes are subject to various selective
pressures, which can modulate the human
resistome, such as antibiotic administration,
diet, lifestyle and travel ((Sommer et al., 2009;
Baron et al., 2018). Resistance can be intrinsic
to commensal bacteria or can be acquired by
transitional bacteria which need defenses in
hostile areas (Rolain, 2013; Fancello et al.,
2011). Bacteria can acquire resistance genes
through  bacteriophages,  plasmids  or
transposons (Colavecchio et al., 2017; Li et
al., 2019; Partridge et al., 2018).

Antibiotic-resistant strains can persist in the
human host environment in the absence of
selective pressure for a long time (Jernberg et
al., 2010). Antibiotic resistance in human
microbiota could be intrinsic (Rolain, 2013),
or the results of selective pressure conferred by
antibiotics that the gut microbes previously
encountered and somehow managed to
maintain in the gut (Cheng et al,
2012). Antibiotic resistance genes in the
human gut bacteria can be exchanged among

the gut microbiota and can also be transferred
to other bacteria, even if the bacteria are just
passing through the intestine. This situation
represents a high risk with regard to the
increased emergence of antibiotic-resistant
human pathogenic bacteria (Jernberg et al.,
2010).

In a functional screening of human gut
microflora, Cheng et al., (2012) identified
ARGs of diverse bacterial origin, including
nonpathogenic species such as
Bifidobacterium longum, as well as
opportunistic pathogens such as Streptococcus
suis and Staphylococcus pseudintermedius
(Cheng et al., 2012). The potential for gene
transfer in the human gut is very high due to
the dense microbial population (Kazimierczak
and Scott, 2007; Baumgartner et al., 2020),
making it imperative to understand the role of
these bacteria as donors disseminating the
ARGs to other bacteria, especially the
incoming pathogenic bacteria.

The gastrointestinal tract is constantly exposed
to numerous bacteria from the environment
through food, water, soil, other humans, or
animals (Coates et al., 2019; Hillman et al.,
2017). These incoming bacteria often harbor
antimicrobial drug resistance genes, which can
be transferred to the indigenous microbial
communities through HGT, where they may
enrich the pool of available antimicrobial
resistance elements in the gut microbiota.

In a comparative cross-sectional study aimed
at assessment the gut bacteria profile and
antibiotic ~ resistance  pattern  among
psychotropic drug users and a control group of
healthy people, the most frequently isolated
bacteria from patients and apparently healthy
controls were E. coli, which was 100 (80.6%)
and 102 (84.3%) respectively. Among 100 E.
coli isolated from patients, 99 (99.0%) were
resistant to tetracycline and ampicillin each
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and 58 (58.0%) to cefotaxime. On the other
hand, among bacteria isolated from control
groups, 96 (94.1%), 57 (55.9%) and 50
(49.0%) of E. coli were found to be resistant to
ampicillin, tetracycline, and trimethoprim-
sulfamethoxazole, respectively (Gashaw et al.,
2021).

Opportunistic pathogens isolated from both
community sources and hospital patients have
been reported to show multiple drug resistance
(MDR). In an Italian study, Temperoni et al.,
(2021), reported a high prevalence of
antibiotic resistance among opportunistic
pathogens isolated from patients with COVID-
19 under mechanical ventilation. These
included 105 Gram-negative bacteria (60.7%),
of which E. coli, A. baumannii and K.
pneumoniae were the most common species
(29.5%, 15.2% and 11.4%, respectively). A
large number of patients harbored MDR
pathogens, especially those who had been
exposed to antibiotics in the days before ICU
admission. They found a high prevalence of
carbapenem-resistant A. baumannii (CRAB)
colonization with an infection rate of 75%
(12/16). Similarly, 50% of K
pneumoniae isolates were MDR, while only
31% of isolates of E. coli were MDR
(Temperoni et al., (2021).

Extended-spectrum beta-lactamases (ESBLS)
are serine B-lactamases, characterized by their
ability to hydrolyse expanded spectrum [-
lactam antibiotics. They confer resistance to
most  B-lactam  antibiotics,  including
expanded-spectrum  cephalosporins  and
monobactams, but not to carbapenems and
cephamycins. ESBLs are inhibited by B-
lactamase inhibitors such as clavulanate (CA),
sulbactam, or tazobactam (Bush and Jacoby,
2010). ESBL production has been found in in
many genera of Enterobacterales especially
Escherichia coli, Klebsiella spp. and Proteus

mirabilis, Enterobacter spp., Providencia
stuartii as well as Pseudomonas aeruginosa, a
Pseudomonadale (Teklu et al., 2019; CLSI,
2020; Hosu et al., 2021). As a large group of
plasmid-mediated, and rapidly evolving
enzymes, ESBLs posing a major therapeutic
challenge in the treatment of hospitalized and
community-based patients.

In Nigeria, antibiotic use in poultry farming is
very common (Adebowale et al., (2016). The
use of antibiotics in animal production is one
of the key factors leading to the emergence of
resistant strains. Resistant bacteria have been
isolated from chicken and cow wastes (Ogbor
et al., 2019; Omojowo and Omojasola, 2013).
When humans consume animal products
contaminated with resistant pathogens, they
are transferred to humans through the food
chain. Studies have shown that waste from
poultry harbor antibiotic resistance microbes.
Ogbor et al.,, (2019) found that 5.5% of
samples of chicken droppings harbored
Campylobacter coli and all the isolates were
resistant to nalidixic acid, chloramphenicol,
cloxacillin, and streptomycin. Accumulated
poultry waste is used as organic fertilizer for
farm crops in Nigeria. Cow dung harboring
resistant bacteria have been used to fertilize a
fish pond in Nigeria (Omojowo and
Omojasola, 2013). The contamination of the
environment and farm produce with waste
from livestock is a risk factor for the spread of
antimicrobial resistance to humans. The
environment becomes a large source of
antibiotic resistance genes (ARGs) for
pathogenic bacteria, leading to the risk of
infection due to multidrug resistant bacteria
(Baron et al., 2018).

Most research on antimicrobial drug resistance
has been focused on resistance in clinically
relevant pathogenic bacteria (Hailemariam et
al., 2021; Ennab et al., 2022; Adekunle et al.,
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2021). However, a vast and largely unexplored
reservoir of resistance genes is present in
nonpathogenic  bacteria living in the
environment or as commensal agents (Heydari
et al., 2022; Singh et al., 2018). The existence
of resistant strains among normal microbiota
has serious public health implications.

The present study aims to determine the
antibiotic resistance patterns and ESBLs
production of Gram-negative bacteria isolated
from healthy individuals and livestock waste
with a view to suggesting ways of mitigating
the emergence and threat of resistant normal
microbiota.

MATERIALS AND METHODS
Sample collection, Culture and Isolation

Twenty-three (23) samples were collected in
February, 2022 and included skin swabs (6),
nasal swabs (4), urine (6), and stool (3) from
healthy adult humans; chicken droppings (2)
from OAUSTECH poultry; and cattle
droppings (2) from the abattoir at Okitipupa
Main Market. The samples were collected
aseptically and analysed according to
microbiological standards (CLSI, 2020).

Bacteria was isolated from the samples by
growing on selective and differential
bacteriological media including MacConkey
agar, Eosin methylene blue agar (EMB), and
Xylose lysine deoxycholate agar (XLD) and
Chocolate agar, at 37°C for 18-24 h. Suspected
colonies were subjected to Gram-staining and
Gram-negative colonies were sub-cultured
onto Nutrient agar and incubated at 37°C for
18-24 h to purify the isolates and subsequently
stored at 4°C

Identification and Antimicrobial
Susceptibility Tests (AST) of bacterial
Isolates

A total of nineteen (19) isolates of Gram-
negative bacteria were isolated and submitted
for VITEK® 2 analysis at Microbiology
Laboratory, Lagos University Teaching
Hospital (LUTH), Nigeria. For identification
of the isolates, a stock culture of each Gram-
negative bacterial isolate was sub-cultured on
MacConkey agar plate and incubated at 37°C
for 18 hours. A loopful of the bacterium was
transferred aseptically into 5 mL of sterile
normal saline in a test tube to form a
suspension. The bacterial suspension was
standardized to 0.5 MacFarland turbidity
standard using a turbidimeter.

Nineteen cards were attached to 19 test tubes
containing the suspension of isolates to be
identified, with the tip of the suction capillary
tube of the card deeply immersed in the
suspension. Each test tube was fixed to the
cassette. The cassette was placed in the
vacuum chamber of the system. Each VITEK
2 identification card has 64 wells (8 rows of 8
wells) which contain different dehydrated
media required for different biochemical tests
targeted at identifying different Gram-
negative bacterial species or strains. A high
vacuum was created inside the vacuum
chamber, which forced the bacteria suspension
to be sucked into the capillary tubes and
dispensed into the wells of the cards. The
cassette was taken out of the vacuum chamber
and placed inside the incubation and analysis
chamber and allowed to incubate at the
prescribed temperature for a prescribed period
of time as programmed by the control panel on
the VITEK 2 compact system. The colour
changes in all the wells were recorded
automatically in the VITEK 2 compact system.
The results of the colour changes went to a
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computer system attached to the VITEK 2
compact  system  which  automatically
compares the results with those available in its
library for different bacteria and/or fungi, and
finally gave the name of the bacteria with a
definite probability (VITEK 2 Identification
Card and Operation, September 4, 2021).

Antimicrobial Susceptibility Tests (AST)

Antimicrobial susceptibilities of 19 isolates
were determined using the VITEK® 2 AST-
GN75 Card, a Gram-negative susceptibility
card (bioMerieux, Marcy L’Etoile, France).
Each card contains multiple wells with
increasing  concentrations  of  various
antibiotics in the broth, and at least one
positive control well with growth-promoting
broth and no antibiotic. The bacterial
suspension was coupled with ATS card and
was automatically filled, sealed and placed
into VITEK 2 instrument. Growth in the
positive control well was monitored until a
pre-determined minimum amount of bacterial
growth was detected through turbidity
measurements (i.e. percent change of raw
transmittance units — %ARTU). Growth in the
control well showed that the test isolate is
viable and growing at an appropriate rate. This
analysis continued every 15 minutes until the
susceptibility test was completed. The MIC
was determined by comparing the growth of
the isolate to the growth of isolates with known
MICs (Badger-Emeka et al., 2018; Sanders et
al., 2000; Sanders et al., 2001; Michalik,
2017).

Calculation of Multiple antibiotic resistance
(MAR) Index

The multiple antibiotics resistance (MAR)
index was determined for each of the selected
bacterial isolates using a formula MAR = a/b,
where a is the number of antibiotics to which
the test isolate displayed resistance and b is the

total number of antibiotics against which the
test organism has been evaluated for
sensitivity (Afunwa et al., 2020).

Expanded-spectrum p-lactamase (ESBL)
testing

The Gram-negative isolates (n=19) were tested
on the VITEK-2 ESBL Card (bioMérieux).
The card contained a ESBL test panel having
six wells containing cefepime at 1.0 pug/ml,
cefotaxime at 0.5 pg/ml, and ceftazidime at 0.5
ug/ml, alone and in combination with
clavulanate (CA) (10, 4, and 4 pg/ml,
respectively). The wells were automatically
inoculated with test organisms. The growth in
each well was quantitatively assessed by
means of an optical scanner. The proportional
reduction in growth in wells containing
cephalosporin plus CA compared with those
containing the cephalosporin alone is
considered indicative of ESBL production
(Spanu et al., 2006).

RESULTS

Properties of VITEK 2 Analysis of
bacterial isolates

The properties of the VITEK®2 and AES
analyses of Gram-negative isolates are
presented on Table 1.

The probability that the isolates were correctly
identified ranged from 91% to 99% with
Escherichia coli and Acinetobacter baumannii
having the highest probabilities. The AES
findings showed that minimal inhibitory
concentrations were consistent for 16 isolates,
which means that the isolates are compatible
with their phenotypic resistant pattern. The
exceptions were A. baumannii 13, A.
haemolyticus 27 and Providentia stuartii 28
which showed inconsistent result or analysis
not performed respectively.
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Table 1: VITEK-2 Analysis of bacterial isolates

Name of Isolate/LAB ID Analysis Probability  Status AES Findings
Time (hours) (Confidence)
E. coli 12 6.80 91% Final Consistent
E. coli 14 3.85 99% Final Consistent
E. coli 19 5.77 97% Final Consistent
E. coli 21 4,77 95% Final Consistent
E. coli 23 4.02 99% Final Consistent
E. coli 31 3.88 99% Final Consistent
E. coli 32 3.83 99% Final Consistent
E. coli 33 3.93 99% Final Consistent
E. coli 34 4.83 91% Final Consistent
Klebsiella pneumoniae ssp 4.82 91% Final Consistent
pneumoniae 015
Enterobacter cloacae ssp dissolvens  4.80 91% Final Consistent
15A
Acinetobacter baumannii 6 5.87 99% Final Consistent
A. baumannii 11 4.87 99% Final Consistent
A. baumannii 13 4.85 - Final Inconsistent
A. haemolyticus 27 4.87 - Final Analysis not
performed
Providentia stuartii 25 5.95 92% Final Consistent
Providentia stuartii 26 5.82 94% Final Consistent
Providentia stuartii 28 5.85 92% Final Inconsistent
Providentia stuartii 30 4.90 97% Final Consistent

Results of Antimicrobial Susceptibility
Tests (AST) by VITEK® 2 and Advanced
Expert System (AES)

The results of antimicrobial screening of
bacterial isolates are presented on Table 2.

Nineteen (19) Gram-negative bacterial
isolates were screened against 17 antibiotics
by determining their minimal inhibitory
concentrations (MIC) in pg/ml. The MICs
were interpreted as susceptible (S)
intermediately susceptible (1) or resistant (R).
Overall, the isolates showed the highest
susceptibilities to Ertapenem, Amikacin,
Ciprofloxacin and Levofloxacin (100%);
Ceftazidime, Cefepime, Meropenem
(94.7%); Cefoxitin (93.3%); Gentamicin and

Tobramycin (73.7%). These were followed
by Trimethoprim /Sulfamethoxazole
(68.4%); Nitrofurantoin (66.7%); Cefazolin
(52.6%); Ampicillin/Sulbactam (38.9%);
Piperacillin (36.8%) and Ampicillin (21.4%).

Some isolates showed intermediate
susceptibility to  Ampicillin/Sulbactam
(22.2%);  Nitrofurantoin  (6.7%); and

Ceftriaxone (5.3%). Resistances to the
antibiotics were in the order of Ampicillin
(78.6%); Piperacillin (63.2%); Cefazolin
(47.4%); Ampicillin/Sulbactam  (38.9%);
Trimethoprim/Sulfamethoxazole  (31.6%);
Nitrofurantoin (26.7%); Gentamicin and
Tobramycin (26.3%); Ceftriaxone (15.8%);
Cefoxitin (6.7%); Ceftazidime, Cefepime,
and Meropenem (5.3%).
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Table 2: Minimal Inhibitory Concentrations (ug/mL) of antibiotics against Bacterial Isolates
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Multiple drug resistance (MDR) of isolates

The data on Table 2 shows that out of 19
bacterial isolates, only 7 isolates exhibited
multiple drug resistance (resistance to three
or more classes of antibiotics). These
included two Escherichia coli isolates (E. coli
21 and E. coli 34) which showed MDR to -
lactams, aminoglycosides and
Trimethoprim/Sulfamethoxazole; all four
Providentia stuartii isolates exhibited MDR
to three or more classes of antibiotics;
Enterobacter cloacae ssp dissolvens was
found to be on the verge of becoming MDR.

Susceptibility  Profiles of Klebsiella
pneumoniae  ssp.  pneumoniae  and
Enterobacter cloacae ssp. dissolvens

Antimicrobial susceptibilities of Klebsiella
pneumoniae ssp pneumoniae and
Enterobacter cloacae ssp dissolvens are
presented on Table 2.

Klebsiella pneumoniae ssp pneumoniae (n =
1) was susceptible to 88.2% (15/17) of the
antibiotics including Ampicillin/Sulbactam,

Cefazolin, Cefoxitin, Ceftazidime,
Ceftriaxone, Cefepime, Ertapenem,
Meropenem, Amikacin, Gentamicin,
Tobramycin, Ciprofloxacin, Levofloxacin,
Nitrofurantoin, and Trimethoprim/

Sulfamethoxazole. Klebsiella pneumoniae
SSp pneumoniae was resistant to 11.8% (2/17)
of the antibiotics including Ampicillin and
Piperacillin.

Enterobacter cloacae ssp dissolvens (n = 1)
was susceptible to 64.7% (11/17) of the

antibiotics including Piperacillin,
Ceftazidime, Ceftriaxone, Cefepime,
Ertapenem, Meropenem, Amikacin,
Gentamicin, Tobramycin, Ciprofloxacin,
Levofloxacin, while intermediately

susceptible to Nitrofurantoin. Enterobacter
cloacae ssp dissolvens was resistant to 17.6%

(3/17) of the antibiotics including Cefazolin,
Cefoxitin, and Trimethoprim/
Sulfamethoxazole.

Susceptibilities of  Escherichia coli,
Acinetobacter baumannii and Providentia
stuartii

Antimicrobial susceptibilities of Escherichia
coli,  Acinetobacter  baumannii  and
Providentia stuartii are presented on Table 3.

Escherichia coli isolates (n=9) were
susceptible to eleven antibiotics including all
the tested cephalosporins, carbapenems,
Fluoroquinolones, Amikacin, and
Nitrofurantoin  (100%); Gentamicin and
Tobramycin (77.8%); Trimethoprim/
Sulfamethoxazole  (55.6%);  Ampicillin/
Sulbactam  (44.4%);  Ampicillin  and
Piperacillin (33.3%). E. coli isolates were
resistant to Ampicillin and Piperacillin
(66.7%);  Trimethoprim/Sulfamethoxazole
(44.4%); Gentamicin and Tobramycin
(22.2%); Ampicillin/Sulbactam (11.1%).

Acinetobacter spp. (n=4) were susceptible to
Cefepime, Meropenem, Gentamicin,
Tobramycin, Ciprofloxacin, and
Levofloxacin (100%); Ceftazidime, and
Trimethoprim/Sulfamethoxazole (75%);
Ampicillin/Sulbactam (50%); Piperacillin,
Ceftriaxone, and  Amikacin  (25%).
Acinetobacter spp. were resistant to
Cefazolin ~ (100%);  Piperacillin  and
Ceftriaxone (75%); Ampicillin/Sulbactam
(50%); Ceftazidime, and Trimethoprim/
Sulfamethoxazole (25%).

Providentia stuartii (n = 4) were susceptible
to Cefoxitin, Ceftazidime, Ertapenem,
Amikacin, Ciprofloxacin, Levofloxacin and
Trimethoprim/Sulfamethoxazole  (100%);
Ceftriaxone, Cefepime, and Meropenem
(75%), Piperacillin (50%); Gentamicin and
Tobramycin (25%). Providentia stuartii
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isolates were resistant to Ampicillin, Tobramycin  (75%); Piperacillin = (50%);
Ampicillin/Sulbactam, Cefazolin  and Cefepime and Meropenem (25%).

Nitrofurantoin  (100%); Gentamicin and

Table 3: Percentage susceptibilities of E. coli, A. baumannii and Providentia stuartii to the
antibiotics

c =3
s g£E& £ g & o E g s £ § § 5 E£8
Isolate = &8 g 2 & ® £ & &8 g X s 8§ = £ 5 <£%
E £z & 8 8 § & 8§ £ 5 E &5 5 3 3 % Eg
< o O o (i1} = O] [ o 1 E E u;:—)
E.coli (n=9)
%S 333 444 333 100 100 100 100 100 100 100 100 77.8 778 100 100 100 55.6
%l 0 44.4 0 0o 0 o0 0 0 0 0 0 0 0 0 0 O 0
%R 67 111 67 O 0 O 0 0O O 0 0 222 22 0 0 0 444
Acinetobacter species (n=4)
%S - 50 25 0 - 75 25 100 - 100 25 100 100 100 100 - 75
%l - 0 0 0 - o 0 0 - 0 - 0 0 0 0 - 0
%R - 50 75 100 - 25 75 0 - 0 - 0 0 0 0 - 25
Providentia stuartii (n = 4)
%S 0 0 50 0 100 100 75 75 100 75 100 25 25 100 100 O 100
%l 0 0 0 0 0 0 25 0 0 0 0 0 0 0 0 O 0
%R 100 100 50 100 0 O 0O 25 0 25 0 75 75 0 0 100 0
Source and Multiple Antibiotic Resistance (MAR) Index of Isolates
Table 4: Source and MAR index values of isolates
Isolate Source MAR
Index
E. coli 12 Cattle droppings 0.12
E. coli 14 Stool 0.24
E.coli 19 Stool 0.00
E.coli 21 Chicken droppings 0.29
E. coli 23 Stool 0.00
E. coli 31 Stool 0.18
E. coli 32 Stool 0.00
E. coli 33 Cattle droppings 0.12
E.coli 34 Chicken droppings 0.29
Klebsiella pneumoniae ssp pneumoniae 015 Stool 0.12
Enterobacter cloacae ssp dissolvens 15A Stool 0.20
Acinetobacter baumannii 6 Urine 0.17
A. baumannii 11 Skin swab 0.25
A. baumannii 13 Stool 0.42
A. haemolyticus 27 Stool 0.31
Providentia stuartii 25 Skin swab 0.35
Providentia stuartii 26 Nasal swab 0.41
Providentia stuartii 28 Skin swab 0.41
Providentia stuartii 30 Nasal swab 0.35

The sources and MAR index values of the isolates are presented on Table 4.
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The MAR index values of the isolates varied
in an irregular pattern. 33.3% (3/9) of E. coli
isolates (E. coli 19, E. coli 23, E. coli 32) had
MAR index values of 0.00, indicating that they
were susceptible to all the antibiotics tested.
33.3% (3/9) of E. coli isolates, 75% (3/4) of
Acinetobacter isolates and 100% (4/4) of
Providentia stuartii isolates had MAR index
values above the critical limit of 0.2. Overall,
52.6% (10/19) of all the isolates had MAR
index values above 0.2 (ranging from 0.24 to
0.42). The highest MAR index values above
0.2 were shown by Acinetobacter baumannii
(0.25 — 0.42) and Providentia stuartii (0.35 —
0.41) isolated from stool, skin swab and nasal
swab. These were followed by E. coli 21 and
E. coli 34 isolates from chicken droppings
(MAR index = 0.29).

Results of ESBL Production Test

VITEK 2 system tested E. coli isolates and
Klebsiella pneumoniae ssp pneumoniae for
ESBL production. The result showed that all
of these isolates tested negative for ESBL
production. The other isolates were not tested
for their ESBL production.

DISCUSSION

The identification and  antimicrobial
susceptibility testing of Gram-negative
isolates by VITEK 2 in this study is in
consonance with other authors ((Badger-
Emeka et al., 2018; Sanders et al., 2001,
Michalik, 2017; Spanu et al., 2006). Nineteen
(19) Gram-negative isolates were identified.
Sixteen (16) isolates were identified with a
probability range of 91% to 99% while A.
baumannii 13, A. haemolyticus 27 and
Providentia stuartii 28 showed inconsistent
result or analysis not performed respectively.
Gram-negative bacteria are responsible for
several infections and are becoming
increasingly multiple drug resistant (MDR),

limiting therapeutic options in infection
management. Rapid and accurate
identification of MDR strains by VITEK® 2
automated system is crucial for the success of
antimicrobial therapy and preventing the
spread of these organisms.

The high percentage of susceptibilities
exhibited in this study to Ertapenem,
Amikacin, Ciprofloxacin and Levofloxacin,
Ceftazidime, Cefepime, Meropenem,
Cefoxitin, Gentamicin and Tobramycin shows
that these antibiotics can still serve as effective
agents in the therapy of Gram-negative
infections. Significant resistance to Ampicillin
and Piperacillin, and low to moderate
resistance to other antibiotics, reveals both
advanced and emerging resistance strains.

E. coli isolates showed reduced resistance in
this study to Ampicillin and Piperacillin,
Trimethoprim/Sulfamethoxazole,
Gentamicin  and  Tobramycin, and
Ampicillin/Sulbactam. This is in agreement
with the findings of a hospital-based study in
which Hailemariam et al. (2021) reported a
high resistance of E. coli to ciprofloxacin
(63.6%) and cotrimoxazole (70.4%). These
findings suggest that resident E. coli in
healthy individuals may be more susceptible
to antibiotics than isolates from hospital
samples. This is supported by the findings of
other authors (Galarde-Lopez et al., 2022).
Acinetobacter spp. showed high resistance to
Cefazolin  (100%); and Piperacillin and
Ceftriaxone (75%). These results are similar
to previous reports (Badger-Emeka et al.,
2018). Similarly, Al-Tamimi et al., (2022)
reported high resistances of A. baumannii to
cephalosporins and fluoroquinolones.

Providentia stuartii isolates showed the
highest level of resistance in the study. All the
four isolates were 100% resistant to 4
antibiotics - Ampicillin,  Ampicillin/
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Sulbactam, Cefazolin and Nitrofurantoin;
They also showed resistance to Gentamicin
and Tobramycin (75%). This is similar to
report of Liu et al, (2020).
Providencia species are Gram-negative
bacilli in the Enterobacteriaceae family. The
bacterium is a known drug resistance
opportunistic ~ pathogen  that  causes
healthcare-associated infections, such as
acute enteric infection, urinary tract
infection, and lung diseases. The organism is
typically isolated from human secretions,
including urine, sputum, throat swab, blood,
stool, and wound secretion, and pus. The
treatment of choice is based on antibiotic
sensitivities, infection source, and comorbid
conditions (Abdallah et al., 2018; Woreta et
al., 2022; Liu et al., 2020; Lin et al., 2017).
Klebsiella pneumoniae ssp pneumoniae in
the present study was found to be resistant to
Ampicillin and Piperacillin, contrary to the
findings of Hailemariam et al, (2021) who
reported from Ethiopia high resistance levels
of K. pneumoniae isolated from clinical
samples to ceftazidime (82%) and
ciprofloxacin (80.9), as well as ampicillin
(75%). This suggests that bacteria isolated
from clinical samples are more resistant to
antibiotics than their counterparts among
human resident. Enterobacter cloacae ssp
dissolvens was resistant to Cefazolin,
Cefoxitin, and Trimethoprim/
Sulfamethoxazole. Broad-spectrum
antibiotic resistance, including the recent
emergence of resistance to last-resort
carbapenems, has led to increased interest in
this group of organisms and carbapenem-
resistant E. cloacae complex (CREC) in
particular (Annavajhala et al.,
2019). However, Enterobacter cloacae ssp.
dissolvens isolated from resident bacteria in
stool, was susceptible to Ertapenem and
Meropenem.

MDR was defined as resistance of an isolate
to three or more classes of antibiotics
(Magiorakos et al., 2012). All four
Providentia stuartii isolates exhibited MDR
to three or more classes of antibiotics.
Similarly, two Escherichia coli isolates (E.
coli 21 and E. coli 34) showed MDR to -
lactams, aminoglycosides and
Trimethoprim/Sulfamethoxazole. However,
majority of the isolates did not exhibit MDR
to the antibiotics. These include seven E. coli
isolates, Klebsiella  pneumoniae, and
Acinetobacter spp.

The isolation and resistance of E. coli, K.
pneumoniae and A. baumannii are of public
health importance. These microbes are among
six ESKAPE organisms identified as the
leading cause of healthcare-acquired
infections worldwide. Most of them are
multidrug resistant isolates, which is one of
the greatest challenges in clinical practice
(Zeng et al., 2019; De Oliveira et al., 2020).
This assertion is confirmed by findings in this
study.

MAR index values above 0.2 were shown by
Acinetobacter baumannii and Providentia
stuartii and E. coli isolated from chicken
droppings. MAR index values above the
critical limit of 0.2 suggest that these bacteria
originate from a high-risk source of
contamination where several antibiotics are
often used such as (Afunwa et al.,, 2020;
Sandhu et al., 2016; Osundiya et al., 2013).
High MAR index values among resident
microbiota is an indication of high selective
pressure and uncontrolled use of antibiotics.

The VITEK -2 system tested E. coli isolates
and Klebsiella pneumoniae ssp. pneumoniae
for ESBL production. All of these isolates
were negative for ESBL production. ESBLS
confer resistance to most f-lactam antibiotics,
including expanded-spectrum cephalosporins
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and monobactams (Bush and Jacoby, 2010).
The ESLB-negative status of the isolates in the
present study may explain the high levels of
susceptibility shown by a significant number
of the isolates, which seem to be more
susceptible to antibiotics when compared with
clinical isolates from hospital settings as
reported by multiple authors (Temperoni et al.,
2021; Zeng et al., 2019; De Oliveira et al.,
2020).

CONCLUSION

Gram-negative bacteria resident in healthy
individuals harbour antibiotic resistance which
have public health importance, having
potential of causing community-based,
resistant opportunistic infections difficult to
treat. Resident bacteria in healthy individuals
may acquire resistant traits during horizontal
gene transfer in the environment, or due to
selective pressure during antibiotic therapy or
in the course of drug-abuse through self-
prescription. Proper disposal of body
secretions from healthy individuals is a
necessity. Inappropriate antibiotic prescription
in the hospital setting, community-based drug
abuse and uncontrolled use of antibiotics in
livestock production all promote the
emergence of resistant strains including
normal microbiota residing in healthy
individuals.  Appropriate  restrictions to
antibiotic usage and pretreatment of livestock
waste before use as manure are recommended
in the fight against resistant bacteria.
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