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Enterobacteriaceae isolates from clinical and household tap water
samples: antibiotic resistance, screening for extended-spectrum, metallo-
and ampC-beta-lactamases, and detection of blarem, blasnv and blactxm
in Uyo, Nigeria

Olajide J. Akinjogunla®”, Adebowale T. Odeyemi?, Edinam-Abasi S. Udofia’, Oyetayo O. Adefiranye*, Clarence S.
Yah®, Igbagbo Ehinmore®, Idongesit U. Etukudo’

Abstract

Introduction Infections caused by multidrug-resistant (MDR) bacteria, extended spectrum f-
lactamase (ESBL), metallo-B-lactamase (MBL) and AmpC-B-lactamase (AmpC-BL)-producers are
increasing globally. This study identified bacteria in clinical and tap water samples and determined the
prevalence of MDR, and fB-lactamase enzymes and genes.

Methods Isolates were identified by the Vitek 2 (bioMérieux, France) automated system. Antibiotic
resistance and screening for B-lactamase enzymes and genes was done using disc diffusion method and
Vitek 2 automated system, CHROMagar-ESBL, combined double disc, inhibition-based method and
multiplex polymerase chain reaction, respectively.

Results The Enterobacteriaceae isolates obtained were Escherichia coli, Klebsiella pneumoniae,
Citrobacter freundii, Salmonella spp., Proteus mirabilis, Enterobacter aerogenes, Shigella sonnei,
Proteus vulgaris, Enterobacter sakazakii, Klebsiella oxytoca, Citrobacter diversus, and Serratia
liguefaciens. Of the 674 isolates from clinical samples, 36.5%, 28.5%, and 19.9% were ESBL, MBL, and
AmpC-BL producers, respectively. A low prevalence of AmpC-L and MBL producers were obtained,
with no significant difference (p<0.05) between the prevalence of ESBL and non-ESBL producers.
Isolates exhibited varied levels of resistance to gentamicin, amoxicillin-clavulanic acid, ciprofloxacin, and
tetracycline. The results showed that 54.6% of ESBL producers, 57.9% of MBL producers, and 62.8% of
AmpC-BL producers were MDR strains. Of the 141 representative isolates tested, 36.9%, 15.6%, and
20.6% had only blarem, blasuv, and blactxm, respectively; 5.7% possessed both blarem and blasav; 7.1%
possessed both blarem and blactxm and 4.3% had both blasuv and blacTxm.

Conclusions This study found a high prevalence of B-lactamase producers, indicating the need for
further research on the molecular epidemiology of f-lactamase producers and their impacts in the
region.
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Introduction

The prevalence of multidrug-resistant (MDR)
Enterobacteriaceae isolates is a serious public
health threat due to its steadily increasing rate
over the years, which has posed significant
challenges in combating infections, particularly
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Extended-spectrum  B-lactamases (ESBL),
AmpC P-lactamase (AmpC-BL) and metallo B-
lactamase (MBL) are enzymes responsible for
microbial resistance to Blactam antibiotics.?
ESBL, AmpC-BL, and MBL producing
Enterobacteriaceae (PE) isolates from humans,
animals, and environmental sources have been
reported globally.” AmpC-BLs and ESBLs are
clinically significant cephalosporinases, mutant
forms of B-lactamase enzymes produced by Gram-
negative bacteria, that are encoded on plasmid
and/or chromosome, and mediate resistance to
penicillin and third generation cephalosporins,*’
but do not affect cephamycins or carbapenems.
AmpC-BL-PE reported included Serratia spp.,
Providencia spp., and C. freundii.* ESBLs
producing strains usually manifest resistance to
multiple antibiotic classes, thus, the emergence of
ESBL-PE has critically compromised the efficacy
of antibiotics. Infections caused by ESBL-PE are a
major public health threat worldwide and are
usually associated with high morbidity and
mortality.*

Acquired MBLs have emerged as one of the
main worrisome resistance mechanisms by
Enterobacteriaceae isolates due to their ability to
hydrolyze B-lactams and carbapenems. MBLs are
zinc ion-dependent with broad substrate
specificity that are not inhibited by clavulanic
acid, sulbactam, or tazobactam.® Hence, this
study determined the occurrence of MDR, [
lactamase enzymes and genes in isolates from
clinical and tap water samples in Uyo, Nigeria.

Methods

Collection of tap water and clinical samples

Tap water samples (n=106) were collected in
Uyo, Akwa Ibom State. The tap water was
allowed to run for a few minutes before 200 mL
were collected using sterile screw-cap containers.
A total of 414 clinical samples, comprising mid-
stream urine (n=148), stool (n=70), wound swabs
(n=64), ear discharge (n=38), and blood (n=94),

were collected using sterile leak-proof vials and
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swab sticks from patients in Uyo, Akwa Ibom
State. All the samples were transported in an
iccbox to the Microbiology Laboratory for
bacteriological analyses.

Inclusion criteria
Patients who agreed and gave verbal
informed consent to participate in the study.

Exclusion criteria

Patients who were on antibiotics within one
week of enrollment and/or declined to
participate in the study.

Bacteriological analysis of clinical samples

One milliliter (1 mL) of each well-mixed mid-
stream urine (MSU) sample was inoculated on
plates of Cysteine Lactose Electrolyte Deficient
Agar (CLED), MacConkey Agar (MCA) without
salt, and Violet Red Bile Glucose Agar (VRBGA).
Each stool sample was serially diluted, and 1 mL
of each aliquot was inoculated onto plates of
MCA, VRBGA, and Eosine Methylene Blue
(EMB) agar. Each wound swab/ear discharge was
separately dipped into a test tube containing
sterile dH,O (9 mL), and 0.1 mL was pipetted
and surface-inoculated on plates of MCA,
VRBGA, and blood agar. All the plates were
aerobically incubated for 24 h at 37°C. After
incubation, colonies on plates with bacterial
growths were subcultured on Nutrient agar plates
and aerobically incubated for 24 h at 37°C. Each
blood sample (1 mL) was inoculated into 5 mL of
Brain Heart Infusion (BHI) Broth, VRBGA and
incubated. After incubation, 1 mL of the
inoculated broth medium was subcultured on a
plate of blood agar. Pure isolates were streaked
on nutrient agar slants, incubated for 24 h at
37°C and stored in the refrigerator at 4°C.

Detection of Enterobacteriaceae isolates in
tap water

Each water sample (100 mL) was aseptically
filtered through a MF-millipore™ membrane
filter with a 0.45 pm pore size. The membranes
were aseptically removed and placed on plates of
Membrane Faecal Coliform Agar and mEndo
agar for faecal coliforms (FC) and total coliforms
(TC), respectively. All the plates were incubated
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at 37°C except the plates of mFC agar, which
were incubated at 45°C for 24 h. After
incubation, colonies on the filter were
enumerated and recorded; the results were
expressed as the number of FC and TC in 100
mL of water, and colonies were subcultured onto
nutrient agar plates and incubated at 37°C for 24
h. Pure cultures of isolates were streaked onto
nutrient agar slants, incubated at 37°C for 24 h,
and stored in the refrigerator at 4°C.

Identification of Enterobacteriaceae isolates

The identification of Enterobacteriaceae
isolates was carried out by Vitek 2 automated
system

(Vitek card GN (Ref.) 21341, BioMérieux

Inc, France).

Antibiotic susceptibility testing

Antibiotic susceptibility was performed by
disc  diffusion method and results were
interpreted according to the Clinical and
Laboratory Standards Institute guidelines. A
loopful of bacterial colony was taken, transferred
to a tube containing 5 mL sterile dH,O, mixed
gently until it formed a homogenous suspension.
The Muller Hinton Agar plate was uniformly
flooded with bacterial suspension using sterile
swab sticks. The antibiotic discs of gentamycin
(10 pg); cefoxitin (30 pg); ceftazidime (30 pg);
imipenem (10 pg); cefotaxime (30 pg);
amoxicillin-clavulanic acid (30 pg); ciprofloxacin
(5 pg); meropenem (10 pg) and tetracycline (30
ug) were aseptically placed on the surfaces of the
inoculated plates. the plates were inverted,
incubated at 37°C for 16 h and the diameters of
inhibition zones were measured. The antibiotic
susceptibilities of isolates were also determined by
Vitek 2 automated systems. Isolates that were
resistant to >3 antibiotic classes were considered

as MDR strains.”

Screening of extended spectrum f-lactamase
(ESBL) producers

The CHROMagar ESBL, a chromogenic
agar, was used for the phenotypic screening of
ESBL-PE isolates following the manufacturer's
instructions.

Screening of metallo B-lactamase (MBL) and
AmpC-BL producers

Screening of MBL-PE was determined using
Combined Double Disc Test. A disc of imipenem
(10 pg, IMP) and imipenem-EDTA disc were
placed 20 mm apart on an MHA plate inoculated
with 10 pL bacterial suspension and incubated
for 16-18 h at 37°C. An increase of >7 mm in
inhibitory zone around IMP-EDTA disc
compared to IMP disc alone indicated MBL
production. Screening of AmpC-BL-PE was
determined by Inhibition-Based method. A disc
of cefoxitin (30 ug, CEF) and cefoxitin-boronic
acid disc were placed 30 mm apart on an MHA
plate inoculated with 10 pL bacterial suspension
and incubated for 16 h at 37°C. An increase of
>5 mm in inhibitory zone around the CEF-BA
disc compared to CEF disc alone indicated
AmpC-BL production.’

Extraction of genomic DNA of isolates

The genomic DNA (DNA) of 141
representative -lactamases resistant isolates was
extracted by boiling method. Briefly, 100 pL of
an overnight freshly grown culture was
centrifuged at 2,300 x g for 5 min. The
supernatant was discarded, and the pellet was re-
suspended into 100 pL of phosphate buffer
solution, boiled in a water bath at 100°C for 10
min, cooled on ice for 10 min in each step, and
centrifuged at 2,300 x g for 10 min. The
supernatant containing ¢DNA was collected,
stored at -20°C in an Eppendorf tube, and later
used as a DNA template.

PCR amplification of f-lactamase genes in
Enterobacteriaceae isolates

The multiplex polymerase chain reaction
(PCR) amplification assay for detection of the
blatem, blasnv, and blactxm genes in isolates was
carried out. A final PCR reaction volume (25 pL)
contained 12.5 pL of PCR-master mix, 1 pL of
each primer, 3 pL of template DNA and 6.5 pL
of RNasefree water. The PCR amplification
conditions were as follows: initial denaturation at
95°C for 5 min; followed by 30 cycles of
denaturation at 95°C for 1 min; annealing
temperature at 55°C for 1 min; extension at 72°C
for 1 min; and a final extension at 72°C for 10
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min. The amplified PCR products were
electrophoresed on 1.5% agarose gel containing
0.5 pg/mL of ethidium bromide and visualized

under a UV transilluminator.

Statistical analysis

The Statistical Package for Social Sciences
(SPSS) version 22 (IBM Corp, USA) was used for
all statistical analyses. The significant difference
between [-lactamase and non [lactamase
producing isolates at ap-value <0.05 were
determined using a Chi-square statistical test.

Results

A total of 796 isolates were recovered from
the clinical and tap water samples (Table 1).
Based on different clinical samples, E. coli, K.
pneumoniae, and C. freundii were the most
common isolates from urine, stool, wounds, and
ear discharge. A total of 122 isolates were
obtained from tap water, of which 38 were K.
pneumoniae, 22 were Salmonella spp., 14 were E.
coli, 10 were P. mirabilis, 10 were S. sonnei, 6 were
E. aerogenes, 6 were C. freundii, 2 were E. sakazakii,
and 2 were P. vulgaris, while S. liquefaciens, K.
oxytoca, and C. diversus had 4 each (Table 1).

Among the ESBL producers from clinical
samples, C. diversus had the highest prevalence, of
57.1% (8/14), while the least frequency was
observed for C. freundii (28.6%, 20/70) and S.
sonnei (28.6%, 8/28) - Table 2. The highest and
lowest AmpC-BL producers were S. liquefaciens
(33.3%) and C. freundii (11.4%), respectively. The
isolates (n=192) were positive for MBL
production, and the most prevalent phenotype
was C. diversus (57.1%), while the least prevalent
phenotype was P. vulgaris (15.4%) - Table 2. The
prevalence of the ESBL producers from tap water
were: E. coli (42.9%), E. aerogenes (33.3%), S.
liquefaciens (50%), K. pneumoniae (26.3%), K.
oxytoca (50%), P. mirabilis (40%), C. freundii
(33.3%), Salmonella spp. (27.3%), and S. sonnei
(20%). Only 22 MBL-producers, comprising E.
coli (n=4), S. liquefaciens (n=2), K. pneumoniae
(n=6), P. mirabilis (n=4), Salmonella spp. (n=4), and
S. sonnei (n=2), were obtained from tap water
samples. Table 2 shows the overall prevalence of
AmpC-BL producers in tap water as 19.7%

(24/122). S. liquefaciens had the highest
prevalence (50.0%), while isolates with the least
prevalence were K. pneumoniae (15.8%).

Overall, the isolates exhibited a high level of
resistance to ceftazidime (47.2%) and cefotaxime
(46.6%). The resistance of isolates to gentamicin,
cefoxitin and amoxicillin-clavulanic acid was
30%, 27% and 27.6%, respectively. A high
cefoxitin resistance was exhibited by S. liquefaciens
(66.7%), while imipenem resistant K. oxytoca was
62.5%. ESBL producers were more resistant to
antibiotics than non-ESBL producers: cefotaxime
(78% vs. 29.4%) and gentamicin (33.3% vs 28%).
The non-MBL showed a low resistance (19.9%)
to meropenem, while <51% MBL- and AmpC-BL-
producers were resistant to ceftazidime (Table
3a). Of the 122 isolates obtained from tap water
samples, 42.6% were resistant to cefotaxime,
40.9% were resistant to ceftazidime, and 34.4%
were resistant to tetracycline, while 27.9%
exhibited resistance to ciprofloxacin. S. sonnei, S.
liquefaciens, E. sakazakii and P. mirabilis were
highly resistant (>40%) to cefotaxime, whereas a
low rate of resistance to cefoxitin and
meropenem was seen in Salmonella spp. and K.
pneumoniae. The non-ESBL producing isolates
were more resistant to gentamicin and
tetracycline than ESBL producers. The MBL and
AmpC-BL  producers were highly resistant
(>36.4%) to ceftazidime, imipenem, cefotaxime

and meropenem (Table 3b).
Of the 796 isolates obtained, 53.5% were

MDR, 33.7% were non-MDR, and 12.8% were
susceptible to all antibiotics tested. Overall,
54.6% (154/282) ESBL producers were MDR,
and 28.4% (80/282) were non-MDR. Of the 582
non-MBL producers obtained, 51.9% were MDR
whereas 33.7% were non-MDR. The percentage
of MDR-AmpC-BL producers (62.8%) was higher
than that of non-MDR-AmpC-BL producing
strains (51.3%) - Table 4. Of the 141
representative isolates tested, 36.9%, 15.6%, and
20.6% had only blarem, blasuv, and blacrxw,
respectively. A total of 5.7% (n=8) of the isolates
possessed both blatem and blasuy; 7.1% (n=10) of
the isolates possessed both blatem and blacrx;
and 4.3% (n=6) had both blasv and blacrxum. Five

isolates, comprising E. coli (n=2), K. pneumoniae
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Table 1. Distribution of Enterobacteriaceae isolates in clinical and tap water samples

Enterobacteriaceae Clinical samples / No (%) Total Tap water
isolates no. (n=106)
Urine Stool Wound Ear discharge Blood No (%)
(148) (70) (64) (38) (94)
E. coli 76 (51.4) 42(60.0) 18(28.1) 8(21.1) 30(31.9) 174 14 (13.2)
E. aerogenes 16 (10.8) 10 (14.3) 8(12.5) 4(10.5) 6(6.4) 44 6(5.7)
E. sakazakii 8 (5.4) 6 (8.6) 2(3.1) 0(0.0) 0(0.0) 16 2(1.9)
S. marcescens 12 (8.1) 8(11.4) 4(6.3) 6 (15.8) 4 (4.3) 34 0(0.0)
S. liquefaciens 2(1.4) 0(0.0) 2(3.1) 0(0.0) 2(2.1) 6 4 (3.8)
K. pneumoniae 30(20.3)  22(31.4) 14(21.9) 10 (26.3) 50(53.2) 126 38(35.8)
K. oxytoca 8 (5.4) 2(2.9) 2(3.1) 0(0.0) 4 (4.3) 16 4 (3.8)
P. mirabilis 4(6.8) 8(14.3) 20(31.3) 8(21.1) 14 (14.9) 54 10 (9.4)
P. vulgaris 6 (3.1) 2(2.9) 8 (12.5) 4 (10.5) 6 (6.4) 26 2(1.9)
C. freundii 38(25.7) 14(20.0) 14(21.9) 2(5.3) 2(2.1) 70 6(5.7)
C. diversus 6(4.1) 2(2.9) 4(6.3) 0(0.0) 2(2.1) 14 4(3.8)
Salmonella spp. 20(13.5) 10(14.3) 0(0.0) 0(0.0) 36 (38.2) 66 22(22.0)
S. sonnei 4(2.7) 14 (20.0) 0(0.0) 0(0.0) 10 (10.6) 28 10 (9.4)
Total 230 140 96 42 166 674 122

Table 2. Prevalence of extended-spectrum, metallo and ampC beta (8)-lactamases producers in clinical
and tap water samples

Enterobacteriaceae Source / No of No (%) of occurrences of isolates
isolates isolates ESBL Non-ESBL MBL Non-MBL  AmpC-BL  Non-AmpC-BL

E. coli CLS (n, 174) 68 (39.1) 106 (60.9) 58 (33.3) 116 (66.7) 42 (24.1) 132 (75.9)
TPS (n, 14) 6(42.9) 8 (57.1) 4(28.6) 10(71.4) 4(28.6) 10(71.4)

E. aerogenes CLS (n, 44) 14 (31.8) 30 (68.2) 10(22.7) 34 (77.3) 10 (22.7) 34(77.3)
TPS (n, 6) 2(33.3) 4(66.7) 0(0.0) 6 (100) 2 (33.3) 4 (66.7)

E. sakazakii CLS (n, 16) 6 (37.5) 10 (62.5) 4(25.0) 12 (75.0) 0(0.0) 16 (100)
TPS (n, 2) 0(0.0) 2 (100) 0(0.0) 2 (100) 0(0.0) 2 (100)

S. marcescens CLS (n, 34) 10 (29.4) 24 (70.6) 6(17.6) 28 (82.4) 6 (17.6) 28 (82.4)

S. liquefaciens CLS (n, 6) 2 (33.3) 4 (66.7) 0(0.0) 6 (100) 2 (33.3) 4 (66.7)
TPS (n, 4) 2 (50.0) 2 (50.0) 2 (50.0) 2 (50.0) 2 (50.0) 2 (50.0)

K. pneumoniae CLS (n, 126) 46 (36.5) 80 (63.5) 34 (27.0) 92 (73.0) 28 (22.2) 98 (77.8)
TPS (n, 38) 10 (26.3) 28 (73.7) 6 (15.8) 32(84.2) 6 (15.8) 32 (84.2)

K. oxytoca CLS (n, 16) 8 (50.0) 8 (50.0) 4(25.0) 12 (75.0) 2 (12.5) 14 (87.5)
TPS (n, 4) 2 (50.0) 2 (50.0) 0(0.0) 4 (100) 0(0.0) 4 (100)

P. mirabilis CLS (n, 54) 24 (44.4) 30 (55.6) 18 (33.3) 36 (66.7) 8 (14.8) 46 (85.2)
TPS (n, 4) 4 (40.0) 6 (60.0) 4 (40.0) 6 (60.0) 4 (40.0) 6 (60.0)

P. vulgaris CLS (n, 26) 12 (46.2) 14 (53.8) 4(15.4) 22 (84.6) 8 (30.8) 18 (69.2)
TPS (n, 2) 0(0.0) 2 (100) 0(0.0) 2 (100) 0(0.0) 2 (100)

C. freundii CLS (n, 70) 20 (28.6) 50(71.4) 14 (20.0) 56 (80.0) 8(11.4) 62 (88.6)
TPS (n, 6) 2 (33.3) 4 (66.7) 0 (0.0) 6 (100) 2 (33.3) 4 (66.7)

C. diversus CLS (n, 14) 8(57.1) 6(42.9) 8 (57.1) 6(42.9) 2 (14.3) 12 (85.7)
TPS (n, 4) 0(0.0) 4 (100) 0(0.0) 4 (100) 0(0.0) 4 (100)

Salmonella spp. CLS (n, 66) 20 (30.3) 46 (69.7) 22 (33.3) 44 (66.7) 16 (24.2) 50 (75.8)
TPS (n, 22) 6(27.3) 16 (72.7) 4(18.2) 18 (81.8) 4(18.2) 18 (81.8)

S. sonnei CLS (n, 28) 8 (28.6) 20(71.4) 10 35.7) 18 (64.3) 4(14.3) 24 (85.7)
TPS (n, 10) 2 (20.0) 8 (80.0) 2 (20.0) 8 (80.0) 0(0.0) 10 (100)

Total (%) CLS (n, 674) 246 (36.5) 428 (63.5) 192 (28.5) 482 (71.5) 134 (19.9) 540 (80.1)
TPS (n, 122) 36 (29.5) 86 (70.5) 22 (18.0) 100 (82.0) 24 (19.7) 98 (81.3)

CLS - clinical samples; TPS - tap water samples.
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Table 3a. Antibiotic resistance of clinical isolates, and ESBL, MBL, AmpC beta-lactamases producing
Enterobacteriaceae isolates

Enterobacteriaceae No of Number / percentage of antibiotic resistant clinical isolates

isolates Isolates CN CEF CAZ IMP CTX AU CPX MER TET

E. coli 174 44 (25.3) 46 (26.4) 80 (45.9) 64 (36.8) 82 (47.1) 40 (23.0) 44 (25.3) 60 (34.5) 48 (27.6)
E. aerogenes 44 16 (36.4) 10 (22.7) 22 (50.0) 18 (40.9) 20 (45.5) 16 (36.4) 12 (27.3) 20 (45.5) 18 (40.9)
E. sakazakii 16 4 (25.0) 0(0.0) 8 (50.0) 6 (37.5) 6 (37.5) 4 (25.0) 6 (37.5) 4(25.0) 4 (25.0)

S. marcescens 34 10(29.4) 8 (23.5) 16 (47.1) 14 (41.2) 18 (52.9) 8(23.5) 14 (41.2) 16 (47.1) 12 (35.3)
S. liquefaciens 6 2(33.3) 4 (66.7) 2(33.3) 0 (0.0) 2 (33.3) 2(33.3) 0(0.0) 0(0.0) 2(33.3)
K. pneumoniae 126 36 (28.6) 38 (30.2) 64 (50.8)  48(38.1) 62 (49.2) 32(25.4) 32 (25.4) 46 (36.5) 36 (28.6)
K. oxytoca 16 6(37.5) 4 (25.0) 6(37.5) 10 (62.5) 8 (50.0) 6(37.5) 8 (50.0) 10 (62.5) 6(37.5)

P. mirabilis 54 16 (29.6) 14 (25.9) 30(55.5) 22 (40.7) 30 (55.5) 14 (25.9) 16 (29.6) 22 (40.7) 18 (33.3)
P. vulgaris 26 10 (38.5) 8 (30.8) 18(69.2)  6(23.1) 16 (61.5) 10 (38.5) 6(23.1) 8 (30.8) 12 (46.2)
C. freundii 70 14 (20.0) 14 (20.0) 22 (31.4) 18 (25.7) 24 (34.3) 16 (22.9) 20 (28.6) 18 (25.7) 18 (25.7)
C. diversus 14 6(42.9) 4 (28.6) 8(57.1) 8 (57.1) 8(57.1) 6(42.9) 4 (28.6) 6(42.9) 6(42.9)
Salmonella spp. 66 24 (36.4) 26 (39.4) 32(48.5) 28(42.4) 30 (45.5) 22 (33.3) 20 (30.3) 26 (39.4) 22 (33.3)
S. sonnei 28 12 (42.9) 6(21.4) 10 (35.7) 12 (42.9) 8 (28.6) 10 (35.7) 12 (42.9) 10 (35.7) 12 (42.9)
Total 674 202 (30.0)  182(27.0) 318(47.2) 254(37.7) 314(46.6) 186(27.6) 194(28.8) 246 (36.5) 214 (31.8)
ESBL producers 246 82 (33.3) 58 (23.6) 194 (78.9) 98 (39.8) 192 (78.0) 66 (26.8) 84 (34.1) 98 (39.8) 82 (33.3)
Non-ESBL producers 428 120 (28.0)  124(29.0) 124(29.0) 156(36.4) 126(29.4) 120(28.0) 110(25.7) 148 (34.6) 132 (30.8)
Total 674 202 (30.0)  182(27.0) 318(47.2) 254(37.7) 314(46.6) 186(27.6) 194(28.8) 246 (36.5) 214 (31.8)
MBL producer 192 60 (31.2) 70 (36.5) 94 (48.9) 158 (82.3) 98 (51.0) 50 (26.0) 58 (30.2) 158 (82.3) 54 (28.1)
Non-MBL producer 482 142 (29.5) 112(23.2) 224 (46.5) 96(19.9) 216 (44.8) 136(28.2) 136(28.2) 96 (19.9) 160 (33.2)
Total 674 202 (30.0) 182(27.0) 318(47.2) 254(37.7) 314 (46.6) 186(27.6) 194(28.8) 246 (36.5) 214 (31.8)

Table 3b. Antibiotic resistance of tap water isolates, and ESBL, MBL, AmpC beta-lactamases producing
Enterobacteriaceae isolates

Enterobacteriaceae No of Number / percentage of antibiotic resistant isolates from tap water

isolates isolates  TCN CEF CAZ IMP CTX AU CPX MER TET

E. coli 14 4 (28.6) 4 (28.6) 8 (57.1) 6(42.9) 8 (57.1) 4 (28.6) 6(42.9) 6(42.9) 6(42.9)
E. aerogenes 6 2(33.3) 2 (33.3) 2(33.3) 4 (66.7) 0(0.0) 2(33.3) 0(0.0) 4 (66.7) 0(0.0)
E. sakazakii 2 0(0.0) 2 (100) 2 (100) 0(0.0) 2 (100) 0(0.0) 0(0.0) 0(0.0) 2 (100)
S. marcescens 0 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (00)

S. liquefaciens 4 2 (50.0) 2 (50.0) 0(0.0) 4 (100) 2 (50.0) 2 (50.0) 2 (50.0) 4 (100) 2 (50.0)
K. pneumoniae 38 10 (26.3) 6 (15.8) 14 (36.8) 8(21.1) 16 (42.1) 8(21.1) 8(21.1) 6 (15.8) 12 (31.6)
K. oxytoca 4 0(0.0) 0(0.0) 0(0.0) 2 (50.0) 2 (50.0) 2 (50.0) 0(0.0) 2 (50.0) 0(0.0)

P. mirabilis 10 4 (40.0) 4 (40.0) 6 (60.0) 4 (40.0) 6 (60.0) 2(20.0) 4 (40.0) 6 (60.0) 4 (40.0)
P. vulgaris 2 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2 (100)
C. freundii 6 2(33.3) 2 (33.3) 2(33.3) 4 (66.7) 2(33.3) 2(33.3) 2(33.3) 4 (66.7) 4 (66.7)
C. diversus 4 2 (50.0) 0(0.0) 2 (50.0) 0(0.0) 2 (50.0) 2 (50.0) 2 (50.0) 0(0.0) 0 (0.0)
Salmonella spp. 22 6(27.3) 4(18.2) 10 (45.5) 4(18.2) 8 (36.4) 6(27.3) 6(27.3) 4(18.2) 8 (36.4)
S. sonnei 10 4 (40.0) 6 (60.0) 4 (40.0) 2(20.0) 4 (40.0) 2 (20.0) 4 (40.0) 2 (20.0) 2(20.0)
Total 122 36 (29.5) 32 (26.2) 50 (40.9) 38 (31.1) 52 (42.6) 32 (26.2) 34 (27.9) 38 (31.1) 42 (34.4)
ESBL producer 36 10 (27.8) 10 (27.8) 28(77.8) 12 (33.3) 30(83.3) 10 (27.8) 8(22.2) 14 (38.9) 12 (33.0)
Non-ESBL producer 86 26 (30.2) 22 (25.6) 22 (25.6) 26 (30.2) 22 (25.6) 22 (25.6) 26 (30.2) 24 (21.9) 30 (34.9)
Total 122 36 (29.5) 32 (26.2) 50 (40.9) 38 (31.1) 52 (42.6) 32 (26.2) 34 (27.9) 38 (31.1) 42 (34.4)
MBL producer 22 6(27.3) 6(27.3) 10 (45.5) 16 (72.7) 10 (45.5) 4(18.2) 8 (36.4) 18 (81.8) 10 (45.5)
Non-MBL producer 100 30 (30.0) 26 (26.0) 40 (40.0) 22 (22.0) 42 (34.4) 28 (28.0) 26 (26.0) 20 (20.0) 32 (32.0)
Total 122 36 (29.5) 32 (26.2) 50 (40.9) 38 31.1) 52 (42.6) 32 (26.2) 34 (27.9) 38 (31.1) 42 (34.4)
AmpC-BL producer 22 6(27.3) 16 (72.7) 8 (36.4) 10 (45.5) 8 (36.4) 6(27.3) 6(27.3) 8 (36.4) 6(27.3)
Non-AmpC-BL 100 30 (30.0) 16 (16.0) 42 (42.0) 28 (28.0) 44 (44.0) 26 (26.0) 28 (28.0) 30 (30.0) 36 (36.0)
producer

Total 122 36 (29.5) 32 (26.2) 50 (40.9) 38 (31.1) 52 (42.6) 32 (26.2) 34 (27.9) 38 (31.1) 42 (34.4)

CN - gentamicin; CEF - cefoxitin; CAZ - ceftazidime; IMP - imipenem; CTX - cefotaxime; AU - amoxicillin-clavulanic
acid; CPX - ciprofloxacin; MER - meropenem; TET - tetracycline.
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Table 4. Multidrug resistant isolates, and ESBL, MBL, AmpC-BL-producing Enterobacteriaceae isolates

Enterobacteriaceae No (%) of multidrug resistant clinical and tap water isolates

isolates MDR Non-MDR
E. coli (188) 26 (13.8) 16 (8.5) 44 (23.4) 30 (16.0) 34 (18.1) 26 (13.8) 12 (6.4) 102 (31.9) 60 (54.3)
E. aerogenes (50) 6(12.0) 8 (16.0) 10 (20.0) 8 (16.0) 4 (16.0) 8 (16.0) 6(12.0) 26 (56.0) 18 (32.0)
E. sakazakii (18) 0(0.0) 6(33.3) 2(11.1) 2(11.1) 4(22.2) 0(0.0) 4(22.2) 10 (55.6) 8 (44.4)

S. marcescens (34) 4(11.8) 4(11.8) 8(23.5) 0(0.0) 4(11.8) 6(17.6) 8(23.5) 18 (52.9) 12 (35.3)
S. liquefaciens (10) 2 (20.0) 0(0.0) 2(20.0) 0(0.0) 2 (20.0) 2 (20.0) 2 (20.0) 6 (60.0) 2 (20.0)
K. pneumoniae (164) 18 (11.0) 26 (15.9) 44 (26.8) 22(13.4) 8 (4.9) 24 (14.6) 22 (13.4) 76 (42.7) 70 (46.3)
K. oxytoca (20) 2 (10.0) 2 (10.0) 4 (20.0) 2 (10.0) 2 (10.0) 3(15.0) 5(25.0) 12 (60.0) 5(30.0)

P. mirabilis (64) 8(12.5) 4 (6.3) 14 (21.9) 2.1 4(6.3) 13 (20.3) 19 (29.7) 38 (59.4) 18 (28.1)
P. vulgaris (28) 2(7.1) 0(0.0) 4 (14.3) 2(7.1) 4 (14.3) 9(32.1) 7 (25.9) 22 (78.6) 4 (14.3)
C. freundii (76) 12 (15.8) 12 (15.8) 20 (26.3) 14 (18.4) 4(5.3) 9(11.8) 5 (6.6) 32 (42.1) 32 (42.1)
C. diversus (18) 2(11.1) 2(11.1) 4(22.2) 0(0.0) 4(22.2) 2(11.1) 4(22.2) 10 (55.6) 6 (33.3)
Salmonella spp. (88) 16 (18.2) 4 (4.5) 12 (18.2) 12 (13.6) 16 (18.2) 8 (9.1) 16 (18.2) 52 (59.1) 20Q22.7)
S. sonnei (38) 4 (10.5) 4 (10.5) 8(21.1) 6(15.8) 4(10.5) 10 (26.3) 2(5.3) 22 (57.9) 12 (31.6)
Total (796) 102 (12.8) 88 (11.1) 180 (22.6) 100(12.6) 94 (11.8) 119 (14.9) 113 (14.2) 426 (53.5) 268 (33.7)
ESBL producers (282) 24 (8.5) 20(7.1) 60 (21.3) 36 (12.8) 30 (10.6) 56 (19.9) 32(11.3) 154 (54.6) 80 (28.4)
Non-ESBL producers (514) 78 (15.2) 68 (13.2) 120 (23.3) 64 (12.5) 64 (12.5) 63 (12.3) 81 (15.8) 272 (52.9) 188 (36.6)
Total (796) 102 (12.8) 88 (11.1) 180 (22.6) 100 (12.6) 94 (11.8) 119 (14.9) 113 (14.2) 426 (53.5) 268 (33.7)
MBL producer (214) 18 (8.4) 18 (8.4) 54 (25.2) 26 (12.1) 28 (13.1) 42 (19.6) 28 (13.1) 124 (57.9) 72 (33.6)
Non-MBL producer (582) 84 (14.4) 70 (12.0) 126 21.6) 74 (12.7) 66 (11.3) 77 (13.2) 85 (14.6) 302 (51.9) 196 (33.7)
Total (796) 102 (12.8) 88 (11.1) 180 (22.6) 100(12.6) 94 (11.8) 119 (14.9) 113 (14.2) 426 (53.5) 268 (33.7)
AmpC-BL producer (156) 12.(7.7) 14 (9.0) 32 (20.5) 20 (12.8) 24 (15.4) 37@23.7) 17 (10.9) 98 (62.8) 46 (29.5)
Non-AmpC-BL producer (640) 90 (14.1) 74 (11.6) 148 (23.1) 80(12.5) 70 (10.9) 82 (12.8) 96 (15.0) 328 (51.3) 222 (34.7)
Total (796) 102 (12.8) 88(11.1) 180 (22.6) 100 (12.6) 94 (11.8) 119 (14.9) 113 (14.2) 426 (53.5) 268 (33.7)

So - isolates sensitive to all antibiotics; R1-R6 - isolates resistant to 1, 2, 3, 4, 5 and 6 antibiotics; MDR - multidrug
resistant; non-MDR - non-multidrug resistant.

Table 5. Beta-lactamase genes in Enterobacteriaceae isolates from clinical and water samples

Resistance genes

Enterobacteriaceae No of blatem + blatem + blasnv + blatem + blasnv
isolates isolates blatem blasuv blactxm blasuv blactxm  blactxm + blactxm
E. coli 37 17(459) 4(10.8) 7(18.9) 1(2.7) 2(5.4) 0 (0.0) 2(5.4)
E. aerogenes 8 3(37.5) 2(25.0) 0(0.0) 0(0.0) 1(12.5) 2(25.0) 0(0.0)
E. sakazakii 3 2 (66.7) 0(0.0) 0(0.0) 0(0.0) 1(33.3) 0(0.0) 0(0.0)
S. marcescens 5 1(20.0) 1(20.0) 2 (40.0) 1(20.0) 0(0.0) 0(0.0) 0(0.0)
S. liquefaciens 2 0(0.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
K. pneumoniae 28 9(32.1) 4 (14.3) 6(21.4) 3(10.7) 1(3.6) 2(7.2) 1(3.6)
K. oxytoca 5 1(20.0) 2 (40.0) 1(20.0) 0(0.0) 0(0.0) 1(20.0) 0(0.0)
P. mirabilis 14 4 (28.6) 2(14.3) 3(21.4) 0(0.0) 2(14.3) 1(7.1) 0(0.0)
P. vulgaris 6 2(33.3) 0(0.0) 2(33.3) 1(16.7)  0(0.0) 0(0.0) 1(16.7)
C. freundii 11 4(36.4) 3(27.3) 1(9.1) 0(0.0) 2(18.2) 0(0.0) 0(0.0)
C. diversus 4 0(0.0) 2 (50.0) 2 (50.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Salmonella spp. 13 6(46.2) 1(7.7) 3(23.1) 2(154) 0(0.0) 0(0.0) 1(7.7)
S. sonnei 5 3(60.0) 0(0.0) 1(20.0) 0(0.0) 1(20.0) 0(0.0) 0(0.0)
Total 141 52(36.9) 22(15.6) 29 (20.6) 8(5.7) 10(7.1) 6 (4.3) 5(3.5)
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(n=1), P. vulgaris (n=1), and Salmonella spp. (n=1),
had all three beta-lactamase genes (blatem, blasnv,
and blactxm). Of the 37 E. coli and 28 K
pneumoniae isolates, blatem gene targets were
detected in 22 (59.5%) and 14 (50.0%),
respectively (Table 5).

Discussion

Fourteen bacterial species, in the family
Enterobacteriaceae, were recovered from tap
water samples, stool, urine, ear discharge, blood,
wound swabs in this study. Clinical samples had
both E. coli and K. pneumoniae as the most
common Enterobacteriaceae isolates and this
corroborated the findings of Ibrahim and
Hameed® who reported E. coli and K. pneumoniae
as the most prevalent bacteria from clinical
samples in Baghdad, Iraq.

Overall, 36.5% ESBL-PE were obtained from
clinical samples in our study and this value was
higher than the ESBL-PE prevalence in Austria
(0.7%).” The predominant ESBL-PE from the
clinical samples in this study were C. diversus
(57.1%) and K. oxytoca (50.0%) and these results
were in dissimilarity with studies carried out in
Uganda'® in which K. pneumoniae and E. coli were
the prevalent ESBL-PE. Similarly, this present
study detected 29.5% ESBL-PE from household
tap water. Of these, S. liquefaciens and K. oxytoca
were the most frequent ESBL producers and this
finding disagrees with the report in which K.
pneumoniae was the most frequent ESBL-PE from
drinking water."!

The increasing rate of MBL-PE isolates has
constituted a global public health problem. In
our study, phenotypic detection of MBL
production among E coli, K. pneumoniae and
Salmonella spp. conformed to the results of
Hoang et al.'? Similarly, 57.1% C. diversus and
20.0% C. freundii were MBL producers in this
study and this value was higher than 18.7% for
C. diversus and 1.9% for C. freundii obtained by
Chaudhary et al.”’ in their study on MBL
producing Gram-negative bacteria among patients
visiting Shahid Gangalal National Heart Centre
in Nepal.

The inhibition-based method employed for
screening of AmpC-BL-PE in our study revealed

<19.9% prevalence rate of AmpC-BL producing
strains in clinical and drinking tap water samples
and this result was similar to the findings in
which <22% clinical isolates of Gram-negative
bacteria were AmpC beta-lactamase producers.'*
Similarly, <30% E. coli from either clinical or tap
water samples were AmpC-BL producers and this
value was lower than 37.5% obtained in
Chennai, South Indian States.’ In our study, K.
oxytoca, C. freundii, and E. aerogenes harbored
AmpC-BL and this corroborated the findings of
Ratna et al."”

In this study, Enterobacteriaceae isolates
from clinical and tap water samples showed a
high resistance to ceftazidime (47.2%, 40.9%)
and cefotaxime (46.6%, 42.6%) and the results of
a high prevalence of ceftazidime and cefotaxime
resistance in Enterobacteriaceae isolates in our
study are in line with the findings of studies
conducted in Iran.'® We observed that E.
aerogenes exhibited a high rate of resistance to
imipenem and meropenem and this corroborated
the report on emergence of E. aerogenes strains
with a decreased susceptibility to imipenem.'” In
relation to imipenem, reports have shown that E.
aerogenes could more rapidly adapt its regulation
of permeability than other enterobacteria. High
ceftazidime and cefotaxime resistance rates in
S. marcescens were obtained and this is in
consonance with the study conducted by
Simsek'® on determination of the antibiotic
resistance rates of S. marcescens isolates obtained
from various clinical specimens. The K. oxytoca
isolates were highly resistant to imipenem,
meropenem and ciprofloxacin. These findings
corroborated the results of Singh et al."” on the
antibiotic resistance by K. oxytoca.

Of the 246 ESBL-PE isolates from clinical
samples, 34.1% were resistant to ciprofloxacin,
33.3% to gentamicin and 39.8% to amoxicillin-
clavulanic acid. This frequency
of resistance recorded  against  ciprofloxacin,
gentamicin and amoxicillin-clavulanic  acid
respectively was lower than results reported in
Ethiopia.”’ In our study, MBL-PE isolates from
clinical and tap water samples showed a high
resistance to ceftazidime, imipenem, cefotaxime
and meropenem. This finding is in tandem with
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Walsh et al.?! on the resistance of MBL positive
isolates to B-lactam antibiotics. The percentages
of resistance of AmpC-BL-PE from clinical
samples to meropenem (46.3%) and imipenem
(46.3%) in this present study were lower than
49.5% for meropenem and 57.2% for imipenem
reported in Saudi Arabia.?* These values are of
serious concern as carbapenems are often
considered as drugs of choice for treatment of
serious AmpC-fL-associated infections.

In our present study 54.6% of the
Enterobacteriaceae isolates were MDR and this
value is lower than 93.5% reported in Ethiopia.”’
E. coli producing blacrxm were detected in the
clinical samples in our study, and this
corroborated the findings of Pitout et al.** that E.
coli producing blacrxm has become widely
distributed. The detection of blasnv, blatem and
blacrxm among Enterobacteriaceae isolates in our
study using a multiplex PCR assay was also in
conformity with the reports of Monstein et al.?’
in their study on multiplex PCR amplification
assay for the detection of B-lactamase genes in
Enterobacteriaceae isolates.

Conclusions

This study demonstrated a high prevalence of
ESBL, MBL., and AmpC-BL-PE isolates in
clinical and tap water samples.
Enterobacteriaceae isolates exhibited varied levels
of resistance to antibiotics. Similarly, a high rate
of MDR isolates was obtained from clinical and
tap water samples. We therefore recommend
further studies on molecular epidemiology of -
lactamase producing isolates and their impacts in
the region.
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