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Abstract. Background. Diarrheagenic E. coli (DEC) is an etiological agent of childhood diarrhea. Resistance against com-
monly used drugs in the empirical treatment of enteric infections has increased among DEC. Relationship between anti-
biotic resistance and biofilm formation in microorganisms have been widely reported. This study was aimed to determine
the antibiotic resistance and biofilm production pattern among DEC pathotypes isolated from stools of children aged
0—5 years with acute diarrheal disease in Abakaliki, Nigeria. Materials and methods. Diarrheal stool samples were ob-
tained from 60 children and E. coli were isolated and identified using standard guidelines provided for laboratory diagnosis
of enteric pathogens. Molecular identification was done by amplification of E. coli universal stress protein A (uspA) us-
ing polymerase chain reaction (PCR) method. Detection of virulent genes of DEC pathotypes was performed in a group
of multiplex PCR using their specific primers. Kirby—Bauer disk diffusion method was used to determine the antibiotic
susceptibility patterns of the isolates while biofilms production was detected by thiazolyl blue tetrazolium bromide dye
in a 96-well plate. Results. DEC was isolated in 40 stools among which EIEC [40% (n = 16)] was commonly detected fol-
lowed by ETEC [30% (n = 12)], EAEC [20% (n = 8)] and typical EPEC [10% (n = 4)]. Half of EAEC showed the highest
multidrug resistance against ampicillin, cefoxitin, ciprofloxacin, levofloxacin, and tetracycline with the strongest bio-
film production followed by all the EPEC which were resistant to ampicillin, ciprofloxacin, levofloxacin, and tetracycline
with moderate biofilm production. All the LT-ETEC exhibited the least resistance to ampicillin and tetracycline with
the weakest biofilm production. Conclusion. High frequency of the EIEC pathotype suggests its role as the primary etio-
logical agent of diarrhea in children. Correlation between high drug resistance and biofilm production among the patho-
type may indicate that biofilms may provide compatible uptake of resistance genes.

Key words: diarrheagenic E. coli (DEC), antibiotic resistance, diarrheal stool, multiplex PCR, multi-drug resistance, polymerase chain
reaction, biofilms.
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MHOXECTBEHHAS JIEKAPCTBEHHAS1 YCTOMYMBOCTb U OEPA30BAHUE BUOMMEHOK
CPEOV OUAPEWHBIX MATOTUNOB ESCHERICHIA COLI, BbILEJIEHHbBIX U3 CTYJIA LETEN
C OCTPOW AUAPEEN
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Pestome. Axmyarvrnocms. InapearenHas kueuHas najouka (DEC) siBasieTcs 3THOIOTMYECKUM areHTOM JMapeu y jie-
Teil. YCTOMYMBOCTD KJIEKapCTBaM, OOBIYHO MCIOJB3YEMBIM IIPH SMITMPHYECKOM JICUEHUM KUIIEYHBIX WHQEKIINIA,
cpenu DEC yBenumumtace. [lInpoko n3BecTHa B3aMMOCBSI3b MEXKIY YCTOMYMBOCTHIO K aHTUOMOTUKAM 1 00pa3oBaHM-
€M OMOIJIEHOK Y MUKpoopraHu3MoB. Hacrosiiiee uMcciaenoBaHue ObLJIO HalpaBieHO Ha ONpenejeHue YCTOMYMBOCTH
K aHTUOMOTHKAM U XapakTepa OuorsieHKkooopazoBaHus cpenu narotunoB DEC, BblAeNeHHBIX U3 CTYJa IETeN B BO3-
pacte 0—5 et ¢ ocTpoit nuapeeil B Abakanuku, Hurepusi. Mamepuanvt u memodsr. O6pasiibl CTyna ObLIU TOJTYYEHBI
ot 60 gereil, U ¢ UCIIONb30BAHUEM CTAHIAPTHBIX MOAXOJ0B, MPEAYCMOTPEHHBIX ISl JJAOOPAaTOPHOM IMATHOCTUKY KK~
IIEYHBIX TTATOT¢HOB, OBLTM BBIACJACHBI M MACHTUGUIIMPOBAHBI E. coli. MoneKynsipHYI0 UACHTU(PUKALIUIO TPOBOIIN
IyTeM aMILTHPUKAIIK yJ4acTKa FeHa YHUBEPCAIbHOTO CTpeccoBoro 0enka A (uspA) E. coli ¢ ucmonb3oBaHMEM MeTomIa
ronnMepasHoil nenHoi peaknuu (I1LIP). BeissBnenue BupyneHTHBIX TeHOB mmatotunioB DEC mpoBogmiu ¢ mpuMeHe-
HueM mynbturiekcHol TTHP co cnenuduyeckumu npaitmepamu. Meton auckosoii nuddysnu Kupou—bayspa 0b11
WCTIOJIb30BaH IIJIsI OIIpPENeICHNST XapaKTepUCTUK IYBCTBUTEIIBHOCTH M30JISITOB K aHTUOMOTHKAM, B TO BpeMsI KaK 00-
pa3oBaHUe OMOIJIEHOK OMPEEISIN ¢ TOMOIIBIO KPaCUTE sl THA30IMJIa CUHErO TeTpa3oiust 6poMuaa B 96-TyHOUHOM
miaHwete. Peayasmamor. DEC Ob1n1a BbifeneHa B 40 oopasuax. Hanbosee yacTo BoIsiB/IsIIach S3HTepouHBa3uBHas E. coli
(EIEC) [40% (n = 16)], 3atem suTepoTokcureHHast E. coli (ETEC) [30% (n = 12)], suTepoarperatuBHas K E. coli (EAEC)
[20% (n = 8)] u TunuuHas sHTeponarorenHas E. coli (EPEC) [10% (n = 4)]. ITonoBuna mramMmmoB EAEC o6Hapyxua ca-
MYI0 BBICOKYIO MHOXECTBEHHYIO JIEKAPCTBEHHY0 YCTOMYMBOCTD K aMITUIUJITUHY, Le(OKCUTUHY, HUTPODIOKCAIIMHY,
JieBohJIOKCALIMHY U TETPALMKIMHY C CAMBIM CUJIbHBIM 00pa3oBaHMEM OMOIIEHOK. Jlaee Mo CTeNeHU YCTOMYMBOCTH
K aHTUOMOTHKAM U YPOBHIO 00pa3oBaHus ouonjeHok cienoBann EPEC, KoTopbie ObIM YCTOMUMBLI K AMITUIAIINHY,
U podIoKcanHy, J1eBOMIOKCAIIMHY U TETPAIIMKINHY ¥ XapaKTepU30BaINCh YMEPEHHBIM OMOIIJICHKOOpa30BaHUEM.
ETEC c tepmonadbminbHbiM ToKcMHOM LT-ETEC mposBiasim HauMeHBIIYI0 YCTOMYUBOCTh K AMITUIIUIJIMHY U TeTpa-
IMKJINHY ¢ HANMEHBIINM 00pa30BaHNEM OMOILICHOK. 3ak.aoyverue. Beicokas yactora matotuna EIEC cBumeTenbeTBy-
€T 0 €r0 POJIM B KAUeCTBE OCHOBHOT'O 3THOJIOTMUYECKOTO areHTa quapen y aeteit. Koppeasmus MexXmy BBICOKOI JieKap-
CTBEHHOHN YCTOMYMBOCTBIO 1 IIPOM3BOACTBOM OMOITJICHOK CPEIM MAaTOTUIIOB MOXKET YKa3bIBaTh HAa TO, UYTO OMOIJICHKHT
MOTYT 00eCTIeUNBaTh ONITUMAJIBHBIN YPOBEHB 3aXBaTa TEHOB YCTOIYMBOCTH.

Karouesnie caosa: duapeacennas kuweyrnas naarouka (DEC), yemoiiuusocmos k anmubuomukam, Ouapeilnvlii cmyn, MyabmunieKcHas
TT1]P, mHOMCECMBEeHHAS NeKaAPCMBEHHAS YCMOUHUBOCMb, NOAUMEPAZHOL UeNHAS PeaKyus, OUONAEHK.

Introduction

Diarrhea is characterized by the passage of watery
stools at least two-three times in a 24 h period as a re-
sult of gastrointestinal infection majorly caused by a va-
riety of bacterial, viral and parasitic pathogens. Among
children less than five years, Nigeria accounts for 11%
of 50% global mortalities estimated at 150,000 yearly,
with a prevalence rate of 18.8% [2, 18]. Intestinal patho-
genic E. colistrains also known as diarrheagenic E. coli
(DEC) is a major etiological agent of pediatric diar-
rhea [36]. DEC can be transmitted via the fecal-oral
route by ingesting food or water contaminated by hu-
man or animal feces [1, 11]. Infection with DEC causes
an alteration of the movement of ions and water in the
gastrointestinal tract by altering the balance between
fluid-electrolyte absorption and secretion leading
to diarrhea [34]. DEC is divided into enteropathogenic
E. coli (EPEC), enterotoxigenic E. coli (ETEC), enter-
ohemorrhagic E. coli (EHEC), enteroinvasive E. coli

(EIEC), enteroaggregative E. coli (EAEC) and dif-
fusely adherent E. coli (DAEC). The divisions of DEC
into groups are based on their specific virulence fac-
tors and phenotypic traits. Each pathological type has
characteristic virulence determinants that contribute
to its pathogenic mechanisms [32]. The prevalence and
other epidemiological features of DEC types in child-
hood diarrhea vary with geographical area. Resistance
against the commonly used drugs for the treatment
of enteric infections including ampicillin, tetracycline,
and co-trimoxazole has increased among DEC [14],
which have led to the use of higher antimicrobials like
fluoroquinolones as alternatives. E. coli strains form
surface communities of biofilm structure that contrib-
utes to resistance to different antimicrobial agents and
to its pathogenicity. Critical for the formation of bio-
film on abiotic material such as food or food-contact
surfaces, E. coli possess adhesins important for the
formation of secreted IgA mediated biofilm within
the gut [5].
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While the frequency of DEC and its multi-drug
resistance in childhood diarrhea have been reported
in some parts of Nigeria [11, 12], the correlation be-
tween multi-drug resistance and biofilms produc-
tion among DEC is still lacking. In other parts of the
world, relationship amongst antibiotics resistance,
distribution of virulence factors and biofilm forma-
tion in E. coli have been widely reported [6, 9, 13, 28]
but scarcely for DEC. Hence, this study was aimed
to determine the antibiotic resistance and biofilm
production patterns among DEC pathotypes isolated
from stools of children aged 0—5 years with acute di-
arrheal disease.

Materials and methods

Isolation and identification of diarrheagenic E. coli
(DEC). Sixty (60) fecal samples were collected from
children with incidence of diarrhea under the age
of five (5) years at Alex Ekwueme Federal Teaching
Hospital, Abakaliki, Nigeria (AE-FETHA). Ethical
clearance was obtained from Ethical and Research
Committee of the hospital, after which informed
consent was obtained from the parents of the chil-
dren. Fecal samples were processed as described
in the standard guidelines provided for laboratory di-
agnosis of enteric pathogens [7]. E. coli was isolated
with Eosin Methylene Blue, EMB (a selective media
for E. coli) and identified with biochemical tests like
Indole test, Methyl red test, Voges—Proskauer (VP)
test, Citrate utilization test and Eijkman test.

Following extraction of E. coli genomic DNA as
previously described by Healey and colleagues [30],
E. coli isolates were further identified using primers
derived from the DNA sequences flanking the gene
encoding the universal stress protein A (uspA); ECI1:
5-CCGATACGCTGCCAATCAGT-3" EC2:5-ACG
CAGACCGTAAGGGCCAGAT-3" [16, 21]. PCR
was performed in a total reaction volume of 25 uL
with 12.5 pL GoTaq Green master mix, 9.0 pL nu-
clease free water (Promega, USA), 0.5 pL of forward
and reverse primers each and 2.5 pL of template.
Optimization were done at the following condi-
tions: 94°C for 5 min, initial template denaturation,
25 cycles at 94°C for 30 s, final denaturation, 50°C
for 1 min, annealing, 72°C for 1 min 30 s, extension
and 72°C 7 min, final extension. About 884 bp PCR
products were analyzed by Gel electrophoresis in 1%
agarose gel in TBE buffer at 100 V. The gels were
stained with ethidium bromide and photographed
under ultraviolet light using a gel documentation sys-
tem (Fig. S1 in supplementary file).

Detection of virulent genes of DEC pathotypes.
Detection of virulent genes of diarrheagenic E. coli
(DEC) were performed in a group of multiplex PCR
using their specific primers as previously described
by [23]. All the primers and their corresponding vir-
ulent genes are shown in Table SI (see supplemen-
tary file). The thermo cycling conditions were pro-

grammed using Applied Biosystem, 2720 Thermal
Cycler, USA in 25 pL reaction mixture as follows:
initial denaturation for 5 min at 94°C, denaturation
at 94°C for 30 s, 72°C for 1 min 30 s extensions for 25
cycles with final extension of 5 min at 72°C. PCR
products were analyzed by Gel electrophoresis in 1%
agarose gel in TBE buffer at 100 V. The gels were
stained with ethidium bromide and photographed
under ultraviolet light using a gel documentation sys-
tem (Fig. S2 in supplementary file).

Antibiotic susceptibility testing. Antimicrobial suscep-
tibility testing was performed by the Disk Diffusion
Method according to the Clinical and Laboratory Stan-
dards Institute guidelines, CLSI [10]. Antimicrobial
agents tested were tetracycline (30 pg), ampicillin
(10 pg), amoxicillin/clavulinic acid (5 pg), imipe-
nem (10 pg), ciprofloxacin (5 pg) and levofloxacin
(5 pg) (Oxoid Ltd, Basingstoke, Hamphire, England).
The multi-drug resistance criteria adopted was defined
as earlier published [19].

Biofilm formation. Formation of biofilms by DEC
was evaluated using a method described by [24] with
slight modifications. About 200 puL of E. coli broth cul-
ture was prepared with glucose. The broth was added
to 96-well plates and incubated for 24 h at 37°C to al-
low cell attachment and biofilm formation. The su-
pernatant fluid in each well was aspirated and washed
with 0.1 M phosphate buffer saline (PBS). The wells
were stained with 100 pL of thiazoylblue tetrazolium
bromide for 2 h at 37°C, the staining solutions were as-
pirated and the wells washed with PBS. About 200 uL
DMSO were added to the wells and the amount of stain
in each well was determined at 570 nm using micro
plate reader (FLUOstar Omega, BMG LABTECH,
Germany). Wells containing only 100 pL sterile broth
were used as control. Its optical density reading was
used as back ground value which was subtracted from
the other test values. The method earlier described by
Pavlickova et al. [28] was used to group the organisms
as weak, moderate and strong biofilm producers.

Results

A total of 60 stool samples from diarrheal chil-
dren (n = 60) were collected for this study, of which
67% (n = 40) were positive for one or more pathotype
of DEC. Virulent eltA gene for ST-ETEC was detect-
ed in 20% (n = 8) of the isoates while 10% (n = 4)
expressed eltB for LT-ETEC. Twenty percent (20%)
(n = 8) also expressed pCVD (the nucleotide se-
quence of EcoR1-Pstl DNA fragment of pCVD432)
gene for EAEC while 40% (n = 16) expressed ial gene
(invasion-associated locus of the invasive plasmid
found in EIEC). Ten percent (10%) (n = 4) expressed
eaeA gene (a structural gene for intimin) and bfpA
gene (a structural gene for the bundle-forming pilus)
found in typical EPEC (Fig.).

The isolates phenotypically exhibited high resist-
ance for tetracycline [36 (90%)] followed by ampi-
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cillin [32 (80%)], ciprofloxacin and levofloxacin [20
(50%)], cefoxitin [4 (10%)] and amoxicillin-clav and
imipenem [0 (0%)]. Intermediate resistance was seen
in amoxicillin-clav [28 (70%)] followed by ampicil-
lin, cefoxitin, tetracycline [4 (10%)] and imipenem,
ciprofloxacin, levofloxacin [0 (0%)]. The highest
sensitivity was seen in imipinem [40 (100%)] followed
by cefoxitin [32 (80%)], ciprofloxacin and levofloxa-
cin [20 (50%)], amoxicillin-clav [12 (30%)], ampicil-
lin [4 (10%)] and tetracycline [0 (0%)] (Table 1).

Fifty percent (50%) isolates of ST-ETEC were
resistant to ampicillin, ciprofloxacin and levofloxa-
cin while 100% were resistant to tetracycline. All
the LT-ETEC exhibited resistance to ampicillin and
tetracycline. Fifty percent (50%) resistance were seen
in EAEC against ampicilin, cefoxitin, ciprofloxacin,
levofloxacin and tetracycline. In EIEC, all the iso-
lates were resistant to ampicillin, 50% were resist-
ant to both ciprofloxacin and levofloxacin while 75%
were resistant to tetracycline. All EPEC were resistant
to ampicillin, ciprofloxacin, levofloxacin and tetracy-
cline. Multi-drug resistance were seen in more than
50% of all the pathotypes except LT-ETEC (Table 2).

From Table 3, the level of biofilm production var-
ies across the pathotypes. While 50% of the isolates
were moderate biofilm producers, 40% and 10%
exhibited weak and strong production respectively.
In ETEC, all the LT-ETEC was weak producers while
50% were both moderate and weak producers for ST-
ETEC. Halfof the EAEC isolates showed both strong
and weak biofilm production while all the EPEC iso-
lates were moderate in their production of biofilm.
Seventy-five and twenty-five percent of EIEC were
moderate and weak producers respectively.

Discussion and conclusion

In this study, the frequency of EIEC [40% (n = 16)]
was most common among DEC isolates, followed by
ETEC [30% (n = 12)]. This high frequency suggests
their role as most common cause of acute childhood
diarrhea in this region. In contrast to high EIEC fre-
quency recorded in this study, low frequency (1.2%)
of EIEC was seen in the study carried out in south west
Nigeria by Okeke et al. [25], in India (1.8%) [8] and
Ecuador (3.2%) [37], these suggest that EIEC may play
less important role in childhood diarrhea in developing
countries. The high ETEC frequency from this study

45
40 —
35 A
30 A
25

HEEE

ST-ETEC LT-ETEC EPEC EAEC EIEC
E. coli pathogenic pathotypes

Number of pathotypes

Figure. Distribution of DEC pathotypes

agreed with the one recorded in Onitsha, South East
Nigeria where 21.57% ETEC were detected among
DEC isolates [24]. Similar high ETEC frequency
of 36.3% was recorded amongst hospitalized diarrheal
children in Kolkata India [15]. In contrast, the frequen-
cy of ETEC obtained among DEC isolated from stools
of infants and children in Federal Capital Territory,
Abuja, Nigeria, was 4% [17]. The same low frequency
was seen in other developing countries; Dar es Salaam,
Tanzania (3.6%) [22]; Western Iran (17.5%) [3]; Hanoi,
Vietnam (2.2%) [23]. EIEC infection is characterized
by the ability of bacteria to invade the human colonic
mucosa, conferred by the expression of chromosomal
and plasmid-borne genes. Clinical human ETEC iso-
lates produce enterotoxins; the heat stable toxins (ST)
and heat labile toxin (LT) and may produce one or
more of several colonization factors (CFs) which medi-
ate adherence to the small intestinal mucosa [31].

Table 1. Antibiogram of DEC isolates (n = 40)

Antimicrobials | Resistant | Intermediate | Sensitivity
AMP 32 (80%) 4 (10%) 4 (10%)
AMC 0 (0%) 28 (70%) 12 (30%)
FOX 4 (10%) 4 (10%) 32 (80%)
IMP 0 (0%) 0 (0%) 40 (100%)
CipP 20 (50%) 0 (0%) 20 (50%)
LEV 20 (50%) 0 (0%) 20 (50%)
TET 36 (90%) 4 (10%) 0 (0%)

Note. AMP — ampicillin, AMC — amoxicillin — clavulinic acid,
FOX — cefoxitin, IMP — imipenem, CIP — ciprofloxacin,
LEV — levoflxacin, TET — tetracycline.

Table 2. Relationship between DEC pathotypes and antimicrobial resistance

n AMP AMC FOX CIP LEV IMP TET
ST-ETEC 8 50% (4) 0% (0) 0% (0) 50% (4) 50% (4) 0% (0) 100% (8)
LT-ETEC 4 100% (4) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 100% (4)
EAEC 8 50% (4) 0% (0) 50% (4) 50% (4) 50% (4) 0% (0) 100% (8)
EIEC 16 100% (16) 0% (0) 0% (0) 50% (16) | 50% (16) 0% (0) 75% (12)
EPEC 4 100% (4) 0% (0) 0% (0) 100% (4) | 100% (4) 0% (0) 100% (4)

Note. AMP — ampicillin, AMC — amoxicillin — clavulinic acid, FOX — cefoxitin, IMP — imipenem, CIP — ciprofloxacin, LEV — levoflxacin,

TET — tetracycline.
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Table 3. Level of biofilm formation in DEC isolates

Strong Moderate Weak
ST-ETEC 0 (0%) 4 (50%) 4 (50%)
LT-ETEC 0 (0%) 0 (0%) 4 (100%)
EAEC 4 (50%) 0(0%) 4 (50)
EIEC 0 (0%) 12 (75%) 4 (25%)
EPEC 0 (0%) 4 (100%) 0 (0%)
Total 4 (10%) 20 (50%) 16 (40%)

In this study, EAEC [20% (n = 8)] ranked second
to Typical EPEC [10% (n = 4)] as the least frequent
DEC. When compared to results obtained from other
regions, it becomes evident that the prevalence and
other epidemiological features of DEC types in child-
hood diarrhea vary with geographical area [29].
In agreement with our result, EPEC was the least
prevalent in Ecuador (0.9%) [37], India 4.79% [8] and
Egypt (5.2%) [4]. Different from the result of this study,
EAEC was recorded as the most prevalent in Kolkata
India (48.2%) [15], Southwest Nigeria (10.3%) [25]
and 34.4% in Gwagwalada, Abuja, Nigeria [27].

The DEC isolates were most resistance to tetra-
cycline [36 (90%)] followed by ampicillin [32 (80%)],
ciprofloxacin/levofloxacin [20 (50%)] and cefoxi-
tin [4 (10%)]. More than 50% of all the DEC was
multi-drug resistant with EAEC showing resistant
to 5 different antibiotics. A similar result was also
seen in a previous study where most of the DEC iso-
lates (67.5%) were resistant to ampicillin and tetracy-
cline [3]. Such multidrug resistance among DEC iso-
lates against classical antibiotics like ampicillin and
tetracycline was also recorded in Bolivia [31]. Much
of the reasons for these high rates of resistance are re-
lated to the fact that, antibiotics, despite not being re-
quired for the treatment of acute diarrhea, are widely
prescribed for these forms of infections [26].

From this study, 50% of the DEC isolates were
moderate biofilm producers, while 40% and 10%
exhibited weak and strong production respectively.
Isolates that exhibited strong biofilm production cor-
relates with 50% EAEC with the highest multidrug
resistance. Relationship between antimicrobial resist-
ance and biofilm formation among isolates of Gram-
negative bacteria species including E. coli have been
reported [6]. Biofilms are bacterial population firmly
crammed by extra-cellular matrix which possesses
bacterial secreted polymers such as exopolysaccha-
rides, extracellular DNA, proteins and amyloido-
genic proteins. Microbial cells within biofilms have
shown 1000 times more antibiotics resistance than
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the planktonic cells [33]. The antibiotics resistance
mechanism of biofilms communities commonly in-
volves the uptake of resistance genes by horizontal
gene transfer. Biofilms provides compatible conditions
for this horizontal gene transfer which include high
cell density, increased genetic competence and accu-
mulation of genetic elements or uptake of resistance
genes. Conjugation is the only mechanism of hori-
zontal transfer of resistant genes in biofilms and may
confirm the resistance to several antibiotics [20]. This
suggests that increased biofilms seen in EAEC isolates
increased the chances of horizontal antibiotics resist-
ant gene transfer which may be acquired from other
sources. This point to the need to apply a One Health
approach and study environmental reservoirs more
closely, rather than focusing only on the resistance that
arises following antimicrobial administration [35].
We observed the presence of four different DEC
pathotypes with EIEC and ETEC most commonly
encountered. High frequency of EIEC in this region
suggests that it is one of the most common causes
of diarrhea in children 0—5 years. Most of these DEC
isolates are resistant to more than one antimicro-
bial agent which suggests continued use and misuse
of these drugs. Therefore it is important to continue
the surveillance of antimicrobial resistance of enteric
bacterial pathogens for effective control of childhood
diarrheal diseases. The number of drug resistance in-
creased with the strength of biofilm production among
the DEC pathotypes. This may suggest that biofilms
may provide compatible uptake of resistance genes.
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