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Abstract

Background In Kenya, diarrhoeal disease is the third leading cause of child mortality after malaria and pneumonia,
accounting for nearly 100 deaths daily. We conducted a cross-sectional study in Mukuru informal settlements

to determine the bacteria associated with diarrhea and their ASTs to provide data essential for implementing
appropriate intervention measures.

Methods Diarrheagenic children (<5 years) were purposively recruited from outpatient clinics of Municipal City
Council, Mukuru kwa Reuben, Medical Missionaries of Mary, and Mama Lucy Kibaki Hospital, Nairobi. A total of 219
stool samples were collected between May 2021 and August 2021. Stool culture was done on MacConkey and
Salmonella Shigella agar, while the recovered bacteria were identified using VITEK®2GNID and polymerase chain
reaction (PCR) used for E. coli pathotyping. Antibiotic Susceptibility Testing was done using VITEK®2AST-GN83.

Results At least one bacterial organism was recovered from each of the 213 (97%) participants, with 115 (56%)
participants having only one bacterial type isolated, 90 (43%) with two types of bacteria, and 2 (1%) with three types
of bacteria recovered. The most predominant bacteria recovered was 85% (93/109) non-pathogenic £.coliand 15%
(16/109)of pathogenic E.coli, with 2 (1%) were Enterohemorrhagic E.coli (EHEC), 6 (3%) were Enteroaggregative E.coli
(EAEQ), and 8 (4%) were Enteropathogenic E.coli (EPEC). Other potentially pathogenic bacteria included Enterobacter
sp (27.8%), Klebsiella sp 33(11%), and Citrobacter sp 15(4.7%). Pathogenic isolates such as Salmonella 7 (2%), Proteus
mirabilis 16 (6%), Providencia alcalifaciens 1 (0.3%), and Shigella 16 (4.7%) were detected. Isolates such as Pantoea

spp 2(0.67%), Raoultella planticola 1(0.33%), and Kluyvera 6(2%) rarely reported but implicated with opportunistic
diarrhoeal disease were also recovered. Ampicillin, cefazolin, and sulfamethoxazole-trimethoprim were the least
effective antimicrobials at 64%, 57%, and 55% resistance, respectively, while meropenem (99%), amikacin (99%),
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were multidrug-resistant.

tazobactam piperacillin (96%), and cefepime (95%) were the most effective. Overall, 33(21%) of all enterics recovered

Conclusion The study documented different bacteria potentially implicated with childhood diarrhea that were not
limited to E. colj, Shigella, and Salmonella, as previously observed in Kenya. The strains were resistant to the commonly
used antibiotics, thus narrowing the treatment options for diarrheal disease.

Keywords Bacteria enterics, Children under 5 years, Diarrhea, Antimicrobial resistance, Informal settlement

Background

Diarrhoeal disease is Kenya’s third leading cause of pedi-
atric deaths after malaria and pneumonia [1]. According
to UNICEF 2022, diarrhoeal diseases account for an esti-
mated 1300 deaths per day in children below five years
of age [2]. This burden is higher in informal settlements,
characterized by insufficient toilet facilities, inadequate
sewage drainage infrastructure, overcrowding, and poor
sanitation practices. It is estimated that 48% of Kenya’s
population lacks access to safe water and has limited san-
itation amenities, resulting in improper disposal of fecal
waste in the informal settlements [3, 4].

Although parasites and viruses have been associated
with diarrhea diseases, bacteria are the most common
aetiological agents, especially Escherichia coli, Clostrid-
ium botulinum, Shigella, Staphylococcus aureus, Cam-
pylobacter jejuni, Vibrio cholera, and Salmonella [5].
Children aged 5 years and below are at higher risk of
foodborne bacterial infections caused by Campylobacter
jejuni, Vibrio cholerae, E.coli, Salmonella,andShigellasp
ecies[6]. Approximately, Shigella causes about 125 mil-
lion diarrhea episodes and 160,000 deaths every years,
with a third are related to young children [7], while diar-
rheagenic E.coli causes 70,000 deaths in children under
5 years of age in Africa [8]. These bacteria are ingested
along with unsafe food and water. They can also be con-
tracted by touching animals suffering from diarrhea,
polluted environments, or contact with a person’s stool.
Acute diarrhea caused by these bacteria is often char-
acterized by a massive loss of water that forms a large
proportion of children’s body weight, leading to rapid
dehydration that can lead to death. The severity of acute
water loss is aggravated by children using more water
daily due to their higher metabolic rates than adults [9].

The primary care for diarrhea involves the replace-
ment of lost electrolytes and water through oral rehydra-
tion solution (ORS) [10]. The World Health Organization
does not recommend antibiotic treatment of diarrhea in
children, but traveler’s diarrhea, commonly associated
with enterotoxigenic and enteroaggregative E. coli, non-
typhoidal Salmonella, and Shigella spp, requires proper
antibiotic therapy to shorten the bacterial excretion and
manage the clinical symptoms [11, 12]. In our Kenyan
settings, antibiotic treatment of diarrhea involves using
oral metronidazole, azithromycin, ciprofloxacin, and

amoxiclav [13]. The parenteral antibiotic intervention
involves the use of ceftriaxone or ciprofloxacin injections
[14] The continued use and misuse of these antimicrobi-
als has resulted in high levels of resistance against com-
monly available antimicrobials. These enteric bacteria
interact within the gut with the potential to transmit and
exchange resistance genes, leading to the emergence of
multidrug-resistant strains [15]. Diarrhea caused by mul-
tidrug-resistant bacteria can result in longer hospitaliza-
tion, poor treatment outcomes, and increased mortality
[16]. Despite drug-resistant enteric bacteria being a sig-
nificant cause of children’s morbidity and mortality, the
full extent of the burden of disease is not well known.
This study sought to investigate the common enteric bac-
terial agents associated with childhood diarrhea and their
corresponding antibiotic susceptibility patterns.

Methodology

Study design and site

A cross-sectional study design was employed to con-
duct the study between May 2021 and November 2021
in Mukuru informal settlement, the second-largest infor-
mal set-up in Kenya,. The participants were purposively
recruited from outpatient clinics located in this informal
settlement, in Municipal City Council (MCC), Muk-
uru kwa Reuben (MR), Medical Missionaries of Mary
(MMM), and Mama Lucy Kibaki Hospital (MLKH) Nai-
robi, the referral facility for patients from MCC, MR, and
MMM. MCC, MMM, and MR are level 1/ 2 facilities and
thus do not have inpatient facilities, while MLKH oper-
ates as an outpatient and inpatient hospital with a 135-
bed capacity and a 35-bed children’s ward on the ground
floor of the inpatient wing. The ward is divided into an
acute care and chronic care unit managing various medi-
cal conditions in children aged 1 month to 12 years of
age. The clinics were selected because they have the
capacity to handle over 1000 cases of diarrheal infections
per month, they offer affordable services like a child wel-
fare clinic, and the fact that the research team has long-
standing professional relationships with the management
of these hospitals.

Study recruitment
A healthcare worker at each of the clinics identified
patients presenting mainly with abdominal pain and
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intense and frequent urge for bowel movement, accom-
panied by other symptoms including vomiting, fever,
dehydration, weight loss, and loose stool. Participants
who had taken antibiotics within the previous 7 days to
treat other illnesses were excluded from the study, as
confirmed by the clinician and the guardian/parent of the
child. The parents/guardians of the participants meet-
ing the inclusion criteria were interviewed to obtain the
history of their illness and then asked to provide a stool
sample or a rectal swab. However, we did not recruit
inpatient children and those who were being given paren-
teral antibiotics.

Sampling

According to the Kenya Bureau of Statistics 2019 cen-
sus data, 11.2% of Kenya’s population is between 0 and
4 years of age. Using these statistics, we estimated that
from a total population of 150,000 people in Mukuru
kwa Reuben and Njenga, 16, 800 of its population is
below the age of 5 years (http://housingfinanceafrica.org/
documents/2019-kenya-population-and-housing-cen-
sus-reports/). A purposive sampling method (children
presenting exclusively with diarrhea were recruited) was
used to calculate the working sampling size from our tar-
get population of.

16, 800 children. Fisher’s sample size calculation
method was used to establish the sample.

size in the study [17].

N=Z2P (I-P)/d 2.

Where N=Minimal sample size:

Z=Standard normal deviation corresponding to 95%
confidence interval (=1.96);

P=Estimated prevalence of diarrhoea in children under
5 in Kenya, which in this case is 15% [18].

d=degree of precision (5%).

=(1.96) 2 0.15(1-0.15)/ (0.05) 2=195.9216

N=196 minimum fecal samples.

219 Stool samples per recruitment site were collected
depending on how many children presented mainly with
diarrhea and had met our inclusion criteria during the
participants recruitment period.

Stool sample collection

The fecal sample was collected in a poly pot by the guard-
ian or the parent following guidance from the attending
nurse. For children over two years, a cotton rectal swab
was used and moistened to avoid discomfort to the child.
The collected stool samples were labeled with unique
identifiers, kept in Cary Blair transport media, trans-
ported to the Centre for Microbiology laboratory in a
cool box, and processed within 24 h.
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Bacterial isolation and identification

Direct plating on MacConkey agar (Oxoid) and Sal-
monella Shigella agar (Oxoid)media was done in the
lab. Enrichment was also done on Selenite Faecal
broth(Oxoid) to optimize the recovery of Salmonella
and incubated at 37 “C overnight [19]. The non-duplicate
enteric colonies were identified using colony morphol-
ogy, Gram staining, VITEK 2 system (bioMérieux), and
PCR [20]. The following NTCT and ATCC organisms
were used as positive controls for the detection of the
enteric pathogens: NCTC 13,420 to help in the identi-
fication of Acinetobacter baumannii, NCTC 10,975 to
identify Proteus mirabilis, NCTC 12,028 to identify Mor-
ganella morganii, NCTC 8900 to identify Serratia marc-
escens, E.coli ATCC 25,922 and S. aureus ATCC 25,923.
For the recovered E. coli isolates, PCRs were done to
identify pathotypes of E.coli associated with opportunis-
tic pediatric diarrhea. The targeted genes for intestinal
E. coli pathotypes included bundle-forming pilus(bfpA)
of enteropathogenic E.coli (EPEC), Shiga toxin (stx1)
of enterohemorrhagic E.coli (EHEC), transcriptional
activator (aggR) of enteroaggregative E.coli (EAEC),
heat-labile toxin (LT) of enterotoxigenic E.coli (ETEC),
heat-stable toxin (sth) of ETEC, stp of ETEC, and afim-
brial adhesins(afa) of diffusely adherent E.coli (DAEC)
[21]. All E. coli isolates and commercially bought posi-
tive controls for each of the genes tested had their DNA
extracted using the boiling method previously described
by [22]. Briefly, a loopful of pure culture was emulsified
in 1 ml distilled DNase/RNase-free water and boiled
at 95 °C for 12 min in a heating block. Centrifuging for
5 min at 14000 rotations per minute did the separation
of bacterial cell debris and DNA. The extracted DNA’s
quality and concentration were measured using 1% gel
electrophoresis stained using SYBR green [23]. The DNA
templates were amplified using specific oligonucleotide
primer pairs, Table 1. Qiagen master mix was used, where
the final volume was 25 pL in a master mix containing
one pl forward primer(0.2uM), one pl reverse primer
(0.2uM),11 pl PCR water,11 pl PCR mix (QIAGEN, Ger-
many) with the PCR components such as; Tag DNA
Polymerase(2.5units), PCR Buffer(1x), MgCl2 (0.2uM),
and ultrapure dNTPs(200uM),) followed by addition of
1 ul template DNA. DNA amplification was performed
using the following thermal profile for 35 cycles: initial
denaturation for 5 min at 95 C, followed by final dena-
turation for 30 s at 94 ‘C, variable annealing (shown in
Table 1) for 1 min, initial extension for 2 min 30 s at 72
C followed by final extension for 7 min at 72 C. 10 pl of
amplicons were analyzed by electrophoresis on 1.5% aga-
rose gel. The sizes of the amplicons were determined by
comparing them with a 100 bp DNA ladder.
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Table 1 Fscherichia coli pathotypes genes analyzed, and the primers used

Genes Primer sequence (5’-3') Product size Bp Anneling temp

bfpA F: AATGGTGCTTGCGCTTGCTGC 324 62
R: CCGCTTTATCCAACCTGGTA

stx1 F: AGTTAATGTGGTGGCGAA 817 58
R:.GACTTGCCGCTTCCAT

aggR F: GTATACACAAAGAAGGAAGC 254 58
R: ACAGAATCGTCAGCATCAGC

() F: GCACACGGAGCTCCTCAGTC 218 60
R: TCCTTCATCCTTTCAATGGCTTT

sth F: CCCTCAGGATGCTAAACCAG 166 56
R: TTAATAGCACCCGGTACAAGC

stp F: TCTGTATTATCTTTCCCCTC 186 65
R: ATAACATCCAGCACAGGC

afa F: GCTGGGCAGCAAACTGATAACT 750 66

R: CATCAAGCTGTTTGTTCGTCCGC

Antimicrobial susceptibility testing

Antibiotic susceptibility testing for 157 non-duplicate
representative isolates of each genus was done using the
VITEK 2°AST-GN83card on VITEK 2° automated plat-
form. The minimum inhibitory concentration (MIC)
interpretations were done using Clinical and Labora-
tory Standards Institute (CLSI 2022) and the VITEK
2 ° Advanced Expert System(AES), and the analy-
sis using WHONET software followed. The following
antimicrobial agents were tested: ampicillin (AMP),
amoxicillin/clavulanic acid (AMC), ampicillin/ Sulbac-
tam (SAM), piperacillin/tazobactam (TZP), cefazolin
(CZO), cefuroxime(CXM), cefuroxime axetil (CXA),
cefoxitin (FOX), cefotaxime (CTX), ceftazidime (CAZ),
ceftriaxone(CRO), cefepime(FEP), aztreonam(ATM),
meropenem (MEM), amikacin (AMK), gentamicin
(GEN), ciprofloxacin (CIP, nitrofurantoin (NIT), and
trimethoprim-sulfamethoxazole (SXT). The MICs gener-
ated were used to cluster the isolates into various resis-
tance profiles ranging from fully sensitive, intermediate,
and resistant. Isolates exhibiting resistance to 3 or more
classes or subclasses of antibiotics were scored as Multi-
drug-resistant (MDR) as defined by the European Center
for Disease Control (ECDC) [24], while those that were
resistant to penicillins, 1st,2nd, 3rd cephalosporins and
aztreonam were scored as ESBLs(Extended Spectrum
Beta-lactamase). Isolates, both intermediate and resistant
to meropenem, were scored as carbapenemases, while
isolates with combined resistance to p-lactams, fluoro-
quinolone, and aminoglycosides such as gentamicin were
denoted as BFQA-strains [24].

Data analysis

Data was analyzed using the Statistical Package for
Social Sciences (SPSS), version 20. Descriptive analysis
was used to show the distribution of recovered bacte-
rial enteric per recruitment site, gender, and age group.

Antimicrobial-resistant patterns were interpreted and
analysed using the M 100 Clinical and Laboratory Stan-
dards Institute (CLSI 2022) and the VITEK 2° Advanced
Expert System (AES). And the Antimicrobial resistant
patters were analyzed using WHONET 2023 https://
whonet.org/. Moreover the statistical significance of dis-
tribution of recovered bacteria isolates between gender,
age group and recruitment site was done using Fisher’s
exact test.

Results

Patients’ demographic characteristics

Of the 219 participants recruited, 117(53%) were male.
The participants in age category 12—24 were significantly
higher than other age categories, p<0.001, as shown in
Table 2.

Bacterial isolation

At least one bacterial organism was recovered from 213
(97%) participants, with 115(56%) participants having
only one bacterial type isolated and 43.2% (92/213) poly-
culture, with 90(43%) with two types of bacteria recov-
ered and the common combination being Enterobacter
cloacae and E.coli, and 2(1%) with three types of bacte-
ria recovered (Shigella, Proteus mirabilis and Enterobac-
ter cloacae combination while the other combination
being Salmonella, Proteus mirabilis and Klebsiella Pnue-
moniae). The most predominant bacteria recovered was
85%(93/109) non-pathogenic E.coli and 15% (16/109)of
pathogenic E.coli, with 2 (1%) were Enterohemorrhagic
E.coli (EHEC), 6 (3%) were Enteroaggregative E.coli
(EAEC), and 8 (4%) were Enteropathogenic E.coli(EPEC).
Other potentially pathogenic bacteria included Entero-
bacter sp (27.8%), Klebsiella sp 33(11%), and Citrobacter
sp 15(4.7%), with specific species of each genus shown in
Fig. 1. Other pathogenic isolates such as Salmonella spp 7
(2%), Proteus mirabilis 16 (6%), Providencia alcalifaciens
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Table 2 demographic characteristics of the patients recruited in four recruitment sites

Demographic characterists Recruitment site Total (N=219) X2 P-Value
Health centres Level 4
MR (N=32) MMM (N=112) MCC (N=42) MLK (N=33)

Gender Female 18(56) 48(42) 22(52) 13(42) 101(47) 0459
Age_Category(in months) 0-11 11(34) 26(23) 6(14) 0 42(19) <0.001

12-24 13(40) 31(28) 5(12) 5(15) 54(25)

25-36 4(13) 18(16) 12(29) 309 37(17)

37-48 13) 25(22) 8(19) 8(24) 42(19)

49-60 3(9) 12(11) 11(26) 17(52) 43(20)

Key: MR-Mukuru kwa Reuben, MMM-Medical Missionaries of Mary, MLK-Mama Lucy Kibaki Hospital, and MCC- Municipal City Council. Numbers in brackets represent
%

Isolation Proportions

unidentified = 2.3
Shigella s 5.2(7)
Salmonella ~ 23(7)
Raoutella planticola : 0.3(16)
Raistonia insidiosa : 0.3(7)
pseudomonas fluorescens + 0.7(1)
pseudomonas aeuruginosa : 0.3(2)
Providencia alcalifaciens - 0.3(1)
Proteus mirabilis == 5.2(1)
pantoea spp : 0.7(1)
Morganella morganii  : 0.3(16)
Khiyvera ascorbata + 0.6(1)
Khiyvera crvocrescens = 1.3(1)
Kebsiella pneumoniae ssp pneumoniae w2 7.2(1)
Klebsiella oxytoca == 3.6(4)
Enterobacter cloacae complex = 2.0(1)
Enterobacter cloacae s 24,5(22)
Enterobacter asburiae * 1.0(11)
Enterobacter aerogenes = 1.3(6)
EPEC v 4.0(8)
EAEC = 3.0(6)
EHEC : 1.0(2)
non pathogenic E.coli i R THTHHHTHTTHHHHhaaw | 85.3(93)
Citrobacter youngae * 1.0(3)
Citrobacter freundii  =x 3.3(10)
Citrobacter amalonaticus + 0.3(1)
Citrobacter farmeri - 0.3(1)
Burkholderia cepacia : 0.3(1)

0.0 20.0 40.0 60.0 80.0 100.0
% Proportion

Bacteria enterics

Fig. 1 percentage proportion of bacterial enterics isolated. (n) represents the number of enterics recovered. Enteropathogenic E.coli (EPEC), Enterohem-
orrhagic E.coli (EHEC), and Enteroaggregative E.coli (EAEC)
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1 (0.3%), and Shigella spp 16 (4.7%) were also isolated.
Rarely reported but implicated with opportunistic diar-
rhoeal disease diseases isolates such as Pantoea spp 2
(0.67%), Raoultella planticola 1(0.33%), and Kluyvera spp
5 (2) were also recovered, as depicted in Fig. 1 below.

Antibiotic resistance patterns
Overall, ampicillin (AMP), sulfamethoxazole-trime-
thoprim (STX), and cefazolin (CZO) were the least effec-
tive antimicrobials, with resistance at 64%, 54% & 51%,
respectively. Similarly, relatively high resistance towards
cefoxitin (33%) and ampicillin-sulbactam (31%) was also
recorded. Meropenem, amikacin, tazobactam piperacil-
lin, and cefepime were the most effective, with less than
5% resistance. For antibiotics commonly used for the
treatment of diarrhea resistance levels were; amoxiclav
(31%), ceftriaxone (14%), and ciprofloxacin (11%), Fig. 2.
The resistance levels towards ceftazidime, ceftriaxone,
and cefepime range between 5 and 14%. Among antibi-
otic-inhibitor combinations, amoxicillin-clavulanic acid
and ampicillin-sulbactam resistance were at 31%, while
for tazobactam piperacillin resistance was (4%).
Genus-specific analysis showed that E coli isolates were
resistant to at least 1 of the 20 antibiotics tested, and two
(3.6%) non-pathogenic E. coli isolates were resistant to
meropenem, as shown in Table 3. E.coli, Enterobacter
spp & Klebsiella spp were the most resistant to broad-
spectrum antimicrobials such as ceftazidime, ceftriaxone
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ciprofloxacin, gentamicin, and cefepime, ranging
between 6 and 33%. Resistance to all 20 antibiotics was
high in the age group 12—-24 months, while isolates from
participants 0—11 months were the least resistant. Nota-
bly, meropenem resistance in the non-pathogenic E.coli
was recorded in two recruitment sites, MMM and MCC.
Gentamicin resistance was noted in isolates recovered
from the MMM (7.4%), MCC (14.3%), and MR (15%)
and not in the referral hospital MLK, while amikacin
resistance was only recorded in MLK (4.8%) hospital.
The isolates recovered as polyculture slightly differed in
antibiotic susceptibility patterns for all tested antibiotics.
For instance, one patient had Klebsiella pneumoniae, and
E.coli recovered from their stool. Their ASTs patterns dif-
fered, where Klebsiella pneumoniae was fully susceptible
to aztreonam, cefepime, and piperacillin-tazobactam, but
E.coli showed resistance ranging between 1 and 6%.

A total of 33(21%) bacterial isolates were multidrug-
resistant (MDR) organisms resistant to three or more
classes of antibiotics, with the most common MDR phe-
notype being a combination of ampicillin, amoxiclav,
ampicillin-sulbactam, aztreonam, cefazolin, and sulfa-
methoxazole-trimethoprim at 13%. Of the 33 MDR iso-
lates, 26 (78.8%) were E.coli, with 2 EPEC and 1 EAEC,
2(6%) were Klebsiella pneumoniae, 1(3%) were Klebsiella
oxytoca, 1(3%) Proteus mirabillis,1(3%) Kluyvera cryo-
screscence and 2(6%) was Enterobacter cloacae. More-
over, 3(1.9%) non-pathogenic E.coli, each from MMM,
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Fig. 2 Antibiotic-resistant patterns (%) for the recovered bacteria enterics. (n/157) represents the number of bacteria enterics resistant to the antimicro-
bials out of 157 bacteria subjected to AST. * ampicillin and ampicillin sulbactam resistance were out 100 and 99, respectively, since the Vitek 2 VITEK 2°©
automated platform did not test it against organisms with intrinsic resistance, including Citrobacter freundii, Enterobacter cloacae, Enterobacter aerogenes,

and Morganella morganii
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Table 3 Antimicrobial resistance profile across the genera of the recovered bacterial enterics. (n) represents the number of bacteria enterics resistant to the antimicrobial

Antimicrobial resistance profiles: n (%)

AMP

Genus

SMX NIT
0

SAM TZP CFZ CXM CAZ CRO CTX FEP FOX CAE ATM MEM AMK GEN CIP
0 2(20)

AMC

3(27.3)

109.1)

109.1)
7(13)
2(5)

9(81.8)

10

Citrobacter spp

E.coli

2(4)

41(73)
11(29)
10(48)
4(100)
1(100)

8(62)

10(18)
2(5)

1(1.8)

0
0

2(4)

0
0
0
0

25(14)
1(3)
1(5)

17(30)
2(5)

7(13)

6(11)
0
0

16(27)

1(3)

17(30)

1(3)

8(14)
0

17(30)
2(5)

28(50)

8(15)

1(3)

0
0
0
0

7(13)  24(44)

56 39(72)

1(3)
1(5)

0
0

30(79)
5(23)

32(84)
6(29)
3(75)

27(71)
4(19)
0

1(3)

Enterobacter spp 38
Klebsiella spp

2(10)

2(10)

5(23)
1(25)

1(5)  3(15)  3(15)

5(23)
1(25)

3(15)

13(62)
1(25)

21
4

1

1(25)
0

1(25)

1(25)

1(25)

0
0

125)  1(25) 1(25) 1(25)
0

1(25)

0
0

Kluyviella spp

1(100)
1(8)

1(100)
1(8)

1(100)
4(31)

1(100)

0

1(100)
3(23)

1(100)

13 5(46)

1

Morgenella spp
Proteus spp

7(54)

1(8)

0

0

3(23)

0

1(100)

1(100)

0

Providencia spp
Pseudomonas

spp

(2024) 24:237

2

0
0

1(100)
3(100)
3(60)

0

1

Raoutella spp

1(33)

0
0

1(33)

0

0

1(33)
1(20)

0
0
0

0

2(66)
3(60)

0
0
0

1(33)
2(40)

3(100) 1(33)
3(60)

2(40)

3

Salmonella spp
Shigella spp

1(20)

0
0

1(20)
0

0
0

1(20)
0

1(100)

1(100)

1(100)

1(100)

1(100)
Key: AMP- ampicillin, AMC- amoxicillin clavulanic acid, SAM- ampicillin sulbactam, TZP- tazobactam piperacillin, CZO- cefazolin, CXM- cefuroxime, CAZ- ceftazidime, CRO- ceftriaxone, CTX- cefotaxime, FEP- cefepime, FOX-

cefoxitin, CAE- cefuroxime axetil, ATM- aztreonam, MEM- meropenem, AMK- amikacin, GEN- gentamicin, CIP- ciprofloxacin, SMX- sulfamethoxazole-trimethoprim, NIT- nitrofurantoin. £.coli- Escherichia coli, spp represents

species, (_) indicate drug not tested, n represents the percentage resistance.

1

pantoea spp
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Key isolates alerts

5.1(8)

1.0(2)

21.0(33)

14.0 (22)

1.9(3)

| EMDR @EXPD [EESBL [@Carbapenemases [EBFQA

Fig. 3 Important resistance alerts portrayed by the recovered bacterial
enterics. () represents the actual number of isolates. MDR- multidrug-re-
sistant isolates, ESBL-expanded spectrum beta lactamases, XPD/XDR-Ex-
tensively drug-resistant isolates, BFQA- Beta-lactam, Fluoro/Quinolones,
Aminoglycosides

MCC, and MR, were extensively drug-resistant (XDR) to
6/7 classes of antibiotics tested. A total of 22(14%) were
Expanded Spectrum Beta Lactamase (ESBL) producers,
presented by 18 E.coli, 1 Klebsiella oxytoca, 1 Klebsiella
pneumoniae, 1 Kluyvera cryoscrescence and 1 Enterobac-
ter cloacae from all the recruitment sites, while 2(1%)
non-pathogenic E.coli were carbapenemase producers
from MMM and MLK, and 8(5%),7 E.coli and1 Klebsi-
ella pneumoniae from the 4 hospitals had Beta-lactam,
Fluoro/Quinolones, Aminoglycosides(BFQA) resistance
phenotype, as shown in Fig. 3.

Discussion

The recovery of at least one bacterial enteric from
213/219(97%) implies bacterial etiologies are a signifi-
cant cause of diarrhea illnesses in children under five
years. 43.2% (92/213) of participants were polyculture,
with the recovery of the normal intestinal flora alongside
pathogenic bacteria enterics associated with childhood
diarrhea. The most dominant pathogenic E.coli isolation
rate at 15% % (16/109), with 1% EHEC, 4% EPEC, and
3% EAEC, confirms E.coli as a leading cause of diarrhea
in under-five years child in Mukuru. Our finding dif-
fered from the Zelelie et al. study conducted in Ethiopia
among children under five years of age with acute diar-
rhea and hospitalized or visited the institutions as an
outpatient, where the EPEC isolation rate was 13%, 6%
EHEC, and 6% EAEC [25]. Moreover, this study’s find-
ings contrast Webale et al. (2020) study conducted in
children under five years visiting Mbagathi Hospital,
where 36.4% wre pathogenic E.coli, with 20.9% EAEC,
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10.2% Enterotoxigenic E.coli (ETEC), 4% EPEC, and 0.5%
Enteroinvasive E.coli (EIEC) [26]. Similarly, a study by
Impwi et al. (2016) carried out in Mukuru informal set-
tlement in diarrheagenic children under five years had a
different isolation rate of E.coli, where 27.1% was EAEC,
37.4% EPEC, 27.1% ETEC, 4.2% EHEC,and 4.2% EIEC
[27].In the neighboring Uganda, the isolation rate of
EPEC was 6.7%, 14.2% EAC, and 3% EAEC, from a study
conducted among inpatient children under 5 years [28],
disagreeing with our findings. The varying results across
different geographical locations and regions could imply
pathogenic E.coli burden varies with locations. The varia-
tions could also have been attributed to different inclu-
sion criteria in the study, for instance, Zelelie et al’s study
recruited children who were interacting with calves,
while the study conducted in Uganda had inpatient chil-
dren only. This suggests a need for standardized testing
worldwide for diarrhea in children for better surveillance
and comparison in the future.

The study also identified rarely reported isolates but
implicated with diarrhea diseases such as Pantoea spp,
Raoultella planticola, and Kluyvera, while other previous
studies in Kenya did not [15, 17, 29]. The current study
used VITEK 2°system (bioMérieux) for comprehensive
bacterial identification, while these previous studies used
the basic biochemical and serotyping methods, signify-
ing a more sensitive automated identification method
is superior and should be adopted for robust identifica-
tion and better treatment plans. Our findings had a lower
Pantoea spp isolate rate than a cross-sectional study
conducted in two Nigerian healthcare centers among
infants with 3.85% [30]. The Raoultella planticola isola-
tion rate in the current study was lower than Afum’s and
colleagues’ cross-sectional study conducted among diar-
rheagenic patients in Ghana, with a 2% isolaion rate [31].
The variations in the isolation rate could be attributed to
the burden varying with locations.

The study identified Enterobacter spp as the second
dominant bacterial enterics. Among them, Enterobacter
cloacae was the most dominant(24.5%). These findings
differ from previous studies, which identified Shigella
spp as the second most dominant [26, 27, 29]. Usually,
Enterobacter cloacae, together with Citrobacter freundii,
Enterobacter cloacae complex, Enterobacter aerogenes,
and Morganella morganii, are a gut-normal flora that
becomes pathogenic when the bacterial load increases,
and they acquire virulence genes from other pathogenic
isolates. Our study, however, had a 5.2% Shigella isola-
tion rate, a lower rate than 83.8% from a study conducted
in Kenya during two different climatic seasons [32]. The
differences in the isolation rates could imply changes in
trends of bacteria associated with childhood diarrhea.
Other possibilities could be related to the study’s com-
prehensive identification system, recruitment of patients
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with only acute bloody diarrhea, and climatic seasons
aspects in the inclusion criteria.

The study recovered Proteus mirabilis among the bac-
terial associated with diarrhoea in children under five
years. The isolation rate(5.2%) was inconsistent with a
14.5% rate from a study conducted in the same informal
settlement four years ago from the day of sample collec-
tion [27]. These findings agree with a study conducted
in Accra, Ghana, where Proteus mirabilis was isolated
at 5.7%, slightly higher than our study’s rate of 5.2% [33]
Thse findings imply that Proteus mirabilis is a common
cause of childhood diarrhea, which also agrees with find-
ings from Yu et al. (2015). The isolation rate of Salmo-
nella spp (2.3%) agreed with the 2.4% isolation rate from
similar studies in Mbagathi Hospital [26].. However, this
increased from 1.5% in 2016 [26], suggesting changes
in patterns of bacteria in circulation in the informal
settlement.

A significant proportion of the recovered bacterial
enterics were resistant to commonly used antibiotics to
manage diarrhea. There was 64% resistance to ampicil-
lin, 55% to sulfamethoxazole-trimethoprim, and 57% to
cefazolin. It is important to note that some of the recov-
ered bacteria, such as Citrobacter freundii, Enterobacter
cloacae, Enterobacter aerogenes, and Morganella morga-
nii, contain intrinsic resistance to ampicillin [34] hence
the VITEK 2°system (bioMérieux) did not test for it.
The high resistance to AMP, SXT (Septrin ™), and CZO
could be attributed to the fact that they are readily avail-
able in informal settings as over-the-counter drugs [35].
Our findings are consistent with Impwi et al. (2016),
which documented high resistance to ampicillin and sul-
famethoxazole-trimethoprim [27]. This implies that the
resistance levels have been constant in these settings, and
there should be a change in treatment options available
for better management of bacterial infections.

Additionally, the study documented a 33% resistance
toward cefoxitin, differing from Impwi et al. (2016) study
conducted in the Mukuru informal settlement, showing
a 64% resistance [27]. This variation could have resulted
from the recruitment differences where Impwi and col-
leagues recruited children under five without diar-
rhea while our study recruited diarrheagenic pediatrics.
Moreover, the four-year difference could have allowed
for more antimicrobial stewardship in the settings. The
high-level resistance to cefoxitin could be associated with
the intrinsic resistance of some of the recovered enterics,
such as Citrobacter freundii, Enterobacter cloacae, and
Enterobacter aerogenes [34].

There was 1% carbapenem resistance for non-patho-
genic E.coli. These findings are slightly lower than Dela
et al. (2022) findings that documented a 4% merope-
nem resistance by E.coli recovered from diarrheagenic
patients in Accra, Ghana [36]. Although the differences
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in the recruitment criteria and the testing methods
applied in the studies could have accounted for the varia-
tions in resistance, the results imply that resistance varies
across geographical locations and regions. The findings
are worrying as commensal E. coli is harboring carbape-
nem resistance, and horizontal gene transfer can spread
resistance to other pathogenic microorganisms, result-
ing in severe bacterial infections with reduced treatment
options. Additionally, resistance to aminoglycosides
would signify differences in antibiotics used in hospi-
tals, as amikacin is majorly given as an injection, and this
could imply that resistance recorded in MLKH, a refer-
ral hospital, uses it. Also, co-resistance between beta-lac-
tams, fluoro/quinolones, and aminoglycosides suggests
limited treatment options for childhood diarrhoea, with
severe consequences, including increased mortality rates.

Study limitations

The data was collected from children that had visited
the clinics to seek treatments for diarrhoea; therefore, a
true community prevalence of diarrhoea in children in
the Mukuru informal settlement could not be reflected.
However, these groups form an important part that can
be used to extrapolate what happens in the community,
as they are commonly treated with readily available anti-
biotics. The study was also conducted immediately after
the COVID-19 lockdowns, which limited the sample size
as people were still hesitant to visit the hospitals. Due to
logistical constraints, only 157 samples were subjected to
Antimicrobial Susceptibility Testing, and only E.coli iso-
lates had their pathogenicity confirmed.

Conclusion

The study documented different bacteria implicated as
aetiologies of childhood diarrhoea that were not limited
to E.coli, Shigella, and Salmonella, as previously observed
in Kenya. The presence of Meropenem-resistant non-
pathogenic E.coli suggests the possible emergence of
carbapenem-resistant strains in the Mukuru informal
settlement. Recovery of MDR strains suggests emerging
limited treatment options for childhood diarrhoea, with
severe consequences, including increased mortality rates.
These findings, therefore, indicate the need for more
robust standardized surveillance to confirm the pat-
terns observed. Increasing resistance towards amoxiclav
implies narrowed treatment options for diarrhoea, pos-
ing a public health threat.
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