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Abstract

Antimicrobial resistance (AMR) is considered a global public health threat. The prevalence of fecal
carriage of ESBL-producing gut flora is increasing in healthcare facilities and communities. Antibiotic usage is
believed as one of the major drivers of AMR both in healthcare facilities and communities. However, few data
analyze fecal carriage of ESBL-producing gut flora in patients and healthy individuals simultaneously in
Indonesia. Detection of fecal carriage of ESBL-producing gut flora is important to prevent the outbreak and
suppress the spread. This study's aim is to analyze the molecular patterns and antibiotic use as risk factors for
fecal carriage of ESBL-producing gut flora isolated from patients and their families.

One hundred rectal swabs were collected from ICU and medical ward patients and their families. The
samples were then cultivated in MacConkey agar containing cefotaxime 2 g/ml. Colonies grew on MacConkey
agar and were then confirmed as ESBL producers using a modified double-disk diffusion method. The genes of
ESBL-producing isolates were detected using PCR. Antibiotic usage history was taken from medical records
and questionnaires. Statistical analysis was performed to detect the correlation between antibiotic use and
ESBL-producing gut flora carriage.

The total carriage rate was 82 (82%) of 100 participants. The highest rate was among ICU patients
(n=19/29, 95%). Mostly detected gene was blactx-m (n=62/90, 68.9%). There was no significant correlation
between antibiotic use and carriage of ESBL-producing gut flora among patients and families.

Keywords: Type your keywords here, separated by semicolons ; antibiotic, carrier, ESBL, family, patient.

1. Introduction

Antimicrobial resistance (AMR) bacteria are growing public health threat, which has a significant concern
to countries and affect humans, animals, and environment. AMR causing prolonged hospital stay, high cost of
therapy, and increased mortality [1]. The resistance happens because of the selective pressure of antibiotics
and transfer of resistance genes among bacteria using mobile genetic elements such as plasmid, transposon
and phages [2] (CDC,2022).

ESBL-producing bacteria is one of AMR bacteria, that spreads worldwide [3] (Bush et al, 2018). Clonal [4]
(Mohajeri et al, 2015) and nonclonal [5] (Canton et al, 2012) spreading of ESBL-producing bacteria was
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reported in previous studies. ESBL are coded by three genes, blactx-m, blatem, and blaspyy, which determined
resistance to expanded spectrum cephalosporins and monobactam. ESBL-producing bacteria was also
reported resistant to quinolone [6] (Farajzedehsheikh et al, 2019).

Many risk factors for fecal carriage of ESBL-producing gut flora in patient and community were reported
in previous studies, such as antibiotic usage, hospitalized history in ICU or medical ward, travel history, age
more than 60 years old [7,8] (Karanika, 2016; Otter et al, 2019).

Gut flora is a complex community of microorganism in human intestines. The gut flora is also a reservoir
of antimicrobial resistance genes [9] (Carlet et al, 2012). The changes in the composition of the gut flora, due
to the particular use of antibiotics and critical illness, can happen silently, leading to the selection of highly
resistant bacteria including ESBL-producing bacteria, which can remain for months in the gut of the carrier
without causing any symptoms. The resistant bacteria would translocate through the gut epithelium, induce
healthcare-associated infections, undergo cross transmission to other individuals, and cause an outbreak [10]
(Sabitti et al, 2021). Detection of fecal carriage ESBL-producing gut flora is important to prevent the
outbreaks and suppress the ESBL spread.

The colonization rate of ESBL-producing gut flora in patients and healthy individuals was reported
increased in some countries because of extensive usage of antibacterial in hospital and community [11,7,12]
(Desta et al., 2016; Karanika et al., 2016; Rios et al., 2017). However, few data exist on the current fecal
carriage of ESBL-producing gut flora among patients and their families in Indonesia. Family who directly
contact to patients has more risk for acquired ESBL-producing gut flora, which might be a source for
community transmission. The objectives of this study were: 1) to explore the ESBL resistance genes gut flora
among hospitalized patients and families; and 2) to identify the risk factor of ESBL-producing gut flora
carriage in patients and families

2. Material and method
2.1. Sample collection and settings

The rectal swabs were voluntary provided after taking informed consent from 50 patients and 50 families,
from April to July 2017. Patients were 48 hours patients who hospitalized in ICU and internal medicine wards.
Families are family member who were living in the same house and accompanying patients during
hospitalization in the hospital. Sample was collected using consecutive sampling method which collected all
of participant who hospitalized more than 48 hours in ICU and internal medicine ward during study period.
Minimum sample size was followed formula

ca \,"ZI’Q + P10+ P202 =
nl =n2= L

Pl-P2

1.96:x,/2x0.12x0.88 + 0,842,/0.2x0.8 + 0.04x0,96 |

0.2 -0,04

N = Sample size
P1=Proporsion of E.coli fecal carriage in hospitalized patient (20% from Xu et al, 2016)
P2 = Fecal carriage of ESBL in community (4% from Chong et al, 2013)
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Q1=1-P1=08
Q2=1-P2=0.96

P =P1+P2/2=0.12
Q =Q1+Q2/2 =0.88

This hospital is a tertiary care facility and national referral hospital in Indonesia. The ICU ward has 25
beds that provide care to patients who have acute or potentially life-threatening medical conditions. The
internal medicine ward has 35 beds which is a sharing room unit that provide care to patients who have
infectious disease. A rigid removable curtain separates the two beds in both ICU and internal medicine wards.
The study was ethically approved by ethical committee no (#386/Panke. KKE/V/2017).

2.2. Questionnaires

Questionnaires were administrated to patients and their families to identify the antibiotic use among
patients and their families. The questionnaires had 2 sections, namely demographic information and the
antibiotic use history in the last 3 months including the antibiotic’s categories. The Questionnaires was made
by author according to guideline of ethics and research department in our hospital.

2.3. Isolation of ESBL-producing gut flora

Rectal swabs were taken using amies swab (Copan, USA) and inoculated on MacConkey (Oxoid, UK)
agar supplemented with 2ug/ml of cefotaxime sodium salt (Wako, Japan) incubated at 37°C, overnight. All
colonies grew on MacConkey (Oxoid, UK) agar were picked up from each sample. Bacterial species
identification was conducted by conventional biochemical tests using TSI agar (Oxoid, UK), SIM agar (Oxoid,
UK), MRVP agar (Oxoid, UK).

2.4. Phenotypic detection of ESBL production

The ESBL producer were confirmed by modified double disc synergy test (DDST) using antibiotic discs
(Oxoid, UK) containing Amoxcicillin clavulanat (AMC) 30/10 pg in the center of plate, and astreonam
(ATM) 30 pg, ceftazidime (CAZ) 30 pg, ceftriaxone (CRO) 30 ug, cefotaxime (CTX) 30 ug around AMC
with distance 20 mm from AMC disc, referred to the previous study [13]. E. coli ATCC 25922 was used as
quality control in this study.

2.5. Detection of gene encoding ESBL-producing gut flora

The blacrx-m, blassy and blatem were detected by Polymerase Chain Reaction (PCR) using GoTag®
Green Master Mix (Promega, USA). The four primer sets (table 1) were used to amplify blactx-m, blaskyv and
blatem as described previously. The amplicon then visualized in 1.5% agarose in electrophoresis gel.
Electrophoresis was performed in 100 Volt for 30 minutes. The positive control of each gene was using our
previous studies.
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Table 1. Primer sequences used in this study

Target gene Nucleotide sequences (5’-3°) Amplicon
(bp)
blacrx-m F: TTTGCGATGCAGTACCAGTAA 593
R: CGTATATCGTTGGTGGTGCCATA
blasny F: GGGTAATTCTTATTTGTCGC 867
R: TTAGCGTTGCCAGTGCTC
blarem F: ATAAAATTCTTGAAGACGAAA 867

R: GACAGTTACCAATGCTTAATCA

2.6. Data analysis

Data from questionnaires, laboratory including phenotypic and genotypic results than put on SPSS 23 to
further statistic analysis. The data were consisted nominal data for sex, age, wards, antibiotic use, antibiotic
class usage, bacterial species, ESBL carriage.

The correlation of ESBL-carriage and sex, ESBL-carriage and location, ESBL-carriage and age, ESBL-
carriage and antibiotic use, ESBL-carriage and antibiotic class among patient and family groups were
assessed using the Chi-square test using SPSS 23. 2x2 table was made for analysed the correlation
automatically using SPSS 23. P-value <0.05 was considered as statistically significant. The descriptive data
such as demographic data was shown in table and figure.

3. Results
3.1. Demographic data of patients and families
Total 100 participants were enrolled in this study, consisted of 20 ICU patients, 20 ICU families, 30

medical ward patients, 30 medical ward families. The distribution of sex, ages of the participants were
showed in table 2.

Table 2. Demographic data of the participants

Variables Sample Categories Total
ICU patient ICU family Medical ward Medical ward (n=100)
(n=20) (n=20) patient family
(n=30) (n=30)
Sex
Male, n (%) 12 (46.16) 9 (34.61) 5(19.23) 0(0) 26 (100)
Female, n (%) 8 (10.81) 11 (14.86) 25 (33.79) 30 (40.54) 74 (100)
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Age (years)
0-14, n (%) 2 (100) 0(0) 0(0) 0(0) 2 (100)
15-64, n (%) 14 (16.3) 19 (22.10) 24 (27.9) 29 (33.72) 86 (100)
65-70, n (%) 2 (25.00) 1(12.50) 4 (50.00) 1(12.50) 8 (100)
>71, n (%) 2 (50.00) 0(0) 2 (50.00) 0(0) 4 (100)

3.2. Isolation of ESBL-producing gut flora

Total 90 ESBL-producing gut flora were isolated from 100 participants with distributions as follows: 8
(8%) participants carried two strain isolates; and 74 (74%) persons carried one strain isolate and 18
participants (18%) did not carry ESBL producing gut flora. Among 90 ESBL-producing gut flora, 9 (10%)
were non-Enterobacteriaceae and 81 (90%) were Enterobacteriaceae. Among 9 non-Enterobacteriaceae
isolates, 8 (88.9%) were Pseudomonas aeruginosa and 1 (12.1%) was Acinetobacter spp. Distribution among
ICU patients, ICU families, medical ward patients and medical ward families were showed in fig.1.
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Fig.1. Distribution of ESBL-producing gut flora isolated from ICU patient, ICU families, medical ward patient and medical ward family.
X axis is species of ESBL-producing gut flora; Y axis is the absolute number of ESBL-producing gut flora.

3.3. Fecal carriage of ESBL-producing gut flora

Total 90 ESBL-producing gut flora were carried by 82 (82%), of 100 participants. The number of ESBL-
producing gut flora was more than participants because 8 (9.7%) participants carried 2 ESBL-producing gut
flora isolates and 74 (90.3%) participants carried 1 ESBL-producing gut flora isolate.

The distribution carrier rates were 44 of 50 (88.0%) patients and 38 of 50 (76.0%) families. The carriage
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rate of ESBL-producing Enterobacteriaceae in ICU patient was 19 (95%) patients of 20 patients, ICU family
was 15 (75%) families of 20 families, medical ward patient was 25 (83.3%) patients of 30 patients, medical
wards family was 23 (76.7%) families of 30 families

The distribution carrier rates were 44 of 50 (88.0%) patients and 38 of 50 (76.0%) families. The carriage
rate of ESBL-producing gut flora in ICU patient was 19 (95%) patients of 20 patients, ICU family was 15
(75%) families of 20 families, medical ward patient was 25 (83.3%) patients of 30 patients, medical wards
family was 23 (76.7%) families of 30 families.

3.4. Distribution of gene encoding ESBL-producing gut flora

Among 90 ESBL-producing gut flora isolates, 62 (68.9%) isolates were possessing blacrx-m, 19 (23.5%)
isolates were blasny and 39 (43.3%) isolates were blarem. The distributions of gene encoding ESBL-
producing gut flora in each participants categories were listed in table 3. There was not significant different
the carrier rate of ESBL producing gut flora among wards and families (p>0.05).

Table 3. Distribution of gene encoding ESBL-producing gut flora

Genes Sample Categories P value
ICU patient ICU family Medical ward Medical ward
(n=20) (n=20) patient family
(n=30) (n=30)
blacTx-m 14 (22.6) 10 (17.2) 22 (35.4) 16 (25.8) 0.31
blasny 7 (36.8) 5 (26.3) 3(15.8) 4(21.1) 0.25
blatem 11 (28.2) 5(12.8) 10 (25.6) 13 (33.4) 0.25

3.5. Correlation between antibiotic usage and fecal carriage

Total antibiotic use among subject in this study was 35 (35%) of 100 subject. Twenty-one (70%) of 30
medical ward patients, and 16 (80%) of 20 ICU patients used antibiotics during hospitalization. Among ICU
patients, beta lactam antibiotic group was the most common used (n=15/20,75%) as a therapy. On the other
hands, 13 of 30 (43.43%) internal medicine wards patients used non-beta lactam antibiotic as a therapy. Both
ICU families and ward families were not consuming antibiotics.

Correlation between sex, age, ward, antibiotic usage and fecal carriage of ESBL-producing gut flora were
not significantly corelated (p > 0.05), table 4.

Table 4. Risk factor of fecal carriage of ESBL-producing gut flora

Variables ESBL-carriage (n =82) No carriage of ESBL (n=18) P value
Sex 0.17
Female, n (%) 63 (76.82) 11 (61.11)
Male n (%) 19 (23.17) 7 (16.90)
Age 0.58
Children (<18), n (%) 5 (6.10) 0(0)
Adult (>18), n (%) 77 (93.90) 18 (100.00)
Antibiotic 0.21
Use, n (%) 31 (37.80) 4 (22.22)
No use, n (%) 51 (62.20) 14 (77.78)
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Ward 0.53
ICU, n (%) 34 (41.46) 6 (33.33)
Non-ICU, n (%) 48 (58.54) 12 (66.67)

Correlation between antibiotic use categories and fecal carriage of ESBL-producing gut flora was also not
significantly different among wards. Table 5.

Table 5. Antibiotic categories and fecal carriage of ESBL-producing gut flora

Location Antibiotic use Fecal carriage
Yes No P value
ICU Beta lactam
Yes n (%) 14 (93.3) 1(6.7) 0.48
No n (%) 7 (100) 0(0)
Ceftriaxone 0.33
Yes n (%) 7 (87.5) 1(12.5)
No n (%) 7 (100) 0 (0)
Ceftazidime 0.68
Yes n (%) 2 (100) 0 (0)
No n (%) 12 (92.3) 1(7.7)
Cefazolin 0.78
Yes n (%) 1(100) 0(0)
No n (%) 12 (92.8) 1(7.2)
Meropenem 0.60
Yes n (%) 3(100) 0(0)
No n (%) 10 (91.7) 1(8.3)
Cefoperazone- 0.68
sulbactam
Yes n (%) 1(100) 0(0)
No n (%) 13 (92.8) 1(7.2)
Non-beta lactam 0.73
Yes n (%) 2 (100) 0(0)
No n (%) 17 (94.4) 1(5.6)
Levofloxacin 0.68
Yes n (%) 2 (100) 0(0)
No n (%) 12 (92.3) 1(7.7)
Medical Beta lactam 0.77
ward Yes n (%) 8 (88.9) 1(11.1)
No n (%) 11(84.6) 2 (15.4)
Ceftriaxone 0.90
Yes n (%) 7(87.5) 1(12.5)
No n (%) 12 (85.7) 2 (14.3)
Ceftazidime 0.68
Yes n (%) 1(100) 0 (0)
No n (%) 18 (85.7) 3(14.3)
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Non-beta lactam 0.73

Yes n (%) 11 (91.7) 1(8.3)

No n (%) 7 (77.8) 2 (12.2)

Levofloxacin 0.55

Yes n (%) 2 (66.7) 0(0)

No n (%) 17 (85) 3 (15)

Ciprofloxacin 0.32

Yes n (%) 7(77.8) 2 (12.2)

No n (%) 12 (92.3) 1(7.7)

4. Discussion

Total fecal carriage of Total fecal carriage of ESBL-producing gut flora in this study was 82%. The rate of
fecal carriage of this study was higher than other studies which were less than 50 % [14,10,15] (Ebrahimi et
al., 2016; Sabiiti et al., 2021; Woerther et al., 2013). It was because of the fecal carriage rate of ESBL-
producing gut flora was different geographically, affected by many risk factors contributed such as
demographic patients, severity of the diseases, medical device use, antibiotic use, and implementation of
infection prevention and control.

The fecal carriage rate of ESBL-producing gut flora in this study was higher among patients (88%)
than families (76.0%). This result was higher than a study comparation of fecal carriage of ESBL-producing
gut flora among patients and household contact which was 52.7% and 20% respectively [16] (Haverkate et al.,
2017).

In this study fecal carriage of ESBL-producing gut flora was higher in ICU patients than internal medicine.
However, another study observed similar fecal carriage of ESBL-producing Enterobacteriaceae among ICU or
other ward patients [14] (Ebrahimi et al., 2016). Therefore, the distribution of fecal carriage of ESBL-
producing gut flora was not affected by ward types [9] (Carlet et al, 2012).

Because of the fecal rate of ESBL-producing gut flora was higher in patients than families, we
hypothesized the ESBL-producing gut flora were possibly transmitted from patients to families. Patients and
families are closely contact in home and at hospital during hospitalization. Studies observed transmission of
ESBL-producing Enterobacteriaceae between patient and family in hospital and household settings
[16,17,18] (Haverkate et al., 2017; Hilty et al., 2012; Riccio et al., 2021). However, in this study we did not
perform finger printing to decide the cross-contamination.

Moreover, compared to another studies from Indonesia, the fecal carriage rate among patients in this study
was higher than medical students [19] (Rosantia et al., 2020), pregnant women [20] (Oktaviani et al., 2020)
and primary health care center patients [21] (Naelasari et al., 2018). Therefore, we predicted the ESBL-
producing gut flora was transmitted from hospitalized patients to another population in Indonesia.

Fecal carriage of ESBL-producing gut flora can be a reservoir of ESBL and involve in spreading of ESBL-
producing bacteria in hospital and communities [22] (Bezabih et al., 2021). ESBL is transmissible through
contact with humans, animals or environments Contaminated hospital environment with ESBL-producing
Enterobacteriaceae was observed in a previous study [23] (Freeman et al., 2014). Because of the fecal
carriage rate of ESBL-producing gut flora in this study was high, we suggested the evaluation of infection
prevention and control implementation at our hospital. Moreover, cohorting, screening or treatment for
patients who carried ESBL-producing gut flora need to be considered in the future.

CTX-M-type ESBL was the most common ESBL type detected in this study, it was according with the
widely spread of CTX-M-type ESBL in the world. The reason of widely spreads of CTX-M-type ESBL is
mediated by the clonal spread such as ST 131 E. coli and mobile genetic elements such as plasmid, transposon
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or insertion sequences [5] (Canton et al., 2012).

The mechanism of ESBL-producing bacteria dissemination among patients and community is still
unknown, whether by clonal or mobile genetic elements. Previous study detected no clonal transmission
among ICU patients [24] (Prevel et al., 2019). Clonal transmission was observed in healthy individuals in
community [19,25]. However, this study didn’t perform genetic finger printing to detect the possible
spreading among patients and families.

The selection pressure of inappropriate use of antibiotic is associated with MDR bacteria. Antibiotic kill
the sensitive bacteria and remain resistant bacteria to grow more and become dominant in a bacterial
population [26] (CDC, 2013). Correlation of antibiotic use and fecal carriage of ESBL-producing gut flora in
this study was not significantly corelated (p>0.05). Our finding was not inline to another studies [27,28] (Hu
et al., 2020; Suranadi et al., 2021). The comprehensive antibiotic use is needed for next study.

This study detected high fecal carriage rate of ESBL-producing gut flora in both of patients and families of
different household, the possibility of ESBL transmission among patients and families was nosocomial
acquisition. Linier to that a study suggested the main source of colonization of ESBL- producer in adult
patients especially ICU patients was nosocomial acquisition [29] (Alves et al., 2016). Therefore, the infection
prevention and control need to be evaluated regularly to decrease the spread of ESBL-producing bacteria and
other MDR bacteria in this hospital and Indonesia at general.

The carriage rate of ESBL-producing gut flora was detected high in this study with the highest rate was
among ICU patients. blacrx-m was the most commonly detected genes in this study. Infection prevention and
control need to be evaluated regularly to decrease the spread of ESBL-producing bacteria
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