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Abstract
Propose Among antibiotic resistance cases, resistance to β-lactam antibiotics is a major concern for the treatment of microbial
infections. Furthermore, the prevalence of extended-spectrum β-lactamases (ESBL) Escherichia coli (E. coli) in environment,
food, and human resources of Iran has increased over the past few years. This study aimed to predict the relationship between the
prevalence of ESBL E. coli in the environment and the food chains with the presence of this infection in people suspected of
septicemia using fuzzy set qualitative comparative analysis model.
Methods In this analytical cross sectional study samples were collected from the environment (hospital sewage, downstream and
upstream urban sewage, and slaughterhouse sewage), food (chicken), and human chains (people suspected of septicemia) in
Tehran province, Iran. This study was conducted from September to February 2019 and the prevalence of ESBL E. coli was
calculated in each resource. Then, the relationship between the prevalence of ESBL E. coli in the environment and food chains
and its prevalence in the human chain was predicted using the fuzzy set qualitative comparative analysis.
Results The results showed the prevalence of ESBL E. coli in those suspected of septicemia in September, October, November,
December, January and February was 58.1%, 60%, 33.3%, 100%, 43%, and 57.8%, respectively. Also, the results of the fuzzy set
qualitative comparative analysis indicated hospital wastewater and chicken contamination with ESBL E. coli were the main
causes of contamination with ESBL E. coli in people suspected of septicemia.
Conclusions According to the results of this study, if there is a contamination of hospital wastewater and chickens in an area, it
can be claimed that people suspected of septicemia are infected with ESBL E. coli, and the percentage of this contamination can
be high. On the other hand, controlling ESBL E. coli in hospital wastewater (environmental chain) and chickens (food chain) can
prevent contamination in people with suspected septicemia.

Keywords Extendedspectrumβ-lactamaseproducing .Escherichia coli . Foodchain .Humanchain .Environment chain . Fuzzy
set qualitative comparative analysis

Introduction

Antibiotics are the main and important treatment for infectious
diseases, and such treatments have played a significant role in

the dramatic development of global health in the past.
Millions of people have now survived what was once a life-
threatening infection. However, overuse of antibiotics has led
to antibiotic resistance and reduced effectiveness over the past
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few years [1, 2]. The presence of antibiotic-resistant bacteria
in aquatic environments has raised concerns about public
health through food and human chains [3]. In most cases the
genetic code for antibiotic resistance lies on R plasmids,
which can rapidly spread to sensitive species in aquatic envi-
ronments and spread antibiotic resistance among bacteria [4].
Resistance to β-lactam antibiotics is a major concern for the
treatment of microbial infections. The main mechanism of
bacterial resistance to β-lactam antibiotics is the production
of β-lactamase enzymes [5]. These enzymes hydrolyze and
inactivate β-lactam antibiotics before they reach the
penicillin-binding proteins (PBPs) in the cytoplasmic mem-
brane. The PBPs are located in the cell envelope (cytoplasmic
membrane and cell wall) of bacteria [6]. Extended-spectrum
β-lactamases (ESBL) are a class of β-lactamase enzymes that
are of particular importance in antimicrobial therapy and are
able to completely hydrolyze Oximino-β-lactams, such as
third generation and fourth generation cephalosporins [7].
The production of ESBL varies among Enterobacteriaceae
worldwide. In a recent study (tigecycline evaluation and sur-
veillance trial (TEST)), the highest production rate of ESBL
was by Klebsiella pneumonia and E. coli, respectively [8].
The incidence of human urinary tract infections induced by
Escherichia coli (E. coli) is on the rise worldwide, especially
in developing countries [9]. β-lactamases are classified into 2
types: molecular (Ambler) and functional (Bush Jacoby
Medeiros). Functional classification begins when cephalospo-
rins are distinguished from penicillin [10]. The prevalence of
ESBL E. coli in environmental and food resources of Iran has
increased over the past few years and has led to some hypoth-
eses indicating the prevalence of ESBL E. coli in these re-
sources has had an effect on the increased prevalence of
ESBL E. coli in the human chain [11]. One favorable ap-
proach to event analysis (EV) that involves various fac-
tors or a combination of factors is qualitative comparative
analysis (QCA) [12–14]. This method is a combination of
quantitative and qualitative analysis that identifies and
tests hypotheses related to independent conditions that
lead to outcomes in different groups. QCA analytical
method determines causality by inductive logic using me-
dium to low sample size without using complex analysis
or software. The approach is built on principles of config-
urational causality and algorithms that determine whether
a contributing factor in a pattern leading to an outcome is
necessary (always present but with other factors), suffi-
cient (always present, sole factor), or irrelevant/noncon-
tributory. Therefore, this study aimed to determine the
relationship between the prevalence of ESBL E. coli in
the environment (hospital wastewater, downstream and
upstream urban wastewater, slaughterhouses’ wastewater),
and the food chains (chicken samples) on the one side and
the spread of this bacterium in the human chain (people
suspected of septicemia) on the other.

Methods

This was an analytical cross sectional study conducted on
samples collected from food, environment, and human chains
in Tehran province, Iran, from September to February 2019.
The ethics committee of Iran University of Medical Sciences
approved the study and issued the code of ethics. Samples
were collected from the chicken cecum (food chain), commu-
nal waste, downstream and upstream surface water, and
slaughterhouse sewage (environment chain), and hospitalized
patients who were suspected of septicemia (human chain) and
cultured in MacConkey agar with and without cefotaxime.
After initial isolation, lactose positive strains were subjected
to conventional biochemical tests to identify E. coli and ESBL
E. coli. Isolation methods were set separately for different
samples.

Food chain

Samples of the food chain were prepared from chicken cecum
and stored at 2 °C -8 °C during the transfer to the laboratory.
In the laboratory the samples were kept at 4 °C until the ex-
periment was performed. The experiments were performed on
the cecum samples within 24 hours. The suspected E. coli
strains were isolated from the chicken sample by streaking
10 µL from the contents of the chicken cecum to the
MacConkey agar containing 4 µg/mL cefotaxime (MAC-
CEF) using a sterile loop. The plates were then incubated at
37 °C for 18–24 hours. On the second day, suspected ESBL
E. coli strains appeared in MAC-CEF media as red to pink
colonies. The 3 different lactose positive colonies from the
plates were selected and subcultured separately on other
MAC-CEF plates. The plates were incubated at 37 °C for
18–24 hours. On the third day, a single colony was removed
from the colonies isolated on each plate, cultured linearly on
the blood agar medium, and incubated at 37 °C for 18–22
hours, which was done to ensure the creation of single colo-
nies that could be used in the blood agar plates for identifica-
tion. On the fourth day, all 3 prepared colonies were coded
and subjected to conventional biochemical tests, including
oxidase, sulfur indole motility media (SIM), triple sugar iron
(TSI), methyl red and Voges-Proskauer (MR-VP), urease pro-
ducing, and Simmon citrate, to identify E. coli strains.
Phenotypic confirmation of E. coli was performed by citrate
negative, indole positive, TSI; glucose and lactose/ sucrose
fermented, MR positive, VP negative, and urease and oxidase
negative. If sample A was E. coli, the rest of the samples were
excluded, but if sample A was not E. coli, sample B and
sample C were examined. Each of the samples that matched
E. coli diagnostic reactions was stored and the rest of the
plates were removed from the study. If none of the colonies
were E. coli, the corresponding chicken sample was consid-
ered as a negative sample for the presence of ESBL E. coli.
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Environment chain

Environmental samples were collected from 4 different
sources, including communal waste, downstream and up-
stream surface water, and poultry slaughterhouses waste in
Tehran province, Iran. Upstream samples indicate the pollu-
tion index before reaching Tehran, Iran, and downstream sam-
ples indicate the pollution index for Tehran itself. The pollu-
tion index related to agricultural and human products and wet
market were considered as the animal pollution index. Some
experts were trained to collect samples from these 4 sources of
environmental pollution (upstream and downstream, hospitals
and slaughterhouses sewage). Samples were tested in less than
2 hours after transfer to the laboratory. Also, 1 mL of each
wastewater sample was added to 9 mL of sterile normal saline
and mixed well. To reduce the number of bacteria, samples
were serially diluted 10 folds with sterile normal saline from
10− 1 to 10− 6. Moreover, 100 microliter of each diluted and
undiluted samples was cultured on MacConkey (Mac) and
MacConkey + 4 µg/mL cefotaxime (Mac + cef), separately
and spread by sterile L-shaped hockey stick cell spreaders.
All media were incubated at 37 °C for 18 to 24 hours.

Enumeration of bacterial population in
environmental samples

Three different populations were detected among sam-
ples, including suspected E. coli (flat, dry, pink colonies
with a surrounding darker pink area of precipitated bile
salts), non- E. coli coliform or other lactose fermenters
(pink to brick red colonies with or without a zone of
precipitated bile), non- E. coli, and non-other coliforms
(colorless or clear colonies). The enumeration was done
according to the “BS EN ISO 8199:2007” [15]. The
total counts of bacteria and E. coli were calculated on
the MacConkey plates and the total ESBL E. coli and
total ESBL population were counted on the plates with
cefotaxime. Uncountable plates with > 200 colonies
were excluded from the study and identification and
enumeration were done on plates with countable bacte-
rial count. To calculate the total number of colonies
used as colony forming units (CFUS), E. coli and
ESBL E. coli were determined according to the formula
provided in BS EN ISO 8199:2007” guideline [15].

Identification of presumptive E. coli

Five representative colonies from all countable MacConkey
plates (E. coli) and MacConkey + cefotaxime plates (ESBL
E. coli) were selected and streaked to purification. To obtain
pure isolates, colonies were streaked a minimum of 2 times on
blood agar. all suspected colonies were subjected to conven-
tional biochemical test after purification.

Identification of Presumptive ESBL-E. coli

Five representative colonies from all countable MacConkey +
cefotaxime plates were selected and streaked for purification.
To obtain pure isolates, colonies were streaked a minimum of
2 times on blood agar. All suspected colonies were subjected
to conventional biochemical tests after purification.

Human Chain

Human samples were collected from the blood sample
of hospitalized patients suspected to septicemia. Bacteria
isolated from blood cultures on MacConkey agar con-
taining 4 µg/mL of cefotaxime (MAC-CEF) were
subcultured on all the sample plate streaks by a sterile
loop. They were then incubated at 37 °C for 18–24
hours to obtain isolated colonies. According to the
guideline and protocol, potential strains of ESBL
E. coli appear red, purple, or pink in the culture medi-
um [16, 17]. Therefore, if we saw these colonies, we
removed 3 different colonies from the plates and cul-
tured them separately on 3 MacConkey agars containing
4 µg/mL of cefotaxime (MAC-CEF) plates. The plates
were incubated at 37 °C for 18–24 hours. Then, a sin-
gle colony was removed from the isolated colonies on
each plate and cultured linearly on blood agar for 18–22
hours and incubated at 37 °C. Finally, the isolated col-
onies from these blood agar plates were subjected to
biochemical tests to identify E. coli strains.

Confirmation of producing extended-spectrum
B-lactamases in presumptive ESBL-E. coli

After identifying E. coli, all confirmed isolates from all
sources were analyzed for producing ESBL using double
disc method according to the CLSI 2018 guideline [18,
19]. All confirmed E. coli strains suspected as ESBL
E. coli were streaked on Mac + Cef media and incubated at
37 °C for 24 hours. In brief, bacterial suspensions were
prepared using sterile normal saline to achieve a turbidity
equivalent to a 0.5 McFarland standard. All confirmed
E. coli isolates were cultured on Muler- Hinton agar plates
using sterile swabs. Two sets of antibiotics were used to
detect the ESBL producing isolates, including cefotaxime/
cefotaxime-clavulanate and ceftazidime/ceftazidime-
clavulanate. At least 5-mm increase in a zone diameter for
either antimicrobial agent tested in combination with
clavulanate vs. the zone diameter of the agent when tested
alone confirmed ESBL producing isolates (e.g., ceftazidime
zone = 16; ceftazidime-clavulanate zone = 21).

The reference strain E. coli ATCC 25,922 and Klebsiella
pneumoniaeATCC 70,063 were used as nonproducing ESBL
and producing ESBL controls, respectively.
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Qualitative comparative analysis model

The qualitative comparison model is a combination of quan-
titative and qualitative methods that help to determine the
necessary and sufficient causes in a causal relationship [20].
In this study this model was used to determine and predict the
relationship between the prevalence of ESBL E. coli in the
food and environment chains with its prevalence in the human
chain (people suspected of septicemia). In this study the fuzzy
set qualitative comparative analysis (fsQCA) was used to de-
termine this relationship [21]. After determining the preva-
lence of ESBL E. coli in food, the environment, and human
chains, a direct calibration method was used to convert ESBL
E. coli prevalence to numbers between 0 and 1 [22]. Data were
calibrated using the following formula [23]:

calibrate ¼ x:n1:n2:n3ð Þ

X is the desired variable; n1 is maximum value (full mem-
bership in a causal relationship);n2 indicates the average value
(incomplete membership in a causal relationship), and n3 in-
dicates the minimum value (nonmembership in a causal rela-
tionship) [23]. In this study independent variables were the
prevalence of ESBL E. coli infection in the food chain (chick-
en cecum) and environmental chain (hospital, slaughterhouse,
downstream and upstream urban wastewater). The dependent
variable or the desired outcome was the prevalence of ESBL
E. coli infection in people suspected of septicemia. After cal-
ibrating the data, the truth table was prepared and the condi-
tion of the necessary and sufficient cause was examined based
on Boolean algebra and inductive logic. In the qualitative
comparison model an independent variable can be a sufficient
cause for an outcome when all its values are equal or smaller
than those of the outcome [23].

Sufficient Causes ¼ X � Y

In addition, all the values obtained for the independent
variables must be above or on the diagonal line in the XY
graph. Necessary condition analysis and subset and superset
analysis were used to investigate the required cause in this
model, which was examined while considering the consisten-
cy and coverage indexes [23].

Cosistency ¼
Pi

i¼1 min xi:yið Þ
Pi

i¼1 xið Þ

Coverage ¼
Pi

i¼1 min xi:yið Þ
Pi

i¼1 yið Þ

If the average percentage of consistency and coverage are 1
and above 0.20, respectively, it can be argued that the inde-
pendent variable is a necessary cause for creating the desired
outcome [23]. FsQCA software (version 3.1) was used for
data analysis.

Results

Initially, the results showed the prevalence of ESBL
E. coli infection in the food chain (chicken cecum) dur-
ing 6 months (September, October, November,
December, January and February) was 57.4%, 55.5%,
29.4%, 0%, 33.3%, and 20%, respectively. Also, there
was a higher prevalence in September compared to oth-
er months. The prevalence of ESBL E. coli in hospitals’
wastewater during 6 months (September, October,
November, December, January and February) was
67.1%, 71.4%, 75%, 41.7%, 45.3%, and 33.2%, respec-
tively. Also, the prevalence in downstream and upstream
sewers of urban areas in different months is presented
in Table 1; Fig. 1. The prevalence of ESBL E. coli in
slaughterhouse sewage was close to 100% in October.
Moreover, the prevalence of ESBL E. coli in people
suspected of septicemia during 6 months (September,
October, November, December, January and February)
was 58.1%, 60%, 33.3%, 100%, 43%, and 57.8%, re-
spectively. As observed, the prevalence was higher in
December than in other months (Table 1; Fig. 1).

Calibration was performed directly and the results of
truth table are presented in Table 2. The results showed
the presence of ESBL E. coli infection in urban down-
stream and upstream sewers alone was a sufficient cause
for the presence of ESBL E. coli infection in people
suspected of septicemia, as in these 2 independent var-
iables, all X values were less than or equal to the prev-
alence values of ESBL E. coli in individuals suspected
of septicemia (dependent variable) (Fig. 2; Table 2).
Moreover, the results of the necessary condition showed
that the consistency and coverage for hospital wastewa-
ter and chicken samples were near 1 and above 0.20,
respectively. Therefore, it can be argued that hospital
wastewater and chicken contamination with ESBL
E. coli were the necessary cause for the presence of
ESBL E. coli infection in patients suspected of septice-
mia (Table 2).

In this study considering the 5 independent modes
for studying the desired outcome, there will be 32 in-
dependent conditions when these 5 modes are com-
bined. The relationship of each of these conditions with
the induction of ESBL E. coli infection in people
suspected of septicemia was investigated and analyzed
using the fsQCA model. All possible modes have been
created and calibrated separately in Table 3. The results
showed the simultaneous presence of ESBL E. coli in-
fection in hospital wastewater, downstream urban sew-
age, upstream urban sewage, slaughterhouse sewage,
and chicken samples was a sufficient cause for the pres-
ence of this infection in people suspected of septicemia
(Fig. 2; Table 3). Also, simultaneous presence of ESBL
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ESBL E. Coli in hospital waste ESBL E. Coli in Upstream

ESBL E. Coli in Downstream ESBL E. Coli in Chicken waste

ESBL E. Coli in chicken sample

Fig. 1 XY plot of sufficiency
causes on occurrence ESBL
E. Coli in people suspected of
septicemia

Table 1 The prevalence of ESBL
E. coli in the environment
(hospital waste, upstream and
downstream waste, chicken
waste), food (chicken sample),
and human chains (people
suspected of septicemia)

Environment Chain Food
Chain

Human Chain

Month Hospital
Waste

Downstream
Waste

Upstream
Waste

Chicken
Waste

Chicken
Sample

Patients with Septicemia
Suspected

Sep 0.671 0.02 0.01 0.893 0.574 0.581
Oct 0.714 0 0 1 0.555 0.600
Nov 0.75 0 0 0.333 0.294 0.333
Dec 0.417 0.05 0.01 0.6 0 1
Jan 0.453 0.002 0 0.59 0.333 0.430
Feb 0.332 0.001 0.001 0.2 0.2 0.578
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E. coli infection in hospital wastewater, downstream ur-
ban sewage, upstream urban sewage, and slaughterhouse
sewage, simultaneous presence of ESBL E. coli infec-
tion in hospital wastewater, downstream urban sewage,
upstream urban sewage, and chicken samples, and si-
multaneous presence of ESBL E. coli infection in hos-
pital wastewater, downstream urban sewage, slaughter-
house sewage, and chicken samples were sufficient
causes for the presence of this infection in people
suspected of septicemia (Fig. 2; Table 3).

HW � DS � US � CW � CS
HW � DS � US � CW � �CS

HW � DS � US � CS� � CW

HW � DS � CW � CS� � US

In addition, the results of necessary condition and subset
and superset analysis showed that in any arrangement of in-
dependent variables, if there is a contamination in hospital

HW*DS*US*CS HW*DS*US*CW HW*DS*US*CW*CS 

DS*US*CW*CS HW*US*CW*CSHW*DS*CW*CS

HW*DS*CSHW*DS*CWHW*DS*US

Fig. 2 XY plot of all sufficiency causes on occurrence of ESBL E. coli in people suspected of septicemia (A)
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sewage and chicken samples, there will also be contamination
with ESBL E. coli in people suspected of septicemia, the
consistency and coverage of which is 1 and above 0.20, re-
spectively. Therefore, hospital sewage and chicken sample
contamination with ESBL E. coli is a necessary cause for
the presence of this infection in people suspected of septice-
mia. After combining different modes of independent vari-
ables with each other and examining the results of the truth
table, the results showed that contamination of hospital waste-
water and contamination of chicken samples with ESBL
E.coli alone at the same time in a community can cause the
outcome of ESBL E. coli infection in people suspected of
septicemia (Figs. 3 and 4; Tables 3 and 4). For example, in
the cases of HW*DS*US*CW*CS or HW*DS*US*CS*
� CW, consistency was close to 1 and the coverage was
higher than 0.20, while in the cases of DS*US* � CWCW*
� CWCS* � CWHW or DS*US*CW* � CWCS* � CW
HW; consistency was less than 1, due to the non-
contamination of the 2 necessary causes (hospital sewage,
chicken sample) (Tables 3 and 4).

Discussion

E. coli is a gram-negative bacterium that plays a clinically
important role in hospital and urinary tract infections. The
overuse of antibiotics in recent decades has increased the
emergence of resistant strains with multiple antibiotic resis-
tance in gram-negative intestinal bacteria, especially E. coli,
so that these bacteria produce ESBLs and develop resistance
to antibiotics such as third- generation and fourth-generation
cephalosporins, penicillin, ciprofloxacin, and cefotaxime. The
presence of β-lactamase-encoding gene and its transmission
among gram-negative intestinal bacteria is a major threat to

consumers of extended-spectrum cephalosporins. The aim of
this study was to determine the relationship between the prev-
alence of ESBL E. coli in the environment (hospital wastewa-
ter, downstream and upstream urban wastewater, slaughter-
house wastewater) and the food chains (chicken sample) on
the one side and its prevalence in people suspected of septice-
mia based on fsQCA on the other. fsQCA is one of the tech-
niques of causal analysis that uses Boolean algebra and induc-
tive logic to determine the existing causal relationships [24,
25]. Drawing on Boolean algebra and inductive logic, the
model help to determine the necessary causes, sufficiency
causes, or necessary and sufficiency causes affecting the out-
come [23, 25]. It can also determine causal relationships with
an average sample size at the lowest cost and time in medical
and health sciences. In medical and clinical research, re-
searchers are more interested in investigating the effect of
independent variables or causes on the occurrence of different
outcomes, such as the incidence of a disease or its complica-
tions by using a balanced sample size and low cost at the most
appropriate time, which makes this model highly effective.
This model has often been used in social sciences but less in
medical sciences. The results of this study can help to further
use this model in the field of medicine to determine the nec-
essary and sufficient causes in the occurrence of various dis-
eases. The results of this study showed the contamination of
downstream and upstream urban sewage with ESBL E. coli is
a sufficient cause for predicting its prevalence in people
suspected of septicemia. This means that contamination of
downstream or upstream urban sewers with ESBL E. coli
alone is a sufficient cause to predict ESBL E. coli spreading
to people suspected of septicemia. Even without this contam-
ination, people suspected of septicemia may get infected with
ESBL E. coli from other contaminated sources. Aquatic envi-
ronments, especially wastewater, are the main recipients of

Table 2 The truth table of ESBL E. coli in the environment (hospital waste, upstream and downstream waste, chicken waste), food (chicken sample),
and human chains (people suspected of septicemia) after direct calibration

Environments Chain Food Chain Human Chain

Month Hospital
Waste

Downstream
Waste

Upstream
Waste

Chicken
Waste

Chicken
Sample

Patients with Septicemia Suspected

Callib. Min Callib. Min Callib. Min Callib. Min Callib. Min

Sep 0.86 0.86 0.65 0.65 0.95 0.90 0.90 0.90 0.95 0.90 0.95

Oct 0.92 0.92 0.05 0.05 0.05 0.05 0.95 0.93 0.94 0.93 0.52

Nov 0.95 0.95 0.05 0.05 0.05 0.05 0.12 0.12 0.43 0.43 0.05

Dec 0.13 0.05 0.95 0.05 0.95 0.05 0.50 0.05 0.05 0.05 0.95

Jan 0.20 0.09 0.08 0.08 0.05 0.05 0.48 0.09 0.52 0.09 0.14

Feb 0.05 0.05 0.06 0.06 0.12 0.10 0.05 0.05 0.24 0.10 0.47

SUM Fuzzy Membership 3.11 2.92 1.84 0.94 2.17 1.20 3 2.14 3.13 2.5 3.08

Coverage 0.948 0.305 0.389 0.694 0.798

Consistency 0.938 0.510 0.552 0.713 0.811

1515J Environ Health Sci Engineer (2020) 18:1509–1520



Ta
bl
e
3

T
he

tr
ut
h
ta
bl
e
of
al
lc
on
di
tio

ns
of
E
S
B
L
E
.c
ol
ii
n
th
e
en
vi
ro
nm

en
t(
ho
sp
ita
lw

as
te
,u
ps
tr
ea
m
an
d
do
w
ns
tr
ea
m
w
as
te
,c
hi
ck
en

w
as
te
),
fo
od

(c
hi
ck
en

sa
m
pl
e)
,a
nd

hu
m
an

ch
ai
ns

(p
eo
pl
e
su
sp
ec
te
d

of
se
pt
ic
em

ia
)
af
te
r
di
re
ct
ca
lib

ra
tio

n

M
on
th
s
/C
on
di
tio
ns

1
2

3
4

5
6

7
8

9
PS

S

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib

.
M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

Se
p

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
86

0.
86

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
95

O
ct

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
52

N
ov

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

D
ec

0.
05

0.
05

0.
13

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
13

0.
05

0.
13

0.
05

0.
05

0.
05

0.
95

Ja
n

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
08

0.
08

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
08

0.
08

0.
08

0.
08

0.
14

Fe
b

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
47

SU
M

Fu
zz
y
M
em

be
rs
hi
p

0.
90

0.
90

0.
98

0.
90

0.
90

0.
90

0.
93

0.
93

1.
11

1.
11

0.
90

0.
90

0.
98

0.
90

1.
01

0.
93

0.
93

0.
93

3.
08

C
ov
er
ag
e

0.
29
2

0.
29
2

0.
29
2

0.
30
1

0.
36
0

0.
29
2

0.
29
2

0.
30
1

0.
30
1

C
on
si
st
en
cy

1
0.
91
8

1
1

1
1

0.
91
8

0.
92
0

1

M
on
th
s
/C
on
di
tio
ns

10
11

12
13

14
15

16
17

18
PS

S

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib

.
M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

Se
p

0.
86

0.
86

0.
86

0.
86

0.
86

0.
86

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
90

0.
90

0.
65

0.
65

0.
86

0.
86

0.
95

O
ct

0.
05

0.
05

0.
05

0.
05

0.
92

0.
92

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
52

N
ov

0.
05

0.
05

0.
05

0.
05

0.
12

0.
12

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

D
ec

0.
13

0.
05

0.
05

0.
05

0.
05

0.
05

0.
50

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
13

0.
05

0.
13

0.
05

0.
95

Ja
n

0.
05

0.
05

0.
05

0.
05

0.
20

0.
09

0.
05

0.
05

0.
05

0.
05

0.
08

0.
08

0.
05

0.
05

0.
08

0.
08

0.
05

0.
05

0.
14

Fe
b

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
06

0.
06

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
47

SU
M

Fu
zz
y
M
em

be
rs
hi
p

1.
19

1.
11

1.
11

1.
11

2.
2

2.
09

1.
35

0.
90

0.
91

0.
91

0.
93

0.
93

1.
15

1.
15

1.
01

0.
93

1.
19

1.
11

3.
08

C
ov
er
ag
e

0.
36
0

0.
36
0

0.
67
8

0.
29
2

0.
29
5

0.
30
1

0.
37
3

0.
30
1

0.
36
0

C
on
si
st
en
cy

0.
93
2

1
0.
95

0.
66
6

1
1

1
0.
92
0

0.
93
2

M
on
th
s
/C
on
di
tio
ns

19
20

21
22

23
24

25
26

PS
S

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

C
al
lib
.

M
in

C
al
lib

.
M
in

Se
p

0.
86

0.
86

0.
86

0.
86

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
65

0.
95

0.
90

0.
90

0.
90

0.
95

O
ct

0.
92

0.
92

0.
92

0.
92

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
94

0.
93

0.
52

N
ov

0.
12

0.
12

0.
43

0.
43

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
12

0.
12

0.
05

D
ec

0.
13

0.
05

0.
05

0.
05

0.
95

0.
05

0.
50

0.
05

0.
05

0.
05

0.
13

0.
05

0.
50

0.
05

0.
05

0.
05

0.
95

Ja
n

0.
20

0.
09

0.
20

0.
09

0.
08

0.
08

0.
08

0.
08

0.
08

0.
08

0.
08

0.
08

0.
08

0.
08

0.
48

0.
09

0.
14

Fe
b

0.
05

0.
05

0.
05

0.
05

0.
06

0.
06

0.
05

0.
05

0.
06

0.
06

0.
05

0.
05

0.
05

0.
05

0.
05

0.
05

0.
47

SU
M

Fu
zz
y
M
em

be
rs
hi
p

2.
28

2.
09

2.
51

2.
40

1.
84

0.
94

1.
38

0.
93

0.
94

0.
94

1.
01

0.
93

1.
68

1.
18

2.
54

2.
14

3.
08

C
ov
er
ag
e

0.
67
8

0.
77
9

0.
30
5

0.
30
1

0.
30
5

0.
30
1

0.
38
3

0.
69
4

C
on
si
st
en
cy

0.
91
6

0.
95
6

0.
51
0

0.
67
3

1
0.
92
0

0.
70
2

0.
84
2

(1
)
H
W
*D

S*
U
S*

C
W
*C

S,
(2
)
H
W
*D

S*
U
S*

C
W
,(
3)

H
W
*D

S*
U
S*

C
S,

(4
)
H
W
*D

S*
C
W
*C

S,
(5
)
H
W
*U

S*
C
W
*C

S,
(6
)
D
S*

U
S*

C
W
*C

S,
(7
)
H
W
*D

S*
U
S,

(8
)
H
W
*D

S*
C
W
,(
9)

H
W
*D

S*
C
S
,(
10
)

H
W
*U

S*
C
W
,1
1.
H
W
*U

S*
C
S,
12
.H

W
*C

W
*C

S
,1
3.
D
S*

U
S*

C
W
,1
4.
D
S*

U
S*

C
S,
15
.D

S*
C
W
*C

S,
16
.U

S*
C
W
*C

S
,1
7.
H
W
*D

S,
18
.H

W
*U

S,
19
.H

W
*C

W
,2
0.
H
W
*C

S,
21
.D

S*
U
S,
22
.D

S*
C
W
,

23
.D

S*
C
S,

24
.U

S*
C
W
,2
5.
U
S*

C
S,

26
.C

W
*C

S

H
W

[H
os
pi
ta
lW

as
te
],
U
S
[U

ps
tr
ea
m

W
as
te
],
D
S
[D

ow
ns
tr
ea
m

W
as
te
],
C
W

[C
hi
ck
en

W
as
te
],
C
S
[C
hi
ck
en

S
am

pl
e]
,a
nd

P
S
S
[P
eo
pl
e
S
us
pe
ct
ed

of
S
ep
tic
em

ia
]

1516 J Environ Health Sci Engineer (2020) 18:1509–1520



intestinal bacteria, especially E. coli. On the other hand, they
are a good place for many of these bacteria to become resistant
to various types of antibiotics [26]. In such an environment,
the resistant genes transfer well between different bacterial
species due to higher levels of food and microbial loads
[27]. In this study, the results showed hospital sewage and
chicken sample contamination with ESBL E. coli is a neces-
sary cause of this infection in people suspected of septicemia.
The reason for hospital wastewater being a necessary cause
but urban wastewater being a sufficient cause for this infection

in people suspected of septicemia is the higher antibiotic re-
sistance in hospital wastewater compared to urban sewage
[28]. Also, the high concentration and diversity of antibiotics
in hospital wastewater increases the chances of bacteria
contacting antibiotics and creating resistant species, which
increases the transmission of resistant genes between bacteria,
especially E. coli [29]. Natural water environments provide a
better selective advantage in making fecal coliforms resistant
to antibiotics than soil, sand, and sewage. On the other hand,
most wastewater treatment plants with conventional

HW*CW*CS HW*US*CS HW*US*CW 

DS*CW*CS DS*US*CS DS*US*CW 

HW*US HW*DS US*CW*CS 

Fig. 3 XY plot of all sufficiency causes on occurrence of ESBL E. coli in people suspected of septicemia (B)
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biological processes are not designed to remove highly polar
pollutants, such as antibiotics, so they can easily spread to
water resources [30]. Even wastewater treatment processes
play a role in the selective increase of antibiotic-resistant bac-
teria [31]. In a study on bacteria found in hospital and urban
wastewater, it was found that bacteria resistant to vancomycin
and ciprofloxacin were significantly more common in hospital
wastewater than in urban wastewater. It was also found that
the range of antibiotic resistance bacteria in hospital and urban
wastewater corresponds with clinical isolates. High consump-
tion of antibiotics in hospitals and their entry into the sewer
can be a factor in selective pressure on bacteria and their

resistance [32]. Many studies have shown that the concentra-
tion of various antibiotics in hospital wastewater can reach
more than 100 µg/L, which is a good reason for hospital
wastewater contamination with ESBL E. coli being necessary
to induce infection in people suspected of septicemia [33].
Also, hospital wastewater is the result of sanitary water use
in hospital wards, operating rooms, laboratories, office units,
laundry rooms, and hospital restaurants [34]. It is usually
discharged directly or through incomplete treatment to the
municipal sewer system, which contains a wide diversity of
toxic pollutants, such as antibiotic, solvents, disinfectants, and
radioactive materials [35]. These sewers are 5 to 15 times

DS*USHW*CSHW*CW

US*CWDS*CSDS*CW

CW*CSUS*CS

Fig. 4 XY plot of all sufficiency causes on occurrence of ESBL E. coli in people suspected of septicemia (C)
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more toxic than municipal sewers. In addition to toxic chem-
ical compounds, a variety of antibiotic-resistant pathogenic
microbial agents are discharged into water ecosystems
through hospital wastewater, which can contribute to the di-
versity of antibiotic-resistant strains in this source [36].
Mohammadi Mehr et al. conducted a study on gram-
negative bacteria responsible for hospital infections in several
hospitals in Tehran, with the highest frequency being related
to E. coli (36%) [37]. Also, E. coli isolates isolated from the
samples showed more than 70% resistance to 4 antibiotics.
The important point of this study was that more than 70% of
the isolates were resistant to at least 3 types of antibiotics:
amoxiclav, ampicillin, and methicillin [37]. In a 2012 study
by Dehghanzadeh et al., the results showed that the resistance
of E. coli in wastewater isolates to β-lactam antibiotics was
50–72% [38]. In another study on clinical samples from a
hospital in 2011, this resistance was about 40%. A study con-
ducted by Hadi et al. showed that the rate of antibiotic resis-
tance in bacteria isolated from hospital wastewater was higher
than those isolated from municipal wastewater [39].

Conclusions

The results of this study showed that the contamination of
hospital wastewater in the environmental chain and the con-
tamination of chicken samples in the food chain are a neces-
sary cause for existing the ESBL E. coli infection in people
suspected of septicemia. If these infections are present in any
of the independent cases, that case has a high consistency
percentage for the creation of the desired outcome, i.e., the
induction of ESBL E. coli infection in people suspected of
septicemia. Therefore, if there is contamination of hospital
wastewater and chicken in an area, it can be claimed that
people suspected of septicemia are almost infected with

ESBL E. coli and the percentage of this contamination can
be high. Controlling ESBL E. coli in hospital wastewater
(environmental chain) and chicken (food chain) can prevent
contamination in people with suspected septicemia.
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