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There is increasing and spread of antibacterial resistance to antibiotics worldwide. The level of
knowledge and attitudes of the community regarding the use of antibiotics in Tanzania is unknown. The
present study identified determinants of knowledge and attitudes regarding antibiotics use in Moshi
Urban district, Northern Tanzania. A cross-sectional study was conducted from April to June 2016
among community members whereby information was collected by using questionnaires on a sample
of 292 randomly selected respondents. Descriptive statistics and logistic regression analysis were used
in data analysis to assess factors associated with knowledge and attitude towards antibiotic use. Out of
292 respondents, 183 (62.7%) had good knowledge regarding antibiotics use while those with adequate
attitude were 255 (87.3%). Respondents with no formal education, primary and secondary education
had lower odds of having good knowledge regarding antibiotics use as compared to those with higher
education degree (OR=0.04, 95%CI: 0.002-0.79), (OR=0.38, 95% CI: 0.14-0.97), and (OR=0.42, 95% CI:
0.16-1.06), respectively. Respondents with good knowledge regarding antibiotics use had higher odds
of having adequate attitude towards antibiotic use (OR=3.16, 95% CI: 1.49-6.70). It was concluded that
knowledge and attitude regarding antibiotic use is fair. Therefore, these findings are important in
strategizing targeted antibiotic awareness campaigns among population.
Key words: Community, knowledge, practices, antibiotic, Tanzania.
INTRODUCTION
Antibiotic resistance is a growing global problem of public
health importance (WHO, 2014). In 2014, World Health

Organization (WHO) reported that in many countries
where there is a high rate of antimicrobial resistance,
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common infections are documented in communities and
health facilities. Despite these alarming reports, there is a
global consensus that the prevalence of antimicrobial
resistance is under reported and therefore continuous
surveillance is instituted in many countries, Tanzania
included (WHO, 2015). The WHO Global action on
antimicrobial resistance plan recognizes the role of
societies in causing antibiotic resistance. Included in the
list of possible causes of antibiotic resistance are the acts
of inappropriate use of medicines that include failure to
complete treatment, skipping of doses, re-use of leftover
medicines, and overuse of antibiotics (Hemo et al., 2009).
The root cause is the lack of knowledge on appropriate
use of antibiotic that may collectively promote selection
and dissemination of antibiotic resistant bacterial strains.
The two main dispensing points for medicines in
Tanzania are either the pharmacies (which are located in
health facilities) and/or the drug-specific retailers. The
former, usually operate under prescription-only policy and
institutes strict control in the dispensing of medication
including antibiotics. Medicines are more available to
communities in the drug-specific retailers through the
prescription-only and over-the-counter dispensing
mechanisms (Battersby et al., 2003). The Tanzania Food,
Drugs and Cosmetics Act (TFDA, 2003) has done
recommendable efforts through the Tanzania‟s accredited
drug dispensing outlet (ADDO) program in training
dispensers followed by regulation to achieve quality
standards (Alba et al., 2010; Rutta et al., 2015), and
registered over 3,500 functioning ADDOs in 2013 (HSSPIV, 2015).
However, current and previous studies have indicated
that infringement of policies although reduced, are still
very common (Chalker et al., 2015; Goodman et al.,
2007). A recent community based study on antimicrobial
use among 1,200 household done by Chalker et al.
(2015) indicated that ADDOs were the more convenient
source of medicines by most community members but
such sourcing was associated with poor ADDOs
dispensing practices and over use or incomplete dosages
of antimicrobials in response to incorrect public demand
(Chalker et al., 2015). Inappropriate antimicrobial selling
was common, for example, more than one-third of
requests by investigators who presented as “mystery
shoppers” with acute respiratory infection were approved
and also, 85% of prescription-only antimicrobials were
sold just on verbal requisition. In these circumstances,
the role of consumers as final regulators for the antibiotic
use becomes a priority.
The community plays an important role in antibiotic
resistance; either worsening or improving the condition
and its is necessary to understand their antibiotic use
knowledge and attitude and if any educational needs
exist (Napolitano et al., 2013). The report on situation
analysis and recommendation of antibiotic use and
resistance in Tanzania recognizes community to be
responsible for antibiotic resistance through irrational use
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but also as an important pillar if used as an opportunity
for interventions to avert the situation (GARP-Tanzania,
2015). If the community could have correct knowledge,
right attitude and good practice in antibiotic use, they
could make it possible for reduction and even prevention
of antibiotic resistance. Several factors that are
associated with public knowledge regarding antibiotics
use have been reported to be demographic
characteristics, including gender (Barah and Gonçalves,
2010; Chang et al., 2012; You et al., 2008), age (Barah
and Gonçalves, 2010), education level (Barah and
Gonçalves, 2010; You et al., 2008), family income (Barah
and Gonçalves, 2010; You et al., 2008) and place of
residence (Mouhieddine et al., 2015). Moreover, social
demographic characteristics and culture has been linked
with practices towards antibiotics (Touboul-Lundgren et
al., 2015), thus referred to as possible explanations of
persistent differences in antibiotic consumption between
countries. Appropriate knowledge can improve behaviors
and thus influence culture on antibiotic use (TouboulLundgren et al., 2015).
However, there is little evidence on the level of
community knowledge and attitude regarding antibiotics
use in Tanzania. Such information is important in
designing future interventions needed to improve rational
antibiotic use and ultimately restrain the dissemination of
antibiotic resistance. Therefore, the aim of the study was
to identify determinants of knowledge and attitudes
regarding antibiotics use in Moshi Urban district, Northern
Tanzania.
METHODOLOGY
Study settings, design, population sample and sampling
This was a cross sectional community based study. The study was
conducted from April to June 2016. The study was conducted in
Moshi urban district in Kilimanjaro region, which is located in
Northern Tanzania. Moshi Urban is one of the 7 districts forming
Kilimanjaro region. Moshi urban has a population of 184,292 people
with annual population growth of 2.8% (PHC, 2013). Pharmacies
and ADDOs are easily accessible within the area. The ADDOs
convenient location with no waiting queue makes it easier for the
community to have greater access to antibiotics outside health care
centers.
For sample size calculation, the knowledge should be 76% (Auta
et al., 2013) in the population. This has been assumed from
literature review: N = [Z2 P(1-P)]/(d2); N is the required sample, Z is
the confidence level at 95% (1.96), P is the prevalence of 0.76, d =
Margin of error at 5% (0.05). Non-response correction = 10%.
Therefore, N = 273 + 10% of 273 = 300.
A multistage cluster sampling was employed. Moshi municipal
council has 21 wards. Six wards were randomly selected. In each
ward two villages were then randomly selected to obtain 12
villages. In each village, a total of 25 households were selected
randomly using rotary method. From each household, an adult
individual (the head of the household or in his/her absence the next
responsible person) was contacted and given an explanation about
the purposes of the research. A total of 292 respondents agreed to
be interviewed. The response rate was 97.3%. Participants‟ aged
15 to 70 years were included considering that those in the age
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group make their own decision in caring for their health, including
seeking medical care and antibiotics use. Females 174 (59.6%)
were more than men 118 (40.4%).

Data collection methods
Questionnaire development and structure
Selected household were visited and face-to-face interview was
conducted using a structured questionnaire as previously described
(Auta et al., 2013; Azeem et al., 2014; Pereko et al., 2015) with few
modification. The questionnaires were divided into three parts. Part
1: recorded the respondent‟s socio-demographic characteristics
such as age, sex, occupation, level of education, income per month
and residence. Part 2, comprised nine questions that provided
information about respondent‟s knowledge on antibiotics and
antibiotics use. It included the following guestions: “aspirin is
antibiotic”, “piriton is antibiotic”, “ampicillin is antibiotic”,
“paracetamol is antibiotic”, “antibiotics are used to stop fever”,
“antibiotic are used to relieve pain”, “antibiotics can cure all
infections”, “antibiotic can kill bacteria” and “antibiotic can kill
viruses”. Part 3 assessed attitudes and practice of respondents
towards antibiotics use. Respondent was asked: “If my family
member is sick”, “I usually share my antibiotics with them”, “I can
stop taking a full dose of antibiotics if your symptoms are
improving”, “it is good to keep leftover antibiotics at home in case of
future need”, “it would be good to purchase antibiotics in
pharmacies without prescription”, “unnecessary use of antibiotics
makes them ineffective”, “when I visit a doctor sick enough with cold
I usually expect an antibiotic”, “when I have a fever I should always
take an antibiotic to feel better”, and “when I have cold, I should
always take an antibiotic to feel better”.
The antibiotic knowledge score was calculated as a discrete
variable by summing the respondent‟s number of correct
responses. Nine questions were asked, which were used to
measure knowledge. One point was awarded for each correct
response (Yes or No, for correct question), and zero for each wrong
or uncertain response, with a maximum obtainable correct score of
nine for each respondent. The knowledge score was categorized
into two levels indicated by poor (0-4) and good (5-9).
The attitude and practice scores were calculated as a discrete
variable by summing the participant‟s number of appropriate
responses to 8 statements. One point was awarded for each
appropriate response (Agree or Disagree, for correct statement);
and zero was awarded to each wrong answer. The attitude and
practices score was categorized into two levels indicated by not
adequate (0-3) and adequate (4-8). The method used for
knowledge score and attitudes was adopted from Awad and Aboud
(2015).
Pre-testing of the questionnaire
The questionnaire was pretested for readability and ease of
understanding among 10 community members. Their data was not
used in the study. Face and content validation of the measuring
instrument was done by analyzing the data obtained from the
community members and corrections was done where appropriate.
The pretested questionnaire was administered to community
member.

Data analysis
Data was entered into MS excel sheet, then transferred to Statistical
Package for Social Sciences (SPSS) version 22.0. Descriptive
statistics were used to summarize demographic characteristics

variables. During Bivariate logistic regression analysis variables
associated with knowledge and attitude at a level of significance p <
0.1 were entered into the final model of the multivariate logistic
regression analysis, which was used to compute adjusted odds
ratio (AOR) and 95% confidence intervals (95% CI) to assess the
independent associations of these variables with outcome of
interest (knowledge and attitude). Since a multistage cluster
sampling technique was used in our study, a Generalized
Estimating Equations (GEE) model was used in our analysis to
adjust for the design effect. A p < 0.05 was considered significant.

RESULTS
Socio-demographic characteristics of the studied
population
The characteristics of the respondents are summarized in
Table 1. Out of 292 respondents included in this study,
most 111 (38.0%) were from the age group 21-30 years
and female were more represented 174 (59.6%) than
male. Most respondents had completed at least the
primary level of education 142 (48.6%), while married
respondents were more represented 145 (49.7%). Most
respondent had income per month of less than 240,000/=
Tanzanian Shillings 223 (76.4%). Majority of respondents
were engaged in business 139 (47.6). No information
was gotten on the characteristics of non-respondents 8
(2.6%). Conversely, the respondents are representative
of the whole population.
Respondents’ knowledge regarding antibiotics use
When assessing the level of knowledge amongst the
respondents, 183 (62.7%) had good knowledge while 109
(37.3%) had poor knowledge of antibiotics use. Fortyeight of respondents (40.8%) correctly answered on the
question “aspirin is not antibiotic”, Less than half of
respondent 126 (43.2%) correctly answered “piriton is not
antibiotic”. One hundred sixty eight (57.5%) correctly
answered the question “ampicillin is antibiotics” while 71
(58.6%) correctly answered the question “paracetamol is
not antibiotics”, 140 (47.9%) answered no to the question
“antibiotics are used to stop fever”. Less than half 135
(46.2%) correctly answered the question that “antibiotic
are not used to relief body pain”. More respondent 228
(78.1%) answered no to the question that “antibiotic
cannot cure all infections”. 194 (66.4%) respondent
correctly answered the question that “antibiotics can kill
bacteria”, and only 102 (34.9%) responded no to the
question that “antibiotics can kill viruses” (Figure 1).
Respondents’ attitude regarding antibiotics use
A total of 255 (87.3%) respondents had adequate attitude
while 37 (12.7%) had inadequate attitude regarding
antibiotics use. Figure 2 presents the respondent‟s
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Table 1. Socio-demographic characteristics of respondents
(N=292).

Variable
Age in years
15- 20
21- 30
31- 40
41-50
≥51

Frequency [n (%)]
42 (14.4)
111 (38.0)
58 (19.9)
49 (16.8)
32 (11.0)

Sex
Male
Female

118 (40.4)
174 (59.6)

Education levels
No formal
Primary
Secondary
Higher education degree

5 (1.7)
142 (48.6)
112 (38.4)
33 (11.3)

Marital status
Single
Married
Divorced
Widowed

135 (46.2)
145 (49.7)
4 (1.4)
8 (2.7)

Income (In Tanzania shillings -TZs)*
<240,000
≥240,000

223 (76.4)
69 (23.6)

Occupation
Peasant
Employee
∞
Student
Business

48 (16.4)
71 (24.3)
34 (11.6)
139 (47.6)

Ward
Pasua
Rau
Soweto
Longuo
Majengo
Mawenzi

55 (18.8)
51 (17.5)
51 (17.5)
71 (24.3)
47 (16.1)
17 (5.8)

*1USD equivalent to 2000 Tanzanian Shillings (TZs). ∞Secondary
and college students.

attitude regarding antibiotics use. The responses were
as follows: forty-nine (16.8%) of responded wrongly
agreed that “if my family member is sick, I usually share
my antibiotics with them”. Over half of the respondents
239 (81.8%), dis-agreed on the statement that” I can stop
taking a full dose of antibiotics if your symptoms are

1021

improving”. Over half of the respondents 212 (72.6%) disagreed that “it is good to keep leftover antibiotics at home
in case of future need”. Two hundred and thirty nine
(81.8%) respondents disagreed that “it would be good to
purchase antibiotics in pharmacies without prescription”.
Most respondents 223 (76.4%) agreed “unnecessary use
of antibiotics makes them ineffective”. One hundred and
seventy two (58.9%) respondents dis-agreed on the
statement that „‟When I visit a doctor, sick enough with
cold I usually expect an antibiotic”. Over half of
respondent 168 (57.5%) ds-agreed on the statement
“when I have a fever I should always take an antibiotic to
feel better”, and 176 (60.3%) dis-agreed that “when I
have cold, I should always take an antibiotic to feel
better”.

Factors associated with knowledge of antibiotics use
In univariate logistic regression analysis variables such
as age, gender, marital status, occupation and education
qualified for multivariate logistic regression analysis. Here
only results for multivariate logistic regression and GEE
analyses are presented. Respondents who had no formal
education, primary and secondary education had lower
odds of having good knowledge of antibiotics use
compared to respondents who had higher education
degree (OR=0.04, 95% CI: 0.002-0.79), (OR=0.38, 95%
CI: 0.14-0.97), and (OR=0.42, 95% CI: 0.16-1.06),
respectively. Other variables such as age, gender marital
status and occupation were not statistically significant.
After adjusting for potential cluster effect of wards, the
results of the GEE model indicated that gender, marital
status and education remained significant predictor for
knowledge (Table 2).

Factors associated with attitude of antibiotic use
The multivariate logistic regression analysis revealed that
two independent variables have a significant influence on
the respondents‟ overall attitude towards use of
antibiotics. Respondents who were students (secondary
and college) had reduced odds of having adequate
attitude than those who engaged in business (OR=0.16,
95%CI: 0.03-0.92). Respondents with good knowledge
regarding antibiotics had higher odds of having adequate
attitude towards antibiotic use (OR=3.16, 95%CI: 1.496.70). After adjusting for potential cluster effect of wards,
the results of the GEE model indicated that gender,
occupation, education and knowledge remained
significant predictor for attitude (Table 3).
DISCUSSION
It was believed that this was the first baseline study of its
kind to comprehensively determine knowledge, attitudes
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Corrtect

Not correct

Uncertain

Average level of good knowledge

Average Knowledge

62.7

Aspirin is an antibiotic (No vs Yes)

40.8

Piriton is an antibiotic (No vs Yes)

30.5

43.2

28.8
37.3

Ampicillin is an antibiotic ( Yes vs No)

57.5

Paracetamol is an antibiotic (No vs Yes)

58.6

19.5

12.3

30.2
28.4

Antibiotics are used to stop fever (No vs Yes)

47.9

38.7

Antibiotics are used to relieve pain (No vs Yes)

46.2

43.8

Antibiotics can cure all infections (No vs Yes)

13.0
13.4
9.9

78.1

Antibiotics can kill bacteria (Yes vs No)

12.3

66.4

Antibiotics can kill viruses (No vs Yes)

14.0

34.9

0.0

10.0

20.0

19.5

39.4

30.0

40.0

50.0

Percentage

9.6

25.7

60.0

70.0

80.0

90.0 100.0

Figure 1. Respondents‟ knowledge regarding Antibiotics use.

Correct

Not Correct

Uncertain

Average adequate Attitude

Average adequate Attitude

87.3

If my family member is sick, I usually give my
antibiotics to them
I can stop taking a full course of antibiotics if your
symptoms are improving
It is good to keep leftover antibiotics at home in case
of future need
It would be good to purchase antibiotics in pharmacies
without prescription

81.2

16.8

81.8

17.1

72.6

22.6
81.8

Unnecessary use of antibiotics makes them ineffective

21.6

58.9

0.0

10.0

20.0

30.0

35.3

40.0

50.0

60.0

70.0

2.1

6.5

36.0

60.3

2.1

15.1

26.0

57.5

1.0
4.8

16.1

76.4

When I visit a doctor sick enough with cold I usually
expect an antibiotic
When I have a fever I should always take an antibiotic
to feel better
When I have a cold, I should always take an antibiotic
to feel better

2.1

80.0

4.5

90.0

100.0

Percentage
Figure 2. Respondents‟ attitude regarding Antibiotics use.

and practice regarding antibiotic use among community
members in Moshi urban area. The information gathered
from this study gives highlights of the areas that need
attention regarding health promotion as well as knowledge
and practices that require to be imparted to community
for enhancing fight against antibiotic resistance in
Tanzania. Additionally, the present study includes
opinions so that we have an initial point of view when
dealing with health in a comprehensive approach.
In this study, it was found that 62.7% of the study
respondents had good knowledge of antibiotics use. Our
findings were relatively lower compared to the study
conducted in Hong Kong which reported adequate
knowledge of 77% (You et al., 2008). Similar to what was

documented in our study are the findings in Nigeria which
reported a low level of knowledge regarding antibiotic use
of 30.5% (Auta et al., 2013). In knowledge specific
questions, more than 60% of the study population agreed
that antibiotics are effective against bacteria, which is
relatively the same with previously reported study in
Namibia (Pereko et al., 2015) and lower than a study
conducted in Kuwait (Awad and Aboud, 2015). It was
found out that 87.3% of respondents had adequate
attitude regarding the use of antibiotics. This is higher
than what was found in a study conducted in Hong Kong
that reported adequate attitude of 72% (You et al., 2008).
In assessing respondents attitudes towards antibiotic
use, 35.3% of respondents in this study agreed with the
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Table 2. Factors associated with good knowledge on antibiotic use (N=292).

Good
[n (%)]

Poor
[n (%)]

Crude OR (95%CI)

P
value

AOR **
(95%CI)

P value

GEE***
OR (95%CI)

P
value

28 (66.7)
64 (57.7)
37 (63.8)
30 (61.2)
24 (75.0)

14 (33.3)
47 (42.3)
21 (36.2)
19 (38.8)
8 (25.0)

0.66 (0.23-1.85)
0.45 (0.18-1.09)
0.58 (0.22-1.53)
0.52 (0.19-1.41)
1

0.42
0.08
0.21
0.23
-

0.84 (0.28-2.50)
0.59 (0.23-1.54)
0.65 (0.23-1.80)
0.67 (0.23-1.92)
1

0.76
0.28
0.41
0.46
-

0.84 (0.31-2.24)
0.59 (0.31-1.13)
0.65 (0.39-1.08)
0.67 (0.33-1.34)
1

0.73
0.11
0.10
0.26
-

Gender
Male
Female

68 (57.6)
115 (66.1)

50 (42.4)
59 (33.9)

0.69 (0.43-1.12)
1

0.10
-

0.63 (0.38-1.07)
-

0.09
-

0.63 (0.45-0.89)
1

0.009
-

Marital status
Single
Married
Divorced
Widowed

69 (51.1)
104 (71.7)
3 (75.0)
7 (87.5)

66 (48.9)
41 (28.3)
1 (25.0)
1 (12.5)

0.14 (0.01-1.24)
0.34 (0.04-3.03)
0.42 (0.20-9.36)
1

0.07
0.36
0.54
-

0.14 (0.01-1.57)
0.30 (0.02- 3.38)
0.30 (0.01-8.30)
1

0.11
0.33
0.48
-

0.14 (0.02-0.85)
0.30 (0.05-1.82)
0.30 (0.01-6.70)
1

0.03
0.19
0.45
-

Income (TZs)*
<240,000
>240,001

141 (63.2)
42 (60.9)

82 (36.8)
27 (39.1)

1.10 (0.63-1.92)
1

0.71

-

-

-

-

Occupation
Peasant
Employee
∞
Student
Business

35 (72.9)
43 (60.6)
16 (47.1)
89 (64.0)

13 (27.1)
28 (39.4)
18 (52.9)
50 (36.0)

1.51 (0.73-3.12)
0.86 (0.47-1.55)
0.49 (0.23-1.06)
1

0.22
0.60
0.07
-

2.06 (0.68-6.19)
1.63 (0.64-4.11)
1.76 (0.72-4.29)
1

0.19
0.29
0.21
-

2.06 (0.71-5.97)
1.63 (0.76-3.47)
1.76 (0.84-3.66)
1

0.18
0.20
0.12
-

Education level
No formal
Primary
Secondary
Higher education degree

1 (20.0)
92 (64.8)
66 (58.9)
24 (72.7)

4 (80.0)
50 (35.2)
46 (41.1)
9 (27.3)

0.09(0.09-0.95)
0.69(0.29-1.59)
0.53(0.22-1.26)
1

0.04
0.32
0.14
-

0.04 (0.002-0.79)
0.38 (0.14-0.97)
0.42 (0.16-1.06)
1

0.03
0.04
0.05
-

0.04 (0.005-0.34)
0.38 (0.21-0.67)
0.42 (0.26-0.69)
1

0.003
0.001
0.001
-

Variable
Age (years)
15-20
21-30
31-40
41-50
≥51

*TZs: Tanzania shilling. **OR have been adjusted for age, gender, marital status, Occupation and education. ***Generalized estimating equations model has been adjusted for the cluster effect
of wards to knowledge. ∞Secondary and college student.
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Table 3. Factors associated with adequate attitude toward antibiotic use (N=292).

Adequate
[n (%)]

Not adequate
[n (%)]

Crude OR (95%CI)

P value

AOR*
(95%CI)

P value

GEE**
OR (95%CI)

P value

Age (years)
15-20
21-30
31-40
41-50
≥51

36 (85.7)
95 (85.6)
52 (89.7)
44 (89.8)
28 (87.5)

6 (14.3)
16 (14.4)
6 (10.3)
5 (10.2)
4 (12.5)

0.85 (0.22-3.33)
0.84 (0.26-2.74)
1.23 (0.32-4.75)
1.25 (0.31-5.08)
1

0.82
0.71
0.76
0.70
-

-

-

-

-

Gender
Male
Female

99 (83.9)
156 (89.7)

19 (16.1)
18 (10.3)

0.60 (0.30-1.20)
1

0.10
-

0.64 (0.30 -1.36)
1

0.27
-

0.66 (0.47-0.92)
1

0.01
-

Marital status
Single
Married
Divorced
Widowed

115 (85.2)
130 (89.7)
3 (75.0)
7 (87.5)

20 (14.8)
15 (10.3)
1 (25.0)
1 (12.5)

0.82 (0.96-7.04)
1.23 (0.14-10.76)
0.42 (0.02-9.36)
1

0.81
0.84
0.50
-

-

-

-

-

Income (TZs)
<240,000/=
> 240,001

194 (87.0)
61 (88.4)

29 (13.0)
8 (11.6)

0.87 (0.38-2.02
1

0.70
-

-

-

-

-

Occupation
Peasant
Employee
∞
Student
Business

46 (95.8)
63 (88.7)
24 (70.6)
122 (87.8)

2 (4.2)
8 (11.3)
10 (29.4)
17 (12.2)

0.34 (0.06-1.68)
0.31 (0.06-1.40)
0.10 (0.02-0.51)
1

0.11
0.12
0.006

0.45 (0.08-2.36)
0.37 (0.08-1.74
0.16 (0.03-0.92)
1

0.70
0.23
0.04

0.44 (0.20-0.97)
0.16 (0.06-0.42)
0.36 (0.20-0.95)
1

<0.001
0.18
0.03
1

Education level
No formal
Primary
Secondary
Higher education degree

5 (100)
128 (90.1)
97 (86.6)
25 (75.8)

0 (0.0)
14 (9.9)
15 (13.4)
8 (24.2)

2.92 (1.11-7.70)
2.06 (0.78-5.42)
1

0.03
0.12

2.07 (0.67-6.43)
1.88 (0.64-5.52)
1

0.22
0.25

2.07 (1.022-4.23)
1.88 (0.36-9.74)
1

0.04
0.45

Knowledge
Good
Poor

169 (92.3)
86 (78.9)

14 (7.7)
23 (21.1)

3.22 (1.58-6.58)
1

<0.01
-

3.16 (1.49- 6.70)
1

0.003
-

3.16 (1.58-6.33)
1

0.001
-

Variable

*OR have been adjusted for gender, occupation, education and knowledge. **Generalized estimating equations model has been adjusted for the cluster effect of wards
to attitude. ∞Secondary and college student.
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statements concerning the use of antibiotics for cold, this
has also been documented elsewhere (Pavydė et al.,
2015; Pereko et al., 2015). Also, in demonstrating
misunderstanding among the public regarding the use of
antibiotics for common infections, especially respiratory
tract infections (Jose et al., 2013), which are usually selflimiting and do not require antibiotic treatment (Van der
Velden et al., 2013).
In the present study, it was found that 16.8% of
respondents agreed to give antibiotics to their family
member when they feel sick. These findings revealed that
there is a tendency of patients not to complete their
antibiotic doses. Moreover, there are still a percentage of
Moshi residents tending to share used leftovers of
antibiotics with others thus subjecting the general
population to the problem of antibiotics misuse. The
same scenario although higher than what was reported in
our findings, was found to be a common practices and
attitude of antibiotic medication sharing (Auta et al., 2013;
Yu et al., 2014). About 48% of respondents would give
their antibiotics to their family members if they feel they
have similar illness with theirs (Auta et al., 2013). Having
the knowledge, adequate attitudes and good practices on
antibiotics use would result into proper consumption of
antibiotics and reduce antibiotics resistance. This will also
reduce unnecessary expenses in the treatment of
bacterial infections.
In the present study, it was found that 26.0% of
respondent wrongly agreed and 15.1% of respondent
were uncertain on the statement that “when I visit a
doctor sick enough with cold I usually expect an
antibiotic”. Several reports have shown that patient‟s
expectation is an important factor for antibiotic prescribing
and that antibiotics are more likely to be prescribed under
patient pressure (Auta et al., 2013; Kumar, 2003; Ong et
al., 2007). It has also been indicated that physicians
would like to meet patients‟ expectation even though they
feel antibiotics are unnecessary (Butler et al., 1998). This
highlights the need for more studies in Northern Tanzania
to examine the extent of antibiotic prescriptions even in
situation where antibiotics are not required.
In multivariate logistic regression analysis, the study
found that students (secondary and college students) had
less odds of having adequate attitude. This indicates that
lack of formal education on the subject in schools can be
the contributing factors (Azevedo et al., 2009).
Respondents with good knowledge of antibiotics use is
associated with adequate attitude, which is in agreement
with previous reported findings, where good or
appropriate knowledge of antibiotics was identified to be
a predictor for adequate attitude towards antibiotic use
(Awad and Aboud, 2015; Kim et al., 2011; Lim and Teh,
2012).
This study has some associated limitations, which may
need to be taken into considered when interpreting the
findings of the present study. The inherent weakness of
cross sectional study design also applies in this study
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where we fail to assume the causal inference of factors
associated with knowledge and attitude towards antibiotic
use. While health programs generally provide information
on rational use of medications in Tanzania, respondents
from this study are not isolated from the general public
where such information is delivered. To conform to the
information received, they may have provided socially
desirable responses that in turn increased the level of
knowledge of respondents and further underestimated
the strength of association between different factors
associated with antibiotic use. On the other hand, the
diverse nature of interventions in regard to rational use of
medication and the variation in terms of geographical
areas where such interventions are implemented may
hinder generalization of the results of the present study to
other areas in Tanzania. The cut-off used in this study
was arbitrary cut offs and the use of other cut-offs could
have led to different results.

Conclusion
It was concluded that knowledge and attitude regarding
antibiotic use is fair. Therefore, these findings are
important in strategizing targeted antibiotic awareness
campaigns among population. If no action is taken to
create awareness and knowledge on antibiotics, antibiotic
drug resistance might develop and spread among
population. Regarding this challenge, policy on drug
dispensing was suggested to be adhered to.
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The dipteran crop has been implicated in many fly/microbe associations. In most cases, reports merely
identify that the microbe(s) in question is(are) found inside the crop, but very few studies have focused
on their long-term presence within the crop. Possibly, one of the main reasons for this is that flies
usually regurgitate their crop contents, which makes it difficult to do long-term studies. Because of this,
an in situ crop vessel bioassay was developed using adult Musca domestica as the crop donor and
Escherichia coli are the microbe of choice. Procedures for crop filling, removal, sanitization and crop
microbial contents over a 48 h incubation period were evaluated. Even though biofilm formation was
suggested based on the microscopy, an increase in numbers was not observed, which possibly
indicates there was no biofilm formed. This assay can be amended to fit any fly/microbe association in
which one wants to study the microbe within the crop without its contents being regurgitated.
Key words: Musca domestica, diverticulated crop, biofilm, food safety, Escherichia coli.

INTRODUCTION
Since 1982, Escherichia coli O157:H7 is recognized as
one of the most important food borne human pathogens
in the U.S. In 2011, there were 2,366 lab-confirmed, food
borne infections caused by this pathogen. E. coli
O157:H7 strains usually carry verotoxins and factors for
the attachment to the host intestinal epithelial cells.
Illness, caused by this organism can range from selflimited diarrhea to lethal symptoms, including hemolytic
uremic syndrome or thrombotic thrombocytopenic

purpura. The infective dose of E. coli O157:H7 is low for
humans (<100 cells). The primary mode of transmission
of this organism is through food, but can also be through
water and person-to-person (Riley et al., 1983; Doyle et
al., 1997; Alam and Zurek, 2004). Because of its
significance to food safety, this was the microbe used to
develop and test biofilm formation in the fly ‘crop vessel’
bioassay.
Musca domestica L. (Diptera: Muscidae) is a major
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License 4.0 International License
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domestic, medical and veterinary pest and acts as a
vector for many pathogenic organisms that cause food
spoilage (Nayduch and Burrus, 2017). House flies can be
found everywhere people live and, they are also
associated with animal husbandry. House flies pick up
pathogenic organisms from farms, garbage, sewage and
other sources of waste. They then transfer these microbes
to human and animal food through their mouthparts, body
parts and their excretions (that is, regurgitation and
defecation). Several previous studies focused on the
pathogenic organisms carried by house flies. They
showed that house flies are incriminated in the
transmission of more than 65 pathogens causing human
and animal intestinal disease, such as, E. coli O157:H7,
Campylobacter, Salmonella and Shigella (Mian et al.,
2002; Szalanski et al., 2004; Malik et al., 2007). Recently,
El Bassiony et al. (2016) showed that adult house flies
can feed upon and maintain Vibrio cholera within their
digestive tract.
Bacteria have evolved elaborate mechanisms for
adhering to and colonizing solid surfaces, plus
establishing microbial communities known as biofilms
(Lear and Lewis, 2010). This distinctive lifestyle of
bacteria protects them from adverse conditions, such as
antimicrobials, thereby raising various problems to life,
which include causing persistent and chronic human
infections or contamination of food products. Many
investigations have reported the persistence of some
food borne pathogens on contact surfaces of food in the
form of a biofilm and their negative influence on the
quality and safety of food products (Niba et al., 2007;
Simões et al., 2010). House fly has even been shown to
transfer E. coli O157:H7 to spinach leaves through the
process of regurgitation (Wasala et al., 2013). Because of
its importance as a vector of food borne pathogens
(Barreiro et al., 2013), the diverticulated crop of adult
house fly was selected as the microbial vessel for biofilm
bioassay.
Since most bacteria multiply within self-generated
biofilms, it raised concern that E. coli might gain
protection by forming a biofilm within the crop of house fly
and then distributing the pathogen via regurgitation (ElBassiony and Stoffolano, 2016). In this study, the ability
of microbial biofilm formation by E. coli within the crop of
house fly using a unique in situ, fly ‘crop vessel bioassay’
was examined. To substantiate its presence within the
crop vessel, a combination of confocal microscopy and
plating techniques were used. Finally, this bioassay
circumvents the loss of any microbes and/or antimicrobial
peptides being studied within the crop because of being
lost via the regurgitation process, which is normally
associated with flies (Stoffolano and Haselton, 2010).
The overall objective of this research was to develop a
fly ‘crop vessel bioassay’ that could be used by any
research group interested in studying microbe/fly
associations while focusing on the diverticulated crop.
Also, it intended to determine if biofilms can form within

the crop of adult house fly.
MATERIALS AND METHODS
Fly maintenance, handling, feeding and dissections
A house fly colony was started from the USDA colony maintained
by Dr. Geden. Housing and rearing procedures used were those of
Hogsette (1992). All rearing was done in the Fernald Hall insectary
while bacterial work was done in the Food Science Microbiology
Chenowith Laboratory. Prior to any experiments, flies were
anesthetized in ice, wings were removed and a dot of white out
correction fluid put onto the dorsal surface of the thorax. This was
done both to facilitate handling and to satisfy the university policy
on working with this fly/microbe.
The plan was to feed house flies E. coli, the crop was dissected
out, to make sure external sanitization did not affect microbes within
the crop, homogenize the crop, and recover bacterial cells by
plating. In addition, confocal microscopy using GFP labelled E. coli
would provide some information on biofilm formation. Before
starting any experiments, there were a number of parameters that
needed to be tested:
Sanitation and dissection procedures
No colony growth was observed on the TSA plate after the
disinfected step, indicating that the disinfection was effective in
reducing the bacterial load of the exterior of the fly to below
detectable levels. It was also essential to determine if ethanol was
being pulled into the crop during disinfection. The concern was that
when flies were sanitized, the ethanol could be pulled into the crop
during sanitation, and destroy the crop background microflora.
Furthermore, if ethanol does affect the microorganisms within the
crop, it would also have an influence on the result of our
experiments.
In order to test this, the fly was ligated between the head and the
thorax. Flies from the same colony were used and divided into two
groups (control and test group). For the test group, flies were
ligated between the head and the thorax before the exterior
disinfection by 70% ethanol (same as control group). Crop bacterial
load recoveries were compared between the groups. Results
showed that similar numbers of background microflora were
observed from both ligated and non-ligated flies (Wang, 2016)
indicating that flies were not ingesting the 70% ethanol during
sanitation. Thus, the ligation step was not used in further
experiments.
It was also essential to demonstrate the effectiveness of surface
disinfection and determine if the crops also needed to be surface
sanitized following dissection. Crops were removed from flies and
put into the homogenized tubes to determine cell numbers. Forceps
and the surface of the flies were disinfected using 70% ethanol
before dissection.
Finally, it was necessary to determine if the crops required
exterior disinfection following dissection prior to plating, because
there was the possibility of crop contamination from either the
hemolymph adhering to the removed crop or from the environment
during dissection. To compare the numbers of background
microflora (standard plate counts and coliforms) in crops with and
without crop disinfection, flies from the same colony were used and
were divided into two groups. For the control group, the protocol of
fly dissection was performed as mentioned above. For the test
group, each crop was sanitized by washing in 70% ethanol for 30 s
followed by rinsing in sterile neutralizing buffer for 30 s, three times
individually prior to plating. Crop bacterial load recoveries were
compared between groups and showed similar numbers of
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Table 1. OD630 value of E. coli O157:H7 biofilm formation in three different media.

Hours
24
48

1% glucose M9 media
1
Control
E. coli
0.12±0.02
0.29±0.06
0.13±0.02
0.29±0.04

LB with 1% glucose
1
Control
E. coli
0.12±0.01
0.13±0.03
0.13±0.02
0.14±0.02

TSB with 1% glucose
1
Control
E. coli
0.14±0.03
0.18±0.03
0.13±0.02
0.13±0.02

1

Blank media was used as control for each experiment.

background microflora from both groups (Wang, 2016). It is likely
that disinfection of the whole fly is effective and the crops are not
greatly contaminated during dissection. Further experiments were
performed without sanitizing the exterior surface of crops prior to
plating.

In vitro biofilm assay
Before studying biofilm formation of E. coli O157:H7 within the
house fly crop, it was essential to investigate the biofilm forming
ability of E. coli O157:H7 and determine the optimal media for E.
coli O157:H7 biofilm formation. The in vitro, biofilm assay used was
a modification of the method described by Djordjevic et al. (2002).
Biofilm formation of E. coli O157:H7 in different media (M9 media,
LB and TSB) was monitored over time by turbidity at an optical
density at 630 nm (OD630). The level of the crystal violet presence
in the destaining solution was measured by OD630. Results are
presented in Table 1. At 24 and 48 h, the OD630 value of E. coli
O157:H7 in 1% glucose M9 media was 0.29±0.06 and 0.29±0.04,
respectively. E. coli O157:H7 did not form biofilm in either LB or
TSB. These results indicated, however, that E. coli O157:H7 did
form biofilm in 1% glucose M9 media. Future experiments always
used 1% glucose M9 media to culture E. coli O157:H7 to feed the
flies and, to conduct the crop in situ biofilm assay.

Dissection procedures and surface sterilization of flies
All dissecting equipment was sterilized prior to use. When removing
the crop, flies were first cold immobilized. Each fly was rolled on a
‘dirty’ Tryptic Soy Agar (TSA) plate, then disinfected by washing in
70% ethanol (30 s) and rinsing in phosphate-buffered saline (PBS)
3x times for 30 s each time. After that, the fly was rolled on a ‘clean’
TSA plate. The difference in the two TSA plates indicated the effect
of the disinfection. The abdomen was then carefully opened to
expose the crop. Once exposed, the crop duct was grasped with a
forcep and removed. Each fly crop was aseptically dissected and
then transferred to a 1.5 mL sterile biomasher tube (Kimble &
Chase ©) with 100 μL of sterile PBS. The mixture in each tube was
homogenized followed by serial dilution. The diluent was plated in a
duplicate TSA plate for background microorganism recovery. The
Violet Red Bile Agar (VRBA) plates were spread by plating with a
small volume of overlay in duplicate. Culture plates were incubated
at 32°C for 48 h. Colonies on the plates were counted by Scan 500
(TSA plates) or by manual work (VRBA plates).
Bacterial strains used and growth conditions
An enhanced green fluorescent protein (EGFP)-expressing E. coli
O157:H7 (ATCC 43895) (Prachaiyo and McLandsborough, 2000),
was used to feed the flies and observed for biofilm formation within
the crop. GFP-expressing E. coli O157:H7 was inoculated (100 μL)
in 10 mL 1% M9 media with 100 μg/mL Ampicillin sodium (Amp100)
and 20 μg/mL IPTG (IPTG20) at 37°C for 18 h. A full loop of the
growth was streaked onto a Congo Red plate. Congo Red indicator

agar was TSA containing 20 mg/L Congo red and 10 mg/L
Coomassie brilliant blue G; and, was used to monitor the
expression of curli in cells grown as colonies. The plates were
incubated at 32°C for 48 h. Pink colonies, indicative of curli
production, were selected from plates for use in the biofilm assay. A
pink colony was picked up from the Congo Red plate and cultured
in 10 mL TSB with Amp100 and IPTG20 for 18 h. Before being fed
to the flies, the overnight culture was mixed with 1.8 g glucose to
make a 1 M glucose bacteria mixture.

In vitro biofilm assay
The biofilm assay was a modification of the method described by
Djordjevic et al. (2002). Pink colonies from Congo Red plates were
transferred to 10 mL LB Broth with Amp100 and IPTG20 or TSB
with Amp100 and IPTG20 or 1% glucose M9 medium with Amp100
and IPTG20 at 37°C for 18 h. The overnight growth was diluted
(1%) into fresh media making a 1% inoculum. Inoculated and uninoculated medium (negative controls) were added to a 96 well
PVC-microtiter plate (100 μL/well). The OD630 was measured before
and after the plate was incubated at 32°C for 24 h. The difference
of OD630 before and after the 24 h incubation indicated the growth
of the culture during this time. After the incubation, planktonic cells
in each well of the plate were removed. The wells were washed with
sterile water 3x, then stained with 150 μL (1.5%) freshly prepared
crystal violet and incubated at 32°C for 45 min. After that, all the
crystal violet was removed by an aspirator. The wells were washed
with sterile water 5X and de-stained with 200 μL of 95% ethanol for
1 h at room temperature. 100 μL of the ethanol was transferred to a
new microtiter plate and the level of the crystal violet present in the
destaining solution was measured at OD630. Treatment antibiotics
were used in all of our future experiments. A diagram of the
bioassay system is shown in Figure 1.

Bacteria under confocal microscope
Bacteria were prepared as described previously. 3 μL of the
overnight culture was taken and put onto a microscope slide. 100
μL of the culture was then serially diluted and plated making a
concentration from 10-1 to 10-7 on TSA with Amp100 and IPTG20.
The plates were incubated at 37°C for 24 h and then plate counting
numbers were determined. The microscope slide prepared
previously was put under the confocal microscope for observation.
The E. coli O157:H7 pEGFP was excited using a 488-nm laser line
and emissions detected using 515 to 540-nm filters. The purpose of
this was to get the image of the E. coli O157:H7 pEGFP, which
would confirm the stability of the plasmid on the bacteria. It also
helped to obtain a standard gain of the bacteria, which aided in
distinguishing the bacteria from the auto-fluorescence background
of the fly crop.
In situ biofilm crop assay
Bacteria were prepared as previously described. 24 house flies
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Figure 1. Figure showing the bioassay for testing crops filled with various solutions (ATM =
antimicrobials), testing various quorum sensing inhibitors, and checking for the occurrence of
horizontal transmission of resistance. The insert shows a crop filled with sugar solution within a
physiological saline. The red Amaranth dye makes the lobes visible and its duct appears white
and is also visible.

were used in this experiment. The experimental design is shown in
Figure 2. To induce feeding, flies in all groups were starved for 12 h
and given only water. After that, each fly in the treatment group was
transferred to an individual dish. A 3 μL droplet of GFP- expressing
E. coli O157:H7 with food coloring was placed into each Petri dish.
Flies were monitored until the entire droplet was consumed. Six
flies in the control group were given 1 M glucose and sterile water
after the fast as the negative control and were sacrificed and
dissected after they consumed the whole droplet of glucose solution.
Each crop was then removed and put into a single well in the 96
well microtiter plate with 100 μL sterile PBS. After 24 h, 4 crops in
the control group were individually put into a 1.5 mL biomasher tube
with 100 μL PBS. The mixture was then homogenized, serially
diluted and plated in duplicate TSA plates with Ampicillin and IPTG
as negative controls. The other two crops were put on a slide for
observation using confocal microscopy and served as negative
controls. After the flies in the treatment groups consumed the
droplet of bacteria, they were sacrificed, the crops were removed
using the previously described dissection protocol, and individually
placed into a well of a 96 well PVC-microtiter plate. At time zero
(directly after feeding), Group 1 (T=0) consisting of 6 crops were
homogenized individually in a 1.5 mL sterile biomasher tube with
100 μL PBS. The serial dilutions were plated in duplicate TSA
plates with Ampicillin and IPTG for crop bacteria load recovery. At
T=24 and 48 h, 6 crops were removed from the wells and 4 crops
homogenized and plated to recover bacterial numbers, while 2
crops were used for confocal microscopy.

Statistical analysis
The in situ biofilm crop vessel assay experiment was replicated 5x.

In each experiment, the relationship of numbers of E. coli O157:H7
recovered from the crops amongst three different time points was
analyzed using a one way ANOVA.

RESULTS AND DISCUSSION
In situ biofilm assay
E. coli O157:H7 numbers within the crop were determined
when flies were 0, 24 and 48 h post-ingestion and
experiments repeated 5x. There was no statistical
increase in crop bacterial load (CFU/crop) over the 48 h
incubation period. For each experiment, there was no
significant difference of crop bacterial load within the
three time points (p>0.05) (Figure 3). The variation of the
GFP-expressing E. coli numbers in each crop at the
same time point was less than 1 log. Microscopy showed
that upon prolonged incubation (48 h) within the crop,
GFP-expressing E. coli produced what is considered as
biofilms (Figure 4). From the five experiments, without the
influence of regurgitation, this method showed greater
reproducibility in studying bacterial interactions within the
crop, than using a live fly feeding study. We did not find
any significant change in crop bacterial load during the
incubation period in any of the five experiments based on
plate count numbers. There might be several possible
reasons for this. For example, biofilm of E. coli formed
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24, 6-8 day old house flies in both
groups fast for 12 h

Test group (18 flies)
Each fly was fed 3 μL bacteria with
food color after fasting

Control group (6 flies)
Each fly was fed 3 μL 1M glucose
solution after fasting

Flies consumed the entire droplet of
bacteria (with red abdomens) were
aseptically dissected. And crops were
removed and put into 96 well microtiter
plate for incubation

Flies consumed the entire droplet
of glucose solution (with red
abdomens) were aseptically
dissected and crops were removed
and put into 96 well microtiter

Group 1

Group 2

Group 3

6 crops in this
group
incubated for 0
hour in the
microtiter plate

6 crops in this
group
incubated for
24 hours in the
microtiter plate

6 crops in this
group
incubated for
48 hours in the
microtiter plate

6 crops were incubated for 24
hours in microtiter plate

After incubation, 4 crops were
plated on triplicate TSA with
Ampicillin and IPTG individually
as negative control. And 2 crops in
each group were investigated with
confocal microscopy as negative
control.

After incubation, 4 crops in each group
were removed from the microtiter plate and
plated on triplicate TSA with Ampicillin
and IPTG individually. And 2 crops in each
group were investigated with confocal
microscopy for biofilm formation.

Figure 2. Flow chart showing the procedures used for the in situ biofilm crop vessel assay.
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Figure 3. Results of in situ biofilm crop vessel assay. Experiment was
replicated 5x. For each experiment, there was no significant difference
in crop bacterial load amongst the three time points (p>0.05). The
variation of the GFP-expressing E. coli number in each crop at the
same time point was less than 1 log.
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A

B

C

Figure 4. Images of GFP-expressing E. coli in the crop of adult house fly. Images were excited using the 488-nm laser
line and emissions were detected using a 515 to 540-nm filter. A. Micro-colony of E. coli O157:H7 pEGFP within the
crop of house fly. B. Biofilm formation of GFP-expressing E. coli within the crops of house flies. C. Biofilm formation of
GFP-expressing E. coli within the crop of house fly, volume view.

and attached to the crop interior made them difficult to
count in agar plates. Another possibility is increasing
numbers were not observed due to plasmid loss. Or the
presence of antimicrobial peptides from either the
labellum glands and/or the salivary glands inhibit bacterial
growth within the crop.

Previous studies on biofilm formation in flies and its
role in pathogen dissemination and food spoiling
As the food industry gives more attention to the
importance of biofilms as food needs of our planet
increase, more research will be needed to better
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understand the various factors associated with all aspect
of biofilms. As attempts are made to increase food
production, food facility pathogen management (Zhao,
2016), and various factors (such as insects capable of
vectoring food borne pathogens) involved in pathogen
transmission, research on biofilms must keep pace with
these developments. Fauvarque (2014) discussed the
importance of using the invertebrate fly model,
Drosophila melanogaster, to study, not only virulence
factors associated with various pathogens, but its
usefulness in investigating the important mechanisms
behind biofilm formation in an adult fly. While Mulcahy et
al. (2011) used the Drosophila model showing the
importance of biofilms within the adult crop, very little, if
anything is known about biofilm presence in the crops of
fly vectors of pathogens in nature. Thus, biofilm presence
in the crop of adult flies remains an untapped area of
research. Hopefully, the development of this in situ fly
‘crop vessel bioassay’ will aid others in exploring the
various aspects of biofilm formation in adult flies.
Conclusion
Using adult house flies and E. coli, a technique to study
the crop bacterial load using the ‘crop vessel bioassay’,
which eliminated the loss of microbes via regurgitation,
was developed. Although, some of the confocal images
showed that there might be bacteria growing and biofilm
forming within the crop, there was no significant change
in the crop bacterial load during the incubation period.
The ‘crop vessel bioassay’ can be used for the crop of
any adult fly and any microbe to be tested in a situation
where one does not want the crop contents regurgitated.
Current interests in antimicrobial peptides (Mylonakis et
al., 2016) is pertinent here because it is within the crop
lumen that these peptides from both the salivary and
labellar glands of non-blood feeding flies occurs and
Schlein and his co-workers (1985, 1986) attributed it to
the reason why they call the sand fly crop a sterilization
organ.
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The aim of this study was to detect and characterize pathogenic and antibiotic resistant Escherichia
coli isolated from slaughterhouse wastewater and the effluents of a municipal wastewater treatment
plant (WWTP) in Dakar, Senegal. Genetic markers associated with enterohemorrhagic E. coli (EHEC)
and extraintestinal pathogenic E. coli (ExPEC) were screened in 268 E. coli isolates from
slaughterhouse and 272 E. coli isolates from WWTP. Concerning antimicrobial resistance, 40 E. coli
isolates were studied for each of the two sampling sites. None of the E. coli isolates harboring the
genes associated with EHEC was detected in WWTP. Of the 13 tested virulence genes, fuyA and f17
were the most prevalent. The pathogenic and resistant E. coli was found in the raw wastewater and the
influent of slaughterhouse. The final rejection used for urban gardening, including the watering of
vegetables does not contain E. coli. These results showed that, after treatment, the sanitation risks
associated with the reuse water from WWTP were low.
Key words: Escherichia coli, wastewater, enterohemorrhagic E. coli (EHEC), extraintestinal pathogenic E. coli
(ExPEC), antimicrobial resistance, slaughterhouse.

INTRODUCTION
Waterborne pathogens are frequently associated with
fecal pollution from diverse sources such as wastewater,
agricultural fecal wastes and wildlife fecal droppings
(Leclerc et al., 2002). Domestic and slaughterhouse
wastewater
contains
important
microbiological
contaminations. Wastewater treatment has an impact on

the microbial quality of surface waters. Most wastewater
treatment plants (WWTP) are designed to eliminate
organic matter, which allows elimination of pathogens at
the same time (Curtis, 2003). Escherichia coli is the most
used indicator to monitor the microbial quality of water
(Wu et al., 2011).
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In Senegal, the use of wastewater for agriculture is
becoming more and more widespread, especially in the
areas around Dakar, where many programs designed to
stimulate and make horticultural activities viable
alternative were put in place. It is generally near the
wastewater sources, where they are more or less
stagnant, and plots are gardened, mainly by either poor
inhabitants from peri-urban zones, or rural migrants.
Even if they fill the water deficit and inputs (fertilizers), at
present, their most common use mode (by spray
irrigation) are associated with major health risks.
The main risk associated with reusing this water is one
of sanitation, due to the survival of the pathogenic germs
which it contains. Since 1982, the Escherichia coli strains
in particular, the enterohemorrhagic E. coli (EHEC) have
often been the cause of epidemics diarrhea, cases of
hemorrhagic colitis, and of hemolytic uremic syndrome
(HUS) (Caprioli et al., 2005). The most recent example is
the outbreak of hemolytic uremic syndrome and bloody
diarrhea caused by E. coli O104:H4 in June 2011 in
Germany (Frank et al., 2011). The intestinal pathogenic
E. coli (InPEC) is a large group of E. coli that cause
diarrhea, which is sometimes very severe due to the
release of toxins. Otherwise, the extraintestinal
pathogenic E. coli (ExPEC) is harmless when they
remain in the gut, but they cause a range of infections
elsewhere in the body. They are the biggest single cause
of blood poisoning, urinary-tract infections and infectious
disease in humans which can lead to serious
complications and death (Bonacorsi and Bingen, 2005;
Ron, 2006; Wiles et al., 2008). Trying to establish what is
causing these rapid increases of pathogenic and
antibiotic resistance E. coli is now the subject of a major
worldwide research effort. The use of livestock waste,
sewage sludge and animal processing waste can
facilitate the spread of resistant E. coli isolates and/or
pathogenic bacteria on a large scale in soils and shallow
water sources Kabiru et al. (2015). This practice can
therefore represent a threat to public health. Currently,
knowledge on the behavior and characteristics of
pathogenic E. coli in the environment, in particular, during
the wastewater purification process, is incomplete, and
no plan for the surveillance of pathogenic and/or resistant
E. coli in the environment has been put in place in
Senegal.
The objective of the present study was to evaluate the
prevalence of EHEC, ExPEC and the antimicrobial
resistance of E. coli in effluents of a WWTP and
slaughterhouse. Pathogenic E. coli were further
characterized, in order to specify their ability to cause
illness in humans, and to allow comparisons between
isolates from the different origins.
MATERIALS AND METHODS

(WWTP) located in Dakar. The WWTP serviced population
equivalent to 2,000,000 and wastewater from a hospital and the
raining wastewater were included. In the WWTP, samples were
taken from three treatment step: (1) raw wastewater, (2) clarified
effluent and (3) the treated effluent. The decontamination of effluent
is done by addition of chlorine. Thus, treated water is used in the
irrigation of the horticultural productions, the watering of technopole
golf course and to provide water to building firms. Ten liters of
effluent were collected separately at the three different levels of
treatment process.
Slaughterhouse is medium capacity (10 tons daily). It deals
mainly on cattle (74% of the annual tonnage), sheep and goat (19%
of the annual tonnage) and smaller quantities of pigs (1% of the
annual tonnage) with a slaughter room for cattle, a room for sheep
and goats and a room for pigs. The average water consumption of
the site is approximately 150 m 3 per day. Slaughterhouses are not
equipped with a pre-treatment system or wastewater treatment. All
slaughter waste (physiological liquid and water for cleaning tasks)
are discharged directly into the piping system which opens into the
sea through the Bay of Hann. Only the solid portion of the gastric
contents is recovered to protect downstream of the items arriving
the wholesale elements likely to cause clogging of the pipe system.
This part that corresponds to the manure is used for application in
vegetable growing.
The effluent samples were taken from the cattle slaughter room.
And for better targeting of the period of strong activity of the
slaughterhouse, the sample was taken in the morning between 8:00
and 10:00 and a volume of approximately 10 L was collected
directly in sterile bottles. All samples were transported to the
laboratory in isothermal containers with eutectic plates, and
processed upon arrival at the laboratory.
Enumeration and isolation of E. coli
Ten liters of the four samples were concentrated stepwise to a final
volume of 5 ml by centrifugation. Decimal dilutions of the
concentrated samples were then plated onto selective medium for
E. coli (PetrifilmTM Select E. coli count plate, Grosseron, Saint
Herblain, France). The plates were incubated at 42°C for 24 h; and
bacterial enumeration was performed. For each sample, about 20
PetrifilmTM Select E. coli count plates were inoculated with the
dilution giving about 20 well isolated colonies. After incubation,
isolates were picked for each sample and were grown separately
with agitation at 37°C in Luria Bertani broth. They were then stored
at -80°C in Luria Bertani broth containing 30% glycerol in 96-well µl
plates for further analysis. In total, 540 isolates were saved.
Screening for potentially pathogenic E. coli
The collection of 540 isolates was screened for the presence of 3
virulence genes associated with EHEC (eae, stx1 and stx2), and 10
virulence genes associated with ExPEC (sfa/focDE, kpsMT K1,
hlyA, hlyF, fuyA, papEF, afa/draBC, clbN, f17A and cnf) as
previously described by Diallo et al. (2013) (Table 1).
Phylogenetic group classification
E. coli isolates positive for at least one virulence gene were tested
for phylogenetic groups using multiplex PCR with the chuA and
yjaA genes and the DNA fragment TSPE4. C2 according to the
method described by Clermont et al. (2000). Representative E. coli
Reference Collection strains were used as template control.

Study sites and sampling

Characterization of stx- and eae- positive E. coli isolates

Samples were taken from a municipal wastewater treatment plant

The eae - positive E. coli were PCR-tested for the presence of bfpA

Diallo et al.

1037

Table 1. Primers used for the detection of virulence genes associated with ExPECs and EHECs.

Pathotype

Target gene
f17A
cnf
clbN
papEF
afa/draBC

ExPEC
kpsMT (K1)
hlyA
sfa/focDE
FyuA
HlyF

a

a

eae
EHEC

SLT1
SLTII

Seauences forward and reverse
GCA GAA AAT TCA ATT TAT CCT TGG
CTG ATA AGC GAT GGT GTA ATT AAC
CAA TGG CAA CAA AAA TAC CTT
GAA CGA CGT TCT TCA TAA GTA TC
GTT TTG CTC GCC AGA TAG TCA TTC
CAG TTC GGG TAT GTG TGG AAG G
GCA ACA GCA ACG CTG GTT GCA TCA T
AGA GAG AGC CAC TCT TAT ACG GAC A
GGC AGA GGG CCG GCA ACA GGC
CCC GTA ACG CGC CAG CAT CTC
TAG CAA ACG TTC TAT TGG TGC
CAT CCA GAC GAT AAG CAT GAG CA
AAC AAG GAT AAG CAC TGT TCT GGC T
ACC ATA TAA GCG GTC ATT CCC GTC A
CTC CGG AGA ACT GGG TGC ATC TTA C
CGG AGG AGT AAT TAC AAA CCT GGC A
TGA TTA ACC CCG CGA CGG GAA
CGC AGT AGG CAC GAT GTT GTA
TCG TTT AGG GTG CTT ACC TTC AAC
TTT GGC GGT TTA GGC ATT CC
AGGCTTCGTCACAGTTG
CCATCGTCACCAGAGGA
AGAGCGATGTTACGGTTTG
TTGCCCCCAGAGTGGATG
TGGGTTTTTCTTCGGTATC
GACATTCTGGTTGACTATCTT

and EPEC adherence factor (EAF) plasmid as already described
(Franke et al., 1994; Gunzburg et al., 1995). E2348/69 was used as
control strain (Levine et al., 1985). Based on PCR results, E. coli
isolates were classified as Shiga toxin-producing E. coli (STEC) or
atypical EPEC. E. coli isolates positive for stx1 and/or stx2 genes
were classified as STEC, isolates positive for eae gene, and
negative for stx1, stx2, bfpA and EPEC adherence factor (EAF)
plasmid were classified as atypical EPEC (Trabulsi et al., 2002).
The five major serotypes associated with EHEC (O157:H7,
O26:H11, O145:H28, O111:H8 and O103:H2) were investigated in
STEC and potential EPEC isolates, by real-time PCR with
conditions and control strains described elsewhere (Madic et al.,
2011; Perelle et al., 2004, 2005).

Antimicrobial susceptibility testing
A subcollection of 80 isolates of E. coli including 40 isolates from
slaughterhouse wastewater and 40 isolates from city wastewater
and WWTP were chosen ramdomly and subjected to antimicrobial
susceptibility testing. E. coli isolates positive to one EHEC- or
EXPEC-associated genetic marker were also tested. Antimicrobial
susceptibility tests were performed by using a disk diffusion method
according to the CLSI standards (CLSI, 2009a) on Mueller-Hinton
agar (Bio-Rad Laboratories). E. coli ATCC 25922 was used as the
control strain. The 16 antibiotic disks (Bio-Rad Laboratories) used in
this study were ampicillin (10 µg), amoxicillin (20 µg) with clavulanic
acid (10 µg), cephalothin (30 µg), ceftazidime (30 µg), cefotaxime

Control strains

Size (Pb)

References

25KH9

537

Bertin, 1996

28C

1147

Yamamoto et al.,
1995

IHE3034

733

Johnson et al., 2008a

J96

336

Yamamoto et al.,
1995

A30

559

Johnson and Stell,
2000

SP15

153

Johnson and Stell,
2000

J96

1177

Johnson and Stell,
2000

J96

410

Yamamoto et al.,
1995

J96

880

Johnson and Stell,
2000

SP15

444

Moulin-Schouleur et
al., 2007

570
Sakaï (RIMD
0509952)

388
807

China et al., 1996

(30 µg), cefepime (30 µg), cefuroxime (30 µg), streptomycin (10µg),
gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg),
ciprofloxacin (5 µg), tetracycline (30 µg), chloramphenicol (30 µg),
trimethoprim (5 µg), sulfonamides (300 µg). The susceptibility
breakpoints for all antimicrobials were those recommended by CLSI
(CLSI, 2008; 2009b). Isolates were classified as multiresistant when
they exhibited resistance to three or more classes of antimicrobial
agents (Schwarz et al., 2010).
Statistical analysis
A Pearson's Chi-squared test was used to test if antimicrobial
resistant were evenly distributed among sampling points. The
statistical significance was set at a P value <0.05. These analyses
were performed using the statistical R.2.13.0.

RESULTS
E. coli counts
Regarding urban WWTP, raw wastewater and clarified
6
2
effluent contained 1.5 × 10 CFU/mL, and 1.1 × 10
CFU/mL E. coli, respectively. After treatment, the final
rejection used for urban gardening, including the watering
of vegetables contained no E. coli. Slaughterhouse
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Table 2. Prevalence of virulence genes in city wastewater and slaughterhouse wastewater.

WWTP
Slaughterhouse wastewater
Total (n=540)
(n= 268)
Raw (n= 183) clarified (n=89)
ExPEC-associated genetic markers
papEF
0% (0)
0.5% (1)
0% (0)
0.1% (1)
clbN
0.37% (1)
1.0% (2)
0% (0)
0.5% (3)
kpsMTK1
0% (0)
0% (0)
0% (0)
0% (0)
sfa/focDE
0% (0)
0% (0)
0% (0)
0% (0)
hlyF
0.37% (1)
0.5% (1)
0% (0)
0.3% (2)
f17A
0% (0)
0% (0)
0% (0)
0% (0)
f17a
0% (0)
0% (0)
0% (0)
0% (0)
f17c-A
0% (0)
0.5% (1)
0% (0)
0.1% (1)
f111
0% (0)
2.1% (4)
0% (0)
0.7% (4)
afa/draBC
0% (0)
0% (0)
1.1% (1)
0.1% (1)
cnfx
1.1% (3)
0% (0)
0% (0)
0.5% (3)
fuyA
1.4% (4)
0.5% (1)
1.1% (1)
1.1% (6)
Virulence genes

EHEC-associated genetic markers
eae
0.7% (2)
stx1
0.7% (2)
stx2
0.7% (2)

6

wastewater contained 3 × 10 CFU/mL E. coli that were
discharged into the environment without treatment.

Prevalence and characteristics of ExPEC in WWTP
The collection of isolates was screened for ExPEC
associated
genetic
markers
(papEF,
sfa/focDE
afa/draBC, fuyA, cnfx, f17A, hlyA, hlyF, clbN and kpsMT
K1). One of these genes was detected in 13 of the 540
tested isolates: 9 in city wastewater and 4 in
slaughterhouse (Table 4). The most prevalent gene was
fuyA (1.1%) followed by f17 (0.9%), clbN (0.5%), cnfx
(0.5%), hlyF 0.3%), papEF (0.1%) and afa/dra (0.1%)
(Table 2). The f17 gene was only detected in city
wastewater strains, whereas cnfx was only detected in
strains isolated from the effluent from the slaughterhouse.
The genes kpsMT K1 and sfa/focDE were absent on the
entire collection. A weak association of genes was noted.
The majority of these strains was assigned to group B1 (9
strains) following by B2 (2 strains), D (1 strain) and A1 (1
strain). It is interesting to note that the strains belonging
to group B2 and D were found in the WWTP. Except one
strain which was susceptible to the antibiotics, the strains
from WWTP carrying gene associated with ExPEC were
resistant at least to one antibiotic.

Prevalence and characteristics of STEC and atypical
EPEC
EHEC associated genetic markers (stx1, stx2 and eae

0% (0)
0% (0)
0% (0)

0% (0)
0% (0)
0% (0)

0.3% (2)
0.3% (2)
0.3% (2)

genes) were screened in the collection of the 540
isolates. Four isolates including two eae-positive E. coli
isolates, and two stx-positive isolates (STEC) were
detected in the slaughterhouse wastewater. The two
STEC from slaughterhouse carried both stx1 and stx2
genes (Table 4). Any isolate harboring both eae and stx
gene was isolated. The two eae-positive were negative
for bfpA and EPEC adherence factor (EAF) plasmid,
which justifies their classification as atypical EPEC
(Kaper et al., 2004). In order to specify the ability to
cause illness in humans, these 4 isolates were better
characterized. The specific detection, by real time PCR,
showed none of the 4 isolates was assigned to the five
major serotypes frequently associated with EHEC (O157,
O26, O145, O103 and O111). In additional, the strains
harboring gene associated with EHEC were allocated in
groups B1. The STEC and atypical EPEC strain detected
from the slaughterhouse were susceptible to all tested
antibiotics.

Prevalence of antimicrobial resistant E. coli
Antimicrobial resistance to all the antimicrobials tested
and multiresistance were detected more frequently in
isolates from WWTP. Ampicillin, amoxicillin + clavulanic
acid, cephalotin, streptomycin, tetracycline and
trimethoprim resistances were observed in isolates from
all origins (Table 3). Acid nalidixic, chloramphenicol,
ciprofloxacin, sulfonamide and cefepime resistances
were only observed in WWTP. Gentamicin, cefotaxime,
ceftazidime and cefuroxime resistances were not
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Table 3. Prevalence (%) of resistant strains by antibiotics observed within each sampling points.

Antibiotics family Antibiotics

β-Lactam

Aminosides
Tétracycline
Phenicol
Sulfonamide
Fluoroquinolones
Quinolones

a

CTX
AMC
CAZ
AM
CEF
CXM
FEP
GEN
KAN
STR
TE
C
SSS
TMP
CIP
NA

Location
Slaughterhouse (n=40) WWTP (n=40)
0 (0)
0 (0)
2 (5)
5 (12.5)
0 (0)
0 (0)
6 (15)
17 (42.5)
2 (5)
5 (12.5)
0 (0)
0 (0)
0 (0)
1 (2.5)
0 (0)
0 (0)
1 (2.5)
0 (0)
1 (2.5)
9 (22.5)
1 (2.5)
17 (42.5)
0 (0)
1 (2.5)
0 (0)
14 (35)
1 (2.5)
13 (32.5)
0 (0)
1 (2.5)
0 (0)
5 (12.5)

p-value

b

NS
NS
NS
< 0.05
NS
NS
NS
NS
NS
< 0.05
< 0.005
NS
< 0.005
< 0.005
NS
< 0.05

a

AM, ampicillin; AMC, amoxicillin clavinic acid ; CEF, cephalothin; CXM, cefuroxime; CTX, cefotaxime;
CAZ, ceftazidime ;FEP, cefepime ; KAN, kanamycin ; STR, streptomycin; C, chloramphenicol; NA,
nalidixic acid; CIP, ciprofloxacin; SSS, sulfonamide, TMP, trimethoprim; TET, tetracycline; CIP,
ciprofloxacin. b NS no significant.

Table 4. Characterization of E. coli isolates harboring gene associated with ExPEC and EHEC.

Location

Strain
Combination of
API 20E code
code
virulence genes

SN01
SN02
Slaughterhouse SN03
SN04
SN05
SN06
SN07
SN08

5144572
5144572
5044573
5144572
5144572
5144572
5144572
5144172

SN09
SN10
SN11
SN12
SN13
SN14
SN15
SN16
SN17

5144572
5144572
5144572
5144572
5144532
5144532
7044572
5144572
5144532

WWTP

stx1/stx2
tx1/stx2
eae
eae
Cnfx/fuyA
Cnfx/fuyA
clbN/hlyF/fuyA
Cnfx/fuyA

Resistance
a
phenotype

Phylogenetic groups

S
S
S
S
S
S
S
S

B1
B1
B1
B1
B1
B1
B1
B1

f111
TE
f111
TE
f111
TE
f111
TE
clbN/papEF/fuyA TE/C/SSS/TMP
clbN
TE/C/SSS/TMP
hlyf
SSS/TMP
f17c/f111
S
afa/dra/fuyA
AM/TE/TMP

B1
B1
B1
B1
B2
B2
D
B1
A

a

AM, ampicillin; C, chloramphenicol; NA, nalidixic acid; SSS, sulfonamides, TMP, trimethoprim; TE,
tetracycline; S, susceptible to all tested antibiotics.

detected from all collection. The resistance frequencies
towards the tested antimicrobials varied among the

different origins (0 to 50%). By comparing the sampling
sites, the largest number of resistant strains was found in
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isolates from raw wastewater and clarified effluent.
Among isolates from WWTP, antimicrobial resistance
frequencies were highest for tetracycline, ampicillin,
sulfonamide, trimethoprim and streptomycin.
The multi-resistant strains were observed mostly at the
urban sewage treatment plant with 32.6% of strains
resistant to at least four antibiotics. Whereas, concerning
the number of strains resistant to two and three
antibiotics, no significant difference was noted between
slaughterhouse and WWTP (Table 3).

DISCUSSION
The first objective of this study was to evaluate the
proportion of E. coli contamination of raw wastewater,
effluents slaughterhouse and the final rejection. The
results did not show a significant difference between the
load of E. coli in slaughterhouse effluents and human
sewage. Moreover, the same results were found in
several studies conducted both on the effluent from
slaughterhouses and the effluent of human origin
(Czajkowska et al., 2008) and also on hospital effluents
(Tsai et al., 1998). In contrast, the E. coli strains were
absent after treatment of effluent at the WWTP. These
results are opposed to those obtained in several studies
conducted in France and elsewhere (Vernozy-Rozand et
al., 2002; Loukiadis et al., 2006). This difference could be
justified by the various methods of wastewater treatment
used in a wastewater treatment plant and the final
destination of the treated water. The wastewater
treatment is done by chlorine at the WWTP. This water is
reused for irrigation of vegetable crops in the peri-urban
area of Dakar and also by building construction
companies.
The same result were obtained with sludge dehydrated
and stabilized with lime (Reinthaler et al., 2010). The
treatment had eliminated the E. coli strains in the effluent,
meaning that raw sewage and slaughterhouse effluents
characteristics that are without treatment may play an
important role in the dissemination of E. coli in the
environment (Kabiru et al., 2015). The Dakar
slaughterhouse effluents are discharged directly without
treatment in the sea at the bay of Hann which is a
swimming area. The authors detected pathogenic and
resistant E. coli in the raw wastewater before treatment
and the effluent of slaughterhouse, indicating a potential
risk for the microbiological pollution of water. The
absence of eae-positive and stx-positive strains in human
effluent is not surprising. Domestic ruminants (especially
cattle) are considered to be the main reservoir of EHEC
strains for human infection (Hancock et al., 2001; Mainil
and Daube, 2005). The two eae-positive isolates
identified in the present study are ‘atypical EPEC’ or aEPEC, because they do not harbour any bfpA gene. This
is in full agreement with the observation that Bfp is only
produced in human strains, with the exception of a few

strains from dogs and cats (Goffaux et al., 2000; Chen
and Frankel, 2005). Other studies showed the presence
of eae-positive E. coli isolates in effluents from human
and animal origin (Holler et al., 1999; Vernozy-Rozand et
al., 2004; Garcia-Aljaro, 2005; Awais et al., 2007; Ayaz et
al., 2014). Loukiadis et al. (2006) detected 54 eaepositive E. coli isolates among 5,001 isolates from
various effluents from 12 slaughterhouses in France.
Here, it was confirmed that the prevalence of eae-positive
E. coli isolates in effluents was very low.
In order to investigate the prevalence of ExPEC, ten
genetic markers associated with ExPEC was screened in
the collection of 540 isolates. The results showed that
ExPEC associated genetic markers were detected in the
human and animal effluents. This is in agreement with
other studies showing that E. coli strains with
uropathogenic virulence characteristics were present in
sewage of human (Muhldorfer et al., 1996; Boczek et al.,
2007; Anastasi et al., 2010; Diallo et al., 2013) and
animal origin (Sabate et al., 2008). Besides fuyA gene
which encodes the iron uptake system, f17 related gene
was the most prevalent. All strains carrying f17 genes
were detected in human effluent. This finding is
surprising. The F17 – Fimbriated E. coli are very common
in cattle populations. This family of the fimbriae related
F17 is frequently isolated from clinical cases of mastitis in
cattle. For instance, in the Netherlands, 55% of isolates
from mastitic milk expressed FI7-related fimbriae
(Nemeth et al., 1994; Lipman et al., 1995). The E. coli
strains harboring F17 gene were isolated from raw
wastewater and had the same profile. Further
characterization of the isolates carrying virulence genes
associated with ExPEC majority were classified as Group
B1. This could be explained by a low rate of association
of genes observed with the strains. Two strains were
grouped as B2, one expressed the genes clbN /
papEF/fuya and the second one expressed the clbN. The
clbN gene is a marker for the 3’ region of the pks island,
encoding colibactin that induces DNA double-strand
breaks in eukaryotic cells, and pks island was shown to
be significantly associated with bacteremia (Nougayrede
et al., 2006; Johnson et al., 2008b). Previous
epidemiological studies have shown that E. coli isolated
from extra intestinal infections harbored many virulence
genes and belong mostly to phylogenetic group B2 and,
to a lesser extent, group D (Bingen et al., 1998; Boyd and
Hartl, 1998; Picard et al., 1999; Johnson and Russo,
2005). Strains carrying virulence genes associated with
ExPEC detected in this study cannot be considered as
potential ExPEC strains. However, these strains remain a
danger to public health due to their rapid growth and
plasticity of their genomes.
One the other hand, the study shows that human
effluents had the higher number of resistant strains than
slaughterhouse (23/40 versus 7/40). This result shows
that the use of antibiotics in animals is not yet
widespread. Most of the slaughtered cattle come from
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traditional livestock farming characterized by low
utilization of veterinary inputs, which is not the case in the
human sector. These results contrast with those obtained
by Martel et al. (1981), in France who observed very high
resistance levels that exceeded 50% for all strains of E.
coli bovine studied towards the ampicillin, streptomycin,
kanamycin,
chloramphenicol,
tetracycline
and
sulfonamides (Martel et al., 1981). The 15 strains of E.
coli (37.5%) of the urban sewage were resistant to more
than 2 antibiotics and resistance profile of the most
common resistance profile was the association among
ampicillin, streptomycin and tetracycline. The results
confirm those obtained by Holzel et al. (2010) where was
E. coli from sewage sludge, had the most frequent
resistance to streptomycin (56.5%), followed by
doxycycline (54.7%) and ampicillin (19.8%). In addition,
the results are consistent with those obtained by
Schroeder et al. (2002) who showed that 75% of E. coli
strains resistant to ampicillin were also resistant to
streptomycin and tetracycline.
The present study shows the importance of monitoring
samples collected in the environment for the presence of
virulence and resistant microorganisms. It was shown
that the raw wastewater is a reservoir for a variety of
virulence factors associated with ExPEC and EHEC, and
that the treatment of effluents is very important. For
preventative reasons, treatment of effluent before use by
gardener should be given preference. Raw wastewater
without effective treatment to eliminate pathogenic E. coli
should no longer to be used in irrigating vegetables.
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Catheter associated bloodstream infections, exit-site infections, and tunnel infections are common
complications related to hemodialysis central venous catheter use. Effective antimicrobial coating of
catheters that can inhibit device colonization has the potential of preventing clinical infection. The
study investigated in vitro the antimicrobial efficacies of hemodialysis catheters impregnated with an
antibiofilm agent (ascorbic acid) (vitamin C) and a broad-spectrum antibiotics (Gentamicin and
levofloxacin) against five clinical strains recently isolated from patients undergoing hemodialysis
catheter removal. Impregnated catheters were also evaluated for their anti-adherence activities and
durabilities. Levofloxacin/ascorbic acid (LEV/AS) catheters produced the most active and durable
antimicrobial effect against both Gram-positive and Gram-negative isolates and significantly reduced
adherence (P<0.05) by all tested pathogens compared to control catheters while, gentamicin/ascorbic
acid (GENT/AS) catheters had lost activity against methicillin resistant Staphylococcus aureus and
Escherichia coli but still produced zones of inhibition only for methicillin-resistant Staphylococcus
epidermidis (MRSE), Klebsiella pneumoniae and Pseudomonas aeruginosa. Effects of levofloxacin,
gentamicin and vitamin C coated catheters on microbial adherence were found to be dose dependent.
In conclusion, catheters impregnated with LEV/AS were shown to have broad spectrum, sustained
antimicrobial durability and high efficacy. These in vitro results suggest that this antimicrobial
combination can be used to protect against hemodialysis catheter colonization and catheter-associated
infection.
Key words: Gentamicin-levofloxacin-ascorbic acid (vitamin C), biofilm, hemodialysis catheters, colonization.

INTRODUCTION
The prevalence of end-stage renal disease patients
demanding renal replacement therapy has increased in
the last decade and it is predictable that this increase will

last over the next 10 years (Bohlke et al., 2015).
Hemodialysis catheter is a commonly used device in
renal replacement therapy. The main challenge to the
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use of these devices is the increased risk of a catheterrelated bloodstream infection (CRBSI) (Sahli et al., 2016).
Hemodialysis patients with a catheter have a 2 to 3 fold
increased risk of hospitalization for infection and death
compared with patients with an arteriovenous fistula or
graft (Dhingra et al., 2001). CRBSI alone have a reported
incidence of 1.1 to 5.5 episodes per 1000 catheter days
and are associated with increased morbidity,
hospitalization and death (Weijmer et al., 2005). The
extent of the cost depends on the type and severity of
infection. The total direct and indirect costs associated
with hospitalizations due to hemodialysis catheter related
infections range from 17,000 to 32,000 USD per episode
(Kosa and Lok, 2013).
The process of catheter insertion disturbs the integrity
of the skin facilitating an infection with bacteria or fungi.
These infections are often preceded by colonization of
the catheter with microorganisms. Scanning electron
microscopy proved that most catheters become colonized
with microorganisms during their dwell time inside blood
vessels, whether catheter-related infection occurred or
not (Raad et al., 1993). The presence of a biofilm in the
catheter lumen is one of the factors that complicate the
infection treatment. The biofilm is defined as a structured
community of bacterial units covered by adherent
material which makes this community 100 to 1,000 times
less sensitive to antibiotics less than its free form
(Fitzgibbons et al., 2011).
Impregnation or coating of catheters with antimicrobial
agents has commonly been used to prevent bacterial
colonization of hemodialysis catheters (Danese, 2002).
However, some existing antimicrobial coated catheters
designed to prevent catheter colonization may have
partial clinical efficacy mostly against drug-resistant
organisms and inadequate durability of antimicrobial
activity (Fraenkel et al., 2006, Hockenhull et al., 2008)
relatively due to their inability to control biofilm forming
microorganisms which can have minimum inhibitory
concentrations (MIC) of up to 1,000 times higher than
their MICs against their planktonic counterparts (Zhanel
et al., 2006). This in vitro study investigated the
comparative activities and antimicrobial durability of
gentamicin/ascorbic acid and levofloxacin/ascorbic acid
coated catheters against the tested microorganisms and
the effect of catheters impregnated with gentamicin,
levofloxacin, and ascorbic acid each alone and
combinations of the previous antibiotics and ascorbic acid
on microbial adherence.

MATERIALS AND METHODS
Bacterial strains
Five clinical strains recently isolated from patients undergoing
hemodialysis catheter removal at the Department of Urology, Minia
University Hospital, Egypt were used for the in vitro studies.
Organisms used were methicillin-resistant Staphylococcus aureus
(MRSA), methicillin-resistant Staphylococcus epidermidis (MRSE),

Klebseilla sp., Pseudomonas aeruginosa and E. coli.

Chemicals
Gentamicin sulphate (Winlab), levofloxacin hydrochloride and
ascorbic acid (El-NasrPharmaceutical Chemical Co. Abu-Zaabal)
were used.

Hemodialysis catheters
Commercially available dual lumen short term polyurethane
hemodialysis catheters (Ameco medical industries, Egypt) were cut
into 1 cm segments.

Preparation of drug coated catheter segments
One centimeters catheters segments were impregnated with
gentamicin (20, 40 and 100 mg/ml), levofloxacin (20, 40 and 100
mg/ml), ascorbic acid (20, 40 and 100 mg/ml) each alone and in
combinations by immersion in an agitated solutions of the previous
concentrations followed by drying overnight and rinsing to remove
any unbound compound (Hanna et al., 2006). Commercially
available uncoated polyurethane catheters were also tested as
controls.

In vitro biofilm adherence
One centimeter-long segments of uncoated control catheters and
the aforementioned coated catheters were tested in triplicate for
inhibition of biofilm formation by a biofilm forming strains which
were isolated from infected hemodialysis catheters. The catheters
were placed into sterile 24-well tissue culture plates containing 1 ml
of human donor plasma to enhance the formation and binding of
blood proteins and were incubated for 24 h at 37°C. The plasma
was then replaced with 5.0 × 105 cells of various organisms in
Mueller-Hinton broth and the plates were incubated for an
additional 24 h. After incubation, the microbial inoculum was
discarded and segments were washed with shaking for 30 min in 1
ml of 0.9% sterile saline. The segments were then removed with
sterile sticks, placed in 5 ml of 0.9% saline and sonicated for 15 min
at 40 kHz. After sonication, each sample was vortexed for 5 s and
100 µl of liquid from each segment was serially diluted and spread
onto Trypticase soy agar plus 5% sheep blood for quantitative
culture of bacterial species. The plates were then incubated at
37°C, inverted for 24 h and counted for colony growth. The lower
limit of detection was 5 colonies. The experiments were repeated
twice (Raad et al., 2012).

Determination of zones of inhibition (ZI) and antimicrobial
durability
One centimeter-long segments of antibiotic/ascorbic acidimpregnated and control (without drugs) catheters were individually
placed in human serum at 37°C for 7, 14, 21 and 30 days, with a
weekly change of serum. Catheter segments removed from sera
and baseline catheter segments (no serum incubation) were
assessed for ZI, using a modified Kirby-Bauer diffusion assay
(Mansouri et al., 2009) against biofilm forming strains. Duplicates of
catheter segments were vertically embedded in Mueller- Hinton
agar plates coated with biofilm forming bacterial strains. The plates
were incubated overnight at 37°C and the zones of inhibition
produced around catheter segments were measured and recorded
as the diameters, in millimeters, across the centers of the
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embedded catheter segments.

Scanning electron microscope (SEM)
Hemodialysis catheter segments (controls and that with drugs) were
fixed in 2.5% (v/v) glutaraldehyde in Dulbecco PBS (Phosphate
Buffered Saline) (pH 7.2) for 1.5 h, rinsed with PBS and then
dehydrated through an ethanol series. Samples were critical point
dried and gold palladium coated. SEM examinations were made on
JSM-840 SEM (Camargo et al., 2005).

Statistical analysis
One-way ANOVA was employed to detect any significant difference
between the values achieved without the drug (controls) and the
values achieved in the presence of different drug concentrations.
Differences were done using graphpad prism 5 software. P values
of <0.05 indicated statistical significance.

RESULTS
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in a significant inhibition in the synthesis of biofilm to
catheter surfaces. Also, this study showed that
levofloxacin at low concentrations either alone or in
combination with ascorbic acid had a higher reductive
effect than gentamicin.

Scanning electron microscope (SEM)
SEM colonization images were compatible with the
adherence assay results; SEM images revealed that
considerably fewer bacterial cells of MRSA and E. coli
were attached to GENT/AS coated catheters than control
catheter segments while no bacterial cells were observed
on LEV/AS coated catheters. In addition, no biofilm mass
was observed on both types of coated catheter after
incubation with the tested organisms (Figure 1A to F).

Determination of zones of inhibition and antimicrobial
durability

In vitro biofilm adherence
The drug coated catheter segments either by an antibiotic
or ascorbic acid each alone or in combinations
demonstrated an anti-adherence ability against all tested
biofilm forming strains; the anti-adherent ability was
concentration dependent as the inhibitory effect of
gentamicin at a concentration of 100 mg/ml was in the
range of 78.2-98% of controls while, at concentrations of
20 and 40 mg/ml the inhibitory effects were in the range
of 50-84.2 and 76.6-92.9% of the controls, respectively.
Similarly, levofloxacin at concentration 100 mg showed
also an inhibitory effect ranging from 95.8-99.8% on all
tested bacterial strains, that of 40 mg was 93.6-99% of
controls and that of 20 mg was 88.7-98.2% of controls.
Data showed that ascorbic acid at a concentration of 100
mg/ml had a significant inhibitory effect on bacterial
adherence (75-97.1% of the controls) while, the effects of
20 and 40 mg/ml were in the range of 30.8-84.1 and
67.8-90% inhibitions of controls of the controls,
respectively (Table 1).
The highest inhibitory effects (99.9-100% of controls)
were recorded when a combination of levofloxacin/
ascorbic acid at 100/100 mg/ml were used followed by
40/40 mg/ml (99-99.9% of controls) and 20/20 mg/ml
(94.3-99 % of controls).
Again, similar pattern of inhibitory effect on bacterial
adherence to catheter surfaces when gentamicin/
ascorbic acid combinations were used. GENT/AS at
100/100 mg/ml showed the highest effect on bacterial
adherence (98-99.9%) while, GENT/AS at concentrations
of 20/20 and 40/40 mg/ml reduced the bacterial
adherence by 60.6-91.2 and 93.3-97.7% in comparison to
controls, respectively (Table 1).
These data revealed that ascorbic acid increased the
therapeutic effect of gentamicin and levofloxacin resulting

Figures 2 show the results of baseline tests for GENT/AS
and LEV/AS coated segments and their efficacies against
the tested microorganisms after being soaked in serum
for 4 weeks. It was revealed that LEV/AS coated catheter
segments showed the most effective, widest spectrum
and longest durability of antimicrobial activity against all
tested pathogens. Zones of inhibition produced by
LEV/AS and GENT/AS coated segments measured 2642 and 10-33 mm at baseline, respectively. After being
immersed in serum (changed at weekly intervals),
LEV/AS coated catheters still produced zones of
inhibition (15-27 mm) for 4 weeks for all tested organisms
while GENT/AS coated segments had lost their activity
against MRSA and E. coli but still produced zones of
inhibition (11-18 mm) only for MRSE, K. pneumoniae and
P. aeruginosa. Representative images of these zones are
shown in Figures 3A to F.

DISCUSSION
Despite many infection control procedures, the
prevention of infections associated with medical devices
mainly hemodialysis catheters remains challenging. The
excessive morbidity, mortality and increasing cost
associated with catheter related bloodstream infections
are incredible (Raad et al., 2007). Patients often spend
10 to 40 additional days in hospitals as a result of
acquiring these infections (Safdar et al., 2005).
Recently, promising strategies have been developed to
improve bioﬁlm eradication (matrix degradation or
destabilization or the development of anti-persister
compounds, targeting the most tolerant bacterial cells
inside the bioﬁlm) that may help to develop novel
methodologies to prevent or treat these frequent
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Table 1. The effect of catheters impregnation with different concentrations of (gentamicin, ascorbic acid) and (levofloxacin, ascorbic acid) each alone and in combination on the number of
adhering bacterial cells.

Conc.
(mg/ml)

Mean no.
of CFU/ml
X104+ SEM

Conc.
(mg/ml)

Mean no.
of CFU/ml
X104+ SEM

%
Reduction

P Value

Conc.
(mg/ml)

Mean no.
of CFU/ml
X104+ SEM

%
Reduction

P Value

30.8
73.4
89.5

<0.05
<0.05
<0.05

20
40
100

4.7+ 2.08
2.2+ 1.15
1.2+ 0.57

50
76.6
78.2

<0.05
<0.05
<0.05

20
40
100

0.56+ 0.88
0.28+ 0.11
0.019+ 0.03

9.4+ 3.3
94
<0.05
97
<0.05
99.8
<0.05

20/20
40/40
100/100

3.7+ 1.5
0.52+ 0.5
0.13+0.023

60.6
94.5
98.6

<0.05
<0.05
<0.05

20/20
40/40
100/100

0.41+ 0.11
0.094+ 0.01
0+0

95.6
99
100

<0.05
<0.05
<0.05

CTR
20
40
100

5+0.8
3.1+0.5
1.2+0.16

81.1
88.3
95.5

<0.05
<0.05
<0.05

20
40
100

10.2+1.5
4.05+1.7
1.3+ 1.5

61.5
84.7
95.1

<0.05
<0.05
<0.05

20
40
100

3+ 0.033
1.7+0.066
1.1+0.011

26.5+2.5
88.7
<0.05
93.6
<0.05
95.8
<0.05

20/20
40/40
100/100

2.4+0.8
1.06+0.6
0.29+0.14

90.9
96
98.9

<0.05
<0.05
<0.05

20/20
40/40
100 100

1.5+0.06
0.06+0.02
0.03+0

94.3
99.8
99.9

<0.05
<0.05
<0.05

CTR
20
40
100

90+0.86
58+0.6
45+0.4

50
67.8
75

<0.05
<0.05
<0.05

20
40
100

75+1.2
42+ 0.3
32+ 0.17

68.3
76.7
82.2

<0.05
<0.05
<0.05

20
40
100

4.5+1.2
2.5+0.3
0.54+ 0.16

180+1.4
97.5
<0.05
98.6
<0.05
99.7
<0.05

20/20
40/40
100/100

36+0.6
12+0.15
3.6+0.01

80
93.3
98

<0.05
<0.05
<0.05

20/20
40/40
100/100

3.6+0.8
1.8+0.64
0.18+0.05

98
99
99.9

<0.05
<0.05
<0.05

CTR
20
40
100

11.5+0.8
9.15+0.3
2.7+0.12

75.8
80.7
94.3

<0.05
<0.05
<0.05

20
40
100

7.5+ 0.8
3.35+0.6
2.15+0.1

84.2
92.9
95.5

<0.05
<0.05
<0.05

20
40
100

0.87+0.98
0.45+ 0.75
0.09+0.4

47.5+1
98.2
<0.05
99
<0.05
99.8
<0.05

20/20
40/40
100/100

6.2+0.1
2.6+0.08
0.47+ 0

86.9
94.5
99

<0.05
<0.05
<0.05

20/20
40/40
100/100

0.6+0.4
0.04+0.2
0+0

98.7
99.9
100

<0.05
<0.05
<0.05

CTR
20
40
100

9.4+1.7
5.9+1
1.7+0.5

84.1
90
97.1

<0.05
<0.05
<0.05

20
40
100

59.3+2.8
9.7+1.8
6.4+1.6
1.2+0.3

83.6
89.2
98

<0.05
<0.05
<0.05

20
40
100

1.5+ 1.1
0.99+ 0.52
0.09+ 0.44

59.3+2.8
97.5
<0.05
98.3
<0.05
99.8
<0.05

20/20
40/40
100/100

5.2+0.23
1.35+0.1
0.04+ 0

91.2
97.7
99.9

<0.05
<0.05
<0.05

20/20
40/40
100/100

0.6+ 0.03
0.1+ 0.003
0.005+ 0

99
99.8
99.99

<0.05
<0.05
<0.05

P Value

P Value

6.5+2.3
2.5+ 0.17
0.99+ 0.1

%
Reduction

%
Reduction

P.
aeruginosa

Mean no.
of CFU/ml
X104+ SEM

k.
pneumoniae

Levofloxacin/ascorbic acid

Conc.
(mg/ml)

E. coli

Gentamicin/ascorbic acid

P Value

MRSE

Levofloxacin

%
Reduction

MRSA

Gentamicin

CTR
20
40
100

Conc.
(mg/ml)

Bacteria

Mean no.
of CFU/ml
X104+ SEM

Ascorbic acid

*

P-value <0.05: Significant difference. CTR, Control without drug.

infections (Gominet et al., 2017).
Novel antimicrobial catheters have been shown
to be effective in preventing catheter-related
bloodstream infections (Wenzel et al., 1999). New
Centers for Disease Control and Prevention
(CDC) guidelines have recommended the use of
antimicrobial coated catheters (chlorhexidine/
silver sulfadiazine or minocycline/rifampin) in

adults whose catheters are expected to remain
indwelling for more than 5 days if the employment
of other antiseptic procedures did not control the
rate of these infections (O'Grady et al., 2011).
In this study, it was found that coated catheter
segments either by gentamicin, levofloxacin or
ascorbic acid were effective in preventing
bacterial adherence in comparison to uncoated

catheters (P<0.05). Catheter segments coated
with combinations of antibiotic (gentamicin or
levofloxacin) and ascorbic acid showed higher
activity than that coated with antibiotic alone.
Ascorbic acid was found to increase the activity of
gentamicin and levofloxacin considering that
antibiofilm/antimicrobial agent combination would
be synergistic (Olofsson et al., 2003). Ascorbic
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Figure 1. Scanning electron micrographs showing growth and adherence MRSA and E. coli on the surface of equally sized
hemodialysis catheters segments incubated for 24 h. A, Initial growth and adherence of MRSA without any treatment
(control). B, Growth and adherence of MRSA treated with combination of GENT/AS at 100/100 mg/ml. C, Growth and
adherence of MRSA treated with combination of LEV/AS at 100/100 mg/ml. D, Initial growth and adherence of E. coli without
any treatment (control). E, Growth and adherence of E. coli treated with combination of GENT/AS at 100/100 mg/ml. F,
Growth and adherence of E. coli treated with combination of LEV /AS at 100/100 mg/ml.

acid (vitamin C) is a naturally occurring furanone (Colin,
1999). Ascorbic acid and sodium ascorbate inhibited
quorum sensing in Clostridium perfringens (Novak and
Fratamico, 2004). In addition, ascorbic acid was
considered as efflux pump inhibitor in E. coli (Serry,
2008). The antibiofilm mechanisms of ascorbic acid may
be due to quorum sensing inhibition and efflux pump
inhibition which was noticed by Hisham et al. (2012) in P.
aeurginosa. Previously, El-Gebaly et al. (2012) reported
that levofloxacin and ascorbic acid combinations had
better inhibitory effect on biofilm formation on the surface
of urethral catheters than that recorded for individually
used drugs. Similar synergistic effect on inhibition of
biofilm formation was achieved when gentamicin was
combined with salicylate (antibiofilm agent) (El-Banna et
al., 2012).
In this study, LEV/AS coated catheters had the greatest
antibiofilm activity and produced the largest inhibition
zones against MRSA, a key pathogen associated with
hemodialysis catheter infections and P. aeruginosa the
most resistant and virulent form of Gram-negative
bacteria, which contribute to certain cases of catheter
related blood stream infection compared to GEN/AS
coated segments that lost their activity after immersion in
serum for 4 weeks so LEV/AS was the most durable.
Since pathogenic colonization of a catheter can occur

days after its insertion, it would be ideal for antimicrobial
coated catheters to have a sustained activity for as long
as it is safe and necessary. This property was achieved
in the LEV/AS coated catheter segments. A similar
pattern was reported by Mansouri et al.(2013); where N.
acetyl cysteine/levofloxacin coated catheters produced
the most active and durable antimicrobial effect against
both Gram-positive and Gram-negative isolates and
significantly reduced colonization by all tested pathogens
compared to control catheters. However, ascorbic acid is
more advantageous than N-acetylcystiene due to both
terms; safety and cost.
Another in vitro study was made by Hanna et al. (2006)
who investigated the activity and durability of novel
antimicrobial catheters in preventing the colonization of
microbial organisms to the surfaces of the Catheters.
Novel antimicrobial catheters were impregnated with
antibiotics (minocycline and rifampin), Oligon agent
(silver, platinum, and carbon black), antiseptics
(chlorhexidine and silver sulfadiazine) or a novel
antiseptic agent (gendine) which contains gentian violet
and chlorhexidine. Gendine-coated catheter segments
protected against the bacterial adherence of MRSA and
P. aeruginosa, significantly more than all other types of
antimicrobial coated catheter segments and also
demonstrated the most prolonged antimicrobial activity in

a) LEV/AS coated catheters
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catheters against common clinical pathogens based on zone of inhibition.

serum. These findings were confirmed in a recent study
that reported that gendine coated catheters completely
inhibited the adherence of all pathogens from 24 h to 1
week, while minocycline/rifampicin, chlorhexidine coated
and control catheters failed to inhibit the adherence
(Jamal et al., 2015).
On the other hand, GENT/AS coated segments had
lost activity against MRSA and E. coli but still produced
zones of inhibition (11-18 mm) only for MRSE, K.
pneumoniae and P. aeruginosa. Their limited antimicrobial
durability is similar to that obtained by Logghe et al.

(1997) who reported the lack of efficacy of chlorhexidinesilver sulfadiazine antiseptic catheters in preventing
catheter related blood stream infections in leukemia and
lymphoma patients who had central venous catheters
with an average stay time of 20 days.
In conclusion, these in vitro results suggest that
LEV/AS catheters may protect against hemodialysis
catheter colonization by gram-positive and gram-negative
bacteria and their prolonged antimicrobial durability
against these organisms recommend that this antimicrobial catheters may prove to be successful in vivo.
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Figure 3. Antimicrobial activity and durability of LEV/AS and GENT/AS coated catheters against MRSE and P. aeruginosa.
(A) LEV/AS and GENT/AS coated catheters showed 37.33 mm growth inhibition zones of MRSE, respectively (baseline). (B)
LEV/AS and GENT/AS showed 26.20 mm growth inhibition zones of P. aeruginosa, respectively (baseline). (C) LEV/AS and
GENT/AS coated catheter (immersed in serum for 2 weeks) showed 31.30 mm growth inhibition zone of MRSE, respectively.
(D) LEV/AS and GENT/AS coated catheter (immersed in serum for 2 weeks) showed 24.18 mm growth inhibition zone of P.
aeruginosa respectively. (E) LEV/AS and GENT/AS coated catheter (immersed in serum for 4 weeks) showed 27.18 mm
growth inhibition zone of MRSE, respectively. (F) LEV/AS and GENT/AS coated catheter (immersed in serum for 4 weeks)
showed 21.11 mm growth inhibition zone of P. Aeruginosa, respectively.

Zone of inhibition testing is a basic estimation of
antimicrobial activity against the free-floating form of
microorganisms, while adherence testing estimated the
antimicrobial activities against organisms in biofilm. So,
LEV/AS-coated catheter segments showed efficacy when
tested by both methods and this represents a promising
methodology for prevention of hemodialysis catheter
associated infection and colonization.
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