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Abstract

Background

Poor knowledge concerning appropriate antibiotic use significantly influences the misuse of
antibiotics within the community, especially in developing countries where there are weaker
health systems to regulate antibiotic dispensing. Antibiotic misuse leads to antibiotic resis-
tance. This study assessed knowledge of appropriate antibiotic use among buyers in the
Moshi municipality, Northern Tanzania.

Methods

We conducted a cross-sectional study in Moshi municipality between April and May 2017.
Adults who bought antibiotics at drug outlets were invited to participate in the study. An exit
interview was conducted with participants to collect their demographics and assess their
knowledge concerning appropriate use of antibiotics. A logistic regression model was per-
formed to determine factors associated with correct knowledge concerning antibiotic use.

Results

A total of 152 adults with a median age of 30.5 (IQR 25—42) years, were enrolled in the
study. Slightly over half (n = 89, 58.6%), responded that they should stop antibiotics after fin-
ishing the dose as directed. Half (n = 77, 50.7%) thought that it was acceptable to share anti-
biotics with other individuals and over half of respondents (n = 95, 65.1%) thought that they
should request the same antibiotics if they had used them to treat a similar iliness in the
past. Only 38 (25%) had adequate knowledge about the use of antibiotics. Sore throat and
flu were respectively identified by 62.5% and 46.1% of respondents as conditions that can
be treated with antibiotics. Higher levels of education (aOR =4.11 95%CI = 1.44-11.71) and
having health insurance (aOR = 9.05 95%CI = 3.35-24.45) were associated with better lev-
els of knowledge concerning antibiotic use in various ilinesses.
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Conclusion

There is inadequate knowledge concerning the indications for antibiotics and their appropri-
ate usage. Health promotion campaigns are needed to educate the population about appro-
priate antibiotic use and reduce their irrational use.

Introduction

The irrational use of antibiotics refers to their inappropriate use, for instance to treat viral ill-
ness or for the wrong duration or dose [1, 2]. Development of resistance to the commonly
available antibiotics is a direct consequence of their irrational use [3]. It is estimated that over
80% of all antibiotics, in most countries, are used in the community, where monitoring of
their rational use is challenging [4].

One of the major contributors to irrational antibiotic use is poor knowledge within the
community on their correct usage [5]. For example, antibiotics are often believed to be “won-
der drugs” with the ability to cure any ailment. Such attitudes greatly influence the irrational
use of antibiotics in the community [3, 6]. Lack of knowledge about the activity of antibiotics
on bacteria and in the inactivity of antibiotics on other pathogens (such as viruses, fungi and
parasites), and about the emergence of antibiotic resistance in case of inappropriate antibiotic
use, also influence irrational use [7, 8].

The situation is much worse in developing countries owing to weak health systems, which
lack mechanisms to monitor dispensing, despite appropriate policies, rules and regulations
often being in place on antibiotic prescriptions and dispensing [1, 7, 9]. Studies in Africa have
shown irrational usage accounting for 75% to 100% of antibiotic use in the community [5, 10-
12]. Antibiotics are commonly and irrationally used to treat non-bacterial illnesses, especially
upper respiratory tract infections (URTI) and diarrhoea [5, 13, 14].

In Tanzania, antibiotics are classified as prescription only medicines where only the few
antibiotics allowed to be sold or dispensed by the part II shops and a wider range allowed to be
sold and dispensed from part I shops (Pharmacies). The selling of drugs in the retail outlets is
regulated by the Pharmacy Council (PC) under the Ministry of Health Community Develop-
ment, Gender, Elderly and Children (MOHCDGEC) [15]. Dispensers often abandon correct
dispensing practices for financial reasons [16]. Even with regular reminders and continuing
education provided to the dispensers by regulatory bodies, little has changed [17, 18]. Poor dis-
pensing practices escalate the burden of antibiotic resistance, consequently increasing the cost
of treatment and leading to poor treatment outcomes [14, 19].

Interventions to provide education to the community have proven to be successful in
reducing overall antibiotic usage and in slowing the increase in antibiotic resistance in some
developed countries [8, 20]. However, interventions that address the knowledge gaps on anti-
biotic use are often not well established, especially in low- and middle-income countries
(LMIC). Data on the level of knowledge on appropriate antibiotic use, which is essential for
formulating effective interventions, is scarce in these settings, Tanzania inclusive. Here, we
report on the level of knowledge concerning appropriate antibiotic use among clients at com-
munity drug outlets in Moshi municipality, Northern Tanzania.

Materials and methods
Design and settings

This was an exit interview, cross-sectional study among antibiotic buyers from drug outlets in
Moshi Municipality conducted between April and May 2017. Moshi municipality is one of
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seven administrative councils of the Kilimanjaro region, Northern- eastern Tanzania. In 2017,
it had an estimated 201,150 residents [21]. It had a total of 20 pharmacies and 37 Accredited
Drug Dispensing Outlets (ADDOs) operating during the time of this study. At the pharmacies
(Part I shops), pharmaceutical technicians and pharmacy assistants operate under the direct
supervision of a registered pharmacist. ADDOs (part II shops) may have a pharmaceutical
technician or assistant but, if not, they are required to have an accredited drug dispenser who
has completed a five-week training course. A total of 12 outlets were included in this study, 5
were pharmacies and 7 were ADDOs, as previously described [5].

Population

The study population were adults who bought antibiotics from the community outlets during
the study period.

Sampling and sample size

The minimum sample size was calculated using the formula for a single population propor-
tion, as previously described [5]. A simple random sampling method was used in selecting the
drug outlets. Individuals who bought antibiotics from the selected drug outlets during the
study period and who met the inclusion criteria were invited to participate in the study.

Procedure

After an individual purchased an antibiotic, the drug dispenser informed the clients of the
ongoing study and directed them to the investigator, who was outside the store. The investiga-
tor introduced himself to the clients, briefly introduced the study objectives and asked for a
signed consent to participate. After consenting, an exit interview using a questionnaire was
conducted outside the drug outlet. The interviews were conducted in Swahili by the investiga-
tor and took about 30 minutes to complete.

Measures

In addition to general and demographic characteristics like age, sex, residence, and marital sta-
tus, other variables were captured such as employment, and health-insurance status. Knowl-
edge concerning the use of antibiotics was assessed using questions adapted from a validated
WHO questionnaire used in a multi-country survey [22].

Knowledge about the use of antibiotics was assessed using three questions:

1. When do you think you should stop antibiotics once you have begun treatment?

2. Isit okay to use antibiotics given to someone else—for example a friend or a family mem-
ber—as long they were used for treating the same illness?

3. If you are sick, is it okay to buy, or to request the same antibiotics from a doctor, if they
helped you get better when you had same symptoms previously?

Each question’s response was analyzed individually as a component of knowledge concern-
ing the use of antibiotics.

In addition, knowledge about using antibiotics in treating different common conditions,
both bacterial and non-bacterial, was assessed. Participants were asked a question “do you
think antibiotics can be used to treat malaria?”. Questions further asked whether antibiotics
can be used to treat other conditions such that sore throat, flu, diarrhea, headache, body aches,
fever, infected skin wound, and urinary tract infection (UTI). Overall knowledge in using
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antibiotics in different conditions was assessed as being good if participants answered correctly
at least four out of the nine conditions.

Data analysis

Data were entered in a database and cleaned before checked for completeness. Data were then
analyzed using the Statistical Package for Social Sciences (SPSS) version 25 (IBM USA). The
age profile of participants was summarized by calculating the median age and the interquartile
range in years. Categorical variables including the general characteristics of participants (sex,
marital status, health insurance status, education level, employment and prior hospital atten-
dance), knowledge about the use of antibiotics and responses on questions about the use of
antibiotics in different conditions, were summarized using frequencies and percentages.

For knowledge about antibiotic use, measures of association with individual demographic
characteristics were calculated using cross tabulation and a binary logistic regression model.
Odds ratios were calculated and a p value of < 0.05 was the cut off point for significance. A
multivariate logistic regression model was used to assess the role of each demographic charac-
teristic in independently accounting for buyer knowledge. For each individual condition men-
tioned above, measures of association using univariate binary logistic regression and
multivariate logistic regression model were used to predict the association with individual
characteristics such as age, gender, education level, having formal employment and health
insurance where a p value of <0.05 was used as a cut-off point for significance.

Ethical considerations

Ethical clearance for this study was granted by the Kilimanjaro Christian Medical University
College Research ethics committee. Permission to conduct the study was obtained from the
drug outlets owners and written informed consents were obtained from the participants prior
to interview.

Results

A total of 152 adults who bought antibiotics in the selected drug outlets during the study
period were enrolled in the study. The median age of participants was 30.5 (IQR = 25-42)
years. Females accounted for 61.8% of participants. Almost half of the participants, 48%, had
secondary education. Only 15.1% of the participants had formal employment in the last 12
months, only about a quarter (27.6%) had health insurance and only on quarter of participants
had prescription for the antibiotic they bought. The outlet types contributed almost equally
almost equal number of participants in this study (Table 1).

Knowledge on how and when to take or stop taking antibiotics

Slightly over half of the participants, 89 (58.6%), responded that they should stop antibiotics
after finishing the dose as directed, while more than a quarter of participants, 58 (38.2%),
thought that antibiotics should be stopped when they felt better. About half of respondents, 77
(50.7%), thought that they should use antibiotics from a friend or a family member, if they had
used them to treat the same or a similar illness previously. A majority of participants, 95
(65.1%), thought that they should request a specific antibiotic, if they had used it previously in
treating the same symptoms/disease previously. Overall, 25% of participants had good knowl-
edge concerning the use of antibiotics (Table 2).
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Table 1. General characteristics of the study participants and outlet types (N = 152).

Characteristic N %
Sex

Male 58 38.2
Female 94 61.8
Age group (years)

Median age = 30.5 (IQR 25-42)

18-25 42 27.6
26-35 59 38.8
36-45 24 15.8
46-55 12 7.9
>55 15 9.9
Marital status

Married 91 59.9
Not Married 61 40.1
Education level

Primary 44 28.9
Secondary 73 48.0
Diploma/ Certificate 19 12.5
Bachelor/ Master’s Degree 16 10.5
Health Insurance

Yes 42 27.6
No 110 72.4
Formal Employment

Yes 23 15.1
No 129 84.9
Did you go to the hospital prior coming here?

Yes 60 39.5
No 92 60.5
Do you have a prescription for this antibiotic?

Yes 36 23.7
No 116 76.3
Outlet type

Part I shops (Pharmacy) 71 46.7
Part II shops (ADDOs) 81 53.3

https://doi.org/10.1371/journal.pone.0239388.t001

Knowledge concerning the use of antibiotics and individual characteristics

A larger proportion of females compared to males disagreed when asked if it is good to request
antibiotics if they helped to treat the same symptoms/disease previously: (38.3% and 29.3%

respectively). Knowledge about sharing of and when to stop antibiotics was comparable

between the sexes. Larger proportions of individuals with university or college education, for-
mal employment, health insurance and those who attended to the hospital prior coming to the
outlet disagreed on when to stopping antibiotics when they felt better, on sharing of antibiotics

with a friend or family member and on requesting of antibiotics from a doctor to treat same
symptoms as previously used for, compared to their counterparts (Table 3). Among those who

had prescriptions, a larger proportion disagreed on the request of the same antibiotics if it
helped treating the same symptoms previously and on the sharing of the antibiotics with
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Table 2. Responses on knowledge around the use of antibiotics (N = 152).
Variable n (%)

Do you think it is good to use the same antibiotic if a friend or family member used to treat same
symptom or disease before?

Yes 77
(50.7%)

No 75
(49.3%)

Do you think it is good to ask/ request the same antibiotic if it helped you treat the same
symptoms/ disease previously?

Yes 99
(65.1%)

No 53
(34.9%)

When do you think you should stop taking antibiotics once you have started treatment?

When I finish the dose as directed 89
(58.6%)

When I feel better 58
(38.2%)

I don’t know 05
(03.3%)

Overall knowledge around the use of antibiotics

Good 38 (25%)

Poor 114 (75%)

https://doi.org/10.1371/journal.pone.0239388.t002

friends and family for same symptoms compared to the individuals who did not have prescrip-
tion. A larger proportion of individuals with prescription disagreed on stopping antibiotics
when they felt better compared to those that did not have prescriptions (Table 3)

Conditions that can be treated with antibiotics

Common conditions that were identified as treatable with antibiotics were sore throat (62.5%),
flu (46.1%), fever (40.1%) and malaria (34.9%). Almost half of all respondents, 48%, agreed
that antibiotics can be used to treat diarrhoea, and only 17.1% disagreed with this statement.
Malaria was identified by 34.9% of participants as one of the diseases that can be treated with
antibiotics. UTI and infected skin wounds were identified by most respondents, 61.8% and
52% respectively, as conditions that can be treated with antibiotics (Fig 1). Overall, 51 partici-
pants (33.6%), had appropriate knowledge on antibiotic use in treating different conditions.

Factors associated with appropriate knowledge on antibiotic use

Good knowledge on antibiotic use in various illnesses was significantly associated with having
a higher level of education and health insurance. Individuals with health insurance were nine
times more likely to have overall good knowledge on the appropriate use of antibiotics in vari-
ous illnesses than the individuals with no health insurance (aOR = 9.05, 95% CI = 3.35-24.45).
Individuals with college or university education were four times more likely to have good
knowledge on antibiotic use in various illnesses compared to their counterparts (aOR = 4.11
95%CI = 1.44-11.71). Other factors such as sex, age, formal employment, hospital visit prior to
coming to the outlet and having a prescription for the bought antibiotic were not significantly
associated with good knowledge on antibiotic use (Table 4).
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Table 3. Correct responses (Good knowledge) around antibiotics use with participants characteristics.

Variable

Sex
Male
Female
Age group (years)
<35
36-55
>55
Marital status
Married
Not Married

College/ University
Education

Yes

No

Formal employment
Yes

No

Health Insurance
Yes

No

Did you go to the
hospital prior coming
here?

Yes

No

Do you have a
prescription for this
antibiotic?

Yes

No

When do you think you

stop taking antibiotics once you

have started treatment?
n (%)

33 (56.7)
56 (59.6)

60 (59.4)
21 (58.3)
08 (53.3)

54 (59.3)
35 (57.4)

23 (65.7)
66 (56.4)

16 (69.6)
73 (56.6)

27 (64.3)
62 (56.4)

41 (68.3)
48 (52.2)

23 (63.9)
66 (56.9)

https://doi.org/10.1371/journal.pone.0239388.t003

should Do you think it is good to use the same
antibiotic if a friend or family member used it

to treat same symptom or disease before?

Do you think it is good to ask/ request the
same antibiotic if it helped you treat the
same symptoms/ disease previously?

n (%) n (%) Total
29 (50.0) 17 (29.3) 58
46 (48.9) 36 (38.3) 94
51 (50.5) 36 (35.6) 101
15 (41.7) 12 (33.3) 36
09 (60.0) 05 (33.3) 15
44 (48.4) 30 (33.0) 91
31 (50.8) 23 (37.7) 61
24 (68.6) 17 (48.6) 35
51 (43.6) 36 (30.8) 117
17 (73.9) 13 (56.5) 23
58 (45.0) 40 (31.0) 129
28 (66.7) 18 (42.9) 42
47 (42.7) 35 (31.8) 110
35 (58.3) 27 (45.0) 60
40 (43.5) 26 (28.3) 92
24 (66.7) 21 (58.3) 36
51 (44.0) 32(27.6) 116
Discussion

This cross-sectional study assessed the level of knowledge concerning appropriate antibiotic
use among clients in the community drug outlets within the Moshi municipality, Northern
Tanzania. We found that three quarters (75%) of individuals in the municipality have poor
knowledge of appropriate antibiotic use (when to stop, requesting antibiotics and sharing of
antibiotics). This is an unacceptably high level of poor knowledge on the use of antibiotics in
this era where WHO declared antimicrobial resistance a world crisis since 2014 [23]. We also
found that two thirds (66.4%) of the individuals do not know what antibiotics are used for.
Levels of knowledge, in this regard, were significantly lower in those with less education and
those without health insurance. Deliberate efforts to provide the public with antibiotic knowl-
edge in terms of public education cannot be overemphasized.

With regard to knowledge about appropriate antibiotic use, 41.4% of participants demon-
strated poor knowledge concerning when they should stop taking antibiotics once they had
started treatment. These respondents either did not know when they should stop treatment or
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DO YOU THINK ANTIBIOTICS CAN BE USED TO TREAT THIS
DISEASE/ SYMPTOM?

| DON'T KNOW

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig 1. Responses on conditions that can be treated with antibiotic.

https://doi.org/10.1371/journal.pone.0239388.9001

thought that they should cease antibiotics when they felt better. In a study carried out in 2017
in a similar setting, 81.8% of the general population disagreed with stopping antibiotics on
symptoms improving compared to a lower proportion, 58.6%, in this study [24]. This can be
due to the difference in the population involved in the two studies, as the general population
may have a better knowledge compared to those accessing antibiotics in these outlets where
almost 90% of antibiotics are irrational. A relatively smaller sample size in this study may also
be the reason for this difference. Asamoah et al, working in Ghana, found that only a small
proportion of individuals (15%) actually finish their antibiotics as directed [25]. Hence, even
when there might be good knowledge, there can still be a gap in practice, which risks emerging
of resistance to the commonly available antibiotics [3, 25]. In Tanzania, it has also been shown
that most dispensers do not provide instructions to clients on how to use antibiotics properly
[13]. There is, therefore, a significant scope for dispensers to improve the knowledge of their
clients on antibiotic usage, for one part, the importance of finishing the course of antibiotics.
Another aspect of knowledge assessed was regarding requesting the same antibiotics from a
doctor when the client had used it previously to treat a similar illness or symptoms. Sixty five
percent of participants agreed that this was appropriate while this is wrong. Requests for anti-
biotics pressurises clinicians and dispensers, and can influence them to prescribe antibiotics
incorrectly [26]. Kajeguka et al found that, among the general population in a similar setting,
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Table 4. Factors associated with good knowledge on antibiotics usage in different common conditions.

Variable

Sex

Male

Female

Age groups (years)
0-35

36-55

>55

Education level

College/ University

No college/ university

Formal employment

Yes

No

Health insurance
Yes

No

Prior hospital visit
Yes

No

Do you have a prescription for this antibiotic?

Yes
No

cOR (95%CI) p-value aOR (95%CI) p-value
1.07(0.54-2.14) 0.849 0.77 (0.32-1.80) 0.542
0.56(0.19-1.66) 0.292 1.02 (0.24-4.39) 0.976
0.50(0.15-1.73) 0.276 0.67 (0.14-3.13) 0.606
4.35(1.97-9.62) <0.001 4.11 (1.44-11.71) 0.008
2.04(0.83-5.01) 0.120 0.41 (0.11-1.47) 0.169
7.57 (3.44-16.66) <0.001 9.05 (3.35-24.45) <0.001
0.67 (0.33-1.36) 0.272 2.19 (0.78-6.16) 0.136
0.98 (0.46-2.24) 0.975 1.789 (0.56-5.67) 0.323

*Adjusted for Education level, employment status, health insurance, visiting the hospital prior coming to the outlet, having a prescription. gender and age.

https://doi.org/10.1371/journal.pone.0239388.t004

58.9% did not expect an antibiotic each time they visited a doctor, compared to 34.9% of buy-
ers in this study [24]. In developed countries, requesting antibiotics from doctors has been
reported to be over 70%, with upper respiratory tract infections being one of the main reasons
[27]. Overt and non-overt pressure has been reported to influence prescribers and dispensers
to prescribe and dispense antibiotics unnecessarily [16, 26].

The final aspect on knowledge assessment was in relation to sharing antibiotics. In this
study, 50.6% of participants thought it is acceptable to share the same antibiotics with a family
member or friend if they used it to treat the same illness or symptoms. In another study, con-
ducted in a similar setting, only 16.8% approved of sharing antibiotics [24]. Poor knowledge
on sharing antibiotics in Moshi municipality was twice as high compared to that reported in a
survey of 12 countries conducted by the WHO in 2015. In the WHO study, only 25% of
respondents agreed that it was acceptable to use the same antibiotics given to a friend or family
member as long as they were used to treat the same illness [22]. Again, differences in the popu-
lations included in the two studies may explain the variation in the responses, as individuals
who uses antibiotics irrationally are more likely to have poor knowledge and are acquiring
antibiotics through the community outlets where they are easily accessible and poorly moni-
tored. Also, it is worth noting that sharing antibiotics can represent a reason for not finishing
antibiotics in the first place.

Opverall, only a quarter of participants had good knowledge on the use of antibiotics. The
consequences of this include unnecessary prescriptions from doctors, sharing of antibiotics
and not completing antibiotics prescribed as directed [5]. These factors expose bacteria to
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suboptimal doses of antibiotics and facilitate emergence of resistance to the commonly avail-
able antibiotics [3, 7].

We also assessed knowledge about what antibiotics are used for. Overall, we found poor
knowledge among buyers on what antibiotics are used for. To start with, most participants
thought that a sore throat can be treated with antibiotics. In addition, 46.1% of participants
thought that flu can be treated with antibiotics, while only slightly over a quarter, 28.6%, dis-
agreed with the statement. These results should not come as a surprise given that URTIs are
consistently the leading complaint for which antibiotics are sought in most parts of the world,
Tanzania included [5, 27-29]. Findings from Namibia were similar, where 44% and 49% of
individuals respectively agreed that colds and flu could be treated with antibiotics [30]. A
slightly lower prevalence has been reported in the southern America region where on average
33% of URTI are treated with antibiotics. However, much variations have been reported
within that region where up to 94% of URTI are treated with antibiotics in Bolivia and much
lower levels of URTI, 21% are treated with antibiotics in Uruguay [31].

Almost half of all participants (48%) agreed that non bloody diarrhoea should be treated
with antibiotics. The WHO found similar results for knowledge about antibiotic use in treating
diarrhoea in a survey of 12 countries worldwide, in which 43% of the respondents agreed with
using antibiotics to treat diarrhoea [22]. Bojajil et al reported almost similar but slightly lower
levels of antibiotic use in Mexico, where about 32% of diarrhoea episode were treated with
antibiotics in the households. Similarly, in the middle east and central Asia, poor knowledge
on antibiotics use has been reported and subsequently diarrhoea is among the leading indica-
tion for antibiotic use [32, 33].

Studies carried out in Tanzania have shown that URTIs and diarrhoea are common reasons
for irrational antibiotic use. Further, in the similar setting, patients with acute watery diarrhoea
and URTT have also been documented to be highly inappropriately prescribed with antibiotics
by clinicians as well. [5, 34]. The situation, with regard to poor antibiotic knowledge to antibi-
otic use to treat URTIs and diarrhoea, is similar in many places worldwide, as studies in Ethio-
pia, India, Vietnam, USA, China have demonstrated [10, 35-39].

Opverall, only one third (33.6%) of participants had good knowledge about the illnesses that
can be treated with antibiotics. These concerning misconceptions translate into poor practise
as most individuals seek antibiotics to treat non-bacterial illnesses [5].

Factors that had a significant association with good understanding of the conditions that
warrant antibiotic use included having health insurance and higher education level. Similar
findings have been reported by Parimi et al and Nepal et al where individuals with higher levels
of education were reported to have better knowledge on appropriate antibiotic use compared
to those with lower levels of education [40]. Again, concordant findings have been reported by
Parimi et al for health insurance, where individuals with access to health insurance were more
likely to have adequate knowledge on antibiotic use than their counterparts without [41]. This
might be explained by the fact that the individuals who can access health insurance are often of
higher socio-economic status and higher levels of education.

Strength and limitations

A strength of this study is that it assessed the knowledge of those individuals purchasing antibi-
otics in community outlets. However, caution in interpreting the study’s results is required,
since the method of data collection (exit interviews) might have introduced information bias.
For instance, a potential source of information bias might have occurred where the dispenser
coached the customer on the knowledge and use of use antibiotics before directing them to the
interviewer. An additional limitation is that the study did not follow up on the actual practice.
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This might have differed from the buyer’s responses to the questions. This is an avenue for fur-
ther research as it was beyond the scope of this study.

Conclusion and recommendation

The study found inadequate knowledge on how, when and what antibiotics should be used for
among antibiotic clients in the Moshi municipality. To combat irrational antibiotic use com-
munity health promotion campaigns that carry specific messages addressing local knowledge
gaps in the local population should be formulated and implemented. The task is possible
through one of the technical working groups on National Action Plan (NAP) in Tanzania’s
Ministry of Health, Community Development, Gender, Elderly and Children. This will result
in effective reduction of irrational antibiotic use and contribute to slowing the emergence and
spread of resistance to commonly available antibiotics.

Supporting information

S1 File. Appropriate antibiotic use knowledge dataset.
(SAV)

Acknowledgments

We would like to sincerely thank the owners and dispensers in the part I and ADDO drug out-
lets in Moshi municipality for their cooperation in the conduct of the study and customers
who participated in this study. Lastly, we would like to appreciate the efforts of Dr. Charles
Msangi for his support in data collection, entry and cleaning.

Author Contributions

Conceptualization: Erick Alexander Mboya, James Samwel Ngocho.
Data curation: Erick Alexander Mboya.

Formal analysis: Erick Alexander Mboya, James Samwel Ngocho.
Investigation: Erick Alexander Mboya.

Methodology: Erick Alexander Mboya, James Samwel Ngocho.
Supervision: James Samwel Ngocho.

Visualization: Erick Alexander Mboya, James Samwel Ngocho.

Writing - original draft: Erick Alexander Mboya, Matthew Lee Davies, Pius Gerald Horum-
pende, James Samwel Ngocho.

Writing - review & editing: Erick Alexander Mboya, Matthew Lee Davies, Pius Gerald Hor-
umpende, James Samwel Ngocho.

References

1. VanBoeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al. Global antibiotic con-
sumption 2000 to 2010: An analysis of national pharmaceutical sales data. Lancet Infect Dis [Internet].
2014; 14(8):742-50. Available from: https://doi.org/10.1016/S1473-3099(14)70780-7 PMID: 25022435

2. Center for Disease Dynamics Economics & Policy. The State of the world’s antibiotics 2015. Centre for
Disease Dynamics, Economics & Policy, CDDEP: Washington, D.C. 2015.

3. Smith R aMikanatha NM, Read AF. Antibiotic Resistance: A Primer and Call to Action. Health Commun
[Internet]. 2014; 0236(August): 1-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25121990

PLOS ONE | https://doi.org/10.1371/journal.pone.0239388 September 24, 2020 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239388.s001
https://doi.org/10.1016/S1473-3099%2814%2970780-7
http://www.ncbi.nlm.nih.gov/pubmed/25022435
http://www.ncbi.nlm.nih.gov/pubmed/25121990
https://doi.org/10.1371/journal.pone.0239388

PLOS ONE

Inadequate knowledge on appropriate antibiotics use among clients in Tanzania

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.
24,

25.

Wise R, Hart T, Cars O, Streulens M, Helmuth R, Huovinen P, et al. Antimicrobial resistance. BMJ
Open. 1998; 317(September):609-10.

Mboya EA, Sanga LA, Ngocho JS. Irrational use of antibiotics in the moshi municipality Northern Tanza-
nia: A cross sectional study. Pan Afr Med J. 2018; 31:1-10. https://doi.org/10.11604/pamj.2018.31.1.
15223 PMID: 30918535

Byrne MK, Miellet S, McGlinn A, Fish J, Meedya S, Reynolds N, et al. The drivers of antibiotic use and
misuse: the development and investigation of a theory driven community measure. BMC Public Health.
2019; 19(1):1425. https://doi.org/10.1186/512889-019-7796-8 PMID: 31666056

Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a global multifaceted phenomenon.
Pathog Glob Health [Internet]. 2015; 109(7): https://doi.org/10.1179/2047773215Y.0000000030 Avail-
able from: http://www.maneyonline.com/doi/10.1179/2047773215Y.0000000030 PMID: 26343252

Finkelstein JA, Stille C, Nordin J, Davis R, Raebel MA, Roblin D, et al. Reduction in antibiotic use
among US children, 1996—2000. Pediatrics. 2003; 112(3 1):620-7.

Shallcross LJ, Davies SC. The World Health Assembly resolution on antimicrobial resistance. J Antimi-
crob Chemother. 2014; 69(11):2883-5. https://doi.org/10.1093/jac/dku346 PMID: 25204342

Erku DA, Mekuria AB, Surur AS, Gebresillassie BM. Extent of dispensing prescription-only medications
without a prescription in community drug retail outlets in Addis Ababa, Ethiopia: A simulated-patient
study. Drug Healthc Patient Saf. 2016; 8:65-70. https://doi.org/10.2147/DHPS.S106948 PMID:
27471409

Desalegn AA. Assessment of drug use pattern using WHO prescribing indicators at Hawassa University
teaching and referral hospital, south Ethiopia: a cross-sectional study. BMC Health Serv Res [Internet].
2013; 13(1):1-6. Available from: http://www.biomedcentral.com/1472-6963/13/170%5Cnhttp://dx.doi.
org/10.1186/1472-6963-13-170

Kalungia AC, Burger J, Godman B, Costa J de O, Simuwelu C. Non-prescription sale and dispensing of
antibiotics in community pharmacies in Zambia. Expert Rev Anti Infect Ther [Internet]. 2016; 7210
(August):0-20. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27548801

Horumpende PG, Sonda TB, van Zwetselaar M, Antony ML, Tenu FF, Mwanziva CE, et al. Prescription
and non-prescription antibiotic dispensing practices in part | and part Il pharmacies in Moshi Municipal-
ity, Kilimanjaro Region in Tanzania: A simulated clients approach. PLoS One. 2018; 13(11):1-14.

Ali I, Ahmad J, Khan AU, Khan TM, Khan J, Ul-Haq Z. Self-medication and non-adherence with antibiot-
ics: The current situation in Pakistan. J Pharm Pract Res. 2016; 46(1):34—7.

Goodman C a, Kachur SP, Abdulla S, Bloland P, Mills A. Regulating Tanzania’s drug shops—why do
they break the rules, and does it matter? Heal Policy Plan. 2007; 22(6):393-403.

Minzi OM, Manyilizu VS. Application of basic pharmacology and dispensing practice of antibiotics in
accredited drug-dispensing outlets in tanzania. Drug Healthc Patient Saf. 2013; 5(1):5-11.

Poyongo BP, Sangeda RZ. Pharmacists’ Knowledge Attitude and Practice Regarding the Dispensing of
Antibiotics without Prescription in Tanzania: An Explorative Cross-Sectional Study. 2019;(November).
Available from: https://www.preprints.org/manuscript/201911.0077/v1

Dillip A, Embrey M, Shekalaghe E, Ross-Degnan D, Vialle-Valentin C, Kimatta S, et al. What motivates
antibiotic dispensing in accredited drug dispensing outlets in Tanzania? A qualitative study. Antimicrob
Resist Infect Control [Internet]. 2015; 4:30. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=4509560&tool=pmcentrez&rendertype=abstract https://doi.org/10.1186/
s13756-015-0073-4 PMID: 26199723

Goossens H. Antibiotic consumption and link to resistance. Clin Microbiol Infect. 2009; 15(SUPPL.
3):12-5.

Filippini M, Ortiz LGG, Masiero G. Assessing the impact of national antibiotic campaigns in Europe. Eur
J Heal Econ. 2013; 14(4):587-99.

National Bureau of Statistics. Tanzania in figures 2017. 2018;(July).

World Health Organization. Universidad de navarra facultad de medicina. Director [Internet].
2015;1995-2005. Available from: http://www.who.int/drugresistance/documents/
baselinesurveynov2015/en/

Mobarki N, Aimerabi B, Hattan A. Antibiotic Resistance Crisis. Int J Med Dev Ctries. 2019; 40(4):561-4.

Goodluck M, Basiliana E, Maseke RM, Geofrey NS, Debora CK. Community knowledge and attitudes
on antibiotic use in Moshi Urban, Northern Tanzania: Findings from a cross sectional study. African J
Microbiol Res. 2017; 11(25):1018-26.

Asamoah AE. University of Ghana http://ugspace.ug.edu.gh FACTORS ASSOCIATED WITH ANTIMI-
CROBIAL SELF-MEDICATION IN BIRIM CENTRAL MUNICIPAL OF EASTERN REGION GHANA
BY.2019;(10702728).

PLOS ONE | https://doi.org/10.1371/journal.pone.0239388 September 24, 2020 12/13


https://doi.org/10.11604/pamj.2018.31.1.15223
https://doi.org/10.11604/pamj.2018.31.1.15223
http://www.ncbi.nlm.nih.gov/pubmed/30918535
https://doi.org/10.1186/s12889-019-7796-8
http://www.ncbi.nlm.nih.gov/pubmed/31666056
https://doi.org/10.1179/2047773215Y.0000000030
http://www.maneyonline.com/doi/10.1179/2047773215Y.0000000030
http://www.ncbi.nlm.nih.gov/pubmed/26343252
https://doi.org/10.1093/jac/dku346
http://www.ncbi.nlm.nih.gov/pubmed/25204342
https://doi.org/10.2147/DHPS.S106948
http://www.ncbi.nlm.nih.gov/pubmed/27471409
http://www.biomedcentral.com/1472-6963/13/170%5Cnhttp://dx.doi.org/10.1186/1472-6963-13-170
http://www.biomedcentral.com/1472-6963/13/170%5Cnhttp://dx.doi.org/10.1186/1472-6963-13-170
http://www.ncbi.nlm.nih.gov/pubmed/27548801
https://www.preprints.org/manuscript/201911.0077/v1
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4509560&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4509560&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1186/s13756-015-0073-4
https://doi.org/10.1186/s13756-015-0073-4
http://www.ncbi.nlm.nih.gov/pubmed/26199723
http://www.who.int/drugresistance/documents/baselinesurveynov2015/en/
http://www.who.int/drugresistance/documents/baselinesurveynov2015/en/
http://ugspace.ug.edu.gh
https://doi.org/10.1371/journal.pone.0239388

PLOS ONE

Inadequate knowledge on appropriate antibiotics use among clients in Tanzania

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bradley CP. GENERAL PRACTICE Uncomfortable prescribing decisions: 2014;(May).

Grigoryan L, Haaijer-Ruskamp FM, Burgerhof JGM, Mechtler R, Deschepper R, Tambic-Andrasevic A,
et al. Self-medication with antimicrobial drugs in Europe. Emerg Infect Dis. 2006; 12(3):452-9. https:/
doi.org/10.3201/eid1203.050992 PMID: 16704784

Berzanskyte A, Valinteliene R, Haaijer-Ruskamp FM, Gurevicius R, Grigoryan L. Self-Medication With
Antibiotics in Lithuania. Int J Occup Med Environ Heal. 2006; 19(4):246-53.

Muscat M, Monnet D, Klemmensen T, Grigoryan L, Hummelshgj Jensen M, Andersen M, et al. Patterns
of antibiotic use in the community in Denmark. Scand J Infect Dis. 2006; 38(8):597—603. https://doi.org/
10.1080/00365540600606507 PMID: 16857602

Pereko DD, Lubbe MS, Essack SY. Public knowledge, attitudes and behaviour towards antibiotic usage
in Windhoek, Namibia. South African J Infect Dis [Internet]. 2015; 30(4):134—7. Available from: http://dx.
doi.org/10.1080/23120053.2015.1107290

Cordoba G, Caballero L, Sandholdt H, Arteaga F, Olinisky M, Ruschel LF, et al. Antibiotic prescriptions
for suspected respiratory tract infection in primary care in South America. J Antimicrob Chemother.
2017; 72(1):305-10. https://doi.org/10.1093/jac/dkw370 PMID: 27624570

Belkina T, Al Warafi A, Hussein Eltom E, Tadjieva N, Kubena A, Vicek J. Antibiotic use and knowledge
in the community of Yemen, Saudi Arabia, and Uzbekistan. J Infect Dev Ctries. 2014; 8(4):424-9.
https://doi.org/10.3855/jidc.3866 PMID: 24727507

B R., C J.J. Antibiotic misuse in diarrhea. A household survey in a Mexican community. J Clin Epidemiol
[Internet]. 1994; 47(2):147-56. Available from: http://www.embase.com/search/results?subaction=
viewrecord&from=export&id=L24068885%5Cn https://doi.org/10.1016/0895-4356(94)90019-1 PMID:
8113823

Gwimile JJ, Shekalaghe SA, Kapanda GN, Kisanga ER. Antibiotic prescribing practice in management
of cough and/or diarrhoea in Moshi Municipality, Northern Tanzania: cross-sectional descriptive study.
Pan Afr Med J. 2012; 12:103. PMID: 23133703

Gebeyehu E, Bantie L, Azage M. Inappropriate use of antibiotics and its associated factors among
urban and rural communities of Bahir Dar city administration, northwest Ethiopia. PLoS One. 2015; 10
(9):1-14.

Nga DTT, Chuc NTK, Hoa NP, Hoa NQ, Nguyen NTT, Loan HT, et al. Antibiotic sales in rural and urban
pharmacies in northern Vietnam: an observational study. BMC Pharmacol Toxicol [Internet]. 2014; 15
(1):6. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3946644&tool=
pmcentrez&rendertype=abstract

Shet A, Sundaresan S, Forsberg BC. Pharmacy-based dispensing of antimicrobial agents without pre-
scription in India: appropriateness and cost burden in the private sector. Antimicrob Resist Infect Control
[Internet]. 2015; 4(1):55—62. Available from: http://aricjournal.biomedcentral.com/articles/10.1186/
s13756-015-0098-8

Zou XX, Fang Z, Min R, Bai X, Zhang Y, Xu D, et al. Is nationwide special campaign on antibiotic stew-
ardship program effective on ameliorating irrational antibiotic use in China? Study on the antibiotic use
of specialized hospitals in China in 2011-2012. J Huazhong Univ Sci Technol—Med Sci. 2014; 34
(3):456-63. https://doi.org/10.1007/s11596-014-1300-6 PMID: 24939316

CDC. Antibiotic resistance threats in the United States, 2013 [Internet]. Current. 2013. Available from:
http://www.cdc.gov/drugresistance/threat-report-2013/index.html

Nepal A, Hendrie D, Robinson S, Selvey LA. Knowledge, attitudes and practices relating to antibiotic
use among community members of the Rupandehi District in Nepal. BMC Public Health. 2019; 19(1):1—
12. https://doi.org/10.1186/512889-018-6343-3 PMID: 30606151

Parimi N, Pereira LMP, Prabhakar P. Caregivers ‘ practices, knowledge and beliefs of antibiotics in pae-
diatric upper respiratorytract infections in Trinidad and Tobago: a cross-sectional study. 2004; 8:1-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0239388 September 24, 2020 13/13


https://doi.org/10.3201/eid1203.050992
https://doi.org/10.3201/eid1203.050992
http://www.ncbi.nlm.nih.gov/pubmed/16704784
https://doi.org/10.1080/00365540600606507
https://doi.org/10.1080/00365540600606507
http://www.ncbi.nlm.nih.gov/pubmed/16857602
http://dx.doi.org/10.1080/23120053.2015.1107290
http://dx.doi.org/10.1080/23120053.2015.1107290
https://doi.org/10.1093/jac/dkw370
http://www.ncbi.nlm.nih.gov/pubmed/27624570
https://doi.org/10.3855/jidc.3866
http://www.ncbi.nlm.nih.gov/pubmed/24727507
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L24068885%5Cn
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L24068885%5Cn
https://doi.org/10.1016/0895-4356%2894%2990019-1
http://www.ncbi.nlm.nih.gov/pubmed/8113823
http://www.ncbi.nlm.nih.gov/pubmed/23133703
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3946644&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3946644&tool=pmcentrez&rendertype=abstract
http://aricjournal.biomedcentral.com/articles/10.1186/s13756-015-0098-8
http://aricjournal.biomedcentral.com/articles/10.1186/s13756-015-0098-8
https://doi.org/10.1007/s11596-014-1300-6
http://www.ncbi.nlm.nih.gov/pubmed/24939316
http://www.cdc.gov/drugresistance/threat-report-2013/index.html
https://doi.org/10.1186/s12889-018-6343-3
http://www.ncbi.nlm.nih.gov/pubmed/30606151
https://doi.org/10.1371/journal.pone.0239388

