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Abstract: The general population has been excessively using antibiotics during the COVID-19
pandemic. Therefore, the use of antibiotics for any reported illnesses in the preceding four weeks and
knowledge of antibiotics among the general population in the community were assessed for possible
interventions. A mobile phone survey among a general population across eight administrative
divisions of Bangladesh was conducted during January–March 2021. Reported illness episodes
irrespective of COVID-19 in the preceding four weeks of the interview, use of antibiotics for the
illnesses, and knowledge on antibiotics among the general population were recorded. Descriptive
analyses were performed. We randomly interviewed 1854 participants, with a mean age of 28.5 years
(range: 18–75 years); 60.6% were male. Among all participants, 86.3% (95% CI: 84.7–87.8) heard names
of antibiotics, but only 12.1% reported unspecified harmful effects, and 3.5% reported antimicrobial
resistance when antibiotics were taken without a physician’s prescription. Among 257 (13.9%)
participants, who consumed medicines for their recent illness episode, 32.7% (95% CI: 27.2–38.6)
reported using antibiotics. Of those who could recall the names of antibiotics prescribed (n = 36),
the most frequently used was azithromycin (22.2%) followed by cefixime (11.1%) and ciprofloxacin
(5.6%). Our findings show an increased antibiotic use for illnesses reported in the preceding four
weeks and an elevated knowledge at the community level during the COVID-19 pandemic compared
with the pre-pandemic period.

Keywords: antibiotic resistance; COVID-19; pandemic; antibiotic awareness; antibiotic use

1. Introduction

Modern healthcare is predominantly reliant on antibiotic treatment [1], but there has
been a phenomenal and imprudent use of antibiotics leading to the advent of resistant
strains of bacteria [2,3]. To address the antimicrobial resistance (AMR) as a whole, with
more emphasis on antibiotic resistance, the World Health Organization (WHO) initiated a
range of AMR-related activities, including the development of the Global Action Plan on
Antimicrobial Resistance (GAP-AMR) by the 68th World Health Assembly in May 2015 [4].
Published literatures exhibit a high proportion of inappropriate use of antimicrobials,
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and, as a result, optimizing the use of antimicrobial agents is one of the five key strategic
objectives outlined in the GAP-AMR [4].

In late 2019, a novel coronavirus (SARS-CoV-2) was identified as the cause of an out-
break of disease named COVID-19 (coronavirus disease 2019), causing pneumonia in severe
cases [5] further complicating as an acute respiratory distress syndrome (ARDS), a hyperin-
flammatory state and ultimately a multiorgan dysfunction with fatal consequences [6,7].
It was subsequently characterized as a pandemic on 11 March 2020 by the WHO [8]. De-
spite being a viral disease, it mimicked clinical symptoms of bacterial pneumonia; hence,
different antimicrobials, especially antibiotics, were used as empirical therapy [9–13]. Fur-
thermore, during the initial stages of the pandemic, there was a lack of proper antivirals
with proven efficacy, and this, compounded by the anxiety and uncertainty of available
treatment, led to the empirical but rather widespread and excessive use of antibiotics [13].
A study in Italy showed that, during lockdown for COVID-19, there was a relevant reduc-
tion in antibiotic consumption among children, due to closed daycare centers and schools,
except for a relative increase in azithromycin use in adults [14]. However, there was no
strong justification for routine use of azithromycin for reducing time to recovery or risk of
hospitalization from the suspected COVID-19 in the community [15].

During the COVID-19 pandemic, the general population has likely been sensitized
about using antibiotics for treating COVID-19. According to web-based surveillance on the
COVID-19 pandemic and antibiotics used in Malaysia, 37% of the participants were aware
that using antibiotics could not speed up recovery from all infections [16]. Still, 49% of the
respondents reported that antibiotics were effective against bacterial infection only [16].
Dispensing of antibiotics was increased profoundly in Egypt during the early period of the
COVID-19 pandemic without proper clinical evaluation, and azithromycin, ceftriaxone,
and linezolid were the major antibiotics used [17]. Approximately, 93% of the presumptive
COVID-19 patients received antibiotics with official prescriptions and without prescriptions,
of which 18% comprised of pharmacist and patient’s recommendations [17]. Before the
COVID-19 pandemic, studies in Bangladesh reported that 48% of adult respondents heard
about antibiotics, 70% of children of those parents who were aware of antibiotics had
received it previously, and 28% of study participants took antibiotics before presenting
at the hospital for acute febrile illness [18,19]. During the first wave of the COVID-19
pandemic in Bangladesh, a study among suspected COVID-19 patients found that the
use of antibiotics was 92% during their overall suspected phase. Among them, 89%
were prescribed antibiotics on hospital admission, while 47% of COVID-19 suspected
patients received antibiotics 24 h before hospital admission [20]. A prime contributor to
antibiotics overuse in Bangladesh is perhaps the availability of over-the-counter dispensed
antibiotics through unregulated drug stores (pharmacies) [19,21]. Therefore, assessing the
use of antibiotics and the relevant knowledge on antibiotics among the general population
irrespective of hospitalization, especially during the COVID-19 pandemic, is imperative in
order to formulate policy interventions regarding the rational use of antibiotics.

Higher-income countries have used telephone surveys to collect real-time data on
population-level estimates of health and demographics [22–24]. Bangladesh had a mobile
phone teledensity of 103% in 2021 [25], with over 175 million subscribers registered in
May 2021 [26]. We utilized this opportunity and conducted a mobile-phone-based survey
to obtain real-time data during the COVID-19 pandemic. In this study, we aimed to
assess antibiotic use for any reported illnesses in the preceding four weeks and knowledge
regarding antibiotics among the general population in Bangladesh.

2. Methods
2.1. Study Design and Study Population

We conducted a cross-sectional mobile-phone-based survey during the COVID-19 pan-
demic for eight weeks between mid-January 2021 and mid-March 2021 to assess antibiotic
use and relevant knowledge on antibiotic use in Bangladesh utilizing the Computer-
Assisted Telephone Interviewing (CATI) system [27,28]. The target population was adult
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individuals (aged 18 years and above) with a mobile phone subscription across all eight
administrative divisions in Bangladesh to ensure a national geographical representation.

2.2. Data Collection

A mobile phone database (containing only numbers and locations from where the
subscription was registered) of a mobile-phone survey platform of the Programme for
Emerging Infections at International Centre for Diarrhoeal Disease Research, Bangladesh
(icddr,b) was used as the sample population. The CATI software randomly picked up
mobile phone numbers from that database for the interviews. Two interviewers made
phone calls to random numbers from 9.00 AM to 5.00 PM throughout the weekdays
(Sunday to Thursday). If any respondent could not speak during the call time but agreed
to take part at a later convenient date and time, the interviewer fixed an appointment for
the interview, especially on weekends. On weekends (Friday and Saturday), phone calls
were made from 10:00 AM to 12:00 PM for those working adults who had earlier scheduled
the interviews. Data through mobile phone calls were collected using a tablet device and
entered in real-time into the icddr,b server. Each phone call started with greetings stating
the objective of the call and informing that the names of the interviewee would not be
asked, data would be confidential, and an age screening question would be asked followed
by a verbal consent to start the interview. Interviews only progressed if the respondent
agreed to participate and was 18 years of age or older. For social acceptance during the
interview, we used the common term “corona” instead of “COVID-19”.

2.3. Data Collection Tool

We used a structured questionnaire to register socio-demographic variables followed
by the experience of general illnesses, including any COVID-19 disease in the preceding
four weeks and the healthcare-seeking pattern during the pandemic period. Subsequently,
the frequency of healthcare-seeking for the illness was documented, including the frequency
of antibiotic use. Information on knowledge on antibiotics such as any antibiotic name
recalled spontaneously, the name with the duration of antibiotic, if used, and any adverse
effects known if taken without a doctor’s prescription were also collected. In total, 60 pilot
interviews were conducted in two rounds (30 in each round) before initiating the study
to validate the tool used, and study variables were restructured based on feedback from
the pilot interviews. A response rate and a cooperation rate (defined later) of the survey
conducted were determined.

2.4. Computer-Assisted Telephone Interviewing (CATI) System

The CATI system integrated the data collection tool with the mobile phone database
over the internet. It also provided an interface on a handheld tablet device for making
calls, scheduling repeat calls, selecting mobile interviewee numbers randomly, and logging
the interviewers’ activities [29]. In addition, the system had inbuilt algorithms to perform
automated variables’ check and facilitated direct data entry. On a typical workday, the
interviewer logged into the system with a unique ID and password on a tablet device into
the web interface of the CATI system, and it randomly selected the phone numbers to
be dialed. Once the call was connected, the interview progressed with the interviewer
registering entries concurrently in the data server where all the responses were stored.
Subsequently, more interviews were conducted in the same manner.

2.5. Sample Size Calculation

According to recent studies, 48% of the respondents were found to hear about antibi-
otics in 2018, and 40% of the respondents used antibiotics for respiratory illness during
2012–2013 [18,30]. Based on the statistics above, we conservatively expected that antibi-
otics might be known and consumed by 20% general population consisting of those with
illnesses, fear of having illnesses, and/or presumed illnesses in Bangladesh. Therefore,
assuming a 95% confidence level with 5% absolute precision and 20% expected to be
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aware and used antibiotics, we required a minimum sample size of 246 individuals. This
sample size would be sufficient to detect any prevalence of antibiotic awareness and use
of 20% to 80% with the 95% confidence level [31]. Since we wanted to have a national
representative sample, we opted to cover each of the eight administrative divisions of
Bangladesh. Therefore, we targeted a minimum sample size of (246 × 8 = 1968) respondents
across Bangladesh.

2.6. Data Analysis

From the CATI software system, we calculated the response rate and cooperation rates
as following:

Response rate (%) =
Calls received

Calls dialed
× 100

Cooperation rate (%) =
Interviews completed

Calls received
× 100

Interview data were stored in icddr,b local server. Stata v.13 (StataCorp LP, College
Station, TX, USA) was used to perform descriptive analysis to summarize the categorical
variable based on frequency distribution with percentage and 95% confidence interval. For
continuous variables, we used descriptive statistics (mean, standard deviation (SD), and
range) for symmetric distribution and median and interquartile range (IQR) for asymmetric
distribution. We also used Python 3.6 to create maps illustrating study findings.

3. Results

A total of 2183 respondents were reached in our study. On average, there were 280 calls
made per week and 1854 complete interviews conducted from 62 districts of Bangladesh.
Therefore, the cooperation rate was 85% for this study (Figure 1). The average duration of
calls was 8 (range: 3–16) min.
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of mobile phone survey during January–March 2021 in Bangladesh.

Among the 1854 complete interviews conducted, 60.6% were male, and the mean age
was 28.5 years ranging from 18 to 75 years. The majority (45.4%) of them were students,
followed by homemakers (23.3%) and service holders (16.7%). The median household
size was 5 members, and 50.7% were living in urban areas. The division-wise response
proportions are listed in Table 1.
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Table 1. Demographic characteristics of the participants of mobile phone survey during the COVID-
19 pandemic from January 2021 to March 2021 in Bangladesh.

Demographic Characteristics (N = 1854) N % (95% CI)

Age (Years)
18–30 1239 66.8 (64.7, 68.9)
31–40 347 18.7 (17, 20.6)
41–50 191 10.3 (9, 11.8)
50+ 77 4.2 (3.3, 5.2)

Mean age in years (Range) 28.5 (18–75)
Gender

Male 1124 60.6 (58.4, 62.8)
Female 649 35.0 (32.9, 37.2)

Not willing to disclose 81 4.4 (3.5, 5.4)
Occupation

Student 842 45.4 (43.2, 47.7)
Homemaker 432 23.3 (21.4, 25.3)

Service holder 309 16.7 (15, 18.4)
Businessman 104 5.6 (4.7, 6.8)

Skilled worker 50 2.7 (2.1, 3.5)
Farmer 43 2.3 (1.7, 3.1)

Unemployed 34 1.8 (1.3, 2.6)
Retired 14 0.8 (0.5, 1.3)
Doctor 7 0.4 (0.2, 0.8)
Others 12 0.6 (0.4, 1.1)

No Response 7 0.4 (0.2, 0.8)
Median household size, members (IQR) 5 (4–6)

Place of residence
Urban 939 50.6 (48.4, 52.9)
Rural 876 47.2 (45, 49.5)

Not willing to disclose 39 2.1 (1.5, 2.9)
Division name of the residence

Dhaka 535 28.9 (26.8, 31)
Chattogram 403 21.7 (19.9, 23.7)

Khulna 353 19.0 (17.3, 20.9)
Rangpur 202 10.9 (9.6, 12.4)
Barishal 199 10.7 (9.4, 12.2)
Sylhet 84 4.5 (3.7, 5.6)

Rajshahi 17 0.9 (0.6, 1.5)
Mymensingh 15 0.8 (0.5, 1.3)

Missing/No response 46 2.5 (1.9, 3.3)

Among those consuming medicines (n = 257, 13.9%) for their general illness reported
in the preceding four weeks, 4.7% did not know whether they were taking antibiotics
together, with another 4.7% missing/no responses. The proportion of respondents using
antibiotics was 32.7% (95% CI: 27.2–38.6, n = 84) for general illnesses in the preceding four
weeks. Among the COVID-19 patients (n = 16), this proportion of use of antibiotics was
only 12.5% (n = 2). Purchase of antibiotics (n = 84) was advised by the seller at pharmacies
(33.3%) as over-the-counter sales, on the prescription of formal private clinics (21.4%), on
the prescription of formal (MBBS/MD) doctors (15.5%), and those from public healthcare
facilities (14.3%). Thirteen percent of the respondents also reported purchasing antibiotics
advised by village doctors (quacks). Among respondents purchasing antibiotics, 17.9%
reported purchasing a partial number of antibiotics of the prescribed antibiotics. Of those
who could recall the names of antibiotics (n = 36), the most frequently consumed was
azithromycin (22.2%) followed by cefixime (11.1%) and ciprofloxacin (5.6%) (Table 2).
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Table 2. Use of antibiotics among the general population who reported illness in the preceding four
weeks of the interview during the COVID-19 pandemic in Bangladesh.

Antibiotic Use N % (95% CI)

Antibiotics used for reported illness (n = 257)
Yes 84 32.7 (27.2, 38.6)
No 149 58.0 (51.9, 63.9)

Don’t know 12 4.7 (2.7, 8)
Missing/no response 12 4.7 (2.7, 8)

Source of antibiotic prescription (n = 84)
Pharmacy 28 33.3 (24.2, 43.9)

Formal private clinic 18 21.4 (14, 31.3)
Formal (MBBS/MD) doctor 13 15.5 (9.3, 24.7)

Public healthcare facility 12 14.3 (8.4, 23.3)
Quack, village doctor 11 13.1 (7.5, 21.9)

Self-medication 2 2.4 (0.7, 8.3)
Recalled names of antibiotics prescribed (n = 84)

Yes 36 42.9 (32.8, 53.5)
No 15 17.9 (11.1, 27.4)

No response/don’t know 33 39.3 (29.5, 50)
Names of the prescribed antibiotics recalled (n = 36)

Azithromycin 8 22.2 (11.7, 38.1)
Cefixime 4 11.1 (4.4, 25.3)

Ciprofloxacin 2 5.6 (1.5, 18.1)
Co-trimoxazole 1 2.8 (0.1, 14.2)
Flucloxacillin 1 2.8 (0.1, 14.2)

Metronidazole 1 2.8 (0.1, 14.2)
Tetracycline 1 2.8 (0.1, 14.2)

Purchase of prescribed antibiotics (n = 84)
Full course purchased 69 82.1 (72.6, 88.9)

Partial purchase 15 17.9 (11.1, 27.4)
Duration of antibiotics taken (n = 84)

3–5 37 44.0 (33.9, 54.7)
6–7 27 32.1 (23.1, 42.7)

8–14 6 7.1 (3.3, 14.7)
14+ 6 7.1 (3.3, 14.7)
<3 5 6.0 (2.6, 13.2)

Missing/No response 3 3.6 (1.2, 10)
Median duration of antibiotics taken (IQR) 5 (3–7)

Antibiotics used for COVID-19 positive (n = 16)
Yes 2 12.5 (3.5, 36)
No 1 6.3 (0.3, 28.3)

Missing/No response 13 81.3 (57, 93.4)

About one-fifth (18.5%, n = 343) of all the respondents reported symptoms of general
illness in the past four weeks of the interview. Among those who reported illness, runny
nose (9.3%) was mainly reported, followed by fever (2.3%), cough (1.6%), and diarrhea
(1.2%). The COVID-19 specific symptom of anosmia/ageusia, sore throat, and headache
were reported by 0.7%, 0.6%, and 0.6% of the respondents, respectively. Only 13.9%
(n = 257) of all study participants sought healthcare for their illness. Among them, 46.7%
went to medicine shops (pharmacies) for treatment. The healthcare-seeking respondents
also sought healthcare from private clinics (16.0%), formal (MBBS/MD) doctors (12.1%),
took self-medication (8.6%), went to village doctors (7.8%), followed by resorting to public
healthcare facilities (7.0%) for their illnesses. The majority reported consuming one−three
medicines (77.8%), four−five medicines (12.1%), and six medicines or more (2.3%) for
their recent episode of illness in the last four weeks. Two percent of respondents reported
hospitalizations due to any disease among those who sought healthcare (Table 3).
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Table 3. General illness among the general population during the COVID-19 pandemic in Bangladesh.

Symptoms Reported for the Current Episode of Illness
(N = 1854) N % (95% CI)

Runny nose 173 9.3 (8.1, 10.7)
Fever 42 2.3 (1.7, 3)

Cough 29 1.6 (1.1, 2.2)
Loose motion/dysentery 23 1.2 (0.8, 1.9)

Loss of smell/taste 13 0.7 (0.4, 1.2)
Sore throat 11 0.6 (0.3, 1.1)
Headache 11 0.6 (0.3, 1.1)

Injury/accident 8 0.4 (0.2, 0.8)
Urinary tract infection 7 0.4 (0.2, 0.8)

Allergy 5 0.3 (0.1, 0.6)
Difficulty breathing 4 0.2 (0.1, 0.6)

Any others 17 0.9 (0.6, 1.5)
No symptoms 1454 78.4 (76.5, 80.2)

Missing/no response 57 3.1 (2.4, 4)
Healthcare seeking behavior for the current episode of

illness (n = 1854)
Healthcare sought

Yes 242 13.1 (11.6, 14.7)
Self-medication 15 0.8 (0.5, 1.3)

No 1546 83.4 (81.6, 85)
Missing/no response 51 2.8 (2.1, 3.6)

Healthcare seeking point (n = 257) *
Pharmacy 120 46.7 (40.7, 52.8)

Formal private clinic 41 16.0 (12, 20.9)
Formal (MBBS/MD) doctor 31 12.1 (8.6, 16.6)

Self 22 8.6 (5.7, 12.6)
Quack, village doctor 20 7.8 (5.1, 11.7)

Public healthcare facility 18 7.0 (4.5, 10.8)
Followed the previous prescription 0 -

Others (NGO and Homeopathy) 5 1.9 (0.8, 4.5)
Hospitalization required (n = 257)

Yes 5 1.9 (0.8, 4.5)
No 252 98.1 (95.5, 99.2)

Medicine taken (n = 257)
Yes 246 95.7 (92.5, 97.6)
No 11 4.3 (2.4, 7.5)

Number of medicines taken (including Antibiotic) (n = 257)
1–3 200 77.8 (72.4, 82.5)
4–5 31 12.1 (8.6, 16.6)
>6 6 2.3 (1.1, 5)

Missing/no response 20 7.8 (5.1, 11.7)
* inclusive of those (n = 257) who sought health care (n = 242) and self-medicated (n = 15).

Most (86.3%, 95% CI: 84.7–87.8, n = 1600) of the respondents heard names of antibiotics
in their lifetime, and the division-wise proportionate responses are illustrated in Figure 2.
They could state names of azithromycin (12.0%), ciprofloxacin (6.6%), cefixime (4.8%), and
amoxycillin (2.8%), spontaneously. When interviewed for dosage of antibiotics, 48.3%
(n = 772) reported that they knew the dosage and reported antibiotic use duration as one
week (68.9%), three to five days (17.2%), two weeks (9.1%), more than two weeks (3.4%),
and less than three days (1.4%). Unspecified harmful effects were stated by 12.1% of the
respondents, kidney problems by 5.5% of the respondents, and 3.5% of the respondents re-
ported antibiotic resistance as the effect of taking antibiotics without consulting a physician
(Table 4).
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Figure 2. Proportion of the general population knowing about antibiotic during the COVID-19
pandemic in Bangladesh.

Table 4. Knowledge about antibiotics among the general population during the COVID-19 pandemic
in Bangladesh.

Antibiotic Knowledge N % (95% CI)

Ever heard any name of antibiotics (N = 1854)
Yes 1600 86.3 (84.7, 87.8)
No 254 13.7 (12.2, 15.3)

Name of antibiotics recalled spontaneously (n = 1600)
Azithromycin 192 12.0 (10.5, 13.7)
Ciprofloxacin 106 6.6 (5.5, 8)

Cefixime 76 4.8 (3.8, 5.9)
Amoxicillin 45 2.8 (2.1, 3.7)

Flucloxacillin 20 1.3 (0.8, 1.9)
Cefradine 9 0.6 (0.3, 1.1)

Metronidazole 4 0.3 (0.1, 0.6)
Ceftriaxone 3 0.2 (0.1, 0.5)
Tetracycline 2 0.1 (0, 0.5)

None 1143 71.4 (69.2, 73.6)
Knowledge of antibiotics use duration (n = 1600)

Yes 772 48.3 (45.8, 50.7)
No 821 51.3 (48.9, 53.8)
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Table 4. Cont.

Antibiotic Knowledge N % (95% CI)

Missing/no response 7 0.4 (0.2, 0.9)
Knowledge of duration (days) of antibiotics use (n = 772)

1–7 532 68.9 (65.6, 72.1)
3–5 133 17.2 (14.7, 20.1)
8–14 70 9.1 (7.2, 11.3)
14+ 26 3.4 (2.3, 4.9)
<3 11 1.4 (0.8, 2.5)

Median (IQR) 7 (3–7)
Knowledge of side effects of taking antibiotics without

consulting a doctor (n = 1600)
Harmful effects (unspecified) 194 12.1 (10.6, 13.8)

Kidney problem 88 5.5 (4.5, 6.7)
Antibiotic resistance 56 3.5 (2.7, 4.5)

Liver problem 29 1.8 (1.3, 2.6)
Heart problem 21 1.3 (0.9, 2)

Headache 21 1.3 (0.9, 2)
Fatigue 19 1.2 (0.8, 1.8)

Neurological problem 15 0.9 (0.6, 1.5)
Nausea, vomiting 10 0.6 (0.3, 1.1)

Loose motion/abdominal discomfort 15 0.9 (0.6, 1.5)
Infection 8 0.5 (0.3, 1)

Cancer, stroke liver & kidney problem 8 0.5 (0.3, 1)
Lung problem 7 0.4 (0.2, 0.9)

Death 7 0.4 (0.2, 0.9)
Fever 5 0.3 (0.1, 0.7)
Stroke 2 0.1 (0, 0.5)

Allergy/rash 2 0.1 (0, 0.5)
Gynecological problem 2 0.1 (0, 0.5)

Mineral deficiency 1 0.1 (0, 0.4)
No response 1090 68.1 (65.8, 70.4)

Among all the respondents, 6% (n = 111) reported that they underwent COVID-19
testing, and most (81.1%, 95% CI: 72.8–87.3) availed public facilities for it. Among those
who tested for COVID-19 (n = 111), 14% (n = 16) were tested positive, and 4% (n = 4)
were hospitalized. A small proportion (8%, n = 141) of all respondents stated that their
family members underwent COVID-19 testing; 13% tested positive, while 9% did not
respond to this question, and 5% of COVID-19 affected family members were admitted to
the hospital. Five deaths (4%) among family members with COVID-19 disease were also
reported (Table 5).

Table 5. COVID-19 illness among the general population during the COVID-19 pandemic
in Bangladesh.

COVID-19 Illness n % (95% CI)

Tested for COVID-19 since the start of COVID-19 pandemic (Self)
Yes 111 6.0 (5.0, 7.2)
No 1665 89.8 (88.3, 91.1)

Missing/no response 78 4.2 (3.4, 5.2)
COVID-19 test result (n = 111) (self)

Positive 16 14.4 (9.1, 22.1)
Unknown 2 1.8 (0.5, 6.3)

COVID-19 testing facility type (n = 111) (self)
Public 90 81.1 (72.8, 87.3)
Private 18 16.2 (10.5, 24.2)

Both 3 2.7 (0.9, 7.6)
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Table 5. Cont.

COVID-19 Illness n % (95% CI)

Hospitalization required for COVID-19 (n = 111) (self)
Yes 4 3.6 (1.4, 8.9)
No 107 96.4 (91.1, 98.6)

COVID-19 information of other family members
Number of family members tested for COVID-19 since the start of

the COVID-19 pandemic
1 68 3.7 (2.9, 4.6)
2 25 1.3 (0.9, 2)
3 20 1.1 (0.7, 1.7)
4 11 0.6 (0.3, 1.1)

>5 16 0.9 (0.5, 1.4)
No 1633 88.1 (86.5, 89.5)

Missing/no response 81 4.4 (3.5, 5.4)
Mean Number of family members tested for COVID-19 (Range) 2.3 (1–15)

The COVID-19 test result of family members (n = 141)
Negative 111 78.7 (71.3, 84.7)

One to three members positive 18 12.8 (8.2, 19.3)
Missing/no response 12 8.5 (4.9, 14.3)

Hospitalization of family members due to Corona (n = 141)
Yes 7 5.0 (2.4, 9.9)
No 133 94.3 (89.2, 97.1)

Missing/no response 1 0.7 (0, 3.9)
Death of family members due to COVID-19 (n = 141)

Yes 5 3.5 (1.5, 8)
No 133 94.3 (89.2, 97.1)

Missing/no response 3 2.1 (0.7, 6.1)

4. Discussion

Our study found 32.7% (95% CI: 27.2–38.6) of the general population who reported
illness in the preceding four weeks of the interview using antibiotics in the community.
This proportion of antibiotic use for illnesses was higher than a pre-pandemic study in a
community setting in Bangladesh during 2018, reporting (21%) antibiotics use within the
last month [18]. The COVID-19 pandemic may have influenced this rise in the proportion of
antibiotic use in Bangladesh. However, the proportion of antibiotics used among COVID-19
patients was much low (12.5%) in our findings. However, determining the proportion of
antibiotic use among COVID-19 cases was not the study’s objective. Yet, this study finding
is much lower than 47% among the suspected COVID-19 cases reported in a previous
hospital-based study from Bangladesh [20]. The proportion of antibiotics used for COVID-
19 respondents in our study is also much lower than the study conducted in Egypt during
the COVID-19 pandemic [17]. This may be likely to the fact that a very low number of
COVID-19 cases were detected through this survey.

This study also measured the relevant knowledge regarding antibiotics irrespective
of any respondents suffering from COVID-19 illness. The basic knowledge regarding
antibiotics was very high among our survey respondents. Our study found a very high
proportion (86.3%, 95% CI: 84.7–87.8) of respondents reported to know names of antibi-
otics compared with the previously reported proportion of 48% in Bangladesh before
the COVID-19 pandemic [18]. Furthermore, azithromycin, a macrolide antibiotic, was
found as the most frequently (12%) recalled/reported antibiotic. This is perhaps because
azithromycin was the most commonly prescribed antibiotics by physician’s advice and
self-medication during the COVID-19 pandemic situation in Bangladesh [32] and other
countries in Europe and Asia [33]. An online survey conducted at the end of March
2020 on 6227 physicians in 30 countries revealed that, after some common analgesics,
azithromycin was the second-highest prescribed drug for COVID-19 [34]. Earlier reports
on antibiotics awareness in Bangladesh stated the most frequent (11%) antibiotic reported
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to be a fluoroquinolone named ciprofloxacin [35]. Although our study participants men-
tioned several unspecified harmful effects of antibiotics if taken without a physician’s
prescription, very few (4%) could expressly state about antibiotic resistance. This rate is
much lower than previous reports from Bangladesh, where 60% of the respondents stated
antibiotic resistance [35]. Overall, our findings illustrate that the general population was
more knowledgeable about antibiotics during the COVID-19 pandemic compared with the
pre-pandemic period.

Drug shops (pharmacies) contributed to the lion’s share (33.3%) of antibiotic dispens-
ing without a prescription, and village doctors also contributed a handsome proportion
(13.1%) in prescribing antibiotics in our study. Recent past studies in Bangladesh reported
proportions as high as 43% [36] and 16% from drug shops (pharmacies), and 18% from
village doctors [35]. Bangladesh’s common practice is to fetch over-the-counter medicines
and even antibiotics regardless of consulting any qualified healthcare providers and the
socio-economic status and education of the buyer [37,38]. Our findings and this intrinsic
nature of the population regarding procuring antibiotics raise a flag to immediately adopt
and strengthen “prescription-only from formal providers” for antibiotic purchase [20].

The antibiotic azithromycin was the most frequently prescribed/used, followed by
cefixime—a third-generation cephalosporin. For treating suspected or confirmed mild-
to-moderate COVID-19 cases without clinical suspicion of bacterial infections, antibiotics
were discouraged from using for empirical treatment by WHO [39]. However, due to
overburdened laboratories for testing microbiological samples and lack of recommended
antiviral therapy for COVID-19 infection, there was an increased empirical use of an-
timicrobials, including broad-spectrum antibiotics, by the clinicians [13,40]. In Spain, a
biphasic use of antibiotics was observed during the COVID-19 pandemic during 2020,
along with amoxicillin/clavulanic acid and broad-spectrum antibiotics in public referral
hospitals [40]. Physicians reported the widespread use of broad-spectrum antibiotics in
23 countries [9]. Moreover, the most common antibiotic classes prescribed were macrolides,
fluoroquinolones, β-lactam/β-lactamase inhibitors, and cephalosporins in North America,
Europe, China, and Asia [33]. The use of macrolide and cephalosporins were similar to
the results from a recent study conducted across Bangladesh during the first wave of the
COVID-19 pandemic, where macrolide was the most frequently (27%) used antibiotic
followed by cephalosporin (16%) among suspected COVID-19 patients before hospital
admission [20]. However, both azithromycin and cefixime belong to the Watch group an-
tibiotic, which is not recommended according to the WHO AWaRe classification/tool [41].
This non-compliance in antibiotic use also flags a concern for antimicrobial resistance.

Although we were able to cover respondents from across eight administrative divi-
sions of Bangladesh, while interpreting our study findings, several limitations must be
kept in consideration. The majority of our study respondents were males aged 18–40 years;
therefore, our sampled respondents may not represent Bangladesh’s demographic profile.
Furthermore, antibiotics were more likely to be used in extremes of age while we had
no respondents <5 years, and only 4.2% were above 50 years. It was a survey based on
mobile phone, and hence there may be recall bias in the responses leading to data loss and
distortion. Furthermore, knowledge questions on antibiotics were limited to basic ones
such as names, dosage, and harmful effects. Lastly, there were minimal opportunities to
cross-validate responses, and only 5% of the complete interviews were randomly cross
checked by repeat interviews. Overall, our results may be an underestimate of our actual
prevalence of antibiotic use and knowledge.

In conclusion, our study findings underscored the increased proportion of antibi-
otic use for recent illnesses and raised knowledge about antibiotics at the community
level during the COVID-19 pandemic in Bangladesh. Overuse of antibiotics, widespread
availability, and generalized access to all types of antibiotics as over-the-counter drugs
in the community surface raise concerns for antibiotic resistance in the near future. A
robust monitoring system supported by policy and law is highly recommended to delimit
over-the-counter antibiotic sales. Together with building community awareness on AMR,
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precisely due to the irrational use of antibiotics, it is imperative to promote, standardize,
and strengthen antimicrobial stewardship within the health system of Bangladesh.

Author Contributions: Conceptualization, M.R., F.C. and Z.A.; methodology, M.R. and Z.A.; soft-
ware, Z.A. and S.M.-E.-M.; validation, Z.A., M.M.R. and M.S.A.; formal analysis, M.S.A. and Z.A.;
data curation, Z.A., M.M.R. and M.S.A.; writing—original draft preparation, Z.A., M.M.R. and
S.M.-E.-M.; writing—review and editing, Z.A., F.C., M.R., M.Z.H., S.C., S.P., M.A.I., N.D., K.I. and
Z.K.; visualization, M.S.A. and Z.A.; supervision, F.C.; project administration, Z.A., M.M.R. and
S.M.-E.-M.; funding acquisition, F.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by the Fleming Fund Country Grant to Bangladesh Bangladesh
(FF48-416 FFCGB 1). icddr,b is grateful to the governments of Bangladesh, Canada, Sweden, and the
UK for providing core/unrestricted support.

Institutional Review Board Statement: The survey was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board consisting of the Research
Review Committee and Ethical Review Committee of icddr,b (protocol code PR-20116).

Informed Consent Statement: All study participants have provided informed consent for participat-
ing in the mobile phone survey.

Data Availability Statement: The data presented in this survey are available on reasonable request
from icddr,b’s research administration through the corresponding author. The data are not publicly
available due to privacy restrictions and icddr,b policy.

Acknowledgments: We are grateful to our survey participants for providing their valuable time and
information. We also thank Hafizur Rahman, Anik Palit, Probir Kumar Ghosh, and Faiza Tasfia for
their contribution to this project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no conflict of
interest with the study and contents of the manuscript.

References
1. Vallin, M.; Polyzoi, M.; Marrone, G.; Klintz, S.R.; Wisell, K.T.; Lundborg, C.S. Knowledge and Attitudes towards Antibiotic Use

and Resistance—A Latent Class Analysis of a Swedish Population-Based Sample. PLoS ONE 2016, 11, e0152160. [CrossRef]
2. Davies, J.; Davies, D. Origins and Evolution of Antibiotic Resistance. Microbiol. Mol. Biol. Rev. 2010, 74, 417–433. [CrossRef]
3. O’Neill, J. Tackling Drug-Resistant Infections Globally: Final Report and Recommendations; Wellcome Trust: London, UK; Her Majesty’s

Government: London, UK, 2016.
4. World Health Organization. Global Action Plan on Antimicrobial Resistance. 2015; World Health Organization: Geneva,

Switzerland, 2019.
5. Lu, H.; Stratton, C.W.; Tang, Y.-W. Outbreak of pneumonia of unknown etiology in Wuhan, China: The mystery and the miracle.

J. Med. Virol. 2020, 92, 401–402. [CrossRef]
6. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected

with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]
7. Xu, Z.; Shi, L.; Wang, Y.; Zhang, J.; Huang, L.; Zhang, C.; Liu, S.; Zhao, P.; Liu, H.; Zhu, L.; et al. Pathological findings of COVID-19

associated with acute respiratory distress syndrome. Lancet Respir. Med. 2020, 8, 420–422. [CrossRef]
8. WHO. WHO Timeline-COVID-19. 2020. Available online: https://www.who.int/news-room/detail/08-04-2020-who-timeline---

covid-19 (accessed on 29 July 2021).
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