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Objective: Surveying public awareness of antibiotic use and antibiotics can identify factors relevant to the design of effective educational campaigns. The aim of this study was to evaluate the knowledge, attitudes, and practices related to antibiotic use and multidrug-resistant pathogens in the general population in Pakistan.
Research Design and Methods: Cross-sectional survey was conducted, using a 60 itemed structured questionnaire and recruited individuals by convenient sampling from the general population in the four provinces of the country. Descriptive statistics were used to evaluate the responses and the chi squared statistic was used to assess differences between groups.
Results: The response rate was 87.6% (6,684 out of 7,631 individuals). Half of the respondents had received at least one prescription of antibiotics in the 6 months preceding the survey. Knowledge about antibiotic use, (39.8%) individuals scored above the mean (≥3) showed good knowledge about antibiotic use. Urban residents and male showed significant higher knowledge (p < 0.001) about antibiotic use. Approximately 50% of the respondents correctly answered the question about antibiotic resistance. Of the 3,611 received antibiotics, 855 (23.7%) were indicated for cough, 497 (13.8%) for a sore throat, 335 (9.3%) for ear ache, 665 (18.4%) for a burning sensation during urination, 667 (18.4%) for wounds or soft tissue inflammation. MDR pathogen was perceived as an important topic by (4,010) 60.1% of respondents.
Conclusion: Participants were aware of the problem of multidrug-resistant pathogens and understood the responsibility of each individual to avoid the spread of these infectious agents.
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INTRODUCTION
The development of antimicrobial resistance (AMR) is a major public health concern in Pakistan (Bilal et al., 2021; Gillani et al., 2021) and worldwide (Aslam et al., 2018) AMR causes longer hospital stays, increased mortality, and substantial economic and intangible losses (Gillani et al., 2021). The rise in AMR has been positively associated with inappropriate handling and unnecessary use of antibiotics (Bilal et al., 2021), Several factors such as the physicians’ knowledge gap about current antibiotic recommendations inappropriate diagnosis, availability of antibiotic without prescription, incomplete antibiotic course and insufficient patient education by healthcare providers, overuse of antibiotics in livestock cause antimicrobial resistant at population level (Dhingra et al., 2020; Murray et al., 2022). Adherence to antibiotic treatment is essential in ensuring the therapeutic effects and to preventing the development of AMR (Aslam et al., 2018).
In some developing nations, Gram-negative bacteria are a major cause of neonatal sepsis (Yadav et al., 2018; Wen et al., 2021), and these microorganisms have developed increasing multidrug resistance (MDR) over the past decades (Uddin et al., 2021a) because of inappropriate and indiscriminate antibiotic use, easy availability, lack of regulations regarding antibiotic use, poor sanitation, and unsuccessful infection control in maternity wards. The appearance of a bacterial strain that is resistant to most available antibiotics is a major concern in Pakistan (Afzal, 2017; Gillani et al., 2017; Bhatti, 2020; Uddin et al., 2021b).
A considerable number of studies have shown that the general population plays a key role in spreading the AMR due to lack of awareness about antibiotics among population in Pakistan (Ching et al., 2019; Saleem et al., 2019). The World Health Organization has stated that appropriate awareness among both the public and healthcare providers is the key to averting AMR (WHO, 2014). Decreased antibiotic use could be achieved via multifaceted educational interventions to inform healthcare practitioners and the public of the harm of antibiotic overuse (Teixeira Rodrigues et al., 2019). Also, public’s current knowledge evaluation about antibiotics and the development of AMR could help to design policies and campaigns addressing these problems (Kosiyaporn et al., 2020). Few studies have focused on knowledge among the general population in Pakistan regarding antibiotic use (Akhund et al., 2019; Gillani et al., 2021) and none have focused on MDR. We therefore, conducted a study on knowledge of MDR pathogens in this population. The aim of study was to evaluate the knowledge, attitudes, and practices related to antibiotic use and multidrug-resistant pathogens in the general population in Pakistan.
METHODS
Study Area
We sampled all four provinces of Pakistan (Punjab, Sindh, Khyber Pakhtunkhwa, and Baluchistan). The provinces consist of divisions, districts, tehsils (administrative areas containing towns), and villages. Three districts were randomly selected from Punjab and Sindh and two each from Khyber Pakhtunkhwa and Baluchistan. From each target district, we selected one city and one village. City was conveniently selected by the availability of data collectors. Figure 1 illustrates the cities and villages selected and the corresponding numbers of respondents.
[image: Figure 1]FIGURE 1 | Selection of study area.
Study Participants and Recruitment
We performed a cross-sectional survey in the four provinces of Pakistan. We used convenient sampling and try to collect data from maximum participants during May to November, 2020. Total 7,631 participants approached in the study during this time frame. Participants who were Immigrants, individuals over 80 or under 18 years, and persons with cognitive impairment (N = 479), participants initially participated in the study and during study refused to continue the study due to personal issues (lack of time, information sharing hesitation and others) (N = 219), and missing data from survey (N = 379) were excluded from the study. Finally, sample of 6,684 participants was included in the study. (Figure 2). Individuals were approached in shopping malls and in pharmacies, educational institutions, bus stations, train stations, and households. Self-administered questionnaires were filled in and collected. Interviews were conducted with individuals who were not literate. Individuals were made aware of the purpose of this study.
[image: Figure 2]FIGURE 2 | Fears of individuals regarding MDR pathogen.
Training of Data Collectors
Sixteen data collectors were trained to conduct the research in the provinces. Most data collectors were pharmacy students in their final year of study, who were supervised by teachers from the local university. Training covered the following aspects: 1) presenting a concise introduction of the study rationale to respondents; 2) conducting face-to-face interviews; 3) coping with difficulties in data collection, such as lack of cooperation. The training lasted 3 days and included a demonstration by the primary researcher.
Questionnaire
The knowledge, attitudes, and practices regarding antibiotic use covered four topics: 1) exposure to antibiotics, evaluated by two questions about symptoms and prescription in the preceding 6 months. 2) Knowledge about antibiotics, evaluated by responses to seven statements related to correct identification of antibiotics and to opinions regarding antibiotic use in general. 3) Attitudes and practices related to antibiotic use, assessed by seven items concerning how participants generally obtained antibiotics and whether they were concerned about antibiotic resistance. 4) Whether participants requested antibiotics for personal use, how they used antibiotics, and whether they developed side effects during use (six items). The questionnaire used in this study differed in its contents from those of previous studies (Akhund et al., 2019; Gillani et al., 2021). The second part of the questionnaire addressed MDR pathogens: 1) awareness of MDR pathogens and past exposure (seven items). 2) Knowledge about MDR pathogens, assessed by questions and statements about infection routes, spread, and treatment of MDR pathogens (five items). 3) Attitudes about MDR pathogens, assessed by asking participants about their feelings with respect to contracting an MDR organism, about MDR pathogens as a public health problem, and their opinion regarding who is responsible for the control of their spread (10 items). 4) Reaction to close contact with an infected person, assessed using two case scenarios. The case scenarios were presented to assess how participants would deal with carriers of MDR pathogens.
Case 1: Let us suppose that your neighbor, an elderly person residing alone, requires some help and you have been shopping for him for a couple of months. After a hospital stay, he tells you that he has become infected with a hospital-acquired pathogen. How would you behave with him/her?
Case 2: Let us suppose that your coworker, with whom you share an office and some office items, tells you after a hospital stay that she has become infected with a hospital-acquired pathogen. How would you behave with him/her?
Each case scenario was associated with eight statements, and response options were “strongly agree,” “agree,” “somewhat disagree,” and “disagree.”
In addition, demographic information (age, sex, education, locality, and marital status) was also collected and included in the analysis. The questionnaire was modified slightly from a previous study (Akhund et al., 2019) according to our study protocol and translated in to national language. tResponses were back-translated into English. Construct validity and content validity of questionnaire was established by extensive literature either the designed tool was measuring the actual research question which we want to measure. Face validity was ensured when expert researchers looked at the items in the measuring tool and gave their expert opinions. Designed questionnaire was reviewed and evaluated by the research committee of four professors of pharmacy background to assess appropriateness of each question to be measure. After discussion with researchers their expert feedback was used to edit the instrument accordingly. Internal consistency was measure by Cronbach’s alpha. Cronbach’s alpha of questionnaire was 0.768 showed the reliability of research tool was good. Before the start of data collection, a pilot study was conducted in each area to check the accuracy of the wording and comprehensiveness. The data obtained in the pilot study were not included in the final analysis.
Data Analysis
Descriptive analysis was performed for the demographic variables. To analyze the knowledge about antibiotics, each correct response was awarded one point. For a positive question, the responses “strongly agree” or “agree” were calculated as one point and “do not know,” “disagree,” or “strongly disagree” were calculated as zero. For a negative question, “disagree” or “strongly disagree” were calculated as one point and “strongly agree” or “agree” and don’t know were calculated as zero. A cumulative score of the seven knowledge items on antibiotics and the four items on MDR was derived in the same manner. The cut point of ≥3 is considered to be good knowledge for the knowledge about antibiotic as it was also chosen in the previous studies that those who scored more than mean were considered in good range. A complete questionnaire is subjected to the analysis those with the missing data were excluded in screening phase. Percentages for each item were calculated and the chi squared statistic was used to check significant differences between demographic groups. p < 0.05 was considered significant.
Ethics Approval
The research was carried out in accordance with the tenets of the Declaration of Helsinki and was approved by the Medical Research Ethics Committee of Xi’an Jiaotong University, Shaanxi, China, approved reference number (XJTMD11-2020). Respondents who were literate provided a signed consent form and for those who were not literate, the data collector signed the form on their behalf after explaining the content of the form.
RESULTS
General Characteristics of the Respondents
Out of 7,631 individuals who were approached for the study, 6,684 (87.6%) completed questionnaire items on antibiotic use and MDR pathogens. The mean age (± standard deviation) of the respondents was 32.97 (10.8) years, 4,746 (71.0%) were male, 772 (11.5%) had education above post-graduation and 2,833 (42.4%) resided in rural areas (Table 1).
TABLE 1 | Demographic details.
[image: Table 1]Knowledge About Antibiotics and MDR Pathogens
The mean (± standard deviation) of the knowledge score of antibiotic use was 2.51 (1.80) and 2,260 (39.8%) individuals scored above the mean (≥3). Few participants provided correct answers to the questions about antibiotics, and those tended to be urban residents and male showed significant higher knowledge (p < 0.001). Approximately half of the respondents correctly answered the question about antibiotic resistance. Supplementary Table S1 lists details about respondents and antibiotic use and Supplementary Table S2 responds to the answers of the participants regarding the attitude. The mean (± standard deviation) of the MDR knowledge score was 1.98 (1.86). Almost one third (32.7%) of participants correctly answered the question regarding whether MDR pathogens could only infect them in a hospital, and tended to be urban residents and male. Supplementary Table S3 lists details about respondents and MDR pathogens. Supplementary Tables S1, S2, S3 are presented in supplementary material.
Exposure to Antibiotics and MDR Pathogen
Fifty-four percent of respondents (3,611) reported that they were prescribed antibiotics within the preceding 6 months, with a significantly higher proportion of participants from Sindh (1,274 or 35.3%) than Khyber Pakhtunkhwa (13.1%, p < 0.001). Of the 3,611 who received antibiotics, 855 (23.7%) were indicated for cough, 497 (13.8%) for a sore throat, 335 (9.3%) for ear ache, 665 (18.4%) for a burning sensation during urination, 667 (18.4%) for wounds or soft tissue inflammation, and 677 (18.5%) for other reasons. Almost two thirds (2,332 or 64.5%) of those who were prescribed antibiotics stopped the therapy before completion, because 433 (18.6%) felt better, 544 (23.3%) were worried about side effects, 78 (3.3%) experienced a side effect, 455 (19.5%) forgot to take the medication, 211 (9.0%) experienced “too much stress,” and 611 (26.2%) for other reasons. Almost two thirds 4,211 (63%) of all participants had heard of MDR pathogens, 7.3% 488) reported that they knew an individual who had tested positive for an MDR pathogen, and 12% (802) reported that they themselves had tested positive for an MDR pathogen once in their lifetime. Figure 3 illustrates the fears of respondents regarding MDR pathogens.
[image: Figure 3]FIGURE 3 | Fears of individuals regarding MDR pathogen.
Attitudes and Practices Regarding Antibiotic Use and MDR Pathogens
Almost half of the participants (47.6% or 3,181) reported sharing medications with family members and 35.8% 2,393) reported that they had antibiotics at home to use when necessary. MDR pathogen was perceived as an important topic by (4,010) 60.1% of respondents (Table 2). In terms of the responsibility to halt the spread of MDR pathogens in the healthcare sector, 30.9% (2065) of the participants thought that it rested with healthcare workers, 2,239 or 33.5% thought that it was the responsibility of everyone, and 1,430 or 21.4% believed that political administrators were responsible for halting the spread. Responsibility for reductions in antibiotic use in livestock breeding was attributed to farmers (23.6% or 1,564), political administrators (1,430 or 21.4%), and consumers (795 or 11.9%). One quarter of respondents 1,678 (25.1%) agreed that they would be willing to spend more money on meat if this could reduce antibiotic use in livestock (Table 3)
TABLE 2 | Causes you think important for distributions of MDR pathogens.
[image: Table 2]TABLE 3 | Different stakeholders’ role to control the antibiotic resistance.
[image: Table 3]Case Scenarios
The first scenario involved an aged neighbor hospitalized with an MDR pathogen infection and the second scenario involved a coworker testing positive for an MDR pathogen. For the first scenario, half of the respondents demonstrated good hygiene practices: 50.6% would wash their hands, 51.8% would disinfect their hands, 49.3% would change clothes after interacting with the neighbor, and 41.8% would avoid the neighbor completely (Figure 4). For the second scenario, 55.6% would wash their hands, 46.9% would disinfect their hands, 43.2% would avoid the coworker completely, and 29.6% would change clothes after interacting with the coworker (Figure 5).
[image: Figure 4]FIGURE 4 | Response to case scenario one.
[image: Figure 5]FIGURE 5 | Responses to case scenarios 2.
DISCUSSION
In this study, we assessed the knowledge and opinions of the general public in Pakistan about antibiotic use and MDR pathogens by interviewing the participants. Individuals showed poor knowledge of antibiotic use and poor medication adherence. Similarly, knowledge about MDR pathogens was scant, but fear of the effects of MDR pathogens was more pronounced.
More than half had been prescribed antibiotics in the past 6 months, a lower percentage reported for the United Kingdom (38%) and Germany (Holstiege et al., 2020). The main indications for prescription in the present study were cough and sore throat, similar to the indications cited in a report from Germany (Holstiege et al., 2020) and a previous study in Pakistan (Gillani et al., 2021). Upper respiratory infections are most commonly caused by viruses, and international health agencies recommend restrictive measures in antibiotic use so as to prevent AMR (Shaikhan et al., 2018; Gulliford et al., 2019). The knowledge scores for antibiotic use were poor, lower than scores in the previous study in Pakistan (Gillani et al., 2021) but similar to those of studies in other developing nations (Seid and Hussen, 2018; Teixeira Rodrigues et al., 2019).
In the present study, 63% of participants had heard about MDR pathogens, lower than the percentage reported by a study in Germany (94.9%) and in Scotland (86%) (Raupach-Rosin et al., 2019; Tonna et al., 2019). Very few of our respondents reported having been diagnosed with MDR pathogens (12%) or knowing someone infected with an MDR pathogen (7.3%), unlike the 42.7% reported to be acquainted with a person diagnosed with MDR pathogen in Germany or the 32.0% reported to be acquainted with a person diagnosed with methicillin-resistant Staphylococcus aureus in Scotland (Raupach-Rosin et al., 2019; Tonna et al., 2019).
We did not find a significant difference in antibiotic use scores between urban and rural residents, in contrast with the previous study in Pakistan (Gillani et al., 2021) or with outcomes reported by a study in China (Wang et al., 2019), both of which reported poor knowledge of antibiotic use among rural residents. Also, it was observed in the study from Croatia where urban parents were more aware (Farkaš et al., 2019) In addition, we did not find significant differences in our study population in terms of education level and knowledge, in contrast with findings from the study in Germany (Raupach-Rosin et al., 2019). Our study however suggested the gender significant difference in most of the knowledge items which is in consistent with the previous results in Italy (Bianco et al., 2020). This suggests that information for the general public should be tailored for comprehensibility. Gaps in specific knowledge about the implications of MDR pathogens and existing treatment options have been observed before (Tonna et al., 2019; McClelland et al., 2022). Hence, targeting information to the population and using appropriate media are essential for increasing the public’s knowledge of proper antibiotic use and MDR pathogens.
More than half of the participants reported that they were personally concerned about infection with a MDR pathogen, but the answers to the case scenarios illustrated that the majority of individuals exhibited reasonable and non-stigmatizing behavior toward carriers of MDR pathogens in their vicinity. This finding is remarkable, considering that more than half of the participants had stated that they were fearful of contracting MDR pathogens. The percentage of respondents that reported they would avoid the infected person was higher than that reported by Raupach-Rosin and colleagues (Raupach-Rosin et al., 2016). A large number of respondents considered healthcare personnel and political administrators responsible for controlling MDR pathogens, similar to a finding reported previously (Gilbert and Kerridge, 2019).
Strengths and Limitations
The strength of our study is the comparably large sample and the fact that the study population was sampled from the general public. However, because the knowledge of antibiotics and MDR pathogens was assessed by closed-ended questions, respondents may have selected the most favorable answers rather than accurate ones, and therefore, a qualitative approach might be more suitable to reveal misconceptions. Our study faced some limitations as well such as we selected the districts randomly and targeted the cities, village and participants from the city conveniently. Also, that participants may have given socially desirable answers, rather than actual practices.
CONCLUSION
General knowledge about antibiotic use and MDR pathogens was poor in the population we sampled. However, there was a high awareness about antibiotic resistance as a public health problem, although only a few respondents reported to have been personally affected by MDR. Therefore, information about the implications of MDR pathogens should be made available for the general public. Information campaigns about correct antibiotic use could increase knowledge, thereby improving appropriate practices in antibiotic use and resistance in both humans and livestock. The data in this study provide new information and may serve as the basis for development of interventional programs and policies.
Recommendations
We recommend strict government policies should be implemented at hospital level and community pharmacy level to prescribe and dispense antibiotics in the presence of qualified physician and pharmacist. Standard guidelines and proper trainings should be provided to physicians and other health care providers to promote the safe prescribing of antibiotics to avoid the antimicrobial resistance. Community based interventions and programs should be initiated to increase the awareness about antibiotic resistant among general population. Government should increase the awareness and initiate the campaigns on electronic media for safe use of antibiotic in general population. Collective efforts of government, stakeholders, health care providers, patients, researchers, pharmaceuticals companies, policy makers and drug regulatory bodies will help to combat the life threatening scenario of antimicrobial resistant around the globe.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Medical Research Ethics Committee of Xi’an Jiaotong University, Shaanxi, China (XJTMD11-2020). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
HA, AG, WJ conceptualized the study. HA, AG, HA, SG, JA and AA collected the data. HA and AG analyzed the data. HA, AG, and RA wrote the initial draft. YF supervised the whole study.
FUNDING
This work was supported by the “Young Talent Support Plan” “High Achiever Plan” of Health Science Center; Xi’an Jiaotong University; and the Central University Basic Research Fund (2015qngz05).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
We thank Liwen Bianji (Edanz) (www.liwenbianji.cn/) for editing the English text of a draft of this manuscript.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.903503/full#supplementary-material
REFERENCES
 Afzal, M. S. (2017). Emergence of Antibiotic Resistance in Pakistan; A Clear Problem for Future. J. Vaccines Vaccine 8, 375. doi:10.4172/2157-7560.1000375
 Akhund, R., Jamshed, F., Jaffry, H. A., Hanif, H., and Fareed, S. (2019). Knowledge and Attitude of General Pakistani Population towards Antibiotic Resistance. Cureus 11, e4266. doi:10.7759/cureus.4266
 Aslam, B., Wang, W., Arshad, M. I., Khurshid, M., Muzammil, S., Rasool, M. H., et al. (2018). Antibiotic Resistance: a Rundown of a Global Crisis. Infect. Drug Resist 11, 1645–1658. doi:10.2147/IDR.S173867
 Bhatti, M. W. (2020). Emergence of Drug Resistant Bacteria in Pakistan. Available online: https://www.thenews.com.pk/print/164414-Emergence-of-drug-resistant-bacteria-in-Pakistan-worries-doctors (accessed 23 October 2020). 
 Bianco, A., Licata, F., Zucco, R., Papadopoli, R., and Pavia, M. (2020). Knowledge and Practices Regarding Antibiotics Use: Findings from a Cross-Sectional Survey Among Italian Adults. Evol. Med. Public Health 2020, 129–138. doi:10.1093/emph/eoaa028
 Bilal, H., Khan, M. N., Rehman, T., Hameed, M. F., and Yang, X. (2021). Antibiotic Resistance in Pakistan: a Systematic Review of Past Decade. BMC Infect. Dis. 21, 24. doi:10.1186/s12879-021-05906-1
 Ching, C., Nizamuddin, S., Rasheed, F., Seager, R.J., Litvak, F., Sultan, F., et al. (2019). Antimicrobial Resistance Trends from a Hospital and Diagnostic Facility in Lahore, Pakistan: A Five-Year Retrospective Analysis (2014-2018). medRxiv 1, 19012617. 
 Dhingra, S., Rahman, N. A. A., Peile, E., Rahman, M., Sartelli, M., Hassali, M. A., et al. (2020). Microbial Resistance Movements: An Overview of Global Public Health Threats Posed by Antimicrobial Resistance, and How Best to Counter. Front. Public Health. 8, 535668. doi:10.3389/fpubh.2020.535668
 Farkaš, M., Ivče, D. G., Stojanović, S., Mavrinac, M., Mićović, V., and Andrašević, A. T. (2019). Parental Knowledge and Awareness Linked to Antibiotic Use and Resistance: Comparison of Urban and Rural Population in Croatia. Microb. Drug Resist. 25, 1430–1436. doi:10.1089/mdr.2018.0424
 Gilbert, G. L., and Kerridge, I. (2019). The Politics and Ethics of Hospital Infection Prevention and Control: a Qualitative Case Study of Senior Clinicians' Perceptions of Professional and Cultural Factors that Influence Doctors' Attitudes and Practices in a Large Australian Hospital. BMC Health Serv. Res. 19, 212. doi:10.1186/s12913-019-4044-y
 Gillani, A. H., Ji, W., Hussain, W., Imran, A., Chang, J., Yang, C., et al. (2017). Antibiotic Self-Medication Among Non-medical University Students in Punjab, Pakistan: A Cross-Sectional Survey. Int. J. Environ. Res. Public Health 14 (10), 1152. doi:10.3390/ijerph14101152
 Gillani, A. H., Chang, J., Aslam, F., Saeed, A., Shukar, S., Khanum, F., et al. (2021). Public Knowledge, Attitude, and Practice Regarding Antibiotics Use in Punjab, Pakistan: a Cross-Sectional Study. Expert Rev. Anti-infective Ther. 19, 399–411. doi:10.1080/14787210.2021.1823216
 Gulliford, M. C., Prevost, A. T., Charlton, J., Juszczyk, D., Soames, J., McDermott, L., et al. (2019). Effectiveness and Safety of Electronically Delivered Prescribing Feedback and Decision Support on Antibiotic Use for Respiratory Illness in Primary Care: REDUCE Cluster Randomised Trial. bmj 364, l236. doi:10.1136/bmj.l236
 Holstiege, J., Schulz, M., Akmatov, M. K., Steffen, A., and Bätzing, J. (2020). Marked Reductions in Outpatient Antibiotic Prescriptions for Children and Adolescents - a Population-Based Study Covering 83% of the Paediatric Population, Germany, 2010 to 2018. Euro Surveill. 25, 1900599. doi:10.2807/1560-7917.ES.2020.25.31.1900599
 Kosiyaporn, H., Chanvatik, S., Issaramalai, T., Kaewkhankhaeng, W., Kulthanmanusorn, A., Saengruang, N., et al. (2020). Surveys of Knowledge and Awareness of Antibiotic Use and Antimicrobial Resistance in General Population: A Systematic Review. PLoS One 15, e0227973. doi:10.1371/journal.pone.0227973
 McClelland, J. W., Norris, J. M., Dominey-Howes, D., and Govendir, M. (2022). Knowledge and Perceptions of Australian Postgraduate Veterinary Students Prior to Formal Education of Antimicrobial Use and Antimicrobial Resistance. One Health 14, 100366. doi:10.1016/j.onehlt.2021.100366
 Murray, C. J., Ikuta, K. S., Sharara, F., Swetschinski, L., Aguilar, G. R., Gray, A., et al. (2022). Global Burden of Bacterial Antimicrobial Resistance in 2019: a Systematic Analysis. Lancet 399, 629–655. doi:10.1016/S0140-6736(21)02724-0
 Raupach-Rosin, H., Rübsamen, N., Schütte, G., Raschpichler, G., Chaw, P. S., and Mikolajczyk, R. (2019). Knowledge on Antibiotic Use, Self-Reported Adherence to Antibiotic Intake, and Knowledge on Multi-Drug Resistant Pathogens - Results of a Population-Based Survey in Lower Saxony, Germany. Front. Microbiol. 10, 776. doi:10.3389/fmicb.2019.00776
 Raupach-Rosin, H., Rübsamen, N., Szkopek, S., Schmalz, O., Karch, A., Mikolajczyk, R., et al. (2016). Care for MRSA Carriers in the Outpatient Sector: a Survey Among MRSA Carriers and Physicians in Two Regions in Germany. BMC Infect. Dis. 16, 184. doi:10.1186/s12879-016-1503-5
 Saleem, Z., Hassali, M. A., Hashmi, F. K., Godman, B., and Saleem, F. (2019). Antimicrobial Dispensing Practices and Determinants of Antimicrobial Resistance: a Qualitative Study Among Community Pharmacists in Pakistan. Fam. Med. Community Health 7, e000138. doi:10.1136/fmch-2019-000138
 Seid, M. A., and Hussen, M. S. (2018). Knowledge and Attitude towards Antimicrobial Resistance Among Final Year Undergraduate Paramedical Students at University of Gondar, Ethiopia. BMC Infect. Dis. 18, 312. doi:10.1186/s12879-018-3199-1
 Shaikhan, F., Rawaf, S., Majeed, A., and Hassounah, S. (2018). Knowledge, Attitude, Perception and Practice Regarding Antimicrobial Use in Upper Respiratory Tract Infections in Qatar: a Systematic Review. JRSM open 9, 2054270418774971. doi:10.1177/2054270418774971
 Teixeira Rodrigues, A., Roque, F., Piñeiro-Lamas, M., Falcão, A., Figueiras, A., and Herdeiro, M. T. (2019). Effectiveness of an Intervention to Improve Antibiotic-Prescribing Behaviour in Primary Care: a Controlled, Interrupted Time-Series Study. J. Antimicrob. Chemother. 74, 2788–2796. doi:10.1093/jac/dkz244
 Tonna, A., Weidmann, A., Donat, I., Sneddon, J., Cockburn, A, and Stewart, D. (2019). 4CPS-076 Encouraging the Responsible Use of Antibiotics: Awareness and Understanding Among a University Student Population of a Community Pharmacy Public Health Campaign in Scotland. Eur. J. Hosp. Pharm. 26, A103–A104. doi:10.1136/ejhpharm-2019-eahpconf.225
 Uddin, T. M., Chakraborty, A. J., Khusro, A., Zidan, B. R. M., Mitra, S., Emran, T. B., et al. (2021). Antibiotic Resistance in Microbes: History, Mechanisms, Therapeutic Strategies and Future Prospects. J. Infect. Public Health 14, 1750–1766. doi:10.1016/j.jiph.2021.10.020
 Uddin, T. M., Chakraborty, A. J., Khusro, A., Zidan, B. R. M., Mitra, S., Emran, T. B., et al. (2021). Antibiotic Resistance in Microbes: History, Mechanisms, Therapeutic Strategies and Future Prospects. J. Infect. Public Health 14, 1750–1766. doi:10.1016/j.jiph.2021.10.020
 Wang, M., Wei, H., Zhao, Y., Shang, L., Di, L., Lyu, C., et al. (2019). Analysis of Multidrug-Resistant Bacteria in 3223 Patients with Hospital-Acquired Infections (HAI) from a Tertiary General Hospital in China. Bosn. J. Basic Med. Sci. 19, 86–93. doi:10.17305/bjbms.2018.3826
 Wen, S. C. H., Ezure, Y., Rolley, L., Spurling, G., Lau, C. L., Riaz, S., et al. (2021). Gram-negative Neonatal Sepsis in Low- and Lower-Middle-Income Countries and WHO Empirical Antibiotic Recommendations: A Systematic Review and Meta-Analysis. PLoS Med. 18, e1003787. doi:10.1371/journal.pmed.1003787
 WHO (2014). WHO’s First Global Report on Antibiotic Resistance Reveals Serious, Worldwide Threat to Public Health. Available from: http://www.who.int/ mediacentre/news/releases/2014/amr-report/en/ (Accessed October 20, 2019). 
 Yadav, N. S., Sharma, S., Chaudhary, D. K., Panthi, P., Pokhrel, P., Shrestha, A., et al. (2018). Bacteriological Profile of Neonatal Sepsis and Antibiotic Susceptibility Pattern of Isolates Admitted at Kanti Children's Hospital, Kathmandu, Nepal. BMC Res. Notes 11, 301. doi:10.1186/s13104-018-3394-6
Conflict of Interest: The handling editor BG declared a past co-authorship with the author YF.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Arshad, Gillani, Akbar, Abbas, Bashir Ahmed, Gillani, Anum, Ji and Fang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-903503-g005.gif





OPS/images/fphar-13-903503-t001.jpg
Variable

Age (Mean + SD) (years)
32.97 £10.8
Gender
Male
Female
Residence
Rural
Urban
Education
Primary or below
Secondary school
High school
College/university
Post graduation or above
Marital Status
Single
Married
Monthly Household Income (RS)
<15,000
15,000-3,000
30,001-50,000
>50,000
Province
Punjab
Sindh
KPK
Baluchistan

Number (%)

4,746 (71.0)
1938 (29.0)

2,833 (42.4)
3,851 (57.6)

1749 (26.2)
1,338 (20.0)
1,558 (23.3)
1,267 (19.0)
772 (11.5)

3,439 (61.5)
3,245 (48.5)

2,398 (35.9)
2099 (314)
1,047 (15.7)
1,140 (17.0)

2,431 (36.4)
2009 (30.1)
1,325 (19.8)
919 (13.7)





OPS/images/fphar-13-903503-g003.gif





OPS/images/fphar-13-903503-g004.gif





OPS/images/fphar-13-903503-t002.jpg
Statement

Improper antibiotic intake in population
Improper use of antibiotics in ivestock breeding
Lacking hygiene in medical sector in general
Lacking hand hygiene from medical healthcare
workers

Lacking hand hygiene in society

Lacking bed capacity in hospitals

Too less effective medicaments

Very
important

410(6.1)
409 (6.1)
409 (6.1)
83(1.2)

497 (7.4)
409 (6.1)
402 (6.0)

Quite
important

1,403 (21.0)

1,234 (18.5)
1811 (27.1)
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Notimportant
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745 (11.1)

Don’t know
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Each individual has a responsibilty, to correctly take antibiotics, to reduce the spread of 639 (96) 1,595 (23.9) 1,430 (21.4)  1431(21.4) 1,589 (23.8)
multidrug-resistant pathogens
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resistant pathogens in the healthcare system
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pathogens in the healthcare system
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