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Purpose: The knowledge, attitude, and practices (KAP) concerning antibiotics by healthcare students have the potential impact on 
controlling antibiotic abuse and antimicrobial resistance (AMR) growth. This study aims to evaluate the levels and explore the 
associated factors with KAP on antibiotic use and AMR in Chinese nursing students.
Methods: A cross-sectional survey using a self-administered questionnaire consisting of demographics and selected features and KAP 
on antibiotic use and AMR was conducted to measure KAP levels among nursing students at various universities in Hubei Province, 
China. The logistic regression analyses were performed to analyze the potential factors associated with the KAP.
Results: The survey eventually included a total of 1959 nursing students. The mean scores for KAP were 57.89 ±26.32, 55.00 ±12.50, 
and 71.88 ±15.63, respectively. Regarding knowledge, 54.3% of participants were unaware that antibiotic was ineffective against viral 
infections. Regarding attitude, 36% of participants agreed that current antibiotic abuse existed; 96.2% of participants thought it 
necessary to set up a special course on antibiotics. Regarding practice, only 48.4% of participants usually purchased antibiotics with 
a prescription. Multivariable analyses indicated that lack of discussion on AMR in school courses was an independent risk factor 
against KAP, respectively. The main knowledge sources of antibiotic being outside the classroom was an independent risk factor 
related to knowledge and practice. The average score >80 points was an independent protective factor related to knowledge and 
practice.
Conclusion: The KAP level on antibiotic use and AMR among Hubei nursing students was general and required further strengthen-
ing. Nursing students with risk factors should be prioritized in educational interventions. The findings of our study pointed out some 
directions for tailored interventions to improve the training on antibiotics.
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Introduction
Since Alexander Fleming discovered penicillin in 1928, antibiotics have saved countless lives and expanded humans’ 
average life.1 At the same time, the emergence and application of antibiotics have laid the foundation of modern 
medicine. Unfortunately, this admirable medical practice of antibiotics is being threatened by their misuse and overuse, 
leading to AMR. The widespread increase of AMR has already become a huge challenge for threatening human security, 
which can cause unresponsiveness to antibacterial treatment, ultimately resulting in persistent illness and increased risk 
of death.2 Besides, AMR has brought a tremendous economic burden. It has been estimated that AMR could bring an 
economic impact of up to US $100 trillion by 2050.3

The knowledge of the appropriate use of antibiotics and prevention of AMR is really important to reduce AMR.4 

However, previous studies have shown that the common public has a poor understanding and attitude towards antibiotics 
and the use of antibiotics.5,6 Numerous studies have reported that improper antibiotic use among university students is 
also common due to lack of adequate knowledge of antibiotics and self-medication.7 What is more, several studies 
indicated that the level of knowledge, attitudes and perceptions on antibiotic use and AMR even in the cohort of health 
workers was not good. Due to insufficient knowledge, incorrect attitudes, monetary incentives, and patient persistence, 
health workers prescribe inappropriate and unnecessary antibiotics, resulting in AMR.7,8

The world health organization (WHO) global action plan had suggested that improving awareness and understanding 
of antibiotics and AMR through effective communication, education and training, was urgently needed to control further 
expansion of AMR.9 It is noted that several studies have implied that education about antibiotics and their appropriate 
use should focus on undergraduate training, which has an important impact on the future professional’s attitudes and 
behaviors regarding antibiotic use and AMR.10,11 This training is really critical for senior students of professional health 
care degrees, such as medicine, pharmacy and nursing.

Nursing staff are the ultimate executor of antibiotic use and the ultimate quality controller of antibacterial drug use. 
The American Nurses Association and the Centers for Disease Control and Prevention have jointly issued a white paper 
on nurse participation in antimicrobial drug management, encouraging nurses across the United States to actively 
participate in antimicrobial drug management.12 Nursing students also shoulder important responsibilities in patient 
education and general public health education after employment.13 Although reports from the WHO and other studies 
suggest that giving training for paramedical students on rational antimicrobial prescribing and introducing the concept of 
antimicrobial stewardship into the undergraduate curricula are imperative, previous studies have only focused on medical 
students.14 Nursing students who also play a vital role in the prevention and promotion of AMR were neglected.15

The aim of the current study was to evaluate the level of knowledge, attitude and practice related to antibiotic use and 
AMR and explore the potentially associated factors with KAP on antibiotic use and AMR among nursing students in 
Hubei province, China. This study will be helpful for formulating intervention of training curriculum in nursing students 
in the future. The results could also provide information for policy guidance and interventions to improve their training in 
the proper use of antibiotics.

Materials and Methods
Study Design
This was a cross-sectional study using an online self-administered questionnaire conducted among pre-internship nursing 
students between February 28 and March 21, 2023. We followed the method of “simple random sampling” and randomly 
selected several different nursing colleges in Hubei Province, China. Then, the method of “cluster random sampling” was 
adopted, and several classes were randomly selected based on the classes in class on the survey day to conduct a survey 
on all students attending classes. The majority of nursing students in several colleges studied the knowledge of antibiotics 
and AMR in the course of pharmacology in the second academic year, in the third year of medical nursing and surgical 
nursing also involved in the relevant knowledge of antibiotics and AMR. These courses are fundamental in the 
consolidation of knowledge on the use of antibiotics and the problems of AMR.
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Participations were voluntary, anonymous and without compensation. Before conducting the questionnaire, the 
researchers explained the background and intent of the survey and encouraged students to participate without undue 
pressure. Electronic informed consent was signed by all survey participants prior to enrolment. Participants were told to 
answer each item for taking at least one second and were allowed to terminate the survey at any time. The IP address of 
each participant was allowed to complete the questionnaire only once. Data were anonymously collected through 
Wenjuanxing electronic questionnaire platform (www.wjx.cn), and confidentiality of information was assured. The 
study was approved by the clinical research ethics committee of the Maternal and Health Hospital of Hubei Province 
(2023IEC124NO).

Sample Size
The sample size was measured by the Raosoft sample size calculator16 with a 5% margin of error and 95% confidence 
interval. Based on the above parameters, the minimum number of samples to be estimated was 384. However, to improve 
the reliability of the data, the sample size was expanded to not less than 1000 students.

Participants
All pre-internship nursing students enrolled in the above selected colleges were eligible to be recruited in the study. 
Students who were unwilling to participate in this survey were excluded from the study. Our questionnaire included 
a multiple-choice question on whether participants volunteered to participate in the survey; those who responded 
negatively were automatically excluded by the platform.

Questionnaire
The questionnaire was self-designed based on a literature review of similar studies conducted in different regions of the 
world and the WHO questionnaire for antibiotic resistance: multi-country public awareness survey,2,17–23 and some 
modifications were made to the questions based on common practical knowledge in China. The language of the 
questionnaire was presented in Chinese. The questionnaire consisted of the basic demographic and selected features 
and the KAP of antibiotic use and AMR. A pilot study was conducted among 209 students to evaluate the reliability and 
validity of the instrument. Necessary modifications to the questionnaire were made based on preliminary study feedback. 
Data from these students were not included in the final analysis. The internal consistency and reliability of the survey 
questions was verified using Cronbach’s alpha, with a value of 0.808 indicating high reliability.

Finally, a 56-item questionnaire with 4 sections was developed for the final survey execution. The first part of the 
questionnaire was the basic demographic and selected features data, which were self-reported by the participants, 
included 11 questions such as gender, age, and educational level. The second part consisted of 19 questions, which 
evaluated students’ knowledge level of antibiotic and antibacterial resistance by asking questions about the identification 
of antibiotics, the scope of treatment, adverse effects, and awareness of AMR. The third section included 10 questions to 
assess the attitudes of respondents regarding antibiotic use and AMR, including their desire for antibiotics, common 
misconceptions about antibiotic use, AMR, and eagerness to learn relevant knowledge. The last part was composed of 16 
questions focusing on antibiotic use behavior, including antibiotic use status, preventive use, access to antibiotic, 
understanding of antibiotics prior to use, course of antibiotic use, and next use and recommendation of antibiotics.

For knowledge-related questions, a score of “1” was given for correct answers, and a score of “0” was given for 
incorrect or “don’t know” answers. The minimum and maximum possible scores in the knowledge domain were 0 and 
19, respectively. Responses to questions related to attitude and practice were scored on a 5-point Likert scale from 1 to 5, 
Score “1” was given for the least appropriate answer and “5” was given for the most appropriate response. Some of the 
questions were unfavorable, and the questions were scored in the reverse direction. The lowest possible score was 10, and 
the highest possible score was 50 for the attitude section. The minimum and maximum possible scores for the practice 
section were 16 and 80, respectively. The scores of knowledge, attitude, and practice were transformed to a scale ranging 
from 0 (worst possible score) to 100 (best possible score) with the formula (Equation (1.1)).2 The total scores of <80 and 
≥80 were categorized as general level and good level for KAP, respectively.
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Data Analysis
Data collected were checked for completeness and consistency before analysis. Incomplete questionnaires were excluded 
and considered non-response rates. The results were analyzed using IBM SPSS statistical software version 23.0. The 
scores of KAP on antibiotic use and AMR in this study were not normally distributed and thus were presented as medians 
with interquartile ranges (IQRs). The ranked data were presented as numbers and percentages. The Chi-square test was 
conducted to explore the significant associations between demographic and selected features and KAP on antibiotic use 
and AMR. Multivariable logistic regression analyses were employed to identify the independent factors associated with 
KAP on antibiotic use and AMR. The associations between factors and outcomes were presented as odds ratios (ORs) 
and 95% confidence intervals (CIs). A P-value of <0.05 was considered statistically significant.

Results
Demographic and Selected Features
A total of 2043 questionnaires were distributed in the study area, of which 1959 students returned completed surveys. 
The recorded response rate was 95.9%. The majority of responders were female (87.2%) and had an education level 
below undergraduate level (86.8%). Importantly, most responders stated that the main source of antibiotic knowledge is 
in the classroom (77.7%) and there was a discussion on AMR in the school courses (79.5%). However, the average score 
of the majority of students (65.4%) in the last semester was below 80 points. It is noted that almost one third of 
responders reported using antibiotics within the past 6 months. Detailed demographic characteristics of the participating 
students are illustrated in Table 1.

The Scores of KAP on Antibiotic Use and AMR
Overall, participants had general levels of KAP on antibiotic use and AMR. The average scores for knowledge, attitude 
and practice were 57.89 ±26.32, 55.00 ±12.50 and 71.88 ±15.63, respectively. Only a few participants had good KAP 
levels for antibiotic and AMR (Table 2).

Table 1 Demographic and Selected Features of Participants

Variables Category No. Percentage (%)

Total 1959 100

Gender Male 251 12.8

Female 1708 87.2

Age ≤20 years 1030 52.6

>20 years 929 47.4

Educational level Below undergraduate 1701 86.8

Undergraduate and above 258 13.2

Monthly living expenses ≤ 1500 RMB 1517 77.4

>1500 RMB 442 22.6

(Continued)
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Knowledge on Antibiotic Use and AMR
In the knowledge section, respondents demonstrated satisfactory knowledge in identifying whether amoxicillin was an 
antibiotic or not, with approximately 80% correctly responding to related statements. However, 56.9% of respondents 
were unaware that aspirin was not an antibiotic, 61.4% of respondents were unaware that Prednisone was not an 
antibiotic, which was surprising. More than half of the participants mistakenly believed that antibiotics were useful for 
treating viral infections and that they could boost the body’s resistance. Even more than 66% of the participants believed 
that antibiotics were effective in reducing fever and accelerating recovery from the common cold. Less than 50% of the 
participants agreed that “Antibiotic can kill good bacteria present in our organism” and that “Antibiotic resistant bacteria 
can spread from person to person” (Table 3).

Attitude on Antibiotic Use and AMR
Among the most important results on attitude (Figure 1), 15.7% of students are very willing to obtain antibiotics without 
a prescription. 12.4% of students stated that they would be very frustrated if their doctor did not provide antibiotics in 

Table 1 (Continued). 

Variables Category No. Percentage (%)

Education level of parents Below junior College 1664 84.9

Junior College and above 295 15.1

Self-rated health status Good 1421 72.5

Average and Poor 538 27.5

Family members working in the Health fields Yes 433 22.1

No 1526 77.9

Main knowledge sources about antibiotics Classroom 1523 77.7

Other 436 22.3

Discussion on AMR in the school courses Yes 1557 79.5

No 402 20.5

Receiving antibiotics in the past 6 months Yes 602 30.7

No 1357 69.3

Average score of last semesters ≤ 80 points 1282 65.4

>80 points 677 34.6

Abbreviation: AMR, Antimicrobial resistance.

Table 2 The Number of Questions, Range, Score, and Level of KAP on Antibiotic Use and 
AMR

Number of  
Questions

Scores Range Total Score (%)  
(Median ± IQR)

Level (%), N =1959

General Good

Knowledge 19 0~100 57.89 ±26.32 92.5 7.5

Attitudes 10 0~100 55.00 ±12.50 96.2 3.8

Practices 16 0~100 71.88 ±15.63 79.3 20.7

Abbreviations: KAP, knowledge-attitude-practice; AMR, Antimicrobial resistance; IQR, interquartile range.
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their treatment regimen. Less than half of the students agree that every person treated with antibiotics is at an increased 
risk of antibiotic-resistant infection (41.6%), and AMR can affect their and their family’s health (41.0%). Even fewer 
participants agreed that there was antibiotic misuse (36.0%). 31.5% of participants believed they had adequate knowl-
edge of how to use antibiotics appropriately in current practice. Fortunately, 96.3% of participants thought it was 
necessary to set up a special course on antibiotics.

Practice on Antibiotic Use and AMR
When asked about previous use of antibiotics, 23.1% of participants answered that they sometimes take antibiotics when 
they have a fever, and 24.3% of participants sometimes use antibiotics when they have a cold. Only 48.4% of participants 
usually purchase antibiotics with a prescription. 17.8% of participants stop taking antibiotics when their symptoms 
improve, and 28.4% of participants sometimes leave the remaining antibiotic at home for use in the next illness. In 
addition, only 26.7% of participants would advise patients or others about the prudent use of antibiotic or infection 
control (Figure 2).

Univariate Analysis
Table 4 presents the relationships between the demographic and selected features and the levels of KAP on antibiotic use 
and AMR. Nursing students whose main source of antibiotic knowledge came from the classroom had a relatively higher 

Table 3 Responses to the Questionnaire on Antibiotic Use and AMR Knowledge (N = 1959)

Expected Ideal  
Response

Respondents’ Answer N (%)

Yes No Do not know

K1 Amoxicillin is an antibiotic. Yes 1567 (80.0) 220 (11.2) 172 (8.8)

K2 Aspirin is an antibiotic. No 879 (44.9) 844 (43.1) 236 (12.0)

K3 Prednisone is an antibiotic. No 687 (35.1) 757 (38.6) 515 (26.3)

K4 Ceftriaxone is a penicillin antibiotic. No 1270 (64.8) 406 (20.7) 283 (14.5)

K5 Antibiotics are useful for bacterial infections. Yes 1617 (82.5) 145 (7.4) 197 (10.1)

K6 Antibiotics are useful for viral infections. No 807 (41.2) 896 (45.7) 256 (13.1)

K7 Antibiotics can speed recovery from the common cold. No 1098 (56.1) 588 (30.0) 273 (13.9)

K8 Antibiotics are effective in reducing fever. No 986 (50.3) 651 (33.2) 322 (16.5)

K9 Antibiotics are anti-inflammatory drugs. No 594 (30.3) 1109 (56.6) 256 (13.1)

K10 Antibiotics can enhance the body’s resistance. No 780 (39.8) 921 (47.0) 258 (13.2)

K11 Antibiotics can cause allergic reactions. Yes 1574 (80.3) 105 (5.4) 280 (14.3)

K12 Antibiotics can kill “good bacteria” present in our organism. Yes 920 (47.0) 553 (28.2) 486 (24.8)

K13 Do you understand AMR? Yes 1196 (61.1) 208 (10.6) 555 (28.3)

K14 AMR is a phenomenon for which a bacterium loses its sensitivity to an antibiotic. Yes 1399 (71.4) 179 (9.1) 381 (19.5)

K15 AMR can spread between bacteria. Yes 990 (50.5) 424 (21.6) 545 (27.9)

K16 Antimicrobial resistant bacteria can spread from person to person. Yes 634 (32.4) 862 (44.0) 463 (23.6)

K17 Improper self-medication can cause antimicrobial resistance. Yes 1525 (77.8) 112 (5.7) 322 (16.5)

K18 The decrease in antibiotic efficacy is due to the increasing strength of bacteria. Yes 910 (46.5) 674 (34.4) 375 (19.1)

K19 Antibiotic abuse is the main cause of AMR. Yes 1471 (75.1) 168 (8.6) 320 (16.3)

Abbreviation: AMR, Antimicrobial resistance.
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KAP than students whose main source of antibiotic knowledge did not come from the classroom. Compared with nursing 
students with an average score of 80 or higher in the last semester, nursing students with an average score of less than 80 
in the last semester have lower levels of antibiotic knowledge and practice. Compared with nursing students over 20 

Figure 1 Distribution of attitudes on antibiotic use and AMR among nursing students.

Figure 2 Frequency distribution of antibiotic practice among nursing students.
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Table 4 Association of Demographic and Selected Features and KAP Based on Univariate Analysis

Variables Category (N) Good Knowledge level VS General Knowledge 
Level

Good Attitude Level VS General Attitude 
Level

Good Practice Level VS General Practice 
Level

No. (%) OR(95% CI) P No. (%) OR(95% CI) P No. (%) OR(95% CI) P

Gender Female (1708) 130(7.6) 60(3.5) 357(20.9)

Male(251) 17(6.8) 1.134 (0.672, 1.915) 0.638 14(5.6) 0.616 (0.339, 1.120) 0.109 49(19.5) 1.089 (0.781, 1.520) 0.615

Age >20 years (929) 74(8.0) 46(5.0) 204(22.0)

≤20years(1030) 73(7.1) 1.135 (0.811, 1.588) 0.461 28(2.7) 1.864(1.155, 3.008) 0.010 202(19.6) 1.153 (0.927, 1.435) 0.201

Educational level Undergraduate and above(258) 19(7.4) 15(5.8) 70(27.1)

Below undergraduate (1701) 128 (7.5) 0.977 (0.592, 1.612) 0.927 59(3.5) 1.718 (0.959, 3.076) 0.066 336(19.8) 1.513 (1.121, 2.040) 0.006

Monthly living expenses >1500 RMB(442) 36(8.1) 18(4.1) 95(21.5)

≤ 1500 RMB(1517) 111(7.3) 1.123 (0.759, 1.662) 0.561 56(3.7) 1.108 (0.644, 1.904) 0.712 311 (20.5) 1.062 (0.819, 1.375) 0.651

Education level of parents Junior College and above (295) 18(6.1) 12(4.1) 50 (16.9)

Below junior College (1664) 129(7.8) 0.773 (0.465, 1.287) 0.321 62 (3.7) 1.096 (0.583, 2.059) 0.777 355 (21.4) 0.750 (0.541, 1.039) 0.083

Self-rated health status Average and Poor(538) 41(7.6) 15(2.8) 103 (19.1)

Good(1421) 106 (7.5) 1.023 (0.703, 1.489) 0.904 59 (4.2) 0.662 (0.372, 1.177) 0.158 303(21.3) 0.874 (0.681, 1.121) 0.288

Family members working in the Health fields No (1526) 109(7.1) 55(3.6) 301(19.7)

Yes(433) 38 (8.8) 0.800 (0.544, 1.176) 0.255 19 (4.4) 0.815 (0.478, 1.388) 0.450 105 (24.2) 0.768 (0.596, 0.989) 0.040

Main knowledge sources about antibiotics Other(436) 16(3.7) 9(2.1) 63(14.4)

Classroom (1523) 131 (8.6) 0.405 (0.238, 0.688) 0.001 65 (4.3) 0.473 (0.234, 0.957) 0.033 343 (22.5) 0.581 (0.434, 0.779) 0.000

Discussion on AMR in the school courses No(402) 12(3.0) 5(1.2) 54(13.4)

Yes(1557) 135(8.7) 0.324 (0.178, 0.591) 0.000 69(4.4) 0.272(0.109, 0.678) 0.003 352(22.6) 0.531 (0.389, 0.724) 0.000

Receiving antibiotics in the past 6 months No(1357) 97 (7.1) 44(3.2) 320(23.6)

Yes (602) 50(8.3) 0.850 (0.596, 1.213) 0.370 30(5.0) 0.639 (0.398, 1.027) 0.062 86(14.3) 1.851 (1.427, 2.402) 0.000

Average score of last semesters >80 points(677) 81(12.0) 31(4.6) 160(23.6)

≤80 points(1282) 66(5.1) 2.504 (1.783, 3.516) 0.000 43(3.4) 1.383 (0.863, 2.216) 0.176 246(19.2) 1.303 (1.040, 1.633) 0.021

Abbreviations: KAP, knowledge-attitude-practice; AMR, Antimicrobial resistance; CI, confidence interval.
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years old, nursing students aged 20 years and under have poorer attitudes towards antibiotic use and AMR. The education 
level of nursing students below undergraduate level only had a significant effect on practice level, whereas it did not have 
any significant effect on knowledge and attitude level. The nursing students with family members working in the health 
field had a significant association with practice level. However, nursing students who have used antibiotics in the past 6 
months have a lower practice level. On the other hand, the gender, the parental educational level, monthly living 
expenses, and health status did not have any significant effect on KAP levels.

Multivariable Logistic Regression Analysis
Variables with a P-value of <0.05 in univariate analysis were entered into multivariate logistic regression analysis so as to 
identify the independent factors associated with antibiotic use and AMR KAP levels. The results of multivariable logistic 
regression analysis are presented in Table 5. In the Knowledge model, the main knowledge sources of antibiotics were 
outside the classroom (OR = 2.243, 95% CI: 1.313 to 3.829), lack of discussion on AMR in school course (OR =2.699, 
95% CI: 1.473 to 4.944), and the average score over 80 points in the last semester (OR =0.418, 95% CI: 0.297 to 0.588) 
were selected as independent factors associated with knowledge level. Two variables were associated with attitude level 
among nursing students: age>20 years old (OR = 0.532, 95% CI: 0.329 to 0.860), lack of discussion on AMR in school 
(OR = 3.533, 95% CI: 1.412 to 8.842). For practice, higher education level (OR = 0.606, 95% CI: 0.446 to 0.825), no use 
of antibiotic in the past 6 months (OR = 0.499, 95% CI: 0.383 to 0.650), and the average score over 80 points in the last 
semester (OR = 0.791, 95% CI: 0.628 to 0.995) were independent protective factors while the main knowledge sources of 
antibiotic were outside the classroom (OR = 1.620, 95% CI: 1.202 to 2.183) and the lack of discussion of AMR in school 
course (OR = 1.887, 95% CI: 1.374 to 2.591) were independent risk factors. Overall, the results indicated that after 
adjusting for the confounders, the lack of discussion of AMR in school course was an independent risk factor associated 
with knowledge, attitude, and practice.

Table 5 Multivariate Logistic Regression Analyses on Factors Associated with KAP

Reference Group Model (Forward Stepwise: Likelihood Ratio)

B S.E. Adjusted OR 95% CI P

Knowledge

Main knowledge sources about antibiotics Other 0.808 0.273 2.243 1.313~3.829 0.03

Discussion on AMR in the school courses No 0.993 0.309 2.699 1.473~4.944 0.01

Average score of last semesters >80 points −0.873 0.174 0.418 0.297~0.588 0.000

Attitude

Age >20 years −0.631 0.245 0.532 0.329~0.860 0.010

Main knowledge sources about antibiotics Other 0.634 0.362 1.886 0.928~3.832 0.079

Discussion on AMR in the school courses No 1.262 0.468 3.533 1.412~8.842 0.007

Practices

Educational level Undergraduate and above −0.500 0.157 0.606 0.446~0.825 0.001

Family members working in the Health fields No 0.254 0.133 1.290 0.995~1.672 0.055

Main knowledge sources about antibiotics Other 0.482 0.152 1.620 1.202~2.183 0.002

Discussion on AMR in the school courses No 0.635 0.162 1.887 1.374~2.591 0.000

Receiving antibiotics in the past 6 months No −0.695 0.135 0.499 0.383~0.650 0.000

Average score of last semesters >80 points −0.235 0.117 0.791 0.628~0.995 0.046

Abbreviations: KAP, knowledge-attitude-practice; AMR, Antimicrobial resistance; CI, confidence interval.
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Discussion
AMR is a serious public health problem threatening human security. Assessment of KAP on antibiotic use and AMR in 
nursing students can greatly impact how best to tackle the growing threat of the AMR and its related issues in their future 
professional’s attitudes and practice. This current study, which was a large sample study focusing on pre-internship 
nursing students, demonstrated that the level of KAP on antibiotic use and AMR was general. Moreover, our study 
identified certain independent factors associated with KAP on antibiotic use and AMR among Hubei pre-internship 
nursing students. Our findings might provide some directions for policy guidance and interventions to improve their 
training in the proper use of antibiotics.

The study showed that nursing students did not score high in knowledge and attitude towards antibiotic use and AMR, 
indicating that both knowledge and attitudes needed to be improved. Regarding practice, nursing students have some 
appropriate practices in some items, but still need to improve. Consistent with the study in Nigeria, which pointed out 
that there was a low level of knowledge among nursing students.24 A previous study also conducted in Nepal found that 
nursing students exhibit lower levels of attitude. Therefore, it calls for more intervention to align students’ attitudes with 
their knowledge of using antibiotics,25 in order to equip them with the skills needed to address practical challenges.20 

A previous study, which analyzed the level of KAP in the different majors such as nursing and pharmacy, pointed out that 
the main reasons for the low level of KAP on antibiotic in the nursing major could be the differences in the scope of 
practice, education background.14 Hence, there is an urgent need to focus more attention and energy on nursing students 
to improve their KAP on antibiotics.

Studies have shown that there is widespread misunderstanding about the role of antibiotics in the treatment of viral 
infections.26 In our study, about half of the participants did not know that antibiotics were ineffective against viruses, and 
only one-third believed antibiotics could not speed up the recovery of common cold. Similar phenomena have been 
observed among medical students in previous studies in Nigeria and the United Arab Emirates.18,27 The previous research 
results were consistent, stating that participants used antibiotics as self-medication for treating colds, fever, and pain.28,29 

The above results indicate that a large number of nursing students are not aware of the circumstances in which antibiotics 
need to be used, which may be due to insufficient information on antibiotics obtained by the educated during their school 
years. Surprisingly, only 32.4% of students know that antimicrobial resistant bacteria can spread from person to person, 
50.5% of students know that AMR can spread between bacteria, accompanied by most students who hold the opposite 
opinion, it indicated that nursing students lack relevant knowledge about the spread of AMR, and it was important to 
educate them about the basic knowledge of AMR and bacterial transmission. Importantly, in terms of antibiotic 
identification, the accuracy of three out of four questions is less than 50%. In the field of antibiotic knowledge, 
respondents’ mastery of antibiotic knowledge is not accurate. Especially in the identification of antibiotics, the scope 
of treatment, and awareness of AMR. These domains should be addressed as the focus of health education initiatives for 
nursing students in the future.

Our study indicated that about 61.1% of nursing students were aware of AMR. However, only 36.0% of students 
agree that there is currently antibiotic abuse, which is lower than the rates reported by medical students in Rwanda 
(59.8%) and the Democratic Republic of Congo (90%),30,31 suggesting that the concept of AMR should be introduced to 
nursing students at an early stage. It seems that they believe that AMR is a remote problem, making their attitude towards 
responsible antibiotic use less optimistic.32 41.6% of students agree that each person receiving antibiotic treatment is at 
increased risk of antibiotic-resistant infection, and 41.0% of students are concerned that AMR may have an impact on 
their and their family’s health. These might indicate that most survey subjects are unable to fully understand the harm and 
severity of drug resistance issues due to the lack of relevant knowledge on the spread and consequences of bacterial 
resistance. This suggests that nursing students should strengthen their perception of the serious consequences of AMR 
and the economic burden of health. Fortunately, the majority of respondents in our study had a good attitude and 
perception on the desire to learn antibiotic related knowledge. They thought that there was currently a lack of sufficient 
knowledge to use antibiotics appropriately. Moreover, 96.3% of students believe that it is necessary to offer courses on 
antibiotics. It is hoped that after adequate training of nursing students, they will improve their perception of antibiotic use 
and AMR, and be able to adopt a positive attitude towards AMR and antimicrobial management and use policies.
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In the practice section, students have appropriate practices on some issues. The widespread use of antibiotics for non- 
therapeutic purposes, such as prevention and growth promotion, has been identified as a strong determinant of the 
emergence and spread of AMR.33 It is gratifying to note that only a very small number of people in our study will take 
antibiotics to prevent illness. 75.1% of the nursing students correctly recognized that antibiotic abuse was the main cause of 
AMR, and 77.8% of the nursing students believed that improper self-medication could cause AMR. Therefore, in our study, 
only 3% of nursing students self-administer antibiotic before doctors examine, diagnose and prescribe them. Compared to 
other countries, this lower self-medication rate is appreciative, as 70% of Indian medical students and 89% of Malaysian 
students were found to self-medicate with antibiotics.34,35 However, some inappropriate practices have also been found 
among nursing students in our study. 24.4% of nursing students will purchase antibiotics without a prescription. Therefore, 
strict policies should be put in place to regulate the flow of antibiotics and to prevent the purchase of antibiotics without 
a doctor’s prescription. About 17% of nursing students reported stopping taking antibiotics when their symptoms improved 
and keeping the rest of their antibiotics at home for the next time when they got sick, presumably because there were no 
proper guidelines. Unfortunately, in the aspect of promoting good practice for antibiotic use, less than half of nursing 
students ask about the effects of antibiotics, the correct method to use them, and the adverse reactions and side effects of 
antibiotics before using them, which is similar to a previous Chinese study of nursing students.13 In our study, only 
a fraction of nursing students indicated that they would advise patients or others on the prudent use of antibiotics or 
infection control. In order to address the issue of AMR, the education of a new generation of healthcare professionals should 
ensure that medical and health students develop the capabilities to provide effective and safe quality patient care.36 

Therefore, we call for tailor-made interventions for nursing students to improve their practice level. Internships could be 
a good way for nursing students to improve both their attitude level and practice level.37 At present, nursing students are 
allowed to participate in the hospital internship only in the final year of university in Hubei. Thus, the hospital should focus 
on training on antibiotic use and AMR on internship nursing students.38 In addition, simulated and actual patient care 
practices need to be provided in school courses to improve their practice level.39

Our results showed that nursing students who had discussions about AMR in the school course had better KAP, which 
suggested that medical education had a positive impact. In particular, nursing students with higher average scores had better 
knowledge and they were also more aware of high-risk practices. Previous studies have emphasized that education on 
antibiotics and their appropriate use during school training had a significant impact on professional attitudes and behaviors 
towards antibiotic use, which was more crucial for students majoring in healthcare such as nursing.22 Previous studies have 
shown that medical students in China are poorly informed about knowledge of antibiotics before they begin clinical practice.40 

Medical education training was helpful in improving the level of knowledge on antibiotics and AMR, which was consistent 
with the fact that nursing students who have discussed AMR in school courses and students whose main knowledge of 
antibiotics comes from the classroom have a higher level of knowledge in our survey. In addition, targeted antibiotic 
education, such as the discussion of AMR in school courses and main knowledge of antibiotics coming from the classroom, 
is likely to have an important role to play in the reduction of injudicious and inappropriate use of antibiotics. This suggests that 
antibiotic courses and training should be offered in the core courses of medical colleges, and relevant knowledge lectures and 
discussions should be held to provide rich learning resources for nursing students. Previous studies have shown significant 
differences between males and females in the use of the antibiotic KAP, with women having better KAP than men.21,41 

However, there was no significant association between sex and antibiotic use KAP levels in either univariate analysis or 
multivariate analyses in this study. We speculated the reason could be the fact that there were fewer male participants in this 
study because there were only relatively few men engaged in the nurse profession in China. The educational level and age 
were identified as associated factors influencing KAP on antibiotic use and AMR both in our study and previous study,25,27,42 

but the results are inconsistent. Several studies indicated that having a family member working in the health field was 
associated with a higher level of practice.21,43 However, the family members working in the health field was excluded from the 
multivariable logistic regression model in our study, although it did have a significant association with high practice level in 
Univariate analysis, which implied that it might be an important confounder in our study. Therefore, nursing students under the 
age of 20 and/or those whose main source of knowledge about antibiotics is not in the classroom and/or who lack discussion on 
AMR in school courses and/or whose average score was below 80 points in the last semester and/or whose low education level 
should be a priority for educational intervention activities. It is needed to point out that the average score of the last semester 
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here refers to the average score of all courses in the last semester and not all of these courses are related to antibiotics and 
AMR, implying that it is more necessary to add related courses and specific courses of antibiotics and AMR in nursing 
professional courses.

The present study has several limitations. First, this was a cross-sectional study, thus it is difficult to ascribe causal 
associations. Second, there could be a selection bias because of individuals who were unable or unwilling to attend the online 
survey even though they received the questionnaire link. Third, the use of self-report questionnaires might lead to deviation 
and/or false information, eg, some responses may have been given to satisfy the investigator, rather than representing a true 
belief or opinion of the respondent. Besides, recall bias was also inevitable, although this bias should be limited because 
nursing students were young and the recall period was only the past six months. Fourth, although the questions in this survey 
were abundant, it still could not adequately capture all aspects of antibiotic use and AMR. Hence, further longitudinal studies 
need to validate the present findings. Despite these limitations, the present findings provide important information for 
assessing and improving the knowledge, attitude, and practice of nursing students toward antimicrobial use.

Conclusion
Our findings concluded that KAP levels of antibiotic use and AMR among Hubei nursing students were general and 
required further strengthening. This study also identified some independent associated factors with KAP on antibiotic use 
and AMR among nursing students in Hubei province such as the discussion of AMR in school course, main knowledge 
sources of antibiotic, average score in the last semester, education level and history of using antibiotic in the past 6 
months and age, which implied that nursing students with risk factors should have a priority consideration in education 
intervention. The findings of our study provided some directions for policy guidance and tailored interventions to 
improve their training in the proper use of antibiotics.
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