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Abstract: Our aim was to evaluate the effectiveness of an intervention for residents in rural China
on knowledge, attitudes and reported practices (KAP) on antibiotic use in humans and pigs. A
quasi-experimental study was conducted in 12 villages in rural Shandong province, divided into
intervention and control groups, covering a two-year period from July 2015 to June 2017. A package
of health education-based interventions including training sessions, speakerphone messages, posters
and handbooks for residents was developed and implemented over a one-year period to improve the
use of antibiotics in humans and pigs. The intervention net effects were evaluated by Difference-in-
Difference (DID) analysis based on responses to a questionnaire concerning KAP towards antibiotic
use in humans and pigs. A total of 629 participants completed both baseline and post-trial question-
naires, including 127 participants with backyard pig farms. Significant improvements were found
in KAP towards antibiotic use in humans, but changes related to antibiotic use for pigs were not
significant. Participants who were in the intervention group (p < 0.001) were more likely to have
improved their knowledge on antibiotic use in humans. Participants who had higher attitude scores
were less likely to report self-medicating with stored antibiotics in the previous year (p < 0.001). Our
results suggest that our health education-based intervention was effective in improving KAP on
human antibiotic use, but it had little effect regarding antibiotic use for pigs.

Keywords: antibiotic; educational intervention; humans and animals; China

1. Introduction

The emergence and spread of bacterial resistance to antibiotics is a growing problem
worldwide [1]. Over-use and misuse of antibiotics in animals and humans are contributing
to the rising problems of resistance, and the “One Health” framework has been recom-
mended by the WHO to govern the intersectoral issue of antibiotic resistance [1–3]. China
is one of the largest consumers of antibiotics globally, over half of which are used on
animals [4,5].
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In Shandong province, over 70% of the total antibiotic consumption in public health-
care institutions were used in rural primary care facilities [6]. Moreover, inappropriate use
of antibiotics for humans and animals has commonly been reported by studies conducted
in rural areas [7,8]. Among patients, low levels of education and serious misconceptions re-
garding antibiotics have been identified as important factors related to antibiotic overuse [9].
Most efforts to improve the situation, however, have focused on providers [10,11]. Training
only providers may have a limited impact on the rational use of antibiotics in rural primary
care settings because of the financial incentives from selling medicines and perceived
patient demand [3,4].

Several studies have shown that educational interventions can enhance public knowl-
edge about appropriate use of antibiotics and resistance to antibiotics, and that they can
be relatively resource-efficient methods. Interventions have included training sessions,
educational pamphlets, posters, and media interventions such as television and radio
on appropriate antibiotic use [12–14]. However, compared with high income countries
such as the United Kingdom and Sweden [15,16], China is lagging behind on educational
efforts to improve antibiotic-related knowledge for consumers. Up to now, few studies
have used multifaceted interventions to promote rational use of antibiotics for humans,
and even less for use of antibiotics in animals [17]. We developed a pilot package of One
Health interventions and assessed their effect on rural residents’ knowledge, attitudes and
reported practices (KAP) towards antibiotic use in humans and animals, as part of the
Sino-Swedish Integrated Multisectoral Partnership for Antibiotic Resistance Containment
(IMPACT) [18].

2. Methods
2.1. Study Design and Setting

From July 2015 to June 2017, a two-year quasi-experimental study was conducted in a
county in Shandong, a province in which 7% of the Chinese population live [19]. The rural
areas of Shandong are generally similar to other rural areas in eastern China in terms of
education, health indicators, and per-capita income.

The full study protocol for the IMPACT research program has previously been pub-
lished [18]. Participating households were selected using a multistage cluster sampling
method in an area in a county, using background data collected by the local Centers for
Disease Control and Prevention. A power calculation [18] was used to determine the
number of households needed for all components of the IMPACT research program. Firstly,
12 of 17 villages with >100 households in each village were selected to maximize: (i) the
number of included backyard pig farms; and (ii) villages that had human healthcare clin-
ics. Then, 65 households in each of these 12 villages were selected to produce a total of
780 households. The 12 villages were subsequently purposefully divided into six control
villages and six intervention villages, by considering the number of households with and
without pigs in each village, and the location of shared village healthcare clinics. This was
to ensure that a similar number of households with and without pigs were included in the
intervention and control groups, and to ensure that village clinics were not shared between
intervention and control groups.

2.2. Participants

Households as a whole participated in the intervention, but only one member of each
participating household completed the baseline and post-trial questionnaire. Participation
in the study was voluntary. A gift worth 20 yuan (approximately €2) was given as an
incentive to each participating household that responded to the questionnaire or attended
a training session.

2.3. Intervention

A package of visual and auditory intervention materials was developed, based on the
literature review and the findings of the baseline survey [19], aiming to improve the KAP of



Int. J. Environ. Res. Public Health 2021, 18, 1940 3 of 12

rural residents on antibiotic use in humans and on backyard pig farms. A panel of experts
in clinical medicine, microbiology, veterinary medicine, health policy and management
helped to refine the intervention package. We implemented the intervention package for
a period of one year (July 2016-June 2017). The intervention included the following four
components (for details, see Supplementary Materials):

1. Training sessions: All the participants of each village were invited to participate in a
two-hour training session on antibiotic use in every quarter (August and November
2016, March and June 2017), at the village’s community center. Two chief physicians
from the county hospital serving the area provided the training. They received
instructions on the purposes and an outline of the training at the beginning from
the project coordinator of Shandong University. Photos and videos regarding the
harms of irrational use of antibiotics were used as Supplementary Materials during
the training sessions. The sessions were interactive and participants were encouraged
to ask questions.

2. Speakerphone: Traditionally, there is a speakerphone hung on a pillar in each village
in China, which is used to notify villagers of important affairs. The sounds they
produce can be heard throughout the entire village. We drafted and recorded three
dialogues between two voice actors. One actor played a village resident who asked
questions regarding antibiotic use for humans and pigs, and another one played a
doctor and veterinarian who answered these questions. In each intervention village,
a social worker was employed to broadcast the 15-min dialogues once in the morning
and once in the evening, every Tuesday, Thursday and Saturday for a period of one
year.

3. Posters: In each intervention village, four posters were posted at gathering places,
such as the door of a retail store, the wall of a village clinic, or a bulletin board. The
posters contained several simple and easily understandable cartoons to show how to
use antibiotics rationally. Every quarter, the posters were replaced by new ones with
identical content.

4. Handbook: An educational handbook was developed based on reviews of relevant
international and national guidelines and comments from experts in clinical medicine,
public health, animal health and health policy. It detailed basic knowledge about an-
tibiotics and how they should and should not be used. The handbook was distributed
to all the households in the intervention villages in August 2016 after the first training
session.

2.4. Data Collection
2.4.1. Baseline and Repeated Survey

A household questionnaire was developed before baseline data collection based on
the literature review, expert consultation, pilot study, and our previous work [20]. The
questionnaire consisted of participants’ socio-demographic characteristics, and their KAP
concerning antibiotic use for humans and pigs. The baseline and post-trial data collection
was conducted in July 2015 and July 2017, respectively. Each participating household
was visited and an adult member over the age of 18 was invited to respond orally to the
questionnaire. The individual who responded to the baseline questionnaire was requested
to respond to the post-trial questionnaire. The data collectors were master’s students
from local universities, and they had attended a half-day of training on how to conduct
questionnaires.

2.4.2. Process Evaluation

To evaluate the experiences and perceived quality of the intervention components, we
conducted two process evaluations in March and June 2017, respectively. In each process
evaluation, around 15 residents per intervention village from different households who
participated in the intervention were invited to participate. They were asked questions
regarding their participation in and satisfaction with the different intervention components.
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Participants were firstly asked about the accessibility of each intervention with an answer
of “yes” or “no”. Then, the satisfaction of each intervention was investigated using four
questions regarding its acceptability, understandability, and perceived effectiveness on
improving knowledge and practices. The selected participants could give a score to each
question on a scale from 0 to 5.

2.5. Data Analysis

All the data were double-entered in Microsoft Access 2007(Microsoft Corporation,
Raymond, WA, USA). We matched the data collected from baseline and repeated surveys
according to household ID. SPSS (version 22.0, IBM Corporation, Armonk, NY, USA) and
STATA (version 14, Stata Corp, Texas, TX, USA) were used to analyze data.

Difference-in-Difference (DID) analysis was employed to identify the changes of KAP
towards antibiotic use for each individual pre- and post-trial in the two arms. Multiple
linear regressions (MLRs) were used to identify factors associated with changes in KAP.
For each question, points were assigned to the pre-and post-trial answers for each resident.
If the resident changed their answer from inappropriate to appropriate (i.e., a KAP item
likely associated with inappropriate antibiotic use, to one associated with appropriate
antibiotic use), he/she would get four points (progressive). If the answer was appropriate
both times, they would be given three points (positively stable), and if both answers were
inappropriate, two points would be given (negatively stable). If the change was from
appropriate to inappropriate, they would get one point (retrogressive). Then, the total
score of knowledge and attitudes were summed up by each question for each resident, and
were taken as a dependent variable in the MLRs, and independent variable in the logistic
regressions. Independent variables also included variables of intervention, gender, age,
educational level, and per capita income. Two reported practices were treated as dependent
variables in the logistic regressions. Due to the small sample size, factors associated with
KAP on antibiotic use in pigs were not analyzed. Statistical significance was set at p < 0.05
for all comparisons.

3. Result
3.1. Characteristics of Respondents

At baseline, a total of 389 and 380 rural residents were recruited into intervention and
control groups, respectively. In total, 140 participants were lost to follow-up for reasons
including out-migrating for work (67/140, 47.9%), moving out (40/140, 28.6%), suffering
from serious illnesses (12/140, 8.6%), death (12/140, 8.6%), and refusal (9/140, 6.4%).
After matching the baseline and post-trial, 321 and 308 respondents in the intervention
and control groups were included for analysis. Among these respondents, 220 (baseline)
and 199 (post-trial) residents had backyard pig farms at the time of surveys; of these, 127
(intervention: 59; control: 68) respondents had backyard pig farms at the time of both
surveys. Compared with the respondents in the control group, those in the intervention
group had higher level of education (p = 0.015) and higher per capita income (p < 0.001)
(Table 1).
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Table 1. Socio-demographic characteristics of the participants.

Characteristics

All Participants Participants with Backyard Pig Farms

Intervention
(N = 321),
No. (%)

Control (N = 308),
No. (%) p-Value

Intervention
(N = 59),
No. (%)

Control (N = 68),
No. (%) p-Value

Gender
Male 177 (55.1) 191 (62.0) 0.080 41 (69.5) 45 (66.2) 0.690

Female 144 (44.9) 117 (38.0) 18 (30.5) 23 (33.8)
Age, median (IQR) 53 (48, 61) 54 (48, 64) 0.017 55 (50, 61) 54 (50, 60) 0.975
Educational level
Primary school or

below 180 (56.1) 202 (65.6) 0.015 27 (45.8) 40 (58.8) 0.141

Middle school or
above 141 (43.9) 106 (34.4) 32 (54.2) 28 (41.2)

Per capita income,
median (IQR)

6667 (3333,
10,000) 5000 (2000, 10,000) <0.001 10,000 (3333,

16,667)
10,575 (4250,

17,500) 0.651

No.: Number of respondents. IQR: Interquartile Range.

3.2. Changes in Knowledge, Attitudes and Reported Practices Pre- and Post-Trial

After adjusting for potential confounders, responses to each of the questions related to
knowledge on antibiotic use in humans was found to have improved to a greater extent in
the intervention group than the control group at the post-trial. Similarly, attitudes towards
antibiotic use in humans improved more in the intervention group than in the control
group, for all but one item. There were also greater improvements in the intervention
group with response to self-reported practices towards antibiotic use in humans (Table 2).
Overall, there were no major changes in the KAP towards antibiotic use in pigs when
comparing intervention and control groups (Table 3).
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Table 2. Effect of intervention on knowledge, attitudes and reported practices on antibiotic use in humans.

Questions Answer
Intervention (N = 321) Control (N = 308)

p ValueBaseline,
No. (%)

Post-Trial,
No. (%)

∆(0–1) *,
No. (%)

Baseline,
No. (%)

Post-Trial,
No. (%)

∆(0–1) *,
No. (%)

Knowledge
Participants correctly identified three antibiotics from a list of
twelve medicines ** - 33 (10.3) 172 (53.6) 152 (47.4) 43 (14.0) 73 (23.7) 48 (15.6) <0.001

Antibiotics should always be used whenever an adult has a fever No 88 (27.4) 252 (78.5) 181 (56.4) 93 (30.2) 101 (32.8) 62 (20.1) <0.001
Antibiotics should always be used whenever a child has a fever No 93 (29.0) 249 (77.6) 175 (54.5) 90 (29.2) 99 (32.1) 54 (17.5) <0.001
Antibiotics can be taken in advance to protect from the common
cold No 95 (29.6) 255 (79.4) 178 (55.5) 98 (31.8) 126 (40.9) 74 (24.0) <0.001

Antibiotics can prevent the common cold from developing into
more severe diseases, such as pneumonia No 49 (15.3) 138 (43.0) 114 (35.5) 39 (12.7) 29 (9.4) 20 (6.5) <0.001

Bacteria can become resistant to antibiotics Yes 77 (24.0) 127 (39.6) 85 (26.5) 83 (26.9) 45 (14.6) 15 (4.9) <0.001
Bacteria that are resistant to antibiotics can infect you or your
family Yes 74 (23.1) 111 (34.6) 76 (23.7) 78 (25.3) 33 (10.7) 18 (5.8) <0.001

Total Score, median (IQR) *** - - - 21 (18, 24) - - 16 (15, 18) <0.001
Attitudes
I should not ask the doctor to prescribe me antibiotics when I feel
it is needed. Agree 108 (33.6) 228 (71.0) 147 (45.8) 96 (31.2) 173 (56.2) 111 (36.0) 0.018

I believe that antibiotics should only be purchased with a
prescription from a doctor Agree 126 (39.3) 225 (70.1) 138 (43.0) 131 (42.5) 179 (58.1) 84 (27.3) 0.003

When taking antibiotics, even if I start to feel better, I should take
the full course based on the doctor’s advice. Agree 108 (33.6) 94 (29.3) 60 (18.7) 101 (32.8) 83 (26.9) 50 (16.2) 0.748

I am worried about antibiotic resistance Agree 80 (24.9) 182 (56.7) 133 (41.4) 72 (23.4) 89 (28.9) 50 (16.2) <0.001
I believe that my own practices towards controlling antibiotics
resistance are important Agree 53 (16.5) 170 (53.0) 137 (42.7) 67 (21.8) 82 (26.6) 50 (16.2) <0.001

Total Score, median (IQR) ** - - - 14 (12, 16) - - 12 (11, 14) <0.001
Reported practices
Has bought antibiotics from the pharmacy in the past twelve
months Yes 113(35.2) 53(16.5) - 80(26.0) 72(23.4) - -

Has bought antibiotics from the pharmacy without a prescription
in the past twelve months Yes 49 (15.3) 24 (7.5) 46(14.3) 39 (12.7) 34(11.0) 30(9.7) 0.043

Has self-medicated with stored antibiotics in the previous year No 152 (47.4) 243 (75.7) 127 (39.6) 181 (58.8) 206 (66.9) 69 (22.4) <0.001
DID analysis was used with adjustments made for age, education level and per capital income. No.: Number of respondents. * The number and percentage of participants whose answers changed from
inappropriate to appropriate. ** Participants were shown photos and names of 12 commonly used medicines, of which 4 were antibiotics. Then, they were asked to pick three medicines that were antibiotics from
the 12 medicines. *** Independent samples T test was used.
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Table 3. Effect of intervention on knowledge, attitudes and reported practices on antibiotic use in pigs.

Questions Answer
Intervention (N = 59) Control (N = 68)

p-ValueBaseline,
No. (%)

Post-Trial,
No. (%)

∆(0–1) *
No. (%)

Baseline,
No. (%)

Post-Trial,
No. (%)

∆(0–1) *
No. (%)

Knowledge
Antibiotics should be used whenever a pig stops eating its feed No 24 (40.7) 35 (59.3) 19 (32.2) 27 (39.7) 21 (30.9) 13 (19.1) 0.025
Antibiotics should be kept left over at the farm to use again by
self-experience No 16 (27.1) 22 (37.3) 15 (25.4) 17 (25.0) 29 (42.7) 19 (27.9) 0.507

Attitudes
I know when my pigs need medications Agree 46 (78.0) 41 (69.5) 9 (15.3) 53 (77.94) 49 (72.06) 11 (16.2) 0.832
I would trust veterinarians if they decided to give a medication
to a pig with an infection Agree 13 (22.00) 51 (86.4) 39 (66.1) 17 (25.0) 60 (88.24) 45 (66.2) 0.885

Reported practices
Used antibiotics only for pigs suffering from diseases Yes 37 (62.7) 43 (72.9) 15 (25.4) 27 (39.7) 46 (67.7) 30 (44.1) 0.275
Has purchased antibiotics for pigs in the past year without
asking for advice from a vet. No 33 (55.9) 44 (74.6) 14 (23.7) 43 (63.2) 52 (76.5) 19 (27.9) 0.733

No.: Number of respondents. DID analysis was used with adjustments made for age, education level and per capital income. * The number and percentage of participants whose answers changed from
inappropriate to appropriate.
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3.3. The Association between KAP on Antibiotic Use in Humans

The results of the MLR analysis indicated that participants who were in the interven-
tion group (p < 0.001) were more likely to have higher scores of knowledge on antibiotic
use in humans. Participants who had higher knowledge scores (p < 0.001) with a higher
level of education (p = 0.012) and those who were in the intervention group (p < 0.001)
tended to have higher scores on attitudes. Participants who had higher attitude scores
were less likely to report having self-medicated with stored antibiotics in the previous year
(p < 0.001) (Table 4).

Table 4. Multiple linear regression analysis for improvement on antibiotic use for humans.

Dependent Variables Independent Variables β (95% CI) p-Value

Total score of knowledge

Constant 16.48 (15.08,17.89) <0.001
Intervention (0 = no; 1 = yes) 4.59 (4.04, 5.14) <0.001
Gender (0 = female; 1 = male) 0.06 (−0.54, 0.66) 0.852

Age (median = 56, 0 ≤ 56; 1 > 56) −0.24 (−0.83, 0.36) 0.428
Educational level (0 = primary school or below;

1 = middle school or above) 0.14(−0.50, 0.77) 0.675

Per capita income (median = 5500, 0 ≤ 5500; 1 > 5500) −0.03 (−0.61, 0.55) 0.922

Total score of attitudes

Constant 10.57 (9.01, 12.13) <0.001
Intervention (0 = no; 1 = yes) 1.25 (0.71, 1.79) <0.001
Gender (0 = female; 1 = male) 0.07 (−0.42, 0.56) 0.767

Age (median = 56, 0 ≤ 56; 1 > 56) 0.002 (−0.48, 0.49) 0.993
Educational level (0 = primary school or below;

1 = middle school or above) 0.66 (0.15, 1.18) 0.012

Per capita income (median = 5500, 0 ≤ 5500; 1 > 5500)) 0.21 (−0.26, 0.68) 0.38
Total score of knowledge 0.08 (0.01, 0.14) 0.016

Has bought antibiotics from
the pharmacy without a

prescription (0 = Yes, 1 = No)

Intervention (0 = no; 1 = yes) 0.45 (−0.25, 1.15) 0.207
Gender (0 = female; 1 = male) −0.35 (−1.00, 0.30) 0.291

Age (median = 56, 0 ≤ 56; 1 > 56) 0.76 (0.11, 1.41) 0.022
Educational level (0 = primary school or below;

1 = middle school or above) −0.85 (−1.49, −0.21) 0.01

Per capita income (median = 5500, 0 ≤ 5500; 1 > 5500)) 0.14 (−0.45, 0.74) 0.636
Total score of knowledge −0.01 (−0.10, 0.07) 0.805

Total score of attitudes 0.10 (−0.01, 0.20) 0.062

Reported practice of not
self-medicating with stored

antibiotics
(0 = No, 1 = Yes)

Intervention (0 = no; 1 = yes) 0.32 (−0.10, 0.73) 0.133
Gender (0 = female; 1 = male) 0.34 (−0.04, 0.72) 0.077

Age (median = 56, 0 ≤ 56; 1 > 56) 0.13 (−0.24, 0.51) 0.484
Educational level (0 = primary school or below;

1 = middle school or above) −0.31 (−0.72, 0.09) 0.125

Per capita income (median = 5500,0 ≤ 5500; 1 > 5500)) 0.01(−0.35, 0.37) 0.957
Total score of knowledge 0.02 (−0.03, 0.07) 0.388

Total score of attitudes 0.16 (0.10, 0.26) <0.001

β: Non-standardized beta coefficient. CI: Confidence interval.

3.4. Process Evaluation

A total of 184 residents in the intervention group were interviewed during the process
evaluations. The majority of the respondents had attended a training session (99.5%)
and had heard the speakerphone broadcasts (84.8%), whereas less than one third of the
respondents had read the posters (27.7%) or educational handbook (32.1%) (Table 5).
Almost all of the respondents thought that the time arrangement and structure of the
intervention were acceptable. More than three-quarters of the respondents thought that the
contents of the training session and the speakerphone broadcasts were easy to understand.
Most respondents believed that the different intervention materials could improve their
knowledge and practices on antibiotic use.
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Table 5. Process evaluation on the performance of four types of intervention.

Satisfaction with the Different Intervention
Components

Training Session,
No. (%) *

Speakerphone,
No. (%) *

Posters,
No. (%) *

Booklets,
No. (%) *

I have heard or read in this type of education 183 (99.5) 156 (84.8) 51 (27.7) 59 (32.1)
The time arrangement and structure of this type
of education are reasonable. (acceptability) 180 (98.4) 146 (93.6) 50 (98.0) 58 (98.3)

The content of this type of education is easy to
understand. (understandability) 145 (79.2) 120 (76.9) 45 (88.2) 53 (89.8)

My awareness of the rational use of antibiotics
has been improved due to this type of education.
(effectiveness on knowledge)

138 (75.4) 115 (73.7) 41 (80.4) 46 (78.0)

This type of education has improved how I use
antibiotics. (effectiveness on reported practice) 126 (68.9) 106 (73.9) 38 (74.5) 42 (71.2)

No.: Number of respondents. * The number and percentage of participants whose score of answer is from 3 to 5 for each question.

4. Discussion

Based on the One Health approach, we designed a multifaceted educational package.
The results showed that the intervention package was effective in improving rural residents’
knowledge and attitudes towards rational antibiotic use in humans, which was consistent
with the findings reported by previous studies implemented educational intervention on
health providers [3,12,14]. However, there was no significant effect of our intervention on
improving KAP of antibiotic use in pigs.

In order to evaluate the experiences and perceived quality of different types of in-
terventions, we conducted two process evaluations during the period of the intervention.
These showed that a higher proportion of participants accessed the auditory interventions
than the visual interventions. Written materials like posters and handbooks are more suit-
able for people who are capable of reading. In China, rural-to-urban migration, particularly
of younger adults, has led to an aging rural population. These older people often have
medical problems of presbyopia as well as low literacy levels. This may explain why only
a small proportion of participants reported accessing the posters and handbooks in this
study. Among the auditory interventions, the speakerphone was confirmed to be more
effective than verbal training on improving residents’ knowledge [21]. In rural China, the
speakerphone is an essential item in each village and is often used for notifying messages
and entertainment using dialects. It requires no prior standard of education and would not
disturb the routine work of villagers. Because of the convenience and cost-effectiveness,
the speakerphone is highly recommended in improving the knowledge level of general
population in low-and middle-income countries (LMICs) where such speakerphones are
available [22].

Residents in our study appeared to have low knowledge on antibiotic use and resis-
tance compared with residents in other countries (46–73% on average) [23]. Even after
intervention, the participants still lack knowledge on antibiotic resistance. The concept of
resistance of bacteria to antibiotics is quite abstract and can be difficult to understand for
those who have no medical background [13]. For general populations with a low level of
education, understandable knowledge focus on antibiotic resistance should be given in the
future, such as an emphasis on positive messages that empower individuals (e.g., use of
symptomatic treatment and hand washing) is likely to be more constructive. No significant
difference was found after intervention regarding the attitude of taking antibiotics for a
full course by following doctor’s advice [24]. One explanation was that the consumers,
especially those living in lower-income areas, thought it may create unnecessary expenses
if they kept taking medicine after they started feeling better. For this reason, they may have
preferred to keep leftover antibiotics from the incomplete course of treatment for future
self-medication [25]. Another reason, as reported by a study conducted in rural China [26],
was that village doctors often do not explain a condition or treatment regimen to patients.
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Based on this, it is also vital to train the village doctors to educate patients on the correct
use of prescribed antibiotics.

For most of the questions of KAP regarding antibiotic use for pigs, the appropriate
answer rates increased in both groups. Thus, the differences between the two groups before
and after intervention were not significant. In mid-2016 and early-2017, the government
of Shandong Province launched provincial campaigns to curb overuse of antibiotics in
livestock and poultry and control the environmental pollution caused by feces of livestock
and poultry, respectively. One of the actions was to introduce the harm of irrational
antibiotic use for animals to rural residents. These policies could have contributed to the
improvement in both groups. However, it might also indicate that our intervention did
not have extra effectiveness on improving KAP on antibiotic use in pigs. Some farmers
reported using antibiotics to keep their pigs healthy, so that they would not lose money.
Previous studies have suggested that farmers perceive income as a much more important
issue than health [27,28]. In addition, education on antibiotic use for animals was not
included in all components our of intervention nor was it strongly focused on pig farmers
in this study.

An important strength of our study design is that we were able to conduct our inter-
vention over a one-year period with repeated speakerphone messages, quarterly training
sessions and quarterly renewal of posters. Using repeated efforts likely strengthened
the impact of the individual intervention components on residents’ KAP, as well as how
sustained their impact will be in the long-term, as has been suggested in recent system-
atic reviews of interventions to improve antibiotic use both in community and hospital
settings [29,30]. If the intervention is to achieve permanent effects, we think it is likely to
need further support from the local government, for example through continued, but less
frequent, use of the speakerphone and training sessions.

Our study has additional strengths. Firstly, it designed and implemented interven-
tions on the use of both human and animal antibiotics based on a “One Health” framework.
Secondly, we conducted two process evaluations during the intervention period, which
helped to evaluate the performance of different types of interventions. Thirdly, we devel-
oped a package of visual and auditory interventions, among which, the speakerphone was
confirmed to be a feasible and accessible intervention that could be used in low-resource
settings. In order to work towards the long-term sustainability of the intervention measures,
we have subsequently submitted a policy brief report to the local and provincial govern-
ment, suggesting that the speakerphone continue to be used to broadcast health-education
messages both in the study villages and beyond.

This study also has several limitations. Firstly, it was conducted in a single county
due to time and funding limitation. However, this county is representative of rural China
in terms of its education, health indicators, and per-capita income. Secondly, only half of
the farmers with backyard pigs at baseline survey still raised pigs at post-trial. Thus, the
number of participants who responded to the animal questionnaire both before and after
intervention was small (n = 127), and the effectiveness of our interventions on antibiotic
use for pigs could not be fully evaluated. Thirdly, we conducted our post-trial survey one-
month after the final training session, so we are unable to provide data on the longer-term
impact of our intervention on residents’ KAP. Finally, there are other potential confounding
factors that it was not possible to account for in our statistical analyses (such as recent
medical exposures, underlying health status of the respondents), although we have no
strong reasons to believe that these would have differed between control and intervention
villages.

5. Conclusions

Our results show that a package of visual and auditory educational intervention was
effective in improving the KAP on antibiotic use in humans in rural residents. However,
the intervention had little effect on the KAP of backyard pig farmers in terms of rational
use of antibiotics for their pigs. Among the four types of intervention, the speakerphone
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was considered the most feasible and accessible, and could be generalized to other LMICs
with similar conditions of inappropriate use of antibiotics.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-460
1/18/4/1940/s1, Table S1: Introduction of interventions.

Author Contributions: Conceptualization, L.S., J.Y., Q.S., O.J.D. and C.S.L.; Data Curation, L.S. and
J.Y.; Formal analysis, L.S., J.Y. and O.J.D.; Methodology, L.S., O.J.D., Q.S. and C.S.L.; Software, L.S.
and D.Y.; Writing—Original Draft Preparation, L.S. and J.Y.; Writing—Review and Editing, C.S.L.,
Q.S., J.Y., O.J.D., X.W., L.S., Y.W., D.Y., C.S., H.L., Y.L. (Yuqing Liu) and Y.L. (Yanbo Luo). All authors
have read and approved the final manuscript.

Funding: This work was supported by the Swedish Research Council (grant number D0879801) and
National Natural Science Foundation of China (grant number 81361138021 and 71774103).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of the First Affiliated Hospital,
College of Medicine, Zhejiang University, China (protocol code 2015#185 and 2015#283 and in 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the privacy involved in the
participants.

Acknowledgments: We acknowledge the support of the local Centre for Disease Control and Pre-
vention in coordinating this study. We are grateful for the efforts of the IMPACT-consortium:
www.folkhalsomyndigheten.se/impact/ accessed on 26 December 2019.

Conflicts of Interest: The authors declare that they have no competing interests.

References
1. Rochford, C.; Sridhar, D.; Woods, N.; Saleh, Z.; Hartenstein, L.; Ahlawat, H.; Whiting, E.; Dybul, M.; Cars, O.; Goosby, E.; et al.

Global governance of antimicrobial resistance. Lancet 2018, 391, 1976–1978. [CrossRef]
2. Cabrera-Pardo, J.R.; Lood, R.; Udekwu, K.; Gonzalez-Rocha, G.; Munita, J.M.; Jarhult, J.D.; Opazo-Capurro, A. A One Health—

One World initiative to control antibiotic resistance: A Chile—Sweden collaboration. One Health 2019, 8, 100100. [CrossRef]
[PubMed]

3. Wei, X.; Zhang, Z.; Hicks, J.P.; Walley, J.D.; King, R.; Newell, J.N.; Yin, J.; Zeng, J.; Guo, Y.; Lin, M.; et al. Long-term outcomes
of an educational intervention to reduce antibiotic prescribing for childhood upper respiratory tract infections in rural China:
Follow-up of a cluster-randomised controlled trial. PLoS Med. 2019, 16, e1002733. [CrossRef]

4. Xue, H.; Shi, Y.; Huang, L.; Yi, H.; Zhou, H.; Zhou, C.; Kotb, S.; Tucker, J.D.; Sylvia, S.Y. Diagnostic ability and inappropriate
antibiotic prescriptions: A quasi-experimental study of primary care providers in rural China. J. Antimicrob. Chemother. 2019, 74,
256–263. [CrossRef]

5. Van Boeckel, T.P.; Gandra, S.; Ashok, A.; Caudron, Q.; Grenfell, B.T.; Levin, S.A.; Laxminarayan, R. Global antibiotic consumption
2000 to 2010: An analysis of national pharmaceutical sales data. Lancet Infect. Dis. 2014, 14, 742–750. [CrossRef]

6. Yin, J.; Li, Q.; Sun, Q. Antibiotic consumption in Shandong Province, China: An analysis of provincial pharmaceutical centralized
bidding procurement data at public healthcare institutions, 2012–2016. J. Antimicrob. Chemother. 2018, 73, 814–820. [CrossRef]

7. Wang, J.; Wang, P.; Wang, X.; Zheng, Y.; Xiao, Y. Use and prescription of antibiotics in primary health care settings in China. JAMA
Intern. Med. 2014, 174, 1914–1920. [CrossRef] [PubMed]

8. Hu, Y.; Cheng, H.; Tao, S. Environmental and human health challenges of industrial livestock and poultry farming in China and
their mitigation. Environ. Int. 2017, 107, 111–130. [CrossRef]

9. Ye, D.; Chang, J.; Yang, C.; Yan, K.; Ji, W.; Aziz, M.M.; Gillani, A.H.; Fang, Y. How does the general public view antibiotic use in
China? Result from a cross-sectional survey. Int. J. Clin. Pharm. 2017, 39, 927–934. [CrossRef] [PubMed]

10. Liang, X.; Xia, T.; Zhang, X.; Jin, C. Governance structure reform and antibiotics prescription in community health centres in
Shenzhen, China. Fam. Pract. 2014, 31, 311–318. [CrossRef]

11. Xiao, Y.H.; Giske, C.G.; Wei, Z.Q.; Shen, P.; Heddini, A.; Li, L.J. Epidemiology and characteristics of antimicrobial resistance in
China. Drug Resist. Updates Rev. Comment. Antimicrob. Anticancer Chemother. 2011, 14, 236–250. [CrossRef]

12. Shehadeh, M.B.; Suaifan, G.A.; Hammad, E.A. Active educational intervention as a tool to improve safe and appropriate use of
antibiotics. Saudi. Pharm. J. 2016, 24, 611–615. [CrossRef]

13. Finch, R.G.; Metlay, J.P.; Davey, P.G.; Baker, L.J. Educational interventions to improve antibiotic use in the community: Report
from the International Forum on Antibiotic Resistance (IFAR) colloquium, 2002. Lancet Infect. Dis. 2004, 4, 44–53. [CrossRef]

https://www.mdpi.com/1660-4601/18/4/1940/s1
https://www.mdpi.com/1660-4601/18/4/1940/s1
www.folkhalsomyndigheten.se/impact/
www.folkhalsomyndigheten.se/impact/
http://doi.org/10.1016/S0140-6736(18)31117-6
http://doi.org/10.1016/j.onehlt.2019.100100
http://www.ncbi.nlm.nih.gov/pubmed/31649993
http://doi.org/10.1371/journal.pmed.1002733
http://doi.org/10.1093/jac/dky390
http://doi.org/10.1016/S1473-3099(14)70780-7
http://doi.org/10.1093/jac/dkx469
http://doi.org/10.1001/jamainternmed.2014.5214
http://www.ncbi.nlm.nih.gov/pubmed/25285394
http://doi.org/10.1016/j.envint.2017.07.003
http://doi.org/10.1007/s11096-017-0472-0
http://www.ncbi.nlm.nih.gov/pubmed/28466397
http://doi.org/10.1093/fampra/cmu001
http://doi.org/10.1016/j.drup.2011.07.001
http://doi.org/10.1016/j.jsps.2015.03.025
http://doi.org/10.1016/S1473-3099(03)00860-0


Int. J. Environ. Res. Public Health 2021, 18, 1940 12 of 12

14. Lee, C.; Phillips, C.; Vanstone, J.R. Educational intervention to reduce treatment of asymptomatic bacteriuria in long-term care.
BMJ Open Qual. 2018, 7, e000483. [CrossRef]

15. Cheng, J.; Coope, C.; Chai, J.; Oliver, I.; Kessel, A.; Wang, D.; Sun, Y. Knowledge and behaviors in relation to antibiotic use among
rural residents in Anhui, China. Pharmacoepidemiol. Drug Saf. 2018, 27, 652–659. [CrossRef]

16. Malmgren, A.; Biswanger, K.; Lundqvist, A.; Zaoutis, T. Education, decision support, feedback and a minor reward: A novel
antimicrobial Stewardship intervention in a Swedish paediatric emergency setting. Infect. Dis. 2019, 51, 559–569. [CrossRef]
[PubMed]

17. Visschers, V.H.; Backhans, A.; Collineau, L.; Iten, D.; Loesken, S.; Postma, M.; Belloc, C.; Dewulf, J.; Emanuelson, U.; Beilage,
E.G.; et al. Perceptions of antimicrobial usage, antimicrobial resistance and policy measures to reduce antimicrobial usage in
convenient samples of Belgian, French, German, Swedish and Swiss pig farmers. Prev. Vet. Med. 2015, 119, 10–20. [CrossRef]

18. Sun, Q.; Wang, Y.; Hulth, A.; Xiao, Y.; Nilsson, L.E.; Li, X.; Bi, Z.; Liu, Y.; Yin, H.; Luo, Y.; et al. Study protocol for One Health
data collections, analyses and intervention of the Sino-Swedish integrated multisectoral partnership for antibiotic resistance
containment (IMPACT). BMJ Open 2018, 8, e017832. [CrossRef]

19. Dyar, O.J.; Yin, J.; Ding, L.; Wikander, K.; Zhang, T.; Sun, C.; Wang, Y.; Greko, C.; Sun, Q.; Stålsby Lundborg, C. Antibiotic use in
people and pigs: A One Health survey of rural residents’ knowledge, attitudes and practices in Shandong province, China. J.
Antimicrob. Chemother. 2018, 73, 2893–2899. [CrossRef]

20. Sun, Q.; Dyar, O.J.; Zhao, L.; Tomson, G.; Nilsson, L.E.; Grape, M.; Song, Y.; Yan, L.; Lundborg, C.S. Overuse of antibiotics for the
common cold—Attitudes and behaviors among doctors in rural areas of Shandong Province, China. BMC Pharmacol. Toxicol.
2015, 16, 6. [CrossRef]

21. Habibov, N.; Zainiddinov, H. Effect of TV and radio family planning messages on the probability of modern contraception
utilization in post-Soviet Central Asia. Int. J. Health Plann. Manag. 2017, 32, e17–e38. [CrossRef]

22. Kasteng, F.; Murray, J.; Cousens, S.; Sarrassat, S.; Steel, J.; Meda, N.; Ouedraogo, M.; Head, R.; Borghi, J. Cost-effectiveness and
economies of scale of a mass radio campaign to promote household life-saving practices in Burkina Faso. BMJ Glob. Health 2018,
3, e000809. [CrossRef] [PubMed]

23. Gualano, M.R.; Gili, R.; Scaioli, G.; Bert, F.; Siliquini, R. General population’s knowledge and attitudes about antibiotics: A
systematic review and meta-analysis. Pharmacoepidemiol. Drug Saf. 2015, 24, 2–10. [CrossRef]

24. Nga do, T.T.; Chuc, N.T.; Hoa, N.P.; Hoa, N.Q.; Nguyen, N.T.; Loan, H.T.; Toan, T.K.; Phuc, H.D.; Horby, P.; Van Yen, N.; et al.
Antibiotic sales in rural and urban pharmacies in northern Vietnam: An observational study. BMC Pharm. Toxicol. 2014, 15, 6.
[CrossRef] [PubMed]

25. El Zowalaty, M.E.; Belkina, T.; Bahashwan, S.A.; El Zowalaty, A.E.; Tebbens, J.D.; Abdel-Salam, H.A.; Khalil, A.I.; Daghriry, S.I.;
Gahtani, M.A.; Madkhaly, F.M.; et al. Knowledge, awareness, and attitudes toward antibiotic use and antimicrobial resistance
among Saudi population. Int. J. Clin. Pharm. 2016, 38, 1261–1268. [CrossRef]

26. Yu, M.; Zhao, G.; Stålsby Lundborg, C.; Zhu, Y.; Zhao, Q.; Xu, B. Knowledge, attitudes, and practices of parents in rural China on
the use of antibiotics in children: A cross-sectional study. BMC Infect. Dis. 2014, 14, 112. [CrossRef]

27. Visschers, V.H.M.; Iten, D.M.; Riklin, A.; Hartmann, S.; Sidler, X.; Siegrist, M. Swiss pig farmers’ perception and usage of
antibiotics during the fattening period. Livest. Sci. 2014, 162, 223–232. [CrossRef]

28. Chen, X.; Wu, L.; Xie, X. Assessing the Linkages between Knowledge and Use of Veterinary Antibiotics by Pig Farmers in Rural
China. Int. J. Environ. Res. Public Health 2018, 15, 1126. [CrossRef] [PubMed]

29. Cross, E.L.; Tolfree, R.; Kipping, R. Systematic review of public-targeted communication interventions to improve antibiotic use.
J. Antimicrob. Chemother. 2017, 72, 975–987. [CrossRef]

30. Van Dijck, C.; Vlieghe, E.; Cox, J.A. Antibiotic stewardship interventions in hospitals in low-and middle-income countries: A
systematic review. Bull. World Health Organ. 2018, 96, 266–280. [CrossRef]

http://doi.org/10.1136/bmjoq-2018-000483
http://doi.org/10.1002/pds.4429
http://doi.org/10.1080/23744235.2019.1606933
http://www.ncbi.nlm.nih.gov/pubmed/31088317
http://doi.org/10.1016/j.prevetmed.2015.01.018
http://doi.org/10.1136/bmjopen-2017-017832
http://doi.org/10.1093/jac/dky240
http://doi.org/10.1186/s40360-015-0009-x
http://doi.org/10.1002/hpm.2318
http://doi.org/10.1136/bmjgh-2018-000809
http://www.ncbi.nlm.nih.gov/pubmed/30057798
http://doi.org/10.1002/pds.3716
http://doi.org/10.1186/2050-6511-15-6
http://www.ncbi.nlm.nih.gov/pubmed/24555709
http://doi.org/10.1007/s11096-016-0362-x
http://doi.org/10.1186/1471-2334-14-112
http://doi.org/10.1016/j.livsci.2014.02.002
http://doi.org/10.3390/ijerph15061126
http://www.ncbi.nlm.nih.gov/pubmed/29857480
http://doi.org/10.1093/jac/dkw520
http://doi.org/10.2471/BLT.17.203448

	Introduction 
	Methods 
	Study Design and Setting 
	Participants 
	Intervention 
	Data Collection 
	Baseline and Repeated Survey 
	Process Evaluation 

	Data Analysis 

	Result 
	Characteristics of Respondents 
	Changes in Knowledge, Attitudes and Reported Practices Pre- and Post-Trial 
	The Association between KAP on Antibiotic Use in Humans 
	Process Evaluation 

	Discussion 
	Conclusions 
	References

