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Abstract: Background: This study aimed to identify use of various treatments and their
association with the use of antibiotics and patient reported clinical recovery in Chinese
adults with acute cough.

Methods: An online survey recruiting people who had recently experienced cough was
conducted. Their sociodemographic, clinical characteristics, treatments received and
their perceived changes in symptoms were collected. Factors influencing avoidance of
antibiotics and improvement in symptoms were explored.

Results: A total of 22,787 adults with recent acute cough completed the questionnaire,
covering all 34 province-level administrative units in China. Most respondents were
male (68.0%), young (89.4%, aged 18-45), with a median cough severity of 6/10 on a
numerical rating scale. Nearly half of the participants (46.4%) reported using
antibiotics, among which 93.1% were for presumed upper respiratory tract infections
(URTIs). Fewer patients took antibiotics after taking CHM (14.9%), compared to those
who started with home remedies (18.0%), allopathic non-antibiotic medication (25.0%).
Antibiotics, allopathic non-antibiotic medications, CHM and home remedies were all
perceived beneficial in relieving cough.

Conclusions: Chinese adult responders report use of a considerable variety of
treatments alone or in combination for acute cough. Patient-reported clinical recovery
was similar regardless of treatment. There is likely a high proportion of inappropriate
use of antibiotics for treatment of simple acute cough. As the majority of respondents
did not use antibiotics as a first-line, and use of CHM was associated with relief of
cough symptoms and reduction in the use of antibiotics, this presents an important
opportunity for prudent antibiotic stewardship in China.
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Cover Letter

Dear Editor and reviewers,

Many thanks for the useful comments and suggestions. We have revised the manuscript with
changes tracked and responded to the two reviewers’ comments point by point.

In addition to the changes made following the reviewers’ suggestions, we have also updated the
STROBE checklist and removed the original figure 2 as the map template used might not be an
accurate representation of China.

Best wishes,
Mio on behalf of the research team
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Relevant Reporting Checklist

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title 1
or the abstract
| (b) Provide in the abstract an informative and balanced summary of 32
what was done and what was found
Introduction
| Background/rationale 2 Explain the scientific background and rationale for the investigation 4-5%
being reported
| Objectives 3 State specific objectives, including any prespecified hypotheses 51
Methods
Study design Present key elements of study design early in the paper 3-45
Setting Describe the setting, locations, and relevant dates, including periods of | 46
recruitment, exposure, follow-up, and data collection
| Participants 6 (a) Give the eligibility criteria, and the sources and methods of 35
selection of participants
| Variables 7 Clearly define all outcomes, exposures, predictors, potential 45-6
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
| Data sources/ 8* For each variable of interest, give sources of data and details of 46 [ Formatted: Font: Not Italic
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 3-46
Study size 10 Explain how the study size was arrived at 74
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 46-7
applicable, describe which groupings were chosen and why
| Statistical methods 12 (a) Describe all statistical methods, including those used to control for | 47
confounding
| (b) Describe any methods used to examine subgroups and interactions | 47
(c) Explain how missing data were addressed N/A
(d) If applicable, describe analytical methods taking account of N/A
sampling strategy
(e) Describe any sensitivity analyses N/A
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers | 58
potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 58
(c) Consider use of a flow diagram 58
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, | 5-68-12
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable | N/A
of interest
Outcome data 15*  Report numbers of outcome events or summary measures 12-137



Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted | NAA12- Formatted: Font: (Default) Times New Roman, 10 pt, Font
. . - . . color: Auto, English (United Kingdom)

estimates and their precision (eg, 95% confidence interval). Make clear | 13
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were N/A
categorized
(c) If relevant, consider translating estimates of relative risk into N/A
absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and 912-13
interactions, and sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study objectives 1014

Limitations 19  Discuss limitations of the study, taking into account sources of 10-
potential bias or imprecision. Discuss both direction and magnitude of | 1114-15
any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, | 15-163%
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 150

Other information

Funding 22 Give the source of funding and the role of the funders for the present 172

study and, if applicable, for the original study on which the present
article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.
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Responses to reviewers’ comments
Submission deadline: 3" Jan 2023

Dear Editor and reviewers,

Many thanks for the useful comments and suggestions. We have revised the manuscript with
changes tracked and responded to the two reviewers’ comments point by point.

In addition to the changes made following the reviewers’ suggestions, we have also updated the
STROBE checklist and removed the original figure 2 as the map template used might not be an
accurate representation of China.

Best wishes,
Mio on behalf of the research team

Reviewer #1:

-In the methods section, the representativeness of the study participants should be described
(though it is mentioned in the Discussion section for limitation).

Thanks for your suggestion. We tried to approach a representative large sample by circulating the
study invites through the largest Chinese social media platform and sharing the invites to various
general groups in different regions of China. We have added this information in the method section
(page 6) and revised the wording in the limitation (page 15).

-Though suggested in the supplements, providing short information of the questionnaire outline
would be helpful to interpret the results, such as total number of the questions, scale, total time
required etc.

Thanks for your suggestions. We have briefly described the three sections of the online cough survey
and provided an idea of how long it takes to complete it (page 5-6).

-Describe the full name of CHM in the footnote of the Table 2.
Revised, please see page 11.

-Why did the authors concluded that still there is 'inappropriate widespread use of antibiotics' from
the results? (page 13, Discussion)

Thanks for your query. The main finding supporting this argument is that nearly half of the
participants (46.4%) had used antibiotics for their cough. Among these people, 93.1% (9828/10562)
used antibiotics for presumed upper respiratory tract infections. Research evidence suggests
antibiotics are of very limited benefit for patients with upper RTls such as common colds, otitis
media, rhinitis, or laryngitis. We have revised the wording of the abstract results, so they link better
with our conclusions (page 3, 14, 16).



OCoO~NOUITAWNE

-The study conclusion is still vague. Please make clear based on the survey results.

Thanks for your comments. We have clarified the study results and conclusions by linking them in
the below table. As to the nature of this survey study, we have softened one of our main conclusions
that there is likely overuse of antibiotics for treatment of simple acute cough. We have also ensured
conclusions are consistent in the abstract and the main conclusion section.

Results Conclusions

Treatment | -46.4% participants had used antibiotics, There is likely a high proportion of
pattern among which 93.1% (9828/10562) were for inappropriate use of antibiotics for

presumed URTIs treatment of simple acute cough.

-28.3% participants used allopathic non- Chinese adult responders report use

antibiotic medications to help with their acute | of a considerable variety of

cough, and the most used were NSAIDs. treatments alone or in combination

-39.2% participants used CHM to help with for acute cough.

their acute cough. The most used patent CHM
was CBPPG, followed by GML granule, KCS
pill, and FFGC tablet/liquid.

-21.2% participants used home remedies and
the most taken one was boiled pear soup.

Treatment | -Subsequent use of antibiotics was lower in As the majority of respondents did not
effects those who initially took CHM, compared to use antibiotics as a first line, and use
those who started with home remedies or of CHM was associated with relief of
allopathic non-antibiotic medications cough symptoms and reduction in the
(p<0.05). use of antibiotics.
-Antibiotics, allopathic non-antibiotic Patient reported clinical recovery was

medications, CHM and home remedies were similar regardless of treatment.
considered helpful in relieving cough
symptoms, with the same median of 4, with a
IQR at 1 or 2 on a 1-5 Likert self-rating scale.

Reviewer #2: This study reported the usage pattern of antibiotics and herbal medicines of a large
number of general populations. | have several comments.

1. This survey recruited a large number of respondents, however, it seems that the questions asking
to them were too simple. if there are other questions not being presented in tables, please add
them.

Thanks for your comment and suggestion. In this survey, we asked three parts of questions: 1).
Relating to participants socio-demographic and lifestyle characteristics, 2). Relating to their cough
symptoms and other health conditions, and 3) Relating to the treatments they used to alleviate
cough and participants’ subsequent clinical outcomes. We have provided the questionnaire as S1
File.

We have presented all these data in text, tables and supplementary tables, except that only the top
4 commonly used patent herbal medicines are presented in this manuscript. We will present the
other patent herbal medicines used with an exploration of what these remedies contain in a
separate paper.
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2. Table 1 - Please describe the age distribution in a more detail.
Thanks for your suggestion. We have added ranges for age distribution, please see page 9.

3. The first shown abbreviations should be written with full-names (abbreviations). Please checkin a
whole manuscript. And also, it should be written the full-names in each table (e.g. URTI, LRTI).
Thanks for your suggestions. We have checked through the manuscript and added in abbreviations
where appropriate.



Supplement

Click here to access/download;Supplement;S1_Table.docx %
S1 Table. Various treatments used for acute cough.
Treatment Overall (n=22,787) Pres(t:l r:;(;l, ;;TIS* Pres?r?;ifls;;Tls*

Antibiotics& 10562 (46.4%) 9828 (46.9%) 734 (40.3 %)
Antibiotics” 4935 (21.7%) 4541 (21.7%) 394 (21.6%)
Antibiotics+non-antibiotic medications 1726 (7.6%) 1617 (7.7%) 109 (6.0%)
Antibiotics+CHM 1288 (5.7%) 1213 (5.8%) 75 (4.1%)
Antibiotics+tHome remedies 953 (4.2%) 884 (4.2%) 69 (3.8%)
Antibiotics+ CHM+Non-antibiotic medications 563 (2.5%) 544 (2.6%) 19 (1.0%)
Antibiotics+Non-antibiotic medications+Home remedies 533 (2.3%) 505 (2.4%) 28 (1.5%)
Antibiotics+ CHM+Non-antibiotic medications +Home remedies 311 (1.4%) 300 (1.4%) 11 (0.6%)
Antibiotics+ CHM+Home remedies 174 (0.8%) 163 (0.8%) 11 (0.6%)
CHM& 8942 (39.2%) 8311 (39.6%) 631 (34.6%)
CHM* 5035 (22.1%) 4631 (22.1%) 404 (22.2%)
Antibjotics+CHM 1288 (5.7%) 1213 (5.8%) 75 (4.1%)
CHM+Non-antibiotic medications 688 (3.0%) 637 (3.0%) 51 (2.8%)
CHM+Home remedies 611 (2.7%) 568 (2.7%) 43 (2.4%)
Antibiotics+ CHM+Non-antibiotic medications 563 (2.5%) 544 (2.6%) 19 (1.0%)
Antibiotics+ CHM+Non-antibiotic medications +Home remedies 311 (1.4%) 300 (1.4%) 11 (0.6%)
CHM+Non-antibiotic medications +Home remedies 210 (0.9%) 199 (0.9%) 11 (0.6%)
Antibiotics+tCHM+Home remedies 174 (0.8%) 163 (0.8%) 11 (0.6%)
Non-antibiotic medications® 6441 (28.3%) 5942 (28.3%) 499 (27.4%)

Non-antibiotic medications” 1871 (8.2%) 1662 (7.9%) 209 (11.5%)
Antibiotics+non-antibiotic medications 1726 (7.6%) 1617 (7.7 %) 109 (6.0%)
CHM+Non-antibiotic medications 688 (3.0%) 637 (3.0%) 51 (2.8%)
Antibiotics+CHM+Non-antibiotic medications 563 (2.5%) 544 (2.6%) 19 (1.0%)
Antibiotics+Non-antibiotic medications+Home remedies 533 (2.3%) 505 (2.4%) 28 (1.5%)
Non-antibiotic medications+Home remedies 488 (2.1%) 437 (2.1%) 51 (2.8%)
Antibiotics+ CHM+Non-antibiotic medications +Home remedies 311 (1.4%) 300 (1.4%) 11 (0.6%)
CHM+Non-antibiotic medications +Home remedies 210 (0.9%) 199 (0.9%) 11 (0.6%)
Home remedies® 4825 (21.2%) 4440 (21.2%) 385 (21.1%)

Home remedies” 1480 (6.5%) 1329 (6.3%) 151 (8.3%)

AntibioticstHome remedies

953 (4.2%)

884 (4.2%)

69 (3.8%)



https://www.editorialmanager.com/imres/download.aspx?id=61297&guid=cc320535-0495-404d-8d22-27e8f151e3f6&scheme=1
https://www.editorialmanager.com/imres/download.aspx?id=61297&guid=cc320535-0495-404d-8d22-27e8f151e3f6&scheme=1

CHM+Home remedies 611 (2.7%) 568 (2.7%) 43 (2.4%)
Antibiotics+Non-antibiotic medications+Home remedies 533 (2.3%) 505 (2.4%) 28 (1.5%)
Non-antibiotic medications+Home remedies 488 (2.1%) 437 (2.1%) 51 (2.8%)
Antibiotics+ CHM+Non-antibiotic medications +Home remedies 311 (1.4%) 300 (1.4%) 11 (0.6%)
CHM+Non-antibiotic medications +Home remedies 210 (0.9%) 199 (0.9%) 11 (0.6%)
Antibiotics+ CHM+Home remedies 174 (0.8%) 163 (0.8%) 11 (0.6%)
Others® 280 (1.2%) 243 (1.2%) 37 (2.0%)
Others” 105 (0.5%) 95 (0.5%) 10 (0.5%)
No treatment 1641 (7.2%) 1492 (7.1 %) 149 (8.2%)

*Possible LRTIs were defined as presence of at least one of “shortness of breath” OR “yellow sputum” OR “green sputum” OR “wheezing” BUT
EXCLUDING “sore throat” AND “coryza”. Patients whose symptoms did not fit these criteria were presumed to have had URTIs.

&Either alone or in combinations

#Treatment used alon



Supplement Click here to access/download;Supplement;S2_Table.docx 2

S2 Table. Factors influencing subsequent use of antibiotics after various interventions.

After non-
After CHM P antibiotic P After CHM P
Total X value medication Total X value Total X value
No Yes No Yes No Yes
Age 18-45 6278 1133 7411 3699 1281 4980 3128 700 3828
46-64 665 78 743 409 98 507 15.21 311 58 369
~65 135 25 160 12.317  0.002 34 15 99 6 <0.01 7 1 33 2.782 0.249
Total 7078 1236 8314 4192 1394 5586 3511 769 4280
Smokin Smoker 2750 557 3307 1918 642 2560 1214 274 1488
g Non-smoker 4328 679 5007 16.950 <0.01 2274 752 3026 0.038 0.845 2297 495 2792 0309 0.578
Total 7078 1236 8314 4192 1394 5586 3511 769 4280
Infectio URTIs 6538 1172 7710 3812 1315 5127 16.01 3204 721 3925
n LRTIs 540 64 604 9.385 0.002 380 79 459 4 <0.01 307 48 355 5192 0.023
Total 7078 1236 8314 4192 1394 5586 3511 769 4280
Severity Mild 1964 211 2175 662 169 831 926 126 1052
of cough Moderate 3056 494 3550 113.53 <0.01 1711 517 2228 25.76 <0.01 1422 326 1748  38.12 <0.01
Severe 2058 531 2589 5 ’ 1819 708 2527 3 ’ 1163 317 1480 6 ’
Total 7078 1236 8314 4192 1394 5586 3511 769 4280
Health — Noother 5, 0; 733 5894 2029 656 2685 2304 455 2759
conditio disease
n Lung disease 1369 428 1797  145.19 1615 615 2230 24.30 872 248 1120 17.94
Other health 6 00 g <00 2 <m
" 548 75 623 548 123 671 335 66 401
conditions

Total 7078 1236 8314 4192 1394 5586 3511 769 4280
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Supplement

S3 Table. Cough relief after each type of treatment in various factors as measured by 1-5 Likert scale: median (IQR).

Click here to access/download;Supplement;S3_Table.docx %

Treatment Age Smoker Infection Severity of cough Comorbidity
18-45  46-64 265 Y N URTIs LRTI Mild Moder Seve N Lung Others
s ate re related
Antibiotics 4(2) 4(2) 4(2) (1) 4(2) 4(2) 4(2) 4(2) 4(2) 4(1) 4 4 (1) 4(2)
Non-antibiotic 4(2) 4 (1) 4 (1) 4 (1) 4(2) 4(2) 4(2) 4(2) 4(2) 4(1) 42 5(1) 4 (1)
P Chuan Bei Pi Pa (paste) 4(1) 4(2) 4(2) 5(1) 4(2) 4 (1) 4(1) 4(2) 4(2) 51) 42 5(1) 4 (1)
C Gan Mao Ling (granule) 4(2) 4 (2) 4 (2) 5() 4(2) 4 (2) 4(2) 4 (2) 4 (2) 51) 42 5(1) 4 (1)
H  Ke Chuan Shun (pill) 4 (1) 4 (2) 5(2) 5() 4 (1) 4 (1) 4(2) 4 (2) 4 (2) 51 4(@) 5(1) 4 (2)
M Fu Fang Gan Cao (table/liquid) 4(1) 4(2) (1.5) 5(1) 4(2) 4 (1) 4(1) 5(2) 4(2) 5(1) 4() 5(1) 4 (2)
Individualised Chinese herbal 4 (1) 45 (1) 4 (1) 515 4(@1) 4 (1) 4(2) 4(2) 4 (1) 51) 4@ 5() 4 (1.5)
formula
Home remedies 4(2) 4 (2) 4 (2) 4 (2) 4(2) 4 (2) 4(2) 4 (2) 4 (2) 4(1) 42 4 (1) 4 (2)
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Supplement Click here to access/download;Supplement;S1_File.docx %

S1 File. Questionnaire for survey.

AGEE R 1A N SN LB, DRSS A RE R, 25X
NefEESeEEE Y UHEEHY DNEEREE T - RGeS [ e HEES
SGITHRIR Y, BRI A HIMERE L ) 5 © (FHE2°B-

1057PRAGE - SSERRRTI8 Y - A BUAEHIRTS.  OHRIEESR
55 WRETIESHETCRETG: - I RRNA )

WA © FERFZAIIAS ~ IR BIE T

B BETE ~ AR B B59/aK 010-64286757, Sdi(EY

JEHBS |

H  THRES SN (B [ERELINARE

1. B R e R i 2 [ >
3% VN
o A ik
oS ILRE
ofA AL
AR G2
o Hih *

2. Tl VRSP ET 2 [Betn] *
02 JEN
02-4


https://www.editorialmanager.com/imres/download.aspx?id=61300&guid=89573a9e-b56b-40d4-b75b-a9b508e379cb&scheme=1
https://www.editorialmanager.com/imres/download.aspx?id=61300&guid=89573a9e-b56b-40d4-b75b-a9b508e379cb&scheme=1

04-6 /5
063 H
o3 i (B GRE » 1585

HAER

HAER

3. faERe Y (s

4. SEF NI [ *

5. SRR ? [HAsR *

o

oz

RS INGS el ==
o%
otz

7. B2 [BEas *
o “HHI
o/
o
oLt
oAF}
ohfBEE
o Hih

8. BFNIEFACR? [epiddn] >



o “FKHI]

o/XF:

o Hith

9. EWHRIARS? [ S
o &
ol
P12 %N
okillz
olfgif T
o RN E T
o FHEH
ot
oLl *
o Hih

10. SESFNTHRIARE? [Eri] *
o4
oS
SPIELN
okl
Ol T
o KPR A T
o FIEHA
o



oL
o it *

11. fARIETX S [BE2E ~

12. EENVFEIX? [ *

13. S AT [Spird]

oS
o (1BYEEL8/H)

14, BFNEARIFRIS IR [Erse *

oS
o (1BYEEL8/H)

15. WRAIHEEEHEAL B V7 (REHHIREES/ D [ *

16. IR [ 22000 *
o EIEA
=i
oA
OHETHA
o,

17. LRI VSR [EZE] *

BHEE.

THESA AT N R

18. SRR T 2/ VR ? S *
o/NTEEET28K



o RKT28K

19. FoleX R SHHEES FE? [ et *
oS

oy

20. FolCX ORI T SR 7 [Erien] >

oIk
T

21. WO EEARAA Y [ *
YESH
o AFTUGE B FHHIER
e
OJEHRANE

ol o2 03 o4 05 06 o7 o8 09 ?éﬁ%

22. WA LRIl [Hs *

23. e A ? R *
o5
o
ol

24. PEPER? [ s
ol
=il
oHHEA,
oZHh
oL

25. JEAHER (AR EIGY) 2 [958 *
oG



mllEl
oifitbef:
m[iTHE ]
oK
OAFHEPE
o
o
oY
ofEL
Oz

o MR
o Hith, *

26. LA HMSHIERS e ? [frdd] *
o Nz
O it
it 2T
o=KJ
O RFNEFE
o B
i
o2
oligE.
o iRl
o Hith,

27. RAVEEHMI 2 [ 25080 *
o



S
SPET

o/ LR

S

o LI

S .

%
Xy B A S BN T 2SR Y » RSN -

28. TRARERAL N kEIA [ 205
0
O RETaRE SKeEe S D)
DFHTUESRIFE U NG - A5 - 1M RS
DI AINE K - G T INEES)
oHah *
oASKH]

29 (TSR 1EApEATT A, A N R R T T 28 RIS R
R[5

o *

DIHUERITRELANTINGR - &5 1275 *

oI A ANTK - R KRS *

ot *

o USRI RN TiE (BETER R I A S AR TR

30. EFH PSRRI » it ¢ [

31. IRFFASR TR ? et *



oKk
o—RPHIR
o—R=IK
o—RIHK
o Hih

32. TN PRI TR Y [

o THE

THEIEEREL
o KT 7F%
THEESREY
o/INFLI29 7R

*

THAEEAREY
o INHHE

33. MRS TR ? [200

REZTAS
ot

o R

o Pt

o HRREESEE
oigfT
DFEAE
o

34. ML (248 *

OlEAHE

D2 EANGHHET
oZ NS
0 ACHEES
o H#s

35. PUASSMRES AR [H >



FEREW) o2 03 04 oA

36. 1B - AT Y T L2 TR G ? [ *

37. MR SR e e e *
o— Rk
o— R
o—R=IK
o—RIUR
o Hih, *

38. ISRV (4050 *

30. ARG [ S *
ol
CHENGHEE
NI
o HEH R
ot *

40, AT Z MRS ? (26
e} ;_'E/ﬂ%ﬂ@j] 02 03 o4 o }W jJ

41, FRASRE AR [ 220

o/ DS

RS R
ORI

o &7 HE AT DA
o/ UV

o/ N U TR



o/ N R L PAREERER)
CEERIT 7 FIRR)
ORI ERRT TR
oI

O3 AR EE
DS

D I
DB R EE
D4TRER
o

O

o HHIRIAETEAL
ORI
oM
DRKETHA(MFTIED
Y R TT
o/
DACHRHA

o IR
oA HITER
ORI

D EEFIES MK

o/ N £551)
OISR
O

O AN
DR IR



mMEDAU

o U HEA R
O BRI
T R
OHNE R

o HETHIAE
oHith

42. TSP | VUTHERR B S
o— Rk
o— KPR
o—R=IK
o—RIK
o Hith *

43. 1 HHEER 2 bR [

44. TESRIIRE ST P s
o— K-
o —RPR
o K=K
o~ RIWR
o Hih *

45. IREFRHIRH T2/ VR ? [B250 *

46.
TERAEER R M UL AR
[ERER ~

o KK



o —RMIR
o— K=K
o— IR
o Hith, *

47 "ARTRERARE 2 DR 2 [EeE] *

48.

TR U5 H R/ 7 AR
[eE *
o— Rk

o— KPR
o—R=IR
o—RILR
o Hith *

49. EITHE AT IR T2 0K [ *

50.

TESEHATIRTY N ) LAY L R iR
Eridi
o—RK—K

o KPR
o—R=IR
o—RIWR
o Hith *

51. /)Y LIHRAR T2/ VR 2 (Y] *

52.

TR N LR 1 AR i
[Epizie]



oKk
o—RPHIR
o—R=IK
o—RIHK
o Hih *

53. /Iy BRI T 5V 2 (525

54.

TSR ) LIS AR 1% (10 AR VE B3R ) it
[EpiER *
o—RK—IK

o— KPR
o—R=IR
o—RILR
o Hith *

55. /I HFRIHA PR IR T2 DR 2 [z *

56.

SRR 2B (/AL 1 PRI R
[egien] *
o—RK—IK

o —RMIR
o— K=K
o—RIWK
o Hith *

57. EEEHATA PRI 72K [ *

58.
TR M 2% 1 AR AR



[ *
o—RK—IK

oK
o— K=K
o— KUK
o Hih «

59. IR ARIERAT 75/ K7 (B0 *

60.

AR /1% A A
[t *
o—Fk

o—RPAIK
o—R=IK
o—RIWK
o Hith, *

6L. i BAATHRFI T/ K2 [ *

62.

TR RE A C TR R FE AR
[ Epidn] *
o—R-I

o —RPIK
o—R=IR
o—RIUK
o Hih, *

63. M CARE AT TS/ VR (B0 *

64.



T S
et
oKWK

o — KPR
o—R=IK
o—RIWK
o Hits, *

65. SO T2/ DR [HwE]

66.

TR L ST R
(e *
0K

o —RMIR
o—R=IK
o—RIUK
o Hit, *

67. T ST 7% VR ? [B258] *

68.

ieviee NSRRI e el e
[t *
o—RK—IK

o —RMIR
o— K=K
o—RIWK
o Hith *

69. G @R T/ VR [




70.

[ e S e
[EEi] *
o—RK—IK

o~
oKW
oI
ot .

71 GFEFIR TR [H75 *

72.

R T Bk
2B *
o—R—K

SN/
o— K=K
o— KRR
o Hih *

73, R TSV (Y% *

74.

TR TR
[ *
oKk

o —RPAK
o— K=K
o— Rk
o Hith *

75. EAIEERA T 0K [HE2E *




76.

BRI R e REAE AL R
ik
o— R

o — KPR
o—R=IK
o—RIWK
o Hih *

77. R ERI T2 VR [T

78.

TR 7 e e
[episEn *
oKk

SN/
o—RK=IKk
o—RJUK
o Hith *

79. RSN T VK2 [1EA

80.

RN % g
(e
o—RK—K

o FK
o KK
o Ik
o Hih .

81. VL THIRH TR ? [Haze *



82.

TESRFR B TS B R g ) s
[Epta *
o—R—K

o~ KT
o~
oIk
o Hih .

83. JEEEA(HTIE AR T2/ K2 [ *

84.

BT 5 AR B P
[Eedeen] *
o—FKW

SN/
o—R=IK
o—RIUK
o Hih *

85. AR T2/ K (425 *

86.

MR NS TR g
[y *
oKW

o— KPR
o— K=K
o— Rk
o Hit *




87. /ISR 7%/ [ *

88.

SRR C SRR
[y *
o—RK—IK

SN/
o—R=IK
o— Rk
o Hith *

89. HCHIEHIFF T/ VR [ *

90.

AR 1 1 AR
S
oKk

SN/
o—R=IR
o —RIUK
o Hith *

OL. ¥ RRIR T2/ VR [ *

92.

TSR 7 1k % (BURLIRE 52 ) e
[ Epidn] *
o— R

oI
o~ F=K
oK
o Hih .




93. A HHA RIS IR 120K (%R *

94.

AR 7 1 PRI
et
oKWK

o— KPR
o—R=IK
o—RIWK
o Hits, *

95. TRRRINNGEIRN T2 K2 [1ezEi *

96.

TR A 1 S0 IR 5 3 (R
[ER *
o—RK—k

o —RMIR
o—R=IK
o—RJWK
o Hits, *

97. FEEF(IRAEY FH T2 0K 124 *

98.

TR N e (L & 37 iR
[ERiE *
oKk

o— KPR
o—R=IR
o— AWK



o it *

90. /NI A7) H T2 K 2 [1EE *

100.

G 21 (AL e
et *
o—RK—IK

o— KPR
o— K=K
o— KRR
o Hih *

101. WETAUHIAR FH T2 0R 2 [525 *

102.

R R
et
o— KK

o FK
oKWK
o FIIK
o Hih .

103. =B TR [Hed] *

104.

TR BT il 10 R i s
[ *
oKk

o— KPR
o—R=IK



o— Rk
o Hih *

105. FHHBMOARE TR [z *

106.

TSP AR 5 0 ORI PR
et *
o—RK—IK

o RMIK
o— K=K
o— KRR
o Hih *

107. FHESE FRRAT T2/ K2 (g *

108.

TSR N M O
[Efst *
oKk

o —RPIK
o—R=IR
o—RIUK
o Hith *

109. VHH TR [HEE] *

110.

TEEAIRADUR 1k 1% O AR R
[t *
oK

o— KPR



o—R=IK
o— Ik
o Fi *

111. DEHA R 2% VR [B258] *

112.

TR A T IR R
[ et *
o—R—K

o— KPR
o—R=IR
o—RIWR
o Hith *

113. BRI TR [ *

114.

B T T SR RS
==
o— R

o— KRR
o0 —R=IR
o— AWK
o Hih, *

115. PEgETAiRt 2/ DR [BE >

116.
TEIEHITRR TS TSR B s
==

o—R—IK



o —RPAK
o—R=IK
o— KRR
o Hih *

107, JEE SR T2/ R (BP0 *

118.

AR Z5 )7 e
ik
oKk

o — KPR
o—R=IK
o—RJUK
o Hith *

119. "I rE VR [HesE] *

120.

AT 25
[t *
o—RK—IK

o —RPIK
o—R=IK
o—RIUK
o Hith *

121, UGSV H? (250 *

122. M P {HHF5? [26560 *
m|psésiizes



DZJE AT

DNk

0 FCH LSS

o Hith, *

123. NV HHEE e AR 7 [S]
SPEesat) 02 o3

124, RN BRES AR ? [
O SEAE ) 02 o3

125. WARITREMEESERR) ? [B] *
o SEaYSEEh 02 o3

126. ZITHR( AT IR WSS AR ? [50 *
oS 02 o3

127. /N UBKI R NS EREh 2 [ 2] *
o SEAYEEH 02 03

128. /N U PR RE AN 7 [SRe *
o SEEE ) 02 o3

129. /U HIRBITER WNMRES AR ? (SR

o e 02 o3

130. GHHEFHTUAT A FIRR) AR AR [FRi *
SPEesRat) 02 o3

131. Tt ERR RS AR ? [ *
OTERE ) 02 o3

132. i/ PEETNNABREA AR ? [P *
OTERE ) 02 o3

o4

o4

o4

o4

o4

o4

o4

o4

o4

o4

o AT

o AT

o AN

o AN

o AN

o AN

o IFHAHEN

o IFHAHEN

o FEHATIN

o FEHATHIN



133. SR ER EES AN ? [ ~
SPEesRati) 02 o3

134, SoBEOEE A ? (S *
o SERHEN 02 o3

135. e HEAERPEESAREN 7 [Hde *
SPEesRati) 02 o3

136. BT ERTARE RN ? e *
SPEesat) 02 o3

137. SF R IBRESHERRN? [F55 *
o SEAE ) 02 o3

138. Jiff THHIOEBREA AR ? [ *
o SEAE ) 02 03

139. EIEBREAAEN ? [ *
o SEEE ) 02 o3

140. +HBRAHEFEANTEBRES AR ? S
o SEEE ) 02 o3

141, PRSI ARI ? [ *
o SEAE ) 02 o3

142, {HXTRZRESHERRN ? [F050 *
OTERE ) 02 o3

143. ST S AR [Spse *

o SEasEH) 02 o3

144, AR AR ? [ *

o4

o4

o4

o4

o4

o4

o4

o4

o4

o4

o4

o IFHAHEN

SESEET )

o IFHAHEN

o AN

o AN

o AN

o AN

o AN

o AN

o IFHAHEN

o FEHATIN



o e 02 o3

145. /[ HNEME S ERN ? [ *
o TR 02 03

146. ACHERIBREAHARN? [FrE
o TEAE) 02 o3

147. SETHT RS AREN 7 [ ~
SPEesRati) 02 o3

148. A HHZHRITER WMRESERE)? [Sps] *

o e 02 o3

149, THRATIREEAREA ) ? (S *
o e 02 03

150. ZEAIE RS AR 2 [ Frsd *
o SEEIAEH 02 03

151, /R ) S A [ *

o e 02 o3

152 AR MRS AR 2t

o e 02 o3

153, VIR ES AR ? [ *
o SEEE ) 02 o3

154. FEABIORRA e ERR) ? [ Frsd *
o SEAYEEHN 02 03

155. BRI TR RS AR 7 SRR
o TEEE ) 02 o3

o4

o4

o4

o4

o4

o4

o4

o4

o4

o4

o4

o4

o FEHATHIN

o IFHAHEN

o IFHAHEN

o IFHAHEN

o AN

o AN

o AN

o AN

o AN

o AN

o IEHAHEN

o FEHAHEN



156. HAIBRES AR [Spse]
P ectat ) 02 03

157. DUt HRRRE AR [FRA]
P ectat) 02 03

158, EICHENRITARESERR)? [spfem *
O SEAE ) 02 o3

159. HgE T NSRRI [F5] *
oS 02 03

160. NS HIRITEAREAE)? [Spri *
SPEesat) 02 o3

161. TR FINBRESERRN ? [F0R *
oSN 02 o3

162. HIHEGZBRESARRN ? [F0R *
o TEAE) 02 o3

163. RIS TPy T 8 (250
o#vK
ml A
OVKIEERY
Ry
0N
oHh, *

164. fEFHMGIZ Y A IS [Spisde] >
o— KRR
o0 —RMIR
o—R=IK

o4

o4

o4

o4

o4

o4

o AT

o AT

o AT

o A

o AN

o AN

o AN



o—RJWKR
o Fi *

165. Hy AR 2 R [

166. At PRy TE? 2200 *
oA
DB AT
DN
0 AR
o *

167. Iy AN AR [ *
O TEAE ) 02 o3 o4 o AN

168. A HIY A TR BRSBTS - S A M ), SO
TR [

o— Rk
o —RPIK
o—R=IR
o—RIWR
o Hith *

169. A YA TR BRI B T 2RSS T NN ), WA
AR TR 2 [ *

170 NP2 B o e B SR v B9 - I A MRt ) 2
[ *

PR

DZJENTHE

D NI



o HOAEES
o Hith *

171 g YA TR, BRES  UERe  2RES  JE W A NNE T, BTk
NPT ? [FRA0]

oSS IHN 02 03 o4 o A

172. SRR 2 [
o BBz A COPD)
o fifik
o EMSITER
o fifde
offiEH%
o SCTEH K
o T4
o Hi *

173. S —AmAATEar ? (GREEAR, PRI C SR [Hee] ~

174. 1SRG K la] 2 o A[EEm -
AABIH4F, 55—44E0 BT

175. ZERL2 DA, 2 AN, sl HBI NGRS » BN ERIER? [ *

OJE

oy



176. TERL2 PARIERE? 25

177. eIk TERTI AL R (B *

oS
o (1HYEEFL82/H)

178, AR, PR T2 (S
oMY TR
SUE
T » TR
CHEPTTHIY), E
S

179. IR a] - [eptn *

o (K *
o 0 J& *
o (0 H *
o (4 *

180. AR B B 7 [ Sredden] >
o— Rk
o —RPR
o—R=K
o—RIHK
o Fis *

181. Xl FEAAAEN? [ *
o TEEE ) 02 o3 o4

o IEHAHEN



182. A AR oy ? s *

IR B |
TR IR RS, ANGSERSHEEEEYEE. 1R |



Revised manuscript (with track changes)

©CO~NOOOTA~AWNPE

Use of antibiotics and other treatments in Chinese adults with acute cough: an online survey

Xiao-Yang Hu, ! Ru-Yu Xia, ® * Michael Moore, # Beth Stuart, ¢ Ling-Zi Wen,° Bertrand Graz, ¢
Lily Lai, 2 Jian-Ping Liu,® Yu-Tong Fei, > * Merlin Willcox ® *

2 Primary Care, Population Sciences and Medical Education, University of Southampton, Southampton,
UK

b Centre for Evidence-Based Chinese Medicine, Beijing University of Chinese Medicine, Beijing,
China

¢ Pragmatic Trial Unit, Wolfson Institute of Population Health, Queen Mary University of London

4 Antenna Foundation, Geneva, Switzerland

1 The authors contributed equally to this work as co-first authors.

* The authors contributed equally to this work as co-corresponding authors.

* Corresponding author at:

Primary Care, Population Sciences and Medical Education, University of Southampton, Aldermoor
Health Centre, Southampton, SO16 5ST, UK (M Willcox);
Centre for Evidence-Based Chinese Medicine, Beijing University of Chinese Medicine, 11 N 3 Ring

E Road, Chaoyang, 100013, China (YT Fei).

M.L.Willcox@soton.ac.uk (M Willcox); feiyt@bucm.edu.cn (YT Fei).

ORCID iD:

Xiao-Yang Hu: 0000-0002-3143-7999
Ru-Yu Xia: 0000-0001-9828-5195
Michael Moore: 0000-0002-5127-4509
Beth Stuart: 0000-0001-5432-7437

Ling-Zi Wen: 0000-0002-3246-8084

Click here to view linked References %


mailto:M.L.Willcox@soton.ac.uk
mailto:feiyt@bucm.edu.cn
https://www.editorialmanager.com/imres/viewRCResults.aspx?pdf=1&docID=4527&rev=1&fileID=61291&msid=1ba2281d-fc88-42b0-8b05-7fd22d1fb93a
https://www.editorialmanager.com/imres/viewRCResults.aspx?pdf=1&docID=4527&rev=1&fileID=61291&msid=1ba2281d-fc88-42b0-8b05-7fd22d1fb93a

©CO~NOOOTA~AWNPE

Bertrand Graz: 0000-0003-2839-725X
Lily Lai: 0000-0001-6611-7234
Jian-Ping Liu: 0000-0002-0320-061X
Yu-Tong Fei: 0000-0003-3051-0581

Merlin Willcox: 0000-0002-5227-3444



WO NOUWNE

R
H

NNNONNNNRER R RER R R R
o [ 0 ~N O U1 MehO

NN
~-

OO0 UTNONNOOITOITARADDPADIDMDIMBREADIMDIADINDNOWWWWWWWWWNN
ORARWNRPFPOOONOOUOAWNRPFPOOONO O = O GORAWNRFROOO®

Abstract

Background: This study aimed to identify use of various treatments and their association with the use
of antibiotics and patient reported clinical recovery in Chinese adults with acute cough.

Methods: An online survey recruiting people who had recently experienced cough was conducted.
Their sociodemographic, clinical characteristics, treatments received and their perceived changes in
symptoms were collected. Factors influencing avoidance of antibiotics and improvement in symptoms
were explored.

Results: A total of 22,787 adults with recent acute cough completed the questionnaire, covering all 34
province-level administrative units in China. Most respondents were male (68.0%), young (89.4%,
aged 18-45), educated at-to university/degree or postgraduate level (44.6%), with a median cough
severity of 6/10 on a numerical rating scale. Nearly half of the participants (46.4%) reported using

antibiotics, among which 93.1% were for presumed upper respiratory tract infections (URTIS).

Pharmacies (48.8%) were the most common source of antibiotics. Fewer patients took antibiotics after
taking CHM (14.9%), compared to those who started with home remedies (18.0%), or allopathic non-
antibiotic medication (25.0%). Antibiotics, allopathic non-antibiotic medications, CHM and home
remedies were all perceived beneficial in relieving cough.

Conclusions: Chinese adult responders report use of a considerable variety of treatments alone or in

combination for acute cough. Patient--reported clinical recovery was similar regardless of treatment.

There is likely a high proportion of inappropriate use of everuse-ef-antibiotics for treatment of simple
acute cough. As the majority of respondents did not use antibiotics as a first-line, and use of CHM was
associated with relief of cough symptoms and reduction in the use of antibiotics, this presents an
important opportunity for —prudent antibiotic stewardship in China.

Keywords: Antibiotics; acute cough; respiratory tract infection; Chinese herbal medicine; survey
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1. Introduction
Acute rRespiratory tract infections (ARTIs) are ere—efamong the most common acute complaints
worldwide. They are predominantly of viral aetiology * and antibiotics are of limited benefit in the
majority of uncomplicated infections 2 3. Nevertheless antibiotics are widely used * 5 and this is
associated with higher rates of resistance, especially with longer duration and multiple courses of
antibiotics 6. Anti-microbial resistance is a complex and evolving global public health threat with
potential serious consequences such as increased time spent in hospital, mortality, and economic

constraints 7,

There has been a rapid increase in antibiotic consumption over the past decades. Globally, there was a
90.9% increase in per-capita consumption of Watch antibiotics (applied only to a limited group of

well-defined syndromes) from 3-3 to 6-3 defined daily doses (DDDs) per 1000 inhabitants per day

[DIDs] and an increase of 26.2% from 8-4 to 10-6 DIDs in Access antibiotics (first or second line

treatments for common infections) between 2000 and 2015 °. Three countries, namely India (6.3

billion DDDs), China (3.8 billion DDDs), and the USA (2.9 billion DDDs) are—withconsume the
highest volume of antibiotics eensumption-1°. Since the 2009 health system reform, China has paid
considerable attention to improving the use of antibiotics through strengthening national antimicrobial
stewardship **. Following this, in 2011, a national campaign for the rational use of antibiotics was
launched by the Ministry of Health 2, which enacted the implementation of the most stringent decree
in 2012 including comprehensive regulations on selection, procurement, prescription, and use of
antibiotics 1+ 13 14, Data released by the National Health Commission of the People's Republic of China
suggested a decrease in the proportion of inpatients receiving antibiotics from 59.4% in 2011 to 36.4%
in 2018; and in outpatients from 17.2% in 2011 to 8.9% in 2018_°. This decrease was repeatly
repeatedly reported at tertiary hospitals ¢ 17, for both inpatients and outpatients, but less progress was
observed at primary care facilities and county hospitals %. Data from Shan Dong province suggested a
total of all healthcare setting antibiotic consumption increased from 16.07 DID in 2012, peaked at

17.44 DID in 2015, and decreased to 11.35 DID in 2017 with a 34.99% reduction 8.
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Strategies to limit unnecessary antibiotic use may include better infection prevention (e.g. hand
washing interventions) *°, better targeting (development of clinical scores and near patient tests) {AZO},
and the use of the-delayed or ‘just in case prescription’ 2. Using a ‘just in case’ prescription appears to
reduce infective complications and to reduce rates of re-consultation 2. Symptomatic relief is
commonly advised for self-limiting cough, focusing on reducing the effects of the infection, for
example with throat lozenges, decongestants, anti-pyretics (paracetamol / ibuprofen), and health
advice such as taking plenty of fluids and bed rest. In China, traditional herbal medicines have been

used for thousands of years, both to prevent and to treat RTIs.

This study adopted the design from a series of successful surveys 22-%, aiming to identify the patterns

of use of 3

different treatmentsreredies for acute cough in the adult Chinese population; and to-explere—factors

that-may-rflueneetheir association with clinical outcomes-n-different-treatment-options.

2. Methods

Findings of this survey are reported following the checklist for reporting results of internet E-surveys
(CHERRIES) checklist?’.

2.1 Study participants

We included adult patients (>18 years old) who (1) were experiencing or had experienced acute cough
(<28 days) in the last 3 months, irrespective of having chronic underlying lung diseases such as COPD
or asthma or not; (2) were able to read and understand Chinese, and to participate through an online
survey; (3) were willing to disclose information on all treatments they took for the last episode of
cough and their clinical outcomes. Implied consent was obtained. There was no restriction on gender

for this study. Participants could also answer the questionnaire on behalf of a family member.

2.2. Questionnaire

Formatted: Do not check spelling or grammar,
| Superscript
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The survey was piloted with five Chinese--speaking lay persons, and amended according to their
feedback, before opening the survey to the public. All survey materials were translated and back

translated by two team members [RY X and XYH] %.

The online cough survey takes 5-10 minutes to complete. It contains three parts-of-guestionssections:;

socio-demographic _and lifestyle characteristics (15 questions), cough symptoms and other health

conditions (10 questions), and treatments to alleviate cough. ane-pParticipants’ subsequent clinical

outcomes were collected and analysed to explore potential correlations between—themwith the

treatments taken.

For participants’ convenience, a list of the most commonly used antibiotics, allopathic non-antibiotic
medications (e.g. NSAIDs), patent Chinese Herbal Medicines (PCHMs), and the most frequent home
remedies (including special foods, e.g. pear soup) were provided as drop-down lists. One case of

cough was collected from each survey response. The full questionnaire is available in S1 File.

2.3 Method of recruitment

In order to approach a large representative sample, pPotential participants were recruited through the

largest Chinese social media platform WeChat. —with—=2A QR code or a link to the online survey

developed using Wen Juan Xing survey (https://www.wjx.cn) werewas circulated with an invite to

participate —Fhe-inviteswere—cireulated-through a snowballing approach starting with researchers’
WeChat contacts and WeChat moments, discussion groups e.g. university student groups, medical

associations groups, and general groups. \We endeavoured to approach the general population from

different regions in China and have-eireuitedcirculated the invites to specific general groups. The
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participant information sheet appeared at the top as part of the survey and implied—consent-was

obtainedconsent was implied through survey participation.

2.4 Data collection and management

All survey data were collected and managed by researchers familiar with the use of online
questionnaires, on taking consent, confidentiality and data management. No identifiable data were
collected therefore participants could not be singled-eutidentified from the information collected. Each
record was linked with a unique 1D number. Data were stored on a password-protected laptop in a

secure location, with data backups being made on a regular basis.

2.5 Data analysis

Participants’ basic characteristics, cough and other health conditions, and the treatment used for their
cough were analysed descriptively. For descriptive analyses, we grouped respondents into those with
possible LRTIs, which were defined as: presence of at least one of “shortness of breath or> -OR
“yellow sputum_or” -OR—green sputum”-SR— or wheezing, > BUT-EXCLUDINGDbut excluding
“sore throat and” ~-AND-“coryza”. Patients whose symptoms did not fit these criteria were presumed
to have had URTIs. Avoidance of antibiotics was assessed as the number and proportion of
participants_not taking subsequent antibiotics after various treatments. Relief of symptoms was
measured-self-reported onby a 0-5 Likert scale. There is no precise measure for appropriate use of
antibiotics following self-report of acute cough. However, European estimates for appropriate use
following consultation with a physician are substantially lower than those reported here. European
standards suggest 0-30% for acute bronchitis 2°, whereas more recent guidelines and expert elicitation
put the figure at 10%, interquartile range (IQR) (6%-16%) in patients with acute cough without

comorbidities %°.

A Chi-square test of independence was performed to examine how 5 factors, namely age, smoking,
presumed upper or lower RTIs, severity of cough and comorbidities, might influence outcomes on

subsequent antibiotic usage and relief in cough. A significance level of 0.05 with 95% CI level was
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utilised. Percentages were presented throughout the analysis with one decimal place. Any means,
medians and ranges/interquartile ranges were given to one decimal place. For standard deviations, two

decimal places were presented.

The data analysis for this study was generated using Microsoft Excel (2016) and IBM SPSS Statistics

for Windows, Version 23.0. Armonk, NY: IBM Corp.
2.6 Sample size calculation

Considering #t-is-tikely-that 70% of people whe-are-surveyed would have been likely to have used

antibiotics 4, then-to-estimatethig-with a 95% Cl around a 2% margin of error, we weuld-estimated

thatreed 2,017 participants_would be required for this survey. However, we planned to continue

recruitment until February 2019 as larger numbers would be needed for the secondary outcome

measures.

2.7 Ethical considerations

Ethical approval was sought from the University of Southampton ethics committee (ERGO 31602)
and the Beijing University of Chinese Medicine ethics committee (2018BZHYLLO0101). Participants’
implied consent was obtained through the online survey. Personal information from this study was
confidential. We guaranteed the anonymity of each participant, with any personally identifiable
information in questionnaires being removed. All data were handled in China and only aggregated
data were sent to the UK. All completed surveys were collected through online social media and
online surveys, with data stored in a password protected laptop. A total value of £2000 (approximately

16060 RMB) were circulated as incentives with a random amount of money (around 1 to 2 RMB)

allocated to —fer-participants> upon completion of the questionnaires. time-taken-

3. Results

3.1 Response rate
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The online survey was circulated to researchers' WeChat contacts for cascading, which generated
81,169 visits between 25th January 2019 and 11th February 2019 (Fig 1). Of those who opened the
survey, 26,994 gave consent and completed the online questionnaire, among which 1411 provided

invalid data and were removed.

Among the 26,740/81,169 (33.0%) valid responses, 22,787 were adult participants (or their family
members) with acute cough and are included in this analysis. The majority (78.5%) of the responses
were collected from patients themselves. Over half (52.1%) had experienced their most recent episode
of cough within 2 weeks and 31.3% between 2 and 4 weeks when they were completing this online

survey.

The responses collected were across all 34 province-level regions in China, mostly from North and
East China, with Hebei province at the top (16.6%), followed by Shanxi (16.0%), Beijing (15.4%), and

Tianjin (9.2%)-(Fig-2}. There were 29 (0.1%) responses from overseas.

3.2 Sociodemographic, lifestyle and health condition characteristics

There were 2.1 times more male respondents than females. Most (89.4%) were young participants
between 18-45 years old and had a uYniversity/degree or above (44.6%). Near-Almost half (49.6%)

were employed full-time, and 40.0% were smokers (Table 1). The vast majority (92.0%) reported

symptoms consistent with an-upperrespiratory-tractinfection{(JRTH-a URTI.

Table 1. Characteristics of respondents



1
2
3
4
5
6
:

Presumed

- Overall - Presumed . (
Characteristic (n=22787) (r:ig-tl)-é% 5 LRTIs*(n=1822)  Formatted Table
Sex: n (%)

Male 15502 (68.0%) 14217(67.8%) 1285 (70.5%)

Female 7285 (32.0%) 6748 (32.2%) 537 (29.5%) )
Age (years): Median (IQR, range) 28 (13 ) 28(13 ) 28(17 ) Formatted: Not Highlight
Educational level: n (%) :

Preschool 591(2.6%) 550 (2.6%) 41 (2.3%)

Primary school 1028 (4.5%) 926 (4.4%) 102 (5.6%)

_ Secondary school 3880 (17.0%) 3527 (16.8%) 353 (19.4%)
_ College/ Diploma# 6754 (29.6%) 6227 (29.7%) 527 (28.9%)
University/ Degree 8029 (35.2%) 7445 (35.5%) 584 (32.1%)
_ Postgraduate 2149 (9.4%) 1974 (9.4%) 175 (9.6%)
_ Other 356 (1.6%) 316 (1.5%) 40 (2.2%)
Occupational status: n (%)
 Employed full time 11292 (49.6%) 10544 (50.3%) 748 (41.1%)
_ Employed part time 3467 (15.2%) 3196 (15.2%) 271 (14.9%)
_ Retired 1317 (5.8%) 1166 (5.1%) 151 (8.3%)

Unemployed 740 (3.2%) 649 (3.1%) 91 (5.0%)

~ Casual worker 1050 (4.6%) 922 (4.4%) 128 (7.0%)
_ Not working due to ill health 436 (1.9%) 377 (1.8%) 59 (3.2%)
Homemaker 917 (4.0%) 843 (4.0%) 74 (4.1%)
~ Student 3275 (14.4%) 3012 (14.4%) 263 (14.4%)
_ Others 194293 256 3723 (2.11-3%)
(1.36:5%) (6-81.2%)

Smoker: n (%) 9118 (40.0%) 8300 (39.6%) 818 (44.9%)
Comorbidities: n (%)

_ No underlying condition 14545 (63.8%) 13471 (64.3%) 1074 (58.9%)
_Asthma or other chest diseases 6032 (26.5%) 5545 (26.4%) 487 (26.7%)
__All other underlying conditions 2210 (9.7%) 1949 (9.3%) 261 (14.3%)
Severity of cough: Median (IQR) 6 (3) 6 (3) 6 (3)

IQR: interquartile range, SD: standard deviation

URTIs: upper respiratory tract infections

LRTIs: lower respiratory tract infections

* Possible LRTIs were defined as presence of at least one of “shortness of breath” or ©R—yellow/ -
sputrr -OR-“green sputum or” -©R—“wheezing, but excluding > BUFEXCEUDING“sore throat and
ZAND-“coryza”. Patients whose symptoms did not fit these criteria were presumed to have had
URTIs.

# Refers to junior college education/ professional training [ #%}], including technical secondary school

[H+%] and junior college [k %1].

The cough had resolved in 34.9% of respondents when they were completing the survey. The median

severity of cough was 6 (IQR 3) on a 0-10 numerical rating scale (NRS) (Table 1). Most participants

(65.7%) had a productive cough; the sputum colour reported most was yellow (40.3%), white (33.8%),

and clear (19.3%). One fifth of participants reported only a cough (21.6%), whereas others
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experienced a range of symptoms, including sore/itchy throat (48.6%), runny nose (39.8%), headache

(19.3%), and facial pain (13.4%) (Fig 23).

More than half (63.8%) of the participants had no underlying medical condition. Among the rest,
asthma (14.9%), other chest conditions (14.9%), and heart disease (11.1%) were most frequently

reported.

3.3 Use-of Ttreatments for acute cough

Although 46.4% of adult participants with acute cough used antibiotics, only 12.7% (2886/22787)
took antibiotics alone or together with another treatment as their first treatment. -39.2% used

individualised or patent CHM, 28.3% and 21.2% used allopathic non-antibiotic medications and home

remedies respectively; these figures include both treatments used on their own, and those used as part
of a combination (Table 2). Only 7.2% of the respondents did not use any treatment. The most
common combinations were antibiotics with allopathic non-antibiotic medications (7.6%), antibiotics
combined with CHM (5.7%), and antibiotics combined with home remedies (4.2%) (S1 Table). Of
those 19901 (87.3%) who did not initially take antibiotics, 8314 (41.8%) took CHM, 5586 (28.1%)

took allopathic non-antibiotic Western medicines and 4280 (21.5%) used home remedies (Table 3).

Table 2. Various treatments used for acute cough: interventions used alone or in combination.

Presumed URTIs* Presumed LRTIs*

Treatment Overall (n=22,787) (n=20,965) (n=1,822)
Antibiotics 10562 (46.4%) 9828 (46.9%) 734 (40.3 %)
CHM 8942 (39.2%) 8311 (39.6%) 631 (34.6%)
Allopathic — non-antibiotic  ¢/41 (5g 394 5942 (28.3%) 499 (27.4%)
medications

Home remedies 4825 (21.2%) 4440 (21.2%) 385 (21.1%)

Others 280 (1.2%) 243 (1.2%) 37 (2.0%)

No treatment 1641 (7.2%) 1492 (7.1 %) 149 (8.2%)

* Possible LRTIs were defined as presence of at least one of “shortness of breath” OR “yellow
sputum” OR “green sputum” OR “wheezing” BUT EXCLUDING “sore throat” AND “coryza”.
Patients whose symptoms did not fit these criteria were presumed to have had URTIs.

CHM: Chinese herbal medicine

URTIs: upper respiratory tract infections

LRTIs: lower respiratory tract infections

3.3.14 Patterns of the-use of antibiotics

-11 -
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Nearly half of the participants (46.4%) had used antibiotics, among which 93.1% (9828/10562) were
for presumed URTIs (Table 2). The proportions reporting antibiotic use were similar for presumed
LRTIs (40.3%) to those with presumed URTIs (46.9%). The most commonly used antibiotics were
Amoxicillin (32.5%), followed by Ceftizoxime (13.0%), Ampicillin (10.8%), Cefoxitin (7.6%), and
Cefuroxime (7.6%) (Fig 34). Under half (44.8%) of the antibiotic users used the full course of
antibiotics, others used more than half of the course (19.3%), less than half of the course (13.3%) or it

was unclear (22.5%) whether they took the full course of antibiotics.

Of the participants who received antibiotics, almost half received them from a pharmacy (48.8%), and
a third from a public community health centre (33.1%). In our sample, more antibiotic prescriptions
came from TCM hospitals (28.0%) than from Western (22.1%) or integrative medicine hospitals
(17.6%). Respondents used antibiotics on the basis of various sources of advice (and sometimes more
than one), including health professionals such as doctors (52.4%), drug store staff (46.1%), family and
friends (29.6%) or their own experience (19.4%).

3.3.25 Patterns of the use of allopathic non-antibiotic medications

Of the 6441/22787 (28.3%) participants who used allopathic non-antibiotic medications to help with
their acute cough, non-steroidal anti-inflammatory drugs (NSAIDs, 2023, 31.4%) such as ibuprofen,
naproxen, and diclofenac were the most commonly used, followed by paracetamol (1312, 20.4%),
cough medicine (834, 12.9%) such as codeine, noscapine, pentoxyverine, and expectorants (232,
3.6%) such as methoxyphenamine, ambroxol and bromhexine hydrochloride.

3.3.3 Patterns of-the use of Chinese herbal medicine (CHM)

Nearly half 8942/22787 (39.2%) of participants used CHM to help with their acute cough, including
individualised CHM (372, 4.2%) and patent CHM (8786, 98.3%). The top 8 patent CHM products
were each taken by more than 500 respondents. Chuan Bei Pi Pa Gao (CBPPG) was the most
frequently used (5019, 56.1% of all participants), followed by Gan Mao Ling granule (3316, {37.1%),
Ke Chuan Shun pill (1764, £19.7%), and Fu Fang Gane Cao (tablet/liquid) (1643, {18.4%).

3.3.4 Patterns of the-use of home remedies

-12 -
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About one-fifth of participants used home remedies (n=4825, 21.2% of total) including boiled pear
soup (2720, 56.4%), hot water (2661, 55.2%), lemon/orange juice (1729, 35.8%), pig lung soup (964,

20.0%), bitter melon soup (719, 14.9%) and others (110, 2.3%).

3.46 Treatment association with clinical recovery

3.46.1 Avoidance of antibiotics

Subsequent use of antibiotics was lower in those who initially took CHM, compared to those who
started with home remedies or allopathic non-antibiotic medications (p<0.05). Other initial treatments
included cupping, exercise, physically cooling down, heat therapy, hot bath, nasal wash with saline,
ginger water fiea (257, 1.3%).

Table 3. Subsequent use of antibiotics after each type of treatment.

Overall* (n=767

Initial Treatment Presumed URTIs* (n=7150) Presumed LRTIs* (n=526)

6)
Allopathic non-antibio 1394/5586
tic medication (25.0%) 1315/5127 (25.6%) 79/459 (17.2%)
Home remedies 769/4280(18.0%) 721/3925 (18.4%) 48/355 (13.5%)
Chinese herbal medici 1236/8314 1172/7710 (15.2%) 64/604 (10.6%)
ne (14.9%)
Other 19/257 (7.4%) 16/226 (7.1%) 3/31 (9.7%)

* Excluded those who started with antibiotics and those who had other treatment and antibiotics as the
first treatment
URTIs: upper respiratory tract infections

LRTIs: lower respiratory tract infections <

#Possible LRTIs were defined as presence of at least one of “shortness of breath” OR “yellow
sputum” OR “green sputum” OR “wheezing” BUT EXCLUDING “sore throat” AND “coryza”.
Patients whose symptoms did not fit these criteria were presumed to have had URTIs.

A Chi-square test of independence was performed to examine the relation between various factors and
subsequent use of antibiotics (S2 Table). Participants who smokedrs (y2 = 16.950, P < 0.01), were
aged>65 (y2 =12.317, P= 0.002), with severe cough (y2 = 113.535, P < 0.01), with presumed URTIs
(x2 = 9.385, P = 0.002), and underlying lung conditions (32 = 145.196, P < 0.01) were the most likely
to take antibiotics after taking CHM at 16.8%, 15.6%, 20.5%, 15.2%, and 23.8% respectively. Those
aged 18-45 (x2 =15.216, P<0.01), with severe cough (32 = 25.763, P<0.01), URTIs (2 = 16.014,

P<0.01), and underlying lung conditions (y2 = 24.309, P<0.01) were the most likely to take antibiotics
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after taking allopathic non-antibiotic medications; while only those with severe cough (y2 = 38.126,

P<0.01), URTIs (32 = 5.192, P=0.023), and underlying lung conditions (x2 = 17.945, P<0.01) were the

most likely to take antibiotics after taking home remedies.

3.46.2 Relief of cough

Antibiotics, allopathic non-antibiotic medications, CHM and home remedies were considered helpful

in relieving cough symptoms, with the same median of 4, with a IQR at 1 or 2 on a 1-5 Likert self-

rating scale (5 represents very helpful) (Table 4).

Table 4. Cough relief after each type of treatment as measured by 1-5 Likert scale.

Treatment Median IQR (range)
Antibiotics 4 2 (1to5)
Allopathic non-antibiotic medications 4 2 (1to5)
Patent Chinese herbal medicines (PCHM)
Chuan Bei Pi Pa paste 4 1(1to5)
Gan Mao Ling granule 4 2 (1to5)
Ke Chuan Shun pill 4 1(1to5)
Fu Fang Gan Cao (table/liquid) 4 1(1to5)
Individualised Chinese herbal formula 4 1(1to5)
Home remedies 4 2 (1to5)

IQR: interquartile range

Relief of cough, as assessed by Likert scale, did not differ largely between participants with varying

ages, smokers or non-smokers, with presumed upper or lower RTIs, with varying severity of cough,

with or without any comorbidities (S3 Table).

4. Discussion

Summary of findings and comparison with the literature

This online survey explored treatment-seeking behaviour for acute cough in Chinese adults.
Although a series of antimicrobial stewardship guidelines and policies have been released in China
since 2009 1, we found that there is likely high proportion of inappropriate use of antibiotics for the

treatment of simple acute coughinappropriate—tse—ofantibiotics—is—still-widespread, even in well-

educated young adults. Antibiotics were taken by nearly half of our respondents with acute cough, of
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whom over 90% possibly had URTIs. These findings are fargehy-in-tneconsistent with previous stuey

research on overuse of antibiotics by university students in China“.

Both doctors and staff in pharmacies played an important role in recommending the use of antibiotics.
A considerable number of patients obtained antibiotics from easily accessible pharmacies which are
often less strictly regulated. Despite being illegal, it is easy to obtain antibiotics without a prescription
in retail pharmacies or from online sources in China 3. Pharmaceutical companies tend to offer
incentives for the prescribing of more expensive broad-spectrum antibiotics 2. These may be major

contributors to antimicrobial resistance.

In our sample, participants reported similar levels of improvement regardless of which treatment they

took, although most were-havingpresented with symptoms consistent with uncomplicated URTIs, the

vast majority of which were most probably viral and self-limiting 23. People used various alternatives
to antibiotics to help with their acute cough. CHM was the most popular initial treatment other than
antibiotics, and its initial use was associated with lower subsequent usage of antibiotics, compared to
respondents who initially started with home remedies or allopathic non-antibiotic medicines. PCHMs
are commonly used for uncomplicated ARTIs and most of them are readily available for patients to
buy themselves over the counter, online, or in pharmacies without a prescription. In 2015, over 60% of
the 1231.8 billion RMB market share in China for respiratory conditions was spent on PCHM %, The
majority of allopathic non-antibiotic medications taken were NSAIDs. While patients with chest
infections perceived benefits in symptom relief, evidence suggests they may be associated with worse

prognosis 3.

Strengths and limitations

Our approach enabled us to recruit a large sample within a comparably short period. We managed to
collect responses from adults with acute cough across all regions of China, which increased our ability
to understand the extent of antibiotic overuse ane-misuse-and the alternatives to help alleviate cough
and reduce the use of antibiotics. Although there is clearly an overlap, for the purposes of analysis we

divided the respiratory syndromes into those consistent with LRTIs and URTIs.
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Our sample may not be representative of the wider Chinese population. Participants—were—recruited

There was potentially sampling bias as some participants recruited through researchers’ networks with

a Chinese medicine background may be systematically more likely to be selected. This may result in

favoured-opinienbias towards the use of CHM. Those electing to use CHM first line may also have

been less likely to use antibiotics regardless of impact on symptoms. Among our sample, 40% were

smokers and 27% reported having asthma or other chest diseases. These may not be a true reflection of
the population as respondents were more likely to be young and actively using the internet. However,
they were encouraged to cascade the survey, in order to include as many people from as many
backgrounds as possible. A disadvantage of this method is that it is impossible to know how many
people received the invitation, so the presumed response rate was calculated using the number of

people who clicked on the survey link.

Although self-reported data may not accurately reflect participants' disease characteristics, lifestyle
characteristics or actual treatment behaviours, 83.9% of our respondents were answering questions
about cough within a month, therefore, the recall bias should be low. We did not capture the exact
order of treatments received, but recorded key information on which treatments participants took
before the antibiotics. The outcomes assessed were symptom relief and subsequent use of antibiotics.
No data on hospital admission or adverse events were collected. In such self-reported data, we are
unable to address residual confounding and hence more advanced statistical analysis (e.g. regression)
would be hard to interpret and the associations described should be treated with caution. A cross

sectional survey can only report on associations and causality cannot be implied.

Priorities for research and clinical implications

The findings are important to inform public health interventions on appropriate treatment-seeking.
There is a need to regulate pharmacy practices of prescribing and selling antibiotics. In-depth

qualitative research could help to understand the reasons for the-inappropriate antibiotic use, especially
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in young patients with URTIs who elearly-typically do not need them. Complementary and alternative

medicine (CAM) treatments appeared to be acceptable to people from many different settings as a
possible alternative to antibiotics, consistent with research in other countries. 5 Future research could
explore expectations of patients with cough in China, the acceptability and experiences of taking
CHM, and the reasons behind decision making. These could then inform the development of future
antibiotic stewardship interventions, potentially encouraging the use of CHM as an alternative to

antibiotics.

Future research is needed to improve the evidence base on which specific herbal medicines should be
recommended as alternatives to antibiotics. Further analyses are needed to identify the most promising
PTCMs. Severity of cough, upper or lower RTIs, and underlying lung conditions may be considered as
potential factors influencing how well allopathic non-antibiotic medications, CHM, or home remedies

may help in reducing the use of antibiotics.
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There is likely a high proportion of inappropriate use of antibiotics, for the treatment of simple acute
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treatment. CHM was the most widely used alternative and has a potential role in relieving cough
symptoms and reducing the use of antibiotics. Future research is needed to evaluate the effectiveness

of individualised and commonly used CHM for acute cough.
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Figure legends
Fig. 1. Recruitment flow diagram.

Fig. 2. Other symptoms experienced relating to this episode of cough.Geegraphic—distribution—of
coemepdons e Chines

Fig. 3. Antibiotics used by adults with acute cough.Other—symptoms—experienced—relating—to-—this
episode of cough.
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Abstract

Background: This study aimed to identify use of various treatments and their association with the use
of antibiotics and patient reported clinical recovery in Chinese adults with acute cough.

Methods: An online survey recruiting people who had recently experienced cough was conducted.
Their sociodemographic, clinical characteristics, treatments received and their perceived changes in
symptoms were collected. Factors influencing avoidance of antibiotics and improvement in symptoms
were explored.

Results: A total of 22,787 adults with recent acute cough completed the questionnaire, covering all 34
province-level administrative units in China. Most respondents were male (68.0%), young (89.4%,
aged 18-45), educated to university/degree or postgraduate level (44.6%), with a median cough
severity of 6/10 on a numerical rating scale. Nearly half of the participants (46.4%) reported using
antibiotics, among which 93.1% were for presumed upper respiratory tract infections (URTISs).
Pharmacies (48.8%) were the most common source of antibiotics. Fewer patients took antibiotics after
taking CHM (14.9%), compared to those who started with home remedies (18.0%), or allopathic non-
antibiotic medication (25.0%). Antibiotics, allopathic non-antibiotic medications, CHM and home
remedies were all perceived beneficial in relieving cough.

Conclusions: Chinese adult responders report use of a considerable variety of treatments alone or in
combination for acute cough. Patient-reported clinical recovery was similar regardless of treatment.
There is likely a high proportion of inappropriate use of antibiotics for treatment of simple acute cough.
As the majority of respondents did not use antibiotics as a first-line, and use of CHM was associated
with relief of cough symptoms and reduction in the use of antibiotics, this presents an important
opportunity for prudent antibiotic stewardship in China.

Keywords: Antibiotics; acute cough; respiratory tract infection; Chinese herbal medicine; survey
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1. Introduction
Acute respiratory tract infections (ARTIs) are among the most common acute complaints worldwide.
They are predominantly of viral aetiology * and antibiotics are of limited benefit in the majority of
uncomplicated infections 2 3. Nevertheless antibiotics are widely used #° and this is associated with
higher rates of resistance, especially with longer duration and multiple courses of antibiotics ©. Anti-
microbial resistance is a complex and evolving global public health threat with potential serious

consequences such as increased time spent in hospital, mortality, and economic constraints ”°.

There has been a rapid increase in antibiotic consumption over the past decades. Globally, there was a
90.9% increase in per-capita consumption of Watch antibiotics (applied only to a limited group of
well-defined syndromes) from 3-3 to 6-3 defined daily doses (DDDs) per 1000 inhabitants per day
[DIDs] and an increase of 26.2% from 8-4 to 10-6 DIDs in Access antibiotics (first or second line
treatments for common infections) between 2000 and 2015 °. Three countries, namely India (6.3
billion DDDs), China (3.8 billion DDDs), and the USA (2.9 billion DDDs) consume the highest
volume of antibiotics 1°. Since the 2009 health system reform, China has paid considerable attention to
improving the use of antibiotics through strengthening national antimicrobial stewardship 1.
Following this, in 2011, a national campaign for the rational use of antibiotics was launched by the
Ministry of Health 2, which enacted the implementation of the most stringent decree in 2012
including comprehensive regulations on selection, procurement, prescription, and use of antibiotics *
13,14 Data released by the National Health Commission of the People's Republic of China suggested a
decrease in the proportion of inpatients receiving antibiotics from 59.4% in 2011 to 36.4% in 2018;
and in outpatients from 17.2% in 2011 to 8.9% in 2018 5. This decrease was repeatedly reported at
tertiary hospitals ', for both inpatients and outpatients, but less progress was observed at primary
care facilities and county hospitals . Data from Shan Dong province suggested a total of all
healthcare setting antibiotic consumption increased from 16.07 DID in 2012, peaked at 17.44 DID in

2015, and decreased to 11.35 DID in 2017 with a 34.9% reduction 18,

Strategies to limit unnecessary antibiotic use may include better infection prevention (e.g. hand

washing interventions) °, better targeting (development of clinical scores and near patient tests) %, and
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the use of delayed or ‘just in case prescription’ 2. Using a ‘just in case’ prescription appears to reduce
infective complications and to reduce rates of re-consultation 2. Symptomatic relief is commonly
advised for self-limiting cough, focusing on reducing the effects of the infection, for example with
throat lozenges, decongestants, anti-pyretics (paracetamol / ibuprofen), and health advice such as
taking plenty of fluids and bed rest. In China, traditional herbal medicines have been used for

thousands of years, both to prevent and to treat RTIs.

This study adopted the design from a series of successful surveys 2226 aiming to identify the patterns
of use of different treatments for acute cough in the adult Chinese population and their association

with clinical outcomes.

2. Methods

Findings of this survey are reported following the checklist for reporting results of internet E-surveys
(CHERRIES) checklist ",

2.1 Study participants

We included adult patients (>18 years old) who (1) were experiencing or had experienced acute cough
(<28 days) in the last 3 months, irrespective of having chronic underlying lung diseases such as COPD
or asthma or not; (2) were able to read and understand Chinese, and to participate through an online
survey; (3) were willing to disclose information on all treatments they took for the last episode of
cough and their clinical outcomes. Implied consent was obtained. There was no restriction on gender

for this study. Participants could also answer the questionnaire on behalf of a family member.

2.2. Questionnaire

The survey was piloted with five Chinese-speaking lay persons, and amended according to their
feedback, before opening the survey to the public. All survey materials were translated and back

translated by two team members [RYX and XYH] .

The online cough survey takes 5-10 minutes to complete. It contains three sections: socio-

demographic and lifestyle characteristics (15 questions), cough symptoms and other health conditions
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(10 questions), and treatments to alleviate cough. Participants’ subsequent clinical outcomes were

collected and analysed to explore potential correlations with the treatments taken.

For participants’ convenience, a list of the most commonly used antibiotics, allopathic non-antibiotic
medications (e.g. NSAIDs), patent Chinese Herbal Medicines (PCHMs), and the most frequent home
remedies (including special foods, e.g. pear soup) were provided as drop-down lists. One case of

cough was collected from each survey response. The full questionnaire is available in S1 File.

2.3 Method of recruitment

In order to approach a large representative sample, potential participants were recruited through the
largest Chinese social media platform WeChat. A QR code or a link to the online survey developed
using Wen Juan Xing survey (https://www.wjx.cn) was circulated with an invite to participate through
a snowballing approach starting with researchers’ WeChat contacts and WeChat moments, discussion
groups e.g. university student groups, medical associations groups, and general groups. We
endeavoured to approach the general population from different regions in China and circulated the

invites to specific general groups. The participant information sheet appeared at the top as part of the

survey and consent was implied through survey participation.

2.4 Data collection and management

All survey data were collected and managed by researchers familiar with the use of online
guestionnaires, on taking consent, confidentiality and data management. No identifiable data were
collected therefore participants could not be identified from the information collected. Each record
was linked with a unique ID number. Data were stored on a password-protected laptop in a secure

location, with data backups being made on a regular basis.

2.5 Data analysis

Participants’ basic characteristics, cough and other health conditions, and the treatment used for their
cough were analysed descriptively. For descriptive analyses, we grouped respondents into those with

possible LRTIs, which were defined as: presence of at least one of shortness of breath or yellow


https://wj.qq.com/)
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sputum or green sputum or wheezing, but excluding sore throat and coryza. Patients whose symptoms
did not fit these criteria were presumed to have had URTIs. Avoidance of antibiotics was assessed as
the number and proportion of participants not taking subsequent antibiotics after various treatments.
Relief of symptoms was self-reported on a 0-5 Likert scale. There is no precise measure for
appropriate use of antibiotics following self-report of acute cough. However, European estimates for
appropriate use following consultation with a physician are substantially lower than those reported
here. European standards suggest 0-30% for acute bronchitis 2°, whereas more recent guidelines and
expert elicitation put the figure at 10%, interquartile range (IQR) (6%-16%) in patients with acute

cough without comorbidities *°.

A Chi-square test of independence was performed to examine how 5 factors, namely age, smoking,
presumed upper or lower RTIs, severity of cough and comorbidities, might influence outcomes on
subsequent antibiotic usage and relief in cough. A significance level of 0.05 with 95% CI level was
utilised. Percentages were presented throughout the analysis with one decimal place. Any means,
medians and ranges/interquartile ranges were given to one decimal place. For standard deviations, two

decimal places were presented.

The data analysis for this study was generated using Microsoft Excel (2016) and IBM SPSS Statistics

for Windows, Version 23.0. Armonk, NY: IBM Corp.

2.6 Sample size calculation

Considering that 70% of people surveyed would have been likely to have used antibiotics 4, with a
95% CI around a 2% margin of error, we estimated that 2,017 participants would be required for this
survey. However, we planned to continue recruitment until February 2019 as larger numbers would be

needed for the secondary outcome measures.

2.7 Ethical considerations

Ethical approval was sought from the University of Southampton ethics committee (ERGO 31602)

and the Beijing University of Chinese Medicine ethics committee (2018BZHYLLO0101). Participants’
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implied consent was obtained through the online survey. Personal information from this study was
confidential. We guaranteed the anonymity of each participant, with any personally identifiable
information in questionnaires being removed. All data were handled in China and only aggregated
data were sent to the UK. All completed surveys were collected through online social media and
online surveys, with data stored in a password protected laptop. A total value of £2000 (approximately
16060 RMB) were circulated as incentives with a random amount of money (around 1 to 2 RMB)

allocated to participants upon completion of the questionnaires.

3. Results

3.1 Response rate

The online survey was circulated to researchers' WeChat contacts for cascading, which generated
81,169 visits between 25th January 2019 and 11th February 2019 (Fig 1). Of those who opened the
survey, 26,994 gave consent and completed the online questionnaire, among which 1411 provided

invalid data and were removed.

Among the 26,740/81,169 (33.0%) valid responses, 22,787 were adult participants (or their family
members) with acute cough and are included in this analysis. The majority (78.5%) of the responses
were collected from patients themselves. Over half (52.1%) had experienced their most recent episode
of cough within 2 weeks and 31.3% between 2 and 4 weeks when they were completing this online

survey.

The responses collected were across all 34 province-level regions in China, mostly from North and
East China, with Hebei province at the top (16.6%), followed by Shanxi (16.0%), Beijing (15.4%), and

Tianjin (9.2%). There were 29 (0.1%) responses from overseas.

3.2 Sociodemographic, lifestyle and health condition characteristics

There were 2.1 times more male respondents than females. Most (89.4%) were young participants

between 18-45 years old and had a university/degree or above (44.6%). Almost half (49.6%) were
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employed full-time, and 40.0% were smokers (Table 1). The vast majority (92.0%) reported symptoms

consistent with a URTI.

Table 1. Characteristics of respondents

Characteristic Overall P{Jeéyrrgid Presumed
(n=22787) (n=20965) LRTIs*(n=1822)
Sex: n (%)
Male 15502 (68.0%) 14217(67.8%) 1285 (70.5%)
Female 7285 (32.0%) 6748 (32.2%) 537 (29.5%)
Age (years): Median (IQR, range) 28 (13,181t0 120) 28(13,18t0120) 28 (17,181t099)
Educational level: n (%)
Preschool 591(2.6%) 550 (2.6%) 41 (2.3%)
Primary school 1028 (4.5%) 926 (4.4%) 102 (5.6%)
Secondary school 3880 (17.0%) 3527 (16.8%) 353 (19.4%)
College/ Diploma# 6754 (29.6%) 6227 (29.7%) 527 (28.9%)
University/ Degree 8029 (35.2%) 7445 (35.5%) 584 (32.1%)
Postgraduate 2149 (9.4%) 1974 (9.4%) 175 (9.6%)
Other 356 (1.6%) 316 (1.5%) 40 (2.2%)
Occupational status: n (%)
Employed full time 11292 (49.6%) 10544 (50.3%) 748 (41.1%)
Employed part time 3467 (15.2%) 3196 (15.2%) 271 (14.9%)
Retired 1317 (5.8%) 1166 (5.1%) 151 (8.3%)
Unemployed 740 (3.2%) 649 (3.1%) 91 (5.0%)
Casual worker 1050 (4.6%) 922 (4.4%) 128 (7.0%)
Not working due to ill health 436 (1.9%) 377 (1.8%) 59 (3.2%)
Homemaker 917 (4.0%) 843 (4.0%) 74 (4.1%)
Student 3275 (14.4%) 3012 (14.4%) 263 (14.4%)
Others 293 (1.3%) 256 (1.2%) 37 (2.1%)
Smoker: n (%) 9118 (40.0%) 8300 (39.6%) 818 (44.9%)

Comorbidities: n (%)
No underlying condition
Asthma or other chest diseases
All other underlying conditions
Severity of cough: Median (IQR)

14545 (63.8%)
6032 (26.5%)
2210 (9.7%)
6 (3)

13471 (64.3%)
5545 (26.4%)
1949 (9.3%)
63

1074 (58.9%)

487 (26.7%)

261 (14.3%)
6 (3)

IQR: interquartile range, SD: standard deviation

URTIs: upper respiratory tract infections
LRTIs: lower respiratory tract infections

* Possible LRTIs were defined as presence of at least one of shortness of breath or yellow/ green

sputum or wheezing, but excluding sore throat and coryza. Patients whose symptoms did not fit these
criteria were presumed to have had URTIs.
# Refers to junior college education/ professional training [ % #}], including technical secondary school

[*F%] and junior college [[K%].
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The cough had resolved in 34.9% of respondents when they were completing the survey. The median
severity of cough was 6 (IQR 3) on a 0-10 numerical rating scale (NRS) (Table 1). Most participants
(65.7%) had a productive cough; the sputum colour reported most was yellow (40.3%), white (33.8%),
and clear (19.3%). One fifth of participants reported only a cough (21.6%), whereas others
experienced a range of symptoms, including sore/itchy throat (48.6%), runny nose (39.8%), headache

(19.3%), and facial pain (13.4%) (Fig 2).

More than half (63.8%) of the participants had no underlying medical condition. Among the rest,
asthma (14.9%), other chest conditions (14.9%), and heart disease (11.1%) were most frequently

reported.

3.3 Treatments for acute cough

Although 46.4% of adult participants with acute cough used antibiotics, only 12.7% (2886/22787)
took antibiotics alone or together with another treatment as their first treatment. 39.2% used
individualised or patent CHM, 28.3% and 21.2% used allopathic non-antibiotic medications and home
remedies respectively; these figures include both treatments used on their own, and those used as part
of a combination (Table 2). Only 7.2% of the respondents did not use any treatment. The most
common combinations were antibiotics with allopathic non-antibiotic medications (7.6%), antibiotics
combined with CHM (5.7%), and antibiotics combined with home remedies (4.2%) (S1 Table). Of
those 19901 (87.3%) who did not initially take antibiotics, 8314 (41.8%) took CHM, 5586 (28.1%)

took allopathic non-antibiotic Western medicines and 4280 (21.5%) used home remedies (Table 3).

Table 2. Various treatments used for acute cough: interventions used alone or in combination.

Presumed URTIs* Presumed LRTIs*

Treatment Overall (n=22,787) (n=20,965) (n=1,822)
Antibiotics 10562 (46.4%) 9828 (46.9%) 734 (40.3%)
CHM 8942 (39.2%) 8311 (39.6%) 631 (34.6%)
Allopathic — non-antibiotic ¢, (5g 394 5042 (28.3%) 499 (27.4%)
medications

Home remedies 4825 (21.2%) 4440 (21.2%) 385 (21.1%)
Others 280 (1.2%) 243 (1.2%) 37 (2.0%)
No treatment 1641 (7.2%) 1492 (7.1 %) 149 (8.2%)

-10 -



©CO~NOOOTA~AWNPE

* Possible LRTIs were defined as presence of at least one of “shortness of breath” OR “yellow
sputum” OR “green sputum” OR “wheezing” BUT EXCLUDING “sore throat” AND “coryza”.
Patients whose symptoms did not fit these criteria were presumed to have had URTIs.

CHM: Chinese herbal medicine

URTIs: upper respiratory tract infections

LRTIs: lower respiratory tract infections

3.3.1 Patterns of use of antibiotics

Nearly half of the participants (46.4%) had used antibiotics, among which 93.1% (9828/10562) were
for presumed URTIs (Table 2). The proportions reporting antibiotic use were similar for presumed
LRTIs (40.3%) to those with presumed URTIs (46.9%). The most commonly used antibiotics were
Amoxicillin (32.5%), followed by Ceftizoxime (13.0%), Ampicillin (10.8%), Cefoxitin (7.6%), and
Cefuroxime (7.6%) (Fig 3). Under half (44.8%) of the antibiotic users used the full course of
antibiotics, others used more than half of the course (19.3%), less than half of the course (13.3%) or it

was unclear (22.5%) whether they took the full course of antibiotics.

Of the participants who received antibiotics, almost half received them from a pharmacy (48.8%), and
a third from a public community health centre (33.1%). In our sample, more antibiotic prescriptions
came from TCM hospitals (28.0%) than from Western (22.1%) or integrative medicine hospitals
(17.6%). Respondents used antibiotics on the basis of various sources of advice (and sometimes more
than one), including health professionals such as doctors (52.4%), drug store staff (46.1%), family and
friends (29.6%) or their own experience (19.4%).

3.3.2 Patterns of the use of allopathic non-antibiotic medications

Of the 6441/22787 (28.3%) participants who used allopathic non-antibiotic medications to help with
their acute cough, non-steroidal anti-inflammatory drugs (NSAIDs, 2023, 31.4%) such as ibuprofen,
naproxen, and diclofenac were the most commonly used, followed by paracetamol (1312, 20.4%),
cough medicine (834, 12.9%) such as codeine, noscapine, pentoxyverine, and expectorants (232,
3.6%) such as methoxyphenamine, ambroxol and bromhexine hydrochloride.

3.3.3 Patterns of use of Chinese herbal medicine (CHM)

-11 -
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Nearly half 8942/22787 (39.2%) of participants used CHM to help with their acute cough, including
individualised CHM (372, 4.2%) and patent CHM (8786, 98.3%). The top 8 patent CHM products
were each taken by more than 500 respondents. Chuan Bei Pi Pa Gao (CBPPG) was the most
frequently used (5019, 56.1% of all participants), followed by Gan Mao Ling granule (3316, 37.1%),
Ke Chuan Shun pill (1764, 19.7%), and Fu Fang Gan Cao (tablet/liquid) (1643, 18.4%).

3.3.4 Patterns of use of home remedies

About one-fifth of participants used home remedies (n=4825, 21.2% of total) including boiled pear
soup (2720, 56.4%), hot water (2661, 55.2%), lemon/orange juice (1729, 35.8%), pig lung soup (964,

20.0%), bitter melon soup (719, 14.9%) and others (110, 2.3%).

3.4 Treatment association with clinical recovery

3.4.1 Avoidance of antibiotics

Subsequent use of antibiotics was lower in those who initially took CHM, compared to those who
started with home remedies or allopathic non-antibiotic medications (p<0.05). Other initial treatments
included cupping, exercise, physically cooling down, heat therapy, hot bath, nasal wash with saline,
ginger tea (257, 1.3%).

Table 3. Subsequent use of antibiotics after each type of treatment.

Overall* (n=767

Initial Treatment Presumed URTIs* (n=7150) Presumed LRTIs* (n=526)

6)
Allopathic non-antibio 1394/5586
tic medication (25.0%) 1315/5127 (25.6%) 79/459 (17.2%)
Home remedies 769/4280(18.0%) 721/3925 (18.4%) 48/355 (13.5%)
Chinese herbal medici 1236/8314 1172/7710 (15.2%) 64/604 (10.6%)
ne (14.9%)
Other 19/257 (7.4%) 16/226 (7.1%) 3/31 (9.7%)

* Excluded those who started with antibiotics and those who had other treatment and antibiotics as the
first treatment

URTIs: upper respiratory tract infections

LRTIs: lower respiratory tract infections

#Possible LRTIs were defined as presence of at least one of “shortness of breath” OR “yellow
sputum” OR “green sputum” OR “wheezing” BUT EXCLUDING “sore throat” AND “coryza”.
Patients whose symptoms did not fit these criteria were presumed to have had URTIs.
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A Chi-square test of independence was performed to examine the relation between various factors and
subsequent use of antibiotics (S2 Table). Participants who smoked (y2 = 16.950, P < 0.01), were
aged>65 (y2 =12.317, P= 0.002), with severe cough (y2 = 113.535, P < 0.01), with presumed URTIs
(x2 = 9.385, P = 0.002), and underlying lung conditions (x2 = 145.196, P < 0.01) were the most likely
to take antibiotics after taking CHM at 16.8%, 15.6%, 20.5%, 15.2%, and 23.8% respectively. Those
aged 18-45 (2 =15.216, P<0.01), with severe cough (x2 = 25.763, P<0.01), URTIs (x2 = 16.014,
P<0.01), and underlying lung conditions (x2 = 24.309, P<0.01) were the most likely to take antibiotics
after taking allopathic non-antibiotic medications; while only those with severe cough (x2 = 38.126,
P<0.01), URTIs (x2 = 5.192, P=0.023), and underlying lung conditions (y2 = 17.945, P<0.01) were the
most likely to take antibiotics after taking home remedies.

3.4.2 Relief of cough

Antibiotics, allopathic non-antibiotic medications, CHM and home remedies were considered helpful
in relieving cough symptoms, with the same median of 4, with a IQR at 1 or 2 on a 1-5 Likert self-
rating scale (5 represents very helpful) (Table 4).

Table 4. Cough relief after each type of treatment as measured by 1-5 Likert scale.

Treatment Median IQR (range)
Antibiotics 4 2 (1 to 5)
Allopathic non-antibiotic medications 4 2 (1 tob)

Patent Chinese herbal medicines (PCHM)

Chuan Bei Pi Pa paste 4 1 (1tob)
Gan Mao Ling granule 4 2 (1 to 5)
Ke Chuan Shun pill 4 1 (1tob)
Fu Fang Gan Cao (table/liquid) 4 1 (1tob)
Individualised Chinese herbal formula 4 1 (1tob)
Home remedies 4 2 (1 to5)

IQR: interquartile range
Relief of cough, as assessed by Likert scale, did not differ largely between participants with varying
ages, smokers or non-smokers, with presumed upper or lower RTIs, with varying severity of cough,

with or without any comorbidities (S3 Table).

4. Discussion

Summary of findings and comparison with the literature
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This online survey explored treatment-seeking behaviour for acute cough in Chinese adults.
Although a series of antimicrobial stewardship guidelines and policies have been released in China
since 2009 1, we found that there is likely high proportion of inappropriate use of antibiotics for the
treatment of simple acute cough, even in well-educated young adults. Antibiotics were taken by nearly
half of our respondents with acute cough, of whom over 90% possibly had URTIs. These findings are

consistent with previous research on overuse of antibiotics by university students in China*.

Both doctors and staff in pharmacies played an important role in recommending the use of antibiotics.
A considerable number of patients obtained antibiotics from easily accessible pharmacies which are
often less strictly regulated. Despite being illegal, it is easy to obtain antibiotics without a prescription
in retail pharmacies or from online sources in China .. Pharmaceutical companies tend to offer
incentives for the prescribing of more expensive broad-spectrum antibiotics *2. These may be major

contributors to antimicrobial resistance.

In our sample, participants reported similar levels of improvement regardless of which treatment they
took, although most presented with symptoms consistent with uncomplicated URTIs, the vast majority
of which were most probably viral and self-limiting 23. People used various alternatives to antibiotics
to help with their acute cough. CHM was the most popular initial treatment other than antibiotics, and
its initial use was associated with lower subsequent usage of antibiotics, compared to respondents who
initially started with home remedies or allopathic non-antibiotic medicines. PCHMs are commonly
used for uncomplicated ARTIs and most of them are readily available for patients to buy themselves
over the counter, online, or in pharmacies without a prescription. In 2015, over 60% of the 1231.8
billion RMB market share in China for respiratory conditions was spent on PCHM ., The majority of
allopathic non-antibiotic medications taken were NSAIDs. While patients with chest infections

perceived benefits in symptom relief, evidence suggests they may be associated with worse prognosis

34

Strengths and limitations
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Our approach enabled us to recruit a large sample within a comparably short period. We managed to
collect responses from adults with acute cough across all regions of China, which increased our ability
to understand the extent of antibiotic overuse and the alternatives to help alleviate cough and reduce
the use of antibiotics. Although there is clearly an overlap, for the purposes of analysis we divided the

respiratory syndromes into those consistent with LRTIs and URT]s.

Our sample may not be representative of the wider Chinese population. There was potentially
sampling bias as some participants recruited through researchers’ networks with a Chinese medicine
background may be systematically more likely to be selected. This may result in bias towards the use
of CHM. Those electing to use CHM first line may also have been less likely to use antibiotics
regardless of impact on symptoms. Among our sample, 40% were smokers and 27% reported having
asthma or other chest diseases. These may not be a true reflection of the population as respondents
were more likely to be young and actively using the internet. However, they were encouraged to
cascade the survey, in order to include as many people from as many backgrounds as possible. A
disadvantage of this method is that it is impossible to know how many people received the invitation,
so the presumed response rate was calculated using the number of people who clicked on the survey

link.

Although self-reported data may not accurately reflect participants' disease characteristics, lifestyle
characteristics or actual treatment behaviours, 83.9% of our respondents were answering questions
about cough within a month, therefore, the recall bias should be low. We did not capture the exact
order of treatments received, but recorded key information on which treatments participants took
before the antibiotics. The outcomes assessed were symptom relief and subsequent use of antibiotics.
No data on hospital admission or adverse events were collected. In such self-reported data, we are
unable to address residual confounding and hence more advanced statistical analysis (e.g. regression)
would be hard to interpret and the associations described should be treated with caution. A cross

sectional survey can only report on associations and causality cannot be implied.
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Priorities for research and clinical implications

The findings are important to inform public health interventions on appropriate treatment-seeking.
There is a need to regulate pharmacy practices of prescribing and selling antibiotics. In-depth
qualitative research could help to understand the reasons for inappropriate antibiotic use, especially in
young patients with URTIs who typically do not need them. Complementary and alternative medicine
(CAM) treatments appeared to be acceptable to people from many different settings as a possible
alternative to antibiotics, consistent with research in other countries. 3 Future research could explore
expectations of patients with cough in China, the acceptability and experiences of taking CHM, and
the reasons behind decision making. These could then inform the development of future antibiotic

stewardship interventions, potentially encouraging the use of CHM as an alternative to antibiotics.

Future research is needed to improve the evidence base on which specific herbal medicines should be
recommended as alternatives to antibiotics. Further analyses are needed to identify the most promising
PTCMs. Severity of cough, upper or lower RTIs, and underlying lung conditions may be considered as
potential factors influencing how well allopathic non-antibiotic medications, CHM, or home remedies

may help in reducing the use of antibiotics.

Conclusions

There is likely a high proportion of inappropriate use of antibiotics for the treatment of simple acute
cough, even in well-educated young adults. Many obtained antibiotics from easily accessible
pharmacies which are less strictly regulated. Antibiotics, CHM, allopathic non-antibiotic medications,
and home remedies were often used with similar perceived beneficial in relieving cough regardless of
treatment. CHM was the most widely used alternative and has a potential role in relieving cough
symptoms and reducing the use of antibiotics. Future research is needed to evaluate the effectiveness

of individualised and commonly used CHM for acute cough.

-16 -



©CO~NOOOTA~AWNPE

Acknowledgements
A warm thank you to all networks that contributed to the dissemination of the survey and to the

participants who gave up their time to complete the survey.

Author contributions

Conceptualization: XYH, MW, RYX, TYF; Methodology: All; Formal analysis: RYX; Investigation:
RYX, TYF, XYH, ML; Resources: YTF, XYH, RYX, JPL, LZW; Data curation: RYX, YTF; Writing:
XYH; Review & Editing: All; Visualization: XYH; Supervision: MW, YTF; Project administration:
RYX; Funding acquisition: XYH, MW. All authors have read and agreed to the published version of

the manuscript. There is no professional writer involved.

Conflict of interest

The authors declare no conflict of interest. The views expressed are those of the author(s) and not
necessarily those of the NIHR or the Department of Health and Social Care. The funders had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the

manuscript, or in the decision to publish the results

Funding

The Global Network for Anti-Microbial Resistance and Infection Prevention (Global-NAMRIP)
awarded pump-priming funding to support this research through the EPSRC (Grant EP/M027260/1).
XYH was funded by the National Institute of Health Research (NIHR) School for Primary Care
Research (SPCR). MLW was funded by the National Institute of Health Research (NIHR), (Grant CL-
2016-26-005).

Data availability

The data that support the findings of this study are available within the article and its supplementary

material, or are available from the corresponding author upon reasonable request.

-17 -



©CO~NOOOTA~AWNPE

Figure legends
Fig. 1. Recruitment flow diagram.

Fig. 2. Other symptoms experienced relating to this episode of cough.

Fig. 3. Antibiotics used by adults with acute cough.
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