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Abstract 

Background:  Antibiotic consumption is increasing worldwide, particularly in low and middle-income countries 
(LMICs). Access to lifesaving antibiotics in LMICs is crucial while minimising inappropriate use. Studies assessing the 
economic impact of inappropriate antibiotic use in LMICs are lacking. We explored the economic impact of inap‑
propriate antibiotic use using the example of upper respiratory tract infections (URIs) in Ghana, as part of the ABACUS 
(AntiBiotic ACcess and USe) project.

Methods:  A top-down, retrospective economic impact analysis of inappropriate antibiotic use for URIs was con‑
ducted. Two inappropriate antibiotic use situations were considered: (1) URIs treated with antibiotics, against recom‑
mendations from clinical guidelines; and (2) URIs that should have been treated with antibiotics according to clini‑
cal guidelines, but were not. The analysis included data collected in Ghana during the ABACUS project (household 
surveys and exit-interviews among consumers buying antibiotics), scientific literature and stakeholder consultations. 
Included cost types related to health care seeking behaviour for URIs. Additionally, cost saving projections were com‑
puted based on potential effects of future interventions that improve antibiotic use.

Results:  Health care costs related to inappropriate antibiotic use for URIs were estimated to be around 20 million 
(M) USD annually, including 18 M USD for situation 1 and 2 M USD for situation 2. Travel costs and lost income due to 
travel, together, were estimated to be around 44 M USD for situation 1 and 18 M USD for situation 2. Possible health 
care cost savings range from 2 to 12 M USD for situation 1 and from 0.2 to 1 M USD for situation 2.

Conclusions:  This study indicates that inappropriate antibiotic use leads to substantial economic costs in a LMIC 
setting that could have been prevented. We recommend investment in novel strategies to counter these unnecessary 
expenditures. As the projections indicate, this may result in considerable cost reductions. By tackling inappropriate 
use, progress can be made in combatting antibiotic resistance.
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Background
Antibiotic resistance is an increasing global health emer-
gency and leads to treatment failure of patients with 
infectious diseases [1]. An important driver of antibiotic 
resistance is inappropriate antibiotic use, which is preva-
lent in low and middle-income countries (LMICs) with a 
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high disease burden and inadequate access to approved 
healthcare [2, 3]. In the context of our study, inappropri-
ate antibiotic use is defined as either using antibiotics 
unnecessarily (no clinical indication for antibiotics) or 
not using antibiotics when needed according to clinical 
guidelines (there is a clinical indication for antibiotics, 
however they are not provided). Studies have shown that 
lack of knowledge and not being able to recognise antibi-
otics may play a considerable role in inappropriate use [4, 
5]. Inappropriate antibiotic use also includes self-med-
ication, also known as non-prescription antibiotic use. 
Non-prescribed dispensing of antibiotics was found to 
be a common practice among community drug retail out-
lets (CDROs), a collective term that includes community 
pharmacies, drug stores or shops, rural drug vendors, 
and accredited drug dispensing outlets, in several sub-
Saharan African countries: 69% of non-prescription anti-
biotics requests resulted in supply of antibiotics [2, 3, 5, 
6]. Worldwide, most antibiotics are used in LMIC com-
munity settings where the burdens of infectious diseases 
and drug resistance are highest. So, there is an urgent 
need for pragmatic interventions to reduce inappropriate 
antibiotic use.

Therefore, the AntiBiotic ACcess and USe (ABACUS) I 
project was conducted between 2016 and 2019 to explore 
community antibiotic access and consumption practices 
in Asia and Africa in order to identify targets that inform 
the design of interventions to improve antibiotic use [2, 3, 
7]. Findings showed that to improve appropriate antibi-
otic use, tailored interventions are needed as each setting 
is different. Antibiotics were confused with other medi-
cines with a similar appearance which can impact inap-
propriate antibiotic use [5]. The present study is part of 
the currently ongoing ABACUS II project, which builds 
upon these findings [8].

Globally, there were an estimated 4.95 million (M) 
deaths associated with bacterial antimicrobial resistance 
(AMR) in 2019, including 1.27  M deaths attributable to 
bacterial AMR [9]. At the regional level, the all-age death 
rate attributable to resistance was estimated to be high-
est in western sub-Saharan Africa, at 27.3 deaths per 
100,000. At current resistance rates, the total GDP effect 
in Organisation for Economic Cooperation and Devel-
opment (OECD) countries, accounting for increased 
healthcare expenditure, would amount to 2.9 trillion 
USD by 2050 [10]. The future AMR costs are potentially 
large, imposing major costs to the world economy [11]. 
However, very little is known about the potential eco-
nomic impact of inappropriate antibiotic use specifically, 
in terms of people unnecessarily buying (incorrect) medi-
cation and unnecessary travel time. Information on this 
knowledge gap is key, next to its public health impact, to 
indicate the importance to policy makers. In addition, 

an economic impact analysis can lay the basis for a more 
advanced cost-effectiveness analysis which reveals the 
interventions related to inappropriate use that provide 
value for money and can best be implemented.

The objective of this study is to explore the economic 
impact of inappropriate antibiotic use in the commu-
nity setting in Ghana, related to upper respiratory tract 
infections (URIs) treated with antibiotics. It hereby fills 
an existing gap, as it is the first to provide such estimates 
for Ghana or any LMIC setting, and helps developing 
the economic case for sustainable investment in com-
bating antibiotic resistance [12]. The study also provides 
hypothesised cost saving projections to estimate the dif-
ferent potential effects of future efforts that reduce inap-
propriate antibiotic use.

Methods
Study design
This was a top-down, retrospective economic impact 
analysis focussing on inappropriate use of antibiot-
ics for the treatment of URIs in the Republic of Ghana. 
We focused on URIs as this group of infectious dis-
eases is an illustrative example for which inappropriate 
use in the community is common [13, 14]. In Ghana, 
self-medication with antibiotics is widespread: 36% [4]. 
We based the URI case definition and incidence on the 
Global Burden of Disease (GBD) study, that mapped the 
ICD-10 codes ‘J00-J06.9’ and ‘J36-J36.0’ to the condition 
[15]. This includes e.g. infections of the nose, nasal cav-
ity, tonsils, pharynx, and larynx with the subglottic area 
of the trachea [16]. For this analysis, antibiotic use was 
limited to oral solid formulations (capsules and tablets), 
thus excluding intravenous and intramuscular formula-
tions and suspensions. Base year for the economic analy-
sis was 2020. We adjusted data, if necessary, to this base 
year using inflation rates and demographic projections 
[17–19]. We followed WHO guidelines on costing analy-
sis by adopting a societal perspective and using the ingre-
dient approach, i.e. separately reporting quantities and 
unit prices, and adhered to the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) check-
list (see Additional file 1) [20, 21].

In Ghana, people with URI symptoms generally seek 
care at CDROs. All CDRO visits for URIs that lead to 
treatment that is not in accordance with antibiotic use 
guidelines, were reasoned to result in one of the follow-
ing two inappropriate antibiotic use situations:

•	 Situation 1: URIs that were treated with antibiotics, 
against recommendations from clinical guidelines as 
considered self-limiting.

•	 Situation 2: URIs that should have been treated with 
antibiotics according to clinical guidelines as con-
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sidered bacterial and sufficiently severe, but were 
treated with a painkiller.

We performed a separate economic impact analysis 
for each inappropriate use situation. A detailed overview 
of the included variables, values, and the information 
sources used for the analyses is shown in Tables 1 and 2.

Data collection
For the analysis, we primarily collected unpublished 
data from the former ABACUS I project, originating 
from customer exit-interviews (~ 2300 interviewees) 
and household surveys (~ 1100 households visited) con-
ducted in the Kintampo North and South districts, and 
from a newly conducted online survey using Survey-
Monkey Inc. (see Additional file  2). The Kintampo dis-
tricts are situated within the forest-savannah transitional 
ecological zone in the Bono East Region of Ghana and 
have a population size of approximately 156,000 [2, 5]. 
The online survey was necessary to obtain data on the 

following variables: % of URIs for which care was sought 
at CDROs (code ‘B’), % of URIs for which care was sought 
that were treated with antibiotics, against recommenda-
tions from clinical guidelines (code ‘D’ in Table 1), and % 
of URIs for which care was sought that should have been 
treated with antibiotics according to clinical guidelines, 
but were treated with a painkiller (code ‘L’ in Table 2). We 
distributed the survey among health care workers and 
public health researchers working in the African region, 
recruited through the ABACUS network. Respondents 
were asked for expert opinions on the different variables. 
In total, we collected 23 survey responses in January 
2021 with a majority of responses coming from Ghana 
(82%). Experts from Ethiopia, Mozambique and Nigeria, 
working at a regional level and with work experience in 
Ghana, provided the remainder of responses. In the sur-
vey, each question covered a different variable. For each 
question, we asked respondents to base their estimate 
on a set of ranges. For the questions on codes ‘B’, ‘D’, and 
‘L’, the options were: < 20%, 20–40%, 40–60%, 60–80%, 

Table 1  Economic impact analysis inappropriate use situation 1: variables, values, sources, and calculations (2020, rounded)

URI, upper respiratory tract infection; M, million; GBD, Global Burden of Disease; CDROs, community drug retail outlets; ABACUS, AntiBiotic ACcess and USe; NHIS, 
National Health Insurance Scheme (Ghana)
* Original value not from base year 2020, adjusted to 2020 using inflation rates and demographic projections[17–19]
§ Amoxicillin, amoxicillin/clavulanic acid, azithromycin, ciprofloxacin, sulfamethoxazole/trimethoprim, flucloxacillin, and phenoxymethylpenicillin

Variable Value Code Source

URIs URI incidence (M) in population Ghana (31 M) 61* A GBD study and population Ghana [19, 22]

% of URIs for which care was sought at CDROs 65% B Online expert opinion survey (see Additional file 2)

Number of URIs for which care was sought at CDROs (M). 
Calculation: C = A × B

40 C

% of URIs for which care was sought that were treated 
with antibiotics, against recommendations from clinical 
guidelines

49% D Online expert opinion survey (see Additional file 2) and 
literature [6, 23–25]

Inappropriate use situation 1, number of occurrences (M). 
Calculation: E = C × D

19 E

Antibiotics Weighted average unit price per antibiotic (USD)
Based on set of most commonly provided antibiotics for URI 
symptoms§, in their most common formulation (capsule or 
tablet) and dose

0.05 F Customer exit-interviews (ABACUS I database, 2018) and 
NHIS Medicines List [26]

Weighted average number of antibiotics provided for a full 
course

18 G Customer exit-interviews (ABACUS I database, 2018)

Income Average income, per day (USD) 13* H Labour Force Report 2015, Ghana Statistical Service [27]

Average income, per minute (USD) 0.03* I Labour Force Report 2015, Ghana Statistical Service [27]

Travel Average round-trip travel costs to reach pharmacy to seek 
care for URI (USD)

0.9* J Household surveys (ABACUS I database, 2018)

Average round-trip travel time to reach pharmacy to seek 
care for URI (minutes)

42 K Household surveys (ABACUS I database, 2018)

Variable Code Calculation

Annual costs Health care costs HCC  = E × F × G

Travel costs TC  = E × J

Lost income due to travel LIT  = E × I × K

Cumulative costs CC  = HCC + TC + LIT

Cumulative costs per capita CCPC  = CC ÷ population Ghana [19]
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and > 80%. All questions also included a ‘don’t know’ 
option, in case a participant was unable to provide an 
estimate. In addition to the ABACUS I data and expert 
opinions, existing scientific literature and (governmental) 
reports were consulted to approximate specific variable 
values.

Analysis
Cost data was recorded in Ghanaian cedi, adjusted to 
2020 price levels where relevant and subsequently con-
verted into United States dollars using the average annual 
2020 exchange rate [31]. We entered and analysed the 
data in Microsoft Excel Office 365. Collected data did 
not allow for sex and/or gender specific cost calculations. 
After all online survey responses were collected, we 
determined an average estimate per variable. For this, the 
provided ranges were first converted into a single mid-
point value: 10%, 30%, 50%, 70%, and 90% for the answer 
options < 20%, 20–40%, 40–60%, 60–80%, and > 80% 
respectively. Besides average estimates, we calculated the 

corresponding standard deviations (SDs) and 95% confi-
dence intervals (CI) to measure the amount of dispersion 
in the survey responses. This resulted in the following 
outcomes: care was sought at CDROs for 65% (SD: 17%, 
95% CI: 56%, 73%) of URIs, 49% (SD: 18%, 95% CI: 40%, 
58%) of URIs for which care was sought were treated 
with antibiotics against recommendations from clini-
cal guidelines, and 21% (SD: 13%, 95% CI: 14%, 28%) of 
URIs for which care was sought should have been treated 
with antibiotics according to clinical guidelines but were 
treated with a painkiller.

Upon completion of the dataset, we first combined all 
variables to calculate the annual health care costs, travel 
costs, lost income due to travel, cumulative costs, and 
cumulative costs per capita [19]. Second, we determined 
the cost drivers. Third, we made cost saving projections 
for both inappropriate use situations, based on hypoth-
esised reductions in  situation occurrences. Hereby we 
aim to estimate the different potential effects of future 
efforts that reduce inappropriate antibiotic use. In the 

Table 2  Economic impact analysis inappropriate use situation 2: variables, values, sources, and calculations (2020, rounded)

URI, upper respiratory tract infection; M, million; GBD, Global Burden of Disease; CDROs, community drug retail outlets; ABACUS, AntiBiotic ACcess and USe; NHIS, 
National Health Insurance Scheme (Ghana)

*Original value not from base year 2020, adjusted to 2020 using inflation rates and demographic projections[17–19]
§ Diclofenac, ibuprofen, and paracetamol

Variable Value Code Source

URIs URI incidence (M) in population Ghana (31 M) 61* A GBD study and population Ghana [19, 22]

% of URIs for which care was sought at CDROs 65% B Online expert opinion survey (see Additional file 2)

Number of URIs for which care was sought at CDROs (M). Calcu-
lation: C = A × B

40 C

% of URIs for which care was sought that should have been 
treated with antibiotics according to clinical guidelines, but were 
treated with a painkiller

21% L Online expert opinion survey (see Additional file 2)

Inappropriate use situation 2, number of occurrences (M). Calcu-
lation: M = C × L

8 M

Painkillers Weighted average unit price per painkiller (USD)
Based on set of most commonly provided painkillers for this situa-
tion§

0.01 N ABACUS I literature and NHIS Medicines List [5, 26]

Average number of painkillers taken per day 3 O Medical literature [28–30]

Average number of days the painkillers are taken 5 P Customer exit-interviews (ABACUS I database, 2018)

Income Average income, per day (USD) 13* H Labour Force Report 2015, Ghana Statistical Service [27]

Average income, per minute (USD) 0.03* I Labour Force Report 2015, Ghana Statistical Service [27]

Travel Average round-trip travel costs to reach pharmacy to seek care 
for URI (USD)

0.9* J Household surveys (ABACUS I database, 2018)

Average round-trip travel time to reach pharmacy to seek care 
for URI (minutes)

42 K Household surveys (ABACUS I database, 2018)

Variable Code Calculation

Annual costs Health care costs HCC  = M × N × O × P

Travel costs TC  = M × J

Lost income due to travel LIT  = M × I × K

Cumulative costs CC  = HCC + TC + LIT

Cumulative costs per capita CCPC  = CC ÷ population Ghana [19]
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projections, the values for codes ‘D’ and ‘L’ were reduced 
with various percentages (10%, 30%, 50%, and 70%), 
reflecting possible outcomes of future efforts. As a result, 
adjusted outcomes of the annual cost variables were cal-
culated. Here, implementation costs were omitted.

Results
Inappropriate antibiotic use: annual costs and cost drivers
The annual costs for inappropriate use situations 1 and 
2 are presented in Table  3. For situation 1, the annual 
cumulative costs (61  M USD) mainly consisted of lost 
income due to travel (27  M USD  -  43%), health care 
costs (18  M USD  -  29%) and, lastly, travel costs (17  M 
USD  -  28%). Regarding situation 2, the annual cumula-
tive costs (20 M USD) were also mostly accounted for by 
lost income due to travel (11 M USD - 56%), followed by 
travel costs (7 M USD - 36%) and, lastly, health care costs 
(2 M USD - 8%).

Cost saving projections
Different cost saving projections for both situations 
are presented in Table  4, based on hypothesised reduc-
tions in  situation occurrences due to future efforts that 
reduce inappropriate antibiotic use. According to these 

projections, health care cost savings are higher for situ-
ation 1 (ranging from 2 M USD in case of a reduction of 
10% to 12 M USD when a reduction of 70% is achieved) 
than for 2 (ranging from 0.2 to 1  M USD in case of a 
reduction of 10% and 70%, respectively). Savings related 
to reduced travel costs and reduced lost income due to 
travel are somewhat higher than health care cost savings 
for both situations.

Discussion
Our analysis suggests that inappropriate use of antibi-
otics has a considerable economic impact. For Ghana, 
related health care costs were estimated at around 20 M 
USD annually including 18  M USD for situation 1 and 
2  M USD for situation 2. In addition, travel costs and 
lost income due to travel, together, were estimated to 
be around 44 M USD for situation 1 and 18 M USD for 
situation 2. A similar study reported substantial costs 
due to inappropriate antibiotic prescriptions for URIs of 
297 M USD in Japan in 2016, yet estimates are not read-
ily comparable because of differences in population size, 
URI epidemiology, and methodology [32]. Possible future 
health care cost savings range from 2 to 12  M USD for 
situation 1 and from 0.2 to 1 M USD for situation 2. This 

Table 3  Economic impact analyses inappropriate use situations 1 and 2: outcomes (2020, rounded)

M, million

*Population Ghana in 2020: 31 M [19]

Inappropriate use situation 1 Inappropriate use situation 2

Variable Value (M USD) % of CC Variable Value (M USD) % of CC

Annual costs Health care costs 18 29 Health care costs 2 8

Travel costs 17 28 Travel costs 7 36

Lost income due to travel 27 43 Lost income due to travel 11 56

Cumulative costs (CC) 61 Cumulative costs (CC) 20

Cumulative costs per capita* 1.98 Cumulative costs per capita* 0.65

Table 4  Potential effects of reducing inappropriate antibiotic use: cost saving projections (rounded)

M, million

*As presented in Tables 1 and 2, respectively

Inappropriate use situation 1. Projected 
reduction rates and associated cost savings (M, 
annually)

Inappropriate use situation 2. Projected 
reduction rates and associated cost savings (M, 
annually)

 − 0% 
(baseline*)

 − 10%  − 30%  − 50%  − 70%  − 0% 
(baseline*)

 − 10%  − 30%  − 50%  − 70%

Number of situation occurrences 19 17 14 10 6 8 7 6 4 2

Health care cost savings (USD) 0 2 5 9 12 0 0.2 0.5 0.8 1

Travel cost savings (USD) 0 2 5 9 12 0 0.7 2 4 5

Lost income due to travel savings (USD) 0 3 8 13 19 0 1 3 6 8

Cumulative cost savings (USD) 0 6 18 31 43 0 2 6 10 14
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indicates that by reducing inappropriate antibiotic use in 
the future, a positive economic impact can be achieved at 
national level.

This study provides information that fills a long-stand-
ing knowledge gap in the field of antibiotic misuse. It is 
the first to explore the total economic costs involved, by 
addressing the complex and multiple components. Also, 
it indicates uncertainties in key variables such as the per-
centage of URIs inappropriately treated with antibiotics 
and has initiated data collection on these. Cost analysis 
literature so far usually focussed on assessing the eco-
nomic impact of AMR, a stewardship activity in a specific 
care setting (e.g. an educational programme in a hospital 
department), or the use of diagnostics [33–36].

Understanding the economic consequences of commu-
nity antibiotic consumption practices is crucial to mobi-
lise key stakeholders and design sustainable strategies to 
improve antibiotic use. This economic impact analysis 
supports this endeavour by providing baseline data to be 
used by future studies investigating the cost-effectiveness 
of such strategies. In a broader sense, the study can serve 
as a starting point for other countries, especially LMICs, 
to conduct an economic analysis related to inappropriate 
antibiotic use.

The study has several limitations. First, it must be 
noted that inappropriate antibiotic use is a highly com-
plex and comprehensive issue and providing a potential 
intervention is out of this study’s scope. Multiple fac-
tors can lead to URIs being treated in discordance with 
clinical guidelines. According to Godman et al. [37], sub-
optimal management of URIs in LMICs, including the 
overuse of antibiotics, is promoted by misconceptions, 
social-cultural issues, diagnostic uncertainty, and clini-
cal competency as well as commercial, patient, and time 
pressures. So, all these factors should ideally be consid-
ered when developing policy to tackle inappropriate use. 
Second, based on expert opinion we assumed that dur-
ing all occurrences of inappropriate use situation 2, URIs 
were treated with painkillers. However, some URIs might 
have been treated with different medicine types or none 
at all (‘watch-and-wait’ approach). For these cases, the 
estimated health care costs may be inaccurate. Besides 
the cost saving projections, we did not carry out addi-
tional sensitivity analyses as cost estimates were largely 
linear with changes in input variables [38]. Third, in the 
absence of reliable data, the analysis did not include pro-
ductivity losses due to inappropriate use of antibiotics. 
Involved costs are potentially large and future analysis 
should undertake efforts to collect data on e.g. number of 
extra days absent from work because of delayed antibiotic 
treatment for bacterial URIs. Notwithstanding these lim-
itations, a strength of our study is the combination of var-
ious sources, i.e. expert opinion, previously unpublished 

data, existing literature, and (governmental) reports, to 
explore the economic impact of URIs.

Conclusions
This study demonstrates that inappropriate antibiotic 
use leads to substantial economic costs in Ghana. These 
costs should be seen as unnecessary and preventable. 
We recommend investment in novel strategies to coun-
ter these expenditures. These interventions should be 
implemented in consultation with funders, industry, 
health care workers, pharmacists, policy makers, regula-
tors, social scientists, and marketeers to ensure a success-
ful roll-out. As the projections indicate, this may result 
in cost reductions. In addition, by tackling the inappro-
priate use problem, important progress can be made in 
combatting antibiotic resistance.

Abbreviations
LMICs: Low and middle-income countries; URIs: Upper respiratory tract infec‑
tions; ABACUS: AntiBiotic ACcess and USe; M: Million; CDROs: Community 
drug retail outlets; AMR: Antimicrobial resistance; GBD: Global Burden of 
Disease; NHIS: National Health Insurance Scheme; SDs: Standard deviations.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13756-​022-​01096-w.

Additional file 1. CHEERS checklist.

Additional file 2. Expert survey - questions and responses.

Acknowledgements
The authors thank the staff of Kintampo Health Research Centre, Research and 
Development Division, Ghana Health Service and all other experts involved for 
providing the ABACUS I data. We also thank all consulted experts from Ghana, 
Ethiopia, Mozambique and Nigeria who participated in the online survey and 
provided their responses. Preliminary results of this work were presented at 
the 31st European Congress of Clinical Microbiology & Infectious Diseases 
(ECCMID) in July 2021 (E-poster presentation; abstract number: 4143).

Authors’ contributions
JJ and SA-A are joint first authors and equally contributed to the work. RB and 
KPA equally contributed to the work. JJ and SA-A contributed to the study 
design, led the data collection and analysis, and led writing the manuscript. 
AM, MAA and TT contributed to the study design and study implementation. 
HW, RB and KPA conceptualised and designed the study, oversaw study execu‑
tion, and supported the funding acquisition. JJ, SA-A, AM, HW and RB verified 
the underlying data and co-wrote the manuscript, all authors have reviewed 
it and approved to submit for publication. All authors read and approved the 
final manuscript.

Funding
This research was funded by the Wellcome Trust (grant number: 
219403/Z/19/Z). For the purpose of open access, the author has applied a 
CC BY public copyright licence to any Author Accepted Manuscript version 
arising from this submission. The funder of the study had no role in the design 
of the study and collection, analysis, and interpretation of data and in writing 
the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

https://doi.org/10.1186/s13756-022-01096-w
https://doi.org/10.1186/s13756-022-01096-w


Page 7 of 8Janssen et al. Antimicrobial Resistance & Infection Control           (2022) 11:53 	

Declarations

Ethics approval and consent to participate
This analysis used existing data from the ABACUS I project which was 
approved by the Oxford University Tropical Research Ethics Committee 
(OxTREC, Reference: 31–15), Kintampo Health Research Center Ethics Review 
Committee (FWA 00011103/IRB Registration 0004854) and Ghana Health 
Service Ethics Review Committee (FWA 00020025/IRB Registration 0007714). 
Experts who participated in the online survey were informed about the 
purpose of data collection and that their responses were used to complement 
this cost analysis. All experts consented to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department for Health Evidence, Radboud University Medical Centre, 
Nijmegen, The Netherlands. 2 Kintampo Health Research Centre, Research 
and Development Division, Ghana Health Service, Kintampo North Municipal‑
ity, Bono East Region, Ghana. 3 Department of Medical Microbiology, Radboud 
Centre for Infectious Diseases, Radboud University Medical Centre, Nijmegen, 
The Netherlands. 

Received: 3 December 2021   Accepted: 17 March 2022

References
	1.	 Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, Sumpradit N, 

et al. Antibiotic resistance-the need for global solutions. Lancet Infect Dis. 
2013;13(12):1057–98.

	2.	 Afari-Asiedu S, Oppong FB, Tostmann A, Ali Abdulai M, Boamah-Kaali 
E, Gyaase S, et al. Determinants of inappropriate antibiotics use in rural 
central Ghana using a mixed methods approach. Front Public Health. 
2020;8:90.

	3.	 Afari-Asiedu S, Kinsman J, Boamah-Kaali E, Abdulai MA, Gyapong M, 
Sankoh O, et al. To sell or not to sell; the differences between regulatory 
and community demands regarding access to antibiotics in rural Ghana. 
J Pharm Policy Pract. 2018;11(1):30.

	4.	 Do NTT, Vu HTL, Nguyen CTK, Punpuing S, Khan WA, Gyapong M, et al. 
Community-based antibiotic access and use in six low-income and 
middle-income countries: a mixed-method approach. Lancet Global 
Health. 2021;9(5):E610–9.

	5.	 Afari-Asiedu S, Hulscher M, Abdulai MA, Boamah-Kaali E, Asante KP, 
Wertheim HFL. Every medicine is medicine; exploring inappropriate 
antibiotic use at the community level in rural Ghana. BMC Public Health. 
2020;20(1):1103.

	6.	 Belachew SA, Hall L, Selvey LA. Non-prescription dispensing of antibiotic 
agents among community drug retail outlets in Sub-Saharan African 
countries: a systematic review and meta-analysis. Antimicrob Resist Infect 
Control. 2021;10(1):13.

	7.	 Wertheim HF, Chuc NTK, Punpuing S, Khan WA, Gyapong M, Asante KP, 
et al. Community-level antibiotic access and use (ABACUS) in low-and 
middle-income countries: Finding targets for social interventions to 
improve appropriate antimicrobial use–an observational multi-centre 
study. Wellcome Open Res. 2017;2.

	8.	 AntiBiotic ACcess and USe (ABACUS) project. ABACUS II: Exploring the 
case for a standardised physical appearance of antibiotics. Available from: 
https://​abacus-​proje​ct.​org. Accessed 15 Sept 2020.

	9.	 Murray CJL, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar G, Gray 
A, et al. Global burden of bacterial antimicrobial resistance in 2019: a 
systematic analysis. Lancet. 2022;399(10325):629–55.

	10.	 Organisation for Economic Co-operation and Development. Antimicro‑
bial resistance - Policy insights. 2016.

	11.	 Taylor J, Hafner M, Yerushalmi E, Smith R, Bellasio J, Vardavas R, et al. 
Estimating the economic costs of antimicrobial resistance: model and 
results. RAND Corporation; 2014.

	12.	 World Health Organization. Global action plan on antimicrobial resist‑
ance. 2015.

	13.	 Wei X, Zhang Z, Hicks JP, Walley JD, King R, Newell JN, et al. Long-term 
outcomes of an educational intervention to reduce antibiotic prescribing 
for childhood upper respiratory tract infections in rural China: follow-up 
of a cluster-randomised controlled trial. PLoS Med. 2019;16(2):e1002733.

	14.	 Lee TH, Wong JG, Lye DC, Chen MI, Loh VW, Leo YS, et al. Medical 
and psychosocial factors associated with antibiotic prescribing in 
primary care: survey questionnaire and factor analysis. Br J Gen Pract. 
2017;67(656):e168–77.

	15.	 University of Washington Institute for Health Metrics and Evaluation. 
Global Burden of Disease Study 2019 cause list mapped to ICD codes 
2019. Available from: http://​ghdx.​healt​hdata.​org/​record/​ihme-​data/​gbd-​
2019-​cause-​icd-​code-​mappi​ngs. Accessed 7 Oct 2020.

	16.	 World Health Organization. ICD-10, Version: 2019. Available from: https://​
icd.​who.​int/​brows​e10/​2019/​en. Accessed 21 Aug 2020.

	17.	 Kumaranayake L. The real and the nominal? Making inflationary 
adjustments to cost and other economic data. Health Policy Plan. 
2000;15(2):230–4.

	18.	 World Bank. Inflation, consumer prices (annual %). Ghana: 2015–2019. 
Available from: https://​data.​world​bank.​org/​indic​ator/​FP.​CPI.​TOTL.​ZG?​
end=​2019&​locat​ions=​GH&​start=​2015&​view=​chart. Accessed 11 Jan 
2021.

	19.	 Ghana Statistical Service. Social and demography, population projection. 
Projected population by age and sex, 260 districts 2020. Available from: 
https://​stats​ghana.​gov.​gh/​natio​nalac​count_​macros.​php?​Stats=​MTA1N​
TY1Nj​gxLjU​wNg==/​webst​ats/​s679n​2sn87. Accessed 10 Dec 2020.

	20.	 World Health Organization. WHO guide to cost-effectiveness analysis. 
2003.

	21.	 Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg 
D, et al. Consolidated health economic evaluation reporting standards 
(CHEERS) statement. Eur J Health Econ. 2013;14(3):367–72.

	22.	 University of Washington Institute for Health Metrics and Evaluation. 
Global burden of disease study data resources, GBD results Tool 2019. 
Available from: http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool. Accessed 7 
Oct 2020.

	23.	 Ahiabu MA, Tersbol BP, Biritwum R, Bygbjerg IC, Magnussen P. A retro‑
spective audit of antibiotic prescriptions in primary health-care facilities 
in Eastern Region. Ghana Health Policy Plan. 2016;31(2):250–8.

	24.	 Kandeel A, El-Shoubary W, Hicks LA, Fattah MA, Dooling KL, Lohiniva AL, 
et al. Patient attitudes and beliefs and provider practices regarding anti‑
biotic use for acute respiratory tract infections in Minya. Egypt Antibiotics 
(Basel). 2014;3(4):632–44.

	25.	 Mathibe LJ, Zwane NP. Unnecessary antimicrobial prescribing for upper 
respiratory tract infections in children in Pietermaritzburg, South Africa. 
Afr Health Sci. 2020;20(3):1133–42.

	26.	 National Health Insurance Scheme (Ghana). Medicines list 2020. Available 
from: http://​nhis.​gov.​gh/​files/​medic​inesl​ist(2020).​pdf. Accessed 30 Oct 
2020.

	27.	 Ghana Statiscal Service. Labour force report 2015. Available from: https://​
www2.​stats​ghana.​gov.​gh/​docfi​les/​publi​catio​ns/​Labour_​Force/​LFS%​
20REP​ORT_​fianl_​21-3-​17.​pdf. Accessed 10 Dec 2020.

	28.	 Heneghan C., Brassey J. NSAIDs in acute respiratory infection: The Centre 
for Evidence-Based Medicine; 2020. Available from: https://​www.​cebm.​
net/​covid-​19/​nsaids-​in-​acute-​respi​ratory-​infec​tion. Accessed 24 Nov 
2020.

	29.	 Ministry of Health, Ghana National Drugs Programme. Standard Treat‑
ment Guidelines Seventh Edition. Accra, Ghana; 2017.

	30.	 Minnesota Department of Health. Managing symptoms of upper respira‑
tory infections (URI) for adults. Available from: https://​www.​health.​state.​
mn.​us/​commu​nities/​onehe​altha​bx/​event/​ascha​ndout2.​pdf. Accessed 25 
Nov 2020.

	31.	 Netcials. Ghana Cedi (GHS) to US Dollar (USD) yearly average exchange 
rates: 2020. Available from: https://​www.​netci​als.​com/​forex-​yearly-​avera​
ge-​excha​nge-​rate/​GHS-​USD/. Accessed 12 Jan 2021.

	32.	 Tsuzuki S, Kimura Y, Ishikane M, Kusama Y, Ohmagari N. Cost of inap‑
propriate antimicrobial use for upper respiratory infection in Japan. BMC 
Health Serv Res. 2020;20(1):153.

https://abacus-project.org
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-cause-icd-code-mappings
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-cause-icd-code-mappings
https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG?end=2019&locations=GH&start=2015&view=chart
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG?end=2019&locations=GH&start=2015&view=chart
https://statsghana.gov.gh/nationalaccount_macros.php?Stats=MTA1NTY1NjgxLjUwNg==/webstats/s679n2sn87
https://statsghana.gov.gh/nationalaccount_macros.php?Stats=MTA1NTY1NjgxLjUwNg==/webstats/s679n2sn87
http://ghdx.healthdata.org/gbd-results-tool
http://nhis.gov.gh/files/medicineslist(2020).pdf
https://www2.statsghana.gov.gh/docfiles/publications/Labour_Force/LFS%20REPORT_fianl_21-3-17.pdf
https://www2.statsghana.gov.gh/docfiles/publications/Labour_Force/LFS%20REPORT_fianl_21-3-17.pdf
https://www2.statsghana.gov.gh/docfiles/publications/Labour_Force/LFS%20REPORT_fianl_21-3-17.pdf
https://www.cebm.net/covid-19/nsaids-in-acute-respiratory-infection
https://www.cebm.net/covid-19/nsaids-in-acute-respiratory-infection
https://www.health.state.mn.us/communities/onehealthabx/event/aschandout2.pdf
https://www.health.state.mn.us/communities/onehealthabx/event/aschandout2.pdf
https://www.netcials.com/forex-yearly-average-exchange-rate/GHS-USD/.
https://www.netcials.com/forex-yearly-average-exchange-rate/GHS-USD/.


Page 8 of 8Janssen et al. Antimicrobial Resistance & Infection Control           (2022) 11:53 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	33.	 Lubell Y, Do NTT, Nguyen KV, Ta NTD, Tran NTH, Than HM, et al. C-reactive 
protein point of care testing in the management of acute respiratory 
infections in the Vietnamese primary healthcare setting—a cost benefit 
analysis. Antimicrob Resist Infect Control. 2018;7:119.

	34.	 Shrestha P, Cooper BS, Coast J, Oppong R, Do Thi Thuy N, Phodha T, et al. 
Enumerating the economic cost of antimicrobial resistance per antibiotic 
consumed to inform the evaluation of interventions affecting their use. 
Antimicrob Resist Infect Control. 2018;7(1):98.

	35.	 Morel CM, Alm RA, Årdal C, Bandera A, Bruno GM, Carrara E, et al. A one 
health framework to estimate the cost of antimicrobial resistance. Antimi‑
crob Resist Infect Control. 2020;9(1):187.

	36.	 Wozniak TM, Barnsbee L, Lee XJ, Pacella RE. Using the best available data 
to estimate the cost of antimicrobial resistance: a systematic review. 
Antimicrob Resist Infect Control. 2019;8(1):26.

	37.	 Godman B, Haque M, McKimm J, Abu Bakar M, Sneddon J, Wale J, et al. 
Ongoing strategies to improve the management of upper respiratory 
tract infections and reduce inappropriate antibiotic use particularly 
among lower and middle-income countries: findings and implications for 
the future. Curr Med Res Opin. 2020;36(2):301–27.

	38.	 World Health Organization, Health Action International. Measuring medi‑
cine prices, availability, affordability and price components. 2008.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Exploring the economic impact of inappropriate antibiotic use: the case of upper respiratory tract infections in Ghana
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Data collection
	Analysis

	Results
	Inappropriate antibiotic use: annual costs and cost drivers
	Cost saving projections

	Discussion
	Conclusions
	Acknowledgements
	References


