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Abstract
Objective The aim of this study was to evaluate the attributable patient cost of antimicrobial resistance (AMR) in Ghana to 
provide empirical evidence to make a case for improved AMR preventive strategies in hospitals and the general population.
Methods A prospective parallel cohort design in which participants were enrolled at the time of hospital admission and 
remained until 30 days after the diagnosis of bacteraemia or discharge from the hospital/death. Patients were matched on 
age group (± 5 years the age of AMR patients), treatment ward, sex, and bacteraemia type. The AMR cohort included all 
inpatients with a positive blood culture of Escherichia coli or Klebsiella spp., resistant to third-generation cephalosporins 
(3GC), or methicillin-resistant Staphylococcus aureus (MRSA). We matched the AMR cohort (n = 404) with two control 
arms, i.e., patients with the same bacterial infections susceptible to 3GC or S. aureus that was methicillin-susceptible (sus-
ceptible cohort; n = 152), and uninfected patients (uninfected cohort; n = 404). Settings were Korle-Bu and Komfo Anokye 
Teaching Hospitals, Ghana. The outcome measures were the length of hospital stay (LOS) and the associated patient costs. 
Outcomes were evaluated from the patient perspective.
Results From a total of 5752 blood cultures screened, 1836 participants had growth in blood culture, of which, based on our 
inclusion criteria, 426 were enrolled into the AMR cohort; however, only 404 completed the follow-up and were matched 
with participants in the two control cohorts. Patients in the AMR cohort stayed approximately 5 more days (95% confidence 
interval [CI] 4.0–6.0) and 8 more days (95% CI 7.2–8.6) compared with the susceptible and uninfected cohorts, respectively. 
The mean extra patient cost due to AMR relative to the susceptible cohort was US$1300 (95% CI 1018–1370), of which 
about 30% resulted from productivity loss due to presenteeism and absenteeism from work. Overall, the estimated annual 
patient cost due to AMR translates to about US$1 million and US$1.4 million when compared with the susceptible and 
uninfected cohorts, respectively.
Conclusion We have shown that AMR is associated with a significant excess LOS and patient costs in Ghana using prospec-
tive data from two public tertiary hospitals. This calls for infection prevention and control strategies aimed at mitigating the 
prevalence of AMR.

1 Introduction

Antimicrobial resistance (AMR) is a growing phenomenon 
that has been declared by the World Health Organization 
(WHO) as one of the top 10 global public health threats 
facing humanity [1]. It results from the ability of microbial 
pathogens to withstand the effects of antimicrobial drugs 
used to treat infections in humans and animals [2, 3]. Stud-
ies show that the emergence and spread of AMR know no 
boundaries, but notable disparities in the associated morbid-
ity and mortality exist across regions [4–7]. Recent AMR 
surveillance in Europe shows that the number of AMR 
cases in the region is high [8]. However, recent model-
ling of the global impact of AMR suggests that low- and 
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Key Points for Decision Makers 

Antimicrobial resistance (AMR) associates significantly 
with patients’ length of hospital stay and costs in Ghana.

The extra patient cost due to AMR was equivalent to 
patients’ mean household consumption expenditure, 
about 70% of which was related to the cost of hospitali-
zation and treatment.

The result provides a good case for investment in AMR 
interventions by the government and others interested in 
reversing the spread and economic impact of AMR.
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middle-income countries (LMICs) and West Africa, in par-
ticular, risk suffering AMR’s largest health and economic 
impact [9]. Thus, AMR has the potential to drive economic 
inequality among populations. Compared with high-income 
countries (HICs), the case fatality rate of bloodstream infec-
tions (BSIs) and the associated AMR in LMIC settings is up 
to 15 times higher among hospitalized patients but may be 
underestimated due to data limitations and methodological 
inaccuracies [5, 9–12].

Beyond the worrying health implication of AMR is the 
direct and indirect economic burden it imposes on patients, 
healthcare providers, and society, such as the extra cost of 
care due to the associated prolonged length of hospital stay 
(LOS) [13, 14]. Patients infected with resistant microorgan-
isms may need more expensive treatment [15, 16]. The direct 
costs may include laboratory tests, medicine, medical con-
sultation, and post-discharge reviews, which, depending on 
the healthcare system, may be more or less co-financed by 
the patient [17]. In HICs such as Europe, where clearer esti-
mates of the societal burden of AMR exist, the annual direct 
patient cost of AMR is thought to amount to €900 million 
[18, 19]. Depending on the causative bacteria, study perspec-
tive, geographic location, and the cost items included, the 
direct patient cost of AMR may vary significantly [19–21]. 
For example, the estimated excess direct medical cost per 
AMR patient at a University Hospital in South Carolina was 
US$229, corresponding to an extra 5 days LOS [22]. In a 
similar study in the US, the mean extra direct patient cost 
associated with methicillin-resistant Staphylococcus aureus 
(MRSA) BSIs was US$1275 compared with a susceptible 
cohort [23].

Adding to the direct patient costs, are the indirect patient 
costs of AMR, measured as the cost of reduced produc-
tivity at work, mainly due to absenteeism or lost working 
days associated with the LOS, and also from presenteeism 
defined as attending to work at reduced working capacity. 
The latter implies that even though a person may be able to 
resume work post-discharge, they may not be able to work 
as effectively as when in full health. A 2015 study on BSI 
caused by MRSA and third-generation cephalosporin (3GC)-
resistant Escherichia coli that involved 1293 hospitals from 
31 countries in the European region found a total of 375,748 
excess bed days translating into lost productive days [15]. 
Again, a global assessment by Prestinaci and colleagues [19] 
reports that up to 40% of an estimated €1.5 billion and 64% 
of US$55 billion of the patient cost of AMR in Europe and 
the US, respectively, are due to productivity losses resulting 
from deaths and absence from work by patients and their 
caregivers.

In resource-limited settings such as Ghana, the patient 
cost of AMR may be catastrophic, especially because 
patients tend to pay up to two-thirds or more of the direct 

cost of care, even if they have valid national health insurance 
[24]. Furthermore, the capacity of hospitals to admit patients 
for emergency and critical care may be compromised due to 
prolonged LOS caused by AMR [14, 22]. Evidence exists 
that AMR is a problem in Ghana, and this may be driven in 
part by inappropriate antibiotic use. A recent global study 
named Ghana as one of five countries where misuse of anti-
biotics was at risk of a disproportionate increase if no action 
is taken to reverse inappropriate antibiotic use [25]. As 
income levels in Ghana grow, it may stimulate increased use 
of health services, including wider use of medications such 
as antibiotics, leading to a further rise in the development 
and spread of AMR. These concerns coupled with evidence 
of hospital-acquired BSI and the associated AMR impacts in 
Ghana [26, 27] motivated us to undertake this study.

There is an increasing need to evaluate the patient cost of 
AMR, especially in LMICs where little data exist to drive 
policy and investment into AMR prevention and control [2]. 
Therefore, we aimed to evaluate the patient cost of AMR in 
Ghana using prospective data derived from AMR surveil-
lance. From established knowledge [14, 15], we aimed to 
answer two research questions: (1) Do inpatients with infec-
tions caused by AMR organisms stay longer in hospitals 
compared with patients with infections caused by suscep-
tible organisms and similar but uninfected patients? (2) Is 
there a significant difference in direct and indirect patient 
costs between AMR patients and patients with susceptible 
AMR infections and uninfected patients?

Our study focused on BSI caused by MRSA and 3GC-
resistant E. coli or Klebsiella spp. These are important 
indicator-resistance phenotypes and 3GC are among the 
WATCH and RESERVED group of antibiotics that, accord-
ing to WHO, are not supposed to be easily accessible but are 
nevertheless commonly used [28–30]. In Ghana, the empiri-
cal treatment initiated in patients suspected of BSI is not 
effective against these organisms and treatment has to be 
changed in response to the results of culture and susceptibil-
ity testing that are usually available after 3 days. Adding to 
this, appropriate treatment may be further delayed as patients 
or relatives will need to raise funds to afford effective treat-
ment that is not covered by national health insurance.

2  Methodology

2.1  Design

We conducted a prospective, parallel cohort study and 
undertook a cost evaluation to assess AMR-attributable costs 
from the patient perspective. Participants entered the cohort 
at hospital admission and remained until 30 days after a 
positive blood culture or discharge from the hospital/death, 
whichever was sooner. The study received ethics approval 
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from the Institutional Review Boards of the Komfo Anokye 
Teaching Hospital (KATH) and the Korle-Bu Teaching 
Hospital (KBTH) with reference numbers KATH-IRB/
AP/030/21 and KBTH/MD/93/21, respectively. For qual-
ity reporting and methodological transparency, we report 
according to the relevant sections of the Consolidated Health 
Economic Evaluation Reporting Standard (CHEERS) check-
list [31]. Again, we crosschecked our design and sampling 
with the Cochrane tool for assessing the risk of bias in 
cohort studies [32].

2.2  Setting

This study was conducted at the KATH and the KBTH in 
Ghana, a lower- to middle-income nation in West Africa. 
KATH is a 1200-bed capacity tertiary hospital located in the 
Ashanti Regional capital in Kumasi, while KBTH is a 2000-
bed capacity hospital located in the Greater Accra Region, 
the national capital. Both hospitals have central microbiol-
ogy laboratories capable of processing an average of 4000 
blood cultures yearly, with a daily inpatient admission of 110 
at KATH and 250 at KBTH [33, 34].

2.3  Population and Sampling

Our study source population included inpatients of all ages 
with suspected BSI who had blood cultures performed at 
the central microbiology laboratories of the participat-
ing hospitals during the participant recruitment period of 
June–December 2021 (N = 5752). A subgroup of the study 
population with positive blood cultures of E. coli or Kleb-
siella spp., resistant to 3GC, or with MRSA, constituted 
the AMR cohort (n = 426). Excluded from the analysis 
were patients lost to follow-up with incomplete data or 

who declined participation, thus bringing the total sample 
of AMR patients studied to 404. We determined a required 
sample size of 400 (95% confidence interval [CI] 322–478) 
for the AMR cohort based on a 50% population propor-
tion at a 5% error margin and 95% CI (z-score 1.96). For 
comparison of cost, we matched the 404 participants in the 
AMR cohort with two control arms, i.e., patients with the 
same bacterial infections non-resistant to 3GC or S. aureus 
that were methicillin-susceptible (susceptible cohort) and 
uninfected patients (uninfected cohort). Figure 1 summarizes 
the sample selection and matching process. Briefly, for each 
new AMR patient included, we sought out one susceptible 
and one uninfected patient based on the same age group 
(±5 years), same admission ward, same sex, and same bac-
teraemia type for susceptible AMR patients.

2.3.1  Data collection

Data were collected from eligible patients after they pro-
vided written informed consent. If the patient was aged < 18 
years, we collected the data from their parents or guardians 
responsible for paying their hospital bills. Patients included 
in the study were followed up on days 3, 12, 21, and 30, 
while post-discharge follow-up was through a phone call. 
Missing and incomplete data that resulted from AMR and 
susceptible patients lost to follow-up were excluded from 
the cost analysis. Among uninfected cohorts, no patient was 
lost to follow-up.

Data were collected in person by trained hospital staff 
(intern nurses) using a computer-assisted personal interview-
ing (CAPI) tool embedded with a validated data collection 
protocol design with CS Pro version 7.6.0 software. The data 
collection protocol comprised 46 closed and open-ended 
questions divided into two modules. Module one elicited 

Fig. 1  Flow chart of sample 
selection for the study. For 
standard operation procedure, 
we screened patients in the 
AMR cohort using third-gener-
ation cephalosporins (3GC) to 
identify resistance in Klebsiella 
spp. and E. coli bacterial infec-
tion. The 3GC used for the 
screening includes cefotaxime, 
ceftriaxone, and ceftazidime. 
For Staphylococcus aureus bac-
terial infections, Cefoxitin was 
used to screen for methicillin-
resistant Staphylococcus aureus 
(MRSA)

Admitted to ward and underwent
blood culture screening for AMR

(N = 5,752) 

Growth in blood culture of:
1. Escherichia coli and Klebsiella spp.

resistant to at least one of the 3GC.
2. Staphylococcus aureus resistant to Cefoxitin

(AMR cohort: N = 426)

Patients with no 
bloodstream infections 

3,916

Growth in blood culture of:
1. Escherichia coli and Klebsiella spp. non-

resistant to the 3GC used for screening.
2. Staphylococcus aureus non-resistant to Cefoxitin.

(Susceptible cohort: N = 207)

Patients with bloodstream 
infections
N=1,836

Completed the follow-up 
for inclusion in the study
(AMR cohort: N = 404)

Met the matching criteria and 
completed the follow-up for 

inclusion in the study
(Susceptible cohort: N = 152)

Met the matching criteria and 
completed the follow-up for 

inclusion in the study
(Uninfected cohort N = 404)

Declined participation (N=4), 
Lost to follow-up (N=18)

Not met the matching criteria (N = 49)
Declined participation (N = 1)

Lost to follow-up (N = 5)

Not met the matching criteria (N=3,494)
Drop from the analysis because their 
matched pairs in the AMR cohort were 
lost to follow-up (n=18)
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data on participants’ demographic characteristics (age and 
sex), residential location, primary admission diagnosis, ward 
of admission, comorbidity/severity of illness, LOS, and hos-
pital resource use, which included staff time consumed by 
inpatients available in the patient hospital folder, measured 
in minutes. Data on the severity of underlying illness was 
collected using the McCabe score (0 = normal life expec-
tancy; 1 = ultimately fatal life expectancy < 5 years; and 
2 = rapidly fatal life expectancy < 1 year). Thus, a score 
of 1 or 2 meant a patient had a severe underlying illness. 
Module two includes questions on employment and produc-
tivity loss, health insurance, source of funds for payment of 
patient hospital bills, household consumption expenditure, 
and direct and indirect medical expenses before and after 
discharge. Data on direct medical costs were derived from 
itemized official patient invoices and receipts at discharge. 
The unit cost of drugs was confirmed by the Head of the 
Pharmacy at the participating hospitals. As we limited the 
analysis to the patient perspective, productivity loss included 
that of the patient, or that of caregivers if the patient was a 
minor or below age 18 years, requiring the presence of an 
adult caregiver (parent or relative) throughout the duration 
of hospital admission.

2.4  Outcomes

The primary outcomes were the extra LOS and the associ-
ated patient costs due to AMR; thus, outcomes were evalu-
ated from the patient perspective.

2.4.1  Measurement of Outcomes

We measured LOS as the sum of inpatient days, adjusted for 
a hospital stay before a diagnosis of bacteraemia to avoid 
lead-time bias that may contribute to the overestimation of 
LOS [35–37]. For direct patient cost and productivity loss, 
we used a standard approach for a precise estimate of all 
patient-related expenses [38–40], which involves an activity-
based micro-costing known as the precision costing method. 
The direct patient cost for each patient comprised pharma-
ceuticals, medical consultation, laboratory and diagnostic 
tests, accommodation, and feeding. For each direct cost 
component, we measured the quantities used and multiplied 
by the unit costs (Eq. 1). Productivity losses (indirect patient 
cost) for each patient were measured as the sum of the cost 
of reduced productivity due to absenteeism from work and 
presenteeism at work (Eq. 2)

where items consumed are constituted by the list of resources 
used per patient, including pharmaceuticals, laboratory tests, 
medical consultation, accommodation and feeding.

(1)
Direct Patient Costitem

i

= Quantityitem
i

× Unit costitem
i

,

where GDInc represents gross daily income estimated as 
the reported gross monthly income divided by the number 
of working days in a month for the ith patient, L equals the 
number of lost working days in the last 30 days, CRP was 
calculated as the absolute monetary value of daily reduced 
productivity at work for the ith patient, and N is the number 
of days worked by the ith patient within the last 30 days, 
which is the duration of the follow-up. We limited the cost 
horizon to 30 days because epidemiological data on the 
study population and other studies suggest the LOS for 
patients with BSI plus AMR is within 30 days [38, 41–43].

2.5  Statistical Analysis

We obtained and analysed descriptive statistical profiles on 
13 sociodemographic variables characterizing participants 
in each cohort. Second, we evaluated the hypothesis of a 
significant difference in LOS between cohorts using t-test 
statistics accompanied by 95% CIs of the mean estimates, 
preceded by an assumption of normality check presented in 
a graph. Again, we performed a negative binomial regres-
sion (NBR) analysis to evaluate whether AMR significantly 
associates with LOS and a marginal effect estimate of the 
extra days spent by AMR cohorts considering the assump-
tion of overdispersion in the dataset [44, 45].

For the direct patient costs, we performed a disaggregated 
analysis of the direct and indirect medical expenses for each 
cohort and presented the estimated mean and 95% CI for 
each category. To characterize heterogeneity and distribu-
tional effects, we stratified the direct patient cost by bacte-
raemia type and study site. As established elsewhere [46, 
47], we assume comorbidity and the associated severity of 
illness among patients with BSI and AMR may affect study 
outcomes. We therefore adjusted for the severity of an under-
lying disease by stratifying the extra direct patient cost due 
to AMR for patients without the severity of illness. The same 
approach was used to analyse the cost of productivity loss 
between cohorts. Additionally, a generalized linear model 
(GLM) with NBR as a link function was used to analyse 
the association between patient background characteristics 
and the extra costs due to AMR. We calculated all the costs 
in Ghanaian cedi (local currency) and converted it to 2021 
purchasing power parity (PPP) in international US dollars 
(US$) using a standard web-based PPP converter [48]. The 
statistical analysis was performed in STATA version 14.0 
(StataCorp. LLC, College Station, TX, USA), while graphs 
were extracted from Microsoft Excel (Microsoft Corpora-
tion, Armonk, NY, USA).

(2)

Cost of productivity loss =

[

(

GDInc
i
× L

)

(Absenteeism cost)

+ (CRP
i
× N)

(Presenteeism cost)

]
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3  Results

3.1  Description of Participants

We recruited 426 patients in the AMR cohort from 5752 
blood cultures performed between June and December 
2021, which represents 7.4% (95% CI 6.8–8.1%) of eligible 
patients among those who had blood cultures performed, 
and 23.2% (95% CI 21.4–25.3) among those with BSI 
(n = 1836). Of those recruited, we lost 4.2% (18 patients) to 
follow-up and four refused consents, representing a 94.8% 
completion rate (AMR cohort, n = 404). We matched par-
ticipants in the AMR cohort to 152 and 404 patients in the 
susceptible and uninfected cohorts, respectively, thus bring-
ing the total number of participants studied to 960. The rea-
son for the low number of patients in the susceptible cohort 
was the high prevalence of AMR; thus, it was not possible 
to find suitable matching susceptible controls for more than 
half the patients in the AMR cohort.

The percentage of female participants were approximately 
52%. Furthermore, 46%, mainly adults, were admitted to a 
medical ward. Approximately 88% of the participants pos-
sessed active health insurance meant to offset part of their 
medical bills. The three cohorts had similar distributions of 
age, bacterial isolates, treatment ward, hospital, region of 
residence, and insurance status.

Mortality, measured as the proportion of patients who 
died during the study, was higher in the AMR cohort (15.4%, 
95% CI11.9–18.9) compared with the susceptible cohort 
(5.3%, 95% CI 1.7–8.9), and the uninfected cohort (2.5%, 
95% CI 2.3–4.0). Twelve patients in the AMR cohort died 
after discharge, while 50 patients died before discharge. We 
identified comorbidity in more than 90% of participants in 
the AMR and susceptible cohorts, with a McCabe score for 
severity of underlying illness of 25% and 22%, respectively. 
The composition of the AMR cohorts, in terms of bacterial 
types, was very similar (Table 1).

3.2  Hospital Resource Used

For all the measurable indicators of hospital resource use, 
patients in the AMR cohort used more resources than those 
in the susceptible cohort, who in turn used more resources 
than those in the uninfected cohort. For example, partici-
pants in the AMR cohort stayed approximately 5 days (95% 
CI 3.9–5.9) and 8 days (95% CI 7.2–8.6) longer in the hos-
pital compared with their counterparts in the susceptible 
and uninfected cohorts, respectively (Table 2). The LOS 
distribution in the groups assumed a normal distribution 
(Fig. 2). Among the selected group of patients infected with 
AMR organisms of interest, the NBR analysis (electronic 
supplementary material [ESM] Tables S1 and S2) showed 
a positive association between AMR and LOS (p < 0.01). 

Likewise, the marginal effect estimates of the true LOS due 
to AMR after controlling for overdispersion in the datasets 
was 5.1 days (95% CI 4.1–6.0) compared with the suscep-
tible cohort. The extra LOS was lower for admissions to 
the surgical ward (2.3 days; p = 0.05) and AMR caused by 
Klebsiella spp. (1.3 days; p = 0.04). Of interest to this study 
and rarely reported is the estimated difference in doctor’s 
time consumed by patients, measured in minutes, while on 
admission. We found staff time used by AMR patients to 
be significantly different compared with the remaining two 
cohorts (p < 0.01). For example, the AMR cohort consumed 
317 (95% CI 201–433) and 529 (95% CI 457–601) more 
minutes of hospital staff time than the susceptible and unin-
fected cohorts, respectively.

3.3  Unit Costs

Table 3 presents the unit cost of frequently accessed labora-
tory tests, available antibiotics, accommodation, and feeding 
as relevant to the hospital settings. In the laboratory test cat-
egory, a charge per service ranges from US$15.2 to US$52. 
The least- and highest-priced antibiotics in supply were 
doxycycline (100 mg; US$0.1–US$0.3) and Merrem/mero-
penem (1 g; US$70–US$211), respectively. The feeding cost 
per day was the same for all inpatients, but the accommoda-
tion fee varied by preference.

3.4  Direct Patient Cost of Antimicrobial Resistance 
(AMR)

Overall, AMR patients recorded a higher mean direct 
patient cost of US$3676 (95% CI US$3448–US$3904) 
compared with the susceptible cohort (US$2759, 95% CI 
US$2615–US$2903) and the uninfected cohort (US$2390, 
95% CI US$2313–US$2467) (Table 4). The estimated dif-
ference in the mean direct patient costs of US$917 (95% 
CI US$536–US$1298) between the AMR and susceptible 
cohorts was significant (p < 0.01). Direct medical costs 
accounted for 84.8% of the cost per AMR patient, and was 
similar for the remaining two cohorts. Furthermore, AMR 
patients had 31.6% of the direct cost covered by health insur-
ance compared with 34.9% and 35.9% for the susceptible 
and uninfected cohorts, respectively. We observed that the 
post-discharge review cost was high for the susceptible and 
uninfected cohorts because they were discharged early and 
had more time for outpatient review of illness after discharge 
before exiting the study (Table 4).

The stratified results show that the direct patient costs 
were much higher at KBTH in general than at KATH. 
Between cohorts, we observed a noticeable 7.5% increase 
in direct patient cost among AMR patients at KBTH rela-
tive to their counterparts at KATH (ESM Tables S2 and 
S3).  Regarding bacterial types, there was a noticeable 
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Table 1  Descriptive background characteristics of participants

Data are expressed as n (%)
NA not applicable to patients in the uninfected cohort because the validated instrument, adapted from the WHO study on AMR-attributable mor-
tality, made it conditional and applicable only to patients with bloodstream infections/AMR, NICU neonatal intensive care unit, PICU paediatric 
intensive care unit, KATH Komfo Anokye Teaching Hospital, KBTH Korle-Bu Teaching Hospital, AMR antimicrobial resistance
a Includes 17 patients from the medical intensive care unit
b Includes 5 patients from the surgical intensive care unit
c Includes the Northern, Upper East, and Upper West regions
d Patients who died during the study
e Comorbidity due to chronic illness such as kidney-related diseases, hypertension, diabetes, asthma plus pneumonia, frequent dizziness, ulcers, 
dementia, liver disease, connective tissue disease, etc.
f Severity of illness based on clinical assessment using the McCabe score for underlying illness

Variable Category AMR cohort N % Susceptible cohort N % Uninfected cohort N % Total N %

Age group, years 0–4 105 (25.99) 38 (25.00) 89 (22.03) 232 (24.17)
5–14 42 (10.40) 23 (15.13) 56 (13.86) 121 (12.60
15–24 20 (4.95) 8 (5.26) 21 (5.20) 49 (5.10)
25–34 24 (5.94) 8 (5.26) 22 (5.45) 54 (5.63)
35–44 36 (8.91) 10 (6.58) 32 (7.92) 78 (8.13)
45–54 48 (11.88) 19 (12.50) 55 (13.61) 122 (12.71)
≥55 129 (31.93) 46 (30.26) 129 (31.93) 304 (31.67)
Total 404 (100.00) 152 (100.00) 404 (100.00) 960 (100.00)

Sex Female 210 (51.98) 76 (50.00) 210 (51.98) 496 (51.67)
Male 194 (48.02) 76 (50.00) 194 (48.02) 464 (48.33)
Total 404 (100.00) 152 (100.00) 404 (100.00) 960 (100.00)

Bacteria isolate Escherichia coli 134 (33.17) 44 (28.95) 178 (32.01)
Klebsiella Spp. 123 (30.45) 55 (36.18) 178 (32.01)
Staphylococcus aureus 147 (36.39) 53 (34.87) 200 (35.97)
Total 404 (100.00) 152 (100.00) 556 (100.00)

Treatment ward Emergency 37 (9.16) 16 (10.53) 37 (9.16) 90 (9.38)
Maternity 5 (1.24) – 5 (1.24) 10 (1.04)
Medicala 188 (46.53) 68 (44.74) 188 (46.53) 444 (46.25)
NICU 11 (2.72) 6 (3.95) 11 (2.72) 28 (2.92)
PICU 22 (5.45) 6 (3.95) 22 (5.45) 50 (5.21)
Paediatric 109 (26.98) 47 (30.92) 109 (26.98) 265 (27.60)
Surgicalb 32 (7.92) 9 (5.92) 32 (7.92) 73 (7.60)
Total 404 (100.00) 152 (100.00) 404 (100.00) 960 (100.00)

Hospital KATH 205 (50.74) 79 (51.97) 205 (50.74) 489 (50.94)
KBTH 199 (49.26) 73 (48.03) 199 (49.26) 471 (49.06)
Total 404 (100.00) 152 (100.00) 404 (100.00) 960 (100.00)

Region of residence Ashanti 185 (45.79) 77 (50.66) 199 (49.26) 461 (48.02)
Bono region 7 (1.73) – 1 (0.25) 8 (0.83)
Central region 20 (4.95) 3 (1.97) 6 (1.49) 29 (3.02)
Eastern region 13 (3.22) – 6 (1.49) 19 (1.98)
Greater Accra 162 (40.10) 68 (44.74) 185 (45.79) 415 (43.23)
Otherc 17 (4.21) 4 (2.63) 7 (1.72) 28 (2.92)
Total 404 (100.00) 152 (100.00) 404 (100.00) 960 (100.00)

Health insurance (Yes) 337 (83.42) 140 (92.11) 366 (90.59) 843 (87.81)
Mortalityd (Yes) 62 (15.35) 8 (5.26) 10 (2.48) 80 (8.33)
Comorbiditye (Yes) 380 (94.06) 137 (90.13) NA 517 (92.99)
Severity of  illnessf (Yes) 94 (24.74) 33 (24.09) NA 116 (22.44)
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difference, but not significant. For instance, MRSA patients 
had a 9.8% and 3.1% higher direct patient cost com-
pared with those identified with Klebsiella pneumoniae 
and E. coli infections resistant to 3GC, respectively (ESM 
Tables S4–S6).

3.5  Productivity Loss Due to AMR (Indirect Patient 
Cost)

Patients and carers who reported not working for income 
constituted 23%, 22.4%, and 27.2% of the AMR, suscepti-
ble, and uninfected cohorts, respectively. Of those who work 
for income, the estimated mean lost working days due to 

absenteeism from work was 19.7 days (95% CI 19.2–20.3) 
for the AMR cohort compared with 15.9 days (95% CI 
15.3–16.6) for the susceptible cohort and 12.7 days (95% 
CI 12.2–13.2) for the uninfected cohort. Between groups, 
the lost working days due to absenteeism accounted for 
93.5%, 89.0%, and 88.1% of the respective indirect patient 
costs. Thus, presenteeism cost contributed 7–12% of the 
productivity loss. There was no significant difference in 
amount between the cohorts, although the susceptible cohort 
tended to be highest. Furthermore, we note that the extra 
patient cost of AMR after combining the direct and indi-
rect costs was approximately equivalent to the participants’ 

Table 2  Hospital resources used by patient cohort

AMR antimicrobial resistance, 95% CI 95% confidence intervals for the mean estimate, CI confidence interval, LOS length of hospital stay, OPD 
outpatient department
**p < 0.01
a Based on the total number of surviving patients
b Mean staff (doctors) time used per patient during hospital stay, estimated in minutes and recorded from the patient hospital folder

AMR cohort 
(95% CI) 
[n = 404]

Susceptible cohort 
(95% CI) [n = 152]

Difference [AMR 
– susceptible] (95% 
CI)

Uninfected 
cohort (95% CI) 
[n = 404]

Difference [AMR – 
uninfected] (95% CI)

Mean LOS in days (overall cohort 
sample)

17.6 (17.0–18.2) 12.7 (12.1–13.4) 4.9** (3.9–5.9) 9.7 (9.3–10.1) 7.9** (7.2–8.6)

Mean LOS in days (causative bacteria 
type)

 Escherichia coli 18 (17.1–18.9) 12.9 (11.8–14.0) 5.1** (3.4–6.7) 9.3 (8.7–9.9) 8.7** (7.6–9.6)
 Klebsiella pneumoniae 16.5 (15.5–17.5) 12.8 (11.6–14.0) 3.7** (2.0–5.5) 10.0 (9.1–10.8) 6.5** (5.2–7.8)
 Staphylococcus aureus 18.3 (17.1–19.4 12.5 (11.3–13.6) 5.8** (3.7–8.0) 10.0 (9.2–10.7) 8.3** (6.9–9.7)
 Mean number of laboratory tests 8.0 (7.7–8.3) 5.5 (5.1–6.0) 2.5** (1.9–3.0) 2.7 (2.5–2.9) 5.3** (4.9–5.7)
 Mean number of OPD  visitsa 1.3 (1.2–1.4) 1.7 (1.6–1.9) 0.4** (0.2–0.6) 2.3 (2.2–2.4) 1.0** (0.8–1.1)
 Mean staff time  usedb (minutes) 916 (850–982) 599 (520–677) 317** (201–433) 387 (355–419) 529** (457–601)

Fig. 2  Distribution of LOS by 
patient cohort
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reported mean monthly household consumption expenditure 
(Table 5).

In the stratified model, we found no significant differ-
ence in productivity loss between AMR and the susceptible 
cohorts in the KATH sample, but there was a significant 
difference in the KBTH strata (ESM Table S8).

3.6  Adjusted Result for Mean Extra Cost Due to AMR

After adjusting for the severity of the underlying illness, 
we observed a negligible change in the mean extra cost 

due to AMR (Table 6). For instance, in the overall sample 
comparing the AMR cohort with the susceptible cohort, 
the mean extra direct patient cost decreased by US$7.00, 
however the difference was not statistically significant. 
In the stratified result, the decline in excess total patient 
cost was US$41 at KATH, but an increase of US$162 at 
KBTH. Furthermore, the stratified result for the endpoint 
LOS and patient costs for those who survived the 30 days 
of follow-up were much similar, except for the mean total 
extra cost due to AMR, estimated as the difference in 

Table 3  Unit cost of laboratory/diagnostic tests, antibiotics, accommodation/feeding, in US$a

ESR erythrocyte sedimentation rate, HVS high vaginal swab, 2HR OGT 2-h oral glucose tolerance test, cap capsule, G6PD glucose-6-phosphate 
dehydrogenase, inj. injectable, IV intravenous, tab tablet, susp. suspension
Note: The list of laboratory tests and drugs is more than we have included in this table. We have only presented laboratory investigations fre-
quently accessed by patients at the participating hospitals. A comprehensive list of drugs and unit costs priced in Ghanaian cedi and covered by 
the National Health Insurance Scheme is publicly accessible elsewhere [47]
a Unit cost in 2021 purchasing power parity, in international US$
b Costs vary significantly depending on the brand
c Applicable to caregivers, mainly mothers, of children admitted to the hospital
d Amount depends on the place of care, that is whether intensive care unit, emergency care, or general ward

Laboratory services Medicine Hotel services

Item Unit cost ($) Antibiotics Unit cost ($) Item Unit cost ($)

Microbiology Amikacin (inj.) 9.9–10.6 Accommodation
 Antigen test 26.6 Amoxicillin 125 mg/5 mL 2.2–2.5 Hostel for  caregiversc 8–46
 Blood culture 52.0 Ampicillin (inj.) 500 mg 1.5–1.7
 HVS test (swabs) 24.5 Azithromycin (oral) 200 mg/5 mL 5.4–5.7 Patient  wardd

 Urine routine examination 24.5 Cefaclor (susp.) 12–13 General ward 29–46
Cefotaxime (inj.) 500 mg 3.8–6.3 Side ward 32–56

Haematology Ceftazidime 1 g 31.6 Executive ward 67–95
 C-reactive protein 41.1 Ceftriaxone 1 g (IV) 2.4–4.2
 ESR 24.5 Cefuroxime 125 g (oral) 5.3–6.2 Feeding
 Full blood count 31 Cefuroxime (inj.) 1.5 g 3.8–4.1 Feeding per day 37
 G6PD 49 Ciprofloxacin (tab) 0.3–1.6
 Hb/Haemoglobin 15.2 Clarithromycin (susp.) 125 mg 8.4–8.7
 Malaria parasite 15.2 Clindamycin (susp.) 75 mg 35–36
 Sickling 15.2 Clindamycin (inj.) 150 mg 8.6–8.9

Clindamycin (topical solution,1% 42–45
Chemical pathology Cloxacillin (inj.) 500 mg 2.9–3.3
 2HR OGT 44.8 Co-trimoxazole (oral) 1.9–2.2
 Blood chemistry 35.2 Doxycycline 100 mg 0.1–0.3
 Blood glucose (fasting) 30.9 Erythromycin (syrup) 125 mg 3.2–3.6
 Creatinine blood test 35.2 Erythromycin (tab) 250 mg 0.2–0.3
 D-Dimer test 42.1 Flucloxacillin (inj.) 250 mg 3.7–4.4
 Liver function test 50.5 Gentamicin (inj.) 40 mg 0.3–0.5
 Renal 25.2 Merrem/meropenemb 70–211

Metronidazole (inj.) 5 mg 1.4–1.7
Others Metronidazole (susp.) 200 mg 2.7–3.1
 Ultrasound 35–48 Tinidazole (cap.) 500 mg 4.4–4.9

Vancomycin 90–97
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costs between the AMR and susceptible cohorts, reduced 
by almost half (ESM Table S9).

3.7  Who Pays the Direct Patient Cost?

The question of who bears the direct medical cost of AMR 
is relevant to inform the public about how AMR affects 
society economically. Our analysis shows that families, 
defined as households excluding the patient, pay approxi-
mately 44% of the direct patient cost less health insur-
ance cover. Donations received from extended families 
and friends other than the household, plus contributions 
from the Department of Social Welfare, non-governmen-
tal organizations, and individual philanthropic gestures 

amount to 22.9%, with the remaining 33% borne directly 
by the patient without help from household members. The 
trend was similar in all three cohorts (Fig. 3).

3.8  Summary

In summary, from the patient’s point of view, the unad-
justed mean extra cost of an AMR infection is US$1300 and 
US$1923 relative to the susceptible and uninfected cohorts, 
respectively. About one-third of the additional expenses 
resulted from productivity losses. With an estimated 
annual AMR risk of 7.5% (740/9864) at both hospitals, 
the estimated yearly cost of AMR amounts to US$962,000 

Table 4  Mean direct patient cost by cohort in US$ (2021 PPP adjusted)

PPP purchasing power parity, CI confidence interval
* p < 0.05, **p < 0.01
Data in parentheses represent the 95% CI
a Cost of review was high for the susceptible and uninfected cohorts because the patients were discharged early and had more time for post-dis-
charge review of illness before exiting the study

AMR cohort [n = 404] Susceptible cohort 
[n = 152]

Difference Uninfected cohort 
[n = 404]

Difference

Direct medical cost
 Cost of drugs 951 (914–1012) 731 (691–771) 220** (149–316) 672 (639–704) 279** (233–350)
 Cost of lab tests 346 (330–363) 243 (228–258) 103** (75–131) 131 (121–140) 215** (197–235)
 Cost of  reviewa 85 (76–94) 147 (130–164) − 62** (− 80 to − 44) 137 (126–147) −52** (− 66 to − 37)
 Consultation 1736 (1553–1920) 1175 (1054–1313) 561** (243–862) 1097 (1044–1149) 640** (449–830)
 Sub-total 3118 (2983–3253) 2296 (2015–2577) 822 (773–871) 2037 (1906–2162) 1081 (957–1205)

Indirect medical cost
 Cost of transport 248 (234–263) 200 (185–215) 48** (23–74) 141 (133–149) 107** (90–124)
 Other direct cost 310 (286–335) 263 (245–280) 48* (6–89) 218 (207–229) 92** (65–119)
 Subtotal 558 (513–603) 463 (409–517) 95 (78–112) 359 (318–400) 199 (178–220)
 Direct patient cost 3676 (3448–3904) 2759 (2615–2903) 917** (536–1298) 2390 (2313–2467) 1286** (1047–1526)
 Insurance cover 1163 (1079–1248) 963 (932–993) 201** (65–337) 858 (828–889) 305** (219–392)

Table 5  Mean cost of productivity loss by patient cohort in US$ (2021 PPP adjusted)

PPP purchasing power parity, CI confidence interval, mHH monthly household
*p < 0.05, **p < 0.01
a  Includes carers/parents if the patient is a minor, a dependant, or is below the legal minimum age for employment (<15 years)

AMR cohort (95% 
CI) [n = 404]

Susceptible cohort 
(95% CI) [n = 152]

Difference (95% CI) Uninfected cohort 
(95% CI) [n = 404]

Difference (95% CI)

No. of employed  participantsa (%) 311 (77) 118 (77.6) – 294 (72.8) –
Lost working days 19.7 (19.2–20.3) 15.9 (15.3–16.6) 3.8** (2.8–4.9) 12.7 (12.2–13.2) 7.0** (6.3–7.8)
Productivity loss
 Presenteeism 97 (76–118) 122 (93–151) −25 (− 34 to 14) 102 (82–122) − 5 (− 12 to 24)
 Absenteeism 1395 (1276–1514) 987 (614–1161) 407** (209–606) 753 (675–830) 642** (499–786)
 Indirect patient cost 1492 (1371–1613) 1109 (731–1487) 383* (80–686) 855 (773–936) 637** (491–784)
 Mean mHH expenditure 1119 (1065–1174) 1129 (1053–1205) − 10 (− 90 to 50) 1107 (1066–1148) 13 (− 55 to 80)
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compared with the susceptible cohort, and US$1,423,020 
relative to the uninfected cohort (Table 7). The estimated 
extra costs due to AMR had a positive significant association 
with not only LOS but also female sex (ESM Table S10).

4  Discussion

We conducted a prospective parallel cohort study to evalu-
ate the LOS and the patient cost of AMR using prospective 
data collected from 960 participants in 8 months at two ter-
tiary hospitals in Ghana. We found that the mean LOS for 
the AMR cohort increased by 38.6% and 81.4% compared 
with the susceptible and uninfected cohorts, respectively. 
The extra LOS due to AMR translated into more hospital 
resources used by AMR patients, including staff time and 
laboratory tests, with the latter corresponding to a signifi-
cant increase in the direct patient costs paid by the patients. 
Additionally, the cost of reduced productivity due to reduced 
effectiveness while present at work and absent from work 
was approximately 35% and 75% more for AMR patients 

compared with the susceptible and uninfected cohorts, 
respectively. The mean total excess cost per patient due to 
AMR relative to the susceptible and uninfected cohorts was 
US$1300 and US$1923, corresponding to an annual esti-
mate of US$962,000 and approximately US$1.4 million at 
both hospitals, respectively. We have shown that the patient 
cost of AMR has societal implications because the govern-
ment, friends, and relatives of the patient support the pay-
ment of hospital bills directly or indirectly. Furthermore, had 
we included the productivity loss of caregivers/relatives of 
adult patients, this burden would have been higher.

The stratified result by bacteraemia type and study 
site shows similar increases in the cost for AMR patients 
compared with the remaining two cohorts. Nonetheless, 
we observed a negligible difference in expenses for AMR 
patients at the KBTH compared with the KATH and the 
same for patients with MRSA relative to patients with Kleb-
siella pneumoniae and E. coli infections resistant to 3GC.

Compared with other studies, we found similarities and 
differences in study outcomes. The excess LOS due to AMR 
is comparable with the findings by Mauldin and colleagues 

Table 6  Mean and 95% 
confidence interval of the direct 
and indirect extra patient cost 
due to AMR after adjusting for 
severity of underlying illness

AMR antimicrobial resistance, KATH Komfo Anokye Teaching Hospital, KBTH Korle-Bu Teaching Hospi-
tal
* p < 0.05, **p < 0.01

Overall KATH KBTH

Direct patient cost
 Direct medical cost 817** (579–907) 720** (677–809) 924 (794–1052)
 Indirect medical cost 93** (63–115) 41** (25–53) 138 (121–157)
 Subtotal 910** (492–1128) 761** (401–907) 1062** (1041–1082)

Productivity loss (indirect 
patient cost)

 Presenteeism − 15 (− 23 to 11) − 17 (− 27 to − 6) −13 (−16 to 30)
 Absenteeism 364** (183–545) 61 (− 27 to 99) 661 (648–674)
 Subtotal 349** (186–512) 44 (− 105 to 93) 648** (617–679)
 Total patient cost 1259** (1006–1358) 805* (619–977) 1710** (1587–1811)

Fig. 3  Main source of funding 
out-of-pocket hospital bills 
by patient cohort, excluding 
health insurance. δHousehold, 
excluding the patient. *The 
patient, excluding the house-
hold. **Donations received 
from extended relatives/friends. 
***Includes Social Welfare 
Fund, NGO, Religious group, 
and individual philanthropic 
gestures.
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based on a similar study conducted in a University Hospital 
in South Carolina, USA, where the estimated excess LOS 
due to AMR was approximately 5 days compared with a 
susceptible BSI cohort [22]. Two other studies conducted 
in Hanoi, and Boston, USA, reported lower and higher LOS 
impacts of 2.1 days and 6.5 days, respectively [10, 49]. 
Some studies link the extra LOS due to AMR to the causa-
tive bacterial type, the severity of the illness, and delayed 
access to empirically prescribed antibiotics occasioned by 
the patient’s inability to timely mobilize funds to purchase 
more expensive antibiotics needed to speed their recovery 
post-AMR susceptibility test [35, 46]. In our study, the pro-
portion of the participants with BSI and severe underlying 
illness due to comorbidity was similar for both the AMR and 
susceptible cohorts. Therefore, we think the extra LOS was 
due to factors including delayed therapy because the more 
expensive antibiotics such as vancomycin and meropenem 
used to treat severe BSI are not covered by Ghana’s national 
health insurance scheme (NHIS) [50]. This means that rela-
tively poor patients may need a day or two to mobilize funds 
to purchase more expensive antibiotics/drugs not covered by 
the NHIS, which further prolongs their duration of hospital 
stay. In the absence of AMR, there may be a substantial 
potential saving of approximately 2000 (2020) hospital bed-
days compared with the susceptible cohort. Again, assuming 
there was no AMR and all 960 participants studied during 
the data collection had only BSI, the hospital bed savings 
will be more than we have reported using the total number 
of observations in the susceptible cohort.

Using 2021 as a base year for comparing our cost esti-
mates with other studies, we found our estimated extra 
patient cost of AMR was less compared with another study 
conducted in a hospital in Connecticut, USA, which shows 
that the excess expense per patient due to AMR was equiva-
lent to US$1871 [23]. Furthermore, an increasing number 
of studies, mainly conducted in Europe and the US, report 
a higher patient cost of AMR with variation in excess cost 
depending on the bacteraemia type, sample size, study per-
spective, and location [21, 46, 51–53]. Nonetheless, we are 

cautious in comparing our estimated costs with available 
studies conducted in Europe and the US due to complete 
differences in socioeconomic circumstances. From the crude 
result, the absence of AMR could reduce patient cost by 
approximately 25%, equivalent to US$962,000 in annual 
total cost savings when compared with the susceptible 
cohort at both hospitals combined. Approximately 30% of 
the patient cost savings may result from reduced opportu-
nity costs due to improved productivity in the absence of 
AMR. This is in line with a study conducted in Europe by 
the European Centre for Disease Control, which found that 
almost 40% of the total patient cost resulting from produc-
tivity losses due to AMR could have been averted in the 
absence of AMR [18].

In this study, we showed that AMR infections do increase 
LOS and patient cost of admission independently of sever-
ity. We believe the difference in the patient cost of AMR 
between study sites may be due to regional differences in 
the prices of goods and services such as transportation, 
and differences in absenteeism costs due to higher income 
among KBTH patients, which affect the patient cost. Again, 
the small variations in the unit cost of antibiotics put some 
patients at a disadvantage depending on the availability and 
brand.

We were able to analyse patient costs for direct medical 
expenses on cost accounting for every unit of healthcare ser-
vice consumed and confirmed by receipt of payments for the 
duration of the study. In our view, comparing the mean extra 
patient cost of AMR with participants’ mean monthly house-
hold expenditure makes it reasonable and a good motivation 
for behavioural change for appropriate antibiotic use by the 
population. This requires that the population is aware of the 
connection between antibiotic use and AMR, as indicated in 
our submitted study to the British Medical Journal (unpub-
lished), which suggests the need for point-of-care informa-
tion to patients about the health and economic implications 
of antibiotic use and AMR.

Table 7  Summary of estimated annual extra patient costs of AMR, in US$ (2021 PPP adjusted)

AMR antimicrobial resistance, PPP purchasing power parity, MRSA methicillin-resistant Staphylococcus aureus
a Based on the observed prevalence of AMR, the estimated annual number of AMR patients due to Escherichia coli, Klebsiella and MRSA infec-
tions at both study sites = 740

AMR and susceptible cohort AMR and uninfected cohort

Mean cost 
AMR 
cohort

Mean cost 
susceptible 
cohort

Extra cost 
due to 
AMR

Annual 
cost of 
 AMRa

Mean cost 
AMR 
cohort

Mean cost 
uninfected 
cohort

Extra cost 
due to 
AMR

Annual cost of  AMRa

Direct patient cost 3676 2759 917 678,580 3676 2390 1286 951,640
Indirect patient cost 1492 1109 383 283,420 1492 855 637 471,380
Total 5168 3868 1300 962,000 5168 3245 1923 1,423,020
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4.1  Strengths and Limitations

Strengths Our study included a large sample size with data 
collected prospectively for 8 months, with two separate 
comparator groups to the AMR cohorts. This allowed us 
to estimate the study endpoint precisely, evidenced by the 
narrow 95% CIs accompanying the endpoint mean LOS 
and costs. This study employed robust matching criteria 
that considered the timing of events in estimating the true 
LOS and costs due to AMR. The use of precision cost-
ing methodology, combined with the study design, makes 
our paper unique compared with many others, which only 
compare the AMR cohort with either a susceptible or unin-
fected cohort. The lack of published studies on the cost of 
AMR in LMIC settings and the non-existence of the same 
in the Ghanaian context means we have contributed to the 
health economics literature on the subject. Our findings 
provide baseline data for further studies in which we will 
evaluate AMR cost from the healthcare provider perspec-
tive and conduct a microsimulation analysis focusing on 
the long-term AMR cost for the entirety of Ghana. Again, 
we anticipate the findings can be used to motivate the pop-
ulation to use antibiotics appropriately to reduce out-of-
pocket payments on healthcare due to AMR. Additionally, 
we believe our finding is timely and may support behav-
ioural change in line with the objective of Ghana’s policy 
on antimicrobial use and resistance [54].

Limitations During the 8 months of data collection, there 
were three different labour union strikes in the health sector 
in Ghana, beginning with laboratory scientists who were 
assisting with the AMR surveillance and consequently 
affected participant recruitment for weeks. Without govern-
ment intervention to call off the strikes, the incidents could 
have affected the sample size. Furthermore, the cost of goods 
and services increased three times in Ghana following hikes 
in fuel prices during the data collection, demanding that 
we review and appropriately adjust the unit costs to avoid 
underestimation. Dwelling on mean estimates of LOS and 
cost may not reflect individual circumstances and most likely 
contribute to the underestimation of LOS and the associ-
ated patient cost due to AMR. We limited the measurement 
of staff time consumed to doctors’ time spent on patients, 
which was available in the patient folder. This means we 
excluded the time nurses spent on patients because it was not 
recorded in patient folders to make it official for us to collect 
such data, which may lead to underestimation. There is still 
the possibility of misclassification, i.e., the likelihood that 
patients in the uninfected group may have had an infection, 
but the laboratory was unable to isolate the organism. This 
may be due to the fastidious nature of the organism or the 
requirement of special conditions for growth (e.g., anaerobic 
conditions), which were not available in the microbiology 
laboratory.

5  Conclusion

We have shown how AMR affects the LOS and the associ-
ated patient cost in Ghana using prospective data collected 
from two tertiary hospitals in Ghana. We anticipate our find-
ings will encourage investment in AMR interventions by the 
government and others interested in reversing the prevalence 
and spread of AMR. Such interventions may include point-
of-care AMR information to patients to motivate behaviour 
change for appropriate antibiotic use, as we have suggested 
in another study. Our case for behavioural change is that 
patients could save an amount equivalent to their mean 
monthly household expenditure without AMR.
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