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Abstract 16 

Background: Ghana requires parasitological confirmation of suspected malaria before 17 

antimalarial treatment, yet some patients are treated without a positive test. We 18 

described trends in presumptive malaria treatment from 2016 to 2025 and its association 19 

with malaria outcomes. 20 

Methods: We conducted an ecological panel analysis of annual malaria case 21 

management indicators reported through the District Health Information Management 22 

System 2 for all 16 regions (160 region-years). The presumptive malaria treatment (PMT) 23 

rate was the percentage of treated uncomplicated cases without a positive test. We 24 

compared 2016–2020 with 2021–2025 and used two-way fixed-effects panel regression 25 

to relate PMT to confirmed incidence and admission, mortality, and case fatality rates, 26 

with bootstrap inference and a 2018–2025 sensitivity analysis. 27 

Results: The national PMT rate fell from 33.5% in 2016 (not-tested component only) to 28 

3.6% in 2025, with a temporary rise to 8.2% in 2024. All regions improved, and Greater 29 

Accra had the highest rate in 2021–2025 (11.3%). The under-five share of malaria 30 

admissions fell from 48.0% to 27.9%, while their share of deaths stayed near half. Within 31 

regions, each percentage-point rise in PMT was associated with 2.28 fewer confirmed 32 

cases per 1,000 population (95% CI −3.84 to −0.71; bootstrap p = 0.028), with no 33 

statistically significant association with admission, mortality, or case fatality rates. 34 

Conclusions: Presumptive malaria treatment declined in every region, although Greater 35 

Accra and northern regions kept the highest rates and the national rate rebounded in 36 

2024. Confirmed malaria incidence is best interpreted alongside not-tested and test-37 

negative treatment rates. 38 

Keywords: Malaria, Presumptive treatment, Diagnostic adherence, Health information 39 

systems, Ghana 40 
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 41 

Introduction 42 

Malaria remains a leading cause of illness and death in sub-Saharan Africa. An estimated 43 

282 million cases and 610,000 deaths occurred worldwide in 2024, 94% and 95% of them 44 

in the World Health Organization (WHO) African Region, and global progress is not on 45 

track to meet the 2025 milestones of the Global Technical Strategy for Malaria [1]. Malaria 46 

is endemic throughout Ghana, with perennial transmission in the forest and coastal zones 47 

and intensely seasonal transmission in the northern savannah, and it accounts for 48 

roughly 30% of outpatient attendances and 23% of admissions [2]. As Ghana shifts from 49 

control toward elimination under the National Malaria Elimination Strategic Plan 2024–50 

2028, decisions on where to target interventions rest more and more on routine 51 

surveillance [3, 4]. Those data are only as informative as the diagnosis behind them. 52 

Because many febrile presentations have non-malarial causes, confirmed case counts 53 

track true malaria only when suspected cases are tested and treatment follows the result 54 

[5, 6]. 55 

In 2010, WHO recommended parasitological confirmation of all suspected malaria before 56 

treatment, replacing earlier guidance that allowed presumptive treatment of febrile young 57 

children in high-transmission settings where diagnostics were scarce [7]. The Test, Treat, 58 

Track initiative reinforced this recommendation in 2012 [8], and Ghana built test-based 59 

management into its national guidelines and strategic plans [4, 6]. Treatment without 60 

confirmation has nevertheless persisted, and recent studies from Ghana identify supply 61 

and staffing constraints as major drivers. In 69 facilities in the Volta and Oti regions, 62 

59.4% of clinicians reported frequent stock-outs of rapid diagnostic tests (RDTs) and 63 

65.2% reported a lack of diagnostic facilities, and 81.7% of untested febrile children 64 

received an artemisinin-based combination therapy (ACT) [9]. Prescribers in Greater 65 
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Accra, Upper West, and the former Brong Ahafo Region described erratic RDT supply at 66 

community-based health planning and services (CHPS) compounds, too few 67 

microscopes and laboratory staff for the queues they faced, and patients who regarded 68 

testing as a waste of time [10]. 69 

Limited confidence in negative results sustains a second form of presumptive treatment, 70 

in which patients are given antimalarials after a negative test. Two-thirds of clinicians in 71 

Volta and Oti believed that RDTs gave inaccurate results, and half of the test-negative 72 

children they saw received ACTs [9]. In Greater Accra, 21.4% of test-negative and 42.7% 73 

of untested febrile outpatients were prescribed ACTs, and inappropriate prescribing was 74 

far less likely in facilities that had RDTs in stock [11]. Prescribers explained such 75 

decisions by citing earlier experiences of microscopy-positive patients with negative 76 

RDTs, fear that untreated patients would return with severe malaria, and limited training 77 

in investigating non-malarial fever [10]. 78 

These practices carry costs for patients, for the health system, and for surveillance. 79 

Patients receive ACTs they do not need, while bacterial and other causes of fever may 80 

go untreated [12, 13]. Unnecessary prescribing wastes antimalarial commodities and 81 

adds drug pressure at a time when artemisinin partial resistance has been confirmed in 82 

several African countries [1], and it forgoes the savings that test-based management 83 

achieves even in high-transmission areas of Ghana [14]. Presumptive treatment also 84 

alters what routine data mean. A case treated without a positive test is not counted as 85 

confirmed malaria, so a change in testing practice can move confirmed incidence without 86 

any change in transmission [15]. 87 

Ghana has invested heavily in RDT scale-up, prescriber training, and District Health 88 

Information Management System 2 (DHIMS2) reporting, but most evidence on 89 

presumptive treatment in the country comes from facility surveys, qualitative studies, and 90 
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trials covering a few districts [9–11, 16]. National evidence spanning several years and 91 

all 16 regions, and relating diagnostic practice to the outcomes the program monitors, 92 

remains limited. Using ten years of regional DHIMS2 reports, we described trends in 93 

presumptive malaria treatment from 2016 to 2025 and its association with malaria 94 

outcomes. 95 

Methods 96 

Study design 97 

We conducted a longitudinal ecological panel study based on secondary analysis of 98 

aggregated malaria case management indicators routinely reported through DHIMS2, 99 

with no individual participant data. The unit of analysis was the region-year, with each of 100 

Ghana’s 16 administrative regions observed annually from 2016 to 2025, giving a 101 

balanced panel of 160 region-year observations. The study is reported following the 102 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 103 

guidelines (Supplementary File 1). 104 

Study setting 105 

Ghana has a projected population of 33 million people based on the 2021 population 106 

census [17]. It borders Burkina Faso to the north, Togo to the east, Côte d’Ivoire to the 107 

west, and the Gulf of Guinea to the south, and is divided into 16 administrative regions 108 

and 261 districts. Six of the current regions (Ahafo, Bono East, North East, Oti, 109 

Savannah, and Western North) were created in 2019 from former regions; all values in 110 

this analysis, including those for 2016–2018, refer to the current 16-region boundaries. 111 

Malaria transmission is perennial in the forest and coastal zones and highly seasonal in 112 

the northern savannah [2]. Prevention includes insecticide-treated nets, seasonal malaria 113 

chemoprevention in the northern regions, indoor residual spraying in selected districts, 114 
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and malaria vaccination of young children, introduced with RTS,S/AS01 in 42 districts in 115 

seven regions in 2019, extended to 51 more districts in 2023, and expanded with 116 

R21/Matrix-M to 43 districts in Upper West, Northern, Savannah, and Western North in 117 

2024 [2, 4, 18]. 118 

National malaria case management guidelines require parasitological confirmation of all 119 

suspected cases by RDT or light microscopy before antimalarial treatment, in line with 120 

WHO recommendations adopted progressively from 2010 [6, 7]. Uncomplicated malaria 121 

is treated with ACTs, principally artemether-lumefantrine. Services are delivered through 122 

CHPS compounds, health centers, polyclinics, and district, regional, and teaching 123 

hospitals, all of which report malaria morbidity, treatment, and mortality through DHIMS2. 124 

Successive national strategic plans have set targets for test-based diagnosis and 125 

financed RDT procurement, microscopy quality assurance, prescriber training, and 126 

supportive supervision [4]. 127 

Data source and extraction 128 

We extracted annual region-level aggregates from DHIMS2, the national repository for 129 

malaria morbidity, mortality, diagnostic, and treatment reports, for January 2016 to 130 

December 2025. Annual rather than monthly aggregates were used because the 131 

objectives concerned multi-year trends, and annual totals avoid seasonal fluctuation in a 132 

panel model. For each region-year we extracted: (1) uncomplicated malaria cases 133 

confirmed by RDT or microscopy; (2) suspected uncomplicated malaria cases that tested 134 

negative but were treated with antimalarials; (3) suspected uncomplicated malaria cases 135 

treated with antimalarials without any diagnostic test; (4) malaria admissions, by age 136 

group (under five years; five years and above); (5) in-hospital malaria deaths, by the 137 

same age groups; and (6) the mid-year population, taken from Ghana Statistical Service 138 

projections entered in DHIMS2. Facilities report to DHIMS2 individually, and DHIMS2 139 
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aggregates their reports through the current organizational hierarchy. When the six new 140 

regions were created in 2019, their districts and facilities were reassigned in this 141 

hierarchy, so the 2016–2018 values for all 16 regions were produced by aggregating the 142 

reports of each facility under its current district and region. Population denominators are 143 

Ghana Statistical Service district projections held in DHIMS2 and aggregated through the 144 

same hierarchy. To check the reconstruction, we compared year-on-year changes in the 145 

six new regions and their four parent regions: between 2018 and 2019, the year of the 146 

reorganization, confirmed cases changed by −14.6% to 32.0% and admissions by 147 

−15.8% to 50.1%, within the range observed between other consecutive years (−30.4% 148 

to 68.5% and −50.3% to 96.7%), with no obvious discontinuity in this descriptive check. 149 

Study variables 150 

For each region-year, let C be confirmed uncomplicated malaria cases, NT cases treated 151 

without a test, and TN cases treated despite a negative test. In DHIMS2 these are 152 

separate, mutually exclusive data elements, each suspected uncomplicated case being 153 

recorded in only one of them. Because DHIMS2 does not record treatment of confirmed 154 

cases separately and national guidelines require antimalarial treatment of every 155 

confirmed uncomplicated case, we took T = C + NT + TN as the number of antimalarial-156 

treated cases, assuming that all confirmed cases were treated. The primary exposure, 157 

the presumptive malaria treatment (PMT) rate, was (NT + TN)/T × 100, the percentage 158 

of treated cases that received antimalarials without a positive test. Its two components 159 

were the not-tested treatment rate, NT/T × 100, and the test-negative treated rate, TN/T 160 

× 100; the two components sum to the PMT rate. The test-negative treated rate is the 161 

share of antimalarial treatment given after a negative test. Because the number of 162 

patients who tested negative is not in its denominator, it does not measure prescribing 163 

adherence among all test-negative patients. 164 
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The four primary outcomes were confirmed malaria incidence (C per 1,000 population), 165 

malaria admission rate (admissions per 1,000 population), malaria mortality rate (in-166 

hospital malaria deaths per 100,000 population), and in-hospital case fatality rate (CFR; 167 

deaths per 100 malaria admissions). Secondary outcomes were the under-five share of 168 

malaria admissions and deaths and the age-specific CFR among admitted patients under 169 

five years and five years and above. 170 

Data management 171 

Non-numeric entries were set to missing. Following Ghana’s DHIMS2 reporting 172 

convention, in which a blank entry denotes no event, blank entries for in-hospital deaths 173 

(24 region-years, 19 of them in 2023–2025) were coded as zero; no other missing value 174 

was imputed. The test-negative treated element was not reported for any region in 2016, 175 

and in 2017 only two regions entered values (30 cases in Ashanti and 2 in Northern, 176 

against 33,069 and 3,299 in 2018), so we treated the element as reported from 2018. 177 

For 2016 and 2017 the PMT rate therefore consists of the not-tested component only 178 

and is an incomplete estimate. Analyses of the test-negative treated rate used the 128 179 

region-years from 2018 to 2025, and analyses of the PMT and not-tested rates used all 180 

160 region-years. Rates with a zero denominator were set to missing. We confirmed that 181 

the panel contained ten observations per region and 16 per year, and reviewed the 182 

distribution of every variable (minimum, maximum, mean, and interquartile range) for 183 

implausible values before analysis. 184 

Statistical analysis 185 

All analyses were performed in Python 3.12 using pandas, NumPy, SciPy, statsmodels, 186 

and linearmodels. National annual rates were calculated by summing numerators and 187 

denominators across the 16 regions in each year. Regional rates for the whole period, 188 

and for the periods 2016–2020 and 2021–2025, were calculated in the same way, as the 189 
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ratio of summed counts across the relevant years, so that each rate is weighted by case 190 

volume. Change between periods was expressed in two ways. The absolute change, in 191 

percentage points, was the PMT rate in 2021–2025 minus the PMT rate in 2016–2020. 192 

The relative change, in percent, was the absolute change divided by the 2016–2020 rate 193 

and multiplied by 100. Negative values indicate a decline in both measures. Age 194 

composition was summarized as the under-five share of admissions and deaths and as 195 

age-specific CFR. 196 

Associations between each of the three exposures (PMT, not-tested, and test-negative 197 

treated rates) and each of the four outcomes were examined in three steps. First, 198 

Spearman rank correlation coefficients were estimated across all available region-years, 199 

with two-sided p-values from the t-distribution approximation. Second, pooled ordinary 200 

least squares (OLS) models with a single exposure and an intercept (12 models) were 201 

fitted for comparison; these models ignore the panel structure and were interpreted as 202 

unadjusted. Third, two-way fixed-effects panel models were fitted: 203 

Yrt = αr + λt + βXrt + εrt 204 

where Yrt is the outcome in region r and year t, Xrt is the exposure, αr are region fixed 205 

effects, λt are year fixed effects, and εrt is the error term. Region effects absorb stable 206 

differences between regions, such as transmission ecology and health system structure. 207 

Year effects absorb changes common to all regions in a given year, such as national 208 

policy, commodity procurement cycles, and the COVID-19 disruption of 2020. β therefore 209 

represents the within-region change in the outcome associated with a one-percentage-210 

point change in the exposure, beyond the national trend. Coefficients were estimated 211 

with the PanelOLS estimator of linearmodels. Standard errors were clustered by region 212 

with the CR1 small-sample correction, and 95% confidence intervals and p-values used 213 

a t distribution with 15 degrees of freedom. Because cluster-robust inference can be 214 
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unreliable with 16 clusters, we also obtained p-values from a wild cluster restricted 215 

bootstrap with Webb weights (9,999 replications). In a sensitivity analysis, all fixed-effects 216 

models were re-estimated for 2018–2025 (128 region-years), when both components 217 

were reported for every region. Statistical significance was set at p < 0.05. 218 

Results 219 

National trends in presumptive treatment, 2016–2025 220 

The national PMT rate fell from 33.5% in 2016 to 3.6% in 2025, with most of the decline 221 

achieved by 2019 (10.4%); because the test-negative component was not reported in 222 

2016 and 2017, values for those years are incomplete estimates. From 2018, when both 223 

components were reported, the rate fell from 14.5% to 3.6%, with a temporary rise to 224 

8.2% in 2024 (Fig. 1). The not-tested component accounted for both the overall decline 225 

and the 2024 rise, whereas the test-negative treated rate stayed between 1.0% and 1.9% 226 

from 2018 onward. 227 

 228 

Fig. 1: National presumptive malaria treatment rate and its components, Ghana, 2016–229 

2025 230 
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 231 

Regional variation and change between periods 232 

Over 2016–2025, the PMT rate was highest in Northern (22.2%), Greater Accra (21.6%), 233 

and North East (20.6%) and lowest in Upper West (5.7%) (Table 1). Greater Accra 234 

combined one of the highest PMT rates with the lowest confirmed incidence in the country 235 

(39.2 per 1,000 population). 236 

Table 1. Presumptive malaria treatment rates, period change, and malaria outcomes by 237 

region, Ghana, 2016–2025 238 

Region PMT 
2016–
2025 
(%) 

PMT 
2016–
2020 
(%) 

PMT 
2021–
2025 
(%) 

Absolute 
change 

(pp) 

Relative 
change 

(%) 

Confirmed 
incidence 

(/1,000) 

Admission 
rate 

(/1,000) 

Mortality 
rate 

(/100,000) 

CFR 
(%) 

Northern 22.2 33.6 9.5 −24.1 −71.8 97.8 20.6 2.84 0.14 
Greater 
Accra 

21.6 29.5 11.3 −18.2 −61.7 39.2 4.9 0.42 0.09 

North 
East 

20.6 37.0 8.2 −28.7 −77.7 149.6 17.9 3.32 0.18 

Savannah 20.0 30.4 8.5 −21.9 −71.9 180.4 15.9 2.04 0.13 
Ashanti 17.2 26.5 8.0 −18.5 −69.6 136.0 15.2 0.68 0.04 
Volta 14.4 22.6 4.8 −17.8 −78.7 152.1 9.7 1.45 0.15 
Western 
North 

13.5 18.2 6.7 −11.5 −63.2 259.4 14.9 0.98 0.07 

Western 10.6 14.2 6.5 −7.7 −54.1 220.5 10.0 0.81 0.08 
Bono 
East 

10.5 12.1 8.6 −3.5 −28.6 265.2 15.7 2.46 0.16 

Eastern 9.4 14.6 4.5 −10.1 −68.9 217.2 10.5 0.91 0.09 
Central 9.2 15.4 2.7 −12.7 −82.7 190.9 8.6 0.81 0.10 
Oti 8.4 13.0 3.4 −9.7 −74.0 198.1 9.6 1.20 0.13 
Bono 7.5 9.1 5.7 −3.4 −37.6 303.0 14.7 1.61 0.11 
Ahafo 7.4 9.3 5.4 −3.9 −42.1 274.0 16.7 0.59 0.04 
Upper 
East 

5.9 8.9 1.9 −7.0 −78.7 342.7 12.5 1.28 0.10 

Upper 
West 

5.7 10.0 0.9 −9.2 −91.1 283.1 19.8 2.54 0.13 

PMT, presumptive malaria treatment; pp, percentage points; CFR, in-hospital case fatality rate. Rates 239 
are pooled as the ratio of summed counts over the stated years; outcome indicators are pooled over 240 
2016–2025. Absolute change = PMT 2021–2025 minus PMT 2016–2020; relative change = absolute 241 
change ÷ PMT 2016–2020 × 100. Changes were computed from unrounded rates and may differ by 242 
0.1 from values derived from the rounded rates shown. Regions are ordered by the 2016–2025 PMT 243 
rate.  244 

 245 

Every region had a lower PMT rate in 2021–2025 than in 2016–2020 (Fig. 2). The largest 246 

absolute declines were in North East (−28.7 percentage points), Northern (−24.1), and 247 
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Savannah (−21.9), whereas Bono East, Bono, and Ahafo declined by less than 4 points. 248 

By 2021–2025, Greater Accra had the highest rate (11.3%) and Upper West the lowest 249 

(0.9%). 250 

 251 

Fig. 2: Presumptive malaria treatment rate by region, 2016–2020 and 2021–2025, 252 

Ghana 253 

 254 

Malaria admissions and deaths by age group 255 

Malaria admissions among children under five fell by 48.9% between 2016 and 2025, 256 

whereas admissions among persons aged five years and above peaked in 2023 at 60.2% 257 

above the 2016 level and remained 22.2% higher in 2025 (Fig. 3). The under-five share 258 

of admissions consequently declined from 48.0% to 27.9%. 259 
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 260 

Fig. 3: National malaria admissions by age group, Ghana, 2016–2025 261 

 262 

In-hospital malaria deaths fell by 95.9%, from 1,264 in 2016 to 52 in 2025, yet the under-263 

five share of deaths showed no consistent trend and stayed near half throughout (Table 264 

2). The CFR among admitted children under five, similar to that of older patients in 2016, 265 

was about twice as high by 2025 (0.026% vs 0.012%). 266 

Table 2. National malaria admissions, deaths, and case fatality by age group, Ghana, 267 

2016–2025 268 

Year Admissions 
<5 y 

Admissions 
≥5 y 

Under-five 
share of 

admissions 
(%) 

Deaths 
<5 y 

Deaths 
≥5 y 

Under-
five share 
of deaths 

(%) 

CFR 
<5 y 
(%) 

CFR 
≥5 y 
(%) 

2016 182,453 197,583 48.0 590 674 46.7 0.323 0.341 
2017 161,157 183,056 46.8 327 272 54.6 0.203 0.149 
2018 157,366 201,172 43.9 245 172 58.8 0.156 0.085 
2019 161,657 232,370 41.0 168 168 50.0 0.104 0.072 
2020 122,478 186,409 39.7 148 160 48.1 0.121 0.086 
2021 145,587 246,527 37.1 127 150 45.8 0.087 0.061 
2022 143,022 289,373 33.1 72 75 49.0 0.050 0.026 
2023 131,811 316,550 29.4 77 69 52.7 0.058 0.022 
2024 108,243 271,095 28.5 35 39 47.3 0.032 0.014 
2025 93,171 241,367 27.9 24 28 46.2 0.026 0.012 

CFR, in-hospital case fatality rate (deaths per 100 malaria admissions in the same age group); y, 269 
years. 270 
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Unadjusted associations between presumptive treatment and outcomes 271 

In unadjusted analyses, a higher PMT rate was associated with lower confirmed 272 

incidence (β = −3.36 per 1,000; 95% CI: −4.39 to −2.34) and with higher mortality and 273 

case fatality rates (both p < 0.001), whereas no statistically significant association was 274 

detected with the admission rate (Table 3). 275 

Table 3. Unadjusted associations between presumptive treatment indicators and 276 

malaria outcomes, Ghana, 2016–2025 277 

Exposure Outcome Spearman 
r 

p-
value 

OLS β 95% CI OLS p-
value 

N 

PMT rate Confirmed 
incidence (/1,000) 

−0.493 <0.001 −3.363 −4.390 to 
−2.337 

<0.001 160 

 Admission rate 
(/1,000) 

0.060 0.453 0.073 0.000 to 
0.145 

0.050 160 

 Mortality rate 
(/100,000) 

0.430 <0.001 0.129 0.106 to 
0.151 

<0.001 160 

 CFR (%) 0.489 <0.001 0.007 0.006 to 
0.008 

<0.001 160 

Not-tested 
rate 

Confirmed 
incidence (/1,000) 

−0.414 <0.001 −2.882 −3.929 to 
−1.836 

<0.001 160 

 Admission rate 
(/1,000) 

0.122 0.125 0.086 0.015 to 
0.158 

0.018 160 

 Mortality rate 
(/100,000) 

0.457 <0.001 0.132 0.111 to 
0.153 

<0.001 160 

 CFR (%) 0.490 <0.001 0.007 0.006 to 
0.008 

<0.001 160 

Test-negative 
treated rate 

Confirmed 
incidence (/1,000) 

−0.467 <0.001 −30.322 −38.261 to 
−22.382 

<0.001 128 

 Admission rate 
(/1,000) 

−0.196 0.027 −1.028 −1.605 to 
−0.451 

<0.001 128 

 Mortality rate 
(/100,000) 

0.035 0.697 −0.047 −0.151 to 
0.056 

0.368 128 

 CFR (%) 0.159 0.073 0.004 −0.003 to 
0.010 

0.243 128 

Spearman rank correlation and pooled OLS regression across 160 region-years (128 for the test-278 
negative treated rate, 2018–2025). OLS, ordinary least squares; PMT, presumptive malaria treatment; 279 
CFR, in-hospital case fatality rate. β is the change in the outcome per one-percentage-point increase 280 
in the exposure. Each model contains one exposure and an intercept. 281 

Fixed-effects panel regression 282 

After adjustment for region and year fixed effects, the PMT rate remained inversely 283 

associated with confirmed incidence: each one-percentage-point increase within a region 284 

corresponded to 2.28 fewer confirmed cases per 1,000 population (95% CI: −3.84 to 285 
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−0.71; p = 0.007; bootstrap p = 0.028) (Table 4). The not-tested treatment rate showed 286 

the same association (β = −2.06; 95% CI: −3.72 to −0.39; bootstrap p = 0.042). 287 

Table 4. Fixed-effects panel regression of malaria outcomes on presumptive treatment 288 

indicators, Ghana, 2016–2025 289 

Exposure Admission rate 
(/1,000) 

Mortality rate 
(/100,000) 

CFR (%) Confirmed incidence 
(/1,000) 

PMT rate 0.140 
(−0.031 to 0.311) 

p = 0.101 
bootstrap p = 0.088 

0.071 
(−0.009 to 0.150) 

p = 0.078 
bootstrap p = 0.125 

0.001 
(−0.002 to 0.004) 

p = 0.533 
bootstrap p = 0.546 

−2.277 
(−3.844 to −0.711) 

p = 0.007 
bootstrap p = 0.028 

Not-tested 
treatment 
rate 

0.147 
(−0.040 to 0.335) 

p = 0.114 
bootstrap p = 0.105 

0.069 
(−0.019 to 0.157) 

p = 0.117 
bootstrap p = 0.184 

0.001 
(−0.003 to 0.005) 

p = 0.589 
bootstrap p = 0.593 

−2.059 
(−3.724 to −0.395) 

p = 0.019 
bootstrap p = 0.042 

Test-
negative 
treated rate 

−0.368 
(−1.424 to 0.688) 

p = 0.469 
bootstrap p = 0.445 

−0.109 
(−0.300 to 0.082) 

p = 0.243 
bootstrap p = 0.204 

−0.005 
(−0.011 to 0.001) 

p = 0.096 
bootstrap p = 0.077 

−8.610 
(−19.596 to 2.376) 

p = 0.116 
bootstrap p = 0.061 

Values are β, 95% CI, and p-value from cluster-robust standard errors (CR1 correction; t distribution 290 
with 15 degrees of freedom), followed by the p-value from a wild cluster restricted bootstrap with 291 
Webb weights (9,999 replications). Each model includes one exposure, region fixed effects, and year 292 
fixed effects (16 clusters; 160 region-years for the PMT and not-tested rates and 128 for the test-293 
negative treated rate, 2018–2025). β is the within-region change in the outcome per one-percentage-294 
point increase in the exposure; each cell is a separate model. Bold indicates p < 0.05 (cluster-robust). 295 
PMT, presumptive malaria treatment; CFR, in-hospital case fatality rate. 296 

Discussion 297 

Over ten years, the share of malaria cases in Ghana treated without a positive test fell 298 

steeply, with most of the decline before 2019 and a fall from 14.5% to 3.6% between 299 

2018 and 2025, when both components were reported, and every region treated a 300 

smaller share of cases without confirmation in 2021–2025 than in 2016–2020. Regional 301 

differences narrowed but did not disappear, and a rebound in 2024 interrupted the 302 

national decline. Over the same decade, malaria admissions shifted toward persons 303 

aged five years and above, while recorded in-hospital malaria deaths fell by 96%. Within 304 

regions, years with more presumptive treatment had lower reported confirmed incidence, 305 

and no statistically significant independent association was detected between 306 

presumptive treatment and admissions, mortality, or case fatality. 307 
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The national decline is consistent with the adoption of test-based management after the 308 

2010 WHO recommendation and the Test, Treat, Track initiative, and with successive 309 

strategic plans that financed RDT procurement, microscopy quality assurance, and 310 

prescriber training [4, 6–8]. Almost all of the decline came from a fall in the not-tested 311 

treatment component, with little change in the share of treatment given after a negative 312 

test. The test-negative treated rate stayed between about 1% and 2% from 2018 to 2025. 313 

This residual practice is the form that facility studies in Ghana attribute to distrust of 314 

negative RDTs and fear of missing severe malaria [9–11], and it is unlikely to respond to 315 

further gains in testing alone. Support for investigating non-malarial fever and structured 316 

follow-up of test-negative patients address these concerns more directly. The 2024 317 

rebound also came from the not-tested component, which suggests that the gains 318 

depend on uninterrupted access to testing. Because RDT availability was the strongest 319 

correlate of inappropriate ACT prescribing in Greater Accra [11], facility-level RDT stock 320 

data for 2024 deserve review alongside these trends. Sustaining test-based 321 

management also preserves its cost advantage in Ghana [14] and limits unnecessary 322 

drug pressure as artemisinin partial resistance spreads in Africa [1]. 323 

Regions followed different paths. Northern, North East, and Savannah began the period 324 

with the highest rates and recorded the largest absolute declines, which narrowed their 325 

gap with the rest of the country, although Northern and Savannah remained among the 326 

four highest in 2021–2025. Greater Accra declined proportionally less and, by 2021–327 

2025, had the highest PMT rate of any region despite having the lowest confirmed 328 

incidence. Bono East, Bono, and Ahafo started from lower levels but improved least, 329 

leaving Bono East third highest in the recent period. These differing trajectories call for 330 

region-specific responses rather than a single national approach. In the northern regions, 331 

where CHPS compounds depend on RDTs, keeping RDTs in stock at the lowest level of 332 

care is the most direct way to protect recent gains [9, 10]. In Greater Accra, 333 
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disaggregating presumptive treatment by facility type and ownership would show where 334 

supervision is most needed, since adherence to Test, Treat, Track in Ghana has been 335 

lowest in hospitals and highest in CHPS compounds [9]. In Bono, Bono East, and Ahafo, 336 

district-level review could identify the facilities that account for most unconfirmed 337 

treatment. Orienting newly posted prescribers and laboratory staff on test-based 338 

management before they assume duty, as Ghanaian prescribers themselves 339 

recommend, applies in every region [10]. 340 

The fall in the under-five share of admissions from 48.0% to 27.9%, alongside a 22% rise 341 

in admissions among persons aged five years and above, is consistent with the pattern 342 

seen elsewhere in Africa, where declining transmission delays the acquisition of clinical 343 

immunity and moves hospital burden toward older children and adults [19]. Interventions 344 

aimed at young children have probably contributed in Ghana, including seasonal malaria 345 

chemoprevention in the north and malaria vaccination, which expanded from 42 districts 346 

in 2019 to cover 11 of the 16 regions by 2024 [2, 18], although this analysis cannot 347 

separate their effects. The group aged five years and above spans school-age children 348 

to older adults, and other Ghanaian surveillance shows the highest test positivity among 349 

children aged 5–14 years [20], so school-age children are a plausible contributor to the 350 

rise. Two further findings temper the shift. Children under five still accounted for about 351 

half of malaria deaths throughout the period, and by 2025 their CFR among admitted 352 

cases was roughly double that of older patients. Clinical attention therefore needs to 353 

widen to older age groups while severe malaria care for young children remains a priority. 354 

Unadjusted analyses suggested that regions and years with more presumptive treatment 355 

had higher mortality and case fatality, but these associations did not persist after 356 

adjustment for region and year. Presumptive treatment and recorded deaths both fell 357 

steeply over the decade, and the year effects absorb this shared secular decline, which 358 



 18 

accounts for most of the unadjusted correlation. The inverse association with confirmed 359 

incidence, by contrast, remained after adjustment, and two mechanisms explain it without 360 

any change in transmission. First, cases treated without a positive test are not counted 361 

as confirmed, so within a region a year with more unconfirmed treatment records fewer 362 

confirmed cases for the same underlying burden. Second, confirmed cases form part of 363 

the PMT denominator, so a rise in confirmed cases lowers the PMT rate even if 364 

unconfirmed treatment does not change, a form of mathematical coupling that produces 365 

correlation between ratio variables sharing a component [21]. The coefficient should 366 

therefore not be read as presumptive treatment reducing malaria. Its practical implication 367 

is that confirmed incidence reported through DHIMS2 should be presented with the not-368 

tested and test-negative treatment rates, particularly when regions are compared or 369 

elimination progress is judged [15]. 370 

This analysis covered all 16 regions over ten years in a balanced panel, separated 371 

presumptive treatment into its not-tested and test-negative components, and used two-372 

way fixed-effects models to remove stable regional differences and national year-to-year 373 

changes. It also has several limitations. First, the design is ecological, and associations 374 

observed at the region-year level cannot be extended to individual patients. Second, the 375 

test-negative treated element was not reported in 2016 or 2017, so the PMT rate in those 376 

years understates presumptive treatment by an unknown amount, and comparisons 377 

involving 2016–2020 combine complete and incomplete estimates; the 2018–2025 378 

sensitivity analysis, which avoids these years, gave a similar association between the 379 

PMT rate and confirmed incidence. Finally, the fixed-effects models relied on 16 clusters; 380 

we used small-sample corrections and wild cluster bootstrap inference, but 24 regression 381 

models were fitted without adjustment for multiple comparisons, so associations with p-382 

values near 0.05 should be treated with caution. 383 
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Conclusions 384 

Presumptive malaria treatment in Ghana fell from one in three treated cases in 2016 to 385 

fewer than one in 25 in 2025, mainly through a decline in the not-tested treatment 386 

component, although Greater Accra, Northern, Bono East, and Savannah retained the 387 

highest rates. Within regions, more presumptive treatment corresponded with lower 388 

reported confirmed incidence with no statistically significant association detected with 389 

admissions or deaths, so confirmed incidence should be reported alongside not-tested 390 

and test-negative treatment rates. 391 
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