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Current malaria infection, previous malaria exposure, and
clinical profiles and outcomes of COVID-19 in a setting of
high malaria transmission: an exploratory cohort study
in Uganda
Jane Achan, Asadu Serwanga, Humphrey Wanzira, Tonny Kyagulanyi, Anthony Nuwa, Godfrey Magumba, Stephen Kusasira, Isaac Sewanyana,
Kevin Tetteh, Chris Drakeley, Fredrick Nakwagala, Helen Aanyu, Jimmy Opigo, Prudence Hamade, Madeleine Marasciulo, Byarugaba Baterana,
James K Tibenderana

Summary

Background The potential effects of SARS-CoV-2 and Plasmodium falciparum co-infection on host susceptibility and
pathogenesis remain unknown. We aimed to establish the prevalence of malaria and describe the clinical
characteristics of SARS-CoV-2 and P falciparum co-infection in a high-burden malaria setting.
Methods This was an exploratory prospective, cohort study of patients with COVID-19 who were admitted to hospital
in Uganda. Patients of all ages with a PCR-confirmed diagnosis of SARS-CoV-2 infection who had provided informed
consent or assent were consecutively enrolled from treatment centres in eight hospitals across the country and
followed up until discharge or death. Clinical assessments and blood sampling were done at admission for all patients.
Malaria diagnosis in all patients was done by rapid diagnostic tests, microscopy, and molecular methods. Previous
P falciparum exposure was determined with serological responses to a panel of P falciparum antigens assessed using
a multiplex bead assay. Additional evaluations included complete blood count, markers of inflammation, and serum
biochemistries. The main outcome was overall prevalence of malaria infection and malaria prevalence by age
(including age categories of 0–20 years, 21–40 years, 41–60 years, and >60 years). The frequency of symptoms was
compared between patients with COVID-19 with P falciparum infection versus those without P falciparum infection.
The frequency of comorbidities and COVID-19 clinical severity and outcomes was compared between patients with
low previous exposure to P falciparum versus those with high previous exposure to P falciparum. The effect of previous
exposure to P falciparum on COVID-19 clinical severity and outcomes was also assessed among patients with and
those without comorbidities.
Findings Of 600 people with PCR-confirmed SARS-CoV-2 infection enrolled from April 15, to Oct 30, 2020, 597 (>99%)
had complete information and were included in our analyses. The majority (502 [84%] of 597) were male individuals
with a median age of 36 years (IQR 28–47). Overall prevalence of P falciparum infection was 12% (95% CI 9·4–14·6;
70 of 597 participants), with highest prevalence in the age groups of 0–20 years (22%, 8·7–44·8; five of 23 patients)
and older than 60 years (20%, 10·2–34·1; nine of 46 patients). Confusion (four [6%] of 70 patients vs eight [2%] of
527 patients; p=0·040) and vomiting (four [6%] of 70 patients vs five [1%] of 527 patients; p=0·014] were more frequent
among patients with P falciparum infection than those without. Patients with low versus those with high previous
P falciparum exposure had a increased frequency of severe or critical COVID-19 clinical presentation (16 [30%] of
53 patients vs three [5%] of 56 patients; p=0·0010) and a higher burden of comorbidities, including diabetes (12 [23%]
of 53 patients vs two [4%] of 56 patients; p=0·0010) and heart disease (seven [13%] of 53 patients vs zero [0%] of
56 patients; p=0·0030). Among patients with no comorbidities, those with low previous P falciparum exposure still
had a higher proportion of cases of severe or critical COVID-19 than did those with high P falciparum exposure
(six [18%] of 33 patients vs one [2%] of 49 patients; p=0·015). Multivariate analysis showed higher odds of unfavourable
outcomes in patients who were older than 60 years (adjusted OR 8·7, 95% CI 1·0–75·5; p=0·049).
Interpretation Although patients with COVID-19 with P falciparum co-infection had a higher frequency of confusion and
vomiting, co-infection did not seem deleterious. The association between low previous malaria exposure and severe or
critical COVID-19 and other adverse outcomes will require further study. These preliminary descriptive observations
highlight the importance of understanding the potential clinical and therapeutic implications of overlapping co-infections.
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Research in context
Evidence before this study
We searched PubMed for articles published between
Dec 1, 2019, and April 30, 2021, using the terms “COVID-19 OR
SARS-CoV-2” AND “malaria OR P falciparum” AND “interactions
OR overlap”. Additionally, we reviewed and included any
relevant articles cited in the identified references. Our search
found no reports of clinical interactions between SARS-CoV-2
and malaria. A few modelling studies and reports suggest that a
substantial number of excess cases and deaths from malaria
could occur as a consequence of the SARS-CoV-2 pandemic.
The assumptions in most of these models is that SARS-CoV-2
only affects malaria by disrupting control measures with
limited direct interactions between the two diseases.
Added value of this study
This preliminary descriptive investigation is to our knowledge
the first to characterise potential interactions between
SARS-CoV-2 infection and malaria and to describe important
clinical correlates of co-infection in a setting of high malaria

Introduction
SARS-CoV-2 has caused considerable morbidity and
mortality globally, with more than 236 million cases and
4·83 million deaths reported by Oct 8, 2021.1 Since the
first reported cases in Africa on Feb 14, 2020, SARS-CoV-2
has spread to all countries in the continent and has caused
unprecedented socio
economic and health-care system
disruptions.2 Although sub-Saharan Africa has a relatively
low global proportion of COVID-19 cases and deaths
compared with other continents,3 it has a disproportionately
higher burden of other infectious diseases, including
malaria, HIV/AIDS, and tuberculosis.4–6 The potential
effects of COVID-19 on the control of these diseases and
the potential implications of any clinical interactions
between COVID-19 and these diseases therefore remains
a major public health concern in Africa, especially when
geographical overlap results in high levels of co-infection.
However, despite the global spread of SARS-CoV-2, our
understanding of the epidemiology and clinical course of
COVID-19 in countries with substantial burdens of other
infectious diseases is limited. The magnitude of clinical
overlap between these diseases and COVID-19 and the
potential consequences of co-infection also remains
largely unknown.
Whereas previous predictive models suggest possibly
lower mortality from COVID-19 in Africa than in
high-income countries,7 several modelling studies and
reports indicate that a large number of excess cases and
deaths from HIV/AIDs, tuberculosis, and malaria could
occur as a consequence of the COVID-19 pandemic.8–12
However, the assumptions in some of these models that
one disease does not directly influence the transmission or
severity of the other and that COVID-19 only affects these
diseases by disrupting control measures and affecting
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burden. We further investigated the potential effects of previous
malaria exposure on clinical profiles and outcomes in patients
with SARS-CoV-2 infection and found that low previous malaria
exposure seems to be associated with more severe
manifestations of COVID-19. Our findings add value to the
existing literature on SARS-CoV-2 epidemiology and clinical
profiles in different settings and highlight the importance of
understanding the potential clinical and therapeutic implications
of co-infections with other diseases such as malaria.
Implications of all the available evidence
A better understanding of the nature of interactions between
SARS-CoV-2 and malaria is of great public health interest,
especially in sub-Saharan Africa, given the epidemiological
overlap between these diseases. These preliminary observations
enhance our understanding of potential clinical interactions
between SARS-CoV-2 and malaria infection. This knowledge
could promote integrated approaches to investigations and
disease management.

health systems have not been verified. Of particular
interest among these infections is malaria, which causes
substantial morbidity and mortality, with an estimated
229 million cases and 409 000 deaths reported globally
in 2019 (>90% in sub-Saharan Africa).4 If co-infections
with SARS-CoV-2 and agents such as Plasmodium falciparum
should cause increased complications, then the burden of
COVID-19 in low-income and middle-income countries
could be substantially worse than predicted. Whether
immunomodulation caused by malaria13,14 is beneficial or
harmful in the context of co-infection with SARS-CoV-2 is
also unclear. Malaria-induced immunomodulation has
been shown to be protective against severe manifestations
of some respiratory viruses such as influenza,15 by
suppressing production of cytokines and decreasing
recruitment of cellular inflammatory components to the
lungs, leading to milder clinical symptoms and
inflammation.16 Previous malaria exposure or pre-existing
infection with malaria could therefore plausibly lead to
changes in susceptibility and severity of COVID-19.17
However, despite these observations, the effects of malaria
and SARS-CoV-2 co-infection on host susceptibility and
pathogenesis remain unclear. This preliminary descriptive
investigation was conducted in this context to better
characterise COVID-19 cases in a setting with a high
burden of malaria, and to assess the prevalence and clinical
characteristics of SARS-CoV-2 and P falciparum coinfection.

Methods

Study design and participants
This study was an exploratory, prospective, cohort
study carried out from April 15, to Oct 30, 2020, at
COVID-19 treatment centres in eight tertiary hospitals in
www.thelancet.com/microbe Vol 3 January 2022
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Uganda. These included three hospitals in central
Uganda, two hospitals in north Uganda, one hospital in
east Uganda, one hospital in south Uganda, and
one hospital in northwest Uganda (appendix p 2).
Using consecutive sampling, we included patients with
COVID-19 of all ages who were admitted to hospital, with
PCR-confirmed COVID-19 diagnosis, and who had
provided informed consent or assent. Written informed
consent was obtained from adult patients or their next of
kin (for patients who were unconscious or critically ill).
Written parental or guardian consent was obtained for all
children (aged <18 years) and assent was obtained from
patients aged 8–17 years. If a patient could not read or
write, a literate adult impartial witness (a member of the
clinical team not involved in the study) was present
throughout the consenting process and signed and dated
the consent form, with a thumb print from the patient.
Patients were followed up daily on the wards until
discharge or death. The study was approved by the
Mulago National Referral Hospital Research and Ethics
committee and the Uganda National Council for Science
and Technology. The study was also listed on the MESA
Track database under the name “Evaluating the impact of
COVID-19 on malaria and other infectious diseases in
Uganda: Understanding comorbidities”.

Procedures
Demographic and clinical information collected included
age, sex, presenting complaints, underlying medical
conditions, duration of illness, clinical examination
findings, diagnosis, and medications prescribed. Patient
clinical outcomes and duration of treatment in hospital
were also noted. Clinical classification of COVID-19
presentation as asymptomatic, mild, moderate, or severe
or critical, and COVID-19 case management was done
according to national guidelines.18
These COVID-19 case-management guidelines included
adjunct and supportive therapy (vitamin D 500 mg twice
per day for 14 days for adults and children >12 years,
125–250 mg in one or two doses per day for 14 days in
children <4 years, or 250–500 mg in one or two doses
for 14 days for children aged 5–12 years; zinc 20 mg
once per day for 14 days; and paracetamol tablets
10–15 mg/kg every 8 h for 3–5 days) for asymptomatic,
mild, moderate, and severe or critical clinical categories;
oral antibiotics (azithromycin 500 mg once per day for
5 days for adults and children >12 years; or amoxicillin
500 mg every 8 h for 7 days for adults and children
>12 years or 40 mg every 8 h for 7 days for
children <12 years) for moderate cases; oxygen therapy,
intra
venous dexamethasone (6–10 mg per day), intra
venous heparin and oral warfarin, and various intravenous
antibiotics for severe cases; and fluid therapy, vasopressor
therapy (dobutamine and epinephrine), anticoagulants,
intravenous antibiotics, and ventilation for critical
cases. During the study period, the case-management gui
delines also included hospital treatment for at least
www.thelancet.com/microbe Vol 3 January 2022

10–14 days, for all individuals infected with SARS-CoV-2
of all clinical categories, including asymptomatic
patients diagnosed through routine screening of contacts
of patients with COVID-19, or those diagnosed at border
entry points. Malaria treatment was based on the results of
rapid diagnostic tests (RDTs), and included artemetherlumefantrine tablets (Novartis, Basel, Switzerland)
for uncomplicated malaria and intravenous artesunate
(Guilin Pharma
ceutical, Shanghai, China) for severe
malaria, as per national guidelines.19 Blood-sample
collection for laboratory assays was done at admission.
Malaria diagnosis for all patients was done using
three methods, which were RDTs (Paracheck; Orchid
Biomedical System, Goa, India), microscopy, and
molecular methods. Patients were considered to be posi
tive for malaria if any one of these three methods gave a
positive result. For microscopy, thick blood smears stained
with 2% Giemsa were exa
mined for the presence of
asexual parasites in 200 fields using a 100× oil-immersion
objective lens by two trained microscopists. A 20% error
check was used to identify discrepancies between slide
readers and all discordant results were read by a third
reader (a senior microscopist).
Parasite density was estimated by counting the number
of parasites per 200 white blood cells (WBCs), assuming
8000 WBCs per μL. Blood smears were considered negative
if no parasites were found after reading 100 high-power
fields. Molecular detection of P falciparum was done at the
Molecular Laboratory at Makerere University in Kampala,
Uganda, using established methods (appendix p 3).20
Extracted DNA was analysed with varATS quantitative
PCR (qPCR) using 5 μL extracted DNA per assay. All qPCR
outputs were analysed using the BioRad CFX Manager
software, version 3.1. The sensitivity of the assay was
approximately 0·02 parasites per μL of blood. Previous
individual P falciparum exposure was assessed using
serological responses to a panel of P falciparum antigens
using a multiplex bead assay, as previously described.21
These included responses associated with cumulative
malaria exposure, namely apical membrane antigen 1
(AMA-1), merozoite surface protein 1.19 (MSP1.19),
and glutamate-rich protein region 2 (GLURP.R2),21,22
and responses associated with malaria infection in
the past 6 months, namely reticulocyte-binding pro
tein homologue (Rh2.2030), gametocyte-exported protein
(GEXP18), and early-transcribed membrane protein
(Etramp5.Ag1).23 Patients were then ranked by the
cumulative quartile score of the mean fluorescent
intensities of these six predefined antigens, and those with
the highest scores were assigned to high malaria-exposure
groups, those with medium scores were assigned to
medium malaria-exposure groups, and those with the
lowest scores were assigned to low malaria-exposure
groups.
Complete blood count and serum biochemistries,
including liver and renal function tests, were done using
standardised procedures at the Case Hospital Clinical

See Online for appendix

For MESA Track see https://
mesamalaria.org/mesa-track

e64

Articles

Laboratory in Kampala, Uganda. Although HIV clinical
staging was not documented, HIV testing was done using
Ministry of Health protocols.24 Testing for C-reactive
protein (CRP) was done with the Selectra ProXL
immunofluorescence analyser (ELITechGroup, Puteaux,
France) and supporting kits (MISPA i3; Agape
Diagnostics Switzerland, Cham, Switzerland). Serum
cytokines, including interleukin (IL)-2, IL-6, IL-7, IL-8,
IL-10, transforming growth factor β (TGF-β1), and
tumour-necrosis factor α (TNF-α) were tested with
the BD FACSCalibur flow cytometer (BD Bioscience,
Mississauga, ON, Canada) and human T-helper cell (Th) 1
and Th2 cytokines kit (Bio-Techne, Abingdon, UK)
following the manufacturers’ instructions. Result outputs
for each of these laboratory assays included normal value
ranges, from which the thresholds for elevation of the
parameters was determined. Laboratory personnel were
masked to patient clinical status to avoid potential bias.

Outcomes
The main outcome was prevalence of P falciparum
infection in this cohort of patients infected with
SARS-CoV-2. Secondary outcomes included patient
clinical characteristics, association between P falciparum
infection, previous malaria exposure, and COVID-19
clinical characteristics (including signs and symptoms at
presentation and clinical classification as asymptomatic,
mild, moderate, or severe or critical), COVID-19 clinical
outcomes (including favourable outcomes, defined as
discharge in good condition, unfavourable outcomes,
defined as death, discharged with sequelae, or requiring
intensive care), and predictors of unfavourable
outcomes.

Statistical analysis
As this study was exploratory, a convenience sample of
600 participants selected from an available population of
approximately 800 patients with SARS-CoV-2 infection
admitted to hospital (75% of the sampling frame) was
included in this preliminary investigation. Categorisation
of serological responses was done as in Achan and
colleagues,22 with highest and lowest deciles used to
differentiate high and low malaria exposure. Descriptive
statistics were computed for continuous variables (age
and laboratory parameters, including complete blood
count, liver-function and renal function profiles, cytokine
concentrations, and individual P falciparum antibody
responses) and categorical variables (sex, age categories
0–20 years, 21–40 years, 41–60 years, and >60 years, marital
status, education level, occupation, patient signs and
symptoms, COVID-19 severity, comorbidities, P falciparum
infection status, previous malaria exposure category, and
COVID-19 clinical outcomes). Medians with IQRs were
calculated for skewed data distributions and means with
SDs for normally distributed data. Proportions and
95% CIs were computed for categorical variables. Fisher’s
exact test was used to evaluate the significance of the
e65

differences in proportions. Statistical comparisons
between subgroups of continuous variables (laboratory
parameters, including complete blood counts and
serum biochemistries) were evaluated with t tests,
ANOVAs, Mann-Whitney U tests, and Kruskal-Wallis
tests where appropriate. For immunological analyses,
differences were assessed by comparing mean values
between previous malaria exposure groups using either a
two-tailed Student’s t test or non-parametric equivalents,
with main comparisons of interest being between
groups with low previous exposure to P falciparum or
high previous exposure. To better understand the relation
between previous malaria exposure and COVID-19
clinical presentation and outcomes, we further categorised
the patients into two groups, those with comorbidities
and those without comorbidities. One-way ANOVAs
were done to compare mean individual P falciparum
antibody responses (Kruskal-Wallis test) across the illness
gradient associated with COVID-19 symptoms, with
adjusted multiple comparisons against the symptomatic
category. Mean (SD) cytokine concen
trations according
to COVID-19-severity groups, presence of malaria coinfection, amount of previous malaria exposure, and
clinical outcomes were compared using a linear-regression
approach to estimate the regression coefficient and
95% CI. A forward-fitting logistics regression model was
used to establish predictors of unfavourable outcomes by
estimating the crude and adjusted odds ratio (OR) and
95% CI, with parameters that had a p<0·1 at bivariate
analysis (age categories, sex, current malaria infection,
previous malaria infection, diabetes, and heart disease)
included in the multivariate model. Kaplan-Meier survival
analyses were used to estimate recovery rates and com
parisons done using log-rank tests. p values lower
than 0·05 based on a two-sided hypothesis were con
sidered significant. When data were missing, the numbers
involved are stated and no attempt was made to impute
missing values. Data analyses were done using STATA
version 15.0.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Of 600 patients admitted to hospital with SARS-CoV-2
infection and enrolled and followed up from April 15, to
Oct 30, 2020, we included 597 (>99%) with complete
information in our analyses (appendix p 4). Patient
characteristics at admission are summarised (table 1).
The majority were male individuals, reflecting the
COVID-19 patient profile in Uganda. Median age was
36 years (IQR 28–47), with 46 (8%) of 597 patients older
than 60 years and 23 (4%) aged 20 years or less.
169 (38%) of 450 patients were long-distance truck
drivers and 22 (5%) were health-care workers.
www.thelancet.com/microbe Vol 3 January 2022
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Comorbidities were reported by 233 (39%) of
597 patients, with hypertension, diabetes, and HIV
being the most prevalent. The most common symptoms
at presentation included cough, runny nose, fever,
headache, shortness of breath, and chest pain (table 1,
2). Median temperature was 36·5°C (IQR 36·3–36·7)
and only 26 (5%) of 545 patients had a documented
temperature of at least 37·5°C. Overall, of 597 patients,
255 (43%) were asymptomatic, 233 (39%) had mild
symptoms, 45 (8%) had moderate symptoms, 48 (8%)
had severe symptoms, and 16 (3%) had critical
COVID-19 symptoms. Mean duration of hospital stay
was 17·4 days (SD 4·6), and 115 (21%) of 553 patients
were treated in hospital for more than 21 days. The
majority of patients were discharged in good general
condition. Nine (2%) of 597 patients died.
The overall prevalence of P falciparum infection was 12%
(95% CI 9·4–14·6; 70 of 597 patients; table 3), whereas the
prevalence established by RDT or microscopy alone was
4% (2·6–5·9; 24 of 597 patients). The highest overall
prevalence of P falciparum infection was observed in the
age groups of 0–20 years and older than 60 years. Median
parasite density among patients who were positive for
P falciparum was 104 parasites per μL (IQR 32–1010).
Patients with P falciparum co-infection had a higher
frequency of confusion and vomiting than those
without malaria (table 2). There were no differences in
sex (p=0·52), occupation (p=0·51), fever (p=0·75),
headache (p=0·33), or duration of hospital stay (p=0·95)
between patients with SARS-CoV-2 infection with and
without P falciparum co-infection. Mean platelet
count (216 400, SD 10 500, vs 240 100, 3900; p=0·042) and
serum albumin concentrations (38·8, SD 1·4, vs 42·1, 0·4;
p=0·0080) were significantly lower in patients with
SARS-CoV-2 and P falciparum co-infection than in those
without (appendix p 5). Overall, patients who were
positive for P falciparum had a lower prevalence of
liver-function abnormalities and lower median liverenzyme concentrations than those who were P falciparumnegative, with significant differences in the proportions
of patients with elevated gamma-glutamyl transferase
(four [7%] of 58 patients vs 81 [18%] of 456 patients;
p=0·036) and total protein (41 [71%] of 58 patients vs
367 [83%] of 440 patients; p=0·018; appendix p 5).
Kaplan-Meier survival analyses showed no significant
differences in probability of unfavourable outcomes
among patients with and without P falciparum infection
(log rank p=0·55; appendix p 6).
The majority of patients had medium previous
P falciparum exposure, with approximately equal propor
tions having low and high previous exposure (table 3).
Data for 70 participants were not available because of
insufficient blood samples. Patients with low previous
malaria exposure were older (mean age 45·8 years,
SD 12·7) than those with medium exposure (37·6 years,
13·1) and high exposure (37·5 years, 12·7; p=0·0010).
The majority of patients in the group with low previous
www.thelancet.com/microbe Vol 3 January 2022

Overall (n=597)
Age categories*
0–20 years

23 (4%)

21–40 years

355 (60%)

41–60 years

163 (28%)

>60 years

46 (8%)

Age, years
Mean (SD)

38·2 (13)

Median (IQR)

36 (28–47)

Sex
Male
Female

502 (84%)
95 (16%)

Ethnicity
Black

587 (98%)

Asian

10 (2%)

Marital status†
Single
Married
Separated

98 (22%)
327 (74%)
13 (3%)

Education‡
None

26 (10%)

Primary

76 (28%)

Secondary

95 (35%)

University

47 (17%)

Other tertiary

28 (10%)

Occupation§
Unemployed

10 (2%)

Farmer

12 (3%)

Health worker

22 (5%)

Armed forces

17 (4%)

Professionals

41 (9%)

Business

24 (5%)

Truck driver

169 (38%)

Other

160 (36%)

Comorbidities
Tuberculosis
Diabetes
Asthma or chronic obstructive pulmonary
disease
Obesity

3 (1%)
49 (8%)
9 (2%)
16 (3%)

Heart disease

23 (4%)

HIV

35 (6%)

Hypertension

149 (25%)

Data are n (%) unless otherwise specified. *10 missing age. †154 missing marital
status. ‡325 missing education information. §147 missing occupation
information.

Table 1: Baseline demographic characteristics of patients with COVID-19
in Uganda

malaria exposure were aged 41–60 years (24 [45%] of
53 patients) and 21–40 years (18 [34%] of 53 patients),
with only nine (17%) of 53 patients older than 60 years
(appendix p 7). A similar distribution was also seen in the
groups with medium and high previous malaria
exposure. The group with low previous malaria exposure
e66
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Overall (n=597) Patients with COVID-19 by malaria infection and exposure category
Current malaria infection

Previous malaria exposure

Malaria
(n=70)

No malaria
(n=527)

Fisher’s exact
p value

Low
(n=53)

Medium
(n=418)

High
(n=56)

Fisher’s exact
p value

Presence of signs and symptoms
Fever

121 (20%)

15 (21%)

106 (20%)

0·75

17 (32%)

92 (22%)

6 (11%)

0·024

Cough

198 (33%)

19 (27%)

179 (34%)

0·34

27 (51%)

150 (36%)

13 (23%)

0·012

Runny nose

129 (22%)

11 (16%)

118 (22%)

0·22

9 (17%)

103 (25%)

10 (18%)

0·30

Shortness of breath

98 (16%)

13 (19%)

85 (16%)

0·61

23 (43%)

71 (17%)

3 (5%)

0·0010

Muscle pains

22 (4%)

3 (4%)

19 (4%)

0·73

0

20 (5%)

1 (2%)

0·23

Confusion

12 (2%)

4 (6%)

8 (2%)

0·040

1 (2%)

9 (2%)

0

0·72

Headache

112 (19%)

16 (23%)

96 (18%)

0·33

13 (25%)

81 (19%)

11 (20%)

0·67

Sore throat

49 (8%)

2 (3%)

47 (9%)

0·10

5 (9%)

38 (9%)

4 (7%)

0·92

Chest pain

84 (14%)

8 (11%)

76 (14%)

0·59

17 (32%)

61 (15%)

4 (7%)

0·0010

Diarrhoea

20 (3%)

4 (6%)

16 (3%)

0·28

3 (6%)

16 (4%)

1 (2%)

0·53

Vomiting

9 (2%)

4 (6%)

5 (1%)

0·014

0

7 (2%)

2 (4%)

0·43

Fatigue

17 (3%)

1 (1%)

16 (3%)

0·71

3 (6%)

13 (3%)

0

0·21

Red eyes

4 (1%)

4 (1%)

1·00

1 (2%)

3 (1%)

0

0·39

0

COVID-19 severity
Asymptomatic

255 (43%)

36 (51%)

219 (42%)

0·084

13 (25%)

155 (37%)

32 (57%)

0·0010

Mild

233 (39%)

18 (26%)

215 (41%)

0·084

17 (32%)

183 (44%)

20 (36%)

0·0010

Moderate

45 (8%)

6 (9%)

38 (7%)

0·084

7 (13%)

35 (8%)

1 (2%)

0·0010

Severe or critical

64 (11%)

10 (14%)

54 (10%)

0·084

16 (30%)

45 (11%)

3 (5%)

0·0010

Comorbidities
Tuberculosis
Diabetes
Chronic obstructive pulmonary
disease

3 (1%)
49 (8%)

0
7 (10%)

1 (<1%)

1 (1%)

Asthma

8 (1%)

0 (0%)

Obesity

16 (3%)

3 (4%)

Heart disease

23 (4%)

2 (3%)

HIV

35 (6%)

Hypertension

3 (1%)

1·00

42 (8%)

0·64

0

0

3 (1%)

12 (23%)

0

1·00

2 (4%)

0·0010

1 (<1%)

0

1·00

28 (7%)

0·12

0

8 (2%)

1·00

4 (8%)

4 (1%)

0

0·014

13 (3%)

0·42

5 (9%)

10 (2%)

1 (2%)

0·031

21 (4%)

1·00

7 (13%)

14 (3%)

0

0·0030

5 (7%)

30 (6%)

0·59

1 (2%)

21 (5%)

4 (7%)

0·43

149 (25%)

11 (16%)

138 (26%)

0·057

20 (38%)

100 (24%)

12 (21%)

0·085

479 (80%)

57 (81%)

422 (80%)

0·56

32 (60%)

334 (80%)

48 (86%)

0·094

7 (1%)

0·56

0

Clinical outcomes
Discharged in good condition
Discharged with sequelae
Admitted to intensive-care unit
Died

7 (1%)

0

6 (1%)

31 (5%)

4 (6%)

27 (5%)

0·56

7 (13%)

22 (5%)

9 (2%)

2 (3%)

7 (1%)

0·56

2 (4%)

7 (2%)

0

0·094

2 (4%)

0·094

0

0·094

Table 2: Association between clinical parameters among patients with SARS-CoV-2 and P falciparum infection and previous malaria exposure

had a higher frequency of fever, cough, shortness of
breath, and chest pain than those with high previous
malaria exposure (table 2). Patients with low previous
malaria exposure were more likely to present with severe
or critical COVID-19 (p=0·0010) and have a higher
burden of comorbidities, including diabetes, asthma,
obesity, and heart disease than those with high previous
malaria exposure. Two (4%) of 53 participants in the lowexposure group, seven (2%) of 418 in the mediumexposure group, and no patients in the high-exposure
group died; the difference in mortality between the highexposure and low-exposure groups was not significant
(table 2). Median antibody responses to individual
P falciparum antigens were significantly lower in patients
with severe or critical COVID-19 than in those who were
e67

asymptomatic, but the differences were modest for
Etramp5.Ag1 (figure). An overall significant mean rank
difference was found within the four groups (p<0·0001
for all six antigens).
Among patients with comorbidities, the group with
low previous malaria exposure had a significantly higher
frequency of shortness of breath than the group with
high previous malaria exposure (14 [70%] of 20 patients vs
one [14%] of seven patients; p=0·047), and although not
statistically significant, differences were also present
in the proportion of patients with severe or critical
COVID-19 (ten [50%] of 20 patients vs two [29%] of
seven patients; p=0·55) and unfavourable outcomes
(eight [40%] of 20 patients vs two [29%] of seven patients;
p=0·48; appendix p 8). Among those with no
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comorbidities, the group with low previous malaria
exposure had a higher frequency of fever (11 [33%] of
33 patients vs four [8%] of 49 patients; p=0·019), shortness
of breath (nine [27%] of 33 patients vs two [4%] of
49 patients; p=0·0050), chest pain (eight [24%] of
33 patients vs two [4%] of 49 patients; p=0·018), and
severe or critical COVID-19 (six [18%] of 33 patients vs
one [2%] of 49 patients; p=0·015) than patients in the
group with high previous malaria exposure (appendix p 9).
There were no significant differences in cytokine
concentrations among patients who were positive and
negative for P falciparum, except for TNF-α, which was
significantly higher in patients who were positive for
P falciparum (5·4 pg/mL vs 5·8 pg/mL; regression
coefficient 0·6, 95% CI 0·3 to 1·0; p=0·0010; appendix
pp 10–11). Patients with medium and high previous
malaria exposure had significantly lower concentrations
of IL-7 (regression coefficient –2·9, –4·9 to –0·9,
p=0·0040, and regression coefficient –5·6, –8·2 to –3·0,
p=0·0010) and TGF-β1 (regression coefficient –34 813·9,
–65344·4 to –4283·4, p=0·026, and regression coefficient
–85 439·2, p=0·0010) than those with low malaria
exposure (appendix pp 10–11). Cytokine concentrations
also varied with severity of COVID-19, with higher IL-6
concentrations in patients with moderate (10·8 pg/mL;
regression coefficient 9·3, 5·5 to 13·1; p=0·0010) and
severe or critical COVID-19 (13·0 pg/mL; regression
coefficient 11·5, 8·2 to 14·7; p=0·0010) and higher
IL-7 concentrations among patients with moderate
(12·4 pg/mL; regression coefficient 6·5, 4·4 to 8·5;
p=0·0010) and severe or critical COVID-19 (13·9 pg/mL;
regression coefficient 7·7, 5·9 to 7·1; p=0·0010) than in
asymptomatic patients. TNF-α (5·4 pg/mL; regression
coefficient 0·6, 0·2 to 1·0; p=0·0040) and TGF-β1 (192 485
pg/mL; regression coefficient 30 028·2, 162·9 to 59893·5;
p=0·049) were also higher among patients with severe
or critical COVID-19 than asymptomatic patients. IL-8
concentrations were lowest among patients with mild
COVID-19 (28·4 pg/mL; regression coefficient –24·7,

p=0·0014

Log10 mean fluorescent intensity

Table 3: Prevalence of P falciparum infection and previous malaria
exposure in the study cohort
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p <0·0001
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*Defined as positive by either rapid diagnostic test, microscopy, or molecular
methods (PCR). †Malaria exposure data were missing for 70 participants because
of insufficient blood sample volume.

ild

11·0% (8·3–13·6)

100

ic

56/527

10·0% (7·8–12·9)
79·0% (75·6–82·6)

at

High

53/527
418/527

m

Low
Medium

1000
100

yp
m
to

Previous malaria exposure†

10 000
1000

As

20·0% (10·2–34·1)

re
cri or
tic
al

9/46

10 000

e

12·0% (8·0–18·3)

Se
ve

10·0% (6·7–12·8)

20/163

p=0·0001
p=0·30

100 000

at

36/365

p=0·64

er

21–40 years
41–60 years
>60 years

22·0% (8·7–44·8)

1 000 000

M
od

5/23

Log10 mean fluorescent intensity

0–20 years

p=0·0004

p=0·033

100 000

M

P falciparum infection by age*

GEXP18

p=0·025

ild

70/597

P falciparum infection*

Etramp5.Ag1

Percentage (95% CI)

M

n/N

COVID-19 severity

Figure: Dot plots comparing individual Plasmodium falciparum antibody responses in participants with
different severities of COVID-19
513 patients with COVID-19 were included in this one-way ANOVA comparing mean ranks (Kruskal-Wallis test)
across the illness spectrum associated with COVID-19 symptoms (195 asymptomatic, 213 mild, 42 moderate, and
63 severe or critical cases). An overall significant mean-rank difference was found within the four groups (p<0·0001
for all six antigens). Horizontal lines (whiskers) represent median (IQR) fluorescent intensities. p values from
adjusted multiple comparisons between categories of COVID-19 severity and the asymptomatic group are shown.
AMA-1=apical membrane antigen 1. Etramp5.Ag1=early-transcribed membrane protein. GEXP18=gametocyteexported protein. GLURP.R2=glutamate-rich protein region 2. MSP1.19=merozoite surface protein 1.19.
Rh2.2030=reticulocyte-binding protein homologue.

–43·2 to –6·3; p=0·0090) and did not significantly vary
with P falciparum infection, previous malaria exposure, or
clinical outcomes. No significant elevation in IL-2
was observed in this patient population. Unfavourable
outcomes were associated with high concentrations of
IL-6 (20·1 pg/mL; regression coefficient 17·3, 11·2 to
23·3; p=0·0010), TNF-α (5·8 pg/mL; regression coefficient
0·9, 0·1 to 1·8; p=0·029) and IL-10 (160 pg/mL; regression
e68
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Patients with
unfavourable
COVID-19
outcomes*(n=73)

Patients
discharged in
good condition
(n=524)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

p value

Age categories*
0–20 years

2 (3%)

21 (4%)

21–40 years

32 (44%)

323 (62%)

41–60 years

18 (25%)

145 (28%)

1·3 (0·3–6·0)

1·9 (0·2–15·8)

0·53

>60 years

19 (26%)

27 (5%)

7·4 (1·5–35·3)

8·7 (1·0–75·5)

0·049

Male

59 (81%)

443 (85%)

Female

14 (19%)

81 (15%)

Ref

1·0 (0·2–4·6)

Ref

1·8 (0·2–14·0)

··
0·58

Sex
Ref

1·3 (0·7–2·4)

Ref

0·9 (0·4–1·9)

··
0·82

Current malaria infection
Negative

65 (89%)

462 (88%)

Positive

8 (11%)

62 (12%)

Ref

0·9 (0·4–2·0)

Ref

0·8 (0·3–2·0)

··
0·66

Previous malaria exposure
··

Moderate

53 (73%)

365 (70%)

Low

10 (14%)

43 (8%)

1·6 (0·8–3·4)

1·1 (0·5–2·5)

0·84

High

6 (8%)

50 (10%)

0·8 (0·3–2·0)

1·0 (0·4–2·6)

>0·99

No

57 (78%)

488 (93%)

Yes

16 (22%)

33 (6%)

No

64 (88%)

501 (96%)

Yes

7 (10%)

16 (3%)

Ref

Ref

Diabetes
Ref

4·2 (2·2–8·0)

Ref

2·1 (0·9–5·0)

··
0·077

Heart disease
Ref

0·3 (0·1–0·7)

Ref

0·5 (0·2–1·5)

··
0·22

OR=odds ratio. Ref=reference. *Defined as death, discharge with sequelae, or requiring intensive care.

Table 4: Clinical factors associated with unfavourable outcomes among patients with COVID-19

coefficient 149·1, 84·5 to 213·6); p=0·0010; appendix
pp 10–11).
Overall, 73 (12%) of 597 patients had an unfavourable
outcome and being older than 60 years was associated
with significantly higher odds of unfavourable outcomes.
Among patients with diabetes, the adjusted OR for
unfavourable outcomes was 2·1 (0·9–5·0; p=0·077;
table 4).

Discussion
This study reports the prevalence and describes the
clinical characteristics of SARS-CoV-2 and P falciparum
co-infection, and assesses the effects of previous
malaria exposure on COVID-19 clinical presentation
and outcomes in a cohort of individuals positive for
SARS-CoV-2 who were admitted to hospitals in Uganda.
To our knowledge, this study is the first to characterise
potential interactions between SARS-CoV-2 and
P falciparum infection. In this cohort of patients with
COVID-19 admitted to hospital, the overall prevalence
of malaria was 12%, and low previous malaria exposure
was associated with more severe COVID-19 and higher
probability of adverse outcomes. The prevalence of
malaria in this cohort is similar to population-level
regional estimates in the country, as shown by
studies that used molecular methods for malaria
diagnosis.25 However, although malaria-disease burden
e69

in malaria-endemic settings such as Uganda is largely
concentrated in infants and young children, the
substantial burden of P falciparum infection among
patients with COVID-19 who were older than 60 years
of age in this study is intriguing and requires further
investigation.
Given the important symptom overlap between
COVID-19 and malaria, the higher frequency of confusion
and vomiting and the distinct laboratory profiles of patients
with SARS-CoV-2 and P falciparum infection are important
clinical correlates that should trigger investigations for
malaria and ensure integrated management. The higher
prevalence of HIV among patients with COVID-19 and
malaria, although non-significant, requires further
evaluation to better understand the clinical implications of
all three co-infections at the individual patient level. The
observation of similar clinical outcomes in patients with
COVID-19 with and without P falciparum co-infection is
encouraging and could suggest that immunomodulation
caused by malaria13–15 might not be deleterious. The
association between low previous malaria exposure and
severe or critical COVID-19 along with a trend towards a
higher probability of unfavourable outcomes is novel.
However, patients with low previous malaria exposure
were also older and had a higher burden of comorbidities.
Low malaria exposure in the older age group might be
caused by antibody decay due to long-term interruption of
exposure to blood-stage infection that could result from
more consistent use of exposure-reducing interventions,
such as bednets. Given that both age and comorbidities are
associated with severe or critical COVID-19 and adverse
outcomes,26–28 the correlation between previous malaria
exposure and COVID-19 clinical presentation and
outcomes will require further study. However, findings
among patients with COVID-19 without comorbidities
indicate that the association between low previous malaria
exposure and more severe manifestations of COVID-19
remains even in the absence of comorbidities. This
observation is important because it could imply that
malaria exposure might have a role in the pathogenesis of
COVID-19 in these settings and other similar high-malariaburden settings.
Although cytokine profiles in patients with COVID-19
in setting of low malaria burden have been well
characterised,29–32 data from high-burden settings are
scarce. In our study, TNF-α concentrations were higher
among patients with P falciparum infection, IL-7 and
TGF-β1 concentrations were higher among patients
with low malaria exposure, and IL-6, IL-10, TNF-α, and
TGF-β1 concentrations were higher among patients
with more severe manifestations and adverse outcomes.
Our findings concur with accumulating evidence that
suggests that severity of COVID-19 is associated with an
increase in cytokines and chemokines, including IL-2,
IL-7, IL-10, TNF-α, CRP, and IL-6, with IL-6 being highly
correlated with mortality.33,34 With the exception of
TNF-α, P falciparum infection did not significantly affect
www.thelancet.com/microbe Vol 3 January 2022
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cytokine concentrations in our study population. This
finding could suggest a blunting of cytokine and
chemokine responses to malaria that has been shown to
occur in older children and adults residing in endemic
areas, which might be caused by repeated malaria
exposure.35 These findings are further supported by the
relatively normal cytokine profiles among patients in
this study who had high previous malaria exposure.
Therefore, the unique balance between proinflammatory
and anti-inflammatory cytokines could explain the
clinical observations among patients with SARS-CoV-2
and P falciparum co-infection.
The overall mortality in our study population of 2% is
significantly lower than that in Europe, China, and
Egypt,33,34,36 but is similar to that reported in other malariaendemic settings, such as Burkina Faso and Kenya.36
Predictors of unfavourable outcomes such as age and
high IL-6 concentrations are consistent with those
previously described.37,38
This study had some limitations, including a small
sample size of patients who were positive for P falciparum,
and the absence of information on SARS-CoV-2 viral load
and radiology; for these reasons, this study is primarily an
exploratory and preliminary investigation. Despite this
fact, the strengths of our study include the prospective
design, broad eligibility criteria, small loss to follow-up,
and robust malaria diagnostic and immunology assays.
In conclusion, the prevalence of P falciparum infection
among patients with COVID-19 treated in hospital in this
setting of high malaria transmission was 12%. Although
patients with COVID-19 with P falciparum infection had
a higher frequency of confusion and vomiting, coinfection with malaria did not seem deleterious. The
association between low previous malaria exposure and
severe or critical COVID-19 and adverse outcomes will
require further study. These preliminary observations
highlight the importance of understanding the potential
clinical and therapeutic implications of such overlapping
co-infections in similar settings with high malaria
burden.
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