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Aim: Plasmodium falciparum malaria predominantly affects children residing in endemic

areas. However, recently a significant number of Malawian adults, who otherwise should

have attained some malaria-specific immunity, have been observed to succumb to either

uncomplicated malaria (UM) or severe malaria (SM). In addition, it is still unknown whether

HIV is a contributing factor to SM in Malawian non-pregnant adults. We conducted this

study to determine clinical and demographic features that characterize Malawian adults

presenting with UM or SM.

Methods: Study participants were recruited when they presented at Queen Elizabeth Central

Hospital (QECH), Blantyre, Malawi with UM or SM and had their demographic details

recorded after consenting to participate in the study. Malaria infection was confirmed by

Malaria Rapid Diagnostic Test (MRDT) and malaria slide microscopy. A venous blood

sample was collected before treatment for various analyses.

Results: Both HIV-infected and HIV-uninfected participants were at risk of presenting

with either UM or SM although there were more (37%) SM cases among those who were

HIV-infected compared to those who were HIV-uninfected (28%) but the difference was

not significant but similar numbers of UM cases (61% for HIV-uninfected and 60% for

HIV-infected). Previous visit to areas of high malaria transmission was not associated

with presenting with either UM or SM. HIV/malaria co-infected participants were more

likely to be found with a positive blood culture result (Diphtheriods, Stenotophomonas

maltophilia, Salmonella typhimurium and Staphylococcus aureus) and were at a higher

risk of dying compared to HIV-uninfected malaria patients.

Conclusion: Although HIV-infection was associated with high mortality in those co-

infected with HIV and malaria, recurrent malaria episodes and having other diseases co-

existing with malaria infection were the main factors associated with the development of

SM in this study cohort. Further studies need to be done to determine how the host

immunity is affected in those co-infected with HIV and malaria.
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Introduction
Malaria continues to cause serious health concerns in low- and middle-income

countries (LMICs)1 since in 2016 over a billion people were at risk from contract-

ing malaria worldwide with and as many as 212 million clinical episodes of malaria
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were reported leading to as many as 445,000 deaths, the

majority of whom were African children presenting with

P. falciparum malaria.2 Clinical P. falciparum malaria

presents either as uncomplicated malaria (UM) or as one

of the following severe forms of the disease: cerebral

malaria (CM), severe malarial anemia (SMA), metabolic

acidosis (MA) or respiratory distress (RD) and other com-

plications including some overlap syndromes.2,3 Immunity

to malaria disease, but not to infection, is both humoral

and cell-mediated with various mechanisms involved.4

Antibodies that develop through exposure to

P. falciparum play a role,4 and the involvement of different

cell subsets has been implicated in both protection against

and pathogenesis of malaria.5,6 Malaria-specific protective

immunity develops with age and exposure.7 Thus, adults

under continuous exposure to P. falciparum antigens

should normally have an effective immunity against

malaria disease.8 This being the case, much attention is

given to investigating interventions aimed at preventing

and treating malaria in children.9,10

Lately, some countries in which malaria is endemic

including Malawi, have observed that a substantial number

of adults are getting infected with both UM and SM.9–11

Considering that HIV has been shown to increase the risk

of malaria infection in adults and malaria-related in-

hospital mortality,12,13 some had suspected that most of

those adults presenting with different forms of malaria

could be HIV-infected.

Alternatively, it is possible that a change in transmis-

sion patterns may mean that adults in some areas are not

as exposed to P. falciparum parasite as before resulting

in the loss of immunity against malaria. It is also pos-

sible that various transmission reduction initiatives cur-

rently being implemented in Malawi might be reducing

exposure of individuals of various age-groups to the

malaria parasite earlier on in life thereby reducing and

delaying the development of the malaria-specific immu-

nity. In addition, traveling to malaria high-risk areas

could also be putting otherwise semi-immune adults at

an additional risk of acquiring malaria.

This study was therefore conducted with the aim of

investigating factors that are contributing toward an

observed increase in the burden of UM and SM in adults

in Blantyre, Malawi and to clinically characterize the adult

malaria patients treated at the hospital, screening for other

possible co-morbidities.

Methodology
Study Setting and Sample Size
This study was conducted in the Accidents, Emergency and

Trauma (AET) Centre and general medical male and female

wards of Queen Elizabeth Central Hospital (QECH),

Blantyre, Malawi from July 2016 to March 2017. QECH

is the main referral hospital in the city of Blantyre, the

southern part of Malawi. Blantyre is located on the Shire

Highlands and as such malaria is seasonal coinciding with

the rains and transmission is lower compared to some of the

surrounding districts such as Chikwawa, Nsanje (in the

lower Shire), Thyolo and Mulanje (on the Eastern side)

and Mwanza (on the western side) where malaria is highly

endemic throughout the year.14 The intended sample size

was 160, 80 presenting with UM and 80 presenting with

SM but we only managed to screen 116 potential partici-

pants. Of the 116 malaria-infected adults who were

screened, 107 (57 females and 50 males). Of the 107

participants recruited, 30 (28%) were HIV-infected and on

ARTs, 76 (71%) were HIV un-infected and the HIV status

of one participant was unknown with discordant results

from the follow-up two HIV tests and was therefore

excluded from the final data analysis.

Study Design
This was a prospective cross-sectional study, in which

adults with a diagnosis of UM or SM were recruited

after obtaining consent from the patient or a legally able

guardian. Case report forms (CRFs) were used to collect

demographic information, history of malaria infection,

HIV status from the patients’ health passports and history

of travel. A 10 mL venous blood sample was collected

from each participant for confirmation of malaria parasi-

taemia using Malaria Rapid Diagnostic Test (MRDT),

malaria microscopy of thick and thin films, for HIV test,

for analysis of full blood count (proportions and absolute

cell counts for neutrophils, monocytes, platelets, basophils,

eosinophils and lymphocytes), liver and renal function

tests (creatinine, urea, bilirubin levels) and electrolytes

(calcium, sodium, potassium, chloride), to assess for end-

organ function and for standard blood cultures that would

indicate any blood bacterial infections. HIV testing was

performed using two rapid tests; Determine HIV1/HIV2

(Abbott Laboratories, Japan) and Unigold (Trinity Brotch,

Dublin), according to the manufacturer’s instructions. Data

on liver function, electrolyte tests and hematological ana-

lyses on this study cohort have already been published.15
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Inclusion and Exclusion Criteria
Malaria was defined as a clinical syndrome without an appar-

ent alternative cause, in the presence of a positive MRDT and

thick blood film positive for P. falciparum asexual parasites

on microscopy. Based on WHO guidelines, study participants

with cerebral malaria, one form of SM, had a Glasgow Coma

Score (GCS) of <11, with unarousable coma not attributable

to any other cause, unable to localize, incomprehensible while

those presenting with UM or other forms of SM had a score

of greater than 11 at both times. Study participants presenting

with severe malarial anemia (SMA) had a blood hemoglobin

concentration of 7 g/dL or less or a hematocrit concentration

of 20% or less together with a parasite count of more than

10,000/μL, while the rest had a hemoglobin concentration

above this level. Study participants with liver or renal dys-

function were also included in the SM group. Study partici-

pants were checked on during the time they were still in the

admission wards until the day of discharge or death. All

outcomes for the respective admission were documented.

The inclusion criteria were adult (≥18 years) out- and

in-patients at QECH that presented with a temperature

>37.5°C, a positive MRDT with or without parasites on

microscopy and signs consistent with malaria disease

according to the WHO guidelines.16 Pregnant women

and those who failed to give consent were not recruited.

Data Storage and Statistical Analysis
CRFs and consent forms were kept separately in folders

which were stored in lockable drawers. Data were anon-

ymized using study numbers and entered into an excel

spreadsheet and statistical analysis was done using

STATA software version 12. Data were stratified based

on HIV status. Risk ratio for all the exposures in the

study was calculated and graphically displayed using

Forest Scatter Plots (Figure 1).

Exposures which were studied included HIV status,

history of travel to areas of higher malaria transmission

outside Blantyre city, use of insecticide-treated bed nets

(ITNs) and the state in which the ITNs were in and pre-

sence of other disease conditions, and the outcomes of

interest were UM, SM and death.

Participants were liable to recall bias and to address

this potential bias, collateral sources of information were

used to verify the past history, and these included the study

participant and the guardian plus the information captured

in the study participant’s health passport.

Ethical Approval
The study was approved by the College of Medicine

Research and Ethics Committee (COMREC), University

of Malawi. Each participant or an appropriate guardian

Figure 1 Forest scatter plot showing the relationship between the different exposure and severe malaria. Event is the number of severe malaria patients in that group. The

treatment group had exposure to the variable of interest, while the participants in the control group were not exposed. The weights depict how much each variable

contributes to the overall exposures.
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provided informed written consent. This study was con-

ducted in accordance with the Declaration of Helsinki.

Results
The data from these study participants have previously been

published.15 In total, 107 participants were recruited who

presented with UM and SM, of whom 57 (53%) were

female. Of the participants, 30 (28%) were HIV-infected,

76 (71%) were HIV un-infected and the HIV status of one

participant was unknown and was therefore excluded from

the final data analysis. The HIV-uninfected population was

much younger (mean age of 25 years) compared to the HIV-

infected population (mean age of 35.5 years). All 30 HIV-

infected participants already knew their HIV status at the

time of recruitment and had been on antiretroviral treatment

for variable durations although we did not collect data on the

types regiments the different participants were on.

We analyzed the effect of various factors on severe

malaria by Logical Regression Analysis and presented

the results as raw figures (Supplementary Table 1) and in

a forest scatter plot (Figure 1) respectively. Having one or

more malaria episodes in the previous 12 months and

having co-existing conditions were the two factors that

positively and significantly contributed toward one pre-

senting with SM (confidence interval of 95%). HIV infec-

tion and the other exposures which were measured, which

did not show a significant association with SM.

There was a high rate of co-existing conditions such as

influenza, diarrhea, coughing and non-malarial febrile ill-

nesses in HIV-infected group, up to 56.7% in comparison

to 36.8% in the HIV-uninfected group (Table 1). All deaths

occurred only in the HIV-infected group with a mortality

rate of 23.3% among HIV-infected participants. There

were four blood-positive blood cultures in the HIV-

infected group (one with Diphtheriods, one with

Stenotophomonas maltophilia, one with Salmonella typhi-

murium and one with Staphylococcus aureus), while the

HIV-uninfected group had only one recorded positive

growth (Coagulase negative Staphylococcus).

Discussion
Although more children than adults residing in endemic

areas are expected to present with symptomatic malaria,4

recent retrospective data from archives and observed

admission numbers in the hospital wards suggests that

there is an increase in the proportion of adults presenting

with malaria in Blantyre, Malawi. Unlike in children, it is

always difficult to single out malaria as the main cause of

morbidity which results in a particular individual being

admitted. In this study, therefore, we carefully screened all

the recruited participants for any other possible causes of

illness and divided the participants into those who were

HIV-infected and those who were HIV-uninfected.

Having taken other possible causes of febrile conditions

into account, we observed that presenting with several epi-

sodes of malaria in a year was a risk factor for developing

SM. This observation is counterintuitive since one would

have expected that the malaria-specific immunity would

have developed more as those individuals were infected

more frequently with malaria. However, one possible expla-

nation for frequent exposure being a risk factor for develop-

ing severe malaria could be that the affected individual is

being infected with different strains of P. falciparum during

each infection thereby rendering the previously attained

immunity against other strains non-effective. Additionally,

participants with SM were more likely to have other co-

existing conditions compared to those presenting with UM

and these co-existing factors could be contributing factors in

the transition from UM to SMA.17

In a study conducted during seven separate weeks from

February 2011 through January 2012, of which four

1-week surveys were conducted during the peak malaria

transmission period (wet season) in Blantyre Malawi, there

were 61 adult malaria-related admissions, of which 28

(46%) fulfilled the criteria for SM. Although the HIV

serostatus of the majority of these patients was unknown,

the prevalence of SM was unexpectedly higher among

adults and could also have been attributed to frequent

exposure to the P. falciparum parasite.11 Retrospective

data from QECH’s archives showed that between

November 2014 and October 2015, 169 adult patients

(2.6% of total admissions) were admitted with malaria,

of which 32 cases (19%) fulfilled the criteria for SM.

Twelve in-hospital deaths were recorded, of which four

were HIV-positive and presenting with SM, three with SM

but unknown HIV status and five with unknown severity

of malaria and unknown HIV status.

The observation that all fatalities were from the group

co-infected with HIVand malaria builds on the results of one

of our previous studies which showed that co-infection of

HIV and SM presenting as cerebral malaria (CM) exacer-

bated pan-lymphopenia in Malawian children18 which had

previously been reported to characterize CM.19,20 The obser-

vation that all deaths occurred in the HIV-infected group

suggests that although it may not directly affect the malaria

disease severity, HIV-infection does influence morbidity and
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mortality in malaria-infected individuals. This could be as

the result of the HIV’s direct effect on both the cell-mediated

and antibody-mediated immunity since previous studies

have shown that HIV infection induces depletion and early

abnormalities of CD4+ T cells, causes deterioration of anti-

gen-specific humoral responses and leads to alteration of

innate immunity through impairment of cytolytic activity

and cytokine production by NK cells.21,22

In contrast to our findings, a study from Maputo,

Mozambique showed that HIV and malaria co-infection

was associated with disease severity and in-hospital mor-

tality in adults.13 In addition, a number of studies sum-

marized in a Systematic Review by Flateau et al23 also

support the possible link between HIV-infection and

severe malaria. The reason for the disparity in the results

of our study and those of previous studies could be

because, according to current guidelines, all HIV-

infected people in Malawi are given prophylactic Co-

trimoxazole after diagnosis, regardless of HIV stage.24

The protective effect of interventions for malaria pro-

phylaxis in adults with HIV was shown in one study, in

which a combination of Co-trimoxazole, antiretroviral

therapy and insecticide-treated bednets (ITNs) was

offered to the affected individuals and this substantially

reduced the frequency of malaria in adults with HIV by

95%.25 Therefore, most HIV-infected adults could be

protected from frequent and SM episodes through such

interventions. Follow-up studies need to be conducted to

thoroughly investigate the effect of Co-trimoxazole pro-

phylaxis on the development of severe malaria in HIV-

infected patients. As far as we know our study is the first

of its kind that has shown the numbers of UM and SM in

Malawian adults stratified by their HIV status.

The study had several limitations the most important of

which was the small sample sizes and the huge difference

in the sample size of those co-infected with malaria and

HIV (n=30) and those only infected with malaria (n=76).

If we had larger sample sizes, the HIV-infected group

could have been further stratified by duration on

HAART, CD4 count and viral load. Follow-up studies

will need to capture data on the duration of symptoms

before hospital presentation and evaluate the immune sta-

tus of the HIV-infected participants.

Conclusions
Although HIV-infection was associated with high mortal-

ity in those co-infected with HIV and malaria, recurrent

malaria episodes and having other diseases co-existing

with malaria infection were the main factors associated

with the development of SM in this study cohort. Further

studies need to be done to determine how the host immu-

nity is affected in those co-infected with HIV and malaria.
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Table 1 Exposure and Outcome of the Study Participants Who

Presented with Malaria in Relation to HIV Infection

Total Participants

= 107

HIV Uninfected

(n=76)

HIV Infected

(n=30)

Gender Female (n=39) Female (n=18)

Median age (years)

(range)

25 (18–66) 35.5 (20–67)

Uncomplicated

malaria

47 18

Severe malaria 21 11

Culture results Coagulase negative

Staphylococcus (n=1)

Diphtheriods (n=1)

Stenotophomonas

maltophilia (n=1)

Salmonella

typhimurium (n=1)

Staphylococcus

aureus (n=1)

Survival Dead 0 7

Alive 76 23

Malaria

past year

No

malaria

58 25

At least

one

18 5

Traveled outside

Blantyre

29 11

Number with Other

conditions*

28/76 17/30

Note: *Other conditions included influenza, diarrhea, dry cough and non-malaria

febrile condition.
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