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Central Nervous System Virus Infection in African Children with Cerebral Malaria
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Abstract. We aimed to identify the contribution of central nervous system (CNS) viral coinfection to illness in African
children with retinopathy-negative or retinopathy-positive cerebral malaria (CM). We collected cerebrospinal fluid (CSF)
from 272 children with retinopathy-negative or retinopathy-positive CM and selected CSF from 111 of these children (38
retinopathy positive, 71 retinopathy negative, 2 retinopathy unknown) for analysis by metagenomic next-generation
sequencing. We found CSF viral coinfections in 7/38 (18.4%) retinopathy-positive children and in 18/71 (25.4%)
retinopathy-negative children. Excluding HIV-1, human herpesviruses (HHV) represented 61% of viruses identified.
Excluding HIV-1, CNS viral coinfection was equally likely in children who were retinopathy positive and retinopathy
negative (P = 0.1431). Neither mortality nor neurological morbidity was associated with the presence of virus (odds ratio
[OR] = 0.276, 95% CI: 0.056–1.363). Retinopathy-negative children with a higher temperature, lower white blood cell
count, or being dehydrated were more likely to have viral coinfection. Level of consciousness at admission was not
associated with CNS viral coinfection in retinopathy-negative children. Viral CNS coinfection is unlikely to contribute to
coma in children with CM. The herpesviruses other than herpes simplex virusmay represent incidental bystanders in CM,
reactivating during acute malaria infection.

INTRODUCTION

Malaria continues to have a profound public health impact
across Africa. Of the 500,000 people who develop severe
malaria annually, 100,000 die and many survivors suffer
physical and neurological sequelae.1–4 The most feared form
of disease is cerebral malaria (CM), defined as coma with
Plasmodium parasitemia and no other explanation for illness.1

ChildrenwithCMmay be clinically grouped by the presence
or absence of malarial retinopathy.5 Autopsies of children
dying from retinopathy-positive CM reveal high levels of se-
questration of parasitized erythrocytes in cerebral vascula-
ture, considered CM’s pathological hallmark.6 Postmortem
studies of retinopathy-negative CM cases demonstrate lower
amounts of sequestration in cerebral vasculature and evi-
dence of non-malarial etiologies of coma and death, such as
viral encephalitis.6

Investigators studying retinopathy-negative CM have hy-
pothesized that a large proportion of these children have
asymptomatic malaria parasitemia (reflecting residence in an
area of high malaria transmission) coupled with a non-malarial
etiologyofcoma.7–9Althoughautopsystudiesconfirm thatnon-
malarial etiologies of coma may be present in children dying of
retinopathy-negativeCM,6 the proportion of survivorswith non-
malarial coma is unknown. Without a clear animal model of CM
or malarial retinopathy, the etiology of illness in children with
retinopathy-negative CM and survivable disease is unclear.

With fever, coma, and recurrent seizures, the presentation
of children with viral encephalitis is similar to CM. Viral central
nervous system (CNS) infection is common worldwide and,
like CM, results in high mortality and neurological morbidity in
survivors.10 The possibility that retinopathy-negative CMmay
be driven in part by CNS viral coinfections could have signif-
icant management implications as adjunctive antiviral thera-
pies targeting coinfectionsmight reducemortality ormorbidity
currently attributed to CM.
Toevaluate for this possibility, wecollected clinical data and

cerebrospinal fluid (CSF) specimens from children with
retinopathy-negative and retinopathy-positive CM. Our goals
were to determine the proportion of children with retinopathy-
negative CM with CNS viral coinfections that may be con-
tributing to illness, establishwhether clinical parameters could
differentiate children with retinopathy-negative CM who did
anddid not havea virus in theCNS, anddeterminewhether the
presence of a virus changed themortality ormorbidity risk.We
also tested the hypothesis that identification of a CNS virus
was more common in children with retinopathy-negative CM,
compared with those who were retinopathy positive.

MATERIALS AND METHODS

From May 2014 to June 2015, we prospectively enrolled
pediatric inpatients with a clinical diagnosis of CM at Queen
Elizabeth Central Hospital (Blantyre, Malawi) and Komfo
Anyoke Teaching Hospital (Kumasi, Ghana). Cerebral malaria
was diagnosed using the following criteria: 1) coma (Blantyre
coma scale score £ 2 in children £ 5 years and/or Glasgow
Coma Scale score £ 8 in children > 5 years), 2) Plasmodium
falciparum on blood smear, and 3) no other known cause of
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coma (e.g., meningitis, a prolonged postictal state or
hypoglycemia-associated coma reversed by glucose in-
fusion). Children with cloudy CSF (in Malawi and Ghana) or
CSF white blood cell count of > 10 WBC/μL (in Uganda) were
considered to have possible meningitis and excluded. In-
formed consent was obtained from parents or guardians. The
study was reviewed and approved by the Institutional Review
Boards of Michigan State University (USA), the College of
Medicine Research Ethics Committee, University of Malawi
(Blantyre, Malawi), and the Kwame Nkrumah University of
Science and Technology (Kumasi, Ghana). Analysis of de-
identified biological specimens was approved by the In-
stitutional Review Board of Makerere University (Kampala,
Uganda) and theUniversity of California, San Francisco (USA).
To increase study power and geographical generalizability,

we retrospectively collected and analyzed clinical data and
CSF gathered from children admitted to the same Malawian
hospital unit (admission dates from January 2008 to April
2014) and at Mulago Hospital (Kampala, Uganda, dates of
admission from November 2008 to December 2013). We
obtained informed consent from parents or guardians of all
prospective enrollees. The parents of children retrospectively
enrolled had consented to the analysis of de-identified ar-
chived biological specimens collected during prior observa-
tional research studies of malaria pathogenesis.
We identified malarial retinopathy at admission by direct

and indirect ophthalmoscopy after bilateral pupillary dilation.
A physician determined malarial retinopathy status in Ghana
andUganda, and an ophthalmologist hadpreviously validated
these physicians’ identification of retinopathy. In Malawi, an
ophthalmologist determined retinopathy status.
All children received the standard of care at their respective

hospitals. This included intravenous antimalarials (quinine
until 2008, artesunate thereafter inMalawi andGhana; quinine
for the full study period in Uganda), anticonvulsants for clinical
seizures, careful fluid and nutrition management, and sup-
portive care. Mechanical ventilation was unavailable.
After medical stabilization, we obtained CSF by routine

lumbar puncture (LP) as soon as possible, typically within 1
hour of enrollment. After skin cleansing, a 21-gauge straight
needlewas introduced into the L3-4 interspace. Prospectively
enrolled subjects had 3 mL of CSF withdrawn. Archived CSF
from Uganda and subjects from Malawi admitted before May
2014 was of lower volume, often less than 500 microliters.
We analyzed CSF specimen with metagenomic next-

generation sequencing (mNGS) of total RNA extracted from
CSF, allowing unbiased interrogation of both knownandnovel
viruses. Metagenomic sequencing library preparation and
bioinformatic analyses were performed according to pre-
viously published protocols.11

Because of financial constraints, we did not analyze all
collected CSF samples, but randomly selected CSF samples
from Ghana and Uganda for analysis. In prospectively col-
lected and archived Malawian samples, we preferentially an-
alyzed 53 CSF samples collected from children who were
retinopathy negative. We randomly selected 58 of the
remaining 219 CSF specimens collected at all three sites for
analysis; in total, 71 (63.4%) of the analyzed samples were
from retinopathy-negative children.
Although mNGS can identify neurologic infections from

bacteria, viruses, fungi, and parasites, the samples’ CSF cel-
lular profiles were largely not consistent with a fulminant

bacterial, fungal, or parasitic meningitis (all had CSF WBC
counts £ 10/μL), making the pretest probability low that these
were relevant pathogens. In addition, there was a high burden
of nonpathogenicbacterial and fungal sequences identifiedby
mNGS in these CSF samples, likely as a result of environ-
mental contamination,making it difficult to confidently identify
nonviral infections.
Viral pathogens identified by mNGS were considered pos-

itive if specific criteria were met. Only alignments to viruses
known to exist as human pathogens were considered. Align-
ments to these viruses were manually confirmed for accuracy
in both the NCBI nucleotide and protein databases. Because
herpes simplex virus (HSV) infectionswould be atypical for the
study cohort’s clinical phenotype, we required detection of
HSV on two independent sequencing runs.
Statistical analysis. HIV-1 RNA was detectable by mNGS

in theCSF of all HIV-1 seroreactive subjects and in none of the
HIV-1 seronegative subjects. Because the role ofHIV-1 inCNS
disease is still incompletely understood, we analyzed viral
data both with andwithout including HIV-1 as a potential CNS
pathogen.
To determine whether clinical parameters could differenti-

ate retinopathy-negative cases with or without a virus de-
tected in the CNS, we used logistic regression. The candidate
pool of potential variables included both admission clinical
(age, temperature, pulse, blood pressure, respirations, capil-
lary refill (in seconds), liver and spleen size, lymphadenopathy,
jaundice, neck stiffness, and seizures) and laboratory findings
(admission hematocrit, white blood cell count, platelets, glu-
cose, quantitative P. falciparum histidine-rich protein 2
(amalaria parasite derivedprotein), HIV-1 serostatus, andCSF
white blood cell count). We removed neck stiffness because
of the rarity of this finding (1 of 111, which caused quasi-
separation). After excluding subjects with missing data, in-
formation from 50 (of 71) retinopathy-negative subjects was
used to determine the predictive model.
Using a branch-and-bound algorithm, four models with the

highest likelihood score (chi-square test) statistic for model
sizes from 1 to 17 and a full model including all candidate
variables were automatically selected by the best score se-
lectionmethod usingSAS version 9.4 (SASCorporation, Cary,
NC). To compare those models, Akaike information criterion
(AIC) was used. The model with the smallest AIC score was
chosen, allowing a more precise prediction. Because we an-
alyzed data in two ways (including all viruses and excluding
HIV-1asapotentialCNSpathogen),wecreated twopredictive
models, one for each analysis.
To determine whether the presence of a virus in the CSF

increased mortality or morbidity risk in children with CM, we
useda logistic regressionmodel inwhichweadjusted forknown
risk factors for death or neurological disability in this population,
including admission glucose and coma score. To adjust for the
potential confounding of retinopathy status and investigate the
effects of viral coinfection in the subgroups of retinopathy-
positive and retinopathy-negative children, we performed an-
other logistic regression which added the retinopathy status
and its interaction with viral coinfection to the previous model.
To test thehypothesis that virusdetectionwasmorecommon

in children with retinopathy-negative CM, we compared pro-
portions of virus-positive cases in retinopathy-negative versus
retinopathy-positive patients using Pearson chi-square analy-
ses or Fisher’s exact test if the sample size was small.
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Retinopathy status was determined by ophthalmologists
in Malawi and non-ophthalmologist physicians in Ghana
and Uganda. Because determinations of retinopathy status
may have been more accurate in Malawi, we performed
sub-analyses, restricting data to that collected in Malawi. In
all analyses, a P-value < 0.05 was considered statistically
significant.

RESULTS

Weenrolled 272 subjects across the three sites. Enrollees in
Ghana were mostly retinopathy negative; in Uganda and
Malawi, most CSF samples were from children who were
retinopathy positive (Table 1). After dividing the samples by
country and type of enrollment, we selected CSF from 111
children for analysis: 38 retinopathy positive, 71 retinopathy
negative, and two with retinopathy status unknown (Table 1).
Comparing demographic and outcome features of children
whose CSF was analyzed with those whose CSF was not,
there was no significant difference in the age, gender, or rates
of death or neurological sequelae in survivors (data not
shown).
We found coinfection with a diversity of viruses (Figure 1).

Twenty-five children (seven retinopathy positive) had viral
sequences detected in the CSF, including four children in
whom more than one virus was detected. Excluding HIV-1,
herpesviruses were the predominant pathogens, accounting
for 61.1% (11 of 18) of viruses. HSV-1, varicella zoster virus
(VZV), and human herpes virus (HHV) eight were each de-
tected once, Epstein–Barr virus (EBV) three times, and cyto-
megalovirus (CMV) four times. In addition to HIV-1 and HHVs,
we identified hepatitis B virus, hepatitis A virus, polyomavirus
6, and parvovirus B19.
Analyses including all viruses. We found viruses in 25 of

the 111 (22.5%) subjects with CM, 18.4% (7/38) of those who
were retinopathy positive and 25.4% (18/71) of those who
were retinopathy negative (Figure 1). When comparing chil-
dren who were retinopathy positive and retinopathy negative,
there was no statistically significant difference in the pro-
portion of CSF specimens with detected viruses (P = 0.4121).
All children who were HIV-1 seroreactive had detectable

CSF HIV-1 nucleic acid. This led to quasi-separation in
building the predictive model of CNS viral infection. We used
Firth logistic regression to address this issue. The selected
predictive model of viral infection includes HIV-1 serostatus,
temperature, dehydration status, and platelet as predictors.
Childrenwith positive HIV-1 serostatus (OR = 15.670, 95%CI:
1.485–165.378), higher temperature (for each 1�C increase in
body temperature, OR = 3.164, 95% CI: 1.417–7.067), lower
platelet count (for 1 × 109 per liter decrease in platelet count,
OR = 1.007, 95%CI: 0.999–1.014), or being dehydrated (OR =
18.346, 95% CI: 0.329–1,023.026) were more likely to have a

virus detected. Depth of coma was not associated with the
presence of a viral coinfection.
Without controlling for retinopathy status, the risk of an

adverse outcome (death or neurological sequelae) was in-
versely associated with the presence of virus (OR = 0.244,
95% CI: 0.064–0.930). Those with a viral coinfection had a
lower risk ofmortality or neurologicalmorbidity comparedwith
thosewhowere not coinfected.When stratified by retinopathy
status, neither mortality nor neurological morbidity was as-
sociated with viral detection (retinopathy negative: OR =
0.266, 95% CI: 0.067–1.062) (retinopathy positive: OR =
0.334, 95% CI: 0.014–8.270).
In our sub-analyses limiting data to that collected inMalawi,

our findings were similar. We found viruses in 20 of the 66
(30.3%) subjects with CM fromMalawi, 23.1% (3/13) of those
who were retinopathy positive and 32.1% (17/53) of those
who were retinopathy negative (Figure 1). When comparing
children who were retinopathy positive and retinopathy neg-
ative, there was no statistically significant difference in the
proportion of CSF specimens with detected viruses (Fisher’s
exact test, P = 0.7395270).
Without controlling for retinopathy status, the risk of an ad-

verse outcome (death or neurological sequelae) was inversely
associated with the presence of virus (OR = 0.122, 95% CI:
0.021–0.692). Those with a viral coinfection had a lower risk of
mortality or neurological morbidity compared with those who
were not coinfected. When stratified by retinopathy status, the
riskofanadverseoutcome (deathorneurological sequelae)was
inversely associated with the presence of virus among the
retinopathy-negative group, whereas not among the positive
group (retinopathy negative: OR = 0.150, 95%CI: 0.028–0.792)
(retinopathy positive: OR = 0.554, 95% CI: 0.012–25.209).
Analyses including all viruses but excluding HIV-1 as a

potential CNS pathogen. There were non–HIV-1 viruses in
the CSF of 16 of the 111 (14.4%) subjects with CM, 7.9%
(3/38) of those who were retinopathy positive, and 18.3%
(13/71) of thosewhowere retinopathy negative. Of the viruses
detected, 11 of the 18 (61.1%) were human herpesviruses.
When comparing children who were retinopathy positive and
retinopathy negative, there was no statistically significant
difference in the proportion of CSF specimens with virus de-
tected (P = 0.1431).
The selected predictive model of CNS viral infection in-

cludes temperature, dehydration status, and white blood cell
count as predictors. Those with higher temperature (for each
1�C increase in body temperature, OR = 1.851, 95% CI:
0.953–3.595), lower white blood cell count (for 1 × 103 per μL
decrease in white blood cell count, OR = 1.202, 95% CI:
1.000–1.445), or capillary refill time > 2 seconds (OR = 31.128,
95% CI: 0.559–1,733.367) were more likely to have a virus
detected. Level of consciousness was not associated with
CSF viral coinfection.

TABLE 1
Origin of cerebrospinal fluid samples collected and analyzed

Site
Prospective/retrospective

enrollment Dates of sample collection

Number of children
with samples available

for testing

Percent of children who
were retinopathy

negative

Samples analyzed by
metagenomic next-

generation sequencing

Samples analyzed
from retinopathy-
negative subjects

Ghana Prospective May 2014–March 2015 48 29/48 (60.4%) 17/48 (35.4%) 11/17 (64.7%)
Uganda Retrospective November 2008–

December 2013
33 8/33 (24.2%) 28/33 (84.8%) 7/28 (25.0%)

Malawi Prospective and retrospective January 2008–April 2015 191 (19 prospective) 69/191 (36.1%) 66/191 (34.6%) 53/66 (80.3%)
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Without controlling for retinopathy status, the risk of mor-
tality or neurological morbidity was not associated with the
presence of virus (OR = 0.276, 95% CI: 0.056–1.363). When
stratifiedby retinopathy status, neithermortality nor neurological
morbidity was associated with viral detection (retinopathy neg-
ative: OR = 0.283, 95% CI: 0.059–1.372) (retinopathy positive:
OR = 0.877, 95% CI: 0.025–30.839).
Restricting data from participants enrolled in Malawi, our

findings were similar. We found viruses in 13 of the 66 (19.7%)
subjects with CM from Malawi, 0% (0/13) of those who were
retinopathy positive, and 24.5% (13/53) of those who were
retinopathy negative (Figure 1).When comparing childrenwho
were retinopathy positive and retinopathy negative, there was
no statistically significant difference in the proportion of CSF
specimens with detected viruses (Fisher’s exact test, P =
0.0562463).
Without controlling for retinopathy status, the risk of an

adverse outcome (death or neurological sequelae) was not
associated with the presence of virus (OR = 0.286, 95% CI:
0.051–1.595). Those with a viral coinfection had a lower risk of
mortality or neurological morbidity compared with those who
were not coinfected. Because virus was not detected in any

retinopathy-positive subject, we could not add an interaction
term between retinopathy and virus to the logistic regression
model for the adverse outcome. Instead, we fit a logistic re-
gression adding retinopathy as a covariate to the previous
model, and another logistic regression to retinopathy-negative
subjects only. After adjustment for retinopathy status, neither
mortality nor neurological morbidity was associated with viral
detection (OR = 0.232, 95% CI: 0.041–1.320). In retinopathy-
negative subjects, neither mortality nor neurological morbid-
ity was associated with viral detection (retinopathy negative:
OR = 0.24388, 95% CI: 0.04357–1.363470).

DISCUSSION

Central nervous system viruses are common in the CSF of
children with CM. Excluding HIV-1, their presence did not
correlate with the outcome. Other than HIV-1, herpesviruses
were most commonly identified, present in three-fourths of
subjects with detectable viral sequences.
Many of the herpesviruses detected in our study are contro-

versial in termsof their neurovirulenceandability tocontribute to
clinical disease. As such, it is, perhaps, unsurprising that their

FIGURE 1. Viruses detected by metagenomic next-generation sequencing. This figure appears in color at www.ajtmh.org.
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detection in the CNS of children with CM did not correlate with
admission level of consciousness or outcome. Indeed, the
presence of herpesvirus nucleic acid in the CSF may be due to
primary CNS invasion or from reactivation of latent viruses
during an acute illness; reactivation of herpesviruses has been
described.12,13 HSV-1 and VZV cause CNS disease in the im-
munocompetent patients, but EBV, CMV, HHV-6, 7, and 8, are
more likely to cause illness only in immunocompromised
patients. Here, most patients with herpesvirus infection were
HIV-1 negative, suggesting perhaps that their immune sys-
tem was compromised by their general poor medical state
(i.e., malnutrition) or their acute malaria infection.
A number of case reports for each of the non–HSV-1 or 2

herpesviruses suggest that they can cause encephalitis in
immunocompetent patients, including reports highlighting
HHV-6 and HHV-7 detected by PCR in children with suspected
CNS infections.14,15 The similar rates of CSF herpesvirus
detection in retinopathy-positive and retinopathy-negative
children and lack of difference in mortality outcomes overall
for children with and without non–HIV-1 viruses suggest
that these infections are likely reactivations rather than newly
acquired. Follow-up testing of cognition and neurologic
function would have provided additional useful information
about potential effects of coinfection but was not available at
all study sites.
Similarly, although the significance of human parvovirus

B19detection inCSF is debated, infection of theCNSwith this
virus has been associated with encephalitis, including severe
disease.16 Human polyoma virus-6 (HPyV6) detection in the
CSFwasanunexpected finding, occurring in three children, all
with retinopathy-negative CM. Human polyoma virus-6 has
been detected in the CSF of a patient with HIV-117, but its
presence in the CSF is not otherwise reported. None of the
three children with HPyV6 in the CSF had HIV-1 infection. The
clinical relevance of this virus in CNS disease in immuno-
competent children remains to be defined.
Our findings are congruent with those of Laman et al.18 who

studied CNS viral infections in children with fever in Papua
New Guinea. Children with febrile seizures or impairments of
consciousness underwent diagnostic LP. Cerebrospinal fluid
was analyzed by qPCR for HSV-1, HSV-2, VZV, HHV-5, HHV-
6, picornaviruses, influenza A and B, adenoviruses, flavivi-
ruses, and bacteria (Streptococcus pneumoniae, Haemophi-
lus influenzae, andNeisseria meningitidis). Of the 300 children
included, 69 had malaria parasitemia. Nineteen of these 69
(27.5%) hadCNS viral coinfections. HHVs accounted for 91%
of the viral pathogens detected. A CNS viral coinfection did
not change the risk of mortality or neurological morbidity in a
child with malaria. Retinopathy status was not assessed.
In the largest previous study ofCNSviral infections in Africa,

Mallewa et al.19 collected CSF from children 2 months to 15
years old with suspected nonbacterial CNS infections. Five
hundred thirteen childrenwere recruited, and 164 (32%) of the
subjects had malaria parasitemia. Investigations for adeno-
virus, HSV-1, HSV-2, VZV, EBV, CMV, HHV-6, HHV-7, JC/BK
viruses, VZV, rabies virus, and parvovirus B19, were per-
formed on CSF by qualitative PCR. Forty-one (25%) of the
children with malaria parasitemia (both with normal and im-
paired consciousness) had a viral CNS coinfection. The most
common pathogens detected were adenovirus (26.9%), ra-
bies (12.2%), and HHV-6 (12.2%). Of the 78 children with CM,
27 (35.6%) had a CNS viral coinfection. The most common

pathogen was adenovirus, found in 25.9% (7 or 27) of sub-
jects. Including those with all forms of malaria, a viral coin-
fection significantly increased the mortality risk (OR = 3.6,
95% CI: 1.6–8.0). The authors did not analyze whether or not
coinfection modified the outcome in the subgroup of children
with CM. In children with CM, viral coinfection was not asso-
ciated with malarial retinopathy.
In the current study, children with retinopathy-negative and

retinopathy-positive CM were equally likely to have a viral
coinfection. This suggests that this group of neuroinvasive
viruses is not a differential contributor to illness in childrenwith
retinopathy-negativeCM.A recently published study revealed
that the attributable fraction ofdisease in retinopathy-negative
CM due to acute malaria infection is at least 85%, supporting
the hypothesis that acute malaria infection is the principal
driver of illness in most patients with retinopathy-negative
CM.20 Comparison of clinical features21 and PfEMP1 ex-
pression22 of children of differing retinopathy status similarly
suggests that P. falciparum is the primary factor leading to
disease in most children with retinopathy-negative CM.
Although it is possible that some children with retinopathy-
negative CM may have asymptomatic parasitemia plus a
non-malarial etiology of coma, our data do not support that
this is commonly related to viruses.
Our study had advantages over previous investigations of

CNS viral coinfection in CM. We gathered and analyzed
specimens from three geographically distant sites in Africa. In
addition, the use of mNGS allowed unbiased interrogation of
CSF samples for viral pathogens, although we were unable to
leverage the ability of mNGS to detect other infectious, non-
viral causes of encephalitis given the bacterial and fungal
environmental contamination in the samples.
This study has several limitations. We were unable to ana-

lyze concurrently collected serum for the presence of anti-
bodies to any of the CNS viral pathogens detected and were
unable to perform confirmatory qPCR on CSF to confirm the
mNGS findings and determine the viral load. As the primary
focus of our research was investigation of CNS viral detection
in children with retinopathy-negative CM, fewer children with
retinopathy-positive CM were enrolled, limiting the study
power for some analyses. We were unable to analyze all the
CSF specimens collected, although we found no differences
in demographics or outcomes between those whose speci-
mens were analyzed, compared with those who were not.
Determination of retinopathy status was performed by oph-
thalmologists in Malawi and by general physicians in Ghana
and Uganda. Although ophthalmologists validated clinician’s
determinations of retinopathy status outside of Malawi, it is
possible that retinopathy status assignments in Ghana and
Uganda were less accurate, which could have led to mis-
classification. We conducted a sub-analysis limited to par-
ticipants enrolled in Malawi and found similar results to the
population included across the three countries.
Across the diverse geographic regions included, viral de-

tection from CSF was not uncommon in children with CM.
Humanherpesviruses,whichmayundergo reactivation during
acute malaria infection,23 were the predominant non–HIV-1
viruses found. Coupled with the facts that the presence of
virus in CSF was unassociated with depth of coma at pre-
sentation and did not modify outcome, it is likely that her-
pesviruses are incidental bystanders in these children,
becoming reactivated during acute malaria infection.
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