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ABSTRACT 
In malaria-endemic areas, where up to 70% of children have peripheral parasitaemia, it is unclear why some children develop 
seizures. Human herpes viruses are a common cause of seizures with fever, but their role in acute symptomatic seizures is 
not fully understood. We investigated the hypothesis that acute symptomatic seizures in children admitted to hospital are 
caused by concomitant human herpes virus infections. 

We examined the presence of parasitaemia in plasma and viruses in the cerebrospinal fluid (CSF) of 100 children with 
acute symptomatic seizures (84%) and with complex acute symptomatic seizures (focal, repetitive or prolonged), and in 45 
children without seizures, using polymerase chain reaction. The analysis compared the distribution of the human herpes 
virus between children with acute symptomatic seizures and those without these seizures, by computing odds ratios using 
a logistic regression, accounting for potential confounders.

Human herpes viruses (HHV) 6 and 7 were found in the CSF of 22% of children with acute symptomatic seizures and 
in 24% of those without seizures, and overall, positivity for any of the viruses was not associated with acute symptomatic 
seizures or complex acute symptomatic seizures. HHV 7 was significantly associated with complex acute symptomatic 
seizures (OR=8.80 (95%CI, 1.20-64.84), p=0.033), while HHV 6 was not (OR=1.71 (95%CI, 0.55-5.30), p=0.351). The OR for 
the association of HHV 7 with complex acute symptomatic seizures increased by 81% (from 4.87 to 8.80) after accounting 
for falciparum malaria, malnutrition and CSF protein levels. 

HHV 7 but not 6 is associated with common complex acute symptomatic seizures in a malaria-endemic area in Kenya, 
and this association may be moderated by malaria, nutrition status and protein leVels. Children admitted with acute 
symptomatic seizures should be screened for viruses.
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BACKGROUND 
Acute symptomatic seizures are a common presentation in 
children admitted to hospitals in sub-Saharan Africa1. Fal-
ciparum malaria remains the commonest cause of acute 
symptomatic seizures in malaria-endemic areas2, and these 
seizures often have complex features: focal (involving a body 
part), repetitive (>two seizures in 24 hours) or prolonged 
(lasting >15 minutes)3. However, because the prevalence of 
asymptomatic parasitaemia in the community is high (up to 
70%) in these areas4, other childhood illnesses (e.g. viral or 
bacterial) may be important causes of acute symptomatic 
seizures, with the presence of malaria parasitaemia being 
coincidental. We showed through modelling that about 10% 
of acute symptomatic seizures in malaria may indeed be at-
tributable to other illnesses2, which may include central ner-
vous system (CNS) infections with viruses and bacteria.

HHV 6 was isolated in 23% of children with acute symp-
tomatic seizures in the USA5, but it is not clear if this virus 

caused these seizures since there was no comparison with 
a control group. Another study of acute symptomatic sei-
zures did not isolate human herpes viruses6, as would be 
expected of seizures without neurological damage. Acute 
symptomatic seizures in malaria-endemic areas are likely 
to be related to direct brain involvement, e.g. sequestration 
of P. falciparum parasites2, but may also be caused by a 
concomitant viral infection, as documented in previous stud-
ies7,8. 

These viral aetiologies of fever have increased recently 
following the decline of malaria9 and should be screened 
for in children admitted to hospitals in endemic areas. Re-
cently, we observed that the incidence of acute symptom-
atic seizures without a known cause is increasing10, an 
increase that could, in part, be due to neurotropic viral infec-
tions. However, the diagnosis of viral infections of the CNS 
is problematic since blood tests for antibodies to the virus 
only indicate exposure to the virus, and cerebrospinal fluid 
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(CSF) can only be collected from children who have a clinical 
indication for a lumbar puncture. Polymerase chain reactions 
(PCR) can detect the DNA of herpes viruses in the CSF of 
children and provide a more reliable indicator of CNS infec-
tion11. The CSF can be obtained from children who require a 
lumbar puncture, to exclude treatable infections, particularly 
bacterial meningitis. 

We tested the hypotheses that herpes viruses are associ-
ated with the risk of acute symptomatic seizures in children 
admitted to a rural hospital in a malaria-endemic area on the 
Kenyan coast. We also examined whether the associations 
between human herpes viruses are moderated by other po-
tential confounders, in particular falciparum malaria.

METHODS
We studied 145 children admitted to Kilifi District Hospital 
(KDH) with acute non-traumatic encephalopathy between 
1999 and 2001. This data was collected prospectively, but 
only analysed sometime later, post the malaria-decline peri-
od, when the role of neurotropic viruses in CNS disease was 
increasingly being recognised7,10. KDH is the only referral 
hospital in Kilifi County. The hospital has a 35-bed paediat-
ric ward and six-patient high dependency unit, which admits 
children with infections such as malaria and related compli-
cations. 

PCR was successfully performed in the CSF of all 145 
children admitted with acute non-traumatic encephalopathy, 
using a method we have described elsewhere11. We exclud-
ed children with head injury and those with epilepsy from 
these analyses. Bacterial meningitis was excluded accord-
ing to previously reported criteria12. Peripheral parasitaemia 
was detected using thin and thick blood slides on Giemsa 
stain. The total protein in CSF was measured by turbidime-
try using benzethonium chloride as described elsewhere13. 
Albumin was measured using an electroimmunoassay tech-
nique14.

Viruses were looked for in two distinct groups of children 
with encephalopathy; (i) 100 children admitted with acute 
symptomatic seizures and coma (inability to localise a pain-
ful stimulus15) and (ii) 45 children with coma but without sei-
zures during the current illness.

The student’s t-test or the Mann-Whitney test (where ap-
propriate) was used to compare continuous variables. Di-
chotomous variables were compared using Pearson’s chi 
square or Fisher’s exact test where appropriate. Logistic 
regression was used to compute measures of association 
between acute symptomatic seizures and the presence of 
herpes viruses, accounting for: (i) age and sex initially; (ii) 
other potential confounders, e.g. CSF protein levels and 
malnutrition, in a penultimate model; and (iii) falciparum 
malaria in the final model. The logistic models were done 
systematically, so that the final model had all the variables 
accounted for in situ. Weight for age z-scores were comput-
ed using the zanthro command on Stata (2000 CDC Growth 
Reference in the USA).

RESULTS
HHV 6 was found in the CSF of 19% of 145 children with 
encephalopathy, while HHV 7 was found in 7%. Both viruses 
were present in the CSF of four children. Malaria parasitae-
mia was detected in 48% of the 100 children admitted with 
acute symptomatic seizures, and none in those without sei-

zures (X2=32.1, P<0.001) (Table 1). Among the 100 children 
with seizures, HHV 6 was found in 16%, and HHV 7 in 8%. 
Of the children admitted with encephalopathy, human her-
pes viruses were present in 22% of the 100 children with 
acute symptomatic seizures, and in 24% of those without 
seizures (Table 1). The complex acute symptomatic seizures 
occurred in 8/10 (80%) of cases with the human herpes 7 
viruses and in 15/27 (56%) of cases with the human herpes 
6 viruses.

Children admitted with acute symptomatic seizures were 
older (p<0.001), febrile (p=0.008), less likely to be jaundiced 
(p<0.001), less likely to be malnourished (p<0.001), more 
likely to have a lower CSF protein (p<0.001) and a higher 
haemoglobin concentration (p<0.001), and were less likely to 
die (p<0.001), compared to those without seizures (Table 1). 
Most clinical and laboratory characteristics and outcomes 
were similar between children admitted with acute symp-
tomatic seizures with HHV 6 and 7, and those with seizures 
without these viruses (Table 2). 

The combined human herpes viruses were not associat-
ed with acute symptomatic seizures in a logistic regression 
model with age and sex as covariates (OR=1.48 (95%CI, 
0.54-4.05), p=0.448). After further accounting for malnu-
trition and CSF protein levels (the non-febrile features with 
statistically significant differences between those with acute 
symptomatic seizures and no seizures (0.2g/dl vs. 0.5g/dl, 
respectively; p<0.001) (Table 1)), the association between 
human herpes viruses and acute symptomatic seizures was 
still not statistically significant (OR=1.30 (95%CI, 0.38-4.47), 
p=0.679). In a final model, additionally accounting for falci-
parum malaria, the combined human herpes viruses were 
not associated with acute symptomatic seizures (OR=1.27 
(95%CI, 0.37-4.35), p=0.705). 

We repeated the acute symptomatic seizures analysis 
separately for each virus. No acute symptomatic seizures 
were associated with HHV 7 (OR=2.94 (95%CI, 0.48-18.11), 
p=0.244), nor with HHV 6 (OR=1.19 (95%CI, 0.41-3.41), 
p=0.750), in a model accounting for age and sex. Account-
ing for malnutrition and CSF protein levels was significant-
ly associated with acute symptomatic seizures for HHV 7 
(OR=5.08 (95%CI, 0.65-39.78), p=0.122), but not HHV 6 
(OR=0.87 (95%CI, 0.23-3.29), p=0.842). After additional in-
clusion of falciparum malaria into the model, acute symp-
tomatic seizures remained associated with HHV 7 (OR=4.62 
(95%CI, 0.58-36.46), p=0.147), but not with HHV 6 (OR=0.94 
(95%CI, 0.26-3.42), p=0.929). 

We repeated the above analysis for complex acute symp-
tomatic seizures, which were particularly associated with fal-
ciparum malaria in this study (OR=4.68 (95%CI, 1.69-13.01), 
p=0.003), and in a previous study2. Human herpes virus-
es combined were poorly associated with complex acute 
symptomatic seizures in a logistic regression model with age 
and sex as covariates, but the association was not statisti-
cally significant (OR=2.34 (95%CI, 0.92-5.97), p=0.075). Af-
ter further accounting for malnutrition and CSF protein levels 
(significant features in Table 1), which are not febrile caus-
es of complex acute symptomatic seizures, the OR point 
improved by 6%, but the association was not statistically 
significant (OR=2.48 (95%CI, 0.83-7.43), p=0.104). In a fi-
nal model additionally accounting for falciparum malaria, the 
association of human herpes viruses with acute symptom-
atic seizures was unchanged (OR=2.47 (95%CI, 0.83-7.36), 
p=0.103). 

We repeated the analysis of complex acute seizures, 
again using the viruses separately. There was no significant 
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association between complex acute symptomatic seizures 
and HHV 7 (OR=4.87 (95%CI, 0.86-27.53), p=0.074), nor 
with HHV 6 (OR=1.74 (95%CI, 0.65-4.67), p=0.271), in a 
model accounting for age and sex. Additionally, accounting 
for malnutrition and CSF protein levels was significantly as-
sociated with complex acute symptomatic seizures for HHV 
7 (OR=9.22 (95%CI, 1.25-68.27), p=0.030), but not for HHV 
6 (OR=1.64 (95%CI, 0.52-5.19), p=0.396). After addition-
al inclusion of falciparum malaria into the model, complex 
acute symptomatic seizures remained associated with HHV 
7 (OR=8.80 (95%CI, 1.20-64.84), p=0.033), but not with HHV 
6 (OR=1.71 (95%CI, 0.55-5.30), p=0.351). The OR for the 
significant final model for HHV 7 (OR=8.80) is greater than 
the baseline model (4.87) by 81%, suggesting evidence for 
effect modification of HHV 7 by falciparum malaria, malnutri-
tion and CSF protein levels. 

DISCUSSION
Neither HHV 6 or 7 was associated with acute symptomatic 
seizures or complex acute symptomatic seizures. Howev-
er, HHV 7 was associated with complex acute symptomatic 
seizures, but not with all acute symptomatic seizures, in a 
model accounting for falciparum malaria, malnutrition and 
CSF protein levels. Accounting for proteins is justified, be-
cause it is thought they may have anti-convulsant effects on 
the brain tissues, possibly related to increased extracellu-
lar osmolality16. In fact, accounting for these three potential 
confounders improved the OR for the associations by 81%. 
On the contrary, HHV 6 was not associated with any acute 
symptomatic seizures, nor complex acute symptomatic sei-
zures. 

The prevalence of herpes viruses detected in the CSF 
of children with encephalopathy or acute symptomatic sei-
zures in this study was high (23%), and was higher for HHV 
6 (16%) than for HHV 7 (7%). The finding that HHV 6 is more 
common in acute seizures than HHV 7, is similar to findings 
from the American study on consequences of prolonged fe-
brile seizures in childhood (FEBSTAT)17. The prevalence of 
the viruses detected in acute symptomatic seizures is similar 
to a study from the US (23%)5, but lower than in a Malawian 
study (73%)7; probably because the latter study additional-
ly screened for other arboviruses and adenoviruses, which 
were not assessed in the current study. Recent studies in 
similar poor-resource settings have recognised the role of 
viruses in the aetiology of acute encephalopathy7. Addition-
ally, other studies in high-income countries have associated 
viruses with seizures5,18. These two viruses were however 
not isolated in an American study of seizures with fever6, as 
would be expected, since these seizures do not have neu-
rological involvement like the acute symptomatic seizures in 
our study. A recent study of acute symptomatic seizures10 
reported a high prevalence of undifferentiated causes of 
acute symptomatic seizures (4%), some of which could 
be viruses, therefore calling for the need to screen for the 
presence of viruses in admissions with acute symptomatic 
seizures. In a recent study conducted during the malaria-de-
cline era9, viral causes of encephalopathy caused more mor-

bidity and mortality in Tanzanian children admitted to hospi-
tal (70%) than both parasitic (11%) and bacterial infections 
(22%) combined. 

HHV 7 was associated with complex acute symptomatic 
seizures, but not acute symptomatic seizures, while the vi-
ruses combined were not associated with seizures. The lack 
of association in the combined group may have been driv-
en by HHV 6, which individually did not show association 
with seizures. The finding that HHV 7 is more epileptogenic 
than HHV 6 is informative in that the pathogenesis of the two 
related viruses can be different, supported by documenta-
tion of more complex seizure phenotypes in the former than 
the latter viruses. Complex acute symptomatic seizures are 
more severe than simple seizures, so their association with 
HHV 7 may suggest a direct brain involvement by the vi-
rus that warrants further neuroimaging or electroencephalo-
graphic investigations. It is worth noting that the association 
was significant after accounting for falciparum malaria and 
malnutrition, protein levels, three of which modified the OR 
by 81%, suggesting they moderate the association between 
human herpes viruses and acute symptomatic seizures. We 
have previously shown that malaria is an important cause of 
acute symptomatic seizures in children admitted to hospi-
tal1,2, and can interact with viruses to cause brain damage8. 
This hypothesis is also supported by the finding that both 
malaria and viruses were detected in 9% of acute symp-
tomatic seizures, similar to the modelled proportion of about 
10% that we found using a logistic regression technique2. 
Proteins depend on nutritional status and can moderate the 
viral association with acute symptomatic seizures by being 
pro-convulsant via reducing the bioavailability of anticonvul-
sants19, or anticonvulsant through changing the extracellular 
osmolality20, but further studies are required. 

A limitation of this study was the relatively small sample 
size, which may reduce the capability to measure associ-
ations. Secondly, the prevalence of viruses in the hospital 
comparison group used in this study may differ from that of 
controls from the community. We did not screen for other 
viruses, such as adenoviruses and arboviruses, which are 
neurotropic. These results should be interpreted carefully 
owing to the small sample size.

This study shows that HHV 7 (which was less frequent 
than HHV 6) is associated with complex acute symptomatic 
seizures after accounting for potential confounders, but HHV 
6 and both viruses combined are not associated with these 
seizures.  The association is moderated by malaria, malnutri-
tion and protein levels, since substantial effect modification 
of the OR was observed. These results suggest that human 
herpes viruses, including other neurotropic viruses not in-
vestigated in this study, should be screened for in children 
admitted with acute symptomatic seizures, particularly those 
that are complex. These findings are especially important 
post the malaria-decline era when other non-malaria caus-
es of CNS diseases are increasingly being recognised7,10. 
Future studies are required to understand the role of protein 
levels and acute symptomatic seizures following CNS infec-
tions.
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Table 1: Clinical characteristics of children admitted with acute non-traumatic encephalopathy

Clinical characteristics
Acute symptomatic 
seizures (n=100)

No seizures (n=45) P-value

Males (%) 53 (53.0%) 25 (55.6%) 0.775

Age in months: median 
(IQR)

12.1 (8.1-17.9) <1 (<1-5.3) <0.001

Examination on admission

Weight (kg) for age (years) 
z-scores: mean (SD)

-2.2 (1.2) -1.8 (1.3) 0.090

Axillary temperature (◦C): 
mean (SD)

38.2 (1.5) 36.5 (5.7) 0.008

Mid-upper arm 
circumference (cm): 
median (IQR)

13.4 (12.4-14.4) 8.9 (6.4-11.2) <0.001

Jaundice (%) 2 (2.0%) 10 (22.2%) <0.001

Laboratory investigations

Parasitaemia (x106/L): 
median (IQR)

21,069
(6,845-226,080)

- -

Parasitaemia (%) 48 (48.0%) - -

Haemoglobin (g/dL): mean 
(SD)

8.2 (2.8) 12.0 (4.3) <0.001

White blood cell count 
(x109/L): median (IQR)

11.9 (9.5-18.7) 14.45 (10.7-21.6) 0.219

Blood glucose (mmol/L): 
mean (SD)

5.1 (2.2) 4.4 (3.1) 0.090

Cerebrospinal fluid

Both human herpes 
viruses (HHV) 6&7 (%)

22 (22.0%) 11 (24.4%) 0.745

HHV6 (%) 16 (16.0%) 11 (24.4%) 0.227

HHV7 (%) 8 (8.0%) 2 (4.4%) 0.434

White cell count (/mm3) 2 (0.1-6.0) 2 (0.1-6.0) 0.435

Protein (g/dl): median (IQR) 0.2 (0.1-0.3) 0.5 (0.3-0.6) <0.001

CSF/blood glucose ratio: 
median (IQR)

0.73 (0.6-0.8) 0.8 (0.6-1.0) 0.209

Outcome

Neurological deficits (%) 1 (1.0%) 2 (7.4%) 0.060

Mortality (%) 1 (1.0%) 20 (44.4) <0.001

CSF=cerebrospinal fluid; SD=standard deviation; IQR=interquartile range
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Table 2: Clinical characteristics of acute symptomatic seizures associated with human herpes virus 6 & 7 and those not 
associated with these viruses

Clinical characteristics
Acute symptomatic seizures 
associated with HHV6&7 
(n=22)

Acute symptomatic seizures 
not associated with HHV6&7 
(n=78)

P-value

Males (%) 10 (45.5%) 43 (55.1%) 0.422

Age in months: median (IQR) 10.3 (6.5-14.5) 12.6 (8.3-18.9) 0.093

Examination on admission

Weight (kg): mean (SD) 7.8 (2.5) 7.8 (2.0) 0.969

Axillary temperature (◦C): mean (SD) 38.3 (1.4) 38.1 (1.5) 0.662

Mid-upper arm circumference (cm): 
median (IQR)

13.7 (12.6-15.0) 13.3 (12.4-14.2) 0.458

Jaundice (%) 1 (1.28%) 1 (4.6%) 0.393

Laboratory investigations

Parasitaemia (x106/L): median (IQR)
178,200 
(8,002-551,490)

16,728 
(6,760-169,000)

0.136

Parasitaemia (%) 9 (40.9%) 39 (50.0%) 0.451

Haemoglobin (g/dL): mean (SD) 8.9 (3.0) 8.0 (2.7) 0.198

White blood cell count (x109/L): 
median (IQR)

13.4 (9.4-17.0) 11.6 (9.6-18.9) 0.956

Blood glucose (mmol/L): mean (SD) 4.7 (2.3) 5.3 (2.3) 0.271

Cerebrospinal fluid

White cell count (/mm3) 0.1 (0.1-6.0) 2 (0.1-6.0) 0.614

Protein (g/dl): median (IQR) 0.2 (0.1-0.3) 0.2 (0.3-0.3) 0.786

CSF/blood glucose ratio: mean (SD) 0.75 (0.21) 0.76 (0.26) 0.863

Acute symptomatic seizures

Focal seizures 9 (40.9%) 31 (39.7%) 0.921

Convulsive status epilepticus 7 (31.8%) 21/77 (27.3%) 0.676

Repetitive seizures 14 (63.6%) 50 (64.1%) 0.968

All complex acute symptomatic 
seizures

21 (95.5%) 63 (80.8%) 0.097

Seizures on admission 3 (13.6%) 19/76 (25.0%) 0.261

Outcome

Neurological deficits (%) 0 (0%) 1/75 (1.33%) 0.773

Mortality (%) 0 (0%) 1 (1.28%) 0.780

CSF=cerebrospinal fluid; HHV=human herpes virus; SD=standard deviation; IQR=interquartile range


