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ABSTRACT 

Background: 

Human herpesvirus 6B (HHV-6B) is the causative agent of Roseola infantum, and has 

also been suggested to play a role in the pathogenesis of febrile seizures in young 
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 children, a percentage of whom go on to develop febrile status epilepticus (FSE), but 

existing data is conflicting and inconclusive. HHV-6A is a distinct species, rarely 

detected in most parts of the world, but prior studies suggest a higher prevalence in 

febrile African children. We describe a case control study comparing the frequency of 

HHV-6A and/or HHV-6B infections in children with febrile seizures (including febrile 

status epilepticus) and a control group of febrile children without seizures. 

Methods 

We recruited children aged 6-60 months admitted with a febrile illness with (cases) or 

without (controls) seizures presenting within 48 hours of commencement of fever. 3mls 

of whole blood was centrifuged and plasma stored at -80oC for pooled screening for 

HHV-6B and HHV-6A by Taqman Real Time PCR. 

Results 

102 cases and 95 controls were recruited. The prevalence of HHV-6B DNA detection did 

not differ significantly between cases (5.8% (6/102)) and controls (10.5% (10/95)) but 

HHV-6B infection was associated with febrile status epilepticus (OR 15; 95% CI, [1.99-

120]; p=0.009). HHV-6A was not detected. 

Conclusion  

Prevalence of HHV-6B was similar among cases and controls. Within the febrile seizure 

group, HHV-6B infection was associated with FSE, suggesting HHV-6B infections could 

play a role in pathogenesis of FSE.  
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INTRODUCTION 

Human herpesvirus 6 (HHV-6) is a lymphotropic virus first isolated from peripheral 

blood lymphocytes of patients suffering from lymphoproliferative disorders [1]. Whilst 

initially referred to as ‘strain variants’, HHV-6A and HHV-6B are now recognized by the 

International Committee for the Taxonomy of Viruses (ICTV) as distinct virus species 

based on genotypic and phenotypic differences (differential tropism in cell culture) and 

clinical distinctions [2, 3]. HHV-6B is the most common cause of Roseola infantum, a 

febrile rash that often follows primary infection which is almost ubiquitous in early 

childhood [4, 5] and HHV-6B is also associated with febrile illness in young children [6, 

7]. Whilst older studies do not include genotype analysis, it is known from more recent 

studies that 99-100% of primary infections in America, Europe and Japan are with HHV-

6B [2, 8]. In addition to Roseloa infantum, which is often mild an self-resolving, in a 

subset of cases there is evidence of neurological involvement, sometimes manifesting as 

seizures or convulsions [6, 9] and also more severe encephalitis due mostly to reactivated 

infections in immunocompromised adults [10-14]. HHV-6B has also been linked with 

mesial temporal lobe epilepsy (MTLE)[15-17]. HHV-6A is rarely detected in children in 

Western countries, but two Zambian studies have detected HHV-6A readily in blood or 

sera specimens from children [18, 19]. An in vitro study has also shown that both HHV-

6A and HHV-6B can productively infect human fetal astrocytes, causing multinucleated 
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 syncytia, with progeny virions maintaining T-cell tropism [20], evidence that HHV-6 is 

able to directly infect and cause pathology in CNS tissue.  

 

The most common seizures suffered by children in early childhood are clinically defined 

as ‘simple febrile seizures’, lasting less than 15 minutes, comprised of generalized tonic 

and clonic activity without a focal component, and does not reoccur within 24 hours or 

within the same febrile illness. Roughly 5-8% of cases will have prolonged or recurrent 

seizures of sufficient severity to meet the criteria of Febrile Status Epilepticus (FSE) 

defined as any febrile seizure lasting more than 30 minutes or recurrent seizures lasting a 

total of more than 30 minutes without fully regaining consciousness [21], a condition 

which has been associated with an increased risk of developing MTLE [22]. There are 13 

studies which have screened for HHV-6 infection in children with febrile illness or 

febrile seizures, comprising five case-control and eight cross-sectional studies . The most 

prominent of these is a large prospective study from the U.S where 9.7% (160/1653) of 

febrile children had primary HHV-6 infection (defined by seroconversion and PCR 

detection of HHV-6 virus) [6]. Among the 160 cases of primary HHV-6 infection, 21 

(13.1%) were admitted to hospital with febrile seizures, with primary HHV-6 infection 

being detected in one third of all febrile seizure cases [6]. Comparing febrile children 

with and without seizures, the rates of HHV-6 infection were over 3-fold higher in those 

with febrile seizures [6]. However, results from 4 subsequent case control studies did not 

find any difference in HHV-6B prevalence between children with and without seizures 

[23-26]. With respect to children with complex seizures and status epilepticus a link with 
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 HHV-6 has been suggested in three studies [9, 27, 28]. In the most recent study 

(FEBSTAT) the prevalence of HHV-6 infection at baseline was 32% (54/169) in children 

with febrile status epilepticus, but no clinical distinctions could be made between patients 

with and without HHV-6B infection [27]. The available data points towards a possible 

association between HHV-6B and both FS and/or FSE, but no studies have demonstrated 

a causal relationship [29].  

The prevalence of epilepsy in sub-Saharan Africa is double that in developed countries 

[30] and as CNS infections are a major risk factor for febrile status epilepticus and 

epilepsy [30, 31] there is a need for studies to evaluate possible etiologies in the sub-

Saharan African region, which also take into account HIV infection and exposure status 

in children, which may influence clinical outcomes of HHV-6 infection [32, 33]. A 

Zambian study in 1997 identified HHV-6 in 30% (16/53) of non-malarial febrile children 

(PCR on DNA extracted whole blood) and interestingly, of the 9 cases that were 

genotyped by single locus Sanger sequencing, four were found to be HHV-6A [19]. A 

recent study of people living with HIV in Burkina Faso identified HHV-6A in 88% 

(15/17) of cases of HHV-6 infection, although two thirds of HHV-6A cases were co-

infected with HHV-6B [34]. PCR studies in Zambia on sera from healthy children also 

identified highly prevalent HHV-6A infections [18]. Another study also from Zambia 

screened for HHV-6 in lung tissue (taken at autopsy)[18] and sera specimens from 

children admitted with respiratory disorders, where HHV-6B was more prevalent [35].  

We present here the first case-control study from the Africa region comparing HHV-6 

infection rates in admitted febrile children with and without seizures, and also comparing 
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 those with and without febrile status epilepticus, the largest study of its kind to be 

undertaken since the Hall study of 1994. 

 

METHODS 

Study objectives 

To determine whether there is an association between HHV-6A and/or HHV-6B infection 

and febrile seizures in children admitted with febrile illness to the University Teaching 

Hospital (UTH), Lusaka, Zambia. 

To determine whether there is an association between HHV-6A and/or HHV-6B infection 

and febrile status epilepticus (FSE), in children admitted to the UTH with febrile illness. 

Ethical considerations 

Ethical approval was sought from the Research Ethics Committee (ERES). Permission 

was obtained from the University Teaching Hospital Department of Pediatrics to conduct 

study. Written consent was obtained from the parents/guardians of the participants as 

they were aged between 6-60 months of age. 

Study definitions 

For the purpose of the study, fever was defined as an axillary temperature of 37.5oC and 

above. 
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 1. Febrile seizure (FS) - Seizures that occurred in a febrile infant or child between the 

ages of 6-60 months who clinically did not have an intracranial infection, metabolic 

disturbance, or history of febrile seizures. 

2. Febrile status epilepticus (FSE) - FSE was defined as any febrile seizure lasting more 

than 30 minutes or recurrent seizures lasting a total of more than 30 minutes without fully 

regaining consciousness.  

Recruitment 

The study enrolled children between the ages of 6 months to 60 months from January 

2015 to May 2016. The study recruited patients from the pediatric emergency room and 

the admissions ward the University Teaching Hospital in Lusaka, Zambia. The facility is 

a tertiary referral centre receiving cases from various parts of Lusaka as well as referral 

cases from all over the country. 

 

Inclusion and Exclusion criteria 

Inclusion criteria included: 

1. Any child aged 6-60 months with first episode of FS and FSE presenting within 48 

hours of a febrile seizure. These were our cases. 

2. Any child aged 6-60 months with a febrile illness without seizures presenting within 

48 hours of a febrile illness. These were our controls. 
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 Exclusion criteria included: 

1.Children with signs and symptoms of central nervous system (CNS) infection (eg, neck 

stiffness, positive Brudzinski sign, positive Kernig sign and persistent altered level of 

consciousness) were excluded. 

2. Children with clinical evidence of CNS anomalies such as hydrocephalus, cerebral 

palsy and microcephaly were excluded. 

3.Children younger than 6 months or older than 60 months were excluded. 

4.Children with known seizure disorders were excluded. 

5.Children already enrolled in other studies were excluded. 

Plasma collection and DNA extraction 

3mls of blood was collected from a peripheral vein and placed in labelled EDTA tubes 

and spun. The plasma was drawn from the tubes and stored at -81oC for later testing. 

Plasma samples had DNA extracted using the QIAGEN QIAamp® DNA Mini Kit 

according to the manufacturer’s specifications.  

 

HHV-6 PCR assay 

Real Time Taqman PCR was undertaken using consensus primers detecting both HHV-

6A and HHV-6B [36]: Primers (HHV6U41-F4: 5′- CGGAACATTGTTGAGCAGAAA-

3′, HHV6U41-R106: 5′- AAGAAGAATCCCTTGTCTGGC-3′) and species-specific 
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 probes (HHV-6A U41-ProbeA: FAM- 

CTCTAAGCACGAAATCTTCACATTCGGAAACA-TAMRA, HHV-6B U41-ProbeB: 

JOE-CTCTAAGCACGAAATTTTGACATTCGGAAACA-BHQ1). The thermocycling 

conditions were as follows: Denaturation at 95 °C for three minutes, followed by 

45 cycles of denaturation at 95 °C for 15 s, annealing at 55 °C for 30 s and extension at 

60 °C for 30 s. Assays were run on a Rotor‐Gene™  6000 (Qiagen, Hilde n, Germany). 

The fidelity of the PCR enzyme and purity of the DNA‐extraction was controlled 

through amplification of the house‐keeping gene, β‐ Actin, from every 12th sample. 

Presence and quality of extracted DNA from clinical specimens was quantified (ng/μl) 

using a Nanodrop (Thermo Scientific, Waltham, MA, U.S). We used a cut off of 200 

copies/ml to be indicative of an active infection.  Study participants were also tested for 

HIV and malaria according to standard hospital procedure. 

Statistical Analysis 

Data analysis was undertaken using SPSS version 21 (IBM, Armonk, NY, USA). For 

study descriptives (Table 2), binary variables were compared by Pearson chi-squared test 

(or Fishers exact test when the numerator was <10) and patient age was compared by 

Mann Whitney U. Multivariate binary logistic regression (Tables 3 and 4) was used to 

evaluate whether HHV-6 and other clinical/demographic factors demonstrated significant 

associations with either cases or controls.    
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RESULTS 

Study recruitment, clinical and demographic characteristics 

All pediatric emergency room and/or pediatric admissions aged between 6-60 months 

with febrile seizures were approached to participate in the study, along with a similar 

number of febrile controls (convenience sampling). If the child’s parents consented to 

participate in the study and patient met inclusion criteria clinical and demographic data 

was recorded and 3mls of blood were collected. 47.1% (48/102) of the cases were female, 

median age was 27 months (IQR18-37 months), 3.4% (3/89) of children were infected 

with HIV and 17.4% (16/92) had confirmed malaria. The point prevalence of HIV was 2-

fold higher in controls (8.8% (7/80), but HIV status, sex, median age and malaria status 

did not differ significantly between cases and controls (Table 2). HIV status was 

undetermined for 13 cases and 15 controls. HHV-6 infection was not detected in any of 

the 10 HIV positive children. 

Comparison of Febrile Seizures with Febrile controls 

DNA-extracted blood specimens from all 102 cases and 95 controls were tested and 

analysed for HHV-6A and HHV-6B.  A total of 16 specimens were positive for HHV-6B, 

5.8% (6/102) among cases and 10.5% (10/95) among controls, with no significant 

difference observed in HHV-6B prevalence, or clinical factors, between cases and 

controls except for mean temperature which was slightly higher 0.28oC in controls than 

cases p=0.003  (Table 3).  No specimens were positive for HHV-6A.   
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 Comparison of Febrile Seizures and Febrile Status Epilepticus 

We then analysed the data looking at whether amongst our cases patients with febrile 

status epilepticus were more likely to test positive for HHV-6B infection. We found that 

among children with febrile seizures, being classified as having febrile status epilepticus 

was associated with increased odds of testing positive for HHV-6B infection: OR15; 95% 

CI, [1.99-120]; p=0.009 (Table 4). 

 

DISCUSSION 

In our study HHV-6B was not associated with febrile seizures. These results are similar 

to four previous case control studies, in which no association was found between HHV-

6B infection and febrile seizure [23-26] (Table 1), although these studies were small and 

had various methodological weaknesses, such as only screening by PCR in CSF or blood 

[24, 26] . This stands in contrast to the Hall study in which HHV-6 infection was 

associated with a 3-fold increase in the prevalence of febrile seizures [6] and the panel of 

eight cross-sectional studies where HHV-6 infection is readily detected in children with 

febrile seizures with a median HHV-6 prevalence of 17.4% (range 6-26.2%) (Table 

1)[29]. The most important inconsistency between the different studies, is the range of 

diagnostic tools used, and these distinctions are important, as different PCR assay 

sensitivities and targets, and different serology methodologies and reagents will give 

different results. Importantly, HHV-6 species are latent in monocytes or macrophages 

[37], or CD34+ve progenitor cells [38, 39] and periodically reactivate sub-clinically, as 

evidenced by the ready detection of this virus in healthy children [18]. The Hall study, 
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 and all but one of the cross sectional studies, included serological analysis to define 

HHV-6 primary infection. In our study we did not use serology but based on median age 

ranges and previous studies it is possible that a significant percentage of the HHV-6 

infections in this study are reactivations, as primary infection in Zambia peaks at around 

9 months of age [35]. In the FEBSTAT study (U.S) median age was 14.8 months, and of 

the 58 HHV-6 and HHV-7 infections, 14 (31%) were reactivations. In our study, the 

median age was considerably higher (29.5 months), and so we postulate that the relative 

contribution of primary infections could have been lower than in the FEBSTAT study. 

The two studies have also been undertaken in different geographical populations and 

could be affected by host or virus genetic factors and levels of maternal immunity in 

early infancy [17, 40]. A meta-analysis using a random effects model suggested 21% 

(95%CI: 14–30%) of children with febrile seizures could be positive for primary HHV-6 

infection, but it’s clear that there are other causes, and our data support their conclusions 

that HHV-6 may be the cause or co-factor in a limited subset of febrile seizures [29].  

Within children with febrile seizures we found HHV-6B infection was associated with 

febrile status epilepticus (FSE)(OR 15; 95% CI, [1.99-120]; p=0.009). This is the first 

controlled study to observe this correlation between HHV-6B infection and FSE, adding 

weight to previous cross-sectional studies, which have identified a subset of cases of FSE 

associated with HHV-6B infection [9, 27, 41]. Whilst we only recruited 5 cases of FSE, 

our detection of HHV-6B infection in 40% (2/5) of FSE cases is consistent with the most 

recent cross-sectional study, FEBSTAT, which estimated that HHV-6B infection could 

account for up to 33% of FSE [27].  
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 In poor communities in sub-Saharan Africa young infants are exposed to a high burden of 

infectious diseases, including neurological infections. A baseline study of MRI data from 

healthy Malawian teenagers found brain abnormalities in 18% (16/96) of children [42]. 

The observed incidental atrophy and white matter abnormalities are not seen in healthy 

U.S children, suggesting that the higher disease burden during early childhood may be 

responsible for these abnormalities [42]. Identifying the causal pathogens in this 

population group may inform on targets for vaccine development, that could prevent or 

reduce the incidence of CNS infections during infancy, impacting on acute disease 

burden and later developmental sequelae. With respect to epilepsy, a recent study from 

Poland treated epileptic children who had primary cytomegalovirus (CMV) infection with 

ganciclovir, achieving successful long term outcomes (up to 4 years) [43], but in the 

African setting, routine diagnostic testing for betaherpesviurses (CMV, HHV-6A, HHV-

6B and HHV-7) is not available and drugs for the treatment of HHV-6 are not routinely 

administered. Ganciclovir, Foscarnet and Cidofovir are used to treat HHV-6 infection in 

the transplant setting in Western countries, but indications for treatment and conditions of 

drug administration are poorly defined [44]. Ganciclovir is used at some centres in South 

Africa to treat CMV pneumonia in HIV-infected/exposed children [45-47]. HHV-6 has 

been shown to be sensitive to Artesunate and was used for the first time in a recent case 

study to treat a child with HHV-6 associated myocarditis [48, 49]. Artesunate is a drug 

already approved for the treatment of malaria and is widely available in Africa and could 

present a good drug candidate for future pilot trials looking at treating HHV-6 positive 

FSE in this population. 
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 None of the samples tested positive for HHV-6A, similar to results from the FEBSTAT 

study in 2012 and mirroring results obtained in earlier cross-sectional study of infants 

admitted to the hospital [27, 35]. However, this contrasts with an earlier study of healthy 

Zambian children that found HHV-6A to be more common [18]. A possible explanation 

for these inconsistencies could be the existence of novel recombinant HHV-6 viruses 

with components of both HHV-6A and HHV-6B, as evidence in a recent whole genome 

sequencing study in the U.S[50]. There are currently no full genome sequences for HHV-

6A or HHV-6B from sub-Saharan Africa other than the two reference strains Z29 and 

U1102 [2]. As more whole genomes become available it might help us better understand 

the molecular epidemiology of these viruses. 

 

Limitations: Our study was not longitudinal and so we could not compare the 

clinical/virological course of patients or outcomes of HHV-6B infection in cases and 

controls. Lacking serial specimens and serological analysis we could not differentiate 

primary infections from reactivations/reinfections. We did not include CSF analysis as 

this is unreliable for detecting active HHV-6 infection and lumbar puncture is difficult to 

undertake in the research setting in Zambia due to low cultural acceptance [51]. Whilst 

rare, detection of HHV-6B in CSF makes a stronger case for direct pathology affecting 

the CNS, although 11/13 previous studies analyzed blood, including the influential Hall 

and Epstein studies, and so our results are comparable [6, 27]. The low number of FSE 

cases on our study demands that the resulting odds ratio be viewed with caution and due 

respect for the wide confidence intervals. We did not have access to maternal HIV status.   
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We conclude that this is the first case-control study to suggest an association between 

HHV-6B and FSE, which has been associated with increased risk of developing epilepsy 

in children with febrile seizures. Epilepsy is highly prevalent in the Africa region and 

further studies should look at the virological course of HHV-6B and other candidate viral 

causes, in FSE patients, and correlate with long term outcomes. Artesunate is a possible 

affordable and accessible treatment option to be piloted for HHV-6 and other 

betaherpesvirus infections in the African setting. 

 

 

Table 1: Previous studies of HHV-6 in febrile seizures 

Author Yea

r 

Locatio

n 

Ag

e 

Study 

Design 

HHV-6 

diagnostic 

methodolog

y 

Is 

methodolog

y accurate 

and 

sensitive 

for active 

infection? 

Outcome 

  Case-control or internally controlled cohort studies (n = 5) 

Hall 1994 U.S <3 

yrs 

Cohort of 

febrile 

PCR and 

Serology on 

Yes Overall 

9.7%(160/165
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 children 

including a 

subset with 

seizures 

blood 3) 

Febrile 

controls 8.7% 

(139/1590) 

Febrile 

Seizures 33% 

(21/63) 

Bertolani 1996 Italy  <3 

yrs 

Case-

control 

study 

Isolation 

and 

Serology  

Yes 35% (23/65) 

HHV-6 

infection in 

cases and 50% 

(12/24) in 

controls 

Hukin 1998 U.S <6 

yrs 

Case 

Control 

comparing 

febrile 

seizures 

with febrile 

controls 

PCR and 

Serology on 

blood and/or 

saliva 

Yes Febrile 

controls 42.9% 

(15/35) 

Febrile 

Seizures 

45.5% (15/33) 

Teach 1999 U.S.A 6m 

– 6 

yrs 

Case-

control 

study 

PCR on 

CSF  

No (HHV-6 

rarely 

detectable in 

CSF during 

active 

No HHV-6 

found in 23 

cases or the 21 

controls 
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 infection) 

Farshadmoghada

m 

2014 Iran <2 

yrs 

Emergency 

room cohort 

of febrile 

children, 

half of 

whom had 

seizures. 

PCR on 

blood 

No (whole 

blood 

contains 

latent virus) 

No association 

between 

HHV-6 and 

seizure 57% 

(45/78) 

infection in 

seizure 

patients and 

43% (31/72) in 

those without 

seizure. 

  Cross sectional studies of febrile seizures without non-seizure 

controls (n = 8) 

Ward 1994   Retrospectiv

e Cross 

sectional 

study 

Serology 

IgG 

detection 

and avidity 

Yes 9.7% (25/258) 

with primary 

infection of 

these 5 

patients 

presented with  

febrile fits  

Barone 1995 U.S  Cross 

sectional 

febrile 

convulsions 

Isolation 

and 

Serology 

Yes 19% (8/42) 

culture 

positive 

Additional 3 
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 cases by 

serology 

Total 26.2% 

(11/42) HHV-

6 primary 

infection 

 

Chua 1998 Malaysi

a 

 Cross 

sectional 

febrile 

seizures 

Isolation, 

serology 

and PCR 

Yes 16.1% (5/31) 

HHV-6 

infection 

Suga  2000 Japan  Cross 

sectional 

febrile 

seizures 

Isolation 

and 

Serology 

Yes 20% (21/105) 

HHV-6 

primary 

infections 

Pancharoen 2000 Thailand  Cross 

sectional 

febrile 

seizures 

Serology for 

HHV-6 IgM 

on day 2-6 

of fever 

No (IgM 

takes 2-4 

weeks to 

develop 

8.5% (7/82) 

HHV-6 

infection 

Ward 2005 U.K  Cross 

sectional  

children 

with 

suspected 

PCR and 

Serology 

Yes 7.1% (11/156) 

HHV-6 

infections 
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 encephalitis 

and/or 

severe 

illness with 

fever and 

convulsion 

Laina 2009 Greece  Cross 

sectional 

febrile 

seizures in 

first or 

second 

febrile 

episode  

PCR and 

Serology  

Yes 15.4% (10/65) 

HHV-6 

infections 

Mamish 2014 Iran  Cross 

sectional 

febrile 

convulsions 

PCR CSF No (HHV-6 

rarely 

detectable in 

CSF during 

active 

infection) 

6% (6/100) 

HHV-6 

infections 
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 Table 2: Descriptive Statistics of Case and Control groups 

 Cases Controls P=value 

n 102 95  

Female gender 48 (47.1%)a 50 (52.6%)a .434 

Median Age 

(months) 

26.50 (17.75-37.25)b 20.00 (11-36)b .074 

Infant HIV status 3 (3/89 3.37%)c 7 (7/80 8.75%)c .194 

Malaria 16(16/92 17.39%)a 14(14/88 15.9%)a .79 

 

a Pearson χ2 test for binomial variables; b Mann Whitney U test for age; c Fishers Exact 

test  

Table 3: Logistic regression analysis to identify risk factors associated with febrile 

seizures compared with febrile controls  

 Cases 

n= 102 

 Controls 

n=95 

 OR[95%CI] P value 

Temperature 

(Mean) 

38.48  38.76  0.482 [0.296-

0.785] 

0.003 
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 Admission  

Diagnosis  

      

Tonsilitis 16 15.67% 10 10.53%  .076 

Conjunctivitis 0  1 1.05%  .471 

Mumps 1 0.98% 0   .431 

Pneumonia 3 2.94% 10 10.53%  .432 

Coryza 20 19.60% 24 25.26%  .453 

UTI 2 1.96% 0   .213 

Gastroenteritis 9 8.82% 10 10.53%  .994 

HHV-6B prevalence 

as determined by 

PCR  

      

*HHV-6B 6 5.88% 10 10.53% 0.531 [.185-

1.523] 

.239 

UTI= Urinary Tract Infection 
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 Table 4: Logistic regression analysis to identify risk factors associated with FSE, 

compared with febrile seizure controls.  

 FS 

N=97 

 FSE 

N=5 

 OR[95%CI] P value 

Sex (female) 45 46.39% 3 60%  .545 

Age (mean) 29.13  21.80   .303 

HIV +ve 3 3.09% 0 0%  .713 

Malaria 15 15.46% 1 20%  .804 

Temp (mean) 38.50  38.02   .102 

*HHV-6B 4 4.12% 2 40% 15 [1.99-120] .009 

FS= Febrile Seizure, FSE= Febrile Status epilepticus 
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