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The prevalence and clinical relevance of human herpesvirus-6
(HHV-6) detection in cerebrospinal fluid (CSF) using
multiplex polymerase chain reaction (PCR) testing in patients
with suspected meningoencephalitis in high human
immunodeficiency virus-prevalence African settings are not
known. We describe the clinical and laboratory characteristics
of 13 patients with HHV-6 CSF PCR positivity in Botswana.
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Human herpesvirus-6 (HHV-6) is a common cause of infantile
fever and roseola and has been implicated as a central nervous
system (CNS) pathogen causing meningitis or meningoen-
cephalitis, predominantly in immunocompromised hosts [1].
Because multiplexed cerebrospinal fluid (CSF) polymerase
chain reaction (PCR) testing is becoming more widely used
in the diagnosis of suspected meningoencephalitis [2],
HHV-6 PCR positivity in the CSF is increasingly reported
[2, 3]. However, its clinical significance remains unclear
[4, 5]. Prior reports from United States and Germany have

shown that HHV-6 comprises between 10.7% and 31.3% of
all positive CSF BioFire FilmArray Meningitis/Encephalitis
(FilmArray-ME) panel results among patients with suspected
meningoencephalitis [2, 3]. The majority of these HHV-6-
positive results were in children [2], and overall HHV-6 was
the second most frequently encountered viral pathogen after
enterovirus [2, 3]. To date, there are very limited data on the
prevalence and clinical correlates of CSF HHV-6 detection in
sub-Saharan Africa [6, 7] where the etiology of meningoen-
cephalitis differs markedly from Europe and North America
[8], and a large proportion of individuals presenting with me-
ningoencephalitis have immune suppression due to human im-
munodeficiency virus (HIV), and culture-negative lymphocytic
meningitis is common and associated with high mortality [9].
As part of a the prospective Botswana National Meningitis
Survey [9], we implemented multiplex PCR CSF testing using
the FilmArray-ME Panel at the main referral hospital in
Gaborone. Human herpesvirus-6 was the second most fre-
quently detected virus after cytomegalovirus. We describe the
clinical and laboratory characteristics of the 13 patients with
HHV-6 detected on CSF analysis.

METHODS

Cerebrospinal fluid samples from 690 sequential patients
presenting to Princess Marina Hospital, Gaborone, between
April 2017 and November 2018, were analyzed using the
BioFire FilmArray Meningitis/Encephalitis multiplex PCR panel
(bioMérieux, Grenoble, Rhone-Alpes, France) (Appendix 1).
Clinical and laboratory data and in-hospital outcomes were cap-
tured using REDCap. A consensus diagnosis was attributed to
each patient, and the relevance of HHV-6 detection in the CSF
on FilmArray-ME and its role as a CNS pathogen was classified
as “likely”, “possible”, or “unlikely” (adapted from previously de-
scribed criteria, outlined in Table 1 [4], following detailed records
review by 2 independent clinicians [J.M. and C.G.W.], with arbi-
tration by a third [J.N.J.]). Ethical approvals for the study were
provided by the Botswana Health Research and Development
Committee, the University of Pennsylvania, and the London
School of Hygiene and Tropical Medicine.

RESULTS

Of the 690 patients with CSFmultiplex PCR analysis, at least 1 or-
ganism was identified on PCR in 124 (18%). Human
herpesvirus-6 was detected in the CSF of 13 patients, comprising
11% of all positive results (Table 1). Six of theHHV-6-positive in-
dividuals were infants under 1 year of age (of a total of 225 tested
with FilmArray-ME), 1 was a 12-year-old child (of 45 children
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tested), and 6 were adults (of 420 adults tested; 334 adults were
HIVpositive and 86HIVnegative). In 652 patients, the indication
for lumbar puncture was suspected central nervous system infec-
tion (CNSI), 8 patients did not have suspected CNSI, and 28 pa-
tients had complications related to a CNS device. The indication
was unknown in 2 patients.

All 6 infants presented with a history of fever, 3 had seizures,
3 had respiratory symptoms, and 2 had diarrhea. No infants
were HIV positive and none had a CSF pleocytosis. In 5 of
the 6 infants, clear alternative clinical diagnoses were made
during their admission, and they were treated for a condition
that was not a CNSI. Human herpesvirus-6 meningoencepha-
litis was classed as unlikely to be contributing to the CNS pa-
thology in these 5 cases. The other infant had no alternative
confirmed diagnosis during admission, with possible HHV-6
encephalitis on the differential diagnosis, but had unremark-
able CSF white cell count (WCC) and protein levels and recov-
ered without receiving antimicrobial therapy. Due to the
inability to perform serum HHV-6 PCR in those infants with-
out an alternative microbiological diagnoses, we were unable to
determine whether clinical presentation and CSF HHV-6 PCR
detection were the result of primary systemic HHV-6 infection
in these cases. All were discharged home alive.

The 12-year-old female presented to a secondary hospital
with headache, neck stiffness, fever, and left-sided weakness.
She was treated empirically for presumed meningoencephalitis
with intravenous cefotaxime.Hydrocephaluswas demonstrated
on computed tomography (CT) of the brain and she was trans-
ferred to Princess Marina Hospital for ventriculoperitoneal
shunt insertion. On day 21 of admission a lumbar puncture
was performed for suspected shunt infection and HHV-6 was
detected in the CSF. She did not receive antiviral treatment,
made a clinical recovery, and was discharged home alive;
HHV-6 meningoencephalitis classification was unlikely.

Among HIV-positive adults, 6 of 194 with stage 4 disease or
CD4 ,200 cells/mL had HHV-6 detected on FilmArray-ME
compared with 0 of 140 without stage 4 disease or known CD4
counts .200 cells/µL; 0 of 86 HIV-negative adults were HHV-6
positive. Of the 6 adults withHHV-6 detected in CSF, 1 presented
with a respiratory illness and was diagnosed with
community-acquired pneumonia, andHHV-6meningoencepha-
litis was classified as unlikely. One had a history of a known psy-
chiatric disorder and was diagnosed with an acute psychotic
episode after normal CSF WCC and protein results, normal pe-
ripheralWCC, andCT head scan; theywere treatedwith haloper-
idol and discharged without receiving antiviral therapy, and
HHV-6 meningoencephalitis was classified as unlikely. The re-
maining 4 were all determined to have CNS infections. Two had
other pathogens detected in CSF in addition to HHV-6: 1 had a
positive cryptococcal antigen and was treated for cryptococcal
meningitis, and 1 had varicella zoster virus (VZV) detected on
PCR and compatible brain magnetic resonance imaging treated

with intravenous aciclovir; HHV-6meningoencephalitiswas clas-
sified as unlikely in both cases. Two had no other pathogen isolat-
ed but a presumptive diagnosis of tuberculous (TB) meningitis
based on clinical presentation and laboratory findings (Table 1).
Bothwere treatedwith anti-TB therapy plus antivirals for possible
HHV-6 meningoencephalitis.

DISCUSSION

Human herpesvirus-6 was the second most commonly detected
virus in the CSF of patients undergoing multiplex PCR testing
for suspected CNSI in Gaborone, Botswana. Positive HHV-6
PCR results were identified in 6 infants and 1 child, none of
whomwere known to beHIVpositive, and in 6 adults, all with ad-
vancedHIV disease. Human herpesvirus-6 was classified as being
unlikely to be causing CNS pathology in 10 of 13 cases with clear
alternative diagnoses, and possibly contributing to a meningoen-
cephalitis in 3 of 13 cases, with no cases in which HHV-6menin-
goencephalitis was considered the most likely diagnosis.
Primary HHV-6 infection in infants is common and typically

self-limiting, and it has been associated with up to 20% of child-
hood admissions with fever and one third of febrile seizures in
the United States [10] and Zambia [11]. With the increased
availability of multiplex PCR panels, HHV-6 detection in
CSF has been more frequently reported during febrile child-
hood illnesses [3, 5], although the clinical interpretation of
these results is challenging. Human herpesvirus-6 detection
in CSF has been described in children with self-limiting prima-
ry HHV-6 infection, subclinical reactivation of latent infection,
chromosomally integrated HHV-6 ([ciHHV-6] occurring in
approximately 1% of patients after primary HHV-6 infection),
and HHV-6 meningoencephalitis. One American study report-
ed 25 HHV-6 detections in CSF from 1005 children screened
with FilmArray-ME and after review of medical records, radio-
logical findings, and ciHHV-6, it attributed 5 of these HHV-6
detections to HHV-6 meningoencephalitis [5].
In European adult populations, HHV-6 seropositivity esti-

mates range between 78% and 92%, but there are limited data
from sub-Saharan Africa. Periodically, HHV-6 can subclini-
cally reactivate from a latent reservoir in mononuclear cells,
particularly during times of host stress; detection of HHV-6 de-
oxyribonucleic acid (DNA) in this setting is not necessarily
clinically relevant [4, 5]. However, serious infections such as
encephalitis, hepatitis, uveitis, and pneumonitis can occur ei-
ther as primary infection or through reactivation, predomi-
nantly in immunocompromised patients [1].
In our cohort, all 6 adults with HHV-6DNA detected in their

CSF had advanced HIV disease. There is a paucity of data on
CNS HHV-6 infection in people with HIV, particularly in pop-
ulations from sub-Saharan Africa. Only 18 CSF HHV-6 detec-
tions using the FilmArray-ME panel have been reported from
Africa, 5 from pediatric patients with suspected meningitis in
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Ethiopia where individual HIV statuses were not reported [12],
and in 13HIV-positive adult patients with suspectedmeningitis
from 2 Ugandan studies [6, 7]. Accurately assessing the contri-
bution ofHHV-6 to disease in this population is challenging due
to limited access to healthcare resources needed to support a di-
agnosis of HHV-6 meningoencephalitis, including neuroimag-
ing, and the diagnostics required to reliably exclude TB
meningitis or ciHHV-6. These limitations, including the lack
of quantitative HHV-6 PCR in Botswana to help to exclude
ciHHV-6 or primary HHV-6 infection and a lack of long-term
follow-up data, restricted our ability to definitively diagnose
or exclude HHV-6 meningoencephalitis.

Further complicating the clinical interpretation of HHV-6 de-
tection in CSF in our context was the presence of coinfections,
with an additional pathogen detected in the CSF of 2 adults in
our study: 1 with VZV and 1 with cryptococcal meningitis.
Human herpesvirus-6 was not believed to be a pathogen in either
patient. Codetections of HHV-6 and other pathogens have been
reported previously in sub-Saharan Africa with a 2021 Ugandan
study describing 7 of 12 patients with HHV-6 detected in the
CSF also diagnosed with cryptococcal meningitis [6].

CONCLUSIONS

With the expanding availability of multiplex PCR diagnostics,
clinicians will increasingly have to interpret the clinical relevance
of HHV-6 detection in CSF in high HIV-prevalence African set-
tings. Our data suggest that in the majority of cases, HHV-6 de-
tection is incidental and not contributory to CNS pathology;
however, the potential role of HHV-6 as a CNS pathogen in pa-
tients with advanced HIV requires further investigation.
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Appendix 1

Pathogens detected on BioFire FilmArray-ME Panel

Viruses Bacteria Yeast

Cytomegalovirus (CMV) Escherichia coli K1 Cryptococcus
neoformans/
Cryptococcus
gattii

Enterovirus Haemophilus
influenzae

Epstein-Barr virus (EBV) This was
not reported to treating clinicians
results were only given to the
study team retrospectively from
bioMérieux after their review

Listeria
monocytogenes

Herpes simplex virus 1 (HSV-1) Neisseria
meningitidis

Herpes simplex virus 2 (HSV-2) Streptococcus
agalactiae

Human Herpes Virus 6 (HHV-6) Streptococcus
pneumoniae

Human parechovirus

Varicella Zoster Virus (VZV)
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