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Abstract. Background: Primary HHV7 infection is almost ubiquitous, and it can present as exanthema subitem. 
Little is known on the clinical relevance of HHV7 neuroinvasion in immunocompetent children. Methods: We 
describe 12 patients (median age 9.45 years, 50% males) with acute encephalopathy and active HHV7 infection. 
In all patients, HHV7-DNA was detected on cerebrospinal fluid (CSF) by RT-PCR. Results: 7/12 patients had 
meningoencephalitis (two with ADEM and one with MOG antibody-associated CIS); 5/12 showed acute neu-
ropsychiatric symptoms. EEG showed anomalies exclusively in patients with meningoencephalitis. Six patients 
had RMN anomalies. CSF HHV7 copies ranged between 20 and 3,500 copies/mL (median 66 copies/mL) and 
mean HHV7 CSF/blood ratio was 0.75. Outcome was favorable in all children, although 3/12 had minor neu-
robehavioral sequelae. Mean follow-up period of 5.2 months. Conclusions: HHV7 can determine neuroinvasion 
in immunocompetent children, leading to acute encephalopathy. Blood-brain barrier damage and high CSF/
blood viral copies ratio correlated with a more severe presentation. We speculate on the importance of immune-
mediated mechanisms in provoking clinical features. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

The human herpes virus 7 (HHV-7) is a b-her-
pes virus. It was first discovered by June et al. in 1990. 
HHV-7 is genetically, epidemiologically and clinically 
highly related to the more investigated and widely de-
scribed human herpes virus 6 (HHV-6) (1). HHV-7 
infects CD4+ T-lymphocytes and, less frequently, 
CD8+ and immature T-cells (2). Similarly to other 
Herpes viruses, HHV-7 establishes a life-long infec-
tion in its human hosts after the primary infection, 
switching between latent and lytic phases (3). 

HHV-7 is ubiquitous, and the primary infection 
mostly occurs during early childhood, peaking be-

tween 18 and 36 months of life, which is slightly later 
than HHV-6. By the age of 5 years, more than 90% of 
the general population has been infected by HHV-7 
(4, 5). Alike HHV-6, HHV-7 infection has different 
clinical presentations in children, such as exanthema 
subitum, fever without rash, febrile seizures and febrile 
status epilepticus (6-8). 

Little is known on how HHV-7 can enter the 
blood brain barrier (BBE) and cause invasion of the 
central nervous system (CNS) (9). Recently, single case 
reports and case series of HHV-7 related encephalitis 
or encephalopathy have been described, in both im-
munocompetent and immunocompromised children 
and adults (10). Clinical presentation of CNS involve-
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ment seems highly heterogeneous, to be distinguished 
from other neurological diseases, and includes febrile 
seizures, encephalitis, meningoencephalitis, facial pal-
sy, vestibular neuritis, severe headache, somnolence, 
fatigue, nausea, vomiting, photosensitivity, ataxia, and 
coma (10-18). 
In this single-center retrospective study, we evaluated 
HHV-7-related CNS disorders and analyzed its clini-
cal manifestations and outcome in children and ado-
lescents. 

Methods and materials

All cerebrospinal fluid (CSF) samples collected 
from January 1st 2012 to December 31th 2019 for a sus-
pect of CNS infection were tested for HHV-7 DNA 
by real-time polymerase chain reaction (RT-PCR)15. 
Other neurotropic viruses including HHV-6, human 
herpes simplex (HSV), varicella zoster virus (VZV), 
enterovirus (EV) human cytomegalovirus (CMV) and 
Epstein-Barr virus (EBV) were analyzed (19-21).  

Study inclusion criteria for HHV-7 related CNS 
infection were: 1) pediatric age (>28 days and <18 
years); 2) acute/subacute onset of neurological symp-
toms; 3) evidence of HHV-7 DNA in the CSF; 4) full 
clinical and demographic data available. Patients with 
known immunodeficiency or with a final differential 
diagnosis were excluded from the study.

Clinical data were retrospectively collected using 
the hospital charts and anonymously analyzed. 

The following variables were recorded: age, sex, 
comorbidities, personal and family history, signs and 
symptoms at onset, clinical and neurological examina-
tion, blood and CSF chemistry, extended microbiologi-
cal investigations (including evidence of co-infections), 
electroencephalographic (EEG) abnormalities, evidence 
of CNS lesions on computed tomography (CT) and/or 
magnetic resonance imaging (MRI), therapy and out-
come. Disability at disease onset (worse clinical score) 
and follow up was determined according to the modified 
Rankin Scale for children (mRS) (22, 23). Central nerv-
ous system demyelinating disorders were classified ac-
cording to diagnostic criteria of IPMSSG (24).

Extended investigations including isoelettrofocus-
ing and search for neuronal cell auto-antibodies were 

carried out by the Neuroimmunology Laboratory of 
IRCCS Mondino Foundation (Pavia, Italy). The pa-
tients’ serum and CSF were tested with an in-house 
screening immunohistochemistry technique on lightly-
fixed rat brain tissue (25, 26) and with a CBA for MOG, 
AQP4, NMDAR, LGI1, CASPR2, AMPAR1/2, 
GABABR Abs (Euroimmun, Lubeck, Germany).

Written informed consent was obtained from all 
parents or legal tutors of the patients. 

Results

A total of 456 pediatric inpatients had their CSF 
tested for HHV-7 in the seven years study period. 
HHV-7 DNA was detected in 16/456 (3.5%) patients. 
Four patients were excluded from our study: two with 
an alternative final diagnosis (one with WNV enceph-
alitis and one with Listeria monocytogenes menin-
goencephalitis), and two others because of lack of 
clinical data. Twelve patients were finally included: six 
females and six males (Figure 1). 

Median age was 9.5 years (range 1-16 years). De-
mographic, clinical and laboratory features are sum-
marized in Table 1.

Figure 1. Study flow-chart
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All patients were healthy before the acute event, 
except for one patient with a prior diagnosis of Gilles 
de la Tourette syndrome, and one with learning dis-
ability. Five/12 (41.7%) had fever, and none of our pa-
tients had typical features of exanthema subitum. All of 
them showed acute or subacute onset of CNS symp-
toms: 7/12 with meningoencephalitic symptoms and 
5/12 with prominent neuropsychiatric manifestations 
(Figure 2).

Of the seven patients with meningoencepha-
litis, two had acute disseminated encephalomyelitis 
(ADEM), and one had acute hemorrhagic encephalo-
myelitis (AHEM). All these seven patients had acute 
encephalopathy (defined as altered consciousness that 
persisted for longer than 24h, including lethargy, ir-
ritability, or a change in personality and behaviour), 
and acute (multi)focal neurologic symptoms (i.e. cra-
nial nerves palsy, dysarthria, loss of sphincter control, 
nystagmus). Four/7 (57%) had fever, and 4/7 showed 
meningeal signs (including at least two of the follow-
ing: rigor nucalis, headache, photophobia/phonopho-
bia, or vomiting). Only a 19-months old patient with 

encephalitis experienced recurrent febrile seizures over 
24 hours. Finally, one patient had acute unilateral re-
current oculomotor nerve palsy, as the sole focal neu-
rological manifestation. 

Among the five patients with predominant neu-
ropsychiatric manifestations, four were ultimately clas-
sified as PANS (Pediatric Acute-onset Neuropsychi-
atric Syndrome) (27). They acutely displayed tics and 
OCD (obsessive-compulsive disorder). In one of these 
three we observed also echolalia, coprolalia, soliloquy, 
self-harming and hetero-aggressive behavior.

CSF analysis was performed in all 12 patients. 
In all cases it was crystalline, although 5/12 showed 
pleocytosis (mean cell count 43.4 cells/mL – range 5 – 
90 cells/mL), and one hyperproteinorrachia (181 mg/
dL). We detected blood-brain barrier (BBB) damage 
(i.e. increased CSF/serum transfer of albumin) in the 
patient with AHEM, and oligoclonal bands (OcB) in 
another patient with meningoencephalitis. All CSF 
and sera were tested for autoimmune encephalitides, 
only one patient presenting with ADEM was tested 
positive for anti-MOG antibodies. 

Table 1. Study population

patient gender/age HHV7 
(copies/mL)

CSF/serum 
HHV-7
 copies

CSF - 
WBC

CSF -
polyclonal 

bands

CSF – 
oligoclonal 

bands

anti-
MOG

BBB 
damage diagnosis

1 F; 9.4 y 72 0.18 36 Yes none none none
meningoencephalitis 

(ADEM)
2 F; 1.7 y 1080 0.13 5 yes none none none encephalitis

3 F; 11 y 1500 0.8 90 none yes none none meningoencephalitis

4 M; 16.2 y 3500 4.87 neg / / / / meningoencephalitis

5 M; 9.1 y 40 0.4 26 none none none yes meningoencephalitis 
(AHEM)

6 F; 12.6 y 100 / neg yes none
none none

meningoencephalitis 
with III cranial nerve 

palsy

7 M; 8.2 100 0.058 60 none none yes none
meningoencephalitis 
(CIS anti-MOG +)

8 F; 7 y 40 0.23 neg / / / /
neuropsychiatric 

symptoms

9 M; 14.4 y 20 0.0014 neg / / / /
neuropsychiatric 

symptoms (PANS)

10 M; 13.6 y 60 / neg yes none none none
neuropsychiatric 

symptoms (PANS)

11 F; 2 y 33 0.825 neg yes none none none
neuropsychiatric 

symptoms

12 M; 9.5 y 20 0.04 neg / / / /
neuropsychiatric 

symptoms (PANS)
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HHV-7 DNA was detected in all CSF and in 
10/12 whole blood (WB) samples (two not tested). 
Other neurotropic viral infections were excluded, and 
no coinfection was detected on CSF. In just one case 
(a patient with ADEM that developed anti-MOG 
antibodies), circulating copies of HHV-6 DNA were 
detected on WB, but not in the CSF. Median HHV-
7 DNA copies was 66/mL in the CSF (range: 20c/
mL – 3,500/mL) and 660/mL in WB (range 40/mL 
– 14490/mL). Mean number of HHV-7 DNA cop-
ies was 547/mL in the CSF and 2,838/mL in WB. 
The mean CSF/WB HHV-7 DNA copies ratio was 
0.75. Mean CSF/WB ratio was higher in patients 
with meningoencephalitis compared to those with 
neuropsychiatric symptoms (1.073 vs 0.2741, p<.05) 
(Table 2). 

EEG was performed on 9/12 patients. EEG ab-
normalities were seen in 7/9 patients, all within the 
meningoencephalitis group, showing diffuse or focal 
slowing of the background activity. 

MRI was performed in 8/12 patients and evi-
denced inflammatory lesions with T2-hyperintensity 
in five. Four of these five belong to the meningoen-
cephalitis group and three out of four showed demyeli-
nating lesions, believed to be immune-mediated. 

All patients received multiple drugs, especially 
antivirals (acyclovir), antibiotics (mostly, amoxicillin/
clavulanic acid, ceftriaxone and azithromycin) and an-
ti-inflammatories (ibuprofen, paracetamol, steroids). 
Besides, anti-epileptic drugs or hypnotic-sedative 
drugs were associated depending on the clinical mani-
festations. Antibiotics (predominantly amoxicillin, 
ceftriaxone and azithromycin) were used in 7/12 cases, 
while acyclovir was only given as empirical treatment 
to patients with meningoencephalitis, in 5/12 cases, 
and hypnotic-sedative drugs (i.e. benzodiazepines) to 
patients with acute psychosis and psycho-motor agita-
tion, in 3/12 cases (Table 3). 

Outcome at short and medium term was favora-
ble in all cases. Worse mRS at diagnosis was 1 in 6/12 
patients, 2 in 3/12 and 3 in 3/12. Only the patient with 
AHEM scored 5 and required admission to the Inten-
sive Care Unit. 

Mean follow up was 3.6 months (range 0-15 
months). At last visit, 9/12 patients had a mRS of 0, 
while 3/12 scored 1 for residual cognitive and behavio-
ral deficits, including two patients with PANS and the 
one with AHEM.

Discussion 

Among the Herpes virus family, many members 
are known to have a high neurotropism and cause cen-
tral and peripheral neurological symptoms (28, 29). 
Whether this is mainly caused by a direct cytopathic 
effect, or by the inflammatory reaction of the activat-
ed immune system, remains largely unknown (7, 30). 
However, alike other neurotropic viruses, the CNS in-
volvement of HHV-7 has been poorly and only very 
recently investigated (8, 31-34). 

In 1996, Torigoe and colleagues first described 

Table 2. CSF and blood analysis in the two diagnostic sub-
groups

ADEM/meningoen-
cephalitis

(Median values)

PANS/neuropsychi-
atric symptoms
(Median values)

HHV7 - CSF 
(cpp/mL)

913.14 34.6

HHV7 - WB 
(cpp/mL)

2188.3 3812.5

LCR - WBC 
(cell/mmc)

31.29 0.4

LCR – protein 
(mg/dL)

51.4 19.2

LCR - glucose
 (mg/dL)

59.4 57.8 

Figure 2. Clinical manifestations of acute HHV7 CNS infection
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HHV-7-associated neurological symptoms as febrile 
seizures, hemiplegia, and loss of consciousness (7). Al-
most all Torigoe’s patients presented with the typical 
rash (exanthema subitum), which is a clue for first in-
fection. Several years later, the causative role of HHV-
7 in febrile status epilepticus was investigated in a large 
international study, called the FEBSTAT study, which 
stated that HHV-7, together with HHV-6B, account 
for one third of febrile status epilepticus (8). Lately, 
Schwartz and colleagues conducted the largest retro-
spective study on 57 patients with HHV-7 associated 
CNS symptoms, identifying cases of acute encephalo-
myelitis, meningitis, and ADEM, mostly as a result of 
delayed HHV-7 primary infection (30). 

In our study, we exclusively considered pediatric 
patients (<18 years) with definite acute/subacute neu-
rological symptoms and evidence of HHV-7 DNA 
in CSF by RT-PCR detection. This technique does 
not allow to differentiate primary infection from viral 
reactivation, or re-infection. In fact, historically, dif-
ferentiation among these entities has been carried out 
with serological studies. However, the scarce sensitiv-
ity and specificity of these tests, due to cross-reactivity 
with other Herpesviridae such as cytomegalovirus and 
HHV-6, hinders any solid interpretation of HHV-7 
serology (7, 12, 30).

The detection rate of HHV-7 was 2.6% among all 
suspect meningitis/encephalitis in our Centre. The me-
dian age of our patients was 9.5 years, without gender 

predominance. These results are in line with the study 
by Schwartz and colleagues, in which the median age 
was 10 years (30), with a slight male preponderance 
and a global detection rate of 1.9%. To note, immuno-
compromised patients were excluded from our study 
to avoid possible confounding factors: in his study, 
Schwartz also included three immunocompromised 
patients (5.3% of the study population), but the causa-
tive role of HHV-7 in their CNS manifestations was 
excluded in all of them. This might suggest that immu-
nocompromised patients might develop a higher toler-
ance to HHV-7, and that the CNS manifestations are 
rather caused by an abnormal immune reaction to the 
virus, rather than by direct viral invasion of the CNS.

All patients in our study presented with acute 
encephalopathy according to the Granerod criteria 
but clinical presentation could be further classified in 
two distinct patterns: 58% presented acute encephalo-
myelitis with or without meningeal signs, while 42% 
showed acute neuropsychiatric symptoms (35). To the 
best of our knowledge, this is the first report of a pos-
sible association between HHV7 infection and acute 
psychiatric manifestations, that meet diagnostic crite-
ria for PANS. The two groups were largely similar in 
terms of demographic features.

As Ward et al. stated in their work, we observed 
that HHV-7 infection is usually associated with fe-
brile seizures in children younger than 2 years of age 
(12). The relative lack of febrile seizures in our cohort is 

Table 3. Therapy of acute HHV7-related CNS infection

 Antiviral (Acyclovir) Antibiotics Anti-Inflammatories Aed Hypnotic-Sedative Paracetamol

n° 1 yes yes: ceftriaxone, ampicillina yes no no yes

n° 2 yes yes: amoxicillina no no  no  no

n° 3 yes yes: ceftriaxone yes no no yes

n° 4  no no yes no no yes

n° 5 yes yes: ceftriaxone, azitromicina yes yes  no no 

n° 6 no no  no  no  no  no

n° 7 no no yes no no no 

n° 8 yes yes: amoxiclav yes no yes no 

n° 9 no yes: amoxiclav e penicillina yes no  no no 

n° 10 no yes: amoxiclav e azitromicina no no no no 

n° 11 no no no no yes yes

n° 12 no  no  no no yes no 

total 5 7 7 1 3 4
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probably due to a selection bias, since only children and 
adolescents with suspicion of CNS infection/inflamma-
tion had their CSF tested. The higher age and absence 
of exanthema subitum may suggest either a late primary 
infection or a re-infection. Moreover, in any of our case 
there was an alternative cause, according to our inclusion 
criteria: HHV-7 was the only virus detected in CSF and 
there was no co-infection. This differs from Schwartz’s 
study, in which an alternative etiology was identified for 
half of the children who had HHV-7 in their CSF. Both 
studies used the same detection test (RT-PCR) and the 
population was demographically similar, then, which is 
the reason of this difference is still not clear. In addition, 
except for one patient, children in Schwartz’s work suf-
fered from a minor learning disability as a long-term se-
quelae of HHV-7 encephalitis. Besides our patients had 
a full and good recovery. Uniquely, patients with acute 
neuropsychiatric symptoms still suffered from slightly 
form of neurobehavioral disorder during the follow-up. 

Shwartz’s study stated that, in order to prove 
HHV-7 infection, HHV-7 DNA detection needs to 
be associated to be confirmed serologically, instead we 
did not consider serum avidity tests (30). Interpretaion 
of serological assays is complicated due to an high 
cross-reactivity of beta-herpesvirures and CMV (36, 
37). Conversely, we took into account even autoanti-
bodies, essential to be investigated considering that a 
case of post-HSV NMDAR encephalitis was reported 
(38, 39).

Concerning CSF testing for viral DNA, it must 
be underlined that just a few published researches have 
performed it until now. Besides Schwartz’s works, Fay 
described a clinical case with a brain stem hemorrhag-
ic encephalitis, which closely resembles our AHEM 
(30, 40, 41). Considering these two last cases, both 
patients were immunocompetent, healthy before the 
acute event and HHV-7 was the only potential etio-
logical agent on CSF. Again, as for other neurological 
fields, polypharmacotherapy was implemented in both 
(42-46). This has been realized with steroids, plasma 
exchange, IVIg; the prognosis was favorable in both 
cases.

It seems likely that the older the patient, the more 
severe HHV-7 related encephalopathy will be the po-
tential for severe disease with delayed primary infec-
tion is analogous to that seen with other herpesviruses, 

i.e. VZV and EBV (30). During early childhood, fe-
brile seizures are largely prevalent, whereas neurologic 
events are usually more serious when the patient grows 
up. This clinical feature was firstly highlighted by 
Chan (11). The reason why delayed HHV-7 primary 
infection is often more aggressive is due to a more ag-
gressive inflammatory response produced by a more 
mature immune system, as it happens for other exan-
thematous diseases (e.g. varicella, rubella, measles).

Our work is the first to show how HHV-7 can 
be responsible for acute, or subacute, psychotic events. 
Four of them were diagnosed for PANS: what is atypi-
cal and new is that the immune-mediated response 
which elicits the major symptoms of this syndrome, 
e.g. OCD and tics, is simultaneous with the viral in-
fection and HHV-7 DNA copies detection in CSF. 

According to a 2012 publication, diagnostic crite-
ria for PANS include abrupt and dramatic onset of ob-
sessive-compulsive disorder or severely restricted food 
intake (< 48h), concurrent neuropsychiatric symptoms, 
with severe and acute onset and exclusion of a known 
neurologic or medical disorder, such as Tourette syn-
drome (47). PANS are suspected to be postinfec-
tious in origin, although no single microbe has been 
associated with the onset of typical neuropsychiatric 
symptoms (27). HHV-7 has never been reported be-
fore, whereas a few instances of other Herpes viruses 
(Herpes simplex and Varicella Zoster virus) related to 
PANS onset or flares have been documented (27). An 
autoimmune etiology has been proposed, according to 
Kirvan’s study: in fact, behavioral and movement dis-
orders are believed to have antibody responses where 
mimicry and signal transduction are responsible for 
neuropsychiatric anomalies (48). 

Laboratory analysis confirmed the suspected en-
cephalopathy in all cases. The detection on HHV-7 
DNA in CSF confirmed how this virus is capable of 
passing BBB and causing a neuro-invasion. Relating 
HHV-7 DNA copies on CSF and whole blood, we 
observed that the CSF/blood ratio is higher in more 
severely ill patients, similarly to what already observed 
in HHV6 encephalitis by our group (49). 

Unfortunately, due to the fact that this is a retro-
spective study we could not analyze the lumbar punc-
ture results on follow-up, therefore we do not have any 
data regarding the absence of HHV-7 copies concur-
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rently with the symptoms regression.
Lastly, the detection of OcB on CSF by isoelettro-

focusing exam is secondary to an intrathecal synthesis: 
this data is in line with the hypothesis that HHV-7 is 
able to replicate inside CNS and to trigger an immune 
response.

There is a lack of evidence about the best treat-
ment strategies for HHV-7-related encephalopathy. 
In this study, all patients underwent empirical poly-
pharmacotherapy including acyclovir and antibiotics, 
although no evidence is available regarding the ther-
apeutic effect of antiviral therapy on HHV7-related 
CNS infection. Of note, however, we must highlight 
that neurological prognosis was favorable in all cases.

Conclusions 

HHV-7 is capable of neuro-invasion and, once 
inside CNS, can replicate and trigger an immune and 
inflammatory response with a related encephalopathy. 

Neuro-invasion has been confirmed by HHV-7 
DNA copies in CSF, CSF anomalies (e.g. pleocytosis, 
hyperproteinorrachia), EEG pattern slow abnormali-
ties and CNS lesions assessed by MRI.

The older the pediatric patients are, the more se-
vere the neurologic clinical presentation HHV-7 in-
fection will be, e.g. febrile seizures during early child-
hood and encephalomyelitis and ADEM/AHEM 
during adolescence and pre-adolescence. 

Furthermore, clinical severity seems to be related 
to the viral replication rate inside CNS: the greater the 
number of DNA copies, the worse the clinical presen-
tation is. The same was assessed taking into account 
CSF/WB HHV-7 DNA copies ratio: the bigger the 
ratio, the worse the clinical events will be. 

Prognosis is favorable, even if some patients had 
severe presentation in the beginning. Our patients were 
all healthy and immunocompetent: thus, we speculate 
that cytokine patterns could be involved in pathogen-
esis. Nevertheless, we considered two pathogenetic 
hypothesis: a direct viral invasion from blood vessels to 
CNS, through BBB disruptions, during a delayed first 
infection; or, a viral reactivation, due to the fact HHV-
7 persist, latent, inside CNS cells.
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