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Viral infections may cause seizures via several pathogenetic 
mechanisms. Systemic infections, such as influenza, can lead 
to metabolic compromise, as well as occasional direct central 
nervous system (CNS) invasion—even though not usually neu-
rotrophic. Although viral infection confined to the meninges 
rarely causes seizures and does not increase risk for later epi-
lepsy, encephalitis is a major cause of seizures and subsequent 
epilepsy (1). In addition to the acute pathogens, syndromes 
caused by “unconventional” agents, such as Creutzfelt–Jacob 
disease or progressive multifocal leukoencephalopathy, often 
are associated with seizures or myoclonus at some time in 
their course. Seizures are caused by direct CNS infection by 
human immune deficiency virus (HIV), as well as with the sec-
ondary infections associated with acquired immune deficiency 
syndrome (AIDS). In addition, recent data suggest that persis-
tent infection with a latent agent, human herpesvirus 6, may 
be associated with development of mesial temporal sclerosis.

Systemic Viral Infections and Seizures
Several systemic infections may involve the CNS. Neurologic 
complications of influenza—although rare in comparison 
to the overall incidence of the disease—include seizures 
provoked by fever and systemic illness, encephalitis, extrapyra-
midal syndromes, Guillain-Barré syndrome, transverse myelitis, 
myositis, and myocarditis (2). Although neurologic complica-
tions are reported most often in children, this may be related 
to higher overall attack rates; adults over 60 were relatively 
spared, perhaps due to prior exposure to antigenically similar 
agents. Influenza may be associated with as many as 20% of 
uncomplicated febrile seizures (3).

Some viral strains may be more likely to cause neurologic 
disease. H1N1 patients had more severe neurological disease, 
including encephalopathy and focal findings, but the inci-
dence of seizures was the same as in previous influenza epi-
demics. Children with neurological complications during the 
2009 H1N1 epidemic were more likely to have had underlying 
neurological disease—such as seizures or developmental de-
lay—than those with neurologic involvement during previous 
seasonal influenza (4). In patients with influenza and altered 
mental status, evidence for direct CNS infection is limited but 
may include edema and increased thalamic signal on MRI (5). 
Seizures occur in about 50% of patients.

Most patients recover without sequelae, and there are no 
data to suggest that antiviral treatment affects the neurologic 
course (2). A rarer influenza-associated acute encephalopathy/
encephalitis (> 80% occurring in children) can present with a 
fulminant neurological illness in association with any influ-
enza viral serotype and may be associated with an underlying 
genetic disorder in proinflammatory cytokine release and 
hypercytokinemia (6).

Dengue is one of the most common systemic viral infec-
tions; more than 100 million people are infected yearly (7). 
It may be associated with neurologic disease, probably due 
to direct CNS invasion, in 0.5 to 6 percent of patients (8). In 
Jamaica, 13.5% of patients with suspected CNS viral illness 
had dengue (9). About half the patients with CNS illness have 
seizures, including status epilepticus (10–12).

Seizures occurred in 8 of 103 patients with yellow fever, 
a disease less common now but historically very important; 
patients with neurologic involvement had a worse prognosis 
than others (13).

Viral Encephalitis
A wide range of viruses is associated with encephalitis and 
seizures. Some occur sporadically in a worldwide distribution, 
while others have restricted geographic ranges, often related 
to specific viral vectors and hosts (Table 1, Figure 1). The over-
all incidence ranges from 1.5 to 10 per 100,000 (14). Since the 
incubation period for arbovirus encephalitis—such as Japa-
nese B, for example—may be 5 to 15 days, it is important to 
remember that travelers to endemic regions may not become 
symptomatic until they return home.

Herpes Simplex Encephalitis
Herpes simplex is perhaps the most common cause of 
sporadic encephalitis (14, 15 Baranger 2008). About 90% of 
infections are due to HSV-1 and 10% to HSV-2; the latter is 
more common in neonates. Seizures occur in 40 percent to 70 
percent of patients during acute infection (16 Misra et al 2008). 
The propensity to cause seizures probably is related to spread 
via olfactory pathways to limbic structures including temporal 
lobe, insula, and cingulate cortex (17 Baranger et al 2008).

Patients who survived in the past had a high frequency 
of epilepsy (40–60%), but this may be lower after acyclovir 
treatment, which reduced mortality from 70 percent to 20 to 
30 percent (15). Initial therapy may not eradicate VNS virus. 
Relapses were reported several months after acute illness in 
3 of 26 acyclovir-treated patients, with a good response to 
retreatment (18). One patient with a chronic seizure disorder 
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developed a progressive illness 2 years after initial infec-
tion and died during status epilepticus 3 years later; autopsy 
showed persistent HSV infection (19).

Arbovirus Encephalitis
Given its geographic distribution, Japanese B probably is the 
most common arbovirus encephalitis (Figure 2). As much as 
50% of the world’s population may live in endemic regions 
(20). Only about 1% of infections are symptomatic, but at 
least 50,000 cases of clinical Japanese encephalitis (JE) occur 
annually in China, Southeast Asia, New Guinea, Pakistan and 
northern Australia. Seizures may occur in 50 to 80 percent, the 
fatality rate is 10 to 30 percent; up to 80% of survivors suffer 
from seizures or other neuropsychiatric sequelae (20, 21). Birds 
and pigs serve as a reservoir for infection and possible source 
of spread. There is no effective treatment, but several vaccines 
for Japanese B encephalitis are available (22).

Other common forms of arbovirus encephalitis include 
Eastern Equine (EEE), Western Equine (WEE), St Louis, LaCrosse, 
Venezuelan Equine, and Murray Valley Encephalitis (Figure 1). 
Seizure incidence during acute infection varies from about 5 
percent for West Nile to 50 percent in some of the more severe 
syndromes such as EEE (23). Seizures were the presenting 

symptom in 46% of children with LaCrosse encephalitis; 11% 
had status epilepticus (24).

Seizures as sequelae after recovery vary as well, but 
generally are less common than after HSV encephalitis. About 
20% of patients had seizures after WEE, usually in association 
with cognitive and motor impairment and, often, psychiatric 
symptoms (25 Earnest et al 1971). Children may be more likely 
to have severe sequelae of EEE (26). Nipah virus, an emerging 
cause of encephalitis in Southeast Asia, has an interesting pat-
tern of causing seizures in 20 percent to 25 percent of patients 
with acute infection but as many as 50% who experience a 
relapse (without evidence of new infection) weeks to months 
after apparent recovery (27, 28).

In general, a remote symptomatic cause—such as viral 
encephalitis itself—increases risk of unprovoked seizure recur-
rence by 2.5 times (29). Status epilepticus, seizures during the 
acute illness, and focal weakness affect recurrence. Among 
patients with a history of viral encephalitis, the overall 20-year 
risk of developing unprovoked seizures was 22% for patients 
who had had seizures during acute infection, and 10% for 
patients with viral encephalitis without acute seizures (1). The 
relative risk is greater than for any other remote symptomatic 
etiology except traumatic brain injury or the ill-defined entity 
of cerebral palsy (1).

Tick-Borne Encephalitis
Tick-borne encephalitis (TBE) is due to a family of related 
Flaviviridae. The endemic area stretches from eastern France to 
northeastern China and northern Japan,, and Scandinavia to 
Greece (30). One form, Powassan virus, is found in the United 
States. Epidemiological studies based on serology suggest that 
clinical illness occurs in 2 to 30 percent of infected patients. 
Genetic factors may play a role in disease severity. Patients 
with symptomatic illness were more likely than controls to 
have the wild-type functional toll-like receptor 3 (31). TBE 
causes long-term neurological sequelae in up to 60% of symp-
tomatic patients, although the fatality rate is reported to be 0.5 
percent to 20 percent. Seizures occur during the acute illness 
but are less common as sequelae (30).

Mechanisms of Seizures in Viral Encephalitis
Some viruses may be more epileptogenic due to their ana-
tomic distribution, as in the case of HSV, with a propensity to 
affect temporal lobes. HSV causes widespread inflammation, 
edema and parenchymal necrosis (15). Interestingly, experi-
mental corneal inoculation of HSV in mice led to increased CA3 
pyramidal cell excitability, mossy fiber sprouting, and clinical 
seizures (32). JE may be more likely to cause seizures than West 
Nile virus due to involvement of wider cortical regions as op-
posed to basal ganglia and subcortical structures; seizures and 
epileptiform discharges occur earlier in the course of JE than 
WNV (33). Children and patients with increased intracranial 
pressure may be more likely to have seizures (1, 16, 24).

Seizures and HIV Infection
In developed countries, 5 to 10 percent of HIV positive patients 
will present with seizures; a higher proportion has seizures at 
some time during their course (34). Potential etiologies include 
opportunistic infection, intracranial mass, and metabolic 

TABLE 1. Common Forms of Viral Encephalitis

Sporadic

  Herpes viruses: HSV 1 & 2, VZV, EB, CMV, HHV 6 & 7

  Enteroviruses: Coxsackie, echoviruses, enteroviruses 70 & 
71, parechovirus, poliovirus

  Paramyxoviruses: Measles, mumps

Others (rarer causes)

  Influenza, adenovirus, parvovirus, LCM, rubella

  Geographically restricted: mostly arthropod-borne

The Americas  

  West Nile, La Cross, St Louis, Rocio, Powassan, Venezuelan, 
eastern & western equine,  Colorado tick fever, dengue, 
rabies

Europe/Middle East 

  Tick-borne encephalitis, West Nile, Tosana, rabies, dengue, 
louping ill

Africa 

  WNV, Rift Valley fever, Crimean–Congo hemorrhagic fever, 
dengue, chikungunya, rabies

Asia 

  Japanese, West Nile, dengue, Murray Valley, rabies, 
chikungunya virus, Nipah

Australasia

  Murray Valley encephalitis, Japanese encephalitis, kunjin, 
dengue

Source: (14, 20).
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derangements, but about 1/3 have no clear etiology, suggest-
ing possible direct brain involvement as part of the AIDS–de-
mentia complex. One study from South Africa found that of 
37 HIV positive patients with new-onset seizures, 21 had focal 
brain lesions (14 tuberculomas, 3 neurocysticercosis, 2 cerebral 
infarcts, 1 toxoplasmosis, 1 progressive multifocal leukoen-
cephalopathy), 6 meningitis (3 tuberculous, 1 cryptococcal, 1 
syphilitic, 1 viral), and 10 with no identifiable cause (35). CD4 
counts did not differ among the three groups. In Burkina Faso, 
suspected cerebral toxoplasmosis (65%), tuberculous menin-
gitis (7%) and cryptococcal meningitis (16%) were found in 43 
patients with seizures (36). CD4 count was under 250 in 74% 
of the cases. As could be expected, a recent review found that 
patients with HIV presenting to emergency rooms with a first 
seizure in the United States were much more likely to have 
abnormalities on CT than other patients (37). Some studies 
suggest that new-onset seizures in HIV positive patients are 
more likely to recur, even in the absence of opportunistic 
infection or other CNS lesions, and that they may be more diffi-
cult to control (38, 39).

Enzyme-inducing AED use presents a problem in pa-
tients with HIV/AIDS. In developing countries, their use is 
widespread due to cost. Another advantage of drugs such as 
phenytoin and phenobarbital is their long half-life. Pharma-

cokinetic interactions due to protein binding and hepatic 
enzyme induction with protease and non-nucleoside reverse 
transcriptase inhibitors include increased or decreased AED 
levels, associated with drug toxicity or recurrent seizures, and 
reduced antiretroviral levels, with rebounds in viral load (40, 
41). Other potential problems are increased hypersensitiv-
ity reactions and valproic acid effects on viral replication (of 
uncertain clinical relevance).

Emerging Viruses
In recent years, a number of viruses have spread into new 
regions (20). Potential factors include international travel, 
increased population pressure on the environment (leading to 
greater human–animal interaction), and environmental chang-
es. Global warming, for example, can lead to greater ranges of 
vectors such as mosquitoes. The WNV epidemic in the United 
States may have been initiated by migratory birds (20).

Chikungunya virus has spread from its first recognition 
in Tanzania to other regions in Africa, India, Southeast Asia, 
Italy, and the United States (20). Moreover, the virus added a 
new mosquito species, Aedes albopictus, to its original vector 
Aedes aegypti. The wider range of this species accounts for the 
spread of the virus. In children, seizures are reported in up to 
33% of patients (42).

Figure 1. Worldwide distribution of arbovirus encephalitis. Source: http://www.cdc.gov/ncidod/dvbid/arbor/worldist.pdf
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Figure 3. Epileptiform discharges in an immunosuppressed patient with HHV6 encephalitis. Note distinction from ECG (arrow). Courtesy Dr. Susumu 
Sato and Shumel Appel.

Figure 2. Geographical range of Japanese encephalitis. Source: http://wwwnc.cdc.gov/travel/yellowbook/2010/chapter-2/japanese-encephalitis.aspx
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In some cases, new infections appear without a clear expla-
nation. Enterovirus 71 has caused several recent epidemics in 
the Pacific Rim; seizures are rare, however (43).

Human Herpes Virus 6B
Nearly 90% of children have evidence of exposure to human 
herpesvirus 6 (HHV6) by age 3 (44 Theodore et al 2008). CNS 
invasion appears occur at the time of primary infection, but 
rarely leads to clinical disease, although long-term latent infec-
tion may be established.

Acute limbic encephalitis can occur, probably due to viral 
reactivation, in immunosuppressed patients and particularly 
after allogeneic hematopoietic stem cell transplantation 

(45). Mortality and degree of recovery vary. Patients can have 
seizures or status epilepticus accompanied by epileptiform 
discharges and increased MRI signal intensity on T2 or FLAIR 
sequences in limbic structures, such as hippocampus and 
amygdala, followed in some cases by focal atrophy (45) (Fig-
ures 3 and 4).

Roseola infantum or exanthem subitum, a common child-
hood disorder, has long been associated with HHV6, and a 
relationship to febrile seizures has been suggested as well (44). 
Febstat, a prospective multicenter study, is investigating the 
relationships between HHV6 and 7, febrile status epilepticus, 
MRI changes, and later epilepsy (46).

Several PCR studies of tissue removed during temporal 
lobectomy from patients with mesial temporal lobe epilepsy 
have examined the potential etiologic role of HHV6 (47–52). 
Results have been variable (Table 2).

HHV6B, but not HHV6A, was detected in 15 of 24 patients 
with mesial temporal sclerosis/MTLE, in contrast to none of 
14 with other localization-related epilepsy syndromes and 
pathological substrates, including tumors and malformations 
(48, 50). HHV6B was co-localized to astrocytes, identified by 
GFAP immunofluorescence and morphology (Figure 5). A 
recent study found HHV6 only in patients with temporal lobe 
epilepsy and mesial temporal sclerosis (MTS) who had a his-
tory of encephalitis—but not complex or prolonged febrile 
seizures alone (52).

Although the studies have varied in the frequency of find-
ing HHV6 in epilepsy, it is encouraging that no controls—ei-
ther autopsy or other surgical specimens—have been positive. 
It is possible that the chance of detecting persistent HHV6 in 
mesial temporal lobe foci depends on the severity of the initial 
infection.

Diagnosis and Treatment
Patients presenting with seizures and suspected encephalitis 
have to be investigated for a wide range of etiologies (Table 
1). Initially, it is very difficult to distinguish encephalitis from 
meningitis; either diagnosis may be missed by ignoring subtle 
cognitive impairment or need for lumbar puncture (21). For 
encephalitis, travel and medical history may be very impor-
tant, and syndromes such as rhomboencephalitis may point 
toward specific viral etiologies (21). Climate and host range 
may be important clues. In the United States, most arbovirus 

Figure 4. FLAIR sequence MRI in the same patient showing increased sig-
nal in limbic structures. Courtesy Dr. Alexandra Freeman.

TABLE 2. Results of Investigations of HHV 6 in Temporal Lobe Epilepsy

Study Patients HHV 6 
Present

Comments

Uesugi et al. 2000 17 6 3/6 had history of encephalitis

Eeg-Olofsson et al. 2004 23 4 0/13 with pathology other than “gliosis”

Donati et al. 2003; Fotheringham et 
al. 2007

24 15 0/14 with other epilepsy etiologies (tumor, AVM) positive

Karatas et al. 2007 33 3 0/7 autopsy controls positive

Niehusmann et al. 2010 35 9 All HHV6 positive had history of encephalitis. 0/10 
autopsy controls positive
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encephalitis occurs in June through September, while Japa-
nese B encephalitis occurs throughout the year in many parts 
of Asia, due in part to chronic pig infection (53). 

Imaging should be performed in any patient suspected of 
having CNS infection. Fever, history of systemic disease, and 
abnormal neurologic exam increase the chance of positive 
findings (37). However, negative imaging findings are com-
mon, at least in children; only 3 of 13 children with new onset 
status epilepticus and infection diagnosed on clinical and CSF 
criteria had abnormal CT and MRI (54). MRI performed a mean 
of 10 days after onset was more likely to be revealing in HSE, 
Japanese B, or Epstein-Barr virus than dengue or unspecified 
infection (55). T2-weighted and FLAIR sequences provided the 
highest yield, especially when performed in the first week of 
illness.

Acyclovir is effective for HSV encephalitis (15). If suspected, 
treatment should be initiated while studied are pending. 
Gangcyclovir and foscarnet have been used to treat HHV6 
encephalitis, with variable results (45). Considerations for an-

tiepileptic drug use in patients with viral encephalitis include 
the need to avoid drug interactions and overlapping toxicity in 
patients who may have severe systemic illness and immuno-
logic compromise.

References
1.	 Annegers JF, Hauser WA, Beghi E, Nicolosi A, Kurland LT. The risk of 

unprovoked seizures after encephalitis and meningitis. Neurology 
1988;38:1407–1410.

2.	 Davis LE. Neurologic and muscular complications of the 2009 influ-
enza A (H1N1) pandemic. Curr Neurol Neurosci Rep 2010;10:476–483.

3.	 Chiu SS, Tse CYC, Lau YL, Peiris M. Influenza A infection is an impor-
tant cause of febrile seizures. Pediatrics 2001;108:1004–1005.

4.	 Ekstrand, JJ, Herbener A, Rawlings J, Turney B, Ampofo K, Korgenski 
EK, Bonkowsky JL. Heightened neurologic complications in children 
with pandemic H1N1 influenza. Ann Neurol 2010;68:762–766.

5.	 Baltagi SA, Shoykhet M, Felmet K, Kochanek PM, Bell MJ. Neurologi-
cal sequelae of 2009 influenza A (H1N1) in children: A case series 
observed during a pandemic. Pediatr Crit Care Med 2010;11:179–184.

Figure 5. Primary astrocytes isolated and cultured from HHV-6B–Positive MTLE brain resections express viral antigen (50).
Primary astrocytes were isolated from fresh brain material obtained during epilepsy brain resection. Cells were cultured for 3–4 wk and costained for 
the nonvariant specific HHV-6 gp116 surface glycoprotein and GFAP as a marker for astrocytes (A–C), the neuronal marker Tuj1 (A–B), or the microglial 
marker CD68 (D).
(A) Epilepsy patient 2a: GFAP = blue; HHV-6 = green; Tuj1 = red, 20×.
(B) Epilepsy patient 2a: GFAP = blue; HHV-6 = green; Tuj1 = red, 32×.
(C) Epilepsy patient 15; GFAP = green, HHV-6 = red; DAPI = blue, 40×.
(D) Epilepsy patient 15; GFAP = green; CD68 = red; DAPI = blue, 40×.



41

Epilepsy and Viral Infections

6.	 Wang GF, Li W, Li K. Acute encephalopathy and encephalitis caused 
by influenza virus infection. Curr Opin Neurol 2010;23:305–311.

7.	 Dengue. Centers for Disease Control (CDC). Published October 5, 
2010. Updated September 27, 2012. http://www.cdc.gov/dengue/. 
Accessed DATE.

8.	 Murthy JMK. Neurological complications of dengue infection. Neurol 
India 2010;58:581–584.

9.	 Jackson ST, Mullings A, Bennett F, Khan C, Gordon-Strachan G, 
Rhoden T. Dengue infection in patients presenting with neurological 
manifestations in a dengue endemic population. West Indian Med J 
2008;57:373–376.

10.	 Misra UK, Kalita J, Syam UK, Dhole TN. Neurological manifestations of 
dengue virus infection. J Neurol Sci 2006;244:117–122.

11.	 Kalita J, Nair PP, Misra UK. Status epilepticus in encephalitis: A study 
of clinical findings, magnetic resonance imaging, and response to 
antiepileptic drugs. J Neurovirol 2008;14:412–417.

12.	 Verma R, Varatharaj A. Epilepsia partialis continua as a manifestation 
of dengue encephalitis. Epilepsy Behav 2011;20:395–397.

13.	 Jones EMM, Wilson DC. Clinical features of yellow fever cases at Vom 
Christian Hospital during the 1969 epidemic on the Jos Plateau, 
Nigeria. Bull World Health Organ 1972;46:653–657. 

14.	 Solomon T, Hart IJ, Beeching N. Viral encephalitis: A clinician’s guide. 
Pract Neurol 2007;7: 288–305.

15.	 Baranger 2008.
16.	 Misra et al. 2008.
17.	 Baranger et al. 2008
18.	 Sköldenberg B, Aurelius E, Hjalmarsson A, Sabri F, Forsgren M, Anders-

son B, Linde A, Strannegård O, Studahl M, Hagberg L, Rosengren L. 
Incidence and pathogenesis of clinical relapse after herpes simplex 
encephalitis in adults. J Neurol 2006;253:163–170.

19.	 S Yamada, T Kameyama, S Nagaya, Y Hashizume, Yoshida M. Relapsing 
herpes simplex encephalitis: Pathological confirmation of viral reacti-
vation. J Neurol Neurosurg Psychiatry 2003;74:262–264.

20.	 Tyler KL. Emerging viral infections of the central nervous system. Arch 
Neurol 2009;66: 939–948, 1065–1074.

21.	 Solomon T, Vaughn DW. Pathogenesis and clinical features of Japa-
nese encephalitis and West Nile virus infections. Curr Top Microbiol 
Immunol 2002;267:171–194.

22.	 Japanese encephalitis. Centers for Disease Control (CDC). Updated 
September 1, 2011. http://wwwnc.cdc.gov/travel/yellowbook/2010/
chapter-2/japanese-encephalitis.aspx. Accessed DATE. 

23.	 Deresiewicz RL, Thaler SJ, HSU L, Zamani AA. Clinical and neuroradio-
graphic manifestations of eastern equine encephalitis. N Engl J Med 
1997;336:1867–1874.

24.	 McJunkin JE, de los Reyes EC, Irazuzta JE, Caceres MJ, Khan RR, Min-
nich LL, Fu KD, Lovett GD, Tsai T, Thompson A. La Crosse encephalitis 
in children. N Engl J Med 2001;344:801–807.

25.	 Earnest et al. 1971.
26.	 Przelomski MM, O’Rourke E, Grady GF, Berardi GP, Markley HG. 

Eastern equine encephalitis in Massachusetts: A report of 16 cases, 
1970–1984. Neurology 1988;38;736–739.

27.	 Tan CT, Goh KJ, Wong KT, Sarji SA, Chua KB, Chew NK, Murugasu P, 
Loh YL, Chong HT, Tan KS, Thayaparan T, Kumar S, Jusoh MR. Relapsed 
and late-onset Nipah encephalitis. Ann Neurol 2002;51:703–708.

28.	 Sejvar JJ, Hossain J, Saha SK, Gurley ES, Banu S, Hamadani JD, Faiz MA, 
Siddiqui FM, Mohammad QD, Mollah AH, Uddin R, Alam R, Rahman 
R, Tan CT, Bellini W, Rota P, Breiman RF, Luby SP. Long-term neuro-
logical and functional outcome in Nipah virus infection. Ann Neurol 
2007;62:235–242.

29.	 Hauser WA, Rich SS, Annegers JF, Anderson VE. Seizure recurrence 
after a 1st unprovoked seizure: An extended follow-up. Neurology 
1990;40:1163–1170.

30.	 Kaiser R. Tick-borne encephalitis. Infect Dis Clin North Am 2008;22:561–
575.

31.	 Kindberg E, Vene S, Mickiene A, Lundkvist A, Lindquist L, Svens-
son LA. Functional toll-like receptor 3 gene (TLR3) may be a risk 
factor for tick-borne encephalitis virus (TBEV) infection. J Infect Dis 
2011;203:523–528.

32.	 Wu HM, Wang CC, Chen S-H, Liang Y-C, Tsai J-J, Hsieh C-L, Hsu K-S. 
Herpes simplex virus type 1 inoculation enhances hippocampal 
excitability and seizure susceptibility in mice. Europ J Neuroscience 
2003;18:3294–3304.

33.	 Bagic A, Resic JM. West Nile virus and seizures. Profiles in Seizure 
Management 2003;2:4–10.

34.	 Kellinghaus C, Engbring C, Kovac S, Möddel G, Boesebeck F, Fischera 
M, Anneken K, Klönne K, Reichelt D, Evers S, Husstedt IW. Frequency 
of seizures and epilepsy in neurological HIV-infected patients. Seizure 
2008;17:27–33.

35.	 Modi M, Mochan A, Modi G. New onset seizures in HIV—Seizure 
semiology, CD4 counts, and viral loads. Epilepsia 2009;50:1266–1269.

36.	 Millogo A, Lankoandé D, Yaméogo I, Yaméogo AA, Sawadogo A, 
Sawadogo AB. New-onset seizures in patients with immunodefi-
ciency virus infection in Bobo-Dioulasso Hospital (Burkina Faso). Bull 
Soc Pathol Exot 204;97:268–270.

37.	 Harden CL, Huff JS, Schwartz TH, Dubinsky RM, Zimmerman RD, 
Weinstein S, Foltin JC Theodore WH. Neuroimaging in the emergency 
patient presenting with seizure (an evidence-based review). Neurol-
ogy 2007;69;1772–1780.

38.	 Holztman DM, Kaku DA, So YT. New onset seizures associated with 
human immunodeficiency virus infection: Causation and clinical 
features in 100 cases. Am J Med 1989;87:173–177.

39.	 Wong MC, Suite ND, Labar DR. Seizures in human immunodeficiency 
virus infection. Arch Neurol 1990;47:640–642.

40.	 Liedtke MD, Lockhart SM, Rathbun RC. Anticonvulsant and antiretro-
viral interactions. Ann Pharmacother 2004;38:482–429.

41.	 Bhigjee AI, Rosemberg S. Optimizing therapy of seizures in patients 
with HIV and cysticercosis. Neurology 2006;67:S19–22.

42.	 Robin S, Ramful D, Le Seach F, Jaffar-Bandjee MC, Rigou G, Alessandri 
JL. Neurologic manifestations of pediatric chikungunya infection. J 
Child Neurol 2008;23:1028–1035.

43.	 Ryu W-S, Kang B, Hong J, Hwang S, Kim A, Kim J, Cheon DS. Entero-
virus 71 infection with central nervous system involvement, Korea. 
Emerg Infect Dis Nov 2010;6:1764–1766.

44.	 Theodore et al. 2008.
45.	 Seeley WW, Marty FM, Holmes TM, Upchurch K, Soiffer RJ, Antin JH, 

Baden LR, Bromfield EB. Post-transplant acute limbic encephalitis: 
Clinical features and relationship to HHV6. Neurology 2007;69:156–
165.

46.	 Shinnar S, Hesdorffer DC, Nordli DR Jr, Pellock JM, O’Dell C, Lewis DV, 
Frank LM, Moshé SL, Epstein LG, Marmarou A, Bagiella E; FEBSTAT 
Study Team. Phenomenology of prolonged febrile seizures: Results of 
the FEBSTAT study. Neurology 2008;15:170–176.

47.	 Uesugi H, Shimizu H, Maehara T, Arai N, Nakayama H. Presence of hu-
man herpesvirus 6 and herpes simplex virus detected by polymerase 
chain reaction in surgical tissue from temporal lobe epilepsy patients. 
Psychiatry Clin Neurosci 2000;54:589–593.

48.	 Donati D, Akhyani N, Fogdell-Hahn A, Cermelli C, Cassiani Ingoni 
R, Vortmeyer A, Heiss JD, Cogen P, Gaillard WD, S. Sato S, Theodore 



42

Epilepsy and Viral Infections

WH, Jacobson S. Detection of human herpesvirus 6 (HHV-6) in 
mesial temporal lobe epilepsy surgical brain resections. Neurology 
2003;61:1405–1411.

49.	 Eeg-Olofsson O, Bergstrom T, Andermann F, Andermann E, 
Olivier A, Rydenhag B. Herpesviral DNA in brain tissue from 
patients with temporal lobe epilepsy. Acta Neurol Scand 
2004;109:169–174.

50.	 Fotheringham J, Donati D, Akhyani N, Vortmeyer A, Heiss JD, Williams 
E, Weinstein S, Bruce DA, Gaillard WD, Sato S, Theodore WH, Jacobson 
S. Detection of human herpesvirus-6B DNA and antigen in primary 
astrocyte cultures from mesial temporal lobe epilepsy brain resec-
tions. PLoS Med 2007;4:e180.

51.	 Karatas H, Gurer G, Pinar A, Soylemezoglu F, Tezel GG, Hascelik G, 
Akalan N, Tuncer S, Ciger A, Saygi S. Investigation of HSV-1, HSV-2, 
CMV, HHV-6 and HHV-8 DNA by real-time PCR in surgical resection 

materials of epilepsy patients with mesial temporal lobe sclerosis. J 
Neurol Sci 2007;264:151–156.

52.	 Niehusmann P, Mittelstaedt T, Bien CG, Drexler JF, Grote A, Schoch S, 
Becker AJ. Presence of human herpes virus 6 DNA exclusively in tem-
poral lobe epilepsy brain tissue of patients with history of encephali-
tis. Epilepsia 2010;51:2478–2483.

53.	 Arboviral encephalitides. Centers for Disease Control (CDC). Last up-
dated November 7, 2005. http://www.cdc.gov/ncidod/dvbid/arbor/
arbdet.htm. Accessed DATE.

54.	 Singh RK, Stephens S, Berl MM, Chang T, Brown K, Vezina LG, Gaillard 
WD. Prospective study of new-onset seizures presenting as status 
epilepticus in childhood. Neurology 2010;74:636–642.

55.	 Misra UK, Kalita J, Phadke RV, Wadwekar V, Boruah DK, Srivastava A, 
Maurya PK, Bhattacharyya A. Usefulness of various MRI sequences in 
the diagnosis of viral encephalitis. Acta Trop 2010;116:206–211.


