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A study was carried out to search for the presence of the seven human
herpesvirus DNAs in cerebrospinal fluid from 52 human immunodeficiency
virus-infected patients with brain disorders. Cytomegalovirus DNA was the
most prevalent with 12 positive samples; Epstein-Barr virus and varicella-
zoster DNAs were detected in three and two samples, respectively, while no
sample was positive for the DNA of the other herpesviruses.
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Introduction

Opportunistic infections of the central nervous
system (CNS) are common in the course of human
immunodeficiency virus (HIV) infection (Dix and
Palm, 1993). Human herpesviruses, which widely
infect humans, remain latent in the host after
primary infection, may be reactivated in situations
of immunodeficiency and show various degrees of
neurotropism (Roizman, 1996). Based on these
considerations, a polymerase chain reaction (PCR)
study was undertaken to search for herpesvirus
DNA in cerebrospinal fluid (CSF) from HIV patients
admitted to the Division of Infectious Diseases of
the University of Modena (Northern Italy), from
January 1993 to August 1995. The investigation
aimed to evaluate the presence and the eventual
involvement of each herpesvirus in brain disorders
affecting the patients.

Results

The results of herpesvirus DNA detection in CSF
from 52 HIV patients with CNS clinical manifesta-
tions are the following. Fifteen samples were
positive in PCR assays with consensus primers able
to detect a conserved region of the DNA polymerase
gene of human herpes simplex virus-1 (HSV-1),
herpes simplex 2 (HSV-2), cytomegalovirus (CMV)
and Epstein-Barr virus (EBV) (Rozenberg and

Lebon, 1991). In a subsequent analysis of PCR
products by restriction endonucleases SmaI and
BamHI (Rozenberg and Lebon, 1991), an undigested
band corresponding to the 589 bp band of CMV was
observed in 12 cases. In three cases, enzymatic
digestion cleaved the PCR products into two
fragments with each enzyme (100 and 424 bp with
SmaI, 277 and 247 bp with BamHI), showing that
these three amplification products were from EBV
DNA (Figure 1). Nested (n) PCR assays for varicella-
zoster virus (VZV) DNA detection (Ozaki et al,
1994) gave positive results in two CSF samples. No
positive samples were obtained with nPCR for
human herpesvirus 6 (HHV-6) (Aubin et al, 1991;
Dewhurst et al, 1993) and human herpesvirus 7
(HHV-7) (Berneman et al, 1992) DNA detection. In
the case of HHV-6 nPCR, two samples gave a strong
positive band slightly higher than the control band.
Digestion of the amplification products with en-
donucleases HindIII and HinfI (Di Luca et al, 1994)
showed that the bands were aspecific.

Discussion

The search for herpesvirus DNA in CSF samples
from 52 HIV patients with brain disorders disclosed
a marked prevalence of CMV DNA. CMV DNA was
found in twelve samples, while three samples
proved positive for EBV DNA and two positive for
VZV DNA (P=0.026 for CMV versus EBV; P=0.01 for
CMV versus VZV with the chi-square test). This
CMV DNA finding is even more relevant in the face
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of the negative results obtained in the search for
HSV-1, HSV-2, HHV-6 and HHV-7 DNAs.

The difference in the distribution of presumably
reactivated viruses in CSF was somewhat unex-
pected, considering that the herpesvirus-host rela-
tionship shares features common to all members of
the human herpesvirus group (Glaser and Jones,
1994; Frenkel and Roffman, 1996). With the
exclusion of HSV-2, which usually has a lower
diffusion, herpesviruses infect 70 ± 80% of humans.
All herpesviruses remain latent in the host after the
primary infection. Excluding HHV-7, the patho-
genicity of which is still unknown, the remaining
herpesviruses can affect the CNS. CMV, EBV, HHV-
6 and HHV-7 all establish latency in blood cells, so
that any of the rescued virus can diffuse to the brain
from blood. The same opportunity of reaching the
CNS is shared by HSV-1, HSV-2 and VZV, all of
which latently infect the same cell type.

HHV-6 and HHV-7 share the same target cells
with HIV (Lusso et al, 1989; Frenkel et al, 1990).
Since HIV replication is efficient in the course of
symptomatic HIV infection (Ho et al, 1995; Wei et
al, 1995), competition for the target cells could
result in lack of expansion of the reactivated
herpesvirus population and, consequently, in the
absence of virus in the samples to be tested. This
hypothesis could also explain the very low fre-
quency of HHV-6 and HHV-7 isolates rescued in our
laboratory from 25 peripheral blood cultures of HIV
symptomatic patients. When tested for the presence

of specific antigens, no cultures showed positivity
for HHV-7. Only two cultures positive for HHV-6
gave rise to two virus isolates (of these, one
belonged to a patient with a fever of unclear origin,
and the other was from a patient who died a few
days after the culture preparation). In contrast, it
has been reported that HIV infection enhances
HHV-6 replication in CD4+ lymphocytes (Carrigan
et al, 1990; Sieczkowski et al, 1995). The interaction
of HIV and HHV-6 however, was studied in a
condition of active replication for both viruses,
and not in the situation of cells latently infected
with HHV-6 which may better reflect the in vivo
setting.

It has been reported that in immunocompetent
CMV seropositive hosts, peripheral blood mono-
nuclear cells are involved in a restricted infection
that shifts, in HIV patients, to a productive infection
probably as a consequence of a general activation of
monocytes and T cells (Nelson et al, 1991). The role
of tumor necrosis factor in CMV rescue in vivo has
been documented (DoÈ cke et al, 1994). High plasma
levels of this cytokine are produced in the course of
HIV illness (Lahdevirta et al, 1988; Aukrust et al,
1994). Thus, in the course of HIV infection, the CMV
finding could be frequent as ensured by various
rescue mechanisms.

In conclusion, the frequency of herpesvirus
endogenous reinfections of the CNS in HIV patients
differs for each member of the human herpesvirus
family group, as documented by PCR procedures.
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Figure 1 Consensus amplificates from a CSF sample showing
the enzymatic pattern of CMV DNA. Ethidium bromide-stained
agarose gel analysis: undigested (lanes U) and digested (lanes B:
digestion with restriction enzyme BamHI; lanes S: digestion with
restriction enzyme SmaI) products; M: molecular weight marker
(digested 1 DNA). The consensus amplificate corresponding to
CMV DNA shows undigested bands with both enzymes.

HSV-1 HSV-2 PATIENT CMV EBV
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Figure 2 Consensus amplificates from a CSF sample showing
the enzymatic pattern of EBV DNA. Ethidium bromide-stained
agarose gel analysis: undigested (lanes U) and digested (lanes B:
digestion with restriction enzyme BamHI; Lanes S: digestion
with restriction enzyme SmalI) products; M: molecular weight
marker (digested 1 DNA). The consensus amplificate corre-
sponding to EBV DNA shows two bands originated by the
cleavage of each enzyme: 277 and 247 bp with BamHI, 100 and
247 bp with SmaI.
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The difference probably lies in the fact that either
the rescue of each endogenous herpesvirus or the
resulting infectious process, or both circumstances
may be differently influenced by the complex
events that contribute to HIV immunodeficiency.

Information on the nervous disease cases with
PCR positive for herpesvirus DNA was obtained
from patient records (Table 1). CFS samples positive
for CMV DNA were associated with a clinical
presentation of encephalitis; of the three samples
positive for EBV, two were associated with a
clinical presentation of encephalitis and one of
meningitis and the two samples positive for VZV
with an encephalitis picture.

In AIDS patients, the etiological role of opportu-
nistic organisms such as toxoplasma gondii and
cryptococcus neoformans in brain diseases is
undiscussed; on the contrary, that of reactivated
latent viruses is debated.

As it concerns the nervous pictures associated
with EBV and VZV (Table 1), the involvement of the
viruses appears acceptable in consideration of the

possibility of brain disorders in immunocompetent
infected hosts (Glaser and Jones, 1994). A prerequi-
site for attributing disease to CMV in immunocom-
promised individuals rests on detection of virus
from the specific organ in question (Pillay and
Griffiths, 1992). In post-mortem studies of HIV
patients, a CMV frequent localisation in the brain
tissue has been observed (Klatt and Shibata, 1988;
Vinters et al, 1989; Pillay et al, 1993). In our study,
eight out of the twelve CSF samples positive for
CMV DNA came from patients who had undergone
autopsy (Table 1). Autopsy findings of foci of active
CMV infection were detected in the brain tissue of
these subjects. These results, together with the CMV
DNA presence in the CSF, suggest, in agreement
with the observations of others (Wolf and Spector,
1992; Gozlan et al, 1992; Fox et al, 1995), that CMV
may be responsible for brain disease over the course
of HIV infection. The expression of the neuropatho-
genetic potential of CMV in HIV patients, on the
other hand, reflects the natural pattern of CMV
infection, according to which virus-associated
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clinical manifestations appear almost exclusively in
subjects with impaired immunity, the normal
immunity generally being protective and able to
prevent virus-induced diseases in normal indivi-
duals.

In HIV patients under study, CMV appeared
associated with brain disorders with a frequency
higher than that of other human herpesviruses
(P=0.026 for CMV versus EBV, P=0.01 for CMV
versus VZV with the chi-square test). HSV-1, HSV-2,
HHV-6 and HHV-7 DNAs were not detected in any
of the CSF samples. The lack of a possible role of
HHV-6 in neurological disease in the course of HIV
infection that these negative results suggest agrees
with the conclusions of other authors (Liedtke et al,
1995). On the other hand, HHV-6 has been
implicated in brain as well as lung diseases
affecting HIV patients on the basis of HHV-6
antigens detected in cerebral and pulmonary tissues
during autopsy (Corbellino et al, 1993; Knox and
Carrigan, 1994). The frequency of HHV-6 findings in
tissues from autopsy may result from a massive
reactivation of the virus in terminally ill AIDS
patients. Such an event could reconcile the post
mortem presence of HHV-6 antigens in nerve and
pulmonary tissues and the absence of HHV-6 DNA
in CSF from HIV patients included in this study, as
well as in bronchoalveolar lavage from HIV patients
with pulmonary disorders processed for HHV-6
DNA in a previous investigation (Portolani et al,
1996). A comparison of the incidence of HHV-6-
associated organ-diseases in individuals immuno-
compromised by HIV infection or other causes
would determine the importance of reactivated
HHV-6 in inducing clinical manifestations in the
course of HIV infection.

Materials and methods

CSF samples were from 52 HIV patients admitted to
the Division of Infectious Diseases of the University
Hospital of Modena from January 1993 through
August 1995 for investigation of neurologic symp-
toms.

For DNA extraction, 500 ml of each CSF sample
were incubated with 1 ml glycogen solution 20 mg/
ml, 10 ml SDS 10%, 10 ml proteinase K 20 mg/ml at
568C for 1 h. After inactivation of proteinase K at
958C for 10 min, 500 ml NaCl 4 M were added and
the sample centrifuged for 15 min at 5000 r.p.m. in
an Eppendorf centrifuge. The DNA was precipitated
from the supernatant with isopropyl alcohol (vol/
vol). After overnight incubation at 7208C, the DNA
was pelleted at 14 000 r.p.m. for 30 min, washed
with 70% ethanol and resuspended in 20 ml Tris-
EDTA buffer.

A single pair of primers selected within a highly
conserved region of the DNA polymerase gene of
HSV-1, HSV-2, EBV and CMV (consensus primers
P1 and P2, Rozenberg and Lebon (1991) was used to
detect the presence of these herpesviruses. The
amplification and the subsequent analysis of PCR
products with restriction endonucleases (SmaI and
BamHI) for DNA typization were carried out
according to Rozenberg and Lebon (1991).

nPCR assays were used to search for the presence
of DNA of VZV, HHV-6 and HHV-7 in CSF samples
proved negative for consensus primers P1 and P2.

Outer and inner primers used to detect VZV DNA
amplified a fragment from glycoprotein I gene
according to Ozaki et al (1994). Primers A and C
(Aubin et al, 1991) and HS6AE and HS6AF
(Dewhurst et al, 1993) were employed for HHV-6
outer and inner amplification, respectively, using
programmes described elsewhere (Portolani et al,
1996). To confirm the specificity of nPCR products
obtained from 2 CSF samples, these were analyzed
by endonuclease digestion with HindIII and HinfI
(Di Luca et al, 1994).

According to Berneman et al (1992), nPCR for
HHV-7 was carried out with primers HV7 and HV8
for outer amplification and HV10 and HV11 for the
inner amplification.

Acknowledgement

We gratefully thank Concetta Calvo and Valeria
Petocchi for technical support.

References

Aubin JT, Collandre H, Candotti D, Ingrand D, Rouzoux
C, Burgard M, Richard S, Huraux JM, Agut H (1991).
Several groups among human herpesvirus 6 strains
can be distinguished by Southern-blotting and PCR. J
Clin Microbiol 29: 367 ± 372.

Aukrust P, Liabakk NB, Muller F, Lien E, Espevik T,
Freland SS (1994). Serum levels of tumor necrosis
factor-a (TNF-a) and soluble TNF receptors in human
immunodeficiency virus type 1 infection ± correlation
to clinical, immunologic and virologic parameters. J
Infect Dis 169: 420 ± 424.

Berneman ZN, Ablashi DV, Edger-Fletcher ME, Reitz MS,
Hung CL, Brus I, Komaroff AL, Gallo RC (1992).
Human herpesvirus-7 is a T-lymphotropic virus and is
related to, but different from, human herpesvirus 6
and human cytomegalovirus. Proc Natl Acad Sci USA
89: 10552 ± 10556.

Carrigan DR, Knox KK, Tapper MA (1990). Suppression
of human immunodeficiency virus type 1 replication
by human herpesvirus 6. J Infect Dis 162: 844 ± 851.

Herpesviruses in CSF of HIV patients
M Portolani et al

195



Corbellino M, Lusso P, Gallo RC, Parravicini C, Galli M,
Moroni M (1993). Disseminated human herpesvirus 6
infection in AIDS. Lancet 342: 1242.

Dewhurst S, McIntyre K, Schnabel K, Hall CB (1993).
Human herpesvirus 6 (HHV-6) variant B accounts for
the majority of symptomatic primary HHV-6
infections in a population of U.S. infants. J Clin
Microbiol 31: 416 ± 418.

Di Luca D, Dolcetti R, Mirandola P, De Re V, Secchiero
P, Carbone A, Boiocchi M, Cassai E (1994). Human
herpesvirus 6: a survey of presence and variant
distribution in normal peripheral lymphocytes and
lymphoproliferative disorders. J Infect Dis 170: 211 ±
215.

Dix RD and Palm SE (1993). Opportunistic infections of
the central nervous system during AIDS. Adv
Neuroimmunol 3: 81 ± 96.

DoÈcke WD, ProÈsch S, Fietze E, Kimel V, Zuckerman H,
Klug C, Syrbe U, Kruger DH, von Baehr, Volk HD
(1994). Cytomegalovirus reactivation and tumor
necrosis factor. Lancet 343: 268 ± 269.

Fox JD, Brink NS, Zuckerman MA, Neild P, Gazzard BG,
Tedder RS, Miller RF (1995). Detection of herpesvirus
DNA by nested polymerase chain reaction in
cerebrospinal fluid of human immunodeficiency
virus-infected persons with neurological disease: a
prospective evaluation. J Infect Dis 172: 1087 ± 1090.

Frenkel N, Schirmer EC, Wyatt LS, Katsafanas G,
Roffman E, Danovich RM, June CH (1990). Isolation
of a new herpesvirus from human CD4+ T cells. Proc
Natl Acad Sci USA 87: 748 ± 752.

Frenkel N, Roffman E (1996). Human herpesvirus 7. In:
Fields Virology (3rd edition) (vol. 2). Lippincott-Raven
Publishers, Philadelphia, pp. 2609 ± 2622.

Glaser R, Jones JF (1994). Herpesvirus infections. Series:
Infectious Diseases and Therapy (Vol. 13). Marcel
Dekker Inc. New York, pp. 1 ± 279.

Gozlan J, Salord JM, Roullet E, Baudrimont M, Caburet F,
Picard O, Meyohas MC, Duvivier C, Tacomet C, Petit
JC (1992). Rapid detection of cytomegalovirus DNA in
cerebrospinal fluid of AIDS patients with neurological
disorders. J Infect Dis 166: 1416 ± 1421.

Ho DD, Neumann AU, Perelson AS, Chen W, Leonard
JM, Markowitz M (1995). Rapid turn-over of plasma
virions and CD4 lymphocytes in HIV-1 infection.
Nature 373: 123 ± 126.

Klatt EC and Shibata D (1988). Cytomegalovirus infection
in the acquired immunodeficiency syndrome. Arch
Pathol Lab Med 112: 540 ± 544.

Knox KK, Carrigan DR (1994). Disseminated active
infections in patients with AIDS. Lancet 343: 577 ±
578.

Lahdevirta T, Maury CPT, Teppo AM, Repo H (1988).
Elevated levels of circulating cachectin/tumor necrosis
factor in patients with acquired immunodeficiency
syndrome. Am J Med 85: 289 ± 291.

Liedtke W, Melessa R, Faustmann PM, Eis-Hubinger AM
(1995). Human herpesvirus 6 polymerase chain
reaction findings in human immunodeficiency virus
associated neurological disease and multiple sclerosis.
J Neurovirol 1: 253 ± 258.

Lusso P, Ensoli B, Markham PD, Ablashi DV, Salahuddin
SZ, Tschacler E, Wong-Staal F, Gallo RC (1989).
Productive dual infection of human CD4+ T-cells by
HIV-1 and HHV-6 (HBLV). Nature 337: 370 ± 373.

Nelson JA, Ibanez C, Schrier R, Clayton W, Ghazal P
(1991). Expression of cytomegalovirus in mononuclear
cells. In: Viruses that affect the immune system. Hung
Y, Fan HY, Chen ISY, Rosemberg N, Sugden W (eds.).
ASM, Washington, pp. 231 ± 246.

Ozaki T, Masudo S, Asano Y, Kondo K, Namazue J,
Yamanishi K (1994). Investigation of varicella-zoster
virus DNA by the polymerase chain reaction in
healthy children with varicella vaccination. J Med
Virol 42: 47 ± 51.

Pillay D, Griffiths PD (1992). Diagnosis of
cytomegalovirus infection: a review. Genitourin Med
68: 183 ± 188.

Pillay D, Lipman MCI, Lee CA, Johnson MA, Griffiths
PD, McLaughlin JE (1993). A clinico-pathological
audit of opportunistic infections in HIV-infected
patients. AIDS 7: 969 ± 974.

Portolani M, Fabio G, Pecorari M, Pietrosemoli P, Meacci
M, Sabbatini AMT, Cermelli C, De Rienzo B (1996).
Search for human herpesvirus 6 and human
cytomegalovirus in bronchoalveolar lavage from
patients with human immunodeficiency virus-1 and
respiratory disorders. J Med Virol 48: 179 ± 183.

Roizman B (1996). Herpesviridae. In: Fields Virology
(3rd edition) (Vol. 2). Lippincott-Raven Publishers,
Philadelphia, pp. 2221 ± 2230.

Rozenberg F, Lebon P (1991). Amplification and
chracterization of herpesvirus DNA in cerebrospinal
fluid from patients with acute encephalitis. J Clin
Microbiol 29: 2412 ± 2417.

Sieczkowski L, Chandran B, Wood C (1995). The human
immunodeficiency virus tat gene enhances replication
of human herpesvirus 6. Virology 211: 544 ± 553.

Vinters HV, Kwok MK, Ho HW, Anders KH, Tomiyasu
U, Wolfson WL, Robert F (1989). Cytomegalovirus in
the nervous system of patients with the acquired
immune deficiency syndrome. Brain 112: 245 ± 268.

Wei X, Ghosh SK, Taylor ME, Jonson VA, Emini EA,
Deutch P, Lifson JD, Bonholffer S, Nowak MA, Hahn
BH, Saag MS, Shaw GM (1995). Viral dynamics in
human immunodeficiency virus type 1 infection.
Nature 373: 117 ± 122.

Wolf DG, Spector SA (1992). Diagnosis of human
cytomegalovirus central nervous system disease in
AIDS patients by DNA amplification from
cerebrospinal fluid. J Infect Dis 166: 1412 ± 1415.

Herpesviruses in CSF of HIV patients
M Portolani et al

196


