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Abstract
Analysis of 200 paired serum and cerebrospinal fluid (CSF) samples from 180 HIV-positive
individuals, 136 of whom had AIDS, revealed intrathecal synthesis of antibodies specific for
varicella zoster virus (VZV) in 28 (16%) individuals, measles virus in 15 (8%), herpes simplex
virus-1 (HSV-1) in 1 (0.6%), and HSV-2 in none. Of the 28 subjects with a positive VZV antibody
specificity index, only 1 had zoster rash at the time of serum and CSF sampling; of the total 180
HIV-positive subjects, 146 (81%) had no history of zoster. Based on an estimated 33.4 million
HIV-positive individuals worldwide, subclinical reactivation of VZV in even less than 16% of
HIV-positive people suggests the possibility that millions of people have active VZV infection of
the central nervous system. In cases of VZV vasculopathy, myelopathy and even zoster sine
herpete, the CSF is often positive for anti-VZV antibody, but negative for VZV DNA. To rule out
VZV infection of the nervous system, CSF must be tested for VZV DNA and anti-VZV IgG and
IgM antibody.
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1. Introduction
Varicella zoster virus (VZV) is a ubiquitous neurotropic alphaherpesvirus. Primary
infection, usually in children, results in chickenpox (varicella), after which the virus
becomes latent in ganglionic neurons along the entire neuraxis. As cell-mediated immunity
to VZV declines with age or immunosuppression, as in organ transplant recipients or
patients with cancer and AIDS, VZV reactivates to produce zoster and often chronic pain
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(postherpetic neuralgia). The incidence of zoster is considerably increased in HIV-positive
adults [1,2] and children [3], and in AIDS patients, zoster is often recurrent and more
protracted. VZV reactivation can also produce multiple CNS and ocular disorders which are
estimated to occur in up to 11% of HIV-positive subjects [4].

Importantly, all the neurological and ocular diseases that develop when VZV reactivates can
occur in the absence of zoster rash [4,5]. VZV can also reactivate without rash or
neurological symptoms or signs, as evidenced by a 5-fold increase in VZV-specific
antibodies [6] and by the presence of VZV DNA and infectious virus in saliva of healthy
astronauts [7,8]. The incidence of subclinical VZV reactivation in HIV-infected individuals
and patients with AIDS is unknown. We had the unique opportunity to analyze 200 paired
serum and CSF samples from 180 HIV-positive individuals for the prevalence of subclinical
VZV reactivation as formally defined by intrathecal synthesis of anti-VZV IgG antibodies in
the absence of zoster rash or pain, indicative of active (current) infection.

2. Methods
2.1. Subject population

Two-hundred paired serum and CSF samples from 180 HIV-positive individuals, none of
whom received varicella vaccine, from a single neurology clinic were studied. The mean age
of all subjects at the time serum and CSF were obtained was 40 years (range 18–71). Table 1
lists the pertinent demographic and clinical features of all subject studied. The diagnosis of
AIDS was determined by clinical and/or laboratory criteria, including a CD4 cell count
below 200 cells/mm3. The viral load was also determined in most subjects. HIV-positive
subjects were categorized as follows according to clinical criteria established by the Centers
for Disease Control and Prevention (CDC) [9]: Category A, asymptomatic; Category B,
symptomatic, but not an AIDS indicator condition; and Category C, symptomatic with an
AIDS indicator condition. Individuals in our study for whom clinical data were insufficient
for category diagnosis were reported as “unknown.”

2.2. Serologic analysis
From October 1995 to January 2003, 200 paired serum and CSF samples were collected on
the same day from all individuals, with an average interval between HIV-positive diagnosis
and sample collection of 4.6 years (range: 3 days before to 17 years after the detection of
HIV-positivity); in 18 individuals, collections were repeated. Serum and CSF were frozen
immediately, and virologic analyses were conducted years later at the CDC (Atlanta, GA).
Because sera and CSF were analyzed retrospectively, PCR data for VZV DNA and other
viruses was not available. ELISA assays were used to detect all antiviral antibodies in serum
and CSF. VZV IgG serology was performed as described [10]. HSV-1 and HSV-2 type-
specific IgG ELISA was performed using the HerpesSelect assay (Focus Diagnostics,
Cypress, CA), and measles IgG ELISA was performed using the kit from Wampole
Diagnostics (Princeton, NJ), both according to the manufacturer’s instructions. The antibody
specificity index (ASI) was calculated using corrected ELISA optical density readings
(sample minus background) as described by Reiber and Lange [11].

2.3. Statistical analyses
Data were analyzed using two-sided t-test for parametric variables and X2 test for
nonparametric variables. Differences were considered significant at p<0.05.
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3. Results
3.1. Antiviral IgG antibodies in CSF and serum of HIV-positive individuals

Table 2 lists the distribution of antiviral IgG antibodies detected in the serum and CSF of
180 HIV-positive patients against VZV, measles virus, HSV-1 and HSV-2. In the 180 HIV-
positive individuals, Table 3 shows that the VZV ASI was ≥1.5 in 28 (16%) subjects, 24 of
whom (86%) had no known history of zoster and constituted 13% of the total HIV-positive
subjects; the other 4 individuals with VZV ASIs ≥1.5 had a history of zoster (range: 2
months before CSF and serum collection to 8 years after), constituting 2% of the total HIV-
positive subjects. One of these 4 HIV-positive individuals had zoster rash at the time of
serum and CSF sampling. Of the 136 HIV-positive subjects with AIDS, 21 (15%) had a
VZV ASI ≥1.5, while only 3 (18%) of the 17 without AIDS and 4 (15%) of the 27 with
unknown AIDS status had a VZV ASI ≥1.5. In the 180 HIV-positive individuals, the ASI
was ≥1.5 for measles virus in 15 (8%), for HSV-1 in 1 (0.6%), and for HSV-2 in none of the
individuals; 8 had an ASI ≥1.5 for both anti-VZV and anti-measles IgG antibodies.

The prevalence of intrathecal synthesis of anti-VZV IgG (ASI ≥1.5) among HIV-positive
subjects in CDC Categories A, B, and C was 21%, 15%, and 15%, respectively, and 15%
among unknown. The history of zoster in Categories A, B, C and unknown was positive in
7%, 42%, 20% and 0%, respectively; the increased incidence of zoster in subjects in
Category B compared to Category A was statistically significant (p= 0.04).

3.2. Additional clinical and laboratory data
The median CD4 count in 21 of 28 (75%) subjects with VZV ASI ≥1.5 was 87 (range
2-346). The median HIV load in 17 of 28 (61%) subjects with VZV ASI ≥1.5 was 10,000
(range 1-500,000). Among the 28 HIV-positive subjects with VZV ASI ≥1.5, 7 (25%) had
neurological signs but without a proven etiologic diagnosis. Clinical features included
hemiparesis, multiple cranial neuropathies, ataxia, myelopathy, encephalopathy or
combinations thereof.

3.3. Individuals with repeated CSF and serum sampling
In 18 HIV-positive subjects, serum and CSF were examined for antiviral IgG antibodies
more than once, with an interval between sample acquisitions ranging from 2 weeks to 4
years. In 5 of these 18 HIV-positive subjects, intrathecal synthesis of anti-VZV IgG
antibodies (VZV ASI ≥1.5) was detected on two occasions, while 11 subjects had a VZV
ASI <1.5 in both samples, and the remaining 2 individuals had a VZV ASI ≥1.5 once only.
In one subject, intrathecal synthesis of anti-VZV IgG antibodies was found for up to 2 years
after zoster.

4. Discussion
Herein, we present results of a retrospective analysis to detect intrathecal synthesis of
antiviral antibodies directed against VZV, measles virus, HSV-1 and HSV-2 in 180 HIV-
positive subjects, 76% of whom had AIDS, from a single neurology clinic seen over an 18-
year period. Zoster developed in 19% of our HIV-positive subjects, similar to the 13–21%
incidence of zoster found in other HIV-positive populations [12–16].

Remarkably, we detected intrathecal synthesis of anti-VZV IgG in 28 (16%) of 180 HIV-
positive subjects, 24 (86%) of whom had no history of herpes zoster. Intrathecal synthesis of
anti-measles virus antibodies was found in 8%, anti-HSV-1 IgG in only one HIV-positive
subject, and no anti-HSV-2 antibodies were found in our HIV-positive population. No
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immediate explanation for the lack of subclinical reactivation of HSV-2 is apparent other
than the fact that if HSV-2 reactivated subclinically, it did not occur in the CNS.

Our findings are most readily explained by subclinical reactivation of VZV in the absence of
rash in ~15% of HIV-positive subjects. Furthermore, subclinical reactivation most likely
was followed by persistent virus infection; if virus reactivation had been incomplete or
abortive, antibody in CSF would be washed out within a couple of days. However, an earlier
limited study of 23 HIV-positive individuals did not find clear differences in intrathecal IgG
synthesis specific for VZV, HSV or cytomegalovirus [17]. On the other hand, intrathecal
synthesis of antiviral antibodies is not restricted to HIV-positive individuals. In patients with
multiple sclerosis (MS), for example, intrathecal synthesis of anti-measles virus antibodies
in 78%, anti-rubella virus antibodies in 60%, anti-VZV antibodies in 55% and anti-HSV
antibodies in 28% of patients was reported by Reiber et al [18]. Since none of these
ubiquitous viruses persists in MS brain, and recombinant antibodies prepared from clonally-
expanded CSF plasmablasts in MS CSF are not directed against VZV [19], measles virus
(Owens, G.P, University of Colorado School of Medicine, personal communication) or
Epstein-Barr virus [20], intrathecal synthesis of multiple antiviral antibodies in MS remains
unexplained. Even if this poorly understood mechanism leading to intrathecal antiviral
antibody synthesis against VZV, measles, and HSV were at play, it is difficult to explain
why we detected such synthesis for anti-measles virus in only 8% of our HIV-positive
subjects as compared to 78% of MS patients in the study by Reiber et. al. [18].

If many or even some of the ~15% of HIV-positive subjects found to intrathecally
synthesize anti-VZV IgG antibodies in the absence of rash reflect subclinical reactivation,
the estimated 33.4 million HIV-positive individuals worldwide (www.who.org;
www.unaids.org) points to the possibility that millions of people with active VZV infection
of the CNS, may be at risk for neurological disease. Given that VZV produces
meningoencephalitis, cerebellitis, vasculopathy, myelitis and multiple ocular disorders, all in
the absence of rash [5], clinicians must consider VZV as a potential cause of any
neurological disorder in HIV-positive individuals. Finally, testing the CSF for VZV DNA as
well as anti-VZV IgG and IgM antibody is essential to rule out VZV infection of the
nervous system. In cases of VZV vasculopathy [21] and myelopathy [22], the CSF is often
positive for anti-VZV antibody, but negative for VZV DNA. Even in zoster sine herpete in
which the original cases were virologically verified by detection of VZV DNA in CSF [23],
a recent case was negative for VZV DNA, but positive for anti-VZV IgG antibody [24].

Acknowledgments
This work was supported in part by Public Health Service grants AG006127 and AG032958 from the National
Institutes of Health. The authors thank Marina Hoffman for editorial review and Cathy Allen for manuscript
preparation.

References
1. De La Blanchardiere A, Rozenberg F, Caumes E, Picard O, Lionnet F, Livartowski J, et al.

Neurological complications of varicella-zoster virus infection in adults with human
immunodeficiency virus infection. Scand J Infect Dis. 2000; 32:263–9. [PubMed: 10879596]

2. Vafai A, Berger M. Zoster in patients infected with HIV: a review. Am J Med Sci. 2001; 321:372–
80. [PubMed: 11417752]

3. Gershon AA, Mervish N, LaRussa P, Steinberg S, Lo SH, Hodes D, et al. Varicella-zoster virus
infection in children with underlying human immunodeficiency virus infection. J Infect Dis. 1997;
176:1496–500. [PubMed: 9395360]

4. Burke DG, Kalayjian RC, Vann VR, Madreperla SA, Shick HE, Leonard DG. Polymerase chain
reaction detection and clinical significance of varicella-zoster virus in cerebrospinal fluid from

Birlea et al. Page 4

J Neurol Sci. Author manuscript; available in PMC 2012 May 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



human immunodeficiency virus-infected patients. J Infect Dis. 1997; 176:1080–4. [PubMed:
9333172]

5. Gilden D, Cohrs RJ, Mahalingam R, Nagel MA. Neurological disease produced by varicella zoster
virus reactivation without rash. Curr Top Microbiol Immunol. 2010; 342:243–53. [PubMed:
20186614]

6. Ljungman P, Lönnqvist B, Gahrton G, Ringdén O, Sundqvist VA, Wahren B. Clinical and
subclinical reactivations of varicella-zoster virus in immunocompromised patients. J Infect Dis.
1986; 153:840–7. [PubMed: 3009635]

7. Mehta SK, Tyring SK, Gilden DH, Cohrs RJ, Leal MJ, Castro VA, Feiveson AH, et al. Varicella
zoster virus in saliva of patients with herpes zoster. J Infect Dis. 2008; 197:654–7. [PubMed:
18260763]

8. Cohrs RJ, Mehta SK, Schmid DS, Gilden DH, Pierson DL. Asymptomatic reactivation and shed of
infectious varicella zoster virus in astronauts. J Med Virol. 2008; 80:1116–22. [PubMed: 18428120]

9. Castro KG, Ward JW, Slutsker L, Buehler JW, Jaffe HW, Berkelman RL, et al. 1993 revised
classification system for HIV infection and expanded surveillance case definition for AIDS among
adolescents and adults. MMWR Recomm Rep. 1992; 41:1–19.

10. Reynolds MA, Kruszon-Moran D, Jumaan A, Schmid DS, McQuillan GM. Varicella
seroprevalence in the U.S: Data from the National Health and Nutrition Examination Survey,
1999–2004. Public Health Rep. 2010; 125:860–9. [PubMed: 21121231]

11. Reiber H, Lange P. Quantification of virus-specific antibodies in cerebrospinal fluid and serum:
sensitive and specific detection of antibody synthesis in brain. Clin Chem. 1991; 37:1153–60.
[PubMed: 1855284]

12. Glesby MJ, Moore RD, Chaisson RE. Herpes zoster in patients with advanced human
immunodeficiency virus infection treated with zidovudine. Zidovudine Epidemiology Study
Group. J Infect Dis. 1993; 168:1264–8. [PubMed: 8228361]

13. Glesby MJ, Hoover DR, Tan T, Shi Q, Gao W, French AL, et al. Herpes zoster in women with and
at risk for HIV: data from the Women’s Interagency HIV Study. J Acquir Immune Defic Syndr.
2004; 37:1604–9. [PubMed: 15577417]

14. Veenstra J, van Praag RM, Krol A, Wertheim van Dillen PM, Weigel HM, Schellekens PT, et al.
Complications of varicella zoster virus reactivation in HIV-infected homosexual men. AIDS.
1996; 10:393–9. [PubMed: 8728043]

15. McNulty A, Li Y, Radtke U, Kaldor J, Rohrsheim R, Cooper DA, et al. Herpes zoster and the stage
and prognosis of HIV-1 infection. Genitourin Med. 1997; 73:467–70. [PubMed: 9582462]

16. Hung CC, Hsiao CF, Wang JL, Chen MY, Hsieh SM, Sheng WH, et al. Herpes zoster in HIV-1-
infected patients in the era of highly active antiretroviral therapy: a prospective observational
study. Int J STD AIDS. 2005; 16:673–6. [PubMed: 16212714]

17. Buffet R, Agut H, Chieze F, Katlama C, Bolgert F, Devillechabrolle A, et al. Virological markers
in the cerebrospinal fluid from HIV-1-infected individuals. AIDS. 1991; 5:1419–24. [PubMed:
1814327]

18. Reiber H, Ungefehr S, Jacobi C. The intrathecal, polyspecific and oligoclonal immune response in
multiple sclerosis. Mult Scler. 1998; 4:111–7. [PubMed: 9762657]

19. Burgoon MP, Cohrs RJ, Bennett JL, Anderson SW, Ritchie AM, Cepok S, et al. Varicella zoster
virus is not a disease-relevant antigen in multiple sclerosis. Ann Neurol. 2009; 65:474–9.
[PubMed: 19399839]

20. Sargsyan S, Shearer AJ, Ritchie AM, Burgoon MP, Anderson S, Hemmer B, et al. Absence of
Epstein-Barr virus in the brain and CSF of patients with multiple sclerosis. Neurology. 2010;
74:1127–35. [PubMed: 20220124]

21. Nagel MA, Forghani B, Mahalingam R, Wellish MC, Cohrs RJ, Russman AN, et al. The value of
detecting anti-VZV IgG antibody in CSF to diagnose VZV vasculopathy. Neurology. 2007;
68:1069–73. [PubMed: 17287447]

22. Haug A, Mahalingam R, Cohrs RJ, Schmid DS, Corboy JR, Gilden D. Recurrent
polymorphonuclear pleocytosis with increased red blood cells caused by varicella zoster virus
infection of the central nervous system. J Neurol Sci. 2010; 292:85–8. [PubMed: 20170926]

Birlea et al. Page 5

J Neurol Sci. Author manuscript; available in PMC 2012 May 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



23. Gilden DH, Wright RR, Schneck SA, Gwaltney JM Jr, Mahalingam R. Zoster sine herpete, a
clinical variant. Ann Neurol. 1994; 35:530–3. [PubMed: 8179298]

24. Blumenthal DT, Shacham-Shmueli E, Bokstein F, Schmid DS, Cohrs RJ, Nagel MA, et al. Zoster
sine herpete: virological verification by detection of anti-VZV IgG antibody in CSF. Neurology.
2011 in press.

Birlea et al. Page 6

J Neurol Sci. Author manuscript; available in PMC 2012 May 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Birlea et al. Page 7

Table 1

Characteristics of 180 HIV+ individuals.

No. of males 151

 Mean age (range in years)a 40 (22–71)

No. of females 29

 Mean age (range in years)a 38 (18–60)

Mean age (range in years) of total series 40 (18–71)

Mean age (range in years) at HIV+ diagnosis 35 (10–63)

CDC categories

 A 14 (8%)

 B 26 (14%)

 C 113 (63%)

With AIDS 136 (76%)

No AIDSb 17 (9%)

Unknownc 27 (15%)

History of zoster 34 (19%)

Age (range in years) at zosterd 36 (20–53)

a
No significant difference (p = 0.14) between males and females.

b
Sufficient clinical and laboratory data to rule out AIDS.

c
Insufficient clinical and laboratory data for diagnosis.

d
Known in 21 of 34 individuals.
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Table 3

Intrathecal antiviral antibody synthesis in 180 HIV+ individuals.

Virus Number positive % positive

VZVa 28 16

Measles 15 8

HSV-1 1 0.6

HSV-2 0 0

a
Represents all CDC clinical categories of HIV positivity.
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