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Abstract

Background—Elevated antibodies to latent herpesviruses have been demonstrated to be a

reliable marker of diminished cellular immunity and recently have been associated with low

socioeconomic position (SEP) in older adults. Extending these observations in a community-based

study over a wide age range would provide an important new direction for investigating

mechanisms underlying poor health outcomes in individuals with low SEP.

Methods—Anti-herpes simplex virus (HSV)-1 and anti-Epstein-Barr virus (EBV) antibodies

were measured in blood samples from 1457 adults aged 25–90. Regression models were then used

to determine the relationships between viral reactivation, age, gender, ethnicity and SEP.

Results—Individuals were significantly more likely to have higher antiviral antibodies (ie,

reactivation) to both EBV and HSV-1 than one virus alone. Individuals in the lowest age group

had less reactivation, whereas greater reactivation was observed in women and those with the least

education. Compared to white non-Hispanics, Hispanics and black non-Hispanics experienced

more viral reactivation. These relationships remained strong after controlling for

sociodemographic factors as well as smoking status, body mass index and physical activity.
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Conclusions—These results demonstrate that herpesvirus reactivation is associated with

variables such as age, gender, ethnicity and education, and may play a role in poorer health

outcomes in both younger and older adults.

INTRODUCTION

Herpesviruses commonly establish latent infections in adults. The best known members of

this family include herpes simplex virus (HSV), varicella zoster virus (VZV), and Epstein-

Barr virus (EBV). HSV-1 infects 70–80% of all adults worldwide and is classically

associated with oropharyngeal lesions such as cold sores, pharyngitis and tonsillitis.1 EBV,

infecting over 85% of adults, is the causative agent of infectious mononucleosis, Burkitt’s

lymphoma, undifferentiated nasopharyngeal carcinoma and diffuse polyclonal B cell

lymphoma.2 VZV causes chickenpox on primary infection and remains latent thereafter,

reactivating in episodes of zoster or ‘shingles’.3

In previously infected (seropositive) individuals, antiviral IgG antibodies are always present

and are tightly regulated by the immune system due to control over viral reactivation by

cytotoxic T cells.2 Therefore, levels of herpesvirus antibodies in healthy individuals are

extremely stable. However, a dysfunction of the immune system permits viral reactivation

and leads to increased levels of antiviral antibodies. For instance, the well-documented age-

related declines in cellular immunity are associated with increased herpesvirus

antibodies.4–6 Several studies have also demonstrated that stress down-regulates T cell

immunity, resulting in productive cycles of viral replication and increased production of

antiviral antibodies.7–11

Increased anti-EBV antibodies, increased transcription of EBV early and late replicative

proteins, and increased viral load (ie, EBV DNA) have recently been found in blood from

older adults (≥65 years of age).12 Notably, viral DNA levels in samples from younger

control subjects (≤55 years old) were at or below detection and viral gene transcription was

mostly absent; these results corresponded with low anti-EBV antibody titres. Moreover,

increased antiviral antibodies have been observed only in subjects who were also positive

for viral DNA.13 Thus, prior studies of viral DNA detection support the notion that elevated

antiviral IgG antibodies are due to increased reactivation and not simply to duration of

infection; this is also underscored by the half-life (23 days) of circulating IgG.14

Although exposure to herpesviruses is ubiquitous, factors such as old age and low

socioeconomic position (SEP) have been consistently associated with higher rates of

seropositivity.1516 The latter is significant because SEP represents one of the most important

risk factors for chronic disease, disability and mortality. Individuals with low SEP have a

greater risk of infection,17 and a higher incidence of disease risk markers18 and all-cause

mortality.19 Recently, Dowd and coworkers20 found lower educational levels correlated

with higher anti-HSV-1 and anti-CMV antibodies in a group of older Mexican Americans.

These data suggest that levels of herpesvirus antibodies may be associated with ethnicity and

SEP, possibly through stress-mediated downregulation of cellular immunity; it is unknown

if these observations can be extended across community-based studies that include younger

groups as well.
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In the present study, anti-EBV and anti-HSV-1 antibodies were measured in 1457 adults

aged 25–90 and their relationship with various socio-demographic characteristics was

determined. Given the potential pathway between SEP, stress and viral reactivation, it was

hypothesised that viral reactivation would be more common among ethnic minorities, older

adults and those with lower education.

MATERIALS AND METHODS

Subjects

Data for this study come from the Texas City Stress and Health Study, an ongoing

assessment of risk, coping, stress and health in a tri-ethnic community living near a

petrochemical hazard in Texas City, Texas. This study set out to explore sociobiological

patterns in a population living close to a cluster of petrochemical plants, with a focus on

Hispanics.2122 First, an exhaustive listing of housing units (HUs) was performed. Next, HUs

were classified as Hispanic (defined as at least one adult who self-identified as Hispanic) or

other households. Next, HUs were divided into three ethnic strata: Mexican Americans aged

25–64, Mexican Americans aged 65 and over, and non-Hispanics. HUs in each stratum were

selected, including all Hispanic HUs and one in eight non-Hispanic HUs. Finally, one adult

was randomly selected per household among Mexican Americans aged 25–64 and among

non-Hispanics, and all Mexican Americans aged 65 and over. Listing, enumeration and

interviewing followed standard US Census Bureau Current Population Survey methods with

appropriate local modifications. The total sample for the survey portion of the data was

2706.

Blood samples were drawn from participants between 08:00 and 11:00. To measure

biomarkers, blood was drawn into EDTA tubes. Plasma was obtained after centrifugation

and stored in 1-millilitre aliquots at −70°C until testing. The institutional review board at the

University of Texas Medical Branch approved the study protocol, and written informed

consent was obtained from all participants.

Measurement of antiviral antibodies

Antiviral antibody titres were determined by indirect immuno-fluorescence as previously

described.2324 Commercially prepared substrate slides and control sera (Microgen

Laboratories, La Marque, Texas, USA, and Bion Enterprises, Park Ridge, Illinois, USA)

were used to determine IgG antibody titres to EBV-viral capsid antigen (VCA), EBV-early

antigen (EA) and HSV-1. Of note, proteins of the VCA complex are late antigens released

during productive viral replication, whereas incomplete reactivation is indicated by

increased antibodies to the EA complex. Plasma was tested in the following dilutions for

EA: 1:10, 1:40, 1:160 and 1:640. The VCA and HSV-1 tests used 1:10, 1:40, 1:160, 1:640,

1:2560 and 1:10 240. For VCA, EA and HSV-1 IgG antibody determinations, 30 microlitres

of titrated sera were pipetted onto spot slides and incubated for 30 min at room temperature.

After incubation, the spot slides were rinsed for 5 min in PBS. The secondary antibody used

was antihuman IgG conjugated with fluorescein isothiocynate. Evans blue was used as a

counterstain. After a second incubation (30 min at room temperature), slides were washed,

lightly blotted and mounted with mounting medium. All specimens were batch-analysed and
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read blind-coded, and the SE of the assay was ±1 dilution. The endpoint titre was

determined as the highest dilution of serum demonstrating immunofluorescent-positive cells.

Statistics

Analysis of variance and Student t tests were conducted on age, education, gender and

ethnic variables for continuous antibody titres to EBV-VCA, EBV-EA and HSV-1.

Reactivation or ‘positives’ were then defined by establishing cut-offs for each antibody titre

based on prior results121323; VCA and HSV-1 were defined as titres ≥1280, whereas for EA

it was ≥80. Contingency tables were then examined with respect to demographic differences

in per cent of respondents positive for EBV-VCA, EBV-EA and HSV-1. Expected and

observed frequencies were also compared for the combined positives of EBV-VCA, EBV-

EA and HSV-1. Next, logistic regression was utilised to address the associations between

key social disparity variables and the likelihood of being positive for EBV-VCA, EBV-EA

and HSV-1, while adjusting for sociodemographic factors, smoking status, physical activity

and body mass index (BMI). Finally, logistic regression was used to examine the

associations between social disparity variables and the odds of testing positive for ≥1 and ≥2

combinations, while adjusting for sociodemographic factors, smoking status, physical

activity and BMI. Analyses were performed using STATA (Version 9.2, StataCorp LP).

RESULTS

Table 1 shows the main characteristics of the study population. The mean age of study

subjects was 48.9 years; 58.4% were women, and 52% were Hispanic, whereas black non-

Hispanics and white non-Hispanics made up 10.3% and 36.8% respectively. Of the 1457

participants, 38% had less than a high school education, 31% had equivalent to a high school

education and ~31% had greater than a high school education. White non-Hispanics had the

highest education levels (43.3% greater than high school) followed by black non-Hispanics

(32.7%) and Hispanics (23.1%). Blood samples were received from 54% of participants (n=

1457); the remainder of the subjects declined to participate in the blood sampling. Analyses

revealed no statistically significant variations in mean educational levels, percentage with

insurance, or marital status between subjects who participated in the blood draws and those

who did not. However, the study sample had a higher percentage of women (p<0.03), a

lower percentage of black non-Hispanic (p<0.01), lower mean perceived physical health

(p<0.001), and higher mean levels of chronic conditions (p<0.01).

Regarding antiviral antibody titres, nine of the subjects had a titre <10 for HSV-1 (range

<10–5120). For EA, 238 subjects had a titre <10 (range <10–160), whereas for VCA only

three of the subjects had a titre <10 (range <10–5120). Table 2 indicates the mean levels of

VCA, EA and HSV-1 by age, gender, education and ethnicity. Mean VCA titres for ages

<45, 45–64 and >64 were 684, 861 and 923, respectively, with the youngest age group (<45)

being significantly lower than both older age groups. Mean EA titres for the three age

groups were 19, 24 and 28, respectively, with the younger groups being significantly

different from the group aged >64. Mean HSV-1 titres for the three groups were 795, 950

and 1039, respectively, with the youngest group being significantly lower than the older

groups. Association was also evaluated with age by looking at the percentage of subjects by
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age with elevated levels of antiviral titres, indicative of recent reactivation. Table 2 shows

the same trend of per cent positive reactivation for each viral marker. In other words, the

youngest age group has a significantly lower percentage of respondents testing positive.

Furthermore, when analysed by decade, there were significant associations between

increased age and per cent positive for EA, VCA and HSV-1 (p<0.001; results not shown).

Table 2 also shows significant differences in antiviral antibody titres by education, gender

and ethnic groups. Individuals with more than a high school education had lower mean

HSV-1 antibodies and per cent positives than those with a high school education or less, and

those with a high school education had significantly lower HSV-1 antibodies (mean and

percentage) than those with less than a high school education. Subjects with more than a

high school education had higher mean EA levels than those with a high school education

(p<0.05). No significant changes were found for VCA across the three groups.

Women had a significantly higher percentage and higher mean levels of VCA than men. For

EA, only mean levels were significantly higher in women. Mean and percentage of HSV-1

titres were also higher in women but the difference was not statistically significant. Black

non-Hispanics had significantly higher mean EA antibody titres than Hispanics, whereas

white non-Hispanics had significantly lower mean HSV-1 antibody titres than black non-

Hispanics or Hispanics; the percentage of anti-HSV-1 antibodies were significantly higher in

black non-Hispanics as compared to Hispanics.

Table 3 shows the results of logistic regression analysis of the effect of demographic

variables on likelihood of positivity on VCA, EA and HSV-1. Being female was associated

with an increase in the odds of positive VCA, whereas being <45 years of age (compared to

>64) was associated with a decrease in odds. For EA, being female was associated with an

increase in the odds of testing positive, whereas being <45 years old was associated with a

decrease in the odds. For HSV-1 positivity, being <45 years old was associated with a

decrease in the odds, and being black non-Hispanic or Hispanic or having a high school

degree or less was associated with increased odds.

Next, it was examined whether subjects with an elevated titre for one viral marker were

more likely to have elevated titres for other viral markers. Results were analysed as if the

three tests were independent (table 4). The occurrence of individuals with one positive test

was less than expected, whereas the occurrence of individuals with two or three positive

tests was greater than expected. Altogether, these data demonstrate that these viral markers

are not independent.

Finally, multivariate logistic regression analyses (table 5) were performed to determine the

predictors of being positive on (1) one or more and (2) two or more viral markers. For one or

more positive viral markers, women, black non-Hispanics and those less educated had an

increase in odds, whereas being young was associated with a decrease in the odds. Similarly,

women and black non-Hispanics were associated with an increase in odds of having two or

more positive viral markers, whereas being young was associated with a decrease in the

odds.
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DISCUSSION

This is the first study of which the authors are aware that demonstrates an association

between reactivation of latent herpesviruses and SEP using a community-based study.

Initially, a significant correlation was demonstrated between EBV and HSV-1 antibodies

and age. This is important because the age-related correlations in antiviral antibody titres

serve as an ‘internal control’, thus validating the present assay measurements across a large

data set including a wide range of ages. Also, these results confirm prior findings of age-

related increases in herpesvirus reactivation,412 and further support the concept that the aged

immune system can no longer control a herpesvirus reactivation now characterised as

chronic rather than latent.

Reactivation, or ‘positives’, were then defined as one titre greater (ie, VCA and HSV-1 titres

≥1280; EA titres ≥80) than the highest titre found in control subjects.12 The present results

reflect both individual and social differences in viral reactivation. In addition, it was found

that subjects who experienced reactivation were more likely to be positive for both viral

markers, suggesting a generalised decline in cellular immunity as opposed to a specific

virus-associated event. These results are consistent with patterns of higher levels of

herpesvirus antibodies in aged individuals with lower levels of education.20 The exception

was EA antibodies, which were highest in individuals with more than a high school

education; lower levels of EA antibodies were expected in this group as it was hypothesised

that they might experience lower stress. It is unlikely that recent or primary infection

accounted for the elevated EA antibodies as anti-EBNA IgG antibodies were also detected in

these samples indicative of past infection (RP Stowe et al 2009, unpublished data).

However, one possible explanation is incomplete or ‘abortive’ reactivation,10 as VCA

antibodies (which reflect productive virus replication) were not elevated in this group.

Prior studies assessed the presence or absence of antiviral antibodies (ie, seropositivity) in

order to correlate with SEP,1516 and these results could be attributed to poorer hygiene and

increased exposure to viral pathogens. In contrast, the present study addressed the effects of

age, gender, ethnicity and SEP on immune responses to herpesviruses using quantitative

measures (ie, antibody titres) in individuals previously infected with EBV and HSV-1. Thus,

the quantitative nature of the present study allowed determination of subclinical reactivation

and immune responses to these highly prevalent viruses and represents an improvement over

previous studies.

Ethnic differences in HSV-1 infection were found in the Third National Health and Nutrition

Examination Survey (NHANES),15 which revealed that 64.7% of white non-Hispanics were

infected whereas 85.1 and 74.1% of Hispanics and black non-Hispanics were infected

respectively. The present subjects showed a much higher HSV-1 infection rate (ie, >90%)

for all three groups across all age ranges; this included infection by EBV. White non-

Hispanics had less HSV-1 reactivation than black non-Hispanics or Hispanics, whereas

Hispanics had the lowest VCA and EA antibodies. The findings related to lower EBV

antibodies in Hispanics were unexpected. However, further investigation is needed as

differences in seropositivity were found between US and foreign-born Hispanics in the

Third NHANES,15 and a large percentage of Hispanics in the present study were foreign-
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born. Notably, black non-Hispanics had much greater levels of all three antiviral antibodies.

In particular, logistic regression analyses showed that black non-Hispanic were more likely

to have one or more positive viral markers. It is possible that genetic factors may play a role

in immune regulation of black non-Hispanics.25

Significantly higher viral reactivation was observed in women, particularly increased levels

of anti-EBV antibodies. This agrees with prior studies reporting increased levels of EBV-

VCA in women.2627 Notably, the present data parallel other results of increased levels of

inflammatory markers in women and black non-Hispanics.2829 Indeed, recent reports have

suggested a link between herpesviruses and inflammation. Elevated levels of

cytomegalovirus (CMV) antibodies have been associated with increased interleukin (IL)-6

and tumour necrosis factor (TNF)α levels in older adults30–32 and EBV-encoded dUTPase

has been shown to upregulate TNFα, IL-1β, and IL-6.3334 EBV and CMV infection also

result in a clonal expansion of virus-specific CD8+ T cells.1235–38 Thus, activation or an

increase in virus-specific CD8+ T cells, as well as direct interaction with viral antigens, may

increase levels of circulating inflammatory cytokines.

Although measures of stress in this study were not reported, psychosocial stress may have

been a factor. In a study of West Point Military Cadets, Kasl and coworkers39 found that

psychosocial stress was a strong predictor of the onset and severity of infectious

mononucleosis caused by EBV. Both acute and chronic stress are associated with

reactivation of genital and oral HSV.40–42 McKinnon and coworkers43 found that residents

surrounding the Three Mile Island nuclear powerplant area, the site of a serious accident in

1979, had decreased cytotoxic T lymphocytes and NK cells and higher antibody titres to

latent HSV-1 and CMV. In academic models of stress, medical students had higher antibody

titres to latent EBV compared to control subjects, but not to poliovirus type-2 (a non-latent

virus).101144 They also had a decreased virus-specific memory T lymphocyte response.9 It is

thought that individuals with lower education and lower income are more frequently faced

with acute and chronic stressors through their physical, cultural and financial

environments,28 and the present findings related to demographic and socioeconomic

differences are consistent with these beliefs.

In conclusion, the present results extend those from Dowd and coworkers20 and provide a

potential pathway through which individuals may experience poorer health outcomes.

Evidence was found in this population-based sample that age is an important correlate of

higher levels of VCA, EA and HSV-1 antibodies. In addition, lower education is associated

with higher HSV-1 antibodies, whereas being female is associated with higher odds of

testing positive (ie, reactivation) for EBV. Furthermore, being black non-Hispanic and

Hispanic are associated with testing positive for HSV-1. Future studies are needed to clarify

the link between, herpesviruses, demographic and SEP, disease and healthy ageing.

Acknowledgments

We thank the participants of the Healthy City Assessment Project – Texas City.

Funding This work was supported by the UTMB Centre for Population Health and Health Disparities
(P50CA105631).

Stowe et al. Page 7

J Epidemiol Community Health. Author manuscript; available in PMC 2014 May 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



References

1. Miller CS, Danaher RJ, Jacob RJ. Molecular aspects of herpes simplex virus I latency, reactivation,
and recurrence. Crit Rev Oral Biol Med. 1998; 9:541–62. [PubMed: 9825226]

2. Okano M, Thiele GM, Davis JR, et al. Epstein-Barr virus and human diseases: recent advances in
diagnosis. Clin Microbiol Rev. 1988; 1:300–12. [PubMed: 2848624]

3. Arvin AM. Varicella-zoster virus. Clin Microbiol Rev. 1996; 9:361–81. [PubMed: 8809466]

4. Glaser R, Strain EC, Tarr KL, et al. Changes in Epstein-Barr virus antibody titers associated with
aging. Proc Soc Exp Biol Med. 1985; 179:352–5. [PubMed: 2987972]

5. Musiani M, Zerbini M, Zauli D, et al. Impairment of cytomegalovirus and host balance in elderly
subjects. J Clin Pathol. 1988; 41:722–5. [PubMed: 2842379]

6. Weymouth LA, Gomolin IH, Brennan T, et al. Cytomegalovirus antibody in the elderly.
Intervirology. 1990; 31:223–9. [PubMed: 2165047]

7. Glaser R, Kiecolt-Glaser JK. Chronic stress modulates the virus-specific immune response to latent
herpes simplex virus type 1. Ann Behav Med. 1997; 19:78–82. [PubMed: 9603681]

8. Glaser R, Pearl DK, Kiecolt-Glaser JK, et al. Plasma cortisol levels and reactivation of latent
Epstein-Barr virus in response to examination stress. Psychoneuroendocrinology. 1994; 19:765–72.
[PubMed: 7991763]

9. Glaser R, Pearson GR, Bonneau RH, et al. Stress and the memory T-cell response to the Epstein-
Barr virus in healthy medical students. Health Psychol. 1993; 12:435–42. [PubMed: 8293726]

10. Glaser R, Pearson GR, Jones JF, et al. Stress-related activation of Epstein-Barr virus. Brain Behav
Immun. 1991; 5:219–32. [PubMed: 1654167]

11. Glaser R, Rice J, Sheridan J, et al. Stress-related immune suppression: health implications. Brain
Behav Immun. 1987; 1:7–20. [PubMed: 2837297]

12. Stowe RP, Kozlova EV, Yetman DL, et al. Chronic herpesvirus reactivation occurs in aging. Exp
Gerontol. 2007; 42:563–70. [PubMed: 17337145]

13. Mehta SK, Stowe RP, Feiveson AH, et al. Reactivation and shedding of cytomegalovirus in
astronauts during spaceflight. J Infect Dis. 2000; 182:1761–4. [PubMed: 11069250]

14. Lobo ED, Hansen RJ, Balthasar JP. Antibody pharmacokinetics and pharmacodynamics. J Pharm
Sci. 2004; 93:2645–68. [PubMed: 15389672]

15. Schillinger JA, Xu F, Sternberg MR, et al. National seroprevalence and trends in herpes simplex
virus type 1 in the United States, 1976–1994. Sex Transm Dis. 2004; 31:753–60. [PubMed:
15608591]

16. Staras SA, Dollard SC, Radford KW, et al. Seroprevalence of cytomegalovirus infection in the
United States, 1988–1994. Clin Infect Dis. 2006; 43:1143–51. [PubMed: 17029132]

17. Cohen S. Social status and susceptibility to respiratory infections. Ann N Y Acad Sci. 1999;
896:246–53. [PubMed: 10681901]

18. Seeman TE, Crimmins E, Huang MH, et al. Cumulative biological risk and socioeconomic
differences in mortality: MacArthur studies of successful aging. Soc Sci Med. 2004; 58:1985–97.
[PubMed: 15020014]

19. Steenland K, Hu S, Walker J. All-cause and cause-specific mortality by socioeconomic status
among employed persons in 27 US states, 1984–1997. Am J Public Health. 2004; 94:1037–42.
[PubMed: 15249312]

20. Dowd JB, Haan MN, Blythe L, et al. Socioeconomic gradients in immune response to latent
infection. Am J Epidemiol. 2008; 167:112–20. [PubMed: 17873099]

21. Peek MK, Cutchin MP, Freeman D, et al. Environmental hazards and stress: evidence from the
Texas City Stress and Health Study. J Epidemiol Community Health. 2009; 63:792–8. [PubMed:
19282316]

22. Peek MK, Cutchin MP, Freeman DH, et al. Perceived health change in the aftermath of a
petrochemical accident: an examination of pre-accident, within-accident, and post-accident
variables. J Epidemiol Community Health. 2008; 62:106–12. [PubMed: 18192597]

23. Stowe RP, Mehta SK, Ferrando AA, et al. Immune responses and latent herpesvirus reactivation in
spaceflight. Aviat Space Environ Med. 2001; 72:884–91. [PubMed: 11601551]

Stowe et al. Page 8

J Epidemiol Community Health. Author manuscript; available in PMC 2014 May 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



24. Stowe RP, Pierson DL, Barrett AD. Elevated stress hormone levels relate to Epstein-Barr virus
reactivation in astronauts. Psychosom Med. 2001; 63:891–5. [PubMed: 11719627]

25. O’Mahony L, Holland J, Jackson J, et al. Quantitative intracellular cytokine measurement: age-
related changes in proinflammatory cytokine production. Clin Exp Immunol. 1998; 113:213–19.
[PubMed: 9717970]

26. Nielsen TR, Pedersen M, Rostgaard K, et al. Correlations between Epstein-Barr virus antibody
levels and risk factors for multiple sclerosis in healthy individuals. Mult Scler. 2007; 13:420–3.
[PubMed: 17439912]

27. Wagner HJ, Hornef M, Teichert HM, et al. Sex difference in the serostatus of adults to the Epstein-
Barr virus. Immunobiology. 1994; 190:424–9. [PubMed: 7982725]

28. Alley DE, Seeman TE, Ki Kim J, et al. Socioeconomic status and C-reactive protein levels in the
US population: NHANES IV. Brain Behav Immun. 2006; 20:498–504. [PubMed: 16330181]

29. Koster A, Bosma H, Penninx BW, et al. Association of inflammatory markers with socioeconomic
status. J Gerontol A Biol Sci Med Sci. 2006; 61:284–90. [PubMed: 16567379]

30. Trzonkowski P, Mysliwska J, Szmit E, et al. Association between cytomegalovirus infection,
enhanced proinflammatory response and low level of anti-hemagglutinins during the anti-influenza
vaccination–an impact of immunosenescence. Vaccine. 2003; 21:3826–36. [PubMed: 12922116]

31. Wikby A, Ferguson F, Forsey R, et al. An immune risk phenotype, cognitive impairment, and
survival in very late life: impact of allostatic load in Swedish octogenarian and nonagenarian
humans. J Gerontol A Biol Sci Med Sci. 2005; 60:556–65. [PubMed: 15972602]

32. Wikby A, Nilsson BO, Forsey R, et al. The immune risk phenotype is associated with IL-6 in the
terminal decline stage: findings from the Swedish NONA immune longitudinal study of very late
life functioning. Mech Ageing Dev. 2006; 127:695–704. [PubMed: 16750842]

33. Glaser R, Litsky ML, Padgett DA, et al. EBV-encoded dUTPase induces immune dysregulation:
Implications for the pathophysiology of EBV-associated disease. Virology. 2006; 346:205–18.
[PubMed: 16321417]

34. Glaser R, Padgett DA, Litsky ML, et al. Stress-associated changes in the steady-state expression of
latent Epstein-Barr virus: implications for chronic fatigue syndrome and cancer. Brain Behav
Immun. 2005; 19:91–103. [PubMed: 15664781]

35. Gillespie GM, Wills MR, Appay V, et al. Functional heterogeneity and high frequencies of
cytomegalovirus-specific CD8(+) T lymphocytes in healthy seropositive donors. J Virol. 2000;
74:8140–50. [PubMed: 10933725]

36. Khan N, Hislop A, Gudgeon N, et al. Herpesvirus-specific CD8 T cell immunity in old age:
cytomegalovirus impairs the response to a coresident EBV infection. J Immunol. 2004; 173:7481–
9. [PubMed: 15585874]

37. Khan N, Shariff N, Cobbold M, et al. Cytomegalovirus seropositivity drives the CD8 T cell
repertoire toward greater clonality in healthy elderly individuals. J Immunol. 2002; 169:1984–92.
[PubMed: 12165524]

38. Tan LC, Gudgeon N, Annels NE, et al. A re-evaluation of the frequency of CD8+ T cells specific
for EBV in healthy virus carriers. J Immunol. 1999; 162:1827–35. [PubMed: 9973448]

39. Kasl SV, Evans AS, Niederman JC. Psychosocial risk factors in the developmental of infectious
mononucleosis. Psychosom Med. 1979; 41:445–66. [PubMed: 231279]

40. Friedman E, Katcher AH, Brightman VJ. Incidence of recurrent herpes labialis and upper
respiratory infection: a prospective study of the influence of biologic, social and psychologic
predictors. Oral Surg Oral Med Oral Pathol. 1977; 43:873–8. [PubMed: 194200]

41. Goldmeier D, Johnson A. Does psychiatric illness affect the recurrence rate of genital herpes? Br J
Vener Dis. 1982; 58:40–3. [PubMed: 7055669]

42. Katcher AH, Brightman V, Luborsky L, et al. Prediction of the incidence of recurrent herpes
labialis and systemic illness from psychological measurements. J Dent Res. 1973; 52:49–58.
[PubMed: 4566873]

43. McKinnon W, Weisse CS, Reynolds CP, et al. Chronic stress, leukocyte subpopulations, and
humoral response to latent viruses. Health Psychol. 1989; 8:389–402. [PubMed: 2555149]

44. Glaser R, Kiecolt-Glaser JK, Speicher CE, et al. Stress, loneliness, and changes in herpesvirus
latency. J Behav Med. 1985; 8:249–60. [PubMed: 3003360]

Stowe et al. Page 9

J Epidemiol Community Health. Author manuscript; available in PMC 2014 May 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



What is already known on this subject

• Recent studies suggest a strong relationship between stress and increased levels

of antibodies, possibly through stress-mediated downregulation of cellular

immunity.

• Although rates of infection are known to be affected by socioeconomic status,

there is a paucity of data demonstrating a link between viral reactivation,

ethnicity and socioeconomic status.
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What this study adds

• Variables such as age, gender, ethnicity and education were found to be

associated with elevated levels of antiviral antibodies indicative of viral

reactivation.

• Viral reactivation may be a promising in vivo indictor of immune function and

play a role in poorer health outcomes in both younger and older adults.
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Policy implications

• These results extend previous studies to provide a potential pathway through

which individuals may experience poorer health outcomes.

• Findings related to demographic and socioeconomic differences are consistent

with the belief that individuals with lower education and income are more

frequently faced with acute and chronic stressors through their physical, cultural

and financial environments.
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Table 1

Main characteristics of the study population (n=1457)

Characteristic
Overall
N=1457

White
N=536

Hispanic
N=757

Black
N=150

Age, mean (SD) 48.9 (16.0) 55.6 (15.6) 49.2 (15.8) 50.9 (15.0)

Female, % 58.4 55.2 62.2 67.3

Education, %

 <12 years 37.8 20.6 52.1 27.3

 12 years 31.1 36.0 24.9 40.0

 ≥12 years 31.1 43.3 23.1 32.7
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Table 4

Comparison of expected versus observed values for viral reactivation combinations

Expected Observed

All negatives 911.40 964

Only HSV 295.27 248

Only VCA 169.48 125

Only EA 22.89 12

HSV+VCA 54.91 94

HSV+EA 7.41 13

VCA+EA 4.26 7

HSV+VCA+EA 1.38 4

EA, early antigen; HSV, herpes simplex virus; VCA, viral capsid antigen. The probability of positive on HSV is 0.2447 (p1); the probability of
positive on VCA is 0.1567 (p2); and the probability of positive on EA is 0.0245 (p3).

Goodness of fit test: χ2 = 66.25, p<0.0001.

J Epidemiol Community Health. Author manuscript; available in PMC 2014 May 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Stowe et al. Page 17

Table 5

Logistic regression results for predictors of one or more positive and two or more positive for EBV-VCA,

EBV-VA and HSV-1 (n=1457)* †

Demographic variables

1+ Positive 2+ Positive

OR 95% CI OR 95% CI

Age

 <45 years 0.43 0.31 to 0.59 0.42 0.24 to 0.72

 45–64 years 0.79 0.59 to 1.07 0.67 0.41 to 1.09

 ≥65 years 1.00 1.00

Education

 <12 years 1.42 1.05 to 1.92 1.51 0.87 to 2.61

 12 years 1.42 1.06 to 1.91 1.47 0.85 to 2.52

 >12 years 1.00 1.00

Female 1.26 0.99 to 1.61 1.46 0.93 to 2.29

Ethnicity

 Hispanic 1.10 0.84 to 1.43 1.31 0.80 to 2.12

 Black non-Hispanic 1.42 0.96 to 2.10 1.74 0.91 to 3.34

 White non-Hispanic 1.00 1.00

EBV-EA, Epstein-Barr virus-early antigen; EBV-VCA, Epstein-Barr virus-viral capsid antigen; HSV, herpes simplex virus.

*
ORs presented (95% CI).

†
Models adjusted for smoking, BMI and physical activity.
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