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It is well known that children need solicitous parenting and a
nurturing rearing environment to ensure their normal behavioral
development. Early adversity often negatively impacts emotional
and mental well-being, but it is less clearly established how much
the maturation and regulation of physiological systems is also
compromised. The following research investigated the effect of 2
different types of adverse childhood experiences, early deprivation
through institutionalization and physical abuse, on a previously
unexplored outcome: the containment of herpes simplex virus
(HSV). The presence of HSV-specific antibody in salivary specimens
was determined in 155 adolescents, including 41 postinstitution-
alized, 34 physically-abused, and 80 demographically-similar con-
trol youth. Across 4 school and home days, HSV antibody was
higher in both postinstitutionalized and physically-abused adoles-
cents when compared with control participants. Because the prev-
alence of HSV infection was similar across the groups, the elevated
antibody was likely indicative of viral recrudescence from latency.
Total secretory Ig-A secretion was associated with HSV, but did not
account for the group differences in HSV-specific antibody. These
findings are likely caused by a failure of cellular immune processes
to limit viral reactivation, indicating a persistent effect of early
rearing on immune functioning. The fact that antibody profiles
were still altered years after adoption into a more benevolent
setting with supportive families suggests these results were not
caused by contemporaneous factors, but rather reflect a lingering
influence of earlier life experiences.

child development � early experience � health � immune � risk

One of the most significant contributions of psychological
research during the last century was the unequivocal dem-

onstration of the extent to which early caregiving influences the
behavioral development of children (1). The prevailing view
today emphasizes the essential role of solicitous and responsive
parenting; we look back in disbelief at historical recommenda-
tions to limit time holding an infant because the young baby
would become spoiled and desire cuddling (2). Pioneering
studies on the hospitalism syndrome and later ones on the
biological bases of attachment definitively ended such erroneous
notions in the scientific realm (3, 4), but many children through-
out the world continue to experience inadequate care. More than
1.5 million children in the United States are victims of substan-
tiated child maltreatment annually, and Americans adopted
�20,000 children from other countries in the past year, most of
whom had begun their lives in institutional/orphanage settings
(5). In this article, we report on the potential lingering conse-
quences of such adverse rearing experiences across development,
focusing on biobehavioral plasticity through infection and con-
tainment of herpes viruses.

The early rearing environment exerts powerful effects on
children’s cognitive and emotional development (6–9). Numer-
ous studies in nonhuman animals have also shown that the early
rearing environment impacts the maturation of many physiolog-
ical systems (10–12), including the immune system (13, 14). The
development of immune processes in children must be respon-

sive to environmental stimulation and demands early in postna-
tal life and thus immunity shares many parallels with the effects
of experience on brain development. For example, antigenic
priming, exposure to infectious pathogens, and behavioral in-
teractions between the infant and the caregiver are all required
for immune responses to mature normally (15–17). Experiential
factors such as breastfeeding, the occurrence of involuntary
separations from parents, and early weaning all can contribute
to long-term vulnerabilities to disease later in adulthood (18–
22). Similarly, studies of children have shown that family func-
tioning and early life events can influence the frequency of
respiratory illness and immune functioning (23–26). In addition,
retrospective surveys of adults who had experienced abuse as
children indicate that they are more likely to develop chronic
pain conditions and gastrointestinal disorders (27–30) and
evince a physiological bias toward proinflammatory responses
(31, 32).

The present experiment investigated whether an altered reg-
ulation of immunity might be evident in young adolescents who
had experienced adverse rearing backgrounds. Specifically, we
studied a group of postinstitutionalized adolescents who had
experienced early caregiving deprivation before adoption into a
more normative family context (an ‘‘early adversity’’ group) and
a sample of adolescents who had experienced substantiated
physical abuse and were still residing within their families of
origin (a ‘‘current adversity’’ group). We tested the competence
of the adolescents’ immune system functioning by determining
whether these adolescents showed signs of a reactivation of a
latent virus that is typically maintained in a quiescent state by the
immune system.

Most individuals have been exposed to several different
herpes viruses [e.g., Epstein–Barr virus (EBV), herpes Zoster,
cytomegalovirus]. After a period of viremia during the primary
infection, immune responses drive the virus into quiescence and
most herpes viruses remain latent within nerves. In the case of
HSV type 1, the initial infection usually occurs via exposure to
virus-shedding family members or in school settings, resulting in
infections in �20% of children (33). By young adulthood the
prevalence of infection reaches �60% (34, 35). Whereas most
herpes viruses reactivate only if the host becomes markedly
immune suppressed, HSV recrudesces more frequently and is
manifest symptomatically as a cold sore. Several pioneering
studies documented an association between stress, virus reoc-
currence and the appearance of overt clinical symptoms (36–40).
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Viral reactivation is caused, in part, by a transient reduction in
the cellular immune defenses that should respond to any incip-
ient viral replication. When the virus is unchecked, a rise in
antibody titers occurs (even in the absence of overt physical
symptoms) as the person’s humoral immune responses are
elicited (41, 42). Thus, elevated HSV antibodies can serve as an
indirect functional measure of a lapse in cellular immune
competence (43). Stressful life events have been found to reliably
increase the levels of herpes antibody circulating in the blood
stream (32, 41, 44). However, the need to collect blood samples
poses ethical and practical concerns for evaluations of children,
especially those from disturbed family backgrounds.

To overcome this obstacle when assessing sensitive popula-
tions, we developed an innovative approach to quantify salivary
levels of HSV antibody (45). We also measured the level of total
antibody in saliva because the mucosal surface of the oral cavity
responds to many pathogens. Thus, we considered the possible
differences in HSV antibody in the context of any nonspecific
changes in total antibody secretion [secretory Ig-A (sIgA)].
Previous studies had documented that acute stressful events
lower total sIgA secretion; in contrast, our a priori prediction
was that adolescents who experienced chronic adversity would
have elevated levels of HSV-specific antibody, indicating a
longer-term impaired immune competence (46, 47).

The present study compared 2 groups of adolescents from
disturbed rearing backgrounds. First, we examined adolescents
who had experienced a circumscribed period of early deprivation
within institutionalized/orphanage settings, but whose adversity
was resolved by adoption into a benevolent family setting in the
United States. These adolescents are referred to as ‘‘postinsti-
tutionalized.’’ Second, we examined adolescents who had expe-
rienced more sustained adversity throughout their childhoods;
these youngsters had substantiated reports of physical abuse
during childhood and continue to reside with their parents.
Although interventions from social service agencies have hope-
fully improved their family conditions, these adolescents con-
tinue to live in difficult and stressful circumstances. Studies of
child maltreatment always involve numerous risk factors that
tend to co-occur within an adverse family setting. To help control
for the many possible confounding environmental factors (e.g.,
poverty, current stress exposure) a reference comparison group
was recruited from normative families similar on the basis of age,
gender, and socioeconomic status. We also statistically con-
trolled for co-occurring risk factors and other sources of indi-
vidual differences as detailed in SI Text.

These data revealed that a profile of high HSV antibody serves
as a sentinel marker of a history of adverse experience during
formative development. The elevated antibody levels in the
postinstitutionalized adolescents indicate that this biological
alteration continues to linger even after the resolution of the
period of inadequate care and emotional neglect. Consistent
with studies of nonhuman animals, these findings indicate that
supportive early rearing conditions are critical for the normal
biobehavioral development of children.

Results
Both the postinstitutionalized and physically abused adolescents
had elevated HSV levels when compared with the controls, F
(2,109) � 5.57, P � 0.005 (Fig. 1). Despite the improved family
conditions for many years, those who had experienced the early
institutional rearing and neglect still exhibited high HSV-sIgA in
the elevated range as did those who continued to reside in
familial settings with an abusive caregiver (P � 0.8).

Overall, the HSV-sIgA and total-sIgA measures were posi-
tively associated (r � 0.61, P � 0.001). Importantly, additional
analyses verified that the elevated HSV-sIgA levels were not
caused by general difference in antibody secretion. After con-

trolling for total sIgA levels, the group differences in herpes
antibody remained significant (P � 0.03).

Because of the many possible explanatory factors, the poten-
tial influence of several other variables was also considered.
Antibody differences related to the adverse rearing histories
remained significant after accounting for age, gender, race,
country of origin, familial income, parent education level, child
body mass index, child and parent current mental health status,
chronic medical conditions, and current level of stress (P � 0.02).
None of these factors was individually associated with HSV-sIgA
level (P � 0.14).

Another potential concern was that the findings were driven
by elevated antibody levels on a single day rather than providing
a more stable index of immune competence. As shown in Fig. 2,
secreted HSV-sIgA and total sIgA levels were quite stable when
adolescents provided the saliva on school days and on weekend
days at home. The stability across days was likely caused in part
by our use of daily pools in the assays, which had been combined
together from 6 passive drool specimens collected each day.

One additional explanation was that higher HSV exposure
rates accounted for the group differences. To test this possibility,
the HSV antibody values were categorized dichotomously into
negative (optical density values of 0–0.24) and positive (optical
density values � 0.25). Seventy-one of the adolescents (66%)
were classified as having tested HSV-positive. Neither physical-
ly-abused [�2(1) �0 .60, P � 0.32], nor postinstitutionalized
adolescents [�2(1) � 2.2, P � 0.14], were more likely than the
controls to have been classified as HSV-positive. Group differ-
ences persisted when analyses were limited to just the subset of
youth with positive HSV scores [F(2,71) � 8.52, P � 0.0001]. Not
only did the maltreated youths have higher antibodies than
control youth (P � 0.009), but the postinstitutionalized adoles-
cents had higher antibodies than the physically-abused adoles-
cents (P � 0.015), further underscoring the deleterious conse-
quences of adverse early rearing environments.

Conclusions
The results reported here document that a stressful early child-
hood history affects the long-term functioning of the immune
system, specifically evinced by a secretion of higher levels of
HSV-sIgA into saliva. This finding is in keeping with other
studies indicating that stressful life events in adults impair
immune function (48), including an elevation of other herpes-
specific antibodies in circulation, such as EBV (42, 49, 50). The
findings are particularly noteworthy because of the clear dem-
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Fig. 1. HSV-sIgA levels were significantly higher in the postinstitutionalized
and physically abused adolescents than in age-matched participants who had
normative rearing backgrounds.
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onstration that these effects linger even after the resolution of
the period of childhood adversity. Although other studies have
shown immune consequences of stressors (51, 52), the present
study is unique in demonstrating these effects with a pediatric
population. In the case of the postinstitutionalized adolescents,
they had been adopted into more benevolent family conditions
by 2.8 years of age on average. Thus, for many, the period of
adversity had been over for nearly a decade before the current
assessment.

These immune findings concur with a growing body of liter-
ature indicating that there are not only emotional scars and
cognitive deficits associated with adverse and inadequate pa-
rental care and nurturance, but also an impact on physiological
systems and physical health (53, 54). Children from institutional
settings suffer from many immune challenges early in develop-
ment (55), but much less is known about their health after they
have been reared subsequently in more benevolent settings.
Similarly, abused children exhibit poor health early in develop-
ment (56), which often persists through adolescence (57, 58) and
into adulthood (59, 60). Several papers have recently reported
abnormal cellular and humoral immune responses in adults who
retrospectively report abuse histories (31, 45).

One alternative explanation for our findings is that institu-
tional and abusive family settings may have resulted in higher
levels of infection during childhood. There are many reports of
high rates of pediatric illness in orphanages, which may still be
evident at the time of adoption (55, 61, 62). In addition, children
from poor backgrounds may experience a differential exposure

to infectious pathogens, as may those from larger families or in
childcare/school settings (34, 63–65). Yet, our analyses indicated
a similar overall prevalence of HSV infection across the 3 groups,
which at 66% is in keeping with reports of levels of herpes
infections in adult populations. This prevalence rate of HSV
suggests that differences in levels of antibody more likely reflect
functional differences in immune competence rather than dif-
ferences in rates of exposure in postinstitutionalized or physi-
cally-abused youth. This impairment was particularly striking in
those postinstitutionalized youth who were found to be HSV-
positive, underscoring the idea that institutionalization increases
viral recrudescence, not just exposure.

The high antibody levels in the 2 groups who had experienced
caregiving adversity were relatively stable across days, evident
both on school days and weekend days at home. Evidence for
elevated HSV antibodies across several days (which were not
usually consecutive) suggests that these youth may be chronically
trying to keep the virus from emerging from a latent state. This
stability also supports the conclusion that the findings were not
secondary to contemporaneous factors and likely reflects the
methodological rigor of generating daily pools from 6 specimens
each day. This approach diminished the influence of the mo-
ment-to-moment variation that occurs in secreted antibody. The
overall levels of total sIgA are also indicative of other infectious
agents in the oral cavity, including the bacteria associated with
gum disease and thus can vary with current events and infections
(66, 67). For example, stressful family functioning can be asso-
ciated with streptococcal infections and the frequency and
severity of upper respiratory infections, at least in younger
children (18, 24, 25, 46).

Our general conclusion is that early life events are critical for
creating the healthy foundation on which both emotional and
physical well being is established. Although the adolescents in
our study varied greatly in the duration and type of adversity they
had experienced, which is a common limitation of studies of
at-risk children and adolescents, the HSV-antibody effects were
quite consistent. Other alternative explanations may emerge and
at this stage we have not delineated all of the pathways and
processes that could account for the observed group differences.
Although a reactivation of HSV does not have serious clinical
ramifications per se, there is a growing belief that the body
resources needed to restrain multiple herpes viruses from re-
crudescing can exert a wear and tear on immune reserves over
the course of the life span (68). When normal rearing conditions
have been compromised, there may be a reduced capacity to
retain herpes viruses in the latent, quiescent state. One addi-
tional benefit of good parenting and normal rearing conditions
may thus be an enhanced ability to contend with exposure to
infectious pathogens, including the ones that linger after the
initial infection. In this manner, the susceptibility of the immune
system to early caregiving experiences reveals an important
aspect of developmental plasticity: Environmental factors pro-
mote the normal maturation of the human brain.

Methods
The participants were 155 adolescents (80 male, 75 female), 9–14 years of age
(mean � 11.2 years), who were recruited from the surrounding community
through local advertisements. Half of the controls were demographically
similar to the physically-abused adolescents, and the remaining controls were
demographically similar to the postinstitutionalized adolescents in age (P �
0.42), gender (P � 0.48), and socioeconomic status (P � 0.28) (see Table 1).
Potential subjects were excluded if they had congenital abnormalities indic-
ative of fetal alcohol exposure, were taking steroidal medications, or had
braces or retainers, which might result in blood or bacterial contamination of
the saliva. Informed consent and assent were obtained from all parents and
adolescents, respectively. All procedures were approved by the University of
Wisconsin Institutional Review Board.

Adolescents were classified as having had a history of physical abuse if there
were substantiated Child Protective Service reports from Dane County, Wis-

2

2.5

3
V-

sI
gA

 (O
D

/m
l/m

in
)

0.5

1

1.5

0.5 1 1.5 2 2.5 3

Lo
gg

ed
 S

ch
oo

l H
SV

Logged Home HSV-sIgA (OD/ml/min)

A

20

25

30

35

al
 s

Ig
A 

(µµ
g/

m
l/m

in
)

0

5

10

15

0 5 10 15 20 25 30 35

Lo
gg

ed
 S

ch
oo

l t
ot

a

Logged Home total sIgA (µg/ml/min)

B

Fig. 2. Levels of secreted HSV-sIgA (A) and total sIgA (B) were stable across
4 days of collection, including 2 weekend days when the adolescents were at
home and 2 school days. Intercorrelations across days ranged from 0.47 to
0.74, P � 0.0001, and � � 0.88 for HSV-sIgA and from 0.52 to 0.68, P � 0.001,
and � � 0.86 for total sIgA.
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consin Department of Human Services or if parents self-reported physical
abuse of their children through the Conflict Tactics Scale Parent-Child Version
(n � 34, including 22 males) (69). Postinstitutionalized adolescents had resided
in Romanian (n � 17), Russian (n � 13), other Eastern European (n � 5), or
Chinese (n � 6) orphanages for an average of 2.8 years (range 0.5 to 7 years)
from shortly after birth (n � 41, including 18 males). These adolescents had
resided in their adoptive homes for 3.5–13 years before participation in this
study, which ensured that any signs of HSV activation were not caused by
recent stress of transitioning into the adoptive home.

Measurement of Immune Competence. Saliva was collected by passive drool at
6 prespecified time points per day across 4 days (70). Collection times were
confirmed unobtrusively by using polypropylene cryovials with caps that
encoded the closure time (Aardex). Samples were stored initially in home
freezers until all 24 were collected, then shipped overnight on ice packs to the
laboratory, and stored at �60 °C in an ultracold freezer. To generate a
representative daily pool, equal volumes of the 6 samples were combined for
that day.

sIgA Assays. Specific salivary antibody against HSV was determined by an
ELISA*. Microtiter plates were coated with HSV type 1 (inactivated strain F;
ATCC) (Trinity Biotech), which bound HSV antibody, and then the bound
complex was detected with goat anti-human sIgA. After addition of alkaline
phosphatase substrate (Sigma), the color reaction was stopped with sodium
hydroxide at 30 min and read on a Dynatech plate reader at 405 nm. Values are
shown on relative scales as optical density units because there are no com-
mercially available IgA standards for HSV antibody. Total sIgA concentrations
were determined with a commercial kit (Salimetrics). Antibody levels were
adjusted for salivary flow rate (�g/mL per min) (71). Overall, saliva flow was
moderately correlated with the total sIgA [r(157) � 0.24, P � 0.003], and it was
nonsignificantly associated with HSV-sIgA [r(158) � 0.11, P � 0.15]. Antibody
values were averaged across the 4 days, and a natural log (�1) transformation
established normal distributions.

Co-Occurring Risk Factors. The Hollingshead 4-factor index of social position
was used to quantify socioeconomic status. To determine the current levels of
stress exposure, adolescents and their parents were interviewed separately by
using the Episodic Life Stress Interview (72). Weight/height-squared (kg/m2)
was used to calculate body mass index and then transformed into a percentile
for age based on 2000 Centers for Disease Control guidelines. The Revised
Children’s Manifest Anxiety Scale provided a general measure of anxiety
symptoms (73). The Children’s Depression Inventory (74) provided a standard-
ized score for depressive symptoms.

See SI Text for additional information.

Statistical Analyses. Cronbach’s � and Pearson correlations were used to
examine stability in antibody levels across days. Group differences were tested
by ANOVA, with the immune measures as the dependent variables and group
as the between factor. Explanatory or mediating variables were included later
as covariates in an ANCOVA model. Differences in the prevalence of HSV-
positive status were compared by Pearson �2 in a 2 � 3 contingency table.
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Table 1. Demographic information

Measure Control Physically abused Postinstitutionalized Total
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Gender, male/female 40/40 22/12 18/23 155
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Values are mean � SEM.
*Values are significantly different from family-reared control group, P � 0.05.
†Values are significantly different between the physically abused and postinstitutionalized adolescents, P � 0.05.

2966 � www.pnas.org�cgi�doi�10.1073�pnas.0806660106 Shirtcliff et al.

http://www.pnas.org/cgi/data/0806660106/DCSupplemental/Supplemental_PDF#nameddest=STXT


15. Coe C, Lubach GR, Schneider ML, Dierschke DJ, Erschler WB (1992) Early rearing
conditions alter immune responses in the developing infant primate. Pediatrics
90:505–509.

16. Levine S, Coe C, Wiener SG (1989) in Psychoneuroendocrinology, eds Brush FR, Levine
S (Academic, New York), pp 341–377.

17. Bach JF (2002) The effect of infections on susceptibility to autoimmune and allergic
diseases. N Engl J Med 347:911–920.

18. Friedman SB, Glasgow LA (1966) Psychologic factors and resistance to infectious
disease. Pediatr Clinics North Am 13:315–335.

19. Ader R (1965) Effects of early experience and differential housing on behavior suscep-
tibility to gastric erosions in the rat. J Comp Physiol Psychol 60:233–238.

20. Kruschinski C, et al. (2008) Postnatal life events affect the severity of asthmatic airway
inflammation in the adult rat. J Immunol 180:3919–3925.

21. Solomon GF, Levine S, Kraft JK (1968) Early experience and immunity. Nature 220:821–
822.

22. Labbok MH, Clark D, Goldman AS (2004) Breastfeeding: Maintaining an irreplaceable
immunological resource. Nat Rev Immunol 4:565–572.

23. Boyce WT, et al. (1995) Psychobiologicreactivity to stress and childhood respiratory
illness: Results of two prospective studies. Psychosomat Med 57:411–426.

24. Boyce WT, Jemerin JM (1990) Psychobiological differences in childhood stress response:
I. Patterns of illness and susceptibility. Dev Behav Pediatri 11:196–206.

25. Boyce WT, et al. (1993) Immunologic changes occurring at kindergarten entry predict
respiratory illnesses after the Loma Prieta earthquake. J Dev Behav Pediatr 14:296–303.

26. McDade TW, et al. (2000) Epstein–Barr virus antibodies in whole blood spots: A
minimally invasive method for assessing an aspect of cell-mediated immunity. Psycho-
som Med 62:560–567.

27. Drossman DA (1997) Irritable bowel syndrome and sexual/physical abuse history. Eur J
Gastroenterol Hepatol 9:327–330.

28. Drossman DA, Talley NJ, Leserman J, Olden KW, Barreiro MA (1995) Sexual and physical
abuse and gastrointestinal illness. Review and recommendations. Ann Intern Med
123:782–794.

29. Green CR, Flowe-Valencia H, Rosenblum L, Tait AR (2001) The role of childhood and
adulthood abuse among women presenting for chronic pain management. Clin J Pain
17:359–364.

30. Davis DA, Luecken LJ, Zautra AJ (2005) Are reports of childhood abuse related to the
experience of chronic pain in adulthood? A meta-analytic review of the literature. Clin
J Pain 21:398–405.

31. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R (2007) Childhood maltreatment
predicts adult inflammation in a life-course study. Proc Natl Acad Sci USA 104:1319–
1324.

32. Glaser R, Kiecolt-Glaser JK (1997) Chronic stress modulates the virus-specific immune
response to latent herpes simplex virus type 1. Ann Behav Med 19:78–82.

33. Tunback P, et al. (2003) Prevalence of herpes simplex virus antibodies in childhood and
adolescence: A cross-sectional study. Scand J Infect Dis 35:498–502.

34. Siegel D, et al. (1992) Prevalence and correlates of herpes simplex infections. The
population-based AIDS in Multiethnic Neighborhoods Study. J Am Med Assoc
268:1702–1708.

35. Xu F, et al. (2006) Trends in herpes simplex virus type 1 and type 2 seroprevalence in the
United States. J Am Med Assoc 296:964–973.

36. Schmidt DD, Zyzanski S, Ellner J, Kumar ML, Arno J (1985) Stress as a precipitating factor
in subjects with recurrent herpes labialis. J Fam Pract 20:359–366.

37. Luborsky L, Mintz J, Brightman VJ, Katcher AH (1976) Herpes simplex virus and moods:
A longitudinal study. J Psychosom Res 20:543–548.

38. Cushing H (1905) Surgical aspects of major neuralgia of trigeminal nerve: Report of 20
cases of operation upon the Gasserian ganglion with anatomic and physiological notes
on the consequence of its removal. J Am Med Assoc 44:1002.

39. Warren SL, Carpenter CM, Boak RA (1940) Symptomatic herpes, a sequela of artificially
induced fever. J Exp Med 71:155.

40. Perna FM, Antoni MH, Kumar M, Cruess DG, Schneiderman N (1998) Cognitive-
behavioral intervention effects on mood and cortisol during exercise training. Ann
Behav Med 20:92–98.

41. Glaser R, Kiecolt-Glaser J (1994) in Human Herpesvirus Infections, eds Glaser R, Jones
J (Dekker, New York), pp 245–270.

42. Glaser R, Kiecolt-Glaser JK (2005) Stress-induced immune dysfunction: Implications for
health. Nat Rev Immunol 5:243–251.

43. Cohen S, Herbert TB (1996) Health psychology: Psychological factors and physical
disease from the perspective of human psychoneuroimmunology. Annu Rev Psychol
47:113–142.

44. Bonneau RH, Hunzeker JT (2007) in Psychoneuroimmunology, ed Ader R (Elsevier, San
Diego), pp 1077–1096.

45. Garcia-Linares MI, Sanchez-Lorente S, Coe CL, Martinez M (2004) Intimate male partner
violence impairs immune control over herpes simplex virus type 1 in physically and
psychologically abused women. Psychosom Med 66:965–972.

46. Drummond PD, Hewson-Bower B (1997) Increased psychosocial stress and decreased
mucosal immunity in children with recurrent upper respiratory tract infections. J Psy-
chosom Res 43:271–278.

47. Sanchez-Martin JR, et al. (2001) Social behavior, cortisol, and sIgA levels in preschool
children. J Psychosom Res 50:221–227.

48. Herbert TB, Cohen S (1993) Stress and immunity in humans: A meta-analytic review.
Psychosom Med 55:364–379.

49. Freeman ML, Sheridan BS, Bonneau RH, Hendricks RL (2007) Psychological stress
compromises CD8� T cell control of latent herpes simplex virus type 1 infections.
J Immunol 179:322–328.

50. Kemeny ME, Cohen F, Zegans LS, Conant MA (1989) Psychological and immunological
predictors of genital herpes recurrence. Psychosom Med 51:195–208.

51. Esterling BA, Kiecolt-Glaser JK, Glaser R (1996) Psychosocial modulation of cytokine-
induced natural killer cell activity in older adults. Psychosom Med 58:264–272.

52. McKinnon W, Weisse CS, Reynolds CP, Bowles CA, Baum A (1989) Chronic stress,
leukocyte subpopulations, and humoral response to latent viruses. Health Psychol
8:389–402.

53. Carlson M, Earls F (1997) Psychological and neuroendocrinological sequelae of early
social deprivation in institutionalized children in Romania. Ann N Y Acad Sci 807:419–
428.

54. Gunnar M, Bruce J, Grotevant HD (2000) International adoption of institutionally
reared children: Research and policy. Dev Psychopathol 12:677–693.

55. Johnson DE, et al. (1992) The health of children adopted from Romania. J Am Med
Assoc 268:3446–3451.

56. Flaherty EG, et al. (2006) Effect of early childhood adversity on child health. Arch
Pediatr Adolesc Med 160:1232–1238.

57. Lansford JE, et al. (2002) A 12-year prospective study of the long-term effects of early
child physical maltreatment on psychological, behavioral, and academic problems in
adolescence. Arch Pediatr Adolesc Med 156:824–830.

58. Hussey JM, Chang JJ, Kotch JB (2006) Child maltreatment in the United States: Preva-
lence, risk factors, and adolescent health consequences. Pediatrics 118:933–942.

59. Felitti VJ, et al. (1998) Relationship of childhood abuse and household dysfunction to
many of the leading causes of death in adults. The Adverse Childhood Experiences
(ACE) Study. Am J Prev Med 14:245–258.

60. Batten SV, Aslan M, Maciejewski PK, Mazure CM (2004) Childhood maltreatment as a
risk factor for adult cardiovascular disease and depression. J Clin Psychiatry 65:249–
254.

61. Coe CL, Lubach GR (2003) Critical periods of special health relevance for psychoneu-
roimmunology. Brain Behav Immun 17:3–12.

62. Albers LH, Johnson DE, Hostetter MK, Iverson S, Miller LC (1997) Health of children
adopted from the former Soviet Union and Eastern Europe. Comparison with pre-
adoptive medical records. J Am Med Assoc 278:922–924.

63. Melchior M, Moffitt TE, Milne BJ, Poulton R, Caspi A (2007) Why do children from
socioeconomically disadvantaged families suffer from poor health when they reach
adulthood? A life-course study. Am J Epidemiol 166:966–974.

64. Flohr C, Pascoe D, Williams HC (2005) Atopic dermatitis and the ‘‘hygiene hypothesis’’:
Too clean to be true? Br J Dermatol 152:202–216.

65. Satterthwaite D (1993) The impact on health of urban environments. Environ Urban
5:87–111.

66. Nikfarjam J, et al. (2004) Oral manifestations in selective IgA deficiency. Int J Dent Hyg
2:19–25.

67. Teeuw W, Bosch JA, Veerman EC, Amerongen AV (2004) Neuroendocrine regulation of
salivary IgA synthesis and secretion: Implications for oral health. Biol Chem 385:1137–
1146.

68. Lang A, Brien JD, Messaoudi I, Nikolich-Zugich J (2008) Age-related dysregulation of
CD8� T cell memory specific for a persistent virus is independent of viral replication.
J Immunol 180:4848–4857.

69. Straus MA, Hamby SL, Finkelhor D, Moore DW, Runyan D (1998) Identification of child
maltreatment with the parent–child conflict tactics scales: Development and psycho-
metric data for a national sample of American parents. Child Abuse Neglect 22:249–
270.

70. Shirtcliff EA, Granger DA, Schwartz E, Curran MJ (2001) Use of salivary biomarkers in
biobehavioral research: Cotton-based sample collection methods can interfere with
salivary immunoassay results. Psychoneuroendocrinology 26:165–173.

71. Kirschbaum C, Hellhammer D (1992) in Assessment of Hormones and Drugs in Saliva
in Biobehavioral Research, eds Kirschbaum C, Read GF, Hellhammer D (Hogrefe &
Huber, Gottingen, Germany), pp 67–76.

72. Rudolph KD, et al. (2000) Toward an interpersonal life-stress model of depression: The
developmental context of stress generation. Dev Psychopathol 12:215–234.

73. Reynolds CR, Richmond BO (1978) What I think and feel: A revised measure of children’s
manifest anxiety. J Abnormal Child Psychol 6:271–280.

74. Kovacs M (1985) The children’s depression inventory (CDI). Psychopharmacol Bull
21:995–998.

Shirtcliff et al. PNAS � February 24, 2009 � vol. 106 � no. 8 � 2967

PS
YC

H
O

LO
G

Y



Supporting Information
Shirtcliff et al. 10.1073/pnas.0806660106
SI Text
The focus of our statistical analyses was on group differences in
HSV-sIgA and total sIgA antibody titers, but we also examined
whether several other potential co-occurring risk factors helped
to account for the group differences in HSV-sIgA levels. Here,
we provide additional information on these analyses and the
possible contribution of other factors to the two primary out-
comes of HSV and sIgA.

Gender. There were no gender differences in HSV-sIgA
[F(1,109) � 0.26, P � 0.61] or total sIgA levels [F(1,108) � 0.62,
P � 0.45].

Race. Participants were categorized as white (61%), black (25%),
mixed (9%), or other (5%). There were no race differences in
HSV-sIgA levels [F(3,108) � 0.82, P � 0.5] or sIgA levels
[F(3,107) � 1.19, P � 0.32]. Outside of a statistical trend for
black adolescents to have lower sIgA than white adolescents (P �
0.08), posthoc LSD contrasts did not reveal any racial differences
in HSV-sIgA or sIgA levels (P � 0.14).

Age in Years. HSV-sIGa and total sIgA were not significantly
correlated with age (r � �0.15 and r � �0.11, P � 0.12,
respectively).

Body Mass Index (BMI). We used the 2000 Center for Disease
Control guidelines to calculate BMI (kg/m2) and then converted
the scores to percentiles for age. Scores were calculated sepa-
rately for males and females. Our participants ranged from the
third through the 99.9th percentile on BMI. Only 1.8% of
participants were classified as underweight (fifth percentile or
lower); 68.8% maintained a healthy weight (between the fifth
and 85th percentiles); 14.7% were considered overweight (be-
tween the 85th and 95th percentiles); and 16.5% were obese (�
95th percentile). BMI percentiles were not correlated with
HSV-sIgA (r � 0.004) or total sIgA (r � 0.014) (P � 0.880).

Socioeconomic Status (SES). We used the 4-factor Hollingshead
scale to assess SES based on education and occupation infor-
mation. Scores were calculated separately for mothers and
fathers, and then were combined into a single composite. Only
the father’s score was used if mothers indicated they chose to stay
home with their children. Consistent with our recruitment
strategy, scores were distributed across the full Hollingshead
range. Eight percent of participants were classified into the
lowest SES category (scores 0–19); 19% scored in the low to mid
SES (scores 20–29); 11% scored in the midrange (30–39); 30%
scored in the mid-upper SES range (scores 40–54); and 32%
scored in the upper SES category (scores 55–66). SES was not
correlated with HSV-sIgA (r � 0.06) or total sIgA (r � 0.14)
(P � 0.16).

Recent Life Stress. Individual differences in life stress were eval-
uated with the semistructured Life Stress Interview [Rudolph
KD, Flynn M (2007) Childhood adversity and youth depression:
Influence of gender and pubertal status. Dev Psychopathol
19:497–521]. Trained graduate and postgraduate students inter-
viewed parents and adolescents separately about the child’s
stressful life events during the past year. Inquiries were made
about particular life domains. Follow-up probes elicited details
about chronic stress experiences, relevant social buffers, nega-
tive stressful events within each domain, and relevant informa-

tion about context (e.g., prior experience, objective conse-
quences). For example, in the family domain, probes assessed
problematic aspects of relationships such as lack of closeness or
trust, unavailability of parents, and ongoing conflict among
family members. In the peer domain, probes assess problematic
aspects of friendships and general peer relationships such as
ongoing conflict with friends, isolation from peers, lack of
participation in social activities, and chronic teasing. In the
school domain, probes assess ongoing stressful conditions asso-
ciated with academic and nonacademic problems. This informa-
tion was then presented to a trained rating team comprised of
2–5 members with no prior knowledge of the adolescent. The
team rated the negative impact of each event on a scale of 1 (no
negative stress/impact) to 5 (severe negative stress/impact). High
reliability has been achieved (intraclass correlation coefficients
of 0.85; P � 0.001). Information from both informants was
combined during coding. Stress scores were summed across the
7 domains to create a global stress index.

Scores for a relatively stress-free child were anchored at 2;
children receiving a score of 1 are demonstrating superior
performance in that domain (e.g., all As, never failed a test, etc.).
Scores could potentially range from 7 to 35; stress exposure in
our study ranged from 8.5 (superior-above average across all
domains) through 30 (severe stress across all domains). Twenty-
five percent of participants scored at 14 or below; 75% of
participants scored at 19 or below; finally, 90% of participants
scored at 22 or below. Recent stress exposure was not correlated
with HSV-sIgA (r � 0.03) or total sIgA (r � �0.045) (P � 0.13).

Lifetime Stress. At the end of each stress interview, probes elicited
information about events and experiences that were ‘‘not just
everyday problems’’ across the youth’s entire life. Specific probes
queried about events such as the death of a close family member
or friend, chronic physical or mental illness of a close family
member or friend, parental separation or divorce, separation of
the child from one or both parents, exposure to serious marital
conflict. Both the parent and child provided this information,
and a summary of both accounts was used to code the lifetime
stress exposure on a scale of 1–10. Twenty-five percent of the
youth scored at 2 or below; 75% scored at 6 or below; 90% scored
at 7.5 or below. Lifetime stress was not correlated with HSV-
sIgA (r � 0.04) or total sIgA (r � �0.05) (P � 0.6).

Depressive Symptoms. The Children’s Depression Inventory
(CDI) contains 27 items. The youth was asked to self-report one
of three statements that best described his or her feelings for the
past 2 weeks. The measure has been validated for children ages
6–17 years old. The global score captured depressive symptoms.
Scores ranged from 0 to 25, with 25% and 50% of children
scoring � 1 and 7, respectively. The CDI was not correlated with
HSV-sIgA (r � 0.05) or total sIgA (r � �0.03) (P � 0.6).

Anxiety Symptoms. The Revised Children’s Manifest Anxiety
Scale (RCMAS) provides summary measures of children’s total
anxiety, physiological anxiety, worry, and social concern. It
includes 37 yes/no items that have been validated for children
aged 6–19. The global score assessed anxiety symptoms. Scores
ranged from 0 to 37 with 25% and 75% of participants scoring �
6 and 15, respectively. The RCMAS was not associated with
HSV-sIgA (r � 0.01) or total sIgA (r � 0.09) (P � 0.5).
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Health and Behavior Questionnaire (HBQ).The parent provided
information on subsections of the MacArthur HBQ, including
physical health problems. Parents indicated (yes/no) whether
their child has ever had a chronic medical condition from a
checklist of 22 relatively-common medical conditions. Condi-
tions include such ailments as persistent ear infections, repeated
urinary infections, repeated/persistent upper respiratory infec-
tions, severe allergies, speech disorders, learning disorders,
arthritis, and asthma. Scores ranged from 0 to 6 with nearly 50%
of parents reporting no chronic medical conditions, and 8% of
parents reporting 3� conditions.

Parents also reported on their child’s global physical health,
including 5 questions such as ‘‘would you say your child’s physical
health is excellent, good, fair or poor?’’ and ‘‘how often in an
average month does your child stay home or come home from
school or childcare because of illness?’’ All items were on a 0–3
scale and then summed. Scores ranged from 0 to 12, with 75%
of participants scoring 2 or lower. Children with more chronic
medical conditions had significantly higher HSV-sIgA levels (r �
0.23, P � 0.02) and a trend for higher total sIgA levels (r � 0.18,
P � 0.07). Global health was not associated with HSV-sIgA (r �
0.15) or total sIgA (r � 0.05) (P � 0.15).
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