
Annette Langer-Gould,
MD, PhD

Jun Wu, MD, MS
Robyn Lucas, PhD
Jessica Smith, MPH
Edlin Gonzales, MA
Lilyana Amezcua,

MD, MS
Samantha Haraszti, MS
Lie Hong Chen, DrPH
Hong Quach, BA
Judith A. James, MD
Lisa F. Barcellos, PhD
Anny H. Xiang, PhD

Correspondence to
Dr. Langer-Gould:
Annette.M.Langer-Gould@kp.org

Supplemental data
at Neurology.org

Epstein-Barr virus, cytomegalovirus, and
multiple sclerosis susceptibility
A multiethnic study

ABSTRACT

Objective: To determine whether Epstein-Barr virus (EBV) or cytomegalovirus (CMV) seropositiv-
ity is associated with multiple sclerosis (MS) in blacks and Hispanics and to what extent measures
of the hygiene hypothesis or breastfeeding could explain these findings. EBV and CMV have been
associated with MS risk in whites, and the timing and frequency of both viruses vary by factors
implicated in the hygiene hypothesis.

Methods: Incident cases of MS or its precursor, clinically isolated syndrome (CIS), and matched
controls (blacks, 111 cases/128 controls; Hispanics, 173/187; whites, 235/256) were recruited
from the membership of Kaiser Permanente Southern California. Logistic regression models ac-
counted forHLA-DRB1*1501 status, smoking, socioeconomic status, age, sex, genetic ancestry,
and country of birth.

Results: Epstein-Barr nuclear antigen-1 (EBNA-1) seropositivity was independently associated
with an increased odds of MS/CIS in all 3 racial/ethnic groups (p , 0.001 for blacks and whites,
p 5 0.02 for Hispanics). In contrast, CMV seropositivity was associated with a lower risk of
MS/CIS in Hispanics (p 5 0.004) but not in blacks (p 5 0.95) or whites (p 5 0.96). Being born
in a low/middle-income country was associated with a lower risk of MS in Hispanics (p5 0.02) but
not after accounting for EBNA-1 seropositivity. Accounting for breastfeeding did not diminish the
association between CMV and MS in Hispanics.

Conclusions: The consistency of EBNA-1 seropositivity with MS across racial/ethnic groups
and between studies points to a strong biological link between EBV infection and MS risk. The asso-
ciation between past CMV infection and MS risk supports the broader hygiene hypothesis, but
the inconsistency of this association across racial/ethnic groups implies noncausal associations.
Neurology® 2017;89:1330–1337

GLOSSARY
CI 5 confidence interval; CIS 5 clinically isolated syndrome; CMV 5 cytomegalovirus; EBNA-1 5 Epstein-Barr nuclear
antigen-1; EBV 5 Epstein-Barr virus; EHR 5 electronic health record; ICD-9 5 International Classification of Diseases,
ninth revision; IM 5 infectious mononucleosis; KPSC 5 Kaiser Permanente Southern California; MS 5 multiple sclerosis;
OR 5 odds ratio; SAQ 5 self-administered questionnaire.

The hygiene hypothesis purports that the modern-day rise in allergic and autoimmune con-
ditions is due to prevention or delay of common early-life infections. Evidence supporting
a role for early-life hygiene as a risk factor for multiple sclerosis (MS) includes an increased
risk of MS associated with infectious mononucleosis (IM),1–3 the clinical manifestation of
Epstein-Barr virus (EBV) infection delayed into adolescent or adulthood; an extremely
low risk of MS in EBV antibody–negative individuals4–8; and a decreased MS risk associ-
ated with higher sibling exposure early in life9 in whites. More recently, lower rates of
cytomegalovirus (CMV) infection have also been linked to increased risk of MS,10,11 albeit
inconsistently.5,12
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The seroprevalence and timing of infection
with EBV and CMV vary by factors impli-
cated in the hygiene hypothesis and by race/
ethnicity. Both are ubiquitous early-life infec-
tions in developing countries.13 However, in
developed countries, EBV infection and
particularly CMV infection are often delayed
into adolescence and adulthood. While EBV
seroprevalence remains ubiquitous in adults in
developed countries, CMV seropositivity
ranges from 51% to 82% in US adults, de-
pending on race/ethnicity and socioeconomic
factors.14 CMV seropositivity is higher at
younger ages in Hispanic and black compared
to white Americans and those residing in
crowded living conditions.14 CMV can be
transmitted through breastmilk; therefore,
declining breastfeeding rates during most of
the 20th century15 could also contribute to
declines and delays in CMV infection. In addi-
tion, serum EBV antibody titers are higher in
black compared to white American youths.16

We sought to use this natural variation in
seroprevalence to determine the strength and
consistency of association of EBV and CMV
with MS risk in blacks, Hispanics, and whites
and to examine to what extent such associa-
tions could be explained by factors implicated
in the hygiene hypothesis or breastfeeding.

METHODS Study population. Participants in the MS

Sunshine Study were recruited from the Kaiser Permanente

Southern California (KPSC) membership between December

2011 and December 2014 via mailings and telephone. KPSC is

a large health maintenance organization with .4 million

members representative of the general population in Southern

California.17 KPSC uses an integrated electronic health record

(EHR) system that includes all inpatient and outpatient encoun-

ters, diagnostic tests, diagnoses, medications, and some demo-

graphic and behavioral characteristics. Data were collected from

the EHR and, after informed consent, structured in-person

interview, blood draw, and self-administered questionnaire (SAQ).

Standard protocol approvals, registrations, and patient
consents. The study protocol was approved by the KPSC

institutional review board.

Case identification. Incident cases with MS or clinically isolated

syndrome (CIS) were identified with methods similar to those pre-

viously described.18,19 Briefly, we searched EHRs monthly for the

first mention of ICD-9 diagnostic codes for MS/CIS. Diagnoses

were confirmed by an MS specialist (A.L.-G.) according to

diagnostic criteria/consensus definitions for MS20 or CIS.21,22

Eligibility required diagnosis of MS or CIS within the past 1.5

years or symptom onset within the past 3 years and age$18 years.

Control selection. At least 1 control participant from the KPSC

population, matched to the case on race/ethnicity, birthdate

(within 2 years), sex, and KPSC facility (a surrogate measure

for socioeconomic status), was identified from the EHR and

recruited. The controls were assigned the same index date as their

matched case (symptom onset date).

Data collection. Self-identified race/ethnicity was obtained

from the interview. White non-Hispanics were classified as

white; any black race regardless of ethnicity was classified as black;

and those who identified themselves as white and Hispanic were

classified as Hispanics.

Covariates obtained from the in-person interview included

history of IM, place of birth, income, and education. Details

on number, birthdate, and cohabitation of siblings and breast-

feeding (yes/no) were obtained from the SAQ. Age was defined

as age at the index date. Infant sibling exposure was defined

as cumulative infant-years of exposure to a younger sibling

categorized as ,1 vs $1 year before 6 years of age as previously

described.9

Viral studies. IgG antibodies to EBV viral capsid antigen (an

indicator of remote EBV infection), Epstein-Barr nuclear

antigen-1 (EBNA-1; an indicator of EBV latency), EBV early

antigen (an indicator or recent EBV infection), and CMV were

detected in serum with commercially available ELISAs (appendix

e-1 at Neurology.org). The median time from diagnosis to

serum measurement was relatively short (black cases 1 month,

interquartile range 1–9 months; Hispanics 4 months, inter-

quartile range 5 0–12 months; whites 4 months, interquartile

range 5 0–10 months).

Genotyping. DNA samples were genotyped for HLA-
DRB1*15:01 status via tag single nucleotide polymorphism

(rs3135388). Genetic ancestry was determined with STRUC-

TURE software version 2.3.119 using a genome-wide set of

67,547 linkage disequilibrium–pruned loci selected by PLINK

1.07.20 HLA-DRB1*15:03, an MS risk allele in blacks, was

imputed (appendix e-1).

Statistical analysis. The genotyping data were available on

1,159 (97.6%) of the 1,187 black, Hispanic, or white participants

who had completed the study protocol by February 6, 2015.

Sixty-nine participants were excluded because of missing data as

follows: 4 missing serum viral titer values, 4 missing place of

birth, 3 missing education status, 63 declined to answer income

status, and 1 missing smoking status. The final analysis cohort

included 1,090 (94.0%) participants: 239 blacks (111 cases/128

controls), 360 Hispanics (173 cases/187 controls), and 491

whites (235 cases/256 controls).

Multivariate logistic regression models were used to evaluate

the associations of EBNA-1 and CMV seropositivity with MS by

race/ethnicity group. The model was a priori defined and adjusted

for factors that have been associated with higher EBNA-1 titers or

CMV seropositivity inMS or the general population, including age,

sex, education level (defined as college degree or higher vs less than

college degree), annual household income ($$65,000 or

,$65,000, the median for California),HLA-DRB1*15:01 status,23

genetic ancestry, smoking (ever/never), and having been born in

a low/middle-income country. In blacks, models were adjusted for

carrying at least 1 copy of HLA-DRB1*15:01 or DRB1*15:03 risk
allele.24 To avoid overfitting of models, birth country was included

as a covariate only in Hispanics because very few whites and blacks

were born in low/middle-income countries. The relationship of

these variables to EBNA-1 and CMV seropositivity among controls

was also evaluated to allow comparison with US population-based

studies.14,16,25 Tests for multiplicative or additive interactions were

also performed (appendix e-1).
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Additional analyses were performed in the subgroup of partic-

ipants (n5 869, 79.7%) who returned the SAQ for having been

breastfed as an infant (yes/no) and infant sibling exposure because

CMV can be transmitted through breastmilk and at least 1 infant-

year contact has been associated with a reduced risk of IM and

lower composite EBV titers.9

The Fisher exact test was used to compare frequencies of

binary variables. The Wilcoxon rank-sum test was used to com-

pare the medians of continuous variables between cases and

controls stratified by race and between racial/ethnic groups.

All analyses were conducted with SAS software version 9.3

(SAS Institute Inc, Cary, NC).

RESULTS Participant characteristics. Table 1 shows
the demographic characteristics, prevalence of MS

risk factors, EBV and CMV infection status, and

selected factors that influence EBV and CMV

seropositivity in cases and controls. Hispanic controls

had a higher seroprevalence of CMV antibodies (p ,
0.001) despite a younger age at index date than blacks

and whites. Hispanics were more frequently born in

a developing country (p, 0.001) and achieved lower

education status than blacks or whites (p , 0.001).

Table 1 Selected characteristics at index date and CMV and EBV status of participants by race/ethnicity

Black (n 5 249) Hispanic (n 5 360) White (n 5 491)

Case
(n 5 111)

Control
(n 5 128) p

Case
(n 5 173)

Control
(n 5 187) p

Case
(n 5 235)

Control
(n 5 256) p

Age, median (Q1, Q3), y 38 (29, 47) 36.5 (29, 47) 0.71 31 (24, 39) 31 (24, 39) 0.69 41 (31, 48) 40 (31, 48) 0.91

Female, n (%) 90 (81.1) 99 (77.3) 0.53 126 (72.8) 140 (74.9) 0.72 154 (65.5) 166 (64.8) 0.92

Smoking, n (%) 25 (22.5) 31 (24.2) 0.88 42 (24.3) 33 (17.7) 0.15 110 (46.8) 84 (32.8) 0.00

Education, n (%) 0.20a 0.48a 0.02a

High school or less 15 (13.5) 13 (10.2) 41 (23.7) 49 (26.2) 22 (9.4) 31 (12.1)

Technical school or some college 49 (44.1) 50 (39.1) 80 (46.2) 89 (47.6) 105 (44.7) 80 (31.3)

College or more 47 (42.3) 65 (50.8) 52 (30.1) 49 (26.2) 108 (45.9) 145 (56.6)

Annual income £$65,000, n (%) 59 (53.2) 66 (51.6) 0.90 93 (53.8) 96 (51.3) 0.67 78 (33.2) 66 (25.8) 0.07

Birth country, n (%)b 4 (3.6) 3 (2.3) 0.71 35 (20.2) 58 (31.0) 0.02 0 (0.0) 3 (1.2) 0.25

IM, n (%) 12 (10.8) 4 (3.1) 0.02 13 (7.5) 3 (1.6) 0.01 48 (20.4) 30 (11.7) 0.01

CMV

CMV titer, median (Q1, Q3) 1.8 (0.4, 2.3) 1.9 (0.4, 2.4) 0.36 1.2 (0.3, 2.0) 1.8 (0.4, 2.3) 0.001 0.4 (0.3, 2.0) 0.5 (0.3, 2.0) 0.61

CMV positive, n (%) 76 (68.5) 86 (67.2) 0.89 93 (53.8) 136 (72.7) ,0.001 101 (43.0) 109 (42.6) 1.00

EBV

EBNA-1 titer, median (Q1, Q3) 0.4 (0.3, 0.6) 0.3 (0.2, 0.4) ,0.0001 0.4 (0.2, 0.6) 0.3 (0.2, 0.4) ,0.0001 0.3 (0.2, 0.5) 0.2 (0.1, 0.3) ,0.0001

EBNA-1 positive, n (%) 79 (71.2) 56 (43.8) ,0.0001 98 (56.7) 79 (42.3) 0.008 116 (49.4) 54 (21.1) ,0.0001

EBV EA positive, n (%) 2 (1.8) 1 (0.8) 0.60 2 (1.2) 0 (0.0) 0.23 1 (0.4) 3 (1.2) 0.62

EBV VCA positive, n (%) 108 (97.3) 125 (97.7) 1.00 167 (96.5) 177 (94.7) 0.45 231 (98.3) 237 (92.6) 0.003

EBV seronegative, n (%)c 3 (2.7) 2 (1.6) 0.67 6 (3.5) 10 (5.4) 0.45 3 (1.3) 17 (6.6) 0.003

HLA-DRB1*1501 positive, n (%) 19 (17.1) 16 (12.5) 0.36 48 (27.8) 22 (11.8) 0.0002 107 (45.5) 51 (19.9) ,0.0001

HLA-DRB1*1503 positive, n (%) 39 (35.1) 24 (18.8) 0.005 3 (1.7) 5 (2.7) 0.73 0 (0) 1 (0.4) 1.00

Black (n 5 249) Hispanic (n 5 360) White (n 5 491)

Case
(n 5 83)

Control
(n 5 93) p

Case
(n 5 128)

Control
(n 5 156) p

Case
(n 5 197)

Control
(n 5 212) p

Infant exposure subgroupd

Breastfed, n (%)e 41 (33.6) 43 (32.6) 0.62 72 (38.5) 107 (53.8) 0.03 106 (42.6) 132 (48.9) 0.09

Infant sibling exposure, n (%)f 25 (30.1) 38 (41.3) 0.16 61 (50.8) 75 (51.0) 1.00 95 (48.2) 107 (52.7) 0.42

Abbreviations: CMV 5 cytomegalovirus; EA 5 early antigen; EBNA-1 5 Epstein-Barr nuclear antigen-1; EBV 5 Epstein-Barr virus; IM 5 infectious mono-
nucleosis; Q 5 quartile; VCA 5 viral capsid antigen.
aCollege degree or higher vs less than college degree.
bBorn in low/middle-income country.
c EBV seronegative for all EBV markers (EBNA-1, EA, and VCA).
d Participants who completed the infant exposure questions.
e Proportion with known status; breastfeeding status was reported as unknown by 1 black case and 1 white case.
f Infant sibling exposure ($1 cumulative-year exposure to siblings ,2 years of age before the age of 6 years) could not be calculated for 1 black control, 2
Hispanic cases and 9 Hispanic controls, and 9 white controls.
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Blacks and Hispanics reported a lower annual house-
hold income than whites (p , 0.001). More
black cases than controls carried at least 1 HLA-
DRB1*1501 or 1503 risk allele (50.5% vs 31.3%,
p 5 0.0035), whereas Hispanics and whites rarely
carried the HLA-DRB1*1503 allele.

A history of IM was reported less frequently by
blacks and Hispanics compared to whites (table 1).
However, a history of IM was consistently associated
with a higher risk of MS/CIS among all 3 racial/ethnic
groups independently of the effects of sex, age, smok-
ing, HLA-DRB1*1501 carrier status, and genetic
ancestry (blacks: odds ratio [OR] 4.43, 95% confi-
dence interval [CI] 1.33–14.77, p 5 0.015; whites:
OR 5 2.24, 95% CI 5 1.32–3.79, p 5 0.003;
and Hispanics: OR 5 3.66, 95% CI 5 0.98–
13.66, p 5 0.053).

Association of CMV and EBNA-1 antibodies with MS

within racial/ethnic groups. Hispanic controls were
more likely to be CMV seropositive and born in
a low/middle- income country than cases (table 1).
This association of CMV seropositivity with a lower

risk of MS/CIS among Hispanics persisted after
adjustment for HLA-DRB1*1501 carrier status,
genetic ancestry, EBNA-1 positivity, and factors
previously reported to be associated with CMV sta-
tus, including country of birth, age, and socioeco-
nomic status (figure, A). However, no association
between CMV seropositivity and MS was detected in
blacks or whites (table 1 and figure, A).

EBNA-1 titers and seroprevalence were consis-
tently higher among cases than controls in all 3
racial/ethnic groups. Black and Hispanic controls also
had higher EBNA-1 titers (p , 0.001) and frequency
of seropositivity (p, 0.001) than white controls. The
independent association of EBNA-1 seropositivity and
higher risk of MS/CIS persisted in all 3 racial/ethnic
groups after adjustment for HLA-DRB1*1501 carrier
status, CMV positivity, socioeconomic status, and
country of birth (figure, B). The frequency of EBV
viral capsid antigen seropositivity differed between
cases and controls in whites but not among blacks
and Hispanics (table 1). EBV early antigen seroposi-
tivity was rare across all racial/ethnic groups and did
not differ significantly by case/control status (table 1).

Interaction between EBNA-1 seropositivity and HLA-

DRB1*15 on MS risk.We detected an additive but not
multiplicative interaction between EBNA-1 seropos-
itivity and HLA-DRB1*1501/1503 carrier status in
blacks (attributable proportion due to interaction
0.67, 95% CI 5 0.39–0.95). No significant additive
or multiplicative interactions were detected in whites
or Hispanics (appendix e-1).

Factors associated with CMV and EBNA-1 seropositivity

among controls. The associations among demographic
and socioeconomic factors, country of birth, HLA-
DRB1*1501 or DRB1*1501/1503 carrier status,
and CMV or EBNA-1 seropositivity among con-
trols are presented in table 2. Being born in a low/
middle-income country and older age at index date
were associated with CMV seropositivity in His-
panics. Hispanic and white controls who carried at
least 1 copy of the HLA-DRB1*1501 risk allele were
more likely to be seropositive for EBNA-1. Other
factors showed no significant association with CMV
or EBNA-1 seropositivity.

Breastfeeding, infant sibling exposure, CMV, EBV, and

MS.To test whether associations of CMV or EBNA-1
antibodies and MS/CIS could be explained by other
markers of the hygiene hypothesis, we examined the
role of having been breastfed or exposed to infant
siblings in the subgroup of participants for whom this
information was available (70% of blacks, 79% of
Hispanics, and 83% of whites for breastfeeding; 70%
of blacks, 74% of Hispanics, and 81% of whites
for infant sibling exposure). We did not find any

Figure Association of MS with EBNA-1 and CMV seropositivity among blacks,
Hispanics, and whites

Depicted are the adjusted ORs and 95% CIs of the association between (A) EBNA-1 and (B)
CMV seropositivity and MS/CIS among blacks (111 cases/128 controls), Hispanics (173
cases/187 controls), and whites (235 cases/256 controls) from the same model. ORs are
adjusted for age, sex, education, household income, smoking, HLA-DRB1*15:01 (and HLA-
DRB1*15:03 for blacks), genetic ancestry, and (A) CMV or (B) EBNA-1 seropositivity.
Country of birth was also included in the model for Hispanics. CI 5 confidence interval;
CIS5 clinically isolated syndrome; CMV5 cytomegalovirus; EBNA-15 Epstein-Barr nuclear
antigen-1; MS 5 multiple sclerosis; OR 5 odds ratio.
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association between infant sibling exposure or breast-
feeding and CMV or EBNA-1 antibodies among
controls (table 2). However, both factors showed some
association with a reduced risk of MS/CIS.

Breastfeeding was associated with a reduced risk of
MS in Hispanics (p 5 0.03) and whites (p 5 0.09;
table 1). This finding was no longer statistically sig-
nificant in either group after adjustment for EBNA-1
or CMV seropositivity, socioeconomic status, smok-
ing, age, HLA-DRB1*1501, and genetic ancestry
(adjusted OR 5 0.59, 95% CI 5 0.33–1.05, p 5

0.073 in Hispanics; adjusted OR5 0.74, 95% CI5
0.46–1.20, p 5 0.23 in whites).

Exposure to infant siblings before the age of 6
years was associated with a potentially reduced risk
of MS in bivariable analyses in blacks and Hispanics
(table 1), but this effect was no longer detectable after
multivariable adjustment (p 5 0.38 for Hispanics,
p 5 0.40 for blacks).

Even after simultaneously accounting for the pos-
sible confounding role of breastfeeding and infant sib-
ling exposure, the significant protective association of

Table 2 Association of selected characteristics with CMV or EBNA-1 seropositivity by race/ethnicity among controls

CMV

Black (n 5 128) Hispanic (n 5 187) White (n 5 256)

1 (n 5 86) 2 (n 5 42) p 1 (n 5 136) 2 (n 5 51) p 1 (n 5 109) 2 (n 5 147) p

Age at index date, median (Q1, Q3), y 38 (29, 47) 35 (25, 48) 0.32 33 (26, 39) 27 (20, 33) 0.0038 42 (31, 48) 39 (29, 47) 0.19

Female, n (%) 66 (76.7) 33 (78.6) 1.00 102 (75.0) 38 (74.5) 1.00 74 (67.9) 92 (62.6) 0.43

Smoking, n (%) 26 (30.2) 5 (11.9) 0.03 27 (19.9) 6 (11.8) 0.28 42 (38.5) 42 (28.6) 0.11

Education, n (%)a 41 (47.7) 24 (57.1) 0.35 37 (27.2) 12 (23.5) 0.71 61 (56.0) 84 (57.1) 0.90

Income ‡$65,001, n (%) 40 (46.5) 22 (52.4) 0.58 63 (46.3) 28 (54.9) 0.33 83 (76.1) 107 (72.8) 0.57

Birth country, n (%)b 3 (3.5) 0 (0.0) 0.55 52 (38.2) 6 (11.8) 0.0004 1 (0.9) 2 (1.4) 1.00

HLA-DRB1*1501-positive, n (%)c 26 (30.2) 14 (33.3) 0.84 13 (9.6) 9 (17.6) 0.13 23 (21.1) 28 (19.0) 0.75

EBNA-1 positive, n (%) 36 (41.9) 20 (47.6) 0.57 59 (43.4) 20 (39.2) 0.62 24 (22.0) 30 (20.4) 0.76

Infant exposure subgroup

Breastfed, n (%) 25 (42.4) 16 (51.6) 0.50 76 (71.0) 26 (61.9) 0.33 54 (61.4) 73 (65.2) 0.66

Infant sibling exposure, n (%) 27 (43.5) 11 (36.7) 0.65 56 (54.9) 19 (42.2) 0.21 46 (52.3) 61 (53.0) 1.00

EBNA-1

Black (n 5 128) Hispanic (n 5 187) White (n 5 256)

1 (n 5 56) 2 (n 5 72) p 1 (n 5 79) 2 (n 5 108) p 1 (n 5 54) 2 (n 5 202) p

Age at index date, median (Q1, Q3), y 42 (29, 47) 33.5 (27.5, 47.5) 0.32 32 (24, 39) 31 (24, 38.5) 0.83 40.5 (32, 51) 40.5 (30, 48) 0.51

Female, n (%) 39 (69.6) 60 (83.3) 0.09 62 (78.5) 78 (72.2) 0.39 35 (64.8) 131 (64.9) 1.00

Smoking, n (%) 12 (21.4) 19 (26.4) 0.54 15 (19.0) 18 (16.7) 0.70 19 (35.2) 65 (32.2) 0.74

Education, n (%)a 27 (48.2) 38 (52.8) 0.72 17 (21.5) 32 (29.6) 0.24 31 (57.4) 114 (56.4) 1.00

Income ‡$65,001, n (%) 29 (51.8) 33 (45.8) 0.59 40 (50.6) 51 (47.2) 0.66 42 (77.8) 148 (73.3) 0.60

Birth country, n (%)b 2 (3.6) 1 (1.4) 0.58 26 (32.9) 32 (29.6) 0.64 0 (0.0) 3 (1.5) 1.00

HLA-DRB1*1501-positive, n (%)c 13 (23.2) 27 (37.5) 0.12 14 (17.7) 8 (7.4) 0.04 17 (31.5) 34 (16.8) 0.02

CMV positive, n (%) 36 (64.3) 50 (69.4) 0.57 59 (74.7) 77 (71.3) 0.62 24 (44.4) 85 (42.1) 0.76

Infant exposure subgroupd

Breastfed, n (%)e 21 (50.0) 20 (41.7) 0.53 44 (69.8) 58 (67.4) 0.86 25 (62.5) 102 (63.8) 1.00

Infant sibling exposure, n (%)f 15 (36.6) 23 (45.1) 0.52 29 (44.6) 46 (56.1) 0.19 25 (58.1) 82 (51.25) 0.49

Abbreviations: CMV 5 cytomegalovirus; EBNA-1 5 Epstein-Barr nuclear antigen-1; Q 5 quartile.
a College degree or higher vs less than college degree.
bBorn in low/middle-income country.
cHLA-DRB1*1501/1503 positive for blacks.
d Participants who completed the infant exposure questions.
e Proportion with known breastfed status: 72.7%, 83.4%, and 82.8% of black, Hispanic, and white controls, respectively.
f Proportion with known infant sibling exposure ($1 cumulative-year exposure to siblings ,2 years of age before the age of 6 years): 71.9%, 78.6%, and
79.3% of black, Hispanic, and white controls, respectively.
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CMV and MS in Hispanics (adjusted OR 5 0.47,
95% CI 5 0.26–0.84, p 5 0.01) and significant
association of EBNA-1 and increased risk of MS in
all 3 racial/ethnic groups (p 5 0.0018, p 5 0.006,
and p , 0.001 in blacks, Hispanics, and whites,
respectively) remained in these subgroup analyses.

DISCUSSION Studies like ours that include partici-
pants from multiple racial/ethnic groups (so-called
transethnic or transancestral studies) can be a strong
tool to test for potential biological associations
between exposures and health outcomes. This is
particularly important when the frequency of main
exposures varies by racial/ethnic groups, as it does
for EBNA-1 and CMV seroprevalence. If an expo-
sure is truly biologically linked, one would expect to
find consistent associations across racial/ethnic
groups. If consistency is not demonstrated across
racial/ethnic groups, it increases the likelihood that
unmeasured confounders or mediators may better
explain the association.

We found that serologic evidence of past EBV
infection and a history of IM are consistently associ-
ated with an increased risk of MS/CIS in all
3 racial/ethnic groups. This consistency of EBNA-1
seropositivity and IM associated with MS across
racial/ethnic groups in this study and between stud-
ies1–3,5–8 points to a strong biological link between
EBV infection and MS risk. In contrast, CMV sero-
positivity was associated with a decreased risk of MS/
CIS only in Hispanics. Although this association per-
sisted after accounting for socioeconomic status, birth
country, and other potential mediators of CMV
infection, it should be interpreted cautiously. While
the CMV findings support the broader hygiene
hypothesis, the lack of association we found in blacks
and whites and the inconsistent association between
CMV and MS in previous studies5,12 imply a non-
causal association.

EBV and CMV are ubiquitous early-life infections
in low/middle-income countries, with seropositivity
in most children by 3 years of age.26 Both are trans-
mitted primarily by saliva and, after infection, remain
latent with intermittent reactivation. While infection
with EBV and CMV is usually asymptomatic, if
exposure to EBV is delayed into adolescence or adult-
hood, it can be quite severe, manifesting as IM. Delay
of CMV infection in females into adulthood can
result in birth defects of their offspring from congen-
ital CMV. The timing of these infections in the US
varies by race/ethnicity.

CMV seropositivity is highest at younger ages in
Hispanics (55% at 6–14 years, 59% at 15–29 years
of age), followed by blacks (42% at 6–14 years, 64%
at 15–29 years of age) compared to whites (41% at
6–14 years, 40.3% at 15–29 years of age).14 Why

CMV seroprevalence is higher in very young
Hispanic-Americans can be only partially explained by
socioeconomic factors, household size, and country of
birth.14 Another potential mediator of CMV infection
that varies by cultural background is breastfeeding rates.

Our findings in blacks, whites, and Hispanics are
consistent with previous studies examining the associ-
ation of EBNA-1 seropositivity and IM with MS in
whites.2,3,5–8 Before this study, only very limited data
on EBV or CMV seropositivity and MS in nonwhites
were available (n 5 64 blacks, n 5 26 Hispanics).27

We and others found that EBV seronegativity is
rare among MS cases and controls5–8 and across all
racial/ethnic groups.13 In addition, IM was strongly
associated with MS risk across all groups, but the
proportion of blacks and Hispanics with IM was
lower than whites. This implies that delay of EBV
infection into adolescence or adulthood may be the
critical risk factor for MS. We, like others, have
apparently EBV-seronegative cases, which warrants
further investigation.

A recent meta-analysis demonstrated an additive
but not multiplicative interaction of HLA-
DR*15:01 and EBV infection for MS risk.28 We were
not able to detect this additive interaction with the
main MS risk allele in whites or Hispanics. However,
when we considered the 2 main risk alleles in blacks
(HLA-DRB1*1501 and 1503), an additive interac-
tion was detected. This finding supports a causal role
of EBV infection in MS, at least in those carrying
these major HLA risk alleles. These findings should
be replicated in future racially/ethnically diverse
cohorts.

In contrast, our CMV findings were inconsistent
across racial/ethnic groups. Only 2 previous studies
showed an inverse association between CMV seropos-
itivity and MS: 1 large Swedish population-based
incident case-control study11 and a small multiethnic
US pediatric MS case-control study.10 Most previous
studies found no association between CMV seropositiv-
ity andMS in their predominantly white, non-Hispanic
populations.5,12 A possible explanation for the differ-
ence in our findings compared to those from the
Swedish study is selection bias among controls in
1 or both studies because CMV seropositivity was
higher among the Swedish controls (65%) than our
white controls (58%) while seropositivity among
cases was quite similar (57% and 58%, respec-
tively).11 The Pediatric MS Study findings may be
consistent with ours in that the protective association
they found may have been driven by the inclusion of
a significantly higher proportion of Hispanic cases
than controls.10

To determine whether the protective association
between CMV seropositivity and MS in Hispanics
but not whites and blacks is better explained by other
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factors that increase seroprevalence, we examined the
influence of being born in a low/middle-income
country, higher infant sibling exposure, and lower
socioeconomic status. These factors mark the hygiene
hypothesis and were not considered in most previous
studies. Rather than diminishing the associations
between CMV or EBNA-1 and MS, accounting for
these factors negated associations between birth coun-
try (Hispanics) or infant sibling exposure (Hispanics
and blacks) and MS. This supports the idea that early
infection with EBV explains much of the apparent
protective effect of birth country reported herein
and greater infant sibling exposure, as has been previ-
ously reported.9

Although we did not find an association between
CMV seropositivity and breastfeeding, neither
EBNA-1 nor CMV seropositivity could fully negate
a possible protective effect of breastfeeding in His-
panics. The few previous studies examining breastfeed-
ing and MS risk in Europeans29,30 and Mexicans31

found that breastfeeding, particularly if for .4
months, was associated with a lower risk of MS. One
study found this protective association only in male
participants.30 None of these studies accounted for
EBV or CMV seropositivity.

The relationship between breastfeeding and the
hygiene hypothesis is not straightforward. Breastfeed-
ing can mark poor or superior hygiene, depending on
the country and socioeconomic status. Breastfeeding is
common among poor women in low/middle-income
countries32 and better-educated women in developed
countries.15 Breastfeeding can also result in vertical
transmission of viruses such as HIV and CMV yet
protect against common early-childhood infections.15

Thus, finding different effects of breastfeeding and
MS across racial/ethnic groups might be expected.
Whether breastfeeding is a modifiable risk factor for
MS susceptibility, in particular independently of
EBV, remains unclear and deserving of further study.

While we favor a noncausal association between
CMV and MS, the biggest limitation of our study
is the case-control design. Thus, we cannot exclude
the possibility that it is earlier age at infection with
CMV that is protective. Another big limitation is
missing data for breastfeeding and infant sibling expo-
sure because some participants did not complete the
SAQ. In addition, reliance on self-report of IM and
breastfeeding raises the issue of recall bias. Selection
bias of controls is another potential limitation,
although the seroprevalence for EBV and CMV is
consistent with expected rates from multiethnic
population-based studies.14,16,25

Strengths of this study include that it is the largest
population-based multiethnic study of incident MS
cases, all recruited from same geographic area over
a relatively short period of time, thus minimizing

the potential for selection bias, confounding by geog-
raphy, or a birth cohort effect. In addition, factors
were measured in the same way across racial/ethnic
groups, allowing valid comparisons across groups.

This study highlights how multiethnic studies can
improve our understanding of MS susceptibility.
Taken together with previous studies, our findings
point to a strong biological link between EBV
infection and MS. Like previous studies, we cannot
determine whether EBV infection is required to
develop MS or whether the ability to detect
EBNA-1 antibody titers is a reflection of altered
cell-mediated immunity, the pathophysiologic
hallmark of MS. In contrast, the inconsistency of
association between MS and CMV seropositivity
across racial/ethnic groups and between studies
implies a noncausal association.
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