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a b s t r a c t

Fatigue is a notable clinical problem in cancer survivors, and understanding its pathophysiology is impor-
tant. The current study sought to determine biomarkers of fatigue that exist before cancer treatment.
Relationships between the expression of latent Epstein–Barr virus (EBV) and cytomegalovirus (CMV)
and fatigue were examined in 158 women newly diagnosed with breast cancer or awaiting a positive
diagnostic result. Higher CMV antibody titers, but not EBV antibody titers, were associated with a greater
likelihood of being fatigued. Associations between fatigue and higher CMV antibody titers remained after
controlling for alcohol use, smoking, comorbidities, depressive symptoms, age, BMI, cancer stage, and
sleep problems. More sleep problems and higher levels of depressive symptoms were also associated
with a greater likelihood of being fatigued. CMV antibody titers, but not EBV antibody titers, were asso-
ciated with higher levels of C-reactive protein (CRP), but CRP was not associated with fatigue. When the
cellular immune system is compromised, reactivation of latent herpesviruses may fuel chronic inflamma-
tory responses. Prior work has suggested that fatigue may be related to inflammation and its associated
sickness behaviors; accordingly, our findings may be tapping into this same physiological substrate.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Fatigue is a common problem among those treated for breast
cancer, as well as long-term breast cancer survivors (Bower et al.,
2006; Butt et al., 2008; Cleeland et al., 2003; Ganz et al., 2002;
Jacobsen et al., 2007). Fatigue adversely affects overall quality of
life, as well as many daily activities including mood, the sleep–
wake cycle, and personal relationships (Bower et al., 2002; Colla-
do-Hidalgo et al., 2006; Lawrence et al., 2004). Understanding
the factors that contribute to fatigue is important. The literature
to date has focused on cancer fatigue during and after treatment
(Bower, 2007; Jacobsen et al., 1999). We sought to examine
biomarkers of pretreatment fatigue that may be exacerbated by
cancer therapies.
ll rights reserved.
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Bower and her colleagues have demonstrated that cancer survi-
vors who report persistent fatigue are characterized by higher
levels of inflammation after treatment than non-fatigued cancer
survivors (Bower, 2007). For example, fatigued breast cancer survi-
vors had higher levels of proinflammatory activity including inter-
leukin-1 receptor antagonist (IL-1ra), soluble tumor necrosis factor
receptor Type II (sTNF-RII), and neopterin than breast cancer survi-
vors who were not fatigued (Bower et al., 2002). In another study, fa-
tigued survivors had higher levels of soluble IL-1ra and soluble
interleukin-6 receptor (sIL-6r) than non-fatigued survivors (Bower
et al., 2003). Similarly, ex vivo production of interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-a) by lipopolysaccharide
(LPS) stimulated monocytes was higher among fatigued compared
to non-fatigued breast cancer survivors (Collado-Hidalgo et al.,
2006).

Maladaptive pretreatment alterations in immune function that
promote inflammation could promote subsequent cancer-related
fatigue. Recent research has highlighted links between herpesvirus
reactivation and inflammation. Herpesviruses create persistent
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latent infections; once a person has been infected with one of the
herpesviruses, they will carry the virus for the rest of their life
(Glaser and Kiecolt-Glaser, 1994). Herpesviruses remain dormant
in latently infected cells. Elevated antibody titers to a latent
herpesvirus reflect poorer cellular immune system control over
viral latency (Glaser and Kiecolt-Glaser, 1994). When the cellular
immune system is compromised, the virus may be triggered to
reactivate and replicate in latently infected cells; these interactions
result in chronic inflammatory responses (Glaser and Kiecolt-
Glaser, 2005; Glaser et al., 2005a,b; Steptoe et al., 2007).

Elevated cytomegalovirus (CMV) antibody titers have been
associated with increased IL-6 and TNF-a production (Roberts
et al., 2010). Furthermore, viral proteins synthesized during
Epstein–Barr virus (EBV) replication can enhance production of
the proinflammatory cytokines IL-6, TNF-a, and interleukin-1 beta
(IL-1b) (Glaser et al., 2006). How effectively latent herpesviruses
are being controlled by the cellular immune response before treat-
ment could have important implications for fatigue.

We examined relationships between fatigue and EBV and CMV
reactivation in a sample of newly diagnosed breast cancer patients
who had not yet received cancer treatment. We sought to identify
pretreatment biomarkers of fatigue. We also examined relation-
ships between viral reactivation and C-reactive protein (CRP), an
acute phase protein that is a downstream marker of inflammation.
CRP was the only inflammatory marker available, and other inflam-
matory markers likely also play an important role. We hypothe-
sized that higher antibody titers to EBV and CMV would be
associated with a greater risk for fatigue. We also hypothesized
that higher antibody titers to EBV and CMV would be associated
with higher levels of CRP. As an ancillary analysis, we examined
the possibility that CRP partially explained relationships between
antibody titers to EBV and CMV and fatigue.
2. Methods

2.1. Subjects

Participants were recruited for a larger study on cancer-related
fatigue and immune function. They were referred to us by partici-
pating physicians or their nurse practitioners, and some were
recruited when medical record review indicated eligibility. Screen-
ing exclusions included a prior history of breast or any other cancer
except basal or squamous cell skin cancers. Of the 254 women who
were approached, 167 chose to participate. They completed a ques-
tionnaire battery and blood draw prior to their cancer treatment,
including surgery. One hundred and fifty-eight women (95%) were
EBV seropositive and 97 (58%) were also seropositive for CMV, con-
sistent with epidemiological data (Staras et al., 2006; WHO, 2008).
The vast majority of women knew their positive diagnosis at the
time of the blood draw (90%). All participants who were seroposi-
tive for CMV were seropositive for EBV. Women did not differ on
any of the study variables depending on their seropositive status
or diagnosis knowledge. The Institutional Review Board approved
the project; all subjects gave written informed consent prior to
participation.
2.2. Determination of EBV VCA and CMV IgG antibody titers in plasma

Plasma was stored at�80 �C until assayed with Euroimmun EBV
ELISA plates that measure EBV virus capsid antigen (VCA) antibody
titers (Morris Plains, NJ). CMV IgG antibody titers were also deter-
mined using Euroimmun CMV ELISA plates (Morris Plains, NJ).
CMV and EBV VCA IgG antibody titers were assessed following com-
pany instructions with some modifications. Specifically, for each
ELISA plate three controls that were included in each kit (one
positive sample, one negative sample, and three calibrators) were
run in duplicate. Plasma samples were initially diluted 1:101 with
a dilution buffer according to the recommended protocol provided
by the company. Then, six serial two-fold dilutions of each sample
were assayed. The last dilution factor with a positive IgG value deter-
mined the IgG antibody titer. Calculated viral titers for each sample
were plotted and samples were rerun if the end point did not fall
within the linear range (±15%). CMV IgG antibody titers were deter-
mined following the same protocol as EBV VCA IgG antibody titers,
except the samples were initially screened for seropositive status.
Only CMV seropositive samples were serially diluted to assess the
CMV antibody titer. Antibody titers were treated as continuous vari-
ables in all of our analyses based on the extant literature showing
that latent virus reactivation occurs to varying degrees, and there-
fore should be represented as continuous (Glaser and Jones, 1994).
2.3. CRP

The high-sensitivity C-reactive protein (hsCRP) assay was per-
formed, using chemiluminescence methodology with Immulite
1000 (Siemens Medical Solutions, Los Angeles, California). The low-
est level of detection is 0.3 mg/L. Intra-assay coefficient of variation
is 5.1% and interassay coefficient variation is 7.3%.
2.4. Measures

The RAND SF-36 vigor/vitality scale (Ware et al., 1992) was used
because of its use in a series of studies assessing the biological
mechanisms underlying cancer-related fatigue (Bower, 2007;
2005a; 2006). Standardized scores on the RAND SF-36 vigor/vitality
scale range from 0-100, with higher scores indicating less fatigue
(Ware et al., 1992). A score of greater than 50 represents well-being.
A ‘‘case categorical’’ variable has been commonly used in studies
assessing the biological mechanisms underlying cancer-related fa-
tigue (Bower, 2007; Bower et al., 2000; 2002; 2003; 2005a,b;
2007; 2006; 2009; Fagundes et al., 2011). In accord with prior work,
those who scored above 50 were considered non-fatigued, while
those who scored 50 or below were considered fatigued (Bower
et al., 2000; Fagundes et al., 2011).

The Center for Epidemiological Studies Depression Scale (CES-D)
has been used extensively as a brief measure of depressive symp-
tomatology (Basco et al., 1997; Radloff, 1977). Studies have shown
acceptable test–retest reliability and excellent construct validity
(Basco et al., 1997). As the CES-D has also distinguished depressed
from non-depressed participants in community and clinical sam-
ples, discriminative validity appears acceptable as well (Basco
et al., 1997). It has been widely used in cancer studies (Demark-
Wahnefried et al., 2003). In this sample, Cronbach’s alpha was .92.

We used the Charlson Index to obtain information about comor-
bidities. The Charlson Index is the most widely used comorbidity
index (Charlson et al., 1994). Widely used with both cancer and
noncancer populations (Dobnig et al., 2008), the measure assesses
the presence of connective tissue diseases, diabetes with/without
end organ damage, chronic pulmonary disease, ulcers, peripheral
vascular disease, cerebrovascular disease, moderate to severe renal
disease, other cancers, metastatic cancer, liver disease, myocardial
infarction, congestive heart failure, hemiplegia, dementia, leuke-
mia, lymphoma, moderate to severe liver disease, and acquired
immune deficiency syndrome. It assigns weights to these condi-
tions based on their potential influence on one-year mortality in
breast cancer patients. We obtained comorbid information from
both medical charts and subjects’ self-reports.

The Insomnia Severity Index (Morin, 1993) has been used to
collect reliable data on insomnia severity (Bastien et al., 2001),
including data from cancer patients (Savard et al., 2005). Higher
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numbers indicate greater insomnia severity. In this sample,
Cronbach’s alpha was .89.

Participants answered questions about their age, race, marital
status, smoking status, and weekly average alcohol consumption.
Breast cancer stage data were obtained through the Cancer Regis-
try and electronic medical records.
2.5. Analytic method

Both antibody titers and CRP data were log transformed to
normalize their distributions prior to analyses. Multiple logistic
regression analyses assessed relationships between EBV and CMV
antibody titers and fatigue status. An initial regression analysis
was conducted with the 158 women who were EBV seropositive
examining the relationship between EBV and fatigue; the same anal-
ysis was performed once again in a subset of the EBV seropositive
women who were also CMV seropositive examining relationships
between EBV, CMV, and fatigue (N = 97). All CMV seropositive
women were also EBV seropositive. Adjustments were made for
age, depressive symptoms, BMI, sleep, alcohol consumption, comor-
bidities, smoking status, and cancer stage.

Ordinary least squares multiple linear regression analysis
assessed relationships between EBV antibody titers, CMV antibody
titers, and CRP levels. An initial regression analysis assessed
relationships between EBV and CRP in the women who were EBV
seropositive. A subsequent analysis was conducted for the women
who were both EBV and CMV seropositive assessing relationships
between EBV, CMV, and CRP. Adjustments were made for age,
BMI, sleep, alcohol consumption, comorbidities, smoking status,
cancer stage, and medications that may impact inflammation. If
antibody titers predicted fatigue status and CRP levels, we planned
to examine whether CRP mediated the relationship between anti-
body titers and fatigue.
3. Results

Table 1 presents sample population characteristics between fa-
tigued and non-fatigued women, as well as unadjusted differences
between fatigued and non-fatigued women. EBV and CMV were
moderately correlated (r = .28, p < .01). Seropositive status to
CMV and/or EBV was unrelated to fatigue. EBV and CMV antibody
titers for fatigued and nonfatigued breast cancer patients are
graphically illustrated in Figs. 1 and 2, respectively.

Table 2 summarizes analyses that addressed relationships be-
tween EBV antibody titers and fatigue in the women who were
EBV seropositive and in the subset of women who were both EBV
and CMV seropositive. EBV antibody titers did not emerge as a signif-
icant predictor of fatigue status. However, greater alcohol use (trend
level), higher levels of depressive symptoms, and poorer sleep were
all associated with a greater likelihood of being fatigued. In the
regression analyses with women who were both EBV and CMV sero-
positive, EBV antibody titers once again did not predict fatigue sta-
tus. However, those who had higher CMV antibody titers were
more likely to be fatigued than those who had lower CMV antibody
titers. Poorer sleep quality and higher levels of depressive symptoms
were once again associated with a greater likelihood of being fati-
gued. EBV and CMV antibody titers did not interact to predict fatigue
status, so the interaction term was dropped from the model. The
association between CMV antibody titers and fatigue remained in
an additional analysis that excluded sleep quality and depressive
symptoms from the model. In ancillary analyses, fatigue was mod-
eled as a continuous dependent variable using ordinary least
squares multiple regression; higher levels of CMV antibody titers
were associated with greater fatigue (p < .04). Furthermore, the sig-
nificance levels of all other variables remained the same.
Table 3 summarizes the analyses that addressed relationships
between EBV antibody titers and CRP in the group of women
who were EBV seropositive and the group of women who were
both EBV and CMV seropositive. Among women who were only
EBV seropositive, EBV antibody titers did not emerge as a signifi-
cant predictor of CRP. However, having a higher BMI and a later
cancer stage was associated with having higher CRP levels. In the
subset of women who were both EBV and CMV seropositive, EBV
antibody titers once again did not predict CRP levels. However,
those who had higher levels of CMV antibody titers had higher lev-
els of CRP. Those who smoked had higher levels of CRP than those
who did not smoke. Furthermore having a higher BMI once again
was associated with having higher levels of CRP.

Given that higher CMV antibody titers were associated with a
greater likelihood of being fatigued, as well as higher CRP levels,
we explored the possibility that CRP mediated the association be-
tween CMV antibody titers and fatigue. We added CRP to the sec-
ond regression model presented in Table 2. CRP was not associated
with the odds of being fatigued. We then generated 95% bias-cor-
rect bootstrap confidence intervals (CI) for the indirect effect of
CRP using 5000 bootstrap samples (MacKinnon et al., 2002; MacK-
innon et al., 2004). There was not a significant indirect effect (95%
CI: �.88–1.43); therefore, CRP did not mediate the relationship be-
tween CMV antibody titers and fatigue.
4. Discussion

Fatigue is a notable clinical problem, and thus a better under-
standing of the factors that contribute to its development is impor-
tant. Among women newly diagnosed with breast cancer, higher
CMV antibody titers, but not EBV antibody titers, were associated
with a greater likelihood of being fatigued. Likewise, CMV antibody
titers, but not EBV antibody titers, were related to higher CRP. CRP
was not associated with fatigue. More sleep problems and higher
levels of depressive symptoms were also associated with a greater
likelihood of being fatigued.

EBV and CMV reactivation are influenced by different mecha-
nisms. Accordingly, it may not be surprising that CMV antibody ti-
ters were linked to fatigue in our study, while EBV antibody titers
were not. For example, astronauts had different patterns of latent
reactivation of EBV and CMV during space flight (Mehta and
Pierson, 2007). Similarly, latent CMV and EBV reactivated differ-
ently during academic stress (Matalka et al., 2000). Indeed,
in vivo reactivation of different herpesviruses may involve multiple
neuroendocirine interactions (Glaser et al., 1985; Kiecolt-Glaser
et al., 1984; Kiecolt-Glaser and Glaser, 1987; Yang et al., 2010). Fur-
ther work is necessary to understand these complex processes
(Matalka et al., 2000; Mehta and Pierson, 2007; Steptoe et al.,
2009).

There is considerable evidence linking CMV to inflammation,
which may explain the relationship between CMV antibody titers
and fatigue. For example, in vitro studies suggest that CMV pro-
motes proinflammatory cytokine production in human cultured
cells (Almeida et al., 1994). In both healthy and patient populations,
IL-6 and CRP have been associated with higher CMV antibody titers
(Blankenberg et al., 2001; Nazmi et al., 2010). Higher CMV antibody
titers were also associated with all-cause mortality, and this rela-
tionship was largely explained by elevated IL-6 and TNF-a (Roberts
et al., 2010). There is also work to suggest that CMV, and to a lesser
extent EBV, contributes to immunosenescence (Pawelec et al.,
2009), although it has been much less studied. EBV encoded deox-
yuridine triphosphate nucleotidohydrolase (dUTPase), a protein
synthesized in the early phase of virus replication, can induce hu-
man monocytes/macrophages to produce proinflammatory cyto-
kines (Glaser et al., 2006).



Table 1
Sample population characteristics.

Variable Total (N = 158) Fatigued (n = 72) Non-fatigued (n = 86) Test statisticc p

n M SD n M SD n M SD

EBV 1839.73 1685.02 1851.67 1777.16 1829.74 1614.32
CMV 1651.40 1489.68 1805.10 1408.60 1506.92 1562.40
CRP 3.19 5.29 3.13 4.48 3.24 5.89
EBV (log10) 3.09 .40 3.08 .44 3.11 .37 .31 .58
CMV (log10)a 3.06 .41 3.16 .30 2.96 .47 5.78 .02
CRP (log10)b .14 .54 .15 .53 .14 .55 .02 .88
Age (yrs) 55.20 11.80 53.40 11.44 56.71 11.95 3.12 .08

Race
White 127 61 66 3.48 .48
Black 24 9 15
Asian 4 2 2
Native American 1 0 1
Other 2 0 2

Sleep 8.44 5.81 11.38 5.84 5.99 4.52 42.64 .00
Alcohol (drinks/week) 1.87 3.77 1.61 4.49 2.09 3.06 .64 .43
Smoker 23 12 11 .47 .49

Breast Cancer Stage .15 .70
0 26 14 12
I 57 27 30
IIA 31 11 20
IIB 20 10 10
IIIA 11 4 7
IIIB 1 0 1
IIIC 4 1 3
IV 8 5 3

Depressive Symptoms 15.28 11.05 21.03 10.45 10.46 9.10 46.12 .00
BMI 28.61 7.02 28.76 5.82 28.48 7.91 .06 .81
Comorbidities .63 1.19 .63 1.07 .64 1.3 .01 .93
Rand SF-36 54.37 21.88 34.44 13.15 71.05 11.04
Vigor/Vitality

a 97 women were CMV seropositive (47 fatigued, 50 non-fatigued).
b 132 women had CRP data available (59 fatigued, 73 non-fatigued).
c All test statistics represent F-values other than those that correspond to smoker and race, which represent chi-square values.

Fig. 1. Epstein–Barr virus (EBV) antibody titers (log-transformed) for fatigued and
nonfatigued breast cancer patients.

Fig. 2. Cytomegalovirus (CMV) antibody titers for fatigued and nonfatigued breast
cancer patients.
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CRP was associated with higher CMV antibody titers; however,
it was not directly linked to fatigue. CRP is produced by hepato-
cytes in response to proinflammatory cytokines (Libby et al.,
2002). It is synthesized by the liver and highly sensitive to other
factors unrelated to proinflammatory cytokines (Koenig, 2003;
Libby et al., 2002). Accordingly, it is not surprising that CRP was
unrelated to fatigue even though there is considerable evidence
linking proinflammatory cytokines to fatigue.

Although we are unaware of any studies that have simulta-
neously assessed inflammation and fatigue before and after treat-
ment to date, one study demonstrated that the number of
fatigued breast cancer survivors remain constant before and 1, 2,
and 3 years post-treatment (Nieboer et al., 2005). Furthermore,
fatigue remained stable among a proportion of these women across
time points (Nieboer et al., 2005). Based on evidence linking
inflammation and fatigue among long-term breast cancer survi-
vors, pretreatment differences in the steady state expression of la-
tent herpesviruses could be an important biomarker for persistent
fatigue.

During primary infection, EBV and CMV can cause mononucle-
osis, in which fatigue is a prominent symptom (Klemola et al.,
1970). In one study, exhausted individuals were more likely to be
seropositive for herpesviruses varicella-zoster virus (VZV) and
CMV than controls (Van Der Ven et al., 2003). Furthermore, herpes-
virus reactivation has been linked to chronic fatigue syndrome
(Glaser et al., 2005a,b). However, to our knowledge, there is no
work that has linked either CMV or EBV antibody titers to fatigue
in otherwise healthy adults. This is an important direction for
future work.



Table 2
Adjusted logistic regression analysis predicting fatigued status.

Model Variable B Odds ratio 95% CI for Odds Ratio p-Value

Women EBV Seropositive EBV (log10) �.36 .70 .26–1.90 .48
Alcohol (drinks/week) �.09 .91 .83–1.01 .07
Smoker (1 = current) �.27 .76 .24–2.41 .65
Comorbidities �.02 .98 .70–1.37 .91
Depressive Symptoms .08 1.08 1.04–1.14 .00
Age (yrs) .00 .10 .96–1.03 .82
BMI (kg/m2) .00 .10 .94–1.05 .88
Cancer stage �.06 .94 .74–1.19 .61
Sleep .14 1.16 1.06–1.26 .00
v2 (9, N = 158) = 55.95 .00
R2(Negelkerke) = .40

Women both EBV and CMV Seropositive EBV (log10) �.61 .54 .13–2.31 .41
CMV (log10) 1.95 7.01 1.45–33.95 .02
Alcohol (drinks/week) �.09 .91 .81–1.03 .12
Smoker (1 = current) �.55 .58 .11–3.06 .52
Comorbidities .07 1.07 .66–1.73 .78
Depressive Symptoms .08 1.09 1.02–1.16 .01
Age (yrs) .00 .10 .95–1.04 .91
BMI (kg/m2) �.06 .94 .87–1.02 .12
Cancer stage �.03 .97 .71–1.32 .84
Sleep .15 1.16 1.04–1.31 .01
v2 (10, N = 97) = 42.16 .00
R2(Negelkerke) = .47

Table 3
Adjusted ordinary least squares regression analyses predicting CRP.

Model Variable B 95% CI p-value

Women EBV seropositive EBV (log10) .01 �.21–.22 .95
Alcohol (drinks/week) .00 �.02–.03 .76
Smoker (1 = current) .21 �.05–.46 .11
Comorbidities �.03 �.10–.05 .53
Age (yrs) .01 �.00–.01 .20
BMI (kg/m2) .03 .02–.04 .00
Cancer stage .06 .01–.11 .02
Sleep �.01 �.02–.01 .33
Inflammation-related Meds .04 �.14–.22 .66
F(9, 122) = 4.96 .00
R2 = .27

Women both EBV and CMV seropositive EBV (log10) �.13 �.40–.15 .37
CMV (log10) .34 .04–.63 .02
Alcohol (drinks/week) .00 �.02–.03 .76
Smoker (1 = current) .26 �.08–.59 .13
Comorbidities .03 �.07–.13 .57
Age (yrs) .01 �.00–.02 .07
BMI (kg/m2) .03 .02–.05 .00
Cancer stage .05 �.01–.11 .09
Sleep �.01 �.02–.01 .41
Inflammation-related Meds �.04 �.27–.19 .72
F(10, 67) = 5.42 .00
R2 = .45
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Chemotherapy promotes herpesvirus reactivation by dysregulat-
ing cellular immunity (Kuo et al., 2008). Among cancer patients who
were assessed before chemotherapy and then followed through
treatment, both CMV IgG antibody titers and CMV viral load in leu-
kocytes increased (Kuo et al., 2008). The proinflammatory cytokines
TNF-a and interferon-gamma (IFN-c) were also substantially higher
following reactivation compared to before (Kuo et al., 2008).

Breast cancer patients are confronted with many problems
during cancer treatment and its aftermath that can affect their
well-being (Mols et al., 2005; Reich et al., 2008). Psychological
stress and depression can promote herpesvirus reactivation or rep-
lication by impairing the ability of the cellular immune system to
control viral latency (Glaser and Kiecolt-Glaser, 1994). For exam-
ple, patients with coronary artery disease who were more
depressed had higher CMV antibody titers than their less de-
pressed counterparts. They also had higher levels of L-1b and
TNF-a (Appels et al., 2000). It would be interesting to follow wo-
men with breast cancer before, during, and after treatment to
investigate relationships among depression, immune dysregula-
tion, and fatigue.

Although those who had higher levels of depressive symptoms
were more likely to be fatigued, CMV antibody titers were associ-
ated with fatigue in our sample independent of depression. Our
sample reported elevated depressive symptoms, even compared
to other pretreatment cancer samples (Ancoli-Israel et al., 2006;
Black and Markides, 1999; Liu et al., 2009; Polsky et al., 2005;
Wu and Andersen, 2010). Depressive symptoms were not associ-
ated with either EBV or CMV antibody titers. However, a more
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systemic assessment of stress using multiple measures might have
allowed us to identify relationships between psychological stress
and antibody titers.

CMV antibody titers may have implications beyond fatigue.
Inflammation, which is enhanced during CMV reactivation, pro-
motes mammary tumor development (DeNardo and Coussens,
2007). Furthermore, inflammation has been implicated in tumor
promotion, survival, proliferation, invasion, angiogenesis, and
metastases (Aggarwal et al., 2006; Coussens and Werb, 2002).

Most of the work on fatigue in women with breast cancer has
been conducted post-treatment. Women were more fatigued in
our sample compared with posttreatment samples of breast cancer
survivors (Bower et al., 2000). This may have been due to variety of
psychological and biological factors. The stress associated with a
recent cancer diagnosis may promote fatigue; the disease may also
play a role. The range of fatigued and non-fatigued women was a
notable strength of our study.

We focused exclusively on women in our study. However, we do
not know if our findings generalize to men or other types of cancer,
a limitation of our study. Our sample was predominately white, a
limitation of our study that could be addressed in future work.
The women who refused to participate may have chosen to do so
because they were more fatigued than their counterparts. However,
we took precautions to prevent this by offering home visits to
reduce participant demand. If the women who chose not to partic-
ipate were indeed more fatigued, it is possible that our findings
would be even stronger.

In sum, fatigue is an important health concern and understand-
ing its pathophysiology is of great importance. Our data suggest
that CMV may play an important role for fatigue among those new-
ly diagnosed with cancer. Cancer treatment can further exacerbate
the steady state expression of latent CMV by diminishing cellular
immunity. CMV antibody titers could be an important objective
biomarker of fatigue.
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