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Abstract Cytomegalovirus (CMV) seems to contribute to
the development of venous thromboembolism (VTE) in
immunocompromised patients whereas literature data on
the role in immunocompetent individuals are mainly limited
to case reports. This study aimed to investigate if
cytomegalovirus infection contributes to the development
of VTE in immunocompetent individuals. CMV-IgG and
CMV-IgM antibody titres, CMV-IgG avidity and CMV-
DNA were identified in samples from 166 VTE patients and
from 166 healthy blood donors matched for gender and age.
CMV-IgG antibodies were found more frequently in VTE
patients compared to controls [57.8% vs. 44.0%; adjusted
OR 1.75 (95% CI 1.13-2.70); p=0.016]. Accordingly,
median CMV-IgG titres were significantly higher in the
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case group (89.4 vs. 1.8 AU/ml; p=0.002). Although the
overall rate was low, CMV-IgM antibodies were detected
more often among cases than controls. The difference was
significant in patients with an unprovoked VTE event
[7.4% vs. 0.6%; adjusted OR 5.26 (95% CI 1.35-20.8); p=
0.017]. CMV-IgG antibodies of almost all VTE patients
(98.9%) and controls (98.6%) were found to be of high
avidity. The rate of positive CMV-DNA samples was low and
not different between cases and controls. With the exception
of'age, no association was found between CMV seropositivity
and established VTE risk factors within the VTE group.
CMYV infection seems to play a role in the development of
VTE in immunocompetent patients. Recurrent infection
might be more important than acute CMV infection.

Keywords CMV - Infection - Venous thromboembolism -
IgG - IgM - Antibodies

Introduction

Acute infections are associated with a transient increased
risk of venous thromboembolism (VTE) [1]. The direct
infection of endothelial cells as well as a systemic
inflammatory response may lead to haemostatic abnormal-
ities that range from insignificant laboratory changes to
severe disseminated intravascular coagulation [2].
Endothelial cells can be directly infected by different
viruses. A procoagulant activity has been reported for
cytomegalovirus (CMV), herpes simplex virus type 1 and
type 2, varicella zoster virus, and HIV infection [2—6]. In
particular, CMV has been suggested to play a role in the
pathophysiology of venous thromboembolic events [3, 7,
8]. The majority of reports focus on immunocompromised

@ Springer



598

Ann Hematol (2012) 91:597-604

patients with HIV-associated disease or immunosuppression
related to transplantation [9-12]. More recently, a number
of case reports have been published that suggest CMV may
also be involved in the development of VTE in immuno-
competent individuals [13-20]. Even though some case
studies suggest a causative role for CMV, no systematic
study has thus far been published investigating the role of
CMV in this group. We initiated this investigation to
address the potential role of CMV in immunocompetent
individuals in a case—control study design using adequate
laboratory testing to allow for reliable diagnostic evaluation
of CMV infection.

Subjects and methods
Study population

Patient data were obtained from the MAin-ISar-THROmbosis
(MAISTHRO) Registry, beginning in March 2000 and
continuing through February 2010. One thousand five
hundred patients who were referred to our university hospital’s
outpatient department were enrolled with acute or a docu-
mented history of VTE [i.e. lower extremity deep vein
thrombosis (DVT) and/or pulmonary embolism (PE)]. The
registry was approved by the local ethics committee, and all
patients provided written informed consent. The design of the
MAISTHRO Registry has been described previously [21, 22].
In brief, detailed clinical data with regard to VTE, informa-
tion about the presence or absence of VTE risk factors and
the results of technical and laboratory investigations, includ-
ing screening for thrombophilic disorders, were entered into
the database. Patients were considered to have a family
history for VTE if at least two first degree relatives were
previously affected by a venous thromboembolic event.

For the current analysis, 166 consecutive patients aged
18 to 70 years after a first VTE episode treated at the
Johann Wolfgang Goethe University Hospital Frankfurt/
Main (Germany) were included. Additional inclusion
criteria comprised: (1) absence of clinically relevant
immunosuppression (transplantation, medical immunosup-
pression and HIV infection) and (2) absence of malignant
disease which was either present at the time of VTE
manifestation or diagnosed during the acute VTE course.
Patients’ characteristics are presented in Table 1. Patients
were compared to 166 healthy blood donors without a
history of VTE that served as controls and were matched
for age (5 years) and gender (1:1 approach).

Diagnosis of venous thromboembolism

Diagnosis of DVT was made by venous compression
ultrasound examination and/or by contrast-mediated
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Table 1 Patients’ characteristics and prevalence of common VTE risk
factors (N=166)

N %
Male gender 70 42.2
Spontaneous VTE 55 33.1
Proximal DVT 58 349
Distal DVT 98 59.0
Symptomatic pulmonary embolism 45 27.1
Long-term travel 19 11.4
Previous surgery 32 19.3
Immobilization 46 27.7
Inflammation 12 7.2
Hormonal treatment 43 50.0%
Pregnancy and puerperium 7 7.3%
Hereditary thrombophilia 45 32.8
Elevated FVIII activity 45 29.2
Antiphosphopid antibodies 3 1.9
History of VTE 13 7.8

VTE venous thromboembolism, DVT deep vein thrombosis, FVIII
factor VIII

 Percentages related to females only

venography. Diagnostic procedures for PE in the acute
setting were only performed if patients presented with
typical clinical symptoms. For the diagnosis of symp-
tomatic PE, patients underwent a multidetector spiral CT
scan or ventilation—perfusion lung scanning.

Unprovoked and risk-associated venous thromboembolism

Risk-associated VTE was considered if the VTE was related
to the following risk factors: long-term travel (> 6 h), surgical
intervention within the last 4 weeks, immobilization for
longer than 3 days, inflammation, hormonal treatment or
pregnancy. Inflammation was defined as either an acute
infection or a chronic inflammatory disease (e.g. inflamma-
tory bowel disease, rheumatoid arthritis or systemic lupus
erythematosus). Patients with immunosuppression due to an
infection itself (e.g. HIV) or due to medical treatment were
excluded from the study. If thrombosis was not related to one
of the aforementioned risk factors, the condition was
considered an unprovoked DVT. According to these criteria,
patients with hereditary thrombophilic disorders were also
classified as having an unprovoked VTE.

Serological parameters of CMV infection

Blood sampling was performed within 90 days after the
diagnosis of VTE (“acute phase”) or after a time interval of
at least 180 days (“post-acute phase”). The rationale for the
choice of these time intervals for blood sampling was based
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on the assumption that if primary CMV infection contrib-
uted to the development of VTE, one would be expected to
find markers of acute CMV infection (i.e. CMV-IgM and
CMV-DNA) more frequently in the “acute phase” group. In
contrast, CMV-IgG antibodies of high avidity maturate over
time and are expected to be more frequently detected in
subjects with non-primary CMV infection as well as in the
“post-acute phase” group.

Different serological parameters of a CMV infection
including CMV-IgG, CMV-IgM and CMV-IgG avidity
were measured in citrated plasma samples using colori-
metric assays on an automated immunological analyser
(Architect®, Abbott Diagnostics, Abbott Park, IL, USA).
For CMV-IgG, CMV-IgM and CMV-IgG avidity testing,
plasma samples were analysed according to standard
manufacturer’s instructions. The established assay cut-
off values provided by the manufacturer were used to
designate a sample as CMV-IgG or CMV-IgM positive.
Due to the unknown relevance, individuals with an
intermediate result on CMV-IgM testing (grey zone
result; 3 of 332 study participants) were excluded from
the statistical analysis with respect to this parameter.

For CMV-IgG avidity testing, the plasma sample was
preincubated with a CMV lysate and subjected to the
standard CMV-IgG assay. For the determination of the
avidity index, absorbance values from IgG testing without
lysate preincubation were compared to values with pre-
incubation. Avidity was considered to be “high” if the ratio
was found to be >60%. A sample was assigned “intermediate”
if the ratio was 50% to 60%. An avidity index <50% was
considered to be “low”. CMV-IgG antibodies with a high
avidity based on this assay favoured a time point of infection
greater than 6 months [23, 24].

Determination of CMV-DNA

Only matched case—control pairs with a sufficient sample
volume after serological testing were considered for this
analysis. For CMV-DNA detection, 200 ul of citrated
plasma were extracted using a standard column DNA blood
mini kit extraction (Qiagen, Hilden, Germany). Eluted
nucleic acid probes were subjected to an in-house real-
time PCR CMV-DNA assay on a StepOne platform
(Applied Biosystems, Foster City, CA, USA) and assayed
in two independent PCR experiments.

Laboratory testing for VTE risk factors

Screening for thrombophilia included testing for the factor
V Leiden mutation (FVL), the prothrombin G20210A
mutation (PT), antiphospholipid antibodies, and antithrom-
bin (AT), protein C (PC), protein S (PS) and factor VIII
activities, as previously described [22].

Data comparison and statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS version 17.0; SPSS,
Chicago, IL, USA). In addition to descriptive statistics, we
performed a Chi-square test in cross-tabulations and the
Mann—Whitney U test for comparison of metric variables.
The criterion for statistical significance was a p value
less than 0.05. Patients were compared to control subjects
in matters of CMV serostatus and the relative risks
were estimated by calculating odds ratios (OR) and
corresponding 95% confidence intervals (95% CI). Odds
ratios were adjusted for gender and age with logistic
regression methods. Due to small patient numbers with
regard to CMV seropositivity, calculations were performed
using a Fisher’s exact test and Monte Carlo’s method.
Binary logistic regression analysis using a stepwise back-
ward regression after WALD was performed to analyse for
an association between CMV seropositivity and the
presence of established VTE risk factors in the patient
group. Results are also presented in box plots with the bare
length indicating the interquartile range (25th—75th
percentile). Outliers were defined as values differing by
1.5-3.0 bare lengths, and extreme values were those
differing >3.0 box lengths from the upper or lower edge
of the box. In the figures, outliers are illustrated as
circles and extreme values as stars.

Results
Baseline characteristics of the study population

The 166 patients with VTE included 96 females (57.8%)
and 70 males (43.2%). The mean age was 43.2+13.5 years
at onset of the first episode of VTE among cases and 43.0+
13.6 years among controls (p=0.881). The VTE group was
comprised of 121 (72.9%) patients with an isolated lower
extremity DVT, 10 patients (6.0%) with an isolated PE and
35 patients (21.1%) with a DVT complicated by a PE. VTE
was associated with risk factors (i.e. long-term travel,
previous surgery, immobilization, inflammation, hormonal
treatment or pregnancy) in 111 cases (66.9%) and occurred
unprovokedly in 55 cases (33.1%). Laboratory testing was
performed within 90 days (“acute”; n=74) or after at least
180 days (“post-acute”; n=92) after the diagnosis of VTE.
None of our patients presented with clinical symptoms of
acute CMV infection.

CMV serostatus in VTE patients compared to controls

CMV-IgG-positive patients were found more frequently in
the VTE group compared to the control group [57.8% vs.
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44%, respectively; adjusted OR 1.75 (95% CI 1.13-2.70);
p=0.016]. The odds ratio was even higher in the subgroup
of patients with an unprovoked thromboembolic event
[63.6% vs. 44.0%; adjusted OR 2.17 (1.15-4.14); p=
0.017]. The results of the laboratory testing are summarized
in Table 2. Additionally, in the subgroup of CMV-IgG-
positive individuals, the median CMV-IgG titre was
significantly higher in patients who developed VTE when
compared to controls, 89.4 (25-75% percentile 0.8-220.9)
vs. 1.75 AU/ml (0.7-135.3); p=0.002; see Fig. 1.

Although the overall number of CMV-IgM-positive
samples was low, a higher frequency of positive results
were observed in the VTE group as compared to controls
[4.3% vs. 0.6%; OR 7.3 (95% CI 0.9-60.1); p=0.037]. In
the subgroup of VTE patients with an unprovoked
thromboembolic event, the difference was also found to
be significant [7.4% vs. 0.6%; adjusted OR 5.26 (1.35—
20.8); p=0.017].

With the exception of two samples, all CMV-IgG-
positive patients that were subjected to avidity testing were
found to have CMV antibodies with a high avidity (161 of
163; 98.8%). One individual with intermediate avidity was
found in each of the VTE and the control groups. The VTE
patient with intermediate avidity was IgM positive while
the control individual was IgM negative.

CMV serostatus in VTE subgroups of “acute”
and “post-acute” sample acquisition

Cases were divided into two subgroups according to the

time interval between the VTE diagnosis and acquisition
of blood for laboratory testing [<90 days (“acute phase”,

Table 2 CMV serologic testing in VTE patients and controls subjects

n=74) or >180 days (“post-acute phase”, n=92)]. No
significant difference was found with regard to serological
or molecular-biological markers of CMV infection between
these two patient groups. CMV-IgG and IgM antibodies
were detected in 56.8% vs. 59.8% and 2.8% vs. 5.4% of
patients in the “acute” and “post-acute” phase, respectively
(p = ns). In particular, there was no difference in the rate of
CMV-IgM or CMV-DNA-positive samples. Only two out of
seven CMV-IgM-positive patients were detected in the
“acute phase”, in these cases, CMV-IgG antibodies were of
high avidity.

CMV-DNA in VTE patients compared to controls

Overall CMV-DNA was detected in a low number of
samples (4 of 104; 3.9%; see Table 2). If DNA was
detected, the titres were below 10° DNA copies/ml. In the
VTE group, as well as in the control group, two CMV-
DNA-positive samples were found. Interestingly, there was
no correlation between CMV-IgM as a potential marker for
CMV replication and CMV-DNA results. On the contrary,
all CMV-IgM-positive individuals in both groups were
found to be negative by DNA testing.

Analysis of VTE risk factors

Because the frequency of VTE risk factors was only known
in the group of VTE patients, this analysis was limited to
the case group. Table 3 shows the distribution of thrombo-
philia and other established VTE risk factors according to
CMV-IgG positivity. By means of binary logistic regression
analysis including age, gender and the presence or absence

Total cohort VTE patients (n=166) Controls (n=166) OR (95% CI) p value

CMV-IgG Positive (n) 96/166 73/166 1.75 (1.13-2.70) 0.016
Positive (%) 57.8 44.0
AU/ml (mean) 182.7 82.1 NA 0.002
AU/ml (median) 89.4 1.8
IQR 0.8-220.9 0.7-135.3

CMV-IgM Positive (n)* 7/164 1/165 7.30 (0.89-58.9) 0.037
Positive (%) 43 0.6
Index (mean) 0.32 0.23 NA 0.066
Index (median) 0.21 0.18
IQR 0.14-0.32 0.14-0.26

CMV-IgG “high avidity” Positive (n) 92/93 69/70 NA NA
Positive (%) 98.9 98.6

CMV-DNA (PCR) Positive (n) 2/52 2/52 NA NA
Positive (%) 39 39

IOR interquartile range, NA not applicable, V'TE venous thromboembolism

#One case/two controls with result “grey zone” were excluded from the analysis
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association with CMV-IgG serostatus could only be
demonstrated for age. Patients with a positive result for
CMV-IgG were found to be older than CMV-IgG-negative
individuals [median age 46.0 vs. 39.6; OR 1.05 (1.01-
1.07); p=0.020]. In contrast, CMV-IgG-positive patients
were less likely to have hereditary thrombophilia (i.e. FVL
mutation, PT mutation or deficiencies of AT, PC or PS)
[25.3% vs. 41.9%; OR 0.47 (0.23-0.97); p=0.046].

The clinical characteristics of CMV-IgM-positive patients
are presented in Table 4. Three out of seven VTE events
were related to pregnancy or the use of hormonal contra-
ceptives in women. No additional risk factors were found in
these patients. At least one thrombophilic disorder was
detected in six of seven patients. However, the number of
cases is too small to draw any definitive conclusions.

Table 3 Thrombophilia and VTE risk factor distribution according to
CMV-IgG seropositivity

CMV-IgG CMV-IgG p value

negative positive

n % n %
Male gender 29 414 41 427 0.875
Long-term travel 8 114 11 115 1.000
Previous surgery 10 143 22 229 0.232
Immobilization 20  28.6 26 27.1 0.862
Inflammation 5 7.1 7 7.3 1.000
Hormonal treatment 25 357 23 24.0° 0.063
Pregnancy and puerperium 3 4.3% 4 4.2¢ 1.000
Hereditary thrombophilia 26 419 19 253 0.046
Elevated FVIII activity 16 239 29 333 0.216
Antiphospholipid antibodies 1 1.5 2 2.2 1.000
Family history of VTE 6 8.6 7 7.3 0.777

FVIII factor VIII, VTE venous thromboembolism

Percentages related to females only

Cytomegalovirus infection is usually characterized by a
self-limited, acute infection and asymptomatic chronic
carrier status with intermittent virus reactivation [25-27].
The rate of seropositive individuals increases with age. In
adults, prevalence ranges from 30% to more than 90%,
depending on various factors, including, for example, the
socioeconomic status [28, 29]. In the last few years, a
number of studies have been published that demonstrated
an association of CMV infection with the development of
VTE. The research groups focused primarily on the role of
CMV infection in immunocompromised patients [9-12,
30]. More recently, an increasing number of observations
also support a role for CMV infection in immunocompetent
individuals [14, 15, 18, 20, 31]. However, these findings
are mainly based on case reports or case series [3]. In
addition, an appropriate control group has mostly been
lacking and the diagnostic evaluation of markers of CMV
infection has frequently been incomplete. Some authors
have verified the clinical diagnosis of CMV infection by
means of single CMV-IgM testing, but low positive titres
of IgM antibodies can lead to false-positives and might be
induced by other immunostimulatory events like EBV-
associated infectious mononucleosis or other viral and
non-viral infections [32, 33]. In a recently published case—
control study including 140 patients with acute CMV
infection and 140 consecutive matched subjects in whom
acute CMV infection was excluded, 4 patients (2.9%)
suffered from venous thrombosis compared to none in the
control group (p=0.045) [31]. Overall, there is only weak
evidence that CMV infection might play an important role
in the development of VTE in immunocompetent patients.

This investigation therefore aimed to investigate system-
atically the role of CMV infection in the development of
VTE in immunocompetent patients. The retrospective case—
control design ensures control of the important variables,
age and sex, that might influence the study results. The
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Table 4 Clinical characteristics

of CMV-IgM-positive VTE Age Sex VTE VTE risk factors Thrombophilia
patients (N=7)

29 F Distal DVT + PE Pregnancy APL

31 F Distal DVT Oral contraceptive FVIII

37 F Proximal DVT Oral contraceptive -
F female, M male, DVT deep 58 M Proximal DVT - FVIII
vein thrombosis, PE pulmonary )
embolism, 4PL antiphospholipid 61 F Proximal DVT - FVL
antibodies, FVIII elevated 42 F Proximal DVT - FVIII, FVL
factor VIII, FVL factor V 46 F Proximal DVT _ —

Leiden mutation

comparison to an appropriate control group of markers of
CMV infection in the VTE group is especially important
because subclinical or asymptomatic CMV reactivations are
known to be quite frequent in immunocompetent individuals
[25-27]. The comprehensive laboratory testing might allow
for a more complete insight into the role of CMV infection
in the development of VTE.

Our data favour the importance of recurrent, and not
acute, CMV infection in its relationship with VTE devel-
opment. The results are suggestive of a significant time
interval between primary CMV infection and clinically
overt VTE disease. Thus, the rate of individuals with prior
CMV infection, represented by the number of CMV-IgG-
positive samples, is significantly higher in the group of
VTE patients compared to healthy controls. Because CM V-
IgG basically reflects a prior CMV infection, it can be
concluded from these results that individuals with VTE
disease are more likely to be CMV carriers.

Moreover, CMV-IgG antibodies almost exclusively had a
high avidity. CMV-IgG avidity testing has been shown to be
useful for distinguishing primary and non-primary infec-
tions [23, 24]. It measures the binding affinity of IgG
antibodies. At the onset of infection, IgG antibodies of low
avidity is produced. Over time, maturation of the antibodies
occurs, resulting in an increased binding affinity and, thus,
a higher avidity. Primary CMV infection, therefore, can be
dated back at least 6 months prior to the laboratory testing.
Considering the low number of CMV-IgM-positive samples,
it seems to be even more likely that the primary CMV
infection had occurred several months or years prior to
clinically overt VTE disease. Additionally, the comparative
analysis of cases with a time interval between VTE
manifestation and acquisition of blood for laboratory testing
of <90 days compared to >180 days supports this hypothesis.
In line with the hypothesis that late primary or recurrent, but
not acute primary, CMV infection is related to VTE
development, there was no significant difference with
respect to markers of acute or primary CMV infection
between these two groups.

The quantitative serological and molecular biological
testing supports this view. Thus, the median CMV-IgG
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titres are significantly higher in the case group when
compared to controls (89.4 vs. 1.8 AU/ml). Even though
this partially reflects the larger number of CMV-IgG-
positive individuals in the case group, it also points towards
a higher rate of recurrent infections because IgG titres are
known to increase secondary to repetitive immunological
reactions to the pathogen. While the overall number of
CMV-DNA-positive samples was very low, there was also
no difference with regard to DNA positivity between the
case and the control groups. Considering the fact that
active CMV replication can typically be found up to
months or even years after the primary infection, the
results clearly demonstrate that a recent primary infection
is highly unlikely in this cohort.

Taken together, our study results are in clear contrast to
the sparse published data. Available literature results favour
primary CMV infection as a causative event in the
development of VTE in immunocompetent individuals
[14, 15, 18, 20].

The link between CMYV infection and VTE development
remains elusive. CMV may exert its procoagulant proper-
ties by expression of tissue factor and procoagulant
phospholipids on the EC surface that may lead to enhanced
adherance of monocytes and leucocytes to the endothelium
[3, 18, 33]. In consequence, an increased production of
interleukin-6, derived from infected endothelial cells and
monocytes, and an increased expression of cell surface
receptor CD40 and von Willebrand factor may contribute to
thrombogenesis. Furthermore, it seems possible that CMV
infection can induce antiphospholipid antibodies [34, 35].
According to a previous study, CMV-IgG serostatus was
linked to an unexplained factor VIII elevation [36]. This
finding is in line with other studies that described an
assocation of cytomegalovirus infection with an elevation
of procoagulant factors such as factor VIII and fibrinogen
[30, 37]. Even though our study was not designed to
explain the etiological link between CMV infection and
VTE development, our results point towards a prolonged
time interval between the two events.

This study is limited by its retrospective design. Even
though important variables like age and gender are
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controlled by the case—control study design, the presence of
other confounding factors cannot be excluded. However,
apart from hereditary thrombophilia which was more
frequently detected among CMV-IgG-negative patients,
there was no significant difference in the distribution of
other established VTE risk factors according to CMV-IgG
serostatus. Moreover, because of a mean age of 43 years for
the cohort of VTE patients, severe and potentially con-
founding comorbidities are less likely than in elderly
patient cohorts. In addition, it has to be taken into account
that due to limitations in sample volume, CMV-IgG avidity
and CMV-DNA could not be analysed in the complete
cohort. Finally, healthy blood donors served as controls.
This might be a source of selection bias because they are
checked regularly on behaviour related to general health
and infections. So the prevalence of CMV infection will
most likely be lower in this control group than in the
general population, which will lead to an overestimation of
the results. However, a previous CMV infection is not a
criterion for exclusion from blood donation. On the other
hand, to date, there are no comparative studies investigating
the association between CMV serostatus and the occurrence
of venous thromboembolism.

In conclusion, CMV infection may play a role in the
development of VTE in immunocompetent patients. Our
data suggest that recurrent, i.e. either reactivation or re-
infection, and not primary CMV infection precedes disease
onset and ultimately results in VTE development. The
definitive role of CMV in VTE development and the
involved pathological processes have to be clarified by
future investigations.
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