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Abstract

Most of the effects and complications of cytomegalovirus (CMV) infection are still unknown, even though its tropism for the
endothelium has been extensively investigated. In fact, CMV is suspected to be a cause of venous thrombo-embolism (VTE)
since 1974, but there is still no consensus about the management of CMV-related thrombosis and how to prevent it.
Cytomegalovirus-related thrombosis has been reported mostly in immunocompromised patients, rarely in immunocompetent
individuals. In order to identify potential risk factors of CMV-related thrombosis, we performed a systematic review of the
literature regarding immunocompetent patients with cytomegalovirus infection and thrombosis. We found 115 cases with a mean
age of 37.36 years (SD + 16.43 years). Almost half the female patients were assuming EP contraception at the time of the event,
and almost half the patients were affected by a coagulation disorder. Interestingly, just two women and four men had no risk factor
for thrombosis other than the CMV infection at the time of the event. In conclusion, coagulation disorders and EP contraception
have to be taken into a great deal of consideration in patients with CMV infection, since they could be important risk factors for
VTE. Knowing the correlation with coagulation disorders, the use of anticoagulation drugs cannot be considered overtreatment.
It was not feasible to determine the usefulness of an antiviral treatment. Further studies, even randomized ones, are required to
determine the usefulness of antiviral drugs and the real prevalence of CMV-related VTE.
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Introduction hypothesized the connection existing between them [3],
starting a series of study that brought us to knowledge of the
connection between CMV infection and atherosclerosis. On
the other hand, there are no certainties about risk factors or
about which people most likely to develop a CMV-related

VTE.

Despite being one of the most widespread infections in the
world, most of the effects and complications of cytomegalo-
virus (CMV) infection are still unknown [1]. Severe compli-
cations, such as pulmonary thromboembolism, in immuno-

competent patients seem to be more frequent than thought
[2]. However, pharmacological treatment of this infection is
only available for immunocompromised patients, based on
cost-effectiveness and the high prevalence of adverse effects
in immunocompetent patients.

CMYV infection is suspected to be a cause of venous
thrombo-embolism (VTE) since 1974, when Vorlicky et al.
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The aim of this systematic review was to identify potential
risk factors of CMV-related thrombosis, and to evaluate
whether and when anticoagulant and antiviral drugs need to
be used.

Case report

A 35-year-old woman came to our attention complaining of
fever, chills, and night sweats which had started a week be-
fore. She also complained of asthenia. She came back from
her honeymoon, during which she visited Australia, 15 days
before the medical examination. She had a similar symptom-
atology during travel, for which she was treated with NSAIDs
with some relief. She had been taking a daily oestroprogestive
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birth control pill for almost 6 months. The clinical examina-
tion only revealed a spread lymphadenopathy, involving cer-
vical, right axillary, and right inguinal nodes.

At admission, laboratory findings were of normal leukocyte
count, normal alanine and aspartate amino-transferases (ALT
and AST), and normal C reactive protein (CRP). CMV-IgG
were positive, while [gM were negative, highlighting a previ-
ous infection. On a serological basis, we excluded HIV infec-
tion, EBV infection, and Brucella melitensis infection. We per-
formed an intradermal reaction test with purified protein deriv-
ative (PPD), which resulted negative after 48 h. An abdominal
ultrasound (US) identified a mild splenomegaly and a pericar-
dial effusion, confirmed by an echocardiography (the patient
had a familial history of recurrent pericarditis). Therapy for
pericarditis with ibuprofen and colchicines was promptly
started. Laboratory findings 5 days after admission resulted in
a transaminase increase (both ALT and AST were over 100 U/
1, normal 0-50 IU/l) and high lactate dehydrogenase (LDH
947 TU/1, normal 150-460 TU/I). Three days after, the patient
was still febrile. Suspecting a lymphoproliferative disorder, we
decided to perform a total-body CT scan, highlighting a throm-
bosis localized in the inferior mesenteric vein, at the confluence
with the splenic vein and pleuritis. We immediately started an
anticoagulant therapy with fondaparinux. Three days after the
CT scan we received results of a CMV-DNA polymerase chain
reaction (PCR) test, performed on blood samples drawn in
different days (before and after the CT-scan), highlighting the
presence of CMV in both the samples with increasing values
(385 cps/ml were found at the first determination, while 4941
cps/ml resulted at the second determination). We decided to
start a 15-day course of ganciclovir, after which the patient’s
condition began to improve.

One month after the CT scan, an abdominal US with
Doppler scan was performed, revealing a complete resolution
of the thrombus. The anticoagulant was then stopped.

Materials and methods

On February 22nd, 2017, we performed a systematic review
of the literature regarding the link existing between cytomeg-
alovirus and thrombosis. We searched PubMed, Embase, and
the Cochrane Library applying “cytomegalovirus” and
“thrombosis” as search terms. References of the articles were
also reviewed. We limited the inclusion only to articles written
in English, French, Spanish, and German. No age-related ex-
clusion was performed. We identified 1514 records and, after
duplicates were removed, we screened 1235 of them. We ex-
cluded 1144 records by title and abstract, because they report-
ed cytomegalovirus-related thrombosis in immunocompro-
mised patients (HIV-positive patients, or patients who
underwent transplantations, full-text not available online)
and we assessed 91 full-text articles for eligibility. After
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assessment, we excluded 12 full-text articles because they
reported about patients taking high-dose corticosteroids for
rheumatological diseases or chronic IBDs, or they were
case—control studies not defining their thrombosis cases one
by one. At the end of the assessment, we included in our
review 79 full-text articles reporting about immunocompetent
patients affected by cytomegalovirus-related thrombosis, for a
total of 114 cases (Fig. 1) [3-81]. We added one case we
observed in our Infectious Diseases Unit in 2016, never re-
ported elsewhere.

We performed a descriptive analysis of the data retrieved.

Results
Demographics and comorbidities [Table 1]

We found 115 cases, concerning 46 male patients (40%) and
69 female patients (60%). Their mean age was 37.36 years
(SD +16.43 years).

Six patients were reportedly affected by hypertension and
on treatment; five were obese, four patients had type 2 diabe-
tes mellitus, five patients were pregnant at the moment the
CMYV infection occurred (there was no mention about the
babies), three patients had history of venous thrombo-embo-
lism, and two patients had history of cancer years before the
event. In 15 cases, we found the patients were affected by
health problems possibly predisposing them to thrombosis.
Sixty-eight patients did not report having any health problem
before their admission to hospital. Information about previous
health status was missing in 14 cases.

Estrogen-progestogen (EP) contraception and other
modifiable risk factors

Almost half (31 out of 69, 44,9%) of the female patients in-
cluded in the review were taking EP contraception at the time
of the event. The intake was oral in almost the totality of them
(30/31). Curiously, one of the women was taking the drug
intravaginally at the time of the thrombotic event [25].
Moreover, 15 out of 31 patients taking EP contraception were
also affected by a coagulation disorder [9, 23, 37, 42, 46, 59,
61, 64, 65, 68, 76]. Ten patients reportedly did not assume
estrogen—progestogen contraception, while the data was not
available in 28 cases.

It is clearly stated that eight of the patients included, males
and females, smoked at the time of the admission, while 15 of
them did not. This data is not attainable in 92 cases.

Genetic and other non-modifiable risk factors

A heterozygotic Factor V Leiden mutation was found in 19
patients; nine patients had a heterozygotic factor VIII
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mutation, in seven patients a heterozygosis for the G20210A
prothrombin mutation was highlighted, and three patients had
a MTHFR mutation (two heterozygosis, one homozygosis).
Five had a Protein C deficiency, while three lacked Protein S.
One patient was affected by hyperhomocysteinemia. The
blood samples of seven patients showed the presence of
anti-phospholipids auto-antibodies, while four of them had

anti-cardiolipin antibodies. In three cases, anti-nuclear anti-
bodies were found, and two patients tested positive for lupus
anticoagulant (LAC). It is reported that the positivity of auto-
antibodies was only transient.

Twenty-eight patients had no coagulation disorder, while
34 of them were either not tested or the results were not
disclosed in their reports.

Table 1 Population

characteristics Total population Age: mean (SD) M: n (%) F:n (%)
115 37.36 (+ 16.43) 46 (40%) 69 (60%)

Comorbidity Number Percentage

- Hypertension 6 52%

- Obesity 5 4.4%

- Diabetes 4 3.5%

- Pregnancy or puerperium 5 4.4%

- History of VTE 3 2.6%

- History of cancer 2 1.7%

- Other 15 13.0%

- None 68 59.1%

-NA 14 12.2%

VTE: venous thrombo-embolism, NA: not available; M: male; F: female; SD: standard deviation
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Table 2 and Fig. 2a, b summarise our findings with regard
to both modifiable and non-modifiable risk factors.
Interestingly, two women (2.90% of the female population)
and four men (8.70% of the male population) had no risk
factor for thrombosis other than the CMV infection at the time
of the event.

Symptoms

Data on fever were available in 78 cases; 71 patients had a
fever, while seven had none. The information was not avail-
able for 37 patients.

Thirty-five patients complained of abdominal pain, four of
arthralgia, five of chest pain, nine of headache, six of pain
localized in lower limbs, four had no pain. Data about pain
are not retrievable in 56 cases.

The most frequent symptoms were asthenia and anorexia,
found in 23 patients, respiratory symptoms (cough, dyspnea)
found in 18 patients, while gastrointestinal symptoms (nausea,
vomit, diarrhea) and respiratory symptoms were found in 15
patients each. In addition, we had neurological signs (seven pa-
tients), hepatosplenomegaly (seven patients), lymphadenomegaly
(six patients), rash (six patients), cardiological signs and symp-
toms (five patients), and other signs and symptoms, such as night
sweats, sore throat, nycturia, itching (19 patients).

Thrombosis localization [Table 3]

The site most frequently affected by thrombosis was the pul-
monary area, with 29 patients (25.7%) affected by pulmonary
embolism, followed by portal vein (26 patients, 23.4%),
splenic infarction (16 patients, 13.9%), superior mesenteric
vein (15 patients, 13.5%), lower limbs (ten patients, 8.7%),

other abdominal sites (nine patients, 7.8%), cerebral arteries
and veins (five patients, 4.4%). The inferior mesenteric vein
was affected in three patients (2.6%). Aortic arch was affected
in two patients, both infants, both dead shortly after diagnosis.
Notably, we included two cases of CMV-related thrombocy-
topenic thrombotic purpura (TTP). Interestingly, 76 patients
had only one site involved, while 39 patients had more than
one site involved in thrombosis.

Laboratory findings

A mild elevation of alanine transferase (ALT) was found
in 18 patients, while moderate and severe elevation of
ALT were respectively found in 24 and eight patients.
Ten patients had normal ALT, while in 55 cases the data
were not reported. As for aspartate transferase (AST), we
found a mild elevation in 18 patients, a moderate one in
19 patients, and a severe elevation in ten patients. Normal
AST were highlighted in 15 patients, while AST essay
results were not reported in 55 cases.

CMV-IgM were positive in 87 patients, while they were
negative in three patients. These data are not known for 25
patients. CMV-IgG were positive in 46 patients, negative in
nine, and not available in 60 patients. CMV-DNA in blood or
urine was positive in 38 patients, negative in one, and not
performed or not declared in 76 patients. CMV pp65 antigen
was found positive in 20 patients, negative in four patients.
The test was not mentioned in 91 patients.

Therapies [Table 4]

Only 18 patients underwent an antiviral therapy (13
ganciclovir, three valganciclovir, one both ganciclovir

Table 2 Modifiable and non-modifiable risk factors (RF)
EP contraception Comorbidities Smoker? Coagulation disorders Rheumatological disorders No RF
Females
Total 69 Yes 31 Yes 22 Yes 6 Yes 29 Yes 8 Do not have RF 2
(44.93%) (31.88%) (8.70%) (42.03%) (11.59%) (2.90%)
None 10 None 41 No 7 No 21 None 42 Have RF 64
(14.49%) (59.42%) (10.14%) (30.43%) (60.87%) (92.75%)
NA 28 NA 6 NA 56 NA 19 NA 19 NA 3
(40.58%) (8.70%) (81.16%) (27.54%) (27.54%) (4.35%)
Males
Total 46 Yes 11 Yes 2 Yes 11 Yes 5 Do not have RF 4
(23.91%) (4.35%) (23.91%) (10.87%) (8.70%)
None 27 No 8 No 20 None 26 Have RF 39
(58.70%) (17.39%) (43.48%) (56.52%) (84.78%)
NA 8 NA 36 NA 15 NA 15 NA 3
(17.31%) (78.26%) (32.61%) (32.61%) (6.52%)

NA: not available
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Fig. 2 a Modifiable and non-
modifiable risk factors — males.
b Modifiable and non-modifiable
risk factors — females

Table 3  Sites involved

45

mYes

= None

uNA

Comorbidities

Smoke Coagulation Rheumatological None
Disorders disorders

70

1 site
Male 32
Female 44
Total 76
Location of site N (%)
- Aortic arch 2 (1.7%)

- Deep venous thrombosis 22 (19.1%)
- Pulmonary embolism 29 (25.2%)
- Portal vein 26 (22.6%)
- Superior mesenteric vein 15 (13%)
- Inferior mesenteric vein 3 (2.6%)

- Splenic infarction 16 (13.9%)
- Other abdominal 9 (7.8%)

- Other lower limbs 10 (8.7%)
- Other head 5 (4.4%)

- Other 5 (4.4%)

> 1 site

14

25

39
Comments

Both infants, (outcome: death)

HYes

= None

HNA

and valganciclovir, one foscarnet). In nine cases, it is
clearly stated that the patient did not take the antiviral
therapy. This information is not disclosed in 88 cases.

Seventy-eight patients took an anticoagulant therapy,
while seven did not. Among the seven who did not
undergo the therapy, there are three cases in which the
diagnosis was made after their death. It is not known if
the 30 remaining patients assumed any anticoagulant
therapy.

Outcome

Complete resolution of the thrombus after a variable
period was the outcome for 57 patients. In five cases,
the outcome was only a partial resolution, while in five
cases (three of which were newborns or infants) the
outcome was death. We do not know the outcome for
48 out of 115 patients.
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Table 4 Treatment

Treatment details Number
Antiviral therapy
Ganciclovir 14
Valganciclovir 4
Foscarnet
None 9
NA 88
Anticoagulant therapy
Yes 78
None 7*
N/A 30
Anticoagulant (duration)
None 7
20 days 1
1 month 1
3 month 6
5 months 2
6 months 23
7 months 1
9 months 2
12 months 1
21 months 1
144 months 1
N/A 65

* three patients were dead at the time of the
diagnosis

Discussion

Despite being one of the most widespread infections in the
world, most of the effects and complications of cytomegalo-
virus (CMV) infection are still unknown, and severe CMV
disease is usually associated with infection in immunocom-
promised patients, with antiviral drugs only licensed for use in
these patients [1]. However, severe CMV disease has poor
prognosis both in immunocompromised and immunocompe-
tent patients [2], and severe life-threatening complications,
such as pulmonary thromboembolism, of CMV infection in
immunocompetent patients may not be as rare as thought [82].
Crumpacker, writing about CMV disease associated compli-
cations in Mandell, Dolin and Bennett’s Principles and
Practice of Infectious Diseases, did not describe the causal
association existing between the virus and coagulation, neither
in immunocompetent nor in immunodeficient patients [83],
despite it having been discussed since 1974, when, for the first
time, Vorlicky et al. hypothesized the connection, reporting
about a 3-day-old child with a major renal vein obstruction
[3]. Since then, knowledge about CMV and its correlation
with coagulation has improved, and in 1997 Sutherland et al.
demonstrated that CMV and other herpesviruses can initiate
the generation of thrombin by having essential phospholipid

@ Springer

(pro-PL) and tissue factor (TF) activities on their surface [84].
In 2012, Gershom et al. published a study demonstrating that
CMYV and other herpesviruses also have a fibrinolysis-
enhancing role, which may explain why they are only weak
risk factors for vascular disease, despite having highly
procoagulant activities on their surface [85].

Despite almost 50 years of experience exploring the tie
linking CMV and thrombosis, there is still no consensus about
the management of CMV-related thrombosis and how to pre-
vent it. In this systematic review, we tried to identify potential
risk factors to take into consideration for CMV-related throm-
bosis in immunocompetent patients, and to evaluate whether
any recommendation can be reached regarding the use of an-
ticoagulant and antiviral drugs.

The cohort of patients with CM V-related thrombosis had a
mean age of 37 years, and almost 60 % were female.

CMYV can be transmitted sexually; in fact, the titer of CMV
in semen is the highest of that in any body secretion [86]. At
the time of primary infection or reactivation, genetic predis-
position, coagulation disorders, EP use, or other potential risk
factors for VTE could contribute critically to the development
of serious life-threatening events.

Hypertension, cancer, and previous venous thrombo-
embolism (VTE) are well known for increasing the risk of a
thromboembolic event. However, only 6 patients were affect-
ed by hypertension at the moment of the CMV infection, and
previous cancer and VTE were respectively recorded as co-
morbidities in two patients each. While they can still increase
the risk of a VTE together with CMV infection, they cannot be
highlighted as the main risk factor.

Five women were affected by thrombosis during pregnan-
cy or puerperium. Pregnancy alone increases the risk of VTE
4- to 5-fold over that in the non-pregnant state [87] (preva-
lence: 2.0 VTE per 1000 pregnancies), and a thromboembolic
event is more common in the first half of the pregnancy than in
the second half [88]. CMV infection prevalence is about 540
infections per 1000 pregnancies [89], but there are very few to
no studies stating an accurate prevalence of CMV-related
thrombosis. So, even though Schimanski et al. observed in
their 2011 case—control study a 3.9% prevalence of CMV-
DNA positive patients affected by VTE, they also stated the
effectiveness of their study is limited by its retrospective de-
sign [76], and it remains difficult to establish the cumulative
thrombosis risk for pregnant women affected by CMV
infection.

Sixty-eight patients were reported as being healthy before
the hospital admission, but half of them were also reported to
be carriers of coagulative disorders such as heterozygosis for
factor V Leiden mutation, protein C and S deficiency,
MTFHR mutations, hyperhomocysteinemia, factor II and fac-
tor VIII mutations, or rheumatic disorders (presence of LAC,
anti-phospholipids, anti-cardiolipin auto-antibodies). These
disorders were largely unknown at the diagnosis of VTE.
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Among them, there were 15 women taking EP contraception
at the time of the event, despite the fact that women with
thrombogenic mutations should not use combined hormonal
contraceptives, as clearly stated in CDC guidelines “U.S.
Selected Practice Recommendations for Contraceptive Use,
20137, and its previous editions. However, the same guide-
lines state that a universal screening for thrombogenic muta-
tions is not cost-effective because of the rarity of the condi-
tions and the high cost of screening [88].

Factor V Leiden has a 3—-7% prevalence in the general
population, increasing to 20% in a population affected by
VTE, and constitutes a relative risk of a primary event of
VTE of 3-5 fold more than the general population [89]. In
our population, factor V Leiden has a total prevalence of
16.5%, which is slightly below the prevalence in a population
affected by VTE, with a total prevalence of coagulation dis-
orders of 40%, marking this risk factor as one of the most
important in a CMV-related VTE.

Pain is a suggestive element in CMV-related VTE, being
present in at least half the cases included in our study.
Whenever patients present with CMV and they complain
about a localized pain, VTE should be suspected.

Serology and polymerase chain reaction are obviously es-
sential to the diagnosis. Our findings suggest a more common
correlation between a primary infection and thrombosis, but
relapses are related to thrombosis too. It is to be said that symp-
tomatic CMV infection relapses in immunocompetent patients
are usually less common than primary infections, and this fact
alone can affect the prevalence of thrombosis during relapses.

It is important to highlight that the most commonly report-
ed site involved was the pulmonary district, with or without
primary localization. The second most involved site was the
portal region. Interestingly, one of the patients suffering from
portal vein thrombosis did not have any other risk factor, while
others had one or two risk factors, with coagulation disorders
being the most frequently reported. CM V-related thrombosis
seems to involve both large and small vessels, and both arter-
ies and veins, making it difficult to foresee where it will strike
or the importance of the VTE.

There is no consensus about the use or not of an antiviral
therapy in immunocompetent patients, and the use of such
treatment is off-label in these patients. In addition, its useful-
ness is not demonstrated. Furthermore, there is no consensus
about the use of an anticoagulant therapy. Atzmony et al. [72]
and Protopapa et al. [51] reported that they did not use any
anticoagulation in patients with splenic infarcts, where a CMV
infection was considered the trigger of the VTE, because of
the involvement of “small vessels only”. However, their pa-
tients were also affected by coagulation disorders, one of them
being heterozygous factor V Leiden. People affected by this
condition are recommended to undergo an anticoagulant ther-
apy for approximately 612 months after the first episode of
VTE, especially if associated with transient risk factors like

the CMV infection [90]. Despite being a serious complication
of a CMV infection, CMV-related VTE seems to be a benign
condition in the adult, complete resolution being the most
frequent outcome. On the other hand, newborns and infants
affected by CMV-related VTE seem to have a more unfortu-
nate prognosis if the condition is not readily acknowledged
and treated.

Conclusion

Our study is affected by the lack of data offered by some of the
case-reports included.
We can offer some interesting conclusions:

—  CMV-related VTE should be looked for especially in 30—
50-year-old female patients currently undergoing EP
contraception

—  Coagulation disorders are an important additional risk
factor. It is essential to know if the patients are affected
by any of these conditions to determine the duration of the
anticoagulant therapy

— Anticoagulation is not overtreatment. Even when only
small vessels are involved, an anticoagulant therapy
should be started, at least till thrombosis resolution

— Antiviral treatment was started only in a minority of pa-
tients included in the study, making it impossible to de-
termine about the usefulness of a pharmacological treat-
ment in reducing the symptoms and their duration in im-
munocompetent patients.

In conclusion, we suggest that CMV should be taken into
consideration in all cases of thrombosis with no apparent cause,
and that it would probably be reasonable to look for a thrombosis
in all symptomatic CMV infections, even more if the patient has
at least one other accountable risk factor or any localized pain.

Further studies, also randomized ones, are required to de-
termine about the usefulness of antiviral drugs and the real
prevalence of CMV-related VTE.
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