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Detection of human cytomegalovirus in synovial neutrophils obtained
from patients with rheumatoid arthritis
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Objectives: To examine whether signs of an active human cytomegalovirus (HCMYV) infection are present in affected
joints of patients with rheumatoid arthritis (RA).

Method: Polymorphonuclear leucocytes (PMNLs) were obtained from synovial fluid (SF) of 17 RA patients and were analysed
for HCMV-pp65 and HCMV-immediate early (IE) proteins using the antigenemia assay. Peripheral blood (PB) and SF obtained
from these 17 patients and from 17 additional RA patients (n = 34) were tested for HCMV-IE and pp150 DNA with Tagman
polymerase chain reaction. Plasma samples from the patients were analysed for HCMV-immunoglobulin M (IgM) and
immunoglobulin G (IgG) by enzyme-linked immunosorbent assay and compared to 71 healthy gender-matched blood donors.
Results: HCMV-pp65 protein was detected in 65% of synovial PMNL samples, but in only 18% of PMNLs from PB. In
contrast, HCMV IE protein was not found in any of the analysed PMNL samples. On the DNA level, HCMV-IE and pp150
DNA was detected in SF of 13/32 (41%) and 14/23 (61%) of RA patients, respectively. HCMV-IE and pp150 DNA was also
found in 24/33 (73%) and in 16/24 (67%) of PB samples obtained from RA patients, respectively. HCMV IgG seroprevalence
was 76% in RA patients as well as in healthy controls, while only one RA patient was positive for specific IgM.
Conclusions: HCMYV pp65 antigen was found in PMNLSs from SF of RA patients, indicating an active infection in the affected
joint. Future studies are needed to determine whether HCMV infection can aggravate the inflammatory process in these patients.

Rheumatoid arthritis (RA) is a complex, multifactorial
chronic inflammatory disease with characteristic overacti-
vation of both innate and adaptive immunity, leading to, for
example, dysregulation of cytokine networks, and osteo-
clast and chondrocyte activation affecting peripheral joints
(1). Latent or active systemic viral infections, such as
Epstein—Barr virus and human cytomegalovirus (HCMV)
infections, have been suggested to contribute to RA patho-
genesis via different mechanisms (2).

HCMV is a betaherpesvirus with a global prevalence of
70-90% (3). HCMYV infection is often acquired in childhood,
and remains latent in cells of the myeloid lineage after
primary infection. Many HCMV-encoded proteins affect
cellular and immunological functions, enabling coexistence
of the virus with its host. HCMV has a wide tissue tropism,
although not all cell types that are susceptible to infection
support the production of new virus particles. Reactivation of
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the latent infection occurs via inflammatory-mediated differ-
entiation of infected cells into macrophages or dendritic
cells, and can cause serious disease in immunocompromised
individuals. Effects of active or latent HCMYV infection have
been proposed to contribute to the inflammatory process in
patients with different autoimmune diseases, such as derma-
tomyositis, RA, and systemic sclerosis (4).

If HCMV reactivates in the inflamed joints of RA patients,
polymorphonuclear leucocytes (PMNLs) in the synovial
fluid (SF) may become infected and express viral proteins.
The viral immediate early (IE) gene products are essential
for HCMV replication (5). HCMV pp65 and ppl50 are
tegument phosphoproteins. pp65 is involved in the HCMV
immune evasion mechanisms, and suppresses the interferon
response, whereas pp150 is highly immunogenic (3) and is
involved in the last steps of viral maturation and release.

While not permissive for HCMV replication, PMNLs
contribute to haematogenous spread of HCMV by taking
up the virus particles, thus acting as a vehicle for virus
transport (3). In RA patients, the synovial lining consists
mainly of macrophages and fibroblasts, and the subintimal
area of the synovium is infiltrated by inflammatory cells,
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including T and B lymphocytes, macrophages, mast cells,
and mononuclear cells that differentiate into multinucleated
osteoclasts. In contrast, the SF is dominated by PMNLs. In
a previous study, HCMV DNA was shown by in situ hybri-
dization in 31% of 61 synovial tissue samples from RA
patients (6), demonstrating its presence in the synovial tissue,
but not whether the virus was active or not. Here, we aimed
to investigate whether PMNLs were positive for HCMV
proteins, thereby distinguishing active from latent infection.

Method
Samples

Peripheral blood (PB) and SF samples were collected from
a total of 34 RA patients (female:male ratio = 3.9:1) at the
Rheumatology Clinic, Karolinska University Hospital in
Stockholm (ethical permission: 03-138, 00-123, 2008/
518-31). Samples from eight patients with inflammatory
conditions other than RA were also analysed (Supplemen-
tary information and Supplementary table S1). Plasma from
the patients and 71 gender-matched healthy controls were
analysed for the presence of HCMV immunoglobulin
G (IgG) and immunoglobulin M (IgM).
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Isolation of blood and synovial PMNLs and HCMV
analyses

PMNLs were isolated from blood by gradient centrifuga-
tion as described before (7). As a positive control, PMNLs
from a healthy donor were infected in vitro through co-
culturing with HCMV-infected human umbilical vein
endothelial cells (7). For the preparation and immuno-
fluorescence (IF) staining of PMNL cytospin slides and
the polymerase chain reaction (PCR) detection method,
see Supplementary information and Supplementary figure
S1. Plasma samples were analysed for HCMV IgM and
IgG with Enzygnost Anti-HCMV/IgM and IgG enzyme-
linked immunosorbent assay (ELISA) (Dade Behring
Holding, Liederbach, Germany), respectively, according
to the manufacturer’s instructions.

Results

The isolated PMNLs from SF and PB of 17 RA patients
were tested for the presence of HCMV-IE and pp65 anti-
gens by direct IF. Of these, 11/17 (65%) were positive for
pp65 in SF (Figure 1A), while none was positive for
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Figure 1. (A) Human cytomegalovirus (HCMV) pp65 in polymorphonuclear leucocytes (PMNLs) (ethanol fixed) from synovial fluid (SF) obtained
from the knee of a patient with rheumatoid arthritis (RA). (B) HCMV-pp65 in in-vitro HCMV-infected PMNLSs obtained from a healthy donor. (C)
Distribution of positive samples for immediate early (IE) and pp150 DNA in PMNLSs from peripheral blood (PB) and SF, respectively, in patients
with RA. Total number of analysed samples was, for PB IE, n = 33; pp150, n = 24; SF IE, n = 32; SF pp150, n = 23. (D) Delta Ct values (mean and
range, calculated by subtracting mean Ct of housekeeping gene from mean Ct of target gene) in samples positive for HCMV IE and/or pp150 DNA
(mean Ct < 40, at least one out of two or three reactions positive), in PB and SF, for HCMV IE DNA and pp150 DNA, respectively. PB IE, n = 24;

SF IE, n = 13; PB pp150, n = 16; SF pp150, n = 13.
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ELISA, enzyme-linked immunosorbent assay; IE, immediate early; IEA, immediate early antigen; IgG, immunoglobulin G; IgM, immunoglobulin M; N/A, not available; %, total number of samples,

»% total HCMV-positive samples. *Excluded from data analysis.

HCMV-immediate early antigen (IEA). HCMV-infected
PMNLs in vitro served as a positive control (Figure 1B).
Three of 17 (18%) PMNL samples from PB were pp65
positive, and none was IEA positive (Table 1).

We performed PCR on PMNL DNA samples from an
additional 17 RA patients (n = 34). Samples with no
detectable housekeeping gene (RNAse P) were
excluded from the analysis.

HCMV-IE DNA was detected in 13/32 (41%) of synovial
PMNLs and in 24/33 (73%) of PMNLs from PB of RA
patients (Table 1, Figure 1C). HCMV-pp150 DNA was
detected in PMNLs from SF and PB in 14/23 (61%) and
16/24 (67%) of RA patients, respectively (Table 1, Figure
1C). Mean Ct values for target genes were 22.1-39.7, while
mean Ct values for RNAse P were 16-39.7, resulting in delta
Ct values (Ct value of target gene subtracted from Ct value
of housekeeping gene) of 5.6-20.2 (Figure 1D). In total, 30/
34 RA patients (88%) were positive for HCMV DNA (IE
and/or pp150) in either PB or SF (Table 2).

There was no difference in HCMV IgG positivity
among RA patients compared to healthy controls (76%
in both groups). One RA patient was positive for HCMV-
IgM; IE DNA was detected in PB of this patient, but not in
SF. In five RA patients with positive HCMV IgG serosta-
tus, the HCMV IgM results were equivocal (Table 2).

In eight patients with other arthritic diagnoses, HCMV
IE DNA was detected in PMNLSs from PB and SF in 4/8
(50%) and 3/7 (43%), respectively, while corresponding
results for pp150 DNA were 2/7 (29%) and 4/6 (67%),
respectively (Supplementary table 1). In this group, 75%
were HCMV IgG positive, and one of the two serology-
negative individuals was positive for HCMV DNA in
PMNLs from PB.

Discussion

Latent HCMV can be reactivated in inflamed tissues and
aggravate inflammatory processes, and therefore HCMV
is implicated in the pathogenesis of inflammatory dis-
eases. HCMV DNA has been detected in RA synovial
tissue (8), but the pathogenic role of HCMV in RA is
unclear. In the 17 patient samples analysed with IF, 65%
tested positive for HCMV pp65 protein in PMNLs
obtained from SF, but none was positive for IE protein.
HCMV replicates abortively in PMNLs, and transfer of
virus may be conferred by microfusion events and endo-
cytosis (8). Thus, our finding suggests that viral particles
produced by, for example, infected macrophages, epithe-
lial cells, or endothelial cells, in the joints of RA patients,
are taken up by PMNLSs, which themselves do not support
virus replication. This may explain why RA synovial
PMNLs did not express HCMV-IE antigen.

Both endothelial and epithelial cells have the capacity
to transfer virus to neutrophils, which take up the virus in
endosomes and carry it to infect other cells. In vitro
experiments have shown that HCMV-infected PMNLs
become anti-apoptotic, enhance their phagocytosing
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capacity, and produce high levels of extracellular oxida-
tive metabolites (7). Considering these findings, we
hypothesize that HCMV infection of synovial PMNLs
may contribute to the damage of surrounding tissue by
the production of toxic metabolites. Although the method
employed for isolation of PMNLSs in PB should give a pure
population of PMNLs, it cannot be excluded that mono-
cytes or dendritic cells may have contaminated the sam-
ples. However, these cells support HCMV productive
infection, and infected monocytes/dendritic cells would
not have shown the presence of pp65 protein without IE
protein expression. HCMV DNA was detected in all of the
HCMV-seronegative RA patients, confirming existing
data indicating that some HCMV-infected patients do
not develop antibodies detectable by ELISA despite exhi-
biting circulating cytomegalovirus (CMV) DNA and/or
having CMV-specific T cells (9, 10). HCMV DNA was
found in PMNLSs from patients with other types of arthritis
as well, which fits well with our hypothesis of a synergic
relationship between inflammation and HCMYV reactiva-
tion. Since HCMV DNA has been detected in HCMV-
seronegative individuals in studies of blood donors, it is
possible that some of the seronegative blood donors in our
control group would also be DNA positive, if we had
a possibility to analyse them.

Kaneshiro et al previously reported increased prolifera-
tion of RA fibroblast-like synovial cells by induction of
interleukin-6 (IL-6) and tumour necrosis factor-a. (TNF-a)
(11). Active HCMYV infection in the arthritic joint could
modulate the production of and response to different cyto-
kines and chemokines; contribute to the inflammation by
induction of potent inflammatory factors such as IL-1p,
IL-6, IL-18, and TNF-a; induce 5-lipoxygenase and pro-
duction of leukotrienes; and induce cyclooxygenase-2
(COX-2) (12, 13), which upregulates HCMV replication.
Drugs used in RA treatment may affect the risk of HCMV
infection; COX-2 inhibitors inhibit HCMV replication
(12, 13), while corticosteroid treatment increases the risk
of HCMV reactivation (14). The HCMV IE gene has
TNF-a-responsive elements in the HCMV major IE pro-
moter, and can be activated by TNF-o, suggesting that the
activity of HCMYV should be expected to decrease under
TNF-a blocking therapy. Clinically, treatment with TNF
inhibitors instead may pose an increased risk for HCMV
infection (15). However, since these patients were also
treated with other, concomitant immunosuppressive/
immunomodulatory drugs (15), additional studies are
needed to clarify a potential risk association between
TNF-a inhibitors and HCMYV reactivation.

Conclusion

HCMV-pp65 protein was detected in 65% of SF samples
from RA patients, suggesting active infection in the affected
joints of these patients. Reactivation and replication of
HCMV in RA patients should be limited by anti-
inflammatory and immune-modulatory treatment and

resolve the inflammatory process in these patients. These
insights will help us to further understand the pathogenesis of
RA.
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