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Background. 'The effects of cytomegalovirus (CMV)-specific cell-mediated immunity (CMI) on CMV infection in patients with
autoimmune diseases receiving immunosuppressants have not been explored.

Methods. Patients with active systemic lupus erythematosus (SLE) were preemptively monitored for clinically significant CMV
infection (CsCMVI; defined as plasma CMV DNA loads >3 log10 IU/mL). CMV-specific CMI was assessed using an enzyme-linked
immunosorbent assay (QuantiFERON-CMV [QF]) before as well as 1 and 3 months after intense immunosuppressive therapy.

Results.  The study included 55 patients with active SLE; patients were a mean age (SD) of 34 (13) years and had a median
SLE Disease Activity Index 2000 score (SD) of 14 (8), and 93% were female. Most patients had renal involvement (67%), received
methylprednisolone (93%), and were CMV-seropositive (95%). Thirteen (23.6%) patients developed CsCMVI. Among patients
with active SLE who were QF-negative (QF-) and QF-positive (QF+) before receiving immunosuppressive therapy, 28.6% and 25%
developed CsCMVT], respectively (P = .69). However, 1 month postimmunosuppression, more QF- than QF+ patients developed

CsCMVI (44.4% vs 11.8%; P = .03; adjusted hazard ratio, 4.97; 95% CI, 1.07-23.10; P = .04).

Conclusions.

Patients with active SLE and low CMV-specific T-cell responses could develop CMV infection after receiving im-

munosuppressants. Further studies should focus on CMV-specific CMI among patients with autoimmune diseases.
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Infectious complications are undesirable consequences of im-
munosuppressive therapies administered to patients with
systemic lupus erythematosus (SLE) and active organ involve-
ment [1]. A retrospective study revealed that 58% of patients
with SLE developed up to 5 episodes of infection within the
first year of treatment, with 63% of episodes requiring a hos-
pital stay [2]. One-third of the causative pathogens were op-
portunistic. Infections were likely attributable to the patients’
profoundly immunocompromised condition and resulted in
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serious consequences, including death [2-4]. Cytomegalovirus
(CMV) is an emerging cause of opportunistic infections in
HIV-negative, nontransplant immunocompromised patients,
especially those with active autoimmune diseases such as SLE
who require intensive immunosuppressive therapy for life-
threatening organ involvement [5-8]. A case—control study of
CMV disease in SLE patients receiving immunosuppressive
therapy revealed that CMV tissue-invasive diseases such as
pneumonitis, gastritis, colitis, and severe disseminated disease
had high mortality rates of up to 60% [6]. A cumulative dose of
corticosteroids equivalent to 10 mg of prednisolone per day for
3 months could double the risk of CMV infection [5, 6].

CMV usually infects healthy individuals and causes no or
mild symptoms. Immune responses against CMV, including
antibodies and T-lymphocytes, control the virus but do not
eliminate it [9]. Detectable virus is still present in the host
during the latent infection period. When host immunity de-
clines, the latent virus can reactivate and cause renewed in-
fection, which can be asymptomatic or result in symptomatic
CMYV disease (eg, CMV syndrome, tissue-invasive disease, or
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disseminated CMV disease) [7]. CMV-specific cell-mediated
immunity (CMI) plays an important role in controlling CMV
infection in immunocompromised patients, especially among
solid organ transplant (SOT) recipients [9]. Prospective studies
to preemptively monitor CMV infection in patients with active
SLE receiving immunosuppressants have not previously been
carried out. Studies of CMV-specific CMI in this population
are also scarce. Therefore, we aimed to investigate the roles of
CMV-specific CMI, and especially T-cell responses, as pre-
dictors of CMV infection outcome among these patients.

METHODS

Study Population

We conducted a prospective study of patients with active SLE
between November 2017 and May 2020 at a tertiary care uni-
versity hospital in Bangkok, Thailand. Patients with active SLE
aged 18 years or older receiving intensive immunosuppressive
therapy were eligible (Supplementary Figure 1). All patients
provided informed consent before enrollment. SLE patients
fulfilled Systemic Lupus International Collaborating Clinics
2012 classification criteria [10]. Clinical data including age,
sex, CMV serostatus, disease activity, active organ involvement,
type of immunosuppressive therapy, and laboratory findings
were extracted. All patients included in this study had unde-
tectable or asymptomatic low-level (<3 logl0 IU/mL) CMV
DNAemia before immunosuppression. CMV-specific immu-
noglobulin G (IgG) was evaluated using an enzyme-linked
fluorescent immunoassay performed on a VIDAS instrument
(bioMérieux, Durham, NC, USA). Results were interpreted as
follows: negative (<4 AU/mL), equivocal (4-5 AU/mL), or pos-
itive (>6 AU/mL). Disease activity was measured using the SLE
Disease Activity Index 2000 (SLEDAI-2K) [11]. SLEDAI-2K
weighs individual 24 descriptors in 9 organ systems; these
scores can be summed to yield a global score ranging from
0 to 105 (Supplementary Figure 2). Disease activity was de-
fined as follows: no activity (SLEDAI-2K score 0), mild activity
(SLEDAI-2K score 1-5), moderate activity (SLEDAI-2K score
6-10), high activity (SLEDAI-2K score 11-19), and very high
activity (SLEDAI-2K score >20). Active SLE was defined as
moderate disease activity or greater [12-14] or active disease
otherwise determined by a rheumatologist.

Atour center, induction immunosuppressive therapies for the
majority of patients include intravenous methylprednisolone
(500-1000 mg/d for 3-5 days), intravenous cyclophosphamide
based on the National Institute of Health regimen (standard
dose; 0.5-1 g/m* every month for 6 months), or mycophenolate
mofetil (2-3 g/d). The Euro-Lupus intravenous cyclophospha-
mide regimen (low dose; 500 mg every 2 weeks for 3 months for
a cumulative dose of 3 g) was administered in some patients.
Rituximab (1-2 g) was implemented as an adjunct therapy
in refractory patients. Maintenance therapy was with either

azathioprine, mycophenolate mofetil, and/or calcineurin in-
hibitors including tacrolimus or cyclosporin.

The primary outcome was incidence of clinically signifi-
cant CMV infection (CsCMVI) among patients with active
SLE receiving intense immunosuppressants. Patients with
QuantiFERON-CMV-positive (QF+) and QF-negative (QF-)
results were analyzed separately. The secondary objectives
were to monitor CMV-specific CMI and investigate other pre-
dictors of CsCMVI. The study protocol was approved by the
Human Research Ethics Committee of the Faculty of Medicine,
Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
(approval number: ID 06-61-14).

Clinical Definitions

Patients with active SLE were preemptively monitored for CMV
infection. CMV DNA loads in plasma were quantified using a
RealTime CMYV assay (Abbott Molecular Inc., Des Plaines, IL,
USA) and reported in international units (IU)/mL (1 copy/
mL = 1.56 IU/mL). CMV DNAemia was defined as detect-
able plasma CMV DNA of any level. CsCMVI was defined as
plasma CMV DNA loads >3 1og10 IU/mL. CsCMVI was further
subclassified into asymptomatic CMV infection (no symptoms)
and CMYV disease (any symptoms). CMV disease was further
subclassified into CMV syndrome or CMV tissue-invasive dis-
eases. CMV syndrome was defined as CMV infection and at
least 2 of the following: fever >38°C for at least 2 days, new or
increased malaise or fatigue, 2 independent measurements of
leukopenia or neutropenia, 5% atypical lymphocytes, thrombo-
cytopenia, or increased hepatic aminotransferases above twice
the upper normal limit [9]. CMV tissue-invasive disease was
defined as CMV infection with specific organ symptoms such
as gastritis, colitis, or pneumonitis [9].

Measurement of CMV-Specific T-cell Responses

The QuantiFERON-CMYV assay (Qiagen, Bangkok, Thailand)
was used to assess CMV-specific T-cell responses. Aliquots of
whole blood (1 mL) were collected into 3 heparinized tubes.
Tube 1 contained a mixture of 22 peptides (1 pug/mL each)
from a variety of CMV proteins, including phosphoprotein
65 (pp65), immediate early protein (IE)-1, IE-2, pp50, and
glycoprotein B. Peptides were selected to be recognized by
the most common HLA types present in the general popu-
lation. Tube 2 served as a positive mitogen control tube and
contained phytohemagglutinin. Tube 3 served as a negative
control and contained sterile phosphate-buffered saline. The
tubes were shaken firmly but not overly vigorously and incu-
bated for 18-24 hours at 37°C. Subsequently, the supernatant
was harvested, and interferon (IFN)-y levels were measured
in IU/mL using a standard enzyme-linked immunosorbent
assay (ELISA) as per the manufacturer’s instructions. The
recommended cutoff value for CMV-specific IFN-y is 0.2
IU/mL. Results were reported as reactive, nonreactive, and
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indeterminate [15]. If IFN-y in Tube 1 was <0.2 IU/mL and
the mitogen control (Tube 2) was positive (>0.5 IU/mL), the
test was considered negative. If IFN-y in Tube 1 was <0.2 IU/
mL and the mitogen control (Tube 2) was negative (<0.5 TU/
mL), the test was considered indeterminate. Patients with
reactive and nonreactive results were considered to be QF+
and QF-, respectively. Those with indeterminate results were
considered QF- for comparative analysis.

Statistical Analyses

Categorical variables were reported as frequencies and per-
centages. Continuous variables were reported as means and
SDs or medians and interquartile ranges (IQRs). The chi-
square test or Fisher exact test was used to assess differences
between categorical variables, as appropriate. The cumulative
CsCMVI-free survival of QF+ and QF- patients with active
SLE was estimated using Kaplan-Meier methods. Differences
between the 2 groups were assessed using the log-rank test.
A Cox proportional hazard model was used to analyze pre-
dictors of CsCMVI. Variables with P values <.10 in the
univariate analysis were included in the multivariate anal-
ysis. P values <.05 were considered statistically significant.
Statistical analyses were performed using Stata, version 16
(StataCorp, College Station, TX, USA).

RESULTS

Study Population

Fifty-five patients with active SLE were enrolled in the study.
Their baseline characteristics are shown in Table 1. The mean
age of the patients (SD) was 34 (13) years, and 51 (93%) were
female. The mean SLEDAI-2K score (SD) was 14 (8). The most
common organ involvements were kidney (67%), hematologic
system (49%), skin (44%), musculoskeletal system (24%), neuro-
logic system (16%), and serosa (13%). The most common im-
munosuppressive therapy was intravenous methylprednisolone
(93%), followed by intravenous cyclophosphamide (82%),
mycophenolic acid (27%), and rituximab (13%). Forty-seven
patients (85.5%) were CMV-seropositive, 3 (5.5%) were CMV-
seronegative, and 5 (9.1%) had unknown serological status.

CsCmvI

During a mean follow-up (SD) of 2.87 (1.2) months, CMV
DNA was detected in the plasma of 34 (61.8%) patients. Among
these patients, 13 (13.6%) had CsCMVI. Among patients with
CsCMVI, 9 (69.2%) had asymptomatic CMV infection, 2
(15.4%) had CMV syndrome, 1 (7.7%) had CMV colitis, and
1 (7.7%) had CMV pneumonitis. The mean onset of CsCMVI
(SD) was at 1.0 (0.6) months. The median CMV DNA load
(IQR) was 2393 (1796-7437) IU/mL. All patients were treated
with intravenous ganciclovir (5 mg/kg) every 12 hours (renally

Table 1. Baseline Characteristic of 55 Patients With Active SLE

Total (n = 55) CsCMVI (n =13) Non-CsCMVI (n = 42) PValue

Age, mean (SD), y 34 (13) 40 (15) 33 (12) .09
Female, No. (%) 51 (93) 12 (92) 39 (93) .95
SLEDAI-2K score, mean (SD) 14 (8) 1(7) 16 (9) .07
Active organ involvement, No. (%)

Skin 24 (44) 4 (31) 20 (48) .28

Musculoskeletal system 13 (24) 3(23) 10 (24) .96

Serosa 7 (13) 3(23) 4 (10) .20

Kidney 37 (67) 7 (54) 30 (71) 24

Neurological system 9 (16) 4 (31) 5(12) N

Hematologic system 27 (49) 6 (46) 21 (50) .81
CMV 1gG,? No. (%)

Positive 47 (94) 11 (85) 36 (92) .10
QuantiFERON-CMV.® No. (%)

Reactive 16 (38) 4 (33) 12 (40) .69

Nonreactive 8 (19) (33) 4 (13) 14

Indeterminate 18 (43) (42) 13 (43) .92
Immunosuppressants, No. (%)

Methylprednisolone 51 (93) 9 (69) 42 (100) .002°

Cyclophosphamide 45 (82) 10 (77) 35 (83) .60

Mycophenolic acid 15 (27) 3(23) 12 (29) .70

Rituximab 7 (13) 3(23) 4(10) N

Abbreviations: BMI, body mass index; CMV, cytomegalovirus; IgG, immunoglobulin G; QF, QuantiFERON-CMV; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE disease activity index

2000.

“Assessed in n = 50 patients.
PAssessed in n = 42 patients.
°Fisher exact test.
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adjusted) until at least 1 measurement of undetectable DNA
load in plasma in combination with reduced doses of immuno-
suppressants. One patient with CsCMVI died ~2 months after
receiving intensive immunosuppressive therapy. This death was
not attributable to CMV infection.

CMV-Specific  T-cell
Immunosuppressants

Responses  Before  Administration  of

CMV-specific T-cell immunity measured was measured using
the QuantiFERON-CMYV assay. Immune responses against
CMV in active SLE patients receiving intense immunosup-
pressive therapy at different time points are shown in Table 2.
Among 42 evaluable patients, 16 (38.1%) and 26 (61.9%) pa-
tients were QF+ and QF-, respectively. Among the latter pa-
tients, 8 (19%) were QF-nonreactive and 18 (42.9%) were
QF-indeterminate. Among CMV-seropositive patients, 12
(33.3%) were QF-reactive, 7 (19.4%) were QF-nonreactive, 8
(22.2%) were QF-indeterminate, and 9 (25.1%) were not as-
sessed. The single CMV-seronegative patient had an indeter-
minate QF result. Of the 2 patients whose CMV IgG was not
measured, 1 was QF-reactive and 1 was QF-indeterminate.

Overall, 15/26 (57.6%) QF- patients and 10/16 (62.5%) QF+
patients developed CMV DNAemia (P =.75). Moreover, 4/14
(25%) QF- patients and 8/26 (28.6%) QF+ patients developed
CsCMVI (P = .69) (Figure 1). Kaplan-Meier analysis showed no
significant difference in the CsCMVI-free survival of QF+ and
QEF- patients (log-rank test P = .69) (Figure 2).

CMV-Specific T-cell
Immunosuppressants

Responses Post—Administration of

At 1 month postimmunosuppression, CMV-specific T-cell
immunity was measured in 35 patients using QuantiFERON-
CMV; 17 (48.6%) patients were QF+ and 18 (51.4%) were QF-.

Among the latter group of patients, 11 (31.4%) and 7 (20%) pa-
tients were QF-nonreactive and QF-indeterminate, respectively.
QF- patients developed CMV DNAemia significantly more
frequently (16/18, 88.9%) than QF+ patients (10/17, 58.8%;
P =.04). QF- patients also developed CsCMVTI significantly
more frequently (8/18, 44.4%) than QF+ patients (2/17, 11.8%;
P =.03) (Figure 1). Kaplan-Meier analysis revealed a significant
difference in CsCMVI-free survival between the 2 groups (log-
rank P = .02) (Figure 2).

Among the 19 patients whose full data were available before
as well as 1 month after immunosuppression, 9 (47.4%) were
QF+ and 10 (52.6%) were QF-. Among the latter group of pa-
tients, 4 (21.1%) and 6 (31.5%) patients were QF-nonreactive
and QF-indeterminate, respectively. Similar proportions of QF-
(8/10, 80.0%) and QF+ (7/9, 77.8%) patients developed CMV
DNAemia (P >.999). QF- patients showed a nonsignificant
trend toward more frequent CsCMVT (4/10, 40%) compared
with QF+ patients (2/9, 22.2%; P = .63). CMV-specific T-cell
responses measured by QuantiFERON-CMYV and the occur-
rence of CMV infection among 19 active SLE patients receiving
intense immunosuppressants at different time points are shown
in Supplementary Table 1.

Monitoring of CMV-Specific T-cell Responses

Data for the subset of patients with QuantiFERON-CMYV results
before as well as 1 and 3 months after receiving immunosuppres-
sants are shown in Figure 3. For 16 patients with QF-reactive re-
sults pre-immunosuppression, 12 (75%) remained reactive and
4 (25%) became nonreactive (n = 3) or indeterminate (n=1)
after 1 month of immunosuppressive therapy. Among patients
showing QF reversion, 2 (50%) developed CsCM VL. At 3 months
postimmunosuppression, 31 patients had QuantiFERON-CMV

Table 2. CMV-Specific T-cell Inmunity Measured by QuantiFERON-CMV and the Occurrence of CMV Infection in Patients With Active SLE Receiving

Intense Immunosuppressants

CMV-Specific T-cell Immunity, No. (%)

QF-Positive QFNegative
Outcomes Reactive Nonreactive Indeterminate Nonreactive and Indeterminate
Before receiving immunosuppressants
All patients (n = 42) n=16 n=38 n=18 n=26
CMV DNAemia 10 (62.5) 7 (87.5) 8 (44.4) 15 (57.6)
Ref. P=.20 P=.29 P=.75
CsCMVI 4 (25) 4 (50) 5(22.2) 8(28.6)
Ref. P=.67 P=.55 P=.69
1 mo after receiving immunosuppressant
All patients (n = 35) n=17 n=11 n=7 n=18
CMV DNAemia 10 (58.8) 11 (100) 5 (71.4) 16 (88.9)
Ref. P=.02° P=.56 P=.04
CsCMVI 2(1.8) 6 (54.5) 2 (28.6) 8 (44.4)
Ref. P=.01 P=.72 P=.03

Abbreviations: CMV, cytomegalovirus; CsCMVI, clinically significant CMV infection; QF, QuantiFERON-CMV; SLE, systemic lupus erythematosus.

“Fisher exact test.
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Figure 1. Association between CMV-specific cell-mediated immunity measured by QF before and 1 month after administration of intense immunosuppressants and the

occurrence of CMV DNAemia (A—C) and CsCMVI (D—F) among patients with active SLE. Abbreviations: CMV, cytomegalovirus; CsCMVI, clinically significant CMV infection;

QF, QuantiFERON-CMV; SLE, systemic lupus erythematosus.

results; 18 (58.1%) were reactive, 8 (25.8%) were nonreactive,
and 5 (16.1%) were indeterminate.

CMV-specific CMI measured by QuantiFERON-CMYV (in-
cluding IFN-y level) and plasma CMV DNA load were prospec-
tively monitored in 3 representative patients (Figure 4). Patient
A developed CMV DNAemia (2 logl0 IU/mL) after 4 weeks
of immunosuppressive therapy; CMV DNA load was later
suppressed, along with an increase in IFN-y level (in the reac-
tive range). By contrast, patient B developed CMV DNAemia
(2 logl0 IU/mL) after the initially QF-reactive results became
nonreactive. Finally, patient C achieved an undetectable CMV
DNA load following CMV DNAemia (3 logl0 IU/mL) with
consecutive QF-reactive results.

Predictors of CsCMVI in Patients With Active SLE

Risk factors for CsCMVI were analyzed using a Cox propor-
tional hazard model (Table 3). In univariate analysis, QF— status
among patients with active SLE 1 month after receiving intense
immunosuppressants was associated with CsCMVI (hazard
ratio [HR], 4.89; 95% CI, 1.06-22.74; P =.04). Additionally,
neuropsychiatric manifestations of SLE were marginally asso-
ciated with CsCMVI (HR, 2.73; 95% CI, 0.84-8.88; P = .09).
However, age, sex, SLEDAI score, type of immunosuppressant,

and lymphopenia (<1000/mm’) were not associated with
CsCMVIL In multivariate analysis, QF- status at 1 month
postimmunosuppression remained significantly associated
with CsCMVI (adjusted HR, 4.97; 95% CI, 1.07-23.10; P = .04).

DISCUSSION

Here, we reported one of the first prospective studies to pre-
emptively monitor CMV infection in patients with active SLE
receiving intense immunosuppressive therapy. CMV infection
with clinical significance occurred in ~1 of 7 patients, with
relatively early onset and clinical manifestations ranging from
asymptomatic infection to tissue-invasive disease. We found
that active SLE patients with low postimmunosuppressant
CMV-specific CMI measured by QuantiFERON-CMV were
at increased risk of CMV infection after adjusting for other
variables.

The incidence of CMV infection is increasing among SLE
patients, especially those requiring intensive immunosuppres-
sive therapy for active organ disease [5-8]. We monitored CMV
infection for the first 3 months following initiation of intense
immunosuppressive therapy based on the results of a pre-
vious retrospective case-control study, which found that CMV
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infection was likely to develop early (median, 1.3 months after ~ in whom the mean onset was 3 months following induction
initiating immunosuppressive therapy) [6]. The onset of CMV therapy [16]. Approximately two-thirds of the patients studied
infection occurs relatively earlier in SLE patients than in other ~ here developed low-level CMV DNAemia without disease, and
immunocompromised populations, such as SOT recipients, there was only 1 non-CMV-related death. These results contrast
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with those of a previous retrospective case—control study,
which found higher rates of CMV tissue-invasive diseases (eg,
pneumonitis and gastrointestinal disease) and high mortality
rates of up to two-thirds of patients [6]. This discrepancy could
be explained by our preemptive monitoring for CMV replica-
tion and prompt interventions to prevent disease progression.
We also found that neuropsychiatric manifestations of SLE,
which potentially suggest the need for more intense immuno-
suppression, showed a marginal association with increased risk
of CMV infection later in the disease course [17]. Other vari-
ables did not show any correlation, including age, sex, disease-
specific activity score, and type of immunosuppressant.

The incidence of CMV infection among SLE patients re-
ceiving intense immunosuppressants is higher compared with
other patients with autoimmune diseases. The incidence re-
ported in the literature ranges from 37% to 53% depending on
the definition (from asymptomatic CMV DNAemia to tissue-
invasive disease) [18, 19]. By contrast, we found that ~13% of
active SLE patients receiving immunosuppressants suffered
from CMYV infection with a plasma CMV DNA load of >3
log10 IU/mL, which required treatment. The SLE patients in-
cluded in this study had high disease activity as determined by
SLEDAI-2K. Although CMYV infection appears to be associated
with autoimmune diseases, whether CMV reactivation triggers
autoimmune disease flare-ups or develops because of immuno-
suppression following therapy for active autoimmune disease is
still debated [20].

Deficiency of total and CMV-specific immunity is associated
with CMV infection in SOT and hematopoietic stem cell trans-
plant recipients. A previous prospective study of SLE patients
revealed that low white blood cell counts were common, with

leukopenia and lymphopenia observed in 57.3% and 96.6% of
patients, respectively. However, the presence of leukopenia at
any time was not arisk factor for severe infection in patients with
SLE [21]. Low absolute lymphocyte counts have been associated
with several viral infections including CMV [22, 23]. A retro-
spective study of SLE patients revealed that lymphopenia, es-
pecially CD4+ lymphopenia, was associated with CMV disease;
however, this association was not detected in our cohort [24].

CMV-specific humoral and cell-mediated immunity is be-
lieved to play a major role in controlling viral replication in
immunocompromised patients. Anti-CMV IgG has been tradi-
tionally and widely used to predict the risk of CMV infection in
transplant recipients. However, even among CMV-seropositive
patients with preexisting immunity, some risk of CMV infection
remains. A study of CMV-seropositive kidney and liver trans-
plant recipients revealed that low pretransplant CMV IgG titer
was a risk factor for CMV reactivation after transplant [25, 26].
Although most of the patients in our study had positive CMV
serostatus, we identified notable discordant results in several
cases for CMV-specific humoral and cellular immunity. These
data could identify individuals at higher risk of infection (eg,
patients who have positive CMV IgG but are QF-nonreactive).
The high heterogeneity of CMV-specific immunity has also
been demonstrated in immunocompetent individuals [27].

We used the 2 major targets of CMI against CMV, pp65 and
IE-1, to assess CMV-specific T-cell responses in our study [28,
29]. Functional CMV-specific CMI has been shown to control
CMYV infection in SOT recipients. Limited expansion of CMV-
specific CD8+ T cells places kidney transplant recipients at risk
of CMYV infection [30]. Therefore, assessment of CMV-specific
T-cell responses is of interest to improve care of SOT recipients
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Figure 4. Monitoring of CMV-specific cell-mediated immunity by QF. IFN-y levels
(right y-axis) and plasma cytomegalovirus DNA loads (left y-axis) were assessed
before as well as 1 and 3 months after administration of intense immunosuppres-
sants in 3 representative patients with active SLE (A, B, and C). Abbreviations:
CMV, cytomegalovirus; IFN, interferon; QF, QuantiFERON-CMV; SLE, systemic lupus
erythematosus.

who develop CMYV infection [31]. Our study affirmed this asso-
ciation in patients with autoimmune diseases for the first time.
Although pre-immunosuppressant CMV-specific CMI status
did not predict CMV infection in our study population, patients
whose CMV-specific CMI diminishes postimmunosuppression

could have up to a 5-times-greater risk of CMV reactivation
compared with patients with intact CMV-specific CMI. We
found that approximately one-fourth of patients with active
SLE had diminished CMV-specific CMI later in their disease
course, likely because of the intense immunosuppressive regi-
mens administered in our cohort. Interestingly, a significant
proportion patients were QF indeterminate. Patients with in-
determinate results may have profound T-cell suppression, as
reflected by the inability of T cells to secrete IFN-y response to
superantigen stimulation in a control sample. Hence, an inde-
terminate QF result is usually considered to confer the highest
risk of CMV infection, particularly in CMV-seronegative SOT
recipients receiving transplants from CMV-seropositive donors
[32]. However, our study did not detect this association, likely
because of the predominant CMV-positive serostatus of the
study population. Therefore, we decided to combine patients
with indeterminate QF results with QF nonreactive patients to
increase statistical power.

A previous study reported that the QuantiFERON-CMV
assay before and 1 month after immunosuppression had sub-
optimal accuracy for predicting protective CMV-specific
CMI (sensitivity, 77.4%; specificity, 34.3%; positive predictive
value, 64.1%; and negative predictive value, 50.0%); there was
a nonsignificant difference in 1-year CMV infection rates be-
tween QF— (nonreactive or indeterminate) and QF+ patients
[33]. A few previous studies suggested a modified cutoff value
(0.1 TU/mL) to increase the tests sensitivity for immuno-
compromised patients, particularly CMV-seropositive SOT
recipients [33, 34]. We were able to distinguish those at risk
of CMV infection by using the cutoff value suggested by the
manufacturer 1 month postimmunosuppression. Using a dif-
ferent IFN-y quantification technique (the ELISpot assay), low
pretransplant CMV-specific CMI also predicted CMV infection
among CMV-seropositive kidney transplant recipients who re-
ceived non-T-cell-depleting antibody induction therapy. Using
the ELISpot assay, CMV IE-1 better stratified risk of CMV in-
fection compared with the CMV pp65 antigen. Jarque et al. sug-
gested application of an adjusted cutoft for the ELISpot assay
to risk stratification when CMI is measured after transplant
[35]. Therefore, a future study should focus on defining op-
timal cutoff values for specific test methods and specific patient
populations.

Overall, we observed a decreasing proportion of patients
who were QF-nonreactive and -indeterminate after receiving
immunosuppressants, which contradicted our thought that
the proportion should be increasing. Instead, we assessed
the role of CMV-specific CMI by monitoring responses and
plasma CMV DNA loads chronologically in a real-world sit-
uation on 3 representative patients. We also further quanti-
fied the amount of IFN-y secreted in the sample tube (after
subtracting the negative control) in addition to interpreta-
tion as a qualitative test. We found some inverse correlations
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Table 3. Cox Proportional Hazard Modeling of Predictors of Clinically Significant CMV Infection Among Patients With Active SLE

Univariate Multivariate
HR 95% Cl PValue HR 95% ClI PValue
Age 1.03 0.99-1.07 14
Female 0.90 0.12-6.96 .92
SLEDAI-2K score 0.91 0.81-1.02 10
Neuropsychiatric SLE 2.73 0.84-8.88 .09 2.39 0.70-8.19 A7
Methylprednisolone therapy 0.97 0.13-747 .98
Cyclophosphamide therapy 0.58 0.16-2.09 .40
Lymphopenia® 1.53 0.47-4.99 48
QF-negative 0.78 0.24-2.60 .69
Lymphopenia® at 1 mo postimmunosuppression 1.10 0.34-3.57 .88
QF-negative at 1 mo postimmunosuppression 4.89 1.06-22.74 .04 4.97 1.07-23.10 .04

Abbreviations: CMV, cytomegalovirus; HR, hazard ratio; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index 2000; QF, QuantiFERON-CMV.

2Absolute lymphocyte count <1000 /mm?®.

between IFN-y levels and CMV DNA loads. However, the
usefulness and performance of quantifying IFN-y levels re-
quire further study. Therefore, we encouraged individualized
CMV-specific immune monitoring rather than a whole-
group interpretation.

Because CMV replication is associated with impaired CMV-
specific immune control, CMV-specific T-cell monitoring could
be used to explore and optimize CMV management in patients
with autoimmune diseases, as it is for transplant recipients [9,
31]. Our study supported a potential role of CMV-specific CMI
monitoring in these patients. Further studies are needed to con-
firm the utility of CMV-specific CMI monitoring in real-world
practice.

The limitations of our study include the relatively small
number of patients and missing QF data for some patients. In
addition, we were unable to explore responses to each CMV-
specific protein because the QuantiFERON-CMYV assay uses
premixed pooled peptides. Finally, a threshold to initiate pre-
emptive therapy has not been established among this specific
population. Thus, we tentatively used CMV DNA loads of 3
log10 IU/mL as the threshold; this value distinguished patients
with and without symptoms based on a retrospective study
at our institution (unpublished data). To our knowledge, our
study is one of the first and largest to thoroughly investigate
CMV-specific CMI responses in patients with active autoim-
mune diseases receiving intensive immunosuppressive therapy.
Our data may help clinicians caring for patients with active au-
toimmune disease and major organ involvement. Our results
could also increase awareness of CMV prevention in patients
with autoimmune diseases scheduled to receive aggressive
doses of immunosuppressants.

In conclusion, patients with active SLE could be at risk for
CMV infection soon after receiving intensive immunosup-
pressive therapy. Preemptive CMV monitoring is encouraged
to detect early replication of this virus and prevent unfavorable
consequences. Impaired CMV-specific T-cell responses after

receiving immunosuppressants are independently associated
with CMV infection. Intact CMV-specific CMI appears to pre-
vent CMV infection in populations with high rates of CMV
seropositivity. A future large-scale study focused on detailed
assessment of individualized CMV-specific CMI status among
patients with autoimmune diseases is needed.
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