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Background/Aims: The risk of herpes zoster (HZ) is increased in patients with au-
toimmune diseases (AID), probably due to immunosuppressive therapy. 
Methods: This prospective cross-sectional study investigated varicella zoster virus 
(VZV)-specific immunity in relation to subclinical VZV reactivation in 48 AID pa-
tients and 48 healthy controls (HCs). We assessed humoral immunity (serum VZV 
immunoglobulin g [IgG], IgA, and IgM) and cell-mediated immunity (interferon-γ 
[IFNγ]-releasing assay) to VZV as well as salivary VZV DNA status. Subclinical VZV 
reactivation was confirmed by detecting VZV DNA in saliva or VZV IgM in serum 
in the absence of typical HZ symptoms. 
Results: Median IgA levels were higher in the AID group than in the HC group, 
while VZV IgG and IgM levels were comparable between the groups. AID patients 
showed fewer IFNγ spot-forming cells (SFCs) upon VZV stimulation than HCs 
(58.2 vs. 122.0 SFCs/106 peripheral blood mononuclear cells [PBMCs], p < 0.0001). 
Subclinical VZV reactivation was more frequent in AID patients than in HCs (12.5% 
vs. 0%, p = 0.01). AID patients with VZV reactivation received prednisolone more 
frequently and at a higher dose than AID patients without reactivation. VZV-spe-
cific IFNγ SFCs were significantly lower in patients with VZV reactivation among 
AID patients (26.3 vs. 62.6 SFCs/106 PBMCs, p < 0.0001).
Conclusions: Results suggest that poor cellular response against VZV might cause 
clinical and subclinical reactivation of VZV in AID patients. 
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INTRODUCTION

The varicella zoster virus (VZV) is a ubiquitous human 
alpha-herpesvirus. The virus becomes latent in neurons 
of the dorsal root ganglia, cranial nerve ganglia, and 
autonomic ganglia after primary infection. Although 
the mechanism of reactivation is not fully understood, 
it is likely that reactivation may occur when VZV-spe-
cific cell-mediated immunity (CMI) decreases below a 

threshold level [1]. Reactivation from latency causes her-
pes zoster (HZ), which is a localized, painful vesicular 
rash that usually appears unilaterally in the distribution 
of one or more adjacent sensory nerves. 

The highest risk of reactivation is observed in patients 
with inflammatory myositis and in those with systemic 
lupus erythematosus (SLE), irrespective of age [2,3]. The 
prevalence of HZ is estimated to be 15 to 91 cases per 
1,000 person-years among SLE patients [4,5] and 12 cases 
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per 1000 person-years among patients with rheumatoid 
arthritis (RA) [6]. The above statistics imply that there is 
at least a 4 - to 20-fold increase in HZ risk among SLE and 
RA patients, compared to that in the general population. 
HZ rash can be prolonged, severe, or disseminated in 
patients with autoimmune disease (AID). The risk of se-
vere neurologic complications such as myelitis, chronic 
encephalitis, and meningoencephalitis increases fur-
ther in this population [7]. Moreover, in patients with 
AID, incident HZ was associated with a 2-fold increase 
in the risk of stroke subsequent to HZ occurrence [8,9]. 
Thus, prevention of HZ is critical in this population. In 
this context, guidelines that include recommendations 
for the use of HZ vaccination in patients with AID are 
not entirely consistent with one another [10,11], and, in 
fact, SLE patients show the lowest HZ vaccination rates 
among the age-eligible subjects [3]. More knowledge of 
the underlying immunity to VZV is needed to under-
stand the increased susceptibility of AID patients to HZ 
to support HZ prevention. 

It is already known that VZV-specific CMI is reduced 
in patients with AID because of the use of immunosup-
pressive therapy, leading not only to clinical reactivation 
of VZV (HZ) [12-15], but also to subclinical VZV reactiva-
tion. However, little is known about subclinical VZV re-
activation in this population. To our knowledge, there is 
only one report regarding VZV subclinical reactivation 
in SLE [16]. Thus, we compared VZV-specific immuni-
ty and subclinical VZV reactivation between patients 
with AID and healthy controls (HCs) to test whether de-
creased CMI might cause subclinical reactivation. 

METHODS

Study population
We enrolled patients with AID aged ≥ 18 years who vis-
ited the Dongguk University Ilsan Hospital outpatient 
clinic as well as age-matched HCs, between March 2018 
and April 2019. HCs were recruited as volunteers during 
the same study period. Patients with RA, SLE, dermat-
omyositis, polymyalgia rheumatica, and mixed connec-
tive tissue diseases were included in the AID group. RA 
patients who fulfilled the American College of Rheu-
matology (ACR)/European League Against Rheumatism 
(EULAR) criteria [7] were eligible for inclusion. AIDs 

other than RA were diagnosed using the appropriate di-
agnostic criteria. Disease characteristics, disease activity, 
and data on the use of immunosuppressive therapies 
were recorded. Comprehensive data on vaccination and 
HZ history were obtained from patient medical records, 
vaccination documents, or by interviewing the patients. 
Disease activity of RA was determined by calculating the 
Disease Activity Score 28-erythrocyte sedimentation rate 
(DAS28-ESR) [17] and ESR and by measuring C-reactive 
protein (CRP) levels. Patients who had experienced ac-
tive HZ or had been vaccinated before sample acquisi-
tion were excluded from the study. This study complies 
with the Declaration of Helsinki, and the protocols of 
this study were approved by the Institutional Review 
Board of the Dongguk University Ilsan Hospital (IRB 
no. 2017-11-002). Informed consents were obtained from 
all patients and control subjects.

Antibody response to VZV and diphtheria
Anti-VZV immunoglobulin g (IgG), IgM, and IgA anti-
bodies were detected using glycoprotein ELISA assays 
(Institut Virion/Serion GmbH, Würzburg, Germany) ac-
cording to the manufacturer’s protocol. In brief, 100 μL 
of controls and diluted plasma samples were added to a 
pre-coated 96-well plate and incubated for 1 hour. After 
a washing step, we added 100 μL of goat anti-human IgG, 
IgM, or IgA conjugated with alkaline phosphatase, and 
the plate was incubated for 30 minutes. After a further 
washing step, 100 μL of substrate solution was added, 
and the enzymatic reaction was quantified after 30 min-
utes of incubation. All incubation steps were performed 
at 37°C. Data were acquired using a Spark microplate 
reader (Tecan Trading AG, Männedorf, Switzerland). 
Because there is evidence of polyclonal hypergam-
maglobulinemia in SLE patients, IgG antibody respons-
es to diphtheria were included as controls and measured 
using a commercial kit according to the manufacturer’s 
instructions (Institut Virion/Serion GmbH). Diphtheria 
was chosen because it is nonendemic in South Korea, as 
previously reported [18].

VZV-specific CMI 
CMI to VZV was evaluated using the interferon-γ (IF-
Nγ)-release assay [19]. Peripheral blood mononuclear 
cells (PBMCs) in heparinized blood were separated by 
Ficoll-Hypaque density gradient centrifugation (Sig-
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ma-Aldrich, St. Louis, MO, USA) and subsequently fro-
zen. Previously cryopreserved PBMCs with a viability of 
≥ 70% were added at 200,000 cells/well were stimulated 
in quadruple wells with VZV grade 2 antigen (EL-03-
02 Microbix, Mississauga, ON, USA), and with Medical 
Research Council cell strain 5 (MRC5) control antigen 
(Microbix ELC-29-02) as a negative control, or phytohe-
magglutinin as a positive control. After overnight incu-
bation, spot-forming cells (SFCs) were counted using an 
AIDiSpot (Autoimmune diagnostika GmbH, Straßberg, 
Germany) instrument. Results were reported as the 
number of SFCs/106 PBMCs in VZV-stimulated wells 
after subtracting the number of SFCs in control wells 
containing MRC5. 

VZV-specific polymerase chain reaction  assays 
using saliva 
To examine subclinical reactivation of VZV in saliva, sa-
liva samples were collected at least twice every month. 
Saliva samples (1 mL or more) were collected with an 
Omnigene-Oral kit (DNA Genotek, Ottawa, ON, Cana-
da) at any time of the day but at least 1 hour after a meal. 
The samples were shaken vigorously for at least 10 sec-
onds and incubated in a water bath at 50°C for 1 hour. 
DNA was extracted with a QiAamp DNA mini kit (Qia-
gen Inc., Chatsworth, CA, USA) as recommended by the 
manufacturer. VZV was quantified with a VZV real-time 
polymerase chain reaction (PCR) kit (GeneProof, Brno, 
Czech Republic) using a LightCycler 480 System (Roche, 
Basel, Switzerland). A specific conserved DNA sequence 
of the ORF62 gene was used as the target sequence. The 
copy number of VZV DNA was determined by compar-
ing the cycle threshold values of the test samples with 
those of the reference VZV DNA supplied with the PCR 
kit [19,20].

Subclinical reactivation of VZV
In line with the definition of Rondaan et al. [16], subclin-
ical reactivation of VZV was defined as the presence of 
VZV DNA in saliva or a positive VZV IgM status (unless 
explained by the presence of rheumatoid factor), in the 
absence of clinical signs or symptoms of HZ or chick-
enpox. VZV IgM positivity was defined as a VZV IgM 
level of more than 100 IU/mL, as per the manufacturer’s 
recommendation. We also analysed VZV IgA since it has 
been helpful for HZ diagnosis [21,22] although it has not 

been included it in the definition of VZV reactivation by 
Rondaan et al. [16].

Statistical analysis
IBM SPSS statistics for Windows version 20.0 (IBM 
Corp., Armonk, NY, USA) was used for all statistical 
analyses. Graphs were constructed using GraphPad 
Prism 8 for Windows (GraphPad Software Inc., La Jolla, 
CA, USA). Continuous variables are expressed as medi-
an values with interquartile ranges (IQRs) and are also 
compared with the Mann-Whitney U test. Categorical 
variables were expressed as numbers and percentages 
and analysed using the chi-square test. Two-tailed p val-
ues < 0.05 were considered statistically significant.

RESULTS

Baseline characteristics
A total of 96 subjects, including 48 HCs and 48 patients 
with AID (35 RA, seven SLE, three dermatomyositis, one 
adult-onset Still’s disease, one polymyalgia rheumati-
ca, and one mixed connective tissue disease) were pro-
spectively enrolled during the study period. The demo-
graphic characteristics of the participants are shown in 
Table 1. There were no significant differences in age be-
tween the AID and HC groups, while more women were 
included in the AID group. A majority of RA patients 
(34/35) were taking anti-rheumatic drugs, including 
methotrexate and biologic agents, at the time of study 
inclusion. Disease activity was relatively low (median 
DAS28-ESR 2.47 [IQR, 2.28 to 3.05], ESR 19.0 mm/hr [IQR, 
10.5 to 28.0], and CRP level 0.08 mg/dL [IQR, 0.04 to 
0.32]). Seven patients with SLE received hydroxychloro-
quine, mycophenolate mofetil (MMF), or prednisolone 
therapy. All patients in the AID group were examined 
by a rheumatologist (K.H.L.) at the study hospital. The 
median disease duration was 36.0 months (IQR, 11 to 70).

VZV and diphtheria antibody levels. 
All study subjects tested positive for VZV IgG. The lev-
els of VZV IgG antibodies were not significantly differ-
ent between the AID (median, 543.7 IU/mL [IQR, 326.1 
to 938.0]) and HC (694.8 IU/mL [IQR, 337.4 to 1,158]) (p 
= 0.28) groups (Fig. 1A). However, the levels of VZV IgA 
antibodies in the AID group were significantly higher 
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than those in the HC group (3.04 IU/mL vs. 1.16 IU/mL, 
p = 0.02) (Fig. 1B). No significant differences were found 
in IgM antibody levels between the AID and HC groups 
(Fig. 1C). In contrast to VZV IgG and IgM, Diphtheria 
antibody levels in AID patients were significantly lower 
than in HCs (p = 0.02) (Fig. 1D). 

VZV specific CMI
In the IFNγ enzyme-linked immunosorbent assay, the 
number of SFCs observed in response to VZV stimula-
tion was significantly lower in AID patients than in HCs 
(median number of IFNγ SFCs/106 PBMCs: 58.2 [IQR, 
45.0 to 70.0] vs. 122.0 [IQR, 108.1 to 188.1], p < 0.001) (Fig. 
2). In a subgroup analysis that sorted patients with AID 
according to the type of AID (RA, SLE, or other AID), the 
number of IFNγ SFCs/106 PBMCs was not significantly 
different among these subgroups (RA vs. SLE vs. other 

AID: 60.0 [IQR, 49.0 to 75.0] vs. 54.6 [IQR, 31.5 to 69.0] vs. 
50.5 [IQR, 24.9 to 79.8], p = 0.46). 

Subclinical reactivation of VZV 
Subclinical VZV reactivation was detected in six AID pa-
tients by PCR for VZV DNA, and VZV IgM positivity was 
detected in none of the study patients. No reactivation 
was observed in the HC group. Subclinical VZV reacti-
vation was significantly more frequent in patients with 
AID than in HCs (12.5% vs. 0%, p = 0.01) and occurred 
in two RA patients, two patients with SLE, one patient 
with dermatomyositis, and one patient with adult-on-
set Still’s disease. Among the six patients with positivity 
for salivary VZV DNA, the median viral load was 2.32 log 
copies/mL (IQR, 1.75 to 3.45). We compared the clinical 
characteristics of 48 AID patients with and without sub-
clinical VZV reactivation (Table 2). Interestingly, pred-

Table 1. Baseline characteristics of study participants  

Characteristic
Healthy controls

(n = 48)
Autoimmune disease patients

(n = 48)
p value

Age, yr 50.0 (43.3–58.8) 49.0 (42.3–58.0) 0.51

Female sex 28 (58.3) 38 (79.2) 0.02

Distribution of disease

RA 35 (72.9)

SLE 7 (14.6)

Dermatomyositis 3 (6.3)

Othersa 3 (6.3)

Treatment NA

Prednisolone 27 (56.3)

Dose, mg/day 5.0 (1.25–15.0)

Methotrexate 36 (75.0)

Dose, mg/week 15.0 (10.0–15.0)

Hydroxychloroquine 6 (12.5)

Mycophenolate mofetile 3 (6.3)

Biologic agent 9 (18.8)

Tocilizumab 3 (8.6)

Golimumab 3 (8.6)

Tofacitinib 2 (5.7)

Infliximab 1 (2.9)

Disease duration, mo NA 36 (11–70)

Values are presented as median (interquartile range) or number (%). 
RA, rheumatoid arthritis; SLE, systemic lupus erythematous; NA,  not available.  
aOthers include one adult onset still’s disease, one polymyalgia rheumatic, and one mixed connective tissue disease.
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nisolone use (100% vs. 50.0%, p = 0.02) as well as the me-
dian prednisolone dose (15.0 mg/day vs. 2.5 mg/day, p = 
0.01) were higher in patients with VZV reactivation than 
in those without VZV reactivation. In addition, the me-
dian number of VZV-specific IFNγ SFCs was significant-
ly lower in patients with VZV reactivation than in those 
without VZV reactivation (26.3 SFCs/106 PBMCs vs. 62.6 
SFCs/106 PBMCs, p < 0.0001).

DISCUSSION

In this study, we found decreased VZV-specific CMI in 

AID patients compared to HCs. However, humoral im-
munity to VZV was not impaired in the AID group. Sub-
clinical reactivation of VZV was frequently observed in 
AID patients but not in HCs. In addition, VZV-specific 
CMI was significantly lower in patients with subclinical 
VZV reactivation among AID patients. 

Since VZV-specific T-cells have been shown to be 
important for effective VZV control, VZV reactivation 
may occur when VZV-specific CMI falls below a critical 
threshold level [1]. AID patients have impaired VZV-spe-
cific CMI owing to the immunosuppressive effects of 
the disease and/or the use of immunomodulatory med-
ication [12-15,18]. In the current study, the majority of 

Figure 1. Levels of antibodies against varicella zoster virus (VZV) and diphtheria. Bars show the median and interquartile 
range. (A) Anti-gpVZV immunoglobulin g (IgG), (B) anti-gpVZV IgA, (C) anti-gpVZV IgM, (D) anti-diphtheria IgG. gp, glyco-
protein; AID, autoimmune disease; HC, healthy control.
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participants in the AID group (72.9%) were RA patients. 
A previous study reported that VZV-specific CD4 T-cell 
levels were lower in patients with RA than in HCs [12]; 
treatment regimens, such as those involving biological 
disease-modifying anti-rheumatic drugs, have been re-

ported to attenuate cellular immunity [14]. IFNγ plays 
an important role in the host immune response to viral 
infections. Methotrexate has been shown to suppress 
IFN-γ, which may result in VZV reactivation [23]. More-
over, a dose-dependent association between the use of 
corticosteroids and HZ risk has been reported [8]. In ad-
dition to RA patients, decreased CMI was observed in 
patients with SLE [15,18]. The use of prednisolone and 
MMF in SLE poses additional risks for HZ [3]. In line 
with previous reports [12-15,18], these findings might 
suggest an increased susceptibility to VZV reactivation 
in patients with AID. 

Despite the absence of clinical symptoms, subclinical 
VZV reactivation was frequently observed in patients 
with AID (12.5% vs. 0%, p = 0.01). Patients who had e 
xperienced VZV reactivation showed VZV DNA in their 
saliva [19,20,24]. AID patients may be susceptible to VZV 
reactivation for a number of reasons. First, a transient 
decrease in normal immune function associated with 
increased blood cortisol levels was experienced by astro-
nauts during space flight, as demonstrated by scientists 
at the National Aeronautics and Space Administration 
[25,26]. Although we could not measure cortisol levels 
in the study population, we believe that stress may in-
duce subclinical reactivation in the absence of clinical 
disease [25-27]. AID flares might also lead to subclini-

Figure 2. Levels of interferon-γ (IFNγ) spot-forming cells in 
response to varicella zoster virus (VZV) stimulation. Num-
bers of IFNγ spot-forming cells/106 peripheral blood mono-
nuclear cells in rheumatoid arthritis patients and healthy 
controls (HCs) in response to VZV stimulation were deter-
mined. Bars show the median and interquartile range. AID, 
autoimmune disease.
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Table 2. Comparison of patients with and without subclinical VZV reactivation in patients with autoimmune disease

Variable   
VZV reactivation

(n = 6)
Without VZV reactivation  

(n = 42)
p value

Age 41.5 (29.8–47.0) 50.5 (44.0–59.8) 0.10

Female sex 5 (83.3) 33 (78.6) 0.63

Treatment

Methotrexate 3 (50.0) 33 (78.6) 0.16

Prednisolone 6 (100) 21 (50.0) 0.02

Median PD dose, mg/day 15.0 (8.8–25.0) 2.5 (1.25–7.5) 0.01

Biologic agent 1 (16.7) 8 (19.0) 0.67

VZV specific immunity

VZV IgA 6.99 (2.0–23.0) 2.43 (1.98–23.0) 0.24

VZV IgG 488.1 (165.4–1,462.1) 543.7 (328.2–970.3) 0.68

VZV IgM 1.11 (0.22–6.72) 0.94 (0.19–2.39) 0.74

IFNγ producing SFCs 26.3 (14.4–33.5) 62.6 (50.0–76.8) < 0.01

Values are presented as median (interquartile range) or number (%). 
VZV, varicella zoster virus; PD, prednisolone; Ig, immunoglobulin; IFNγ, interferon-γ; SFC, spot-forming cell.
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cal virus reactivation. Second, subclinical VZV viremia 
was observed in individuals with malignancies, and vi-
rus-specific T-cell responses were the lowest in those 
with subclinical virus reactivation [28]. In this study, 
patients with subclinical VZV reactivation had signifi-
cantly lower VZV-specific CMI than patients without 
VZV reactivation (26.3 SFCs/106 PBMCs vs. 62.6 SFCs/106 
PBMCs, p < 0.0001). This finding suggests that VZV-spe-
cific CMI could be important for controlling VZV reac-
tivation. Another interesting finding is that subclinical 
VZV reactivation is associated with prednisolone use. 
Patients with VZV reactivation took prednisolone more 
frequently (100% vs. 50.0%, p = 0.02) and at a higher 
median dose (15.0 mg/day vs. 2.5 mg/day, p = 0.01) than 
patients without VZV reactivation. Steroid effects have 
been well demonstrated for herpes simplex virus, an-
other alpha-herpesvirus. Harrison et al. [29] reported 
that dexamethasone stimulated explant-induced HSV 
reactivation from latency but, conversely, a glucocorti-
coid receptor antagonist significantly impaired reactiva-
tion from latency. However, this has never been shown 
in VZV. 

In this study, humoral immunity to VZV was compa-
rable between the AID and HC groups. This is in line 
with the results of a previous study [12] and supports 
the assumption that poor VZV-specific CMI, but not 
humoral immunity, may be the main contributor to 
VZV reactivation. However, other studies have report-
ed significantly higher VZV IgG levels in SLE patients 
[18] and lower VZV IgG levels in RA patients compared 
to those in a matched control group without RA [13,14]. 
Meanwhile, level of VZV IgG can be boosted during sub-
clinical reactivation or exposure to VZV, which can be 
one of explanations why the level of VZV IgG was sim-
ilar between AID patients and HCs. Evidence suggests 
that the endogenous boosting of VZV antibody levels 
after clinical VZV reactivation and in the absence of HZ 
are associated with the subclinical VZV reactivation or 
re-exposure to VZV [21,30].

Interestingly, VZV IgA was higher in AID patients. 
IgA, as the principal antibody class in the secretions that 
bathe these mucosal surfaces, acts as an important first 
line of defense [31]. Because VZV is presumed to have a 
respiratory mode of transmission, antibodies of the IgA 
class may be important in the host response. VZV-spe-
cific IgA has been suggested to have some value in the 

diagnosis of HZ and chickenpox [21,22,32]. Level of VZV 
IgA might be boosted during subclinical reactivation 
or exposure to VZV in this study. However, the clinical 
significance of subclinical reactivation is unclear. Thus, 
further research is needed to clarify VZV-specific hu-
moral immunity in this population. 

A limitation of our study is that the sample size was 
relatively small, and the AID patient group was hetero-
geneous. Additionally, follow-up data to assess changes 
in the quantitative levels of specific CMI and humoral 
immunity markers in relation to clinical reactivation 
events were unavailable. Thus, longitudinal studies in-
volving large sample sizes are needed to confirm these 
results. Our study suggests that the use of steroids de-
creases VZV-specific CMI and, as a result, subclinical 
reactivation was frequently observed in AID patients. 
However, we did not demonstrate the effect of steroids 
on VZV-infected cell growth or VZV-specific CMI in vit-
ro. Therefore, further studies using a cell model such as 
fibroblast infected cell lines are needed to show if ster-
oid treatment affects VZV spread.

In conclusion, patients with AID showed decreased 
CMI against VZV, while humoral immunity was not 
impaired in these patients. Subclinical VZV reactivation 
was observed in patients with AID. These data suggest 
that the increased susceptibility to clinical or subclini-
cal VZV reactivation in patients with AID may be due to 
a poor cellular response. Vaccination strategies should 
aim to boost cellular immunity against VZV.

KEY MESSAGE

1.	 The risk of herpes zoster is increased in pa-
tients with autoimmune diseases (AID); how-
ever, little is known about subclinical reactiva-
tion in this population. 

2.	 Thus, we compared varicella zoster virus (VZ-
V)-specif ic humoral and cellular immunity 
in relation to subclinical VZV reactivation be-
tween patients with AID and healthy controls 
(HCs) whether decreased cell-mediated immu-
nity (CMI) might cause subclinical reactiva-
tion. 

3.	 VZV-specific CMI was decreased in AID pa-
tients and subclinical reactivation of VZV was 
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