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Purpose: Highly active systemic lupus erythematosus (SLE) causes a high risk of tubercu-
losis (TB) infection in SLE patients in Indonesia, a country in which the disease, especially
extrapulmonary TB, is endemic. Interferon (IFN)-y releasing assay (IGRA) can detect latent
or previous TB infection. This study sought to determine latent TB infection and levels of
IFN-y, a key player in various inflammation and autoimmune disease, in patients with SLE
and relate findings to disease activity.

Patients and Methods: This experimental study included 79 female subjects distributed
into three groups of active SLE, quiescent SLE and healthy controls. We used SLE Disease
Activity Index—2000 (SLEDAI-2K) scores to stratify the subjects. Each group underwent
IGRA testing using the QuantiFERON-TB Gold Plus kit.

Results: We recruited 59 female patients with SLE. The patients had a median age and
disease duration 30 and 5 years, respectively. Statistical analysis using the Kruskal-Wallis
test showed that active condition, high SLEDAI-2K score and immunosuppressive therapies
affect IGRA results. Specifically, healthy controls (n=20) were most likely to have negative
IGRA results (67.09%), whilst 27.27% of active cases (n=33) and 3.85% of quiescent cases
(n=26) had indeterminate results (p=0.02). The number of immunosuppressant therapies was
significantly negatively correlated with IFN-y (p=0.004). No difference in IFN-y concentra-
tion was detected amongst the active and other groups (p>0.05).

Conclusion: High-activity SLE and immunosuppressive therapies cause dysregulation of
the immune response, which, in turn, influences IGRA results. Thus, additional testing is
necessary to detect TB infection in patients with SLE.

Keywords: SLE, active, quiescent, IFN-y, IGRA

Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disorder with multiple
organ involvement that mostly occurs in females of child-bearing age.' Excess
autoantibody production presents as several clinical manifestations and leads to
permanent organ damage and even death.? A natural history of SLE is marked by
fluctuating disease activity, including active and quiescent, which may elicit
a number of comorbidities; infection is the most common cause of mortality
amongst patients with SLE.>

The role of cytokines in immunomodulation is well recognised. Autoantibody
production as a consequence of SLE leads to an abundance of inflammatory
cytokines, and these cytokines may be used as a biomarker of disease activity.”
Changes in disease activity (active or quiescent) influence the immune response and
levels of several cytokines, including interleukin (IL)-6, IL-4 and IL-17 and
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interferon (IFN)-y. Previous studies demonstrated that
high-activity disease results in increased IFN-y levels.”

IFN systems (types I, II and III) are related to infection
and autoimmune disease. IFNs have diverse cell origins,
receptors and functions in infection. Type I IFN consists of
IFN-a, B, €, k and o, type-III IFN, or IFN-A, plays roles in
viral and bacterial infection. Type II IFN, or IFN-y, plays
a role in intracellular infection. IFN-a is responsible for
the early stages of SLE, whilst IFN-A could reflect the
progress and severity of the disease.” !

Tuberculosis (TB) is endemic in Indonesia. Indeed, the
number of patients with SLE and TB infection, particu-
larly extrapulmonary TB, in the country shows
a consistent increase. In our rheumatology clinic outpati-
ents Dr. Hasan Sadikin Hospital Bandung, TB incidence
was found in 11.4% of total registered patients.'” High
disease activity may cause a high risk of TB infection due
to immune response dysregulation and immunosuppres-
sant therapy.'>'* Latent or previous TB infection is
usually detected using IFN-y releasing assay (IGRA).
Three FDA-cleared IGRAs, including the T-SPOT.TB
test (Oxford Diagnostic Laboratories, Memphis, TN,
USA), the QuantiFERON-TB Gold In-Tube (QFT-GIT;
Qiagen, Germantown, MD, USA) test and the new-
generation QuantiFERON-TB Gold Plus (QFT-Plus;
Qiagen) assay, are currently available. These assays com-
prise specific TB antigens. QFT-GIT, for example, uses
ESAT-6, CFP-10 and TB7.7 to elicit IFN-y from CD4"
T cells, whilst QFT-Plus employs ESAT-6 and CFP-10,
which are released from CD4 and CDS" T cells.'>'®

Because of unreliable IGRA findings, this examination
is not performed routinely in Indonesia. Previous studies
showed that disease activity affects patients’ immune sta-
tus and could interfere with the body’s response towards
infection or inflammation.®'” IGRA methods can expose
cytokine IFN-y when stimulated by TB antigen; thus,
whether disease activity could affect IGRA result must
be determined. Our study aims to determine latent TB in
patients with SLE. The results of active condition are
compared with those of quiescent condition on the basis
of SLE Disease Activity Index—2000 (SLEDAI-2K)

scores, and IFN-y levels are measured.

Patients and Methods
Patient Selection and Study Design

In this experimental study, we consecutively enrolled
59 female patients with SLE who presented to the

rheumatology outpatient clinic at the Dr. Hasan Sadikin
Hospital, Bandung, Indonesia, and met the American
College of Rheumatology and/or Systemic Lupus
International Collaborating Clinics classification criteria.'®
We also recruited 20 female healthy controls using the inclu-
sion criterion no history of autoimmune disease or TB infec-
tion. Disease activity in patients with SLE using SLEDAI-2K
scores; here a cut-off point of >4 was used to indicate active
disease on the basis of clinical appearance, haematology, and
immunology results.'® Clinical data, including age, disease
duration, history of TB and number and dose of all therapies,
were collected and analysed. Disease duration was defined as
the time from SLE diagnosis until an IGRA was performed
(Figure 1). Clinical manifestations of SLE included skin rash,
photosensitivity, oral ulcers, arthritis, serositis, nephritis and
neurological, haematological and immunological disorders,
as previously defined.

The study was conducted in compliance with the
Declaration of Helsinki and the Research Ethics Committee
of Universitas Padjadjaran, Indonesia, approved all proce-
dures performed in this study (136/UN6.KEP/EC/2019). All
patients provided written informed consent for joining the

study.

IGRA Examination

IGRA was performed using whole blood samples collected
from each patient through QuantiFERON-TB Gold Plus
(QFT-Plus QIAGEN, USA) kits according to the manu-
facturer’s instructions. Briefly, | mL of blood was directly
drawn into each of the QFT-Plus blood collection tubes.'®
The kit consists of four blood collection tubes: (i) nil tube
(negative control: whole blood without antigens or mito-
gen), (i) mitogen tube (positive control: whole blood with
phytohemagglutinin); (iii) TB antigen tube 1 (whole blood
with peptides of ESAT-6 and CFP-10 proteins stimulating
TB-specific antigens to elicit CD4) and (iv) TB antigen
tube 2 (whole blood with peptides of ESAT-6 and CFP-10
proteins stimulating TB-specific antigens to elicit CD4 and
CDS). The tubes were incubated overnight at 37°C, and
the concentrations of IFN-y (IU/mL) were measured using
an enzyme-linked immunosorbent assay kit. Results were
considered positive if the concentration of IFN-y in the
antigen-stimulated well was >0.35 IU/mL after subtraction
the level of the nil well and negative if the IFN-y concen-
tration in the antigen-stimulated well was <0.35 IU/mL
after subtracting the level of the nil well and the concen-
tration in the mitogen well was >0.35 IU/mL. A result was
considered indeterminate if: (1) the blood sample did not
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Figure | Flowchart of the subject enrolment process.

respond appropriately to either the positive or negative
tube and, thus, could not be interpreted, or (2) the con-
centration of [FN-y in the antigen well minus that in the nil
well was <0.35 IU/mL but the concentration of the cyto-
kine in the mitogen well was <0.5 IU/mL or (3) the
concentration of IFN-y in the nil well was >0.7 IU/mL
and the concentration of the cytokine in the antigen well
was >50% greater than that in the nil well.'”

Data Analysis

Data analysis was performed using STATA version 11.0 soft-
ware (Stata Corp, College Station, TX, USA). Most variables
were numerical; therefore, the data distribution was exam-
ined by analysing differences between means and medians,
standard deviation, skewness, kurtosis and normality.
Variables of normal distribution are presented as meanstan-
dard deviation with parametric hypothesis testing, whilst
variables of non-normal distribution are presented as median
with non-parametric hypothesis testing. Categorical variables
are presented as proportion (percentages) and analysed using
the chi-squared or Fisher’s exact and Kruskal-Wallis test.
Correlation analysis was conducted using Spearman’s test.

Results

A total of 59 female patients with SLE were recruited in
this study. These patients and 20 female healthy controls
underwent the IGRA. According to the SLEDAI-2K

criteria, 33 and 26 patients had active and quiescent dis-
ease, respectively. The average age of cases in our study
was 30 years, and the median disease duration was 5 years.
Immunosuppressant and non-immunosuppressant thera-
pies, including methylprednisolone, azathioprine, chloro-
quine, mycophenolate mofetil, cyclophosphamide,
methotrexate, cyclosporine, folic acid and calcium, were
given to control disease activity. Two immunosuppressant
therapies were frequently prescribed, and methylpredniso-
lone and azathioprine were the most common combination
of these therapies. In this research, we also found that
23.73% of subjects have TB history and only 35.6% of
subjects have scar sign after BCG vaccination (Table 1).

Next, we analysed the IGRA results. We found that
IGRA was most likely to have negative (67.09%) and
indeterminate results (12.66%) amongst groups. Most of
the healthy controls (30%) had negative IGRA results,
whilst many cases with SLE (27.27%), especially those
in the active group, showed indeterminate results (p=0.02),
as shown in Table 2.

Previous studies showed that disease activity affects
patients’ immune status and could interfere with the
body’s response towards infection or inflammation.*?°
IGRA methods can expose cytokine IFN-y when stimulated
by TB antigen; thus, whether disease activity could affect
IGRA results must be determined. Disease activity in

patients with SLE was defined using SLEDAI-2K scores;
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Table | Characteristics of Systemic Lupus Erythematosus
Patients
Variables Active Quiescent
(n=33) (n=26)
Age, years (median (IQR)) 29 (22-47) | 34 (25-63)
Disease duration, years (median (IQR)) 5(0-14) 5 (2-20)
SLEDAI-2K (cut-off24) (median (IQR)) 6 (4-20) 2 (0-3)
Pharmacotherapies combinations median (IQR)
Immunosuppressant 2 (1-4) 2 (0-4)
Non-immunosuppressant 2 (0-2) I (0-2)
Immunosuppressant drugs (n, %)
Methylprednisolone 30 (56) 24 (44)
Azathioprine 21 (66) Il (34)
Chloroquine 7 (33) 14 (67)
Mycophenolate mofetil 10 (48) Il (52)
Cyclophosphamide 3 (100) 0 (0)
Methotrexate 1 (100) 0 (0)
Cyclosporin 2 (100) 0 (0)
TB history (n, %)
Yes 8 (57.14) 6 (42.86)
No 25 (55.56) 20 (44.44)
BCG scar (n, %)
Yes 14 (42.42) 7 (26.93)
No 7121 | 7(2693)
Unknown 12 (36.37) 12 (46.14)

Note: Values are expressed as median (interquartile range) and percentage.
Abbreviation: SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index—
2000.

Table 2 Effects of Disease Activity on IGRA Results

Status Positive Negative | Indeterminate | p value*
n (%)

Active (n=33) 5 (15.15) 19 (57.58) | 9 (27.27) 0.02

Quiescent (n=26) | 5 (19.23) 20 (76.92) | | (3.85)

Healthy control 6 (30) 14 (70) 0 (0)

(n=20)

Total 16 (20.25) | 53 (67.09) | 10 (12.66)

Notes: Values are expressed as number (percentage); *Fisher’s test significance at
p<0.05; disease activity based on SLEDAI-2K.

here, a cut-off point of >4 was used to indicate active
disease on the basis of clinical appearance, haematology
and immunology results.'® The active group had a median
SLEDAI-2K score of 6, whilst the quiescent group had
a median SLEDAI-2K score of 2 (p=0.0001; data not
shown). Moreover, to evaluate the higher SLEDAI-2K
score leads to indeterminate results more frequently, we
stratify patients by disease activity. We showed that 50%
of indeterminate group has >6 SLEDAI-2K score.
However, categorized SLEDAI-2K scores were not corre-
lated with IGRA results (p=0.12; Table 3).

Table 3 SLEDAI-2K Scores and IGRA Results

Variables SLEDAI-2K Scores n (%) Spearman Fisher’s
<3 4s > 6 Rho (P) p value

Positive 5 (50) 1 (10) 4 (40)

Negative 20 (51) | 9 (23) 10 (26) | 0.21 (0.10) 0.12

Indeterminate | | (10) 4 (40) 5 (50)

Notes: Data are presented as number and percentage. SLEDAI-2K cut-off point 24
indicates active disease; 4-5 mild, 26 moderate and severe. IGRA results: positive,
negative, indeterminate; Spearman dan Fisher’s test significance at p<0.05.

We further analysed the IFN-y values and disease
activity correlation. However, we found no significant
difference in IFN-y level amongst all groups based on
the Kruskal-Wallis test (Table 4). Spearman’s test revealed
that disease activity is negatively correlated with IFN-y
(p>0.05).

Whilst immunosuppressant therapies are administered
to control disease activity in SLE patients, such therapies
may also result in immune response imbalance.”’ This
study revealed that a higher number of drug combinations
are more likely to yield negative results than a low number
of drug combinations, as shown in Table 5. However,
Spearman’s test showed that a higher number of drugs
are more likely to decrease IFN-y significantly than
a lower number of drugs (p<0.05; Figure 2).

Discussion

Female was typically predisposed to developed SLE as
shown in this study with normally affects 30-year-old
female and has 5-year disease duration, this data is similar
with previous studies in our country and anywhere
else.'**? Dysregulation of immune responses in SLE
patients is caused by the autoimmunity process and immu-
nosuppressant therapy. Moreover, fluctuating disease
activity may exacerbate this condition. Chronic high dis-
ease activity can enhance the severity of clinical features
and promote irreversible organ damage, thereby increasing
morbidity and mortality.?'**** Recent cross-sectional

Table 4 Disease Activity and IFN-y Results

Variables IFN-y (IU/mL) Kruskal-Wallis

Median (IQR)

Spearman’s

Test (p value) Rho (p value)

SLE patients
Active 0.235 (0.05-7.26)
0.12 (0.06-7.04) 0.22

0.22 (0.06-4.7)

Quiescent —0.19 (0.14)

Healthy controls

Notes: SLEDAI-2K cut-off point 24 indicates active disease; Kruskal-Wallis test
significance at p<0.05.
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Table 5 Correlation Between Immunosuppressive Drugs and IGRA Results

IGRA Results, n (%) Fisher’s Test Spearman’s
Positive Negative Indeterminate (p value) Rho (p value)
Drug combinations
2 9 (22.5) 23 (57.5) 8 (20) 0.15 —-0.29
>2 1 (5.26) 16 (84.21) 2 (10.53)

Notes: Data are expressed as number (percentage); Fisher’s test and Spearman’s test significance at p<0.05.

study showed that IFN-gamma levels are increased in
subjects with active SLE and its levels positively corre-
lates with a more severe phenotype of disease.>> However,
imbalances in the immunity of patients due to intrinsic or
extrinsic factors may cause T cell regulation and cytokine
disturbances, as exhibited by an abnormal T-helper ratio
and increases in cytokine level.®*° Shifts in T cell signal-
ling occur between Th-1 cytokines IL-2 and IFN- y, Th-2
cytokines IL-4, IL-5 and IL-10 and the Th-17 cytokine IL-
17; specifically, some cytokines are over-expressed whilst
others are suppressed.”?”*® These effects would result in
increased susceptibility to TB infection amongst SLE
patients.

Imbalances in immune response may be observed in
a patient’s IGRA results. In the present work, indetermi-
nate results (12.66%) were correlated with an active dis-

ease condition (Table 2), in agreement with a prior

study.?*>® Previous research demonstrated that high dis-
ease activity causes an anomalous T-helper ratio, which
leads to inhibited Th-1 signalling and low IFN-y.?’ The
results indicate that TB infection may be more difficult to
detect in this group compared to other groups.>'~? Many
studies have revealed that high SLEDAI scores are related
to more severe symptoms, poor haematology and immu-
nology features and a high probability of indeterminate
results.**>* Similarly, our study revealed that, compared
with other groups, the active group has the lowest IFN-y
level, which reflects an abnormality of the immune
response.

Immunosuppressive agents are commonly used to treat
SLE patients, but the effects of these drugs could worsen
an abnormal immune response. We found that greater
numbers and combinations of immunosuppressive thera-
pies could affect patients’ IGRA results (Table 5).'"** In
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Figure 2 Drug combinations and IFN-y levels (IU/mL).
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addition, a previous study revealed that glucocorticoid
therapy alone is likely to cause IGRA with indeterminate
results.'”** Another study reported that immunosuppres-
sive agents negatively affect IGRA results, particularly
when used in combination. However, one report demon-
strated that immunosuppressive agents, especially with
non-glucocorticoid agents, do not influence IGRA
results.'”>

This study presents a number of limitations that must
be taken into consideration when interpreting the results.
We recruited a small number of participants with a wide
age range, which could affect the normal distribution of
data and accuracy of the statistical analysis. Future studies
involving other inflammatory cytokines related to the
immune responses of SLE patients in the active or quies-
cent phase of TB infection are recommended.

Conclusion

In summary, high-activity disease, as reflected by high
SLEDAI-2K scores, is correlated with IGRA results.
Whilst a number of immunosuppressive drugs are nega-
tively correlated with IFN-y, neither SLE activity nor
SLEDAI-2K score is correlated with IFN-y level. This
finding suggests that detection of TB infection in SLE
patients requires additional testing following IGRA.
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