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Abstract: Background: Lymphopenia is associated with disease activity in adult patients
with systemic lupus erythematosus (SLE), but no similar studies exist among children.
Furthermore, lymphopenia has only been used as a parameter of disease activity in the
SLE disease activity index (SLEDAI), but not as an independent marker. Objectives: This
study aimed to ascertain lymphopenia as an independent marker related to disease activity
in children with SLE. Methods: This was a retrospective cohort study on patients newly
diagnosed with SLE. The data were collected from January 2009 to March 2017, including
clinical manifestations, complete blood counts, anti-dsDNA, and Mexican-SLEDAI (MEX-
SLEDALI) scores. Statistical analysis was performed using the Chi-square test, Student’s
t-test, and ROC curve analysis. Results: A total of 103 patients, aged from 12 to 18 years,
participated in the study. Of these, 58 patients (56.3%) exhibited lymphopenia. The most
commonly observed clinical manifestations in the lymphopenia group included nephritis
(72.4%), hypertension (24.1%), and leukopenia (36.2%), with p < 0.05. Furthermore, neu-
ropsychiatric SLE was found exclusively in the lymphopenia group. A negative correlation
was observed between lymphocyte counts and anti-dsDNA levels (r = —0.24), as well as
between lymphocyte counts and the MEX-SLEDALI score (r = —0.63, with p < 0.05). The
receiver operating characteristic (ROC) curve indicated that a lymphocyte count with a cut-
off point of <1738/mm? is significant for predicting anti-dsDNA reactivity. Conclusions:
Lymphopenia is significantly correlated with higher anti-dsDNA levels and increased
disease activity, potentially serving as an independent marker of disease activity in children
with SLE. However, further research is needed.

Keywords: anti-dsDNA; clinical manifestation; disease activity; lymphopenia; systemic
lupus erythematosus

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized
by the excessive production of autoantibodies against self-antigens and the formation of
immune complexes that cause damage to several organ systems, with a broad spectrum of
clinical manifestations [1,2]. Among all SLE patients, 20% are often diagnosed in childhood,
and the course of childhood onset is more progressive compared to adults [3]. The activity
at the beginning and during the disease is more severe, causing higher morbidity and
mortality in childhood-onset than adult-onset SLE [2]. Meanwhile, the mortality rate ranges
from 5.7% to 31.2% among Southeast Asian children and is often caused by infections in
the first few years, followed by end-stage renal disease and the severe exacerbations of
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lupus [2,4]. The exact prevalence of SLE in Indonesia remains undetermined. A study in
Yogyakarta indicated that the frequency of SLE was 10.6% in 2015, increasing to 35.2% from
January to September 2018 [5].

Assessment of disease activity is important for patient management, including changes
in medical conditions and the impact of the disease on patients [6]. Systemic lupus erythe-
matosus disease activity is identified through systematic clinical assessment, serological
tests and the measurement of the disease activity index. Meanwhile, serum autoantibodies,
namely antibodies to double-stranded DNA (anti-dsDNA), are widely used for measuring
disease activity and diagnosing flares in SLE, and their serum levels often correlate with
lupus activity [6]. Several disease activity indexes are used to assess the disease activity of
SLE. One such index that has been validated for children is the MEX-SLEDALI. This index
is a modified version of the SLEDAI, developed by Guzman et al., to reduce the cost of
laboratory tests typically included in the SLEDAL This cost reduction is particularly impor-
tant in developing countries, where testing for anti-dsDNA antibodies and C3 complement
levels may be limited. The MEX-SLEDAI has demonstrated a strong correlation with the
SLEDAI-2K, making it a suitable option for assessing lupus disease activity. Additionally, it
is less expensive than the SLEDAI-2K. Therefore, the MEX-SLEDAI serves as a reasonable
alternative to the SLEDAI 2K for evaluating disease activity in lupus patients worldwide,
particularly in clinical or research settings with limited resources [7].

Certain clinical manifestations are used as a parameter for assessing the MEX-SLEDAI
score, such as mucocutaneous, renal, and musculoskeletal disorders; fever; fatigue; vas-
culitis; serositis; neuropsychiatric SLE; and hematological disorders, including hemolysis,
thrombocytopenia, leukopenia, and lymphopenia [7]. Meanwhile, lymphopenia is one of
the most common clinical manifestations of SLE, and it is often detected in approximately
two-thirds of lupus patients on initial diagnosis and more than 90% during the disease [8-10].
Lymphopenia is associated with certain clinical manifestations, such as nephritis, neuro-
logic involvement, and arthritis [11,12]. The clinical applications of lymphopenia are not
only limited to SLE diagnosis, which is one of the hematological criteria in the American
College of Rheumatology/ACR 1997, but they also serve as one of the parameters used to
assess disease activity in the MEX-SLEDAI [6,11].

Several studies stated that lymphopenia is associated with disease activity in adult
patients with SLE [13-15], but there are no similar studies among children. The monitoring
of SLE disease activity with an anti-dsDNA test in developing countries, such as Indonesia,
is relatively expensive and only available in a few healthcare facilities. In contrast, white
blood cell and lymphocyte counts are carried out as part of routine hematology tests,
available in almost every healthcare facility.

Lymphopenia, which is measured by the lymphocyte count, has only been used as
a parameter of disease activity in the MEX-SLEDAI score, but not as an independent
marker of SLE disease activity. Nevertheless, lymphocyte count is a good and inexpensive
alternative marker to determine SLE disease activity [11]. Therefore, this study aims to
ascertain lymphopenia as an independent marker related to disease activity, by identifying
the association between lymphopenia and clinical manifestations, anti-dsDNA, and disease
activity in children with SLE.

2. Materials and Methods

This retrospective cohort study investigated patients who were newly diagnosed
with SLE according to the ACR 1997 criteria, with ages ranging from 0 to 18 years. The
research was conducted at the Child Health Department of Hasan Sadikin General Hospital
in Bandung, West Java, Indonesia. Data were collected from medical records between
February 2017 and March 2017, at the time of diagnosis, following the acquisition of written
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consent from the patients” parents. The collected data included clinical manifestations,
white blood cell and differential counts, anti-dsDNA levels, and the disease activity index
as assessed by the MEX-SLEDAI score. Patients with alternative causes of lymphopenia,
such as viral hepatitis, tuberculosis, or a prior history of immunosuppressive treatment,
were excluded from the study.

The patients were divided into two groups based on their lymphocyte count. The
first group, known as the lymphopenia group, included patients with a lymphocyte count
of fewer than 1500 cells/mm3. The second group, called the non-lymphopenia group,
comprised those with a lymphocyte count greater than 1500 cells/mm?. Additionally, the
level of disease activity was evaluated using the MEX-SLEDAI score, which is a modified
and validated version of the SLEDAI This modification simplifies the assessment process
while ensuring reliability in measuring disease activity in SLE [16].

The MEX-SLEDAI score is a simplified version of the original SLEDAI score, developed
by Mexican researchers in 1992. This scoring system has a sensitivity of 87.5% and a
specificity of 100%. In the MEX-SLEDALI score, fatigue and lymphopenia were added,
while lupus headache and visual disturbances were removed. Unlike the original SLEDAI
score, the MEX-SLEDAI does not include laboratory test results, such as complement levels
and anti-dsDNA antibodies. The MEX-SLEDAI score evaluates various conditions related
to SLE, including the following: (1) Neurological disorders, seizures, psychosis, organic
brain syndrome, and cerebral nerve disorders. (2) Cardiovascular disorders. (3) Renal
disorders, kidney function is evaluated based on the presence of casts, hematuria, and
proteinuria. (4) Hematological conditions, including hemolysis and thrombocytopenia;
(5) Dermatological conditions, such as new rashes, alopecia, and mucocutaneous disorders.
(6) Serositis, which refers to pleuritis, pericarditis, and peritonitis. (7) Additional factors,
such as lymphopenia, vasculitis, arthritis, and relative myositis. It is important to note
that lymphopenia is included in the parameters for the MEX-SLEDAI score but is excluded
from the final score calculation. The final score is derived from various variables grouped
by target organ, with a total range from 0 to 32. A score of 5 or higher indicates active
disease, and a higher score reflects more severe SLE disease activity [16,17].

Sample Size and Statistical Analysis

The sample size for this study was determined based on the research objectives,
using a confidence level of 95% and a power of 80%. To analyze the association between
lymphopenia and clinical symptoms in children with SLE, a sample size formula was
utilized to assess the differences between the two proportions.

_ (Za2v2PQ + Z3VPIQ1 + BQ,)°
(P — Py)?

The formula for determining the sample size indicated that 25 participants were needed for
each group.

For the second and third objectives, specifically examining the correlation between
lymphopenia and anti-dsDNA levels in children with SLE, as well as the correlation
between lymphopenia and disease activity in these children, the sample size formula was
used to evaluate the difference between two means.

Z« +75)SD\?
X, — X»

According to the formula above, we have n = 33 and n = 11 for each group, respectively.
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Statistical analyses were conducted using the Chi-square test, Student’s t-test, and
Spearman rank correlation, with significance defined at p < 0.05. ROC curve analyses were
performed to determine the cut-off point for lymphocyte counts, utilizing SPSS Windows
version 24.

3. Results

A total of 103 patients, consisting of 58 patients (56.3%) with lymphopenia and
45 (43.7%) without lymphopenia, participated in this study. Most of the patients were
12-18 years old, and the female-to-male ratio was 16:1. The characteristics of SLE patients
are shown in Table 1, as follows.

Table 1. Characteristics of the patients.

. . Lymphopenia Non-Lymphopenia Total

Characteristics y (5: 5%) (2; =I;5)P (n =103)
Age (years) 12.67 £ 2.76 11.3 £3.17
2-6 years 0 (0%) 2 (100%) 2 (100%)
6-12 years 23 (47.9%) 25 (52.1%) 48 (100%)
12-18 years 35 (66%) 18 (34%) 53 (100%)
Gender
Male 4 (66.7%) 2 (33.3%) 6 (100%)
Female 54 (55.7%) 43 (44.3%) 97 (100%)

The mean age of the lymphopenia group was 12.67 £ 2.76 years, which was higher
than that of the non-lymphopenia group, 11.3 & 3.17 years. Additionally, the median age
for the lymphopenia group was 13.09 years (range: 6.58-18.75), compared to 11.67 years
(range: 3.42-18.70) for the non-lymphopenia group. The youngest participant in the non-
lymphopenia group was 3.42 years old.

Table 2 shows that the main clinical manifestations in the lymphopenia group, com-
pared to the non-lymphopenia group, include nephritis (72.4% vs. 13.3%), hypertension
(24.1% vs. 6.7%), and leukopenia (36.2% vs. 6.7%), with a p-value less than 0.05 for all com-
parisons. Additionally, neuropsychiatric SLE was found exclusively in the lymphopenia
group. These findings suggest that children with SLE and lymphopenia face significantly
higher disease risks, as follows: they are 10.86 times more likely to experience nephri-
tis, 3.62 times more likely to develop hypertension, and 5.43 times more likely to have
leukopenia, compared to children with SLE without lymphopenia.

Table 2. Association between lymphopenia and clinical manifestation in children with SLE.

Lymphopenia Non lymphopenia Prevalence Ratio

Clinical Manifestation (n = 58) (n = 45) p-Value (CI 95%)

Constitutional

Fever 21 (36.2%) 11 (24.4%) 0.201 1.48 (0.80-2.74)
Fatigue 19 (32.8%) 19 (42.2%) 0.323 0.70 (0.47-1.28)
Weight loss 12 (20.7%) 12 (26.7%) 0.477 0.70 (0.39-1.56)
Mucocutaneous

Malar rash 35 (60.3%) 26 (57.8%) 0.631 1.04 (0.75-1.45)
Discoid rash 15 (25.9%) 15 (33.3%) 0.408 0.78 (0.43-1.41)
Photosensitivity 17 (29.3%) 13 (28.9%) 0.963 1.01 (0.55-1.86)
Oral ulcer 23 (39.7%) 16 (35.6%) 0.671 1.12 (0.67-1.85)
Alopecia 25 (43.1%) 26 (57.8%) 0.140 0.75 (0.51-1.10)

Joints
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Table 2. Cont.

Clinical Manifestation Lyn(fl:losge)!ma Non l(};nlp‘?s(;pema p-Value Prev(%;r;;i;){atlo
Arthralgia 22 (37.9%) 18 (40%) 0.831 0.95 (0.50-1.54)
Arthritis 17 (29.3%) 16 (35.6%) 0.500 0.82 (0.47-1.44)
Cardiopulmonary
Pleural effusion 13 (22.4%) 5(11.1%) 0.134 2.02 (0.78-5.24)
Pericardial effusion 12 (20.7%) 13 (28.9%) 0.336 0.72 (0.36-1.42)
Valve anomaly 3 (5.2%) 2 (4.4%) 1.000 * 1.16 (0.20-6.67)
Pulmonary hypertension 3(5.2%) 1 (2.2%) 0410* 2.33 (0.25-21.63)
Dilated cardiomyopathy 4 (6.9%) 1 (2.2%) 0.303 * 3.10 (0.36-26.82)
Vascular
Raynaud’s phenomenon 1 (1.7%) 1(2.2%) 1.000 * 0.70 (0.05-12.07)
Gangrene 0 0 -

Kidney

Nephritis 42 (72.4%) 6 (13.3%) <0.001 # 10.86 (3.60-32.79)

Hypertension 14 (24.1%) 3 (6.7%) 0.018 *# 3.62 (1.11-11.84)

Neuropsychiatry

Psychosis and seizure 16 (27.6%) 0 <0.001 * -

Hematology

Hemolytic anemia 41 (70.7%) 33 (73.3%) 0.767 0.96 (0.76-1.23)

Leukopenia 21 (36.2%) 3 (6.7%) <0.001 # 5.43 (1.73-17.07)

Thrombocytopenia 6 (10.3%) 3 (6.7%) 0.728 * 1.55 (0.41-5.87)
Note: The p-value was calculated based on the Chi-squared test; * Fisher’s exact test. # p-value < 0.05, statistically
significant; PR (95% CI), prevalence ratio and 95% confidence interval.

The regression analysis was carried out to determine the correlation between lym-
phocyte count, anti-dsDNA levels, and disease activity (Figure 1). There was a negative
correlation between lymphocyte count and anti-dsDNA levels, with a weak correlation
strength (r = —0.24, p < 0.05), which implies that the lower the lymphocyte count, the
higher the anti-dsDNA levels in children with SLE. Similarly, there was a negative cor-
relation between lymphocyte count and MEX-SLEDALI score, with a strong correlation
strength (r = —0.63, p < 0.05), meaning that the lower the lymphocyte count, the higher the
MEX-SLEDALI score.

Anti-dsDNA = 109.737-0.03 x Lymphocyte MEX-SLEDAI Score = 17.355—0.004 x Lymphocyte
- (r =-0.24; p=0.038) ol . (r =-0.63; p<0.001)

% §_ ¥l 3 °® . é 5 iy

° . o . 7]

E §~ ’ : See ° ¢ m‘ =4

=) s 2 R R 4 . o’ ‘ . =
S N o P S e RO,
5 e o :’ . a..o‘.é.. :. °. oe® o5
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Lymphocyte count Lymphocyte count

Figure 1. Correlation between lymphocyte count and anti-dsDNA levels and disease activity (MEX-
SLEDAI score) in children with SLE.

The correlation between lymphopenia and disease activity in children with SLE was
explained using the median MEX-SLEDAI score. This score was higher (p < 0.05) in the lym-
phopenia group [13 (IQR 5-25)], compared to the non-lymphopenia group [7 (IQR 5-15)].
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Calculations were performed using the ROC curves, to determine the cut-off point
for the number of lymphocytes capable of causing anti-dsDNA reactivity (Figure 2). The
cut-off point < 1738 lymphocytes/mm? had a sensitivity of 70.4% (95% CI = 60.3-79.2) and
a specificity of 80% (95% CI = 28.4-99.5) for predicting anti-dsDNA reactivity (AUC = 0.686,
95% CI = 0.587-0.774), and these results were statistically significant (Table 3). Table 3
also shows a positive predictive value (PPV) of 98.6%, meaning that when the number
of lymphocytes is <1738/mm?, then the anti-dsDNA level of most children with SLE is
reactive (true positive), and only a small part is non-reactive (false positive). In contrast, the
negative predictive value (NPV) was 12.1%, which implies that when the lymphocyte count
is >1738/mm?3, then the anti-dsDNA levels of a few children with SLE are non-reactive
(true negative), while the majority are reactive (false negative). Finally, this study showed a
sensitivity of 70.4%, specificity of 80%, accuracy of 68%, PPV of 98.6%, and NPV of 12.1%
(Table 3).

Lymphocyte Count

100 -
80 I/‘

Sensitivity (%)

1 1 1 1
0 20 40 60 80 100
100-Specificity (%)

AUC =0.686 (95% CI : 0.587-0.774)
Cut off point <1738

Sensitivity : 70.4%

Specificity : 80.0%

Figure 2. ROC curve to determine the cut-off point for the lymphocyte number as a predictor of
anti-dsDNA reactivity.

Table 3. Category of lymphocyte count used as the cut-off point of anti-dsDNA reactivity.

Anti-dsDNA Group

Category Reactive n (%) Non-Reactive (%) Total 7 (%)
Lymphocyte < 1738 69 (70.4%) 1 (20%) 70 (68%)
Lymphocyte > 1738 29 (29.6%) 4 (80%) 33 (32%)

Total 98 (100%) 5 (100%) 103 (100%)

4. Discussion

The results showed that lymphopenia is associated with certain clinical manifestations
in children with SLE. Furthermore, there was a correlation between lymphopenia and
anti-dsDNA levels and the MEX-SLEDAI score, indicating disease activity in children
with SLE.

Lymphopenia is a clinical feature frequently observed in SLE and is one of the hema-
tological criteria for its diagnosis, according to ACR 1997. Among the 103 patients studied,
the lymphopenia group included 58 patients (56.3%), while the non-lymphopenia group
consisted of 45 patients (43.7%). The outcomes for those with lymphopenia in this cohort
were lower than the results reported by Vila et al. (64.6%), Faddah et al., Merayo et al., and
Ng et al., where approximately two-thirds (66.7%) of SLE patients at their initial diagnosis
exhibited lymphopenia [1,9-11]. Conversely, our findings indicated a higher rate compared
to Rivero et al., who found lymphopenia in 75 out of 158 (47.5%) active and untreated SLE
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patients [12]. Lymphopenia is commonly associated with SLE and is particularly prevalent
in patients with active or severe disease [18].

The average age of patients in the lymphopenia group at the time of diagnosis was
12 years and 8 months. This finding is consistent with that of Weiss et al., who reported a
mean age of 12 years for pediatric-onset SLE, and Brunner et al., who observed a range of
12 to 14 years. However, this average is higher than the results reported by Ghrahani et al.,
at 10.5 years, and Evalina et al., at 10.25 years [18-21]. In contrast, the average age of the
non-lymphopenia group was lower, at 11 years and 3.5 months. Both Brunner et al. and
Levy et al. indicated that pediatric-onset SLE is infrequently observed in children under
5 years of age [2,19]. In this study, only two patients were younger than 5, specifically
3 years and 5 months and 4 years and 2 months old. Systemic lupus erythematosus is
predominantly found in post-pubertal females [18], which aligns with the findings of this
study that showed a predominance in the 12-18-year age range. The male-to-female ratio
for LES was 1:16, which is higher than the ratios reported by Weiss et al., at 1:9; Ghrahani
etal., at 1:10.6; and Evalina, at 1:11 [18,20,21].

Multiple and varying clinical manifestations might be found during SLE diagnosis,
depending on the affected organs. The major clinical manifestation of SLE associated
with significant lymphopenia is lupus nephritis. These results are consistent with Faddah
et al. and Sobhy et al., who reported that the only significant clinical manifestation of SLE
associated with lymphopenia is lupus nephritis [1,22]. Similarly, previous studies found
that lymphopenia in patients with SLE is associated and might be a promising marker for
kidney involvement [11,22]. This was further explained by Nakabayashi et al., who stated
that 80% of nephritis patients with active SLE often have high anti-T cell antibodies, and
the levels are 30-40% higher than in other glomerulonephritis cases [23].

Based on these results, lymphopenia is significantly associated with neuropsychiatric
SLE. This is consistent with Rivero et al., who reported that lymphopenia is associated
with neurologic involvement and arthritis, as well as with Yavuz et al., who showed an
association between lymphopenia and neurologic disease [12,24]. Another study found that
severe lymphopenia is associated with neuropsychiatric SLE [25]. This association is caused
by the binding of anti-lymphocyte antibodies to a variety of target antigens. In addition to
binding to lymphocytes, anti-lymphocyte antibodies also bind to neurons, namely via the
anti-ribosomal P-protein. This protein binds to the antigen on the surface of T lymphocytes
to induce apoptosis and cross-reacts with neurons [26]. Anti-lymphocyte antibodies that
react with neurons are often pathogenic in neuropsychiatric SLE [27].

Lymphopenia was significantly associated with leukopenia, but not hemolytic anemia
and thrombocytopenia, as reported by Vila et al. and Yu et al. [11,25]. Another clinical
manifestation associated with lymphopenia is hypertension; however, the pathophysi-
ological mechanism underlying the development of hypertension remains unclear [28].
Furthermore, the results showed that the clinical manifestation of nephritis was more
common in the lymphopenia group compared to the non-lymphopenia group (72.4% vs.
13.3%). In patients with lupus nephritis, there is a decrease in the glomerular filtration
rate due to vasoconstriction, causing renal tubular dysfunction, which leads to hyperten-
sion [29]. However, this has not been reported by previous studies and therefore needs
further research.

The examination of anti-dsDNA is one of the parameters used to monitor disease
activity in SLE [13]. These levels are assessed at the time of diagnosis and are continuously
monitored throughout the progression of the disease. Elevated anti-dsDNA levels indicate
active SLE [18]. Unfortunately, the anti-dsDNA test presents some limitations and is not
available in every healthcare facility in developing countries. A previous study found
that lymphopenia was associated with increased levels of anti-dsDNA antibodies in early
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SLE [11]. Additionally, Yu et al. reported a significant association between lymphopenia
and anti-dsDNA antibodies at diagnosis and during flare-ups of the disease [25]. In
this study, we investigate the correlation between lymphocyte counts and anti-dsDNA
levels—a relationship that has not been previously reported. Our results indicate a negative
correlation between lymphopenia and anti-dsDNA levels (r = —0.24), suggesting that lower
lymphocyte counts are associated with higher levels of anti-dsDNA antibodies in children
with SLE.

This study found a significant relationship between lymphopenia and disease activity
in children with SLE. Specifically, there was a negative correlation between lymphocyte
count and the MEX-SLEDALI score, with a correlation coefficient of r = —0.63 and a p-value
of <0.05. This indicates that a lower lymphocyte count is associated with a higher MEX-
SLEDALI score. Additionally, the median MEX-SLEDALI score in the lymphopenia group
was 13 (range 5-25), which was significantly higher than the score in the non-lymphopenia
group, which was 7 (range 5-15). These findings align with previous studies, such as
that of Vila et al., who reported a strong association between moderate (500-999/mm?)
to severe lymphopenia (<500/mm?) and increased disease activity. Similarly, Mirzayan
et al. found that lymphopenia predicted more severe disease and exacerbations during a
one-year follow-up in patients with SLE [11,13]. The increased T cell apoptosis observed in
active SLE, along with high expression levels of membrane-bound and soluble Fas, may
contribute to this phenomenon [1,30]. Furthermore, CD4+ and CD8+ T cells that express
the CD28 molecule—a critical co-stimulatory signal for T cell activation—are often found
to be decreased in the peripheral blood of SLE patients. CD28-mediated co-stimulation
appears to influence T cell susceptibility to activation-induced cell death, which may play
a role in lymphopenia [1,15]. These results suggest that lymphopenia is associated with
higher disease activity and might serve as an independent predictor of severe disease. Thus,
measuring lymphocyte counts can be considered a valuable marker related to SLE disease
activity [24,31].

Lymphopenia is defined by a lymphocyte count of less than 1500/mm?, based on
the criteria from ACR 1997, or a median count of 1.3 x 10°/L in patients with active
SLE, as reported by Han et al. [32]. Lymphocyte counts were recorded only at the time
of diagnosis. Receiver operating characteristic (ROC) curves were then used to identify
the intersection point and differentiate the number of lymphocytes associated with anti-
dsDNA reactivity. The cut-off point for lymphocyte count was established at <1738/mm?,
which is higher than both the ACR 1997 criteria and the findings from Han et al. [32]. This
cut-off demonstrated a sensitivity of 70.4%, a specificity of 80%, and an accuracy of 68% in
predicting anti-dsDNA reactivity, with statistical significance. The positive predictive value
(PPV) was found to be 98.6%, indicating that when the lymphocyte count is <1738/mm?,
most anti-dsDNA levels are reactive, with only a small fraction being non-reactive or
false positives. Therefore, if the lymphocyte count is <1738/mm?3, it is likely that the
anti-dsDNA level will be reactive. This finding suggests that lymphocyte count could serve
as a potential marker for predicting anti-dsDNA reactivity in children with SLE, which
is particularly useful for healthcare facilities that are unable to conduct anti-dsDNA tests.
However, no previous studies have explored the correlation between lymphocyte counts
and anti-dsDNA reactivity, highlighting the need for further research in this area.

Our study has several limitations. First, as with all retrospective cohort studies, our
findings may be subject to information bias because they rely on pre-existing medical
records. However, despite being retrospective, our study provides critical insights that
could lay the groundwork for future prospective research. These insights include the
identification of an inexpensive alternative marker for predicting SLE disease activity,
specifically through lymphocyte counts. Future prospective studies are needed to confirm
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these findings. Second, we identified a cut-off value for lymphocyte count to predict
anti-dsDNA reactivity. However, we acknowledge that external validation in independent
cohorts is necessary before this threshold can be widely applied in clinical practice. Future
multicenter studies with larger sample sizes and diverse populations are needed to evaluate
its generalizability. Third, we recognize that lymphopenia is correlated to elevated serum
interferon levels in SLE, indicating immune dysregulation. However, our study did not
assess interferon levels, as they were not part of our current research objectives. Future
research that incorporates interferon biomarkers could provide additional insights into the
role of lymphopenia in disease activity. Finally, our study did not utilize the SLEDAI-2K
due to budget constraints. It was conducted in a hospital with limited access to laboratory
tests, specifically complement tests. Consequently, the MEX-SLEDAI was the most feasible
option for assessing disease activity while maintaining clinical relevance.

5. Conclusions

In conclusion, this study showed a significant association between lymphopenia
and the more severe clinical manifestations of SLE, including nephritis, hypertension,
and neuropsychiatric SLE. It also found a correlation with higher levels of anti-dsDNA
antibodies and increased disease activity. Lymphocyte counts of <1738/mm3 can serve as a
useful threshold for predicting anti-dsDNA reactivity in children with SLE, showing good
sensitivity (70.4%) and specificity (80%). Moreover, the PPV of 98.6% indicates that most
patients with this lymphocyte count are likely to have reactive anti-dsDNA levels, making it
areliable marker for disease activity, particularly in healthcare facilities that cannot perform
anti-dsDNA tests. Therefore, lymphopenia may be considered an independent marker of
SLE disease activity, although further research is needed to validate these findings.

Author Contributions: Conceptualization, Methodology, Validation, Formal analysis, Investigation,
Resources, Data curation, Writing—original draft preparation, Writing—review and editing, G.S. and
R.G.; Conceptualization, Supervision, Data curation, Formal analysis, Investigation, Methodology,
Resources, Validation, Writing—original draft preparation, Writing—review and editing, B.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The APC was funded by Universitas Padjadjaran.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and it was approved by the Institutional Review Board of Universitas Padjadjaran
(2/6/UN6.C10/PN/2017 on 23 February 2017).

Informed Consent Statement: Informed consent was obtained from all patients involved in this study.

Data Availability Statement: The data will be made available on the study’s primary site. Please
contact the corresponding author for future access due to privacy and ethical reasons.

Acknowledgments: The authors would like to thank all the children and parents who participated in
this study and the staff at Child Health Department, Faculty of Medicine Padjadjaran University/Dr.
Hasan Sadikin General Hospital Bandung.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Faddah, S.; Elwakd, M.; Aboelenein, A.; Hussein, M. Lymphopenia and Systemic Lupus Erythematosus, a Preliminary Study:
Correlation with Clinical Manifestations, Disease Activity and Damage Indices. EQypt. Rheumatol. 2014, 36, 125-130. [CrossRef]
2. Levy, D.M.; Kamphuis, S. Systemic Lupus Erythematosus in Children and Adolescents. Pediatr. Clin. N. Am. 2012, 59, 345-364.

[CrossRef]

3. Barsalou, J.; Levy, D.M,; Silverman, E.D. An Update on Childhood-Onset Systemic Lupus Erythematosus. Curr. Opin. Rheumatol.
2013, 25, 616-622. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ejr.2014.01.005
https://doi.org/10.1016/j.pcl.2012.03.007
https://doi.org/10.1097/BOR.0b013e328363e868
https://www.ncbi.nlm.nih.gov/pubmed/23836073

Children 2025, 12, 486 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tang, S.P; Lim, S.C.; Arkachaisri, T. Childhood-Onset Systemic Lupus Erythematosus: Southeast Asian Perspectives. J. Clin. Med.
2021, 10, 559. [CrossRef]

Sari, M.K.; Satria, C.D.; Arguni, E. Predictors of Infection in Children with Systemic Lupus Erythematosus: A Single Center Study
in Indonesia. Glob. Pediatr. Health 2021, 8, 2333794X2110056. [CrossRef]

Brunner, H.I; Feldman, B.M.; Bombardier, C.; Silverman, E.D. Sensitivity of the Systemic Lupus Erythematosus Disease Activity
Index, British Isles Lupus Assessment Group Index, and Systemic Lupus Activity Measure in the Evaluation of Clinical Change
in Childhood-Onset Systemic Lupus Erythematosus. Arthritis Rheum. 1999, 42, 1354-1360. [CrossRef]

Uribe, A.G.; Vil4, LM.; McGwin, G.; Sanchez, M.L.; Reveille, ].D.; Alarcén, G.S. The Systemic Lupus Activity Measure-Revised,
the Mexican Systemic Lupus Erythematosus Disease Activity Index (SLEDAI), and a Modified SLEDAI-2K Are Adequate
Instruments to Measure Disease Activity in Systemic Lupus Erythematosus. |. Rheumatol. 2004, 31, 1934-1940. [PubMed]
Massardo, L.; Metz, C.; Pardo, E.; Mezzano, V.; Babul, M.; Jarpa, E.; Guzmdn, A.; André, S.; Kaltner, H.; Gabius, H.; et al.
Autoantibodies against Galectin-8: Their Specificity, Association with Lymphopenia in Systemic Lupus Erythematosus and
Detection in Rheumatoid Arthritis and Acute Inflammation. Lupus 2009, 18, 539-546. [CrossRef]

Merayo-Chalico, J.; Gomez-Martin, D.; Pineirua-Menendez, A.; Santana-De Anda, K.; Alcocer-Varela, J. Lymphopenia as Risk
Factor for Development of Severe Infections in Patients with Systemic Lupus Erythematosus: A Case-Control Study. QJM Int. ].
Med. 2013, 106, 451-457. [CrossRef]

Ng, W.L,; Chu, CM.; Wu, A.K.L.; Cheng, V.C.C.; Yuen, K.Y. Lymphopenia at Presentation Is Associated with Increased Risk of
Infections in Patients with Systemic Lupus Erythematosus. Q/M Int. |. Med. 2006, 99, 37—47. [CrossRef]

Vil4, LM.; Alarcén, G.S.; McGwin, G.; Bastian, H.M.; Fessler, B.J.; Reveille, ].D. Systemic Lupus Erythematosus in a Multiethnic
US Cohort, XXXVII: Association of Lymphopenia with Clinical Manifestations, Serologic Abnormalities, Disease Activity, and
Damage Accrual. Arthritis Care Res. 2006, 55, 799-806. [CrossRef] [PubMed]

Rivero, S.J.; Diaz-Jouanen, E.; Alarcén-Segovia, D. Lymphopenia In Systemic Lupus Erythematosus. Arthritis Rheum. 1978, 21,
295-305. [CrossRef] [PubMed]

Mirzayan, M.J. Prognostic Parameters for Flare in Systemic Lupus Erythematosus. Rheumatology 2000, 39, 1316-1319. [CrossRef]
[PubMed]

Utsinger, P.D. Relationship of Lymphocytotoxic Antibodies to Lymphopenia and Parameters of Disease Activity in Systemic
Lupus Erythematosus. J. Rheumatol. 1976, 3, 175-185.

Lenert, P.; Lenert, G.; Senécal, J.-L. CD4-Reactive Antibodies in Systemic Lupus Erythematosus. Hum. Immunol. 1996, 49, 38—48.
[CrossRef]

Guzmadn, J.; Cardiel, M.H.; Arce-Salinas, A.; Sdnchez-Guerrero, J.; Alarcén-Segovia, D. Measurement of Disease Activity in
Systemic Lupus Erythematosus. Prospective Validation of 3 Clinical Indices. . Rheumatol. 1992, 19, 1551-1558.

Suszek, D.; Dubaj, M.; Bigosiriski, K.; Dembowska, A.; Kaniewski, M.; Sielwanowska, W.; Skierkowski, B.; Dzikowska, I.; Sieczka,
J.; Majdan, M. Usefulness in Daily Practice of the Systemic Lupus Erythematosus Disease Activity Index 2000 Scale and the
Systemic Lupus Erythematosus Disease Activity Score Index for Assessing the Activity of Systemic Lupus Erythematosus.
Reumatologia 2024, 62, 187-195. [CrossRef]

Weiss, ].E. Pediatric Systemic Lupus Erythematosus: More Than a Positive Antinuclear Antibody. Pediatr. Rev. 2012, 33, 62-74.
[CrossRef]

Brunner, H.I.; Huggins, J.; Klein-Gitelman, M.S. Pediatric SLE—Towards a Comprehensive Management Plan. Nat. Rev. Rheumatol.
2011, 7, 225-233. [CrossRef]

Ghrahani, R.; Setiabudiawan, B.; Sapartini, G. Departemen Ilmu Kesehatan Masyarakat Fakultas Kedokteran Universitas
Padjadjaran. Maj. Kedokt. Bandung 2015, 47, 124-128. [CrossRef]

Evalina, R. Gambaran Klinis Dan Kelainan Imunologis Pada Anak Dengan Lupus Eritematosus Sistemik Di Rumah Sakit Umum
Pusat Adam Malik Medan. Sari Pediatr. 2016, 13, 406. [CrossRef]

Sobhy, N.; Niazy, M.H.; Kamal, A. Lymphopenia in Systemic Lupus Erythematosus Patients: Is It More than a Laboratory
Finding? Egypt. Rheumatol. 2020, 42, 23-26. [CrossRef]

Nakabayashi, K.; Arimura, Y.; Yoshida, M.; Nagasawa, T. Anti-T Cell Antibodies in Primary Glomerulonephritis. Clin. Nephrol.
1985, 23, 74-80.

Yavuz, S.; Cansu, D.U.; Nikolopoulos, D.; Crisafulli, E.; Antunes, A.M.; Adamichou, C.; Reid, S.; Stagnaro, C.; Andreoli, L.; Tincani,
A.; et al. Lymphopenia as a Risk Factor for Neurologic Involvement and Organ Damage Accrual in Patients with Systemic Lupus
Erythematosus: A Multi-Center Observational Study. Semin. Arthritis Rheum. 2020, 50, 1387-1393. [CrossRef] [PubMed]

Yu, H.-H.; Wang, L.-C.; Lee, J.-H.; Lee, C.-C.; Yang, Y.-H.; Chiang, B.-L. Lymphopenia Is Associated with Neuropsychiatric
Manifestations and Disease Activity in Paediatric Systemic Lupus Erythematosus Patients. Rheumatology 2007, 46, 1492-1494.
[CrossRef]

Li, C; Mu, R; Lu, X;; He, J.; Jia, R.; Li, Z. Antilymphocyte Antibodies in Systemic Lupus Erythematosus: Association with Disease
Activity and Lymphopenia. J. Immunol. Res. 2014, 2014, 672126. [CrossRef]


https://doi.org/10.3390/jcm10040559
https://doi.org/10.1177/2333794X211005609
https://doi.org/10.1002/1529-0131(199907)42:7%3C1354::AID-ANR8%3E3.0.CO;2-4
https://www.ncbi.nlm.nih.gov/pubmed/15468356
https://doi.org/10.1177/0961203308099973
https://doi.org/10.1093/qjmed/hct046
https://doi.org/10.1093/qjmed/hci155
https://doi.org/10.1002/art.22224
https://www.ncbi.nlm.nih.gov/pubmed/17013840
https://doi.org/10.1002/art.1780210302
https://www.ncbi.nlm.nih.gov/pubmed/646828
https://doi.org/10.1093/rheumatology/39.12.1316
https://www.ncbi.nlm.nih.gov/pubmed/11136872
https://doi.org/10.1016/0198-8859(96)00058-4
https://doi.org/10.5114/reum/190257
https://doi.org/10.1542/pir.33.2.62
https://doi.org/10.1038/nrrheum.2011.15
https://doi.org/10.15395/mkb.v47n2.571
https://doi.org/10.14238/sp13.6.2012.406-11
https://doi.org/10.1016/j.ejr.2019.04.003
https://doi.org/10.1016/j.semarthrit.2020.02.020
https://www.ncbi.nlm.nih.gov/pubmed/32229040
https://doi.org/10.1093/rheumatology/kem182
https://doi.org/10.1155/2014/672126

Children 2025, 12, 486 11 of 11

27.

28.

29.

30.

31.

32.

Fayyaz, A.; Igoe, A.; Kurien, B.T.; Danda, D.; James, ].A; Stafford, H.A.; Scofield, R.H. Haematological Manifestations of Lupus.
Lupus Sci. Med. 2015, 2, €000078. [CrossRef]

Munguia-Realpozo, P.; Mendoza-Pinto, C.; Sierra Benito, C.; Escarcega, R.O.; Garcia-Carrasco, M.; Mendez Martinez, S.;
Etchegaray Morales, I.; Galvez Romero, ].L.; Ruiz-Arguelles, A.; Cervera, R. Systemic Lupus Erythematosus and Hypertension.
Autoimmun. Rev. 2019, 18, 102371. [CrossRef]

Nakano, M.; Ueno, M.; Hasegawa, H.; Watanabe, T.; Kuroda, T.; Ito, S.; Arakawa, M. Renal Haemodynamic Characteristics in
Patients with Lupus Nephritis. Ann. Rheum. Dis. 1998, 57, 226-230. [CrossRef]

Silva, L.M.; Garcia, A.B.; Donadji, E.A. Increased Lymphocyte Death by Neglect-Apoptosis Is Associated with Lymphopenia and
Autoantibodies in Lupus Patients Presenting with Neuropsychiatric Manifestations. J. Neurol. 2002, 249, 1048-1054. [CrossRef]
Kandane-Rathnayake, R.; Louthrenoo, W.; Golder, V.; Luo, S.-F; Wu, Y.-].].; Lateef, A.; Cho, J.; Li, Z.; An, Y.; Hamijoyo, L.; et al.
Independent Associations of Lymphopenia and Neutropenia in Patients with Systemic Lupus Erythematosus: A Longitudinal,
Multinational Study. Rheumatology 2021, 60, 5185-5193. [CrossRef] [PubMed]

Han, B.K,; Wysham, K.D.; Cain, K.C.; Tyden, H.; Bengtsson, A.A.; Lood, C. Neutrophil and Lymphocyte Counts Are Associated
with Different Immunopathological Mechanisms in Systemic Lupus Erythematosus. Lupus Sci. Med. 2020, 7, €000382. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1136/lupus-2014-000078
https://doi.org/10.1016/j.autrev.2019.102371
https://doi.org/10.1136/ard.57.4.226
https://doi.org/10.1007/s00415-002-0781-6
https://doi.org/10.1093/rheumatology/keab217
https://www.ncbi.nlm.nih.gov/pubmed/33693676
https://doi.org/10.1136/lupus-2020-000382
https://www.ncbi.nlm.nih.gov/pubmed/32444416

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

