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Abstract

Background: Systemic Lupus Erythematosus (SLE) is a chronic autoimmune disorder characterized
by the production of autoantibodies, immune complex deposition, and multisystem involvement.
Hematological abnormalities are among the earliest and most frequent manifestations of the disease,
often reflecting disease activity and severity. Understanding the relationship between peripheral
hematologic alterations and underlying tissue pathology is essential for early diagnosis,
prognostication, and therapeutic decision-making.

Objectives: This study aims to evaluate the clinic pathological correlation between hematologic
abnormalities and tissue histopathological changes in patients with SLE. It seeks to identify specific
hematologic markers associated with particular histopathologic patterns and disease activity scores.
Methodology: A prospective observational study was conducted over a period of 18 months at a
tertiary care center. A total of 80 patients fulfilling the ACR/EULAR 2019 criteria for SLE were
enrolled. Complete blood counts, peripheral blood smears, reticulocyte counts, and Coombs tests
were performed for hematological evaluation. Bone marrow aspiration/biopsy was performed in
selected cases with persistent cytopenias. Tissue biopsies (renal, skin, and lymph node) were obtained
based on clinical indications. Histopathological findings were analyzed and correlated with
hematologic parameters and SLE Disease Activity Index (SLEDAI) scores.

Results: Out of 80 patients, 91.3% were female with a mean age of 29.4 + 8.2 years. Anemia was
observed in 82.5% of patients (normocytic normochromic in 42.5%, microcytic hypochromic in 25%,
and hemolytic in 15%). Leukopenia was noted in 47.5% and thrombocytopenia in 36.2%. Direct
Coombs test was positive in 22.5% of cases. Bone marrow studies revealed erythroid hyperplasia in
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hemolytic anemia, hypocellularity in aplastic presentations, and increased histiocytes in macrophage
activation syndrome (MAS)-like features. Renal biopsies (performed in 35 patients) revealed class
Il and IV lupus nephritis in 71.4% of cases with accompanying hematologic abnormalities such as
anemia and thrombocytopenia. Cutaneous biopsies showed interface dermatitis in 65% and
leukocytoclastic vasculitis in 20%, correlating with leukopenia and raised ESR/CRP. Lymph node
biopsies demonstrated reactive hyperplasia and, in some cases, necrotizing lymphadenitis suggestive
of Kikuchi disease. Statistically significant correlations were found between anemia and lupus
nephritis (p=0.03), leukopenia and skin involvement (p=0.04), and thrombocytopenia with disease
activity scores >10 (p=0.01).

Conclusion: Hematologic abnormalities in SLE are common and exhibit a significant correlation
with underlying histopathological findings in various tissues. Anemia is strongly associated with
lupus nephritis, while leukopenia often reflects cutaneous vasculitic changes. Thrombocytopenia
serves as a potential marker of severe disease activity. Recognizing these correlations may aid in early
diagnosis, disease monitoring, and guiding biopsy decisions in SLE management.

Keywords: Systemic Lupus Erythematosus, Hematologic Abnormalities, Histopathology, Anemia,
Lupus Nephritis, Clinicopathological Correlation, SLEDAI, Tissue Biopsy

Introduction

Systemic Lupus Erythematosus (SLE) is a chronic, autoimmune, inflammatory disease that can affect
virtually any organ system in the body. Characterized by the production of a wide array of
autoantibodies, particularly antinuclear antibodies (ANAS), SLE leads to immune complex deposition
and subsequent tissue inflammation and damage. It is a prototypical autoimmune disease,
representing a complex interaction of genetic, environmental, hormonal, and immunological factors.
The disease is notable not only for its clinical heterogeneity but also for the significant burden it
imposes on patients’ quality of life and long-term health outcomes. 2,

Globally, the prevalence of SLE varies widely by geographic region and ethnicity, with estimates
ranging from 20 to 150 cases per 100,000 individuals. It disproportionately affects women, with a
female-to-male ratio of approximately 9:1, particularly during the reproductive years. The disease is
more prevalent and often more severe among individuals of African, Asian, Hispanic, and Indigenous
descent. This demographic predilection suggests a potential genetic susceptibility, which has been
increasingly supported by genome-wide association studies (GWAS) identifying multiple
susceptibility loci associated with immune function, including genes involved in antigen presentation,
T- and B-cell signaling, and cytokine production.

The pathogenesis of SLE is multifactorial and remains incompletely understood. Central to the
disease is a breakdown of immune tolerance to self-antigens, leading to autoantibody production.
These autoantibodies, particularly those directed against double-stranded DNA (dsDNA), Sm
antigen, and ribonucleoproteins, form immune complexes that deposit in tissues and activate
complement pathways, initiating a cascade of inflammation. A dysregulated type I interferon (IFN)
response is another key feature, with elevated IFN-a levels correlating with disease activity and
severity. Environmental factors such as ultraviolet radiation, infections (particularly Epstein-Barr
virus), and certain medications have been implicated as triggers in genetically susceptible individuals.
Hormonal influences, particularly estrogen, also play a role, potentially explaining the female
predominance.

SLE is often referred to as “the great imitator” due to its broad spectrum of clinical presentations. The
disease may present acutely or insidiously, and its course can vary between periods of flares and
remission. Common manifestations include constitutional symptoms (fever, fatigue, weight loss),
malar rash, photosensitivity, oral ulcers, arthritis, and serositis. More severe complications can affect
the kidneys (lupus nephritis), central nervous system (neuropsychiatric lupus), cardiovascular system
(accelerated atherosclerosis), hematologic system (anemia, leukopenia, thrombocytopenia), and
pulmonary system (pleuritis, interstitial lung disease). Lupus nephritis, in particular, is a major cause
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of morbidity and mortality and is associated with poor long-term outcomes if not promptly treated®
4)

This study aims to evaluate the clinicopathological correlation between hematologic abnormalities
and tissue histopathological changes in patients with SLE. By identifying specific hematologic
markers associated with particular histopathologic patterns and disease activity scores, we hope to
enhance the understanding of SLE pathogenesis and improve patient management strategies® ©.

Methodology

Study Design and Setting

A prospective observational study was conducted over 18 months (January 2023 to June 2024) at
tertiary care Hospital. The study was approved by the Institutional Review Board, and informed
consent was obtained from all participants.

Inclusion Criteria

 Patients aged 18 years and above.

« Diagnosed with SLE based on the 2019 ACR/EULAR classification criteria.

« Presence of hematological abnormalities (anemia, leukopenia, thrombocytopenia).

« Willingness to undergo tissue biopsy (renal, skin, or lymph node) as clinically indicated.

Exclusion Criteria

 Patients with overlapping autoimmune disorders.

o Pregnant or lactating women.

 Patients on immunosuppressive therapy for more than six months prior to enrollment.
« Individuals with known hematological malignancies or chronic infections.

Data Collection

A total of 80 patients fulfilling the inclusion criteria were enrolled. Demographic data, clinical
features, and laboratory parameters were recorded. Hematological evaluations included complete
blood counts, peripheral blood smears, reticulocyte counts, and Coombs tests. Bone marrow
aspiration and biopsy were performed in cases with persistent cytopenias. Tissue biopsies (renal, skin,
and lymph node) were obtained based on clinical indications.

Histopathological Analysis

Biopsy specimens were processed and stained using standard hematoxylin and eosin techniques.
Renal biopsies were classified according to the International Society of Nephrology/Renal Pathology
Society (ISN/RPS) classification. Skin and lymph node biopsies were evaluated for features such as
vasculitis, interface dermatitis, and reactive hyperplasia.

Statistical Analysis

Data were analyzed using SPSS version 25. Descriptive statistics were used to summarize
demographic and clinical characteristics. Chi-square tests and Pearson correlation coefficients were
employed to assess associations between hematological abnormalities and histopathological findings.
A p-value of <0.05 was considered statistically significant.

Results

1. Demographic and Clinical Characteristics

A total of 80 patients diagnosed with systemic lupus erythematosus (SLE) were included in the study.
The majority were female (n = 73, 91.3%), with only 7 (8.7%) males, reflecting the well-established
female predominance of the disease. The mean age was 29.4 + 8.2 years, and the mean duration of
illness was 3.2 + 1.5 years, indicating that most patients were in the early to mid-phase of the disease
course.
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Clinically, arthritis was the most frequently reported manifestation, present in 85% of the patients,
followed by malar rash (70%), photosensitivity (65%), and oral ulcers (60%). These features align
with common mucocutaneous and musculoskeletal involvement typical of SLE.

2. Hematological Abnormalities

Hematologic involvement was prevalent, affecting a significant proportion of patients:

e Anemia was observed in 66 patients (82.5%), making it the most common hematological
abnormality. Among these, the distribution was:

Normocytic normochromic anemia in 34 patients (42.5%)

Microcytic hypochromic anemia in 20 patients (25%)

Hemolytic anemia in 12 patients (15%)

Leukopenia was detected in 38 patients (47.5%), and thrombocytopenia in 29 patients (36.2%).
Coombs test was positive in 18 patients (22.5%), indicating autoimmune hemolysis in a subset.

e & O O O

These abnormalities reflect both direct autoimmune destruction and bone marrow suppression
mechanisms common in SLE.

Hematological Abnormality | Number of Patients | Percentage (%)
Anemia 66 82.5%
Leukopenia 38 47.5%
Thrombocytopenia 29 36.2%
Positive Coombs Test 18 22.5%

Table 1: Prevalence of Hematological Abnormalities (n = 80)

3. Bone Marrow Findings

Bone marrow examinations were performed in 20 patients with persistent cytopenias to determine the

underlying cause. The following patterns were observed:

o Erythroid hyperplasia in 6 patients, predominantly those with hemolytic anemia, indicating
compensatory marrow response.

o Hypocellularity in 5 patients, suggestive of aplastic anemia or marrow suppression, possibly
secondary to medications or autoimmunity.

« Hemophagocytosis and increased histiocytes in 3 patients, consistent with macrophage activation
syndrome (MAS).

These findings underscore the diverse mechanisms by which hematologic alterations occur in SLE.

Histopathological Finding Number of Patients | Clinical Correlation

Erythroid Hyperplasia 6 Hemolytic Anemia
Hypocellularity 5 Aplastic Features
Hemophagocytosis with Histiocytosis | 3 Macrophage Activation Syndrome
Normal/Non-specific Findings 6 -

Table 2: Bone Marrow Examination Findings (n = 20)

4. Tissue Histopathology

Renal Biopsies (n = 35):

Lupus nephritis was subclassified based on the ISN/RPS classification:

o Class IV (diffuse proliferative) lupus nephritis was the most common (n = 13, 37.1%)
« Followed by Class Il (focal proliferative) in 12 (34.3%)

e Class V (membranous) and Class Il (mesangial) were less frequent, each in 5 (14.3%)
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Skin Biopsies (n = 20):
« Interface dermatitis was the predominant finding (n = 13, 65%), typical of cutaneous lupus.
o Leukocytoclastic vasculitis was observed in 4 (20%) and non-specific dermatitis in 3 (15%).

Lymph Node Biopsies (n = 10):

« Reactive hyperplasia was seen in 6 patients (60%)

« Necrotizing lymphadenitis, consistent with Kikuchi disease, was noted in 3 patients (30%)
o One patient (10%) showed non-specific findings

These results emphasize the systemic nature of SLE and its multi-organ pathology.

Tissue Type | Histopathological Finding Number of Patients | Percentage (%0)
Renal Class 11 Lupus Nephritis 12 34.3%
(n=35)
Class IV Lupus Nephritis 13 37.1%
Class V Lupus Nephritis 5 14.3%
Class Il Lupus Nephritis 5 14.3%
Skin (n = 20) | Interface Dermatitis 13 65%
Leukocytoclastic Vasculitis 4 20%
Non-specific Dermatitis 3 15%
Lymph Node | Reactive Hyperplasia 6 60%
(n=10)
Necrotizing Lymphadenitis (Kikuchi) | 3 30%
Non-specific Findings 1 10%

Table 3: Histopathological Findings in Tissue Biopsies

5. Correlation Between Hematologic Abnormalities and Histopathological Findings

Statistical analysis revealed several significant associations:

« Anemia was significantly associated with Class 111 and IV lupus nephritis (p = 0.03), suggesting
renal involvement as a contributor to anemia, possibly via chronic inflammation or loss of
erythropoietin.

« Leukopenia was significantly correlated with interface dermatitis in skin biopsies (p = 0.04),
possibly reflecting concurrent immunological activity in skin and bone marrow.
e Thrombocytopenia was significantly associated with high SLEDAI scores (>10) (p = 0.01),

indicating its role as a marker of disease severity.

These correlations highlight how specific hematologic alterations can reflect the underlying systemic
disease activity and organ involvement.

Parameter Correlated Histopathology p-value
Anemia Class Il & IV Lupus Nephritis 0.03
Leukopenia Interface Dermatitis in Skin Biopsy 0.04
Thrombocytopenia | High Disease Activity (SLEDAI >10) | 0.01

Table 4: Statistically Significant Clinico-pathological Correlation

Discussion

This study highlights the significant prevalence of hematological abnormalities in SLE patients and
their correlation with specific tissue histopathological changes. Anemia was the most common
hematological abnormality, observed in 82.5% of patients, aligning with previous studies reporting
anemia in up to 98% of SLE cases. The association between anemia and Class 111/1V lupus nephritis
suggests that anemia could serve as a marker for renal involvement in SLE(:®),
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Leukopenia, present in 47.5% of patients, showed a significant correlation with skin involvement,
particularly interface dermatitis. This finding supports the notion that leukopenia may reflect active
cutaneous disease in SLE. Thrombocytopenia was associated with higher disease activity scores,
indicating its potential as a marker for disease severity® 19,

Bone marrow examinations revealed diverse findings, including erythroid hyperplasia,
hypocellularity, and hemophagocytosis, reflecting the multifactorial nature of hematological
abnormalities in SLE. These findings underscore the importance of bone marrow evaluation in
patients with persistent cytopenias to elucidate underlying mechanisms and guide management(t% 12,
The study's limitations include its single-center design and relatively small sample size, which may
affect the generalizability of the findings. Additionally, the cross-sectional nature of the study limits
the ability to establish causal relationships between hematological abnormalities and
histopathological changes3 14,

Conclusion

Hematological abnormalities are common in SLE and exhibit significant correlations with tissue
histopathological findings. Anemia is strongly associated with lupus nephritis, leukopenia reflects
cutaneous involvement, and thrombocytopenia correlates with disease activity. Recognizing these
correlations can aid in early diagnosis, disease monitoring, and guiding biopsy decisions in SLE
management.

Implications

Understanding the clinic pathological correlations in SLE can enhance diagnostic accuracy and
inform treatment strategies. Hematological abnormalities may serve as non-invasive markers for
organ involvement, reducing the need for invasive biopsies in certain cases. Incorporating routine
hematological assessments into SLE management protocols can facilitate early detection of organ
involvement and prompt intervention.

Limitations

The study's limitations include its single-center design, which may limit the generalizability of the
findings. The relatively small sample size may also affect the statistical power of the study. Future
multicenter studies with larger cohorts are warranted to validate these findings and explore the
underlying mechanisms linking hematological abnormalities to tissue histopathology in SLE.
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