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ABSTRACT

Background: The prevalence of Direct Coombs test (DCT) positivity in systemic lupus
erythematosus (SLE) ranges from 12.8% to 65.2%. Approximately 5-11% of people with SLE have
autoimmune haemolytic anaemia (AIHA), characterised by autoantibodies against erythrocytes
that cause haemolysis. In about half of the SLE patients, DCT positivity occurs even in the
absence of AIHA, likely due to immune complexes binding to red blood cells via complement
receptor 1 (CR1), suggesting a higher immune complex load.

Objectives: To determine the DCT positive rate in SLE patients without AIHA and its association
with disease activity, as measured by the SLE Disease Activity Index 2000 (SLEDAI-2K) score.
Methods: This descriptive cross-sectional study was conducted at a tertiary care centre in South
India from March 2023 to March 2025. SLE patients who met the 2019 ACR/EULAR classification
criteria without AIHA were included. Disease activity was measured using the SLEDAI-2K. The
DCT was performed using the standard antihuman globulin, and a reaction grade of 1+ or higher
was considered positive. The study compared DCT-positive and DCT-negative groups using
statistical analysis.

Results: The study included 92 SLE patients, most of whom were female (97.8%), with a mean
age of 35.1 £ 9.49 years, and a mean disease duration of 4.56 + 4.36 years. DCT positivity without
AIHA was found in 33.6% of the patients. DCT-positive patients had a higher median SLEDAI-2K
score than DCT-negative patients (8 [IQR3.5—-10.5] vs O [IQR 0-5]; p < 0.001). DCT positivity was
also strongly associated with arthritis (p < 0.001) and with higher anti-double-stranded DNA
antibody levels (p = 0.008).

Conclusion: In individuals with SLE, DCT positivity without AIHA was common and was
associated with higher contemporaneous disease activity, arthritis, and elevated anti-double-
stranded DNA antibody levels. These findings suggest that DCT positivity may reflect increased
immune activity at a single point in time. However, its utility in predicting future flares or

monitoring longitudinal disease activity remains uncertain and requires prospective validation.

Keywords: Lupus, Antiglobulin test; Autoimmune hemolytic anaemia; Complement activation;

Immune complexes; Autoantibodies.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic multisystemic autoimmune disorder
characterized by immune dysregulation, autoantibody production, and impaired clearance of
immune complexes®. The global incidence of SLE ranges from 1.4 to 15.13 per 100,000 person-
years, and approximately 0.40 million new cases are diagnosed annually, with a substantial
effect on individual and health care burden?. The formation and tissue deposition of immune
complexes, along with complement activation, play a central role in the pathogenesis of organ
damage involving the kidneys, skin, joints, and nervous system3>.

Among the hematologic manifestations in SLE, Autoimmune haemolytic anaemia (AIHA) occurs
in around 5-11% of people with SLE®®. In patients with AIHA, the autoantibodies bind to
erythrocytes, which causes haemolysis, and are associated with the Direct Coombs test (DCT)
positivity in more than 90% of patients®.

DCT positivity is observed in a substantial proportion.of SLE patients without clinical or
laboratory evidence of hemolytic anaemia, and the reported prevalence of DCT positivity in SLE
ranges from 12.8% to 65.2%*"*2, In about half of the SLE patients, DCT positivity occurs even in
the absence of AIHA, suggesting mechanisms distinct from classical AIHA. One such mechanism
is immune complexes binding to red blood cells via complement receptor 1 (CR1), suggesting a
higher immune complex load*3.

The binding of circulating immune complexes to erythrocytes via complement receptor 1 (CR1;
CD35), which is abundantly expressed on red blood cells and is responsible for the clearance of
approximately 85% of immune complexes from the circulation!*. When immune complexes
attach to CR1 on red blood cells, this can be seen as a positive result on the DCT even if there
are no anti-erythrocyte antibodies. Unlike AIHA, DCT positivity due to immune complexes does
not cause haemolysis but rather indicates a high level of circulating immune complexes*3.
Despite these observations, the clinical significance of DCT positivity in SLE patients without
AIHA remains incompletely understood. In particular, its relationship with global disease activity
has not been consistently explored. Therefore, the present study aimed to determine the
frequency of DCT positivity in SLE patients without AIHA and to evaluate its association with

disease activity as assessed by the SLE Disease Activity Index 2000 (SLEDAI-2K)*®.
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MATERIALS AND METHODS

This descriptive cross-sectional study was carried out at a tertiary care hospital in South India
from March 2023 to March 2025, with institutional ethics committee approval. All study
participants provided written informed consent prior to enrolment.

Patients with SLE meeting the ACR/EULAR 2019 criteria®®, aged 18 to 60 years, who visited the
Department of Clinical Immunology and Rheumatology, either as outpatients or inpatients, were
included. Patients with haemolytic anaemia, defined as anaemia with laboratory evidence of
increased red blood cell destruction, including elevated indirect bilirubin, high lactate
dehydrogenase, and/or schistocytes on a peripheral blood smear were excluded.?” Other
exclusion criteria included a history of blood transfusion within the preceding month;® ongoing
malignancies (haematological or solid tumours)'®, other autoimmune diseases, and the use of
haemolytic drugs, such as methyldopa, second- or third-generation cephalosporins, or beta-
lactamase inhibitors®. The sample size was calculated based on a reported prevalence of 5.8%
for DCT positivity in patients with SLE without haemolytic anaemia, as described by Hanoka et
al.?* Using a 95% confidence interval, an absolute precision of 7%, and a 10% non-response rate,
the final sample size, calculated using the formula as per the study by Daniel WW et al.,?? was
92 patients.

Demographic information, disease duration, comorbidities, clinical characteristics, pertinent
laboratory indicators, and treatment details were collected. The SLEDAI-2K score was used to
assess disease activity at enrolment. For DCT testing, 3 mL of blood was collected in an EDTA
anticoagulated tubes from each participant. Red blood cells were washed four times with saline
to eliminate any unbound immunoglobulins and complement, after which polyspecific
antihuman globulin reagent, which binds to both IgG (Immunoglobulin G) and C3 (complement
3) was added, and the sample was centrifuged. Agglutination was graded from 0 to 4+, with 1+
or higher considered DCT positive?. Quality control included regular equipment calibration,
following standard procedures, and double-checking data entries. DCT positivity was analysed
exclusively in patients without laboratory or clinical evidence of haemolytic anaemia and was
compared with disease activity and individual SLEDAI-2K score components. Anti-dsDNA
antibodies were measured by enzyme-linked immunosorbent assay (ELISA) according to the
manufacturer’s protocol. The results were recorded as a semi-quantitative variable. Values <100

IU/mL were considered negative, and =100 IU/mL as positive.
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Statistical Analysis:

Descriptive statistics were employed to summarize the baseline attributes. Categorical variables
are presented as frequencies and percentages. Depending on the data, continuous variables are
reported as means and standard deviations or medians with interquartile ranges. Categorical
variables were compared using either the Chi-square test or Fisher's exact test. The Mann-
Whitney U test was used. A two-tailed p-value of <0.05 was judged statistically significant. All

statistical analyses were performed using SPSS version 26.
RESULTS

A total of 129 patients with SLE were screened; 9 were excluded due to AIHA, and 28 did not
meet the inclusion or exclusion criteria or had incomplete data. The remaining 92 patients were
included in the final analysis. The population studied was primarily female (90/92, 97.8%), with
an average age of 35.10 £ 9.49 years. The median duration of the disease was 4.56 + 4.36 years.
Table | summarizes baseline demographics, comorbidities, organ system involvement, and
current treatments.

Thirty-one patients (33.6%) had DCT positivity without AIHA. Patients with DCT positivity had
significantly higher disease activity, with a median SLEDAI-2K score of 8 (IQR 3.5-10.5) compared
with 0 (IQR 0-5) in DCT-negative patients (p< 0.001) (Table II).

Similarly, the clinical SLEDAI-2K score was significantly higher in DCT-positive patients compared
to DCT-negative patients (median 8 vs 2, p<0.001). Additionally, a higher proportion of DCT-
positive patients had a clinical SLEDAI-2K score higher than zero (clinical SLEDAI-2K >0, 87% vs
50.8%) (Table Il1).

Among individual SLEDAI-2K components, DCT positivity was significantly associated with
arthritis (12% vs 4.3%, p< 0.001) and higher levels of anti-dsDNA antibodies (16.3% vs 14.1%, p
=0.008). No significant associations were observed with other clinical or laboratory components

of the SLEDAI-2K (Table IV).
DISCUSSION
In this cross-sectional study, the DCT positivity was seen in 33.6% of patients with SLE who did

not have hemolytic anaemia. When compared to DCT-negative patients, these patients showed

noticeably more disease activity, as shown by higher SLEDAI-2K scores. This result provides
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evidence for the hypothesis that DCT positivity may indicate increased immune activity in SLE
even in the absence of obvious hemolysis.

The incidence of DCT positive among SLE cohorts varies widely, from roughly 12.8% to 65.2%,
according to previous studies!**?. Among DCT-positive patients, AIHA has been described in 38—
78.6%, demonstrating that a considerable number of SLE patients demonstrate DCT positivity
without clinical haemolysis!?#?°, Thus, the sensitivity of the tube agglutination method in the
direct Coombs test for detecting AIHA is 43%, while the specificity is 83%2°. In the Systemic Lupus
International Collaborating Clinics (SLICC) 2012 classification criteria, the DCT positivity without
AIHA was incorporated as one of the immunological parameters. This inclusion improved the
sensitivity and statistical performance of the criteria?’. Nevertheless, prior studies mostly
examined DCT positivity in relation to AIHA, with relatively little assessment of its importance in
individuals without hemolytic anaemia22,

DCT or direct antiglobulin test utilizes anti-human globulin to induce a visible agglutination
reaction in the presence of complement or antibodies attaching to red blood cell membranes?®.
There are three forms of anti-human reagents, which are poly-specific, which binds to both IgG
and C3, and monospecific, which binds to either I1gG or C3. In this study we used poly-specific
serum and conventional tube agglutination method. Other methods include gel test, flow
cytometry, which can be performed by automated systems?°,

Abou Assalie et al. observed DCT positivity in approximately 20% of SLE patients, of whom only
38% had AIHA®®, Patients with AIHA were more likely to have neuropsychiatric and renal
symptoms in that cohort, but the health consequences of isolated DCT positivity were not
thoroughly investigated. Earlier investigations by Edwards et al., Dohlstrom et al., and Isenberg
et al., similarly confirmed DCT positivity in SLE at rates of 65.2%, 50%, and 20%, respectively, but
did not specifically examine disease activity or stratify patients by the presence of haemolytic
anaemia'?3%%2,

Mendes IC et al., observed clinical and laboratory profile of DCT positive patients, among the
subgroup of SLE patients, 77.2% had DCT positivity without AIHA?*. Similarly, Kerkar AS et al.,
and Worlledge SM et al., observed 41.9% and 44.4% DCT positivity, respectively, without AIHA
in the SLE patients®33, According to Skare et al., 12.8% of SLE patients had DCT positive, and
around half of them did not have AIHA. AIHA, anti-RNP, and anti-La antibodies were
independently linked to DCT positivity in multivariate analysis; however, DCT positivity in the
absence of hemolytic anaemia was not independently evaluated in relation to disease activity!®.
Hanaoka et al. performed a more targeted assessment, focusing on SLE patients who tested
positive for DCT without hemolytic anaemia. Significant correlations with increased anti-dsDNA

titers, hypocomplementemia, lower renal response to treatment, and higher SLEDAI scores were
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seen in that study?!. The current results support the idea that DCT positivity may reflect
enhanced immune complex formation and complement activation rather than erythrocyte
destruction alone, especially the correlation between DCT positivity and increased disease
activity31434,

Interestingly, our research revealed a strong correlation between arthritis and DCT positivity, a
finding not consistently reported in other studies!*!, During periods of high disease activity, this
finding might result from enhanced immune complex deposition or Fc receptor-mediated
inflammation within the synovial tissues. This connection is biologically plausible based on
experimental studies showing that IgG deposition induces arthritis in lupus, but clinical
confirmation necessitates validation in larger, longitudinal cohorts®®.

Differences in disease activity at enrollment, disease duration, ethnic or regional variables, and
study design may be contributing factors to the increased prevalence of DCT positivity without
hemolytic anaemia found in our study compared with certain previously reported results'?!,
Disease activity has been demonstrated to impact complement receptor expression on
erythrocytes and immune complex load, which may significantly affect DCT outcomes across
cohorts!31434,

There are several limitations to this study. Assessing temporal or causal links between DCT
positivity and disease activity is not possible given the cross-sectional design. A deeper
understanding of alterations in immune activity over time may be possible with serial DCT data.
Furthermore, the study's single-center design may have limited its generalizability. Long-term
renal outcomes and complement functional assays, such as CH50, were not assessed, which
could have further elucidated the prognostic implications of isolated DCT positivity.

In conclusion, among individuals with SLE, DCT positivity in the absence of AIHA was relatively
common and was significantly associated with higher anti-dsDNA antibody levels, arthritis, and
increased disease activity in our study. However, its role as a longitudinal biomarker remains

uncertain. Further prospective studies are required to evaluate temporal changes in DCT status

and to determine its association with disease activity.
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Tables and Figures

Table I. Baseline Demographic and Cumulative clinical characteristics of the study population (N = 92)

Characteristics Value
Demographic Characteristics

Age (years), mean = SD 35.10+9.49
Female, n (%) 90 (97.8)
Disease duration (years), mean * SD 456 +4.36
Comorbidities

Any comorbidity, n (%) 42 (45.6)
Hypothyroidism, n (%) 27 (29.3)
Hypertension, n (%) 21(22.8)
Diabetes mellitus, n (%) 9(9.8)
Multimorbidity, n (%) 14 (15.2)
Cumulative Clinical Manifestations

Mucocutaneous, n (%) 75(81.5)
Arthritis, n (%) 71(77.2)
Haematological, n (%) 62 (67.4)
Constitutional, n (%) 41 (44.6)
Renal involvement, n (%) 39 (42.4)
Neuropsychiatric manifestations, n (%) 13 (14.1)
Serositis, n (%) 18 (19.6)
Myositis, n (%) 7(7.6)
Pregnancy morbidityt, n (%) 15 (16.3)
Antiphospholipid antibodies, n (%) 28 (30.4)
Lupus nephritis, Class llI/IV £ V, n'(%) 16 (64)
Lupus nephritis, Class V alone, n (%) 6 (24)
Lupus nephritis, Class Il, n' (%) 3(12)
Current treatment profile

Hydroxychloroquine, n (%) 84 (91.3)
Glucocorticoids (< 5mg/day), n (%) 65 (70.7)
Glucocorticoids (> 5mg/day), n (%) 9(9.8)
Mycophenolate mofetil, n (%) 32 (34.7)
Methotrexate, n (%) 17 (18.5)
Tacrolimus, n (%) 16 (17.3)
Azathioprine, n (%) 14 (15.2)
Cyclophosphamide, n (%) 6(6.5)
Rituximab, n (%) 2(2.2)

tPregnancy morbidity as defined by 2023 ACR/EULAR antiphospholipid syndrome classification
criteria.

¥ Antiphospholipid antibodies include lupus anticoagulant, anticardiolipin, and anti-pf2
glycoprotein | antibodies.

Clinical manifestations represent cumulative manifestations since the time of diagnosis and are
not limited to active disease at the time of assessment
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Table Il. Comparison of SLEDAI-2K scores between DCT-positive and DCT-negative in SLE

patients
Parameters DCT-positive (n=31) DCT-negative (n=61) p-value
SLEDAI score (Median, IQR) 8 (3.5, 10.5) 0(0, 5) <0.001

Values are expressed as median (interquartile range). Comparisons were performed using the
Mann—-Whitney U test. DCT: Direct Coombs test; SLE: Systemic Lupus Erythematosus; SLEDAI-
2K: Systemic Lupus Erythematosus Disease Activity Index 2000.

Table lll. Comparison of clinical SLEDAI-2K scores between DCT-positive and DCT-negative in SLE

patients
Parameters DCT-positive (n=31) DCT-negative (n=61) p-value
Clinical SLEDAI-2K (Median, IQR) | 8 (4, 12) 2 (0, 4) <0.001
Clinical SLEDAI-2K >0, n (%) 27 (87%) 31 (50.8%) <0.001

Clinical SLEDAI-2K score after excluding laboratory components from the SLEDAI-2K score.
Values are expressed as median (interquartile range). Comparisons were performed using the
Mann—-Whitney U test. DCT: Direct Coombs test; SLE: Systemic Lupus Erythematosus; SLEDAI-
2K: Systemic Lupus Erythematosus Disease Activity Index 2000.

Table IV. Comparison of Individual SLEDAI-2K components between DCT-positive and DCT-

negative in SLE patients

SLEDAI-2K component DCT positive, n (%) | DCT negative, n (%) p value
Arthritis 11 (12.0) 4 (4.3) <0.001
Low complements (C3, C4) 8(8.7) 11 (12.0) 0.384
Myositis 2(2.2) 1(1.1) 0.262
Neuropsychiatric involvement® 3(3.3) 2(2.2) 0.331
Visual disturbance 1(1.1) 0(0) 0.337
Serositis¥t 1(1.1) 0(0) 0.337
Mucosal ulcers 2(2.2) 4 (4.3) 1.000
Fever 2(2.2) 1(1.1) 0.262
Leukopenia 7(7.6) 8(8.7) 0.245
Renal activity§ 8(8.7) 11 (12.0) 0.384
Vasculitis 0(0) 3(3.3) 0.548
New Rash 6 (6.5) 5(5.4) 0.173
Positive dsDNA titers 15(16.3) 13 (14.1) 0.008
Thrombocytopenia 5(5.4) 6(6.5) 0.498
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Values are expressed as number (%). Comparisons were performed using Fischer’s exact test or
Chi-square test, as appropriate. Anti-dsDNA was analysed as a categorical variable (positive vs
negative) based on semi-quantitative reporting.

+ Neuropsychiatric involvement includes seizure or psychosis as defined by SLEDAI-2K

¥ Serositis includes pleuritis or pericarditis.

§ Renal activity defined as proteinuria >500 mg/24 h and/or active urinary sediment (casts,
hematuria, or pyuria).

DCT: Direct Coombs test; SLE: Systemic Lupus Erythematosus, SLEDAI-2K: Systemic Lupus
Erythematosus Disease Activity Index 2000; dsDNA: double-stranded DNA; C3/C4: complement
components

10



ARP ARP Rheumatology 2026 - Online first

RHEUMATOLOGY

References

1. Siegel CH, Sammaritano LR. Systemic lupus erythematosus: a review. Jama. 2024 May
7;331(17):1480-91.
https://doi.org/10.1001/jama.2024.2315

2.Tian J, Zhang D, Yao X, Huang Y, Lu Q. Global epidemiology of systemic lupus erythematosus: a
comprehensive systematic analysis and modelling study. Annals of the rheumatic diseases. 2023 Mar.
1;82(3):351-6.

https://doi.org/10.1136/ard-2022-223035

3. Jovanovic V, Dai X, Lim YT, Kemeny DM, Macary PA. Fcy receptor biology and systemic lupus
erythematosus. International journal of rheumatic diseases. 2009 Dec;12(4):293-8.
https://doi.org/10.1111/j.1756-185X.2009.01426.x

4. Ameer MA, Chaudhry H, Mushtaq J, Khan OS, Babar M, Hashim T, Zeb S, Tarig MA, Patlolla SR, Ali J,
Hashim SN. An overview of systemic lupus erythematosus (SLE) pathogenesis, classification, and
management. Cureus. 2022 Oct;14(10).

https://doi.org/10.7759/cureus.30330

5. Pickering MC, Botto M, Taylor PR, Lachmann PJ, Walport MJ. Systemic lupus erythematosus,
complement deficiency, and apoptosis. Adv Immunol. 2000;76:227-324. doi:10.1016/s0065-
2776(01)76021-x PubMed PMID: 11079100.

https://doi.org/10.1016/S0065-2776(01)76021-X

6. L.A. Gonzalez-Naranjo, O.M. Betancur, G.S. Alarcon, M.F. Ugarte-Gil, D. Jaramillo-Arroyave, D.
Wojdyla, et al. Features associated with hematologic abnormalities and their impact in patients with
systemic lupus erythematosus: data from a multiethnic Latin American cohort Semin Arthritis Rheum,
45 (2016), pp. 675-683,.

https://doi.org/10.1016/j.semarthrit.2015.11.003

7.Durdn S, Apte M, Alarcon GS, Marion MC, Edberg JC, Kimberly RP, Zhang J, Langefeld CD, VilLa LM,
Reveille JD. Features associated with, and the impact of, hemolytic anemia in patients with systemic
lupus erythematosus: LX, results from a multiethnic cohort. Arthritis Care & Research: Official Journal
of the American College of Rheumatology. 2008 Sep 15;59(9):1332-40.
https://doi.org/10.1002/art.24020

8. Artim-Esen B, Cene E, Sahinkaya Y, Erdugan M, Oguz E, Giil A, Ocal L, inang M. Autoimmune
haemolytic anaemia and thrombocytopaenia in a single-centre cohort of patients with systemic lupus
erythematosus from Turkey: clinical associations and effect on disease damage and survival. Lupus.
2019 Oct;28(12):1480-7.

https://doi.org/10.1177/0961203319877245

9. Giannouli S, Voulgarelis M, Ziakas PD, Tzioufas AG. Anaemia in systemic lupus erythematosus: from
pathophysiology to clinical assessment. Annals of the rheumatic diseases. 2006 Feb 1;65(2):144-8.
https://doi.org/10.1136/ard.2005.041673

10. Garratty G. Immune hemolytic anemia associated with negative routine serology. Semin Hematol.
2005 Jul;42(3):156-64.
https://doi.org/10.1053/j.seminhematol.2005.04.005

11


https://doi.org/10.1001/jama.2024.2315
https://doi.org/10.1136/ard-2022-223035
https://doi.org/10.1111/j.1756-185X.2009.01426.x
https://doi.org/10.7759/cureus.30330
https://doi.org/10.1016/S0065-2776(01)76021-X
https://doi.org/10.1016/j.semarthrit.2015.11.003
https://doi.org/10.1002/art.24020
https://doi.org/10.1177/0961203319877245
https://doi.org/10.1136/ard.2005.041673
https://doi.org/10.1053/j.seminhematol.2005.04.005

ARP ARP Rheumatology 2026 - Online first

RHEUMATOLOGY

11. Skare T, Picelli L, Dos Santos TA, Nishihara R. Direct antiglobulin (Coombs) test in systemic lupus
erythematosus patients. Clinical Rheumatology. 2017 Sep;36(9):2141-4.
https://doi.org/10.1007/s10067-017-3778-3

12. ES M. Direct antiglobulin (Coombs) reactions in patients with connective tissue disease. Arthritis
Rheum. 1967;10:502-8.
https://doi.org/10.1002/art.1780100603

13. Kavai Wang M. Immune complex clearance by complement receptor type 1 in SLE. Autoimmunity
reviews. 2008 Dec 1;8(2):160-4.
https://doi.org/10.1016/j.autrev.2008.06.002

14. de Carvalho Lins CE, Crott LP, Teixeira JE, Barbosa JE. Reduced erythrocyte complement receptor
type 1in systemic lupus erythematosus is related to a disease activity index and not to the presence or
severity of renal disease. Lupus. 2004 Jul;13(7):517-21.

https://doi.org/10.1191/0961203304lu10530a

15. Touma Z, Urowitz MB, Ibanez D, Gladman DD. SLEDAI-2K 10 days versus SLEDAI-2K 30 days in a
longitudinal evaluation. Lupus. 2011 Jan;20(1):67-70.
https://doi.org/10.1177/0961203310385163

16. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-Goldman R, Smolen JS, Wofsy D,
Boumpas DT, Kamen DL, Jayne D. 2019 European League Against Rheumatism/American College of
Rheumatology classification criteria for systemic lupus erythematosus. Arthritis & Rheumatology. 2019
Sep;71(9):1400-12.

17. Fayyaz A, Igoe A, Kurien BT, Danda D, James JA, Stafford HA, Scofield RH. Haematological
manifestations of lupus. Lupus science & medicine. 2015 Mar 1;2(1): e000078.
https://doi.org/10.1136/lupus-2014-000078

18. Panch SR, Montemayor C. Hemolytic transfusion reactions. Rossi's Principles of Transfusion
Medicine. 2022 Aug 23:543-52. https://doi.org/10.1002/9781119719809.ch47

19. Akoum, Riad & Saade, Michel & Serhal, Wassim & Brihi, Emile. (2022). The spectrum of underlying
diseases in patients with positive-Direct Antiglobulin Test. Hematology and Medical Oncology. 7.
10.15761/HM0.1000238. https://doi.org/10.15761/HM0.1000238

20. Arndt PA, Garratty G. The changing spectrum of drug-induced immune hemolytic anemia.
InSeminars in hematology 2005 Jul 1 (Vol. 42, No. 3, pp. 137-144). WB Saunders.
https://doi.org/10.1053/j.seminhematol.2005.04.004

21. Hanaoka H, lida H, Kiyokawa T, Takakuwa Y, Kawahata K. A positive direct Coombs' test in the
absence of hemolytic anemia predicts high disease activity and poor renal response in systemic lupus
erythematosus. Lupus. 2018 Dec;27(14):2274-8.

https://doi.org/10.1177/0961203318809182

22. Daniel WW, Cross CL. Determination of sample size for estimating proportions. Biostatistics A
foundation for analysis in the health sciences. 1999; 8:189-90.

23. Fung M, Grossman BJ, Hillyer CD, Westhoff CM. The Technical Manual. 18th ed. Bethesda, MD:
AABB; 2014:427.

12


https://doi.org/10.1007/s10067-017-3778-3
https://doi.org/10.1002/art.1780100603
https://doi.org/10.1016/j.autrev.2008.06.002
https://doi.org/10.1191/0961203304lu1053oa
https://doi.org/10.1177/0961203310385163
https://doi.org/10.1136/lupus-2014-000078
https://doi.org/10.1002/9781119719809.ch47
https://doi.org/10.15761/HMO.1000238
https://doi.org/10.1053/j.seminhematol.2005.04.004
https://doi.org/10.1177/0961203318809182

ARP ARP Rheumatology 2026 - Online first

RHEUMATOLOGY

24. Mendes IC, de Assis PC, de Almeida RS, de Sousa LR, Carneiro LC, Jesuino RS. Clinical and laboratory
profile of patients with positive direct antiglobulin test attended at a university hospital in Goias, Brazil.
Hematology, Transfusion and Cell Therapy. 2024 May 8.

https://doi.org/10.1016/j.htct.2024.04.118

25. Beyan E, Beyan C, Turan M. Hematological presentation in systemic lupus erythematosus and its
relationship with disease activity. Hematology. 2007 Jun 1;12(3):257-61.
https://doi.org/10.1080/10245330701214145

26. Barcellini W, Fattizzo B. Strategies to overcome the diagnostic challenges of autoimmune hemolytic
anemias. Expert Review of Hematology. 2023 Jul 3;16(7):515-24.
https://doi.org/10.1080/17474086.2023.2216930

27. Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT, Fortin PR et al. Derivation and validation of the
Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus
erythematosus. Arthritis & Rheumatism. 2012 Aug;64(8):2677-86.

28. Worlledge SM. The interpretation of a positive direct antiglobulin test. British journal of
haematology. 1978 Jun;39(2):157-62.
https://doi.org/10.1111/j.1365-2141.1978.tb01085.x

29. Ullah A, Ding X, Qi X, Liu H. A new way of the Coombs test using flow cytometry-based assay to
assess erythrocytes-bound IgG antibodies in the human and rabbit model. International Journal of
Immunopathology and Pharmacology. 2025 Jan; 39:03946320241305270.
https://doi.org/10.1177/03946320241305270

30. Abou Assalie N, Fu W, Petri M. Direct Coombs Positivity in SLE. INnARTHRITIS & RHEUMATOLOGY
2015 Oct 1 (Vol. 67). 111 RIVER ST, HOBOKEN 07030-5774, NJ USA: WILEY-BLACKWELL.

31. Dahlstrém O, Sjowall C. The diagnostic accuracies of the 2012 SLICC criteria and the proposed
EULAR/ACR criteria for systemic lupus erythematosus classification are comparable. Lupus. 2019
May;28(6):778-82.

https://doi.org/10.1177/0961203319846388

32. Isenberg D. Anti-dsDNA antibodies: still a useful criterion for patients with systemic lupus
erythematosus?. Lupus. 2004 Nov;13(11):881-5.
https://doi.org/10.1191/09612033041u20280a

33. Kerkar AS, Bhagwat SN, Sharma JH. A study of clinical and serological correlation of positive direct
antiglobulin test in blood bank at a tertiary care center. Journal of Laboratory Physicians. 2022
Sep;14(03):223-30.

https://doi.org/10.1055/s-0041-1741442

34. Inada YO, Kamiyama MI, Kanemitsu T, Clark WS, Asai Y. Relationships between C3b receptor (CR1)
activity of erythrocytes and positive Coombs' tests. Annals of the rheumatic diseases. 1986 May
1;45(5):367-72.

https://doi.org/10.1136/ard.45.5.367

35. Qiao W, Ding H, Zuo Y, Jiang L, Zhou J, Han X, Yu L, Du R, M Hedrich C, Deng GM. Lupus IgG
deposition causes arthritis but inhibits bone destruction through competitive occupation of FcyRI and
reduced RANKL signalling. Clinical & Translational Immunology. 2020;9(9):e1174.
https://doi.org/10.1002/cti2.1174

13


https://doi.org/10.1016/j.htct.2024.04.118
https://doi.org/10.1080/10245330701214145
https://doi.org/10.1080/17474086.2023.2216930
https://doi.org/10.1111/j.1365-2141.1978.tb01085.x
https://doi.org/10.1177/03946320241305270
https://doi.org/10.1177/0961203319846388
https://doi.org/10.1191/0961203304lu2028oa
https://doi.org/10.1055/s-0041-1741442
https://doi.org/10.1136/ard.45.5.367
https://doi.org/10.1002/cti2.1174

