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Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) is

characterized by a widespread maculopapular rash, lymphadenopathy, fever,

and multisystem involvement. Conversely, hemophagocytic lymphohistiocytosis

(HLH) is an infrequent yet critical condition presenting with fever,

hepatosplenomegaly, cytopenias, coagulation abnormalities, and elevated

inflammatory markers. The overlapping clinical and laboratory features

between DRESS and HLH poses a significant diagnostic challenge. Secondary

HLH (sHLH) typically occurs in adults triggered by viral infections, malignancies,

rheumatologic diseases, or immune deficiencies. Recently, COVID-19 has also

been identified as one of the triggers for sHLH. Herein, we present a case of

Sulfasalazine-induced DRESS coinfected with COVID-19 that subsequently

progressed into HLH. Our patient exhibited common hepatorenal and splenic

involvement along with rare cholecystitis and appendicitis. However, a significant

improvement was observed upon the addition of etoposide and azathioprine. We

hypothesize that excessive activation of the immune system and cytokine storm

due to DRESS combined with COVID-19 infection led tomore extensive systemic

damage resulting in HLH development. This highlights the potential for severe

consequences when DRESS coincides with HLH during a COVID-19 infection.
KEYWORDS
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Introduction

Drug Reaction with Eosinophilia and Systemic Symptoms

(DRESS) is a severe condition that typically manifests 1-6 weeks

after exposure to certain medications or their metabolites. It

is characterized by extensive maculopapular eruptions,

lymphadenopathy, fever, and involvement of multiple organs (1).

The mortality rate of DRESS ranges from 1.7% to 8.8%, with

recurrence in affected individuals increasing the mortality rate to

as much as 29% (2, 3). Hemophagocytic lymphohistiocytosis (HLH)

is an uncommon yet fatal syndrome marked by fever,

hepatosplenomegaly, cytopenias, coagulopathy, and elevated

inflammatory markers among other symptoms (4). In adults,

studies have estimated the overall mortality rates to be

approximately 40-50%, with early mortality being around 20%

despite treatment (5, 6).

The pathogenesis of DRESS and HLH remains incompletely

understood. DRESS is characterized by a drug-induced Type IV

hypersensitivity reaction, involving the activation of drug-specific

CD4 and CD8 T cells as well as dysfunction of regulatory T cells.

Immune dysregulations in DRESS are manifested by elevated

levels of certain human leukocyte antigens (HLA), reactivation of

herpesviruses (HHV-6, Epstein-Barr virus (EBV), cytomegalovirus

(CMV)), and autoimmune sequelae. HLH, also known as

macrophage activation syndrome (MAS) in the context of

rheumatologic disease, is a hyperinflammatory condition resulting

from excessive phagocytic activity of macrophages on

hematopoietic cells. It can be classified into primary or secondary

HLH based on its etiology: primary HLH predominantly affects

infants and children due to genotypic defects, while sHLH typically

occurs in adults triggered by viral infections, malignancies,

rheumatologic diseases, or immune deficiencies. Recently,

COVID-19 has also been identified as one of the triggers for

sHLH (7).

While there is some overlap in pathogenesis, clinical features,

and laboratory abnormalities between DRESS and HLH associated

with fever, lymphadenopathy, multisystem organ failure, viral

infection/reactivation, and abnormal T cell activation, the

coexistence of DRESS and HLH is a rare and potentially fatal

condition. The most frequently reported drugs implicated in DRESS

complicated by HLH include allopurinol, b-lactam antibiotics, and

phenobarbital (8). In this case report, we present a patient who

developed Sulfasalazine-induced DRESS coinfected with COVID-

19 that subsequently evolved into HLH. This case highlights the

intricate interplay between drug reactions, viral infection, and

immunological responses.
Case report

A 36-year-old Chinese man was diagnosed with ankylosing

spondylitis due to low back pain and initiated sulfasalazine therapy

one month ago. Two weeks after starting sulfasalazine, the patient

developed high fever (up to 40°C), facial swelling and generalized

erythema, and subsequent cervical lymphadenopathy. Despite
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receiving antibiotic treatment (ceftriaxone, amoxicillin, and

levofloxacin) at a local hospital, there was no improvement in his

condition. Laboratory examination revealed leukocytosis

(228.9×109/L) and abnormal liver function tests characterized by

elevated aspartate aminotransferase (324 U/L; Normal value <50 U/

L) and alanine aminotransferase (114 U/L; reference range < 40).

Additionally, elevated B-type natriuretic peptide (BNP) levels (1411

pg/ml; normal range: 0-88) were detected along with positive

COVID-19 PCR results. The patient was diagnosed with drug

hypersensitivity syndrome, drug-induced liver injury, and COVID-

19 infection. Subsequently, administration of methylprednisolone

(160 mg/day), intravenous immunoglobulin (32.5g/day), and

Paxlovid for five days led to relief of high fever and significant

subsidence of the rash. Following this initial treatment phase, the

patient was transferred to our department for further management.

Physical examination showed diffuse exanthematous eruption on the

trunk (Figure 1). The methylprednisolone dosage was gradually

reduced every 3–5 days, during which time most of the skin

lesions resolved and the levels of leukocytosis, aspartate

aminotransferase, alanine aminotransferase and BNP approached

normal ranges. However, after 5 days, the patient experienced an

abrupt onset of high fever (up to 40°C) accompanied by abdominal

pain. Laboratory evaluation revealed multiple abnormalities,

including elevated serum ferritin levels of 11895.00 ng/ml

(reference range: 24-336), decreased fibrinogen levels of 1.02 g/L

(reference range: 2-4), increased procalcitonin(PCT) levels of 0.61

ng/ml(reference range <0.048), significantly elevated alanine

aminotransferase levels of 2462 IU/L (reference range < 50),

markedly elevated aspartate aminotransferase levels of 1191 IU/L

(reference range < 40), highly increased erythrocyte sedimentation

rate (ESR) 109 mm/h (reference range <21), substantially raised CRP

level at 145mg/L (reference range <5), extremely high triglycerides

concentration at 9.79 mmol/L(reference range: 0.29-1.83).

Additionally, the absolute count of NK cells was found to be 32

cells/ul (reference range:154-768). Multiple cytokines were observed

to be elevated including interleukin (IL)-2, IL-2R, IL-6, IL-8, IL-10,

IFN-gamma(IFN-g).Tests for antineutrophil cytoplasmic antibody

and rheumatoid factor yielded negative results, as did serological

tests for hepatitis viruses and human immunodeficiency virus(HIV).

EBV DNA was detected at a concentration of 4.11E+05 copies/mL

and human CMV was detected at 3.73E+03 copies/mL. Antinuclear

antibodies were positive with a titer of 1:1000 speckled pattern.

Extractable nuclear antigen antibodies tests showed positive for anti-

U1-snRNP antibodies (23.9 AI) and anti-SS-A antibodies (22.7 AI).

Thyroid function tests revealed a higher level of reverse

triiodothyronine (rT3) at 1.78 nmol/L (normal range: 0.78-1.38),

along with a comprehensive thyroid panel including lower levels of

triiodothyronine (T3) at 0.64 nmol/L(reference range: 1.3-3.1), free

T3 at 1.96 pmol/L(reference range: 3.6-7.5), thyroxine (T4) at 48.60

nmol/L(normal range: 62-164), free thyroxine (fT4) at 11.20 pmol/L

(normal range: 12-22), thyroglobulin at a reduced level of only 0.10

ug/L(reference range: 3.5-77), elevated anti-thyroglobulin antibodies

at the concentration of 250.00 IU/ml(reference range,<115), and

increased anti-thyroid peroxidase antibodies at 44.50 IU/ml

(reference range, <34). The abdominal CT scan revealed

heterogeneous liver densities, suggestive of intrahepatic lymphatic
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congestion and a potential liver cyst, as well as an enlarged

gallbladder exhibiting edema and splenomegaly (Figure 2A). The

kidneys displayed irregular borders, accompanied by thickened

bilateral renal fascia and parietal peritoneum, as well as a slightly

hazy appearance of the surrounding adipose tissue. Additionally, the

scan identified an 11 mm dilated appendix that was non-

compressible, surrounded by a hazy fat space and several striated

shadows in close proximity (see Figure 2B). A small amount of pelvic

fluid was present. The PET-CT scans did not reveal any definitive

evidence of malignancy (Figure 2C). Ultrasonographic evaluation of

the axillary lymph nodes showed several nodes without significant

increase in internal blood flow signal. Furthermore, bone marrow

biopsy findings were negative for malignancy and hemophagocytosis

indications were absent (Figure 3).

The RegiSCAR score was determined to be 7, supporting the

diagnosis of DRESS (Table 1).9 According to the Naranjo adverse

drug reaction probability scale, it was probably that sulfasalazine

induced this condition. At the same time, our patient fulfilled seven
Frontiers in Immunology 03
out of the eight required criteria for HLH (Table 2).10 Ultimately,

the patient was diagnosed with sulfasalazine-induced DRES

triggering sHLH. Concurrent diagnoses of undifferentiated

connective tissue disease and low T3 syndrome were also made.

The patient was promptly transferred to the hematology

department and initiated on treatment regimen based on the

revised diagnostic guidelines for HLH-2004, which included

dexamethasone (15 mg/day for 3 days), followed by etoposide (80

mg/day once), and azathioprine (50 mg twice a day). By the third

day of therapy, fever subsided while some biochemical parameters

normalized. Systemic steroid tapering occurred gradually without

any relapse during the two-month follow-up period.
Discussion

In this report, we present a comprehensive case of DRESS

syndrome induced by sulfasalazine, which was further complicated
B CA

b ca

FIGURE 1

(A–C) Diffuse erythema and scale over face and the trunk, on admission; (a–c) Post-treatment improvement showing only scattered erythema on
the face and almost complete improvement over the trunk.
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by COVID-19 coinfection and concurrent reactivation of EBV and

CMV, resulting in sHLH. The diagnosis of DRESS was confirmed

based on clinical manifestations including fever, rash, cervical

lymphadenopathy, atypical lymphocytes, and involvement of

internal organs, such as liver and spleen. The patient’s RegiSCAR

score, an important diagnostic tool for DRESS, was calculated to be

7 indicating a high probability of this syndrome (9). We employed

the HLH-2004 criteria to diagnose and score HLH (10) in our

patient who ffulfilled 7 out of the required 8 criteria. Secondary

HLH is a critical condition that can be triggered by various factors.

In this case, potential contributors include drug reaction, viral

reactivations (EBV and CMV), as well as the patient’s

rheumatologic condition and COVID-19 infection. While virus

reactivations are observed in over 70% of DRESS cases, not all
Frontiers in Immunology 04
progress to HLH. Therefore, some researchers have postulated that

viruses may not be the primary factor inducing HLH but could

contribute to the final prognosis (11). However, limited testing for

human herpesvirus 6 (HHV-6) reactivation at our facility hindered

a comprehensive understanding of its role in the etiology of this

case. Furthermore, the absence of malignancy or evidence

suggesting other common triggers complicates our understanding

regarding the etiology behind HLH in this particular patient. Since

the onset of the COVID-19 pandemic, HLH has been increasingly

identified among patients during both acute phase or recovery

phase from COVID-19 infection. Similarly, both HLH and Covid-

19 are hyperinflammatory syndromes characterized by

hypercytokinemia, and share similar pathophysiological

mechanisms (12). Therefore, COVID-19 infection played an

important role in contributing to the complex condition observed

in this patient.

Although the development of DRESS syndrome has been

associated with over 50 drugs, reports implicating sulfasalazine as

a causative agent are rare, with only a few documented instances

(13, 14). It is noteworthy that patients with sulfonamide-induced

DRESS often exhibit deficient N-acetyltransferase activity, which

may contribute to hypersensitivity reactions (15). Sulfasalazine-

induced DRESS complicated by viral activation and subsequent

HLH has been infrequently reported in the literature. The first case

was documented by Komatsuda et al. in 2008, followed by reports

from Liang et al., involving two female patients (8, 16). These cases

primarily involved HLH triggered by EBV reactivation. To our

knowledge, this is the first reported case of sulfasalazine-induced

DRESS coinfected with COVID-19 leading to HLH (17). This

highlights the importance for clinicians to be aware of this rare

but potentially fatal complication. The complex and multifaceted

nature of DRESS syndrome is underscored by its intricate

interplay between drug hypersensitivity, viral reactivation, and

immune dysregulation.
FIGURE 3

A bone marrow biopsy was negative for malignancy and did not
show evidence of hemophagocytosis.
B

CA

FIGURE 2

(A) The gallbladder wall was edematous, thickened, and rough with a slightly blurred surrounding fat space suggesting acute cholecystitis, (B) The
appendix was slightly thickened, about 1.2 cm at its thickest, with a blurred surrounding fat space and multiple striated shadows, (C) PET-CT scans
did not reveal any definitive signs of malignancy.
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While the complication of HLH in DRESS syndrome is not

uncommon, its pathogenesis is not well understood. Although

numerous cases of DRESS and HLH have been reported, most

have associated HLH with concurrent infections, providing limited
Frontiers in Immunology 05
information on the immunologic features or establishing an unclear

link between the two diseases. An analysis of 23 cases from the

PubMed/MEDLINE database suggested that untreated or persistent

DRESS may lead onset of HLH (18). Furthermore, it hypothesized

that DRESS and HLH may share a same spectrum of immune

dysfunction based on their overlapping characteristics (19). Despite

similarities such as activated lymphocytes and hypercytokinemia, the

marked and predominant CD8+ T-cell activation observed in HLH

is not consistently seen in DRESS (20, 21), which could explain why

only certain patients with DRESS develop HLH. Additionally, there

may be a lack of recognition of HLH within dermatology practice

leading to potential missed diagnoses and an underestimation of the

coexistence between these conditions. Timely diagnosis and

management are crucial for improving outcomes in patients with

both DRESS and associated HLH. Moreover, the exact nature of the

relationship between DRESS and HLH remains unclear; further

exploration through dedicated disease cohort establishment is

required to determine whether DRESS causes or manifests of a

shared pathogenic process.

Both DRESS and HLH can result in significant visceral damage,

with the liver being the most commonly affected internal organ.

However, these diseases can also affect other internal organs such as
TABLE 1 RegiSCAR scoring system in DRESS for the patient (9).

Criteria Score patient
score

−1 0 1 2

Fever ≥38.5°C No/
unknown

Yes 0

Enlarged lymph nodes No/
unknown

Yes 1

Eosinophilia(× 109/L) No/
unknown

≥ 0.7 × 109/L or ≥ 10% if WBC < 4.0 ×
109/L

≥ 1.5 × 109/L or ≥ 20% if WBC < 4.0 ×
109/L

Atypical lymphocytosis No/
unknown

Yes 1

Skin rash extent (% body
surface area)

No/
unknown

>50% Yes 1

Skin rash suggesting
DRESSa

No/
unknown

Yes 1

Skin biopsy
suggesting DRESS

No Yes/
unknown

Organ involvement
Liver
Kidney
Lung
Muscle/heart
Pancreas
Other organ

No 1 organ ≥ 2 organs 2

Rash resolution ≥ 15 d No/
unknown

Yes

Excluding other causesb No/
unknown

Yes 1

Total score(maximum =9) 7
DIHS, drug-induced hypersensitivity syndrome; DRESS, drug reaction with eosinophilia and systemic symptoms; WBC, white blood cell. Diagnosis made based on total score: < 2 points: not
DIHS; 2–3 points: possible DIHS; 4–5 points: probable DIHS; > 5 points: definitive case. Our patient received a score of 7, corresponding to a definite DIHS case.a Suggests DRESS if ≥ 2 purpuric
lesions, infiltration, facial edema, psoriasiform desquamation.bIf ≥ 3 negative: antinuclear antibody, blood culture, hepatitis A virus, hepatitis B virus, hepatitis C virus, chlamydia, mycoplasma.
TABLE 2 Hemophagocytic lymphohistiocytosis diagnostic criteria (10).

HLH-2004 criteria patient

Fever yes

Splenomegaly yes

Cytopenias (affecting 2 of 3 lineages in the peripheral blood):
hemoglobin, <9 g/dL; platelets, <100 109/L; neutrophils, <1 109/L

yes

Hypofibrinogenemia (<150 mg/dL) and/or hypertriglyceridemia
(fasting >265 mg/dL)

yes

Hemophagocytosis in bone marrow, spleen, lymph nodes, or liver

Low or absent NK-cell activity yes

Ferritin >500 ng/mL yes

Elevated soluble CD25 (soluble IL-2 receptor-a) yes
Diagnosis of hemophagocytic lymphohistiocytosis is made when at least 5 of the 8 criteria
are fulfilled.
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the heart, lungs, kidneys, and other gastrointestinal tract. Although

cholecystitis has been rarely reported in both DRESS and HLH cases

(22), appendicitis has not been documented in existing literature.

COVID-19 may present gastrointestinal symptoms and has been

observed to involve the gallbladder and appendix in a limited

number of cases. Acute acalculous cholecystitis and appendicitis

are infrequent but clinically significant gastroenterological

associations of COVID-19 that can occur without accompanying

pulmonary symptoms (23, 24). Our patient exhibited common

hepatorenal and splenic involvement, along with rare occurrences

of cholecystitis and appendicitis. We hypothesize that excessive

immune system activation and cytokine storm resulting from

combined DRESS syndrome, COVID-19 infection, and HLH

contributed to more extensive systemic damage. This highlights

the potential for more serious consequences when DRESS coexists

with HLH during a COVID-19 infection.

Endocrine abnormalities in DRESS syndrome typically manifest

as delayed sequelae rather than acute symptoms. Thyroid disorders

can present in various forms such as thyroiditis or sick euthyroid

syndrome (25). A retrospective analysis of 27 patients revealed that

five developed anomalies in thyroid function, including sick

euthyroid syndrome, thyroiditis, increased free T4 levels and

decreased thyrotropin levels (26). Long-term thyroid complications

following recovery from DRESS can range from hyperthyroidism to

hypothyroidism; antithyroid antibodies often emerge several months

after resolution of the condition (27). The presentation of abnormal

thyroid function in our patient further underscores the importance of

vigilant endocrine follow-up in these cases.

Furthermore, it is imperative to recognize that eosinophilia,

which is commonly associated with DRESS syndrome, may not

be present in around one-third of cases. This absence is

particularly evident among individuals concurrently experiencing

hemophagocytic disorders accompanied by leukopenia (28). Our

patient’s case exemplifies this observation and emphasizes the need

for a thorough and sophisticated diagnostic approach due to the

heterogeneous nature of DRESS syndrome presentations. These

findings highlight the necessity for clinicians to remain aware of the

varied manifestations associated with DRESS syndrome while

emphasizing continuous monitoring for potential thyroid

dysfunction as part of long-term care.

DRESS is a potentially life-threatening dermatological condition,

and the presence of sHLH exacerbates its severity. Early intervention

plays a pivotal role in achieving favorable patient outcomes and

reducing mortality risk. Pathogenesis, clinical manifestations, and

laboratory markers exhibit overlapping features between DRESS and

HLH, leading to similarities in their treatment approaches.

Whenever feasible, addressing the underlying trigger through

appropriate agents targeting infection, malignancy or autoimmune

disease should be prioritized as the initial management strategy for

sHLH. High-dose corticosteroids are considered first-line therapy

for both conditions. Additionally, immunoglobulins and

immunosuppressive agents such as methotrexate, azathioprine,

and cyclosporine can be used in combination. In severe cases of

HLH, etoposide may be employed as a therapeutic option.

Furthermore, interleukin-1 inhibitors like anakinra, rilonacept or
Frontiers in Immunology 06
canakinumab can also be utilized for treating HLH (29). Tocilizumab

and JAK inhibitors such as Baricitinib have shown promise in

managing macrophage activation syndrome (MAS) associated with

COVID-19 infection (30). In this case, initial treatment with high-

dose steroids and immunoglobulins failed to yield satisfactory

outcomes; however, a significant improvement was observed upon

the addition of etoposide and azathioprine.

This case highlights the crucial need for a comprehensive and

vigilant differential diagnosis when patients present symptoms

suggestive of severe drug hypersensitivity. The correlation between

DRESS syndrome and hemophagocytic lymphohistiocytosis (HLH)

necessitates heightened awareness and early recognition among

clinicians to facilitate timely intervention. In the management of

DRESS syndrome, it is advisable to regularly monitor eosinophil

levels and conduct serial complete blood counts (CBC), particularly

in patients with underlying autoimmune diseases or concurrent

COVID-19 infections. These specific conditions can exacerbate the

severity or modify the progression of DRESS syndrome and its

complications; hence close monitoring and prompt treatment

are imperative.
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13. Karakayali B, Yazar AS, Çakir D, Cetemen A, Kariminikoo M, Deliloglu B, et al.
Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome associated
with cefotaxime and clindamycin use in a 6 year-old boy: A case report. Pan Afr Med J.
(2017) 28:6–9. doi: 10.11604/pamj.2017.28.218.10828

14. Walsh SA, Creamer D. Drug reaction with eosinophilia and systemic symptoms
(DRESS): A clinical update and review of current thinking. Clin Exp Dermatol. (2011)
36:6–11. doi: 10.1111/j.1365-2230.2010.03967.x

15. Spielberg SP, Gordon GB, Blake DA, Mellits ED, Bross DS. Anticonvulsant
toxicity in vitro: possible role of arene oxides. J Pharma-col Exp Ther. (1981) 217:386–9.
16. Komatsuda A, Okamoto Y, Hatakeyama T, Wakui H, Sawada K. Sulfasalazine-
induced hypersensitivity syndrome and hemophagocytic syndrome associated with
reactivation of EpsteinBarr virus. Clin Rheumatol. (2008) 27:395–7. doi: 10.1007/
s10067-007-0753-4

17. Ammar H, Azouzi A, Fathallah N, Boujelben MA, Ouni B, Boussarsar M, et al.
Fatal sulfasalazine-induced DRESS complicated by HHV-6 reactivation and
hemophagocytic lymphohistiocytosis. Eur J Clin Pharmacol. (2020) 76:467–8.
doi: 10.1007/s00228-019-02809-8

18. Yang JJ, Lei DK, Ravi V, Maloney NJ, Crew A, Worswick S. Overlap between
hemophagocytic lymphohistiocytosis and drug reaction and eosinophilia with systemic
symptoms: a review. Int J Dermatol. (2020) 21. doi: 10.1111/ijd.15196

19. Eshki M, Allanore L, Musette P, Milpied B, Grange A, Guillaume JC, et al.
Twelve-year analysis of severe cases of drug reaction with eosinophilia and systemic
symptoms: a cause of unpredictable multiorgan failure. Arch Dermatol. (2009) 145:67–
72. doi: 10.1001/archderm.145.1.67

20. Filipovich AH. The expanding spectrum of hemophagocytic lymphohistiocytosis.
Curr Opin Allergy Clin Immunol. (2011) 11:512–6. doi: 10.1097/ACI.0b013e32834c22f5

21. Nishio D, Izu K, Kabashima K, Tokura Y. T cell populations propagating in the
peripheral blood of patients with drug eruptions. J Dermatol Sci. (2007) 48:25–33.
doi: 10.1016/j.jdermsci.2007.05.013

22. Javed F, Crouch J, Combs E. Rare but fatal: hemophagocytic lymphohistiocytosis
(HLH) with acute acalculous cholecystitis. Cureus. (2022) 14:e31737. doi: 10.7759/
cureus.31737

23. Awan JR, Akhtar Z, Inayat F, Farooq A, Goraya MHN, Ishtiaq R, et al. Acute
acalculous cholecystitis as a rare gastroenterological association of COVID-19: a case
series and systematic review. J Clin Transl Res. (2023) 9:133–43.

24. Asimakopoulou S, Chlapoutakis S, Sklapani P, Trakas N, Spandidos DA.
COVID-19-associated acute appendicitis in adults. A report of five cases and a
review of the literature. Exp Ther Med. (2022) 24:482. doi: 10.3892/etm.2022.11409

25. Kano Y, Ishida T, Hirahara K, Shiohara T. Visceral involvements and long-term
sequelae in drug-induced hypersensitivity syndrome. Med Clin North Am. (2010)
94:743–59. doi: 10.1016/j.mcna.2010.03.004

26. Ang CC, Wang YS, Yoosuff EL, Tay YK. Retrospective analysis of drug-induced
hypersensitivity syndrome: a study of 27 patients. J Am Acad Dermatol. (2010) 63:219–
27. doi: 10.1016/j.jaad.2009.08.050

27. Tas S, Simonart T. Drug rash with eosinophilia and systemic symptoms
(DRESS syndrome). Acta Clin Belg. (1999) 54:197–200. doi: 10.1080/17843286.1999.
11754231

28. Cacoub P, Musette P, Descamps V, Meyer O, Speirs C, Finzi L, et al. The DRESS
syndrome: A literature review. Am J Med. (2011) 124:588–97. doi: 10.1016/
j.amjmed.2011.01.017

29. Eloseily EM, Weiser P, Crayne CB, Haines H, Mannion ML, Stoll ML, et al.
Benefi t of anakinra in treating pediatric secondary hemophagocytic
lymphohistiocytosis. Arthritis Rheumatol. (2020) 72:326–34. doi: 10.1002/art.4110

30. Le RQ, Li L, Yuan W, Shord SS, Nie L, Habtemariam BA, et al. FDA approval
summary: tocilizumab for treatment of chimeric antigen receptor T cellinduced severe
or life-threatening cytokine release syndrome. Oncologist. (2018) 23:943–7.
doi: 10.1634/theoncologist.2018-0028
frontiersin.org

https://doi.org/10.1016/s1085-5629(96)80038-1
https://doi.org/10.1007/s00403-021-02274-3
https://doi.org/10.3390/biomedicines10050999
https://doi.org/10.3390/biomedicines10050999
https://doi.org/10.1182/blood.2019000936
https://doi.org/10.1016/j.amjmed.2014.04.034
https://doi.org/10.1532/IJH97.07012
https://doi.org/10.1016/j.trsl.2021.03.002
https://doi.org/10.5021/ad.2018.30.1.71
https://doi.org/10.1111/bjd.12501
https://doi.org/10.1002/pbc.21039
https://doi.org/10.1111/j.1365-2133.2007.07807.x
https://doi.org/10.1111/j.1365-2133.2007.07807.x
https://doi.org/10.7759/cureus.36140
https://doi.org/10.7759/cureus.36140
https://doi.org/10.11604/pamj.2017.28.218.10828
https://doi.org/10.1111/j.1365-2230.2010.03967.x
https://doi.org/10.1007/s10067-007-0753-4
https://doi.org/10.1007/s10067-007-0753-4
https://doi.org/10.1007/s00228-019-02809-8
https://doi.org/10.1111/ijd.15196
https://doi.org/10.1001/archderm.145.1.67
https://doi.org/10.1097/ACI.0b013e32834c22f5
https://doi.org/10.1016/j.jdermsci.2007.05.013
https://doi.org/10.7759/cureus.31737
https://doi.org/10.7759/cureus.31737
https://doi.org/10.3892/etm.2022.11409
https://doi.org/10.1016/j.mcna.2010.03.004
https://doi.org/10.1016/j.jaad.2009.08.050
https://doi.org/10.1080/17843286.1999.11754231
https://doi.org/10.1080/17843286.1999.11754231
https://doi.org/10.1016/j.amjmed.2011.01.017
https://doi.org/10.1016/j.amjmed.2011.01.017
https://doi.org/10.1002/art.4110
https://doi.org/10.1634/theoncologist.2018-0028
https://doi.org/10.3389/fimmu.2024.1371490
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Sulfasalazine-induced drug reaction with eosinophilia and systemic symptoms (DRESS) coinfected with COVID-19 complicated by hemophagocytic lymphohistiocytosis: a case report
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


