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Abstract 

Background: Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome is a kind of hypersensitivity 
drug reaction involving the skin and multiple internal organ systems. Moxifloxacin has rarely been reported to be a 
drug that is associated with DRESS syndrome. Lungs are less frequently involved in DRESS syndrome, but their involve-
ments may herald more serious clinical processes. We present a rare typical case of moxifloxacin-induced DRESS 
syndrome with lungs involved. Valuable clinical data such as changes in the pulmonary imaging and pulmonary func-
tion tests was recorded. This case is important for the differential diagnosis of DRESS syndrome with lungs involved 
by providing clinical manifestations, CT imaging, pulmonary function tests, and biopsy pathological characteristics. 
The changes in pulmonary imaging and pulmonary function tests may help us understand the mechanism of DRESS 
syndrome further.

Case presentation: We report a case of a 47-year-old woman who was treated with oral moxifloxacin for commu-
nity-acquired pneumonia. The patient subsequently developed a cough, fever, liver injury, skin rash, hematologic 
abnormalities, and shortness of breath (SOB) followed by pharyngeal herpes and peripheral neuritis. These symp-
toms, clinical lab index, and CT scan of the lungs improved after the withdrawal of moxifloxacin. The probability of 
moxifloxacin-induced DRESS syndrome was rated as “Definite”, with 7 scores graded by RegiSCAR. A literature search 
was also performed with “fluoroquinolones,” “moxifloxacin,” “ciprofloxacin,” “levofloxacin,” “delafloxacin,” and “DRESS” or 
“drug-induced hypersensitivity syndrome (DIHS)” as the keywords that were put into PubMed. The overall pulmonary 
involvement was approximately 9.1% (1/11). It is a rare reported case of DRESS syndrome with pulmonary involve-
ment induced by moxifloxacin. We summarized detailed clinical data, including pulmonary imaging and pulmonary 
function changes.

Conclusion: This is a rare reported case of DRESS syndrome with pulmonary involvement induced by moxifloxacin. 
Prompt recognition and correct diagnosis can promote appropriate treatment and accelerate recovery. This case is 
important for us as a reference in the differential diagnosis of DRESS syndrome and helps us further understand the 
mechanism of DRESS syndrome.
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Background
Drug reaction with eosinophilia and systemic symptoms 
(DRESS) syndrome is a kind of hypersensitivity drug 
reaction involving the skin and multiple organs. Symp-
toms are usually skin rash and fever [1], accompanied by 
eosinophilia, atypical lymphocytosis, and multiple organ 
failure [2–4]. DRESS syndrome is marked by prolonged 
latency, and symptoms usually appear 2 to 6 weeks after 
the first exposure to the offending drug [3]. There will still 
be a long course of disease with frequent recurrence after 
discontinuation of the involved drugs. It is often accom-
panied by reactivation of a latent human herpesvirus 
(HHV) infection [5]. Drugs related to DRESS syndrome 
include but are not limited to anticonvulsants, antide-
pressants and antimicrobials [3]. A recently published 
case series proposed that 15–37% of DRESS syndrome 
cases may be caused by antimicrobials [6]. Sharifzadeh 
et al. analyzed 254 cases of antimicrobial-induced DRESS 
syndrome and found that 42.13% were induced by antitu-
berculosis, 18.1% were induced by glycopeptides, and 
only 1.97% were induced by fluoroquinolone [7].

Lungs (8.9%) are less frequently involved in DRESS 
syndrome compared with the liver (86.7%) and kidney 
(17.8%) [8], but pulmonary involvement may herald a 
more severe clinical course and higher mortality [9]. In a 
systematic review [9], 22 cases of DRESS syndrome with 
pulmonary manifestations were collected, and none were 
credited to fluoroquinolone. The pattern of computer-
ized tomography of pulmonary involvement has been 
described in the review, but information about changes 
in pulmonary function and alveolar lavage fluid was not 
mentioned. The differential diagnosis of a combination 
of peripheral eosinophilia, rash, and respiratory symp-
toms is so complicated that 50% of patients with DRESS 
syndrome were initially misdiagnosed and treated for 
infection [10]. Therefore, it is important to study the 
characteristics of patients with lung involved of DRESS 
syndrome and to recognize them to stop offending medi-
cation and improve the outcome.

Reports of allergic reactions caused by fluoroquinolo-
nes have increased, mainly due to moxifloxacin [11]. Its 
metabolites may react with proteins to form covalently 
bound proteins that can interact with the immune sys-
tem [12]. The allergic mechanism of fluoroquinolones 
is mainly IgE and T-cell-dependent reactions. Most of 
them are IgE types, such as urticaria and allergic reac-
tions. There are fewer reports on T-cell-dependent reac-
tions, which include maculopapular exanthema [13–16], 
fixed drug-induced eruption [17], acute generalized 
exanthematic pustulosis (AGEP) [16], Stevens-Johnson 
syndrome (SJS) and toxic epidermal necrolysis (TEN) 
[18–20]. DRESS syndrome caused by fluoroquinolones is 
rarely reported.

A literature search was performed with “fluoroqui-
nolones,” “moxifloxacin,” “ciprofloxacin,” “levofloxacin,” 
“delafloxacin,” and “DRESS” or “drug-induced hypersen-
sitivity syndrome (DIHS)” as the keywords put into Pub-
Med, and 11 related cases have been reported thus far 
(Table 1). One case was caused by levofloxacin, two cases 
were caused by ciprofloxacin, and eight cases were sus-
pected to be caused by moxifloxacin. Pulmonary involve-
ment is very rare estimated as 9.1% (1/11), with only one 
case reported by Son CH et al. [21], in which the specific 
CT images were not shown.

Moxifloxacin is widely used in respiratory infections 
and has a broad spectrum of activity against many micro-
organisms as a new generation fluoroquinolone antibiotic 
[30]. Although moxifloxacin-associated side effects such 
as recurrent tendonitis [31], interstitial nephritis [32] 
and anaphylactoid reactions [33] have been reported, 
DRESS syndrome induced by moxifloxacin is very rare. 
We report a case of a 47-year-old woman who developed 
DRESS syndrome with rare pulmonary involvement after 
receiving moxifloxacin treatment.

Case presentation
A 47-year-old woman presented to our department with 
cough and fever for 1 day. The diagnostic and treatment 
process of the entire course of the disease is shown in 
Fig.  1. She had a past medical history of hypertension, 
depression and type II diabetes. Her home medications 
included telmisartan, deanxit, and sertraline for 2  years 
and metformin for 1  year. She had allergies to cefotax-
ime-sulbactam, as the skin test was positive. She was 
recently diagnosed with community-acquired pneumo-
nia. She was started on oral moxifloxacin 17  days prior 
to admission. On physical examination at admission, she 
was noted to be febrile (38.6 °C) and had a cough. There 
was no evidence of rashes, renal injury, lymphadenopa-
thy, hepatosplenomegaly or pneumonia. The chest CT 
scan (D1) in the emergency department was normal and 
revealed that the previous inflammation in the left lower 
lobe (D-17) was resolved. Her laboratory tests were sug-
gestive of infection, with a leukocyte count of 11,370/
mm3 (neutrophils: 81.1%) and an absolute eosinophil 
count of 20/mm3 (within the normal range). She was 
admitted for possible bronchitis and placed on paren-
teral moxifloxacin. Six days after starting treatment with 
parenteral moxifloxacin, these laboratory tests were 
retested. However, her symptoms did not improve. Her 
temperature fluctuated between 37.2 and 37.9 °C during 
the treatment. Her cough and sputum production did not 
improve, and she then gradually developed shortness of 
breath.

Nine days after treatment with parenteral moxi-
floxacin, she was referred to the Department of 
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Rheumatology and Respiratory Medicine because 
of unexplained fever and shortness of breath. Chest 
CT (Figs.  2a–d, 3a, D13) showed random pulmonary 
nodules, a small amount of bilateral pleural effusion, 
multiple areas of ground glass opacity, thickening of 
bronchovesicular bundles, bilateral hilar and mediasti-
nal lymphadenopathy. Laboratory tests showed possible 

liver disease with ALT (alanine amino transferase) at 
304  IU/l (7–40), AST (aspartate amino transferase) at 
82 IU/l (13–35), ALP (alkaline phosphatase) at 425 IU/l 
(35–100), TBIL (total bilirubin) at 42.3 µmol/l (5.1–19), 
DBIL (direct bilirubin) at 26.1  µmol/l (0–7), and γGT 
(γ-glutamyl transferase) at 981 IU/l (7–45). The workup 
for autoimmune diseases was negative and included 

Table 1 The different cases of DRESS syndrome associated with quinolones and compared with our case

Author Age/sex Drug(s) involved Initial symptom Organ system involved Treatment and outcome

Alkhateeb et al. [22] 24/F Ciprofloxacin Fever, rash, diarrhea, 
muscular pain

pleural effusion No Corticosteroids, survival

Charfi et al. [23] 26/M Levofloxacin Rash Liver No Corticosteroids, survival

Artukovic et al. [24] 57/F Ciprofloxacin Rash, fever Liver No Corticosteroids, survival

Miyagui-Namikawa et al. 
[25]

60/F Moxifloxacin Fever, rash Liver Corticosteroids, survival

Um et al. [26] 52/F Moxifloxacin No data Liver No Corticosteroids, survival

Um et al. [26] 42/F Tazobactum moxifloxacin No data No data No data

Nam et al. [8] No data Moxifloxacin No data No data No data

Nori et al. [27] 23/F Moxifloxacin Nausea, vomiting, 
abdominal pain, rash

Liver, kidneys Immunoglobulin, trachea 
intubation, boost, blood 
filtration, liver transplanta-
tion, dead

Son et al. [21] 50/F Moxifloxacin Fever, rash Liver, lungs No Corticosteroids, survival

Müller et al. [28] 44/M Moxifloxacin associated 
with vancomycin and 
meropenem

Fever, rash Kidneys Corticosteroids, survival

Gohy et al. [29] 20/M Rifampicin and moxi-
floxacin

Fever, rash Kidneys, liver, pericardium, 
pleural effusion

No corticosteroids, survival

Our case 47/F Moxifloxacin Fever, cough Liver, lungs, pleural effu-
sion

No corticosteroids, survival

Fig. 1 Timeline summarizing the symptoms and treatment of the patient
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myeloperoxidase antibody (< 20  IU/ml), proteinase 3 
antibody (< 20 IU/ml), anti-CCP < 7 U/ml, HLA-B27 (-), 
ANA-IIF < 1:100, and ANA + ENA antibody spectrum 
(-).

Ten days after treatment with parenteral moxifloxa-
cin, she developed a new morbilliform rash on her 
chest, abdomen, back, waist, buttocks and bilateral 
thighs. The rash faded under pressure, and the rash was 

accompanied by itching (Fig. 4a). Then, treatment with 
parenteral moxifloxacin was stopped.

Four days after parenteral moxifloxacin was stopped 
(D14), she was admitted to the inpatient department. 
After admission, routine laboratory examinations 
were completed. Blood gas analysis without oxygen 
inhalation showed hyperventilation and hypoxemia 
(pH 7.445,  PCO2 27.8 mmHg,  PO2 74.9 mmHg,  HCO3 

Fig. 2 Changes in the chest CT (a–d are on D13: random pulmonary nodules (green arrow), a small amount of bilateral pleural effusion (red 
arrows), multiple areas of ground glass opacity (blue arrows), thickening of bronchovascular bundles (orange arrow); e–h are on D21: radiological 
improvement after withdrawal of the drug.)

Fig. 3 Changes in the lymph nodes at the mediastinum and hilar areas (a is on D13: mediastinal and hilar lymph nodes are larger than 1 cm; b is on 
D54: mediastinal and hilar lymph nodes returned to normal after withdrawal of the drug)
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19.3  mmol/l). Routine blood examinations showed 
that leukocytes were significantly increased (16,020/
mm3). Peripheral blood cell image analysis showed that 
the leukocytes had reactive changes and that the pro-
portion of eosinophils was increased (36%) (Fig.  4b). 
Approximately 2% of the lymphocytes were atypical. 
To rule out blood diseases, we performed bone mar-
row puncture, and the bone marrow cell morphological 

analysis showed that 1% atypical lymphocytes were pre-
sent (Fig. 4c).

The patient had screening tests for infection: serol-
ogy for hepatitis A, B, C, HIV and syphilis were nega-
tive. Sputum acid-fast staining and sputum culture were 
both negative. PCR testing of pathogens in the sputum 
was negative. Respiratory pathogen antibody testing was 
negative (including IgM of respiratory syncytial virus, 

Fig. 4 Characteristics of DRESS syndrome induced by moxifloxacin (a is rash on the abdomen; b is peripheral blood cell image analysis: Leukocytes 
showed reactive changes and the proportion of eosinophils was increased (36%); c is the bone marrow cell morphological analysis that showed 1% 
atypical lymphocytes; d is the skin biopsy from the abdominal area: the epidermis was mildly keratinized, lymphocytes were infiltrated around the 
small blood vessels in the superficial dermis, collagen fibers were proliferated)
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adenovirus, influenza virus type A, influenza virus type 
B, parainfluenza virus, Mycoplasma pneumoniae, Chla-
mydia pneumoniae, Pneumophila Legionella type 1–7). 
Cytomegalovirus IgM antibody was negative, cytomeg-
alovirus IgG antibody was 257.7 IU/ml (< 0.5). Antibodies 
and PCR for Epstein–Barr virus were negative.

The supplemental autoimmune antibody screening 
was negative, including mitochondrial antibody subtypes 
(AMA-M2, AMA-M4, AMA-M9) and anti-liver and kid-
ney microsomal antibodies. The total IgE level was nor-
mal (3.09 U/l).

Her electrocardiogram was normal, and her echocar-
diography was also normal, with an ejection fraction of 
64%. Multiple oval lymph nodes could be seen on both 
sides of her groin on B-ultrasound. The largest one on the 
left was 2.0 cm × 0.9 cm, and the largest one on the right 
was 2.3  cm × 0.9  cm. Pulmonary function tests (D18) 
(Table 2) were characterized by bronchial asthma with a 
positive bronchial relaxation test. In addition, it revealed 
a pattern of diffusion abnormality with decreased val-
ues of DLCO. They improved significantly after stopping 
moxifloxacin.

After admission, the patient was given drug withdrawal 
and antiallergic and conventional liver-protecting treat-
ment, which led to improvement. Therefore, systemic 
corticosteroid treatment was avoided in this patient. The 

changes in chest CT, routine blood tests, liver function, 
and pulmonary function tests were recorded (Figs. 2, 3, 4, 
5, Table 2). On D21, CT showed that most of the lesions 
were absorbed (Fig.  2e–h). The patient developed phar-
yngeal herpes, which was clinically considered to be 
related to virus infection, and hyperesthesia in her distal 
extremities, which was clinically diagnosed as peripheral 
neuritis. However, testing for human herpesvirus has not 
been carried out since this institution has no detection 
capability. A skin biopsy was performed to exclude alter-
native diagnoses (Fig.  4d). On D54, the outpatient was 
rechecked, the symptoms were completely alleviated, and 
chest CT returned to normal.

Discussion and conclusions
The patient in this case report did not take any new 
medications to cause the symptoms. There was no rash 
or fever during the patients’ long-term use of oral anti-
hypotension drugs, anti-diabetic drugs and anti-anxiety 
drugs. Therefore, these drugs were less likely to be the 
etiology of DRESS in this patient. The offending drug 
that caused DRESS in this patient was likely used before 
the outbreak of the rash, which points to the only drug 
added—moxifloxacin. The rash appeared 27  days after 
starting moxifloxacin, with a latency consistent with that 
reported by Kardaun SH et  al. [34]. The culprit drug in 
our case was identified by reviewing the medication his-
tory and clinical course (rash and systemic symptoms 
improved after stopping moxifloxacin). Peripheral blood 
counts, liver function tests, the determination of serum 
creatinine levels and urinalyses were performed to iden-
tify any internal organ abnormalities. The serological 
detection of autoantibodies and pathogenic detection 
were performed to exclude other autoimmune or infec-
tious diseases. Other possible skin diseases were ruled 
out by consulting a dermatologist and obtaining a skin 
biopsy. The lymphocyte transformation test and patch 

Table 2 Changes in pulmonary function

a The drug used in the bronchial relaxation test is salbutamol sulfate 300 ug

D18 D29 D54

FVC/predicted value (%) 119 120 137

FEV1/predicted value (%) 111 113 127

FEV1/FVC (%) 75 76 75

DLCO/predicted value (%) 54 69 90

FEV1 increased (ml)a  > 200  < 200  < 200

FEV1 increased (%)a 19 1 2

Fig. 5 Changes in EOS and liver function (a shows changes in absolute eosinophils, and b shows changes in liver enzyme content)
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testing were helpful in finding the culprit drug associated 
with the DRESS [35]. Unfortunately, these studies were 
not conducted in our case because the patient did not 
consent.

The exact mechanism of this syndrome is still unclear. 
It is believed that the drug-specific immune response 
induces virus reactivation and then activates cytotoxic 
CD8 + T lymphocytes, resulting in tissue damage [36]. 
Human herpesvirus (HHV), Epstein–Barr virus, and 
cytomegalovirus reactivation have been observed dur-
ing the acute phase of DRESS syndrome, which has led 
to suggestions of a pathogenic connection [5]. PCR and 
serological antibodies against EBV were performed to 
exclude its activation. CMV-IgM antibody was negative, 
but CMV-IgG antibody was positive. The active state of 
CMV is unknown due to the lack of dynamic changes in 
CMV-IgG. Herpesvirus reactivation is also unknown lim-
ited by the detection ability of the institution.

Much work was done in this case to definitively diag-
nose DRESS syndrome in this case. Because of the dif-
ferent manifestations of DRESS syndrome and the 
involvement of different organs, a set of diagnostic cri-
teria that can be easily applied in the clinic is needed. 
The RegiSCAR group has suggested a series of criteria to 
grade the possibility of DRESS syndrome. Our case is a 

definite case of DRESS syndrome according to the RegiS-
CAR group diagnosis scoring system because this case 
had a high score of 7 (Table 3).

Lungs are rarely involved in DRESS syndrome. It typi-
cally starts with fever, and respiratory symptoms may 
precede the development of rashes. Pulmonary manifes-
tations in DRESS syndrome are variable and nonspecific. 
The most common lung manifestations are interstitial 
pneumonia and pleural effusion. Lobar infiltration and 
pulmonary nodules have also been reported [9]. The 
differential diagnosis of DRESS syndrome with pulmo-
nary involvement is complicated. A retrospective study 
reported that 45% of them were initially misdiagnosed as 
pneumonia and were empirically treated with antibiotics 
[9]. It may aggravate the condition, especially for those 
induced by antibiotics. Appropriate diagnosis and treat-
ment require a shrewd physician who can recognize the 
symptoms of drug exposure and exclude other diagnoses.

The lung manifestations of our patient varied (Figs.  2 
and 3). (1) Diffuse micronodules in both lungs, with 
random distribution overall: This is different from the 
centrilobular distribution in DRESS syndrome reported 
by Sawata et  al. [38], which is a common pattern in 
hypersensitivity pneumonitis. The chest CT in our case 
showed that some nodules were in the pleural surface 

Table 3 The RegiSCAR group diagnosis score for drug reaction with eosinophilia and systemic symptoms (DRESS)

A schematic scoring system to grade the possibility of DRESS: < 2 no case; 2–3 possible case; 4–5 probable case; > 5 definite case [34, 37]. The last column represents 
the scoring for our patient, 7 points in total
a Inguinal lymph nodes on B-ultrasound and mediastinal/hilar lymph nodes on CT (Fig. 3a) > 1 cm
b Bone marrow cell morphological analysis showed atypical lymphocytes (Fig. 4c)
c  Absolute eosinophils were up to 4210 ×  106/l (Fig. 5)
d Biopsy of the skin was performed (Fig. 4d)
e Hepatic involvement: AST, total bilirubin, ALP all > 2UNL, once; pulmonary involvement: CT showed interstitial involvement (Fig. 2a–d) and abnormal blood gases
f Hepatitis A, B, C, mycoplasma/chlamydia, antinuclear antibody were negative

No Yes Unknown Case

Fever (≥ 38.5 ℃)  − 1 0  − 1 0

Enlarged lymph nodes (≥ 2 sites, > 1 cm) 0 1 0 1a

Atypical lymphocytes 0 1 0 1b

Eosinophilia 0 1 0

700–1499 ×  106/l or 10–19.9% 2 2c

 ≥ 1500 ×  106/l or ≥ 20%

Skin rash 0 0

Extent > 50% 0 1 0 1

At least two of: edema, infiltration, purpura, scaling  − 1 1 0 0

Biopsy suggesting DRESS  − 1 0 0  −  1d

Internal organ involvement 0 0

One 1

Two or more 2 2e

Resolution in > 15 days  − 1 0  − 1 0

At least three biological investigations done and Negative to 
exclude alternative diagnosis

0 1 0 1f
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and interlobar fissure. It suggests the involvement of 
pulmonary interstitium. The typical random micronod-
ules pattern signals an infectious or metastatic hematog-
enous distribution of disease [39]. However, the cause 
of the imaging pattern in our case may be complicated 
and remains to be elucidated. (2) There are multiple 
areas of ground-glass opacity under the pleura (Fig.  2b 
and d). This pattern indicates drug-induced eosinophilic 
pneumonia [40]. (3) The thickening of bronchovascular 
bundles (Fig.  2c) and bilateral pleural effusion (Fig.  2a): 
This is the imaging manifestation of pulmonary edema. 
Non-cardiogenic pulmonary edema is a common clini-
cal manifestation of drug-induced pulmonary diseases. 
The pathogenetic mechanism of drug-induced NCPE 
(non -cardiogenic pulmonary edema) needs further stud-
ies. The pathogenetic mechanism of drug-induced non-
ALI/ARDS NCPE involves allergic reactions which cause 
capillary leak syndrome (Clarkson syndrome), hyperv-
olemia, and anaphylaxis [41]. The imaging patterns of 
drug-induced lung injuries (DLI) was classified as diffuse 
alveolar damage (DAD), chronic interstitial pneumonia 
(CIP), eosinophilic pneumonia (EP), organizing pneu-
monia (OP) and hypersensitivity pneumonia (HP), which 
can reflect the pathological pattern to some extent and 
help us evaluate prognosis [40]. Based on the chest CT, 
the disease type of our case should be a non-DAD pattern 
involving HP and EP, which indicates relatively favorable 
prognosis compared with DAD pattern.

Pulmonary function tests of DRESS syndrome with 
pulmonary involvement are rarely recorded in the litera-
ture. The tests revealed diffusion abnormalities, which 
may be caused by interstitial infiltrates. It is worth not-
ing that it suggested bronchial smooth muscle spasm 
with positive bronchial relaxation tests and this per-
formance disappeared after drug withdrawal. It is well 
known that the recruitment and activation of eosinophils 
are involved in the occurrence of bronchial asthma [42]. 
The results of this examination may suggest that eosino-
phils are involved in lung damage in DRESS syndrome. 
This has been preliminarily confirmed by histopathol-
ogy. Hase I et al. found infiltration of eosinophils on his-
topathology of the transbronchial lung biopsy specimen 
besides CD8 + T lymphocytes in DRESS syndrome. [43].

DRESS is a rare syndrome. It is important to diagnose 
the disease as early as possible and provide timely treat-
ment to improve the prognosis and reduce the mortality 
rate. The treatment measures include discontinuation of 
suspicious drugs and supportive care, such as the cor-
rection of electrolyte disturbances and nutritional sup-
port. For severe cases, systemic use of corticosteroids is 
a widely accepted treatment protocol [44].The DRESS 
syndrome mortality rate reported by a previous retro-
spective study was 5% to 10%, and most patients can fully 

recover from the disease. It has been reported that after 
the occurrence of DRESS syndrome, patients are more 
likely to develop autoimmune diseases such as systemic 
lupus erythematosus, autoimmune thyroiditis, rheuma-
toid arthritis and type 1 diabetes. Based on Taweesedt 
et al.’s suggestion [9], patients with internal organ involve-
ment need to receive systemic corticosteroids. However, 
liver and pulmonary involvements of this case were mild. 
This case gradually recovered due to timely withdrawal 
of the culprit drug. The use of systemic corticosteroids 
was avoided. The occurrence of long-term complications 
needs further observation.

It is difficult to make a diagnosis in time because of 
the long latency, unpredictability, and complex and non-
specific manifestations. It is necessary to improve many 
tests to prevent other diseases. Information on DRESS 
syndrome involving the lungs caused by MX is scarce 
because few cases have been reported before. Moxifloxa-
cin has been commonly used for respiratory infections. It 
is important to distinguish DRESS syndrome caused by 
drugs from aggravated infection so that proper treatment 
can be given to improve the prognosis of patients when 
the CT images and clinical symptoms worsen during 
drug use. This case is important for the differential diag-
nosis of DRESS syndrome and helps us to further under-
stand the mechanism of DRESS syndrome.

Abbreviations
DRESS: Drug reaction with eosinophilia and systemic symptoms; SOB: Short-
ness of breath; CT: Computed tomography; RegiSCAR : Registry of severe 
cutaneous adverse reaction; DIHS: Drug-induced hypersensitivity syndrome; 
HHV: Human herpesvirus; IgE: Immunoglobulin E; AGEP: Acute general-
ized exanthematic pustulosis; SJS: Stevens-Johnson syndrome; TEN: Toxic 
epidermal necrolysis; WBC: White blood cells; IVGTT : Intravenously guttae; ALT: 
Alanine amino transferase; AST: Aspartate amino transferase; ALP: Alkaline 
phosphatase; γGT: γ-Glutamyl transferase; TBIL: Total bilirubin; DBIL: Direct 
bilirubin; CCP: Cyclic citrullinated peptide; HLA-B27: Human leukocyte antigen 
B27; ANA-IIF: Antinuclear antibody by indirect immunofluorescence test; 
ANA: Antinuclear antibody; ENA: Extractable nuclear antigen; HIV: Human 
immunodeficiency virus; PCR: Polymerase chain reaction; IgM: Immunoglobu-
lin M; IgG: Immunoglobulin G; EB: Epstein barr virus; AMA: Anti-mitochondrial; 
FVC: Forced vital capacity; FEV1: Forced expiratory volume in the first second; 
DLCO: Diffusing capacity for carbon monoxide; pH: Potential of hydrogen; 
PCO2: Partial pressure of carbon dioxide; PO2: Partial pressure of oxygen; 
HCO3-: Bicarbonate ion; CMV: Cytomegalovirus; EOS: Eosinophil; NCPE: Non-
cardiogenic pulmonary edema; ALI: Acute Lung Injury; ARDS: Acute Respira-
tory Distress Syndrome; DLI: Drug-induced Lung Injuries; DAD: Diffuse Alveolar 
Damage; CIP: Chronic interstitial pneumonia; EP: Eosinophilic Pneumonia; OP: 
Organizing Pneumonia; HP: Hypersensitivity Pneumonia; MX: Moxifloxacin.

Acknowledgements
We thank Dr. Li Dai, Dr. Yu Xu, and anonymous reviewers for giving sugges-
tions about this paper.

Author contributions
YJZ conceived the work; YHZ designed the work; YHZ, XYW, YC, XFW drafted 
the work. All authors have read and approved the manuscript.

Funding
This study was funded by the Beijing Hospitals Authority Youth Programme 
(QML20210404) and Beijing JST Research Funding (YGQ-202114). The funding 



Page 9 of 10Zhang et al. BMC Pulmonary Medicine          (2022) 22:279  

bodies played no role in the design of the study and collection, analysis, and 
interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
The written consent for publication of clinical details and radiologic images 
was obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Received: 30 August 2021   Accepted: 7 July 2022

References
 1. Cardoso CS, Vieira AM, Oliveira AP. DRESS syndrome: a case report and 

literature review. BMJ Case Rep. 2011;2011:bcr0220113898.
 2. Bocquet H, Bagot M, Roujeau JC. Drug-induced pseudolymphoma 

and drug hypersensitivity syndrome (drug rash with eosinophilia and 
systemic symptoms: DRESS). Semin Cutan Med Surg. 1996;15(4):250–7.

 3. Husain Z, Reddy BY, Schwartz RA. DRESS syndrome: part I. Clinical per-
spectives. J Am Acad Dermatol. 2013;68(5):691–3.

 4. Husain Z, Reddy BY, Schwartz RA. DRESS syndrome: part II. Management 
and therapeutics. J Am Acad Dermatol. 2013;68(5):701–9.

 5. Shiohara T, Inaoka M, Kano Y. Drug-induced hypersensitivity syndrome 
(DIHS): a reaction induced by a complex interplay among herpesviruses 
and antiviral and antidrug immune responses. Allergol Int. 2006;55(1):1–8.

 6. Blumenthal KG, Patil SU, Long AA. The importance of vancomycin in 
drug rash with eosinophilia and systemic symptoms (DRESS) syndrome. 
Allergy Asthma Proc. 2012;33(2):165–71.

 7. Sharifzadeh S, Mohammadpour AH, Tavanaee A, Elyasi S. Antibacte-
rial antibiotic-induced drug reaction with eosinophilia and systemic 
symptoms (DRESS) syndrome: a literature review. Eur J Clin Pharmacol. 
2021;77(3):275–89.

 8. Nam YH, Park MR, Nam HJ, Lee SK, Kim KH, Roh MS, Um SJ, Son CH. Drug 
reaction with eosinophilia and systemic symptoms syndrome is not 
uncommon and shows better clinical outcome than generally recog-
nised. Allergol Immunopathol (Madr). 2015;43(1):19–24.

 9. Taweesedt PT, Nordstrom CW, Stoeckel J, Dumic I. Pulmonary manifesta-
tions of drug reaction with eosinophilia and systemic symptoms (DRESS) 
syndrome: a systematic review. Biomed Res Int. 2019;2019:7863815.

 10. Lee HY, Walsh S, Creamer D. Initial presentation of DRESS: often misdiag-
nosed as infections. Arch Dermatol. 2012;148(9):1085–7.

 11. Sachs B, Riegel S, Seebeck J, Beier R, Schichler D, Barger A, Merk HF, Erd-
mann S. Fluoroquinolone-associated anaphylaxis in spontaneous adverse 
drug reaction reports in Germany: differences in reporting rates between 
individual fluoroquinolones and occurrence after first-ever use. Drug Saf. 
2006;29(11):1087–100.

 12. Andreu I, Mayorga C, Miranda MA. Metabolomics in drug intolerance. 
Curr drug metab. 2009;10(9):947–55.

 13. Seitz CS, Brocker EB, Trautmann A. Diagnosis of drug hypersensitivity in 
children and adolescents: discrepancy between physician-based assess-
ment and results of testing. Pediatr Allergy Immunol. 2011;22(4):405–10.

 14. Manfredi M, Severino M, Testi S, Macchia D, Ermini G, Pichler WJ, Campi 
P. Detection of specific IgE to quinolones. J Allergy Clin Immunol. 
2004;113(1):155–60.

 15. Blanca-Lopez N, Andreu I, Torres JM. Hypersensitivity reactions to qui-
nolones. Curr Opin Allergy Clin Immunol. 2011;11(4):285–91.

 16. Schmid DA, Depta JP, Pichler WJ. T cell-mediated hypersensitivity 
to quinolones: mechanisms and cross-reactivity. Clin Exp Allergy. 
2006;36(1):59–69.

 17. Garcia RR, Galindo BP, Feo BF, Gomez TE, Borja SJ, Lara DLRP, Castro JA. 
Chronic desensitization to quinolones in fixed drug eruption. J Investig 
Allergol Clin Immunol. 2011;21(1):76–7.

 18. Davila G, Ruiz-Hornillos J, Rojas P, De Castro F, Zubeldia JM. Toxic epider-
mal necrolysis induced by levofloxacin. Ann Allergy Asthma Immunol. 
2009;102(5):441–2.

 19. Yoon SY, Bae YJ, Cho YS, Moon HB, Kim TB. Toxic epidermal necrolysis 
induced by ofloxacin. Acta Derm Venereol. 2010;90(5):550–1.

 20. Islam AF, Rahman MS. Levofloxacin-induced fatal toxic epidermal necroly-
sis. Ann pharmacother. 2005;39(6):1136–7.

 21. Son CH, Kim HI, Kim KN, Lee KN, Lee CU, Roh MS, Kim KH, Yang DK, Lee 
SK. Moxifloxacin-associated drug hypersensitivity syndrome with drug-
induced hypersensitivity pneumonitis. J Investig Allergol Clin Immunol. 
2008;18(1):72–3.

 22. Alkhateeb H, Said S, Cooper CJ, Gaur S, Porres-Aguilar M. DRESS syn-
drome following ciprofloxacin exposure: an unusual association. Am J 
Case Rep. 2013;14:526–8.

 23. Charfi O, Lakhoua G, Sahnoun R, Badri T, Daghfous R, El AS, Kastalli S, 
Zaiem A. DRESS syndrome following levofloxacin exposure with positive 
patch-test. Therapie. 2015;70(6):547–9.

 24. Artukovic M, Kustelega J, Lugovic-Mihic L. DRESS syndrome with mild 
manifestations as a diagnostic and therapeutic problem: case report. 
Acta Clin Croat. 2010;49(4):479–84.

 25. Miyagui-Namikawa JR, Pantoja-Alcantar JM, Segura-Mendez NH. Dress 
syndrome associated with moxifloxacin. A case report. In: 2009 annual 
meeting of the AmericanCollege of allergy, asthma and immunology : 
Abstr. P169, 5 Nov 2009; 2009.

 26. Um SJ, Lee SK, Kim YH, Kim KH, Son CH, Roh MS, Lee MK. Clinical features 
of drug-induced hypersensitivity syndrome in 38 patients. J Investig 
Allergol Clin Immunol. 2010;20(7):556–62.

 27. Nori S, Nebesio C, Brashear R, Travers JB. Moxifloxacin-associated drug 
hypersensitivity syndrome with toxic epidermal necrolysis and fulminant 
hepatic failure. Arch Dermatol. 2004;140(12):1537–8.

 28. Müller PA, Amann K, Bröcker EB, Trautmann A. Makulopapulöses Exan-
them mit akuter Niereninsuffizienz. Hautarzt. 2012;63(3):223–5.

 29. Gohy S, Froidure A, Lebecque P. DRESS syndrome in a patient with cystic 
fibrosis: a case report. Pediatr Pulmonol. 2017;52(4):E18–21.

 30. Serisier DJ. Inhaled antibiotics for lower respiratory tract infections: focus 
on ciprofloxacin. Drugs Today (Barc). 2012;48(5):339–51.

 31. Burkhardt O, Kohnlein T, Pap T, Welte T. Recurrent tendinitis after 
treatment with two different fluoroquinolones. Scand J Infect Dis. 
2004;36(4):315–6.

 32. Argirov M, Ricken G, Zecher D, Fischereder M. Acute interstitial nephritis 
associated with moxifloxacin use. Clin Ther. 2005;27(8):1260–3.

 33. Aleman AM, Quirce S, Cuesta J, Novalbos A, Sastre J. Anaphylactoid 
reaction caused by moxifloxacin. J Investig Allergol Clin Immunol. 
2002;12(1):67–8.

 34. Kardaun SH, Sekula P, Valeyrie-Allanore L, Liss Y, Chu CY, Creamer D, 
Sidoroff A, Naldi L, Mockenhaupt M, Roujeau JC. Drug reaction with 
eosinophilia and systemic symptoms (DRESS): an original multisystem 
adverse drug reaction. Results from the prospective RegiSCAR study. Br J 
Dermatol. 2013;169(5):1071–80.

 35. Knowles SR, Shapiro LE, Shear NH. Anticonvulsant hypersensitivity syn-
drome. Drug Saf. 1999;21(6):489–501.

 36. Picard D, Janela B, Descamps V, D’Incan M, Courville P, Jacquot S, Rogez 
S, Mardivirin L, Moins-Teisserenc H, Toubert A, et al. Drug reaction with 
eosinophilia and systemic symptoms (DRESS): a multiorgan antiviral T cell 
response. Sci Transl Med. 2010;2(46):46r–62r.

 37. Cacoub P, Musette P, Descamps V, Meyer O, Speirs C, Finzi L, Roujeau JC. 
The DRESS syndrome: a literature review. Am J Med. 2011;124(7):588–97.

 38. Sawata T, Bando M, Kogawara H, Nakayama M, Mato N, Yamasawa H, 
Takemura T, Sugiyama Y. Drug-induced hypersensitivity syndrome 
accompanied by pulmonary lesions exhibiting centrilobular nodular 
shadows. Intern Med. 2016;55(9):1159–63.

 39. Kim J, Dabiri B, Hammer MM. Micronodular lung disease on high-
resolution CT: patterns and differential diagnosis. Clin Radiol. 
2021;76(6):399–406.



Page 10 of 10Zhang et al. BMC Pulmonary Medicine          (2022) 22:279 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 40. Kubo K, Azuma A, Kanazawa M, Kameda H, Kusumoto M, Genma A, 
Saijo Y, Sakai F, Sugiyama Y, Tatsumi K, et al. Consensus statement for the 
diagnosis and treatment of drug-induced lung injuries. Respir Investig. 
2013;51(4):260–77.

 41. Lee-Chiong TJ, Matthay RA. Drug-induced pulmonary edema and acute 
respiratory distress syndrome. Clin Chest Med. 2004;25(1):95–104.

 42. Patel TR, Sur S. IgE and eosinophils as therapeutic targets in asthma. Curr 
Opin Allergy Clin Immunol. 2017;17(1):42–9.

 43. Hase I, Arakawa H, Sakuma H, Kaneko F, Watanabe Y, Fujiu K, Miy-
amoto H, Ishii Y. Bronchoscopic investigation of atypical drug-induced 
hypersensitivity syndrome showing viral lung involvement. Intern Med. 
2016;55(18):2691–6.

 44. Funck-Brentano E, Duong TA, Bouvresse S, Bagot M, Wolkenstein P, 
Roujeau JC, Chosidow O, Valeyrie-Allanore L. Therapeutic manage-
ment of DRESS: a retrospective study of 38 cases. J Am Acad Dermatol. 
2015;72(2):246–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	A typical presentation of moxifloxacin-induced DRESS syndrome with pulmonary involvement: a case report and review of the literature
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


