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 Abstract

Pathophysyollogy of Erythema multiforme (EM), Steven-Johnson syndrome (SJS) and Toxic epidermal necrolysis (TEN) is poorly understood, but there are suggestions that it is hypersensitivity reaction triggered by various factors as bacteria, viruses and medications. Drugs often associated with these conditions are sulfonamides, penicillins, barbiturates and phentoins, and infections are those with Herpes simplex virus and Mycoplasma pneumoniae.
[bookmark: section~introduction]We are presenting 6 patients with Erythema multiforme, 1 with Stevens-Johnson syndrome and 2 with Toxic epidermal necrolysis. Three of the patients before the onset of the disease received anticonvulsive therapy phenobarbiton and lamotrygine. Six received antibiotics lincomycine, cefalosporines and 3 antipyretic paracethamol, for minor upper respiratory tract infections. One of the patients with EM major who was on phenobarbiton, lincomycin and paracethamol, had toxic hepatitis and pleuritis with possible etiological factors drugs and infection. Patient with SJS received lincomycin for upper respiratory infection and also had pneumonia with atelectasis and etiology may be infection like Mycoplasma pneumoniae or drug. One of the patients with TEN did not receive any medications, and did not have symptoms of any infection preceding the onset of the disease, but he had elevated titers of antibodies against Varicella- Zoster virus. This patient also is only in the group with long term complications, constrictions of urethra and adhesions of conjuctiva. The other patient with TEN who was positive for Epstain-Barr virus died of septic shock because of out-of-control severe bacterial infection. There was no recurrence of EM and SJS/TEN during 6 months follow up. Important findings of this study is presence of EM in infants and toddlers, suggesting that they can be affected with EM and SJS/TEN, despite of immaturity of the immune system. In our study four patients with EM major and SJS/TEN received intravenouos  gammaglobullins ( IVIG ) as a single dose of 400mg/kg for control of infections. Several authors have reported IVIG as high dose treatment 2gr/kg for these conditions with positive results.
Conclusion: Drugs and infections are possible etiology for EM, SJS and TEN. Infants and toddlers can be affected with EM and SJS/TEN despite the immaturity of the immune system. During the treatment it is important to stop any drug that patient has received before the disease. . High doses of  intravenouos  gammaglobullins  should be considered for the treatment of severe forms.
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Introduction

Erythema multiforme (EM) is an acute hypersensitivity immunological  reaction, which manifests with a typical mucocutaneous eruptions.  EM is caused by infections, medications, and other unknown factors.    There are two types of erythema multiforme. Erythema multiforme minor characterized by localized, fixed target eruptions of the skin, mainly distributed acrally, with minimal or no mucosal involvement. Erythema multiforme major is the more severe form of EM where one or more mucous membranes are involved and less than 10% of total body surface area (TBSA) may have epidermal detachment. Stevens–Johnson syndrome (SJS) and Toxic epidermal necrolysis (TEN) are considered to be a single disease entity with different levels of severity. They are characterized with wide-spread cutaneous erythema and blisters, predominant on the trunk and face, epidermolysis and mucosal erosions of the lips, eyes, mouth and genital area. Epidermal detachment is less than 10% of total body surface area for Steven-Johnson syndrome, and Toxic epidermal necrolysis (TEN) with 30% or more of TBSA . Advanced epidermolysis has mobility of the affected epidermis upon healthy skin and epidermal detachment on friction, known as Nikolsky   phenomenon (1).  There are actually two entities divided into the following: 1. Erythema multiforme consisting of erythema minor and major and 2. Steven –Johnson syndrome (SJS) and Toxic epidermal necrolysis (TEN) (2). Primary clinical manifestations are fever and malaise, followed by cutaneous eruptions which in the cases of EM major and SJS/TEN can progress into blisters and erosive mucosal lesions of the mouth, lips, eyes and genital area. Cutaneous lesions often occur several days prior to mucosal erosions, but this order may be reversed.
The frequency of erythema multiforme is approximately 1.2-6 cases per million individuals per year.  The condition is rare in children younger than 3 years and in adults older than 50 years (3,4,5). The incidence of SJS and TEN is approximately one to two cases per 1 million individuals per year. Reported mortality rates for TEN vary widely, from 20 to 80%. In a German population-based study, SJS had a mortality rate of less than 10%, and that of TEN was about 45% (4).
Many suspected etiologic factors have been reported to cause pediatric erythema multiforme (EM) and Steven-Johnson/Toxic epidermal necrolysis. Main infectious etiological factors include Herpes simplex virus (HSV), Epstein-Barr virus (EBV), Histoplasmosis, Mycoplasma species, viral infections , bacterial infection as well as the virus-drug interactions CMV infection–terbinafine ( 6).and EBV infection–amoxicillin. (7). More than 50% of cases are related to medication use, but no test reliably proves the link between a single case and a specific drug. Regarding medications, sulfonamides are the most common triggers. The second most commonly involved agents are the anticonvulsants, including barbiturates, carbamazepine, hydantoin, phenytoin, and valproic acid. Causative antibiotics include penicillin, ampicillin, tetracyclines, amoxicillin, cefotaxime, cefaclor, cephalexin, ciprofloxacin, erythromycin, minocycline, sulfonamides, trimethoprim-sulfamethoxazole, and vancomycin. Antipyretic agents as triggers include aspirin and paracethamol. (8,9,10) For SJS/TEN  medications, an altered immune response and a genetic susceptibility are predisposing factors as well as infections. However, approximately 50% of cases are idiopathic, with no precipitating factor identified.
Infectious causes are more common in children than in adults.
Material and methods

This retrospective descriptive study was conducted at the University Pediatric Clinic, a tertiary clinical hospital in Skopje, R.N.Macedonia. Data on all cases of children with a clinical diagnosis of EM minor and major, as well as SJS and TEN, who were hospitalized at our Immunology department during 10 years period were extracted.  Dermatologist was consulted for all cases. Only cases consistent with the classification criteria for EM, proposed by Bastuji-Garin et al. (2) were included in this study. The following data were retrieved from patients: epidemiological data like age and gender, illness 2 weeks before the onset of the disease, medications 2 weeks prior to the onset of the disease, possible etiological factors, numbers of days of hospitalization , complications and recurrence 6 during  months follow up . Mean values were calculated for quantitative variables, and absolute frequencies for nominal variables.
EM affects mostly young adults, but can also appear in children. The aim of this study was to analyze pediatric EM, SJS/TEN, and to describe some epidemiological data, illness and medications received prior to the onset of the disease which can be possible etiological factors, duration of hospitalization , complications and recurrence 6 during  months follow up in our study group.

Results
In our study 6 children were diagnosed with EM, one with SJS and 2 where diagnosed with TEN. Main characteristics of patients with EM, like age, gender, signs of infection 2 weeks prior the onset of the disease, incriminated etiological factors, therapy and outcome are summarized in the Table1.Same parameters for the patients with SJS/TEN are summarized in the Table2.
In the group with EM, 3 patients had Erythema multiforme minor and 3 had Erythema multiforme major. Age range was from 10 months to 9 years, mean 5,4 years. As for the gender, 4 where females and 2 where mails so the ratio of males to females was 1:2 .Two weeks prior the onset of the disease in the study group 2 patients didn’t have any signs of the infection, 3 had upper respiratory tract infection and one had fever. Two week prior to the onset of the disease 3 patients with EM received anticonvulsive therapy : 2 with EM minor received lamotrygine and 1 with EM major received phenobarbiton. Antibiotic therapy (lincomycin, cefixime, ceftriaxone) received 1 patient with EM minor and 3 patients with EM major. Paracethamol received 2 patients with EM major. Mean duration of hospitalization for patients with EM minor was 10,3 days while for EM major  mean duration of hospitalization was 24,6 days. Infections and medications prior of the onset of the disease where considered as possible etiological factors, which influenced our therapeuticall decisions.  Antipyretic paracethamol was replaced with ibuprofen and previous medications like anticonvulsive and antibiotics were withdrawn from therapy, or replaced with different group of medications. Two patients with EM minor without infection and without complications where treated with corticosteroids and antihistamines while 1 patient with EM minor received antibiotic therapy. All 3 patients with EM major received antibiotics, as well as corticosteroids, antihistamines and treatment for mucosal and skin erosions. Patient with EM major who developed nephritis and acute renal failure, received intravenous gammaglobulins  (IVIG) as a single dose of 400 mg/kg. One patient with EM major developed within 3 days of hospitalization pleuritis which is shown on Figure 1, as well as acute hepatitis.
During the study period 1 patient was diagnosed with SJS and two with TEN. One 4 years old mail with SJS, 8 years old female and 6 years old mail with TEN. Mean days of hospitalization for two patients with SJS/TEN were 27,5 days, while 8 years old female patient with TEN died at day 7. Patient with SJS had previous upper respiratory tract infection and received linkomycin prior the onset of SJS, which were regarded as possible etiological factors. Same patient developed pneumonia with atelectasis during hospitalization  which were cleared at the time of discharge. As for therapy patient with SJS received antibiotics, corticosteroids, antihistamines, intravenous gammaglobulins and treatment for eyes and skin erosions. Male patient with TEN had no history of previous infection or medications but he has positive serology for Varicella-Zoster immunoglobulin M(IgM) and immunoglobulin G (IgG). This patient received antibiotics, acyclovir, IVIG, antihistamines, plasma and albumen substitution as well as treatment for eyes and skin erosions. After hospitalization he developed adhesions of conjuctiva and urethra which were treated with surgical procedures. Eight years old female with TEN was presented with most severe clinical picture, with large area of skin erosions, severe mucosal involvement and clinical presentation of sepsis. Blood culture come positive for Methicillin resistant staphylococcus aureus (MRSA)  and despite intensive skin and mucosal care, antibiotics, substitution with plasma, albumen and IVIG, corticosteroids and antihistamines , patient died with signs of severe septic shock. This patient had fever, tonsillitis and enlarged neck lymph nodes prior to the hospitalization and had high titers for Epstain-Barr virus IgM which was regarded as possible etiological factor as well as antibiotic ceftriaxone and antipyretic paracethamol.
Discussion
In the past  decades, EM has been recognized as a separate entity from SJS/TEN, and several studies examining EM and SJS/TEN in the general population have been performed (11, 12). However, until recently, there has not been specific focus on pediatric population. In the last years, several studies focusing on pediatric EM and SJS/TEN were published. 
In our study the mean age of affected children with EM was 5,4 years, ranging from 10 months to 9 years. Results from our study  is opposite to the study by Yael Siedner-Weintraub at al. (22) who did not observe EM in infants and toddlers while we had described one infant and one toddler, which is consistent with the findings by Keller et al. (13) and Read Keijzers at al. (14).
The ratio of males to females was 1:2, which is consistent with a slight female predilection found in studies from another authors (15). In our study there were indications for possible infectious etiology in 7 out of 9 children with EM and SJS/TEN, with a history of a febrile illness in the two weeks prior to the appearance of the disease. In adults, HSV has been implicated as the most common etiology of EM, in up to 70% of cases (16). However, the few studies focusing on pediatric EM report an association with HSV in 0–14% of cases (17, 18, 19).We have identified with serology specific viral pathogens as possible triggers only for two children with TEN ,  Epstein-Barr virus (EBV),or EBV –Ceftriaxone  possible virus-drug interactions  as well as  Varicella- zoster virus. Association with viral illness in children has been previously reported, but the exact prevalence of the causative viruses is yet unknown. EM and SJS/TEN can be associated with medications in adults, as well as in children (12, 14, 19). Keller et al. (13) performed a 10-year survey of EM in 95 children, which found possible etiological factor to be medications, mainly penicillin in the first year of life, and medications and various infections in children older than one year. In our study, medications were associated with EM, SJS/TEN in 7 of 9 children, probably because of the wide-spread prescriptions of antibiotics and antipyretics in primary health care system.  The culprit medications were, lincomycin, cefixime, cetriaxone and  nonspecific anti-inflammatory drug paracethamol, which is in concurrence with the literature (15). Three children where on anticonvulsive drugs lamotrigine and phenobarbiton. This was in addition to drugs that were already known to be highly suspect (20). An immediate reaction to a medication is rare. The typical latency between starting a medication and the onset of an adverse reaction is 4–28 days and is rarely more than 8 weeks .
There was no recurrence of EM and SJS/TEN during 6 months follow up in our children. Recurrence is considered very common in HSV-associated EM in adults. However, the recurrence rate in children is unknown. Mean duration of hospitalization for patients with EM minor in our study was 10,3 days while for EM major mean duration of hospitalization was 24,6 days, which is different from study by Yael Siedner-Weintraub at all (21) where mean duration for the hospitalization  was  3.4 days for EM in 30 children age 4-18 years.  Mean hospitalization duration for patient with SJS/TEN in our study group was 27,5 days.
Patients were treated with fluids, anti-viral drugs, antibiotics, systemic corticoseroids and anti-histamines, as well as meticulous care of mucous membranes and skin. The use of systemic corticosteroids is puzzling considering the controversy regarding the efficiency of corticosteroids  in EM and the self-limiting nature of EM (22–24), but is explained by the severe clinical picture in those with EM major  and SJS/TEN. On the other hand corticosteroids given for SJS/TEN had positive results in the study of Jinbo Chen at al.(25) who compere outcome of 82 patients with SJS/TEN divided into 2 groups, one group of  24 were treated with IVIG  plus corticosteroids  and the other 58 were treated with corticosteroids only. Results indicated that early application of corticosteroids presented beneficial effects on SJS/TEN. In our study four patients with EM major and SJS/TEN received IVIG single dose of 400mg/kg for control of infections. Several authors have reported IVIG as high dose treatment 2gr/kg for these conditions. In the study of Jinbo Chen at al.(25) combination therapy of corticosteroids and IVIG achieved a better therapeutic effect  than the administration of corticosteroids alone in doses of 2 g/kg in SJS/TEN patients. Montserrat Molgó et al.(26) in the retrospective study of 15 patients with a diagnosis of Stevens-Johnson or TEN, that received a total dose of 23 +/- 0.6 mg/kg of IVIG over  a period of 3 to 4 days, find good response to IVIG . Eighty percent of patients survived, and authors concluded that despite the lack of blind, multicentric and randomized trials, they agree with some international studies that high dose of IVIG is beneficial as a treatment for SJS and TEN.
In our study we observed acute nephritis and acute renal failure in a child with EM major. In the study of  Montserrat Molgó et al.(26) who had one patient with SJS/TEN developing acute renal failure it was estimated that reason for the renal failure were administration of IVIG, while acute renal failure in our patient occurs before the treatment with the IVIG as an integral part of the disease. Acute pleuritis and pneumonia with atelectasis was noticed in patients with EM major and SJS respectively. Many author found association of EM and SJS with Mycoplasma pneumoniae infection. Theresa Canavan at all (27) in a systematic review of 202 patients with Mycoplasma  pneumoniae-associated mucocutaneous disease had concluded that Mycoplasma pneumoniae infection is associated with extra pulmonary complications, including mucocutaneous eruptions. These eruptions, which have been termed either Stevens-Johnson syndrome or Erythema multiforme in the literature, may differ from drug-induced Stevens-Johnson syndrome or viral-associated Erythema multiforme. Also, Rui Pedro Santos et al.(28) concluded that some patients with Mycoplasma pneumonia  have extra -pulmonary complications including mucocutaneous eruptions resembling EM, SJS and TEN. Recently, a new entity, called M. pneumoniae-induced rash and mucositis (MIRM) was described. The authors present a clinical case difficult to classify attending to the classical classification of epidermolytic syndromes that meets the criteria proposed for the diagnosis of MIRM. The mucocutaneous disease associated with Mycoplasma pneumoniae presents predominant mucositis, with scarce or absent cutaneous involvement. Because of the distinct morphology, pathophysiology and benign clinical course, MIRM should be considered as a new entity, distinct from SJS/TEN and EM. In the case of EM and SJS/TEN it is important for practitioners to consider and look after Mycoplasma infection for proper diagnosis, treatment and prognostic considerations. Acute hepatitis was noticed in another child with EM major, which is consistent with findings of the other authors who describe multiple organ involvement in EM major and SJS/TEN. Conjuctival and urethral adhesions were late complication of TEN (30) , and sepsis with MRSA in a patient with TEN which lead to lethal outcome consistent with the study of  Tingting Shi at all (31) who observed complications in three patients like septic shock, respiratory failure and obliterans bronchiolitis and  death because of out-of-control severe infection.

 Conclusion
EM minor and major as well as SJS/TEN are rare but potentially life trethening diseases in childhood, caused by infection, medication or without known causative agent. During the treatment it is important to stop any drug that patient has received before the disease. In this study we found   presence of EM in infants and toddlers suggesting , that they can be affected with EM and SJS/TEN, despite of immaturity of the immune system. In patients with marked respiratory tract involvement Mycoplasma pneumonie should be searched, because of the new classification which describes muco-cutaneous involvement during infection as separate entity called M. pneumoniae-induced rash and mucositis (MIRM). High doses of  intravenouos  gammaglobullins (IVIG )should be considered for the treatment of severe forms of EM, SJS and TEN. Pediatricians and dermatologists should be aware of the diagnostic criteria for EM and the differential diagnosis from SJS/TEN. Larger studies in children are required to better characterize these pediatric conditions.
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	Type of EM
	Age,
gender
	 Infection 2 weeks prior
	Medication 2 week prior
	Possible ethiology
	Duration of the acute desease
	Therapy
	Mucosal involvment
	Complications

	
EMminor

	8  years
F
	no
	
Lamotrigine
	
Lamotrigine
	
12 days
	

Corticosteroids
Antihistaminics

	no
	no

	
EMminor
	7  years
M
	no
	
Lamotrigine
	
Lamotrigine

	
10  days
	Corticosteroids
Antihistaminics

	no
	no

	
EM minor
	10 months
M
	Upper resp.infection
	Amoxicillin
Lincomycin
	Infection,  Amoxicillin
Lincomycin
	
9  days
	
Cefotaxime Corticosteroids
Antihistaminics

	no
	no

	EMmajor
	2,5  years
F
	Upper resp.infection
	Cefixime
	Infection  Cefixime
	
24  days
	Erythromycin
Corticosteroids
Antihistaminics
Mucosal and cutan care

	yes
	no

	
EMmajor



	9 years
F
	
Upper resp.infection
	
Ceftriaxone
Paracetamol
	
Infection  Ceftriaxone
Paracetamol
	

30 days
	
IVIG
Corticosteroids
Antihistamines
Cefotaxime
Imipenem
Mycosal and cutan  care
	yes
	Nephritis,acute renal failure

	
EMmajor
	5 years
F
	Fever 3 days
	
Phenobarbiton
Lincomycin
Paracetamol
	Infection
PhenobarbitonLincomycin
Paracetamol

	
20  days
	Ceftriaxone Corticosteroids
Antihistaminics
Mucosal and cutan care

	yes
	

Pleuritis  hepatitis







Table 1.Patients with Erythema multiforme minor and major type
Abr: EM minor- Erythema multiforme minor; EM major- Erythema multiforme major  




















	

SJS/TEN
	Age,
gender
	Infection 2 weeks prior
	Medication 2 week prior
	Possible ethiology
	Duration of the acute desease
	Therapy
	
Mucosal involvment
	

Complications

	
SJS
	4  years
M
	

Upper resp.infection
	

Lincomycin
	

Infection Lincomycin  
	


25 days
	
IVIG
Corticosteroids
Antihistamines
Cefotaxime
Mycosal and cutan care

	

yes
	


Pneumonia,
athelectasis

	

TEN

	6  yearsM
	no
	no
	Infection:
(VZV IgM and IgG poz)
	

30 days
	
IVIG
Plasma, albumines,
Acyclovir
Cefotaxime
Mucosal and cutan care
	yes
	Late:
Conjuctival and urhetral athesions

	
TEN
	8  years
F
	
Pharyngitis
Lymphadenitis
	
Ceftriaxone
Paracethamol

	
Infection:
(EBV IgM poz)
Ceftriaxone
Paracethamol

	

7 days
Egzitus lethalis

	
IVIG
Plasma
albumines,
Corticosteroids antihystamines Vancomycine Meropenem
Mucosal and cutan care
	

yes
	

Sepsis  (MRSA)
Egzitus lethalis


Table 2. Patients with Steven-Johnson syndrome and Toxic epidermal necrolysis
Abr. SJS –Steven –Johnson syndrome;TNT-Toxic ephydermal necrolysis,VZV- varicella-zoster virus,EBV- Epstein Barr virus
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Figure 1. Exudative pleuritis in a patient with Erythema exudativum major                         
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