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Abstract

Background: Serum sickness-like reaction (SSLR) is an acute inflammatory condition affecting pre-
dominantly children. The pathophysiology remains unclear, but drugs are considered the main trigger.
Objective: The aim of this study was to describe the clinical and laboratory features, triggers, and
treatment modalities in children diagnosed with SSLR.

Methods: We conducted a 10-year retrospective cohort study including all paediatric patients (0 to 18 years
old) with query SSLR referred to the Adverse Drug Reactions Clinic at the Children’s Hospital of Western
Ontario. Diagnostic criteria included acute skin rash plus joint inflammation with or without fever.
Results: We included 83 patients (47 females). Age ranged from 11 months to 12 years (mean
3.2 years). Amoxicillin was the trigger in 82.7% of patients. The mean time between the exposure to the
triggering drug and the development of the symptoms was 8.5 days. Urticaria-like and Erythema mul-
tiforme-like lesions were present in 35% and 38.5% of the cases, respectively. Joint inflammation affec-
ting hands/feet was present in 60%. Pruritus, lip/eye swelling, and fever were reported in 33, 31, and
45% of patients, respectively. The lymphocyte toxicity assay (LTA) showed incremental T-cell toxicity
in 32 of 34 patients. Children that received treatment with antihistamines/nonsteroidal anti-inflam-
matory drugs (NSAIDs) plus oral steroids had a mean recovery time shorter than those treated only
with antihistamines/NSAIDs (6 versus 8 days; P=0.09).

Conclusions: In our study, SSLR was mostly triggered by amoxicillin and had a mean time presentation
of 8.5 days. Further prospective and well-conducted studies are needed.
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Graphic abstract

Serum Sickness-Like Reaction in Children
10-year retrospective study

Inclusion Criteria:

-Skin rash + Joint inflammation
w/out fever

Exclusion Criteria

-Previous Rheumatologic disease
-Incomplete chart information
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Serum sickness-like reaction (SSLR) is an immunological
condition characterized by sudden development of skin rash
and joint inflammation with or without fever, usually pre-
ceded by exposure to a drug. It can present in both adult and
paediatric populations although it is seen in children more
frequently (1). SSLR was named after its resemblance to
classic serum sickness (SS), a Type III immune hypersen-
sitivity reaction that was described in patients who had re-
ceived heterologous serum as antitoxin to treat diphtheria
(2,3). Unlike classic SS, SSLR is mainly triggered by drugs
(beta-lactam antibiotics) but vaccines and infectious agents
have been also implicated in its etiology. The precise path-
ophysiology of SSLR has not been elucidated but it seems
to be different from the classic SS, as SSLR is not associated
with antigen-antibody complex formation and the blood
concentrations of complement in SSLR are usually normal
(4). Some theories consider the possibility that drugs or
their metabolites may act as haptens and bind plasma pro-
teins which subsequently induce an abnormal immunologic
response, while another theory suggests that drug metabol-
ites by themselves have a direct toxic effect on the lympho-
cytes of affected patients (5,6).

While beta-lactam antibiotics, especially cefaclor and amoxicil-
lin, are the most common drugs associated with this condition,
a great variety of other drugs have been reported to also trigger
SSLR, including sulfonamide antibiotics, anti-cancer agents,

anticonvulsants, anti-inflammatory agents, griseofulvin, metro-
nidazole, bupropion, and more recently biologic agents such as
rituximab, infliximab, and efalizumab among others (7-11).

SSLR is considered as an uncommon condition, however,
its current prevalence is unknown, as it is rarely reported and
usually unrecognized or easily mistaken by other cutaneous
entities with annular/polycyclic morphology, such as urticaria,
urticaria multiforme (UM), erythema multiforme (EM), infec-
tious rashes, or other drug reactions (12). Laboratory assess-
ment in patients with SSLR is nonspecific showing elevation
of inflammatory markers. Diagnostic confirmation in SSLR
patients is controversial especially because the oral challenge
tests which are considered the ‘gold standard’ may represent
a risk to patients. Other options include in vitro testing such
as the lymphocyte toxicity assay (LTA), a safer test which is
based on the observation that lymphocytes of patients with a
history of T-cell-mediated drug hypersensitivity reactions show
an increased mortality when they are re-exposed to the trigger
drug or their metabolites. Although this test has not been fully
validated for clinical use yet, its usefulness as a diagnostic tool
in patients with SSLR and other delayed drug hypersensitivity
reactions has been demonstrated (13-15).

SSLR is a self-resolving condition with no systemic involve-
ment for which there is no standardized treatment and contro-
versy remains regarding the use of antihistamines, nonsteroidal
anti-inflammatory drugs (NSAIDs), and oral corticosteroids
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Table 1. Results summary

Sex
Female
Age
Mean
Median
Range
Trigger drug
Antibiotics
Amoxicillin
Cephalosporin
TMP/SMX
Meropenem
Non-antibiotics
NSAID
Carbamazepine
Reason for drug prescription
Otitis Media
Upper Respiratory infection
Chest infection
Pharyngitis
Urinary tract infection
Dental abscess
Epilepsy
Time to develop symptoms
after drug exposure
Mean
Median
Range
*(carbamazepine-associated SSLR)
History of previous exposure
to the trigger drug
Negative
Unknown
Positive
History of rash during
previous exposure to the trigger drug
Positive family history of drug reaction
Penicillin
TMP/SMX
Positive personal history
of other allergies
Environmental
Peanut
Lactose/milk
Positive history of eczema or asthma
Eczema
Asthma
Skin Rash Morphology description
Maculopapular

Urticaria-like

47/83 (56.6%)

32y/o
2y/o
11 mo-12y/o

81 (97.5%)

72 (87%)
7 (8.4%)
1(1.2%)
1(1.2%)
2(2.5%)
1(1.2%)
1(1.2%)

33 (41%)
16 (20%)
15 (18%)
14 (17%)
2 (2%)
1(1%)
1(1%)
(days)

8.5

1-90*

6 (7%)
15 (18%)
62 (75%)
11/62 (18%)

26 (31%)
24/26 (92%)
2/26 (8%)

5(6%)

22 (26.5%)
29 (35%)

Table 1. Continued

EM-like

Joint involvement

Hands/Feet
Only feet
Only Hands

Elbows and/or knee

>3 Joint areas
No specified

Other clinical features

Fever

Face/lip swelling

Pruritus

Malaise/irritability
Laboratory abnormalities (N=24)

Leukocytosis

Thrombocytosis

Neutrophilia

Lymphopenia
CRP elevation

Penicillin RAST (N=17)

Negative
LTA (N=34)

Positive

Overall duration of skin rash (days)

Mean
Median
Range

Treatment received
Antihistamines/NSAIDs plus
Oral Corticosteroids
Antihistamines/NSAIDs only

Other (IVIG)

32 (38.5%)

50 (60%)
7 (8.4%)
2 (2.4%)
3(3.6%)

16 (19.2%)
5(6%)

37 (44.5%)
26 (31%)
28 (34%)
83 (100%)

5 (22%)
12 (50%)

7 (31.8%)

5 (22%)
12 (50%)

17 (100%)
32 (94%)
7
5
2-45
32(38.5)

48 (57.8)
3(3.6)

Urticaria-like: Erythematous annular and edematous plaques with

central clearing; Erythema multiforme-like: Erythematous annular le-

sions with central purplish discoloration; LTA Lymphocyte toxicity

assay; N = Total number of patients with available information; NSAID

Nonsteroidal  anti-inflammatory ~drugs; RAST Radioallergosorbent
test; SSLR Serum sickness-like reaction; TMP/SMX Trimetropin/

Sulphametoxasol.

due to the lack of studies that specifically evaluate the safety and

efficacy of these treatments. The objectives of our study were

the following: (a) to describe the epidemiology, clinical, and

laboratory features of SSLR in children attending the Adverse

Drug Reactions Clinic at our institution, (b) to identify the

most common triggers associated with the development of

SSLR in our population, and (c) to determine the different

treatment strategies used and their efficacy assessed by clinical

response.
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METHODS
After approval by the Research Ethics Board of Western

University, we performed a retrospective cohort study from
January 2008 to October 2018 including all paediatric patients
with a suspected diagnosis of SSLR referred to the Adverse
Drug Reactions Clinic at the Children’s Hospital at London
Health Sciences Centre, a tertiary care referral centre in
London, Ontario, Canada.

Weincluded children from 0 to 18 years old with skin rash plus
joint inflammation with or without fever. We excluded patients
with any pre-existent rheumatologic condition (e.g., lupus, der-
matomyositis, rheumatoid arthritis), incomplete information
or if the diagnosis of SSLR was ruled out afterwards.

Detailed data including age, gender, associated trigger
drug, co-morbidities, personal or family history of allergies,
time of presentation, location of joint inflammation, addi-
tional symptoms, laboratory results including LTA, treat-
ment received and prognosis, were collected. Morphology
of skin lesions was divided in three groups (as described in
the medical records): Papulo-macular, Urticaria-like (hives),
and EM-like (targetoid lesions). Recovery time was defined
as resolution of all cutaneous, articular, and/or systemic
symptoms.

Descriptive statistics were used to describe baseline charac-
teristics. Students’ t tests were used to compare continuous
variables with two-sided P-values reported at a 95% level of
confidence.

RESULTS

Results are summarized in Table 1. During the study period,
we identified 111 cases referred as potential SSLR, of which
83 met our inclusion criteria. Excluded cases had incomplete
clinical features or unavailable information. Forty-seven cases
were female (56.6%) and mean age at the time of diagnosis
was 3.2 years old. Amoxicillin was the drug most frequently
associated with SSLR in this cohort (87%). In 62 cases, there
was a history of one or more previous exposures to the sus-
pected trigger drug. Of these, 18% had a similar or milder
rash during the previous exposure to the same drug. The
mean time between the exposure to the drug and the deve-
lopment of symptoms was 8.5 days (median 7 days). The
morphology of the skin rash was described as maculo-papu-
lar, urticaria-like, and EM-like in 26%, 35%, and 38% of the
patients, respectively. Lip and/or eye swelling was reported
in 26 (31%) patients. Regarding joint inflammation, 60% of
the patients had edema and pain of both hands and feet while
fever was present in 37 patients (44.5%).

Laboratory data were available in 24 cases. The most com-
mon abnormalities included leukocytosis (20%), thrombo-
cytosis (50%), and CRP elevation (50%). Only two patients

had complement C3-C4 measured and both cases reported
normal levels. A radioallergosorbent test (RAST) was per-
formed in 17 patients, all with negative results. Results of
LTA were available for 34 patients, of which 32 (94%) were
reported as positive. Due to the potential risk of symptom
recurrence, oral challenge tests were not done in any of the
patients.

Treatment modalities included antihistamines with or wit-
hout NSAIDs (57.8%), additional systemic corticosteroids
(methylprednisolone or prednisone) (38.5%), and intravenous
immunoglobulin in three patients (3.6%). The overall recovery
time ranged from 1 to 45 days with a mean of 7.1 (SD 6). Overall,
patients who received additional treatment with systemic corti-
costeroids showed a trend of shorter recovery time (mean 6 days,
SD 2.8) when compared with those treated with NSAIDs/anti-
histamines alone (mean 8 days, SD 7.4). All patients recovered

without complications or sequelae and there were no fatalities.

DISCUSSION

To our knowledge, this is the largest cohort of paediatric
patients with a diagnosis of SSLR reported in the literature and
the only one where all patients had both main clinical features,
namely skin rash and joint inflammation. Previous studies have
reported that SSLR secondary to cefaclor in children affects an
estimated 0.4 to 0.5% of all antibiotic courses and represents
4% of all adverse drug reactions associated with amoxicillin
(2,8).In our study, SSLR represented 15.4% of all patients with
cutaneous adverse drug reaction referred to our clinic over the
10-year study period. In addition, SSLR represented 0.02% of
all causes of consult and 0.9% of all sudden skin rashes seen
in the paediatric emergency department of our institution
between January 2014 and October 2018, for which such data
were available. The mean age of presentation of our patients
(3.2 years old) was similar to other reports (Supplementary
Appendix 1), with children 4 years and younger being the most
commonly affected. This could be explained by the fact that
worldwide, the highest percentage of antibiotic prescriptions
are for children younger than S years of age (16,17). However,
we cannot rule out the possibility that immune mechanisms,
abnormal drug metabolism, infectious agents, or other factors
inherent to this age group have a role in the development of
this condition.

The most common drugs associated with SSLR in our
patients were amoxicillin (87%) followed by cephalosporins
(8.5%) as might be expected since beta-lactam antibiotics have
the highest rate of prescription among children (18). Other
drugs included NSAIDs and anticonvulsants. Regarding SSLR
causality, we were unable to rule out the potential role of infec-
tious agents due to the lack of appropriate serological testing;
however, none of the cases developed symptoms without a
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Figure 1. (A) Initial SSLR lesions (inflammatory papules). (B, C, F) Erythematous/annular lesions with purplish central discoloration simulating EM’s

target lesions (blue arrows). (E) Severe joint inflammation accompanied by overlaying erythema. (D, E, F) Erythematous lesions that converge in plaques

and later evolve in annular lesions with central clearing. Notice how skin lesions remain in the same location for several days unlike true urticaria.

history of drug exposure. Although SSLR has been previously
associated with vaccines and some infectious agents as poten-
tial triggers, there are no publications that accurately assess the
role of these agents in the etiology of this condition in children
(19), although several case reports and case series in adults have
suggested an association between HIN1 influenza vaccination
and SSLR. In our study, there were no cases of SSLR associated

with vaccines.

The diagnosis of SSLR is made clinically even though there
are no validated diagnostic criteria. The main cutaneous mani-
festations of SSLR include skin rash and joint inflammation
with or without fever. In our study, urticaria and EM-like were
the most common rash descriptions, which is consistent with
other series (20). However, unlike previous reports, we do
consider that true EM or urticaria are not part of the clinical
manifestations of SSLR (6,21) but instead are completely
different conditions, as many other authors also believe (Table
2). Based on our experience, we have noticed that skin rash
in patients with SSLR evolves during different stages of the
disease. Initially, skin lesions start on the trunk as inflammatory

papules, described often by parents as ‘mosquito bites’. These
lesions rapidly spread centrifugally, flatten and enlarge, forming
annular lesions with central discoloration that simulate a ‘tar-
get’ lesion or converge in a polycyclic arrangement, similar to
urticaria or urticaria multiforme but unlike the latter, SSLR
lesions remain in the same location (fixed) for several days
(Figure 1). Pruritus does not present in all patients and when
it does it is mostly mild with poor response to antihistamines.
Many patients rather complain of a ‘burning’ sensation instead.
Joint inflammation is another important feature of SSLR and
is usually characterized by symmetric joint involvement mani-
fested by difficulty walking and severe pain. In our study, 60% of
children developed joint inflammation in both hands and feet,
while the rest were affected in only one or more than three joints
bilaterally. Similar findings have been reported by other authors
(22,23). The true nature of joint inflammation in patients with
SSLR remains very controversial as many consider that the pain
and increment of volume of hands and feet are only secondary
to skin edema; however, the clinical features that these patients

present are consistent with true inflammation (i.e., erythema,
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edema, pain, increment of temperature, and decrease of func-
tion) affecting different joints. Whether the inflammation is
peri/intra-articular or from the overlying tissue is unclear and
there are no studies that have addressed this question yet.

Although fever is also considered a feature of SSLR, it is not
always present and its presence in the literature ranges from
33% to 100%. In our study, it was reported in 47% of all child-
ren. Other symptoms reported were malaise and irritability,
and there was no evidence of systemic involvement (12). Until
now, there are no laboratory hallmarks that confirm the diagno-
sis of SSLR, but in some cases, it helps to rule out other condi-
tions. SSLR patients usually present with elevated inflammatory
markers. Shiari et al. reported a series of cases of 29 children
with SSLR, 46% of which showed leukocytosis, 76% had high
erythrocyte sedimentation rate (ESR), and 20 of 24 had low
levels of Complement (C3, C4, and CHS0) (6). However, in
other series, levels of complement have been reported as nor-
mal or slightly elevated. In our cohort, laboratory studies were
not always performed but the most common abnormalities
included leukocytosis, thrombocytosis, and CRP elevation.
RASTSs performed in 17 of our patients were reported as nega-
tive, which supports the theory that SSRL is not IgE-mediated
but rather is the result of a T-cell hypersensitivity reaction (23).
To asses drug causality, some authors consider that an oral pro-
vocation test is a safe diagnostic tool to evaluate SSLR patients
(24). However, recurrence of symptoms could present which
could be upsetting and uncomfortable especially for young
children. Because of this reason in our clinic we routinely use
LTA instead. Our laboratory has extensive experience using
this test to evaluate other T-cell-mediated drug hypersensi-
tivity reactions, such as Stevens-Johnson Syndrome, Toxic
Epidermal Necrolysis and Drug Hypersensitivity Syndrome
(13). Although LTA is not commercially available and has
not been validated yet for the diagnosis of SSLR specifically,
this test has been proven to have a clinical sensitivity between
80% and 90% to identify patients at risk of a drug hypersensi-
tivity reaction. These tests can be used as an aid in the diagno-
sis of suspected hypersensitivity reactions to a wide variety of
commonly used drugs including sulfonamides, aromatic anti-
convulsants, antibiotics, and NSAIDs. The usefulness of LTA
in SSLR patients is based on the observations from previous
studies that have found that T-cells from affected patients show
a higher degree of cellular toxicity when exposed to the drug in
question compared to T-cells of healthy controls. Additionally,
LTA could also be of help in mechanistic studies of SSLR
(14,15). In this study, 34 LTA were done, of which 32 (94%)
had a marked decrease in cell viability observed when exposed
to different concentrations of the suspected drug.

In our study, no skin biopsy was performed. Usually, due to
its invasive nature, skin biopsy is rarely requested but it could
be useful when ruling out other inflammatory conditions.

Histopathology is characterized by perivascular and mid-der-
mal inflammatory infiltrate with admixed neutrophils, eosi-
nophils, and lymphocytes, usually without leukocytoclastic
vasculitis (12,25).

Regarding personal history, the data obtained did not show
any relevant association with SSLR; however, it was interesting
to observe that 25% of all cases had at least one family member
with a history of previous reactions associated with the same
trigger drug. Unfortunately, detailed information about those
reactions was not available but this observation certainly war-
rants further study.

Currently, there are no guidelines for the management of
SSLR in children and the use of antihistamines, NSAIDs,
and oral corticosteroids remains controversial. In our study,
99% of the children received at least one dose of oral antihis-
tamines and/or NSAIDs; 58% of them received these as only
treatments, while 38% had additional treatment with oral cor-
ticosteroids. Three patients were treated with IVIG as they
were initially diagnosed as Kawasaki disease. The mean time
to symptom resolution was shorter in children who received
additional oral steroids compared to children that only received
antihistamines/NSAIDs, although the difference was not statis-
tically significant (6 versus 8 days; P=0.09). However, this fin-
ding should be taken with caution given the limitations of our
work and further studies are certainly required. Nevertheless, it
is reasonable to assume that an inflammatory condition might
respond better to a potent anti-inflammatory drug than to anti-
histamines or NSAIDs alone.

Even with the limitations of its retrospective design, we
believe that the information collected in this large cohort of
patients is valuable. Further prospective, collaborative, and well
conducted studies are needed to gain a better understanding of
the pathophysiology of this condition, develop accurate dia-
gnostic criteria, and assess safer and more effective treatment

options.

SUPPLEMENTARY DATA

Supplementary data are available at Paediatrics & Child
Health Online.
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