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In spring 2020 paediatricians working across Europe and 
the USA [1] alerted colleagues to clusters of previously 
healthy children presenting with unremitting fever, mul-
tisystem inflammation and pancarditis. This syndrome, 
initially termed Inflammatory Multisystem Syndrome 
Temporally Associated with SARS-CoV-2 infection 
(PIMS-TS), or by its US variation Multisystem Inflamma-
tory Syndrome in Children (MIS-C; Table 1), appears to 
be a rare complication of (largely) asymptomatic SARS-
CoV-2 infection in children [8]. However, the overlap 
with other paediatric inflammatory syndromes such as 
Kawasaki disease (KD) and optimum treatments remain 
unknown. We provide a narrative overview of PIMS-TS 
and highlight important knowledge gaps.

What is PIMS‑TS?
Cardinal signs of PIMS-TS include fever, stigmata of 
inflammation (rash, conjunctivitis, and oral mucosal 
changes), gastrointestinal symptoms, and cardiac dys-
function (Fig.  1A). These features are accompanied by 
laboratory evidence of significant inflammation: neu-
trophilia, lymphopaenia, elevated serum CRP and fer-
ritin concentrations; hypercoagulable state; and non-ST 
elevation pancarditis. Echocardiograms typically reveal 
left ventricular dysfunction, and hyperechoic coronary 
arteries. Complications of PIMS-TS include systemic 
thrombosis [1] and coronary artery aneurysms in approx-
imately 13% of children in published cohorts [4]. Nearly 
2% of affected children have died [4].

What are the differential diagnoses of PIMS‑TS?
Children with PIMS-TS were initially treated as KD or 
presumed toxic shock syndrome (TSS) with broad spec-
trum antibiotics and intravenous immunoglobulins [1, 2]. 
KD, TSS, occult infection, acute abdominal conditions, 
and rare inflammatory conditions remain important 
differentials (Fig.  1  B). However, there are now clini-
cal, microbiological and immunological data describing 
PIMS-TS as a novel immunopathogenic illness [5, 9, 10]. 
Similarities between PIMS-TS and KD include ubiquity 
of fever and high prevalence of oral mucositis, conjunc-
tivitis and rash. In contrast, children with PIMS-TS are 
often older than 5  years of age (48%), compared with 
children with KD (18% > five years) [11, 12], and gastroin-
testinal symptoms, cardiac dysfunction and need for vas-
oactive infusions are considerably more prevalent. A rare 
subset of KD patients present with shock syndrome, but 
these children typically have lower ferritin, troponin and 
less disordered coagulation than children with PIMS-TS 
[5]. Approximately 45% of children with PIMS-TS have 
a positive PCR test for SARS-CoV-2 infection. In addi-
tion, the high proportion (75%) with class-switched anti-
body to viral antigens, indicate that most, if not all, cases 
of PIMS-TS are a result of prior, or uncleared, infection 
with SARS-CoV-2 [9]. However, with no accurate test for 
the diagnosis of PIMS-TS, vigilance for alternative diag-
noses must be maintained.

How is PIMS‑TS treated?
In the midst of these unknowns, children presenting with 
fever and multisystem inflammation should be managed 
with parallel strategies, including careful administration 
of crystalloid fluids and early administration of antibiot-
ics for TSS (typically cephalosporins, clindamycin and 
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vancomycin) as indicated. Initial and serial laboratory 
investigations should include full blood count, biochemi-
cal profile (including ferritin, triglycerides, troponin, cre-
atine kinase and proBNP), inflammatory markers (CRP, 
procalcitonin), coagulation profile (including d-dimers 
and fibrinogen), blood for culture, nasopharyngeal sam-
pling for viral pathogens and serum saved for serological 
testing. In our experience, immediate and serial assess-
ment of electro- and echocardiograms are required given 
the breadth of cardiac involvement, variable trajectory 
of disease and exquisite sensitivity to volume loading in 
some patients. Cardiac dysfunction requires vasoactive 
support in the majority of children, with mechanical ven-
tilation instituted in approximately one third of children, 
and a small number requiring mechanical circulatory 
support [13].

The multisystem nature of PIMS-TS has invited a mul-
tidisciplinary approach to management, including inten-
sivists, infectious disease paediatricians, rheumatologists, 
cardiologists and haematologists, surgeons (where acute 
abdominal conditions are suspected) and specialist 
nurses. Prompt administration of pooled intravenous 
immunoglobulins is advocated by many institutions [13], 
and is an evidence-based therapy for KD [14] and TSS 

[15]. As an epicentre for the UK epidemic of PIMS-TS, 
we also advocate transfer to a specialist paediatric cardiac 
centre capable of providing mechanical circulatory sup-
port. Following clinical exclusion of TSS, and dependent 
upon the trajectory of inflammatory markers, systemic 
corticosteroids, additional intravenous immunoglobu-
lins, and/or immunomodulation with biologics (most 
frequently interleukin-6 blockade) have been used. Aspi-
rin (as anti-inflammatory or prophylaxis of thrombo-
sis) or heparins are administered to children with acute 
PIMS-TS. Convalescent follow-up may involve cardiac 
computed tomography or magnetic resonance imaging 
if concerns of coronary artery aneurysms or ventricular 
dysfunction persist [13].

Sharing of data across institutions will be crucial to 
understanding the best treatment and outcomes for this 
novel disease [13]. Globally, the Best Available Treat-
ment Study for PIMS-TS (ISRCTN69546370) will detail 
retrospectively the trajectory of disease following immu-
nomodulation in PIMS-TS. Prospectively, the UK Recov-
ery Trial (ISRCTN50189673) has been extended to 
include immunoglobulins, methylprednisolone or tocili-
zumab for children with PIMS-TS.

Table 1 Abbreviate case definitions from the UK Royal College of Paediatrics and Child Health (RCPCH) for PIMS-
TS, the US Centre for Disease Control and Prevention (CDC) for MIS-C, and the World Health Organization (WHO) 
for multisystem inflammatory syndrome in children and adolescents temporally related to COVID-19

Paediatric Inflammatory Multisystem 
Syndrome Temporally associated 
with SARS-CoV-2 (PIMS-TS; RCPCH 
2020)

Multisystem Inflammatory Syn-
drome in Children (MIS-C; CDC 2020)

Multisystem inflammatory syndrome in children and adoles-
cents temporally related to COVID-19 (WHO 2020)

A child presenting with persistent fever, 
inflammation and evidence of single 
or multi‑organ dysfunction

An individual aged < 21 years present‑
ing with fever, inflammation, and 
severe illness requiring hospitaliza‑
tion, with multisystem (> 2) organ 
involvement

Children and adolescents 0–19 years of age with fever > 3 days

This may include children meeting full 
or partial criteria for Kawasaki disease

No alternative plausible diagnoses AND two of the following:
 ‑ Rash or bilateral non‑purulent conjunctivitis or muco‑cutaneous 
inflammation signs
 ‑ Hypotension or shock
 ‑ Features of myocardial dysfunction, pericarditis, valvulitis, or 
coronary abnormalities
 ‑ Evidence of coagulopathy
 ‑ Acute gastrointestinal problems

Exclusion of any other microbial cause Positive for current or recent SARS‑
CoV‑2 infection by RT‑PCR, serology, 
or antigen test; or COVID‑19 exposure 
within the 4 weeks prior to the onset 
of symptoms

AND
Elevated markers of inflammation

SARS‑CoV‑2 PCR testing may be positive 
or negative

Some individuals may fulfil full or partial 
criteria for Kawasaki disease but 
should be reported if they meet the 
case definition for MIS‑C

AND
No other obvious microbial cause of inflammation

Consider MIS‑C in any paediatric death 
with evidence of SARS‑CoV‑2 infec‑
tion

AND
Evidence of COVID‑19, or likely contact with patients with COVID‑
19
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Fig. 1   A PIMS‑TS clinical features (mean value from published cohorts, August 2020).  B Prevalence of clinical features across cohorts of PIMS‑TS, 
Kawasaki disease and toxic shock syndrome. “Cardiac” and “Respiratory” refer to signs and symptoms of respective organ system involvement, whilst 
“Ventilation” and “Vasoactives” refer to types of organ support. C Proposed mechanisms for PIMS‑TS disease, including altered interferon signalling, 
failure to clear SARS‑CoV‑2 and resultant cytokine excess leading to excess inflammation; or, antibody‑mediated disease including potential autoan‑
tibodies or antibody‑dependent enhancement of disease by enhanced viral invasion of host cells
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What is the pathobiology of PIMS‑TS?
Delayed clearance of the SARS-CoV-2 leading to 
unchecked inflammation is a possible mechanism of dis-
ease for PIMS-TS (Fig.  1C) [8]. Certainly, children with 
PIMS-TS have greatly elevated serum concentrations of 
pro-inflammatory interleukins (IL-1 beta, IL-17, IL-6 
and IL-8), accompanied by activation of neutrophils and 
monocytes [9]. However, we have few data on the role of 
anti-viral interferons (alpha, beta and lambda) in viral 
clearance. Alternatively, antibody-dependent enhance-
ment (ADE), with invasion of host cells augmented by 
antibody, serum proteases, or auto-antibody mediated 
disease [10], have been suggested. However, PIMS-TS 
appears to affect only children and young adults, and 
ADE would be expected in older adults (with more prev-
alent prior exposure to other coronaviruses). Treatment 
of adult patients with COVID-19 convalescent plasma 
has also not been associated with hyperinflammation. 
The broad effects of intravenous immunoglobulins via 
Fcγ-receptors, scavenging of inflammatory mediators, 
and attenuation of lymphocyte apoptosis preclude infer-
ences for the pathobiology of PIMS-TS.

Into the unknown; again
Important questions remain [8]: How to tease out envi-
ronmental, genetic and acquired risk factors for PIMS-
TS? What are the long-term outcomes of children with 
PIMS-TS? Is there a cohort of unrecognised PIMS-TS 
cases that may suffer complications of coronary aneu-
rysms in future? What effect will re-opening of schools 
have on the epidemiology of PIMS-TS? And, if PIMS-TS 
is associated with impaired interferon signalling, might 
adjunctive interferon therapy with interferons be useful? 
Vaccinologists will be carefully monitoring SARS-CoV-2 
trial data for signals of hyperinflammation as a result of 
ADE. Meanwhile, and with resurgent SARS-CoV-2 trans-
mission, paediatricians and intensivists might be wise to 
prepare for further clusters of PIMS-TS.
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