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PEDIATRIC INFLAMMATORY MULTISYSTEM SYNDROME TEMPORALLY ASSOCIATED 
WITH SARS-COV-2 INFECTION

Despite the low incidence, low mortality and relatively mild symptoms of COVID-19 in children, there has been a rise in pediatric patients who develop a condition 

resembling Kawasaki disease after COVID-19 or contact with individuals infected with SARS-CoV-2. This condition is known as the pediatric inflammatory 

multisystem syndrome temporally associated with SARS-CoV-2 infection (PIMS-TS).  This review introduces the reader to the hypotheses of PIMS-TS pathogenesis, 

provides information about its diagnosis and treatment, presents clinical and laboratory data and describes treatments strategies used in children and adolescents 

hospitalized to the intensive care unit of the Pediatric Research and Clinical Center for Infectious Diseases. Besides, the review outlines the main diagnostic and 

prognostic challenges of PIMS-TS.
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COVID-19-АССОЦИИРОВАННЫЙ ПЕДИАТРИЧЕСКИЙ МУЛЬТИСИСТЕМНЫЙ 
ВОСПАЛИТЕЛЬНЫЙ СИНДРОМ

Несмотря на невысокую заболеваемость и летальность, относительно легкое течение COVID-19 в педиатрической популяции, в последнее время у 

детей после перенесенной коронавирусной инфекции или контакта с инфицированным выросло число случаев развития состояния, по клинической 

картине схожего с болезнью Кавасаки, которое получило название педиатрический мультисистемный воспалительный синдром, ассоциированный с 

COVID-19 (ПМВС). В обзоре представлены современные взгляды на возможный патогенез данного состояния, диагностику и лечение, а также данные 

по клинико-инструментальной картине и тактике ведения ПМВС у детей и подростков, госпитализированных в отделение интенсивной терапии 

Детского научно-клинического центра инфекционных болезней. Изложены основные проблемы своевременной диагностики и прогнозирования 

исходов ПМВС у детей.
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The pandemic of the novel coronavirus infection (COVID-19) 
is still raging; so far, over 130 million confirmed cases and 2.8 
million deaths from COVID-19 have been reported [1]. According 
to different sources, children make up approximately 2–5% of 
the affected patients [2–4]. Across Russia, the prevalence of 
COVID-19 in children is 1–8.6% [5], and in most cases the 
disease is asymptomatic or mild. According to the US Centers 
for Disease Control and Prevention (CDC), pediatric mortality 
from COVID-19 is less than 0.1%, while the hospitalization rate 
is about 2.5%. Of all children and adolescents hospitalized 
for COVID-19, only 0.8% required intensive care [6]. Severe 
comorbidities were the primary cause of admission to intensive 
care units. 

However, in April 2020 reports started to emerge in US, 
UK [7, 8] and then other countries about the growing number 

of children and adolescents hospitalized to intensive care 
units with symptoms resembling Kawasaki disease, signs of 
damage to multiple organs, the clinical picture of toxic or septic 
shock, and myocarditis with subsequent cardiogenic shock. 
In all those cases, the patients had a history of contact with 
individuals infected with SARS-CoV-2 2–6 weeks prior to the 
onset of symptoms or had SARS-CoV-2-specific antibodies. 
Notably, the symptoms of acute COVID-19 in most of those 
children admitted to intensive care units were very mild and 
their nasopharyngeal swabs collected at the time of admission 
for PCR tests were negative for SARS-CoV-2. In Europe, their 
condition was named the pediatric inflammatory multisystem 
syndrome temporally associated with SARS-CoV-2 infection 
(PIMS-TS). In the USA, the condition is referred to as 
multisystem inflammatory syndrome in children (MIS-C).
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Hypothetical mechanisms of PIMS-TS 

The pathogenesis of PIMS-TS is a subject of ongoing debate. 
There is a hypothesis that the key implicated factor is delayed 
interferon production at the onset of SARS-CoV-2 infection, 
which results in severe disease and significant damage to the 
lungs in older patients at week 2 after infection. In children, PIMS-
TS appears to develop after the virus is no longer detected on 
naso- and oropharyngeal mucosa by laboratory tests [9, 10]. 
According to another hypothesis, the underlying mechanism 
of PIMS-TS is similar to that of Dengue fever and relies on 
the antibody-dependent enhancement of viral replication via 
phagocytosis and death of immune cells, which, in turn, causes 
septic shock and multiorgan failure [11]. The literature describes 
a clinical case of a child with PIMS-TS who died of heart failure; 
the post-mortem pathomorphological examination detected 
the presence of the virus in the patient’s cardiac muscle tissue, 
suggesting that virus-mediated tissue injury may have been a 
potential contributor to PIMS-TS [12]. Macrophage activation 
syndrome has a very similar pathogenesis; it is observed in 
children with systemic juvenile idiopathic arthritis and COVID-
19-related hemophagocytic lymphohistiocytosis [13–15]. 
Similar to Kawasaki disease, autoantibodies are suspected to 
play a role in the pathogenesis of PIMS-TS. It is reported that 
autoantibody levels in infected children with PIMS-TS are higher 
than in healthy children, children with acute COVID-19 and 
those with Kawasaki disease. Autoantibodies participating in 
lymphocyte activation, intracellular signaling and cardiogenesis 
are superexpressed in PIMS-TS patients. Some autoantibodies 
to various types of casein kinase are only seen it patients with 
PIMS-TS. The involvement of multiple organs and tissues in 
PIMS-TS might be explained by the ubiquity of potential targets 
for such autoantibodies [16]. According to recent reports, 
patients with PIMS-TS have elevated levels of IL18 and IL6, 
increased lymphocytic and myeloid chemotaxis and mucosal 
immune dysregulation [17]. Hyperinflammation in patients with 
PIMS-TS differs from that associated with Kawasaki disease, 
in which IL17А plays the key role; it is also different from acute 
COVID-19 in children and cytokine storm in adults [16].

Clinical and laboratory criteria for PIMS-TS

According to systematic reviews [18–22], clinical manifestations 
of PIMS-TS include a persistent (at least 5-day-long) fever 
observed in 97–100% of cases, skin symptoms (rashes in 36–
81% of cases), mucosal involvement (conjunctivitis and cheilitis 
in 30–94% of cases), edema in feet and hands (16–68%), and 
mild lymphadenopathy (10–60%). Gastrointestinal symptoms 
are reported in 84–87% of cases, setting in at the earliest stages 
of the disease, and manifest as pain in the stomach, vomiting 
and diarrhea. Respiratory systems (cough and rhinorrhea) are 
less common (12–34%). Cardiovascular involvement is seen in 
25% of patients with PIMS-TS; according to ultrasonography 
data, some patients develop coronary artery damage without 
myocarditis and acute coronary syndrome, which distinguishes 
PIMS-TS from Kawasaki disease: in Kawasaki disease, the 
risk of arterial damage is inversely proportional to age and is 
observed in infants during the first year of life, whereas PIMS-
TS develops in older children and adolescents: according to 
different literature sources, the median age for this disease 
is 8–9 years [19, 20, 23, 24]. In some cases, damage to the 
cardiovascular system manifests as acute myocardial injury 
accompanied by cardiogenic and vasodilatory shock that 
requires vasopressor and inotropic therapy, and by elevated 
cardiac myocytolysis markers [21, 22, 25]. Importantly, 26–56% 

of children with PIMS-TS have neurological symptoms, like 
headache, mental confusion or meningeal symptoms [19].

Laboratory tests show that patients with PIMS-TS have 
significantly elevated proinflammatory markers (С-reactive 
protein, procalcitonin, ferritin, ESR, IL6, fibrinogen). Markers 
of myocardial injury (brain natriuretic propeptide, N-terminal 
pro-brain natriuretic peptide, troponin) can be elevated in such 
patients, too. Most patients with PIMS-TS have heightened 
D-dimer, neutrophilia, lymphocytopenia and low albumin. 
Thrombocytopenia is another PIMS-TS feature distinguishing 
it from classic Kawasaki disease. ECG may be suggestive 
of repolarization abnormalities, focal ischemic changes, 
conduction anomalies and arrhythmias. In 60% of PIMS-TS cases, 
echocardiography reveals signs of myocarditis, including 
reduced left ventricular ejection fraction (≤ 50%) in half of the 
cases, pericardial effusion in 34% of cases and coronary artery 
dilatation in 23% of cases [19]. Abdominal ultrasound scans 
may be suggestive of hepatosplenomegaly, lymphadenopathy, 
ascites, colitis or ileitis [6, 26]. Chest X-ray and CT features 
may include ground glass opacities in the lungs, changes to 
the interstitium, possibly associated with insufficient blood 
supply, acute respiratory distress syndrome and coagulation 
disorders. 

The absence of confirmed involvement of a causative agent 
other than SARS-CoV-2 in the symptoms listed above is a 
crucial criterion for establishing the diagnosis of PIMS-TS. The 
differential diagnosis should include sepsis, toxic shock caused 
by streptococci or staphylococci, and enterovirus-associated 
myocardial injury, Kawasaki disease, macrophage activation 
syndrome, hemophagocytic lymphohistiocytosis, and the 
onset of a systemic connective tissue disease [27].

CDC and WHO have proposed diagnostic approaches to 
PIMS-TS accounting for the results of clinical and laboratory 
tests and the past medical history of the patient. The most 
elaborate diagnostic and management guidelines for PIMS-TS 
have been put forward by the consensus of UK experts (Table).

The diagnosis of PIMS-TS is hampered at the prehospital 
stage. The onset of PIMS-TS shares similarities with early 
symptoms of other infectious diseases. As a result, patients 
with PIMS-TS are often referred to the departments of infectious 
diseases for intestinal, neurological or other respiratory 
infections. Considering the high risk of life-threatening 
conditions in patients with PIMS-TS, it is crucial to timely 
identify children with PIMS-TS in order to initiate immediate 
treatment and minimize poor outcomes.

PIMS-TS in Saint Petersburg

At present, the prevalence of PIMS-TS in Russia in general and 
Saint Petersburg in particular is unknown because the disease 
is often classified to ICD codes used for other conditions. 
However, it is still possible to conduct a preliminary analysis 
of admissions for COVID-19-associated PIMS-TS to intensive 
care units of Saint Petersburg hospitals for infectious diseases 
during the epidemic. 

The first pediatric admissions with clinical and laboratory 
signs of PIMS-TS were reported in April and May, 2020. The 
first patients with PIMS-TS admitted to the City Clinical Hospital 
for Children № 5 (the main inpatient care facility that admits 
pediatric patients with COVID-19) were reported in June 2020, 
2 months after the Hospital began to admit adult patients with 
acute COVID-19. In Saint-Petersburg, the surge in PIMS-TS cases 
occurred in the fall of 2020. From November 2020 through 
January 2021, the City Clinical Hospital for Children № 5
and the Saint Petersburg State Pediatric Medical University 
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Table. Diagnostic guidelines for PIMS-TS

admitted 25 and 17 children, respectively, meeting the criteria 
for PIMS-TS [28].

During the preCOVID era, the incidence of Kawasaki disease 
in Saint Petersburg was less than 1.6 per 100,000 children 
under 18 years; in November and December, it increased to 5.2 
per 100,000 children, i.e. it could be estimated as 20 cases per 
100,000 pediatric population over 12 months. From November 
through January, there was a 10–15-fold increase in PIMS-TS 
cases; its future dynamics are difficult to predict. 

According to the Pediatric Research and Clinical Center 
for Infectious Diseases, the number of hospitalizations for 
Kawasaki disease disguised as a gastrointestinal infection did 
not exceed 3–5 before 2018. But between January 2018 and 
December, 2020, as many as 30 children were hospitalized 
(10–12 children per year) with Kawasaki symptoms. In most 
cases, the patients were boys under 5 years who met the 2006 
EULAR/PreS consensus criteria for vasculitides [29, 30]. 

Saint-Petersburg reported the first patients with PIMS-TS 
in April and May 2020. A few unusual Kawasaki cases were 
detected retrospectively in December 2019. This does not 
rule out the possibility of the virus having sneaked into the 
population earlier. By August 2020, the PIMS-TS wave had 
almost subsided; new cases began to emerge in October 
2020, and keep coming in now. 

The Pediatric Research and Clinical Center for Infectious 
Diseases admitted the first patient with PIMS-TS in October 
2020; over the course of 4 weeks starting from late December 
2020, 14 more children with PIMS-TS were hospitalized. In 
contrast to Kawasaki disease, all admitted patients were older 
than 4 years, of them 53% were girls (n = 8). The mean age of 
the children was 11.25 ± 3.28 years for boys and 8.75 ± 3.99 
years for girls. All the children were hospitalized for persistent 
fever lasting for over 3 days (3.77 ± 2.08 days). Of them, 

20% were hospitalized on day 1–2 after onset, the rest were 
admitted on day 4.46 ± 1.66 after onset. The main referral 
diagnosis was acute respiratory infection (53%; n = 8) or acute 
gastroenteritis (33.3%; n = 5). On admission, 67% of children 
had exanthema and 30% had diarrhea. Markers of pronounced 
systemic inflammation were detected by laboratory tests in 
all patients at the time of admission: С-reactive protein was 
elevated (>150 mg/L) in 100% cases; 8 out of 10 children 
who took a procalcitonin test had high procalcitonin levels. In 
all cases, signs of cardiac injury were detected. In one case, 
the patient had a history of the novel coronavirus infection 
(2 months before admission to the Center); 3 children (20%) 
had a history of contact with a potentially infected person; 14 
children (93.3%) had IgG against SARS-CoV-2. PCR tests 
showed that all collected naso- and oropharyngeal swabs were 
negative for SARS-CoV-2. 

In order to understand the etiology of the disease, a 
few laboratory tests were conducted. In 66.7% (n = 10) of 
cases, the pathogen was identified (mostly enteroviruses and 
Yersiniaceae). Two or more pathogens that could cause the 
symptoms were implicated in 20% of cases. But the confirmed 
presence of the pathogen could not explain the severity of 
inflammation and the frequency of organ involvement, including 
the heart, in initially healthy children.  

CONCLUSION

Currently, PIMS-TS is a diagnosis by exclusion. However, 
it is not fully clear whether PIMS-TS should be excluded 
in the presence of other etiologic factors contributing to the 
disease. There is no clear understanding whether PIMS-TS 
is an independent disease that develops in children with a 
history of COVID-19 or a pathologic immune response to other 

Criteria Parameters

Clinical

Age < 21 years

+ body temperature above 38 ºС for ≥ 1 day

+ hospitalization required

Plus ≥ one of the following:

Low blood pressure or signs of cardiogenic/vasodilatory shock

Signs of serious cardiac injury (signs of myocarditis, pericarditis, valvulitis, elevated troponin/natriuretic peptide, 
coronary anomalies, etc.)

Or

Plus ≥ two of the following:

Maculopapular eruption

Bilateral non-purulent conjunctivitis

Signs of oral mucosa or limb skin involvement

+ Two or more of the following laboratory parameters:

La
b

o
ra

to
ry

Standard
Neutrophilia, lymphopenia, thrombocytopenia, hypoalbumenia, elevated CRP, ESR, fibrinogen, ferritin, D-dimer, IL6, 
OR elevated procalcitonin

Virologic/
serologic

One of following SARS-CoV-2 tests:

Positive PCR test at the time of presentation or within 4 weeks prior to presentation

Presence of IgM or IgG antibodies

+ One or more factors within 6 weeks prior to onset of symptoms:

Epidemiological

Close contact with infected person

Close contact with patient with COVID-19 symptoms who had a history of contact with another individual with COVID-19 
confirmed by laboratory tests

Travelling to or living in areas with COVID-19 spread

Definition 
of clinical case

Confirmed (from clinical, laboratory and virologic/serologic tests) 
Possible (from clinical, standard laboratory, and epidemiological data)
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etiologic agents in patients recovering from mild/asymptomatic 
COVID-19. More data, including laboratory testing results, are 
needed about the course of different infections in children and 
adolescents with a past history of COVID-19. 

We cannot predict whether a child is at risk for PIMS-TS 
after contracting a co-infection, considering that COVID-19 is 
asymptomatic in most children and teenagers.

A child at risk for PIMS-TS may present at any specialist, 
including a pediatrician or a specialist in infectious diseases. 
The doctor will be responsible for making a decision on 
hospitalization or immediate initiation of therapy. Although 
all clinicians are familiar with the clinical guidelines for the 
management of patients with COVID-19, many of them do not 
have sufficient knowledge about PIMS-TS and are not aware 
of the approaches to its treatment. In contrast to Kawasaki 
disease, there is no evidence that intravenous immunoglobulins 
have any advantages over other therapies or are indicated 
for PIMS-TS. There are not clear indications and regimens 
for anticytokine therapy in children with PIMS-TS. Treatment 
strategies for such patients are borrowed from clinical 
rheumatology and hematology, which treat similar conditions, 
including Kawasaki disease, macrophage activation syndrome 
and hemophagocytic lymphohistiocytosis.  

So far, there are no clear, practical recommendations for 
identifying patients with suspected or likely PIMS-TS that would 
help to determine the treatment strategy at different stages of 
the disease. 

PIMS-TS is a multidisciplinary problem. Due to multiorgan 
involvement, the team of specialists delivering medical care 
to such patients should include infectious disease specialists, 
critical care physicians, cardiologists, rheumatologists, 
radiographers and specialists in functional diagnostics. Patients 
with PIMS-TS require ICU and cardiovascular monitoring 
equipment and well-equipped laboratories.

There is no consensus protocol for managing children 
with PIMS-TS. Russian and foreign guidelines recommend 
antibiotics, intravenous immunoglobulins, aspirin, 
glucocorticoids, recombinant interleukin-1 receptor antagonist 

(anakinra), IL6 inhibitor (tocilizumab), monoclonal antibodies 
against TNFα (infliximab) [22, 31]. Criteria for assessing 
indications for different anti-PIMS-TS regimens are yet to be 
developed.

We do not know long-term sequalae of PIMS-TS. As is the 
case with Kawasaki disease, there is a possibility that PIMS-TS 
may cause severe cardiovascular complications not only in 
the acute stage of the disease but also in the long run. After 
recovering from Kawasaki disease, patients are followed up by 
their cardiologists. For PIMS-TS, the follow-up strategy has not 
been proposed yet. Regardless of the clinical type of PIMS-
TS, children with a history of this disease must be followed up 
by their pediatrician. It is important to monitor their hemostatic 
parameters and perform electro- and echocardiography on a 
regular basis; such patients should be referred to a cardiologist, 
neurologist or other specialists should the need arise or should 
there be signs of damage to other organs.

In 2020, the world faced the first global pandemic of 
the novel coronavirus disease caused by SARS-COV2 and 
PIMS-TS. PIMS-TS is a multidisciplinary problem that cannot be 
solved in the absence of multicenter studies. A task force has 
been created in Saint Petersburg to study various aspects of 
PIMS-TS, collect epidemiologic data, information on the clinical 
course and features of the disease, develop optimal diagnostic 
strategies and therapeutic regimens for PIMS-TS that could be 
used in a clinical setting, propose schemes for patient routing in 
the acute stage of the disease and after discharge home, and 
provide guidelines for follow-up and rehabilitation.  

Although it is very difficult to predict the dynamics of the 
COPVID-19 epidemic, an association can be established 
between the rise in PIMS-TS cases and the growing number 
of COVID-19 patients in the population, which has been 
reported since the spring of 2020 in USA and some European 
countries and since the fall of 2020 in Russia. The only realistic 
method of controlling the spread of COVID-19 is vaccination. 
Given the severity of PIMS-TS and its unpredictable sequelae, 
vaccination against COVID-19 for children and adolescents 
should be considered. 
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