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ABSTRACT

In March 2020, World Health Organization (WHO) declared the outbreak of the coronavirus disease
2019 (COVID-19) a pandemic. Pediatric inflammatory multisystem syndrome temporally associated with
COVID-19 (PIMS-TS) also known as multisystem inflammatory syndrome in children (MIS-C) is a new
phenomenon highly correlated with COVID-19. Recent research suggests that this new disease in children
and adolescents is associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.

It is a generalized inflammatory reaction suggestive of a likely autoimmune etiology. Symptoms of PIMS-TS

are diverse and wide ranging. The disorder develops in children and adolescents as a result of dysregulation

of the immune system, but the exact pathogenesis of PIMS-TS remains unknown. Consequently, the most

effective types of therapy include supportive care, symptomatic and immunomodulating treatment. The on-

going international study of this condition may provide information on the treatment options, clinical trials

and management process.
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INTRODUCTION AND OBJECTIVE

In December 2019, the first case of a novel contagious
disease, named coronavirus disease 2019 (COVID-19)
was identified in Hubei, a province of China. The dis-
ease has spread worldwide within a short period of time.
COVID-19 has therefore become a serious and imme-
diate challenge for public healthcare [1]. COVID-19
has been confirmed in more than 100 million people
throughout the world by January 2021 [2]. Moreover,
the case-fatality rate is in the range of 1 to 3%. Advanced
age and signs of metabolic syndrome represent nega-
tive prognostic factors in patients with COVID-19 [3].
An overwhelming spread of the COVID-19 pandemic
led to many long term implications such as cardiopulmo-

ADDRESS FOR CORRESPONDENCE:

nary, glucometabolic and neuropsychiatric complications
or social disruption [1, 4]. The clinical spectrum appears
varied, although a severe course of the infection affects
1 out of 10 patients. Dyspnea, hypoxemia and extensive
pulmonary consolidations associated with pneumonia in-
dicate a serious clinical status of patient. Studies suggest
that clinical manifestations of COVID-19 are generally
milder in children compared with adults. According to
the research 79% of children with COVID-19 confirmed
by reverse transcriptase-polymerase-chain-reaction
(RT-PCR) testing are asymptomatic or have mild disease.
Most common symptoms in pediatric patients are cough
(48%) and fever (47%). Slight dyspnea, sore throat, fa-
tigue, headache and conjunctivitis may also occur [5-7].
The number of confirmed COVID-19 cases in children and
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adolescents remains underestimated, because of asym-
ptomatic and mildly symptomatic patients. They are
often not referred for COVID-19 testing as a result
of availability and targeted strategies of current testing
methods. Serological investigations, as well as molecular
tests (RT-PCR) tend to not include pediatric patients. As
a consequence, pediatric COVID-19 cases contribute to
2.1-7.8% of all confirmed cases according to the nation-
al statistics from Asian, European and North American
countries [8]. COVID-19 has initially been described as
a disease that affects children less than adults due to its
milder clinical manifestations. Despite this fact, a small
number of patients have developed systemic hyperinflam-
matory syndrome, which is defined by The Royal College
of Paediatrics and Child Health (RCPCH) as a pediatric
inflammatory multisystem syndrome temporally associ-
ated with COVID-19 (PIMS-TS). World Health Organi-
zation (WHO) and Centers for Disease Control and Pre-
vention (CDC) referred to this condition as a multisystem
inflammatory syndrome in children (MIS-C). PIMS-TS
is a systemic disorder temporally associated with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[9, 10]. The first case of PIMS-TS was identified in April,
2020 [11]. However, the first patient with PIMS-TS in
Poland was diagnosed in May, 2020 [12]. According to
the definition, diagnostic criteria include temporal associ-
ation with COVID-19, the features of systemic inflamma-
tory response (fever, laboratory markers of inflammation,
multi-organ affect) and no other diagnosis found [13].
Symptoms in Kawasaki disease (KD), toxic shock syn-
drome (TSS), bacterial sepsis and macrophage activation
syndrome (MAS) may resemble the features of PIMS-
TS [10]. The aim of this work is to systematize available
knowledge and conduct a review of the latest research
on PIMS-TS, its epidemiology, pathogenesis, symptoms,
diagnosis, treatment and differentiation. The informa-
tion used in the presented analysis was obtained from
the newest clinical practice guidelines and academic re-
search databases: Google Scholar and PubMed.

STATE OF KNOWLEDGE

EPIDEMIOLOGY AND PATHOGENESIS

Data submitted so far by clinicians are still insufficient
to completely understand the disease. Clinical presenta-
tion and characteristics of patients with PIMS-TS remain
heterogenous. The collected research results indicate that
there is a direct correlation between PIMS-TS and SARS-
CoV-2, however the exact mechanism of disease develop-
ment remains unknown. A significant increase in the num-
ber of cases has been observed in locations that have been
hardest hit by the pandemic, such as Italy, the UK, and
New York City. Moreover, the vast majority of children
with PIMS-TS (87%) have had a positive serologic test
result for SARS-CoV-2. That suggests a post-infectious

induction of the immune response, as a result of recent
coronavirus infection. Early manifestation of COVID-19
may be demonstrated by several symptoms and signs or be
completely unobservable in child population. The pulmo-
nary phase of SARS-CoV-2 infection in children is much
milder or even absent, in contrast to the adult population,
where it is often more severe. It is caused by reduced gene
expression of the angiotensin-converting enzyme-2. Early
stages of infection cause macrophage activation and then
stimulation of helper T-cells. This leads to massive cyto-
kine release, stimulation of macrophages, neutrophils and
monocytes (as a result of the cytokine storm), but also
leads to activation of B-cells and plasma cells responsible
for antibody production. This mechanism increases the hy-
perimmune response, which lays at the basis of PIMS-TS
pathogenesis [14]. According to data from the US, it can
be concluded that the prevalence of PIMS-TS is estimated
to be at 1 case per 1000 children infected by SARS-CoV-2.
Due to latest research, the median age of patients suffering
from PIMS-TS is 9 years, whilst mortality reaches about 1.5
to 2% among hospitalized patients [15, 16]. The mechanisms
of pathogenesis of PIMS-TS have not yet been clearly es-
tablished, but an autoimmune etiology is presumable [17].
An abnormal immune response, also known as a cytokine
storm is believed to be the crucial cause for the develop-
ment of PIMS-TS. This reaction is characterized by high
levels of inflammatory cytokines such as IL-6, IL-1b or
IL-10, which contribute the most to the exaggerated im-
mune response. This may lead to macrophage activation
syndrome and multisystem organ failure. Other hypoth-
eses have suggested that PIMS-TS is related to a delayed
cytokine storm response due to inhibition of the interferon
type I and III reaction. Recent research has suggested that
elevated IL-6 is considered to be the most important fac-
tor associated with a cytokine storm. Elevated IL-6 is also
correlated with a worse prognosis [13, 18].

SYMPTOMS AND DIAGNOSIS

Regarding the severity of disease, the clinical pro-
file of patients suffering from PIMS-TS is heterogenous.
The course of the PIMS-TS may be both mild (where
the patient is hemodynamically stable) and severe (in pa-
tients with decompensated shock who require invasive me-
chanic ventilation and mechanical circulation support) [19].
In accordance with the guidelines of an expert group at
the Polish Paediatric Society and the National Consul-
tant in the field of pediatrics, fever (usually over 38.5°C)
is a sign that must present for at least 3 days in order for
a diagnosis of PIMS-TS to be made. Laboratory investi-
gations are also obligatory in order to confirm the diag-
nosis: very high levels of inflammatory markers such as
C-reactive protein, procalcitonin, erythrocyte sedimenta-
tion rate, fibrinogen, D-dimer, lactate dehydrogenase and
ferritin. Another criterion for the diagnosis of PIMS-TS
is the presence of multiple organ damage that develop
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symptoms from at least two organs or organ systems.
The disease may affect: gastrointestinal tract, circulation
system, nervous system, urinary system, respiratory sys-
tem, skin and mucous membranes (Table 1). According
to the data collected under the auspices of the Nation-
al Consultant of Pediatrics, the most frequent features
of PIMS-TS in Poland include dermatologic symptoms
(78% of patients), gastrointestinal symptoms (78% of pa-
tients), mucocutaneous symptoms (56% of patients),
neurologic symptoms (56% of patients), musculoskeletal
symptoms (56% of patients) and respiratory symptoms
(44% of patients). Other differential diagnoses that should
be excluded in order to confirm a case of PIMS-TS include
infectious diseases, sepsis, toxins, TSS, hemophagocytic
lymphohistiocytosis (HLH)/MAS, acute viral infection,
acute appendicitis and peritonitis, connective tissue disease
or inflammatory bowel disease [20, 21]. There is a potential
risk for coronary artery abnormalities development in ap-
proximately 25% of patients. Moreover coronary artery an-
eurysms are the most frequent complication of PIMS-TS.
Therefore performance of an echocardiography examina-
tion is necessary as soon as the final diagnosis is made [21].
Other typical symptoms of PIMS-TS include: tachycardia,
hypotension, neutrophilia, lymphopenia, as well as elevat-
ed T-troponin and B-type natriuretic peptide level [22].
According to research carried out in the USA, the most
common symptoms of PIMS-TS are: fever (100% of pa-
tients), abdominal pain (53% of patients), skin rash (52%
of patients), and conjunctivitis (45% of patients). Moreover,
up to 50% of patients suffered from circulatory shock and
so treatment in an intensive care unit (ICU) was neces-
sary [15]. By contrast, the Polish findings report patients
predominantly present with fever (100% of patients), ery-
thema or swelling of the hands and feet (78% of patients),
skin rash (67% of patients) and also nausea, vomiting,
abdominal pain, diarrhea or headache (56% of patients).
11% of patients in Poland required intensive care treatment
[20]. Among patients with diagnosed PIMS-T'S with severe
course of the disease in the United Kingdom, who needed
intensive medical care, boys and also children from eth-
nic minorities (Afro-Caribbean and Hispanic ethnicity)
were the most common population of patients. In Poland,
in which society is homogenous and with small number
of minorities, all reported patients were of Caucasian race
[20, 23, 24]. The prognosis of the disorder is rather good
and short-term outcome favorable, with patient survival
above 95% [25]. Intensive care admission is often neces-
sary with median duration of 4-7 days. Despite the fact
that most patients present with a severe course of PIMS-
TS, the case-fatality rate is estimated to be up to 2% [26].

TREATMENT

The main aim of treatment is to reduce systemic in-
flammation and restore organ function to decrease mor-
tality rate and minimize the risk of severe complications

TABLE 1. Symptoms of pediatric inflammatory multisystem syn-
drome temporally associated with COVID-19 (PIMS-TS)

Affected organ systems Symptoms

Gastrointestinal tract Severe abdominal pain
Vomiting
Diarrhea

Circulation system Hypotension
Shock
Signs of myocarditis
Coronary artery aneurysms
Fluid in cardiac sac

Heart arrythmias

Apathy
Irritability
Signs of aseptic meningitis
Severe headache
Paresis or paralysis of periphe-
ral nerves

Nervous system

Respiratory system Cough
Dyspnea
Signs of pneumonia
Chest pain

Fluid in pleural cavity

Skin and mucous membranes Polymorphic skin rash
Conjunctivitis
Chapped lips

Swelling of the hands and feet

Anuria
Signs of acute kidney failure

Urinary system

of MIS-C, such as persistent cardiac dysfunction [14].
If PIMS-TS is suspected or diagnosed, a multidisci-
plinary diagnostic and therapeutic process should be
undertaken with the participation of many specialists
representing different types of units: pediatric infectious
diseases, cardiology, immunology, rheumatology and
ICU [8]. First-line drug therapy in patients with PIMS-TS
is intravenous immunoglobulin (IVIG) at the dose of
2 g/kg (calculated using body weight), which can be ad-
ministered in a single or divided dose depending on clinical
features and the ejection fraction. If there is no response,
a second dose of IVIG is not recommended, excluding pa-
tients with the clinical features of KD, because of the risk
of volume overload and hemolytic anemia [21, 24].
If the general condition of the child then persists or
worsens, the second line treatment is an intravenous
administration of methylprednisolone at the dose of 2 x
1 mg/kg/d. High-dose methylprednisolone is indicated
for the treatment of severe cases. Other indications for
the usage of glucocorticoids are: children without a ther-
apeutic response to IVIG (24-36 h after infusion), features
of shock, patients age of < 12 months, presence of aneu-
rysms in coronary arteries demonstrated in echocardi-
ography and an anaphylactic reaction to IVIG. The dose
should be calculated using ideal body weight, which mat-
ters particularly in overweight or obese children. Pulse
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dosing of methylprednisolone (maximum daily dose
1000 mg) may be considered for 3-5 days in patients with
signs of shock and in deterioration of the general condi-
tion [21]. Biological therapy in children who do not re-
spond to the previous treatment may include: anakinra
(interleukin 1 receptor antagonist), tocilizumab (interleu-
kin-6 receptor antagonist) or infliximab (tumor necrosis
factor-a antagonist). Patients diagnosed with PIMS-TS
who are SARS-CoV-2 positive on testing should also be
considered for additional antiviral therapy. Remdesivir is
a broad-spectrum antiviral medication that can be used
in the treatment of COVID-19 in children with diagnosed
pneumonia and requiring oxygen therapy. A 5-day rem-
desivir regimen should be given to patients with oxygen
saturation < 94% who had been symptomatic for less than
10 days before receiving the first dose of remdesivir. That
treatment plan is approved by the Food and Drug Admin-
istration (FDA) for children aged > 12 years and weigh-
ing > 40 kg or in lifesaving treatment of hospitalized pe-
diatric patients aged < 12 years and weighing > 3,5 kg
[21, 27, 28]. Routine antibiotic treatment in children
with PIMS-TS is not recommended. The administration
of intravenous antibiotics in accordance with the clinical
presentation of the patient is reasonable only if the diag-
nosis is uncertain, especially in severe cases. Additionally,
children with PIMS-TS presenting clinical features of KD
should receive acetylsalicylic acid (ASA) at the dose
of 30-50 mg/kg/d in four divided doses. After 48 hours
from resolution of fever it should be reduced to 3-5 mg/
kg/d in a single dose. Also among patients taking gluco-
corticoids there is a need to reduce the dose. In other cas-
es patients should receive ASA at the dose of 3-5 mg/kg/d
(the maximum daily dose of ASA must not exceed 75 mg)
at least for 6 weeks until coronary artery abnormalities
are excluded in follow-up echocardiography [11, 21].
PIMS-TS is associated with many complications such as
cardiac dysfunction or acute cardiac decompensation,
which can lead to the clinical manifestations of cardio-
genic shock [29, 30]. If signs of shock or hypotension are
presented, fluid replacement by volume expansion using
crystalloids may be useful. Vasopressors cause the con-
striction of blood vessels, which leads to a rise in blood
pressure. This mechanism is important in the treatment
of fluid resistant hypotension in children with PIMS-TS.
First-line therapy includes epinephrine, while persistent
shock requires the administration of norepinephrine. Us-
age of inotropes such as dopamine, milrinone or levosim-
endan may be also considered. Because of the risk of flu-
id overload in patients suffering from severe myocardial
dysfunction, caution is required in fluid and electrolyte
therapy [8, 25]. The use of invasive mechanical ventilation
and mechanical circulatory support may be necessary in
severe cases [19]. Ambulatory care remains sufficient in
patients who are in a good medical state and do not fulfil
the criteria of PIMS-TS, but whose clinical presentation
suggests a high probability of the diagnostic confirma-

tion in the near future. This group of children should be
supervised by a doctor due to a high risk of developing
symptomatic PIMS-TS. Blood pressure measurement is
essential in early detection of MIS-C (also in presumably
mild cases) [21, 31]. Because of the lack of evidence, cur-
rent therapeutic strategies are empirical. They are focused
on symptomatic and immune-modulating treatment. In
the future, there is a need to develop appropriate guide-
lines based on complete and multidisciplinary follow-up.
It would allow for more effective evidence-based treat-
ment of PIMS-TS [28].

DIFFERENTIATION

PIMS-TS is a recently described disorder, which
shares several similarities to well-known and defined
disorders such as KD, TSS or MAS. Because of that a dif-
ferential diagnosis in order to make a clear diagnosis is
necessary. As opposed to PIMS-TS, KD occurs seasonally,
develops in a younger population (mostly children up to
5 years old), presents with longer duration of fever and
a lack of gastrointestinal symptoms [23]. Patients diag-
nosed with PIMS-TS are more prone to cardiac arryth-
mias and hypotension in comparison to patients suffering
from KD. They also suffer from lymphopenia, however
in patients with KD lymphocytosis is characteristic [14].
An increased level of neutrophils and a decreased level
of platelets is observed in PIMS-TS when compared to
patients with KD, as well as higher levels of inflammatory
markers (C-reactive protein and procalcitonin) [13, 32].
A distinguishing feature is also an increased level of car-
diac injury biomarkers such as B-type natriuretic peptide
or troponin in patients suffering from PIMS-TS [16].
Asian children are especially prone to the development
of KD, while increased incidence of PIMS-TS among this
group of the population was not observed. The similarity
in signs and symptoms, and lack of specific diagnostic
tests for KD or PIMS-TS make it difficult to make a fi-
nal diagnosis. Etiology of severe inflammatory syndrome
in children can only be determined by testing for anti-
SARS-CoV-2 antibodies. A positive test result indicates
previous infection which is related to the pathogenesis
of PIMS-TS [33, 34]. The differences between symptoms
of both disease entities result from their different immu-
nology. KD affects medium-sized blood vessels, however
PIMS-TS is characterized by multi-organ damage involv-
ing the bowel, cardiac muscle or the brain [17]. Another
disease entity that should be included in the differential
diagnosis of PIMS-TS is TSS. TSS is caused by the toxins
produced by bacteria such as Staphylococcus aureus or
Streptococcus pyogenes. Its pathogenesis leads to uncon-
trolled, excessive activation of the immune system caused
by superantigens [14]. Differential diagnosis of PIMS-TS
and TSS is based on microbiological investigations. Con-
firmation of the presence of staphylococci or streptococ-
ci in a microbiological culture indicates TSS [35]. MAS
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is a secondary form of HLH, characterized by a strong
immune response which is induced by a cytokine storm.
An excessive number of immune cells, including macro-
phages, leads to multi-organ failure. Its symptoms include
high fever, alongside an elevated level of C-reactive pro-
tein, triglycerides and D-dimers. MAS may lead to car-
diac dysfunction, central nervous system dysfunction or
liver failure. The fibrinogen level in HLH/MAS is lower
than the reference range and it is elevated in PIMS-TS
[21, 36, 37]. To make a diagnosis of HLH there is a need
to conduct molecular investigations to detect genetic mu-
tations, or confirm 5 out of 8 of diagnostic criteria (which
include: fever, splenomegaly, cytopenia, hypertriglyceri-
demia or hypofibrinogenemia, increased level of ferritin,
decreased or absence of NK-cell activity, hemophagocy-
tosis in the bone marrow, spleen or lymphatic nodes, and
elevated concentration of soluble interleukin 2 receptor).
When suspecting PIMS-TS it is crucial both to compare
the clinical signs and symptoms of these conditions to
make a proper diagnosis [14].

SUMMARY

Initial reports stated that children were considered
to be less prone to COVID-19 than adults. On April 27,
2020, the National Health Service in the United Kingdom
published a warning about pediatric patients with a se-
vere Kawasaki-like syndrome, which has been termed as
PIMS-TS [38]. Since then, thousands of new cases of this
disease have been diagnosed globally. PIMS-TS is a new
disorder that belongs to the group of inflammatory dis-
eases diagnosed in children [13]. It is characterized by
a wide range and diverse of symptoms, coming from sev-
eral organs and organ systems [15, 20-22]. Many patients
present with a relatively severe clinical status. Neverthe-
less, the prognosis of the patients is good [15, 20, 25, 26].
The basic clinical care for these patients include multidis-
ciplinary cooperation between specialists and symptom-
atic treatment until the exact pathogenesis of PIMS-TS
is understood [13]. Worsening of the clinical status in
patients suffering from PIMS-TS may lead to hospital-
ization in the ICU [15, 26]. In order to confirm the exist-
ing hypotheses, larger cohorts within prospective trials
and international collaboration are needed [28]. Because
of many asymptomatic and mild cases of COVID-19,
the underestimated number of diagnosed pediatric pa-
tients is alarming. There is a need to increase the number
of RT-PCR tests in child population [7, 39]. Detection
of patients at a high risk of developing MIS-C would al-
low them to receive earlier medical support and to reduce
the severity of PIMS-TS [7]. Reviews of various names
of the disorder, including MIS-C or PIMS-TS, should
promote one definition to be as precise as possible [26].
Research in the nearest future should focus on a compre-
hensive understanding of the immunology of PIMS-TS,
and therefore on developing uniform guidelines associat-

ed with accurate treatment in order to alleviate the course
of the disease and to limit the number of complications.
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