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Pediatric Inflammatory Multisystem Syndrome Associated
With SARS-CoV-2

A Case Series Quantitative Systematic Review
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Abstract: Pediatric inflammatory multisystem syndrome temporally asso-
ciated with severe acute respiratory syndrome coronavirus 2 (PIMS-TS) is in-
frequent, but children might present as a life-threatening disease. In a
systematic quantitative review, we analyzed 11 studies of PIMS-TS, includ-
ing 468 children reported before July 1, 2020. We found a myriad of clinical
features, but we were able to describe common characteristics: previously
healthy school-aged children, persistent fever and gastrointestinal symptoms,
lymphopenia, and high inflammatory markers. Clinical syndromes such as
myocarditis and Kawasaki disease were present in only one third of cases
each one. Pediatric intensive care unit admission was frequent, although
length of stay was less than 1 week, and mortality was low. Most patients re-
ceived immunoglobulin or steroids, although the level of evidence for that
treatment is low. The PIMS-ST was recently described, and the detailed quan-
titative pooled data will increase clinicians’ awareness, improve diagnosis,
and promptly start treatment. This analysis also highlights the necessity of fu-
ture collaborative studies, given the heterogeneous nature of the PIMS-TS.
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BACKGROUND

Coronavirus disease 2019 (COVID-19) caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
quickly spread worldwide, from the initial outbreak in Wuhan,
China, to Southeast Asia and Oceania, Europe, and then the
Americas.'

During April 2020 and the following months, several small
case series were published, describing children with an abnormal
systemic inflammatory response, temporally related to SARS-
CoV-2.*2? These children required hospitalization and frequently
presented a life-threatening disease requiring pediatric intensive
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care unit (PICU) admission. This syndrome shares characteristics
with other pediatric inflammatory conditions, including Kawasaki
disease (KD), staphylococcal and streptococcal toxic shock syn-
dromes, sepsis, and macrophage activation syndrome. Authors
are trying to classify these syndromes according to the predomi-
nant signs and symptoms, leading to confusing terminology,
not very useful to the clinician at the bedside.”*® This syn-
drome has been called by many names and acronyms, like
PIMS-TS (pediatric inflammatory multisystem syndrome tem-
porally associated with SARS-CoV-2), MIS-C (multisystem in-
flammatory syndrome in children), hyperinflammatory shock,
cytokine storm, among others.

We present a systematic review of the cases of inflamma-
tory syndromes associated with SARS-CoV-2 infection pub-
lished until July 1, 2020. For this review, we will ascribe to PIMS-TS
denomination.

METHODS

We evaluated relevant studies in PubMed, LILACS, and
Embase, published between May 1 to July 1, 2020, using combi-
nations of the terms “pediatrics,” “coronavirus,” “COVID-19,”
“SARS-CoV-2,” “pediatric intensive care,” “pediatric inflamma-
tory multisystem syndrome,” “Kawasaki disease,” and “hyper-
inflammatory- Kawasaki - PIMS-TS - MIS-C - COVID-19 -
SARS-CoV-2”. We retrieved studies with at least 3 patients, and
pediatric age was considered younger than 21 years. We excluded
studies that had duplicate patients from other reports. Quality of
measures was assessed by the tool developed by Murad et al.?’
Data extraction was performed by 2 independent reviewers
(R.B.B. and J.C.J.-B.). Data were initially described by study
using the presented measurement of distribution on the original
paper. A meta-analysis was carried out if the variable of interest
was present in more than 50% of studies. Detailed method for
quantitative meta-analysis is available in supplementary file 1,
http://links.lww.com/PEC/A653.

RESULTS

We found 184 potentially relevant articles. Eleven case series
were selected for this review (supplementary file 2, http://links.
Iww.com/PEC/A657). The quality score of the included studies
is shown in supplementary file 3, http://links.lww.com/PEC/
A655. Supplementary files 4 and 5, http:/links.lww.com/PEC/
A656 show detailed clinical and laboratory data of the analyzed
studies. Reported cases came from 196 centers describing a total
of 468 children. Clinical characteristics are shown in Table 1.
The average age was 9.2 years (95% confidence interval [CI],
8.5-9.9), and all patients were febrile at presentation. Rash was re-
ported in 58% (95% CI, 52%—63%), conjunctivitis in 56% (95% CI,
42%—69%), and shock in 76% (95% CI, 55%—-93%). A positive
test for SARS CoV-2 was available in reverse transcription poly-
merase chain reaction (RT-PCR) 38% (95% CI, 29%—46%), serol-
ogy 68% (95% CI, 50%—84%), and a known positive contact in
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TABLE 1. Overall Pooled Effects of Demographics and Clinical
Characteristics of 486 Children With PIMS-TS

Studies, Cases, Pooled Effects*
n/N n/N 95% CI1, P)
Demographics
Age,y 11/11  468/468 9.2 (8.5-9.9, 53%)
Male sex 11/11  263/468 54% (48%—61%, 28%)
Previously healthy 10/11  337/453 78% (66%—88%, 81%)
Obesity 6/11 90/360 24% (16%—-33%, 52%)
Any respiratory 9/11 56/443 6% (2%—12%, 58%)
comorbidity
Known contact 9/11 151/405 29% (14%—47%, 89%)
Positive RT-PCR 11/11 188/468 38% (29%—46%, 56%)
SARS-CoV-2
Positive serology 11711 269/468 68% (50%—84%, 91%)
SARS-CoV-2
Clinical
Any GI symptom 11/11  468/468 85% (74%—-94%, 81%)
Shock criteria 10/11 163/218 76% (55%-93%, 91%)
Rash 10/11  268/453 58% (52%—63%, 10%)
Conjunctivitis 9/11  231/418 56% (42%—69%, 78%)
Any respiratory 6/11 81/216 37% (19%—56%, 80%)
symptoms
Neurological 11/11 117/468 33% (18%—-51%, 91%)
Symptoms
AKI 711 69/473  33% (14%—-55%, 93%)
Myocarditis criteria 8/11 95242 29% (3%—66%, 96%)
KD criteria 9/11 149/428 26% (13%—40%, 85%)

*Variable must be present in more than 50% of studies. Standardized
means by transformation approach. For pooled proportions, we used the
metaprop module.

AKI indicates acute kidney injury; GI, gastrointestinal; PIMS-TS,
pediatric inflammatory multisystem syndrome temporally associated with
SARS-CoV-2.

29% (95% CI, 14%—-47%). Twenty-six percent (95% CI, 13%—
40%) of cases fulfilled the American Heart Association Kawasaki
Disease criteria, whereas 29% (95 CI, 3%—66%) developed myo-
carditis. Pooled laboratory test data are shown in Table 2. Markers
of inflammation and cardiac injury were frequently elevated.

Chest x-ray or lung CT scan showed pulmonary infiltrates in
41% (95% CI, 36%—47%). Left ventricular dysfunction by echo-
cardiogram was found in 72% (95% CI, 52%—-89%), abnormali-
ties in the coronary arteries in 24% (95% CI, 11%-39%), and
pericardial effusion or pericarditis in 24% (95% CI, 12%-39%)).
Thirty-seven percent (95% CI, 3%—60%) reported electrocardio-
graphic alterations.

Overall, 82% (95% CI, 68%-93%) of the patients required
intensive care (Fig. 1A), 62% (95% CI, 250%—73%) received va-
soactive drugs (Fig. 1B), and 59% (95% CI, 40%—77%) received
respiratory support (Fig. 1C), such as invasive mechanical venti-
lation in 27% (95% CI, 15%—41%; Fig. 1D), noninvasive
ventilation in 9% (95% CI, 2%-20%), and high-flow nasal can-
nula in 6% (95% CI, 0%—-17%). Twenty-five patients were placed
on extracorporeal membrane oxygenation (ECMO). Only 1 patient
required renal replacement therapy.

Intravenous immune globulin was used in 79% (95% CI,
66%—-90%) of patients, followed by steroids in 47% (95% CI,
34%—-59%). Other therapies where use more inconsistently like as-
pirin (36% studies; range. 20%—100% of cases), anticoagulants
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(27% studies; range, 47%—-100%), tocilizumab/siltuximab (36%
studies; range, 5%—80%), infliximab (18% studies; range, 5%—
14%), anakinra (45% studies; range, 5%—33%), and antibiotics
(45% studies; range, 67%—100%). Remdesivir use was not reported
in the analyzed studies. Standardized ICU length of stay (LOS) was
6 days (95% CI, 4-7 days) with an overall hospital stay of 9 days
(95% CI, 7-11 days). A total of 7 deaths occurred, 5 of them during
ECMO run.

Eighty-one children (17.6%) were still hospitalized at the
time the case series were reported.

DISCUSSION

In this systematic review of PIMS-TS cases in the literature,
we found a great deal of heterogeneity. The cases reported are nu-
merous, from several centers, but there is no standardized descrip-
tion of the variables of interest. We analyzed 11 case series,
including 468 children from 196 centers. Instead of listing studies
and patients, we performed a quantitative analysis according to the
weighed cases of the studies. Our main findings can be summa-
rized as follows:

1) We were able to define the most frequent clinical characteris-
tics of patients: previously healthy school-aged children, pre-
senting with persistent fever and gastrointestinal symptoms.

2) Clinical syndromes like myocarditis and KD were present
only one third of cases each one.

3) High level of care (PICU) was very frequent, although LOS
was less than 1 week, and mortality was very low.

4) Most patients received immunoglobulin or steroids, although
the level of evidence for that treatment is low.

Given the current hypotheses?®° of the physiopathology of

PIMS-TS, viral infection versus a postinfectious disease, it is im-
portant to note that RT-PCR was positive in 38% and serology in
68% of cases. An alternative hypothesis might be that these symp-
toms and clinical syndromes are also present in non—-SARS-CoV-2
coronaviruses. For instance, there are some cases of myocarditis
and KD associated with human coronavirus exposure. Thus, the
clusters of PIMS-TS observed may be secondary to massive expo-
sure to a trigger in a susceptible population, but not specifically to
SARS-CoV-2.3%3! Most of the patients were previously healthy

TABLE 2. Overall Pooled Effects of Laboratory Results of 486
Children With PIMS-TS

Studies, Cases, Pooled Effects*
Laboratory Test n/N n/N 95% CI, Iz)
C-reactive protein, 11/11 468/468 226 (206246, 84%)
mg/L
Procalcitonin, 7/11 199/199 58 (34-83, 70%)
ng/mL
Ferritin, ng/mL 8/11 392/392 727 (593-860, 60%)
D-dimer, ng/mL 9/11 432/432 4230 (2311-6148, 41%)
Lymphocyte count, 8/11 232/232  1.04 (0.74-1.34, 92%)
x10°/L
Platelet count, 8/11 413/413 207 (135-279, 98%)
x10°/L
Albumin, g/dL 7/11 410/410 2.5 (2.0-2.9, 49%)

*Variable must be present in more than 50% of studies. Standardized
means by transformation approach. For pooled proportions, we used the
metaprop module.
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FIGURE 1. Forrest plots of analyzed studies. A, Intensive care admission. B, Vasoactive support. C, Advanced respiratory support (any). D,

Invasive mechanical ventilation.

school-aged children. Remarkably, all patients had fever. Gastro-
intestinal symptoms were frequent, as well as rash and mucositis.
Regards laboratory examination, all inflammatory markers were
elevated, being the most consistent C-reactive protein. C-reactive
protein is very unspecific, but it is disproportionally elevated, approx-
imately 20 times the normal value. Lymphopenia was also commonly
found. Cases of PIMS-TS fulfilling criteria for KD and myocarditis
were not reported frequently, approximately one third of cases each
one. Respiratory and neurological symptoms were usually mild,
and acute kidney injury accounted for one third. There was a high
number of patients with shock criteria, explaining the frequent re-
quirement of PICU admissions. In our study, less than 50% of
children with PIMS-TS had abnormal chest x-ray or CT scan.

Left ventricular dysfunction was reported in approximately
half on the patients, explaining the high frequency of shock and
vasoactive support requirements. Coronary abnormalities were
described in one fourth of cases during the acute phase, so we can-
not extrapolate our results to mid- and long-term sequelae.>>3

Regards treatments, most PIMS-TS patients received intrave-
nous immunoglobulin or steroids. Surprisingly, despite the sever-
ity of cases, antiviral therapy was very uncommon. Most of the
children with PIMS-TS were admitted to PICU and required in-
vasive interventions. However, ECMO and continuous renal re-
placement therapy were very uncommon. Despite the severity
of admission and life support requirements, the overall prognosis
of PIMS-TS was good. The average PICU LOS was less than a
week, and mortality is very low.
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Our study has some limitations. First, there are subtle differ-
ences in diagnosis criteria (the Royal College of Paediatrics and
Child Health, Centers for Disease Control and Prevention, World
Health Organization) that can lead to a bias in the selection of pa-
tients in different countries and regions. No specific information
was requested to authors, and case-by-case review was not done,
contributing to the heterogeneity of parameters reported. Patients
described in the analyzed studies were only from Europe and
North America. Risk factors to develop PIMS-TS, like socioeco-
nomic deprived or genetically susceptible children, are still not
well understood, which make the behavior of the pandemic unpre-
dictable in regions such as Latin America and Africa. Second,
many small series were added to build larger cohorts. To avoid du-
plication of data, case reports and some small series were not in-
cluded. A large cohort has more power in the analysis, but usually,
some specific data are lost. Third, PIMS-TS is a new syndrome,
and our understanding is still limited. Many nonepidemiological
factors, like disease awareness, media, and academic pressure,
and loose criteria for diagnosis may lead to overdiagnosis as pan-
demic develops. However, we analyzed the quality of the studies
with a standardized validated tool.

In summary, PIMS-TS is an infrequent and heterogeneous
disease. It can mimic some pediatric inflammatory syndromes, like
KD, macrophage activation syndrome, and myocarditis, but only in
one third of cases can fulfill strict criteria. Clinical characteristics
are very distinctive when compared with pediatric COVID-19
infections, frequently presenting as a severe disease. Given the

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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recent description of PIMS-TS, there are still many questions regards
its physiopathology, although, with the current empirical treat-
ment, it has a good prognosis.
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