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Abstract

This case report highlights details of a case of critical acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) with
B1.1.7 variant in a 4-year-old girl who died due to pneumonia and pulmonary hemorrhage. The girl was referred to our Uni-
versity ECMO Center from another University hospital for veno-arterial extracorporeal membrane oxygenation (VA-ECMO).
In the clinical course, superinfection with Pseudomonas aeruginosa was detected. Virological evidence of herpes simplex
sepsis was also obtained in blood samples on her day of death. Transcription polymerase chain reaction (PCR) confirmed
SARS-CoV-2 infection in lung tissue. Postmortem computed tomography showed pulmonary hemorrhage with inhomogene-
ous density values in both lungs. Lung tissue showed no ventilated areas. Autopsy revealed a massively congested lung with
evidence of acute respiratory distress syndrome (ARDS) and pneumonia with multiple abscesses. Histopathology showed
a mixture of diffuse alveolar injury with hyaline membranes, massive hemorrhage, and bronchopneumonia with multiple
granulocytic abscesses. Cardiac examination revealed pericarditis. Suspicion of myocarditis or myocardial infarction could
not be confirmed microscopically. To our knowledge, this is the first autopsy-based case report of the death of a previously
healthy child due to the new variant B 1.1.7 in Germany.
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Introduction

According to clinical experience and studies to date, the
course of SARS-CoV-2 infection in children is less severe
than in adults, often asymptomatic or mild, so the prognosis
is considered good in general [3, 13, 20]. There have been
few reports of severe clinical courses in children associated
with SARS-CoV-2 infection, although fatal COVID-19
remains a rarity. In most of these cases, the children suf-
fered from a condition called multisystemic inflammatory
syndrome in children (MIS-C) [1, 2, 10]. MIS-C associated
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with SARS-CoV-2 infection resembles Kawasaki disease but
has distinctive features in clinical presentation [19]. Clinical
criteria for diagnosis have been defined by various organiza-
tions such as WHO [25] and the Royal College of Paediatrics
and Child Health (RCPCH) [22].

Since the new variant B 1.1.7 first appeared in Germany
in December 2020, questions have been raised about whether
this new lineage can also lead to more severe clinical courses
in children [8]. Fatal cases in children were reported to be
higher during periods of higher infection rates in the com-
munity, but a general raise in mortality over time has not
been observed [6, 7, 12]. However, the clinical impact of
the new SARS-CoV-2 variant B.1.1.7 on children is not yet
fully understood. Overall, there is little autopsy data in chil-
dren with COVID-19 and MIS-C with and without variant
B1.1.7. This case report details one of these critical cases
in a 4-year-old girl.
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Case-report

A 4-year-old girl died in the first quarter of 2021 at a Univer-
sity Medical Center due to massive pulmonary hemorrhage
with low cardiac output in superinfected pneumonia caused
by SARS-CoV-2 variant B.1.1.7.

She was referred to our pediatric intensive care unit
(PICU) after being treated at another hospital for 7 days.
Apart from obesity (BMI 21.7 kg/m?; > 99th percentile),
she had no other previous medical conditions.

She was originally presented to a general pediatrician
for respiratory distress. Suspecting acute laryngotrachei-
tis, she was temporarily treated orally with dexametha-
sone and cough suppressant. As her symptoms worsened
that same day, she was taken to a University Emergency
Department. On admission to the pediatric ward (day
1), she had abdominal pain, inspiratory stridor, papules
at the corners of her mouth, cough, blood oxygen satu-
ration of 97%, heart rate of 175 bpm, and hypertension
(132/102 mmHg). Fever was not detected. Family history
did not reveal any predisposition to arterial hypertension.

On day 2, the SARS-CoV-2 PCR on the nasopharyngeal
swab was positive. Due to rising C-reactive protein (CRP)
levels, the previous therapeutic regimen was extended
and antibiotic therapy (ampicillin/sulbactam) was started.
Initially, noninvasive ventilation with high flow/NIV was
attempted. However, with progressive global respiratory
failure (hypoxic and hypercapnic), intubation was carried
out on the same day, and she was mechanically ventilated
for 2 days.

Chest radiographs on day 4 and day 6 showed pulmo-
nary opacification that began in the right upper lobe and
then spread to the entire right lung and left lower lobe. At
this time, there was no microbiological evidence of bacterial
superinfection. After presumed stabilization, extubation was
performed on day 6. However, on the same evening, there
was an increasing deterioration and a rather rapid reintuba-
tion with now significantly worse overall situation. The child
was barely ventilable, with increasing circulatory insuffi-
ciency and lactic acidosis. During day 7, the girl could only
be ventilated on the bag valve mask (BVM). She received
high doses of catecholamines. When she was no longer fit for
transport, emergency cannulation for ECMO was performed
before transfer to the university hospital.

A bronchoscopy (day 10) showed macroscopically thick
bloody mucus. Typical findings of ARDS such as hyaline
membranes were found in the lung biopsies taken.

Furthermore, the SARS-CoV-2 variant of concern
(VOC) B.1.1.7 was detected [16], and it was confirmed
that other family members also tested positive for B.1.1.7.

Initially, a very high viral load was detected in blood
(380,000 copies/ml) and tracheal secretions (15 billion
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copies/ml), but after antiviral therapy with remdesivir
(5 mg/kg, followed by 2.5 mg/kg for 8 days) and a single
dose of the monoclonal antibody bamlanivimab 700 mg,
SARS-CoV-2-RNA copies/ml gradually declined. Based
on the clinical and laboratory changes, antibiotic therapy
was altered, and eventually pseudomonads were detected
in the tracheal secretions. Furthermore, herpes simplex
virus (HSV-1; 540,000 copies/ml plasma) viremia was
detected from a blood sample obtained when the child’s
condition, especially with regard to ventilation, critically
deteriorated. On day 22, after 17 days on ECMO, the
patient died of severe pulmonary failure with pulmonary
hemorrhage, ECMO arrest, and cardiac failure.

Postmortem computed tomography showed pulmonary
hemorrhage with inhomogeneous consolidations in both
lungs (Fig. 1 — electronic supplementary material), a small
hematothorax bilaterally with regularly inserted drains, and
a small pericardial effusion. No ventilated areas in the lungs
could be delineated.

Autopsy findings The lungs were massively congested,
firm, and heavy (right: 513 g; left: 442 g). The lung surfaces
showed fibrinous purulent pleurisy (Fig. 2 — electronic sup-
plementary material). There were multiple regions of mul-
tifocal hemorrhage. Both lungs showed massive abscessed
pneumonia (Fig. 1). The bronchi were almost completely
congested with viscous mucus. The pericardium showed
similar fibrin deposits consistent with pericarditis.

The posterior wall of the heart showed small-spot fad-
ing, so that myocarditis or a recent infarction was initially
suspected. In addition, there were findings consistent with
multi-organ failure (e.g., cerebral edema) and a splenic
infarct measuring 2 X2 x 0.5 cm.

Fig. 1 Cutting surface of the lung with massive abscessed pneumonia
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The liver showed a patchy, autumn leaf-like appearance
consistent with shock liver. There was no evidence of previ-
ously unrecognized preexisting internal diseases.

Postmortem microbiology and virology Transcription poly-
merase chain reaction (PCR) confirmed SARS-CoV-2 infec-
tion in the lungs. Superinfection with Pseudomonas aer-
uginosa in lung tissue and HSV-1 viremia blood samples
(260,000 copies/ml) was confirmed postmortem.

Histopathological features We performed routine hema-
toxylin—eosin staining for histopathologic evaluation. The
lungs showed severe damage with a mixture of massive
hemorrhage with blood pooling in almost all alveoli, bron-
chopneumonia (Figs. 4 and 5 — electronic supplementary
material), and diffuse alveolar damage (DAD) with the pres-
ence of hyaline membranes (Fig. 6— electronic supplemen-
tary material). Large abscesses occurred in multiple areas
of both lungs, as is typically the case with bacterial sepsis.
Furthermore, the upper airways showed moderate tracheo-
bronchitis characterized by lympho-plasma cellular inflam-
mation. Macroscopically suspected myocarditis could not be
confirmed. The heart showed no pathological changes except
for fibrinous pericarditis (Fig. 7 — electronic supplementary
material). The other organs were consistent with age.

Discussion

Since the onset of the SARS-CoV-2 pandemic in the first
quarter of 2020, forensic medicine has played an integral
role in the understanding of the disease. The first autopsy
of a COVID-19 death from Wuhan, China, was reported in
the Chinese Journal of Forensic Medicine back in February
2020 [14]. What remains the largest consecutive autopsy
series involving 80 COVID-19 decedents has been published
in the International Journal of Legal Medicine [11]. The
importance of forensic medicine as an investigator not only
in criminal proceedings but also in public health protection
issues has been emphasized in the context of the SARS-
CoV-2 pandemic [18, 21, 23]. This shows that in many
countries, forensic medicine has taken over tasks that were
previously performed only by clinical pathology. In Ham-
burg, virtually all autopsies on COVID-19 decedents were
performed by the Department of Legal Medicine on behalf
of the health authorities.

Although severe and critical SARS-CoV-2-associated dis-
ease has been described for MIS-C, COVID-19 mortality
is usually low in children [10, 12]. The case presented here
is one of the rare fatal courses of pediatric COVID-19 with
ARDS and superinfection.

Autopsy findings of the lungs showed bronchopneumonia
with multiple abscesses. Furthermore, both lungs showed

diffuse consolidation changes, edema, and massive hemor-
rhage. Microscopically, typical signs of DAD were present,
similar to those found in adult decedents with COVID-19.
This is consistent with the results of biopsies taken antemor-
tem. Most likely, the DAD in this child was also due to infec-
tion with SARS-CoV-2, whereas the abscesses were likely
caused by superinfection with Pseudomonas aeruginosa.

There are various reports of cardiac failure due to MIS-C
in children Myocarditis and involvement of the coronaries
are also described [4, 5, 9, 19], which were not detectable
in the autopsy. Even though myocarditis was first suspected,
it could also not be confirmed histologically. However, this
does not rule out very recent damage to the myocardium,
which may not yet have been demarked.

The lungs were congested with blood and heavy. This
is consistent with autopsy findings from other cases [24].
Particularly striking was the high weight of the lungs (right:
513 g; left 442 g) in relation to age and body length (age-
related norm: right lung: 60-306 g; left lung: 54-270 g;
height class reference: right lung: 51-337 g; left lung
42-303 g) [15]. In addition to the massive inflammatory
changes in the lungs, the girl’s obesity (BMI > 99th percen-
tile) was likely a contributing factor to the fatal course of the
disease. In her case, all organs except the spleen had weights
that were above average for her age. Other published case
reports and studies suggest that obesity increases the risk
for severe courses of SARS-CoV-2 infection in adults and
children [2, 4, 17].

As of April 2021, there have been only two cases of fatal
SARS-CoV-2 infection in children at the University Medical
Center Hamburg Eppendorf, and only that case was variant
B.1.1.7.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00414-021-02687-9.

Funding Open Access funding enabled and organized by
Projekt DEAL.

Declarations

Ethical approval This article does not contain any studies on living
patients or animals performed by any of the authors.

Informed consent Informed consent was obtained from all individual
participants (or their legal representatives) for whom identifying infor-
mation is included in this article.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are

@ Springer


https://doi.org/10.1007/s00414-021-02687-9

192

International Journal of Legal Medicine (2022) 136:189-192

included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

Abrams JY, Oster ME, Godfred-Cato SE et al (2021) Factors
linked to severe outcomes in multisystem inflammatory syndrome
in children (MIS-C) in the USA: a retrospective surveillance
study. Lancet Child Adolesc Health 2021:S2352-4642

Ahmed M, Advani S, Moreira A, Zoretic S, Martinez J et al (2020)
Multisystem inflammatory syndrome in children: a systematic
review. EClinicalMedicine 26:100527. https://doi.org/10.1016/j.
eclinm.2020.100527

Anandh U (2020) SARS CoV-2 infection in children. J Ren Nutr
Metab 6(1):12. https://doi.org/10.4103/jrnm.jrnm_14_20
Beaudry JT, Dietrick B, Lammert DB, Constas A, McCaw J et al
(2021) Fatal SARS-CoV-2 inflammatory syndrome and myocardi-
tis in an adolescent: a case report. Pediatr Infect Dis J 40(2):E72—
E76. https://doi.org/10.1097/INF.0000000000002978

Belhadjer ZM, Bonnet DP (2020) Acute heart failure in multi-
system inflammatory syndrome in children in the. Circulation
142(5):429-436. https://doi.org/10.1161/CIRCULATIONAHA.
120.048360

Bhopal SS, Bagaria J, Olabi B, Bhopal R (2021) Children and
young people remain at low risk of COVID-19 mortality. Lancet
Child Adolesc Health 5(5):e12—e13

Bhopal SS, Bagaria J, Olabi B, Bhopal R (2020) COVID-19
deaths in children: comparison with all- and other causes and
trends in incidence of mortality. Public Health 188:32-34
Brookman S, Cook J, Zucherman M, Broughton S, Harman K,
Gupta A (2021) Effect of the new SARS-CoV-2 variant B.1.1.7 on
children and young people. Lancet Child Adolesc Health 5(4):e9—
el0. https://doi.org/10.1016/52352-4642(21)00030-4

Buja LM, Wolf D, Zhao B, Akkanti B, McDonald M, Lelenwa L
et al (2020) The emerging spectrum of cardiopulmonary pathol-
ogy of the coronavirus disease 2019 (COVID-19): Report of 3
autopsies from Houston, Texas, and review of autopsy findings
from other United States cities. Cardiovasc Pathol 48:107233.
https://doi.org/10.1016/j.carpath.2020.107233

Davies P, Evans C, Kanthimathinathan HK, Lillie J, Brierley J,
Waters G et al (2020) Intensive care admissions of children with
paediatric inflammatory multisystem syndrome temporally asso-
ciated with SARS-CoV-2 (PIMS-TS) in the UK: a multicentre
observational study. Lancet Child Adolesc Health 4(9):669-677.
https://doi.org/10.1016/S2352-4642(20)30215-7

Edler C, Schroder AS, Aepfelbacher M, Fitzek A, Heinemann
A et al (2020) Dying with SARS-CoV-2 infection-an autopsy
study of the first consecutive 80 cases in Hamburg, Germany.
Int J Legal Med 134(4):1275-1284. https://doi.org/10.1007/
s00414-020-02317-w

Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM
et al (2020) Multisystem Inflammatory Syndrome in U.S. Children
and Adolescents. N Engl ] Med 383(4):334-346. https://doi.org/
10.1056/nejmoa2021680

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Hong H, Wang Y, Chung H, Chen C (2020) Since January 2020

Elsevier has created a COVID-19 resource centre with free
information in English and Mandarin on the novel coronavirus
COVID- research that is available on the COVID-19 resource cen-
tre - including this with acknowledgement of the origin. January.
Liu Q, Wang RS, Qu GQ, Wang YY, Liu P et al (2020) Gross
examination report of a COVID-19 death autopsy. Fa Yi Xue Za
Zhi 36(1):21-23. https://doi.org/10.12116/j.issn.1004-5619.2020.
01.005

Molina DK, Pinneri K, Stash JA, Li L, Vance K et al (2019) Organ
weight reference ranges for ages 0 to 12 years. Am J Forensic Med
Pathol 40(4):318-328. https://doi.org/10.1097/PAF.0000000000
000481

Norz D, Grunwald, Olearo F, et al. (2021) Evaluation of a fully
automated high-throughput SARS-CoV-2 multiplex qPCR assay
with build-in screening functionality for DelHV69/70- and N501Y
variants such as B.1.1.7. https://doi.org/10.1101/2021.02.12.
21251614

Petrakis D, Margind D, Tsarouhas K, Tekos F, Stan M et al (2020)
Obesity - a risk factor for increased COVID-19 prevalence, sever-
ity and lethality (review). Mol Med Rep 22(1):9-19. https://doi.
org/10.3892/mmr.2020.11127

Piischel K, Sperhake JP (2020) Corona deaths in Hamburg, Ger-
many. Int J Legal Med 134(4):1267-1269. https://doi.org/10.1007/
s00414-020-02332-x

Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, The-
ocharis P (2020) Hyperinflammatory shock in children during
COVID-19 pandemic. Lancet 395(10237):1607-1608. https://doi.
org/10.1016/S0140-6736(20)31094-1

Shekerdemian LS, Mahmood NR, Wolfe KK, Riggs BJ, Ross
CE et al (2020) Characteristics and outcomes of children with
coronavirus disease 2019 (COVID-19) infection admitted to
US and Canadian pediatric intensive care units. JAMA Pediatr
174(9):868-873. https://doi.org/10.1001/jamapediatrics.2020.
1948

Sperhake JP (2020) Autopsies of COVID-19 deceased? Abso-
lutely! Leg Med (Tokyo) 47:101769. https://doi.org/10.1016/j.
legalmed.2020.101769

Sudhakar M, Jindal AK (2020) Pediatric inflammatory multi-
system syndrome temporally associated with COVID-19. Indian
Pediatr 57(9):868. https://doi.org/10.1007/s13312-020-1975-7
Wang HJ (2020) From SARS-CoV to SARS-CoV-2: the response
and challenge of forensic infectious disease autopsy. Fa Yi Xue Za
Zhi 36(1):1-3. https://doi.org/10.12116/j.issn.1004-5619.2020.01.
001

Wichmann D, Sperhake JP, Liitgehetmann M, Steurer S, Edler C
et al (2020) Autopsy findings and venous thromboembolism in
patients With COVID-19: a prospective cohort study. Ann Intern
Med 173(4):268-277. https://doi.org/10.7326/M20-2003

World Health Organization (2020) Multisystem inflammatory syn-
drome in children and adolescents temporally related to COVID-
19: scientific brief 15 May 2020. Who 10(May): 1-9. http://www.
who.int/news-room/commentaries/detail/multisystem-inflammato
ry-syndrome-in-children-and-adolescents-with-covid-19

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eclinm.2020.100527
https://doi.org/10.1016/j.eclinm.2020.100527
https://doi.org/10.4103/jrnm.jrnm_14_20
https://doi.org/10.1097/INF.0000000000002978
https://doi.org/10.1161/CIRCULATIONAHA.120.048360
https://doi.org/10.1161/CIRCULATIONAHA.120.048360
https://doi.org/10.1016/S2352-4642(21)00030-4
https://doi.org/10.1016/j.carpath.2020.107233
https://doi.org/10.1016/S2352-4642(20)30215-7
https://doi.org/10.1007/s00414-020-02317-w
https://doi.org/10.1007/s00414-020-02317-w
https://doi.org/10.1056/nejmoa2021680
https://doi.org/10.1056/nejmoa2021680
https://doi.org/10.12116/j.issn.1004-5619.2020.01.005
https://doi.org/10.12116/j.issn.1004-5619.2020.01.005
https://doi.org/10.1097/PAF.0000000000000481
https://doi.org/10.1097/PAF.0000000000000481
https://doi.org/10.1101/2021.02.12.21251614
https://doi.org/10.1101/2021.02.12.21251614
https://doi.org/10.3892/mmr.2020.11127
https://doi.org/10.3892/mmr.2020.11127
https://doi.org/10.1007/s00414-020-02332-x
https://doi.org/10.1007/s00414-020-02332-x
https://doi.org/10.1016/S0140-6736(20)31094-1
https://doi.org/10.1016/S0140-6736(20)31094-1
https://doi.org/10.1001/jamapediatrics.2020.1948
https://doi.org/10.1001/jamapediatrics.2020.1948
https://doi.org/10.1016/j.legalmed.2020.101769
https://doi.org/10.1016/j.legalmed.2020.101769
https://doi.org/10.1007/s13312-020-1975-7
https://doi.org/10.12116/j.issn.1004-5619.2020.01.001
https://doi.org/10.12116/j.issn.1004-5619.2020.01.001
https://doi.org/10.7326/M20-2003
http://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
http://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
http://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19

	Fatal outcome of SARS-CoV-2 infection (B1.1.7) in a 4-year-old child
	Abstract
	Introduction
	Case-report
	Discussion
	References


