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Abstract: Background: Pediatric COVID-19 is a current health burden mostly due to the lack of
knowledge in terms of symptoms, clinical course and management. COVID-19-associated coag-
ulopathy is one of the most recently described complications among adults, along with acquired
thrombophilia resulting in an increased risk for venous, arterial and microvascular thrombosis. Case
presentation: We report the case of a 4-year-old male child, admitted to our clinic for generalized
seizures being intubated and mechanically ventilated before admission, with a personal history of
ureterovesical junction obstruction, mild hydronephrosis, and an episode of generalized seizures.
The laboratory tests revealed anemia, an increased number of monocytes, and a mildly increased
C-reactive protein. A real-time polymerase chain reaction (RT-PCR) of the oropharyngeal swab
was performed and it tested positive for SARS-CoV-2 in the child and both of his parents. The
thoracic CT showed consolidation in the lower lobe of the left lung associated with an opacity in
the right apex, suggesting possible atelectasis. We initiated antibiotic, antiviral, corticosteroids, as
well as anticoagulants and antipyretics, continuing the chronic anticonvulsant therapy. The patient’s
condition deteriorated progressively, and, after 72 h of hospitalization, he developed desaturation
and bradycardia. The laboratory parameters on the third day showed leucopenia, neutropenia,
increased creatine kinase, a high ferritin level, hypoalbuminemia, a prolonged prothrombin time
and an increased international normalized ration. The patient died on the fourth day of admission.
Conclusion: In spite of its low incidence and frequent benign clinical course, COVID-19 complications
such as coagulopathy might represent a leading cause of death, even in pediatric patients.

Keywords: SARS-CoV-2; COVID-19; coagulopathy; pneumonia; children

1. Introduction

Coronavirus disease 2019 (COVID-19) is the most recent infectious disease, emerging
in December 2019 in Wuhan, China, and caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). It has quickly become a global burden for both clinicians
and healthcare systems [1]. Unfortunately, we are not nearly close to the end of this pan-
demic and healthcare providers continue to be overwhelmed in most countries worldwide.
Each day of the pandemic reveals additional challenges in daily practice and there are
still multiple knowledgegaps in terms of pathogenesis, clinical picture and standardized
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protocol of treatment. It was noticed that COVID-19 especially affects adults, but the
incidence of this condition in children increased over time, reaching up to 8.8% of the
total cases in USA, according to CDC reports updated on the 10th of October [2]. The
CDC reported that the cases diagnosed between 04 years accounted for 1.9%, while those
between 5-17 years for 6.9%. Nevertheless, the deaths between 0—4 years and 5-17 years
were encountered in less than 0.1% of the patients. In Europe, 6,918,265 million people
were confirmed to have COVID-19 as of 10th of October 2020, resulting in 246,709 deaths.
Out of these COVID-19-related deaths in Europe, 5358 were in Romania, accounting for
an alarming mortality rate of 2.17% [3]. Fortunately, children represented only 6% of all
confirmed cases in Romania, with 3526 cases in the 0-9 years age group and 6337 in the
10-19 years age group [4]. Surprisingly, only one death caused by COVID-19 was reported
in Romania up to this date in the age group of 10-19 years. Therefore, Romania follows the
pattern reported worldwide in terms of COVID-19 severity in pediatric patients. There are
multiple hypotheses explaining the lower incidence and milder forms in children, such
as: (1) the immaturity of the immune system; (2) the improper distribution, maturation
and functioning of the angiotensin-converting enzyme 2; or (3) the presence of other viral
infection that might limit the replication of SARS-CoV-2 [5-7].

The clinical spectrum of children with COVID-19 varies from asymptomatic, the most
common situation, to life-threatening forms in rare cases. The scarcity of COVID-19 data
in pediatric patients results from an increased frequency of asymptomatic cases and sub-
sequent low rate of testing in this age group. Thus, a large pediatric review underlined
that 13% of patients with a virologically confirmed SARS-CoV-2 infection were asymp-
tomatic [8]. In those who experienced symptoms, the most frequently encountered were
fever, cough, sore throat, sneezing, wheezing, myalgia, and fatigue [8]. Gastrointestinal
symptoms might also appear in patients with this novel infection, with a loss of appetite
being more common among adults, while diarrhea might be encountered in both adults
and children [9]. The prevalence of life-threatening forms of COVID-19 in children seems
to be inversely related to age, according to the findings of Dong et al., who underlined that
half of the children with critical forms of COVID-19 were between 0 and 1 years old [8].
COVID-19-associated coagulopathy is one of the most recently described complications of
this infection among adults, along with acquired thrombophilia, resulting in an increased
risk for venous, arterial and microvascular thrombosis [10].

Therefore, we report the case of the youngest child who died of COVID-19 and
the second pediatric COVID-19-related death from Romania, as of October 2020. This
underlines that, despite the lower incidence of COVID-19 in children compared to adults,
this infection might result in severe forms and life-threatening complications, such as
coagulopathy and even death.

The written informed consent was obtained from the patient’s mother prior to publi-
cation of this case.

2. Case Report
2.1. Presenting Concerns

We report the case of a 4-year-old male child, admitted to our clinic for generalized
seizures, which persisted in spite of anticonvulsant therapy (Diazepam), with no previous
acute symptoms. His personal history revealed ureterovesical junction obstruction, mild
hydronephrosis, and an episode of generalized seizures approximately 2 months before
the current admission for which chronic therapy with sodium valproate (Depakine) was
recommended. We must mention that the brain MRI performed at that time was normal.
The family history showed the presence of ageusia and anosmia in both parents.

2.2. Clinical Findings

At the time of admission, the patient was intubated and mechanically ventilated and
the clinical exam revealed only pallor.
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2.3. Diagnostic Focus and Assessment

The laboratory tests performed on the day of admission revealed anemia (Hemoglobin—Hb
9.98 g/dL, Hematocrit—Htc 28.54%), a severely increased number of monocytes (9624/uL),
and a mildly increased C-reactive protein (CRP 7 mg/L). Taking into account the family
history, a real-time polymerase chain reaction (RT-PCR) of the oropharyngeal swab was per-
formed and it tested positive for SARS-CoV-2. Moreover, both parents were confirmed with
this infection. Both urine and blood cultures were negative. The serology for viral hepatitis
B and C, as well as antinuclear and anti-double-strained DNA antibodies were negative.
We performed a thoracic computed tomography (CT), which showed consolidation in the
lower lobe of the left lung associated with an opacity in the right apex, suggesting possible
atelectasis (Figures 1 and 2). The cranial CT revealed no pathological findings. The patient
was admitted to the intensive care unit with a diagnosis of COVID-19 in a severe form.

PRS0 \\V: 1510 [D]
MPR

I

WL - 280- WY SO Y] ; 3 WL: -480 WW: 1510 [D]

Figure 1. Chest CT scan lung window: multiplanar reconstructions (axial, sagittal and coronal views)
show atelectatic consolidation of the right upper lobe.

2.4. Therapeutic Focus and Assessment

We initiated antibiotic treatment (ceftriaxone 800 mg twice a day and amikacin 100 mg
twice a day), antiviral therapy (lopinavir/ritonavir 2.5 mL twice a day), corticosteroids
(Dexamethasone 4 mg twice a day), anticoagulants (enoxaparin 0.2 mL in a single daily
dose), and antipyretics (Paracetamol), and we continued the chronic anticonvulsant therapy
with sodium valproate. The second RT-PCR performed on the third day of admission was
also positive for SARS-CoV-2 infection. Unfortunately, the patient’s condition deteriorated
progressively, and, after approximately 72 h of hospitalization, he developed desatura-
tion and bradycardia. We repeated the laboratory parameters before the bradycardia
event and we found leucopenia (leukocytes 3500/ uL), neutropenia (neutrophils 1111/uL),
mildly increased creatin kinase (280 U/L), a high ferritin level (121 ng/mL, normal ranges
7-84 ng/mL), hypoalbuminemia (3.29 g/dL), a prolonged time of prothrombin (22.3 s) and
an increased international normalized ration (INR 1.74).

2.5. Follow-Up and Outcome

Despite all efforts to resuscitate the patient, he died on the fourth day of admission.
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Figure 2. Chest CT scan lung window: multiplanar reconstructions (axial, sagittal and coronal views)
also show atelectasis of several segments in the left lung (ventral segment from upper lobe, apical
and posterior segments from lower lobe).

3. Discussions

The incidence of COVID-19 in pediatric patients is reported to be lower in comparison
to adults. A large review from China revealed that, out of 44,672 patients who tested
positive for SARS-CoV-2, only 2% were aged between 0-19 years [11]. The reports from
other countries worldwide showed an incidence between 1 and 5% and an even lower
hospitalization rate in the case of children diagnosed with this condition [12,13]. Moreover,
severe forms of COVID-19 express a low prevalence in this age group according to a large
review performed by Dong et al.: 10.6% under the age of 1 year, 7.3% for children 1-5 years,
4.2% for 6-10 years, 4.1% for 11-15 years, and only 3% for teenagers 16-17 years [8]. These
findings suggest a particular course of COVID-19 in children mostly due to their age-related
peculiarities [5-7].

In spite of the fact that the lack of symptoms is relatively common in children, a wide
spectrum of respiratory and digestive symptoms might be encountered in children with
SARS-CoV-2, among which cough, pharyngeal erythema, fever, dyspnea, cyanosis, loss of
appetite, diarrhea, gastrointestinal bleeding, abdominal pain, nausea or vomiting [8,14,15].
Nevertheless, according to the mother, our patient was completely asymptomatic before the
seizures, in spite of the thoracic CT findings that definitely required a certain amount of time
to appear. Laboratory parameters are usually unspecific for the diagnosis of SARS-CoV-2
infection, according to a review performed on 66 children, which revealed that 69.2% were
found with a normal leukocyte count, 6% presented neutropenia, 4.6% neutrophilia, and 3%
lymphopenia, while an increased CRP level was encountered in 13.6% of the cases [16]. The
initial laboratory parameters in our cases showed only anemia, monocytosis, and a mildly
increased C-reactive protein. Nevertheless, once the patient’s clinical course worsened,
he developed leukopenia and neutropenia, along with hypoalbuminemia, also expressing
mildly increased levels of ferritin and creatin kinase. Radiological findings might contribute
to the diagnosis, revealing multilobar involvement, a peripheral distribution of lung lesions,
consolidations with a surrounding halo and glass opacities, which are commonly seen on
chest CT, and present in one-third of COVID-19 pediatric patients [14,17]. The chest CT
performed in our case revealed consolidation within the inferior left lobe and an opacity in
the right apex suggesting a multilobar involvement and peripheral distribution of the lesions.
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COVID-19 coagulopathy is likely the most severe complication that might occur as
a result of this novel condition, only being reported in adult patients until now. Thus,
venous and arterial thrombosis, including deep venous thrombosis, pulmonary embolism,
ischemic stroke, systemic arterial thrombosis and myocardial infarction were reported
as possible events in COVID-19 patients [10]. A study performed on 184 patients with
COVID-19 pneumonia reported an incidence of thrombotic events of 31%, among which
27% were pulmonary embolisms, all patients being admitted in the intensive care unit and
administered standard thromboprophylaxis with low-molecular-weight heparin [18]. The
authors proved that thrombotic events might be predicted by older ages and suggestive
of screening blood tests, such as prothrombin for a time over 3 s above the upper normal
limit, and activated thromboplastin time for a time over 5 s above the upper limit of nor-
mal ranges [18]. Moreover, Tang et al. underlined that abnormal coagulation parameters,
such as an increased D-dimers levels, prolonged prothrombin time, increased activated
thromboplastin time and fibrinogen degradation products, representing predictors of
poor prognosis, and frequently encountered in COVID-19 pneumonia non-survivors [19].
Additionally, the changes in these parameters persisted after hospitalization, with fib-
rinogen concentrations and antithrombin activity becoming normal over time in certain
patients [19]. Another study, which included 150 patients admitted to the intensive care
unit with COVID-19 and acute respiratory distress syndrome (ARDS), revealed a signifi-
cantly higher incidence of thromboembolic events in these patients compared to those with
non-COVID-19, infection-associated ARDS [20]. Anticoagulant therapy, i.e., low-molecular-
weight heparin administered for at least 7 days was proven to be associated with a lower
28-day mortality according to a study performed on 445 patients with COVID-19-induced
sepsis [21]. Consumptive coagulopathy and hypercoagulability are also possible in the
most severe cases of COVID-19, requiring extracorporeal membrane oxygenation [22].
Our patient most likely presented COVID-19-pneumonia-associated coagulopathy de-
spite the early, initiated, preemptive anticoagulant therapy, considering the prolonged
prothrombin time and increased INR. Unfortunately, due to the rapid deterioration of
our patient, we were not able to perform additional tests, such as D-dimers, fibrinogen or
activated thromboplastin time. The autopsies of four patients confirmed with SARS-CoV-2
infection, who were associated with increased fibrinogen, ferritin, D-dimers levels and a
prolonged prothrombin time revealed diffusely edematous lung parenchyma, peripheral
hemorrhage within the lung parenchyma, and the presence of small and firm thrombi
within the parenchyma on sections [23]. In addition to the prolonged prothrombin time
and increased INR, our patient also encountered a higher level of ferritin, emphasizing
once more the presence of COVID-19-associated coagulopathy as the most likely cause of
death. The pathophysiology of this acquired syndrome, which has recently emerged, is
not fully understood, but it seems that it follows Virchow’s Triad, a fundamental model
based on the interaction between the following three components: abnormalities of the
blood flow; pathological changes within the blood vessels wall or endothelial surface; and
circulating prothrombotic constituents, including viral RNA, factor Xla, the von Willebrand
factor, thrombin-fibrin complex, cell-free DNA and platelet activation [10].

The limitations of this case report derive from the fact that we were not able to also
determine the fibrinogen, D-dimers and activated thromboplastin time, which would
have further sustained our diagnosis of COVID-19-associated coagulopathy. Moreover,
it would have been useful to perform an autopsy in order to notice the macroscopic and
microscopic changes within the lung parenchyma, but our legislation does not allow this
in patients diagnosed with this condition. Nevertheless, this case report definitely adds
valuable findings to the literature and to the current management of pediatric patients with
COVID-19 since, to the best of our knowledge, it is the first pediatric case that suggested
COVID-19-associated coagulopathy as the likely cause of death. Moreover, this case is
of the youngest patient reported to have a COVID-19-related death in Romania, and the
second case in pediatric age groups.



Children 2021, 8, 1128 60f7

4. Conclusions

Pediatric COVID-19 is a current health burden, mostly due to the lack of knowledge
in terms of symptoms, clinical course and management. In spite of its low incidence and
frequent benign clinical course, COVID-19 complications such as coagulopathy might
represent a leading cause of death, even in pediatric patients. Therefore, there is an urgent
need for further studies in order to develop a standardized treatment protocol for COVID-
19 and its associated complications, especially in children and all the reports related to this
novel disease might add valuable information for researchers worldwide.

Author Contributions: C.O.M., LEM., M.O.S,, 1.S., C.P. and ].S. conceptualized and designed the
study, drafted the initial manuscript, designed the data collection instruments, collected data, and
reviewed and revised the manuscript. All authors approved the final manuscript as submitted and
agree to be accountable for all aspects of the work. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: The written informed consent was obtained from the patient’s mother
prior to publication of this case.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Zhu, N,; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A Novel Coronavirus from
Patients with Pneumonia in China, 2019. N. Engl. ]. Med. 2020, 382, 727-733. [CrossRef]

2. CDC. Coronavirus Disease 2019 (COVID-19) in the U.S. Available online: https://www.cdc.gov/covid-data-tracker (accessed on
11 October 2020).

3. Romania: WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https://covid19.who.int (accessed on 11 Octo-
ber 2021).

4. Date La Zi. Available online: https://datelazi.ro (accessed on 11 October 2021).

5. Murray, M.A,; Chotirmall, S.H. The Impact of Inmunosenescence on Pulmonary Disease. Mediat. Inflamm. 2015, 2015, 692546.
[CrossRef] [PubMed]

6. Lee, P-I; Hu, Y.-L.; Chen, P--Y.; Huang, Y.-C.; Hsueh, P--R. Are Children Less Susceptible to COVID-19? |. Microbiol. Immunol.
Infect. 2020, 53, 371-372. [CrossRef] [PubMed]

7. Nickbakhsh, S.; Mair, C.; Matthews, L.; Reeve, R.; Johnson, P.C.D.; Thorburn, F.; von Wissmann, B.; Reynolds, A.; McMenamin, J.;
Gunson, R.N.; et al. Virus-Virus Interactions Impact the Population Dynamics of Influenza and the Common Cold. Proc. Natl.
Acad. Sci. USA 2019, 116, 27142-27150. [CrossRef] [PubMed]

8. Dong, Y.; Mo, X,; Hu, Y;; Qi, X; Jiang, F; Jiang, Z.; Tong, S. Epidemiological Characteristics of 2143 Pediatric Patients with 2019
Coronavirus Disease in China. Pediatrics 2020, 58, 712-713. [CrossRef]

9. Tian, Y;; Rong, L.; Nian, W.; He, Y. Review Article: Gastrointestinal Features in COVID-19 and the Possibility of Faecal
Transmission. Aliment. Pharmacol. Ther. 2020, 51, 843-851. [CrossRef] [PubMed]

10. Becker, R.C. COVID-19 Update: COVID-19-Associated Coagulopathy. J. Thromb. Thrombolysis 2020, 50, 54—67. [CrossRef]
[PubMed]

11.  The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team. The Epidemiological Characteristics of an
Outbreak of 2019 Novel Coronavirus Diseases (COVID-19)—China, 2020. CCDCW 2020, 2, 113-122. [CrossRef]

12.  Livingston, E.; Bucher, K. Coronavirus Disease 2019 (COVID-19) in Italy. JAMA 2020, 323, 1335. [CrossRef] [PubMed]

13.  CDC COVID-19 Response Team. Severe Outcomes among Patients with Coronavirus Disease 2019 (COVID-19)—United States,
February 12-March 16, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 343-346. [CrossRef] [PubMed]

14. Lu, X; Zhang, L.; Du, H.; Zhang, J.; Li, Y.Y;; Qu, J.; Zhang, W.; Wang, Y.; Bao, S.; Li, Y.; et al. SARS-CoV-2 Infection in Children. N.
Engl. J. Med. 2020, 382, 1663-1665. [CrossRef] [PubMed]

15. Dan, E; Jingdong, M.A; Jialun, G.; Muru, W.; Yang, S.; Dean, T.; Peiyuan, L.I. Manifestations of Digestive System in Hospitalized
Patients with Novel Coronavirus Pneumonia in Wuhan, China: A Single-Center, Descriptive Study. Chin. J. Dig. 2020, 40, E005.
[CrossRef]

16. Ludvigsson, ].F. Systematic Review of COVID-19 in Children Shows Milder Cases and a Better Prognosis than Adults. Acta

Paediatr. 2020, 109, 1088-1095. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa2001017
https://www.cdc.gov/covid-data-tracker
https://covid19.who.int
https://datelazi.ro
http://doi.org/10.1155/2015/692546
http://www.ncbi.nlm.nih.gov/pubmed/26199462
http://doi.org/10.1016/j.jmii.2020.02.011
http://www.ncbi.nlm.nih.gov/pubmed/32147409
http://doi.org/10.1073/pnas.1911083116
http://www.ncbi.nlm.nih.gov/pubmed/31843887
http://doi.org/10.1542/peds.2020-0702
http://doi.org/10.1111/apt.15731
http://www.ncbi.nlm.nih.gov/pubmed/32222988
http://doi.org/10.1007/s11239-020-02134-3
http://www.ncbi.nlm.nih.gov/pubmed/32415579
http://doi.org/10.46234/ccdcw2020.032
http://doi.org/10.1001/jama.2020.4344
http://www.ncbi.nlm.nih.gov/pubmed/32181795
http://doi.org/10.15585/mmwr.mm6912e2
http://www.ncbi.nlm.nih.gov/pubmed/32214079
http://doi.org/10.1056/NEJMc2005073
http://www.ncbi.nlm.nih.gov/pubmed/32187458
http://doi.org/10.3760/cma.j.issn.0254-1432.2020.0005
http://doi.org/10.1111/apa.15270
http://www.ncbi.nlm.nih.gov/pubmed/32202343

Children 2021, 8, 1128 70f7

17.

18.

19.

20.

21.

22.

23.

Balasubramanian, S.; Rao, N.M.; Goenka, A.; Roderick, M.; Ramanan, A.V. Coronavirus Disease 2019 (COVID-19) in Children—
What We Know So Far and What We Do Not. Indian Pediatr. 2020, 57, 435-442. [CrossRef] [PubMed]

Klok, FA,; Kruip, M.J. H.A ; van der Meer, N.J.M.; Arbous, M.S.; Gommers, D.a.M.P].; Kant, KM.; Kaptein, EH.].; van Paassen, J.;
Stals, M.a.M.; Huisman, M.V,; et al. Incidence of Thrombotic Complications in Critically Ill ICU Patients with COVID-19. Thromb.
Res. 2020, 191, 145-147. [CrossRef]

Tang, N.; Li, D.; Wang, X.; Sun, Z. Abnormal Coagulation Parameters Are Associated with Poor Prognosis in Patients with Novel
Coronavirus Pneumonia. . Thromb. Haemost. 2020, 18, 844-847. [CrossRef]

Helms, E.; Coulson, C.C.; Galvin, S.L. Trends in Weight Gain during Pregnancy: A Population Study across 16 Years in North
Carolina. Am. J. Obstet. Gynecol. 2006, 194, e32—e34. [CrossRef] [PubMed]

Tang, N.; Bai, H.; Chen, X.; Gong, J.; Li, D.; Sun, Z. Anticoagulant Treatment Is Associated with Decreased Mortality in Severe
Coronavirus Disease 2019 Patients with Coagulopathy. J. Thromb. Haemost. 2020, 18, 1094-1099. [CrossRef] [PubMed]

Baron, D.M.; Franchini, M.; Goobie, S.M.; Javidroozi, M.; Klein, A.A.; Lasocki, S.; Liumbruno, G.M.; Mufioz, M.; Shander, A.;
Spahn, D.R.; et al. Patient Blood Management during the COVID-19 Pandemic: A Narrative Review. Anaesthesia 2020, 75,
1105-1113. [CrossRef] [PubMed]

Fox, S.E.; Akmatbekov, A ; Harbert, ].L.; Li, G.; Quincy Brown, J.; Vander Heide, R.S. Pulmonary and Cardiac Pathology in African
American Patients with COVID-19: An Autopsy Series from New Orleans. Lancet Respir. Med. 2020, 8, 681-686. [CrossRef]


http://doi.org/10.1007/s13312-020-1819-5
http://www.ncbi.nlm.nih.gov/pubmed/32273490
http://doi.org/10.1016/j.thromres.2020.04.013
http://doi.org/10.1111/jth.14768
http://doi.org/10.1016/j.ajog.2006.01.025
http://www.ncbi.nlm.nih.gov/pubmed/16647894
http://doi.org/10.1111/jth.14817
http://www.ncbi.nlm.nih.gov/pubmed/32220112
http://doi.org/10.1111/anae.15095
http://www.ncbi.nlm.nih.gov/pubmed/32339260
http://doi.org/10.1016/S2213-2600(20)30243-5

	Introduction 
	Case Report 
	Presenting Concerns 
	Clinical Findings 
	Diagnostic Focus and Assessment 
	Therapeutic Focus and Assessment 
	Follow-Up and Outcome 

	Discussions 
	Conclusions 
	References

