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Abstract

Clinic after Irakli Tsitsishvili.

process, rather than a thrombotic event.

COVID-19, LDH in Pediatric COVID-19.

Introduction: In 2019, a new strain of Coronavirus - Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-COV-2) emerged first in
China, and then it spread worldwide wreaking havoc on numerous countries and numerous lives. In the pediatric population, disease progression
is relatively milder, however, it is of vital importance to gather and analyze the existing data.

Methods: We reviewed and gathered data from all the hospitalized patients with Coronavirus Disease 2019 (COVID-19) diagnoses during the
period between November 2020 and March 2021. Medical records of 604 children aged between 0-18 years were collected at Children's New

Results: The results showed the importance of Ferritin and D-dimer as inflammatory markers and a direct correlation between high numbers
and severity of the disease. D-dimer, however, in comparison to the adult population, is more likely to be predictive of a severe inflammatory

Conclusion: We can conclude that SARS-COV-2 causes significantly milder disease in children than in adults. However, the infection spreads
much quicker among children because of low adherence to recommended protective actions habits and high morbidity can still cause issues
since multiple complications can occur during and after COVID-109.

Keywords: MIS-C, AKI, SARS-COV-2, Bilateral Pneumonia, Severe COVID-19, D-Dimer in pediatric COVID-19, Ferritin in pediatric

Introduction

In 2019, a new strain of Coronavirus SARS-COV-2 emerged first in
China, and then it spread worldwide wreaking havoc on numerous
countries and numerous lives [1-3]. Therefore, a pandemic has been
declared by WHO [4]. In general, COVID-19 cases in pediatric
patients have been rather mild compared to the adult population
resulting in a lower hospitalization rate and close to zero death rate
[5-8]. Although, it is of vital importance to gather and analyze the

Methodology

This study will contain a retrospective review of medical records for
604 pediatric patients with ages 0-18 years, who had a laboratory-
confirmed diagnosis of COVID-19 and were hospitalized between
November 2020 and March 2021. The study was conducted following
the Helsinki Declaration, 1975, and Thilisi State Medical University
(TSMU) ethics committee approval (approval by meeting record 9,
13.01.2022). The data was gathered at Children’s New Clinic after
Irakli Tsitsishvili.

existing data from the hospitalized patients to further increase positive
outcomes for this population. Thus, we will be reporting clinical,
instrumental and laboratory data that have been acquired from 604
patients who tested positive for SARS-COV-2 and were hospitalized
in Children’s New Clinic After Irakli Tsitsishvili, which is the biggest
pediatric COVID center in Georgia.

Classification of Severity

The severity of the disease was classified into two groups: severe and
non-severe [9]. Patients who were considered severe had either one
or multiple of these conditions: dyspnea with desaturation (02 < 92
%), acute respiratory distress (ARD), shock, encephalopathy, acute
kidney injury (AKI), problems with coagulation, symptomatic
myocardial involvement [10]. All the patients who didn’t develop

these conditions were considered non-severe.
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Laboratory Assays

The laboratory assay data were collected in the following fashion:
baseline, which was collected and run upon admission of the patient;
intermediary, which was collected and run in between discharge and
admission; and endline, which was collected and run right before
discharge. It should be noted that not all patients were subjected to
intermediary and endline examinations, so the data could not be
collected for those patients. The main laboratory assays that will be
discussed here are Complete Blood Count (CBC), C-Reactive Protein
(CRP), Alanine transaminase (ALT), Aspartate transaminase (AST),
Ferritin, D-Dimer, Lactate dehydrogenase (LDH), and Procalcitonin
(PCT).

Results

General Cohort Information

During the period between November 2020 and March 2021, 604
patients were hospitalized at Children’s New Clinic (CNC). Out of
604, 290 were female and 314 were male. The majority of the patients
(462/604, 76.5 %) were 5 years and younger. The most frequent
presenting symptoms and signs were fever (450/604, 74.5 %), cough
(300/604, 49.7 %), vomiting/nausea (120/604, 19.8 %), diarrhea
(100/604, 16.5 %), catarrhal signs (76/604, 12.6 %), dyspnea (50/604,
8.3 %), headache (25/604, 4.1 %), abdominal pain (20/604, 3.3 %),
myalgia (6/604, 1 %). No lethal outcome was observed (Table 1).
Hospital Stay Duration

The average hospital stay duration for all patients was 6.6 days.

However, the mean hospital stay duration for patients younger than 2

Instrumental Examinations

Instrumental examinations, such as ultrasonography (US),
radiography, and computed tomography (CT), were also collected
from patients who underwent either one of these examinations.
Statistics

Microsoft Excel 2016 was used for basic statistics and the creation of
figures specifically for this study.

Study Limitations

The limitations of this study are that it is a retrospective study and it
reviews the medical record of only hospitalized patients, which means
the data here cannot be used to generalize to the whole population.
One more limitation is the period that the study was held, it should

not be generalized to every patient since variant-specific properties

might apply.

years was 11.8 days. The longest hospital stay was 50 days and the
shortest was 1 day. In total 325 (53.7 %) patients stayed five days or
less in the hospital, out of the 299 (95.1 %) were considered non-
severe, 16 (4.9 %) were severe. In the remaining 279 (46.3 %)
children, the hospital stay was more than 5 days. Out of those patients,
213 (76.3 %) were considered to be non-severe, and 66 (23.7 %) were
severe.

Severity of Disease

Out of 604 patients, 522 (86.4 %) were considered non-severe and 82
(13.6 %) were considered to be severe. The majority of the severe
patients were older than 5 years, therefore, out of 462 children, who
were younger than 5 years (Table 1), only 29 (6.2 %) were considered

to be severe.

Number of | Percentage (%)
Patients
Age < 5 years 462 76.5 % (462/604)
Age < 2 years 185 30.6 % (185/604)
Pneumonia 33 9.9 % (33/334)
Desaturation among patients with pneumonia | 10 30 % (10/33)
Severe 82 13.6 % (82/604)
Pericardial Effusion 7 8.5 % (7/82)
Pleural Effusion 8 9 % (8/82)
Multisystem Inflammatory Syndrome 4 0.6 % (4/604)
Children
Acute Kidney Injury 2 0.3 % (2/604)
Symptomatic Thrombotic Event 0 0
Death 0 0

Instrumental Examinations

Radiographic examination of the chest was performed in 367 patients
out of which 33 (8.9 %) patients had abnormal results and 334 (91.1
%) did not present changes. Pathologies, such as bilateral pneumonia
(71367, 1.9 %), pneumonia (23/367, 6.3 %), pneumothorax with
pneumonia (3/367, 0.81 %) were detected. The maximum hospital
stay duration was 50 days for 1 patient and the minimum stay duration

was 3 days for 1 patient as well. 22 patients (67 %) had hospital

duration of 14 days or shorter, however, 11 patients (33%) had
hospital stay duration longer than 14 days.

7 cases of pericardial effusion were detected by ultrasound (US)
examination. Out of those seven patients, 5 were not showing typical
signs and symptoms of moderate or severe pericardial effusion, on the
other hand, 2 patients had dyspnea, while no lung injury was detected.

1 patient had aggressive disease progression with significantly

Citation: Chakhunasvhili K, Chakhunashvili DG, Kvirkvelia E, Chkhaidze M, Rekhviashvili D, et al. (2022) COVID-19 in Hospitalized Children: A Single-Center Retrospective Study of 604 patients. J Med Case Rep
and Case Series 3(13): https://doi.org/10.38207/JMCRCS/2022/DECA03130597



ACQUAINT

PUBLICATIONS

QuE

Journal of Medical Case Reports and Case Series*=/ ISSN: 2692-9880

elevated CRP (120 mg/L) and White Blood Cells (WBC) (20.2 x 103)
levels, although, no clinical signs or symptoms for pericardial

Laboratory Assays

CBC

Blood samples for CBC were retrieved from all the patients at the
baseline, 172 intermediary samples and 376 endline samples were
collected. The mean WBC count at the baseline was 7.86 x 103, the
mean WBC at intermediary collection was 7.8 x 103 and at the
endline 8.09 x 103 (Figure 1). The mean band count was 5.7 % at the

baseline, 4.3 % at the intermediary collection, and 2.9 % at the

effusion were detected. 8 cases of pleural effusion were detected, and

most of them were linked to lung injuries.

endline. The mean lymphocyte count was 44.5 % at the baseline,
46.11 % at intermediary collection, and 54.3 % at the endline.
Patients who stayed at the hospital for more than five days and were
considered severe had a mean WBC count of 9.1 x 103 at the baseline,
8.17 x 103 at an intermediary collection, and 7.8 x 103 at the endline.
Whilst, their mean band count was 7.6 %, 3.5 %, and 2.3 %,

respectively at the baseline, intermediary, and endline.

WBC (x 10%)

B WBC (Baseline

B WEC (intermediary)

W WBC (Endiline)

Figure 1: The figure depicts WBC count ranges at the baseline, at an intermediary, and at the endline. The highest values were 26.8 x 103, 21.6

x 103, and 22.6 x 103, respectively at the baseline, intermediary, and at the endline.

CRP

All patients at the baseline were subjected to collecting samples for
CRP measurement, 81 at the intermediary and 183 at the endline.
The mean results were as follows, 13.19 mg/L at the baseline, 13.78
mg/L at the intermediary collection, and 7.47 mg/L at the endline
(Figure 2). A maximum CRP level of 143 mg/L was detected. At the
baseline, CRP level above 50 mg/L was detected in 37 patients, out

of which 13 (35 %) were considered severe. CRP level below 50 was

detected in 567 patients, out of which only 61 (10.8 %) were
considered severe.

In children who had CRP levels above 50 mg/L, 10 (27 %) had
pneumonia, and half of them had bilateral lesions of the lung. Whilst,
out of the children who had CRP levels below 50 mg/L pneumonia
was detected in only 23 (4.01 %) and 4 had bilateral lung injury.

.
1
3

CRP (mg/L)

i E
L 1
W CRP (baseline) M CRP (intermediary) B CRP {Endline)

Figure 2: The figure depicts CRP level ranges at the baseline, at an intermediary, and at the endline. The highest values that we detected were 143

mg/L, 80.9 mg/L, and 78.08 mg/L, respectively at the baseline, intermediary, and at the endline.

Liver Function Tests (ALT, AST)
Sample for AST and ALT measurement was taken from 538 patients
at the baseline, 38 at an intermediary, and 27 at the endline. Mean
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values for AST were 38.2 IU/L, 41.9 IU/L, and 44 IU/L, respectively
at the baseline, intermediary, and endline. Whereas, the mean values
for ALT were 25.1 1U/L, 30.9 IU/L, and 32.16 IU/L (Figure 3).

AST was 100 IU/L or higher in 14 patients. Their average hospital
stay duration was 20 days (50 max., 3 min.). Out of the 9 (9/14, 64
%) were considered to be severe, 4 (4/14, 29 %) had pneumonia with
a single case (1/4, 25%) of confirmed bilateral lung injury. At the
same time, the number of severe patients, among those who had AST

< 100 IU/L, was 74 (74/524, 14.1%) and 27 (27/524, 5.1 %) had
pneumonia with 7 cases (7/27, 26 %) of the confirmed bilateral lesion.
ALT was 100 IU/L or higher in 9 patients. Their average hospital stay
duration was 29 days (50 max., 9 min.). Out of these children, 8 (8/9,
89 %) were considered to be severe, and 4 (4/9, 44 %) had pneumonia
with a single (1 /4, 25 %) bilateral lesion to the lungs. Among those,
who had ALT < 100 IU/L, only 62 (62/538, 11.5 %) were considered
to be severe, 26 (26/438, 4.8 %) had pneumonia with 7 cases (7/26,
27 %) of bilateral lung injury.

| e

W AT (Baseline) W AST (Intermediary)

AST/ALT (1U/L)

Figure 3: The figure demonstrates ranges of AST and ALT levels at the baseline, at an intermediary, and at the endline. The highest values for
AST were 341 1U/L, 200.5 IU/L, and 144 1U/L, whilst for ALT 340.1 1U/L, 217 1U/L, and 107.8 1U/L, respectively at the baseline, intermediary,

and at the endline.

Ferritin

Ferritin levels were measured in 182 children at the baseline, 45
children at an intermediary, and 53 at the endline. Mean values were
158 ng/ml, 181 ng/ml, and 161 ng/ml, respectively at the baseline,
intermediary, and ending (Figure 4).

Patients who had ferritin values of 500 ng/ml and higher at the
baseline had a mean hospital stay duration of 11 days (max. 35, min.

2). 23 patients had such ferritin values, out of which 14 (61 %) were

considered to be severe and 9 (39 %) were non-severe. 4 (4/24, 17%)
had pneumonia and all of them had bilateral lesions.

On the other hand, 158 patients had ferritin values lower than 500
ng/ml at the baseline. Their mean hospital stay duration was 3 days
(max. 5, min. 1). 27 (27/158, 17 %) were considered to be severe, 131
(131/158, 83 %) were non-severe. 13 (13/158, 8 %) had pneumonia
and only 3 out of 13 had bilateral lung injury.

[}

:
e

|

Ferritin (ng/ml)
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Figure 4: The figure shows ranges of ferritin levels at the baseline, at an intermediary, and at the endline. The highest values for ferritin were 3434

ng/ml, 879 ng/ml, and 650 ng/ml, respectively at the baseline, intermediary, and at the endline.

D-Dimer
D-Dimer was measured at the baseline in 125 children, 61 at an

intermediary, and 70 at the endline. Mean values were 1.99 mcg/ml,

5.92 mcg/ml, and 1.64 mcg/ml, respectively at the baseline,
intermediary, and ending (Figure 5).
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Among the patients who had hospital stays more than 5 days, the
mean D-Dimer value at the baseline was 2.41 mcg/ml, whilst those
who stayed 5 days or less had a mean value of 1.57 mcg/ml.

In those patients who were considered to be severe and had their D-
Dimer measured mean was 5.4 mcg/ml.

We also detected those 8 patients had D-dimer levels above 2 mcg/ml
(13.78 mcg/ml, 18.03 mcg/ml, 2.01 mcg/ml, 2.3 mcg/ml, 2.4 mcg/mi,
3.17 mcg/ml, 3.3 mcg/ml, 4.13 mcg/ml), and were considered non-
severe plus there was a serious discrepancy between these results and
other laboratory results together with the clinical course of the
disease. Therefore, the results were re-run and all of these patients
had their D-dimer results lower than 0.5 mcg/ml.

There were also patients, whose clinical course and other laboratory
results corresponded with the high D-Dimer levels. For example, one

patient, whose D-Dimer was 20.5 mcg/ml, LDH was as high as 7696
U/L, serum creatinine was 2.17 mg/dl, and had a severe course of the
disease with AKI and Multisystem Inflammatory Syndrome in
Children (MIS-C). Another example was a patient who had D-Dimer
35.2 mcg/ml, ferritin as high as 3434 ng/ml with progressive kidney
function deterioration, and in the end diagnosis of MIS-C was
considered. There also were 5 patients whose D-dimer levels were
also skyrocketing (1.85mcg/ml, 1.9 mcg/ml, 10.7 mcg/ml, 14.6
mcg/ml, 17.85 mcg/ml), all of them had signs for respiratory failure,
and radiologically 3 of them had bilateral lung lesions. 2 patients with
hypovolemic shock had significantly elevated D-Dimer levels (10.7

mcg/ml, 2.6 mcg/ml).

D-Dimer (mcg/ml)

M D-imer {Baseline)

s B

B D-Dimer (Intermediary)

D-Dimer (Endiine!

Figure 5: The figure presents ranges of D-Dimer level at the baseline, at intermediary, and at the endline. The highest values were 35.2 mcg/ml,

17.17 mcg/ml, and 35.1 mcg/ml, respectively at the baseline, intermediary, and at the endline.

LDH

LDH levels were measured in 151 patients at the baseline, in 13
patients at an intermediary, and in 15 patients at the endline. Mean
values that were received were 498 U/L, 804.6 U/L, and 354.6 U/L,

respectively at the baseline, intermediary, and ending (Figure 6).

We detected two instances when LDH levels were higher than 1500
U/L at the baseline. Both of them had MIS-C.

0 (B

LDH (U/L)

fine) M LDH (Intermediary) B LDH (Endline

Figure 6: The figure shows ranges of LDH levels at the baseline, at an intermediary, and at the endline. The highest values were 7696 U/L, 4414

U/L, and 354.6 mcg/ml, respectively at the baseline, intermediary, and at the endline.
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Discussion

In this single-center retrospective study, we tried to analyze the vast
amount of information that has been gathered at the Children’s New
Clinic after Irakli Tsitsishvili. Since the pandemic is still ravaging
Georgia, we will continue to monitor and try to detect variant-specific
characteristics of COVID-19.

The current data about the severity of SARS-COV-2-induced disease
suggests that the clinical course is much milder in children than in
adults, the data that we gathered are also suggestive of that [11-16].
Information that was gathered suggests that children who were
younger than 2 years had a longer hospital stay duration (6.6 days vs
11.8 days). Since the majority of the patients, who were considered to
be severe were 5 years and older, we took a deeper look at the medical
records for those below 2 years of age. A thorough analysis of their
medical history showed us that inability of the caregiver to follow
instructions for symptomatic treatment at home (mainly, adequate
hydration) and the high risk of severe dehydration, hypovolemia was
the reason for their prolonged hospital stay.

Radiographic data suggest that in the pediatric population lung
involvement is significantly lower when compared to the adult
population. As per our results, 33 cases of lung injury were confirmed
out of 367 patients, which is 8.9 %. Whilst, in adults this number is
drastically different and higher - it ranges anywhere between 47 % -
100 % [17-21].

Pericardial effusion was detected by ultrasonography in 7 patients,
out of which 2 children had dyspnea when no lung injury was
observed. Whilst it is already a well-established fact that myocardial,
pericardial, and coronary artery involvement is quite frequent in MIS-
C [22-24] our data together with other publications might be
suggestive of the fact that mild pericardial involvement with or
without myocardial involvement might be more frequent than
currently detected and might even be found in patients who did not
develop MIS-C [25,26].

We detected 4 patients with suggestive clinical and laboratory data
who were considered to have MIS-C according to CDC criteria [27].
2 of them had AKI, diarrhea, fever, gastrointestinal involvement
(elevated AST/ALT) hypoalbuminemia, low platelet count, increased
inflammatory markers (Ferritin, LDH, D-Dimer, Procalcitonin
(PCT)), effusion was found in peritoneal, pericardial and pleural
cavities, serum creatinine was increased in one patient (2.17 mg/dl),
which had oliguria and hypertension, the other patients had
progressively increased serum creatinine levels (last documented > 4
mg/dl), which eventually developed anuria and was transferred to a
hospital with the capability of hemodialysis. 1 patient had a fever,
vomiting, seizures, hypovolemia, and increased inflammatory
markers (CRP, PCT, D-Dimer). The fourth one had a fever, vomiting,
mucocutaneous involvement, effusion of the hip and knee joint, and
significantly elevated inflammatory markers (CRP, D-Dimer, PCT).
Blood cultures were negative for all of them. The minimum hospital

stay was 15 days, maximum of 35.

CRP was highly predictive of severe disease when levels were above
50 mg/dl at the baseline, as opposed to levels below 50 mg/dl. Our
data showed that in those children who had values > 50 mg/dl, 35 %
(13/37) were considered severe and 27 % (10/37) had lung injuries,
whilst 50 % (5/10) had bilateral injuries. Percentages were drastically
different from those who had values below 50 mg/dl, 10.8 % (61/567)
were severe, 4% (23/567) had pneumonia, and 17 % (4/23) had
bilateral injuries to the lung. According to this data and other
published data CRP can be a good tool in the assessment of the
disease progression and suspecting serious complications such as
MIS-C [28-30].

Increased AST and ALT levels equal to 100 IU/L and higher were
highly predictive of severe disease according to the data. In the case
of AST, children who had values > 100 IU/L had almost four times
the chance of severe disease (64 % vs 14 %) and more than five times
the chance of pneumonia (29 % vs 5 %). In the case of ALT, patients
who had values > 100 IU/L had almost eight times the chance of
severe disease (89 % vs 12 %) and almost ten times the chance of
developing pneumonia (44 % vs 4.8 %). Similar findings have been
found in other studies, reporting that levels below 100 IU/L were
mostly detected in non-severe patients, however, values above that
were frequently found in severe patients as well as in MIS-C cases
[31-33].

Ferritin levels were also quite useful in predicting serious
complications or severe disease if the levels were 500 ng/ml or higher.
These levels were also clearly associated with longer mean hospital
stay duration (11 days vs 3 days). The number of severe patients in
this group of children was as high as 61 % (14/23), while in those who
had < 500 ng/ml, this number was 17 % (27/158). There was also a
significant difference in the rate of pneumonia (17 % vs 8 %), all of
the patients (4/4) who had ferritin levels of 500 ng/ml or higher had
bilateral lung lesions, while in the other group — 23 % (3/13) had
bilateral injuries. These data are also following other articles that have
shown - ferritin levels can be an important marker of severe disease
both in the pediatric and adult population, although, in most of these
reports the pediatric population with high ferritin levels tends to have
hyperinflammatory processes, which was not the case in the data that
we are reporting [34-38].

Our findings of D-Dimer indicated that if high levels (>2 mcg/ml) are
detected and there are no other signs of a serious infection, it would
be wiser not to panic, observe the patient and/or redo the testing to
make sure that the received results are correct. On the other hand, the
data suggest if there are signs of serious infection, complication, or
other changes in inflammatory markers such as extremely high
ferritin, or LDH, it should be taken into account so that we do not
miss severe lung injury, AKI, MIS-C, etc. A thorough review of the
medical records for the patients who had high D-Dimer suggested that
in the pediatric population this was a sign of either a severe course of

the disease or hyperinflammatory process rather than being
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prognostic of a hypercoagulative state, the latter is also suggested and
reported by multiple authors as well [39-41].

We found that LDH was higher than 1500 U/L in two cases and both
patients were considered severe, both of them had clinical and
laboratory signs suggestive of MIS-C.

According to our data (Table 1) and other reported data, we can
underline that severity of the disease among the pediatric population

Conclusion

In the end, we can conclude that SARS-COV-2 causes significantly
milder disease in children than in adults. However, the infection
spreads quicker among children and high morbidity can still cause

issues since multiple complications can occur during and after
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