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Abstract

Severe acute respiratory syndrome coronavirus 2 is reappearing with an increasing

number of variants every day; this study aimed to determine the effect of B.1.1.7

(Alpha), B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) variants on hospitalization

rates. This single‐center study was conducted at the University of Health Sciences

Dr. Behçet Uz Children's Hospital fromMarch 11 to August 27, 2021. Variant analyses

of symptomatic patients admitted to the hospital who were found to be positive for

COVID 19 PCR was performed. Out of 680 cases, 329 (48.4%) were B.1.1.7 variant,

17 (2.5%) were B.1.351/P.1 variant, and 165 (24.2%) were B.1.617.2 variant. One

hundred and sixty‐nine (24.9%) case variant analysis results were negative. The hos-

pitalization rate of patients with the B.1.617.2 variant was 19.4%, the B.1.351/P.1

variant was 18%, the B.1.1.7 variant was 9.4%, and the negative variant was

10.1%. The B.1.617.2 (Delta) variant, which has become widespread all over the world

recently, increases the rate of hospitalization in children.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2),

which entered our lives in December 2019 and still affects millions of

people today, is going through a difficult process all over the world.

SARS‐CoV‐2 are enveloped, positive‐sense single‐stranded RNA

viruses of the Betacoronavirus genus of the Coronaviridae family.1 The

last two decades have seen three major outbreaks of pathogenic

zoonotic diseases caused by Betacoronaviruses including SARS‐CoV,

Middle East respiratory syndrome coronavirus (MERS‐CoV), and fi-

nally SARS‐CoV‐2 which causes the severe respiratory disease cor-

onavirus disease 2019 (COVID‐19).2

In SARS‐CoV‐2, which is an RNA virus, mutations occur naturally

as the virus reproduces. So far, thousands of mutations have

emerged, but only a very small fraction are likely to matter and alter

the virus in a significant way. The first mutation in the United King-

dom was detected in September 2020, and with the rapid increase of

cases, in December 2020, it was named VUI‐202012/01 (the first

"Variant Under Study" in December 2020) and was identified with a

set of 17 changes or mutations. One of the most important of these

mutations has been identified as an N501Y mutation in the spike

protein that the virus uses to bind to the human ACE2 receptor.

Changes in this part of the spike protein are thought to increase the

contagiousness of the virus.3 This variant was named B.1.1.7 or Alpha

variant.4 Studies from the United Kingdom suggest an increase in the

contagion of up to 71% over previous circulating strains of SARS‐

CoV‐2.5 At the same time, variant strains started to be seen in South

Africa in a similar period, December 2020. The South African variant,
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called the 501Y.V2 variant or Beta or B.1.351 lineage, is character-

ized by three mutations in the SARS‐CoV‐2 spike (S) protein: K417N,

E484K, and N501Y. The N501Y mutation is also present in the

United Kingdom VUI‐202012/01 variant.6 The third variant, the P.1

variant also known as Gamma variant or GR/501Y.V3, was identified

in December 2020 in Brazil. The fourth variant, B.1.617.2 also re-

ferred to as the Delta variant, was initially identified in December

2020 in India.4

Among the variant viruses spreading all over the world, the

B.1.1.7 variant was seen for the first time in January, the B.1.351 and

P.1 variant was seen in February, and the B.1.617.2 variant was seen

in April in Turkey.7‐9 The studies on the clinical importance of variant

SARS‐CoV‐2 mainly focused on adults, while there was limited data

about the effect of variants on the children's hospitalization rates. In

this study, we aimed to investigate the effect of variant viruses on

severity, hospitalization, and intensive care unit hospitalization rates.

2 | MATERIALS AND METHODS

This single‐center study was conducted in Dr. Behçet Uz Child Dis-

ease and Pediatric Surgery Training and Research Hospital, which is a

referral center for pediatric patients in the Aegean Region of Turkey.

The study included a total of 680 patients who were admitted to the

emergency department and outpatient clinics of Behçet Uz Children's

Hospital between March 11 and August 27, 2021. All patients were

symptomatic patients and their nasopharyngeal swab samples were

positive for COVID‐19 real‐time polymerase chain reaction (RT‐PCR).

Variant analysis was also performed in all patients who were found to

be positive for COVID‐19 RT‐PCR.

Nasopharyngeal swabs from the suspected patients were deliv-

ered to the laboratory in viral transport medium (VTM) and samples

from theVTM tubes were analyzed for SARS‐CoV‐2 genes by reverse

transcription real‐time PCR (RT‐qPCR) assay. The target genes were

different and associated with the procurement of the commercial kits

developed according to the dynamics of the pandemic. At the earlier

period, samples were analyzed for the qualitative detection of SARS‐

CoV‐2‐specific ORF1ab gene and nucleocapsid (N) gene targets by

using a one‐step reverse transcription real‐time PCR assay

(Bio‐Speedy®‐ Double Gene RT‐qPCR, Turkey).

With the rise of the B.1.1.7 variant (UK/Alpha variant) the kit has

been altered to detect the Orf1ab and N gene regions found in all

SARS‐CoV‐2 as well as an N gene region only found in VOC‐202012/

01 in a single multiplex reaction (Bio‐Speedy® SARS‐CoV‐

2 + VOC202012/01 RT‐qPCR). Following the increasing reports of

SARS‐CoV‐2 variants, targets for detection of the variants as the N

D3L mutation for the B.1.1.7 detection and the E484K mutation were

added to the routine analysis as well the Orf1ab and N gene regions

found in all SARS‐CoV‐2 were analyzed within a single multiplex

reaction by using a commercial RT‐qPCR kit (Bio‐Speedy® SARS‐

CoV‐2 Variant Plus). Later, a newly developed kit which targets the

Orf1ab and N gene regions found in all SARS‐CoV‐2 for the routine

screening, as well as the N_D3L mutation for the B.1.1.7 detection,

the E484K mutation for detection of the variants with a high possi-

bility of escaping the antibody‐mediated immunity and the L452R

mutation for detection of the variants with higher transmissibility,

were used (Bio‐Speedy® SARS‐CoV‐2 Emerging Plus). PCR assays

were performed through the Montana 4896 Real‐Time PCR Instru-

ment (Anatolia Gene works) and Rotor‐Gene Q 2plex HRM Platform

(Qiagen). The “Variant Oligo Mix” was targeted as SARS‐CoV‐2 re-

ference genome region (ORF1ab + N) (FAM); nucleocapsid (N) D3L

mutation for detection of Alpha variant (CY5); and spike (S) E484K

mutation for detection of Beta, Gamma, Zeta, Eta, Teta, Lota var-

iants (ROX).

Data such as age, gender, medical history, and variant types of

the patients were collected through the electronic medical record

system and patient files, and the effects of age, underlying disease,

and variant types on hospitalization rates were evaluated.

Statistical analyses were performed using SPSS 20 software

(IBM). First, numerical and categorical data were evaluated by de-

scriptive statistical methods. Distributions of numerical variables

were examined by visual (histogram and probability graphs) and

analytical methods (Kolmogorov–Smirnov). Characteristics of pa-

tients were described as count (percent) or mean value (±standard

deviation) for qualitative and quantitative variables. Categorical

variables were compared using Pearson χ2 and Fisher's exact tests.

A p ≤ 0.05 was considered statistically significant.

3 | ETHICAL CONSENT

This study was approved by the Local Ethical Committee of the

University of Health Sciences Dr. Behçet Uz Children's Hospital.

4 | RESULTS

A total of 680 patients who underwent SARS‐CoV‐2 variant analysis

were included in the study. Among the 680 patients, 334 (49.1%)

were females and 346 (50.9%) were males. The median age was 9

years and 3 months (min 15 days, max 17 years). Regarding the age

distribution, 78 (11.4%) of these patients were under the age of

1 year, 126 (18.6%) were between the ages of 1 and 5 years, 203

(29.9%) were between the ages of 5 and 12 years, and 273 (40.1%)

were 12 years and older.

Further variant analysis of SARS‐CoV‐2 resulted in 329 (48.4%)

B.1.1.7 variants, 17 (2.5%) B.1.351 and P.1 variants, and 165 (24.2%)

B.1.617.2 variants. In 169 (24.9%) cases, the variant analysis results

were negative.

While 83 (12.2%) of all patients required hospitalization and 597

(87.8%) of them were outpatients. Out of 83 hospitalized patients,

3 patients were hospitalized in the pediatric intensive care unit, 9

patients were hospitalized in the neonatal intensive care unit, and 71

patients were followed up in the pediatric infectious diseases service.

There was an additional underlying disease in 24 patients, and all

of these patients were in the hospitalized group, and the ratio of
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underlying disease was significantly higher in the hospitalized pa-

tients compared to outpatient groups (p < 0.001). The underlying

diseases were as follows: Down syndrome in 2 patients, neurological

diseases such as epilepsy and cerebral palsy in 10 patients, haemato‐

oncological malignancies in 7 patients, immunodeficiency in two pa-

tients and laryngomalacia, nephrotic syndrome, prematurity with

operated patent ductus arteriosus were detected in one patient each.

Considering the effect of age on hospitalization rate, the mean

age of outpatients was 9 years and 8 months (minimum 1 month

to maximum 17 years), and the mean age of hospitalized patients was

5 years and 10 months (minimum 15 days, maximum 17 years), and

significantly higher in the outpatient group (p < 0.001).

Considering hospitalization rates according to variant analysis,

the hospitalization rate of patients with B.1.617.2 variant was found

to be 19.4% (32/165), B.1.351/P.1 variant was found to be at 18%

(3/17), at B.1.1.7 variant 9.4% (31/329), and variant negative 10.1%

(17/169). The χ2 independence test revealed an association between

the type of variant and hospitalization rate (χ23 = 11.5, p < 0.009). The

rate of hospitalization was significantly different between these

groups, and the hospitalization rate was significantly higher in the

patients with B.1.617.2 variant COVID‐19 infections compared to

non‐variant infections and patients with B.1.1.7 variant (p = 0.016

and p = 0.002 consecutively). There was no significant difference

between other variants regarding the hospitalization rates (p > 0.05,

Table 1).

5 | DISCUSSION

In this study, following the literature, the variant type with the

highest hospitalization rate was Delta. The second most frequent

hospitalization after the Delta variant was in the Beta/Gamma

variant.

The SARS‐CoV‐2 spike protein receptor‐binding domain is the

critical determinant of viral tropism and infectivity.10 Studies show

that SARS‐CoV‐2 can mutate spike proteins to evade antibodies and

that these mutations are already present in some virus mutants.11

SARS‐CoV‐2 was shown to be capable of mutations and studies

showed that it has undergone thousands of mutations since its

emergence, and these resulting variants have been classified as a

variant of interest (VOI), variant of concern (VOC), and variant under

monitoring (VUM). Four variants, which were determined as VOC and

started to spread from four different countries, gained importance

and came to the fore due to the speed of spread. Of these mutations,

Alpha (B.1.1.7) was first detected in England, Beta (B.1.351) in South

Africa, Gamma (P.1) in Brazil, and Delta (B.1.617.2) in India, and

spread all over the world.12

In a UK study, patients with the B.1.1.7 lineage were found to

have a higher risk of 28‐day mortality and intensive care unit ad-

missions compared to SARS‐CoV‐2 patients without B.1.1.7.13 In a

study evaluating 49 930 pediatric and adult patients with positive

Alpha and Delta variants, it was shown that patients with Delta

variants had more than twice the risk of hospitalization compared to

patients with Alpha variants.14

In the study of the European Center for Disease Prevention and

Control (ECDC), which compared the severity of the disease between

VOC cases and no variable cases reported in seven European coun-

tries; B.1.1.7 cases had 2.3‐3 times higher hospitalization rates

compared to non‐VOC cases. B.1.351 cases had a 3.5–3.6 times

higher hospitalization rate, and P.1 cases 3.0–13.1 times higher

hospitalization rates compared to non‐VOC cases.15 In a retro-

spective study, the probability between infection with the B.1.617.2

variant and the possibility of developing pneumonia or severe

COVID‐19 was found to be higher than Alpha and Beta variants.16 In

a study conducted in Scotland, Delta VOC was found mainly in

younger groups. Compared with Alpha VOC, the risk of COVID‐19

hospitalization was approximately doubled in those with Delta VOC,

particularly those with five or more related comorbidities, with an

increased risk of admission.17

In our study, no significant difference was found in terms of

hospitalization rates when the B.1.1.7 variant and those without

variants were compared. However, as determined in other studies,

when the hospitalization rate was evaluated in our study, the

B.1.617.2 variant was found to be approximately two times higher

than the other variant types, and it was found statistically significant.

The second most frequent hospitalization rate was found in patients

TABLE 1 The comparison of the
hospitalization rates and present variantsDelta variant

(B.1.617.2)

Beta/Gamma
variant
(B.1.351/P.1)

Alpha
variant(B.1.1.7)

No variant was
detected p value

Inpatient 32 (19.4%) 3 (17.6%) 31 (9.4%) 17 (10.1%) <0.009

Outpatient 133 (80.6%) 14 (82.4%) 298 (90.6%) 152 (89.9%)

Note: The χ2 independence test revealed an association between the type of variant and hospitalization
rate (χ23 = 11.5, p < 0.009).

Delta variant versus Beta/Gamma: p > 0.05.

Delta variant versus Alpha variant: p = 0.002.

Delta variant versus not detectable variant: p = 0.016.

Beta/Gamma variant versus Alpha variant: p > 0.05.

Beta/Gamma variant versus not detectable variant: p > 0.05.

Alpha variant versus not detectable variant: p > 0.05.
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with the B.1.351/P.1 variant. B.1.351 and P.1 variants were studied

together in the SARS‐CoV‐2 variant analysis in our hospital, a sepa-

rate evaluation could not be made.

Considering the effect of age on hospitalization rate, we found

that the age distribution of outpatients was higher than in hospita-

lized patients. It is known that the presence of an underlying co-

morbid disease increases the risk of COVID 19; in one study, it was

found that 14% of those hospitalized had a comorbid disease, and in

another study, it was observed that 74.3% of those admitted to the

pediatric intensive care unit had a comorbid disease.18,19 In our study,

24 patients had the comorbid disease and all patients with the un-

derlying disease were hospitalized and followed up, so the presence

of comorbid disease increases hospitalization rates.

The limitations of our study are that it is single‐centered, and the

Beta and Gamma variants cannot be evaluated separately because

both variants are studied together. In addition, we did not include the

first year of the pandemic because we did not have any variant

analysis in that period, hence no routine analysis or recommendation

for variant analysis. Second, we did not have any clinical information,

including viral shedding, duration of fever, or fatigue severity scores

to help further analysis for multivariate analysis for hospitalization.

However, up to our knowledge, this is one of the limited studies

focusing on the impact of SARS‐COV‐2 variants on the hospitaliza-

tion of children.

In addition, we did not include the first year of the pandemic

because we did not have any variant analysis at that time, and there

were no recommendations for routine analysis or variant analysis,

and therefore, the number of our patients was limited. In addition,

since it was a retrospective study, it was not possible to evaluate the

clinical severity.

In conclusion, the COVID 19 pandemic, which continues in

waves today, comes across with new variants every day. The spread

of COVID 19 in children is increasing with new variants; as it was

determined in our study, the Delta variant, which is the variant that

has recently increased all over the world, has significantly increased

the hospitalization rates.
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