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Abstract

Introduction: This study is the first study in which demographic, laboratory data, and
outcomes of coronavirus disease-2019 (COVID-19) patients due to the circulating
SARS-CoV-2 infections caused by different variants (Alpha, Delta, and Omicron) are
compared in Iran.

Methods: We conducted a retrospective study of confirmed hospitalized COVID-19
cases from April 9, 2021, to May 22, 2022. Demographic data and laboratory findings
were extracted from patients’ electronic medical records on the first day of admission
to the hospital. All patients were followed up for outcomes related to COVID-19
including intensive care unit (ICU) admission and mortality rate.

Results: Of 760 confirmed hospitalized COVID-19 cases, 362, 298, and 100 repre-
sented patients during waves 4-6, respectively. During the Omicron wave, hospital-
ized patients were older than the other two waves and had a lower median level of
C-reactive protein (CRP), alanine transaminase (ALT), aspartate transaminase (AST),
and erythrocyte sedimentation rate (ESR). The median length of hospital stay during
waves 4-6 was 5 days (interquartile range [IQR]: 4.0-8.0), 7 days (IQR: 6.0-11), and
6 days (IQR: 5.0-9.0), respectively (p < 0.001). The rate of ICU admission during
waves 4-6 significantly increased.

Conclusions: Although the Omicron variant caused less severe disease, in older
patients who were hospitalized due to Omicron infection, longer hospital and ICU
stays were reported, which could be attributed to their old age. In particular, elderly

patients are more vulnerable to severe COVID-19; otherwise, as expected, other
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laboratory parameters and clinical outcomes were in accordance with differences in

pathogenicity and infectivity of these variants.
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1 | BACKGROUND
The world has faced a major public health challenge due to the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as
the cause of coronavirus disease-2019 (COVID-19) and still, it is
unclear when the pandemic will come to a complete end.! Until
August 8, 2022, Iran has experienced seven waves of COVID-19
after the first confirmed case of SARS-CoV-2 in Iran on February
19, 2020.? Genetic analyses have revealed that the SARS-CoV-2
genome appears to be evolving relatively more slowly than others
such as influenza viruses or HIV.® Gradually, several variants of
SARS-CoV-2 have been introduced showing genetic differences
from the original Wuhan strain, some of which are described as
variants of concern (VOCs).*°> VOCs are attributed to induce multi-
ple adverse consequences such as an increase in transmissibility or
virulence, reduction in naturalizing antibodies, the ability to evade
detection, and reduced effectiveness of therapeutics or vaccines.
Alpha, Beta, Gamma, Delta, and Omicron are classified as VOCs
since the beginning of the pandemic.* Previous studies in Iran
compared the first three waves of COVID-19 according to severity,
intensive care unit (ICU) admission, and mortality rate with the
main focus on the Alpha and Beta variants.®” Nevertheless, to the
best of our knowledge, no study describes the patients’ character-
istics in recent waves in the country driven by different variants.
The fourth wave in Iran began in early April-June 2021, and the
fifth wave continued from August to October 2021. The sixth
wave was from late January 2022 until now.® The dominant vari-
ant circulating during the fourth, fifth, and sixth waves of the
COVID-19 in Iran was Alpha, Delta, and Omicron, respectively.®
These waves of COVID-19 impose a more significant hospitaliza-
tion and mortality rate than earlier waves. The fifth wave in
August 2021 was one of the country’s most devastating episodes
of the pandemic, according to the report.” One observational study
in Spain showed that patients’ characteristics varied between dif-
ferent waves.'® Currently, Omicron is the predominant variant cir-
culating throughout the world. However, the severity and in-
hospital outcomes of this variant are not well characterized.!!
Numerous studies have explored the risk factors of SARS-CoV-2
infection and reported severity and long-term hospitalization asso-
ciated with laboratory parameters such as elevated levels of creati-
nine, urea, and C-reactive protein (CRP).1213

This aim of this study is to describe the demographic data, lab-
oratory parameters, and different in-hospital outcomes across the
last three major waves of COVID-19 driven by Alpha, Delta, and
Omicron variants in hospitalized patients in Tehran, Iran.

2 | METHODS

21 | Study design and participants

We performed a single-center retrospective study of proven hospital-
ized COVID-19 cases in Valiasr Hospital, a COVID-19 referral center
affiliated with Shahid Beheshti University of Medical Sciences
(SBUMS) in Tehran, Iran, from April 9, 2021, to May 22, 2022.

The inclusion criteria for this study were () patients over 20 years
of age diagnosed with COVID-19 by real-time polymerase chain reac-
tion (PCR) and (ll) those admitted to the hospital according to moder-
ate to severe COVID-19 infection. We defined moderate and severe
patients according to standard guidelines. Moderate patients are con-
sidered to have lower respiratory tract involvement with oxygen satu-
ration (SpO,) = 94% on room air at sea level. Patients with oxygen
saturation (SpO, < 94%) on room air, oxygen partial pressure (PaO,)/
fractional inspired oxygen (FiO,) ratio < 300 mmHg, a respiratory
rate > 30 breaths/min, or lung infiltrates > 50% are defined as severe
COVID-19 infection. We also included other criteria such as the need
for intubation and admission to the ICU, which were monitored
throughout the patients’ hospitalization. Patients who were not admit-
ted for COVID-19 and children younger than 20 were excluded from
the study. All patients in three waves received glucocorticoid and anti-
coagulant therapy.

Demographic data and laboratory findings were extracted from
patients’ electronic medical records on the first day of admission to
the hospital. All patients were followed up for outcomes related to
COVID-19 including ICU admission and mortality rate. We catego-
rized patients into the last three waves based on reports that recog-
nized distinct waves in different months in Iran.8* The fourth wave
in Iran was defined as the period from April 9 to June 10, 2021, the
fifth wave was defined as the period between August 9 and October
10, 2021, and the sixth wave was defined as the period between
January 20 and May 22, 2022. Variant-specific PCR was used for the
validation of SARS-CoV-2 variants in the community.

2.2 | Statistical analysis

Categorical variables were presented as counts and frequencies and
then compared using the chi-square test. To assess the normal distri-
bution of numerical variables, we used the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Normally distributed numerical variables were
presented as mean + SD and compared using the one-way analysis of

variance (ANOVA) test. Variables with skewed distributions were
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presented as median (interquartile range [IQR]) and compared using
the Kruskal-Wallis test. All statistical analyses were conducted using
SPSS Statistics for Windows Version 21. We considered p < 0.05 to

be statistically significant.

3 | RESULTS

3.1 | Demographic characteristics

Seven hundred sixty patients hospitalized with COVID-19 infection
were enrolled in the study. Of 760 included patients, 362, 298, and
100 represented patients during waves 4-6, respectively. A total of
102 (13.4%) patients were deceased during this study. Moreover,
there were 113 (14.9%) admissions to the ICU and 647 (85.1%) to the
wards. The majority of those who died (49 out of 102 [48%)]) were
over the age of 70. During the fourth, fifth, and sixth waves (in which
Alpha, Delta, and Omicron were as the dominant circulating variant,

respectively), the mean ages of hospitalized patients were 58 + 15.7,
55.5 + 15.6, and 67.4 + 17.5, respectively (p < 0.001). Men accounted
for the majority of COVID-19 cases (411 out of 760 [54.2%]) during
the study period. However, patients did not differ based on sex

among the three waves (p = 0.928).

3.2 | Clinical characteristics and laboratory data

Clinical presentation among hospitalized patients with COVID-19 did
not show significant differences between these three waves. How-
ever, the most frequently reported clinical symptoms were fever, dys-
pnea, cough, chest pain, myalgia, and headache (not shown). The
laboratory findings at admission are outlined in Table 1. There were
significant differences in CRP (p < 0.001), blood urea (p = 0.001), cre-
atinine (p = 0.01), aspartate transaminase (AST) (p = 0.008), alanine
transaminase (ALT) (p < 0.001), white blood cell count (WBC)
(p = 0.005), red blood cell (RBC) (p = 0.001), platelet, neutrophil-

TABLE 1 Baseline characteristics and in-hospital outcomes of hospitalized COVID-19 patients during different waves.

Characteristic 4th wave 5th wave 6th wave Total p-value
Demographics
Age (years) 58.0 £ 15.7 55.5+15.6 674 +17.5 58.2 +£16.3 <0.001
Sex

Male 198 (54.8%) 160 (53.7%) 53 (53.0%) 411 (54.2%) 0.9

Female 163 (45.2%) 138 (46.3%) 47 (47.0%) 348 (45.8%)
Laboratory data on admission
WBC (x10°/uL) 5.7 [4.2-8.2] 5.6 [4.3-8.6] 7.1[5.0-10.1] 5.8 [4.3-8.6] 0.005
Neutrophil (x10%/uL) 5.2 [3.6-7.9] 5.1[3.2-7.8] 6[3.2-8.0] 5.3[3.2-7.7] 0.001
Lymphocyte (x10%/uL) 1.1[0.7-1.2] 1.2 [1.0-1.5] 1.0[0.6-1.3] 1.2[0.9-1.5] <0.001
Neutrophil-to-lymphocyte ratio 5.2 [4.8-6.7] 4.6 [3.0-5.3] 6.4 [5.1-6.6] 4.3 [3.2-5.2] <0.001
Platelets (x10%/pL) 175 [134.0-219.0] 167 [127.0-209.0] 189 [138.0-237.0] 173 [132.0-220.0] 0.04
RBC (cell/pL) 4.8 [4.4-5.2] 4.8 [4.4-5.2] 4.5 [4.0-5.0] 4.7 [4.4-5.2] 0.001
CRP (mg/L) 49.7 [23.4-71.8] 51.4 [27.1-84.4] 28.1[11.0-51.0] 48.9 [22.9-72.1] <0.001
BS (mg/dL) 117 [97.0-154.0] 124 [97.0-177.0] 124 [98.0-164.0] 123 [97.0-161.0] 0.3
Urea (mg/dL) 36 [27.0-47.0] 36 [28.0-52.0] 44 [31.0-60.0] 37[28.0-51.0] 0.001
Creatinine (mg/dL) 1.1 [1.0-1.3] 1.1 [1.0-1.3] 1.2[1.0-1.6] 1.1[1.0-1.3] 0.01
Calcium (mmol/L) 8.6 [8.2-9.0] 8.7 [8.2-9.0] 8.8[8.4-9.2] 8.7 [8.2-9.0] 0.06
Magnesium (mmol/L) 24[2.1-2.6] 2.1[1.9-2.3] 2.1[1.8-24] 2.2[2.0-24] <0.001
AST (U/L) 40 [31.0-53.0] 41 [28.0-63.0] 33.5[25.0-48.0] 40[29.0-56.0] 0.008
ALT (U/L) 28 [19.0-48.0] 36 [23.0-57.0] 26 [16.0-37.0] 32[20.0-51.0] <0.001
ESR (mm/h) 52[28.0-71.0] 57 [35.0-86.0] 50 [26.0-70.0] 54 [27.0-90.0] <0.001
In-hospital outcomes
Hospital length of stay (days) 5[4.0-8.0] 7 [6.0-11.0] 6[5.0-10.0] 6[5.0-9.0] <0.001
ICU admission 47 (13.0%) 43 (14.4%) 23 (23.0%) 113 (14.9%) 0.04
ICU length of stay (days) 6[8.0-9.0] 5[5.0-7.0] 12 [7.0-16.0] 6[3.5-11.0] 0.02
Mortality 45 (12.4%) 43 (14.4%) 14 (14.0%) 102 (13.4%) 0.7

Note: Data are presented as mean + standard deviation, number (%), or median [interquartile range]. Statistically significant p-values are bolded.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BS, blood sugar; COVID-19, coronavirus disease-2019; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; ICU, intensive care unit; RBC, red blood cell; WBC, white blood cell count.
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to-lymphocyte ratio (p < 0.001), and magnesium (p < 0.001) levels of
patients between the waves. However, blood sugar (p = 0.3) and cal-
cium (p = 0.06) were not significantly different in patients admitted in
the three waves. Statistical analysis showed that patients in wave
6 had significantly higher urea, creatinine, neutrophil-to-lymphocyte
ratio, and platelet and lower CRP, AST, and ALT than the two other

waves.

3.3 | In-hospital outcomes and clinical
complications

The median length of hospital stay for the fourth, fifth, and sixth
waves was 5 days (IQR: 4.0-8.0), 7 days (IQR: 6.0-11), and 6 days
(IQR: 5.0-9.0), respectively (p < 0.001). The hospital stay was longer
in wave 5 than in the other two waves. There was no significant dif-
ference in mortality rate from waves 4 to 6, with 45 (12.4%),
43 (14.4%), and 14 (14%) deaths, respectively (p = 0.7). However, the
number of deceased patients during wave 5 was slightly more than in
the other two waves. The rate of ICU admission during waves 4-6 sig-
nificantly increased. Subsequently, the ICU admission rate during
waves 4-6 was 13%, 14.4%, and 23%, respectively (p = 0.04).
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Comparing ICU length of stay showed that the ICU length of stay dur-
ing wave 6 was longer than the other ones (p = 0.008). The percent-
age of ICU, deceased patients, and length of hospital stay for the

three waves are presented in Figure 1.

4 | DISCUSSION

As far as we know, this observational study is the first to compare
demographic, laboratory data, and outcomes of COVID-19 patients
due to the current SARS-CoV-2 infections caused by different vari-
ants (Alpha, Gamma, and Delta). Besides, it is the first study in Iran
comparing these variables during the fourth, fifth, and sixth waves
of COVID-19. The most noticeable finding of this study was the
difference in age, length of hospital stay, ICU admission, and ICU
length of stay in the three different waves of COVID-19 infection. In
contrast, there was no difference in in-hospital mortality among the
three different waves. The mean age of hospitalized patients in our
study was 58.2 + 16.3 years. Our study had a higher mean age during
the Omicron wave (67.4 + 17.5) compared with earlier waves, which
is in contrast with Yoon et al. and Bouzid et al. who reported that

patients infected with Omicron had a lower mean age compared with
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FIGURE 1 The percentage of intensive care unit (ICU) admission (A), deceased patients (B), and length of hospital stay (LOH) (C) by age
group during three waves, one hospital, Tehran, Iran, from April 9, 2021, to May 22, 2022.
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the Delta variant (62 vs. 67 years and 54 vs. 62 years), respec-
tively.1>¢ The reasons for this contradiction could be differences in
study populations and including both hospitalized and non-
hospitalized patients, whereas in our study, we excluded non-
admitted patients.

The crucial features of the Delta variant are mutations in the
spike protein that confer increased affinity for the angiotensin-
converting enzyme 2 (ACE2) receptors. Among these mutations,
S:P681R substitution in the furin cleavage site leads to increase virus
spread and infectivity.” In addition, researchers around the world
reported that Delta variants are associated with higher infectious
virus loads,*® raised inflammatory factors like CRP,*” severe disease
profiles,?® and high rate of hospital admission?! compared with pre-
Delta variants. In this study, it was observed that hospitalization stays
due to infection with the Delta variant were longer than those with
the Omicron and Alpha variants. This finding is consistent with previ-
ous studies that have reported an association between the Delta vari-
ant and longer hospital stays.1¢2223

The Omicron variant has triple mutations at the furin cleavage
site (P681H, H655Y, and N679K) that help it to replicate more and to
increase its transmissibility efficiently. The receptor binding domain
(RBD) of the viral spike protein has two mutations (T478K and
N501Y) associated with increased viral binding affinity. Most muta-
tions are associated with increased pathogenicity and potential eva-
sion of infection-blocking antibodies.?*

The early finding suggested that the Omicron variant had a
reduced ability to replicate in the lung parenchyma, which may have
contributed to a reduced disease severity compared with previous
variants.2’> However, most of the patients hospitalized for COVID-19
early in the Omicron wave had reduced respiratory symptoms and
abnormal chest imaging, about one third had hypoxemia, and 10%
required invasive mechanical ventilation. These results reflect that,
despite the changes observed compared with Delta, infection with
the Omicron variant still causes severe lower respiratory tract
disease.?

Omicron has milder symptoms than the Delta variant, but older
people are still at risk of serious complications because their immune
system is not as strong and antibody levels are usually insufficient to
fight such mutant viruses.?* Interestingly, we observed a greater
length of stay in the ICU and a high rate of ICU admission in the
elderly group during the Omicron wave compared with the other two
waves, which is contrary to Jassat et al.?” and Sievers et al.?® who
showed that ICU admission during the Omicron wave was lower than
earlier waves. In our study, most of the patients (more than 70%) who
were admitted to the hospital during the Omicron wave were elderly
patients. One recent study concluded that elderly were more suscep-
tible to infection with the Omicron variant, even in fully vaccinated
individuals.2* Therefore, this age group needed more critical care and
referral to ICU.2’ Among admitted elderly patients during the Omi-
cron variant, 78.3% of patients were referred to ICU. Unfortunately,
we had no access to underlying disorder data, so it was not clear how
many of these patients had comorbidity, which affected COVID-19
severity.

During the Delta predominance era, a small percentage of
Iranians had been fully vaccinated that might be linked to severe
symptoms and in-hospital mortality. In this regard, consistent with
previous studies, elevated CRP, erythrocyte sedimentation rate (ESR),
ALT, and AST as laboratory parameters for the severity of COVID-19
were observed in the Delta variant.>°3! One probable cause for
higher hepatic transaminases could be attributed to adverse effects
from multi-drug therapy during the fifth wave than the other two
waves. However, magnesium was slightly higher during Alpha than in
the other two waves due to the anti-inflammatory and anti-
thrombotic effects of Mg2+ that were related to reducing the severity
of COVID-19 symptoms.®? An increase in urea and creatinine levels
during the Omicron wave could be related to increasing age in hospi-
talized patients during this period.3%34

In the sixth wave by the Omicron variant, regardless of vaccina-
tion status, the majority of infected individuals were young asymp-
tomatic outpatients while patients with comorbidities and elderly
patients had a high risk for severe COVID-19 and hospitalization.>>3¢
According to this point, in the present study, elderly patients com-
prised most patients when Omicron was predominant; consequently,
the rate of mortality in hospitalized patients has not dramatically
declined in comparison with the COVID-19 cases due to infection
with the Delta variant. In accordance with our results, the study was
conducted in the United Kingdom and reported a significant increase
in hospitalizations and deaths among those 275 years during the
Omicron variant surge.®”

The previous studies conducted in Iran have investigated the ear-
lier waves of COVID-19. A retrospective study by Hadadi et al., which
was conducted from February 16 to October 28, 2020, during the
first, second, and third waves of COVID-19, found that the length of
hospital stay and acute cardiac diseases increased in these waves.
Moreover, Jalali et al. revealed differences in epidemiologic features
between the second wave and the first wave of COVID-19 in Babol,
North of Iran.® It is also important to note that the current circulation
variant (Omicron variant) was not included in these studies.

It should be mentioned that this study had some limitations that
must be emphasized. First, this study was an observational study and
has inherent potential bias. Second, some patients’ demographic data
such as comorbidities were not available so we could not compare
these factors between waves. Third, it was a single-center study on
the Iranian population, and future multicenter studies with larger sam-
ple sizes are needed.

5 | CONCLUSIONS

Despite these limitations, herein, observed differences in patients’
characteristics (precisely around 10 years of age difference), labora-
tory tests, and in-hospital outcomes of admitted patients during three
waves of COVID-19 driven by different variants were in accordance
with the characteristics of the variants that caused these COVID-19
waves. It should be highlighted that the present study was performed
on hospitalized COVID-19 patients. Consequently, even though
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Omicron variant caused less severe disease, in older patients who
were hospitalized due to Omicron infection, longer hospital and ICU
stays were reported, which could be attributed to their old age. Also,
variation/rise/decline in some of the lab test results and clinical out-
comes could be attributed to aging in hospitalized patients with
Omicron infection. In particular, elderly patients are more vulnerable
to severe COVID-19; otherwise, as expected, other laboratory param-
eters and clinical outcomes were in accordance with differences in

pathogenicity and infectivity of these variants.
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