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Abstract 

Background:  This study was conducted with the intension of providing a more detailed view about the dynamics of 
COVID-19 pandemic. To this aim, characteristics, implemented public health measures, and health outcome of COVID-
19 patients during five consecutive waves of the disease were assessed.

Methods:  This study was a population-based cross-sectional analysis of data on adult patients who were diagnosed 
with COVID-19 during five waves of the disease in Iran. Chi-squared test, One-way ANOVA, and Logistic Regression 
analysis were applied. A detailed literature review on implemented public health policies was performed by studying 
published documents and official websites responsible for conveying information about COVID-19.

Results:  Data on 328,410 adult patients was analyzed. Main findings indicated that the probability of dying with 
COVID-19 has increased as the pandemic wore on, showing its highest odd during the third wave (odds ratio: 1.34, 
CI: 1.283–1.395) and has gradually decreased during the next two waves. The same pattern was observed in the 
proportion of patients requiring ICU admission (P < 0.001). First wave presented mainly with respiratory symptoms, 
gastrointestinal complaints were added during the second wave, neurological manifestations with peripheral involve‑
ment replaced the gastrointestinal complaints during the third wave, and central nervous system manifestations 
were added during the fourth and fifth waves. A significant difference in mean age of patients was revealed between 
the five waves (P < 0.001). Moreover, results showed a significant difference between men and women infected with 
COVID-19, with men having higher rates of the disease at the beginning. However, as the pandemic progressed the 
proportion of women gradually increased, and ultimately more women were diagnosed with COVID-19 during the 
fifth wave. Our observations pointed to the probability that complete lockdowns were the key measures that helped 
to mitigate the virus spread during the first twenty months of the pandemic in the country.

Conclusion:  A changing pattern in demographic characteristics, clinical manifestations, and severity of the disease 
has been revealed as the pandemic unfolded. Reviewing COVID-19-related public health interventions highlighted 
the importance of immunization and early implementation of restrictive measures as effective strategies for reducing 
the acute burden of the disease.
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Background
The ongoing pandemic of COVID-19 (coronavirus dis-
ease 2019) has now affected almost every region around 
the globe and continues to impact lives in all societies. 
Its causative pathogen, Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), was first detected 
in China in late 2019, but has spread rapidly ever since 
causing significant burden of morbidity and mortality 
worldwide [1, 2]. Up until now, about six hundred mil-
lion confirmed cases and over six million confirmed 
deaths were reported globally [3].

However, different countries presented different COVID-
19 epidemics. Iran was one of the first countries hit by the 
virus, with the COVID-19 outbreak being reported initially 
in late February 2020. Like many other countries, massive 
public health measures have been imposed across the coun-
try since the beginning of the epidemic to contain the spread 
of the virus [4]. However, as of January 2022, the nation has 
experienced five consecutive waves of the disease in its epi-
demiological curve. The spread of the disease was success-
fully mitigated by implementing infection control policies in 
early stages of the epidemic. Yet, as the epidemic progressed, 
containing the virus did become more challenging and larger 
waves washed over the country. All in all, the Iranian epi-
demic had profound impact on its society with over seven 
million confirmed cases and about 140 thousand confirmed 
death tallies to date [5, 6].

Until now, incredible insight has been gained on 
COVID-19, but it has been mainly dominated by stud-
ies offering an overall view of the pandemic [7–10]. Yet, 
to better understand the evolving nature of the disease 
and its impacts on societies, a more detailed analysis 
of the pandemic’s characteristics is needed. Moreover, 
increasing our knowledge about policy responses which 
had successfully contained the spread of the virus could 
light our way in reducing future morbidity and mortal-
ity associated with the disease [11]. Hence, this study 
was conducted with the intension of providing a more 
detailed view about the dynamics of the COVID-19 
pandemic. We aimed to assess the characteristics, 
implemented public health measures, and the health 
outcomes of COVID-19 patients during the five con-
secutive waves of the disease in Iran.

Methods
This study was a population-based cross-sectional 
analysis of data on adult patients who were diagnosed 
with COVID-19 during the five waves of the disease in 

Tehran, Iran. With over 13 million residents, Tehran 
is the most populated province of Iran and an impor-
tant epicentre for COVID-19 outbreaks in the country 
[12]. According to the Coronavirus Control Operations 
Headquarter in Tehran, the first wave hit the province 
on March 1, 2020, with daily average count of 904 newly 
infected patients and was ended on April 20, 2020, 
when the number of new daily cases fell to a low pla-
teau. The start date for the second wave was recorded 
on July 4, 2020, as the new daily counts raised after 
remaining stable for over a month. An average of 725 
cases per day were reported during the second wave 
and it ended on July 26, 2020. On September 19, 2020, 
a re-surge in new daily cases was detected, creating 
the huge third coronavirus wave in the province with 
an average daily case of 838. The third wave reached 
its  plateau on November 25, 2020. The fourth wave 
began on March 31, 2021, during which an average of 
929 cases were reported daily. The province managed to 
come out of it on May 29, 2021, however shortly after, 
on June 22 the country entered its fifth wave with the 
average daily count of 5825. The wave came to an end 
on December 18, 2021, after several weeks of declining 
numbers of new cases followed by a plateau.

The province-wide data on all patients aged 18 years 
or older infected with COVID-19 during the five con-
secutive waves of the epidemic were extracted from 
the registry database of Coronavirus Control Opera-
tions Headquarter in Tehran. Of note, as of late Feb-
ruary 2020, all health care facilities visiting suspected, 
probable, and confirmed cases of COVID-19 patients 
(defined bases on WHO case definition guideline) in 
the province, had to use the COVID-19 online regis-
try, where a standard online form with required and 
optional fields were directly filled during the visits by 
health care professionals [13]. In this study, a complete 
case analysis was performed by using data from vari-
ables with required fields including demographic char-
acteristics, underlying diseases, clinical presentations, 
and the health outcomes of 1,254,747 adult patients. 
Hence, the rate of missing values and their effects were 
considered as insignificant.

The qualitative information including the imple-
mented public health policies intended for virus con-
tainment were retrieved from the country’s official 
governmental sources (e.g. official website of Minis-
try of Health and Medical education in Iran, official 
website of medical education Universities responsible 
for conveying information about COVID-19) and a 
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detailed catalogue of recommended and administered 
government policies related to COVID-19 which was 
available from the Coronavirus Control Operations 
Headquarter in Tehran.

Variables
Variables used included age, sex, history of underlying 
diseases (diabetes, hypertension, cardiovascular disease, 
cancer, asthma, chronic liver disease, chronic kidney dis-
ease, chronic neurological disease, chronic haematologi-
cal disease, chronic immune deficiency disease, history of 
smoking, history of opioid use), clinical presentations on 
admission (fever, cough, muscle ache, difficulty breath-
ing, chest pain, loss of smell, loss of taste, loss of appe-
tite, nausea, abdominal pain, diarrhea, headache, vertigo, 
seizure, paraplegia, skin lesions), blood oxygen saturation 
level (PaO2 sat %) on admission, polymerase chain reac-
tion (PCR) test result on admission, chest CT findings on 
admission, intensive care  unit  (ICU) admission, health 
outcome, and the epidemiological waves.

The individuals were divided into 6 age groups: 18–24, 
25–34, 35–44, 45–54, 55–64, and 65 or older. Sex was 
categorized as woman or man. The blood oxygen satura-
tion level was recorded based on the National Coronavi-
rus Treatment Guideline as being either higher than 93%, 
or 93% and lower. PCR test result was classified as nega-
tive, inconclusive, and positive. The outcome was defined 
as survived or deceased while in hospital. The epidemio-
logical waves were coded from one to five. All other vari-
ables were documented as negative or positive.

Statistical analysis
The characteristics of the study population were tabu-
lated and presented using percentage for categorical 
variables and mean and standard deviation for continu-
ous variables. Chi-squared test was used to compare 
the proportions of categorical variables between the five 
waves. One-way ANOVA was conducted to compare 
the continuous variables between the five waves. Logis-
tic regression analysis was performed to adjust for the 
effect of possible confounding factors including age, sex, 

and underlying diseases on the health outcome. Statisti-
cal analyses were performed using IBM SPSS Statistics, 
version 27 (IBM Corp., Armonk, NY, USA), with signifi-
cance level of α < 0.05.

Ethics approval and consent to participate
Shahid Beheshti University of Medical Sciences Eth-
ics Committee approved the study with a waiver of 
informed consent (Reference number: IR.SBMU.MSP.
REC.1400.316). Data were de-identified prior to analysis. 
All methods were performed in accordance with the Dec-
laration of Helsinki guidelines and regulations.

Results
In total, data on 328,410 patients (46,271 from the first, 
16,714 from the second, 57,146 from the third, 73,558 
from the fourth, and 134,721 from the fifth wave) who 
were diagnosed with COVID-19 during five consecutive 
waves of the disease in Tehran were analysed. The mean 
age of patients was 53.5 ± 17.26 years (52.1 years for first, 
55.4 years for second, 57.4 years for third, 55.7 years for 
fourth, and 50.9 for fifth wave). The one-way ANOVA 
revealed a significant difference in the mean age of 
patients between the groups (F(4, 328405) = 1993.7, 
P < 0.001). Post hoc comparisons using the Scheffe test 
showed significant difference between mean age of 
patients among all comparisons (P < 0.001) except for 
difference between wave 2 and wave 4 which was insig-
nificant (P = 0.23). Table  1 provides an overview of the 
COVID-19 epidemiological waves in Iran.

At the beginning of the pandemic, there was a signifi-
cant difference between men and women infected with 
COVID-19, with men having higher rates of the disease. 
But as the pandemic progressed, the differences between 
the sexes were lessened due to the gradual increase in the 
proportion of women who were infected with the virus 
during the first four waves. Subsequently during the fifth 
wave, more women were diagnosed with COVID-19 than 
men. Demographic characteristics of the study popula-
tion is presented in Table 2.

Table 1  COVID-19 epidemiological waves in Iran

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5

Start date (dd/mm/yyyy) 01/03/2020 04/06/2020 19/09/2020 31/03/2021 22/06/2021

End date (dd/mm/yyyy) 20/04/2020 26/06/2020 25/11/2020 29/05/2021 18/12/2021

Duration (days) 51 23 67 60 180

Daily average case count 904 725 838 929 5825

Mean age of patients (years) 52.1 55.4 57.4 55.7 50.9

Fatality average per day 89.1 95.0 134.3 96.5 29.4
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In terms of underlying diseases, the prevalence of dia-
betes, hypertension, cardiovascular diseases, chronic 
neurological diseases, asthma, and having positive his-
tory for opioid use had increased during the first three 
waves, with the highest rates being reported in the 
third wave. Yet, the rates had steadily decreased during 
the next two successive waves. Greatest proportion of 
patients with positive history of smoking, cancers, and 
chronic haematological diseases were reported during 
the second wave. Comorbidities including chronic liver 
and chronic kidney diseases were equally prevalent in the 
waves two and three, but rates were significantly higher 
than that obtained during the other three waves (Table 3).

The distribution of patients’ physical complaints 
throughout the five waves of the epidemic is shown in 
Table 4. The most frequently recorded clinical presenta-
tion during the first and second wave were cough, dif-
ficulty breathing, and fever. However, the three most 
common symptoms during the third and fourth wave 
were cough, difficulty breathing, and muscle ache. Fever, 
abdominal pain, and diarrhea were most prevalent in the 
second wave. Complaints of difficulty breathing, muscle 
ache, loss of smell, loss of taste, and nausea were high-
est during the third wave. Highest rates for cough, head-
ache, vertigo, and loss of appetite were observed during 
the fourth wave. Overall, conditions including seizure, 

Table 2  Demographic characteristics of the study population

P value obtained from Chi squared test; %: Percentage in category; CI: Confidence Interval

Demographic 
characteristics

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 P value
n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI)

Age (years)

 18–24 1919, 4.1 (3.2–4.9) 463, 2.8 (1.2–4.3) 1249, 2.2 (1.3–3.0) 1408, 1.9 (1.1–2.6) 4955, 3.7 (3.1–4.2)  < 0.001

 25–34 6664, 14.4 (13.5–15.2) 1892, 11.3 (9.8–12.7) 5340, 9.3 (8.5–10.0) 6862, 9.3 (8.6–9.9) 18732, 13.9 (13.4–14.3)

 35–44 8994, 19.4 (18.5–20.2) 2747, 16.4 (15.0–17.7) 8348, 14.6 (13.8–15.3) 12969, 17.6 (16.9–18.2) 30518, 22.7 (22.2–23.1)

 45–54 8441, 18.2 (17.3–19.0) 2933, 17.5 (16.1–18.8) 9421, 16.5 (15.7–17.2) 13315, 18.1 (17.4–18.7) 26483, 19.7 (19.2–20.1)

 55–64 8038, 17.4 (16.5–18.2) 3113, 18.6 (17.2–19.9) 11282, 19.7 (18.9–20.4) 15208, 20.7 (20.0–21.3) 23799, 17.7 (17.2–18.1)

 65 +  12215, 26.4 (25.6–27.1) 5566, 33.3 (32.0–34.5) 21506, 37.6 (36.9–38.2) 23796, 32.3 (31.7–32.8) 30234, 22.4 (21.9–22.8)

Sex

 Women 20654, 44.6 (43.9–45.2) 7605, 45.5 (44.3–46.6) 26152, 45.8 (45.1–46.4) 35352, 48.1 (47.5–48.6) 69866, 51.9 (51.5–52.2)  < 0.001

 Men 25617, 55.4 (54.7–56.0) 9109, 54.5 (53.4–55.5) 30994, 54.2 (53.6–54.7) 38206, 51.9 (51.3–52.4) 64855, 48.1 (47.7–48.4)

Total 46271, 100 16714, 100 57146, 100 73558, 100 134721, 100

Table 3  Distribution of underlying diseases in patients with COVID-19 during the five consecutive waves of the disease

P value obtained from Chi squared test; %: Percentage in category; CI: Confidence Interval

Underlying diseases Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 P value
n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI)

Diabetes 3021, 6.5 (5.6–7.3) 1785, 10.7 (9.2–12.1) 7460, 13.1 (12.3–13.8) 8104, 11.0 (10.3–11.6) 10615, 7.9 (7.3–8.4)  < 0.001

Hypertension 1476, 3.2 (2.3–4.0) 2033, 12.2 (10.7–13.6) 8666, 15.2 (14.4–15.9) 9820, 13.4 (12.7–14.0) 11298, 8.4 (7.8–8.9)  < 0.001

Cardiovascular diseases 3146, 6.8 (5.9–7.6) 1591, 9.5 (8.0–10.9) 6259, 11.0 (10.2–11.7) 7286, 9.9 (9.2–10.5) 9142, 6.8 (6.2–7.3)  < 0.001

Cancer 582, 1.3 (0.3–2.2) 326, 2.0 (0.4–3.5) 1060, 1.9 (1.0–2.7) 1005, 1.4 (0.6–2.1) 1397, 1.0 (0.4–1.5)  < 0.001

Asthma 518, 1.1 (0.2–1.9) 207, 1.2 (0.2–2.6) 786, 1.4 (0.5–2.2) 771, 1.0 (0.2–1.7) 875, 0.6 (0.0–1.1)  < 0.001

Chronic liver diseases 164, 0.4 (0.0–1.3) 81, 0.5 (0.0–2.0) 291, 0.5 (0.0–1.3) 307, 0.4 (0.0–1.1) 489, 0.4 (0.0–0.9)  < 0.001

Chronic kidney diseases 642, 1.4 (0.4–2.3) 352, 2.1 (0.6–3.5) 1194, 2.1 (1.2–2.9) 974, 1.3 (0.5–2.0) 1401, 1.0 (0.4–1.5)  < 0.001

Chronic neurological diseases 304, 0.7 (0.0 1.6) 147, 0.9 (0.0–2.4) 581, 1.0 (0.1- 1.8) 454, 0.6 (0.0- 1.3) 614, 0.5 (0.0- 1.0)  < 0.001

Chronic immune deficiency 
diseases

125, 0.3 (0.0–1.2) 57, 0.3 (0.0–1.7) 141, 0.2 (0.0–0.9) 201, 0.3 (0.0–1.0) 229, 0.2 (0.0- 0.7)  < 0.001

Chronic hematological 
diseases

160, 0.3 (0.0- 1.1) 85, 0.5 (0.0–1.9) 253, 0.4 (0.0–1.1) 226, 0.3 (0.0–1.0) 413, 0.3 (0.0–0.8)  < 0.001

Positive history of smoking 456, 1.0 (0.0–1.9) 307, 1.8 (0.3–3.2) 927, 1.6 (0.7–2.4) 1091, 1.5 (0.7–2.2) 1786, 1.3 (0.7–1.8)  < 0.001

Positive history of opioids 223, 0.5 (0.0–1.4) 129, 0.8 (0.0–2.3) 523, 0.9 (0.0–1.7) 482, 0.7 (0.0–1.4) 818, 0.6 (0.0–1.1)  < 0.001
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paraplegia, and skin lesions were not commonly reported 
during the epidemic.

Regarding para-clinical findings in patients infected 
with COVID-19, a decreasing trend was observed in the 
proportion of patients experiencing low levels of blood 
oxygen saturation up until the fifth wave where a dra-
matic increase was observed in the proportion of patients 
presenting with low levels of PaO2 saturation. However, 
rates for positive PCR test results and COVID-19 related 

findings in chest CT has increased as the epidemic has 
unfolded. With respect to the health outcome of patients 
diagnosed with COVID-19, the rates of ICU admission 
and death have gradually increased during the first three 
waves but has significantly decreased during the last two 
waves (Table 5).

After accounting for age, sex, and underlying diseases 
in the logistic regression analysis, the probability of dying 
with COVID-19 has increased during the first three 

Table 4  Clinical presentation in patients with COVID-19 during the five consecutive waves of the disease

P value obtained from Chi squared test; %: Percentage in category; CI: Confidence Interval

Clinical findings Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 P value
n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI)

Fever 15484, 33.5 (32.7–34.2) 6361, 38.1 (36.9–39.2) 19302, 33.8 (33.1–34.3) 25139, 34.2 (33.6–34.7) 44329, 32.9 (32.4–33.3)  < 0.001

Cough 22252, 48.1 (47.4–48.7) 7606, 45.5 (44.3–46.6) 28933, 50.6 (50.0–51.1) 40894, 55.6 (55.1–56.0) 81404, 60.4 (60.0–60.7)  < 0.001

Muscle ache 11214, 24.2 (23.4–24.9) 5633, 33.7 (32.4–34.9) 21470, 37.6 (36.9–38.2) 27287, 37.1 (36.5–37.6) 59508, 44.2 (43.8–44.5)  < 0.001

Difficulty breathing 16600, 35.9 (35.1–36.6) 7579, 45.3 (44.1–46.4) 29419, 51.5 (50.9–52.7) 34871, 47.4 (46.8–47.9) 44290, 32.9 (32.4–33.3)  < 0.001

Chest pain 31, 0.1 (0.0–4.5) 536, 3.2 (1.7–4.6) 2339, 4.1 (3.2–4.9) 2656, 3.6 (2.8–4.3) 3521, 2.6 (2.0–3.1)  < 0.001

Loss of smell 423, 0.9 (0.0–1.8) 449, 2.7 (1.2–4.1) 1738, 3.0 (2.1–3.8) 1915, 2.6 (1.8–3.3) 4693, 3.5 (2.9–4.0)  < 0.001

Loss of taste 172, 0.4 (0.0–1.3) 261, 1.6 (0.0–3.1) 1210, 2.1 (1.2–2.9) 964, 1.3 (0.5–2.0) 3144, 2.3 (1.7–2.8)  < 0.001

Loss of appetite 64, 0.1 (0.0–0.8) 1127, 6.7 (5.2–8.1) 4602, 8.1 (7.3–8.8) 7101, 9.7 (9.0–10.3) 13451, 10.1 (9.5–10.6)  < 0.001

Nausea 74, 0.2 (0.0–1.2) 1079, 6.5 (5.0–7.9) 4220, 7.4 (6.6–8.1) 4940, 6.7 (6.0–7.3) 9989, 7.4 (6.8–7.9)  < 0.001

Abdominal pain 26, 0.1 (0.0–1.3) 487, 2.9 (1.4–4.3) 1563, 2.7 (1.8–3.5) 1981, 2.7 (1.9–3.4) 3214, 2.4 (1.8–2.9)  < 0.001

Diarrhea 32, 0.1 (0.0–1.1) 798, 4.8 (3.3–6.2) 1932, 3.4 (2.5–4.2) 2132, 2.9 (2.1–3.6) 2846, 2.1 (1.5–2.6)  < 0.001

Headache 96, 0.2 (0.0–1.0) 1170, 7.0 (5.5–8.4) 5514, 9.6 (8.8–10.3) 7898, 10.7 (10.0–11.3) 17521, 13.0 (12.5–13.4)  < 0.001

Vertigo 20, 0.0 (0.0–0.0) 456, 2.7 (1.2–4.1) 1789, 3.1 (2.2–3.9) 2758, 3.7 (2.9–4.4) 4834, 3.6 (3.0–4.1)  < 0.001

Seizure 27, 0.1 (0.0–1.2) 42, 0.3 (0.0–1.9) 115, 0.2 (0.0–1.0) 97, 0.1 (0.0–0.7) 180, 0.1 (0.0–0.7)  < 0.001

Paraplegia 5, 0.0 (0.0–0.0) 23, 0.1 (0.0–1.3) 108, 0.2 (0.0–1.0) 96, 0.1 (0.0–0.7) 138, 0.1 (0.0–0.6)  < 0.001

Skin lesions 1, 0.0 (0.0–0.0) 17, 0.1 (0.0–1.6) 60, 0.1 (0.0–0.8) 50, 0.1 (0.0–0.9) 121, 0.1 (0.0–0.6)  < 0.001

Table 5  Para-clinical findings and the health outcome of patients diagnosed with COVID-19 during the five consecutive waves of the 
disease

P value obtained from Chi squared test; %: Percentage in category; CI: Confidence Interval

Para-clinical 
findings

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 P value
n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI) n, % (95% CI)

PaO2 sat < 93 27445, 59.3 
(58.7–59.8)

7970, 47.7 (46.4–48.7) 24867, 43.5 
(42.8–44.1)

29695, 40.4 
(39.8–40.9)

109105, 81.0 
(80.7–81.2)

 < 0.001

PCR test result

 Positive 11000, 23.8 
(23.0–24.5)

6592, 39.4 (38.2–40.5) 25743, 45.0 
(44.3–45.6)

39500, 53.7 
(53.2–54.1)

62236, 49.4 
(49.0–49.7)

 < 0.001

 Inconclusive 23112, 49.9 
(49.2–50.5)

5112, 30.6 (29.3–31.8) 17126, 30.0 
(29.3–30.6)

23256, 31.6 
(31.0–32.1)

45071, 35.7 
(35.2–36.1)

 Negative 12159, 26.3 
(25.5–27.0)

5010, 30.0 (28.7–31.2) 14277, 25.0 
(24.2–25.7)

10802, 14.7 
(14.0–15.3)

18793, 14.9 
(14.3–15.4)

Positive findings in 
Chest CT

13937, 30.1 
(29.3–30.8)

10958, 65.6 
(64.7–66.4)

40210, 70.4 
(69.9–70.8)

56450, 76.7 
(76.3–77.0)

99886, 74.1 
(73.8–74.3)

 < 0.001

ICU admission 6773, 14.7 (13.8–15.5) 2943, 17.6 (16.2–18.9) 10763, 18.8 
(18.0–19.5)

10786, 14.7 
(14.0–15.3)

13578, 10.1 (9.5–10.6)  < 0.001

Death 4546, 9.8 (8.9–10.6) 2187, 13.1 (11.6–14.5) 9000, 15.7 (14.9–16.4) 5793, 7.9 (7.2–8.5) 5305, 3.9 (3.3–4.4)  < 0.001
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waves, with highest odds ratio observed during the third 
wave after which the likelihood of dying as the result of 
the infection has considerably declined during the next 
two waves (Table 6).

With respect to COVID-19 coping strategies imple-
mented by the government during the epidemic, the first 
public health approach was a complete lockdown which 
took place on March 5, 2020, only few days after the prov-
ince had officially entered in to its first wave. The com-
plete lockdown was defined as closure of all non-essential 
services, all public and private organizations, businesses, 
and recreational facilities. The complete lockdown was in 
place until April 3, 2020, and was accompanied by a good 

compliance from public side. As of April 3rd, businesses 
started operating and few weeks later travel restrictions 
and capacity limits were lifted. Universities and schools 
reopened and compliance with infection control policies 
including mask mandates and social distancing decreased 
to as low as 51% of the total population. All these contrib-
uted to the resurgence of new daily cases and initiation 
of the second wave. However, complete closures never 
happened during the second wave. The virus spread was 
contained by adopting a combination of public health 
measures including effective communication  strategies 
with the goal of raising public awareness about COVID-
19 containment measures, massive screening policies, 
quarantine and temporary closure of facilities report-
ing outbreaks. Nonetheless it worth mentioning that all 
schools and most universities across the province were 
closed by the time the second wave had reached its peak 
due to the provincial summer break. Even after the sum-
mer break, on September 5, 2020, when the schools and 
universities re-opened, the needed infrastructure for 
online education was well functional across the prov-
ince with only 15 per cent of students attending in per-
son classes. Yet, the third wave prompted by holding 
religious mass gatherings in the province in late August 
and was hardly controlled by soft public health meas-
ures including mask mandates, physical distancing, and 
social gathering limitations. Eventually, despite resist-
ance in different governmental sectors a strict lockdown 
went into effect on October 4, 2020, lasting for 20 days. 
After which all public and private organizations, busi-
nesses, and recreational facilities were allowed to oper-
ate with 50 percent capacity and were obligated to close 
by 6:00  pm. This epidemic control policy could effec-
tively limit the spread of the virus causing case counts to 
sink again. However, the province entered a fourth wave 
shortly after the Iranian new year holidays in late March 
2021, which was mainly linked with increased family 
gatherings and domestic travels. The rapidly rising spread 
of the virus led to the enforcement of another complete 
lockdown in the province effective from April 10, 2021, 
to April 24, 2021. The containment policy included inter-
city travel restriction (limiting travelling between cities to 
essential purposes only) as well as social gathering limits 
of 15 person indoor [14]. However, just as the numbers 
started to sink, the low adherence to public health meas-
ures and concurrence invasion of a new variant of the 
virus caused case counts climb for the fifth time in a row 
on June 22, 2021 [15]. In order to control this huge wave, 
all non-essential businesses were closed for six days start-
ing from July 20, 2021, which was considered by many as 
ineffective. Yet, the unprecedented size of the resurgence 
led to implementation of the fourth complete lockdown 
on August 15 including inter- and intra-city mobility 

Table 6  Logistic regression model of independent variables 
associated with COVID-19 mortality

Variables aOR 95% 
confidence 
interval

P value

Lower Upper

Age (years)

 18–24 1

 25–34 0.91 0.758 1.106 0.36

 35–44 1.61 1.353 1.922  < 0.001

 45–54 3.03 2.556 3.605  < 0.001

 55–64 5.44 4.594 6.455  < 0.001

 65 +  13.09 11.065 15.497  < 0.001

Sex

 Women 1

 Men 1.29 1.263 1.332  < 0.001

Positive history of smoking 0.81 0.727 0.914  < 0.001

Positive history of opioids 1.25 1.095 1.442  < 0.001

Underlying disease

 Diabetes 1.15 1.110 1.200  < 0.001

 Hypertension 1.07 1.033 1.114  < 0.001

 Cardiovascular diseases 1.15 1.113 1.203  < 0.001

 Cancer 2.27 2.100 2.457  < 0.001

 Asthma 0.89 0.792 1.010 0.72

 Chronic liver diseases 1.81 1.549 2.116  < 0.001

 Chronic kidney diseases 2.08 1.929 2.243  < 0.001

 Chronic neurological diseases 1.74 1.553 1.963  < 0.001

 Chronic immune deficiency 
diseases

1.38 1.087 1.766 0.003

 Chronic hematological diseases 1.41 1.182 1.684  < 0.001

Waves

 Wave 1 1

 Wave 2 1.16 1.104 1.238  < 0.001

 Wave 3 1.34 1.287 1.395  < 0.001

 Wave 4 0.648 0.621 0.677  < 0.001

 Wave 5 0.389 0.372 0.406  < 0.001

Constant 0.01  < 0.001
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restrictions which was in effect for two weeks. Intra-
city restriction barred overnight mobility within the cit-
ies from 10:00 pm to 3:00 am with a few exemptions and 
was in place for a couple of months after the lockdown 
has ended [16]. Ultimately, the province’s biggest wave 
of COVID-19 relented months after the province-wide 
restrictions were first imposed (Fig. 1).

Discussion
This study is a population-based cross-sectional analysis 
of data on 328,410 adult patients who were diagnosed 
with COVID-19 during five consecutive waves of the 
disease in Tehran. Main findings indicated that the prob-
ability of dying with COVID-19 has increased as the pan-
demic wore on, showing its highest odd during the third 
wave and has gradually decreased during the next two 
waves. The same pattern was observed in the proportion 
of patients requiring ICU admission. Overall, the first 
wave presented mainly with respiratory symptoms, and 
gastrointestinal complaints were added during the second 
wave. During the third wave, neurological manifestations 
with peripheral involvement replaced the gastrointestinal 
complaints, and central nervous system manifestations 
were added during the next two waves. With respect to 
containment public health policies, adopting complete or 
targeted lockdowns were the key measures that helped to 
mitigate the virus spread in Iran.

Our findings revealed that more severe cases have been 
reported during the third wave, compared to the other 
waves. After adjusting for age, sex, and underlying dis-
eases in the logistic regression analysis, the odds of dying 
with COVID-19 has increased during the first three 
waves but has significantly decreased during the next two 

waves. The same pattern was seen in South Korea, Aus-
tralia, and France which were experiencing their second 
wave of COVID-19 during the same period when Iran 
was in its third wave, suggesting that as of early August, 
a more virulent and fatal variant of the virus was circu-
lating in most countries around the globe [17–19]. A 
recent reduction in COVID-19 related mortality rate has 
also been documented in studies evaluating the trends 
in death rate due to COVID-19 [20–22]. Generally, it is 
well established that viruses including SARS-CoV-2 natu-
rally mutate over time affecting their transmissibility and 
virulence [23]. According to experts’ report, in Iran the 
first wave was caused by the wild variant imported from 
China, the second wave was mainly due to a mutated var-
iant which has travelled from China to western states and 
then has entered the country, namely B.1.36. The third 
wave was mainly related to a variant of concern, B.1.1.413 
first identified in western countries including Europe and 
Canada. Alpha variant first identified in England was the 
dominant variant in the fourth wave and the fifth wave 
was mainly caused by Delta variant first detected in India 
[24]. Our findings indicated that the fatality rate had sig-
nificantly decreased by emergence of Alpha variant and 
consequently the Delta variant. Reduction in fatality rate 
over time could also be attributed to the increased pro-
tection against the disease provided by previous immu-
nity, be it infection, vaccination, or a combination of 
both. As per Statistic Center of Iran, the national vacci-
nation rollout plan began before the arrival of the fourth 
wave. Though it had minor effect on controlling high case 
counts during this period due to slow vaccination pace, 
it could significantly decrease death rates observed dur-
ing the fourth and fifth wave of the disease by prioritizing 

Fig. 1  Frequency of patients diagnosed with COVID-19 in the province of Tehran, Iran from March 2020 to December 2021
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high-risk populations including seniors, health-care 
workers working in close contact with COVID-19 
patients, and individuals with chronic diseases in early 
phases of its rollout plan. The vaccination coverage of 
eligible population, i.e., two doses in individuals eighteen 
years and above, was only about 5% by the time the fifth 
wave began and a coverage of about 65 percent of eligible 
population was reached in December 2021 by the time 
the fifth wave reached its low plateau. Yet, in terms of the 
proportion of COVID-recovered  individuals in different 
time periods in Iran, no accurate information has been 
made available so far [25].

Moreover, this study found changes in the patterns of 
COVID-19 symptoms as the epidemic evolved in the 
country. Overall, few studies have evaluated the changes 
in the COVID-19 presentation during the different pan-
demic waves, but the overall changing pattern of the 
symptoms have been previously reported [26, 27]. This 
could again be related to the ongoing evolution of SARA-
CoV-2 as it circulated among populations [28]. Clinical 
manifestations included mainly respiratory symptoms 
when COVID-19 first appeared in the country, how-
ever, gastrointestinal complaints were added during the 
second wave. This was in line with a previous study con-
ducted earlier in the country [29]. During the third wave, 
neurological manifestations with peripheral involvement 
replaced the gastrointestinal complaints, and central 
nervous system manifestations were added during the 
fourth and fifth waves. Overall, cough, difficulty breath-
ing, and fever remained the leading complaints through-
out the pandemic. However, the prevalence of muscle 
ache increased gradually since the first wave and replaced 
fever as the pandemic unfolded, indicating the inclusion 
of less severe cases in the COVID-19 surveillance system. 
At the beginning of the pandemic limited COVID-19 test 
kits were available, therefore like many other countries 
with inadequate testing capacities, testing was restricted 
to symptomatic patients. Yet, as the epidemic wore on, 
more PCR test kits became available allowing the evalua-
tion of those with mild or no symptoms [30].

Our results revealed a demographic shift towards more 
younger people and more women being affected by the 
illness as the epidemic progressed, which was aligned 
with reports on changing demographics of the pan-
demic from other countries [31–34]. The shift in the age 
category of patients could be accounted for in part by 
national vaccination program as it was focused initially 
on the elderlies. However, the reasons behind the ris-
ing proportion of women diagnosed with COVID-19 are 
not yet entirely understood. One possible explanation 
could be the higher ratio of women who work at front-
line industries including health care, childcare, social ser-
vices, cleaning services, and administrative roles which 

might put them at increased risk of contracting the virus 
[35]. As the pandemic continued, more people including 
women had to return to work, leading to the rising trend 
in proportion of women infected with the virus observed 
in this study. However, to further clarify this issue future 
studies are recommended.

Iran is among the few countries with five waves of the 
disease in its COVID-19 epidemiological curve caus-
ing the government to take a wide range of public health 
measures in their response to outbreaks. Throughout the 
pandemic, a descending trend in new case counts was 
observed each time a complete lockdown was adopted. 
This observation points to the probability that complete 
lockdowns were the key measures that helped to miti-
gate the virus spread and to initiate the descending phase 
of the epidemiological curve. Though our finding lends 
support to previous reports in the literature, the associa-
tion should be interpreted with caution since it could be 
affected by different interfering factors [36–38]. Overall, 
despite successfully implementing restrictive contain-
ment mandates at the beginning, the health sector faced 
increasing governance challenges as the pandemic pro-
ceeded. The major challenge was the growing resistance 
in different sectors in implementing proposed contain-
ment strategies out of great concerns about their socio-
economic consequences. Overtime increase in public 
non-compliance with infection control policies has con-
tributed to prolonged waves and shortened plateaus in 
the country’s COVID-19 epidemiological curve.

Finally, our research had few potential limitations. 
First, this study was a retrospective analysis of exist-
ing data which has restricted our analyses to available 
information. Future studies evaluating the effects of 
respiratory supports and other approved therapies on 
the health outcome of SARS-CoV-2 infected patients 
are recommended. Second, COVID-19 waves have 
occurred in different periods, hence there could be dif-
ferent confounding factors which could influence the 
health outcome of patients in different stages including 
use of therapies associated with improved health out-
comes over time, proportion of vaccinated or previously 
infected individuals, changes in population behaviours, 
exhaustion of healthcare workforce, and strains on health 
system resources containing ICU or total bed capacity. 
Third, since the government had rolled out several pub-
lic health interventions simultaneously during the peaks, 
detangling the impact of each intervention was challeng-
ing. And fourth, given the large sample size even small 
differences might become detectable, however, that sta-
tistical significance may not always imply something 
practically meaningful. Despite these drawbacks, by using 
a large provincial representative study population and 
a high-quality data set, collected by trained health care 
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personnel based on a standardized reporting form, we 
were able to provide a reliable picture of the COVID-19 
epidemic in the country allowing more confident exten-
sion of inferences to the target population. Moreover, 
consulting with authorities directly involved in COVID-
19 related public policy making, enabled us to provide a 
more in-depth review of the implemented strategies.

Conclusion
This study revealed a changing pattern in clinical mani-
festations and severity of COVID-19 pandemic during 
the five consecutive waves of the disease in Iran during 
2020 and 2021. COVID-19 related public health interven-
tions have also been reviewed, indicating the importance 
of population-wide COVID-19 immunization coverage 
and early implementation of infection control measures 
as effective strategies of virus containment.
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