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Abstract

Background: Objectives were to investigate aspects of the COVID-19 epidemics via testing the individuals who were referred to
Aramesh Medical Laboratory in Tehran and to integrate the molecular results with epidemiological data since the beginning of the

epidemic.

Methods: In this cross-sectional Study 77528 outpatients were referred to Aramesh Medical laboratory by physicians for the diagnosis
of SARS-CoV-2 infection between March 2019 and May 2021. Viral acid nucleic extracted from nasal and throat specimens and
subsequently amplified using Reverse Transcriptase Real-Time PCR. Laboratory data including Ct values compared with epidemic peaks
of COVID-19 countrywide. Statistical Analysis was done by SPSS 21 Software.

Results: 14312 (18.46%) tested positive.36.5% of the positive cases were in the 30 to 39 years old age group. The positive result rate
was significantly different based on months, ranging from 6% to 28%, compatible with four recognized epidemic peaks encompassing
the end of March through the first week of April (first epidemic peak), from June to July 2020 (second epidemic peak), October until
mid of November 2020 (third epidemic wave) followed by the end of April to May 2021 (until the end period of study, in the middle of
4th peak). In 37.8% of cases, the Ct value was between 21 and 28. Two separate trends were seen for Ct < 25 and Ct <20 for the first
and fourth epidemic peaks, respectively. There was an association between the number of total monthly positive results and total deaths
in the country, especially with the second to third peaks (in the course of summer 2020) and fourth epidemic peak.

Conclusion: It might be useful to consider laboratory admission rates as an indicator for changes in the epidemic level in the country
to continue the SARS-CoV-2 surveillance in accordance with public decision-makers.
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tWhat is “already known” in this topic:

Different aspects of SARS Cov2 testing have been reported.
The relationship between Ct real Time PCR values and the
severity of the disease is a matter of interest.

— What this article adds:
The relation of COVID 19 epidemic via testing the individuals

was clarified in this article. It might be useful to consider
laboratory admission rates as an indicator for changes in the
epidemic level in the country to continue the SARS-CoV-2
surveillance in accordance with public decision-makers and
prediction of epidemic level. This is the first high-sample result
in its format published yet. No such study for interpretation of
Ct values in relation to epidemic waves has been done before in
[ran.
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Introduction

The outbreak of COVID[119 due to the new coronavirus
(SARSJCoV[2) began in December 2019 in Wu han,
China, and then spread rapidly crosses the borders of many
countries and territories worldwide. Following the global
outbreak of COVID[]19, Iran encountered the COVID-19
pandemic as the first country outside of China with rapid
new incidence cases and also increases in death rates na-
tionwide (1). The first reported cases in Iran were approved
by the Ministry of Health on 19 February 2020. Afterward,
daily increased cases were escalated from several provinces
around the country. Despite the fact that the employment of
infection control measures such as increased testing, travel
restraints, social distancing as well as several lockdowns,
the numbers of new incidence and death tolls have not de-
creased with the exception of a short period of time be-
tween different national epidemic waves.

According to the World Health Organization (WHO)
guidelines, the gold standard method for the diagnosis of
new coronavirus is testing of upper respiratory tract speci-
mens by Reverse Real-time reverse-transcriptase Polymer-
ase Chain reaction (RT) PCR as a major modality (2). One
of the adjunct advantages of Real-Time PCR includes its
potential for semi-quantitative information on targets in
clinical specimens. In fact, the cycle threshold value (Ct)
stemming from a specimen is principally an indicator of the
amplification measurement for the target viral gene to cross
a threshold value to assess measurements of viral load (and
subsequently its burden) indirectly (3). Understanding the
burden of disease in society is crucial to exploit public
health policies on restriction, tracing of new cases, etc.
Therefore, molecular epidemiology surveys are critical to
providing identification of the proportion of the population
who have not yet been infected and to design future
healthcare plans.

One of the major distinctive of regions with main disease
outbreaks is the exponential increase in the number of
COVID-19 cases over time. Since the epidemics, by com-
paring the reported new cases and deaths, Iran has been
shown on an exponential trajectory. Upon beginning the ep-
idemic, due to the limited molecular diagnostic facilities in
hospitals and due to shortage of kits and consumables
across the country, some private laboratories were selected
by the Ministry of Health to undertake the tests on outpa-
tients and referrals.

In this investigation, we assessed some features of the
COVID-19 outbreak via testing the individuals who were
referred to Aramesh Medical Laboratory in Tehran since
the early of the epidemic. We analyzed the demographic
and epidemiological features of positive cases along with
their Ct values at different time points since the beginning
of the epidemic. Further, we investigated the results ac-
cording to national reported cases and deaths.

Methods
Patients and Samples
The current cross-sectional survey was carried out on

77528 outpatients who were suspected of being infected by
SARS-Cov-2 and who were referred to Aramesh Medical
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Laboratory by physicians with different specialties between
March 23 2020 and 315 May 2021. Aramesh laboratory
is a referral laboratory collaborated with the Research Cen-
ter for Clinical Virology, affiliated with Tehran University
of Medical Sciences, which receives clinical specimens
from a broad range of governmental and private sectors, es-
pecially for SARS-Cov-2 testing from the beginning of ep-
idemics in 2020. This laboratory was one of the first labor-
atories in Tehran Metropolitan which was authorized by
The Ministry Of Health to undertake SARS-Cov-2 molec-
ular and serological testing. Written informed consent
forms were obtained from the adults and the parents of the
children. The enrolled subjects included asymptomatic pa-
tients or those who were referred for testing due to acute or
moderate to severe forms of common respiratory symp-
toms. Respiratory specimens were taken from individuals
by plastic swabs from the nose and throat, then inserted in
viral transport medium (VTM) to conserve viral nucleic ac-
ids until being tested in the laboratory for molecular analy-
sis on the same basis.

Extraction and RT PCR

Viral nucleic acids were extracted from respiratory spec-
imens using viral RNA/DNA nucleic acid extraction kits
(ROJE Diagnostic Kit, Tehran, Iran) according to the man-
ufacturer’s instructions. As a quality control step and before
loading the trays, internal controls were added to speci-
mens. After getting 60 pl of eluted DNA, qualitative Re-
verse Transcriptase Real-Time PCR was carried out on 40
uL of extracted materials using SANSURE Biotech 2019
nCov Kit (China), according to the manufacturer’s recom-
mendations. This kit could amplify RdRp and N genes of
SARS-Cov-2 virus. Results of tests are reported as cycle
threshold (Ct) values. If a sample was positive for either of
or both genes, the test was considered to be positive. A cy-
cle threshold (Ct) value below the detection limit of the as-
say (< 37) was considered a positive result. Ct values be-
tween 37 and 40 were deemed as weakly positive. All the
test results statements were based on the same-day report-
ing system.

Data Collection and Analysis

Demographical and virological information was pro-
cessed and evaluated by the Research Center for Clinical
Virology. All data were analyzed by two independent
trained researchers. Extracted molecular data were com-
pared to national Covid-19 epidemic data obtained from the
Iranian center for disease control (CDC) and WHO, espe-
cially the following time intervals which were considered
for the four disease waves as follow; First peak (19 Febru-
ary 2020- 15 May 2020), Second peak; summer 2020 (1
June 2020 - 31 August 2020), Third peak; autumn 2020 (1
September 2020 — 1 January 2021), Fourth peak; Spring
2021 (1 April 2021- June 2021) based on WHO Corona-
virus (COVID-19) Dashboard (https://covid19.who.int/re-
gion/emro/country/ir).
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Statistical Analysis

Statistical analysis was accomplished using the Statistical
Package for Social Science (SPSS 21, SPSS Inc., Chicago,
Ilinois, USA). Normality of the data evaluated using Kol-
mogorov-Smirnov Test. Data were expressed as percent-
ages for categorical variables and means+ standard devia-
tion (SD) for continuous variables. The differences were
tested using the Student’s t-test or Mann-Whitney test ac-
cording to data distribution for numerical values and chi-
square for categorical variables. One-way ANOVA was ap-
plied for comparison between multiple subgroups. correla-
tion of the variables was determined using Spearman Coef-
ficient. For all comparisons, P-value <0.05 was considered
statistically substantial.

Results

We evaluated the results of 77528 consecutive cases re-
ferred to Aramesh laboratory in Tehran, Iran, between
March 237 2020 and 31% May 2021 (Table 1). The number
of cases ranged from 1000 (May 2020 ) to 17367 (April
2021) cases per month, as shown in Table 2 and Figure 1-
A. The age of the participants ranged from 3 days to 100
years (mean age: 39.8, SD: 14.42). Mean age was higher in
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males (40.3, SD: 14.21) compared to females (39.3, SD:
14.67) (p<0.001, results not shown). Of the total subjects,
46385 (59.8%) were between 15 and 40-year-old age
group, while only 3.72% were 70 years and older (Table 1
and Fig. 1-B). The proportion of male cases ranged from
52% to 60.7%, and was considered different based on
month, with an average of 56.1% of the total population
(Table 1 and Fig. 1-A, p<0.001). The male proportion was
also different based on age groups (p<0.001) where the
highest proportion (61%) was observed in 40-49 age group
(Table 1 and Fig. 1-B).

Altogether, 14312 (18.46%) tested positive for COVID-
19. The number of positive cases ranged from 35 (February
2021) to 3575 (April 2021) cases per month (Table 2 and
Fig. 1-C). Among positive cases, 18% and 19% were males
and females, respectively which was associated with a sig-
nificant difference (Table 1 and Fig. 1-D, p<0.001). The
age of the positive cases ranged from 3 days to 97 years
(mean age: 39.8, SD: 14.42). More than 36.5 % of the pos-
itive cases were in 30-39 years old age group, while only
5.1% were 70 years and older which was significantly
lower than younger people (Table 1 and Fig. 1-D, p<0.001).
The mean age of males was higher than females (40.3 and

Table 1. Demographical characteristics of total number of subjects as well as positive COVID-19 cases

Gender /Age Total Positive P-Value
N (%) N (%)

Total 77528 14312 (18.46%)

Male 43505 (56.1%) 7853 (54.8%) <0.001

Female 33995 (43.9%) 6459 (45.12%)

<15 2033 (2.6%) 330 (2.3%) <0.001

15-30 17917 (23.1%) 2587 (18%)

30-40 28468 (36.7%) 5236 (36.5%)

40-50 13244 (17%) 2659 (18.57%)

50-60 7912 (10.2%) 1645 (11.5%)

60-70 4907 (6.3%) 1119 (7.8%)

70-80 2158 (2.8%) 549 (3.8%)

>80 726 (0.93%) 187 (1.3%)

Table 2. Distribution of Ct value results among positive cases between March and October 2020 in Aramesh Laboratory, Tehran

Month Number Positive Ct Values; Number of patients (%)

Tested N (%) <20 21 to 28 29 to 34 >34 P-value
March 1700 325 (19.1%) 5 (1.53%) 81 (24.92%) 72 (22.15%) 167 (51.3%) <0.001
April 1538 83 (5.4%) 2 (2.4%) 21 (25.3%) 19 (22.9%) 41 (49.4%)
May 1000 200 (20%) 16 (8%) 39 (19.5%) 33 (16.5%) 112 (56%)
June 3341 876 (26.2%) 83 (9.5%) 274 (31.3%) 263 (30%) 256 (29.2%)
July 6880 1887 (27.4%) 178 (9.4%) 648 (34.3%) 649 (34.4%) 412 (21.8%)
August 6522 772 (11.8%) 101 (13.1%) 313 (40.5%) 193 (25%) 165 (21.3%)
September 6230 1170 (18.7%) 219 (18.7%) 491 (42%) 317 (27.1%) 143 (12.2%)
October 7062 1946 (27.5%) 200 (10.28%) 874 (44.91%) 595 (30.58%) 277 (14.23%)
November 1163 185 (16%) 14 (7.56%) 78 (42.16%) 67 (36.21%) 26 (14%)
December 107 18 (16.8%) 1(5.55%) 6 (33.33%) 9 (50%) 2(11.11%)
January 2293 123 (5.4%) 11 (8.94%) 71 (57.72%) 37 (30.08%) 4(3.25%)
February 6525 35 (0.54%) 5(14.28%) 14 (40.00%) 14 (40.00%) 2 (5.71%)
March 8225 1371 (17%) 315 (22.97%) 645 (47.04%) 350 (25.52%) 61 (4.44%)
April 17367 3575 (20.5%) 516 (14.43%) 1827 (51.11%) 930 (26.01%) 302 (8.53%)
May 7547 1746 (23%) 186 (10.65%) 740 (42.38%) 499 (28.57%) 321 (18.38%)
Total 77500 14312 1852 (12.9%) 6122 (42.8%) 4047 (28.2%) 2291 (16%) <0.001

(18.46%)
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39.4 respectively, p=0.004, results not shown). Of the total
positive cases, 10482 (73.2%) were age categories between
15 and 50, whereas 734 (5.1%) population belonged to >70
years old (Table 1 and Fig. 1-D).

The positive result rate was significantly different based
on months (Fig. 1-C, p<0.001), ranging from 6% to 28%. It
was compatible with different separate national four epi-
demic peaks; with the highest rates observed at the begin-
ning of the study encompassing the end of March through
the first week of April (first epidemic peak), in June-July
2020 (second epidemic peak), in October until mid of No-
vember 2020 (third epidemic wave) followed by the end of
April to May 2021 (until the end period of study, in the
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middle of 4" peak) (Table 2 and Fig. 2).

Ctvalues of positive cases ranged from 15 to 37 (weakly-
positive), while in 42.8% of cases, the Ct value was be-
tween 21 and 28 (Table 2). The association between Ct
values and the gender of patients was not statistically dif-
ferent (p=0.244, results not shown). However, there was a
substantial correlation between the age of positive cases
and Ct values (p=0.098); the highest Ct values (< 20) was
prevalent in age groups 37.5 to 42.5 years old (Fig. 3).

Results of ANOVA showed that the means of Ct values
were not equal in different months (Fig. 4). A trend for var-
iable rates of Ct 21-28 was seen in four periods in accord-
ance with the above-mentioned waves (Table 2 and Fig. 4).

60-69 70-79 80-89 90-100

Fig. 1. Demographical characteristics of patients. A) Monthly distribution of total admissions; B) Age distribution between both genders among
total admissions; C) Monthly distribution of positive Covid-19 cases, and D) Monthly distribution of age categories between genders among

positive cases.
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Fig. 1. Continued
Altogether, Ct values between 21 and 28 comprised 6122 Discussion

(42.8%) of total values (Table 2). Also, two separate trends
were seen for Ct < 25 and Ct <20 for the first and fourth
epidemic peaks, respectively. Therefore, the highest Ct val-
ues (< 20) were prevalent throughout the fourth epidemic
wave (March-April 2021). On the other hand, Ct >34 which
indicated weak positive, showed reverse trends in com-
parison with Ct <20 and Ct 21-28 in the remarked four
waves (Table 2 and Fig. 4).

Lastly, there was an association between the number of
total monthly positive results and total deaths in the country
(»<0.001). The correlation between the national death rate
and total monthly positive test results was significantly
compatible with the second to third peaks (in the course of
summer 2020) and fourth epidemic peak (Fig. 5 and Table
2).

We observed an average of 20% positive cases of outpa-
tients. Results from this study were in compliance with re-
sults obtained by Pasture Institute, Department of Virology,
and also with Virology Reference Laboratories connected
to the Iranian Network for Research in Viral Diseases dur-
ing several epidemic waves across the country (personal
communications). Therefore, we believe that the relatively
high number of samples in the present study reflects the
passive case-finding policy of the country. The positive rate
of tests ranged in different studies based on the target pop-
ulation; lower in the general population and higher in hos-
pital-based samples. Similar data have been reported from
outpatients from Mexico and Argentina, where COVID-19
incidences were 41% and 34.2%, respectively (4, 5). On the
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Fig. 2. The number of monthly positive cases and positive rate in admissions of Aramesh Laboratory, Tehran, between March 2020 and May 2021.
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Fig. 3. Association between different Ct values of positive cases and age category 37-43 years old. Only age categories with significant correlation are
shown, so a relative proportion of areas is skewed in favor of these age groups, respectively

other hand, the positivity rates for SARS-CoV-2 from a dif-
ferent survey from the USA outpatient clinics were be-
tween 8.2% in Washington State and 8.4% in Seattle area
(6). Both of the above American Latin countries were con-
fronted with high incidence rates, 43% and 65%, respec-
tively, whereas, at the same time, the USA had a lower inci-
dence rate of 7% (7). Similarly, the finding of 21% outpa-
tient positive cases in the present survey complied with a
high incidence rate in Iran (8).

The positive rates were changed in age and gender sub-
groups in different stages of the national epidemic. In gen-
eral, men were referred more often for laboratory testing
than women, although the positive rate was not different in
our sample of outpatients. In general, women are more

6 http://mjiri.iums.ac.ir
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prominently present in similar samples due to their differ-
ent health-seeking behavior (9) .In a study on a laboratory
registry from Finland, females tested more frequently than
men, yet the positive rate was higher in men (10). Age dis-
tribution among individuals showed that 30 to 39 years old
composed the highest proportion of positive cases together
with the fact that the highest Ct values (< 20) were preva-
lent in age groups 37.5 to 42.5 years old. Similar data ob-
tained from other parts of the world showed that unlike the
increased severity of disease among older ages, the inci-
dence rates were higher between young and middle-aged
individuals in the societies (5, 6).

Using laboratory data, we found that there were four dis-
tinctive epidemic waves that were principally well-matched
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Fig. 5. The association between the number of positive tests and Iran’s total COVID-19 deaths between March 2020 and May 2021.

with national data released by WHO (11). The first epi-
demic wave started at the end of March and lasted until the
1%t week of April 2020 which was typically compatible with
the Iranian New Calendar. During this period, due to mas-
sive numbers of social contact and significant travel events
across the country, the number of new cases increased. Our
data showed that both the referrals and positive cases esca-
lated during this time period. The country lockdown was

started on 18" April and lasted for 4 weeks. Accordingly,
the number of new cases went down for about four consec-
utive weeks countrywide. Similarly, present laboratory data
showed decreases in both referral and population positive
cases. Subsequently, upon uplifting the lockdown in early
May, the second epidemic wave began at the end of June,
and lasted until mid of August 2020. At this time, both re-
ferrals and positive cases were raised. Applying extensive
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social distancing and widespread use of protective
measures (especially masks) led to the subside of the sec-
ond epidemic wave in the mid of summer. However, this
subsidence lasted for only two weeks, and then the third
wave of the epidemic started about early September 2020,
and lasted until January 2021. Lastly, the fourth national
epidemic peak began in April 2021 and lasted until the writ-
ing of the results of the present survey. During both latter
peaks, the number of referrals and positive cases raised ac-
cordingly. These findings were in accordance with other
observations from other countries which showed a definite
correlation between the positivity rates and the different se-
quential waves of the epidemics (12-15).

One of the findings was the association between daily la-
boratory admissions and national mortality. Since the be-
ginning of the COVID-19 pandemic, health authorities
have aimed at establishing surveillance systems to provide
indicators helping them predict the upcoming changes on
the pandemic level and preparing the system by redistrib-
uting resources accordingly (16). It might be useful to con-
sider laboratory admission rates as an indicator of changes
in the epidemic level in the country. The finding of 21%
outpatient positive cases was in agreement with observing
of 17.9% to 24.4% in-hospital mortality rate among Iranian
COVID-19 patients (17-19). We observed a moderate cor-
relation between daily admissions to the laboratory with na-
tional deaths. It should be highlighted that changes in case
finding policies and case definitions (20) and higher valid-
ity of mortality data compared to new cases could have con-
tributed to a stronger correlation. We also observed a mod-
erate correlation between daily admissions to the laboratory
with national deaths over the next 14 days, as observed in
previous studies (21-23).

Among these outpatient individuals, a trend for Ct < 25
was seen from a period between the middle of June until
the end of the study (6" November) with a prominent peak
in the whole of September. Moreover, Table 2 clearly
showed that the more time elapsed from March to October
2020, the more decrease in Ct values (<34) was observed.
Interestingly, the reverse pattern was seen for weakly posi-
tive Ct values (>34). In the same period, the number of
weakly positive cases tended to be decreased. Lastly, about
two-thirds (67.3%) of Ct values were recorded between 21
and 34 (of total Ct ranges between 15 and 40). Altogether,
Ct values between 21 and 28 comprised 6122 (42.8%) of
total values.

Moreover, a trend for variable rates of Ct 21-28 was seen
in the four periods in accordance with the above-mentioned
waves. Interestingly, the highest Ct values (< 20) were
prevalent during the fourth epidemic wave (March-April
2021). All of the above phenomena reflect the increase in
the invasive nature of epidemics mirrored in the four epi-
demic waves in the patients studied and also in the nation.
This has been highlighted in Figure 5.

Interestingly, Yagci and colleagues observed that the
prevalence of Ct value <20 was higher in outpatients than
in inpatients (13 vs 31 patients, p<0.01) (24). Clearly, from
June 2020 until the end of the study period, a majority of
cases increasingly showed lower values, indicating a high
potential for infectivity and transmissibility of disease. The
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benefit of cycle threshold assessment at admission as an in-
dicator of disease severity of SARS-CoV-2, has been sug-
gested as an imprecise measurement of viral load burden.
On the contrary, in a report from Italy, where in the three
distinguishable periods, the average value of Ct increased
from 24.80 in the first epidemic period to 26.64 in the
second period, then again increased to 28.50 in the third
period (p<0.001) (25).

Despite neither surveys comparing the Ct values with
COVID-19 case- definition nor the potential infectivity was
included among the aims of studies. However, this finding
was in concordance with the fact that all epidemiological
reports from Iran indicated high number of new cases and
also death rates beginning from May 2020 until the end of
May 2021 (at the time of writing up of this report). We ob-
served two separate trends were seen for Ct <25 and Ct <
20 for the first and the fourth epidemic peaks, respectively.
Previous Iranian data indicated that clade B4 was the dom-
inant clade in the country between March 2019 and May
2020, compatible with the first epidemic wave (26).

This clade might have been imported from China at the
beginning of the Sars-Cov-2 pandemic. However, in the
fourth epidemic peak, our unpublished data based on next-
generation sequencing of random sampling indicated that
variant Delta which was firstly detected in January 2021,
was the dominant isolate in the fourth peak in the country
(Najmabadi et al., Unpublished). Literature indicated that
higher transmissibility of variants of concern might be cor-
related to a higher viral load which could be mirrored by
semi-quantitative indication by Ct values (27, 28).

There were several limitations in this survey. This study
was not based on a laboratory registry database and only
contained outpatients referred to a private laboratory. Thus,
it does not reflect the complete profile of the Iranian tested
patients. Instead, it provides a picture of a less investigated
sample of the population who seek medical care in the
midst of the COVID-19 pandemic. Also, due to govern-
mental restraint measurement on schools since 2" April
2020, the children and teenager population (<18 years old)
were sub-presented.

Conclusion

In conclusion, the present survey clearly showed the cor-
relations between different countrywide epidemic peaks of
COVID-19 and positive results of PCR tests (and the Ct
values) among outpatients, bolstering the significance of
initial access to testing for populations and execution of
public health measures to suspend transmission of SARS-
CoV-2 more effectively. However, further studies are
needed to correlate observational epidemiological data with
the dynamics of infectiousness and viral transmissibility
based on Ct data.
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