
Background 
The third serious emerging disease from the Coronaviridae 
family appeared from Wuhan, China in late 2019. This 
recent disease was officially called coronavirus disease 
2019 (COVID-19) caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Two previous 
coronaviruses included severe acute respiratory 
syndrome coronavirus (SARS-CoV) and the Middle 
East respiratory  syndrome  (MERS-CoV) that appeared 
in 2003 and 2014, respectively (1,2). Considering that 
COVID-19 was extremely spread worldwide, the World 
Health Organization (WHO) announced a pandemic 
stance on March 11, 2020 (3,4). After a month interval 
from the defined pandemic situations, there are currently 
more than 3 million infected people globally confirmed, 
and more than 210 thousand deaths occurred during this 
time (5). 

The case fatality rate (CFR) is the death rate which 
is calculated by the percentage of the proportion of 
individuals who die due to a certain disease per total 
infected cases in a specified period of time. The CFR for 
MERS (34.4%) and SARS (~10%) was estimated to be 
more compared to COVID-19. According to the WHO 
data, CFR for COVID-19 was 3.7% at the beginning of the 
pandemic, but numerous amounts of infected cases have 
recently revealed that CFR is surpassed and has reached 
6.9% (6-10). 

The estimated median time for the incubation period 
in COVID-19 is 4.8 and 5.5 days, inside and outside 

mainland China, respectively. Although the incubation 
time of COVID-19 is totally variable, even may lasting two 
weeks, but the mean time of it is around 5 days. (7,11). 
Li et al determined that COVID-19 is transmissible at the 
end of the incubation period, and although COVID-19 
infectivity may be considerable during this time, it is still 
obscure (12). Isolation and restriction in contacts should 
be performed to break the chain of disease transmission 
and reduce the chance of exposure to prevent disastrous 
outcomes. The generation of secondary infections could 
be managed by this strategy and contact tracing. This 
may decrease the basic reproductive number (R0) (13,14), 
which demonstrates the ability of the virus to transmit 
an infectious disease from a single infected person to 
new cases in a naïve population. In this parameter, 
previous exposure immunity is not participated, including 
vaccination history and other interventions. SARS-
CoV-2 is an important concern for all societies around 
the world and R0 is a major factor for estimating the rate 
of transmission of COVID-19. The amount of R0 will be 
controlled by social distance and quarantine since an 
interpretation of R0 < 1 is due to contact limitation and the 
reduction of newly infected cases (14-17). 

SARS-CoV-2 is diagnosed by some in vitro diagnostic 
tests based on either serological immune assay (IA) 
or molecular assays such as the real-time reverse 
transcription-polymerase chain reaction (rRT-PCR). 
Several methods including enzyme-linked immunosorbent 
assay, chemiluminescence IA (CLIA), and lateral flow IA 
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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of coronavirus disease 2019 
(COVID-19) as a pandemic infectious disease which has led to thousands of deaths around the world. The 
Coronaviridae family is the second cause of the common cold that targets human respiratory tracts. Specific 
diagnostic laboratory tests in addition to clinical investigations would be helpful in confirming COVID-19 in the 
early stages for controlling the disease. Upon SARS-CoV-2 infection, antibody responses are produced during 
the early phase of illness ( > 7 days), meanwhile, viral nucleic acid real-time reverse-transcription polymerase 
chain reaction (rRT-PCR) test is applied as the confirmatory assay in the first 5-6 days after the onset of illness. 
Due to the rise of antibodies, the viral nucleic acid represents a gradual decline. These laboratory tests may be 
considered valuable for monitoring the patient’s status to prevent the spreading of infections and keep him/her 
in quarantine. The results of molecular and serological assays revealed that whether the person is recovered and 
protected against disease. Furthermore, regarding the rise of antibody titer and undetectable viral RNA, it may 
be possible to make a decision about when the recovered people could back to work and social life. 
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exist to perform serologic IA in order to detect produced 
immunoglobulin M (IgM) and immunoglobulin G (IgG) 
by the patient during the infection. rRT-PCR is currently 
a reference laboratory test for the etiologic diagnosis of 
COVID-19. The marvelous time for collecting specimens 
with a high viral load is in 5-6 days after the onset of 
symptoms. In contrast to rRT-PCR, the specimens for 
serological tests must be collected around 10 days post-
onset of illness. Thus, in the acute phase of the disease 
or asymptomatic infections, a combination of serological 
and molecular assays must be performed to control this 
infectious disease (18-21). This review aimed to investigate 
and compare the results of the serological and molecular 
assays of different studies to find the value of laboratory 
tests results to make decisions whether employments are 
safe for returning to work. 

Virus Features
SARS-CoV-2 is classified within the genus of beta-
coronavirus, allocated to the Coronaviridae family and in 
the order of Nidoviral. SARS-CoV-2 can cause severe acute 
respiratory syndrome-related coronavirus the same as two 
other members of this genus, namely, SARS-CoV and 
MERS-CoV (1,22). Similar to other viruses in this genus, 
SARS-CoV-2 contains four structural proteins. Three of 
four cases are located in the surface of the viral membrane 
and named spike glycoprotein (S), envelop protein (E), 
and membrane protein (M). The next one, nucleocapsid 
protein (N) is put in the proximity of the virus genome. In 
addition to these structural proteins, there are several non-
structural proteins which are primarily translated into two 
sets of polyproteins (pp1a & pp1b) and then processed 
to mature proteins including ribonucleic acid (RNA)-
dependent RNA polymerase (RdRp), papain-like protease 

(PLpro), 3-chymotrypsin-like protease (3CLpro), helicase, 
and the like autoproteolytically (23,24), the details of 
which are depicted in Figure 1A. 

SARS-CoV-2 applies the S protein as a receptor to enter 
host cells. This transmembrane protein (~180 kDa) is 
composed of S homo-trimer molecules on the surface of 
the virus and cleaved to S1 as an attachment subunit and S2 
which are critical for the fusion of the virus. Considering 
that S1 is involved in receptor binding domains, SARS-
CoV-2 could recognize angiotensin-converting enzyme 
2 as cellular host receptors on the respiratory tract and 
attach strongly. Further, S glycoprotein is the main target 
for generating neutralization antibodies (18,25,26).

The most abundant structural protein in coronaviruses 
is M protein, which is responsible for the formation of 
the viral envelope. Furthermore, M protein is related to 
other structural proteins of coronavirus for organizing 
the assembly process. In addition, this protein is fairly 
conserved among coronaviruses in a similar genus (23,27). 

The pentameric integral membrane protein, which is 
called E protein, is moderately small (~12 kDa) and not 
glycosylated, and is reported to act as an ion channel and 
plays an important role in viral infectivity (23,28). 

In addition to the surficial mentioned proteins, there is 
another structural one which binds to the RNA genome of 
coronavirus, the so-called N protein. This phosphoprotein 
may increase the affinity of the protein to viral RNA in 
comparison with non-viral RNA. It was revealed that N 
protein may provide the accurate and rapid diagnosis of 
COVID-19 by antigenicity features on the linear epitopes 
of the outer surface protein (23,29).

These structural proteins are commonly expressed from 
one-third near the 3’ end of the genome. Moreover, two-
thirds of the genome in the 5’ position consists of two 

Figure 1. Structure and Genome Organization of SARS-CoV-2. Note. ORF: Open reading frame; SARS-CoV-2: Severe acute respiratory 
syndrome coronavirus 2; FA: Schematic showing the major structural proteins of coronavirus virion. B: Schematic image of the complete 
genome organization of SARS-CoV-2 showing the replicase gene included two overlapping ORF (pp1a and pp1b); basic genes (S, E, M, & N) 
and accessory genes.
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large open reading frames including rep1a and rep1b for 
producing 16 non-structural proteins from polyproteins 
which have been mentioned in previous studies (23,30), 
the related data of which are illustrated in Figure 1B.

SARS-CoV-2 Molecular Assay
Acute respiratory distress syndrome and velocity spread of 
new coronavirus led to the crucial request for assays that 
are accurate tests and have the ability to quickly diagnose 
COVID-19. For this purpose, several RT-PCR assays were 
designed to detect the virus and measure the viral load 
to determine disease diagnosis (31,32). The RT-PCR is 
an appropriate and common test for detecting infectious 
diseases such as COVID-19 by the detection of SARS-
CoV-2 nucleic acid from the bronchoalveolar lavage 
(BAL) fluid, sputum, nasopharyngeal, and oropharyngeal 
swabs of respiratory specimens and blood and anal swabs 
(33). 

Briefly, viral SARS-CoV-2 RNA is isolated from the 
respiratory tract specimens of patients. The reverse 
transcriptase process is performed following the extraction 
and purification of the RNA genome and used as a 
template to turn into complementary deoxyribonucleic 
acid (cDNA) due to specific viral primers. Afterward, 
the synthesized cDNA can be used as a template, along 
with specifically designed primers and probes to amplify 
the target sequences. Positive results are detected by the 
cleavage of the reporter on the probe and amplification of 
fluorescence enhancement. However, the accurate results 
of this technique may strongly depend on the onset time 
of symptoms and the specimens and routes of sampling 
(34,35). Furthermore, successive amplification of the 
viral genome in the suspected patient can be interpreted 
as a positive result when the cycle threshold value raises 
in  > 40 cycles, otherwise, the result may be considered as 
negative (36). 

According to the literature and the comparison between 
different experimental techniques (i.e., nucleic acid 
amplification test, immunoassay, and rapid tests), the RT-
PCR is recommended by the WHO and Centers for Disease 
Control and Prevention (CDC) as the most sensitive and 
specific assay for improving diagnosis in laboratories for 
COVID-19 in order to reduce the spread of the infection 
(37,38). 

In a study released in January 2020, two monoplex 
quantitative RT-PCR (qRT-PCR) assays were developed 
according to the WHO protocol and the two highly 
conserved regions of the involved viral RNA genome 
(i.e., orf1b and N). This experiment was evaluated using 
a panel for controls in which the spectrum of human 
coronaviruses, other respiratory viruses, and the sputum 
specimen of healthy individuals were used as the negative 
control. According to the results, it was recommended that 
RT-PCR on N and S regions are reliable for screening and 
confirmation, respectively. Additionally, it was determined 
that the N region is more sensitive regarding RT-PCR assay 
for SARS-CoV-2 detection (39,40). The other study was 

performed in China on a cluster of the family who traveled 
to Wuhan from their city, Shenzhen, Guangdong province, 
China. Two members of this family visited a hospital in 
Wuhan and were infected with a new coronavirus and 
transmitted it to others by close contact. In this study, Chan 
et al designed an RT-PCR assay on two separate regions of 
coronavirus genomic RNA as the highly conserved region 
(RdRp) and a highly variable region in the S protein. All 
respiratory specimens of this family cluster were positive 
for RdRp and the S region by RT-PCR assay except for the 
specimen that was collected on the 9th day of the disease 
onset (41).

Furthermore, other molecular targets are located on 
the genomic RNA of coronaviruses, including regions 
that belong to non-structural proteins, along with four 
structural proteins. The main point is that at least, a 
couple of molecular targets should be selected to prevent 
cross-sectional reactions in this assay by other seasonal 
coronaviruses. In this regard, there are two moderately 
different guidelines designed by the WHO and CDC, as 
the WHO recommended the E region for screening and 
following the RdRp region for confirmation and CDC 
suggested two nucleocapsid protein targets (36,42). 
Corman et al demonstrated the high sensitivity for E, 
RdRp, and the N region with 5.2, 3.8, and 3.2 RNA copies 
per reaction at 95% detection probability for RT-PCR 
assay, respectively (37). 

Principally, the consequences of both analytical and pre-
analytical factors of rRT-PCR may report false results. The 
misclassification rate depends on pre-analytical  including 
sample quality (poor specimens  transport condition 
and sample collection technique) and the sampling time 
point (disease status). The rRT-PCR negative results 
must be interpreted while considering both relevant 
background data including clinical manifestations and 
the epidemiological history of suspected patients. In this 
situation, 24-hour repeated sampling is required and 
might display fabulous results (21,36).

Determination of Immunity to COVID-19 by Serologic 
Tests
Serological assays are based on antibody production 
against viral antigens among the structural proteins, 
especially S and N proteins. These assays provide a method 
to determine the number of infected individuals, whose 
sensitivity strongly relies on the phase of the disease. 
Certainly, seroconversion in most patients did not occur 
during the incubation period or the onset of illness (36,43). 
COVID-19 infection is typically divided into three phases. 
The first phase is the incubation and non-severe phase in 
which individuals are found relatively asymptomatic with 
or without detectable new infections. The second phase is 
non-severe symptomatic and rapid growth in the cases of 
infection with the presence of the virus. The final phase 
is the severe acute respiratory symptom in which highly 
viral genomes are observable. Previous research showed 
that the levels of IgM antibodies were detectable in both 
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symptomatic and non-severe symptomatic patients 5 days 
after the onset of illness (44). 

Jin et al performed a retrospective study was performed 
in China on 43 COVID-19 patients through CLIA. All 
patients were previously confirmed by laboratory tests. 
The median age was 47 years (ranging from 7 to 74), 
and 33 suspected persons were enrolled in this study as 
the control group (the median age was 31 years). In the 
condition of tested positive for the virus by molecular 
detection, 27 patients of the COVID-19 group were 
investigated for viral antibodies with a 16-day interval 
from the onset of symptoms to the first serological test. 
Among 27 patients, 13 and 24 cases were IgM (48.1%) and 
IgG (88.9%) positive, respectively. Those three residual 
patients were negative for both IgM and IgG. Initially, IgM 
tends to increase during the first days after the disease 
onset while it will be diminished during the time. On the 
other hand, the IgG rate increases following a rise in IgM 
and remains permanent over time. This study revealed 
that after being virus-negative by the two oral swabs with 
24-hour intervals, IgG-positive titers become double and 
are significantly different before virus-negative tests (45), 
which contradict the results of the study by Zhang et al, 
demonstrating that molecular assay on an oral swab in 
early stages was positive whereas in the late stages of the 
disease, the anal swab was positive and the oral swab was 
negative. Meanwhile, IgM and IgG positive titers increased 
from 50% to 81% and 81% to 100%, respectively. Thus, 
other routes may include the samples of the anatomical 
sites of COVID-19 transmission except for the molecular 
detection of the virus in respiratory samples, and more 
importantly, serological tests would be strongly valuable 
to confirm disease exclusion (46).

In another study, Zhao et al reported the advantage 
of antibodies for distinguishing COVID-19. This study 
was performed on 173 patients by 535 sequential plasma 
samples collected since their admission to the hospital. All 
samples were tested for total antibodies (Ab), along with 
IgM and IgG antibodies against SARS-CoV-2 in addition 
to RT-PCR for determining the RNA rate by 0-7, 8-14, and 
15-39 days after the onset of illness. During the first week 
of illness, the rate of RNA was estimated at around 66.7% 
(58/87) among the collected specimens. Nonetheless, in 
the late phase of illness and during 15-39 days post-onset 
of the disease, the positive rate of RNA was evaluated 
at about 45.5% (25/55). On the other hand, there were 
100% (30/30), 93.3% (28/30), and 73.3% (22/30) positive 
amounts of total antibody, IgM, and IgG in patients with 
undetectable RNA, respectively. Finally, they suggested the 
high sensitivity of Ab in comparison to IgM and IgG for 
detecting SARS-CoV-2 infection. Moreover, they revealed 
the value of IgM for determining either the acute disease or 
post-epidemic area during the next epidemic occurrence. 
Conversely, the total antibody and IgG are functional for 
epidemiological studies (47).

Likewise, Grzelak et al assessed neutralizing antibodies 
by four different serological tests on N and S proteins and 

found that among 51 severe symptomatic hospitalized 
patients, seroconversion was detectable between 5 and 
14 days after the onset of illness. In fact, the median time 
of seroconversion for  IgM was 5-12 and 14 days for IgA 
and IgG, respectively. Furthermore, among 175 mild 
symptomatic patients who were included in this study, 
neutralizing antibodies were detected 10-15 days post-
onset of illness. The findings of this study confirmed 
the correlation between the rate and appearance of 
neutralizing antibodies with the severity of disease 
symptoms. Additionally, more sensitive assays may detect 
mild symptomatic patients and asymptomatic persons 
by weaker responses (48). In another study, three types 
of antibodies (i.e., IgA, IgM, and IgG) were recognized 
among 216 sera samples from 87 confirmed COVID-19 
patients during 41 days through CLIA on both N and 
receptor binding domains of the S region. The highest 
median concentration of IgA was 8.8 μg/mL during 16-
21 days after the onset of symptoms, and then it started 
to reduce to 3.6 μg/mL on day 41. IgM reached its peak 
amount of concentration (7.25 μg/mL) while its sensitivity 
was low among other types of antibodies. The highest 
median concentration of IgG was 16.5 μg/mL and later 
than others (during 21-25 days after the onset of illness) 
and remained approximately 11.4 μg/mL on day 41. There 
was a remarkable correlation between the concentration of 
IgA and the severity of symptoms (49).

Interestingly, Guo et al followed up a group of healthcare 
workers during the SARS outbreak during 2004-2015. 
They concluded that the IgG level against the whole virus 
(around 60%) was significantly high in this cohort study 
for 12 years in comparison with the IgG rate against N 
protein (around 30%). Their results showed that the IgG 
level remains persistently and determined the IgG value to 
the vaccine developer to design a strategy either for SARS-
CoV or SARS-CoV-2 (50).

In the cohort study, Wu et al followed up patients with 
specified history were followed up during 1265 days and 
demonstrated that IgM and IgG reached the maximum 
amount of around 21-30 days and 2-4 months after 
the onset of illness, respectively. After 60 days post-
onset of illness, the median of the optical density of 
IgM decreased and reached the cut-off point. The same 
condition occurred for IgG one year after the onset of 
symptoms (51). Similarly, there are other similar findings 
with variable sample sizes and follow-up durations for 
indicating the convalescence of the SARS coronavirus 
neutralizing antibody (52,53). Müller et al analyzed the 
sero convalescent of the MERS coronavirus in nearly 13 
provinces of Saudi Arabia among three different groups 
in general populations (n=1, 009), camel shepherds 
(n=87), and people working in slaughterhouses (n=140) 
and reported that MERS-coronavirus antibodies were 
positive in 0.15%, 2.3%, and 3.6%, respectively. It seems 
that the low antibody titers may not be protective against 
subsequent MERS coronavirus infections (54,55).



 Avicenna J Clin Microbiol Infect, Volume 8, Issue 4, 2021                                                             160

Habibian et al 

Discussion and Conclusion 
Now, we encounter with a newly emerging disease of 
the Coronaviridae family which is intensely spreading 
worldwide. Although China in Asia was the center of this 
pandemic, other 212 countries and territories including 
Asian, European, and North and South American countries 
have encountered with this emergency health situation 
(18). There are considerable numbers of asymptomatic 
cases for COVID-19 which have been reported to transmit 
illness. Indeed, some quantities of recovered patients 
or asymptomatic people may be a carrier of illness 
causing a problem in the health policy system (56-58). 
Molecular diagnostic assay (the RT-PCR) was primarily 
used to detect and screen infectious and then to confirm 
COVID-19 due to the absence of the serological test for 
this new virus (59). Considerably, serological methods are 
helpful in confirmation and cases where the rRT-PCR is 
negatively false due to the pre-analytic (poor sampling) or 
analytic process and a decline in the viral load as a result 
of antibody production (36). Moreover, the rRT-PCR assay 
maybe beneficial for asymptomatic patients since Liu et 
al identified no magnificent differences in IgM and IgG 
production between the confirmed (83%) and suspected 
(78.8%) patients. Suspected patients negative for viral RNA 
could be distinguished by performing the rRT-PCR assay 
to determine the load of viral RNA in the proper time (60). 
Thus, for beneficial analysis, a combination of serological 
and molecular assays should be performed to determine 

the status of COVID-19 according to the seroconversion 
and presence of genomic RNA (47,61), the related data are 
displayed in Figure 2. 

In spite of nasopharyngeal and oropharyngeal swabs 
which have been recommended because of their tolerability 
for patients, sputum, and BAL are more suitable samples 
from the lower respiratory tracts for efficiently detecting 
the viral load. Considerably, during the first 5-6 days of 
illness, the increased viral load is due to their presence 
in respiratory tracts (36,41,62). According to Wu et al, 
neutralizing antibodies were detected before 10 days of 
the illness onset although the titer was low. The titers 
increased from 10 to 15 days and stayed constant. They 
also indicated that older patients have a higher titer of 
neutralizing antibodies in comparison with young ones. 
Moreover, the level of C-reactive protein in aging patients 
was high in contrast with the count of lymphocytes, which 
is low in their blood assay (63).

As it is known, two different categorized tests are 
performing to indicate whether admitted COVID-19 
patients become immune or not. It is extremely important 
to conduct a precise test at the right time. Considering that 
there is no specific therapy or vaccine for this new virus, the 
result of laboratory assays is strongly important to decide 
to continue quarantine in order to prevent the spread of 
the virus. One research study revealed that SARS-CoV-2 
remains constant even more than 60 days post-onset of 
illness. Indeed, viral shedding may continue even after 
seroconversion and recovery from the disease (64).

Figure 2. Algorithm for the Assessment of SARS-CoV-2 in COVID-19 Patients. Note. IgM: Immunoglobulin M; RT-PCR: Real-time polymerase 
chain reaction; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID: Coronavirus disease. The algorithm displays a 
procedure which begins with RT-PCR detection. A RT-PCR positive result for the RT-PCR test confirms COVID-19 illness. The detection of 
antibodies in combination with RT-PCR would be helpful in managing the spreading of the disease. (a): Suspected primary infection; (b): 
Past infection: Immune; (c): Maybe in the recovery phase: The 2nd sample should be taken immediately for RT-PCR confirmatory; (d): Active 
phase of infection, these carrier individuals should remain in quarantine; (e): Early stage of infection: These carrier individuals should remain 
in quarantine; (f): Late stage of infection: These carrier individuals should remain in quarantine; (g): Window period: These carrier individuals 
should remain in quarantine.



                                                                                             Avicenna J Clin Microbiol Infect, Volume 8, Issue 4, 2021 161

Recovery from COVID-19 and back to work 

Furthermore, Wu et al indicated that the new 
coronavirus is disabled to induce neutralizing antibodies 
against SARS-CoV. Moreover, Amanat et al reported that 
there is no cross-reactivity between coronavirus-NL63 
and SARS-CoV-2. However, another report by Guo et al 
demonstrated strong cross-reactivity between the positive 
plasma of SARS-CoV patients and the nucleoprotein of 
SARS-CoV-2 by the western blot. They also concluded that 
there is no cross-reactivity between the new coronavirus 
and previous coronaviruses causing the common cold, 
including OC43, NL63, 229E, and HKU-1 (61,63,65). 

Thus, making a decision for when and how to return to 
work and restart social activities is a crucial subject that has 
remained unanswered accurately. Although experiments 
revealed that viral clearance may occur by two sequential 
negative RT-PCR (for a pair of the region) and IgG 
neutralizing antibody titer, it should be considered that we 
may occasionally encounter with false-negative or false-
positive results. Although cross-reactivity is more unlikely, 
there are limited studies that have noted this characteristic 
as mentioned previously. The question arises regarding 
when a person is positive for both antibody and RT-
PCR, whether be protective against COVID-19 or not, 
or whether this extracted RNA belongs to the productive 
virus and it can replicate or not. However, it is obviously 
understandable that the RT-PCR negative, along with 
positive antibodies defines the reduced chance of the viral 
spread and may be protective for the person. On the other 
hand, there were several recovered people who rebounded 
by COVID-19 symptoms. Actually, this group of patients 
may have previously recovered from COVID-19 by 
producing low levels of neutralizing antibodies (63). 

Definitively, the network involving laboratorians, 
clinicians, epidemiologists, and social scientists should 
manage and make a decision whether to continue the 
quarantine and when and under which circumstances 
people may back to work and common life. 

To further help discover truths and reveal secrets, 
several types of research should be performed in the near 
future. Since there were several recovered people who 
rebounded by COVID-19 symptoms, the mechanisms of 
humoral and cellular immunity behind this illness should 
be investigated to determine the permanent protectivity 
level in the recovered patients. Moreover, investigating the 
production of passive immunity in order to protect against 
COVID-19 as an infectious disease is of necessity. 
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