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Article Info ABSTRACT

Special Issue on This meta-analysis study analyzed the data of 47 recent studies

Coronavirus (COVID-19) with data related SARS-COV-2 viral load detection in different
human specimens. 1099 patients were tested for SARS-COV-2

DOI: viral load using up to 19 different respiratory and non-respiratory

10.24017/covid.15 specimens using RT-PCR by targeting different types of viral

genes of which ORF1ab is the most commonly used target gene.

Article history: 9909 specimens were taken from the patients. The mean of viral

Received:29 May 2020 load cycle threshold value is 17.8 (x11.7), with a median of 15.95
Accepted:5 June 2020 with minimum value of 2.5 and a maximum value of 39.5.

Nasopharyngeal swab has the highest positivity rate (90.5%) for
Keywords: viral load detection followed by Bronchoalveolar lavage, nasal

swab, nasopharyngeal aspirate, throat swab, and then sputum.

SARS-COV-2, For the non-respiratory specimen, stool and rectal swab are most
Viral load, specimen, appropriate specimens followed by blood. The urine is not
nasopharyngeal swab, appropriate specimen for viral load detection due to very low
cycle threshold. sensitivity. The sputum was positive up to 23 days in a daily

manner since start of symptoms except for the days 19, 21, and 23.
Three specimens, the nasopharyngeal swab, throat swab, and
rectal swab, showed positive RT-PCR results before the
appearance of COVID-19 clinical features. Possible positive
results can be detected up to 43 days in throat swab, stool, and
rectal swab. After negative conversion of respiratory specimens,
the viral shedding can continue more than one month from stool
and rectal swab. The 3rd day since onset of symptoms is the most
day of testing (223/2935). The highest positivity of SARS-COV-2
viral load was recorded in day 16 since the onset of symptoms.
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1. INTRODUCTION

Severe Acute Respiratory Syndrome Coronavirus 2 is abbreviated as SARS-CoV-2 and it is
called 2019 novel coronavirus (2019-nCoV). It is the causative agent of coronavirus disease
(COVID-19), which is also mentioned as 2019 novel coronavirus (2019-nCoV) infection [1].
COVID-19 infection is a respiratory tract infectious disease first reported in Wuhan, China in
December 2019 [2], which is quickly, became a pandemic infection causing major global
infections with obligatory quarantine period in most of the world [3]. The SARS-CoV-2 virus
is a member of coronaviridea family. The virion is enveloped and it contains single stranded,
unsegmented, positive sense RNA genome within a nucleocapsid. The virus has a diameter of
80-130 nm. Projections called peplomers or spikes are radiate out from the surface of the virus
through envelop and are seen under electron microscope as solar corona giving the name
coronaviruses to this family [4].

Any age can acquire the infection; the incubation period of COVID-19 infection is believed to
be located within 14 days from the exposure day, few (2.5%) patients will develop symptoms
within 2 days from exposure while the majority (97.5%) will showed clinical features of
respiratory infection after 11 days from exposure [5]. During the incubation period, the patient
can transmit the infection to others. The COVID-19 infection has a wide spectrum of clinical
presentations ranging from asymptomatic disease to life threating critically ill infection. The
patient may develop mild infection with features of upper respiratory tract infection like fever
rhinorrhea, sneezing, and mild cough; some patients have diarrhea, and vomiting; the disease
may progress to feature of lower respiratory infection including pneumonia like dyspnea and
hypoxia then critical complications like respiratory failure and multiorgan dysfunction [6]. For
the diagnosis of COVID-19 infection, the suspected cases are confirmed by molecular
techniques mostly by real time reverse transcriptase polymerase chain reaction assays to detect
SARS-CoV-2 viral RNA in clinical specimens [7].

Respiratory specimens are the most recommended ones, both upper and lower respiratory
specimens are collected. For upper respiratory tract specimens, nasopharyngeal swabs and
throat (oropharyngeal) swabs are the applied; while for lower respiratory tract specimens'
sputum, and if possible, bronchoalveolar lavage and/or tracheal aspirate are used when possible.
Although SARS-CoV-2 virus was detected in specimens rather than respiratory ones like stool
or serum, the use of this non-respiratory specimen is not recommended for routine molecular
diagnosis because the virus dynamics in these specimens is not fully elucidated. Serum might
be used for serological diagnosis of SARS-CoV-2 especially when two blood samples taken at
acute and convalescent period of infection show increase in antibody titers [8].

Understanding the dynamics of SARS-CoV-2 viral load in different specimens can help in better
specimen collection at the appropriate time for confirming the diagnosis and to assess its relation
to COVID-19 infection severity. In this aspect, the physicians can categorize the patients for
different types of management. Hence, this meta-analysis study was set out to clarify the SARS-
CoV-2 viral load concentrations measured in different human specimens for comprehensive
understanding of viral dynamics, and to better choosing of human specimens whether
respiratory or non-respiratory specimens for the diagnosis, management, and follow up of
patients infected with SARS-COV-2.

2. METHODS AND MATERIALS

Between 29 March 2020 and 7 May of the same year, papers and studies relating to COVID-19
infection were searched in PubMed, EMBASE, Scopus, Cochrane Library, Google Scholar, and
Science Direct, figure (1). Papers and studies related to COVID-19 infection were selected using
the search key words: COVID-19, SARS-COV-2, viral load, 2019-nCoV, and cycle threshold.
The search strategy mentioned in figure (1) was followed. The relevant data were recorded in
Microsoft Excel Worksheet, and then data were analyzed using the same Excel Worksheet
program and the internet-based Social Science Statistic software program.
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Database searched engine: MEDLINE, EMBASE, Scopus,
Cochrane Library, Google Scholar, and Science Direct

Duration of search: 29 March 2020 to 7 May 2020
Keywords: COVID-19, SARS-CoV-2, viral load, copies/ml
Filter: English language, human studies

!

PubMed= 67, Scopus=8941, EMBASE=7823, Cochrane=22,
Google scholar=1780, Science Direct=52

|

Results of total number of studies =18,685

|

Papers excluded due to: viral load not mentioned as number, specimen not
specified, abstract only, and irrelevant data In addition, web pages, books
excluded

l

The final number of studies included in this meta-analysis = 47

Figure 1: Strategy of internet-based search for papers

3. RESULTS

In this systematic review, 47 studies, from 11 different countries all over the world, were
selected which measured the SARS-CoV-2 viral load in 19 different types of human specimens;
the blood specimen was mentioned as serum, plasma, or whole blood. Some studies applied
more than one type of specimens for detecting the viral load. According to the number of studies,
the top three frequently used specimens, for measuring the viral load, were the nasopharyngeal
swab [n=29, (61.7%)], oropharyngeal swab [n=26, (55.3%)], and stool (fecal) specimen [n=18,
(38.3%)]. To a lesser extent, blood or urine were the collected specimens for viral load detection
and each of them were used in 13 studies (27.7 %); the frequency and the percentage of each of
the 19 specimens are described in table (1). Among the 19 specimens, ten types were respiratory
specimens while the remaining nine were extra-respiratory specimens. Eleven (61.1%) of the
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all specimens were collected by noninvasive procedures while eight (38.9%) of them are taken
by invasive methods.

The total number of patients enrolled in all the 47 studies was 1099 patients of which 9909
specimens were taken from them to detect the viral load. The overall detection rate was
6053/9909 (61%). The nasopharyngeal specimen (NPS), oropharyngeal also called throat swab
(TS), nasal swab (NS), blood, and stool were the most frequently used specimens, followed by
sputum and urine. These seven specimens were the most commonly used specimens for
diagnostic purposes, for patients' follow up, and to announce the decision of cure from infection.
The SARS-CoV-2 was detected in all of these 19 specimens but with different sensitivities. The
viral load detection rate was most frequently recorded in NPS specimens [n=1695/1873,
(90.5%)] followed by bronchioalveolar lavage (BAL) [n=16/18 (88.9%)]; while the least
detection rate was noted in semen (zero %), the tears 1%, whereas urine (2.7%); the detection
rate was not recorded for throat aspirate, lung tissue, and peritoneal swab, as described in table
2.

At least 15 different genes were the targets for detection and measuring the viral load of SARS-
CoV-2 in different specimens (table 2); most of these genes (n=11) were targeted in NPS
followed by throat swab (n=6), then nasal swab, stool, sputum, and urine, and for each of them
five different target genes were looked for. In each single study, 1-3 genes were targeted. The
ORF1lab and RdRp genes were the most commonly targeted genes for detection of SARS-CoV-
2; each of them was used for detection of the virus in 9 human specimens followed by N and E
genes which were detected in 8 specimens. While, RdRp-IP1, S, M, 5’'UTR, and H, genes were
targeted in 5, 4, 3, 2, and 2 specimens respectively; the last group of genes which were detected
in only one specimen are RdRp-P1, RdRp-P2, and RNase P, N1, N2, and N3; table (2).

The quantitative real time reverse transcriptase polymerase chain reaction technique was used
for gene detection by measuring the Ct value. In the vast majority of studies, the Ct value > 40
was considered as negative. The exact range of cycle thresholds (Ct) values for viral RNA of
SARS-CoV-2 was mentioned for only 12 human specimens (table 2); the highest Ct values
range was 2.5-39 (36.5) and it was mentioned for NPS, while the least was for urine sediment
and it was 36.3-36.5 (0.2). The Ct values of SARS-CoV-2. The results showed that NPS and
Stool (feces) specimens are containing the highest recorded viral concentrations, and
unexpectedly they the specimens that recorded the lowest SARS-CoV-2 concentrations (lowest
Ct values), as shown in table 2. The mean Ct value is 17.8 (+11.7), with a median of 15.95 with
minimum value of 0.2 and a maximum value of 36.5.

Table 1: The frequencies and the percentages of the studies applied different clinical specimen for
measuring the SARS-CoV-2 viral load [8-54]

. Number of Type of
Number Specimen . Reference number
studies (%) procedure

[11], [12], [14], [25], [26], [17], [18], [20],
. Nasopharyngeal 20 (617) [21], [22], [24], [26], [27], [30], [31], [35], Noninvasive
swab [36], [37], [39], [40], [41], [42], [44], [46],

[47], [49], [50], [51], [54]

8], [9], [10], [11], [12], [13], [16], [18],

Throat
2. (oropharyngeal) 26 (55.3) [19]. [201, [22], [29], [32], [34], [36). [38) Noninvasive
b [40], [43], [44], [45], [46], [47], [50], [51],
swe [52], [53]
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8], [10], [14], [16], [23], [25], [28], [36],

3. Sputum 11 (23.4) Noninvasive
[45, [48], [50]
4. Nasal swab 6 (12.8) [8], [11], [19], [20], [23], [45], [54] Noninvasive
5. Nasophf'iryngeal 2(4.2) [18], [42] Invasive
aspirate
6. Lung tissue 1(21) [46] Invasive
7. Pleural fluid 1(2.1) [42] Invasive
Bronchio-alveolar
8. 1(2.1) [8] Invasive
lavage
Fibro-
9. bronchoscope 1(21) [8] Invasive
brush biopsy
10. Throat aspirate 1(21) [20] Invasive
[8], [91, [10], [12], [14], [15], [16], [17],
11. Stool 18(38.3) [18], [20], [22], [25], [34], [37]. [42], [46], Noninvasive
[50], [51]
12. Urine 13 (27.7) 18], [14]. [15], [16], [18], [21]. [ 22] [25] Noninvasive
[37], [42], [45], [46], [50]
13. Saliva 4(8.5) [25], [26], [32], [39] Noninvasive
14. Rectal swab 3(6.4) [24], [31], [42] Noninvasive
15. Ocular swab 2(4.2) [23], [28] Noninvasive
16. Semen 1(2.1) [21] Noninvasive
17. Tears 1(2.1) [30] Noninvasive
Blood (whole
18. blood, plasma, 13 (27.7) 18], [15]. 16}, [18]. [12], [25], [33]. {371, Invasive
[42, [45], [46], [50], [51]
serumy)
19. Peritoneal swab 1(2.1) [20] Invasive

Table 2: The viral load detection rate of SARS-CoV-2 in clinical specimens; cycle threshold range

results and the target genes are displayed [8-54]

Specimen Positive rate Target Gene Ctrange
90.5% ORFlab, N, E, RdRp, H, S, 5'UTR,
Nasopharyngeal swab 2.5-39
(1695/1873) N1, N2, N3, RNase P,
Bronchioalveolar lavage 88.9% (16/18) ORFlab, E, RdRp-IP1, RdRp, 24.7-36.2
82.1%
Nasal swab ORFlab, E, RdRp, N, M 16.62-38.4
(1261/1536)
) 80.3% )
Saliva 5'UTR region, S 18-35
(232/280)
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Nasopharyngeal aspirate 76.5% (52/68) RdRp-IP1, RdRp NM

74.3% ORF1lab, E, RdRp, N, RdRp1,
Throat swab 18.26-38.6
(1909/2571) RdRp2
56.7%
Sputum ORF1ab, N, M, RdRp, E 16.1-38.8
(382/674)
Fibro bronchoscope brush
. 46.2% (6/13) ORF1ab, 26.9-36.8
biopsy
45.2%
Stool ORF1ab, RdRp, N, E, RdRp-IP1, 4.65-39.1
(397/878)
Ocular secretion 18.4% (7/38) M 21.66-36.56
Rectal swab 17.9% (12/67) ORFlab, N 22.5-37
6.2%
Blood ORF1ab, N, RdRp-IP1, RdRp 34.1-35.4
(64/1025)

Urine and Urine sediment 2.7% (19/710) ORFlab, N, RdRp, E, S 36.3-36.5
Tears 1% (1/94) NM
Semen 0% (0/1) E, S NM

Throat aspirate NA NM
Peritoneal swab NA NM
Lung tissue NA NM
Pleural fluid NA NM

N: nucleocapsid protein; ORFlab: open reading frame lab; RdRp: RNA-dependent RNA polymerase; E: envelope;
5'UTR region: 5" untranslated region; S: spike protein; M: Membrane protein; H: Helicase; RNase P: Ribonuclease P;
Ct: cycle threshold, NM: not mentioned.

When distributing the positive results of each specimen according to days since the onset of
symptoms, the results revealed that throat swab, stool specimen, and rectal swab could be
positive for SARS-CoV-2 up to 42 days in a daily manner since the first day of patient's
complaint. The nasopharyngeal swab, blood specimen, and ocular secretions, are daily detecting
the virus for, less durations, 30, 28, and 27 days respectively. Day 31 was negative for NPS but
the day after was positive. The urine, saliva, and the bronchoalveolar lavage are positive for up
to 14, 13, and 10 days respectively and in their Ct values can be above the threshold in any of
these days. Day 16 was also positive for urine sample. The sputum was positive up to 23 days
in a daily manner since start of symptoms except for the days 19, 21, and 23 that were negative
for the virus. The Ct values of SARS-CoV-2 in nasal swabs were positive up to 21 days with
only one day, day number 19, was negative for the virus; these results are described in table 3.
Three specimens, the nasopharyngeal swab, throat swab, and rectal swab, showed positive RT-
PCR results before the appearance of COVID-19 clinical features.

Table 3: The positive SARS-CoV-2 viral load in different specimens according to days since the
appearance of symptoms; A) days -1 until 21, B) days 22 until 4; Doted squares are specimens with no
available data/days

Day since symptoms

2 3 4 5 6 7 8 9 10 11 12 13 14 15 6 17 18 19 20 21
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NPS
BAL

NS

ST

oS

NPS: nasopharyngeal swab; BAL: bronchoalveolar lavage; NS: nasal swab; SA: saliva; NPA: nasopharyngeal aspirate;
TS: throat swab; SP: sputum; FBB: Fibro bronchoscope brush biopsy; ST: stool; OS: ocular secretions; RS: rectal swab;
BL: blood; UR: urine; TE: tears; SE: semen; TA: tracheal aspirate; PS: peritoneal swab; LT: lung tissue

The respiratory specimens are applied for the laboratory diagnosis of COVID-19 infection using
RT-PCR technique to detect SARS-CoV-2; moreover, the cure from infection is also decided
by the same technique for the respiratory specimens. Surprisingly, the shedding of the SARS-
CoV-2 is continuing from the gastrointestinal tract after the confirmed negative conversion of
respiratory specimen. This shedding is appearing as positive RT-PCR with Ct values for the
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viral genes above the threshold in rectal swab for 42 days and in stool specimens for 32 days
after negative respiratory specimens as nasopharyngeal swab or throat swab, Table (4).

Table 4: Duration of SARS-CoV shedding in non-respiratory specimens after confirmed negative
conversion of respiratory samples

Days after confirmed negative respiratory

Specimen .
specimens

Stool 32
Ocular secretion Not recorded

Rectal secretion 42
Blood Not recorded
Urine Not recorded
Tears Not recorded
Semen Not recorded
Peritoneal fluid Not recorded

The number of tests that is written in the selected papers with regard to the timeline of testing
the viral load was 2935 out of 9909 (29.6%) tested in 43 days from first day of patient's
complaint. The 3" day since onset of symptoms is the most day of testing (223/2935) while the
least one of testing specimens were the days 39-42 since appearance of symptoms and for each
of these days testing was done only four times (4/2935); table (5). There is gradual increase in
positive results since the day of symptom'’s onset to reach a peak in 16 days after the symptoms,
then consistent decline until the day 43; figure (2). The peak of viral load positivity for the most
frequently used respiratory and non-respiratory specimens showed that NPS is most frequently
recorded as positive for SARS-CoV-2 and this is in the day 16 from start of symptoms. While
for throat swab, saliva, sputum, and blood the peak viral load positivity is in the days 7, 5, 13,
and 11 post-symptoms' onset respectively. For stool specimen, two days are reported with most
positive results, these are days 13 and 15. The rectal swab gave highest positivity in four days,
10, 14, 16, and 18; table (6).

Table 5: The cumulative daily-recorded positive and negative RT-PCR results for detecting SARS-
COV-2 RNA viral load; A) days-1 until 21 since onset of symptoms , B) days 22-43

A)
Day since symptoms
1 1
specimen 1 1 2 3 4 5 6 7 8 9 1 1 1 18 ¥ _ 16 _ 18 19 20 2
The frequency of positive (red numbers) and negative (green numbers) viral load

NPS+ 2 17 27 37 25 29 o 28 31 3 26 3 2 25 28 5 12 ; 10 19 7 5
NPS - 3 1 3 3 7 6 13 7 7 7 22 7 11 8 é 9 é 7 6 5 5
BAL + 1 1 1 1 1 1 1 1 1 1

BAL - 0 0 0 0 0 0 0 0 0 0

Nasal

swab + 1 2 2 4 3 3 4 3 0 2 1 2 1 1 2 1 2 1 0 1 1
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Nasal

swab - 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0
Saliva + 1 2 3 4 5 2 1 4 3 2 1 1 1

Saliva - 1 1 1 1 1 1 2 1 1 1 1 1 1

NPA + 2 2 1

NPA - 0 0 0

3 1

Throat 5 12 11 22 26 32 36 32 31 29 31 25 25 21 11 9 8 8 5 2
swab + 0 5

Throat 0 36 32 28 19 13 5 7 3 8 1 9 3 8 2 6 3 8 3 7 3 6
swab -
Sputum + 3 1 5 4 5 5 5 4 5 4 5 2 7 4 3 2 3 1 0 1 0
Sputum - 0 0 0 0 0 1 0 2 1 2 2 0 1 1 2 1 1 3 1 1
Stool + 3 4 5 6 6 9 14 13 15 18 20 19 23 19 § 21 % 16 17 20 22
Stool - 32 32 98 26 28 i 27 19 19 16 16 10 14 7 7 4 7 4 7 3 3
Rectal — », 4 3 3 2 2 2 2 4 1 5 1 4 1 5 1 5 1 5 1 4 1
swab +

Rectal o 1 o 2 1 3 2 1 2 1 1 0 1 0 0 0 0 0O 0 O0 O
swab -

Ocular

secretion 1 1 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
+

Ocular

secretion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0
Blood 1 1 1 1 1 1 2 1 1 1 3 1 2 1 1 1 1 1 1 1
Blood 2 1 5 2 3 1 8 2 8 1 6 1 7 1 1 2 1 3 0 2
Urine + 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0
Urine - 0 4 2 1 5 1 8 2 4 1 4 0 4 0 3 0 3 1 3 1 3
Tears + 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 O 0 0
Tears - 2 1 1 1 1 3 2 2 2 2 2 1 5 3 1 1 2

B)
Day since symptoms
Specimen | 22 | 23 24 | 25| 26 | 27 g 29 [ 30| 31| 32 33 34 35 36 37 | 38 g 40 | 41 | 42| 43
The frequency of positive (red numbers) and negative (green numbers) viral load

NPS 7 4 5 5 5 4 4 1 1 0 1 0

NPS 2 7 3 4 1 3 0 2 0 2 0 1

BAL

Nasal

swab

Saliva + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Saliva - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NPA

Throat 1y b 1 g ol ala el afala] 2 2 2o a1 ]a]1]2
swab +

Throat

swab - 1 5 0 5 0 5 0 2 1 2 1 2 0 0 0 0 0 0 0
Sputum + 1 0 0 0

Sputum - 1 2 1 1

Stool + 15 16 14 131111101 8 9 8 9 6 8 7 7 6 6 6 2 2
Stool - 0 3 0 3 0 3 0 3 0 3 0 3 0 0 0 0 0 0 0
Rectal

swab + 3 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rectal | o | o | o oloflololo]lolol ol ool ol o] ololo]o
swab -

Ocular

secretion 1 1 1 1 1 1

+

Ocular

secretion 0 0 0 0 0 0

Blood + 1 1 1 1

Blood - 0 0 0 0 0 010

Urine/

sediment 0 0 0 0 0 0 0 0 0

+

Urine/

sediment 3 3 3 3 3 3 3

Tears

Positive cases

180

140

120

100

80

60

a0

20

0

Positive Cases

my nw D i Dw Da ay my mv my Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
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Figure 2: The chronological distribution of positive RT-PCR results for SARS-COV-2 since one day
before symptomatology

Table 6: The peak positive viral load results since the onset of symptoms

Specimen The day since onset of symptoms
NPS 16
Throat Swab 7
Saliva 5
Sputum 13
Nasal Swab 4.7
Stool 13,15
Rectal Swab 10, 14, 16, 18
Blood 11
4. DISCUSSION

In this meta-analysis research, recently published 47 studies about SARS-COV-2 viral infection
in different countries all over the world were analyzed for the viral load concentration and viral
positivity in different types of human specimens. The total number of patients who were tested
was 1099 patients using 9909 specimens from up to 19 types of specimens using periodic
laboratory investigation to detect viral load by measuring the Ct of the targeted gens; the
periodic examination explain this large number of specimens collected from the patients with a
ratio of 9 tests per patient. The continuous testing of each patient is required to know the
clearance of the body from the virus so that to confirm and announce the cure from infection.
NPS was the most commonly used specimen for viral SARS-COV-2 load detection by RT-PCR.
This is in accordance to the pervious knowledge that NPS is an appropriate specimen for
detecting the respiratory viruses, both molecular and antigen detection as respiratory passages
are route of entry and site of viral propagation and route of exit from the body [55]. In addition,
SARS-CoV binds to angiotensin-converting enzyme 2 receptors of respiratory epithelium [56].
For these reasons, 9 other different respiratory specimens are used of which throat swab, nasal
swab as upper respiratory tract specimens are the most commonly mentioned in the studied
enrolled in this meta-analysis; the sputum is the most commonly applied lower respiratory tract
specimen.

The NPS reported the highest range of Ct from very low number of cycles that can cross the
threshold and record positivity with very high viral titers to many Ct with very low viral titer.
Low Ct with high viral titer is also recorded in stool, nasal swab, throat swab, sputum, and
saliva. These results indicate the possible importance of measuring the viral concentration, not
only to diagnose the infection, but also to assess the severity of the condition. The presence of
positive viral load in blood samples indicates viremia and a risk marker of possible disease
progression and the need for continuous monitoring of the patient until negative conversion and
recovery from symptoms is achieved.

Saliva is a good alternative, less annoying specimen than the other upper respiratory specimens
with relatively high positivity rate (80.3%). This finding increases the suspicion about saliva as
a possible route of transmission SARS-COV-2 from infected person to others with the
possibility of salivary glands as a reservoir for the virus. Besides, some researchers found that
angiotensin-converting enzyme 2 receptors are abundant in oral mucosa [57].

Stool is the most commonly documented non-respiratory specimen for detection of viral load
with positivity rate of 45.2% and this suggest the presence of SARS-COV-2 in the
gastrointestinal tract, which is unusual finding for respiratory viruses to present in the gut. The
presence of angiotensin-converting enzyme 2 receptors in the gastrointestinal tract makes the
intestinal epithelium a target for viral binding and infection [58].
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Some specimens are not preferred for viral load quantification due to very low sensitivity as in
urine, tears, or semen; or due to invasive method of specimen collection as in BAL, fibro-
bronchoscope brush biopsy, pleural fluid, or lung tissue. The presence of noninvasive and high
sensitive methods as NPS, throat swab, nasal swab, sputum, and saliva made the viral load
detection by RT-PCR more efficient technique.

This meta-analysis revealed the use of RT-PCR to target more up to 15 different SARS-COV-
2 genes in different specimens this clarify the efforts to find the most specific and sensitive
targets to diagnose this rapidly evolving dangerous respiratory infection. The technique and the
target gene are tested by comparing its performance in clinical specimens with tissue cultures
approved to propagate the SARS-COV-2 [59].

When distributing the timeline for positive detection of SARS-COV-2, the results revealed daily
positivity can be recorded in throat, stool, and rectal swab up to 43 days since the onset of
symptoms which signify the importance of these specimens, in addition to NPS, in the diagnosis
of SARS-COV-2. This clarifies the need of testing two or more different specimens at the same
time for diagnostic purposes; as negative results are also recorded within the same duration.
The positive results are recorded in NPS, throat swab, stool, and rectal swab in different patients
one day before the appearance of symptoms and this imply the shedding of virus might be start
in incubation period before the appearance of symptoms, which make the control of infection
without the presence of effective vaccine a more difficult task. Furthermore, the results showed
that viral shedding from gastrointestinal tract with the feces might be continue more than one
month after negative conversion of respiratory samples, which increase the modes of viral
transmission from cured people to others.

This meta-analysis recorded the peak of viral positivity at 16 days since the start of symptoms;
which can help us in timing the specimen collection and better understanding the pathogenesis
of COVID-19 infection. However, this peak positivity is different with regard to different
samples.

5. CONCLUSION

Different respiratory and non-respiratory specimens are used for detection SARS-COV-2 using
RT-PCR by targeting different types of viral genes of which ORF1ab is the most commonly
targeted gene. Nasopharyngeal swab has the highest positivity rate for viral load detection
followed by BAL, nasal swab, nasopharyngeal aspirate, throat swab and sputum. For the non-
respiratory specimen, stool and rectal swab are most appropriate specimens for viral detection
followed by blood. The urine is not an appropriate specimen for viral load detection due to very
low sensitivity. Possible positive results can be present up to 43 days in throat swab, stool, and
rectal swab. The viral shedding from stool can continue more than one month from stool and
rectal swab. The highest positivity of SARS-COV-2 viral load was recorded in day 16 since the
onset of symptoms.
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