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ABSTRACT
Objective  To identify and summarise the evidence on 
the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) RNA detection and persistence in body fluids 
associated with sexual activity (saliva, semen, vaginal 
secretion, urine and faeces/rectal secretion).
Eligibility  All studies that reported detection of SARS-
CoV-2 in saliva, semen, vaginal secretion, urine and 
faeces/rectal swabs.
Information sources  The WHO COVID-19 database from 
inception to 20 April 2022.
Risk of bias assessment  The National Institutes of 
Health tools.
Synthesis of results  The proportion of patients with positive 
results for SARS-CoV-2 and the proportion of patients with 
a viral duration/persistence of at least 14 days in each fluid 
was calculated using fixed or random effects models.
Included studies  A total of 182 studies with 10 023 
participants.
Results  The combined proportion of individuals with 
detection of SARS-CoV-2 was 82.6% (95% CI: 68.8% to 
91.0%) in saliva, 1.6% (95% CI: 0.9% to 2.6%) in semen, 
2.7% (95% CI: 1.8% to 4.0%) in vaginal secretion, 3.8% 
(95% CI: 1.9% to 7.6%) in urine and 31.8% (95% CI: 
26.4% to 37.7%) in faeces/rectal swabs. The maximum 
viral persistence for faeces/rectal secretions was 210 days, 
followed by semen 121 days, saliva 112 days, urine 77 days 
and vaginal secretions 13 days. Culturable SARS-CoV-2 was 
positive for saliva and faeces.
Limitations  Scarcity of longitudinal studies with follow-up 
until negative results.
Interpretation  SARS-CoV-2 RNA was detected in all fluids 
associated with sexual activity but was rare in semen 
and vaginal secretions. Ongoing droplet precautions and 
awareness of the potential risk of contact with faecal 
matter/rectal mucosa are needed.
PROSPERO registration number  CRD42020204741.

INTRODUCTION
Throughout the COVID-19 pandemic, we have 
witnessed a complex pattern of fluctuating 
incidences of SARS-CoV-2.1 These fluctuations 

occurred both between waves, representing 
distinct surges of the virus and within a single 
wave.1 Evidence supports person-to-person 
transmission of the severe acute respiratory 
coronavirus 2 (SARS-CoV-2) predominantly 
through close contact with aerosols2 and respi-
ratory droplets3 of an infected individual. 
SARS-CoV-2 RNA has also been detected in 
several body fluids, including saliva, semen, 
vaginal secretion, urine and faeces.4 As SARS-
CoV-2 spread is mainly airborne/close contact, 
other body fluids become less critical during 
the acute phase of the infection.

Considering the characteristics of the virus, 
establishing its sexual transmissibility would 
be a challenging study design. Nonetheless, 
SARS-CoV-2 RNA was found in the post-acute 
phase in the faeces of patients whose upper 
respiratory specimens were already nega-
tive.5 6 This raises the concern of possible 
contagiousness when patients are thought 
to have cleared the infection through usual 
methods such as nasal-pharyngeal swab.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Inclusion in the analysis of a large number of 
patients.

	⇒ Rigorous methodological approach with compre-
hensive inclusion criteria that were not limited to 
studies primarily evaluating SARS-CoV-2 viral shed-
ding/persistence as their main aim, increasing the 
number of studies in the systematic review and 
meta-analysis.

	⇒ This meta-analysis did not consider clinical severity 
or whether patients were symptomatic during sam-
ple collection.

	⇒ The scarcity of longitudinal cohorts with follow-up 
until negative results were obtained.
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Therefore, knowledge about viral persistence and infec-
tivity after recovery from the acute infection in other body 
fluids is essential to limit infection spread and inform 
clinical management. Viral RNA detection, however, does 
not necessarily imply infectivity, which is a precondition 
for transmissibility, best assessed by viral culture.7

This systematic review was motivated by the need to 
comprehensively understand the potential for SARS-
CoV-2 transmission through various body fluids, particu-
larly in the post-acute phase of infection. This knowledge 
is crucial for public health, clinical management and the 
development of targeted prevention strategies, especially 
in the context of intimate contact.

We aimed to identify and summarise the published 
evidence on SARS-CoV-2 detection and persistence in 
body fluids that can be associated with sexual activity 
(saliva, semen, vaginal secretion, urine and faeces/rectal 
swabs) with reference to reporting detection methods 
such as PCR detection of viral RNA and virus isolation.

METHODS
Literature search strategy
Electronic searches were run using the WHO COVID-19 
database.8 Medical subject headings and keywords for 
COVID-19 and SARS-CoV-2, with viral persistence, and 
the body fluids (saliva, semen, vaginal secretion, urine 
and faeces/rectal swab) were used. The search strategy 
can be found in online supplemental table 1. Searches 
included the period from the database inception to 20 
April 2022. The protocol was published in PROSPERO.

Selection criteria
Following the 2020-updated Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses guidelines,9 
we conducted a systematic literature review and meta-
analysis. PICO (population, intervention, comparison 
and outcomes) guidelines were used to formulate the 
research question: ‘In adult individuals diagnosed with 
COVID-19, what is the proportion of detection and 
persistence of SARS-CoV-2 in body fluids associated with 
sexual activity (saliva, semen, vaginal secretions, urine, 
and fecal matter or rectal mucosa)?’

We included all studies that reported detection of 
SARS-CoV-2 in saliva, semen, vaginal secretion, urine 
and faeces/rectal swab, with no restriction of language 
or country of publication. Results evaluating expressed 
prostatic secretion were included as semen as this is part 
of the ejaculate. Studies were considered if they included 
10 or more patients with SARS-CoV-2 infection confirmed 
by real-time reverse transcriptase-PCR (RT-PCR), SARS-
CoV-2 antibodies, viral isolation or combined methods.

We excluded studies involving individuals <18 years, to 
reduce the risk of inclusion bias in studies of the detec-
tion and persistence of fluids with different excretion 
dynamics from adults, such as in the gastrointestinal 
tract of children and adolescents, where high rates of 
detection and persistence of SARS-CoV-2 in the faeces 

has already been demonstrated.10 In cases where adults 
and participants <18 years were part of the same study, 
only data from adults were considered for the analysis. 
When this was not possible to be distinguished, the study 
was excluded. Studies with animals or in vitro, autopsies, 
conference papers, abstracts and lack of primary data 
were excluded (online supplemental figure 1).

Study screening and review
The sources identified through the search strategy 
performed by EK and LG were uploaded in an EndNote 
Reference Manager, followed by deduplication. The 
resulting papers were then exported to the Rayyan web 
application for systematic reviews,11 where a second 
deduplication was conducted. Finally, before the full-
text review was performed, manual deduplication was 
completed to identify preprint manuscripts with titles and 
authors slightly different from their final published peer-
reviewed versions. The authors (EK, LG, GC and PMQG) 
independently performed title and abstract screening. 
Disagreement on selection was discussed and resolved by 
consensus.

Data extraction
Data were extracted using Microsoft Excel spreadsheets 
(online supplemental table 2). A table containing the 
final list was then circulated to the reviewers for full-text 
assessment (online supplemental tables 3–9).

The acute and convalescent/recovery phases of 
COVID-19 disease were defined as the presence of symp-
toms up to and after 14 days from symptom onset, respec-
tively. We adopted 14 days based on the initial guidance 
provided by WHO to release patients from isolation.12 
The maximum persistence in days was recorded in each 
study. The duration of the viral persistence was calcu-
lated using the period between symptom onset and the 
last positive RT-PCR preceding the first negative RT-PCR 
result. For asymptomatic cases, the date of the first posi-
tive test result was considered.

Quality assessment
Validated checklists tailored for specific types of study 
published by the National Heart, Lung and Blood Insti-
tute13 were used to assess the methods’ quality (online 
supplemental tables 10–12). Risk of bias assessment tool 
for each study design was used.

Statistical analysis
The two principal summary measures were detection and 
persistence of SARS-CoV-2 calculated as the proportion 
of patients with positive results for RT-PCR for SARS-
CoV-2, and the proportion of patients with a viral dura-
tion/persistence of at least 14 days, in each of the studied 
fluids. We performed the meta-analyses by computing 
the above two proportions using fixed or random-effects 
models based on the degree of heterogeneity.

The test for heterogeneity was used to assess whether the 
difference between studies was due to random variability 
or should be interpreted with caution when statistically 
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significant (p<0.05). We calculated the Tau2 and I2 statis-
tics to measure the proportion attributed to heterogeneity 
and considered low, moderate and high heterogeneity in 
the I2 values of <25%, 25%–75% and >75%, respectively. 
The results are presented for each body fluid. We inter-
preted the common effect according to heterogeneity’s 
presence (random effect) or absence (fixed effect). We 
used the logit transformation of proportions to calculate 
the overall proportion.

To avoid problems when computing the variance, a value 
of 0.5 was added to the numerator and denominator of 
the study’s proportion when the numerator of a propor-
tion was zero. We showed the results in the forest plots 
where proportionally sized boxes represent the weight 
of each study, and a diamond shows the overall effect at 
the bottom of the plot. The meta and metafor packages 
of R were used for the meta-analyses.14 Survival-related 
summary measures (hazard rates) were not used due to 
the relatively high number of censored data in each of 
the studies. We used a narrative descriptive approach to 
summarise the evidence for viral culture results for each 
selected body fluid.

Patient and public involvement
There was no patient or public involvement in this system-
atic review.

RESULTS
The search resulted in 19 383 citations, of which 17 865 
were eligible for title and abstract screening after dupli-
cated articles exclusion. Of these, 1312 were retained for 
full-text screening of which 182 were included (online 
supplemental table 13). Reasons for study exclusions 
were: diagnostic accuracy (n=404), no sample of interest 
(n=301), no feasible separation of adults/children 
(n=123), correspondence, editorial, review, letter to 
editor commenting on another article, technical report 
or protocol (n=99), case report/case series <10 patients 
(n=47), RT-PCR results by fluid not presented (n=44), 
abstract/poster (n=43), text in Chinese, with no full text 
available (n=19), partial/same population of another 
article (n=16), surveillance/detection of RT-PCR in fluids 
without persistence details (n=12), strategies to decrease 
saliva infectivity (n=9), only autopsy studies (n=7) and 
duplicate articles (n=6).

Among the included studies 101 (55.5%) were prospec-
tive cohorts, 29 (15.9%) retrospective cohorts, 27 (14.8%) 
cross-sectionals, 21 (11.5%) case series, 3 (1.6%) ambi-
spective cohorts and 1 (0.5%) case–control study (online 
supplemental table 3).

Global distribution of studies
Most studies were from China (n=72), followed by the 
USA (n=15), Turkey (n=13), Italy (n=11), India (n=9), 
Japan (n=7), Iran (n=6), Germany, Republic of Korea 
and Singapore (n=5 each), Belgium (n=4), Brazil, 
Denmark and France (n=3 each), Canada, Indonesia, 

Israel, UK (n=2 each), Argentina, Australia, Austria, 
Chile, Colombia, Czech Republic, Iraq, Romania, Russia, 
South Africa, Spain, Sweden and Switzerland (n=1 each) 
(online supplemental table 3).

Patient characteristics
The studies included 10 023 patients with recruitment 
ranging from 10 to 564 cases. Where data were available, 
the cohorts comprised 52.1% male (n=4962 of 9519) 
patients with ages ranging from 18 to 106 years. The 
phase of infection was reported by 86.3% of the studies 
(n=157), comprising the acute phase (n=3814 partici-
pants), the recovery phase (n=948 participants) and both 
phases (n=2760 participants). Only 13.7% of the studies 
(n=25) followed patients until negative results were 
obtained for the body fluids of interest (online supple-
mental tables 5–9).

Detection and persistence of SARS-CoV-2 in body fluids
Thirty-eight studies presented results from saliva, 30 from 
semen, 31 from vaginal secretions, 42 from urine and 
91 from rectal samples. Online supplemental figure 2 
depicts the median and range of detectable RT-PCR for 
SARS-CoV-2 in all fluids with available information.

Saliva
Thirty-eight studies (27 cohorts, 9 cross-sectional and 2 
case series) assessed saliva samples from 1838 patients 
(3898 specimens) but only 5 followed patients until nega-
tive results were yielded (n=195 patients). Saliva-positive 
samples (n=1339) were reported by 38 studies (1091 
patients) of which 22 reported the presence of SARS-
CoV-2 in saliva for at least 14 days (n=71 patients). SARS-
CoV-2 was detected up to 112 days after symptoms onset.

Virus isolation was attempted by nine studies15–23 and 
viral cultures were successfully performed in six,17–19 21–23 
although the presence of typical cytopathic effect and or 
increased viral in the supernatant was reported in only 
four of them,17–19 22 with one of the studies showing that 
most patients shed live virus for ≥20 days.19

For the meta-analysis, 33 studies were included. Of 
the total patients (n=1533) providing saliva specimens, 
82.6% (95% CI: 68.8% to 91.0% and 4.2% (95% CI: 0.9% 
to 18.1%) had viral detection and persistence for at least 
14 days, respectively. These are separately represented 
in figure  1A,B. High and moderate heterogeneity were 
observed in studies assessing presence and persistence, 
respectively. The median of the maximum reported 
persistence was 20 days (IQR: 11.5–45, range 2–112).

Semen
The presence of SARS-CoV-2 in semen was assessed by 30 
studies (16 cohort, 8 cross-sectional and 6 case series), 
including 888 patients (1428 specimens). Six studies 
reported the presence of SARS-CoV-2 in semen (n=14 
patients),24–29 but only one followed patients until a nega-
tive result was obtained.25

The samples of 11 patients with SARS-CoV-2 detec-
tion in semen were collected within 2 weeks of symptom 
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onset, while for 3 patients the collection was conducted 
during the recovery phase of the disease. Two studies that 
attempted to culture the virus did not recover the viable 
virus.27 30

Of the six studies reporting viral detection, two did not 
report the detection duration but informed that the spec-
imens were collected within 2 weeks following symptom 
onset.25 29 The remaining four studies reported SARS-
CoV-2 RT-PCR detection for 6, 16, 58 and 121 days.24 26–28

The meta-analysis of the 30 studies estimated that 1.6% 
(95% CI: 0.9% to 2.6%) of patients had SARS-CoV-2 
detected in their semen specimens, as shown in figure 2A. 
Viral persistence for at least 14 days was found in 23.1% 
(95% CI: 7.6% to 52.2%) of the five studies included in 
the meta-analysis (figure 2B). Low heterogeneity for pres-
ence and persistence was observed. The median of the 
maximum persistence values was 37 days (IQR: 8.5–105.3, 
range 6–121).

Vaginal secretions
Thirty-one studies (20 cohort, 6 cross-sectional and 5 case 
series) assessed the presence of SARS-CoV-2 in vaginal 

secretion of 859 patients (875 specimens). Eight studies 
reported SARS-CoV-2 detection in 23 patients.31–38 Infor-
mation on viral persistence was reported by only two 
studies (8 and 13 days).35 36 The remaining six studies 
evaluated viral persistence only during the acute phase 
of the disease; hence no reports at or after 14 days of 
COVID-19 diagnosis were provided. None of the included 
studies followed patients with positive vaginal specimens 
until negativisation.

Thirty studies were included in the meta-analysis, which 
estimated that 2.7% (95% CI: 1.8% to 4.0%) of patients 
had SARS-CoV-2 detected in their vaginal secretions 
(figure 3). Low heterogeneity for presence was observed. 
No study reported viral persistence for at least 14 days. 
The mean of the maximum reported viral persistence was 
10.5 days (SD: 3.54, range 8–13).

Urine
Urine samples from 1801 patients (1904 specimens) were 
assessed by 42 studies (36 cohorts, 5 case series and 1 
cross-sectional study). Positive specimens were detected 
in 141 patients from 26 studies. Six studies reported the 
presence of SARS-CoV-2 in urine (n=22 patients) for at 
least 14 days.28 39–43 Eleven studies followed patients until 
negative results (n=497 patients).6 25 42 44–51 SARS-CoV-2 
was detected up to 77 days after symptoms onset.28

Three studies attempted viral isolation in Vero 
cells.15 52 53 Two urine sediment specimens generated 
cytopathic growth in the study by Caceres et al; however, 
subsequent RT-PCR failed to amplify any SARS-CoV-2 

Figure 2  (A) Forest plot for meta-analysis of the presence 
of SARS-CoV-2 in semen. (B) Forest plot for meta-analysis 
of persistence of SARS-CoV-2 in semen for ≥14 days. The 
numbers in parentheses represent the article publication year 
and the reference listed in the online supplemental material.

Figure 1  (A) Forest plot for meta-analysis of the presence 
of SARS-CoV-2 in saliva. (B) Forest plot for meta-analysis 
of persistence of SARS-CoV-2 in saliva for ≥14 days. The 
numbers in parentheses represent the article publication year 
and the reference listed in the online supplemental material.
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genetic material isolated from the culture cells.53 Kapmaz 
et al15 and Young et al52 were unable to isolate the virus.

Forty studies were included in the meta-analysis. Of the 
total patients (n=1725) providing urine specimens, 3.8% 
(95% CI: 1.9% to 7.6%) had positive results. A moderate 
heterogeneity for the presence of SARS-CoV-2 in the 
urine among the studies was observed (figure 4A).

Viral persistence for at least 14 days was found in 29% 
(95% CI: 19.9% to 40.1%) of the 17 studies included in the 
meta-analysis. A low heterogeneity for the persistence of 
SARS-CoV-2 in the urine among the studies was observed 
(figure  4B). The median of the maximum reported 
persistence was 11 days (IQR: 9–35, range 7–77).

Faeces/rectal specimens
Half of the studies (n=91) included in this review assessed 
the presence and persistence of SARS-CoV-2 in faeces or 
rectal swabs (76 cohorts, 10 case series, 4 cross-sectional 
and 1 case–control).

The studies included 4386 patients (6773 specimens). 
Eighty-seven studies reported RT-PCR detection (1436 
patients). Of these, 37 studies (282 patients) detected 
SARS-CoV-2 for more than 14 days, with maximum detec-
tion at 210 days.54 In total, 19 studies followed-up 831 
patients (2466 specimens) until negative results were 
obtained.5 6 44–47 49–51 54–63

Viral isolation was attempted by seven studies,15 16 52 64–67 
but only one achieved its goal by isolating viral particles 
from Vero E6 epithelial cell monolayers inoculated with 
stool specimens of 6.25% (7/112) patients without spec-
ifying the time elapsed between the symptoms onset and 
isolation.67

We included in the meta-analysis 84 studies. Of the 
patients included (n=4141), 31.8% (95% CI: 26.4% to 
37.7%) had SARS-CoV-2 detected in their faeces/rectal 
swab specimens, as shown in figure  5. Viral persistence 
for at least 14 days was found in 49% (95% CI: 44.9% 
to 53.1%) of the 48 studies included in the meta-analysis 

(figure  6). High heterogeneity for presence and low 
heterogeneity for persistence were observed. The median 
of the maximum reported persistence values was 32 days 
(IQR 20–43.3; range 7–210).

Risk of bias and quality assessment
Through the National Institutes of Health (NIH) tools, 
170 studies were scored as good and 12 were assessed as 
fair. No studies were excluded from the meta-analysis due 
to low quality (online supplemental tables 10–12).

DISCUSSION
In this review of 182 articles and meta-analysis of 10 023 
patients from 31 countries, we summarise findings 
from studies reporting SARS-CoV-2 RNA detection and 
persistence in body fluids involved in sexual activity, 
namely saliva, semen, vaginal secretion, urine and faeces/
rectal mucosa. Viable viruses from these body fluids could 
contribute to transmission during sexual or intimate 
contact.

Figure 3  Forest plot for meta-analysis of the presence 
of SARS-CoV-2 in vaginal secretions. The numbers in 
parentheses represent the article publication year and the 
reference listed in the online supplemental material.

Figure 4  (A) Forest plot for meta-analysis of the presence 
of SARS-CoV-2 in urine. (B) Forest plot for meta-analysis 
of persistence of SARS-CoV-2 in urine for ≥14 days. The 
numbers in parentheses represent the article publication year 
and the reference listed in the online supplemental material.
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This review revealed that SARS-CoV-2 RNA had been 
detected most often in saliva (83%), followed by faeces/
rectal swabs (32%) and rarely in urine (3.8%), vaginal 
secretion (2.7%) and semen (1.6%). Viral persistence for 
at least 14 days was longest in faeces/rectal swabs (49%), 
followed by urine (29%), semen (23%) and saliva (4.2%). 
SARS-CoV-2 RNA was not detected for ≥14 days in vaginal 
secretions. As a surrogate marker for infectivity, viral isola-
tion through culture was achieved only in saliva and stool 
samples.

Exposure to saliva occurs in many sexual activities 
involving oral, vaginal, penile and anal contact. The pres-
ence and persistence of the virus in this fluid should be 
considered when recommendations are made to reduce 
the spread of the infection. Some studies reported detect-
able SARS-CoV-2 RNA in saliva for more than 14 days 
after symptoms onset. However, a recent meta-analysis 
showed that infectious potential declined after 9 days, 
even among patients with high viral loads in a respira-
tory specimen inferred from cycle threshold values.68 69 
In the present systematic review, virus isolation in saliva 
was attempted by nine studies,15–23 but the presence of a 
typical cytopathic effect and detectable viral particles in 
the supernatant was reported by only four studies.17–19 22

As SARS-CoV-2 can be potentially transmitted through 
saliva exchange or when used as a lubricant, the use of 

masks and sexual protection such as condoms and dental 
dams could be appropriate interventions to prevent trans-
mission. However, it remains challenging to differentiate 
between transmission through saliva and respiratory 
droplets (talking, coughing, sneezing, kissing) during 
sexual activity.

Stool samples or rectal swabs were examined in half 
of the studies of this review, yielding detection in almost 
one-third of the patients. Viral persistence for at least 
14 days was found in 49% of the 48 studies included in 
the meta-analysis. Several studies showed that the stool/
rectal swabs remained positive after upper respiratory 
swabs returned negative results. Natarajan et al showed 
the presence of viral RNA in the faeces at late time points 
(up to 210 days), but reinfection could not be ruled out.54 
The presence of SARS-CoV-2 in rectal/faecal specimens 
following the acute phase of the disease has implica-
tions for specific sexual activities such as anilingus (oral-
anal contact) and insertive anal sex. The virus has been 
successfully cultured in faeces,67 and additional studies 
are necessary to further the knowledge of the magnitude 
and importance of these findings and their contribution 
as a potential transmission route.

SARS-CoV-2 RNA was detected in the urine of 3.8% 
of 1725 providing urine specimens in the 40 studies 
included in the meta-analysis, and viral persistence for at 
least 14 days was found in 29% of the 17 studies included. 
However, the observational studies analysed differed in 
sampling techniques, phase and disease severity, which 

Figure 5  Forest plot for meta-analysis of the presence 
of SARS-CoV-2 in faeces/rectal swab. The numbers in 
parentheses represent the article publication year and the 
reference listed in the online supplemental material.

Figure 6  Forest plot for meta-analysis of persistence 
of SARS-CoV-2 in faeces/rectal swab for ≥14 days. The 
numbers in parentheses represent the article publication year 
and the reference listed in the online supplemental material.

https://dx.doi.org/10.1136/bmjopen-2023-073084
https://dx.doi.org/10.1136/bmjopen-2023-073084


7Calvet GA, et al. BMJ Open 2024;14:e073084. doi:10.1136/bmjopen-2023-073084

Open access

may be associated with the high and significant heteroge-
neity observed in the meta-analysis. Selected case reports, 
not included in this systematic review,70 71 describe the 
successful isolation of infectious SARS-CoV-2 from the 
urine of patients with COVID-19. However, further studies 
of culture and virulence are needed, and it appears to 
be highly unlikely that urine is a relevant risk for trans-
mission in patients. Depending on the sexual practices of 
individuals and the evidence that SARS-CoV-2 has been 
detected in the urine, safety and hygiene measurements 
should be taken into consideration.

SARS-CoV-2 RNA detection in vaginal secretions was 
also extremely low (2.7%), and viral persistence for at 
least 14 days has not been reported. All positive speci-
mens, however, were reported during the acute phase of 
the disease. None of these studies followed-up with the 
patients until negative results were obtained, which raises 
the point of whether longer persistence of SARS-CoV-2 
RNA in vaginal specimens could have been identified 
if additional time points were added. A case report by 
Colavita et al reported a woman with SARS-CoV-2 RNA 
detection in cervicovaginal swabs for up to 20 days,72 rein-
forcing the necessity of more longitudinal studies with 
multiple sample collections over time.

The detection of SARS-CoV-2 RNA in semen was 
extremely low (1.6%) and almost 80% (11/14) of the 
samples were collected within 2 weeks of the COVID-19 
diagnosis. Although viral persistence for at least 14 days 
was found in 23.1% of the patients, only one study had 
a follow-up period until it became negative.25 Therefore, 
this result should be taken with caution, as it may under-
estimate the potential real persistence value and calls 
for longitudinal studies with longer follow-ups to better 
understand SARS-CoV-2 persistence in this fluid.

A viable virus has not been cultured in the semen of 
patients infected with SARS-CoV-2.27 30 This meta-analysis 
suggests that sexual transmission of SARS-CoV-2 through 
semen is unlikely. However, several studies have shown 
that COVID-19 may cause testicular spermatogenesis 
dysfunction via immune or inflammatory reactions. Long-
term follow-up is needed to also better understand the 
infection’s impact on the male reproductive system.73

Our study has some limitations. High heteroge-
neity among studies assessing SARS-CoV-2 presence in 
saliva and faeces/rectal swabs was observed. It might be 
attributed to the study design variation, sample size and 
characteristics. In addition, the scarcity of longitudinal 
studies with follow-up until negative results were obtained 
and no consistent time points for sample collection were 
also limitations.

This meta-analysis did not consider clinical severity or 
whether patients were symptomatic during sample collec-
tion. Additional cohort studies, including a range of 
disease severities and comorbidities, could identify asso-
ciations between severity, viral presence and persistence. 
The lack of or paucity of successful viral cultures leaves the 
question of infectivity unanswered. Specifically, culture 
studies in this analysis did not successfully demonstrate 

the presence of viable virus in the evaluated fluids nor the 
possibility, probability or frequency of genital-to-genital 
transmission of SARS-CoV-2 as compared with respiratory 
transmission occurring as part of intimate sexual contact. 
Finally, viral persistence about other co-occurring sexu-
ally transmitted infections was not ascertained.

Strengths of our study include analysis of a large number 
of patients, a rigorous methodological approach with a 
comprehensive inclusion criterion that was not limited to 
studies primarily evaluating SARS-CoV-2 viral shedding/
persistence as their main aim increasing the number of 
studies in the systematic review and meta-analysis.

Our findings emphasise the importance of maintaining 
preventive measures, which applies to future outbreaks. 
Furthermore, for effective public health strategies, the 
study underscores the importance of monitoring viral 
persistence and viral infectivity studies, especially in body 
fluids associated with sexual activity. Lastly, the study high-
lights the critical importance of maintaining awareness 
about possible alternative transmissions beyond the respi-
ratory route.

CONCLUSIONS
This systematic review showed that SARS-CoV-2 detected 
by RT-PCR was present and persistent in body fluids 
involved in sexual activity, with reports suggesting the 
persistence of SARS-CoV-2 RNA beyond the symptomatic 
phase. However, additional longitudinal cohort studies, 
with viral cultures, infectivity evaluations, inclusion of 
disease severity and comorbidities are needed to better 
understand if sexual contact contributes to transmission 
of this new pathogen beyond that of respiratory exposure.

Although the viable virus has not been found in semen 
and was not attempted in vaginal secretions, studies have 
shown the plausibility of transmission through sexual 
activities, including saliva and anal contact. Therefore, 
caution related to contact with saliva and faecal matter/
rectal mucosa is necessary. Early detection, contact 
tracing, isolation and provision of public information on 
safe sex practices, highlighting a possible period of infec-
tiousness, are crucial to preventing spread, especially 
after the acute phase of the disease is finished.
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