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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the etiologic agent for the 2019 coronavirus disease (COVID-
19) pandemic, has caused a public health emergency. The need for additional research in viral pathogenesis is essential as the
number of cases and deaths rise. Understanding the virus and its ability to cause disease has been the main focus of current
literature; however, there is much unknown. Studies have revealed new findings related to the full transmission potential of
SARS-CoV-2 and its subsequent ability to cause infection by different means. The virus is hypothesized to be of increased
virulence comparedwith previous coronavirus that caused epidemics, in part due to its overall structural integrity and resilience to
inactivation. To date, many studies have discussed that the rationale behind its transmission potential is that viral RNA has
unexpectedly been detected in multiple bodily fluids, with some samples having remained positive for extended periods of time.
Additionally, the receptor by which the virus gains cellular entry, ACE2, has been found to be expressed in different human body
systems, thereby potentiating its infection in those locations. In this evidence-based comprehensive review, we discuss various
potential routes of transmission of SARS-CoV-2—respiratory/droplet, indirect, fecal-oral, vertical, sexual, and ocular.
Understanding these different routes is important as they pertain to clinical practice, especially in taking preventative measures
to mitigate the spread of SARS-CoV-2.
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Introduction

SARS-CoV-2, previously known as the 2019 novel coronavi-
rus, is an enveloped non-segmented positive-sense RNA virus
responsible for the 2019 coronavirus disease (COVID-19)
pandemic. It is classified as a beta coronavirus, rendering

mammalian hosts susceptible to infection. Six other
coronaviruses have been identified to infect human hosts,
resulting in epidemics, including severe acute respiratory
syndrome–related coronavirus (SARS-CoV) and Middle
East respiratory syndrome coronavirus (MERS-CoV) [1]. As
of May 7, 2020, the global count has reached 3,672,238 con-
firmed cases with 254,045 COVID-19-related deaths [2],
causing growing public health concern. Rt, the effective repro-
duction number, approximates the potential for a virus to
spread given a specific measure of time in relation to control
measures in place. As suggested by Inglesby in an article in
JAMA, without measures such as social distancing in place,
the Rt is estimated to be similar to that of its value in January
2020 ranging between 2 and 4 [3].

The transmission potential of the virus may be due in part
to its structure and overall tenacity. SARS-CoV-2 was found
to have one of the hardest outer protective shells among all
coronaviruses. This is believed to result in more stable viral
particles, resulting in its greater resilience in bodily fluid [4].
In a NEJM study, SARS-CoV-2 was found to remain viable,
in aerosolized form for up to 3 h, and stable on plastic and
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stainless steel surfaces for up to 72 h [5]. The virus was found
to be more stable on smooth surfaces [6]. However, it should
be noted that the findings presented are in the absence of
in vivo data and based solely on a limited number of studies,
potentially creating a gap in our understanding.

Studies have demonstrated that the mechanism by which
SARS-CoV-2 gains cellular entry in the respiratory tract is
through the angiotensin-converting enzyme 2 (ACE2) receptor
[7]. The first step involves viral attachment to ACE2 to enable
host cell entry; the second step involves activation of the virus
internalization process by proteases, particularly TMPRSS2 [8].
ACE2 has been noted to be expressed in various tissues and
organ systems throughout the body, including the central ner-
vous system, gastrointestinal system, heart, lung, testes, and
kidney [9–11]. It is hypothesized that this ACE2-mediated
mechanism impacts the tropism of SARS-CoV-2 and its ability
to invade different organ systems and cause damage [9, 10].

Studies have shown the detection of viral RNA in various
bodily fluid samples. Wang et al. collected 1070 specimens
from 205 patients with COVID-19 disease: bronchoalveolar
lavage fluid (14 of 15; 93%), sputum (72 of 104; 72%), nasal
swabs (5 of 8; 63%), pharyngeal swabs (126 of 398; 32%),
feces (44 of 153; 29%), blood (3 of 307; 1%), and urine (0 of
72; 0%) [12]. A preprint study reported a COVID-19 patient
with no urinary symptoms having tested positive for SARS-
CoV-2 in the urine [13]. One case report depicted a patient with
meningitis/encephalitis associated with COVID-19, whereby
SARS-CoV-2 RNA was detected in cerebrospinal fluid
(CSF) [14], whereas another study of pediatric COVID-19 pa-
tients showed that four patients with neurological symptoms
had negative CSF samples for viral RNA [15]. A prospective
study by Sun J et al. examining 49COVID-19 patients in China
noted that persistent prolonged viral RNA shedding has been
detected in body fluids, particularly that of nasopharyngeal and
fecal samples [16]. Additionally, while viral shedding has been
widely noted, a study by Xiao et al. had successfully isolated
infectious SARS-CoV-2 from fecal matter [17]. It is important
to note that although quantitative viral RNA has been detected
from various body sources, the ability to recover viable virus is
of critical importance to understand transmission routes. As
some of the studies included in this review lack this data, it
may be very difficult to draw reasonable conclusions.

In this review, the latest literature pertaining to the potential
for various routes of transmission of SARS-CoV-2 will be
discussed.

Methods

This narrative review serves to provide information on the latest
literature available pertaining to the transmission potential of
SARS-CoV-2. This paper was not systematically conducted,
and the data presented was made available according to the

authors’ preference and may be subject to bias or missing data.
As the COVID-19 pandemic is evolving, research becomes pro-
gressively available, keeping in mind that some of the studies
collected thus far may consist of case reports or series with low-
quality methodology as they were obtained when this review
was written. Therefore, the conclusions of this review may be
limited in evidence as further research becomes readily available.

Routes of transmission

Respiratory transmission

Similar to SARS-CoV and MERS-CoV, SARS-CoV-2 is pre-
dominantly characterized as a respiratory tract infection. The
virus commonly presents with nonspecific lower respiratory
tract infection symptoms, such as fever, cough, and shortness
of breath [18]. The first cases of COVID-19 took place in
Wuhan, China, where a group of individuals were evaluated
for pneumonia of unknown etiology [19]. Following the out-
break, it was suspected that the virus propagated by means of
community and intrafamilial spread [20]. The transmission is
thought to be predominately person to person, either by direct
contact or through droplets originating from infected individ-
uals [21]. Droplets can be formed through coughing, sneezing,
singing, breathing, and speaking [22]. Droplet transmission
involves exposing an entry point, such as mucosa (nose and
mouth) or conjunctiva, to potentially infective respiratory
droplets (typically > 5–10μm in diameter) produced by some-
one having respiratory symptomswithin a 1 m proximity [23].
The inhalation of small, exhaled respiratory droplets contain-
ing infectious virions is thought to occur; there is a growing
concern for long-range human-to-human infection should
these droplets remain airborne and viable [24].

Another medium to consider is airborne dust, as inhalation
of virus-laden fine particles may transport the virus in deeper
bronchial and alveolar regions [24]. A study analyzing
COVID-19 patients from three hospitals in China demonstrat-
ed higher positive rates of viral RNA in bronchoalveolar la-
vage fluid, sputum, and nasal swabs [12]. Furthermore, in a
study evaluating environmental contamination in symptomat-
ic patients, one of the three subjects had 87% of his tested
room sites, including air outlets, return positive for viral
RNA despite only havingmild upper respiratory tract involve-
ment. Environmental contamination through airflow may per-
petuate viral transmission through infectious droplets [25].

Indirect transmission

Compared with direct human-to-human spread, the role of in-
direct transmission is less understood. Airborne transmission
occurs when larger respiratory droplets, which have evaporated,
or dust particles harbor microbes in the droplet nuclei with a
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size < 5 μm in diameter. This allows microbes to remain in the
air for longer periods of time and travel greater than 1-m dis-
tance. Airborne transmission becomes a threat when aerosoli-
zation of particles takes place, especially in essential procedures
such as endotracheal intubation, bronchoscopy, and cardiopul-
monary resuscitation [23]. Liu et al. investigated the aerody-
namic nature of the virus based on findings from hospitals in
China. The concentration of viral RNA in aerosols detected in
isolation wards and ventilated patient rooms was very low but
elevated in toilet areas. Additionally, airborne viral RNA levels
in the majority of public areas were undetectable with the ex-
ception of a few areas prone to crowding [26].

In addition to aerosolization of microbe particles, infection
secondary to contact with contaminated objects or exposure to
fomites may occur. A study from the NEJM characterized the
viability of the virus in multiple surfaces of inoculated sam-
ples, with their results indicating that indirect transmission by
means of fomite and aerosolization was plausible [5]. In an
early study by Cai et al., COVID-19 patients were tracked to
identify their environmental exposures within a shopping
mall. The findings suggested that viral spread was unlikely
due to respiratory droplet transmission alone. Direct contact
with other subjects, asymptomatic individuals, or exposure to
contaminated environments accounted for transmission in
some subjects [27]. Moriarty et al. highlighted the transmis-
sion potential of the virus on cruise ships totaling more than
800 confirmed cases; viral RNA was discovered on multiple
surfaces of cabins in symptomatic and asymptomatic individ-
uals despite quarantining efforts, questioning the role of trans-
mission by fomites [28]. Additionally, a preprint study con-
ducted by Santarpia et al. highlights environmental viral shed-
ding observed in 13 quarantined individuals in the USA; of
163 surface and aerosol samples collected, 126 (77.3%) tested
positive by reverse transcriptase-polymerase chain reaction
(RT-PCR) for SARS-CoV-2. Furthermore, 80.4% of all room
surface samples tested positive for the presence of viral RNA,
supporting significant indirect contamination and likely air-
borne transmission [29]. It should be noted that to the best
of our knowledge, no viable virus has been isolated from
fomite samples indicating limited data on its transmissibility.

Fecal-oral route of transmission

Thus far, there have been many studies analyzing the possi-
bility of fecal-oral transmission of COVID-19. Potential
SARS-CoV-2 infection in the gastrointestinal tract has been
discussed in regard to the expression of ACE2 and TMPRSS2
in the epithelium [10, 30]. Additionally, studies have noted
that its fecal-oral transmission potential may lie in the fact that
prolonged viral shedding can occur in fecal matter—one case
reported an asymptomatic COVID-19 patient experiencing
viral detection in the stool for up to 42 days, while nasopha-
ryngeal sampling was negative [31]. Prolonged viral detection

in stool samples has also been detected in pediatric patients
following the recovery of COVID-19 pneumonia [32]. In an-
other study involving pediatric COVID-19 patients post-
discharge by Zhang et al., all subjects had positive stool RT-
PCR results after 10 days, without positive throat swabs, clin-
ical symptoms, or imaging findings [32]. Similar findings
were demonstrated in adults, whereby patients had positive
RT-PCR results in anal swabs after recovery, yet still met
criteria for hospital discharge due to negative nasopharyngeal
testing [33].

While prolonged viral shedding in the stool has been noted,
whether or not these particles are infectious and have the po-
tential of being spread fecal-orally is questionable. Supporting
its potentiation, one study by Zhang et al. has characterized the
presence of live virus in stool; they were able to successfully
culture SARS-CoV-2 in Vero cells which was isolated from a
stool specimen of a patient with severe COVID-19 pneumonia
[34]. Additionally, a study published in JAMA by Ong et al.
supported the possibility of this transmission by demonstrat-
ing extensive environmental contamination from a symptom-
atic COVID-19 patient. Samples were collected from the
room of a patient whose fecal matter tested positive for
SARS-CoV-2 by RT-PCR prior to routine cleaning, including
from the surface of the toilet bowl, inside of the bowl, and
door handle—all of which tested positive. However, samples
obtained post-cleaning were negative, implying that current
decontamination measures are effective. These findings sug-
gested that viral shedding in the stool could be contributing to
a possible route of transmission [25].

Yeo et al. discussed the clinical implications that fecal-oral
transmission of COVID-19 may have in infection control,
especially in areas with poor sanitation [35]. With new find-
ings, it was recommended that when handling stool of
COVID-19 patients, strict precautions be practiced [35]. In
fact, the detection of SARS-CoV-2 in untreated wastewater
was confirmed in Australia [36]. Yeo et al. also discussed the
need for hospital-directed recommendations regarding proper
management and disinfection of sewage due to growing con-
cerns for the existence of fecal-oral transmission [35].

Vertical route of transmission

Although vertical transmission of COVID-19 has been stud-
ied, there still remains a need for further conclusive evidence.
Certain studies have suggested evidence for vertical transmis-
sion on the basis that some neonates born to COVID-19-
positive mothers had elevated IgM antibodies following birth
[37–39]. In a study by Dong et al., a neonate born to a
COVID-19-positive mother was found to have elevated IgM
antibodies 2 h after birth but tested negative for COVID-19 on
nasopharyngeal specimens. Typically, IgM antibodies do not
appear until 3–7 days after infection in part due to its molec-
ular structure, but this elevation was present soon after birth in
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the setting of negative maternal vaginal secretions for SARS-
CoV-2 [38, 39]. Another study conducted by Zeng et al. ex-
amined 6 pregnant COVID-19 patients and highlighted that
two infants had elevated IgM levels [39].

In a study by Parazzini et al., COVID-19mothers with both
vaginal and cesarean deliveries were assessed (6 and 31, re-
spectively). Two neonates tested positive for SARS-CoV-2 on
RT-PCR testing; three neonates had elevated SARS-CoV-2
IgG and IgM levels but tested negative on RT-PCR. It was
concluded that the rate of vertical or peripartum transmission
of COVID-19 is low to none for cesarean delivery, but no data
was available for vaginal delivery [40]. Additionally, a study
involving 31 COVID-19 pregnant mothers reported no verti-
cal transmission in their neonates or placentas [41].

Zamaniyan et al. reported a pregnant woman with severe
COVID-19 pneumonia having given birth to a preterm baby at
32 weeks gestation with no evidence of SARS-CoV-2 infec-
tion. However, testing for COVID-19 by RT-PCR was posi-
tive in both an amniotic sample and a second nasal and throat
test the neonate underwent 24 h after birth via cesarean deliv-
ery; testing was negative in the vaginal secretion sample, um-
bilical cord blood, and first neonate test. Since the amniotic
fluid and the neonate tested positive, it may suggest that the
newborn was affected intrauterine by SARS-CoV-2 [42]. To
oppose, in a retrospective review of nine COVID-19 pregnant
mothers who underwent cesarean section, six patients had
samples of amniotic fluid, cord blood, neonatal throat swab,
and breastmilk samples tested for SARS-CoV-2, and all were
negative [43]. Furthermore, there has been a case of neonate in
China who tested positive for COVID-19 via RT-PCR of pha-
ryngeal swabs 36 h after birth; however, vertical transmission
in the case was not confirmed [44].

The impact that COVID-19 pregnancies can have on neo-
nates is largely unknown. In a clinical analysis of 10 neonates
born from nine COVID-19 mothers by Zhu et al., it was found
that perinatal infection of SARS-CoV-2 may lead to adverse
effects in newborns, as some of the neonates experienced fetal
distress, premature labor, respiratory distress, thrombocytope-
nia, abnormal liver function tests, and even death [45]. A
recent study in JAMA by Baud et al. depicted a case of mis-
carriage during the second trimester in a COVID-19 female
related to placental infection with SARS-CoV-2. The fetal
surface of the placenta tested positive for SARS-CoV-2; his-
topathology revealed mixed inflammatory infiltrates and
funisitis. Although vertical transmission was not proven, no
other etiology of fetal demise was identified [46].
Nevertheless, further research is needed to determine whether
SARS-CoV-2 crosses the placental barrier.

Sexual route of transmission

In a cross-sectional study examining 34 adult males recover-
ing fromCOVID-19, SARS-CoV-2was not detected in any of

the subjects’ semen approximately 1 month after initial dis-
ease confirmation. However, the findings were unable to de-
finitively rule out the presence of SARS-CoV-2 in seminal
fluid due to a lack of testing during the acute phase of infection
[47]. However, a recent cohort study by Li et al. demonstrated
that semen testing for SARS-CoV-2 resulted positive for six
of the 38 male COVID-19 patients, four of which were in the
acute stage of infection and two being in the recovery phase
[48]. The study by Pan et al. also characterized that there was
low overlapping gene expression of ACE2 and TMPRSS2 in
human testes, suggesting that the SARS-CoV-2 would not
likely be able to gain testicular cellular entry via this mecha-
nism [47]. However, as stated by Sama et al., ACE2 has been
noted to be highly expressed in the testis [11].

To et al. noted the detection of SARS-CoV-2 in self-
collected saliva specimens in 91.7% (11/12) of COVID-19
patients [49]. The need for safe sexual intercourse behavior
may be heightened due to the fact that the virus has been
detected in high concentrations in saliva and nasal mucosa
and may have potential receptor binding in rectal and anal
epithelial cells.

Ocular route of transmission

Lastly, the potential for an ocular route of transmission has
recently been explored. Certain studies have noted the detec-
tion of viral RNA in conjunctival specimens, while others
demonstrated limited evidence of its presence. A case study
of an ocular manifestation of COVID-19 presenting as bilat-
eral conjunctivitis 13 days after onset of illness suggested that
viral shedding occurs in the eyes; RT-PCR of conjunctival
samples on days 14 and 17 following the onset of symptoms
tested positive. The conjunctiva was confirmed to be a site of
viral replication when he tested positive via RT-PCR of con-
secutive conjunctival swabs. On day 19, the conjunctival swab
specimen resulted negative [50]. Moreover, 38 COVID-19
patients at a hospital center in China were retrospectively
reviewed for ocular manifestations; the study concluded that
about one-third of patients with COVID-19 had ocular abnor-
malities, which frequently occurred in patients with more se-
vere disease [51]. In a case series of 38 COVID-19 patients
published in JAMA Ophthalmology, 31.6% (95% CI, 17.5–
48.7) of subjects had ocular manifestations consistent with
conjunctivitis such as conjunctival hyperemia, chemosis, or
increased secretions. Similar to the prior study, this more com-
monly occurred in patients with severe systemic manifesta-
tions or abnormal laboratory tests. There was a low prevalence
of viral nucleotides in conjunctival specimens of 5.2% (95%
CI, 0.6–17.8) [51].

A recent case report of the first patient in Italy to be
diagnosed with COVID-19 depicted bilateral conjunctivitis,
in addition to fever, respiratory symptoms, nausea, and
vomiting. SARS-CoV-2 RNA was detected via conjunctival
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swab on day 3 of hospitalization while still having persistent
conjunctivitis—it remained positive until day 21 and again
on day 27 (conjunctivitis resolved on day 20). In order to
demonstrate that the ocular samples contained infectious vi-
rus, an RNA-positive ocular sample was inoculated in Vero
E6 cells, with a cytopathic effect being observed 5 days
later. Viral replication was confirmed via RT-PCR from pu-
rified RNA in the cell growth medium. Implications of these
findings are that ocular fluid of COVID-19 patients may
contain infectious virus and serve as a possible source of
infection [52, 53].

However, a few studies have demonstrated limited evi-
dence for an ocular route of transmission. In a study of 17
COVID-19 patients, tears were sampled and all samples re-
sulted negative for the presence of SARS-CoV-2, while naso-
pharyngeal samples were positive. Likewise, patients with
upper respiratory tract infections did not demonstrate any ev-
idence of viral shedding in tears, suggesting that transmission
through tears is likely low [54]. A couple of preprint studies
have arrived at similar conclusions. In a study by Sun et al.
involving 72 patients with laboratory-confirmed COVID-19,
only two patients had conjunctivitis, but SARS-CoV-2 RNA
fragments were found in the ocular discharge of one of the two
[55]. Another preprint study which was a retrospective cohort
study enrolled 67 confirmed and suspected COVID-19 pa-
tients, of which 63 were laboratory confirmed. Of the 63
laboratory-confirmed patients, conjunctival specimens from
one patient were positive on PCR testing and two patients
had probable positive results—none of these three had ocular
symptoms [56].

Conclusion

The outbreak of COVID-19 and evolving pandemic warrant
the need for better infection control by means of identifying
viral sources. Emerging studies have detected the presence of
viral RNA in multiple regions of the human body, raising
concern for its ease of transmissibility. Thus far, COVID-19
was originally thought to be spread by respiratory droplets;
however, newer studies have highlighted the potential for al-
ternative routes. Detection of viral RNA shedding in multiple
bodily fluids/samples suggests the potential for additional
modes of transmission, such as bloodborne, urinary, and fe-
cal-respiratory. Transmission by such means remains contro-
versial given the limited supporting data for each mode.
Clinicians should be aware that the detection of viral RNA
in numerous bodily fluids can potentiate new routes of trans-
mission as more data on SARS-CoV-2 emerges becoming
more readily available.

These findings emphasize the importance of control mea-
sures as they could impact daily practices, from precautions
taken by the general public to prevent asymptomatic spread of

disease to the isolation precautions practiced in healthcare
facilities. Limitations to consider when interpreting certain
studies discussing transmission routes are availability of re-
search, sample size of patients, and testing capacity in relation
to diagnostic supply shortages. The role of whole genome
sequencing in characterizing the presence of SARS-CoV-2
has been discussed as a comprehensive detection method.
The limitations with this method include cost, time, and com-
plications; however, it may play a part in elucidating further
understanding of viral transmission pathways. As COVID-19
is not completely understood, the need for further research
confirming and/or refuting these potential routes of transmis-
sion remains a priority.
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