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INTRODUCTION
 Coronaviruses are important human and animal

pathogens. At the end of 2019, a novel coronavirus was
identified as the cause of a cluster of pneumonia cases
in Wuhan, a city in the Hubei Province of China. It
rapidly spread, resulting in an epidemic throughout
China, followed by an increasing number of cases in
other countries throughout the world. In February
2020, the WHO designated the disease COVID-19,
which stands for coronavirus disease 2019. The virus
that causes COVID-19 is designated severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2);
previously, it was referred to as 2019-nCoV.
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Geographic distribution

 Globally, more than five million confirmed cases of
COVID-19 have been reported.

 Since the first reports of cases from Wuhan, a city in the
Hubei Province of China, at the end of 2019, cases have
been reported in all continents, except for Antarctica.

 In the IRAN, COVID-19 has been reported in all of
provinces. The cumulative incidence varies by state and
likely depends on a number of factors, including
population density and demographics, extent of testing
and reporting, and timing of mitigation strategies.
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Transmission

Understanding of the transmission risk is

incomplete. Epidemiologic investigation in

Wuhan at the beginning of the outbreak

identified an initial association with a seafood

market that sold live animals, where most

patients had worked or visited and which was

subsequently closed for disinfection. However,

as the outbreak progressed, person-to-person

spread became the main mode of transmission.

7



Route of person-to-person 

transmission
 Direct person-to-person transmission is the primary

means of transmission of (SARS-CoV-2). It is thought
to occur through close-range contact, mainly via
respiratory droplets; virus released in the respiratory
secretions when a person with infection coughs,
sneezes, or talks can infect another person if it makes
direct contact with the mucous membranes; infection
can also occur if a person touches an infected surface
and then touches his or her eyes, nose, or mouth.
Droplets typically do not travel more than six feet
(about two meters).
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 Whether SARS-CoV-2 can be transmitted through the
airborne route (through particles smaller than droplets
that remain in the air over time and distance) under
natural conditions has been a controversial issue. One
letter to the editor described a study in which SARS-
CoV-2 grown in tissue culture remained viable in
experimentally generated aerosols for at least three
hours; some studies have identified viral RNA in
ventilation systems and in air samples of hospital
rooms of patients with COVID-19, but cultures for
viable virus were not performed in these studies.
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 Long-range airborne transmission of SARS-CoV-2

has not clearly been documented, and in a few reports

of health care workers exposed to patients with

undiagnosed infection while using only contact and

droplet precautions, no secondary infections were

identified despite the absence of airborne precautions.

Reflecting the current uncertainty regarding

transmission mechanisms, recommendations on

airborne precautions in the health care setting vary by

location; airborne precautions are universally

recommended when aerosol-generating procedures are

performed.
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 SARS-CoV-2 has been detected in non-respiratory

specimens, including stool, blood, ocular secretions,

and semen, but the role of these sites in transmission

is uncertain. In particular, several reports have

described detection of SARS-CoV-2 RNA from stool

specimens, even after viral RNA could no longer be

detected from upper respiratory specimens, and live

virus has been cultured from stool in rare cases. fecal-

oral transmission has not been clinically described,

and according to a joint WHO-China report, did not

appear to be a significant factor in the spread of

infection.
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Detection of SARS-CoV-2 RNA in blood has

also been reported in some but not all studies

that have tested for it. However, the likelihood

of bloodborne transmission (eg, through blood

products or needlesticks) appears low;

respiratory viruses are generally not

transmitted through the bloodborne route, and

transfusion-transmitted infection has not been

reported for SARS-CoV-2 or for the related

MERS-CoV or SARS-CoV.
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Viral shedding and period of infectivity

 The precise interval during which an individual with

COVID-19 is infectious is uncertain. It appears that

SARS-CoV-2 can be transmitted prior to the development

of symptoms and throughout the course of illness,

particularly early in the course. However, most data

informing this issue are from studies evaluating viral RNA

detection from respiratory and other specimens; detection

of viral RNA does not necessarily indicate the presence of

infectious virus, and thus prolonged viral RNA detection

following the resolution of illness does not necessarily

indicate infectiousness.
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Largely indirect data suggest that

infected individuals are more likely to

be infectious in the earlier stages of

infection. Viral RNA levels from

upper respiratory specimens appear to

be higher soon after symptom onset

compared with later in the illness.
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 Transmission of SARS-CoV-2 from asymptomatic
individuals (or individuals within the incubation
period) has also been well documented. The biologic
basis for this is supported by a study of a SARS-CoV-2
outbreak in a long-term care facility, in which
infectious virus was cultured from RT-PCR-positive
upper respiratory tract specimens in presymptomatic
and asymptomatic patients as early as six days prior to
the development of typical symptoms. However, the
extent to which asymptomatic or presymptomatic
transmission occurs and how much it contributes to
the pandemic remain unknown. Large-scale serologic
screening may be able to provide a better sense of the
scope of asymptomatic infections and inform
epidemiologic analysis.

15



How long a person remains infectious is also uncertain, but

available data suggest that prolonged viral RNA shedding after

symptom resolution is not clearly associated with prolonged

infectiousness. The duration of viral RNA shedding is variable;

there appears to be a wide range, which may depend on severity

of illness. In one study of 21 patients with mild illness, 90 percent

had repeated negative viral RNA tests on nasopharyngeal swabs

by 10 days after the onset of symptoms; tests were positive for

longer in patients with more severe illness. In contrast, in another

study of 56 patients with mild to moderate illness, the median

duration of viral RNA shedding from naso- or oropharyngeal

specimens was 24 days, and the longest was 42 days.
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Detectable viral RNA does not always correlate with

isolation of infectious virus, and there may be a threshold

of viral RNA level below which infectivity is unlikely.

According to information from the CDC, when patients

continue to have detectable viral RNA in upper

respiratory samples following clinical recovery, by three

days after recovery, the RNA concentrations are generally

at or below the levels at which replication-competent

virus can be reliably isolated;

isolation of infectious virus from upper respiratory

specimens more than nine days after illness onset has not

yet been documented.
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Infectious virus has also not been

isolated from respiratory specimens

of patients who have a repeat positive

RNA test following clinical

improvement and initial viral

clearance.
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Risk of transmission

 The risk of transmission from an individual with SARS-
CoV-2 infection varies by the type and duration of
exposure, use of preventive measures, and likely individual
factors (eg, the amount of virus in respiratory secretions).
Most secondary infections have been described among
household contacts, in congregate or health care settings
when personal protective equipment was not used
(including hospitals and long-term care facilities), and in
closed settings (eg, cruise ships). However, reported
clusters of cases after social or work gatherings also
highlight the risk of transmission through close, non-
household contact.
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Most secondary infections were among household contacts,

with a secondary attack rate of up to 15 percent; some studies

have suggested even higher household infection rates.

The rate of secondary COVID-19 in various locations ranged

from 1 to 5 percent among tens of thousands of close contacts

of confirmed patients in China; most of these occurred within

households, with an in-household secondary attack rate of 3 to

10 percent.

In the US, the symptomatic secondary attack rate was 0.45

percent among 445 close contacts of 10 confirmed patients;

among household members, the rate was 10.5 percent. In a

similar study in Korea, the rates were comparable, with

secondary infections in 0.55 percent of all contacts and 7.6

percent of family members.
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Clusters of cases have also been reported

following family, work, or social gatherings

where close, personal contact can occur.

The risk of transmission with more indirect

contact (eg, passing someone with infection

on the street, handling items that were

previously handled by someone with

infection) is not well established and is likely

low.
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Environmental contamination

Virus present on contaminated surfaces may be

another source of infection if susceptible

individuals touch these surfaces and then

transfer infectious virus to mucous membranes

in the mouth, eyes, or nose. The frequency and

relative importance of this type of transmission

remain unclear. It may be more likely to be a

potential source of infection in settings where

there is heavy viral contamination.

22



Extensive SARS-CoV-2 contamination of

environmental surfaces in hospital is rooms of patients

with COVID-19. In a study from Singapore, viral RNA

was detected on nearly all surfaces tested (handles,

light switches, bed and handrails, interior doors and

windows, toilet bowl) in the airborne infection isolation

room of a patient with symptomatic mild COVID-19

prior to routine cleaning. Viral RNA was not detected

on similar surfaces in the rooms of two other

symptomatic patients following routine cleaning (with

sodium dichloroisocyanurate). Of note, viral RNA

detection does not necessarily indicate the presence of

infectious virus .
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It is unknown how long SARS-CoV-2 can persist on;

other coronaviruses have been tested and may survive on

inanimate surfaces for up to six to nine days without

disinfection. However, in a systematic review of similar

studies, various disinfectants (including ethanol at

concentrations between 62 and 71%) inactivated a

number of coronaviruses related to SARS-CoV-2 within

one minute. Based on data concerning other

coronaviruses, duration of viral persistence on surfaces

also likely depends on the ambient temperature, relative

humidity, and the size of the initial inoculum.

These data highlight the importance of environmental

disinfection in the home and health care setting.
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Uncertain risk of animal contact

SARS-CoV-2 infection is thought to have

originally been transmitted to humans

from an animal host, but the ongoing risk

of transmission through animal contact is

uncertain. There is no evidence

suggesting animals (including

domesticated animals) are a major source

of infection in humans.
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SARS-CoV-2 infection has been described in animals in both

natural and experimental settings. There have been rare reports

of animals with SARS-CoV-2 infection (including asymptomatic

infections in dogs and symptomatic infections in cats) following

close contact with a human with COVID-19. Moreover,

asymptomatic, experimentally infected domestic cats may

transmit SARS-CoV-2 to cats they are caged with. In one study

evaluating infection in animals after intranasal viral inoculation,

SARS-CoV-2 replicated efficiently in ferrets and cats; viral

replication was also detected in dogs, but they appeared to be

less susceptible overall to experimental infection. Pigs and

poultry were not susceptible to infection.
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the CDC recommends that pets be kept away

from other animals or people outside of the

household and that people with confirmed or

suspected COVID-19 try to avoid close

contact with household pets, as they should

with human household members, for the

duration of their self-isolation period. There

have been no reports of domesticated animals

transmitting SARS-CoV-2 infection to

humans.
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Immunity and risk of reinfection

Antibodies to the virus are induced in those

who have become infected. Preliminary

evidence suggests that some of these antibodies

are protective, but this remains to be

definitively established. Moreover, it is

unknown whether all infected patients mount a

protective immune response and how long any

protective effect will last.
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Data on protective immunity following COVID-19 are

emerging. A case series evaluating convalescent plasma

for treatment of COVID-19 identified neutralizing

activity in plasma of recovered patients that appeared to

be transferred to recipients following plasma infusion.

Similarly, in another study of 23 patients who recovered

from COVID-19, antibodies to the receptor-binding

domain of the spike protein and the nucleocapsid

protein were detected by (ELISA) in most patients by

14 days following the onset of symptoms; ELISA

antibody titers correlated with neutralizing activity.
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Animal studies have suggested that the immune response to

infection may offer some protection against reinfection, at least in

the short term. In one study of nine rhesus macaques

experimentally infected with SARS-CoV-2, all animals developed

neutralizing antibodies; upon rechallenge with the same viral dose

35 days later, all had anamnestic immune responses and, on nasal

swab, had lower viral RNA levels and more rapid viral RNA

decline compared with the initial challenge and with challenged

naïve control animals. Studies evaluating SARS-CoV-2 vaccine

candidates in macaques have also suggested that immune responses

to vaccination result in lower levels of viral RNA in respiratory

tract specimens following viral challenge compared with

unvaccinated controls.
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Some studies have reported positive RT-PCR tests for SARS-

CoV-2 in patients with laboratory-confirmed COVID-19

following clinical improvement and negative results on two

consecutive tests. However, these positive tests occurred shortly

after the negative tests, were not associated with worsening

symptoms, may not represent infectious virus, and likely did

not reflect reinfection. Specifically, in a report from the Korea

CDC of patients with COVID-19 who had a repeat positive

RNA test after being previously cleared from isolation,

infectious virus could not be isolated in cell culture in any of

the 108 patients tested. Among 790 contacts, there were no

newly confirmed cases that were traced to exposure during the

period of the repeat positive test.
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PREVENTION

32



Infection control in the health care setting

In locations where community

transmission is widespread, preventive

strategies for all individuals in a health

care setting are warranted to reduce

potential exposures. Additional measures

are warranted for patients with suspected

or confirmed COVID-19.
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Personal preventive measures

 If community transmission of SARS-CoV-2 is

present, residents should be encouraged to

practice social distancing by staying home as

much as possible and maintaining six feet (two

meters) distance from others when they have to

leave home. In particular, individuals should

avoid crowds and close contact with ill

individuals.
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The following general measures are additionally

recommended to reduce transmission of infection:

●Diligent hand washing, particularly after touching

surfaces in public. Use of hand sanitizer that contains at

least 60 percent alcohol is a reasonable alternative if the

hands are not visibly dirty.

●Respiratory hygiene (eg, covering the cough or

sneeze).

●Avoiding touching the face (in particular eyes, nose,

and mouth). The American Academy of Ophthalmology

suggests that people not wear contact lenses, because

they make people touch their eyes more frequently.

●Cleaning and disinfecting objects and surfaces that are

frequently touched.
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For people without respiratory symptoms, the WHO

does not recommend wearing a medical mask in the

community, since it does not decrease the importance

of other general measures to prevent infection and

may result in unnecessary cost and supply problems;

the WHO also emphasizes that medical masks should

be prioritized for health care workers.

Recommendations on use of masks by healthy

members of the community vary by country.

36



Measures for personnel

 Screening prior to and upon entry into the health care
facility:

 The approach to screening health care workers
entering the health care setting depends upon the
institution's policies. In general, health care workers
should monitor themselves for fever and symptoms of
COVID-19 and stay home if they are ill. In addition,
symptom screening alone did not identify all cases.
Thus, additional measures, such as universal use of
masks, are recommended.
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Health care workers should also wear a face

covering while in the hospital setting.

Hand hygiene should be performed

immediately before and after any contact

with the face covering, including cloth

coverings. Cloth masks should be changed

if they become soiled, damp, or difficult to

breathe through, and they should be

laundered regularly (eg, daily and when

soiled).
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Use of PPE for all patients with 

respiratory symptoms

 All health care workers should use
standard, contact, and droplet precautions
(ie, gown, gloves, and medical mask), with
eye or face protection when evaluating any
patient with an undiagnosed respiratory
infection, even those who are not under
consideration for COVID-19.
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Type of room

Patients should be placed in a single-occupancy

room with a closed door and dedicated

bathroom. When this is not possible, patients

with confirmed COVID-19 can be housed

together. Patients with confirmed COVID-19

should not be in a positive-pressure room.

An airborne infection isolation room (AII; ie, a

single-patient, negative-pressure room) should

be prioritized for patients undergoing aerosol-

generating procedures.
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Type of PPE
All health care workers who enter the room of a

patient with suspected or confirmed COVID-19

should wear personal protective equipment

(PPE) to reduce the risk of exposure. In a review

of 34 studies that evaluated risk factors for

coronavirus infections (SARS-CoV-2, SARS-

CoV, MERS) in health care workers, use of PPE

was associated with a reduced risk of infection
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Standard PPE for patients

with suspected or confirmed

COVID-19 includes the use

of a gown, gloves, a respirator

or medical mask, and eye or

face protection
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Gown and gloves

Isolation gowns and non-sterile gloves

should be put on upon entry into the

patient room or area. Some institutions

require double gloving for health care

workers caring for patients with suspected

or confirmed COVID-19 to reduce the

risk of skin contamination when doffing.

43



Respirator or medical mask

A respirator (eg, N95 or other

respirators that offer a higher level of

protection) should be worn instead of

a medical mask during aerosol-

generating procedures and certain

types of environmental cleaning.
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There are no studies comparing the use of respirators

or medical masks when caring for patients with

suspected or confirmed COVID-19. We agree with

CDC recommendations and suggest the use of

respirators when caring for all patients with suspected

or confirmed COVID-19 when supplies allow, since

the relative importance of various possible modes of

transmission of SARS-CoV-2 is unclear. In particular,

there is evidence that airborne transmission may

occur, especially high-velocity, small-particle

aerosols generated by coughing and sneezing, with

particles that remain airborne for longer and travel

farther than usual respiratory droplets.
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However, other experts feel that medical

masks (when combined with other PPE

including face shields and hand hygiene) are

sufficient during non-aerosol-generating care,

since droplet transmission is likely the main

mode of transmission, and available data from

patients with SARS-CoV or other viral

respiratory infections suggest that N95

respirators offer no clear benefit over medical

masks during routine care.
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Eye or face protection

For eye or face protection, goggles or

a disposable face shield that covers

the front and sides of the face should

be used; glasses are not sufficient. If

a powered air-purifying respirator

(PAPR) is used, additional eye

protection is not needed.
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Some institutions also require shoe covers for

providers caring for patients on a dedicated

COVID-19 ward or intensive care unit.

Reports suggest that SARS-CoV-2 RNA can

be widely distributed on surfaces, such as

floors, particularly in the intensive care unit,

and can be found on shoes after intubation,

but whether this reflects infectious virus is

unknown. Hair covers may be used as well,

but are usually not mandatory outside of the

operating room setting.
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Transporting patients outside the room

 Patients with confirmed or suspected COVID-

19 should wear a medical mask if being

transported out of the room. If a portable tent

system with HEPA filtration is used to transport

patients with COVID-19, the patient does not

need to wear a mask, but health care workers

transporting the patient should wear PPE in case

of a failure of the powered HEPA filtration.
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Aerosol-generating procedures/treatments

In patients with COVID-19,

aerosol-generating procedures

should be avoided when

possible to reduce the potential

risk of transmission to health

care workers.
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●Bronchoscopy (including mini bronchoalveolar lavage)

●Cardiopulmonary resuscitation

●Colonoscopy

●Filter changes on the ventilator

●High-flow oxygen

●Manual ventilation before intubation

●Nasal endoscopy

●Noninvasive ventilation 

●Open suctioning of airways 

●Tracheal intubation and extubation

●Tracheotomy

●Upper endoscopy (including transesophageal 

echocardiogram)

●Swallowing evaluation
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Specimen collection for respiratory viral pathogens

 Should be obtained in a single-occupancy room with the

door closed, and visitors should not be present during

specimen collection. Nasopharyngeal or oropharyngeal

specimen collection is not considered an aerosol-

generating procedure that warrants an airborne infection

isolation room.

 The CDC recommends that health care workers in the

room wear an N95 or higher level respirator (or medical

mask if a respirator is not available), eye protection (eg,

face shield or goggles), gloves, and a gown.
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Decontamination of PPE for reuse
 Decontamination of (PPE) for reuse, in particular for

N95 respirators and face shields, is now routinely

done in many medical centers. The CDC and WHO

have highlighted several methods for decontamination

of respirators when supplies are critically low (crisis

standards). These include:

 Ultraviolet

 ●Hydrogen peroxide vapor

 ●Moist heat –several studies observed inactivation of

SARS-CoV after 30 to 60 minutes at 60°C.
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