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ABSTRACT
COVID-19 has caused radical effects on the daily lives of 

millions of people. The causal agent of the current pandemic 
is SARS-CoV-2, a virus that causes symptoms related to 
the respiratory system, leading to severe complications. 
In the in vitro fertilization (IVF) universe, there are several 
protocols for infection control and laboratory safety. 
Some professional associations have issued guidelines 
recommending measures involving patient flow and IVF 
practices. This study presents a review and considerations 
for the resumption of activities in IVF laboratories and 
clinics in Brazil during the COVID-19 pandemic, according 
to the guidelines and statements from professional 
organizations and societies in reproductive medicine.
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1. Background
The COVID-19 pandemic has caused radical effects 

on the daily lives of millions of people. It emerged in 
December 2019 in Wuhan, China (Huang et al., 2020). On 
January 30, 2020, the World Health Organization (WHO) 
declared it a global health emergency. Due to the increase 
in the number of infected people and deaths, on March 11, 
the WHO (2020a) declared COVID-19 a pandemic. At the 
time of this writing (August 08, 2020), Brazil has become 
the second country, after the US, to register more than 

100,000 deaths from this disease (Secretaria Estaduais de 
Saúde - Brasil, 2020). Figure 01 shows the total number of 
COVID-19 deaths on a linear scale in Brazil.

COVID-19 is an infectious disease caused by the new 
coronavirus associated with severe acute respiratory 
syndrome (SARS-CoV-2) (Huang et al., 2020). The spread 
among people occurs through respiratory droplets emitted 
by an infected individual through coughing or sneezing, 
subsequently inhaled by a healthy person nearby (Fiorillo 
et al., 2020). The most common symptoms for the onset 
of the disease are fever (40.9%), cough (31.7%), fatigue 
or myalgia (18.4%), sputum production (11.2%), and 
headache (3.8%) (Huang et al., 2020). A study reported 
maternal deaths (Hantoushzadeh et al., 2020), one 
detected the pathogen in placenta specimens of a second-
trimester miscarriage (Baud et al., 2020), and other found 
SARS CoV-2 in semen samples (Li et al., 2020a), but the 
effects on pregnancy are still under debate (Gao et al., 
2020).

SARS-CoV-2 shows approximately 79% genetic 
similarity to SARS-CoV and ~50% similarity to Middle 
East respiratory syndrome coronavirus (MERS-CoV) 
(Lai et al., 2020; Zu et al., 2019). SARS-CoV-1 caused 
an outbreak in 2002 with Severe Acute Respiratory 
Syndrome (SARS) (Ksiazek et al., 2003), and MERS-CoV 
was the agent responsible for the Eastern Respiratory 
Syndrome Medium (MERS) in 2012 (Zaki et al., 2012). 
Although the lethality rate of COVID-19 has been 
significantly lower than that of the SARS and MERS 
epidemics, the SARS-CoV-2 virus transmission is much 

Figure 1. Graph showing the total of deaths due to COVID-19 in Brazil (Secretarias Estaduais de Saúde - 
Brasil, 2020).
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larger than that of the previous viruses, with a much 
higher total number of deaths (Table 01). The preventive 
measures are the current strategy to limit the spread of 
cases (Cascella et al., 2020).

According to these facts, many human reproduction 
societies issued recommendations on how to deal with 
the pandemic and in vitro fertilization (IVF) procedures. 
This study presents a review and considerations for the 
resumption of activities of IVF laboratories and clinics in 
Brazil during the COVID-19 pandemic era, according to the 
guidelines and statements from professional organizations 
and societies in reproductive medicine.

2. Fertility treatments
The American Society for Reproductive Medicine 

(ASRM) and the European Society for Reproduction and 
Embryology (ESHRE) have recommended cancelling 
fertility treatments, except in poor responders, who 
can still undergo treatment, although this may lead to 
additional stress for couples who badly want to have a 
child (ESHRE, 2020; ASRM, 2020; Anifandis et al., 2020). 
These societies have recommended suspending the onset 
of new treatments and an alternative freeze-all protocol 
in cases where couples have already undergone human 
chorionic gonadotrophin triggering (ESHRE, 2020; ASRM, 
2020; Anifandis et al., 2020).

The Brazilian Society for Assisted Human Reproduction 
(SBRA), the Brazilian Society for Human Reproduction 
(SBRH), and the Latin American Assisted Reproduction 
Network (REDLARA) have stated that individual cases must 
be discussed with a physician, because there are unique 
situations, in which postponing the treatment could reduce 
the likelihood of successful pregnancy (SBRH, 2020; SBRA 
& REDLARA, 2020). On June 08, 2020, the SBRA, the 
SBRH, PRONUCLEO, and other societies from Latin America 
related to the field of reproductive medicine have allowed 
the resumption of operations in fertility clinics. They have 
recommended prioritizing the individual cases with a well-
documented medical record (SBRA et al., 2020).

3. Fertility clinic and internal policies
As reported by the WHO, health facilities have to 

implement internal policies to ensure that all necessary 
preventive and protective measures are taken to minimize 
occupational safety and health risks. The clinical director 
or managers must provide information, instruction, and 
training on Occupational Safety and Health (OSH). The 
training includes information on how to wear Personal 
Protective Equipment (PPE), and the handling and disposal 
of infectious waste (WHO, 2020c). The establishment must 

provide and keep control of Collective Protection Equipment 
(CPE) and cleaning products to protect the worker during 
patient care (ANVISA, 2020). The IVF clinic must manage 
the risks involved during patient-care and create respective 
prevention and control measures (ANVISA, 2020).

3.1. Physical barriers
Coronavirus spreads primarily through droplets 

generated by infected individuals during coughing, 
sneezing, or speaking (Allam et al., 2020). Environmental 
surfaces are more likely to be contaminated with the 
COVID-19 virus in healthcare settings where specific 
medical procedures are carried out (Ye et al., 2020; 
Ong et al., 2020; Faridi et al., 2020). Ong et al. (2020) 
evaluated the presence of coronavirus in a hospital room 
of COVID-19 patients. Some surfaces, such as the toilet 
bowl and the sink, were positive. Room air samples and 
samples collected after cleaning were negative. Due to 
the potential of the virus to survive in the environment for 
several days, facilities and areas potentially contaminated 
with SARS-CoV-2 must be cleaned before being reused, 
with products containing antimicrobial agents known to be 
effective against coronaviruses (ECDPC, 2020; Oliveira et 
al., 2016). Specific COVID-19 sanitation procedures should 
be implemented in the case of COVID-19 positive patients 
or staff members (ESHRE, 2020). All medical staff should 
remain diligent about strictly following the recommended 
PPE guidelines and ensure both availability and utilization 
of PPE for themselves, their healthcare team, and their 
patients (ASRM, 2020). In Tables 02 and 03, we show 
other measures to avoid the spread of COVID-19 cases.

3.2 Staff and patient flow
Primary transmission is believed to occur through 

respiratory droplets from coughing and sneezing, and 
contagion requires proximity (less than 6 feet distance) 
between individuals (Cascella et al., 2020). One should 
strive to implement procedures for staff to work remotely 
or from home, understanding that such arrangements 
need to be individualized (ASRM, 2020). Subdivision of 
staff into mini teams reduces unnecessary exposure of 
patients and staff members, and encourages the cross-
training of staff in the event of staff absences (ESHRE, 
2020; ASRM, 2020).

Regarding patient flow, ASRM has recommended 
limiting the number of visitors to a single support person 
or encouraging alternative participation methods, such 
as by phone or video. When urgent procedures must be 
performed, minimize the time the patient is waiting in the 
reception area or waiting room (ASRM, 2020). PRONUCLEO 
issued a guideline with detailed recommendations on 

  Table 1. COVID-19 and previous pandemics caused by coronaviruses (Wu & McGoogan, 2020; WHO, 2003; 2019; 2020b).

Disease COVID-19 SARS MERS

Virus Betacoronavirus SARS-COV-2 Betacoronavirus SARS-COV-1 Betacoronavirus MERS-COV

Origin Whuan, China Guandong, China Saudi Arabia

Onset December 2019 - Currently 2002 - July 2003 June 2012 -still active

Spread 194 countries 29 countries 27 countries

Cases 20,162,474 reported 8,422 reported 2,494 reported

Deaths 737,417 916 858

Reproductive no. ≈3 ≈2-3 ≈1

Age (range) 59 (10-89) years 40 (1-91) years 50 (1-94) years

Sex Ratio (M:F) 56:44 43:57 64.5:35.5

Mortality Currently estimated 2.3% 9.6% 35-40%
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  Table 2. Suggestions to limit the spread of COVID-107 19 for the clinic staff and patients.

Sector Measures PPE required

Valet parking -Ensure alcohol-based hand rub is available.
-Provide a moistened cloth with 70% alcohol 
solution to clean steering wheels and car doors.

-Surgical or fabric mask

Office administration -Ensure alcohol-based hand rub is available.
-Ensure proper ventilation with outside air.
-Encourage employees to maintain at least one 
meter from other employees when possible.
-Encourage flexible work hours or rotational 
shifts.
-Review cleaning and disinfection procedures for 
furniture such as desks, armchairs, and other 
personal use objects such as computers, pens, 
etc.

-Surgical or fabric mask

Waiting area- patient 
reception area

-Encourage employees to maintain at least one 
meter from other employees when possible.
-Install physical barriers in reception areas to 
limit contact between staff and patients.
-Limit the use of shared items by patients (e.g., 
pens, clipboards, phones).
-Encourage respiratory hygiene/cough etiquette.
-Provide disposable tissue and foot-operated 
waste bin in the waiting room. Ensure alcohol-
based hand rub is available and encourage 
hand hygiene (e.g., hand washing with non-
antimicrobial soap and water, alcohol-based hand 
rub, or antiseptic hand wash) after having contact 
with respiratory secretions and contaminated 
objects/materials
-Ensure proper ventilation with outside air.
-Review the cleaning and the disinfection 
procedures for furniture such as desks, armchairs, 
for example. Chairs or armchairs and benches 
must be made of washable material or easy to 
clean.

-Receptionist or Secretary: Surgical mask
-Patients with or without clinical symptoms 
of respiratory disease: surgical mask.

Cleaning staff/waitress -Ensure alcohol-based hand rub is available
-Clean frequently touched surfaces.
-Cleaning staff should not serve food and drinks 
to patients

-Cleaning staff N95 mask, disposable 
apron, goggles or face shield and gloves.
-Waitress: surgical mask or tissue, cap and 
gloves

patient flow. Below, we show the suggestions according to 
ASRM, ESHRE and PRONUCLEO:

Before the consultation:
• When scheduling procedures, receptionists must 

provide patients with information: masks are 
necessary and avoid accompanying persons.

• Instruct patients with respiratory infection 
symptoms (fever, cough, runny nose, difficulty 
breathing) to postpone the procedure. However, if 
postponing the appointment is impossible, instruct 
them to report respiratory infection symptoms as 
soon as they arrive at the clinic.

• The procedures must be scheduled at intervals 
that allow the cleaning of the rooms.

During the consultation:
• The patients must complete the Health Status 

Questionnaire (QSS) daily.
• Minimize contact with the patient to what is 

strictly necessary during the procedure, always 
maintaining a distance of at least 1 meter.

• For so-called asymptomatic patients, we 
recommended the patient should wear a mask.

• In cases of symptomatic patients, inform the entire 
team involved in the procedure in advance.

• During the patient’s presence at the service, 
whether characterized as asymptomatic or proven 
to be infected, avoid sharing items such as pens, 
clipboards, computers, phones, and others. 
Establish a hygiene protocol between procedures 
with the appropriate teams involved.

• If possible and, according to ANVISA rules, obtain 
consent documents electronically to minimize the 
patient’s time in the unit where the procedure is 
performed.

3.2.1 Telemedicine
According to Tuckson et al. (2017) telehealth, a term 

used to telemedicine, has been defined to exchange medical 
information from one site to another through electronic 
communication to improve a patient’s health. There are 
many digital platforms for this interaction between patients 
and physicians (Souza et al., 2020).

Telemedicine should be used for all treatment steps 
that do not require the physical presence of patients at 
the clinic, to reduce unnecessary visits and staff-patient 
contact (ESHRE, 2020). ASRM has encouraged the use 
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  Table 3. Suggestions to limit the spread of COVID-19 for the clinic staff and patients where clinical procedures are 
performed (WHO, 2020c; ANVISA, 2020).

Sector Measures PPE required

Consultation rooms -Avoid accompanying persons
-Encourage physicians to maintain at least one 
meter from patients when possible
-Review cleaning and disinfection procedures for 
furniture such as desks, armchairs, and other 
objects of personal use such computers, pens, etc.
-Ensure alcohol-based hand rub is available.
-The cleaning employee must clean the 
workplace, such as desks, computers, and 
phones, before the start and after the workday

-Staff: surgical mask, apron, goggles or face 
shield, and depending on the procedure, 
gloves
-Patients with or without clinical symptoms of 
respiratory disease; surgical mask

Ultrasound room -Avoid accompanying persons
-Ensure alcohol-based hand rub is available.
-Review cleaning and disinfection procedures

-Staff: surgical mask, apron, goggles or face 
shield, and depending on the procedure, gloves
-Patients without clinical symptoms of 
respiratory disease: surgical mask. Patients 
with clinical symptoms of respiratory disease: 
surgical mask, disposable apron, and 
disposable shoe covers
*Staff should wear the N95 or PFF2 mask 
if the patient has clinical symptoms of 
respiratory disease.

Specimen collection
(Blood/semen)

-Avoid accompanying persons
-Ensure alcohol-based hand rub is available
-Review cleaning and disinfection procedures

-Staff: surgical mask, apron, goggles or face 
shield, and depending on the procedure, gloves
-Patients without clinical symptoms of respiratory 
disease: surgical mask. Patients with clinical 
symptoms of respiratory disease: surgical mask, 
disposable apron, and disposable shoe covers
*Staff should wear the N95 or PFF2 mask 
if the patient has clinical symptoms of 
respiratory disease.

Room for oocyte 
retrieval/ testicular 
puncture

-Avoid accompanying persons
-Ensure alcohol-based hand rub is available
-Review cleaning and disinfection procedures

-Staff should wear the N95 or PFF2 mask if the 
patient has clinical symptoms of respiratory 
disease.
-Patients: surgical mask, disposable apron, 
and disposable shoe covers

of telemedicine for new and returning patients. These 
communication models could also be applied for planning 
treatments, mental health consultations, nurse counseling, 
and administrative discussions (ASRM, 2020). SBRA 
has also supported telemedicine use to perform patient 
consultations whenever possible in the meantime, to 
finish the reproductive treatment, a visit or a face-to-face 
consultation may be necessary.

4. Testing
On 18 March 2020, ANVISA established extraordinary 

and temporary rules to speed up the evaluation of new 
products by prioritizing the testing needed to detect the 
new coronavirus. This measure is part of the strategic 
actions to make products that can be used to face the 
COVID-19 pandemic more quickly, and maintain the 
safety and effectiveness criteria. Since the entire genetic 
sequence of the SARS-CoV-2 virus was uploaded to the 
Global Initiative on Sharing All Influenza Data (GISAID) 
platform on 10 January 2020, companies and research 
groups have developed many diagnostic kits for COVID-19. 
The availability of sequence data has facilitated the design 
of primers and probes needed for the development of 
SARS-CoV-2-specific testing (Tan, 2020). In Brazil, tests 
for COVID-19 consist of mostly immunoassays to detect 
antibodies or antigens, and molecular biology assays to 
detect RNA from the virus.

4.1 Immunoassays: Antibody or antigen detection
4.1.1 Point-Of-Care (POC) tests
This kind of laboratory test is designed to be used 

directly at the site of patient care, which may comprise 
physicians’ offices, outpatient clinics, intensive-care 
units, emergency rooms, hospital laboratories, and 
even patients’ homes (Price, 2001). Their execution and 
results interpretation are carried out in a maximum of 
30 minutes. The samples required are easily obtained, 
such as urine, blood, saliva, or nasopharyngeal swabs 
(Foo et al., 2009; Fox et al., 2011). In the setting of 
infectious diseases, most existing Point-Of-Care (POC) 
tests consist of immunoassays, namely agglutination, 
immunochromatographic, and immunofixation tests (Von 
Lode, 2005). Currently, more than half of the registrations 
granted by ANVISA for COVID-19 diagnosis consists of 
immunochromatographic tests for Immunoglobulin M 
(IgM) and Immunoglobulin G (IgG), and only a handful are 
approved for antigen detection (ANVISA, 2020).

Regarding the tests approved for antibody detection, 
all of them require a blood sample. A small sample of the 
patient’s blood is taken from a vein or a finger-prick device 
and dropped onto a spongy pad within the testing device. 
Few drops of a buffer are added to help the blood sample 
flow across the device. As the sample moves through the 
device, antibodies against SARS-CoV-2 present in the 
sample will attach to chemicals in the device, capturing the 
antibodies on the test and the control lines. This capturing 
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Figure 2. Possible results with POC tests.

and binding process results in a color change along the 
test and control lines, producing one, two, or three lines, 
depending on the type of antibodies present (IgM or IgG). 
Figure 02 shows the possible results with these assays. 
The appearance of a line for IgG or IgM indicates a positive 
test – showing the patient has been exposed to SARS-
CoV-2. A control line must appear to show the assay has 
worked correctly.

4.1.2 Enzyme-Linked 206 Immunosorbent Assay 
(ELISA)

An Enzyme-Linked Immunosorbent Assay (ELISA) 
is a microwell, plate-based assay technique designed to 
detect and quantify substances such as peptides, proteins, 
antibodies, and hormones. They can be qualitative or 
quantitative, and it takes 1–5 hours to get the results 
(Carter et al., 2020). In Brazil, kits available for ELISA 
can detect the Immunoglobulin A (IgA), Immunoglobulin 
M (IgM), or Immunoglobulin G (IgG). The plate wells are 
typically coated with a viral protein. If present, antiviral 
antibodies in the patient samples will bind to these 
proteins, and the bound antibody-protein complex can be 
detected with an additional tracer antibody to produce a 
colorimetric or fluorescent-based readout (Carter et al., 
2020). The combination of IgM and IgG antibodies in the 
detection for COVID-19 disease proved to be the best 
sensitivity technique when compared with other isolated 
tests for each antibody (Li et al., 2020b).

4.1.3 Chemiluminescence immunoassay (CLIA)
Regarding the diagnosis of COVID-19, the 

Chemiluminescence Immunoassay (CLIA) also detects 
IgG and IgM antibodies. The DZ-Lite SARS-CoV-2 test 
was developed by Diazyme, USA, which, based on the 
chemiluminescent assay principle, can analyze 50 samples 
in one hour. Another company, Snibe, China, with the 
MAGLUMIA CLIA test based on the same principle, can 
detect antibodies in a patient sample in 30 minutes. 
The automated chemiluminescence test can detect the 
antibodies generated against the pathogen, and, compared 
to the POC test; this methodology has a very high yield of 
samples that can be analyzed, and the ability to perform 
other tests (Cinquanta et al., 2017). 

4.2 Molecular assays: RNA detection
4.2.1 Real-Time Reverse Transcriptase-PCR (RT-PCR)
Along with advancements in medical diagnosis, nucleic 

acid detection-based approaches have become a rapid and 
reliable technology for viral detection. Among nucleic acid 
tests, Real-Time Reverse Transcriptase-PCR (RT-PCR) is of 
great interest today for SARS CoV-2 detection due to its 
benefits as a specific and easy qualitative assay (Corman 
et al., 2020). The RT-PCR starts with the conversion of viral 
genomic RNA into DNA by RNA-dependent DNA polymerase 
(reverse transcriptase). This reaction relies on small 

DNA- sequence primers designed to accurately recognize 
complementary sequences on the RNA viral genome and the 
reverse transcriptase to generate a short complementary 
DNA copy (cDNA) of the viral RNA (VanGuilder et al., 2008). 
For SARS-CoV-2 detection, a variety of RNA-gene targets 
are used by different manufacturers, with most tests 
targeting 240 or more of the Envelope (Env), Nucleocapsid 
(N), Spike (S), RNA-dependent RNA polymerase (RdRp), 
and ORF1 genes (Sethuraman et al., 2020).

In RT-PCR, DNA amplification is monitored in real-
time as the PCR reaction progresses, because the reaction 
happens using a fluorescent dye or a sequence-specific 
DNA probe labelled with a fluorescent molecule and a 
quencher molecule, as in the case of TaqMan assays. An 
automated system then repeats the amplification process 
for about 40 cycles until the viral cDNA can be detected, 
usually by fluorescent or electrical signal (VanGuilder et 
al., 2008).

4.3 Who to test and the best technique to detect 
COVID-19

According to many societies, tests, whether by PCR 
or IgG / IgM / IgA antibodies, in patients or staff, will 
depend on local availability (SBRA et al., 2020; ESHRE, 
2020). ASRM incorporates testing as part of patient and 
staff management strategies when these are accurate and 
available, it is recommended according to the last update 
on March 11, 2020. Testing could be used to guide patient 
management and inform the use of appropriate PPE to 
protect patients and staff against infection (ASRM, 2020). 
The WHO (2020d) recommends all employees working in 
healthcare organizations should be tested if possible.

Nucleic acid testing is the first method for diagnosing 
COVID-19 (CDC, 2020). However, if an asymptomatic 
patient was infected by SARS-CoV-2 but has recovered, 
only RT-PCR would not identify this prior infection, and 
control measures would not be enforced (Udugama et al., 
2020), thus testing of paired serum samples with the initial 
RT-PCR can increase diagnostic accuracy (Sethuraman et 
al., 2020).

When the pathogen invades the host, the body 
produces large amounts of immunoglobulin (Ig) by 
the immune system and releases them into the blood 
stream, including IgG, IgM, and IgA. IgM is usually the 
first antibody produced in response to the virus invasion 
(Schroeder & Cavacini, 2010). IgG is a significant class of 
immunoglobulins found in the blood, comprising 75% of 
total serum immunoglobulins and has long-term immunity 
and immunological memory (Schroeder & Cavacini, 2010). 
ELISA-based IgM and IgG antibody tests have greater than 
95% specificity for the diagnosis of COVID-19 (Sethuraman 
et al., 2020). Regarding SARS CoV-2, in their preprint 
article Huan et al. (2020) revealed that both IgM and IgA 
had early responses, while IgG showed up later, so they 
suggest IgA should be included in a serological test, which 
may provide higher diagnostic accuracy for COVID-19.

Based on current data, the WHO (2020e) does not 
recommend the use of antibody-detecting rapid diagnostic 
tests for patient care but encourages the continuation of 
studies to establish their usefulness in disease surveillance and 
epidemiologic research. POC test analytical errors have been 
described as relatively common, and might impair patient 
care (Meier & Jones, 2005). Table 04 shows a comparison 
among the current methods available to detected COVID- 19.

5. Procedures in IVF laboratory - general 
recommendations

In the IVF universe, there are recommendations 
and protocols for infection control and laboratory safety 
(Steyaert et al., 2000). There is no scientific evidence 
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  Table 4. Comparison of main methods available in Brazil to detect COVID-19.

Technology RT-PCR ELISA CLIA Immunochromatography

Molecule tested Viral RNA Antibodies
-IgA/IgM and IgG

Antibodies
-IgA/IgM and IgG

Antibodies
-IgM and IgG

Few detect viral antigens

Type of sample 
required

Nasopharyngeal 
swabs or other upper 

respiratory tract 
specimens

Serum or plasma Serum or plasma Blood, plasma or Serum

Laboratory or point of 
care

Laboratory based Laboratory based Laboratory based Point of care

Time to results 3-4 hours 1-5 hours 1-5 hours 15-30 minutes

Advantages Gold Standard
Multiple samples at 

once
Acute phase detection

Multiple samples at 
once

Identification of 
previous infection

Multiple samples 
at once

Identification of 
previous infection

Fast

Disadvantages Needs trained 
personnel

Assays are easy to 
contaminate

Difficult collection of 
sample

Needs trained 
personnel

Detection limit 
for asymptomatic 

individuals

Needs trained 
personnel

Detection limit 
for asymptomatic 

individuals

High rate of false negative

of COVID-19 transmission via gametes and embryos 
(Cochrane Gynecology and Fertility, 2020), but it is 
necessary to adopt universal standard precautions when 
handling samples (PRONUCLEO, 2020). We summarize 
below some recommendations regarding general 
procedures in the IVF laboratory:

• Laboratories should have the minimum number 
of personnel required to perform all quality 
control activities to ensure gamete safety and 
performance of urgent cases (ASRM, 2020). It is 
recommended to divide a team into mini teams as 
a review routine (ESHRE, 2020).

• To restrict access for the accompanying person(s) 
(ESHRE, 2020).

• Embryologists who have returned to their 
activities for at least 14 days should take their 
temperature daily; those who have a temperature 
above 37.3°C and present any symptom related 
to COVID-19 must report to the clinic’s human 
resources department and remain socially distant 
(PRONUCLEO, 2020).

• Embryologists should wear the necessary PPE, 
gloves, cap, and surgical mask. For procedures 
that generate aerosols (on the oocyte retrieval 
procedure), N95 mask, surgical mask, and facial 
shield or protection glasses (PRONUCLEO, 2020).

• For the andrologist, the necessary PPE are gloves, 
cap, surgical mask, face shield, or glasses in 
specific activities that generate droplets and 
aerosol (on the seminal processing) and use long-
sleeved aprons (PRONUCLEO, 2020).

• Review of emergency action plans, if an 
embryologist and andrologist are unable to 
perform an activity, qualified personnel (De Santis 
et al., 2020) should replace them.

• Other employees, such as doctors or nurses, 
should be trained on the procedures for refilling 
liquid nitrogen in storage tanks (De Santis et al., 
2020).

• Cleaning routine at the end of each procedure with 
disinfectant agents, following the manual of Good 

Laboratory Practices (GLP), with products certified 
as to their effectiveness and tests recommended in 
the Standard Operating Procedure (ESHRE, 2020). 
Disinfectants with solutions based on quaternary 
ammonium, sodium hypochlorite or hydrogen 
peroxide are recommended (ASEBIR, 2020a).

• All the necessary products for the laboratory use, 
after being received, must be disinfected with 
alcohol 70%, await evaporation of the product and 
stored in its appropriate location (PRONUCLEO, 
2020). Strict hygiene standards must be observed 
for all professionals, including aseptic techniques 
(ASEBIR, 2020a).

• The laboratory must be subjected to maximum 
air filtration, through HEPA filters (high-efficiency 
particulate air) and control Volatile Organic 
Compounds (VOC) (Meseguer et al., 2020; ESHRE 
Guideline Group on Good Practice in IVF Labs, 
2016).

• All bodily fluids must be considered infectious (follicular 
fluid, blood, semen, etc.). Their manipulation must 
be quick and effective. Handled on the Class II safety 
booth or vertical laminar flow using N95 masks to 
prevent aerosol contamination. (ASEBIR, 2020a).

5.1 Recommendations for oocyte retrieval
ESHRE has made some recommendations for oocyte 

retrieval based on triage results (Table 05), and it provides 
an ART triage questionnaire that can be used/adapted for 
the triage of both staff and patients. In cases of positive 
screening and positive SARS-CoV-2 tests, oncologic patients 
and those who are at high risk of ovarian hyperstimulation 
syndrome must continue the treatment, and measures should 
be adopted to reduce risks of transmission to staff members 
(ESHRE, 2020).

It is essential to mention that other measures should 
be adopted to reduce the risks of transmission to staff 
members, as follows:

• The patient must wear a surgical mask, being 
removed only during the anesthetic process 
(PRONUCLEO, 2020).
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  Table 5. Possible scenarios for oocyte retrieval during the COVID-19 pandemic according to ESHRE.

Possible Scenarios Recommendation

Scenario I (Include) Standard procedures should be followed unless changes occur between ovulation trigger 
and oocyte retrieval

Scenario II (Case dependent) If positive re-triage, consider testing for COVID-19. Based on the result, decide whether 
to continue the treatment or to postpone it

Scenario III (Exclude) If the patient test positive for SARS-COV-2/COVID-19, before ovulation trigger or embryo 
thawing, postpone treatment, refer and isolate.

• All the teams must wear PPEs (ESHRE, 2020).
• Disinfection of operating theatre after the 

procedure (ESHRE, 2020).
• Follicular fluid must be handled in a laminar flow 

cabinet (ASEBIR, 2020a). If a laminar flow cabinet 
is not available, it is recommended to wear PPEs 
such as goggles and N95 masks (ASEBIR, 2020b).

5.2 Recommendations for andrology
PRONUCLEO has advised that the embryologist of the 

andrology laboratory should adopt the use of universal 
standard precautions when handling samples. They 
suggest following GLP as recommended by the WHO and 
by the Centers for Disease Control and Prevention Center 
(CDC), which includes training all personnel in the use of 
PPE (PRONUCLEO, 2020).

The collection room must be equipped with disinfection 
material, such as water, neutral soap, and 70% alcohol 
gel (PRONUCLEO, 2020), and the laboratory room must 
be disinfected after the procedure with disinfectant agents 
(Meseguer et al., 2020). The patient must be instructed on 
hand hygiene also on the genital organ before the collection 
procedure, after the collection, also perform hand hygiene 
procedures (PRONUCLEO, 2020).

5.3 Recommendations for embryo transfer
ASRM has advised in the pandemic period the 

cancellation of all embryo transfers, whether fresh or frozen 
(ASRM, 2020). ESHRE has suggested performing transfers 
only in low-risk/asymptomatic patients and partners and 
applying a freeze-all policy for all patients and partners who 
became symptomatic after the oocyte retrieval (ESHRE, 
2020). In Brazil, an embryo transfer schedule should be 
carried out according to updated recommendations from 
class entities (SBRA, REDLARA, SBRH, and PRONUCLEO) 
and ANVISA’s current regulations. The number of embryos 
to be transferred should be defined previously in a virtual 
manner to minimize the time of the patient/couple in the 
unit (PRONUCLEO, 2020). It is essential to mention that 
the patient must go to the procedure room wearing a 
surgical mask (PRONUCLEO, 2020).

5.4 Recommendations for cryopreservation
Currently, there is no proven evidence of the presence 

of infectious agents (viruses) in diseases transmissible to 
cryopreserved gametes or embryos of patients infected in 
culture medium or liquid nitrogen (Cobo et al., 2012). Another 
factor to consider is that the cryopreservation technique for the 
sample is diluted at each step of the procedure. It is estimated 
that the dilution for the vitrification and devitrification 
procedures is 1: 6.6 trillion (Cohen & Berger, 2020).

Still, the possibility of cross-contamination of a liquid 
nitrogen container cannot be ruled out (ASRM, 2020). 
Therefore, according to biosafety measures, consider the 
precaution for freezing procedures:

• The use of cryogenic gloves and masks as PPE for 
embryologists (ASEBIR, 2020a).

• The possibility of using sample storage tanks in the 
nitrogen vapor phase to freeze positive samples 
for the SARS-CoV-2 virus (ESHRE, 2020). High-
security straws and vapor phase storage tanks 
should be used for cryopreservation of samples 
from COVID-19 positive patients.

• For patients who tested positive for SARS-CoV-2, 
their samples should be kept in storage tanks 
separate from the tanks used in the laboratory 
routine (PRONUCLEO,2020).

6. Conclusion
All topics presented in this review were prepared based 

on all current scientific knowledge aiming to minimize the 
risks of SARS-CoV-2 transmission as much as possible. In 
summary, the resumption of activities at IVF laboratories 
and clinics in Brazil depends on the strict incorporation of 
all protection measures by the staff and patients. There is 
still little information regarding the impact of SARS-CoV-2 
on fertility, pregnancy, and IVF, but treatments must be 
carried out safely as we know asymptomatic people 
transmit the virus.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

Corresponding author:
Ianaê Ceschin
Feliccità Instituto de Fertilidade
Curitiba, Paraná, Brasil
Email: draianae@gmail.com

REFERENCES

Allam M, Cai S, Ganesh S, Venkatesan M, Doodhwala S, 
Song Z, Hu T, Kumar A, Heit J, Study Group C, Coskun AF. 
COVID-19 Diagnostics, Tools, and Prevention. Diagnostics 
(Basel). 2020;10:409. PMID: 32560091 DOI: 10.3390/
diagnostics10060409

Anifandis G, Messini CI, Daponte A, Messinis IE. COVID-19 
and fertility: a virtual reality. Reprod Biomed Online. 
2020;41:157-9. PMID: 32466995 DOI: 10.1016/j.
rbmo.2020.05.001

ANVISA – Agência Nacional de Vigilância Sanitária - Nota 
técnica GVIMS / GGTES / AN409 VISA No. 06/2020. 
Orientações para a prevenção e o controle das infecções 
pelo novo coronavírus (SARS-CoV-2) em procedimentos 
cirúrgicos (2020). Available at: https://www20.anvisa.
gov.br/segurancadopaciente/index.php/alertas/item/nota-
tecnica-gvims-ggtes-anvisa-n-06-2020?category_id=244 
Accessed: 10/05/2020.



300Review

JBRA Assist. Reprod. | v.25 | nº2 | Apr-May-Jun/ 2021

ASEBIR – Asociación para el Estudio de la Biología de 
la Reproducción. Recomendaciones para la seguridad 
y reducción de riesgos ante la infección por coronavirus 
(SARS-COV-2) enlas unidades de reproducción asistida. 
2020a. Available at: https://asebir.com/wp-content/
uploads/2020/04/Documento-Consenso-ASEBIR-SEF-
COVID19-V2.pdf. Accessed:20/05/2020.

ASEBIR – Asociación para el Estudio de la Biología de 
la Reproducción. Recomendaciones para la seguridad 
y reducción de riesgos ante la infección por coronavirus 
(SARS-COV-2) em las unidades de reproducción asistida 
2. 2020b. Available at: https://www.sefertilidad.net/
docs/noticias/recomendacionesSeguridad2.pdf. Accessed: 
05/06/2020.

ASRM - American Society for Reproductive Medicine. 
Patient Management and Clinical Recommendations During 
the Coronavirus (COVID-19) Pandemic. 2020. Available 
at: https://www.asrm.org/news-and-publications/
covid-19/statements/patient-management-and-clinical-
recommendations-during-the-coronavirus-covid-19-
pandemic/.

Baud D, Greub G, Favre G, Gengler C, Jaton K, Dubruc 
E, Pomar L. Second-Trimester Miscarriage in a Pregnant 
Woman With SARS-CoV-2 Infection. JAMA. 2020;323:2198-
200. PMID: 32352491 DOI: 10.1001/jama.2020.7233

Carter LJ, Garner LV, Smoot JW, Li Y, Zhou Q, Saveson CJ, 
Sasso JM, Gregg AC, Soares DJ, Beskid TR, Jervey SR, Liu 
C. Assay Techniques and Test Development for COVID-19 
Diagnosis. ACS Cent Sci. 2020 May 27;6(5):591-605. 
PMID: 32382657 DOI: 10.1021/acscentsci.0c00501

Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R. 
Features, Evaluation, and Treatment of Coronavirus. 2020. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2020. PMID: 32150360

CDC - Centers for Disease Control and Prevention Center  
– Research Use Only 2019-Novel Coronavirus (2019-nCoV) 
Real-time RT-PCR Primers and Probes. Division of Viral 
Diseases, U.S. Centers of Disease Control and Prevention: 
Atlanta,GA, 2020.

Cinquanta L, Fontana DE, Bizzaro N. Chemiluminescent 
immunoassay technology: what does it change in 
autoantibody detection? Auto Immun Highlights. 2017;8:9. 
PMID: 28647912 DOI: 10.1007/s13317-017-0097-2

Cobo A, Bellver J, de los Santos MJ, Remohí J. Viral screening 
of spent culture media and liquid nitrogen samples of 
oocytes and embryos from hepatitis B, hepatitis C, and 
human immunodeficiency virus chronically infected women 
undergoing in vitro fertilization cycles. Fertil Steril. 2012;97:74-
8. PMID: 22035968 DOI: 10.1016/j.fertnstert.2011.10.006

Cochrane Gynaecology and Fertility. COVID-19 (coronavirus 
disease) - Fertility and Pregnancy. 2020. Available at: 
https://cgf.cochrane.org/news/covid-19-coronavirus-
disease-fertility-and-pregnancy.

Cohen J, Berger D. Webinar IVFmeeting.com Session 4: 
SARS-CoV-2 and IVF Revisited. 2020. Available at: https://
ivfmeeting.com/products/session-4-sars-cov-2-and-ivf-
revisited?_pos=1&_sid=46cd64ad6&_ss=r.

Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu 
DK, Bleicker T, Brünink S, Schneider J, Schmidt ML, Mulders 
DG, Haagmans BL, van der Veer B, van den Brink S, Wijsman 
L, Goderski G, Romette JL, Ellis J, Zambon M, Peiris M, et 
al. Detection of 2019 novel coronavirus (2019-nCoV) by 
real-time RT-PCR. Euro Surveill. 2020;25:2000045. PMID: 
31992387 DOI: 10.2807/1560-7917.ES.2020.25.3.2000045

De Santis L, Anastasi A, Cimadomo D, Klinger FG, Licata E, 
Pisaturo V, Sosa Fernandez L, Scarica C. COVID-19: the 
perspective of Italian embryologists managing the IVF laboratory 
in pandemic emergency. Hum Reprod. 2020; 35:1004-5. PMID: 
32268352 DOI: 10.1093/humrep/deaa074

ESHRE - European Society of Human Reproduction and 
Embryology. Coronavirus Covid-19: ESHRE statement on 
pregnancy and conception. 2020. Available at: www.eshre.
eu/Press-Room/ESHRE-News#CoronaStatement27feb.
Accessed: 08/08/2020.

ESHRE Guideline Group on Good Practice in IVF Labs, De 
los Santos MJ, Apter S, Coticchio G, Debrock S, Lundin K, 
Plancha CE, Prados F, Rienzi L, Verheyen G, Woodward B, 
Vermeulen N. Revised guidelines for good practice in IVF 
laboratories (2015). Hum Reprod. 2016;31:685-6. PMID: 
26908842 DOI: 10.1093/humrep/dew016

ECDPC - European Centre for Disease Prevention and 
Control. Considerations relating to social distancing 
measures in response to the COVID-19 epidemic [Internet]. 
Stockholm (SW); 2020. Available at: https://www.ecdc.
europa.eu/en/publications-data/considerations-relating-
social-distancing-measures-response-covid-19-second

Faridi S, Niazi S, Sadeghi K, Naddafi K, Yavarian J, 
Shamsipour M, Jandaghi NZS, Sadeghniiat K, Nabizadeh 
R, Yunesian M, Momeniha F, Mokamel A, Hassanvand 
MS, MokhtariAzad T. A field indoor air measurement of 
SARS-CoV-2 in the patient rooms of the largest hospital 
in Iran. Sci Total Environ. 2020 Jul 10;725:138401. DOI: 
10.1016/j.scitotenv.2020.138401

Fiorillo L, Cervino G, Matarese M, D’Amico C, Surace G, 
Paduano V, Fiorillo MT, Moschella A, Bruna A, Romano 
GL, Laudicella R, Baldari S, Cicciù M. COVID-19 Surface 
Persistence: A Recent Data Summary and Its Importance 
for Medical and Dental Settings. Int J Environ Res Public 
Health. 2020;17:3132. PMID: 32365891 DOI: 10.3390/
ijerph17093132

Foo H, Blyth CC, van Hal S, McPhie K, Ratnamohan M, 
Fennell M, Ba Alawi F, Rawlinson W, Adamson S, Armstrong 
P, Dwyer DE. Laboratory test performance in young adults 
during influenza outbreaks at World Youth Day 2008. J Clin 
Virol. 2009; 46:384-6. PMID: 19828366 DOI: 10.1016/j.
jcv.2009.09.019

Fox J, Dunn H, O’Shea S. Low rates of p24 antigen 
detection using a fourth-generation point of care HIV test. 
Sex Transm Infect. 2011;87:178-9. PMID: 21084439 DOI: 
10.1136/sti.2010.042564

Gao YJ, Ye L, Zhang JS, Yin YX, Liu M, Yu HB, Zhou R. 
Clinical features and outcomes of pregnant women with 
COVID-19: a systematic review and meta-analysis. BMC 
Infect Dis. 2020; 20:564. PMID: 32746801 DOI: 10.1186/
s12879-020-05274-2



301COVID-19 - Ceschin, I.

JBRA Assist. Reprod. | v.25 | nº2 | Apr-May-Jun/ 2021

Hantoushzadeh S, Shamshirsaz AA, Aleyasin A, Seferovic 
MD, Aski SK, Arian SE, Pooransari P, Ghotbizadeh F, Aalipour 
S, Soleimani Z, Naemi M, Molaei B, Ahangari R, Salehi 
M, Oskoei AD, Pirozan P, Darkhaneh RF, Laki MG, Farani 
AK, Atrak S, et al. Maternal death due to COVID-19. Am 
J Obstet Gynecol. 2020;223:109.e1-16. PMID: 32360108 
DOI: 10.1016/j.ajog.2020.04.030

Huan Ma, Weihong Zeng, Hongliang He, Dan Zhao, Yunru 
Yang, Dehua Jiang, Peigen Zhou, Yingjie Qi, Weihuang He, 
Changcheng Zhao, Ruting Yi, Xiaofang Wang, Bo Wang, 
Yuanhong Xu, Yun Yang, Arnaud John Kombe Kombe, 
Chengchao Ding, Jiajia Xie, Yong Gao, Linzhao Cheng,  
et al.  Yajuan Li, Xiaoling Ma, Tengchuan Jin. COVID-19 
diagnosis and study of serum SARS-CoV-2 specific IgA, 
IgM and IgG by chemiluminescence immunoanalysis. 
medRxiv; 2020. DOI: 10.1038/s41423-020-0474-z

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, 
Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, 
Xie X, Yin W, Li H, Liu M, Xiao Y, et al. Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet. 2020;395:497-506. PMID: 31986264 DOI: 
10.1016/S0140-6736(20)30183-5

Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T, 
Emery S, Tong S, Urbani C, Comer JA, Lim W, Rollin PE, 
Dowell SF, Ling AE, Humphrey CD, Shieh WJ, Guarner 
J, Paddock CD, Rota P, Fields B, DeRisi J, et al. A novel 
coronavirus associated with severe acute respiratory 
syndrome. N Engl J Med. 2003;348:1953-66. DOI: 
10.1056/NEJMoa030781

Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
coronavirus disease-2019 (COVID-19): The epidemic and 
the challenges. Int J Antimicrob Agents. 2020;55:105924. 
PMID: 32081636 DOI: 10.1016/j.ijantimicag.2020.105924

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung 
KSM, Lau EHY, Wong JY, Xing X, Xiang N, Wu Y, Li C, Chen 
Q, Li D, Liu T, Zhao J, Liu M, Tu W, et al. Early Transmission 
Dynamics in Wuhan, China, of Novel Coronavirus-Infected 
Pneumonia. N Engl J Med. 2020; 382:1199-207. PMID: 
31995857 DOI: 10.1056/NEJMoa2001316

Li Z, Yi Y, Luo X, Xiong N, Liu Y, Li S, Sun R, Wang Y, Hu B, 
Chen W, Zhang Y, Wang J, Huang B, Lin Y, Yang J, Cai W, 
Wang X, Cheng J, Chen Z, Sun K, et al. Development and 
clinical application of a rapid IgM-IgG combined antibody 
test for SARS-CoV-2 infection diagnosis. J Med Virol. 2020 
PMID: 32104917 DOI: 10.1002/jmv.25727

Meier FA, Jones BA. Point-of-care testing error: sources 
and amplifiers, taxonomy, prevention strategies, and 
detection monitors. Arch Pathol Lab Med. 2005; 129:1262-
7. PMID: 16196514

Meseguer M, Niederberger C, Pellicer A. Deep inside 
the pandemic, from inactivity to action: let’s be ready. 
Fertil Steril. 2020;113:1131-2. PMID: 32482248 DOI: 
10.1016/j.fertnstert.2020.04.023

Oliveira A, De Paula A, Souza M, Silva A. Adhesion of 
hand hygiene by professionals in the emergency care of a 
university hospital. Rev Med. 2016;95:162-7. DOI: http://
dx.doi.org/10.11606/issn.1679-9836.v95i4p162-167

Ong SWX, Tan YK, Chia PY, Lee TH, Ng OT, Wong MSY, 
Marimuthu K. Air, Surface Environmental, and Personal 
Protective Equipment Contamination by Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) From 
a Symptomatic Patient. JAMA. 2020; 323:1610-2. PMID: 
32129805 DOI: 10.1001/jama.2020.3227

Price CP. Point of care testing. BMJ. 2001;322:1285-8. 
PMID: 11375233 DOI: 10.1136/bmj.322.7297.1285

PRONUCLEO – Associação Brasileira de Embriologistas 
em Medicina Reprodutiva. Manual de Biossegurança 
para o enfrentamento ao COVID-19 em Clínicas de 
Reprodução Humana Assistida – Banco de Células e 
Tecidos Germinativos (BCTG). 2020. Available at: http://
pronucleo.com.br/wp-content/uploads/2020/07/Manual-
Biosseguranc%CC%A7a-Pronucleo-22.07.2020.pdf

SBRA – Sociedade Brasileira de Reprodução Assistida, 
REDLARA- Red Latinoamericana de Reproducción Asistida. 
Reprodução Assistida e COVID-19 nota conjunta. 2020. 
Available at: https://sbra.com.br/noticias/nota-conjunta-
com-atualizacao-de-posicionamento-sobre-a-covid-19-
e-os-tratamentos-de-reproducao-assistida/Accessed: 
01/05/2020.

SBRA – Sociedade Brasileira de Reprodução Assistida. 
Interfaces: Reprodução Humana e Covid-19. 2020. Available 
at: https://sbra.com.br/wp-ontent/uploads/2020/05/
SBRA-e-Covid-19.pdf

SBRA, SBRH, PRONUCLEO, AMMR, SAMER, SAEC, SURH, 
ACCER – Sociedade Brasileira de Reprodução Assistida, 
Sociedade Brasileira de Reprodução Humana, Associação 
Brasileira de Embriologistas em Medicina Reprodutiva, 
Associacion Mexicana de Medicina de La Reproduccion, 
Sociedad Argentina de Embriologia Clinica, Sociedad 
Uruguaya de Reproduccion Humana and Asociacion de 
Centros Colombianos de Reproduccion Humana. Nota 
conjunta 08/06/2020. 2020. Available at: https://sbra.
com.br/wp-content/uploads/2020/06/NotaConjunta-08-
06-2020-portugues.pdf Accessed: 08/08/2020.

SBRH - Sociedade Brasileira de Reprodução Humana. 
COVID-19: Acompanhamento de pacientes submetidas 
às terapias de reprodução assistida ou que desejam 
engravidar. 2020 Available at: https://www.sbrh.org.
br/?p=5013. Accessed: 12/05/2020.

Schroeder HW Jr, Cavacini L. Structure and function 
of immunoglobulins. J Allergy Clin Immunol. 
2010;125:S41-52. PMID: 20176268DOI: 10.1016/j.
jaci.2009.09.046

Secretaria Estaduais de Saúde – Brasil. Óbitos 
acumulados de COVID-19 por data de notificação.2020. 
Available at: https://covid.saude.gov.br/. Accessed: 
08/08/2020.



302Review

JBRA Assist. Reprod. | v.25 | nº2 | Apr-May-Jun/ 2021

Sethuraman N, Jeremiah SS, Ryo A. Interpreting Diagnostic 
Tests for SARS-CoV-2. JAMA. 2020; 323:2249-51. PMID: 
32374370 DOI: 10.1001/jama.2020.8259

Souza MDCB, Nakagawa H, Taitson PF, Cordts EB, 
Antunes RA. Management of ART and COVID-19: 
Infertility in times of pandemic. What now? JBRA 
Assist Reprod. 2020;24:231-2. PMID: 32301320 DOI: 
10.5935/1518-0557.20200031

Steyaert SR, Leroux-Roels GG, Dhont M. Infections in IVF: 
review and guidelines. Hum Reprod Update. 2000;6:432-
41. PMID: 11045874 DOI: 10.1093/humupd/6.5.432

Tuckson RV, Edmunds M, Hodgkins ML. Telehealth. N Engl 
J Med. 2017 19; 377:1585-92. PMID: 29045204 DOI: 
10.1056/NEJMsr1503323

Udugama B, Kadhiresan P, Kozlowski HN, Malekjahani A, 
Osborne M, Li VYC, Chen H, Mubareka S, Gubbay JB, Chan 
WCW. Diagnosing COVID-19: The Disease and Tools for 
Detection. ACS Nano. 2020;14:3822-35. PMID: 32223179 
DOI: 10.1021/acsnano.0c02624

VanGuilder HD, Vrana KE, Freeman WM. Twenty-five 
years of quantitative PCR for gene expression analysis. 
Biotechniques. 2008;44:619-26. PMID: 18474036 DOI: 
10.2144/000112776

von Lode P. Point-of-care immunotesting: approaching 
the analytical performance of central laboratory methods. 
Clin Biochem. 2005;38:591-606. PMID: 16009140 DOI: 
10.1016/j.clinbiochem.2005.03.008

WHO – World Health Organization. SARS Cases. 2003. 
Available at: https://www.who.int/csr/sars/country/
country2003_08_15.pdf?ua=1.

WHO – World Health Organization. MERS Global Summary 
and Assessment of Risk. 2019. Available at: https://apps.
who.int/iris/bitstream/handle/10665/326126/WHO-MERS-
RA-19.1-eng.pdf

WHO – World Health Organization. Coronavirus disease 
2019 (COVID-19) Situation Report – 41. 2020a. Available at: 
https://www.who.int/docs/default-source/coronaviruse/
situation-reports/20200301-sitrep-41-covid-19.pdf

WHO – World Health Organization. Coronavirus disease 
2019 (COVID-19) Situation Report – 205. 2020b. Available 
at: https://www.who.int/docs/default-source/coronaviruse/
situation-reports/20200812-covid-19-sitrep-205.
pdf?sfvrsn=627c9aa8_2 Accessed: 13/08/2020.

WHO – World Health Organization. Coronavirus disease 
(Covid-19) outbreak: Rights, roles and responsibilities 
of health workers, including key considerations for 
occupational safety and health.2020c. Available at: https://
www.who.int/publications/i/item/coronavirus-disease-
(covid-19)-outbreak-rights-roles-and-responsibilities-
of-health-workers-including-key-considerations-for-
occupational-safety-and-health

WHO – World Health Organization. Coronavirus disease 
2019 (COVID-19) Situation Report – 132. 2020d. 
Available at: https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200531-covid-19-
sitrep-132.pdf?sfvrsn=d9c2eaef_2

WHO – World Health Organization. Advice on the use 
of point-of-care immunodiagnostic tests for COVID-19. 
2020e. Available at: https://www.who.int/news-room/
commentaries/detail/advice-on-the-use-of-point-of-care-
immunodiagnostic-tests-for-covid-19

Wu Z, McGoogan JM. Characteristics of and Important 
Lessons From the Coronavirus Disease 2019 (COVID-19) 
Outbreak in China: Summary of a Report of 72 314 
Cases From the Chinese Center for Disease Control and 
Prevention. JAMA. 2020;323:1239-42. PMID: 32091533 
DOI: 10.1001/jama.2020.2648

Ye G, Lin H, Chen S, Wang S, Zeng Z, Wang W, Zhang S, 
Rebmann T, Li Y, Pan Z, Yang Z, Wang Y, Wang F, Qian 
Z, Wang X. Environmental contamination of SARS-CoV-2 
in healthcare premises. J Infect. 2020;81:e1-e5. PMID: 
32360881 DOI: 10.1016/j.jinf.2020.04.034

Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, 
Fouchier RA. Isolation of a novel coronavirus from a man with 
pneumonia in Saudi Arabia. N Engl J Med. 2012;367:1814-
20. PMID: 23075143 DOI: 10.1056/NEJMoa1211721

Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM, Zhang LJ. 
Coronavirus Disease 2019 (COVID-19): A Perspective from 
China. Radiology. 2020;296:E15-E25. PMID: 32083985 
DOI: 10.1148/radiol.2020200490


