COVID-19 Scientific Advisory Group Rapid
Response Report
Key Research Question: What are the highest priority indications for use of
serologic testing for COVID-19 clinically and to inform public health
efforts?
Context
•
•

•

Serologic testing will soon become available in Alberta and it is anticipated that the demand
from clinicians, researchers and public health officials will be high.
Once the SARS-CoV-2 panel is validated, it will be important to prioritize who can/should
receive serologic testing so that lab capacity can meet the needs of the health system.
Media stories from Germany and the United Kingdom suggest using proof of immunity (via
serosurvey) to SARS-CoV-2 as a tool to determine eligibility for return to normal society (an
“immunity passport”).

Key Messages from the Evidence Summary
•

•

•

No evidence was identified to inform the clinical or public health implications of serological testing in
special populations such as immunocompromised people, critical care patients, or the organ
transplantation community.
There was no direct evidence for using serology to inform ‘return to work’ (RTW) policies. However,
findings from the immunological and infection dynamics during infection suggest that a combination of
RNA testing, IgG testing and IgM testing may help inform RTW decisions for healthcare personnel once a
better understanding of the antibody response to infection is gained.
This rapid review did not include an analysis of neutralizing antibody and its use in convalescent plasma
therapy. This may be addressed in a future review.

Committee Discussion

There was general consensus among committee members that current evidence does not support the routine use
of serology for acute diagnostic purposes. However, a list of potential priority groups who would be appropriate
candidates for serological testing was felt to be useful in addressing this question as evidence emerges which
resulted in addition of the fourth recommendation. As well, it was requested that it be made clear in the text that
this review does not address the use of neutralizing antibody directed against SARS-CoV-2 as therapy; this was
added in the Key Messages. The use of convalescent plasma therapy may be appropriate for a separate rapid
review, and it is understood trials are underway. A more in-depth discussion and evaluation around SARS-CoV-2
mutations and the impact on neutralizing antibody was also deferred.

Recommendations

1. At this point in time, the dynamics of the COVID-19 serological response are not well understood and will
be dependent on the assay used. Therefore, it is not recommended that serological testing be used to
inform decisions around healthcare worker return to work policies or for acute care diagnostics.
Additionally, there is currently insufficient evidence to support that primary infection leads to immunity in
subsequent re-exposure.
2. A multi-disciplinary working group coordinated with Alberta Precision Laboratories and including public
health should be formed to coordinate serologic priorities for clinical and public health purposes, establish
and research requests and establish appropriate serum banking to meet these needs. The priorities
identified should inform the selection of serologic assay chosen by APL.
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3. Before serology is adopted for routine use in Alberta for any purpose, testing platforms must undergo
rigorous evaluation to determine analytical and clinical sensitivity and specificity. This should include
validating tests across a broad range of well characterized samples (for example, from stored serum prior
to pandemic onset acute blood at set times from acute presentation of proven infection, COVID-19 swab
negative patients with clinically suspected infection).
4. Once a serological assay is available for use, the following will need to be determined: an outline of the
evidence supporting that primary infection leads to immunity to reinfection (and its duration),
operationalization/capacity of the testing program, priority lists of populations for testing, an analysis of
the economic and health benefits, and an evaluation framework for the serological program. Groups to be
considered as potential priorities for serological testing include those for whom it could facilitate return to
work decisions (healthcare workers, essential services workers), those who present late in the course of
illness when nucleic acid testing may be negative, those from whom convalescent plasma for therapeutic
purposes could be collected, and participants in vaccine and surveillance studies. A reliable serological
assay would contribute greatly to the understanding of the epidemiology of COVID-19.

Summary of Evidence

Literature for this review was collected from a database search covering OVID MEDLINE, EMBASE, LitCovid,
TRIP PRO, PubMed, WHO Global research on coronavirus (database), Google and Google Scholar. The search
was limited to articles published after 2019. 88 articles were identified for title and abstract screening. Following
screening and critical appraisal, 18 articles were included in the final evidence review. The quality of the evidence
was mixed. Studies from the current pandemic were often case series or observational studies with poor
comparators or controls. The limitations on publication date and the de facto language exclusion criteria limits the
inclusion of studies published in Chinese, Italian, or from other countries that are further ahead in their
epidemiologic curve.

Evidence from existing policies and guidelines

There are few guidelines published that address serological testing. The United States Food and Drug
Administration (FDA) merely dictates that any tests must be validated for cross-reactivity/analytical specificity,
class specificity, and clinical agreement. They offer no comment on RTW policies, convalescent plasma or
population-based serosurveys (United States Food and Drug Administration, 2020).

Have serological tests been used to inform healthcare worker (HCW) return to work in any jurisdiction?
No direct evidence was identified that described a model of using serology to inform ‘return to work’ (RTW)
policies in any jurisdiction. There was some evidence that could be used to inform an RTW policy in Alberta,
however, it was of low quality and leaves too many questions unanswered.

There is evidence that serological testing can confirm viral exposure in the absence of respiratory sample RNA. In
patients with undetectable RNA in their respiratory tract samples collected during day 1-3, day 4-7, day 8-14 and
day 15-39 after symptom onset, 28.6% (2/7), 53.6% (15/28), 98.2% (56/57) and 100% (30/30) had detectable
antibody in total Ab assay, respectively (Zhao et al., 2020).
In one study, SARS-CoV-2-specific antibodies were detectable as early as 1-3 days post-symptom onset but the
median seroconversion time was 11 days (Zhao et al., 2020). Another study found that the median time to
detection for IgM was 5 days after symptoms onset while that of IgG was 14 days (Guo et al., 2020). Testing for
both immunoglobulin M (IgM) and immunoglobulin G (IgG) may indicate recent infection and recovery,
respectively (Xia et al., 2020; Al Kahlout et al., 2019), however, the two studies have limited applicability due to
study quality (Xia et al., 2020) and MERS context (Al Kahlout et la., 2019). The sensitivity of a test for both IgG
and IgM, or total antibody, is higher than the sensitivity of a test for either antibody alone (Xia et al., 2020; Zhao et
al., 2020). Because of the time required for a patient to seroconvert, the utility of serology as an acute diagnostic
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test may be limited. As well, the duration of IgM positivity has not yet been defined, which is critical to using it as
an indication of acute infection.
A preprint study of 175 recovered COVID-19 patients found that the development of neutralizing antibodies
(Nabs) generally occurred between days 10-15 after infection, but approximately 30% of patients were observed
to have very low titres of SARS-CoV-2-specific antibodies (Wu et al., 2020). The NAb titres were significantly
higher in elderly and middle-aged adult patients (40-85 yrs) compared to younger patients (15-39 yrs) (p<0.0001)
and were negatively correlated with lymphocyte count, suggesting that the immunological response to SARSCoV-2 may not be accurately represented by a serological assay (Wu et al., 2020). It also highlights that the
immunological response to SARS-CoV-2 is still poorly understood.
A dual serological test could be used to confirm RNA results in asymptomatic people following exposure to
confirmed COVID-19 patients (for example, in HCW), and the results used to inform quarantine decisions and
further test regimens (Xia et al., 2020; Haveri et al., 2020). However, there is very limited evidence, if any, to show
what cross-reactivity exists between SARS-CoV-2 and the human coronaviruses already in seasonal circulation.
This would affect the analytical specificity of any serological test and has already been observed in serological
testing for seasonal coronaviruses and would be a potential issue to address (Lehmann et al., 2008; Shao et al.,
2007).
The use of serology to confirm infection in asymptomatic contacts of positive cases is supported by a serosurvey
conducted in Qatar during the Middle East Respiratory Syndrome (MERS) outbreak in 2012-2016. Healthcare
workers were considered as close contacts to four confirmed positive MERS-CoV cases and tested for exposure
(presence of IgG) and infection (presence of IgM), although these results were not used to inform RTW decisions
(Al Kahlout et al., 2019).

How has serology been used clinically or in research for special populations such as
immunocompromised patients? Critical care patients? Organ donors/recipients?

No evidence was identified with respect to the use of serological testing in special populations. Studies identified
in the literature search were largely related to managing patients during the COVID-19 outbreak but did not
address serological testing or the implications on these populations.

What testing models can be used to confirm immunity to COVID-19 in large populations?

Population-based serosurveys have been used following MERS outbreaks and have been suggested from current
experience with seroconversion following SARS-CoV-2 infection. Xia et al. (2020) suggests that a combination
RNA/antibody test could be used to screen travelers or large populations who have been in areas with a high
COVID-19 prevalence or use serological testing alone in a population-based serosurvey to determine the full
extent of the COVID-19 pandemic.
A large-scale serosurvey was conducted following the MERS outbreak in Qatar using samples from blood donors,
healthcare workers, and four confirmed positive cases (as controls). The initial test was an IgG test for Spike
protein, followed by whole-virus and recombinant protein recognition as confirmatory tests (Al Kahlout et al.,
2019). The study found 10/4719 positive in the blood donor population, 1/135 positive close contacts (HCW) and
3/4 positive among confirmed positive cases, suggesting high cross-reactivity between MERS and seasonal
coronaviruses (Al Kahlout et al., 2019). The known cross-reactivity between MERS and the unknown crossreactivity between seasonal coronaviruses and SARS-CoV-2 confirms the need for careful assay validation. A
similar serosurvey was conducted at a women’s university in Saudi Arabia following RNA confirmation of MERSCoV in eight residents (Van Kerkhove et al., 2019). Out of 828 tests, an additional 11 cases were identified
serologically but asymptomatic (Van Kerkhove et al., 2019). These two studies show that a population serosurvey
is feasible, but the scale should be considered when starting any research projects.
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One review article summarizes COVID-19 serology as being of limited use for screening patients during the
incubation/asymptomatic phase, for the diagnosis of symptomatic disease, and for screening for viral shedding
during convalescence; however, the strength of serology was identified in its use in serosurveys to assess
individual and population immunity (Cheng et al. 2020).

Evolving Evidence

The evidence does not appear to be changing quickly on this topic. As the body of evidence regarding the
serological dynamics of COVID-19 advances, it will be necessary to re-evaluate this review.
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List of Abbreviations

AHS: Alberta Health Services
CoV: Coronavirus
COVID-19: Coronavirus Disease 2019
CPT: Convalescent Plasma Therapy
FDA: Food and Drug Administration
HCW: Healthcare Worker
IgG: Immunoglobulin G
IgM: Immunoglobulin M
KRS: Knowledge Resource Services
MERS: Middle East Respiratory Syndrome
RNA; Ribonucleic acid
RTW: Return to Work
SARS: Severe Acute Respiratory Syndrome
SCCM: Society for Critical Care Medicine

Literature Search

The literature search was conducted by the Knowledge Resource Services (KRS) unit of Alberta Health Services
(AHS). On April 3, 2020, the KRS librarian searched OVID MEDLINE, EMBASE, LitCovid, TRIP PRO, PubMed,
WHO Global research on coronavirus (database), Google and Google Scholar for literature published between
2019 and 2020. In brief, the search strategy included MeSH terms and keyword related to:
-

SARS-CoV-2 or COVID-19 or novel coronavirus
Serologic testing or serology
Immunocompromised populations
Convalescent plasma

No language limits were placed on the search. 88 articles were retrieved from searching activities. 56 articles
were excluded according to the exclusion criteria, 2 articles were discarded based on quality. 18 articles were
included in this review.
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Table 1. Inclusion and exclusion criteria for results of the literature search
Inclusion Criteria
-

Exclusion Criteria

Serology testing
Describes clinical or public health
application of immunological/serological
testing
Describes coordination of research efforts
for COVID serological testing
Describes outcomes of serologicallybased therapy (eg. convalescent plasma
therapy)
Human study
Any population
SARS-CoV-2 (COVID-19), SARS, MERS
Any jurisdiction
Guidelines

-

Molecular or biochemical testing for
SARS-CoV-2
Describes basic immunological findings
without application to clinical or public
health context
No outcomes described
Animal or in vitro study
Influenza, RSV, circulating coronavirus, or
other contagious virus
Opinion, commentary or editorial

Article is peer-reviewed, is from a
reputable source, or has a described
methodology

Critical Appraisal

Critical appraisal was conducted using an adapted Mixed Methods Appraisal Tool (MMAT) (Hong et al., 2018).
References were evaluated on three criteria: 1) Peer reviewed or from a reputable source; 2) Clear research
question or issue; 3) Whether the presented data/evidence is appropriate to address the research question. This
modified MMAT method allows for a quick appraisal of the evidence and provides a yes/no decision for inclusion
based on quality. However, it does not provide a ranking of the studies or detailed analysis of the aspects of
quality. The table below summarizes the results of the critical appraisal and includes sources flagged by SAG
members as receiving public attention or determined by the writer/reviewers to be relevant to the question.
Table 2. Summary of quality assessment results for articles included in this review. Two studies were rejected on
the basis of quality and are not included below.

1.

Reference

Quality Appraisal Criteria

Zhang, Du, Li et
al., 2020

1) ☒ Peer-reviewed: Case series
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
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☒ Yes | ☐ No (discard)
2.

Xia N., et al.,
2020

1) ☐ Peer-reviewed: <specify study type>
☒ Not peer-reviewed
☒ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

3.

Haveri et al.,
2020

1) ☒ Peer-reviewed: Case study
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

4.

Al Kahlout et
al., 2019

1) ☒ Peer-reviewed: Serological surveillance study
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

5.

Zhao et al.,
2020

1) ☒ Peer-reviewed: Longitudinal cohort study
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
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2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)
6.

Van Kerhove et
al., 2015

1) ☒ Peer-reviewed: Epidemiological survey
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

7.

Pang et al.,
2020

1) ☒ Peer-reviewed: Systematic review
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

8.

US Food and
Drug
Administration,
2020

1) ☐ Peer-reviewed: <specify study type>
☒ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☒ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)
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9.

Zhou et al.,
2020

1) ☒ Peer-reviewed: Review/clinical update
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

10.

Guo et al., 2020

1) ☒ Peer-reviewed: Cohort study
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

11.

Lehmann et al.,
2008

1) ☒ Peer-reviewed: Assay development and validation
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

12.

Shao et al.,
2007

1) ☒ Peer-reviewed: Cohort study
☐ Not peer-reviewed
☐ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
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☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)
13.

Wu et al., 2020

1) ☐ Peer-reviewed: <specify>
☒ Not peer-reviewed
☒ Letter, commentary, editorial, preprint
☐ Guideline: <Specify source > (AHS, PHAC, WHO, Reputable research
group, other)
☐ Other: <specify>
2a) Are there clear research questions or a clearly identified issue?
☒ Yes | ☐ No (discard)
2b) Is the collected data or presented evidence (incl. expert opinion) appropriate to
address the research questions or issue?
☒ Yes | ☐ No (discard)

Reference List

Al Kahlout, R. A., Nasrallah, G. K., Farag, E. A., Wang, L., Lattwein, E., Müller, M. A., ... & Yassine, H. M. (2019).
Comparative serological study for the prevalence of anti-MERS coronavirus antibodies in high-and low-risk
groups in Qatar. Journal of immunology research, 2019.
Cheng M. P., Papenburg J., Desjardins M., Kanjilal S., Quach C., Libman M., Dittrich S., Yansouni C. P. (2020).
Diagnostic testing for severe acute respiratory syndrome-related coronavirus-2: a narrative review. Ann Intern
Med doi: https://doi.org/10.7326/M20-1301. (Accessed 14 Apr 2020)
Guo L, Ren L, Yang S, Xiao M, Chang, Yang F, Dela Cruz CS, Wang Y, Wu C, Xiao Y, Zhang L, Han L, Dang S,
Xu Y, Yang Q, Xu S, Zhu H, Xu Y, Jin Q, Sharma L, Wang L, Wang J. (2020). Profiling Early Humoral Response
to Diagnose Novel Coronavirus Disease (COVID-19). Clin Infect Dis. 2020 pii: ciaa310.
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa310/5810754 (Accessed 8 April 2020)
Haveri, A., Smura, T., Kuivanen, S., Österlund, P., Hepojoki, J., Ikonen, N., ... & Strandin, T. (2020). Serological
and molecular findings during SARS-CoV-2 infection: the first case study in Finland, January to February
2020. Eurosurveillance, 25(11). Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7096774/
(Accessed 7 April 2020)
Hong, Quan Nha et al. (2018). The Mixed Methods Appraisal Tool (MMAT) Version 2018 for Information
Professionals and Researchers’. 1 Jan. 2018 : 285 – 291. Retrieved from:
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_201808-01_ENG.pdf
Lehmann C, Wolf H, Xu J, Zhao Q, Shao Y, Motz M, Lindner P. (2008) A line immunoassay utilizing recombinant
nucleocapsid proteins for detection of antibodies to human coronaviruses. Diagn Microbiol Infect Dis. 61(1):40-8.
Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7127592/ (Accessed 9 April 2020)

Serologic Testing for SARS-CoV-2
Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.
doi:10.1371/journal.pmed1000097
Pang, J., Wang, M. X., Ang, I. Y. H., Tan, S. H. X., Lewis, R. F., Chen, J. I. P., ... & Ng, X. Y. (2020). Potential
rapid diagnostics, vaccine and therapeutics for 2019 novel Coronavirus (2019-ncoV): a systematic review. Journal
of clinical medicine, 9(3), 623. Retrieved from: https://pubmed.ncbi.nlm.nih.gov/32110875/ (Accessed 7 April
2020)
Shao X, Guo X, Esper F, Weibel C, Kahn JS. (2007). Seroepidemiology of group I human coronaviruses in
children. J Clin Virol. 40(3):207-13. Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2100388/
(Accessed 9 April 2020)
U.S. Food and Drug Administration. 2020. Policy for Diagnostic Tests for Coronavirus Disease-2019 during the
Public Health Emergency. Retrieved from: https://www.fda.gov/regulatory-information/search-fda-guidancedocuments/policy-diagnostic-tests-coronavirus-disease-2019-during-public-health-emergency. (Accessed 7 April
2020)
Van Kerkhove, M. D., Alaswad, S., Assiri, A., Perera, R. A., Peiris, M., El Bushra, H. E., & BinSaeed, A. A. (2019).
Transmissibility of MERS-CoV Infection in Closed Setting, Riyadh, Saudi Arabia, 2015. Emerging infectious
diseases, 25(10), 1802. Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6759265/ (Accessed 7
April 2020)
Wu, F., Wang, A., Liu, M., Wang, Q., Chen, J., Xia, S., ... & Jiang, S. (2020). Neutralizing antibody responses to
SARS-CoV-2 in a COVID-19 recovered patient cohort and their implications. medRxiv. Preprint.
https://www.medrxiv.org/content/10.1101/2020.03.30.20047365v1.full.pdf (Accessed 9 April 2020)
Xia, N. S., Wang, G. Q., & Gong, W. F. (2020). Serological Test is an Efficient Supplement of RNA Detection for
Confirmation of SARS-CoV-2 Infection. Preprints. 2020030184. Retrieved from:
https://www.preprints.org/manuscript/202003.0184/v2 (Accessed 7 April 2020)
Zhang, W., Du, R. H., Li, B., Zheng, X. S., Yang, X. L., Hu, B., ... & Zhou, P. (2020). Molecular and serological
investigation of 2019-nCoV infected patients: implication of multiple shedding routes. Emerging microbes &
infections, 9(1), 386-389. Retrieved from: https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1729071
(Accessed 7 April 2020)
Zhao, J., Yuan, Q., Wang, H., Liu, W., Liao, X., Su, Y., ... & Qian, S. (2020). Antibody responses to SARS-CoV-2
in patients of novel coronavirus disease 2019. Retrieved from: https://academic.oup.com/cid/advancearticle/doi/10.1093/cid/ciaa344/5812996 (Accessed 7 April 2020)
Zhou, M., Zhang, X., & Qu, J. (2020). Coronavirus disease 2019 (COVID-19): a clinical update. Frontiers of
Medicine, 1. Retrieved from: https://link.springer.com/article/10.1007/s11684-020-0767-8. (Accessed 7 April 2020)

