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1. General information

&
View general information related to UK SMs. :1'
2. Scientific information éfz
View scientific information related to UK SMs. boo
3. Scope of document ,}°

Coronavirus disease (COVID-19) is an infectious disease caused by s&re acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) discovered in la{g2019 (1). Most
people infected with SARS-CoV-2 will experience mild to modera&o%szpiratory illness
and recover without requiring special treatment (1). Black, Asiap&nd Minority Ethnic
(BAME) patients, older people, and those with underlying me | problems such as
cardiovascular disease, diabetes, chronic respiratory dise%@ nd cancer are more
likely to develop serious illness (2).

Seroprevalence testing programmes have been rolled at across all 4 nations of the
UK with different approaches for testing certain keyﬁ’rkers or patients or both. These
antibody testing programmes have aimed to provig® information on the prevalence of
COVID-19 in different regions of the country (BE‘%W the disease spreads amongst
symptomatic and asymptomatic individuals (¢g*the protective immunity against
reinfection(5), the persistence of antibodie , trends in natural infection transmission
and vaccine induced immunity (7). The pr®rammes have worked alongside PCR
testing which confirms whether someo&currently has the virus.

This UK SMI describes a testing alg@fithm which supports and gives indications to the
laboratories on how to interpret rg&llts from commercially available serological kits.

Refer to Q1 — Evaluations, valiqgtions and verifications of diagnostic tests and Q 7 —
Good practice when undert g serology assays for infectious diseases for
information regarding gogg@¥aboratory practice in serological testing.

This UK SMI should bg&éed in conjunction with other UK SMis.

4. Backg;_pﬁnd

O
Serological gys for SARS-CoV-2 detect the antibody-based immune response
induced byae SARS-CoV-2 virus and/or SARS-CoV-2 vaccination. Unlike methods
which d@bt the genetic material (and thus the presence) of the virus, antibody tests
he@éqetermine that an individual has been exposed to the virus immunologically

regg¥Mess of symptom presentation. Therefore, serological tests provide information
on whether an individual has encountered SARS-CoV-2 natural infection or
vaccination. The serological differentiation between different viral targets such as
nucleocapsid or spike antigen might help in differentiating vaccine response from
natural exposure as long as the vaccine target remains solely the spike protein.

A longitudinal study has reported that patients who recovered from mild COVID-19

infection developed SARS-CoV-2-specific IgG antibodies, neutralising plasma, and

memory B and memory T cells that persisted for at least 3 months (8). While there is
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an increase in evidence to suggest memory T cells develop post SARS-CoV-2

infection correlates of immunity are not yet well defined(9). Therefore, at present, N
positive serological assays cannot be used to infer protective immunity against SARS- 0‘1'
CoV-2 or as a sole method for the diagnosis of COVID-19 disease. ‘v

Thus, the role of serology is currently limited to indicating whether someone has QQ
SARS-CoV-2 antibodies either due to past natural infection or vaccination or both. ¥©
Serology is also useful in guiding epidemiological and public health control meas

by providing information of the level and length of the immune response follow;
SARS-CoV-2 viral infection. This information will be useful to determine reinf

and how the virus spreads across the country, especially in health and so%zﬁ'care
workers and those at higher risk of clinical complications. Healthcare woﬂe s from all
regions of the UK are currently participating in a study called SIREN ( cov2

Immunity and Reinfection Evaluation) to determine the impact of deta&gtable
SARS-CoV-2 antibody on the incidence of COVID-19 (10, 11). .QQ

(2

Figure 1: Estimated variation over time in diagnostic te%@for detection of
SARS-CoV-2 infection relative to symptom onset (12).6

C Detection unlikely ){( PCR - Likely positive & ( PCR - Likely negative )
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In s&&gomaﬂc, immunocompetent individuals, SARS-CoV-2 will normally elicit the
deveopment of IgM and IgG antibodies. Early in SARS-CoV-2 infection (first 7 days)
the adaptive immune response begins to develop, and antibodies may not yet be
detectable. IgG and IgM antibodies are increasingly likely to be detected from 7 days
after the onset of symptoms. The majority of individuals will have a detectable
antibody response (13). IgM levels then begin to decline, reaching lower levels by
week 5 and almost disappearing by week 7, while IgG levels persist beyond 7 weeks
(12) (see Figure 1).
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Asymptomatic and immunocompromised individuals may show a delayed or absent

antibody response to SARS-CoV-2 infection (14). As more data becomes available, N

understanding of the antibody response will increase. Q’V
“'1'

Antibody testing in the UK &

Coronaviruses have 4 structural proteins: the spike protein, nucleocapsid, envelope 60
protein and membrane protein. Since the start of the COVID-19 pandemic several »&
antibody tests have been developed. Some tests target the nucleocapsid N prote®
found within the viral genome and others target the spike S protein found on th@
surface of the virus. The nucleocapsid protein is highly immunogenic and ing{@es an
earlier antibody response than the spike protein during infection, making jtn
attractive protein for diagnostic assay design. The spike protein is also tively
immunodominant, consisting of 2 subunits: the S1 protein containing tfl receptor
binding domain (RBD); and the S2 protein which mediates fusion of@e virus particle
to the cell membrane (15). To date, SARS-CoV-2 vaccines in the are based on the
spike (S) protein thus spike (S) antibody confirms past infectio past vaccination or
both. Sequence homology of the nucleocapsid and spike proggms of SARS-CoV-1 to
other Betacoronaviruses is 33 to 47% and 29% respectiv ). SARS-CoV-2 is
similar to SARS-CoV-1, showing sequence homology oﬁg Y0 in the nucleocapsid and
76% in the spike protein (17).

Commercially available serological assays can dete&gG alone, or both IgG and IgM
(total antibody) (18). Evaluation of commercial ki %y PHE, using serum samples from
PCR-positive individuals, has shown no substagu e differences in sensitivity of assays
whether they test for IgG or total antibodies. «Q

Antibodies detected in an assay which inc@es spike proteins as an antigen may have
a closer correlation with the presence Qoﬁqeutralising antibodies against
SARS-CoV-2 (19). §&

Impact of variant strains on serol tests is not understood just yet, but likely to be
limited in commercial test kits argg*assays which are looking for broad antibody
response with diverse antibog)ﬂ?epertoire.

s
5. Safety conghﬂerations
¢

This guidance shgc();g@e supplemented with local COSHH and risk assessments.

Refer to current ance on the safe handling of all organisms documented in this
UK SMI. o
>

ing and processing for COVID-19 related samples in laboratories please
uidance and Annex 2 of The approved list of biological agents

For safe h
refer to

120210\26
6.5

Specimen processing and procedure

6.1 Specimen type
Blood, serum or plasma (follow manufacturers’ specifications).
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6.2 Specimen transport and storage conditions

Specimens should be collected in appropriate CE marked leak proof containers and q?
transported in sealed plastic bags according to UK regulations. "19

Specimens should be transported and processed according to manufacturers’ 00
instructions or local validation data (21). ‘o
<

Samples should be retained in accordance with The Royal College of Pathologis
guidelines ‘The retention and storage of pathological records and specimens’ .
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©
Investigation detection of SARS-CoV-2 antibodies x®

N
&
‘1'0

/.

An accessible text description of this flowchart is provided with this document.

Determination of
SARS-CoV-2 antibody status

A

C SARS-CoV-2 anti-N test )

Detected®

Not tested
(anti-S only)

C SARS-CoV-2 anti-S test )

C SARS-CoV-2 anti-S test )

Detected®

Not tested
(anti-N only)

Not detecledd

Not tested
(anti-N only)

a d.e
D N !
Not detected”*® etected ot detected

b.cf T
ReFort. i Report:b'c'f Report:b'c’f response to spike Report: Report:b'c'f
Suggestive of previous Suggestive of previous SARS-CoV-2 antibody -CoV-2 vaccination if No serological evidence of . SARS-CoV-2 antibody .
SARS-CoV-2 infection and if there A h ast exposure to Report: Report:
was any recent spike targeted SARS-CoV-2 infection. detected, ecently. In the absence of P P! SARS-CoV-2 antibody detected, SARS-CoV-2 antibody
SARS)-,COV-Z vapccinatiogn a . consistent with SARS-CoV-2 ation, it could either indicate SARS-CoV-2 not detected consistent with SARS-CoV-2 not detected
bl b ke 16G This does not mean infection at some time. f positive IgG or IgG generated or any response to SARS- . infection or vaccination at ’
possible subsequent spike g complete protection ag, spike protein outlasting the IgG CoV-2 vaccination if g some time. i
boost. . . . ! ! A dministered tl It is important to follow It is important to follow
from further infection. This does not mean g ted against nucleocapsid following administered recently. current guidelines on current guidelines on
) - N ) o ] Thi I N
protection from further infection. current guidelines on . & his does not mean complete protection current guidelines on SARS-CoV-2. p ! SARS-CoV-2.
. protection from It is important to follow omplete p protection from It is important to follow
It is important to follow e from further infection. ™
current guidelines on SARS-CoV-2. current guidelines on SARS-CoV-2. See current guidelines on See
N g rotection from SARS-C . It is important to follow current guidelines https://www.gov.uk/ protection from SARS-CoV-2. https://www.gov.uk/
protection from SARS-CoV-2. P P . g - -
See ° on protection from SARS-CoV-2. See coronavirus coronavirus
See https://www.gov.uk/ See a https://www.gov.uk/ for the latest advice. See for the latest advice.
. . coronavirus ttps://www.gov.uk/l naviru: See coronavirus https://www.gov.uk/coronavirus
Dilps:/ivesass.gov.uk/coronavins for the latest advice. advice https://www.gov.uk/coronavirus for the latest advice.
for the latest advice.

for the latest advice.

\ for the latest advice. /
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7.1 Footnotes relating to detection of SARS-CoV-2 antibodies
algorithm

N
N4
a) Consideration should be given to the possibility of a false positive result. The ‘v
likelihood of false reactivity depends on local seroprevalence. Q‘

Y

b) Data not currently available to support the use of a reactive result to exclude th@
possibility of re-infection. <

c) Data not currently available on how IgG correlates to functional immunity ggerefore a
reactive result cannot be interpreted to mean that the patient is immunggpr that they
are not currently infected and/or that they cannot transmit the virus tggthers.

d) Immunocompromised individuals may not mount a detectable an&' y response or
may present a delayed response. <

e) This result does not exclude recently acquired infection (7 to@? days after symptom
onset). Please send an appropriate respiratory sample foré&RS-CoV-Z PCR if

symptomatic. [
f)  Every report should include the assay manufacturer,& antibody class(es) and the
target antigen(s). Vv
Vv
0{‘
<
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©

8. Interpreting and reporting laboratory results X
Interpretation and reporting table for of SARS-CoV-2 anti N and anti S testing: ,.ths
Anti N Anti S Interpretative Comment "V
Detected Detected Suggestive of previous SARS-CoV-2 infection aréd?%‘are was any recent spike targeted SARS-CoV-2
vaccination, a possible subsequent spike IgG bog®.
This does not mean complete protection frorr@fther infection.
It is important to follow current guidelines @@protection from SARS-CoV-2 for the latest advice.
Detected Not Detected Suggestive of previous SARS-CoV-2 lﬁ(ztion.

This does not mean complete protggeion from further infection.

It is important to follow current elines on protection from SARS-CoV-2 for the latest advice.

Not Detected

Detected

Suggestive of response t({ﬁ&e targeted SARS-CoV-2 vaccination if administered recently. In the absence
of recent vaccination, it coMd either indicate false positive 1gG or IgG generated against spike protein
outlasting the 1gG geng@led against nucleocapsid following natural infection.

This does not mea&&mplete protection from further infection.

It is important to@ﬂow current guidelines on protection from SARS-CoV-2 for the latest advice.

R

Not Detected

Not Detected

No serologi vidence of past exposure to SARS-CoV-2 or any response to SARS-CoV-2 vaccination if
administebﬁ recently.

It is iwrtant to follow current guidelines on protection from SARS-CoV-2.

L4
Not tested Detected SA&-COV-Z antibody detected, consistent with SARS-CoV-2 infection or vaccination at some time.
(anti S only) X . _ _
Q@ls does not mean complete protection from further infection.

0& It is important to follow current guidelines on protection from SARS-CoV-2 for the latest advice.
Not tested Not detected oo SARS-CoV-2 antibody not detected.
(anti S only) b It is important to follow current guidelines on protection from SARS-CoV-2 for the latest advice.
Detected SARS-CoV-2 antibody detected, consistent with SARS-CoV-2 infection at some time.

Not tested (antjf@only)
N

&
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Anti N Anti S Interpretative Comment oe

This does not mean complete protection from further infectiomp
It is important to follow current guidelines on protection fr‘c@ngRS-Cov-Z for the latest advice.

8 | Not detected Not tested (anti N only) SARS-CoV-2 antibody not detected. 0‘
It is important to follow current guidelines on prote from SARS-CoV-2 for the latest advice.
ta

Note: Interpretation and use of equivocal results will depend on manufacturer instructions and on local validati a

X

&
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information section on the UK SMI website. Q‘

&

1. Organisation WH. World Health Organization: Coronavirus (visited 03/06/090)
2020.

2. LiuY, Gu Z, Xia S, Shi B, Zhou XN, Shi Y, and others. What are the g@jerlying
Transmission Patterns of COVID-19 Outbreak? - An Age-specific Segial
Contact Characterization. E Clinical Medicine. 2020:100354.

3. Amirthalingam G, Whitaker H, Brooks T, Brown K, Hoschler K, aney E, and
others, Seroprevalence of SARS-CoV-2 among Blood Donor?ﬁnd Changes

after Introduction of Public Health and Social Measures, Lilon, UK. Emerg
Infect Dis. 2021;27(7):1795-801. P

4, Bi Q, Lessler J, Eckerle |, Lauer SA, Kaiser L, Vuilleurgd®r N, and others.
Insights into household transmission of SARS-Covﬁm a population-based
serological survey. Nat Commun. 2021;12(1):364s.

5. Abo-Leyah H, Gallant S, Cassidy D, Giam YH, ck J, Marshall B, and others.
The protective effect of SARS-CoV-2 antibodj@® in Scottish healthcare workers.
ERJ Open Res. 2021;7(2). ("))

6. Shrotri M, Harris RJ, Rodger A, PIanche?‘Sanderson F, Mahungu T, and
others. Persistence of SARS-CoV-2 N-&itibody Response in Healthcare
Workers, London, UK. Emerg Infect RQIS. 2021;27(4):1155-8.

7. Whitaker HJ, Elgohari S, Rowe C, @tter AD, Brooks T, Linley E, and others.
Impact of COVID-19 vaccinationogram on seroprevalence in blood donors in
England, 2021. J Infect. 2021:&312):237-79.

8. Rodda LB, Netland J, ShehgM L, Pruner KB, Morawski PA, Thouvenel CD, and
others. Functional SARS- -2-Specific Immune Memory Persists after Mild
COVID-19. Cell. 2021;18#(1):169-83 el7.

9. Chen Z, John Wherry . T cell responses in patients with COVID-19. Nat Rev
Immunol. 2020;20 29-36.

10. Hall VJ, Foulkes & Saei A, Andrews N, Oguti B, Charlett A, and others.
COVID-19 vacginde coverage in health-care workers in England and
effectivenes BNT162b2 mRNA vaccine against infection (SIREN): a
prospectiv. ulticentre, cohort study. Lancet. 2021;397(10286):1725-35.

11. Hall VJ,J®ulkes S, Charlett A, Atti A, Monk EJM, Simmons R, and others.
SAR V-2 infection rates of antibody-positive compared with antibody-
ne e health-care workers in England: a large, multicentre, prospective
c&rt study (SIREN). Lancet. 2021;397(10283):1459-69.

12. .&ecthuraman N, Jeremiah SS, Ryo A. Interpreting Diagnostic Tests for SARS-

R oV-2. JAMA. 2020.

13 Zhao J, Yuan Q, Wang H, Liu W, Liao X, Su Y, and others. Antibody responses
to SARS-CoV-2 in patients of novel coronavirus disease 2019. Clin Infect Dis.
2020.

14.  Burbelo PD, Riedo FX, Morishima C, Rawlings S, Smith D, Das S, and others.
Detection of Nucleocapsid Antibody to SARS-CoV-2 is More Sensitive than
Antibody to Spike Protein in COVID-19 Patients. The Journal of infectious
diseases. 2020.

Virology | V 58 | Issue number: di+ | Issue date: dd.mm.yy | Page: 13 of 14

UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England


https://www.gov.uk/guidance/uk-standards-for-microbiology-investigations-uk-smi-scientific-information
https://www.gov.uk/guidance/uk-standards-for-microbiology-investigations-uk-smi-scientific-information
https://www.who.int/health-topics/coronavirus

15.

16.

17.

18.

19.

20.

21.

22.

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Serology

Huang AT, Garcia-Carreras B, Hitchings MDT, Yang B, Katzelnick LC, Rattigan

SM, and others. A systematic review of antibody mediated immunity to N
coronaviruses: antibody kinetics, correlates of protection, and association of 0‘1'
antibody responses with severity of disease. medRxiv. 2020. ‘v
Meyer B, Drosten C, Muller MA. Serological assays for emerging 0‘
coronaviruses: challenges and pitfalls. Virus Res. 2014;194:175-83. OQ
Grifoni A, Sidney J, Zhang Y, Scheuermann RH, Peters B, Sette A. A c’,"
Sequence Homology and Bioinformatic Approach Can Predict Candidate (o)

Targets for Immune Responses to SARS-CoV-2. Cell Host Microbe.

2020;27(4):671-80 e2. Q

MHRA. MHRA - Target product profile: Enzyme Immunoassay (El ntibody

tests to help determine if people have antibodies to SARS-CoV-é?ZAO [

Kohmer N, Westhaus S, Ruhl C, Ciesek S, Rabenau HF. Brief Bmical

evaluation of six high-throughput SARS-CoV-2 IgG antibodyoésays. J Clin

Virol. 2020;129:104480.

Advisory Committee on Dangerous Pathogens. The Ap@ed List of Biological
Agents. 2021 2021. Q

Baron EJ, Miller JM, Weinstein MP, Richter SS, Gilgg#n PH, Thomson RB, Jr.,
and others. A Guide to Utilization of the Microbiok%gy Laboratory for Diagnosis
of Infectious Diseases: 2013 Recommendations’ky the Infectious Diseases
Society of America (IDSA) and the American$ciety for Microbiology (ASM).
Clin Infect Dis. 2013;57(4):e22-e121. <&

The Royal College of Pathologists. The ntion and storage of pathological
records and specimens (5th edition) :[1-59 pp.].

Virology | V 58 | Issue number: di+ | Issue date: dd.mm.yy | Page: 14 of 14

UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England


https://www.rcpath.org/resourceLibrary/the-retention-and-storage-of-pathological-records-and-specimens--5th-edition-.html
https://www.rcpath.org/resourceLibrary/the-retention-and-storage-of-pathological-records-and-specimens--5th-edition-.html

	V 58 End_of_Consultation_Cover_page
	V_58_di+
	Acknowledgments
	Amendment table
	1. General information
	2. Scientific information
	3. Scope of document
	4. Background
	5. Safety considerations
	6. Specimen processing and procedure
	6.1 Specimen type
	6.2 Specimen transport and storage conditions

	7. Investigation detection of SARS-CoV-2 antibodies
	7.1 Footnotes relating to detection of SARS-CoV-2 antibodies algorithm

	8. Interpreting and reporting laboratory results
	9. References




