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BACKGROUND

Robust serological assays for SARS-CoV-2 are essential for determining prior
infection and the suitability of donated convalescent plasma for plasma
therapy. We compared two in-house and three commercial serological assays in
a family cohort with SARS-CoV-2-infected members.

CASE PRESENTATION

Three individuals in a family of five developed COVID-19 confirmed by PCR,
following a trip abroad. Three to four weeks after the onset of symptoms, three
commercial ELISAs and an in-house immunofluorescence test demonstrated
antibodies to SARS-CoV-2. An in-house neutralisation test also demonstrated
neutralising antibodies.

INTERPRETATION

The in-house assays and one commercial assay gave congruent results, which
were also consistent with the initial PCR and/or clinical evaluation, indicating
prior infection in three of the five family members. The other commercial
assays indicated possible infection in a fourth family member, but this result
was likely due to cross-reactivity. The neutralising antibodies suggest complete
or partial immunity against reinfection.

Three out of five members of a family developed COVID-19
following a trip abroad. A variety of serological assays
detected SARS-CoV-2 antibodies — including neutralising
antibodies — in all three individuals 3—4 weeks after
symptom onset. Tests from one supplier were also positive
in a fourth family member, probably owing to cross-
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reactivity. Robust serological assays are essential for
determining prior infection and for identifying individuals
who can donate plasma for use in COVID-19 therapy.

A family comprising a mother, father and their three adult children went on a
week-long skiing holiday in Southern Europe. They were all in good health
apart from one of the sons (son 2), who had influenza-like symptoms with
fever, sore throat, rhinorrhoea and a mild cough prior to departure and during
the first few days of the holiday. The parents stayed in one hotel room and the
siblings in another. Two days before returning home, the daughter also became
ill with reduced general condition, vomiting and a sore throat. She then
gradually developed a subjective fever, rhinorrhoea, anosmia and headache.
Owing to widespread COVID-19 in the area in which they had been staying,
upon returning to Norway the parents and daughter immediately isolated
themselves in the same residence. Two days after their return home, a
nasopharyngeal specimen from the daughter was tested for SARS-CoV-2 RNA
using polymerase chain reaction (PCR), but the result was negative. She
developed a dry cough, and another test three days later was positive. The
family's medical history is shown in Figure 1.
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Figure 1 Timeline of symptoms and diagnostic testing for a family exposed to SARS-
CoV-2. In the polymerase chain reaction (PCR) test, 40 cycles are run, with the amount
of viral genetic material in the sample doubling with each cycle. The cycle threshold
(CT) is defined as the number of PCR cycles that must be run before the sample tests
positive. This means that the sample with a threshold value of 18.60 contained the
largest amount of viral genetic material. The ELISA assays from suppliers 1 and 2 use
nucleocapsid protein and spike protein, respectively, as antigens.

Two days after returning home, both parents also began to show reduced
general condition with fever, muscle pain, headache, cough and eventually
anosmia. The following day, both tested positive for SARS-CoV-2 RNA. Six days
after symptom onset, the mother experienced transient shortness of breath and
a deterioration in her general condition. While the daughter became symptom-
free after two weeks, both parents still had slight anosmia six weeks after
symptom onset. The two sons had no symptoms of COVID-19 and were not
tested, but remained in home quarantine after their return to Norway.

Blood samples from the family were included as part of a validation panel
comprising a total of 46 sera. Three previously described serological assays
were used Box 1) ((1), with minor modifications. Indirect immunofluorescence
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staining showed that serum from the parents and the daughter, but not from
the sons, contained SARS-CoV-2-specific IgG (Figure 2). IgG Enzyme-Linked
ImmunoSorbent Assay (IgG ELISA) tests from two different suppliers
confirmed the presence of IgG in the parents and daughter, but the assay from
supplier 2 also detected IgG in son 2. An IgA ELISA from supplier 2 detected
SARS-CoV-2-specific IgA in all five individuals, but the IgA level in son 1 was
very low. An IgM ELISA from supplier 1 failed to detect SARS-CoV-2-specific
IgM in any family member. Only the three PCR-positive family members had
detectable neutralising antibodies.

Box 1 Our selection of assays for the detection of antibodies
against SARS-CoV-2 (1). The methods for indirect
immunofluorescence and neutralisation were developed at the
University Hospital of North Norway.

Indirect immunofluorescence staining reveals the presence of SARS-
CoV-2-specific IgG directed against different viral proteins (antigens) in
infected cells. Kidney cells from monkeys (Vero cells) are infected with SARS-
CoV-2 and fixed the next day. Patient serum is added. Any antibodies against
the SARS-CoV-2 antigen will bind to the antigen in infected cells. The addition
of a fluorescent antibody against IgG will then make the infected cells fluoresce.

Indirect ELISA (enzyme-linked immunosorbent assay) detects the presence
of SARS-CoV-2 specific antibodies directed against a selected viral antigen.
Patient serum is added to a plastic well with antigen attached to the bottom.
Any antibodies against the antigen will bind to it. An enzyme-labelled antibody
against IgM, IgG or IgA is then added and binds to the bound antibody. The
addition of substrate produces a measurable colour change.

Neutralisation tests are the gold standard for detecting SARS-CoV-2-
specific neutralising antibodies of various immunoglobulin classes. Patient
serum is serially diluted, SARS-CoV-2 is added, and the serum is then used to
infect Vero cells. After fixation and indirect immunofluorescence staining with
antibodies against SARS-CoV-2, the number of infected cells is estimated. The
neutralisation titre is the dilution that reduces the number of infected cells by
50 %.

daughter mother father son1 son 2

Figure 2 Immunofluorescence staining (IF) of SARS-CoV-2-infected cells with serum
from all five family members. SARS-CoV-2-specific IgG could be detected in serum
from the daughter, mother and father by virtue of the fact that the cytoplasm of
infected cells stained green. See also Box 1 for an explanation of the method.
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Discussion

It remains unclear which member of the family was the index patient. As son 2
developed symptoms prior to departure, at a time of very low SARS-CoV-2
transmission in Norway, it is unlikely that he was the index patient. The
daughter developed symptoms while on holiday, but might have had a different
infection initially. She had rhinorrhoea, which is not particularly common in
cases of COVID-19, her first nasopharyngeal specimen collected four days after
symptom onset was negative for SARS-CoV-2 RNA, and she apparently did not
infect her brothers despite being in close proximity to them. Although virus
secretion is greatest in most individuals in the upper respiratory tract upon
symptom onset (2), there have been reports of patients who initially test
negative and who have a fluctuating viral load (3). In addition to a low viral
load, other factors that may cause a negative PCR result are poor specimen-
collection technique, a long transport time, or laboratory errors. Moreover, it is
not uncommon for only some members of a family to contract COVID-19. In a
study of 105 families with COVID-19, 16.3 % of household members were found
to be infected, with partners most at risk (4). Since both parents had positive
PCR tests before their daughter, they may have been the index patients. We
also cannot rule out the possibility that all three were infected by sources at the
holiday destination.

Antibodies play a central role in the immune response to a viral infection. In
the three family members with PCR-confirmed COVID-19, we were able to
detect SARS-CoV-2-specific IgG, IgA and neutralising antibodies. We were
unable to detect SARS-CoV-2-specific IgM, which is interesting as IgM is
usually detected before IgG. People with mild symptoms have been reported to
have lower SARS-CoV-2 antibody levels than those with severe disease (5), and
this may have contributed to the negative results. IgA ELISA gave positive
results for all family members, but son 1 was only weakly positive. IgA has an
important role in influenza infections and is therefore also believed to play a
role in COVID-19. The bulk of IgA is not found in serum, which is the material
we test, but in the upper respiratory tract mucosa. The IgA ELISA test that we
used is reported to have high sensitivity but low specificity (5), and we therefore
believe that the positive IgA results for both sons were the result of non-specific
reactivity. The IgG ELISA from supplier 2 was positive for son 2. The supplier
has stated that the ELISA assays can detect antibodies against influenza virus,
and cross-reactivity with antibodies against human coronavirus has been
reported (5). The influenza-like illness in son 2 may therefore have contributed
to false positive results for IgA and IgG. However, asymptomatic COVID-19
cannot be ruled out (2).

What do these results mean for the family? Positive ELISA and
immunofluorescence staining reveal antigen-binding antibodies and confirm
prior infection. However, on the basis of experience with other viruses,
including SARS-CoV-1, detection of neutralising antibodies is the best indicator
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of protective immunity. It is still too early to say how long this immunity will
last. Despite a lack of clinical trials, several COVID-19 patients have already
been treated with plasma containing neutralising antibodies (6).

SARS-CoV-2 was discovered as recently as January 2020, and the
manufacturers of diagnostic tests for COVID-19 have developed their assays in
record time. Our experience indicates that not all commercial serological assays
available for the diagnosis of COVID-19 are sufficiently robust.

The patients have consented to the publication of the article.

The article has been peer-reviewed.
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