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1.1. Background: In Phase-2 COVID-19 pandemic, timely control of new outbreaks is pivotal
to avoid an epidemic rebound. A better knowledge of clinical disease profiles and the
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brunetto@unipi.it 1.3. Results: Index-case was identified 12 days after the primary-case: a young boy with 12 hours
incoercible vomit and severe headache. His close contacts had prevalent gastrointestinal/dysgeusia
symptoms, whereas typical respiratory syndrome occurred later in older males. Within 10 days 9 of 12
exposed individuals developed symptoms, SARS-CoV-2 infection was confirmed in 10. The most
frequent SARS-Cov-2 specific symptoms were associated with the primary virus entry site, namely
mouth/head including pathognomonic dysgeusia and smell loss and headache. Respiratory symptoms
occutred only in adult males whereas gastrointestinal symptoms prevailed in both children/adults and
males/females. NAAT was negative in 3 subjects 13-26 days from mild disease onset, but also at onset
in 2 cases, who turned positive 16 days later. Overall, 10/11 (90.9%) patients tested positive for IgG-
anti-NP, IgM and total-anti-S1; IgM-anti-S1 became undetectable in 5/10 duting follow-up (33-100
days after onset). In 2 cases IgG-anti-NP became negative 3 months after onset, questioning their long
lasting duration. Early isolation and strict adherence to preventive measures avoided secondary and

tertiary infections.

1.4. Conclusions: This experience suggests the importance of stringent scrutiny for clustered
mild-atypical symptoms and dysgeusia, with immediate isolation of suspected cases and NAAT
testing complemented by anti-nucleoprotein and Spike-1 for at least 2 weeks, if negative.

2. KeyWOI‘dS: SARS-CoV-2; Gastrointestinal; Atypical symptoms; Antibodies; Dysgeusia; Anti-
nucleo- protein; Anti-Spikel; Serology kinetics; Longitudinal analysis

3. Introduction

The corona virus disease 2019 (COVID-19) outbreak has challenged the preparedness of coun-tries

facing primary and secondary health care emergency. To reduce the vulnerability to the SARS-
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CoV-2 infection spreading a multi task effort is required to deepen
the knowledge of the mechanisms of infection and pathogenesis

[8]. Differences in mortality might stem from different mechanisms
and/or routes of infection or by environmental and/or host factors
[16-21]. Their identification will help taking more effective actions
for the control and monitoring of SARS-CoV-2 infection to prevent
more severe cases of respiratory illness in the elderly and to inves-
tigate both relevance and contagiousness of atypical, asymptomatic
infections with low respiratory morbidity [13, 14]. With the progres-
sive easing of the lockdown measures in most Countries, the early
identification of new cases will be of paramount importance to
avoid the epidemic rebounds. In Europe, the first COVID-19
patient was diagnosed in France on January 24; he had travelled
history to China (Sante publique France, 2020), as well as the other
cases reported on January 28 in Germany (Bayerisches
Staatsministerium fur Ge-sundheit und Pflege, 2020). On February
22, the Italian authorities reported a cluster of cases in Lombardy
and additional cases from two other Regions, Piedmont and Veneto.
Here we describe a very rapid intra/inter familiar SARS-CoV-2
outbreak in 3 families from Tuscany gathered in a ski resort of the

Dolomiteson February 29 for one-week vacation.

4. Materials and Methods
4.1. Case Definitions

The identification of the COVID-19 disease in our cluster followed the
recommendation provided on 2 March 2020 by the European Centre
for Disease Prevention and Control (ECDC, 2020) and World Health
Organization (WHO, 2020) for suspected cases requiring di-agnostic
testing. In particular, laboratory testing with RT real time PCR assay
detecting the SARS-CoV-2 viral RNA was performed in the first patient
with acute respiratory tract infection (sudden onset of cough and fever)
with no other etiology, because he was coming back from an area
reporting community transmission during the 14 days prior to symptom
onset (I Dolomiti, 2020). This case is referred as Index case, whereas
the person who first manifested the disease is referred as Primary case
[7]. According to the WHO Interim guid-ance published on 19
March2020, testing asymptomatic or mildly symptomatic contacts was
considered for all the individuals who have had contact with a COVID-
19 case, although subordinated to the rules imposed by the limited
capacity of the laboratories during the emergency phase, in Italy testing
was allowed only for close con-tacts with typical symptoms (Italian
Ministry of Health, 2020).

4.2. Contact Tracing and Data Collection

The definition of contacts for chasing secondary/tertiary cases fol-
lowed the same indications (ECDC and WHO, 2020). In particular, in
our setting, the contacts of a probable or confirmed case were living in
the same house, or having had direct physical interaction, or
unprotected direct contact with infectious secretions or face-to-face

contact within 2 metres and longer than 15 minutes. Risk contacts
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were isolated at home, and were actively followed-up through daily
calls. They were asked to measure their body temperature twice
daily for 14 days after their last exposure and, in case of fever or
respira-tory symptoms to wear a surgical mask and to contact the
dedicated hotline. All cases and contacts were carefully interviewed

on expo-sure, clinical history and time course of theirsymptoms.
4.3. Laboratory Assays

After notification of the study to the Ethical Committee of our Insti-
tution all the subjects enrolled provided a written informed consent for
reporting their clinical history and petforming laboratory tests. Samples
from nasopharyngeal swabs were tested for SARS-CoV-2 viral RNA
using the Simple xa™ COVID-19 Direct real time RT-PCR Kit
according to the manufacturer’s instructions (DiaSorin Mo-lecular- US
FDA EUA - CE-IVD) at the local reference Laboratory of Virology,
University-Hospital of Pisa, Italy. Serological assays to detect antibodies
against anti-Spike glycoprotein (S1) or nucleocapsid protein of SARS-
CoV2 were performed using Wantai SARS-CoV-2 Ab ELISA, Wantai
SARS-CoV-2 IgM ELISA kits (Beijing Wantai Bi-ological Pharmacy
Enterprise Co., Ltd, RUO) and SARS-CoV-2 IgG Abbott (Abbott
Laboratories Diagnostics Division Abbott Park, IL 60064 USA),
respectively at the Laboratory of our Hepatology Unit.

5. Results
5.1. Outbreak Description

Type and time course of the symptoms with the results of molecular

assays in the members of the 3 families are shown in (Figure 1).

The three families arrived at the ski resort on Saturday February 29
evening. After the Sunday spent skiing, on Monday March 2 morning
(day 0) the 13 years old boy of family 1 (case 1) got incoercible vomit
that lasted 12 hours (30 vomiting episodes) and ended with a short lived
severe headache. He had a long sleep and recovered completely. On
Wednesday morning (day 2) his sister (case 2) developed nausea,
dyspeptic syndrome, dysgeusia and loss of smell, soon accompanied by
cold symptoms without fever. On Wednesday evening also her fa-ther
(case 3) and the lady (case 4) of family 2, who is a medical doctor and
frequently visited the room of family 1 during the disease of the boy,
developed cold symptoms without fever. On Thursday (day 3) the
mother of family 1 (case 5), medical doctor too, experienced di-arrhoea
lasting for 4 days and on Saturday (day 5), before leaving for home, she
had conjunctivitis, cold symptoms with myalgias and fever on the
evening (body temperature up to 38.0° C). Her fever declined after 24
hours, with persistence of cold and occurrence of cough. On Sunday
(day 06), the father of family 3 (case 6), who is medi-cal doctor as well
and spent the last 2 days skiing with members of family 1, had
diarrhoea, myalgias for 3 days followed by mild cough accompanied by
intermittent cold for more than one week. Three days after the clinical
onset of her husband (day 9), the mother of family 3 (case 7)
expetienced diarrhoea, myalgia and cold that lasted for few days. After

returning home, on Thursday (day 10), the father
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of family 2 (case 8) complained of cold and fever (38.5¢ C) that
persisted till Saturday (day 12) when, because of the concomitant dry
cough, he got a nasopharyngeal swab for SARS-CoV-2 nucleic acid
amplification test (NAAT), that turned positive. At this time all the 3
families entered a quarantine period, however the father of family 2
(index case), as medical doctor was already in self-isolation at home
from the day when they came back from the mountain (day 5). He had
only a close contact on Sunday evening (day 6) with his 52y old brother
living in the same house. His brother (case 9) got fever and caught on
the next Saturday (day 12) and, on Monday (day 14), had a
nasopharyngeal swab positive too: after one week at home with fever
and cough, he was admitted to the COVID Centre of the University
Hospital of Pisa due to the occurrence of dyspnoea, and discharged 5
days later after rapid clinical improvement. The 12 years old son of
family 2 remained asymptomatic and did not undergo any naso-
pharyngeal swab; his mother complaining very mild cold symptoms
from day 2 to 7, tested negative at the NAAT assays on days 28 and 38,
before being readmitted to work at the hospital.

After the COVID-19 index case (day 12) diagnosis, the mother of
family 1 (medical doctor) underwent her first nasal-pharyngeal swab,
two weeks after her first clinical manifestations (day 16) and test-ed
positive; on the next week (day 22) all her relatives underwent the
NAAT tests and resulted positive. The mother maintained cold
symptoms and coughs for one week and experienced a tebound of
diarrhea with cold symptoms after an apparent remission from day 20
to 22. The father experienced one episode of severe asthenia with fever
(37.8°C) the same day of the nasopharyngeal swab, rapidly im-proving
thereafter. Both parents complained of dysgeusia and smell loss for
about 3 weeks. The boy was fully asymptomatic since day 2; his sister
was fine, but with persisting dysgeusia and smell loss for about 3 weeks.
The boy, his sister and father were NAAT negative 37 to 39 days after

clinical onset; the mother after 47 days.

All members of family 3 underwent their first NAAT testing on day
21, resulting negative. At that time both parents were already
the 10)

complaining of fever and cold since 2 days and developed dysgeusia

asymp-tomatic, whereas older daughter (case was
with smell loss thereafter. The younger daughter (case 11) had the
onset of fever and cold on the same day of NAAT testing, with
complete recovery after two days. Both of them were positive at the
NAAT test repeated on day 37 (19 and 17 days after clinical onset,
respectively), whereas their parents remained negative. The 2 girls

had a negative swab 53 and 55 days after onset.

All but one adult involved in the outbreak was MD, so they decided to
self isolate at home after returning from skiing. Only one of them (case

5) had to spent 3 days at work (from 11th to 13thMarch 2020) and had
face-to-face contacts within 2 metres for more than 15 min-utes with 17
individuals (secondary contacts), wearing the surgical mask. In the 2
following weeks, 4contacts developed symptoms (gas-trointestinal in

two, cold in one and mixed in one), that were mild and
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short lasting (less than 3 days) in all cases, none was found positive
for SARS-CoV-2 infection by NAAT. The brother of the index case
(case 9) had only familiar contacts: his wife remained asymptomatic,
whereas the 13 years old twins and the 17 year old son complained
of mild gastrointestinal symptoms, none of them were tested by
NAAT (Figure 2).
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re 1: Type and time course of the symptoms during the SARS-CoV-2
%break in the 3 families.

Legend. the label reports in sequence: family number, gender and age. To
represent overtime the complexity and the severity of the symptoms in the
individuals, con-secutive prime numbers from 3 to 53 were associated to each
symptom and the sum was plotted in the graph. The values increase with the
increasing relevance of the symptoms, being the minimum of 3 attributed to cold
and maximum of 53 to dyspnea. Positive results of SARS-CoV-2 by NAAT are
shown in red (RNA+) and negative in green (RNA-).
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%h re 2: SARS-CoV-2 outbreak in 3 families started during a ski vacation week
e Dolomites

Legend. label indicates family number, gender and age. VVoid: asymptomatic / no
swabs. Shaded: mild symptomatic / no swabs. Bars: symptomatic without viral
RNA in the swabs. Full colored: symptomatic with viral RNA in the swabs.Ab +
and Ab - indicates presence or absence of antibody response detected in at least
one one serum sample.

At the end of March all the 17 secondary contacts of case 5 and their 17
households (10 adults, 5 sons and 2 daughters), who represent tertiary contacts
underwent serology testing and all were negative for anti-Spike (S1) antibodies
(total and IgM) and anti-nucleocapsid protein (IgG). In family 2 there was only
one secondary con-tact (a 31 years old woman who worked as babysitter), who
did not develop any symptom and tested negativeat serology.




Overall SARS-CoV-2 infection was confirmed by NAAT in 72.7%
(8/11) of symptomatic individuals involved in the outbreak (Table 1).
Nasopharyngeal swabs, however, were taken at different times from the
onset of the symptoms (4-26 days) and 3 subjects with mild disease
tested negative at 12, 15 and 26 days after the clinical onset respectively.

Only one asymptomatic individual was never tested.
5.2. Serological Assays

During the isolation period a blood sample was obtained on March
24 from the members of family 1 and 3 and on April 4 for family 2.

A second blood sample was obtained 2 weeks later in family 1 and

Table 1: Detection of SARS CoV-2 RNA in swabs.
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3, and about 4 weeks later in family 2 (after completion of the isola-
tion period). Finally a third sample was obtained within the June 15
(104 days since the outbreak onset) in all the individuals. The results
are reported in (Table 2). All samples were tested for anti-Spike gly-
coprotein (S1) total and IgM antibodies and IgG anti-nucleocapsid
protein. All members of family 1 tested positive for the 3 assays at
first time point. The girl became IgM anti-Spike glycoprotein (S1)
negative at the second time point, all the other family members but
the father, at the third time point, when the girl was negative also

for IgG anti-nucleocapsid protein.

Date of | Date of | Days RNA'In | Date of | Days RNAIn | Date of | Days RNAIn
Fam Gen Age (v)| N. Symptoms onset 1 swab from swab 2 swab from swab 3 swab from swab
onset onset onset
1 m 13 1 Yes 2-Mar 23-Mar |21 + 10-Apr |39 -
1 f 17 2 Yes 4-Mar 24-Mar |20 + 10-Apr |37 -
1 m 52 3 Yes 5-Mar 25-Mar |20 + 10-Apr |36 -
1 f 50 5 Yes 5-Mar 18-Mar |13 + 10-Apr |37 + 20-Apr | 47 -
2 f 54 4 Yes (mild) 4-Mar 30-Mar |26 - 9-Apr 36 -
2 m 12 - No na nd nd nd
2 m 55 8 Yes 10-Mar | 14-Mar |4 + 9-Apr 30 + 18-Apr | 39 -
2 m 52 9 Yes (severe) 12-Mar | 16-Mar |4 + 26-Mar |14 + 15-Apr | 34 -
3 m 55 6 Yes 8-Mar 23-Mar |15 - 8-Apr 31 -
3 f 50 7 Yes 11-Mar |23-Mar |12 - 8-Apr 28 -
3 f 13 10 Yes 21-Mar | 23-Mar |2 - 6-Apr 16 + 13-May | 53 -
3 f 10 11 Yes 23-Mar | 23-Mar |0 - 8-Apr 16 + 13-May | 53 -
Legend:na:  not available; nd: not done.
Table 2: Detection of circulating anti-spike 1 total and IgM antibodies, and anti-nucleoprotein 1gG antibodies.
Anti |Anti | Anti Date Anti | Anti | Anti Date Anti | Anti | Anti
Age Date of | Date | Days > Days o Days |
Fam | Gen () N. | Symptoms [ ypset | 1 blood from |Sp-1 |Sp-1 NclgG |blood from |Sp-1 [ Sp-1 NclgG | blood from |Sp-1 | Sp-1 NclgG
test onset | Tot |[IgM test onset | Tot |IgM test onset [Tot |IgM
1 m 13 |1 |VYes 2-Mar | 24-Mar | 22 + + 6-Apr |35 + + 10-Jun| 100 - +
1 f 17 2 | Yes 4-Mar | 24-Mar | 20 + + + 6-Apr |33 + - + 9-Jun | 97 + - -
1 m 52 3 | Yes 5-Mar | 24-Mar | 19 + + + 6-Apr |32 + + + 9-Jun | 96 + + +
1 f 50 |5 |Yes 5-Mar | 24-Mar | 19 + + + 6-Apr |32 + + + 5-Jun | 92 + - +
2 f 54 |4 |Yes(mild) |4-Mar |3-Apr |30 - - - 28-Apr | 55 - - - 12-Jun| 100 |- - -
2 m 12 - No na 3-Apr | na - - - 28-Apr | na - - - na
2 m 55 8 | Yes 10-Mar | 3-Apr |24 + + + 28-Apr| 49 + - + 16-Jun| 98 + - +
2 m |52 [o [Y&S 1-Mar|3Apr (22 [+ [+ |+ saprlar [+ |+ |+ 6unfos [+ [+ |+
(severe)
3 m 55 6 |VYes 8-Mar | 24-Mar | 16 + + + 7-Apr |30 + + + 12-Jun| 96 + + +
3 f 50 |7 |Yes 11-Mar | 24-Mar | 13 - + + 7-Apr |27 - + + 12-Jun| 93 + - -
3 f 13 10 | Yes 21-Mar | 24-Mar | 3 - - - 7-Apr |17 + + + 12-Jun| 83 + - +
3 f 10 11 | Yes 23-Mar | 24-Mar | 1 - - - 7-Apr |15 + + + 12-Jun| 81 + - +
Legend:Anti Sp-1:anti-spike S1totaland IgM antibodies (Wantai);  Anti NP: anti-nucleoprotein IgG antibodies (Abbott).




In family 2, the 12 years old son (the only asymptomatic subject)
and her mother (case 4), who complained of a mild cold from day 2
to 7, tested negative at the 3 assays. The father (index case) and his
brother (cases 8 and 9) were total anti-Spike (S1) and anti-
nucleocapsid pro-tein positive when they were re-admitted to work,
49 and 47 days af-ter their disease onset. At the same time point
IgM anti-SARS-CoV-2 was positive only in case 9, not anymore in
the index case. The wife and the three children of case 9 were

negative for the 3 assays after the end of the quarantine.

The father of family 3 (case 6), symptomatic from day 6 to 18, tested
positive for all the 3 assays at the 3 time points. His wife (case 6), who
had only mild symptoms from day 9 to 12, tested positive for IgM anti-
Spike (S1) at the first 2 time points, but negative at the third (56 days
after disease onset). By converse, she was positive for IgG an-ti-
nucleocapsid protein at all the 3 time points. Their daughters (cases 10
and11), tested negative for all the anti SARS-CoV-2 Ab at the on-set of
their clinical manifestations, but total and IgM anti-Spike (S1) and IgG

anti-nucleocapsid proteins turned positive on day 15 and 17.

Assuming that all the 11 symptomatic individuals in the family clus-
ters got SARS-CoV-2 infection, NAAT in swabs taken according to
ECDC and WHO guidelines during the epidemic was able to reveal
the infection in 8 (72.7%) patients. The combination of total and
IgM anti Spike (S1) and IgG anti-nucleocapsid protein tests
repeated 2-4 weeks apart allowed diagnosis of 2 more cases (10/11),
reaching 90.9% sensitivity. The only asymptomatic subject, never

tested by NAAT, was serologically negative.
6. Discussion

The history of this rapid SARS-CoV-2 outbreak, where 11 of 12 in-
dividuals within the family cluster were exposed to the same virus
strain and developed symptoms in a very short time and 10 had a
confirmed infection, suggests that an early identification of the in-
fected individuals and their timely isolation are the most important
action to limit the spread of the infection. The rapid control of new
outbreaks is pivotal in the pandemic Phase-2 when, with the
progressive eas- ing Phase-1 lockdown, such a measure remains the only
action to block the epidemic rebound. Actually, the 12 days lag time from
the onset of the symptoms in the primary case and the identification of the
index case appeats too long for an appropriate management and effective
containment of the infection. Luckily, in our outbreak 5 of 6 adults
underwent a voluntary self-isolation at home, whereas due to the
concomitant lockdown imposed by the Italian Government, also the 5
young students remained at home. Altogether these mea-sures avoided
a larger spreading of the infection in spite of a delayed diagnosis and
the long lasting viral shedding indicated by the results of the repeated
nasopharyngeal swabs. Furthermore, it is noteworthy that the strict
adherence by the Family 1 mother to preventive mea-sures of
transmission (physical distancing and surgical mask wearing) during her
3 working days in the Hospital avoided the spread of the infection to
her secondary/tertiary contacts (Figure 2).
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The transmission chain in our outbreak is shown by the link between
contacts and onset of symptoms, including atypical ones (Figure 1) and
confirmed by NAAT (obtained 1-26 days after clinical onset) and
serological assays (obtained 1-55 days after the clinical onset). During
the emergency phase of the epidemic, however, a major diagnostic
limitation was the NAAT performed only after “typical respiratory
symptoms” (fever >38°C and dry cough with/without dyspnoea) for at
least 3 days. This unique opportunity of studying the natural his-tory of
symptoms at presentation in different individuals exposed to the same
virus strain underlines the importance of gastrointestinal symptoms like
diarthoea, dyspepsia and vomit which were not con-sidered hallmarks
of SARS-Cov-2 infection. The most common (> 90% of cases, Table 3)
symptoms at presentation wete un-specif- ic, namely cold and/or fever
associated with asthenia and/or myal- gia particularly in adults. Among
SARS-Cov-2 specific symptoms the most frequent were related with the
primary virus entry site, namely mouth/head and included the
pathognomonic dysgeusia and smell loss and headache (Table 3). The
second specific symptom series was shared by both gastro-intestinal
and respiratory symptoms overall, but whereas respiratory symptoms
(cough and dyspnea) occurred only in adult males whereas
gastrointestinal symptoms ptevailed in both children/adults and
males/females (Table 3). Fortunately, some of out patients, who were
medical doctors, underwent a late swab test once the index case was
identified, but they were already quar-antined according to the
procedures activated to minimize the in-fection spreading within our
Hospital. All Family 1 members got a NAAT (19 to 21 days from the
clinical onset) to better understand the infection spreading, given the
clinical heterogeneity. Consequent-ly we could demonstrate that the
primary case, the Family 1 youngest member who suffered of severe
vomit and headache, but recoveted rapidly without other clinical
manifestation, was still NAAT positive 21 days after the clinical onset
symptoms in spite of being asymp-tomatic since almost 3 weeks.
Gastrointestinal symptoms (vomiting, dyspepsia and diarrhoea) were
reported in SARS-CoV-2 infected patients, however their occurrence at
presentation is rather unusu-al, although more frequent in children than
in adults (10% vs 3%) [9, 15, 20]. Thus, children who have higher
probability of not being diagnosed may contribute significantly to the
spread of the infection because of their long-lasting virus carrier ship
proven in our and Chi-nese cases (2-4weeks) [3]. The NAAT was
positive 19-21 days after clinical onset not only in the primary case but
also in his sister, who complained of dyspepsia, dysgeusia, smell loss
and minimal cold symptoms. All Family 1 members developed
symptoms within 3 days one from the other; both parents showed a
relapsing course of their symptoms (dysgeusia, smell loss, cold and
diarrhoea) without acute respiratory symptoms (mild cough in the
mother only). Thus for an eatlier diagnosis and isolation of primary
cases, gastrointestinal symptoms should be taken in much higher
consideration. Moreover, pathognomonic manifestations, like dysgeusia

and smell loss should prompt NAAT testing, particularly when

occurring in temporal relationship among close contacts.



Table 3: Prevalence and Duration of Symptoms in Infected Individuals.

2020, 174(8): 1-7

Asthenia  |Myalgia |Cold Fever Dysgeusia E:;Se” Headache Cough | Dyspnea | Vomit | Dyspepsia | Diarrhea
Subjects
1M13y 2 1
1F17y 3 g 30 27 3
1M52y 3 2 4 29 29 1
1F50y 5 15 27 6 3 9
2F5dy 6
2M55y 5 30
2Mb52y 18 13 28 3
3M55y 3 3 10 3
3F50y 4 4
3F13y 2 2 17 17
3F10y ) 2
Total 2 4 654.5% |5 4 4 53 4 1 1 1 3
% 18,2% 36,4% -20 455% | 36,4% 36,4% |[27,3% 36,4% 9% 9% 9% 27,3%
(days) -21 -12 -31 -91 -100 -3 -4 -3 -1 -3 -14
Overall 5 (45,5%) 10 (90,9%) 5 (45,5%) 4 (36,4%) 4 (36.4%)
children |1 (25%) 3 (75%) 3(75%) 0 2 (50%)
adults 4 (57,1%) 7 (100%) 2 (28.6%) 4 (57,1%) 2 (50%)
females |2 (33,3%) 6 (100%) 3 (50%) 0 2 (33.3%)
males 3 (60%) 4 (80%) 2 (40.%) 4 (100%) 2 (40%)

Legend: Sars-CoV-2 as a common corona virus caused cold and fever and associated symptoms (asthenia and myalgia) in > 90% of infected individuals, particularly in
adults. Among Sars-CoV-2 specific symptoms the most frequent were related with the primary virus entry site, namely mouth/head and included the pathognomonic
dysgeusia and smell loss and headache. The second specific symptomseries was shared by both gastro-intestinal and respiratory symptoms overall, but whereas
respiratory symptoms occurred only in adult males gastrointestinal ones had comparable prevalence in children/adults and males/females.

The control of the virus spread within family members in the house-
hold appears quite difficult: in family 3 the results of NAAT and Ab
sequential assays (Table 1 and 2) suggest that the parents transmit-ted
the infection to their daughters. Similarly, the only close contact
(without preventive measures) outside the persons present in the ski
resort, was the brother of the index case (case 8), who spent one eve-
ning with him, still asymptomatic and developed COVID symptoms
thereafter (case 9). Nevertheless, the family 2 son who had very close
contacts for several days with the primary case and with his sister in the
ski resort, and with his father (the index case) until he became
symptomatic, did not develop any symptom/marker of infection.
Furthermore, also the 3 children of case 9 did not develop detectable
antibodies in spite of minor gastroenterological symptoms. These
findings raise the question whether patients with asymptomatic in-
fection or mild disease limited to the mucosal virus entry, but without
systemic involvement, might lack circulating antibodies detectable by
cutrently available assays. Accordingly, the Family 2 mother, who de-
veloped mild cold without fever, timely related with the exposute to the
primary case, not only resulted negative at the nasopharyngeal swab,
unfortunately obtained only 26 days after her symptoms, but also at the
antibody tests. In addition, the Family 3 mother with mild and short
lasting disease was IgM anti-Spike (S1) and IgG anti-nu-cleocapsid
protein positive in the first time points (13 and 27 days after onset),
then weakly positive for total anti-Spike (S1) antibody (92 days from
onset), but negative for both IgM anti-Spike (S1) and IgG anti-

nucleocapsid protein.

A bias of our study of both NAAT and antibodies kinetics is the
sampling limited by the criteria of patient’s selection for nasopha-
ryngeal swabs and by the constraints of the home-quarantine. The

nasopharyngeal swabs were performed within a large range of 1 to

26 days from the onset of symptoms. Even if serological assays were
missing before day 13 (with exclusion of the Family 3 sisters who were
tested at the very beginning of their disease), we monitored the
antibody fluctuations up to 3 months. Combined NAAT and anti-
bodies testing prompted interesting observations: the detection of viral
nucleic acid, the SARS-CoV-2 gold standard test [5, 17], was positive in
73% of cases and negative in 3 patients when petformed 13-26 days
after a mild disease onset. Noteworthy, the first nasopha-ryngeal swab
was negative at disease onset in the Family 3 daughters, who turned
positive 16 days later. These findings confirm that the nasopharyngeal
swab in spite of very high specificity has asensitivity hampered by the
swab sampling errors [25, 20]. Its complementation with the serological
assays proved that the infection occurred in 2 more cases. Overall, 10
of the 11 (90.9%) individuals who developed symptoms during the
outbreak tested positive for IgG anti-nucleo-protein, IgM anti-Spikel
and total anti-Spikel antibodies. IgM anti-bodies against anti-Spike (S1)
were detected in all cases during the early phase of the infection and
became undetectable 33 to100 days after disease onset in 50% of cases.
Our findings agree with previous reports, showing significant sensitivity
of serological assays after 10-12 days from clinical onset [4] and carlier
IgM antibody response that declines within few weeks after disease
resolution. The serologic test-ing, combining both the anti-nucleocapsid
protein and anti-Spikel antibodies appears to be the more consistent
approach, although the evidence that 2 cases (2 and 7) became IgG anti-
nucleocapsid-pro-tein negative 3 months after disease onset raises the
question about the persistence of these antibodies and prompts future
studies to monitor overtime the kinetics of the antibody response to
clinical severity of COVID-19. Moreover, it would be important to
improve the sensitivity of NAAT assays, maybe testing also saliva and

stool



specimens, in particular in cases with gastrointestinal symptoms [1,
23-24].

In conclusion, an early identification of primary cases is mandatory to
propetly contain the spread of the infection and the mostimport-ant
action is the stringent scrutiny of clusters of mild gastrointes-tinal
symptoms combined with pathognomonic signs of dysgeusia and/or
loss of smell in the household contacts. The identification of these
symptoms cluster should prompt the immediate isolation of the
suspected cases and their NAAT testing to be repeated and com-
plemented by serological antibody assays for both anti-nucleoprotein

and anti-Spikel antigens every week for at least 2 weeks, if negative.
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