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Abstract Brazil has a huge number of cas-
es and deaths due to coronavirus disease 2019
(COVID-19); however, few studies have dealt
with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection among familial
contacts in Brazil. Here, we report our findings
on transmission in a family-based study in Bau-
ru, Sdo Paulo, Brazil. The study, conducted from
July to November 2020, comprised 974 individu-
als with 233 index patients and 741 familial con-
tacts. Familial contacts were evaluated using the
rapid COVID-19 Ag ECO and reverse transcrip-
tion-polymerase chain reaction (RT-PCR) tests
immediately after the index patient diagnosis.
The antigen-based rapid test was validated in 121
individuals using RT-PCR as the gold standard.
Additionally, 30 days later, familial contacts were
evaluated for IgM and IgG antibodies against
SARS-CoV-2. We found 333 cases of COVID-19
among familial contacts (44.9%). A positive cor-
relation was observed between the time elapsed
from the onset of symptoms until the index pa-
tient’s COVID-19 testing and the number of fami-
ly contacts infected by SARS-CoV-2. Early SARS-
CoV-2 testing and familial contact evaluation are
relevant strategies to contain transmission.
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Resumo O Brasil apresenta um alto niimero de
casos e obitos por coronavirus (COVID-19), ape-
sar disso, poucos estudos tratavam da infecgio pelo
coronavirus-2 causador de sindrome respiratoria
aguda grave (SARS-CoV-2) entre contatos familia-
res no Brasil. Relatamos aqui nossos achados sobre
a transmissdo de SARS-CoV-2 em um estudo de
base familiar de Bauru, no estado de Sdo Paulo,
Brasil. O estudo foi realizado de julho a novem-
bro de 2020 e compreendeu 974 individuos, sendo
233 pacientes indice e 741 contatos familiares. Os
contatos familiares foram avaliados por meio do
teste rdpido COVID-19 Ag ECO Test e RT-PCR
imediatamente apds o diagndstico do paciente in-
dice. O uso do teste rdpido baseado em antigeno
foivalidado em 121 individuos utilizando RT-PCR
como padrdo ouro. Adicionalmente, 30 dias apés
a avaliagdo inicial, os contatos familiares foram
avaliados quanto a presenga de anticorpos IgM e
IgG contra SARS-CoV-2. Encontramos 333 casos
de COVID-19 entre contatos familiares (44,9%).
Observamos uma correlagdo positiva entre o tem-
po decorrido entre o inicio dos sintomas e o teste
para COVID-19 do paciente indice e o niimero de
contatos familiares infectados por SARS-CoV-2. A
testagem precoce da infecgdo por SARS-CoV-2 e a
avaliagdo de contatos familiares sdo estratégias re-
levantes para conter a transmissdo.
Palavras-chave COVID-19, SARS-CoV-2, Pan-
demia
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Introduction

Coronavirus disease 2019 (COVID-19) has
brought tremendous challenges to health ser-
vices. Even with vaccines and promising thera-
peutics, non-pharmaceutical strategies are essen-
tial to control the spread of the virus. The early
identification of infected individuals and tracing
their contacts are vital steps in controlling the
spread of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Studies on trans-
mission risk according to the proximity of fa-
milial contacts in China, the United States, and
Norway have shown rates of 15.6%, 31%, and
48%, respectively, suggesting that these groups
are the most epidemiologically linked clusters'>.
Familial contacts are especially vulnerable, con-
sidering the limited adoption of protective mea-
sures against COVID-19 among these contacts.
Despite almost 35 million cases and 690 thou-
sand deaths from COVID-19 in Brazil*, there are
few reports on intrafamilial transmission in our
country>?.

In this study, we estimated the transmission
of COVID-19 among close relatives in a fami-
ly-based study conducted in a medium-sized city
in Sdo Paulo State, Brazil.

Methods

This study included 974 individuals from Bau-
ru, a municipality with approximately 380,000
inhabitants', located in the center of Sdo Paulo
State, Brazil. The study was approved by the re-
search ethics committee of the Instituto Lauro de
Souza Lima (ILSL) (record number 4.474.232)
conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained
from all participants, parents, or guardians, and
written assent was obtained from participants
younger than 18 years of age.

The patients enrolled in this study were di-
agnosed with COVID-19 between July and
November 2020. Initial medical care and sam-
ple collection were conducted in basic health
units according to the protocol in force at the
time of the study''. The molecular diagnosis of
COVID-19 by reverse transcription-polymerase
chain reaction (RT-PCR) was performed at the
ILSL, which is part of a governmental laboratory
platform for COVID-19 diagnosis. Immediately
after the confirmation of the COVID-19 index
case, familial contacts were invited to participate
in the study by telephone, regardless of the pres-

ence of symptoms. The availability for the call
was the only selection criterion. SARS-CoV-2
tests for the volunteers were performed the day
after the call.

A total of 233 patients with COVID-19 were
diagnosed using RT-PCR (index patients), and
741 familial contacts were evaluated. Sixteen
cases were considered as co-prevalent since they
presented the first COVID-19 symptoms one
day after the index case and were excluded from
the analyses. We assumed that all members of
the same family unit and close relatives did not
necessarily live in the same house had household
contact at the time of sickness. According to the
public health policies at that time, patients pre-
senting with flu-like symptoms were instructed
to wait 4 days from the onset of symptoms before
testing for COVID-19. During the study period,
the prevalent variants in the southeast region of
Brazil were B.1.1.28 and B.1.1.23, and no vaccine
was available'.

A qualitative multiplex assay based on the
detection of N, E, and RdRp of SARS-CoV-2
genes was employed for the molecular diagno-
sis of index patients and symptomatic familial
contacts (GeneFinder™ COVID-19 Plus Re-
alAmp OSANG Healthcare Co. Ltd.). The rapid
COVID-19 Ag ECO test (Eco Diagnostica Ltda.)
was used to test for the presence of the SARS-
CoV-2 antigen among familial contacts without
symptoms. To validate the use of the ECO test
for familial contact diagnosis, we simultaneously
performed RT-PCR and rapid tests on 121 indi-
viduals.

Thirty days after diagnosis, index patients
and familial contacts were invited to take a blood
sample to test for IgM and IgG anti-SARS-CoV-2
antibodies using the Hilab rapid test (Hi Tech-
nologies Ltd.).

The association of (i) the cycle threshold (Ct)
values of RT-PCR, (ii) the age of index patients,
and (iii) the interval of time between symptoms
and diagnosis of the index patients with the pro-
portion of infected contacts were evaluated using
multivariable Poisson regression models in STA-
TA 16 (StataCorp, College Station, TX, USA).

Results

Mean ages were 37.7 (SD 13.5) and 32 years old
(SD 20.2), while male/female ratios were 1.95 and
1.17 for index patients and familial contacts, re-
spectively. The mean time for medical evaluation
and RT-PCR collection for the index patients was



4.6 days after the onset of symptoms. The aver-
age time between the first symptoms of the in-
dex cases and the evaluation of familial contacts
was 8.6 days. For all COVID-19 cases, the N gene
was detected, while positive results for the E and
RdRp genes were reported in 94.0% and 88.0%
of the cases, respectively. This is in line with the
current literature, showing higher sensitivity for
N gene-based assays to detect SARS-CoV-2".

Of the familial contacts, 333 (44.9%) out of
741were infected with SARS-CoV-2, considering
the results of virus detection (rapid test or RT-
PCR) and/or serology. We tested 558 contacts for
the presence of the SARS-CoV-2 antigen by rapid
testing and obtained 124 positive results (22.2%)
(Table 1). For 183 contacts, we used RT-PCR to
test for SARS-CoV-2 and found 103 positive re-
sults (56.3%). Of the 183 contacts, 140 (76.50%)
had common COVID-19 symptoms (fever, head-
ache, lack of taste and smell, sore throat, and oth-
ers), while in the group tested for SARS-Cov-2
antigen using the rapid test, 386 (69.2%) out of
558, had no symptoms. The IgM and IgG anti-
bodies were evaluated in 556 individuals; 287
(51.6%) presented antibodies against SARS-
CoV-2 one month after the initial diagnosis.

The number of days between the first
COVID-19 symptom and the day of the RT-
PCR test (i.e., the delay in laboratory confirma-
tion) was associated with greater familial contact
transmission (IRR=1.06; 95%CI: 1.06-1.16). This
indicates that every day of delay in diagnosis was
associated with infection in 6% of household
contacts. We repeated the Poisson regression

model, excluding Ct values and/or age, and ob-
tained similar results. Single Ct values did not
influence the results (Table 2).

For the COVID-19 Ag ECO test, the overall
sensitivity, specificity, positive predictive val-
ue, and negative predictive values were 70.2%,
95.3%, 93.0%, and 78.2%, respectively. The diag-
nostic accuracy was 83.3%. Positive and negative
predictive values are dependent on prevalence
and are reported only for this study population.
The detailed results are presented in Table 3.

Discussion

Contact tracing is a vital strategy to reduce the
incidence of new infectious disease cases. This
practice has been adopted for several decades by
healthcare entities globally to control the spread
of illness. In COVID-19, its purpose is to enable
early detection of infected people among individ-
uals exposed to SARS-CoV-2, helping to control
transmission'.

Studies of transmission risk according to the
proximity of familial contacts have been per-
formed in China, the United States, Norway, and
Brazil. These studies suggest that these groups are
the most epidemiologically linked clusters'>".

We conducted a study in a medium-sized city
in the center of Sao Paulo State with approxi-
mately 380.000 inhabitants. Individuals from dif-
ferent neighborhoods and ages were included in
this study. Among familial contacts, almost half
(44.9%) were infected with SARS-CoV-2. Lugon

Table 1. COVID-19 Ag ECO Test, RT-PCR and serology results from symptomatic and asymptomatic familiar

contacts of COVID-19 index patients.

Symptoms* Total
Symptomatic ~ Asymptomatic Not reported n (%)
n (%) n (%) n (%)

COVID-19 Ag ECO Test Positive 66 (39.8%) 57 (14.8%) 1(16.7%) 124 (22.2%)
Negative 100 (60.2%) 329 (85.2%) 5 (83.3%) 434 (77.8%)
Total 166 (29.7%) 386 (69.2%) 6(1.1%) 558 (100.0%)
RT-PCR SARS-CoV-2 Positive 78 (55.7%) 13 (46.4%) 12 (80.0%) 103 (74.2%)
Negative 62 (44.3%) 15 (53.6%) 3 (20.0%) 80 (25.8%)
Total 140 (76.5%) 28 (15.3%) 15(8.2%) 183 (100.0%)
Serology Positive 116 (67.4%) 113 (36.9%) 58 (74.4%) 287 (51.6%)
Negative 56 (32.6%) 193 (63.1%) 20 (25.6%) 269 (48.4%)
Total 172 (20.8%) 306 (62.8%) 78 (16.4%) 556 (100.0%)

*Presence or absence of symptoms during the first evaluation right after molecular diagnosis of the index patient.

Source: Authors.
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Table 2. Multivariable Poisson regression analysis
of index case factors associated with greater
transmission to households.

Predictor IRR (95%CI) P
Age 0.99 (0.98-1.00)  0.09
Days from symptoms to 1.06 (1.01-1.16)  0.02
RT-PCR test
CtE 1.02(0.89-1.17)  0.75
CtN 1.02 (0.95-1.09) 0.63
CtR 0.97 (0.86-1.09)  0.58

IRR: Incidence Rate Ratio; CI: Confidence interval; CtE, Cycle
Threshold for gene E; CtN, Cycle Threshold for gene N; CtR,
Cycle Threshold for gene RdRp.

Source: Authors.

Table 3. Validation of COVID-19 Ag ECO Test versus
RT-PCR for COVID-19 diagnosis in 121 individuals.

COVID-19 Ag ECO Test with RT-PCR

Ag ECO Test — RT-PCR - Total
Positive Negative
Positive 40 3 43
Negative 17 61 78
Total 57 64 121

Sensibility: 70.2%; specificity: 95.3%; positive predictive value:
93.0%; negative predictive value: 78.2%.

Source: Authors.

et al.” showed that 77% of intrafamilial transmis-
sion was associated with high viral loads (=1x 10°
copies of viral RNA per mL of saliva) in a slum in
Rio de Janeiro. Similarly, Carvalho et al.”® found
that 55.4% (adults) and 37.5% (children) of
households of health care workers, a group more
exposed to SARS-CoV-2 in Sdo Paulo State, also
presented COVID-19.

The first COVID-19 case was confirmed in
Bauru on March 30, 2020'S. By June 2020, the
EPICOVID19-BR study, a Brazilian National Se-
roprevalence Survey, reported that only 0.4% (1
in 250 individuals) of the general population from
Bauru had antibodies against SARS-CoV-2". By
November 30, 17,930 new COVID-19 cases were
confirmed by municipal authorities, represent-
ing around 4.7% of the whole city population'®.
Considering that the time of our study (July to
November 2020) overlapped with severe govern-
ment restrictions imposed on the movement of
the population, it is reasonable to assume a high-

er intradomicile transmission than community
transmission. This indicates that the findings of
the familial transmission of COVID-19 reported
here are significant and reliable.

In March 2020, the Sao Paulo State Govern-
ment adopted non-pharmaceutical interven-
tions, such as social distancing measures, the use
of alcohol gel, and restrictive measures such as
shops, restaurants, schools, and public services
closures, to contain the SARS-CoV-2 virus in-
fections; however, essential workers had to con-
tinue outside activities like working or taking
public transportation, leading to exposure to
COVID-19 risk. People with acute respiratory
illness symptoms were instructed to stay home
and wait for at least 3 days after the first symptom
before testing for COVID-19. It is important to
mention that 95.7% of the cases were of working
age (between 15 and 65 years), while only 67.4%
of the contacts were in this range. These findings
support a positive correlation between the num-
ber of days to test for COVID-19 after the onset
of symptoms and the number of family contacts
infected with SARS-CoV-2. Thus, intrahouse-
hold transmission seems to have been critical at
that time.

We can assume that the long time to seek
health care delayed the adoption of preventive
measures among the families, increasing the
transmission of the infection since part of the
population had difficulty believing that are in-
fected by SARS-CoV-2 before laboratory confir-
mation. This fact could have directly impacted
elderly people who were instructed to stay home
to avoid infection but were vulnerable among
close relatives. A study of COVID-19 transmis-
sion conducted in India demonstrated that the
relative risk of infection by SARS-CoV-2 was
30.9 among household contacts compared with
occupational contacts in an open environment'.

Kuba et al.*® showed that the isolation of in-
dex patients within 3 days after the first symptom
reduces the secondary infection rate, confirm-
ing the value of early diagnosis and distancing
to prevent COVID-19 spread, even among fa-
milial contacts®. In addition, considering the
occurrence of pre-symptomatic transmission of
SARS-CoV-2, the early diagnosis of COVID-19
is vital to promote the immediate quarantine of
household contacts from index patients, con-
tributing to the control of the spread of the virus
more than monitoring the occurrence of symp-
toms?'. These strategies are critical when more
restrictive measures such as lockdown become
unviable for socioeconomic reasons, showing



that the combination of several approaches is
necessary®”. In this context, point-of-care rap-
id tests for COVID-19 diagnosis are a valuable
tool for controlling the spread of the virus. The
test manufacturer’s data sheet that we evaluated
reported a sensitivity of 96.52% and a specificity
of >99%. Matsuda et al.” reported these indexes
at 87% and 96%, respectively, when evaluating a
population with 97% symptomatic individuals®.
In our study, among the 121 individuals evaluat-
ed, only 81% had symptoms, which may explain
the decrease in sensitivity to 70.2% despite 95.3%
of specificity. However, we observed a diagnostic
accuracy of 83.3%, supporting its use as a good
screening test.

This study has some limitations. Household
contacts were assumed to all be members of the
same family unit, including close relatives who
did not necessarily live in the same house. Thus,
despite mobility restrictions, we cannot guaran-
tee that infections were not acquired outside the
household. In addition, our study was conducted
with patients treated in the public health system,
most of whom had poor economic conditions.
Due to a lack of resources for transportation, the
trip to ILSL (15 km from the downtown area) for
evaluation became a logistic challenge, and many
household contacts withdrew from participating
in the study. Finally, these findings are related to
the predominant variants at the time of the study
(B.1.1.28 and B.1.1.23) and may not reflect the
behavior of new variants that emerged after this
study.

Conclusion

Here, we describe data that show the impact
of early diagnosis as well as the inclusion of
household contact investigation as strategies for
COVID-19 prevention. Our data reinforce the
importance of prioritizing the early diagnosis
of people infected by SARS-CoV-2 and promote
specific strategies to reduce household transmis-
sions among close relatives. This is especially
relevant in the current scenario, where commu-

nity protection measures have been abandoned
in most countries, and new and more aggressive
variants of SARS-CoV-2 can still emerge, over-
riding the protection provided by the current
vaccines and natural infection.
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