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Abstract

Background: The number and characteristics of asymptomatic SARS-CoV-2 infections remains questionable, and their
differences are even less understood in the family setting.

Objective: To compare in families the characteristics of asymptomatic and symptomatic COVID-19 patients.

Methodology: An observational and retrospective study of families in which there was at least two polymerase chain
reaction. (PCR) confirmed COVID-19 cases -one primary case or index and one secondary case-, was conducted March 15 to
December31, 2020 in a general medicine office, in Toledo (Spain). Socio-demographic and clinical variables were compared
between symptomatic vs . asymptomatic secondary cases in the family.

Results: 39 families with 132 cohabitants with a primary case of COVID-19 were included. There were 70 secondary cases
with positive PCR, 45 symptomatic (64%) and 25 (36%) asymptomatic. The only statistically significant variables in the
comparison between symptomatic and asymptomatic secondary cases in the families were that asymptomatic patients were
younger, students, presented fewer chronic diseases, and the family was larger.

Conclusion: In the context of general medicine in Toledo (Spain), the prevalence of asymptomatic secondary cases is high
(36%). Being an asymptomatic versus symptomatic secondary COVID-19 case in the family was associated with being younger,
healthier, student, and living in a family with a greater number of members. Young students in large families are a risk group
for asymptomatic secondary cases, which may favor the transmission of SARS-CoV-2 in family and extra-family contexts.
The focus of testing programs for SARS-CoV-2 should be expanded to include young, healthy, and COVID-19 symptom-free
individuals, especially all contacts from large families and in school settings.
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Introduction

Since December 2019 to date, more than 98 million
reported cases and more than 2 million deaths have been
reported from coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) [1,2]. Person-to-person transmission has
been established [3-7], and asymptomatic transmission of
SARS-CoV-2 has been reported [8,9]. Control of spread in
particular has been limited by the variable incubation period,
presymptomatic transmission (approximately 25-40% of
transmission occurs before the onset of symptoms) [10-
12], and a heterogeneous transmission dynamics, in which
clusters and superpropagation events play an important role
in the spread of the pandemic, although many infections do
not lead to subsequent cases [12-14].

But, the number of asymptomatic SARS-CoV-2 infections
remains questionable, and uncertainty remains about how
much they have contributed to the pandemic. The range of
estimates of asymptomatic SARS-CoV-2 infection reported in
studies using a wide variety of designs ranges from 4% to
more than 80% [13,15-18]. Despite criticism of their different
methodologies, these data as a whole are not far from
what seroprevalence studies say: a third of patients do not
develop symptoms [19]. However, the importance of these
asymptomatic infections in the transmission of SARS-Co-2
has been questioned, highlighting the differences between
presymptomatic and asymptomatic patients [20,21]. In
this setting, it seems accepted that these asymptomatic (or
initially presymptomatic) infections act as a “silent driver” of
the pandemic [22]. Also, the asymptomatic infectious case is
a “silent client”, one of the most complex and damaging types
of “client”: itis someone who does not provide information; of
which we have no information [23,24]. Viral loads have been
reported to be similar between asymptomatic (including
presymptomatic) and symptomatic patients. Furthermore,
viral loads tend to decrease more slowly in asymptomatic
patients [25]. Thus, presymptomatic and asymptomatic
transmission significantly reduces the effectiveness of
control measures that begin with the onset of symptoms,
such as isolation and follow-up of contacts [26].

Differences in the magnitude and amplitude of individual
adaptive immune responses to SARS-CoV-2, and correlations
with patient morbidity, highlight the need to identify factors
that predict disease severity. It is unclear why some infected
people are asymptomatic while others experience severe
COVID-19 symptoms. Our current knowledge of the immune
correlates of disease severity is limited by sample size and
the diverse study populations of patients. Factors such as
gender and age must also be considered. In older people
(> 65 years), who are at greatest risk for severe disease,
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dysregulated adaptive responses are seen more frequently
during acute SARS-CoV-2 infection than in younger people.
Thus, the possibility of identifying predictive factors would
improve with the inclusion of asymptomatic individuals
infected with SARS-CoV-2 [27].

On the other hand, most people with COVID-19 receive
care at home, which increases the likelihood of exposure
for household members. However, less attention has been
paid to family members and others who care for people
with COVID-19 in the community [28]. The long incubation
and high presymptomatic infectivity of COVID-19 make
transmission between family members a particular risk.
In this sense, modeling of viral shedding suggests that the
highest viral load is found at or just before the onset of
symptoms, and that 44% of transmission occurs before
symptoms [26,28].

In this context, where the number and characteristics of
asymptomatic SARS-CoV-2 infections remain questionable,
the relationship between household and non-household
contacts remains unclear, and most people with COVID-19
receive care at home (which increases the probability of
exposure of family members), a study is presented, which
was part of other more general ones [29], and whose
objective is to compare in the families the characteristics of
secondary cases (after diagnosis of a primary or index case)
that were asymptomatic vs. symptomatic COVID-19, based
on a retrospective analysis, in a General Medicine office, in
Toledo (Spain) from March to November 2020, to assess
possible epidemiological differences and their implications.

Material and Methods

An observational and retrospective study of families in
which there was atleast two polymerase chain reaction (PCR)
confirmed COVID-19 cases -one primary case or index and
one secondary case-, was conducted March 15 to December
31, 2020 in a general medicine office, in Toledo (Spain). The
outcome of interest was to analyze the possible differences
in the characteristics of secondary cases (after the diagnosis
of a primary or index case) that were asymptomatic vs.
symptomatic COVID-19 in families. In part the general
methodology has already been published [29].

Diagnosis of COVID-19

The diagnosis was confirmed with PCR oropharyngeal.
PCR was performed on all household contacts of the primary
case. The cases included confirmed symptomatic cases and
asymptomatic carriers. Information on COVID-19 patients
and their contacts was obtained from the registry systems
used by general medical services in the office.
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Household Contacts

Household contacts were defined as people who shared
a residence with the COVID-19 index case. We defined
family members as those who had lived with primary cases
in a house 4 days before and for more than 24 hours after
the primary cases developed illness related to COVID-19.
Families with secondary transmission were defined as those
where some or all of the family members become infected
within one incubation period (2 weeks) of symptom onset
of the primary case. The onset date of a confirmed case was
defined as the date of the first appearance of self-reported
clinical symptoms [28]. The onset date for an asymptomatic
carrier was defined as the date a positive COVID-19 PCR test
was obtained [30]. Contacts were quarantined shortly after
the index case was diagnosed, thereby reducing the risk of
transmission (a provision not available in all circumstances).

Collected Variables

Data on the index case and close contacts were extracted
from the medical records of the general medicine practice
under study. The following variables were collected: age; sex;
chronic diseases (defined as “any alteration or deviation from
normal that has one or more of the following characteristics:
is permanent, leaves residual impairment, is caused by a non-
reversible pathological alteration, requires special training
of the patient for rehabilitation, and/or can be expected to
require a long period of control, observation or treatment”
[31], classified according to the International Statistical
Classification of Diseases and Health-Related Problems, CD-
10 Version: 2019 [32]; social-occupancy class (according
to the Registrar General’s classification of occupations and
social status code) [33,34], which were grouped for greater
simplicity of the results in workers with or without some
type of specialization; problems in the family context and
low income household based on the genogram and in the
experience of the general practitioner for their continuity of
care and knowledge of the family (genogram is a schematic
model of the structure and processes of a family, which
included the family structure, life cycle and family relational
patterns. It was understood that “complex” genograms
present families with psychosocial problems) [35-38];
and severity of the disease (mild cases: clinical symptoms
are mild and no manifestation of pneumonia can be found
on images; moderate cases: with symptoms such as fever
and respiratory tract symptoms, and the manifestation of
pneumonia can be seen on the imaging tests; and severe
cases: respiratory distress, respiratory rate = 30 breaths/min;
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pulse oxygen saturation < 93% with room air at rest; arterial
partial pressure of oxygen / oxygen concentration<300
mmHg) [30]; to simplify comparison, moderate and severe
cases were counted together.

Sample

A convenience sampling was used. The families
participating in the study were chosen because they had
their members in the same consultation and all medical
information was available. The families were included in the
study in a longitudinal and prospective way as primary and
secondary cases were diagnosed in them; but the evaluation
was carried out retrospectively in this cohort of families, at
the end of data collection.

Sample Size

Sample size was calculated for an unpaired study for
a Two-sided Confidence Level (1-alpha) of 95, a Power (%
probability of detection) of 80, a Ratio of asymptomatic
cases / symptomatic cases of 1: 2, a hypothetical proportion
of asymptomatic secondary cases with the presence of
chronic diseases of 15%, and a hypothetical proportion of
symptomatic secondary cases with the presence of chronic
diseases of 50%. Thus total Sample Size (Fleiss) should be
63; 21 asymptomatic secondary cases and 46 symptomatic
secondary cases in families [39].

Statistical Analysis

The bivariate comparisons were performed using the
Chi Square test (X2), X2 with Yates correction or Fisher Exact
Test when necessary, (according to the number the expected
cell totals) for percentages, and the Student t test for the
mean.

Results

39 families with 132 cohabitants with a primary case of
COVID-19 were included, and whose members were treated
in the same consultation and all medical information was
available. There were 70 secondary cases with positive
PCR, 45 symptomatic (64%) and 25 asymptomatic (36%)
(Figure 1). The only statistically significant variables in
the comparison between symptomatic and asymptomatic
secondary cases in families were that asymptomatic patients
were younger, students, with fewer chronic diseases, and the
family was larger (Tables 1 & 2).
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. Symptomatic Secondary | Asymptomatic Secondary . .
Variables Cases (N=45) Cases (N=25) Statistical Significance
-Woman 34 (75) 17 (68) X2=10.4639. p=.495789. NS
-Age (years) (arithmetic mean ) i t=3.28268. p=.000813.
and standard deviation) 38.08 +-20.38 21.92+-18.51 Significant at p <.05.
-> =65 years 5(11) 1(4) Fisher exact test= 0.4102. NS
“Social-occupancy class con 18 (40) 11 (44) X2= 0.106. p=.744778. NS
algun tipo de especializacion
X2=7.5366.p=.006046.
“Students 12 (27) 15 (60) Significant at p <.05.
-Ethnic minority 15 (33) 8(32) X2=0.013. p=.909394. NS
-Low income household 17 (38) 6 (24) X2=1.3829. p=.239612. NS
-Complex family 9 (20) 3(12) X2=10.0819.p=.774777. NS
“Familiar size 3.28+-0.81 4.16+-1.02 t=-3.8971 p=.000113.
Significant at p <.05.
Number of family members => 4 17 (38) 19 (76) X2=9.3994. p=.002171.

Significant at p <.05.

(): Denotes percentages of total in in secondary cases

NS: Not significant at p<.05.

Table 1: Comparison between Symptomatic Secondary Cases And Asymptomatic Secondary Cases In The Family (39 Families;

N = 70).

Chronic Diseases According
To Who, Icd-10 Groups

Symptomatic Secondary
Cases (N=45)

Asymptomatic
Secondary Cases (N=25)

Statistical Significance

Cases with presence of chronic

X2=12.7037. p=.000365.

diseases 25 (56) 3(12) Significant at p <.05.

-II Neoplasms* 0 1 (4) Fisher exact test = 0.0606. NS
-1V Endocrine* 20 (32) 1(4) Fisher exact test= value is 1. NS
-V Mental* 8(13) 2(8) Fisher exact test= 0.1058.
-VI-VIII Nervous and Senses* 6 (10) 0 Fisher exact test= value is 1. NS
-IX Circulatory system* 5(8) 0 Fisher exact test= value is 1. NS
-X Respiratory system* 3(5) 0 Fisher exact test= value is 1. NS
-XI Digestive system* 5(8) 0 Fisher exact test= value is 1. NS
-XII Diseases of the skin* 3(5) 0 Fisher exact test= value is 1. NS
-XIII Musculo-skeletal* 7 (11) 1(4) Fisher exact test= 0.4113. NS
-XIV Genitourinary* 5(8) 0 Fisher exact test= value is 1. NS
TOTAL* 62 (100) 4 (100)

(): Denotes percentages

*Patients could have more than one chronic disease. The percentages are over the total of chronic disease of primary and

secondary cases
NS: Not significant at p<.05.

Table 2: Comparison Chronic Diseases between Symptomatic Secondary Cases and Asymptomatic Secondary Cases in the Family

(39 Families; N = 70).
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Figure 1: Study Flowchart. Comparison between Symptomatic and Asymptomatic Secondary Cases in the Family.

Discussion

Data published in China suggest that most of the
person-to-person transmission of SARS-CoV-2 has occurred
in families [3]. On the other hand, one of the most striking
aspects of COVID-19 is the marked differences in experiences
of the disease. Some people never develop symptoms, while
others, some apparently healthy, have severe or even fatal
pneumonia [40]. Many studies have focused on characterizing
the heterogeneity of COVID-19 in demographic terms, with
clear evidence of higher mortality in men and older people.
Although doubts remain about additional determinants of
the disease, such as pre-existing comorbidities, viral variants,
genetic risk factors of the disease host, as well as adaptation
or tolerance to infection [41,42].

Importance and Epidemiology of Asymptomatic
Infections. Prevalence of Asymptomatic SARS
Co-V-2 Infections

While it has been reported in a study in Wuhan, when
the outbreak was being controlled, that asymptomatic cases
of COVID-19 may not be infectious, as researchers found no
“viable viruses” in cultures of asymptomatic samples, these
findings are not applicable as a general rule, nor do they
rule out that the virus can be transmitted by asymptomatic
carriers. What's more, there is plenty of evidence elsewhere
showing that people infected with COVID-19 can be
temporarily asymptomatic and infectious, before developing
symptoms. Moreover, using antibody tests, it has been
shown that almost two-thirds of asymptomatic cases have
previously had COVID-19 [43].
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Current evidence suggests that about one in five
infected people will experience no symptoms and will
transmit the virus to significantly fewer people than
someone with symptoms. But researchers are divided on
whether asymptomatic infections act as a “silent driver”
of the pandemic [22]. It is recognized that the risk of an
asymptomatic person transmitting the virus to others in
their household is about a quarter of the risk of transmitting
from symptomatic person [44,45]. But, although there is a
lower risk of transmission from asymptomatic people, they
could still present a significant risk to public health because
they are more likely to be in the community than isolated.
The actual public health burden of this massive group of
‘asymptomatic’ interacting in the community probably
suggests that a considerable part of transmission events
stem from asymptomatic transmissions [22].

In this regard, a modeling study in the United States
estimated that more than half of the transmissions come from
presymptomatic and asymptomatic individuals, indicating
that symptom-based detection will have little effect on
spread. Carriers of SARS CoV-2 occur most frequently in
middle-aged people who had close contact with infected
relatives [46]. About half of adults with COVID-19 report that
they had no known close contact with an infected individual in
the 2 weeks prior to their illness; among those who reported
close contact with an infected person, that person was most
often (45% of cases) a family member [47]. Children seem
to have less risk of becoming infected; however, their stool
samples and nasopharyngeal swabs may remain positive
for SARS-CoV-2 for more than two weeks after resolution of
symptoms, although its role in transmission has not yet been
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established [48].

Symptomatic and asymptomatic cases must be studied
separately to understand the dynamics of infection [30].
While many factors beyond viral load can contribute to
infectivity, viral loads have been reported to be similar
between asymptomatic and symptomatic (including
presymptomatic) patients. Furthermore, viral loads tend to
decrease more slowly in asymptomatic patients [25,49,50].

The prevalence of asymptomatic cases in the general
population has been reported to be around 20%, with a
wide range that ranged from 3 to 67%; if the population
bias is analyzed, the percentage of asymptomatic patients
rose to 31% [51]. Our study in families found a prevalence
of asymptomatic secondary cases of 36%. In relation to the
previously published prevalence of asymptomatic cases
in the same general population, which was 23% [18], the
frequency of secondary cases in families is clearly higher.

AsymptomaticSecondary Cases Vs. Symptomatic
In Families: Younger, Healthier and Students

It is known that transmission is more likely to occur
indoors than outdoors. The cumulative risk to household
contacts of an infected person is likely to be substantial
during the peak of viral shedding. Household members who
are older, have underlying medical conditions, or share a bed
or vehicle with the index case are the most susceptible. The
dominant scientific view of asymptomatic patients is that
their immune systems are especially well tuned. This could
explain why children and young adults make up the majority
of people without symptoms because the immune system
naturally deteriorates with age. It is also possible that the
immune system of the asymptomatic has been primed by a
previous infection with a milder coronavirus, such as those
that cause the common cold [52].

In our study it is also found in the field of family contacts,
as occurs in the general population, that asymptomatic
secondary cases compared to symptomatic cases were
younger, students, they presented fewer chronic diseases,
and the family was larger. These data follow what has been
shown in other studies: asymptomatic infections are more
common in populations of young individuals and in middle
age (average age according to different studies, between
26 and 49 years). Age can play an important role in the
severity of COVID-19, and this is related to different immune
responses [15,30,53,54]. Regarding children and adolescents
(which includes variable ages: 0-22 years in some study;
3-18 years in others, etc.), it has been reported that they can
develop COVID-19 and can be a potential source of contagion
of the SARS-CoV-2, although most remain asymptomatic or
experience mild illness [55,56]. And it has been suggested
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that the prevalence of asymptomatic infections in children
correlates with the overall incidence of COVID-19 in the local
population [57].

Family Size and Frequency of Asymptomatic
Secondary Cases: More Asymptomatic
Secondary Cases in Larger Families

SARS CoV-2 doesn’t need a huge crowd to wreak havoc. A
small gathering in a small space can be just as risky. Since the
virus is known to be transmitted from person to person [3-7]
and travels through the air in tiny droplets when an infected
person speaks, coughs, laughs, sings, or even breathes,
physical distance is an important factor in helping to prevent
the spread of the virus [58].

Outbreaks in cities, which likely involve transmission
within large multigenerational households, show the
importance of implementing appropriate public health
measures to prevent sudden increases in infections [47].
Large families have been described as posing a risk for
transmitting SARS-CoV-2 [59]. Likewise, it has been reported
that the secondary attack rate of COVID-19 in domestic
contacts is closely associated with family size [60,61], and
this pattern also seems to occur in asymptomatic cases in the
family [62]. We also found that the families of asymptomatic
secondary cases were larger in size.

Comorbidities

The proportion of asymptomatic or presymptomatic
infections in the population with medical comorbidities
and an increased risk of severe disease is unclear. A study
showed that 40% of skilled nursing facility SARS-CoV-2
infections were asymptomatic; a relatively high proportion
of asymptomatic infections in a population expected to have
multiple risk factors for severe COVID-19 [63]. Our study
found that there were fewer asymptomatic secondary cases in
the family with the presence of chronic diseases, but without
differences by disease groups. Another previous study in
the same setting and referred to the general population did
not find statistically significant differences in comorbidities
between asymptomatic and symptomatic patients, neither
by their total number, nor by groups of diseases [18].

Implications of Asymptomatic Infections

Transmission of SARS-CoV-2 from asymptomatic or
presymptomatic people complicates public health measures
aimed at controlling the pandemic. In view of the substantial
prevalence of asymptomatic infections, routine testing of
close contacts regardless of symptoms will reduce missed
diagnoses. Until an effective vaccine is widely available,
strategies to prevent home transmission and to support
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people in quarantine will be vital and should be a critical part
of any strategy [64,65].

The indications of numerous international organizations
have led to antigen tests being used in symptomatic cases,
where they were best studied by manufacturers. But some
studies suggest that they could also be used for close
contacts without symptoms [64,65]. Therefore, the focus
of testing programs for SARS-CoV-2 should be expanded to
include people who do not have symptoms of COVID-19. In
this way, opportunistic detection with rapid response tests
for COVID-19 available to everyone, specifically for those
who do not have symptoms in the family and at home,
would be advisable; but also in the doctor’s office, and
even in concerts, in the cinema, in large commercial areas,
etc., administered by anyone (and maintaining the rest of
the public health measures: masks, social distancing, hand
washing, mobility limitation). In summary, families with
asymptomatic COVID-19 should be proactively searched for,
especially with a greater number of young, healthy members,
and students, because they can transmit SARS-CoV-2 and it
will be necessary to contain them if the objective of the policy
is to minimize cases and transmission [24,66-68].

Limitations and Strengths of the Study

e The study has the strength of its longitudinality,
characteristic of work in general medicine.

e It has the limitations of being a retrospective design,
being an opportunistic sample and of small size, although
considering the statistical requirements for the results of
the main variables. Furthermore, there are no apparent
reasons that the families and individuals included could
differ from, or be over, or underrepresented from those
who would have been included in a probability sample.

Conclusion

The true burden of asymptomatic disease is not yet
known, but it is emerging as both PCR and antibody tests to
establish seroprevalence have become more available. In the
context of general medicine in Toledo (Spain), during March
15 to December 31, 2020, the prevalence of asymptomatic
secondary cases in families is high (36%). Being an
asymptomatic versus symptomatic secondary COVID-19 case
in the family was associated with being younger, healthier,
being a student, and living in a family with a greater number
of members. Young students in large families are a risk group
for secondary cases, which may favor the transmission of
SARS-CoV-2 in family and extra-family contexts. The focus
of testing programs for SARS-CoV-2 should be expanded
to include young, healthy, and COVID-19 symptom-free
individuals, especially all contacts from large families and in
school settings.
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