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Advanced age is an important risk factor of SARS-CoV-2 
infection among persons who live with COVID-19 patients
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Abstract
Background. SARS-CoV-2 is the cause of an acute respiratory disease, named ‘coronavirus disease 2019’ 

(COVID-19). Airborne transmission in the indoor environment is an important factor, especially if vulnerable 
persons stay in the same enclosed spaces and are exposed to prolonged exposure to respiratory particles. Methods. 
We analysed the records of 490 consecutive persons, the researched group consisted of patients who were diagnosed 
in the Hospital for Infectious Diseases, Warsaw, Poland with the SARS-CoV-2 infection between 07.04.2020 and 
11.06.2020 and the persons, not originally infected who lived with the patients in the same household. The aim of 
this study was to estimate the rate and risk of SARS-CoV-2 infection among studied population. Results. The study 
covered 490 persons, 231 women and 259 men, aged from less than one year to 85 years. Out of 251 individuals 
who were considered as not infected with SARS-CoV-2 but were living with COVID-19 patients 78 tested positive 
during follow-up. Thus secondary attack was estimated at 31 %. The age was an important risk factor of infection 
increasing the chance of it by 1.9% with each subsequent year of life. Conclusions. Age is an important risk factor 
of SARS-CoV-2 infection among persons living with a COVID-19 patient. Every subsequent year of life increases 
the risk of infection by 1.9% . Geriatria 2022;16:75-81. doi: 10.53139/G.20221615
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Streszczenie
Wstęp. COVID-19 („choroba koronawirusowa 2019”) jest ostrą infekcją dróg oddechowych wywołaną zaka-

żeniem SARS-CoV-2. Transmisja wirusa odbywa się drogą kropelkową. Może być szczególnie intensywna jeśli 
osoby wrażliwe przebywają w tych samych zamkniętych przestrzeniach, a tym samym są narażone na długotrwały 
kontakt z aerozolem pochodzącym z dróg oddechowych osoby z COVID-19. Metody. Analizowano retrospektyw-
nie dokumentację 490 osób w wieku od poniżej roku do 85 lat. Grupa badana składała się z 239 (49%) pacjentów, 
u których w okresie od 07.04.2020 do 11.06.2020 zdiagnozowano w ramach porady w Izbie Przyjęć Wojewódzkiego 
Szpitala Zakaźnego w Warszawie zakażenie SARS-CoV-2 oraz ich współdomowników w liczbie 251 (51%). Celem 
tego badania było oszacowanie częstości i ryzyka zakażenia SARS-CoV-2 wśród współdomowników chorych na 
COVID-19. Wyniki. Badaniem objęto 490 osoby, 231 kobiety i 259 mężczyzn w wieku od poniżej roku do 85 lat. 
Spośród 251 współdomowników pacjentów z COVID-19 u 78 (31%) stwierdzono dodatni wynik badania PCR-
RNA-SARS-CoV-2 wykonanego w czasie obserwacji. Wiek okazał się istotnym statystycznie czynnikiem ryzyka 
zakażenia zwiększając je o 1.9% z każdym kolejnym rokiem życia. Wnioski. Wiek jest istotnym czynnikiem ryzyka 
zakażenia SARS-CoV-2 wśród współdomowników osób z COVID-19. Każdy kolejny rok życia zwiększał ryzyko 
zakażenia o 1,9%. Geriatria 2022;16:75-81. doi: 10.53139/G.20221615

Słowa kluczowe: COVID-19, wiek, ryzyko zakażenia u współdomowników
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Introduction
In December, 2019, a novel coronavirus causing 

severe acute respiratory syndrome (SARS) emerged in 
Wuhan, China [1]. 

SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2) is related to beta coronaviruses and to 
SARS-CoV-1 [2]. 

This highly transmissible and pathogenic corona-
virus is the cause of an acute respiratory disease, named 
‘coronavirus disease 2019’ (COVID-19) [3]. 

The vast majority of patients suffer from a mild 
course of COVID-19 [4]. The disease in persons with 
the infection has thus been documented both in hospi-
tals and in family settings [5]. Airborne transmission 
in the indoor environment is an important factor, 
especially if vulnerable persons stay in the same enc-
losed spaces and are exposed to prolonged exposure to 
respiratory particles [6,7]. It is only right that secon-
dary rate attack among household contacts is higher 
than in other environments. However the reported in 
published studies rate of SARS-CoV-2 transmission 
vary meaningly [8].

Aim of the study
We studied the rate and risk of SARS-CoV-2 infec-

tion among persons who lived with COVID-19 patients 
in the same household, as well as the dependence of 
the risk of infection on age and the number of people 
in one cluster. 

Methods
Study population

We analysed retrospectively the records of 490 
consecutive persons aged from less than one year to 
85 years. The studied group consisted of patients who 
were diagnosed in the Hospital for Infectious Diseases, 
Warsaw, Poland with the SARS-CoV-2 infection 
between 07.04.2020 and 11.06.2020 and the persons 
who lived with the patients in the same household. The 
basic demographic data as age, sex, number of persons 
leaving in one cluster; the frequency of reported symp-
toms as well as the risk of infection with SARS-CoV-2 
were evaluated.

Diagnosis of SARS-CoV-2 and assessment visits
Persons with symptoms that could suggest 

COVID-19 were consulted in the Hospital for 
Infectious Diseases Emergency Room. A swab from 
the nasopharynx was obtained. Those patients whose 

PCR test for the diagnosis of SARS-CoV-2 was positive 
were included for further observation.

The first assessment visit was arranged two weeks 
after the infection had been detected. Then subsequent 
assessments were held every seven days. During every 
visit a swab was obtained from the nasopharynx for 
the detection of SARSR-CoV-2 using the PCR method. 
Additionally patients completed a questionnaire which 
concerned the following symptoms: fever ≥ 38 degrees 
Celsius, cough, dyspnoea or breathing difficulties, 
muscle pain, weakness, conjunctivitis, sneezing, runny 
nose, sore throat, diarrhoea, vomiting, dizziness, loss 
of taste or smell.

The people living in the same household with the 
patients diagnosed in the Emergency Room were also 
invited for an assessment.

Statistical analysis
Statistical calculations were made for the entire 

study group and for groups of infected and not infec-
ted with SARS-CoV-2 persons. The distribution of 
variables was analyzed with the Shapiro-Wilk test. 
The Mann-Whitney U test was used to compare the 
groups. The dependence of the time to recovery on age 
was identified in linear regression analysis. Variables 
associated with an increased probability of infection 
were identified in the logistic regression analysis.

Results
Study population

The study covered 490 persons, 231 women and 259 
men, aged from less than one year to 85 years (average 
36, median 36 years). The largest group were people aged 
18-65 (336 persons, out of them 208 originally infected 
and 54 secondary infected) (table I and II, figure 1).

These people lived in 178 households (clusters), the 
number of persons living in one household vary from 
1 to 10 (average 3 people, median 2 people). 

Out of 490 studied persons 239 (49%) were origi-
nally diagnosed in the Hospital for Infectious Diseases 
Emergency Room with SARS-CoV-2 infection. Out of 
251 (51% of whole population) individuals who were 
living with COVID-19 patients and were considered 
as not infected with SARS-CoV-2 seventy eight (31%) 
tested positive during follow-up (table I).

Risk of infection with SARS-CoV-2
The risk of infection was positively dependent 

on age and the number of people in the cluster in 
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Table I.  Demographic data of study population
Tabela I. Dane demograficzne badanej populacji

total 490 persons
age < 1 year to 85 years (average 36, median 36 years).

sex
women

231 (47%)

men

259 (53%)
no of patients originally diagnosed with 

COVID-19
(% of whole population)

239 (49%)
age <1-83 (averrage 39, median 36)

109 women, 131 men
no of persons living with COVID-19 
patients and remained not infected 

with SARS-CoV-2

(% of whole population)

173 (35%)
age <1-84 (average 39, median 35)

83 women, 90 men

no of persons who appeared to be 
infected with SARS-CoV-2 during 

follow-up
(% of whole population)

78 (16%)
age <1-85 (average 39, median 36)

40 women, 38 men

no of housholds 
(clusters) 178

no of persons living in 
one household 1 to 10 (average 3 people, median 2 people).

Table II.  Stratification of the study population according to age groups
Tabela II.  Podział badanej populacji według grup wiekowych

age secondary 
infected

originally 
infected whole population women men

0-18 years 20 17 145 93 52
18-65 years 54 208 336 172 194
≥65 years 5 16 35 20 15
≥80 years 2 2 9 4 5

Figure 1.  Stratification of the study population according to age groups
Rycina 1. Podział badanej populacji według grup wiekowych
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Table III. The dependence of the risk of infection on age and the number of people in the cluster  
in the Mann-Whitney U

Tabela III. Wpływ wieku i liczby osób zamieszkujących jedno gospodarstwo domowe na ryzyko zakażenia  
SARS-CoV-2 (test U Whitney-Mann)

persons without 
infection vs infected

persons without infection infected
p value

median IQR median IQR
age 28,0 32,0 39,0 25,0 0,000029
number of people  
in a cluster 4,0 2,0 3,0 3,0 0,000136

Table IV. The dependence of the risk of infection on the age and number of people in the cluster in the 
multivariate logistic regression (p <0.1)

Tabela IV. Wpływ wieku i liczby osób zamieszkujących jedno gospodarstwo domowe na ryzyko zakażenia  
SARS-CoV-2 (regresja wieloczynnikowa, p <0.1)

variable OR CI 95% p value

age 1.019 1.009-1.030 <0.0001

number of people in a cluster 0.959 0.916-1.003 0.070

Figure 2.  The influence of age on the risk of SARS-CoV-2 infection in the study group
Rycina 2. Wpływ wieku na ryzyko zakażenia SARS-CoV-2

the Mann-Whitney U test and in univariate logistic 
regression, however in multivariate logistic regression 
analysis age was the only risk factor increasing the 
chance of infection by 1.9% with each subsequent year 
of life (table III and IV, figure 2).

Reported symptoms
Weakness was the most common symptom 

reported at the beginning of the infection, followed 

by coughing, muscle pain, loss of taste or smell, fever, 
runny nose, sore throat, sneezing, dyspnoea, dizzi-
ness, diarrhea, conjunctivitis and vomiting. Sixty two 
persons denied any symptom – in this group there 
were 12 patients, 10 persons secondary infected with 
SARS-CoV-2 and 40 roommates who did not become 
ill. The frequency of the reported symptoms is presen-
ted in table V.
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Discussion
The main mode of transmission of COVID-19 is 

through droplets and contact transmission [9]. The 
isolation of persons with COVID-19 is implemented 
to prevent the spread of SARS-CoV-2 [10,11]. It has to 
be assumed that staying in the same household with 
someone with COVID-19 increases the risk of infection 
with the novel coronavirus [12,13]. 

Age is a well-known risk factor for the severe 
course of COVID-19 [14] but has also been indicated as 
an infection-enabling variable [15]. The older individu-
als are the most susceptible to household transmission 
of SARS-CoV-2 as well [16-18]. Age-associated immune 
dysfunction, mainly T cell-dependent adaptive respon-
ses manifested as a decreased ability to eliminate 
infection, seems to be the most obvious reason [19].

In our study of 251 individuals who were consi-
dered as originally not infected with SARS-CoV-2 but 
were living with COVID-19 patients, 78 (31%) tested 
positive during the first or subsequent examination. As 
in other researches age was found to be a risk factor of 
SARS-CoV-2 infection among household of COVID-19 
patients. We also made an attempt to assess the severity 
of the risk and found that it increases by 1.9% with each 
subsequent year of life.

The secondary attack rate among household con-
tacts vary from 6 to 40% depending on the methods 
of contact tracing and the quarantine rules applied 
[17,20-23]. In the retrospective observation of Ng OT 
et al symptomatic contacts were transferred to hospital, 
those who as a result of testing appeared to be infec-
ted with SARS-CoV-2 were admitted to hospital and 
remained until the discharge as convalescents [23]. A 
low, from five to nine percentage of secondary infected 
persons most likely resulted from the very strict rules 
relevant to infected patients isolation. In the study of Li 
W et al there was no secondary attack rate to household 
contacts if the infected persons quarantine themselves 
since the symptoms onset and 27.8% to the spouses of 
index cases who was not isolated [20]. Margarita L et 
al found even higher (42%) rate of positive tests results 
among close contacts who were traced retrospectively 
using index patients’ epidemiological records [22]. 
Similar to our study another then index patient source 
of infection cannot be surely rule out. 

Whereas in the study of Letizia AG et al appro-
ximately 2% of U.S. Marine Corps recruits who 
underwent quarantine at a closed college campus and 
had negative results for SARS-CoV-2 infection on the 
entry tested positive by day 14 [24]. In our group 25% 

Table V. Frequency of reported by infected with SARS-CoV-2 persons symptoms    
Tabela V. Częstość zgłaszanych przez zakażone SARS-CoV-2 osoby objawów

symptom no of persons reported selected 
symptom (% of whole population) symptom no of persons reported selected 

symptom (% of whole populationa)

weakness 
total: 111 (23%)
originally infected:80 (16%)
secondary infected:22 (4%) sneezing

total: 39 (8%)
originally infected:27 (6%)
secondary infected:8 (2%)

cough
total: 99 (27%)
originally infected:70 (14%)
secondary infected:21 (4%)

dyspnea
total: 38 (8%)
originally infected:28 (6%)
secondary infected:5 (1%)

muscles pain total: 78 (16%)
originally infected:51 (10%)
secondary infected:19 (4%)

dizziness
total: 34 (7%)
originally infected:26 (5%)
secondary infected:7 (1%)

loss of taste
or smell

total: 75 (15%)
originally infected:59 (12%)
secondary infected:12 (2%)

diarrhea
total: 31 (6%)
originally infected:21 (4%)
secondary infected:8 (2%)

fever
≥38oC

total: 61 (12%)
originally infected:40 (8%)
secondary infected:16 (3%)

conjunctivitis
total: 11 (2%)
originally infected:9 (2%)
secondary infected:1 (0.2%)

running nose
total: 45 (9%)
originally infected:27 (6%)
secondary infected:10 (2%)

vomiting
total: 2 (0.4%)
originally infected:1 (0.2%)
secondary infected:1 (0.2%)

sore throat 
total: 40 (8%)
originally infected:19 (4%)
secondary infected:13 (3%)

Lack of data: 257 (52%) out of 490 studied persons did not completed the questionnaire.
Whole population: 490 persons (239 originally infected, 78 secndary infected
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of negative flatemates  turned out to be already infected 
after two weeks of observation.

Common symptoms reported by outpatients 
include sore throat, fatigue, fever, loss of smell or taste, 
headache, musculoskeletal pain, dry cough. Among 
them fever, myalgia or arthralgia, fatigue, and headache 
could be considered red flags for COVID-19 [25,26].

In our study regarding individuals with a mild 
course of COVID 19, weakness was the most common 
symptom reported at the beginning of the infection 
and was followed by coughing, muscle pain, loss of 
taste or smell, fever, runny nose, sore throat, sneezing, 
dyspnoea, dizziness, diarrhea, conjunctivitis and 
vomiting. Viral infection is associated with abnormal 
psychological and somatic sensations such as fatigue. 
A recent study on an animal model demonstrated that 
this suppression of locomotive activity is caused by 
neuroinflammation of brain tissue including produc-
tion of interleukin (IL)-1β by activated microglia [27]. 

Conclusions
The study is not free from limitations, among them 

lack of information regarding the flatmates of the infec-
ted patients during the first two weeks of observation 
and the presence of comorbidities possibly enabling 

the infection. Still, we can conclude that the sensation 
of fatigue is the most common symptom reported by 
patients with mild and moderate COVID 19, age is an 
important risk factor of SARS-CoV-2 infection among 
persons living with a COVID-19 patient, and every 
subsequent year of life increases the risk of infection 
by 1.9% . 
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