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Abstract

Social contact between individuals is believed to be a fundamental cause in the transmission of
many respiratory tract infections. Because they have not yet been fully vaccinated, infants are
at high risk for contracting whooping cough, influenza and their serious complications.
Therefore, determining infant social contact patterns is an important step in protecting
them from respiratory tract infection. This study included 1200 healthy infants (<12 months
of age). Social contact diaries were used to estimate the frequency and nature of the infants’
social contacts. This survey also gathered information regarding the infants’ respiratory symp-
toms and their frequency of attendance at crowded places over a period of 1 week. The diary
return rate was 83.8% (N = 1006), and there was a total of 4706 contacts reported for these
infants. The median daily contact number per capita was 4 (range 1–18). The median number
of contacts with adolescents was 0 (range 0–7). Of the infants, 50.3% had contact with non-
household individuals. The mothers had the longest contacts with their babies. Contacts with
school children, frequency of attendance at crowded places and age were determined to be sig-
nificant effective factors for reporting respiratory symptoms. Results suggest that school-age
siblings and the mothers should be primarily vaccinated, and parents should keep their babies
away from crowded places for protecting their infants.

Introduction

Respiratory tract infections are known to be a prominent cause of mortality and morbidity [1].
Social contacts between individuals are thought to be fundamental in the transmission of
many respiratory tract infections, including pertussis, influenza and tuberculosis [2].
Pertussis and influenza are highly contagious airway infections that pose serious health con-
cerns, particularly for infants. Because they have not yet been fully vaccinated, infants, espe-
cially those <12 months of age, are at high risk for whooping cough, influenza and their
serious complications. Therefore, parents should try to protect their infants by reducing
their exposure to infectious individuals, vaccinating close contacts or inducing herd immunity
[3, 4]. In recent years, Turkey, as well as many European countries, have experienced a resur-
gence of pertussis and its related complications [3, 5]. To protect newborns and infants, the
Global Pertussis Initiative recommends appropriate pertussis control strategies, such as adoles-
cent vaccination, maternal immunisation during pregnancy and cocooning [6]. To determine
the most useful and appropriate strategies, the most probable sources of pertussis and influ-
enza for infants should be carefully identified.

It is known that respiratory infections can be spread by simple social contacts (i.e. being in
the same environment) or by intimate personal contacts (i.e. handshaking and kissing).
However, social contact profiles may provide important information regarding the specific
sources of infant respiratory tract infections. Qualitative and quantitative data regarding social
contact profiles should also provide valuable data that will instruct parents on how to take pre-
cautions to reduce the transmission of respiratory tract infections and to determine the best
vaccination strategies for targeted individuals.

Endemic diseases can have major impacts on public health. These diseases can be managed
by non-pharmaceutical interventions (e.g. school closure, travel restrictions and contact tra-
cing) or by health care interventions (e.g. vaccination, use of antiviral or antibiotic agents)
[7]. Contact rates between individuals are often accepted as critical determinants of previously
published model outcomes [8]. In the literature, there are few studies regarding social contact
modelling, and there are even fewer studies regarding social contact modelling in infants [9, 10].
However, we believe that it is very important to determine infant social contact profiles since
infants are at a greater risk for respiratory tract infections. While similar studies have measured
social contacts in all age groups, van Hoek et al. specifically investigated the social life of
infants [11, 12]. Likewise, in our current study, we aimed to determine the best intervention
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policies for infectious disease control and vaccination strategies by
investigating infant social contact patterns. We utilised social con-
tact diaries to estimate the frequency and nature of social contacts
of infants. We also collected information about the characteristics
of the infants’ households as well as their frequencies of attend-
ance at crowded places to determine the relationship between
social contact patterns and recent reported infant respiratory
symptoms. The current study is different from previously pub-
lished studies in that the current study utilises a combination of
infant contact patterns and recent reported infant respiratory
symptoms along with social and demographic factors.

Materials and methods

Study population

A total of 1200 healthy infants (<12 months of age) were included
in this prospective, cross-sectional, single-centre study, which
took place in a tertiary maternal and child health hospital located
in Ankara, Turkey. Infants and their families who came for well
child visits between March 2015 and October 2015 were ran-
domly asked to participate in this study. Infants between the
ages 0 and 6 months participated in our study more than the
older ones because they come more frequently for well child visits.
The participants were given their choice of day to be interviewed.

Ethical approval

The study protocol was approved by the local Ethics Committee
of Sami Ulus Hospital and was conducted in accordance with
the principles of the Declaration of Helsinki. Written informed
consent was obtained from each parent.

Statistical analysis

Statistical analyses were performed using SPSS version 15 statis-
tical software (SPSS Inc., Chicago, IL, USA). Descriptive statistics
were expressed as numbers, percentages, arithmetic means
(±standard deviations (S.D.)) and medians (minimum and max-
imum). Normal distributions were determined via the
Kolmogorov–Smirnov test, histograms and P–P plots.
Depending on the normality of the data, variables were compared
with an independent samples t test or with a Mann–Whitney U
test. All categorical variables were compared using the Pearson
χ2 test, Yate’s correction χ2 test and Fisher’s exact test.
Multivariate linear regression analysis was performed to evaluate
the main effects of covariates (age, household size, frequency of
attending crowded places, maternal education status) on the num-
ber of total contacts with enter method. Multivariate logistic
regression analyses were performed to evaluate the effects of the
covariates (i.e. age, family income, number of contacts, contacts
with school children, household size and the frequency of attend-
ance at crowded places) on the reported infant respiratory symp-
toms in the past week. All independent variables and their
associations with the number of total contacts and reported infant
respiratory symptoms in the past week were simultaneously
adjusted using multivariate linear regression models and multi-
variate logistic regression analyses, respectively. The relationships
between continuous and ordinal variables were analysed using the
Kendall’s τ and Spearman’s ‘ρ’ correlations. Values of P < 0.05
were considered significant.

Contact diaries and questionnaire

The mother/caretaker of each enrolled infant was asked to record
every contact in a contact diary, which was developed in line with
previously conducted contact surveys [2, 12] and translated into
the local language. In the diaries, the term of ‘contact’ was defined
as an interaction in close proximity with three or more words direc-
ted to the infant or a physical skin-to-skin contact between infant
and another person. These contact diaries were presented ‘in per-
son’ so that the mother/caretaker could be instructed on how to
properly fill in the diary. The mothers/caretakers were assigned
one random day of the week in which they were to record every per-
son having any contact with the infant between 5 am that day and 5
am the following morning. The contact diary included some infor-
mation about the characteristics of each contact person, such as sex,
age and relationship to the infant. For each contact, the mothers/
caretakers were asked to provide information as to whether the con-
tact involved physical touch, the social context in which the encoun-
ter was made (e.g. home, work, school, travel, shopping, other), the
total duration of the contact (i.e. <5, 5–15 min, 15 min to 1 h, 1–4
or >4 h), and the typical frequency of encountering each contact
(i.e. daily or almost daily, about once or twice a week, about once
or twice a month, less than once a month or for the first time).

Along with the diary, the participants were asked to fill out a
cross-sectional survey that was used to collect basic demographic
information regarding the infants and their families (e.g. age, sex,
number of siblings, age of siblings, household composition, educa-
tion status of the parents, family income level, the number of indi-
viduals per infant’s bedroom). This cross-sectional survey also
gathered information regarding the infants’ respiratory symptoms
(e.g. cough, runny nose, difficulty in breathing) and attendance at
crowded places over 1 week. The term ‘crowded places’ in the survey
refers to any place where more than 10 people gather (e.g. shopping
malls, indoor social events, hospitals, weddings, funerals, various
ceremonies or other such events). The survey also collected infor-
mation regarding the infants’ attendance in a nursery as well as
the influenza and pertussis vaccination status of the infants’ parents.

Results

Description of sample

A total of 1006 diaries were collected (return rate 83.8%). Each of
the collected diaries was prepared by the infants’ mothers and
included every contact made during a whole day. Overall, 55%
of the babies were male, their median age was 90 days and 16%
were younger than 1 month. The median number of household
members was 4 (range 2–19). The median number of household
members sharing the infant’s bedroom was 3 (range 1–10). The
median number of siblings per child was 1 (range 0–7). The arith-
metic mean of the siblings’ ages was 8.1 years (range 1–25), and
30% of the infants had school-age siblings. A summary of the
household data and infant characteristics is presented in
Table 1. None of the infants attended nursery.

According to the dairies, only 2.3% of the babies had at least one
parent vaccinated against influenza, while none of the parents was
vaccinated against pertussis. The parents who were vaccinated
against influenza were vaccinated due to an existing chronic disease.

Attendance at crowded places

A total of 47.2% of infants attended a crowded place at least once
in the past week. The median number of visits to a crowded place
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was 1 (range 0–7). The most frequently visited crowded places
were indoor social gathering (61%), shopping malls (19%) and
hospitals (12%), respectively. According to our analysis on age
groups, the most frequently visited crowded place was hospitals

for neonates (Fig. 1). The odds ratio (OR) of attending crowded
places was higher for older infants (adjusted OR 1.27, 95% CI
(1.07–1.40)). Distribution of frequency of attendance at crowded
places according to age groups is shown in Figure 2.

Table 1. Summary of household data and characteristics of infants

Category Covariate Number of participants (%)

Total questionnaire sent Response 1006 (83.8)

Non-response 194 (16.2)

Sex of infant Male 554 (55)

Female 452 (45)

Distribution of infants according to age (months) 0–1 165 (16.4)

1–3 392 (39.0)

3–6 225 (22.4)

6–9 137 (13.6)

9–12 87 (8.6)

Distribution of infants according to family income level Low 285 (28.3)

Middle 417 (41.5)

High 304 (30.2)

Infants’ distribution according to their mother education status Primary school graduate 316 (31.5)

Middle school graduate 236 (23.5)

High school graduate 309 (30.7)

Bachelor degree 145 (14.3)

Infants’ distribution according to their father education status Primary school graduate 249 (24.8)

Middle school graduate 231 (23.0)

High school graduate 341 (33.9)

Bachelor degree 185 (18.3)

Infants’ distribution according to their number of siblings 0 296 (29.4)

1 365 (36.2)

2 166 (16.5)

3 124 (12.3)

4+ 55 (5.6)

Number of infants having school-age siblings Having no school-age sibling 702 (69.8)

Having one or more school-age sibling 304 (30.2)

Infants’ distribution according to their household size 2 2 (0.2)

3 290 (28.8)

4 299 (29.7)

5 188 (18.7)

6 118 (11.7)

7 64 (6.4)

8+ 45 (4.5)

Infants’ distribution according to the number of people in infant’s bedroom 1 12 (0.1)

2 115 (11.4)

3 732 (72.7)

4 123 (12.2)

5+ 24 (3.7)
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Further, families with higher income levels took their infants
to shopping centres more frequently than those with lower
income levels (OR 3.06, 95% CI (1.9–4.9)) (Fig. 3).

Characteristics of the contacts

General numerical data on the contacts
A total of 4706 contacts were recorded in the dairies. The mean
number of contacts per infant per day was 4.6 ± 2.2 (range 1–18).
A histogram showing the total number of contacts per day/per
infant for each age group is shown in Figure 4.

A total of 58.4% of the reported contacts were with females,
and the mean age of the contacts was 28.7 ± 15 years. Of the con-
tacts, 89.5% were physical, and 84.6% of the babies were in con-
tact with the people other than their parents.

The age of the contacts ranged from 0 to 85 years, and only
four of the recorded contacts were other infants <1 year old
(Fig. 5a). The distribution of the contacts’ relationships with the
infants according to the age of contacts is shown in Figure 5b.

Distribution of contacts
Of the contacts lasting more than 4 h, 68.2% were with the
mothers and 14% were with the grandmothers. Figure 6 shows
the distribution of contacts according to contact duration. Of all
the recorded contacts, 70.3% were with household members and
29.7% were with non-household members. Of the babies, 50.3%
had contacts with non-household individuals.

Age-specific analysis on contacts
Characteristics of contacts with infants ⩽1 month old (neonates)
or 1–12 months old are shown in Table 2. Contacts with house-
hold members, daily contacts and contacts lasting <5 min are
more frequent in neonates than in other infants. The median
total contact time, adolescent contacts, non-household contacts,
non-parent contacts and number of contacts with children
attending at school are presented in Table 3 (based on age
groups). The regarding percentages of the infants are also
included in the table. We see that contacts with school-age chil-
dren have a significant increase as the age of the infants gets
higher. The median number of adolescent contacts was zero for
all age groups.`

Other findings on contact numbers
There was a positive weak correlation between age and number of
contacts (Spearman’s ρ = 0.149; P = 0.0001). Although there was
no significant difference in the contact durations of mothers
with regards to infant age (P > 0.05), there was an increased con-
tact duration of fathers as infants became older (Spearman’s ρ =
0.350; P = 0.0001). There was also a reverse and significant weak
correlation (Kendall’s τ =−0.155, P = 0.0001) between maternal
education status and the number of non-parent contacts.
However, there was no correlation with paternal education status
(Kendall’s τ = −0.076, P = 0.33). In linear regression model, con-
tact numbers seemed to increase along with age, household size
and frequency of attending at crowded places, and on the other
hand, contact numbers decrease as maternal education status
gets higher (P = 0.001) (Table 4).

Respiratory symptoms in the past week
The rate of respiratory tract infection in the past week was 5.6%
(n = 57). However, this study did not take place during the
main period for influenza transmission. There were significant
weak correlations between the existence of at least one reported
respiratory symptom in the past week and the number of house-
hold contacts, household size, age of infant, family income level,
frequency of visits to crowded places, number of total contacts,
number of non-parent contacts, number of contact children
attending school and the presence of contact with school children.
There was no correlation with the number of non-household con-
tacts (Table 5). According to the developed regression model con-
tacts with school children, frequency of attendance at crowded

Fig. 1. Distribution of crowded place location according to infant age group.

Fig. 2. Distribution of frequency of attendance at crowded places according to age
group.

Fig. 3. Distribution of crowded place location according to family income level.
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places and age were determined to be significant effective factors
for reporting respiratory symptoms (Table 6).

Discussion

This study describes the social contact patterns of infants, which
were determined by the data collected from social contact diaries
filled out by mothers and caretakers. These diaries also collected
information regarding recently reported infant respiratory tract
infection symptoms, allowing us to investigate the associations
between these symptoms and contact patterns, household crowd-
ing and attendance at crowded places. To our knowledge, the cur-
rent study is the largest cross-sectional survey on infants. We
recorded 4706 contacts among 1006 participating infants. The
current study not only covers a large number of infants, but it
also has a remarkably high response rate (84%), assuring good
representation for the targeted infant population.

Understanding infant contact patterns may be helpful for
identifying the most appropriate strategies for coping with
whooping cough and other droplet-borne respiratory infections.
Data from the current study reveal that infants <12 months old
had the longest contacts with their mothers, followed by contacts
with their grandmothers, fathers and siblings, respectively.
Moreover, 70.3% of all infant contacts were with the members
of their households. Therefore, these results suggest that the
best way to protect infants from respiratory tract infections is to
vaccinate (i.e. cocoon) the members of their households.

To protect infants who are at the greatest risk for severe per-
tussis, the Advisory Committee on Immunization Practices
(ACIP) recommends cocooning, which involves the vaccination

of everyone who has close contact with the baby [13]. In a
meta-analysis including eight studies of whooping cough cases,
Wiley et al. found that the main pertussis sources for infants
were their mothers and fathers, followed by grandmothers [14].
Another study in the Netherlands that included infants <6
months old who were admitted to the hospital due to pertussis
reported that 53% of those infants’ household members were
also diagnosed with pertussis; the most common source of pertus-
sis included the infants’ brothers, mothers and fathers [15]. Also
Kara et al. showed that household contacts play an important role
in the transmission of pertussis to infants and mothers were the
main sources of infection [16]. The results of these previously
published studies are similar to those of our current study, in
that they promote the philosophy of the cocooning strategy.

On the other hand, we also found that nearly half of the infants
in our study had non-household contacts. Likewise, the aforemen-
tioned study conducted in the Netherlands reported that
one-third of the infants hospitalised due to whooping cough con-
tracted the disease from non-household individuals [15]. In add-
ition to known difficulties of cocooning (such as high cost,
individuals’ need to be vaccinated at least 2 weeks prior to contact
with the baby, the necessity of all those in close contact with the
infant need to be vaccinated, etc.), existence of several contacts
with non-household individuals found in this study and the
previous ones’ suggest that cocooning may be insufficient and
inefficient in protecting infants [17, 18]. These drawbacks should
be kept in mind when determining the optimal vaccination
approaches for infants.

Infants may also contract diseases from adolescents who have
not been vaccinated. In a study involving 214 adolescents with

Fig. 4. Histogram of the total number of contacts per day/per respondent for each age group.

Epidemiology & Infection 1161

https://doi.org/10.1017/S0950268818001048 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268818001048


prolonged cough, 7% of the participants had pertussis positivity
[19]. Also, seroprevalence studies have shown that immunisations
over the course of acellular pertussis were terminated within a
mean of 5 years [20]. Our current study revealed that babies had
limited contacts with adolescents; in fact, the majority of the con-
tacts in our current study were with those in the 26–30 age group.
In the current study, only 10.2% of contacts were with adolescents,
and the median daily adolescent contact number was 0. Therefore,
vaccination of adolescents is not a priority in protecting infants,
particularly against whooping cough and influenza. In parallel to
our current findings, a study by Choi et al. comparing 10 different
pertussis vaccination schemes revealed that adolescent vaccination
was ineffective in protecting infants [21].

In the literature, there are other contact-diary studies with some
similarities and differences to ours. The largest contact-diary

Fig. 5. (a) Age distribution of those who contacted infants; (b) distribution of contact relationship with infants according to contacts’ age group.

Fig. 6. Distribution of contacts according to contact times.
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study included eight European countries with a total of 660 chil-
dren aged between 0 and 4 years; the mean number of contacts
per child was 10.2 [2]. Melegaro et al. reported the median num-
ber of contacts per child (0–5 years old) as 8 [22]. It should be
noted that the aforementioned studies reported age assortative-
ness. In our current study, however, we did not encounter the
concept of age assortativeness, and our participants had remark-
ably fewer mean contacts per infant (4.6); this is because only four
infants in our study had contact with a baby in the same age
group (0–12 months). Likewise, in another social contact study
including 115 infants under 1 year of age, the mean number of
daily contacts was 6.68, and the authors reported no age assorta-
tiveness [12].

Another significant finding in our current study is that 89.5%
of contacts were also accompanied by physical contacts. In the
POLYMOD social contact study including participants ranging
in age from 0 to 70+ years, 66% of all contacts were accompanied

by physical contacts, although physical contacts were not specified
by age [2]. In a study conducted in Vietnam with participants
ranging in age from 0 to 60+ years, Horby et al. found that
40% of daily contacts were accompanied by physical contacts
[23]. That these previously published studies report a lower fre-
quency of physical contact can be explained by the fact that
touching is necessary to satisfy the needs of infants. In our current
study, the total number of contacts was weakly positively corre-
lated with the age of infants in a monthly manner. This may be
explained by the fact that local traditions dictate that touching
the baby before it is 40 days old is inadmissible. Also in our cur-
rent study, according to the regression model, contact numbers
are seemed to increase along with age, household size and fre-
quency of attending at crowded places. Similar to our findings,
Melegaro et al. showed that the number of contacts get higher
as individuals spend more time in crowded places [22]. On the
other hand, contact numbers decrease as maternal education

Table 2. Characteristics of the contact events with regards to infants ⩽1 and 1–12 months old

⩽1 months 1–12 months 0–12 months

Survey response Survey response Survey response

Study infants 165 841 1006

Total contacts 695 4011 4706

Mean contact number per respondent 4.2 (1–11) 4.7 (1–18) 4.6 (1–18)

Contact is a household member 524 (75.4%) 2787 (69.5%) 3311 (70%)

Contact relationship

Mother 166 (23.9%) 843 (21%) 1009 (21.6%)

Father 146 (21%) 774 (19.3%) 920 (19.5%)

Siblings 127 (18.3%) 651 (16.2%) 778 (16.5%)

Grandmothers 110 (15.8%) 476 (11.9%) 586 (12.4%)

Relatives 119 (17.1%) 1119 (27.9%) 1238 (26.3%)

Others 27 (3.9%) 148 (3.7%) 175 (3.7%)

Duration of contact

<5 min 169 (24.3%) 381 (9.5%) 550 (11.6%)

5–14 min 160 (23.1%) 622 (15.5%) 782 (16.6%)

15–59 min 103 (14.8%) 796 (19.8%) 899 (19.1%)

1–4 h 74 (10.6%) 954 (23.8%) 1028 (21.8%)

More than 4 h 189 (27.2%) 1258 (31.4%) 1447 (30.7%)

Physical contact presence 579 (83.3%) 3742 (93.3%) 4321 (91%)

Frequency of contact

Daily 608 (87.5%) 3193 (79.6%) 3801 (80.7%)

Once or twice a week 41 (5.9%) 410 (10.2%) 451 (9.5%)

Once or twice a month 7 (0.9%) 185 (4.6%) 193 (4.3%)

Less than once per month 15 (2.2%) 113 (2.9%) 128 (2.7%)

Never met before 24 (3.5%) 109 (2.7%) 133 (2.8%)

Male contact 259 (37.3%) 1699 (42.4%) 1958 (41%)

Day of recording contact

Weekdays 454 (65.4%) 2535 (63.2%) 2989 (63%)

Weekend 240 (34.6%) 1476 (36.8%) 1716 (36%)

Adolescent contact 69 (9.9%) 412 (10.3%) 481 (10%)
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status gets higher indicating that more educated or wealthy
mothers keep their babies more isolated. However, there was no
meaningful relationship between the total infant contacts and
the education status of their fathers.

Furthermore, in the current study, none of the babies older
than 6 months were vaccinated for influenza, and the rate of influ-
enza vaccination for at least one of the parents was 2.3%, with
none of the parents being vaccinated for pertussis. In a study con-
ducted in Australia by Newcombe et al., the rate of influenza vac-
cination was 41% in paediatric patients with underlying disease
and 14% in healthy children [24]. In the USA, it is suggested
that all caretakers be vaccinated; however, the immunisation
rate is only about 30% [25]. On the other hand, O’Leary et al.
reported that 61% of mothers and at least one close contact of

their newborn received the influenza vaccine with the recommen-
dation of an obstetrician specialist [26]. Further, in another study
in which paediatric practitioners suggested that caretakers be vac-
cinated against influenza, the vaccination rate increased from
23.7% to 85.6% [27]. Results of previous studies, as well as
those of the current study, indicate a need to improve awareness
of the importance of vaccinations for caretakers.

In our current study, several infants had respiratory symptoms
reported in the past week; it was found that the greatest impact on
the increase in the risk of infection was contact with school chil-
dren. The frequency of attendance at crowded places and the age
of the infant also affected respiratory symptoms. Although house-
hold crowding provides an adequate environment for the spread
of respiratory infections, we found no significant relationship

Table 3. Percentages of infants and median number of contacts with respect to contacting groups

Age group
Number of daily

diaries (%)

Percentage of infants according to contact groups

Median number of contacts per infant according to contact groups (min–max)

Overall contacts
with all groups

Contacts with
adolescents

Contacts with
non-parents

Contacts with
non-household

Contacts with
school-age children

Newborn 165 (16.4%) 28.5% 78.8% 50.3% 35.2%

4 (1–11) 0 (0–3) 2 (0–9) 1 (0–8) 0 (0–5)

1–3
months

392 (39%) 34.2% 80.6% 47.2% 38.5%

4 (1–18) 0 (0–4) 2 (0–16) 1 (0–15) 0 (0–5)

3–6
months

225 (22.4%) 34.7% 90.2% 50.7% 52%

4 (0–16) 0 (0–6) 2 (0–14) 1 (0–11) 1 (0–6)

6–9
months

137 (13.6%) 35.8% 89.8% 51.1% 56%

4 (1–15) 0 (0–5) 2 (0–13) 1 (0–8) 1 (0–5)

9–12
months

87 (8.6%) 35.6% 90.8% 62.1% 63%

5 (1–16) 0 (0–7) 2 (0–11) 1 (0–12) 1 (0–8)

Total 1006 (100%) 33.7% 84.6% 50.3% 45.5%

4 (1–18) 0 (0–7) 2 (0–16) 1 (0–15) 1 (0–8)

The percentages in italics indicate the percentages of infants having contacts with the specified group (adolescents, non-household and school-age children). Since there is overlapping in
these groups (i.e. household adolescent contacts and non-household adolescent contacts may exist at the same time), the sum of percentages is >100%.

Table 4. Factors associated with the number of total contacts according to linear regression model

B Std Error β P value

95% CI for β

Lower bound Upper bound

Model 1

Constant 4.16 0.08 0.0001

Frequency of crowd attendance 0.5 0.04 0.35 0.0001 0.42 0.59

Model 2

Constant 4.05 0.16 0.0001

Frequency of crowd attendance 0.49 0.04 0.33 0.0001 0.40 0.57

Maternal education status −0.04 −0.03 −0.04 0.0001 −0.11 −0.05

Age of infant 0.02 0.01 0.09 0.0001 0.01 0.04

Household size 0.37 0.04 0.28 0.0001 0.29 0.45

CI, confidence interval.
For model 1, R2 = 0.1 (P < 0.001); for model 2, ΔR2 = 0.08 (P < 0.001) (models with P < 0.001 are taken as statistically significant).
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between household crowding and the frequency of reported
respiratory symptoms [28]. This may be because even in crowded
households, there were relatively few individuals sharing a bed-
room with the infant. Similarly, in a study of the African menin-
gitis belt, Ferraro et al. showed no relationship between household
crowding and respiratory symptoms; however, their results sug-
gested a clear association between social mixing and reported
respiratory symptoms [29]. The relationship between attendance
at crowded indoor places and respiratory tract infections has pre-
viously been shown in some studies in the literature [30, 31]. In
our current study, the frequency of attendance at crowded places

increased reported respiratory infection symptoms by an OR of
1.12 (95% CI (1.05–1.32)); indoor social gatherings were the
most commonly attended crowded place. For neonates, hospitals
were the most visited crowded places. Because of this, vaccination
of all paediatrics health practitioners should be a priority for the
protection of neonates. Another finding in our current study is
that second-most visited crowded places were shopping malls.
Families with higher income levels were found to take their babies
to malls more frequently than those with lower income levels,
with an OR of 3.06 (95% CI (1.9–4.9)). In the study conducted
by Amodio et al., it was found that shopping centres had very
high air pollution, especially in the food courts, and that there
was not enough air refreshment [32]. Therefore, it is absolutely
important that paediatricians should be informed about the fact
that shopping centres, which are the indoor places with the high-
est risk of spreading respiratory infections, are not suitable for
babies under 1 year. Numerous reports document the central
role of school-aged children in spreading influenza [33, 34]. In
our current study, we also showed that contacts with school-age
children increased the number of reported symptoms of respira-
tory tract infections with an OR of 3.44; therefore, influenza vac-
cination of school-age children can be considered a recommended
intervention.

In addition, there are some other noteworthy points in this study.
We had a relatively high response rate at the end of 6months because
most of the participants were provided with the questionnaires by
hand at the hospital with a brief description about how to fill them
out. In return, we received them by hand with face-to-face checking
of each of the returned questionnaires. The final sample was large
enough to observe significant findings. In our data, infants under 6
months were oversampled because families generally take babies in
this age group to their well child visits much more frequently.
However, this situation may be valuable in the sense that infants
between 0 and 6 months have not yet completed their vaccination
procedures against pertussis and influenza, and therefore, they con-
stitute the main risk group. Looking at the household characteristics
of the participants, there is a wide range of household size (ranging
from 2 to 19), number and age of siblings, as well as income level
and educational status of the families. This indicates that our data
encompass a representative population.

There are also some limitations in our study. The families were
asked to denote if their infants had some respiratory tract infec-
tion symptoms; however, these symptoms were based on families’
declarations and not on laboratory findings. Additionally no data
were collected about the infants’ spent time in crowded places.
Another limitation is that contact definitions consisting of only
conversation and physical touch may fail to address the

Table 5. Relationship between reported respiratory symptoms in the past week
with the number of household contacts, family income level, frequency of
entrance into crowded places, number of total contacts, number of
non-parent contacts, number of non-household contacts and contacts with
school-age children

Reported respiratory symptom
in the past week

Kendall’s τ

P

Family income level −0.092

<0.0001

Frequency of entrance into crowded
places

0.185

<0.0001

Number of total contacts 0.125

<0.0001

Number of household contacts 0.143

<0.0001

Number of non-parent contacts 0.133

<0.0001

Household size 0.147

<0.0001

Age of infant 0.197

<0.0001

Contact with school-age children 0.198

<0.0001

Number of non-household contacts 0.008

0.775

Table 6. Factors associated with reporting respiratory symptoms in the past week

β Adjusted OR 95% CI P

Family income 0.32 1.38 (0.52–3.60) 0.51

Number of total contacts 0.03 1.03 (0.87–1.2) 0.72

Contact with school-age children 1.23 3.44 (1.25–9.43) 0.001

Age of infant 0.01 1.03 (1.01–1.06) 0.001

Number of contacts children attending school 0.05 0.99 (0.69–1.41) 0.97

Frequency of attending crowded places 0.12 1.12 (1.05–1.32) 0.001

Household size 0.15 1.16 (0.97–1.38) 0.09

CI, confidence interval; OR, odds ratio (factors having p < 0.001 are statistically significant).
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interactions with shared objects that would permit fomite trans-
mission. In the future studies, appropriate questions could be
included within the diaries to detect such information.

In this infant contact pattern study, there was a diverse range of
contacts, a representative population and a high respondent rate.
Because of this diversity seen on the contacts, addressing specific
main target population of vaccination is not an easy task.
However, when developing an appropriate vaccination strategy,
one should carefully keep in mind that we found that the longest
contacts are with the mothers, and that almost half of the infants
have contacts with non-household people.Moreover, in our current
study, attendance at crowded places and contacts with school-age
children are risky situations causing reported infant respiratory
symptoms. Hence, we suggest that all school-age children as well
as mothers should be vaccinated against influenza and that babies
should be kept away from crowded places as much as possible.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0950268818001048.
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