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contacts was fairly similar between HCW types, the characteristics of their contacts

differed substantively.

© 2017 The Authors. Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Contact patterns can help us understand the dynamics of
infectious diseases transmission and guide the design of
infection control and prevention measures [1]. Models of
transmission dynamics are increasingly applied to inform in-
fectious disease control, but such models require relevant data
on contact patterns as inputs [2]. Healthcare workers (HCWs)
may be the inadvertent interface between the healthcare
setting and the community for such infections. The HCWs’ role
as a vector for spreading pathogens to patients in the hospital
setting is well recognized, and occupational infections among
HCWs have been frequently documented, both for common
pathogens circulating in the healthcare setting, as well as some
newly emerged or re-emerging pathogens [3—5]. HCWs may
thus contribute to disease transmission from the hospital to the
community and vice versa [6,7]. Moreover, over the past two
decades, nosocomial outbreaks of severe acute respiratory
syndrome (SARS), Middle East respiratory syndrome (MERS)
coronavirus, and Ebola virus disease have emphasized how the
healthcare setting may amplify the transmission of an infection
that has newly emerged in a community [8—10]. Hence it is
worthwhile to describe and compare the contact patterns
which occur in the healthcare setting alongside those in the
community among working adults in the general population.

A 24 h paper diary was previously used to compare nurses’
daily contacts with those of matched controls from the general
population in Germany [11]. Nurses’ differed substantially from
the general population in the number of total contacts, con-
tacts where physical touch occurred, and in the duration of
contacts. However, we found no other studies comparing the
contacts of other types of HCWs with the general population.
Contacts for other HCWs have been studied in specific units
(e.g. general wards, emergency departments) within the
healthcare setting, often using proximity-sensing technologies
which focus on paired HCW—patient and HCW—HCW contacts
[12,13]. These studies found that nurses had more patient
contacts than other HCWs. However, it remains unclear how
contacts for other HCW types compare across different set-
tings, and with individuals of similar age in the community,
which may have implications for the transmission of pathogens
into and out of the healthcare setting to the community.
Moreover, modelling studies of disease transmission rely
heavily on assumptions about contacts between key risk
groups. In the absence of better data, some attempts to model
transmission in healthcare settings have had to make simpli-
fying assumptions about the nature of work-related contacts in
HCWs relative to the general population, and neglect potential
differences in risk that may arise from the variation in contacts
among HCWs [14,15].

We therefore conducted a multi-institutional study on HCW
contacts in parallel with a large group of working adults from
the general population. Using the 24 h contact diary, we
describe the contacts of HCWs working in various settings, and

show how the number, the locations and the characteristics of
contacts differed, both when comparing with the general
population, and between HCWs from different disciplines and
settings. The characteristics include the periodicity, the
duration of contacts, and the involvement of physical touch.

Methods

A prospective contact pattern survey of HCWs was con-
ducted from three public sector tertiary care hospitals in
Singapore: Tan Tock Seng Hospital (TTSH), National University
Hospital (NUH), and Khoo Teck Puat Hospital (KTPH). This was
then compared with data similarly collected from working
adults recruited from the community (henceforth referred to
as community-based working adults). In both surveys, a sig-
nificant contact was defined as an interaction between two
persons, either physical (involving skin-to-skin contact such as
handshake, hug, kiss or contact sports) or non-physical
(involving a two-way conversation with three or more words
in the physical presence of another person, but no skin-to-skin
contact). The surveys of HCWs and community-based working
adults were approved by the ethics review boards of the Na-
tional Healthcare Group and National University of Singapore
respectively.

Study populations

Sample size calculation

The sample size needed to observe a difference of at least
five in the mean number of contacts between HCWs and the
community-based working adults would be 142 for each group,
assuming a type | error of 5% and a type Il error of 20%. This is
with a standard deviation of 15 for the total numbers of daily
contacts for each population, but assuming that the total
number of daily contacts approximates a normal distribution.
To compensate for the right-skewed distribution of contacts
that we anticipated, we aimed to recruit at least 200 HCWs.

Healthcare workers

Recruitment of up to 100 HCWs was targeted from each of
the three hospitals. To optimize manpower deployment, the
study was rolled out sequentially from TTSH to NUH to KTPH
from 2013 to 2016. A convenience recruitment strategy was
used when enrolling the participants. In TTSH, nurses were
recruited during their standard team meeting whereas non-
nursing HCWs were recruited individually when they were
working in the wards by study team members. HCWs in NUH
were recruited through recruitment posters distributed via the
hospital’s intranet. Participants from KTPH were recruited
during their standard ward-based team meeting. The study was
explained to consenting HCWs, who were then asked to com-
plete the diary with contacts that occurred during a 24 h period
starting at 05:00 for the survey date. The study team would
collect the completed contact diaries once informed by the
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participant. To avoid biases related to day-of-week effects on
the contacts of HCW participants, the study team pre-assigned
the day-of-week (using a random number generator), and
instructed the participants to complete the survey for that pre-
assigned day-of-week within two weeks of enrolment.

Community-based working adults

The community-based survey was originally designed to
answer questions on interactions between different age groups
and hence targeted a much larger age- and sex-stratified
sample size of 3000 individuals. Participants were recruited
from two previous cohort studies run by Saw Swee Hock School
of Public Health, National University of Singapore [16,17]. Field
work for community-based recruitment occurred from June of
2013 to February of 2014. Consenting participants were to fill
out two diaries, with one falling on a weekday and the other on
a weekend, with participants allowed to choose any weekday
and weekend day in the two weeks after enrolment. Partici-
pants were asked to complete the diary with contacts that
occurred during a 24 h period starting at 05:00 for the survey
date. Contact diaries could be returned by mail, e-mail or fax.

To facilitate a fair comparison with our HCWs, data were
included only from community-based adults aged 20—64 years
(approximately the age range for the HCWs in our study).
Moreover, only one diary with at least one work-related con-
tact was included for one community-based participant. For
community-based working adults who returned two diaries
with at least one-work-related contact, the diary with the
higher number of work-related contacts was selected, to test
our hypothesis that HCWs indeed had more work-related con-
tacts than community-based working adults, even when
compared against the day with a higher number of contacts.

Data collection

The contact diary used for both HCWs and community-based
working adults was adapted from the version used in the
POLYMOD study [2]. Demographic information including age,
sex and the designation (for the HCWs) was collected. The diary
was designed as a table in which participants recorded the
following characteristics of their contacts for the whole day
(24 h): age (or age range if participants were unsure of the
exact age) and sex of the contact person; location where the
contact occurred (with multiple locations allowed); indication
of whether physical contact involved; contact duration (<5,
5—15, 15—60, and >60 min), and contact periodicity (whether
they encountered this contact daily, weekly, monthly, or less).
One contact person only occupied one row of the table. If a
participant had repeated contact with an individual during the
24 h of data collection, the characteristics of all contacts with
this person were aggregated.

Statistical analysis

The study investigated whether the total number of con-
tacts, the location of contacts, as well as the distribution of
three characteristics of contacts (physical versus non-physical
contacts, contact duration and contact periodicity) differed
by the type of participant. HCWs were compared with
community-based working adults, and with HCWs working in
various combinations of clinical settings and roles: ‘ward-based
nurses’, ‘clinic-based nurses’, ‘doctors’ (who tend to cover

both ward and clinic settings within a given workday), and
other HCWs who did not fall into any of the prior types
(*assorted HCWs’).

Since the age and sex distribution of our HCWs differed
substantially from the community-based sample of working
adults, observations from the latter were weighted to give a
modelled population similar in age and sex distribution to HCW
participants; this was done by deriving an adjustment factor
obtained from dividing the proportion of HCWs in each age—sex
stratum by the proportion of community-based working adults
in the corresponding strata detailed in Table I.

As the number of contacts was not normally distributed,
non-parametric tests were used when comparing HCWs against
community-based working adults. The square root of the
number of contacts was used when comparing different types
of HCWs and community-based working adults on the number
and type of contacts, stratified by contact duration, period-
icity, and whether physical touch occurred. In addition, uni-
variate and multivariate linear regression were performed to
determine whether other factors such as the institution, age,
sex, and type of HCW participant were associated with the
number of reported contacts (again using the square-root-
transformed number of contacts, which substantially normal-
ized the right-skewed distribution of contacts on visual
inspection).

All data were analysed using Stata for Windows, version 11
(Stata Corp., College Station, TX, USA), with P < 0.05 (two-
sided) considered statistically significant except for the com-
parison of the number of work-related contacts between HCWs
and the community-based working adults (where one-sided P-
values were used).

Results

Survey forms were returned from 249 HCWs; eight surveys
were incomplete, and 30 reported no work-related contacts on
the survey date submitted, leaving surveys from 211 HCWs for
analysis. Of 2928 participants from the community, 2922
contributed surveys on two days, but only 1028 participants
aged from 20 to 64 years had one survey with work-related
contacts. Table | shows that, whereas both sexes and all age
groups were evenly represented among community-based
working adults, HCWs were predominantly female (86.3%)
and aged between 20 and 39 years (88.6%).

Summary of reported contacts from community-based
working adults and HCWs

Healthcare workers and community-based working adults
reported a total of 4066 and 9206 contacts respectively; 76.3%
were work-related for the former compared to only 57.2% for
the latter. In both groups, physical touch occurred with about
half of all contacts (Figure 1). Persons they encountered daily
contributed only 39.9% of HCWs’ contacts but 73.3% of
community-based working adults’ contacts. For HCWs, about
half the contacts lasted <15 min compared with <15% for
community-based working adults; contacts aged <20 years
were 5.3% for the former and 14.3% for the latter, whereas
contacts aged >60 years were 23.3% and 7.3%, respectively.

A higher proportion of HCWs’ work-related contacts
involved physical touch (49.5% versus 33.9% for community-
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Table |

Distribution of age and sex of community-based working adults and healthcare worker participants

Age group (years) Healthcare workers

Community-based working

Weights for community-based

(N =211)° adults (N = 1028) working adults
Males Females Males Females Males Females
All ages 29 (13.7) 182 (86.3) 497 (48.3) 531 (51.7) NA NA
20—29 15 (7.1) 107 (50.7) 128 (12.5) 130 (12.6) 0.571 4.01
30—-39 8 (3.8) 57 (27.0) 93 (9.0) 110 (10.7) 0.419 2.525
40—49 2 (0.9) 14 (6.6) 128 (12.5) 133 (12.9) 0.076 0.513
>50 4(1.9) 4(1.9) 148 (14.4) 158 (15.4) 0.132 0.123

NA, not applicable.

Values in parentheses are the percentage of the target population in that age and sex category.
2 The numbers of healthcare workers completing surveys from Tan Tock Seng Hospital, National University Hospital, and Khoo Teck Puat Hospital

were 94, 62, and 55 respectively.

based working adults). The proportion of contacts aged <20
years was similar, but HCWs had proportionately much more
exposure to contacts aged >60 years than community-based
working adults. Key differences persisted after using the
weights from Table | to give a modelled population of
community-based working adults similar in age and sex distri-
bution to HCW participants.

All contacts Work-related contacts
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Physical
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Figure 1. Distribution of all contacts and work-related contacts in
healthcare worker participants and in community-based working
adults from the community.

Characteristics of reported contacts from community-
based working adults and HCWs

Healthcare workers had significantly fewer household con-
tacts (median: 2 versus 3 for community-based working adults,
P = 0.008; Figure 2), but more contacts that were neither
household nor work-related (median: 1 versus 0 for community-
based working adults; P < 0.001). HCWs reported 2 to 69 work-
related contacts (median: 13), whereas community-based
working adults had a right-skewed distribution of work-
related contacts ranging from 1 to 24 (median: 4; P < 0.001).

Figure 3 describes the average (square-root-transformed)
number of work-related contacts per participant stratified by
participant type and the three contact characteristics (physical
versus non-physical contacts, contact duration and contact
periodicity). Not only did community-based working adults
have far fewer work-related contacts than HCWs, contacts
were largely non-physical, though contact duration was long
and mostly lasted >1 h, and was predominantly with in-
dividuals they met on daily basis. By contrast, HCWs reported
an even spread between physical and non-physical contacts, as
well as contacts of different durations (<5, 5—15, 15—60, and
>60 min), and contacts they met daily, weekly and at a
monthly/lesser frequency.

Among the different HCW types, doctors reported the
highest whereas ward-based nurses the lowest total work-
related contacts. Although around half of ward-based and
clinic-based nurses’ contacts involved physical touch, for the
assorted HCWs, contacts involving physical touch were rare.
Work-related contacts in clinic-based nurses, doctors, and
assorted HCWs were relatively shorter than in ward-based
nurses, with a substantial number effectively occurring with
new contacts, i.e. persons they meet monthly or less
frequently, or whom they never met before.

Factors associated with the number of work-related
contacts for HCWs

The multivariate linear regression in Table Il confirms that
the combination of role and setting for the HCW was most
strongly associated with the number of work-related contacts.
Compared to the reference group (Assorted HCWs), ward-
based nurses had fewer total contacts [ = —0.53; 95% confi-
dence interval (Cl): —1.00 to —0.06; P = 0.028]. By contrast,



408

L. Jiang et al. / Journal of Hospital Infection 98 (2018) 404—411

25 5 100 70 v 100
'-..'\ A. Household contacts ‘.l B. Non-household, non-
" \“‘ (p=0.008 | 0 60 l-l‘ work-related contacts | 80
A P 50 E (p <0.001) @
B N i = E g
2 15 | 460 = 2 a0ft 4 60 =
\
210 ‘i {40 S 3 3ORE 140 ¢
e " 4 e Y Z
5 ¢ 0 & AN 0 3
i 7 & 10 I \\\\ 7] -2
*"‘—-' 0 I I ] \-‘:'“‘:: .................
0 2 4 6 10 12 14 >15 0 2 4 6 8 10 12 14 16 18 20
Number of contacts Number of contacts
20 = 100
\\ C. Work-related contacts Q)
N <0.001) | p
sk N 12 ) 480 F:
2 =}
2 \ 160 ié
s 10}
s 440 Gt
e - ]
= SsEUUAY a0, e 5
I .............. 120 2
.......................................... I~
oL 1 [ U T e e
0o 2 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Number of contacts

% of HCWs
Cum. % of HCWs

mmm % of Working adults (Adjusted)
Cum. % of working adults (Adjusted)

Figure 2. Number of contacts for community-based working adults and healthcare workers by location of contact.

ward-based nurses had significantly more physical contacts
than the reference Assorted HCWs group (3 = 0.83; 95% Cl: 0.38
to 1.27; P < 0.001), as did doctors (f = 1.15; 95% Cl: 0.48 to
1.82; P =0.001) and clinic-based nurses (B = 1.17; 95% Cl: 0.60
to 1.75; P < 0.001). Male sex was associated with significantly
fewer physical contacts (than females, = —0.55; 95% Cl:
—1.01 to —0.09; P = 0.020). Institutional effects significant on
univariate analyses were much reduced and non-significant
after adjusting for confounding by HCW type.

Discussion

Using a 24 h contact diary, our study highlights key differ-
ences in the contacts between various hospital-based HCWs
and community-based working adults, as well as differences
between HCWs in various settings which have important im-
plications for infectious disease transmission. We compared
total numbers of work-related contacts, but we also explored
three aspects which characterize contacts: duration, whether
physical touch occurred, and the contact periodicity, the last
aspect having largely been neglected in other studies.

The higher frequency of work-related contacts for HCWs as
compared to community-based working adults was also re-
ported in a previous study which used contact diaries to
compare contacts for nurses versus matched controls from the
general population (median: 34 versus 4) [11]. We showed that
this is also true for other HCW types, who on the average had
even more total work-related contacts than nurses. Further-
more, we found that many of the interactions involving HCWs
are effectively new contacts, i.e. persons they do not meet
daily or even weekly. By contrast, community-based working

adults largely work with the same set of individuals on a daily
basis. The right-skewed distribution for community-based
working adults (Figure 2C) suggests that a small minority have
much higher numbers of work-related contacts, including new
contacts; these may represent individuals in other service in-
dustries. However, while severely ill individuals are less likely
to use services such as retail and food-and-beverage in the
community, they will almost always present to — and moreover
have physical interactions at — health facilities. The large
number of new work-related physical contacts increases HCWs’
risk of encountering and hence acquiring an infectious disease,
especially because they provide healthcare services to patients
who potentially present with an infection. Moreover, the large
number of new contacts reported by HCWs implies that non-
HCW contacts encountered at health facilities by an infec-
tious individual would also mostly be new contacts. This may be
what makes the healthcare setting a potent amplifier for
certain types of infection. HCWs been reported to have a
higher infection rate for influenza, measles, and tuberculosis
[18—20]. In recent years, the possible role of the health facility
in amplifying transmission for emerging infections such as
SARS, MERS-CoV, and Ebola virus disease has also been high-
lighted, with nosocomial transmission being implicated in
several large outbreaks [8—10,21,22]. We believe that noso-
comial amplification arises partially because of the high
numbers of new contacts among HCWs, and other patients and
their visitors, which potentially allows the infection to spread
beyond the immediate family members of an infectious indi-
vidual [8,23].

However, among HCWs, our study also revealed important
differences which may affect their potential to spread various
infectious diseases. Besides the type of HCW, other factors
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ber of 0.5.

including the institution, age, and sex did not substantially
affect HCWs’ work-related contacts. Previous studies suggest
that nursing staff had more work-related contacts in the ward
environment, but we found that, considering their scope of
work at the hospital level over an entire work day, doctors had
the highest number of work-related contacts [24,25]. However,
both ward-based and clinic-based nurses reported high
numbers of physical contacts; ward-based nurses reported the
fewest contacts, but had the highest number of longer-
duration contacts (>15 min) where physical touch occurred,
and clinic-based nurses had high numbers of short duration
(<15 min) contacts, most of which were effectively new con-
tacts. HCWs in different settings may hence vary in their risk
for acquiring and spreading pathogens with different dominant
modes of transmission. For instance, physical contact has been
confirmed to play a key role in the transmission of antibiotic-
resistant bacteria such as meticillin-resistant Staphylococcus

aureus [26]. However, it is unclear how the risk arising from the
inpatient environment, with more physical contacts of longer
duration, might compare with clinic environments with higher
numbers of new contacts. And although ward-based nurses had
fewer total and new contacts, they seemed to be at higher risk
of infection compared to other HCW types during the SARS
outbreak in Singapore in 2003 [8,27]. We suggest that longer
contact durations may be needed for transmitting infections
with less or intermittent pathogen shedding. Whereas the
duration of contacts has been described elsewhere, there have
been few studies integrating both the number and duration of
contacts into a model to describe their combined impact on the
potential pathways of transmission for different infections
[2,28—30]. Our study provides some of the key parameters
needed to model such transmission, by re-examining the
interaction between various contact characteristics, and
incorporating information on whether the contacts are new
(which increases the probability of encountering an infectious
case) or recurrent (which effectively increases the duration of
exposure). Although this has previously been neglected in some
infectious disease transmission models, it is what will inform us
on the relative vulnerabilities of types of HCW and setting when
preventing different nosocomial infections.

Our study has several limitations. First, we used conve-
nience sampling determined by the participating institutions to
facilitate recruitment. Consequently, we are uncertain as to
the representativeness of our study, and we had a great di-
versity in the types of HCW which was difficult to control for.
Even within the broad groupings, we acknowledge that our
analyses in some categories were limited to relatively small
numbers. Second, our study was based on paper contact di-
aries, which have been shown to suffer from underreporting of
contacts, and overestimation of contact durations [31].
Underreporting is of particular concern for short contacts, with
longer contacts being better reported, and, despite our re-
minders to participants to report all their contacts, our study
remains subject to such biases. Moreover, it is challenging to
independently verify the overall accuracy of such diary-based
surveys of contacts. Third, since we standardized the format
of the paper diary for both the HCWs and the general popula-
tion, this limited the recording of more detailed contacts
among HCWs such as the classes of persons contacted (i.e.
nurses, doctors, allied HCWs, patients or visitors). Also, the
format of the survey meant that we were unable to collect
information on individual contact episodes with each person
they had contact with, and hence we were unable to quantify
the extent to which personal protective equipment (such as
gloves, gowns and masks) was used in the interactions with
patients. To do so without interfering with the HCWs’ routines
would have required the use of other methods such as those
based on direct observation of HCW—patient interactions
[32,33]. Finally, our definition of a ‘significant contact’, though
similar to previous contact diary surveys, may not capture all
instances where transmission could occur, for instance for
respiratory pathogens where transmission could potentially
arise through being in the same physical space for a prolonged
period, even without physical touch or conversation [34].

In conclusion, our study demonstrated that HCWs differ
substantially from community-based working adults in the total
number of daily contacts, but also the nature of the contacts,
with HCWs far more likely to have physical contacts and new
contacts; this may enhance their chances of encountering,
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Table I

Effect of participant characteristics on number of work-related contacts, and number with physical contacts

Regression coefficient, p (95% confidence intervals)

Participant characteristics

All work-related contacts

Work-related contacts with physical contact

Univariate Multivariate Univariate Multivariate

Institution (vs TTSH)

KTPH —0.18 (—0.56, 0.21) 0.07 (—0.34, 0.48) 0.10 (—0.28, 0.48) —0.09 (—0.48, 0.30)

NUH 0.42 (0.05, 0.79)" 0.21 (—0.21, 0.62) —0.28 (—0.64, 0.09) —0.37 (—0.76, 0.02)
Age group (vs <30 years)

30-39 0.03 (—0.32, 0.38) —0.06 (—0.41, 0.30) 0.01 (—0.34, 0.35) —0.07 (—0.41, 0.27)

40—49 0.27 (—0.34, 0.87) 0.25 (—0.35, 0.85) —0.19 (-0.81, 0.42) —0.28 (—0.87, 0.31)

>50 1.07 (0.24, 1.90)" 0.84 (—0.04, 1.71) —0.69 (—1.51, 0.13) 0.16 (—0.68, 0.99)
Participant sex (vs female)

Male —0.02 (—0.48, 0.44) —0.30 (-0.77, 0.18) —0.70 (-1.15, —0.25)" —0.55 (-1.01, —0.09)"

HCW group (vs Assorted HCWs)
Ward-based nurses —0.64 (—-1.05, —0.23)"
Clinic-based nurses —0.03 (—0.58, 0.52)
Doctors 0.20 (—0.48, 0.88)

~0.53 (—1.00, —0.06)"
~0.1(~0.70, 0.51)
0.40 (—0.31, 1.11)

0.95 (0.56, 1.34)™
1.11 (0.58, 1.64)™
1.02 (0.37, 1.67)"

0.83 (0.38, 1.27)™
1.17 (0.60, 1.75)™
1.15 (0.48, 1.82)"

TTSH, Tan Tock Seng Hospital; NUH, National University Hospital; KTPH, Khoo Teck Puat Hospital; HCW, healthcare worker.

"0.01 < P < 0.05.
"0.001 < P < 0.01.
"'P < 0.001.

acquiring, and spreading contact-transmissible and respiratory
infections. Whereas doctors had the most contacts, nurses had
more skin-to-skin touch and contacts of a longer duration, which
would increase their risk for acquiring and spreading infections
where physical contact or prolonged exposure is important for
transmission. These observations may explain why health fa-
cilities are vulnerable to amplifying transmission of emerging
infections, and the differential risk of various types of HCWs.
The findings also provide critical inputs for the development and
validation of infectious disease models for informing control and
prevention within the healthcare setting.
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