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SUMMARY

To characterize contacts in general wards, a prospective survey of healthcare workers (HCWs),
patients and visitors was conducted using self-reported diary, direct observation and telephone
interviews. Nurses, doctors and assorted HCWs reported a median of 14, 18 and 15 contact
persons over one work shift, respectively. Within 1 h, we observed 3·5 episodes with 25·6 min of
cumulative contact time for nurses, 2·9 episodes and 22·1 min for doctors and 5·0 episodes with
44·3 min for assorted-HCWs. In interactions with patients, nurses had multiple brief episodes of
contact; doctors had fewer episodes and less cumulative contact time; assorted-HCWs had fewer
contact episodes of longer durations (than for nurses and doctors). Assortative mixing occurred
amongst HCWs: those of the same HCW type were the next most frequent class of contact after
patients. Over 24-h, patients contacted 14 persons with 23 episodes and 314·5 min of contact
time. Patient-to-patient contact episodes were rare, but a maximum of five were documented
from one patient participant. 22·9% of visitors reported contact with patients other than the one
they visited. Our study revealed differences in the characteristics of contacts among different
HCW types and potential transmission routes from patients to others within the ward
environment.
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INTRODUCTION

Healthcareworkers (HCWs)have close interactionswith
patients and other contacts within the hospital [1].
Moreover, patients are at high risk for the acquisition
and transmission of infectious diseases ranging from

respiratory infections like influenza and Severe Acute
Respiratory Syndrome (SARS) [2, 3] to contact trans-
missible drug resistant organisms such as Methicillin-
resistant Staphylococcus aureus (MRSA) [4].

Contacts between HCWs, the hospital environ-
ment, patients and visitors influence pathways for
transmission and determine what interventions may
be effective [5]. The characteristics of such contacts
have been investigated through self-reported diaries,
direct observation, and proximity-sensing technolo-
gies such as radiofrequency identification (RFID)
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systems [1, 6–8]. Of late, proximity-sensing technolo-
gies have been more commonly applied and are argu-
ably less subject to observer and desirability bias and
have less manpower requirements than diaries and dir-
ect observation. However, such technologies have
their limitations; for instance, RFID would miss con-
tacts not pre-tagged with the system [9] and cannot
provide data on physical touch [10], which is critical
for the transmission of some pathogens.

Weused self-reporteddiaries anddirectobservation to
investigate various characteristics of the contacts
between HCWs, inpatients and visitors in a tertiary hos-
pitalward.Wealsoderiveparameters for contact charac-
teristics between HCWs, patients and visitors in the
inpatient ward environment, details of which would be
relevant tomodelling disease transmission in this setting.

METHODS

Study design and data collection

We conducted a prospective study [11] of contacts
where consenting participants knew in advance that
they should report, or be under observation, regarding
their contacts in general wards of Tan Tock Seng
Hospital (TTSH) from June to December, 2013.
TTSH is a 1400-bed acute care general hospital with
a comprehensive suite of tertiary care specialties for
adults, with the exception of obstetrics and gynaeco-
logical services. Our study was conducted on nine
non-single-room wards and two single-room wards
(averaging 38 and 16 beds respectively).

Four types of participants were recruited: Nurses
(ward-based nurses, which included registered nurses,
assistant nurses and nurse aides), doctors and assorted
HCWs, patients and visitors. Assorted HCWs
included a diversity of healthcare staff such as thera-
pists, pharmacists and social workers; these were com-
bined due to limited numbers in each of these
sub-categories and also because they shared certain
features, such as not being based in the ward environ-
ment for an entire workday and not working shifts
within targeted wards. Nurses were recruited during
their routine daily team meeting while other partici-
pant types were recruited individually when visiting,
staying in, or working in the wards. We conducted
the study across all days of the week including week-
ends. For HCWs, study team members specified the
survey dates and work shifts to ensure different days
and shifts (morning, afternoon and night) were repre-
sented proportionally to the scheduling of shifts within

a typical ward environment. For patients, surveys cov-
ered the 24 h period starting from the point of recruit-
ment (to minimize the chance they would be
discharged before completing the study), while visitors
completed their survey during the next working day
after their hospital visit. Ethics approval was obtained
from the National Healthcare Group (Singapore)
Domain Specific Review Board, in accordance with
relevant guidelines and regulations. Written informed
consent was provided by each study participant.

A ‘contact episode’ [12] was defined as either a two-
way conversation with three or more words in the
presence of another person, or physical touch (for
example a handshake, hug, or kiss) with another per-
son, no matter whether the contact occurred between
two persons or a group of people; contact episodes
with physical touch were defined as ‘physical con-
tacts’. Individuals whom our participants had contact
with are henceforth referred to as ‘contact persons’,
with a participant potentially having multiple contact
episodes with the same contact person within the
observation period. Contact persons were grouped
into six ‘contact classes’: doctors, nurses, assorted
HCWs, patients, visitors (including family members)
and others (not categorized into the previous classes).

Self-reported diaries and direct observation were
used for HCWs and patients, who could choose to par-
ticipate through either or both methods; for visitors, a
telephone interview was used (Table 1). The scheduled
timeframe of the survey for different participant types
were: 24 h for patients, one work shift for HCWs (typ-
ically 8 and 10 h for day and night shifts, respectively)
and one hospital trip for visitors (covering the entire
period when he/she was in the hospital). However, for
doctors and assorted HCWs, exposure to a specific
inpatient ward varied substantially by the category of
staff involved; their self-reported diaries included con-
tact persons for the entirework shift, but direct observa-
tion covered only the period theywere in a specific ward
(between 2 and 8 h for participants in our study).

Self-reported diary: This was organized as a table
where participants recorded features of their contact
persons during the assigned day or shift: age (or
approximate age range), gender, class of the contact
person and whether they ever had physical contact
with that person. Participants were instructed to use
only one row for each contact person.

Direct observation: A team of trained observers
were assigned to follow one specific participant for a
designated period. After each contact episode had
occurred, observers recorded the features of the

3086 L. Jiang and others

https://doi.org/10.1017/S0950268817002035 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268817002035


contact episode: age (or approximate age range), gen-
der, class of the contact person, episode duration in
minutes and whether physical contact occurred.
Each contact episode occupied one row of the form.

Telephone interview for visitors: Using a structured
questionnaire, each participant was asked by tele-
phone for the total duration of that specific hospital
visit and for each of the contact classes, the aggregate
number of all contact persons and contact persons
with whom physical contact occurred.

Data analysis

For HCWs and patients, the characteristics of their
contacts at the participant level were analyzed from
four perspectives: the self-reported number of contact
persons and from direct observation, the number of
contact episodes, the cumulative contact time and
median duration of individual contact episodes. We
present these measures for each participant type,
with further stratification by the class of the person
contacted (three classes of HCWs, patients, visitors).
To account for differences in the period of assessment
for nurses and non-nursing-HCWs (doctors and
assorted HCWs), direct observation data for all
HCW types were pro-rated to an hourly basis when
making any comparisons. All analyses were per-
formed for total contact persons and episodes and
then repeated for contact persons and episodes
where physical touch occurred. We also summarized
the interaction between different classes of persons
in contact with each of the participant types using
modified contact matrices. The matrices give the pro-
portion of all contacts for that participant type
(nurses, doctors, assorted HCWs and patients) and
provide a simple representation of the potential risk
of exposure for different classes of contact persons
should an individual belonging to that particular par-
ticipant type becomes the source for an infection. This

was done for various measures of contact characteris-
tics, selected to depict infections with different trans-
mission characteristics.

Contacts reported by visitor participants during
their hospital visit were analyzed separately.

Comparisons were made either using the Wilcoxon
rank sum test or the Kruskal–Wallis one-way analysis
of variance (for two or more groups, respectively),
with two-tailed P-values of <0·05 considered statistic-
ally significant. All analyses were performed using R
version 3.0.2 [13].

RESULTS

We recruited 377 individuals (Table 2). HCW partici-
pants ranged from 20 to 47 years and were predomin-
antly (81·3%) female. Patients and visitors had a wider
age range, with more female visitors (76·6%). 65, 9, 22
and 40 self-reported diaries, and 57, 16, 35 and 60 dir-
ect observation surveys for nurses, doctors, assorted
HCWs and patients respectively were available for
analysis. We also completed 175 telephone-interview
questionnaires for visitors.

Through self-reported diaries, nurses, doctors,
assorted HCWs and patients reported a total of 929,
174, 384 and 576 contact persons respectively, and
from direct observation, 2078, 325, 600 and 1410 con-
tact episodes with cumulative durations of 15505,
2762, 6163 and 25272 min.

Contacts of HCWs (Fig. 1 and supplementary Tables
S1–S2)

Over one work shift, nurses reported a median of 14
(range 3–29), doctors reported 18 (range 12–26)
while assorted HCWs reported 15 (range 3–40) con-
tact persons. Within 1 h, we observed 3·5 (range
1·3–15·5) episodes of contact and 25·6 (range 9·2–
133·4) min of cumulative contact time for nurses; 2·9

Table 1. Overview of survey method for different types of participants

Type of participant Survey method(s) Period assessed Type of data collected

Nurses Direct observation One work shift Contact episodes
Self-reported diary One work shift Contact persons

Doctors and assorted HCWs Direct observation 2–8 h Contact episodes
Self-reported diary One work shift Contact persons

Patients Direct observation 24 h Contact episodes
Self-reported diary 24 h Contact persons

Visitors Telephone interview One visit to hospital Aggregated data for the
entire visit by contact classes

HCWs, healthcare workers.
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(range 1·0–8·0) episodes and 22·1 (range 3·3–64·0) min
for doctors; and 5·0 (range 1·2–11·0) episodes and 44·3
(range 3·3–161·7) min for assorted HCWs. Doctors
reported more patients as contact persons than other
HCWs (nurses vs. doctors vs. assorted HCWs: median
of 7 vs. 8 vs. 3 per work shift, Fig. 1a). However,
nurses had the most contact episodes with patients
(nurses vs. doctors vs. assorted HCWs: 1·8 vs. 0·8 vs.
1·3 contact episodes per hour, Fig. 1b). In contrast,
assorted HCWs had the longest cumulative contact
time and longest contact episode duration with
patients (nurses vs. doctors vs. assorted HCWs: 13·9
vs. 11·4 vs. 17·2 min of cumulative contact time per
hour, Fig. 1c). Interactions between HCWs of the
same type (e.g. nurses with nurses) were more frequent
and lasted longer than other HCW interactions
(Fig. 1a–c). The duration of HCWs’ individual con-
tact episodes were generally short (Fig. 1d, 47·1%
43 min, and 64·9% 45 min). However, individual
contact episodes with patients for assorted HCWs
were substantially longer (median of 10 min, vs. 5
min for both nurses and doctors).

When restricted to contact persons with physical
touch, both nurses and doctors had the same median
number of patients, and substantially more than for
assorted HCWs (nurses vs. doctors vs. assorted
HCWs: 6 vs. 6 vs. 0·5 per work shift, Fig. 1a).
However, based on contact episodes where physical
touch occurred, nurses were observed to have the
most contact episodes and the longest cumulative con-
tact time with patients, followed by assorted HCWs,
with doctors having much fewer episodes and much
less time with physical contact (nurses vs. doctors vs.
assorted HCWs: 1·6 vs. 0·1 vs. 0·8 contact episodes
per hour, 11·9 vs. 1·3 vs. 9·7 min of cumulative contact

time per hour, Fig. 1b–c). Episodes involving physical
contact with patients (Fig. 1d) lasted longer than those
without for nurses and assorted HCWs while no dif-
ference was observed for doctors (nurses: median of
5 vs. 2 min, assorted HCWs: 15 vs. 3 min, P< 0·001
for both; doctors: 5 vs. 5 min, P= 0·895).

Contacts of patients (Fig. 2 and supplementary Tables
S1–S2)

Over 24 h, patients had 14 (range 2–40) contact per-
sons and 23 (range 10–44) contact episodes with
314·5 (range 51–1851) min of contact time; for phys-
ical contacts, patients had seven (range 0–19) contact
persons, 13 (range 2–32) contact episodes and 193
(range 4–1682) min of contact time. Nurses contribu-
ted most to patients’ contact persons (6, range 0–19,
Fig. 2a) and contact episodes (11, range 5–26,
Fig. 2b), whereas visitors contributed most to patients’
cumulative contact time (167 min, range 0–1821 min,
Fig. 2c). In concurrence with direct observations of
HCWs, patients’ contact episodes with HCWs were
short (median of 3, 5 and 5 min for nurses, doctors
and assorted HCWs respectively, Fig. 2d), while
65·2% of episodes with visitors lasted 530 min and
38·8% 51 h. While contact with other patients was
rare (median of 0), the maximum number of other
patients reported as contact persons was 9, and we
documented a maximum of 5 contact episodes with
other patients over 24 h of direct observation (for a
different patient). Median contact episode duration
with other patients was 10 min, with around 10% last-
ing longer than 30 min; episodes where physical con-
tact occurred lasted longer than those without
physical contact (22·5 vs.10 min, P< 0·001).

Table 2. Characteristics of individuals by participant types

Nurses Doctors Assorted HCWs Patients Visitors

Number 71 17 40 74 175
Age

Median (range) 27 (20–47) 26 (24–47) 25 (22–42) 59 (21–88) 42 (21–78)
Gender

Female (%) 63 (88·7) 8 (47·1%) 33 (82·5 31 (41·9) 134 (76·6)
Survey method

Self-reported only (%) 14 (19·7) 1 (5·9%) 5 (12·5) 14 (18·9) –

Direct observation only (%) 6 (8·5) 8 (47·1%) 18 (45·0) 34 (46·0) –

Both (%) 51 (71·8) 8 (47·1%) 17 (42·5) 26 (35·1) –

Ward
Non-single-room 66 (93·0) – – 68 (91·9) –

Single-room 5 (7·0) – – 6 (8·1) –

HCWs, healthcare workers.
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Fig. 1. Summary of contacts for HCWs. The panels represent four measures of contacts: (a) the number of contact
persons per work shift, (b) the number of contact episodes per work hour, (c) cumulative contact time per work hour, and
(d) duration of individual contact episodes. The left side of each panel includes all contacts, the right side of each panel
includes only those contacts with patients where physical contact occurred. Nurses, doctors and assorted HCWs’ contacts
are stratified (on the horizontal axes) by the class of contact persons (N, nurses; D, doctors; A, assorted HCWs; P,
patients; V, visitors). Boxplots represent the distribution (median as a centre line, inter-quartile range (IQR) in the span of
the columns, and the upper and lower whiskers represent the highest and lowest values which are no greater than 1·5
times the IQR); for heavy-tailed distributions with a large range compared with the median, the value of the extreme
outlier is stated (instead of listing all outliers).
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Modified contact matrices (Fig. 3 and supplementary
Table S3)
Regarding the total number of contact persons
(Fig. 3a), from the perspective of the participant

type, patients were the most frequent class of contact
for HCWs (56%, 41% and 43% for nurses, doctors
and assorted HCWs, respectively). However, there
was assortative mixing amongst HCWs, with the

Fig. 2. Summary of contacts for patients. The panels represent four measures of contacts: (a) the number of contact
persons per day, (b) the number of contact episodes per day, (c) cumulative contact time per day, and (d) duration of
individual contact episodes. The left side of each panel includes all contacts, whereas the right side of each panel includes
only those contacts where physical contact occurred. Patients’ contacts are stratified (on the horizontal axes) by the class
of contact persons (N, nurses; D, doctors; A, assorted HCWs; P, patients; V, visitors). Boxplots represent the distribution
(median as a centre line, inter-quartile range in the span of the columns, and the upper and lower whiskers represent the
highest and lowest values which are no greater than 1·5 times the IQR); for heavy-tailed distributions with a large range
compared to the median, the value of the extreme outlier is stated (instead of listing all outliers).
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next most frequent class of contacts being those of the
same HCW type (24%, 25% and 22% for nurses, doc-
tors and assorted HCWs, respectively). From the
patients’ perspective, nurses contributed most to
total contacts (48%), followed by visitors (30%).
However, for cumulative contact time with patients
(Fig. 3b), visitors were the main contact class (69%),
followed by nurses, assorted HCWs and doctors
(16%, 5% and 4%, respectively). Amongst the
HCWs, cumulative contact time was also partially
assortative, particularly in doctors, who spent more
time in contact with other doctors (57%) than they
did with patients (24%); nurses and assorted HCWs
spent most of their contact time with patients (50%
and 51%, respectively) followed by those of the same
HCW type (37% and 24%, respectively). However,
when analyzing contact episodes (Fig. 3c), for the doc-
tors and assorted HCWs, these showed a fairly even

distribution across the contact classes, except that
most contact episodes for the doctors were amongst
themselves (32%), while the class of contacts that
assorted HCWs had the least contact with were the
doctors (10%). For nurses, contact episodes were
largely concentrated amongst patients (48%) and
other nurses (35%); from the patients’ perspective,
53% of contact episodes were with nurses, followed
by visitors (23%). However, for physical contacts,
patients contributed more than 80% of episodes for
all three HCW participant types (Fig. 3d). Physical
interactions between HCWs were infrequent; the
most frequent such interaction was between nurses
(12% of episodes, median of 0·17 episode per hour).
From the patient’s perspective, the majority of phys-
ical contact episodes were with nurses (58%), followed
by visitors (22%), with much smaller proportions
being with doctors (10%) and assorted HCWs (9%).

Fig. 3. Contact matrices based on the distribution of: (a) Total number of reported contact persons, (b) cumulative
contact time, (c) total number of observed contact episodes, (d) number of episodes with physical touch. Each cell of the
matrix represents the proportion of the contacts occurring with a specific class of contact persons for the type of
participant represented by that column. Note that the column totals do not add up to 100% because the observations
where the contact class was ‘Others/Missing’ are excluded from the figure.
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Effect of work shift, ward type and day-of-week on the
contacts of nurses and patients

Nurses had less contact episodes and contact time
with patients during the afternoon as compared with
other shifts. On weekends, nurses had more but
shorter contacts with patients than on weekdays.
Compared with non-single-room wards, patients in
single room wards had fewer unique nurse contacts
and also fewer contact episodes, but a longer cumula-
tive contact time. Patient-to-patient contacts occurred
more frequently in non-single-room wards and on
weekdays. However, none of these differences were
statistically significant.

Summary of visitors’ questionnaire survey

Among the 175 visitors, 79·4% had physical contacts
with the patients they visited; 76·0% had contacts
with HCWs (but only 5·7% involved physical touch),
with a median 2 (range 0–12) HCW contacts. 22·9%
reported contact with patients other than the one
they visited, although physical contact was infrequent
(1·7%). 64·6% had contact with other visitors (median
of 1 visitor); 18·9% had physical contact with other
visitors (Table 3).

DISCUSSION

Our study provides several measures of contacts
among HCWs, patients and visitors within the setting
of the acute care general ward in Singapore. In contrast
to studies like those by Cohen et al. [6] and Raboud
et al. [7], which focused on and recorded all visits to
a specific patient’s room, we also covered contacts
within the ward that were outside the patient’s room,
with a timeframe for different types of participants
scheduled to be in line with their exposure to the
ward. Some of this was previously described by others
using proximity sensing technologies [10, 14, 15].
However, by using both self-reported diaries with dir-
ect observation to quantify the number and duration
of all contacts and physical contacts, we showed that
the way contacts are measured can have different
implications as to the key groups at-risk for acquiring,
as well as spreading different types of infection. For
instance, nurses had multiple brief episodes of contact
with patients that often involved physical touch; doc-
tors, while reporting contact with a similar number
of patients, had fewer episodes of contact and conse-
quently less cumulative contact time with patients.

On the other hand, assorted HCWs (which mainly
included therapists and other allied health staff) had
similar cumulative contact time as nurses, but this
arose from fewer episodes of contacts with longer dura-
tions than those typically observed in nurses. The
HCWs contacts with patients were consistent with
the respective HCW’s role in patient care, and are rele-
vant to understanding potential pathways for transmis-
sion. Measuring these contacts also provides
parameters to support modeling of disease transmis-
sion in such an environment.

For instance, for drug-resistant bacteria, a significant
threat to public health [16], physical patient-to-HCW-
to-patient contacts has been suspected as a major
pathway for transmission [17, 18]. For all HCW
types, patients were the most common class of physical
contacts. However, on observing the patients, we found
that nurses had a far higher number of, and accounted
for close to 60% of all episodes with physical contact
compared with <10% each for doctors and assorted
HCWs (Fig. 3d). If transmission of such bacteria is
more dependent on episodes of physical touch rather
than the number of patients contacted, then nurses
could potentially (in the absence of interventions) play
a bigger role in the spread of these pathogens, even
though they reported physical contact with the same
median number patients as doctors. The possible role
of nurses was previously highlighted in other studies,
which used proximity-sensing technologies [13, 14]
that do not explicitly measure contacts involving phys-
ical touch, whichwemeasure here. Previous studies also
led others [9, 15] to comment that nurses may be a
priority for infection control interventions due to the
characteristics of their contacts. Our study provides
additional support for this and emphasizes the import-
ance of this for drug-resistant bacteria where physical
contact is important for transmission [19].

Our findings also have relevance to transmission of
respiratory infections like influenza, which has and
continues to cause nosocomial outbreaks [20], as
well as novel infections like SARS and MERS corona-
viruses where a substantial fraction of cases arise from
outbreaks in healthcare settings [21]. It is unclear for
many of these pathogens what parameters are most
critical to transmission. For influenza, we previously
observed during the influenza A(H1N1)pdm09 pan-
demic of 2009 that contact with other colleagues,
and also patients with confirmed influenza A(H1N1)
pdm09 infections, both independently increased the
risk of infection [3]. This suggests the importance of
both HCW-to-HCW and patient-to-HCW pathways

3092 L. Jiang and others

https://doi.org/10.1017/S0950268817002035 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268817002035


for transmission. If transmission is highly dependent
on the number of contact persons or cumulative con-
tact time (where we observed assortative mixing
amongst HCWs, Fig. 3a–b), then the initial infections
would most probably be concentrated amongst HCWs
of same type after its introduction into a given setting
by an infectious HCW. On the other hand, following
introduction by an infectious patient, our observations
suggest that nurses would be most at-risk, as amongst
HCWs, they were proportionately most in contact
with patients on all the measures presented in
Figure 3. Quantification of the risk to different
HCW types, and how an epidemic might evolve in
subsequent generations of transmission would require
that we use models that integrate information about
the numbers of contact persons and episodes with
information on contact time. While the theoretical
importance of including information on the duration
of contacts has been recognized [22, 23], models of
influenza transmission in the healthcare setting have
thus far focused mainly on the number of contacts
[24, 25], possibly due to the unavailability of the rele-
vant parameters, which we have now measured.

Our findings may also explain several epidemio-
logical observations associated with the outbreaks of
SARS-CoV in 2003. In Vietnam, Canada and
Singapore, HCWs accounted for 57%, 43% and 41%
of infections, respectively [26]. In Singapore, most
HCW infections arose from super-spreading events
and patient-to-HCW transmission from unrecognized
cases of the infection [27]. Our investigation of the
patients’ contacts confirms that, other than visitors
who cumulatively have themost contact timewith inpa-
tients, ward-based nurses are the class of contacts most
exposed to a potentially infectious case within the gen-
eral ward environment by all the other measures used.
Indeed, during key hospital-based outbreaks in

Singapore, nurses outnumbered other HCWs by
about 2:1 [3, 28]. Moreover, visitors to hospitals were
another sizeable group that was infected (∼20% of
Singapore’s SARS-CoV cases) [27]. The contacts of
visitors has largely been neglected in other studies in
hospital settings [7, 8, 10, 29], possibly due to the chal-
lenges in collecting such information. Direct observa-
tion of patients showed that contact episodes with
visitors were often prolonged, and our telephone ques-
tionnaire suggests that almost 80% of visitors had phys-
ical contact with the patients they visited. Moreover,
20% had contacts with patients besides the one they vis-
ited, which could explain why a substantial number of
visitors to non-SARS-CoV patients were infected [30].
As for patient-to-patient transmission, which occurred
less frequently with SARS-CoV but has featured prom-
inently in MERS-CoV outbreaks [21], we note that
while patient-to-patient contacts were relatively rare,
physical and prolonged contacts do occur. This
pathway may hence deserve greater attention for inter-
ventions to interrupt nosocomial transmission. Finally,
the role of super-spreaders has been highlighted in
several studies of SARS-CoV [31], MERS-CoV [32],
and even Ebola virus outbreaks [33]. A large number
of contacts have been suspected as a possible contribu-
tory mechanism [34, 35]. Amongst our inpatients, the
distribution of contact persons was moderately
right-skewed, with a median of 14 contact persons but
a maximum of 40 over a 24-h period. Our results
could potentially be used to model the extent to which
the variation in the characteristics of their contacts
contributes to super-spreader phenomena.

Our study has several limitations. Firstly, our partici-
pants might not represent typical hospital constituents.
Doctors were inadequately represented, and the
assorted HCW group aggregated a diversity of health-
care staff types. Patients in our study had to be able to

Table 3. Summary of visitors’ contacts

Who the visitor contacted: Patient they visited HCWs
Patients besides
the one they visited Other visitors Others

Total contact
No. (%) had contact 175 (100) 133 (76·0) 40 (22·9) 113 (64·6) 12 (6·9)
Total no. of contact persons 175 399 71 385 14
Median no. of contact persons (range) 1 (1–1) 2 (0–12) 0 (0–6) 1 (0–12) 0 (0–3)

Physical contact
No. (%) had contact 139 (79·4) 10 (5·7) 3 (1·7) 33 (18·9) 2 (1·1)
Total no. of contact persons 139 44 7 103 4
Median no. of contact persons (range) 1 (0–1) 0 (0–7) 0 (0–3) 0 (0–10) 0 (0–3)

HCWs, healthcare workers.
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give consent for participation, and thus may be
younger, have less severe disease and be more function-
ally mobile than the average inpatient. Also, most vis-
itor participants were recruited from non-single-room
wards due to difficulties in approaching visitors from
single roomwards; the conclusion from the visitors’ sur-
vey may thus be valid only for non-single room wards.
The self-reported survey may also have underestimated
the total number of contacts, especially contacts of
shorter duration due to recall bias or incomplete record-
ing of contacts [36], and the Hawthorne effect could
have biased the results from direct observation.
Finally, we acknowledge that beyond what we can
infer from our description of contacts in this paper, a
more complete understanding of transmission path-
ways and potential interventions would require that
we integrate such data in amodelling approach and val-
idate the outputs against the complex patterns observed
in reports of nosocomial outbreaks.

In conclusion, the various measures of contacts in our
study revealed subtle but important differences between
different types of HCWs, while observations in patients
and visitors also highlighted several potential transmis-
sion routes within the ward environment. These findings
have implications for understanding transmission and
designing interventions, and can be used as input para-
meters for modelling the spread of various healthcare
associated infections and how to prevent them.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be
found at https://doi.org/10.1017/S0950268817002035.
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