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Environmental Contact and Self-contact Patterns of
Healthcare Workers: Implications for Infection Prevention
and Control
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Background. Respiratory viruses on fomites can be transferred to sites susceptible to infection via contact by hands or other
fomites.

Methods. Care for hospitalized patients with viral respiratory infections was observed in the patient room for 3-hour periods at
an acute care academic medical center for over a 2 year period. One trained observer recorded the healthcare activities performed,
contacts with fomites, and self-contacts made by healthcare workers (HCWs), while another observer recorded fomite contacts of
patients during the encounter using predefined checklists.

Results.  The surface contacted by HCWs during the majority of visits was the patient (90%). Environmental surfaces contacted
by HCWs frequently during healthcare activities included the tray table (48%), bed surface (41%), bed rail (41%), computer station
(37%), and intravenous pole (32%). HCWs touched their own torso and mask in 32% and 29% of the visits, respectively. HCW’ self-
contacts differed significantly among HCW job roles, with providers and respiratory therapists contacting themselves significantly
more times than nurses and nurse technicians (P < .05). When HCWs performed only 1 care activity, there were significant differ-
ences in the number of patient contacts and self-contacts that HCW's made during performance of multiple care activities (P < .05).

Conclusions.

HCWs regularly contact environmental surfaces, patients, and themselves while providing care to patients with

infectious diseases, varying among care activities and HCW job roles. These contacts may facilitate the transmission of infection to

HCWs and susceptible patients.
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Environmental surfaces contaminated with pathogens are
thought to play an important role in the contact transmission
route because pathogens can be transferred to the facial mucous
membranes or other sites on a susceptible person via contact by
hands or other fomites [1]. Respiratory viruses such as influ-
enza viruses and severe acute respiratory syndrome coronavirus
(SARS-CoV) are transmitted, at least in part, through the contact
route [2]. These viruses significantly impact the health of health-
care workers (HCWs). During the 2003 SARS-CoV outbreak,
healthcare workers accounted for 20% of the cases worldwide [3].
With respect to seasonal influenza, Jones and Xia estimated that
tens of thousands of HCW: in acute care settings in the United
States are infected through occupational exposure annually [4].
Environmental surfaces in the hospital have been found to be
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contaminated with influenza viruses and SARS-CoV, including
the hospital bed, bedside table, and television remote control
[5-7]. Previous work found that patient bodies, bed surfaces, and
bedside tables were among the most frequently touched surfaces
by HCWs and patients [8, 9]. Thus, contact with these surfaces
may put HCWs at risk of infection or of transmitting the patho-
gens to other susceptible patients and workers.

The objective of this study is to describe the contact patterns of
HCWs with environmental surfaces (fomites) and themselves, and
the contact patterns of patients with fomites during HCW-patient
encounters. All patients were hospitalized with viral respiratory in-
fection in an acute care hospital in an academic medical center. To
our knowledge, fomite contact and self-contact patterns of HCW's
associated with care activities for patients with viral respiratory
infections, all of whom were under transmission-based infection
control precautions, have not been studied. This work can inform
our understanding of infectious disease transmission pathways,
support implementation of quantitative microbial risk assessment,
and direct enhanced cleaning activities toward frequently touched
surfaces. Furthermore, recognition of environmental contacts and
self-contact by HCW's may motivate improved use of personal pro-
tective equipment (PPE) and hand hygiene, which we have found
to be inadequate among HCWs at this hospital [10].
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METHODS

Care for patients with viral respiratory infections was observed
at an acute care hospital (465 beds) from March 2017 to June
2017 and from September 2017 to April 2018. Eligibility, re-
cruitment, and consent of HCWSs and patient participants have
been described elsewhere [10]. Patients having viral respira-
tory infections were identified through the hospital MedMined
surveillance system. Patients were eligible to participate if they
were adults, fluent in English or Spanish, and had a positive res-
piratory pathogen panel test within 3 days prior to the day of
observation. Eligible patient participants were recruited in the
patient room and provided written informed consent and au-
thorization to use and disclose health information for the study.
This study was approved by the University of Illinois at Chicago
Institutional Review Board (protocol number 2015-0990).

Researchers performed observations inside the patient
room during a 3-hour period, typically from 8 am to 12 pm.
One trained observer recorded contacts with fomites in the
environment and self-contacts of the HCW participant while
another observer recorded fomite contacts by the patient par-
ticipant during the encounter using predefined checklists
(Supplementary Materials). Observations included only en-
counters by consented HCWs, and did not include visitor en-
counters or short interactions between HCWs and patients
such as food delivery/tray removal. In addition, we did not ob-
serve patient contact with the environment when a HCW was
not present or when patients were in the bathroom to respect
patient privacy.

If >1 HCW was in the room at the same time, only the con-
tacts of 1 consented HCW were recorded. A contact was defined
as any contact made by a gloved or bare hand with a fomite. For
example, 1 bedrail contact and 1 patient contact were counted if
the HCW touched the patient then moved his/her hand to the
bed rail. However, 1 patient contact was counted if the HCW
touched the patient multiple times without moving hands to an-
other fomite in between patient contacts.

Herein we focus on (1) fomite contacts by HCWs; (2) fomite
contacts by patients; and (3) self-contacts by HCWs. Fomite con-
tacts were summarized based on the proximity to the patient.
Fomites in the near-patient zone included bed surface, bed rail,
call button, chair, phone, tray table, and bedside table. Fomites
in the far-patient zone included light switch, room door, curtain,
computer station, trash can, intravenous (IV) pole, IV monitor,
isolation stethoscope, sink, toilet, sharps container, vitals ma-
chine, blood pressure cuff, medication scanner, blood glucose
monitor, thermometer, pulse oximeter, and respiratory supplies.
Self-contact locations by HCWs included mask (if used), head
area other than mask, torso, hand, lower body, and personal steth-
oscope (if used). We did not include the personal stethoscope
contact in the total self-contact count because not all HCWs used
a personal stethoscope during the patient encounters.

We grouped observations by HCW job roles: (1) provider,
including attending physicians, resident physicians, nurse prac-
titioners, and medical students (n = 41); (2) nurse, including
nurses and nursing students (n = 69); (3) nurse technicians
(n = 37); (4) respiratory therapists (n = 9); and (5) others, in-
cluding physical therapists, environmental service workers,
and dieticians (n = 8). Observations were performed across 9
units in the hospital, organized into 4 groups: (1) intensive care
units (ICU) including the neurological ICU, medical ICU, and
the step-down unit (n = 35); (2) clinical decision unit (CDU)
(n =51); (3) non-ICUs including the rehabilitation/orthopedics
unit, general medical-surgical unit, and liver/gastroenterology
unit (n = 48); and (4) specialty units including the bone marrow
transplant and hematology-oncology units (n = 30).

We have described data management for this study else-
where [10]. All data analysis was performed with the R Project
for Statistical Computing (R Foundation, Vienna, Austria). The
maximum likelihood method was used to fit the log-normal,
Poisson, and negative binomial distributions to the number
of fomite contacts using the function gofstat of package
“fitdistrplus,” and the best-fit distribution was selected using
the Akaike information criterion [11]. Differences of con-
tacts among groups were tested with the Kruskal-Wallis test
(KW), followed by pairwise Wilcoxon test (W) to compare 2
groups, with P values adjusted using the Bonferroni method.
Observations of HCWs were treated as independent because
the small number of HCWs who participated repeatedly per-
formed different care activities and the number of replicates
was small. To evaluate the potential effect of different observers,
total environmental fomite contacts and self-contacts by HCW's
were compared between observers using the KW test.

RESULTS

We observed healthcare activities for 52 patients with viral res-
piratory infections who were under isolation: 30 were in droplet
and contact isolation, 21 were in droplet isolation, and 1 was in
contact isolation. Fomite contact and self-contact patterns were
observed for 107 HCWs, with 23 HCWs participating more
than once for a total of 166 observations. Two HCW observa-
tions were excluded from data analysis because we were not
able to record their contacts. In addition, we recorded fomite
contacts by patients during 155 encounters. No statistically sig-
nificant difference in the total number of fomite contacts (KW
P = 21) or self-contacts (KW P =.10) by HCWs was identified
among the 3 different observers.

In 90% of visits, HCWSs contacted the patient with a median
of 2 contacts and 11.1 contacts per hour (Table 1). Fomites con-
tacted frequently by HCWs included the tray table (48% of en-
counters), bed surface (41%), bed rail (41%), computer station
(37%), and IV pole (32%) (Table 1). Fomites in the near-patient
zone were contacted in 79% of encounters, with a median of 2
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Table 1. Fomite Contact Patterns of Healthcare Workers (N = 164)

Median
(Min; 75th Percentile; Max)

No. (%) of Visits

Negative Binomial

Median

(Min; 75th Percentile; Max)

Surface No. of Contacts With Contacts Distribution Parameters® Contact Rate, No. per Hour
Patient 2(0; 4;12) 148 (90) n=347,np=293 11.1 (0; 29.4; 360)
Fomites in near-patient zone
Tray table 0(0; 2; 14) 78 (48) n=0.56;p=128 0 (0; 13.7; 180)
Bed surface 01(0; 1;12) 67 (41) n=047;n=0.96 01(0;5.2; 72)
Bed rail 0(0;1;7) 68 (41) n=0.71;n=0.83 0 (0; 7.5; 180)
Chair 01(0; 0;6) 17 (10) o 01(0; 0; 15)
Bedside table 0(0; 0; 5) 13 (8) o 0 (0; 0; 60)
Call button 0(0;0;2) 11(7) o 0(0; 0; 75)
Phone 0(0;0; 1) () ° 0(0; 0; 0)
Total 2(0;4.3;32) 66 (79) n =104, p=2350 13.8 (0; 27.9; 240)
Fomites in farpatient zone
Computer station 0(0; 2;10) 61 (37) n=0.29;p=127 0 (0; 13.9; 360)
IV pole 0(0; 1;12) 53 (32) n=0.25;p=0.93 0 (0; 4.6; 60)
Room door 0(0;0.3;3) 41 (25) o 0 (0; 4.8; 180)
Bathroom door 0(0; 0; 4) 35 (21) o 0 (0; 0; 0; 180)
Sharps container 01(0;0;3) 31 (19) b 0 (0; 0; 30)
Medication scanner 0(0; 0; 3) 20 (12) o 0 (0; 0; 120)
Vitals machine 01(0;0;7) 28 (17) o 0 (0; 0; 240)
IV monitor 0(0;0; 3) 24 (15) o 0 (0; 0; 15)
Isolation stethoscope 0(0;0;3) 24 (15) o 0(0; 0; 20)
Sink 0(0;0;2) 20 (12) o 0 (0; 0; 60)
Trash can 0(0;0;4) 16 (10) o 0(0; 0; 24)
Toilet 0(0; 0;3) 13 (8) o 0(0; 0; 120)
Blood pressure meter 0(0;0;2) 13 (8) o 0 (0; 0; 120)
Blood glucose monitor 0(0; 0; 4) 13 (9) o 0 (0; 0; 30)
Respiratory supplies 01(0; 0; 5) 8 (5) o 0(0; 0; 40)
Oxygen device 0(0; 0; 6) 7 (4) e 0(0; 0; 40)
Light switch 01(0;0;2) 6 (4) o 01(0;0;9.2)
Curtain 0(0;0; 8) 5 (3) o 0(0; 0; 68.6)
Thermometer 0(0;0;2) 4(2) o 0(0; 0; 15)
Total 4 (0; 8.3; 25) 140 (85) n=123;n=>5.66 23.1 (0; 45.9; 540)
Fomite grand total 7 (0; 12; 38) 156 (96) n=183pu=916 378 (0; 95.2; 600)

Abbreviation: IV, intravenous.

“Distributions were estimated by the maximum likelihood method.

°Fit testing was not statistically significant for Poisson, negative binomial, or log-normal distribution, so no distribution is reported.

contacts and 13.8 contacts per hour. Fomites in the far-patient
zone were contacted in 85% of encounters, with a median of 4
contacts and 23.1 contacts per hour (Table 1). The contact rate
on fomites in the near-patient zone was significantly lower than
the rate in the far-patient zone (W pairwise, P < .05). When
probability distributions could be fitted to the contact numbers,
the negative binomial distribution was the best-fit distribution
(Table 1).

HCWs made self-contact in 63% of the encounters, with a
median of 1 contact and 5 contacts per hour. The frequency of
HCW contacts with specific body parts is summarized in Table
2. The best-fit distributions for the number of self-contacts to
the torso, lower body, hands, mask, and the total self-contact
were negative binomial (Table 2). Self-contact differed signif-
icantly among HCWs with different job roles: Providers and

respiratory therapists contacted themselves significantly more
times than nurses and nurse technicians (KW, P < .05; Table 3).

There were statistically significant differences in the grand
total of fomite contacts among hospital units and HCW job
roles (Table 3). The median number of fomite contacts in the
CDU, non-ICU, and ICU units were 10, 8, and 6, respectively;
and were not statistically significantly different in pairwise tests
with adjusted P values (Figure 1). The median of total fomite
contacts made by providers was 3, and was significantly lower
than those made by nurses and nurse technicians, with median
of 9 and 10 contacts, respectively (W pairwise, P < .05; Figure
2). In the far-patient zone, providers made significantly fewer
fomite contacts than HCWs in all other job roles (W pairwise,
P <.05). No differences were observed in the grand total number
of fomite contacts by patient isolation category (Table 3).
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Table 2. Self-contact Patterns of Healthcare Workers (N = 164)

Median (Min; 75th Percentile; Max)

No. (%) of Visits With

Negative Binomial

Median (Min; 75th Percentile;
Max) Contact Rate (No. per

Contact Site No. of Contacts Self-contacts Distribution Parameters® Hour)
Mask if used 0(0; 1;5) 47 (29) n=044;,p=052 0 (0; 0; 240)
Torso 01(0; 1;12) 53 (32) n=0.33pn=076 0 (0; 0; 480)
Hands 0(0;1;7) 44 (27) n=0.27,0=0.59 0(0; 5.3; 60)
Lower body 0(0;1;5) 46 (28) n=0.35p=0.59 0(0; 4.6; 120)
Personal stethoscope 0 (0; 0; 4) 20 (12) 3 0 (0; 0; 240)
Head® 0(0;0; 6) 13 (8) b 0 (0; 0; 180)
Total self-contacts® 1(0; 4; 18) 104 (63) n=0.63;n=261 5.0 (0; 18.7; 780)
Test for difference between P< .05 P=.82

body part object

“Distributions were estimated by the maximum likelihood method.

°Fit testing was not statistically significant for Poisson, negative binomial, or log-normal distribution, so no distribution is reported.

“Head contacts do not include mask contact.
9Total self-contacts do not include personal stethoscope contact.

During 22% of observed encounters, the HCW performed
>1 healthcare activity (Table 4). Care activities observed when
a single care activity was performed are listed in Table 5, and
when HCWs performed >1 care activity, they often performed
1 or more of the activities listed in Table 5. The number of
healthcare activities performed was not associated with the du-
ration of the visit, but was positively associated with the total
number of fomite contacts in the near-patient and far-patient
zones (KW, P < .05). The number of fomite contacts when only
1 activity was performed was significantly less than the contacts
when 2 or 3 activities happened (W pairwise, P < .05). The me-
dian visit duration was 13 minutes. When HCWs performed

only 1 activity, there were significant differences in the number
of patient contacts and self-contacts made during different
care activities (KW, P < .05) (Table 5). Pairwise comparisons
indicated that during cleaning, HCWs had significantly fewer
patient contacts than HCWs performing other activities, in-
cluding vital signs, IV medication, oral medication, and phys-
ical examination (W pairwise, P < .05). The number of HCW
self-contacts made during physical examination was signifi-
cantly higher than other procedures, including vital signs, IV
medication, and oral medication (W pairwise, P < .05; Table 5).

The probability distributions of patient contacts with fomites
could not be described by the negative binomial, Poisson, and

Table 3. Contact Patterns by Job Roles of Healthcare Workers, Hospital Units, and Isolation Types

Median (Min; 75th Percentile; Max) No. of Contacts

Fomites
Characteristic No. of Observations  Nearpatient Zone  Far-patient Zone Total Self-contacts  Patient Contacts
Hospital unit
ICU 35 2 (0; 4; 16) 4(0; 6;16) 6 (0; 8.5; 24) 1(0; 4;11) 2(0;4;9)
CDbuU 51 3(0; 4; 20) 5(0; 11; 21) 10 (0; 14; 38) 1(0; 4.5 18) 3(0; 4; 11)
Non-ICU 48 2(0; 4; 24) 4(0;7;22) 8.0 (0; 10; 34) 1(0;3.3; 13) 2(0; 3; 10)
Specialty 30 3(0;7;32) 6 (0; 9.8; 25) 8.5 (0; 15.8; 34) 1(0; 5.8; 11) 2 (0; 6.8; 12)
Test for differences between units P=.24 P=.20 P< .05 P=.86 P=.44
HCW job role
Provider 41 2(0;4;9) 2 (0; 2; 10) 3(0; 6; 19) 4(0; 6; 18) 2(0;3;8)
Nurse 69 3(0; 5; 24) 5(0; 9; 25) 9 (0; 15; 34) 1(0; 2; 11) 2 (0; 4;12)
Nurse technician 37 2 (0; 4, 32) 7 (0; 10; 21) 10 (0; 14; 34) 1(0; 2; 10) 3(0;4;7)
Respiratory therapist 9 1(0; 3; 11) 5(2;8; 16) 6 (3; 15; 19) 5(0; 8; 13) 2(1;3;7)
Others 8 0(0; 6.3; 20) 8(0; 12; 18) 8 (0; 15.3; 38) 1(0;8;12) 0(0;3.3;9)
Test for differences between groups P=.17 P< .05 P< .05 P< .05 P=.23
Isolation type
Contact 4 5 (3; 9.8; 24) 8(2;9.3; 10) 13 (5; 19; 34) 2(1,2.3;3) 4(1;6; 6)
Droplet 61 2 (0; 5; 16) 5 (0; 8; 25) 7 (0; 12; 34) 1(0;3;12) 2(0; 4;11)
Contact and droplet 99 3(0; 4; 32) 4(0;9; 22) 7 (0; 12; 38) 2 (0; 5;18) 2 (0; 4;12)
Test for differences between groups P=.1 P=.44 P=.32 P=.18 P=.77

Abbreviations: CDU, clinical decision unit; HCW, healthcare worker; ICU, intensive care unit.
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Figure 1. Fomite grand total contact, by hospital ward type. Abbreviations: CDU,
clinical decision unit; ICU, intensive care unit.

log-normal distributions. The most frequently touched fom-
ites by patients were bed surface (92% of the visits), tray table
(26%), bed rail (20%), and chair (16%). In 16 of 155 patient ob-
servations (10%), the patient was walking in the patient room;
otherwise, patients were in bed (Supplementary Materials 1).

DISCUSSION

Opverall, these data indicate that HCWSs contact surfaces simi-
larly when providing routine care to patients with viral respira-
tory infections and other infectious diseases. We found that the
patient was the most commonly touched surface, contacted in
91% of the visits, which is consistent with the work of others [8,
9, 12, 13]. Bed surfaces, bed rail, IV pole, computer station, and
tray table were among the most highly touched fomites by both
HCWs and patients in this study, which is consistent with the
work of others [8, 9]. The median contact rate on all fomites by
HCW s was 37.8 contacts per hour, which is lower than the 93.1
contacts per hour reported by Cheng et al [9]. As many of these
surfaces have been found to be contaminated with respiratory
viruses and multidrug-resistant bacteria [5-7, 14], transmis-
sion via environmental surfaces is very plausible. The number
of contacts by HCWs with patients and fomites and the perfor-
mance of respiratory care activities have been associated with
bacterial contamination on the gloves and hands of HCWs after
patient care [15, 16]. This should motivate HCWSs to reduced

fomite contacts, improved cleaning and disinfection, and hand
hygiene to reduce the potential for disease transmission.

The patient encounter duration in our study lasted from 1
to 17 minutes, with a median of 13 minutes. The time range is
narrower than has been previously reported, which included a
range of 0.5-38 minutes (median, 2 minutes) and a range of
1-124 minutes (median, 3 minutes) [9, 17]. The difference in
range may be due to the nature of care activities, which were
not described in the previous studies. Furthermore, the higher
median in this study may be due to the fact that we intention-
ally did not observe HCW-patient encounters anticipated to be
very short and to not involve contacts with the patient or fom-
ites. In our study, HCWs performed >1 healthcare activity in
22% of the observations, but the number of activities was not
associated with the duration of the visit. The combinations of
activities performed, however, did not necessarily coincide with
defined roles of HCWss.

Our results showed that HCWs touched a variety of port-
able medical devices that can be used with multiple patients
such as the computer station, vitals machine, blood pressure
cuff, and blood glucose monitor, and that these devices were
used by HCWs with different job roles (Table 3). These results
were consistent with the findings of Smith et al [13], in which
blood pressure stands and computer stations were handled in
patient rooms during 13% and 26% of the HCW visits, respec-
tively. Computer stations in the hospital we studied are perma-
nently present in the patient room of the ICU and CDU wards,
but could be portable (on wheels) in the other wards. A simu-
lation study in a long-term care facility using a DNA marker
showed that pathogens could disseminate from a television re-
mote control to the hands of patients, to the room surfaces, and
to the vital signs machine and medication cart [18]. Therefore,
portable medical devices could transmit pathogens within and
between patient rooms if they are not properly cleaned. The
Centers for Disease Control and Prevention has recommended
that “noncritical” surfaces should be disinfected after use on
each patient at the minimum [19]. At the hospital in which this
study was conducted, the policy is that reusable medical equip-
ment is disinfected between patients, but cleaning behaviors
and efficacy was not observed in this study. Jinadatha et al [8]

Table 4. Healthcare Activities and Healthcare Worker Contact Patterns

No. of Activities Performed No. of Observations

Median (Min; 75th Percentile; Max) No. of
Contacts With Fomites

Median (Range) Duration of Visit, min

Near-patient Zone

Far-patient Zone

1 128
2 28
3 6
4 2
Total 164

Test for differences between groups

13 (1; 16) 2 (0; 4; 32) 3(0; 6; 18)
13(1;17) 3.5(0; 5.3; 20) 9(2;12.3; 21)
5(1;9) 4(0;6.3;9) 16.5 (6; 20.3; 25)
11 (9; 13) 15.5 (14; 17) 15.5 (9; 18.8; 22)
13 (1; 17) 2 (0; 4.3; 32) 4 (0; 8.3; 25)
P=.22 P<.05 P<.05
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Table 5. Healthcare Worker Activities and Contact Patterns When Only 1 Activity Was Performed

Median (Min; 75th Percentile; Max)
No. of Contacts

Activity No. of Observations Fomites Patient Self-contact
Physical examination 40 3(0; 6;12) 2(0;4;8) 5(0; 8;8)
Vital signs 28 91(0; 12.3; 21) 2.5(0; 3.3; 6) 1(0;2.3;7)
IV medication 15 7 (4;12.5; 34) 2(1,3;7) 0(0; 1;2)
Oral medication 13 7(1,9;16) 2(0;2.1;3) 1(0;2;4)
Respiratory treatment 8 6(3;12.8; 15) 1(0;2;3) 4 (0; 6; 18)
Assisting patient 8 7 (0; 8.5; 25) 2(0;3.3;7) 0.5(0; 5;12)
Cleaning 7 9 (4; 13.3; 34) 0(0;0;1) 1(0; 10)
Verbal interaction 6 1(0; 2.5; 4.0 0(0;0.8;2) 5(0; 1; 10)
Other 3 4(0; 5; 6) 2(1;2;2) 0(0; 0; 0)
Total 128 6(0; 9.3; 34) 21(0;3;8) 1(0; 4;18)
Test for differences between groups P=.19 P< .05 P< .05

Abbreviation: 1V, intravenous.

observed that portable medical devices were cleaned 17 times
over 274 observations, though it is not clear if this cleaning is
sufficient or insufficient. Cleaning of portable medical devices
should be further explored as an infection prevention strategy.
Self-contact could transfer infectious pathogens from HCWs’
gloved or bare hands to their PPE, clothing, and skin. To our
knowledge, self-contact patterns of HCWs during patient en-
counters have not been previously explored. In our study,
providers and respiratory therapists, who often performed a
physical examination and respiratory treatment, had a signifi-
cantly higher number of self-contacts than HCWs with other
roles. The mask and torso were the body parts most commonly
touched by HCWs. Bacterial pathogens, including multidrug-
resistant organisms, have been found on the gloves, gown,
scrubs, and hands of HCWs working in ICUs [20, 21]. Brady
et al [22] found that, upon contact during doffing, filtering face
piece respirators contaminated with bacteriophage and fluo-
rescein via droplets and droplet nuclei transferred materials
to hands; a similar effect can be expected for masks. Doffing
of PPE ensembles used for contact-transmissible diseases has
been found to result in contamination of HCWs’ hands and,
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Figure 2. Fomite grand total contact, by healthcare personnel job role.

less commonly, faces with surrogate materials placed on the
PPE to simulate contamination by pathogen-containing body
fluids [23-25]. Our observations of self-contact by HCWs high-
light the potential for pathogen transfer between clothing, PPE,
and hands.

Mathematical modeling and quantitative microbial risk as-
sessment can help to interpret these contact data for infectious
disease transmission. Mechanistic mathematical modeling de-
scribes how pathogens move through the environment, to es-
timate the magnitude of exposure among HCWs and patients,
while quantitative microbial risk assessment estimates the prob-
ability of infection given an exposure in a susceptible person.
Previous applications of this approach have characterized the
contribution of different transmission routes to influenza risk
[26] and the burden of occupationally acquired influenza in
acute care hospitals [4]. Data collected about contact patterns in
this study can inform the design and parameter values in such
mechanistic exposure models, and will be explored in future
work in conjunction with measured pathogen values.

This study has several limitations. First, patient contact pat-
terns were not fully characterized because we did not record
patient contacts when a HCW was not present or when pa-
tients were in the bathroom. While we did observe that 10%
of patients were walking during the HCW encounter, patients
observed in bed may or may not have been mobile at other
times, and we did not consider patient mobility in this analysis.
Second, our findings did not take into account the activities of
visitors, who have been found to touch many of the same envi-
ronmental surfaces touched by HCWs and patients [9]. Third,
there are some items in the far patient zone that may contact
the patient or move into the near-patient zone when not ob-
served (ie, stethoscope, pulse oximetry). Finally, this is an ob-
servational study, so it may be subject to the Hawthorne effect,
in which participants change their behaviors because they know
they are being observed. The impact of the Hawthorne effect,
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however, is likely to be small as HCWs continued to provide
care as needed by patients, and during this study we observed
poor compliance with the use and doffing of PPE [10].

Opverall, the data obtained in this study suggest that HCWs
are at risk of acquiring or transmitting contact-transmissible
pathogens because they touch infected patients and multiple
fomites that may be contaminated with respiratory viruses
during patient care activities.
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