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Abstract

Background: Healthcare-associated infections (HCAIs) present a major public health problem that significantly
affects patients, health care providers and the entire healthcare system. Infection prevention and control programs
limit HCAls and are an indispensable component of patient and healthcare worker safety. The clinical best practices
(CBPs) of handwashing, screening, hygiene and sanitation of surfaces and equipment, and basic and additional
precautions (e.g., isolation, and donning and removing personal protective equipment) are keystones of infection
prevention and control (IPC). There is a lack of rigorous IPC economic evaluations demonstrating the cost-benefit of
IPC programs in general, and a lack of assessment of the value of investing in CBPs more specifically.

Objective: This study aims to assess overall costs associated with each of the four CBPs.

Methods: Across two Quebec hospitals, 48 healthcare workers were observed for two hours each shift, for two
consecutive weeks. A modified time-driven activity-based costing framework method was used to capture all human
resources (time) and materials (e.g. masks, cloths, disinfectants) required for each clinical best practice. Using a hos-
pital perspective with a time horizon of one year, median costs per CBP per hour, as well as the cost per action, were
calculated and reported in 2018 Canadian dollars ($). Sensitivity analyses were performed.

Results: A total of 1831 actions were recorded. The median cost of hand hygiene (N=867) was 20 cents per action.
For cleaning and disinfection of surfaces (N=102), the cost was 21 cents per action, while cleaning of small equip-
ment (N=285) was 25 cents per action. Additional precautions median cost was $4.1 per action. The donning or
removing or personal protective equipment (N=720) cost was 76 cents per action. Finally, the total median costs for
the five categories of clinical best practiced assessed were 27 cents per action.

Conclusions: The costs of clinical best practices were low, from 20 cents to $4.1 per action. This study provides
evidence based arguments with which to support the allocation of resources to infection prevention and control
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practices that directly affect the safety of patients, healthcare workers and the public. Further research of costing clini-

cal best care practices is warranted.

Keywords: Healthcare associated infection, Prevention and control, Clinical best practice, Cost, Time-driven activity-

based costing, Time-motion study, COVID-19

Introduction

Healthcare-associated infections (HCAIs) present a
major public health problem that significantly affects
patients, health care providers and the entire healthcare
system. After necessary care in a clinic, hospital or long-
term care facility, these infections can arise at surgical
sites, following antibiotic therapy, or occur due to the
use of devices such as ventilators, implants or catheters
[1]. Recent point prevalence surveys establish a range
of HCALI rates across low, middle and higher income
countries [2, 3]. The highest rates of infection—up to
51.8%—occur in intensive care units, whereas overall
hospital infection rates vary from 2.9% in six hospitals
in Greece, to 9.2% in Australia to 10.4% in 25 hospitals
in Canada and 14.3% in two hospitals in Ethiopia. Since
most of these infections are considered preventable [4],
they are seen as an indicator of the quality of patient care
and safety. HCAIs untowardly affect patients and their
caregivers as they result in medical complications, high
rates of morbidity and mortality, and reduced quality
of life [5]. They also burden healthcare systems in extra
costs related to the prolonged length of stay or readmis-
sion of patients, patient’s care-related expenses and costs
involved in limiting further contagion [6, 7].

Accordingly, infection prevention and control (IPC)
is an indispensable component of patient and health-
care worker safety [8]. Essential IPC measures include
four transverse clinical best care practices (CBPs) that
apply across all care settings: a) hand hygiene; b) hygiene
and sanitation including the cleaning and disinfecting
of equipment and surfaces; ¢) application of basic and
additional precautions (e.g., isolation, and donning and
removing personal protective equipment) and; d) screen-
ing of carriers and patients who are at risk [9]. These
established components of IPC have been validated by
extensive clinical practice and are incorporated in IPC
guidelines set forth by the World Health Organization
(WHO)[8], Health Canada and the Canadian Patient
Safety Institute [10, 11] as well as the US Centers for Dis-
ease Control and Prevention (CDC) [12]. In the current
COVID-19 pandemic, these CBPs have proven vital in
reducing the spread of infection in healthcare facilities
(13, 14].

IPC programs that incorporate CBPs have been
shown to be clinically, and from an institutional and
government standpoint, cost effective [15, 16]. Despite

this, only a small proportion of most healthcare budg-
ets are dedicated to public health activities and man-
agement costs, which generally include IPC costs. In
2019, the Canadian Institute for Health Information
estimated Canada would spend $264.4 billion Canadian
dollars on health care, with 8.6% or 602 million used for
public health activities and administration costs [17].
In Quebec’s Economic Plan of 2018, only 10.7% of the
healthcare budget (representing $2.3 billion of $21.8
billion) was destined for general management, public
health activities and administration costs [18]. In gen-
eral, IPC is only a small part of these three sections of
the budget. A central hypothesis suggests this lack of
investment is due to the dearth of rigorous empirical
evidence demonstrating the cost—benefit of IPC pro-
grams. Systematic reviews of IPC economic evaluations
report this gap in research in general, and point to the
lack of assessment of the value of investing in CBPs
more specifically [6, 15, 19].

Comprehensive costing of activities involved in IPC
must consider the costs of human resources and the
costs of materials and products used. Analyzing human
resource expenses can be undertaken using time-driven
activity-based costing (TDABC), a process-oriented
cost-accounting methodology increasingly used in
healthcare to measure human resource costs [20, 21].
TDABC functions by dynamically allocating expenses
related to the consumption of resources across human-
driven processes, with the purpose of summing them
throughout the care delivery value chain [22]. We previ-
ously developed a time and motion guide that captures
resources consumed by healthcare workers (HCWs)
[23]. The guide was specifically developed to assess the
costs required to perform the CBPs presented above. It
captures: (i) the time healthcare staff spend on: hand
hygiene, cleaning and disinfecting healthcare equip-
ment and the environment, donning and removing
personal protective equipment (PPE), screening, basic
practice and additional precautions (contact, droplet-
contact or airborne), education, training and awareness
campaigns; (ii) the materials used for these CBPs and;
(iii) the products these CBPs require. Using micro-cost-
ing data collection that allows for cost estimates from
the bottom up [24], the goal of this tool is to provide
accurate IPC cost data to be used in economic health-
care evaluations and inform decision making [25].
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As a first step in determining the cost—benefit of CBP
IPC practices, this study aims to evaluate overall costs
associated with each of the four CBPs by testing our
time and motion guide in two healthcare facilities. To
our knowledge, no study has undertaken an assessment
of costs related to these four transverse CBPs, and none
using a systematic and validated time and motion instru-
ment. Moreover, no studies have been undertaken in
Canada. Here we present the measurement of CBP costs
in two healthcare facilities in the province of Québec,
Canada. This evaluation will provide real cost data for
healthcare decision makers regarding IPC implementa-
tion and optimal clinical practices. It will also provide
researchers with insight about pre pandemic IPC health-
care costs, which will serve as a baseline from which to
compare actual COVID-19 pandemic costs of IPC meas-
ures that were instituted in March of 2020.

Conceptual framework and research questions

Our conceptual IPC framework is presented in Fig. 1,
where the four CBPs are outlined. This framework was
adapted from the theoretical framework of Resar and col-
leagues [9], and previously used by our team [23]. In this
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study, we aim to answer the following questions in the
context of an acute care setting: what are the human and
material resource costs of: 1) hand hygiene, 2) hygiene
and sanitation practices, and disinfection of equipment,
3) basic practices and additional precautions (donning
and removing personal protective equipment or PPE)
and 4) screening?

Methods

Design

A prospective observational study was used. Data were
collected in the pre-COVID-19 period between Novem-
ber 28" and December 15T, 2018 from one hospital in
the Saguenay-Lac-Saint-Jean region and one hospital
in the Laurentian region of Québec, Canada. We chose
a university and non-university based integrated health
and social services centre.

Participants and procedures

HCWs were selected from acute-care wards of medicine
and surgery as these wards see and treat the highest num-
ber of hospitalized patients. In each hospital, the selected
staff included 6 nurses, 6 auxiliary nurses, 6 orderlies and

Hand
Hygiene

Education, awareness, training and
motivation regarding hand hygiene

Administrator involvement and support
for strategies related to hand hygiene

Hand hygiene surveillance

Hygiene and
sanitation of surfaces
and equipment

Cleaning and frequent disinfection of
at-risk areas

Protection of floors and surfaces

Basic precautions

Additional

Cleaning and ) o ) ) _
Clinical disinfection of small Training and information about hygiene -
IPC equipment and sanitation Reduction of
>{ best healthcare
Proorem i associated
practices \ infections

Use of personal protection equipment
PPE —>{ Isolation

Management of outbreak

precautions

Screening on
admission or during
hospitalization of >
symptomatic patients
(carriers or infected)

Compliance with clinical protocols
according to type of infection:

e.g. CDAD, MRSA, VRE, CPGNB,
COVID-19

Fig. 1 Infection prevention and control clinical best practices
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6 hygiene and sanitation workers providing a final sam-
ple of 48 (24 from each site). The nurses (N=12) had on
average 8.5 years’ experience in the position, auxiliary
nurses 14.3, orderlies had 7.1 and hygiene and sanitation
workers 7.3 years respectively. The HCWs observed had a
wide range of experience, from less than one year of expe-
rience to very experienced (more than 20 years). Prospec-
tive participants were approached by the research team
and unit managers, or at information sessions, and had
the study explained to them. If they agreed, participants
provided written informed consent. Each participant was
directly observed by a nurse researcher over a two-hour
period during their regularly scheduled work shift (day
or evening), for two consecutive weeks. The time spent
in relation to each CBP (hand hygiene; hygiene and sani-
tation including the cleaning and disinfecting of equip-
ment and surfaces; application of basic and additional
precautions including donning and removing of PPE and
screening of carriers and patients who are at risk), along
with all materials and product used were measured. Ethi-
cal approval was obtained from the sites where recruit-
ment took place (study # MP-28-2018-002).

Time and motion guide

The development of the IPC time and motion guide used
in this study has been previously described [23]. It was
based on an algorithm developed by our team, and pub-
lished. Validated by Delphi review, the guide contains
eight dimensions of human and material resource assess-
ment. These include: Identification [83 items]; Personnel
[5 items]; Additional Precautions [1 item]; Hand Hygiene
[2 items]; Personal Protective Equipment [14 items];
Screening [4 items]; Cleaning and Disinfection of Patient
Care Equipment [33 items]; and Hygiene and Sanitation
[24 items]. Observers follow one HCW and, using an
online version of the guide, systematically record time of
actions as triggered from the beginning to the end of the
action, using chronometric measurement. The observer
inputs products (e.g. hand soap or hydroalcoholic solu-
tion) and disposable and reusable materials (e.g. gowns,
wipes, bedpans) used during these procedures. We fol-
lowed the suggested time and motion definitions set out
by Lopetegui et al. [26]. As these authors suggest, for time
measurement, the guide requires an ‘external observer
capturing data continuously’ and is characterized by a
‘milestone’ study schema, where all work time in relation
to a particular action (motion) is measured in seconds.
This process allows for the collection of valid and objec-
tive real-time measurements (Additional files 1 and 2).

The procedure of data analysis for costing
We used a hospital perspective with a time horizon of
one year as reported in 2018. All costs were actualized to
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2021 using a discount rate of 3%, 5% and 8% and reported
in Canadian dollars ($ CAD). All human resource costs
(salaries) were based on standardized government sal-
aries for each HCW [27]. Costs of all supplies were
obtained from a standardized provincial public health-
care pricelist for hospitals 2017-2018 [28] (see Addi-
tional file 3). Our costing procedure (see Fig. 2) is similar
to that described by da Silva Etges et al.[29], who propose
a modified 8-step TDABC micro-costing framework
originally set out by Keel and colleagues [21, 29]. These
authors break down healthcare-based costing into: 1)
defining the study question or process to be assessed; 2)
mapping the process; 3) identifying the resource groups
(structure and personnel) used in each activity; 4) esti-
mating the total cost of each resource group; 5) estimat-
ing capacity per resource and the cost capacity rate; 6)
analysing the time required for each activity used during
the process; 7) calculating the total cost of patient care
and; 8) performing cost analytics (benchmarking, cost-
ing per phase of care etc.). We followed the above in our
costing process, with several small adaptations. First, we
defined our process not as care delivery as seen from the
patient perspective, but rather as those events under-
taken by HCWs in relation to CBPs performed across a
set period of time. Second, our resource groups did not
include overhead costs, all of our costs were operating
expenses (here defined as human, material and product
resources used in IPC). Finally, we simplified our capacity
cost rate [30] for human resource costing: our numerator
was the worker’s salary and their benefits, the denomina-
tor was an hour of time.

Costing

To obtain human resource costs, the number of actions
undertaken by HCWs was multiplied by the average time
(in seconds) required for that action and by the average
salary (including benefits) for that HCW category. To
calculate material costs, the total number of disposable
items (e.g. microfiber cloths, masks) that were used was
multiplied by the price per item. For materials that were
reusable, the total number of items used was multiplied
by the depreciation rate of that item (i.e. number of pos-
sible uses). Products were costed by multiplying the num-
ber of actions by the cost per volume of product used for
each action (see Table 1). These calculations provided a
total cost over the two-hour observation period. We also
report cost per hour. IBM SPSS Statistics for Mac, Ver-
sion 26.0 (Armonk, NY: IBM Corp) was used for all cal-
culations of cost.

Sensitivity analyses
The purpose of our sensitivity analysis was to estimate
the robustness of the results by examining the extent to
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1. What are the costs of each CBP in acute care?

2. Process Map: Algorithm*

N

3. Identifying resources for each 4. Estimating costs per resource
action of each CBP:

Salary and time spent (capacity
Human cost rate)
Material used Price, quantity /depreciation
Product consumed Price, unit (volume)

5. Calculation of cost of each action**

6. Cost of each CBP

7. Costs of IPC

Fig. 2 Costing procedure framework. *See Additional file 1. **Cost calculations are described in Table 1

Table 1 Cost calculation of clinical best practice actions

Resource Cost Unit Multiplied by

Human All time in seconds converted to hourly scale Hourly wage including benefits
Material: disposable Quantity used Price per item

Material: reusable Quantity used % depreciation (number of times used)
Product (e.g. soap) Millilitres (mls) of product Price per item

Product (e.g. disinfectant) Millilitres (mls) of diluent Price per ml*

Total Costs of CBPs All human resource + material + product costs

" Costs will be multiplied by proportion of total solution used or discarded

which they may have been affected by variation in IPC  unmeasured variables or assumptions [31]. In this study,
activities including: salaries based on healthcare workers  for all human resources, sensitivity analyses were per-
experience, the time spent and volumes of product used.  formed to account for the range of salaries (minimum
A sensitivity analysis also takes into account the value of  to maximum) of professionals, depending on the salary
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scale for each profession. Sensitivity analyses were also
performed for time spent performing each CBP using
the minimum and maximum limit respectively. For prod-
ucts where the volume varies from a standard quantity
depending on the user (e.g. millilitres of soap for hand
washing), sensitivity analyses were performed by using
a range of volumes. Using Monte Carlo simulation, we
varied each cost over 1,000 iterations, to obtain 2.5% and
97.5% percentiles and estimate the 95% confidence inter-
val. Microsoft excel was used to perform the sensitivity
analyses.

Comparison analyses
We compared time spent across category (e.g. human
resource or product) within each CBP using a 5% thresh-
old and non-parametric tests (Mann—Whitney Wilcoxon,
Kruskal Wallis) [32].

Results
Times and actions used for clinical best practices
All CBP times are described in Table 2.

Hand hygiene

A total of 867 hand hygiene actions took place; median
hand washing time was 14.3 s (range 1.4—109.9) across
all staff (nurses, orderlies and hygiene and sanitation
staff). There was a significant difference X*>=21.27
p=0.000 between groups. Moreover, the moment when
hands were washed differed significantly X*>=36.86
p=0.000 and was highest before an aseptic procedure at
21.5s.

With regards to different products used, pocket size
hydroalcoholic solution had the longest median hand
washing time at 27.8 s, followed by soap and water at
22.2 s, then table sized hydroalcoholic solution 500 ml,
and wall at 14.0 and 13.8 s respectively. Time across these
products differed significantly X?=54.18 p =0.000.

Hygiene and sanitation of surfaces and cleaning

and disinfecting of equipment

A total of 102 actions took place to clean surfaces, exclu-
sively by hygiene and sanitation staff. The median time
spent cleaning was 541.6 s (or 9 min and 2 s) range 35.4 s
to 3411.6 s (56 min and 52 s). The most time was dedi-
cated to terminal cleaning (cleaning following patient
transfer or discharge) with a median of 872.5 s (or
14 min and 33 s). The kind of cleaning differed X*=32.45
p=0.000, significantly by category.

There were 85 actions related to the cleaning of small
equipment with the median time being just under half a
minute at 31.3 s (range 8.7—94.9). There was no signifi-
cant difference between personnel.
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Personal protective equipment (PPE)

Furthermore, a total of 720 actions were related to the
donning or removing of personal protective equipment
(PPE). Median time for PPE was 11.6 s (range 1.0-94.4).
Bachelor trained nurses had the highest median at
16.5 s per action compared to an average of 11 s for all
other personnel, who differed significantly X*=23.09
p=0.026.

Additional precautions

For the CBP of additional precautions 57 actions
were recorded, with a median time of 274.3 s (4 min
and 34 s), (range 15.5—3445.8 s or 57 min and 26 s).
There was a significant difference between person-
nel X>*=23.09 p=0.000. Contact droplet precautions
were the kind of precaution with the highest median
at 340.9 s. There were no observations of airborne or
airborne-contact precautions during the study.

Screening
There were insufficient recordings of screening proce-
dures (N =3) to describe them.

CBP costs
A summary of CBP costs are described in Table 3.
Overall, for two hours of observation, the median
cost for 867 actions of hand hygiene was $170.2 (95%
CI: 26.4—335.5), which represents 20 cents per action.
For cleaning and disinfection of surfaces, the cost was
$ 21.9 (95% CI: 13.3 —30.9) or 21 cents per action,
while cleaning of small equipment (85 actions) was
$21.5 (95% CI: 6.6—40.4) for human resource costs, or
25 cents per action. Material costs were not captured
in this category. Additional precautions median cost
was $235.3 (95% CI: 26.6- 462.8) or $4.1 per action.
The 720 actions of donning or removing PPE median
cost was $546.8 (95% CI: 445.0 — 660.7) or 76 cents
per action. Screening costs were not calculated as the
number of samples taken for screening was too small
(N'=3). Finally, the total median costs for the five cat-
egories of CBP assessed were $996.2 for two hours (95%
CI: 518.3-1530.6) of observation or $498.1 per hour
(95% CI: 259.2 — 765.3), which equalled 27 cents total
median individual CBP action cost per hour.

Discussion

In this pilot project of TDABC we assessed the costs
of time, materials and products required to undertake
essential clinical IPC practices by observing 48 health-
care workers in two Quebec hospitals. Our findings
reveal that the costs of preventing the transmission of
infection are remarkably low, even when the action is
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Table 3 Costs of clinical best practices over two hour observation period

Clinical best practice costs Median Confidence interval Median  Confidence interval
($) 25 97.5 $ 2.5 97.5
Percentile (§)  Percentile ($) Percentile ($) Percentile ($)
N=2867 N=1
Hand hygiene total cost 170.2 264 3355 0.2 0.03** 04
Human resource cost 159.7 20.0 3219 0.2 0.02** 04
Product cost 104 6.4 136 0.01%* 0.01** 0.02
N=102 $) N=1 $)
Hygiene and sanitation of surfaces total cost 219 133 309 0.2 0.1 03
Human resource cost 9.2 0.7 18.2 0.9 0.01** 0.2
Product cost 12.7 12.7 12.7 0.1 0.1 0.1
N=285 $) N=1 $)
Cleaning of small equipment total cost 21.5 6.6 404 03 0.1 0.5
Human resource cost 215 6.6 404 0.3 0.1 0.5
Reusable materials *
Products for disinfection*
N=57 (S) N=1 ©)
Additional precautions total cost 2353 26.6 462.8 4.1 03 54
Human resource cost 2353 266 462.8 4.13 0.3 54
N=720 ©) N=1 )
Personal protective equipment (PPE) total cost 546.8 4450 660.7 0.8 0.6 0.9
Human resource cost 1141 124 228.0 02 0.02%* 03
PPE material 432.7 432.7 432.7 0.6 0.6 0.6
N=1831 %) N=1 )
Total clinical best practice costs for two hours of ~ 996.2 5183 1530.6 0.5 03 0.8
observation
Total clinical best practice costs per hour 498.1 259.2 765.3 03 0.1 04

" There were insufficient (missing) data

 For all results where values were below 0.05 we kept two decimal places to better represent the value

performed by the highest paid personnel (median cost
being 27 cents per action). Weighed against the risk
of infection and illness and subsequent monetary and
human cost, this analysis supports the existing litera-
ture that describes the cost and cost—benefit of invest-
ing in resources that support compliance with IPC
measures [15, 33—35]. This study also importantly pro-
vides an assessment of costs of infection prevention in
a pre-pandemic context and thus serves as a baseline
against which to compare future healthcare economic
analyses.

When performed properly, hand hygiene is considered
the single most important way to limit the spread of com-
municable diseases [36]. Subjectively, healthcare per-
sonnel may consider the time spent on hand hygiene as
adequate, however the times recorded in this study did
not reach WHO guidelines [36]. Indeed, in our observa-
tions, median time for hand washing ranged from 12.4
and 16.0 s across personnel, with a median cost of 20
cents per action. When using soap and water, the WHO

suggests 40—60 s for an entire wash from the beginning
to the end of the activity; we recorded median times
of 22.2 s or 55% of the lower WHO limit. When using
hydroalcoholic solutions that were wall or table mounted,
median times were 14.0 and 13.8 s respectively, which
also did not meet the WHO guidelines of 20-30 s mini-
mum for rubbing using an alcohol-based formulation,
although it came slightly closer at 69% of the lower limit.
Compliant hand washing was observed among person-
nel that used pocket size gel, with a median time of 27.8 s
that surpassed the minimum limit of 20 s by seven sec-
onds, or 39%. This may be due to the ease and efficiency
of using a portable hand gel that allows for disinfect-
ing one’s hands during other tasks, such as talking with
a patient, or traveling between rooms. Some evidence
exists for installing dispensers close to their place of use
to improve handwashing compliance [37]. However, a
recent systematic review outlines challenges with chang-
ing hand hygiene habits, and proposes that behaviour
change is most successful if it is gradual and supported
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by leadership in a work environment that emphasizes the
importance of patient safety [38, 39].

Environmental contamination is an established risk
factor for developing a HCAI, with patient rooms serving
as a reservoir for multi drug resistant organisms that may
infect new and susceptible patients [40, 41]. We observed
the cleaning of surfaces as carried out exclusively by
hygiene and sanitation staff. The median time for disin-
fection was 541.5 s, or 9 min 2 s, with a total cost that
included products used of $21.9 or 22 cents per action.
A longer median time of 14 min 32 s was observed for
terminal cleaning, which is done after patients are dis-
charged or transferred. Enhanced patient room disin-
fection strategies, including those that target terminal
cleaning [42] are essential as viruses such as the corona
or influenza virus survive on dry surfaces for a few days,
while bacteria such as Methicillin-resistant Staphylococ-
cus aureus (MRSA) can persist for months [43]. Despite
this, few studies assess the costs of environmental clean-
ing interventions. One initiative, the Researching Effec-
tive Approaches to Cleaning in Hospitals (REACH) study,
tested an environmental cleaning bundle in 11 Austral-
ian hospitals [35]. The bundle was successful in reducing
infections and pathogen counts, and the implementa-
tion cost of $349,000 Australian dollars (AUD) generated
$147,500 in cost savings. Infections prevented from
MRSA and Vancomycin-resistant enterococci returned
a conservatively estimated net monetary profit of $1.02
million AUD. Costs were obtained for human resources
required to implement and receive training in the inter-
vention, but neither regular human resource (time) nor
product/material use were assessed. Considering the
importance of hospital environmental cleaning, more
micro costing analyses of human and product resource
costs are required.

Although this pilot study took place prior to the begin-
ning of the pandemic, the basic and additional precau-
tions undertaken by staff were the CBPs with the highest
calculated costs. The donning and removing of personal
protective equipment (PPE) had a median total cost of
$546.8, or 76 cents per action. Twenty percent (20%) of
this (16 cents) was attributable to the time it took staff
to put on gloves, gowns or masks, while the majority of
the cost (80% or 60 cents) represented the materials used
per action. For isolation measures, the median total costs
were $235.3 for two hours of observation, or $4.1 per
action. Over the course of a regular shift of eight hours
this would represent a total median cost of $941.3. How-
ever, during the study period, no observations of airborne
or airborne-contact precautions occurred.

In the current state of the COVID-19 pandemic, PPE
is increasingly used for the treatment of all patients,
and new equipment such as eye protection (face
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shield or goggles) is becoming standard practice. This
increased use parallels increased costs, as was seen
during the Middle East Respiratory Syndrome (MERS-
CoV) epidemic. In one hospital in Saudi Arabia with
17 positive cases of MERS, the use of surgical masks
increased fivefold and the use of N 95 masks increased
tenfold per 1,000 patient days [44]. In the three month
period studied, allowing also for the increase in com-
pliance of hand hygiene, this resulted in a $16,400 per
month increase in IPC costs. During this past year, this
same driving force in the supply chain, coupled with
demand in the general public for PPE, has caused the
market demand to explode, resulting in global short-
ages and price increases [45]. In March of 2020, the
WHO reported that prices of surgical masks had
already increased six fold, N95 respirators had tripled,
and surgical gown prices had doubled [46]. Our study
contributes new knowledge related to pre-COVID-19
costs which will allow researchers to compare future
PPE use and cost increases.

Due to the small number (N=3) of screening tests
done during the one-month study period we were unable
to calculate the costs of human or product resources for
infectious disease screening. Future work planned by our
team will allow for a one-year time frame from which to
collect data on screening from medical records.

Overall, the time motion observations using our guide
were feasible and acceptable to both the observers and
staff being observed. We ensured that the same observer
followed a staff member during the course of the study
for two hours and 10 min each day. The initial 10 min
was not measured, but allowed the observer to adjust to
the pace being set by the staff member being observed.
These procedures allowed for some dissipation of the
Hawthorne effect, a known confounder in observational
studies of healthcare practices such as hand washing [47].
The micro-costing data collected in this study were cap-
tured with an observational prospective study design, the
optimal technique for obtaining accurate cost estimates
to inform resource allocation decisions [25].

Our study has several limitations. We were unable to
capture two category costs: those of screening and the
costs of materials used for the cleaning of small equip-
ment (missing data). We did not include doctors in this
pilot project; their higher wages would augment the
average human resource cost across the average costs
presented here. The pilot test was undertaken between
November 28" and December 15%; this may not reflect
the fluctuation in IPC that may occur due to seasonal
variation in diseases. To address these limitations and to
test the generalizability of these results, we are under-
taking a larger scale study over a one year time horizon
using the same time motion guide.
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Conclusions

The cost data retrieved from this study should be of
great interest to policy makers, as even by conservative
estimates the cost of the CBPs assessed were very low,
from 20 cents to $4.1 per action. Our results are rel-
evant not only to stakeholders in Quebec’s healthcare
system but in other provinces and countries as well, as
they provide arguments with which to make evidence-
based decisions of resource allocation that affect the
quality and safety of patient care. In this newly height-
ened context of COVID-19 risk of contagion, research
in IPC is increasingly important to prioritize [48]. There
is an urgent need to understand that IPC programs are
cost-effective. These programs must be acceptable to
public officials, administrators, patients, and increas-
ingly, the healthcare workers that are in contact with
pathogens on a daily basis. If not, compliance with IPC
measures will be low. As well, investments should also
demonstrate a cost—benefit, such that the long term
repercussions of patient safety are considered. This
information will ultimately be useful for the care of the
general population.
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