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Dear Editor,

We read with interest the study by Gould et al. (2020) eval-
uating the precision of a specific electronic hand hygiene
monitoring system (EMS): the Tork Vision Hand Hygiene
System (TVHHS).

EMS are an innovative solution to the perennial problem
of accurately measuring compliance with hand hygiene.
However, without robust validation data in the clinical
environment, infection prevention and control (IPC) teams
will be reluctant to procure such systems. A 2014 system-
atic review of EMS (Ward et al., 2014) found that of 42
articles analysed, only 20% provided a methodology for
demonstrating the accuracy of EMS. Furthermore, for those
that did, there was a lack of a consistent and robust meth-
odological approach.

Limper et al. (2016) recommended the use of simple
epidemiological statistics to validate the accuracy of EMS
technology, as per validating any given clinical interven-
tion or laboratory test. They specifically suggest that sensi-
tivity and positive predictive value (PPV) are key metrics
which should be measured. Using such a standardized
approach to evaluate the accuracy of EMS will allow for
valid comparisons to be made against direct observation
(DO), as well as between different EMS manufacturers.

A measurement system, such as an EMS, is considered
valid if it is both accurate and precise. Accuracy of a test or
intervention relates to how close a test measurement (e.g.
EMS data) is to the true test result (i.e. DO). Precision, how-
ever, refers to how close replicate values are to each other.

Gould et al. (2020) found that in 84% of HH observa-
tions, there was agreement (i.e. concordance) between
EMS and DO. They concluded that this was an acceptable

level of precision for the EMS. However, they have not
commented upon the accuracy of the TVHHS. To investi-
gate this further, we searched for any accuracy data previ-
ously published by the manufacturer. Unfortunately, none
was available from their website. We therefore decided to
use the epidemiological statistics recommended by Limper
et al. (2016) to evaluate the accuracy of the TVHHS. The
study data on HH events provided by Gould et al. gave
absolute numbers of HH events deemed as adherent or not
to protocol by both the EMS and DO. This information was
then used to determine the sensitivity (70/93, 75%), speci-
ficity (58/60, 97%), PPV (70/72, 97%) and negative predic-
tive value (NPV) (58/81, 72%) for the TVHHS. While the
PPV is high, sensitivity is low. Put another way, the EMS
was not accurately able to detect cases where staff were
adherent with HH protocol. The TVHHS also had a ten-
dency to overly detect poor adherence, generating a lot of
negative values, as demonstrated by the NPV. This will
potentially antagonise staff and could create distrust of the
system.

In another approach to validate an EMS, Limper et al.
(2017) assessed the accuracy of an EMS manufactured by
GOJO Industries. The accuracy of the EMS was established
during the behavioural validation phase in a working ward;
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sensitivity was 92.75% and PPV 84.4%. Different
approaches to validate EMS suggest there needs to be a
consensus as to how this is measured and what level of
accuracy is acceptable to healthcare workers, IPC teams
and procurement managers.

In the absence of the Hawthorne effect, the HH compli-
ance rate was 10.3% when measured using TVHHS
(Gould et al., 2020). This is clearly concerning. Previously,
it has been documented that compliance with HH is in the
region of 45% when measured covertly (Pan et al., 2013).
The low sensitivity of the TVHHS makes this 10.3% fig-
ure questionable. Despite this, it is likely that the true rate
of compliance with HH could be lower than previously
anticipated. Gould et al’s findings provide a compelling
argument for the use of EMS to give a more representative
and realistic picture of HH compliance across healthcare
organisations.

When discussing EMS accuracy, the fallibility of meas-
uring against DO as the best available standard cannot be
ignored. Although DO remains the World Health
Organization’s gold standard, it is widely recognised that
DO itself is an inaccurate measurement of HH compliance.
As discussed by Gould et al. (2020), DO is subject to bias
such as the Hawthorne effect, sampling and selection bias.
It is also well recognised that DO captures only a small
fraction of total HH events.

The proposed EMS classification system by Gould et al.
(2020) is an interesting and helpful addition. However,
there are some general issues with EMS that need to be
commented upon. Type 3—5 EMS all track staff movement
within the healthcare environment. These EMS require a
change in staff workflow through the need to wear an addi-
tional badge (or other such tracking equipment). Such
change in practice can be a barrier to adoption. In the study
by Gould et al., 141 (47.9%) of HH events were not cap-
tured by EMS, which the authors largely attributed to the
presence of transient staff, such as students and agency
workers. However, an additional explanation is that the
staff study cohort may not have been wearing their badge
simply due to the extra effort that it required of them.
Overall, the study by Gould et al. demonstrates how chal-
lenging it is to undertake rigorous EMS validation in a busy
clinical environment.

If the problem of poor compliance with HH is to be
solved, an accurate method of HH monitoring is surely the

first step forward. The IPC community must agree which
statistics should be used when evaluating the accuracy of a
given EMS. This will allow IPC professionals to make
informed decisions regarding their chosen method when
clinical validation is undertaken. Limper et al. (2016) made
a sensible proposal to use fundamental epidemiological sta-
tistics such as sensitivity and PPV. Drawing upon these sta-
tistics from Gould et al.’s results allows us to conclude that
the TVHHS EMS does not appear to achieve a high sensi-
tivity, and so its accuracy remains a concern.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: R.P.D.C reports personal fees from Hand Hygiene
Solutions.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Katie-Rose Cawthorne https://orcid.org/0000-0002-4866-1874

References

Gould D, Lindstréom H, Purssell E and Wigglesworth N. (2020) Electronic
hand hygiene monitoring: accuracy, impact on the Hawthorne
effect and efficiency. Journal of Infection Prevention. DOI:
10.1177/1757177420907999.

Limper HM, Garcia-Houchins S, Slawsky L, Hershow RC and Landon
E. (2016) A Validation Protocol: Assessing the Accuracy of Hand
Hygiene Monitoring Technology. Infection Control & Hospital
Epidemiology 37(8): 1002—1004.

Limper HM, Slawsky L, Garcia-Houchins S, Mehta S, Hershow RC and
Landon E. (2017) Assessment of an Aggregate-Level Hand Hygiene
Monitoring Technology for Measuring Hand Hygiene Performance
Among Healthcare Personnel. Infection Control & Hospital
Epidemiology 38(3): 348-352.

Pan SC, Tien KL, Hung IC, Lin YJ, Sheng WH, Wang MJ, Chang SC,
Kunin CM and Chen YC. (2013) Compliance of Healthcare Workers
with Hand Hygiene Practices: Independent Advantages of Overt and
Covert Observers. PLoS ONE 8§(1): €53746. https://doi.org/10.1371/
journal.pone.0053746

Ward MA, Schweizer ML, Polgreen PM, Gupta K, Reisinger HS and
Perencevich EN. (2014) Automated and electronically assisted hand
hygiene monitoring systems: A systematic review. American Journal
of Infection Control 42(5): 472-478.



https://orcid.org/0000-0002-4866-1874
https://doi.org/10.1371/journal.pone.0053746
https://doi.org/10.1371/journal.pone.0053746

