s1dLIOSNUBIA JoyINy sispund DN 8doin3 ¢

s1dLosnuUep JoyIny sispund DN adoin3 ¢

Europe PMC Funders Group
Author Manuscript
Int J Hyg Environ Health. Author manuscript; available in PMC 2020 November 11.

Published in final edited form as:
Int J Hyg Environ Health. 2020 June 01; 227: 113521. doi:10.1016/j.ijheh.2020.113521.

Development and reliability of a quantitative personal hygiene
assessment tool

Maryann G. Delea®”, Jedidiah S. Snyder?, Mulat WoretaP, Kassahun ZewudieP, Anthony W.
Solomon¢, Matthew C. Freeman?@

aGangarosa Department of Environmental Health, Rollins School of Public Health, Emory
University, Atlanta, USA PEmory Ethiopia, Bahir Dar, Ethiopia cDepartment of Control of
Neglected Tropical Diseases, World Health Organization, Geneva, Switzerland

Abstract

Personal hygiene practices, including facewashing and handwashing, reduce transmission of
pathogens, but are difficult to measure. Using color theory principles, we developed and tested a
novel metric that generates quantitative measures of facial and hand cleanliness, proxy indicators
of personal hygiene practices. In this cross-sectional study, conventional qualitative cleanliness
metrics (e.g., presence or absence of nasal and ocular discharge, dirt under nails or on finger pads
and palms) were also recorded. We generated Gwet’s agreement coefficients to determine the
inter-rater reliability of novel and conventional metrics between various rating groups, where
appropriate, including two non-blinded raters, non-blinded vs. blinded raters, three blinded raters,
and blinded vs. computer raters. Inter-rater reliability of the novel metric was high across all rating
groups, ranging from 0.98 (95% ClI: 0.97, 0.99) to 0.90 (95% CI: 0.90, 0.91) for facial cleanliness,
and 0.97 (95% CI: 0.96, 0.98) to 0.92 (95% CI: 0.91, 0.93) for hand cleanliness. Our novel metric
generates more nuanced data than conventional qualitative metrics, and allows for quantifiable
assessments of facial and hand cleanliness.
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Introduction

Inadequate personal hygiene contributes to the global burden of disease (Priiss-Ustiin et al.,
2014). Improved facial and hand cleanliness might prevent ocular diseases such as trachoma,
respiratory infections such as pneumonia and influenza, and enteric infections such as soil-
transmitted helminthiases, shigellosis, and cryptosporidiosis (Aiello and Larson, 2002; Esrey
et al., 1985; Freeman et al., 2014; Rabie and Curtis, 2006; Strunz et al., 2014; Utsi et al.,
2016; West et al., 1995). Personal hygiene practices are believed to represent intermediate
behavioral factors along the causal pathways that lead to these diseases. Consequently, many
public health programs promote the adoption of improved personal hygiene practices for
disease prevention and control. In low and middle-income settings, interventions promoting
personal hygiene are often undertaken within community-based water, sanitation, and
hygiene (WASH) and neglected tropical disease (NTD) programming (Boisson et al., 2016).
The intervention techniques used in many of those efforts, however, may not be sufficient to
produce sustainable change (Delea et al., 2018); more evidence is needed to clarify which
intervention approaches bring about sustained personal hygiene improvements (Dodson et
al., 2018; Ejere et al., 2015). Valid, reliable measurement of personal hygiene practices
would be useful for monitoring, evaluation, and development of better interventions.

An array of hygiene metrics — which seek to reflect personal hygiene behaviors — are
available. Some metrics aim to measure actual behavior through respondent reports
(Edwards et al., 2008; Manun’Ebo et al., 1997), direct observation (Ram et al., 2010), or
video surveillance (Pickering et al., 2014). Other metrics are proxy indicators, including
observations of environmental conditions (Biran et al., 2008; Luby and Halder, 2008); the
cleanliness of an individual’s hands, face, or body (Halder et al., 2010; West et al., 2017);
the presence or absence of pathogens or indicator organisms on relevant body parts (Burr et
al., 2013; Parvez et al., 2019; Ram et al., 2011); and sensor-recorded measurement of
materials required to execute hygiene practices (Ram et al., 2010).

Several of these methods are limited with regard to their validity, granularity, and cost (Biran
etal., 2008; King et al., 2011). Respondent reports are subjective and prone to systematic
biases (e.g., courtesy, recall, and social desirability biases) (Curtis et al., 1993; Manun’Ebo
et al., 1997); measures captured through direct observation and video surveillance are often
prone to reactivity (Pickering et al., 2014; Ram et al., 2010); and proxy indicators may not
be valid measures of recent cleansing (Biran et al., 2008; Curtis et al., 1993; King et al.,
2011; Ram et al., 2011). In addition, several of these methods yield dichotomous outcomes
(e.g., presence/absence of: soap, washing station, water for washing [environmental
conditions]; nasal and ocular discharge [facial cleanliness], dirt under nails or on finger pads
and palms [hand cleanliness]) (Halder et al., 2010; West et al., 2017). Dichotomous data (or
coarse polychotomous data (Pickering et al., 2010)) may not be nuanced enough to detect
incremental changes in personal hygiene practices. Conventional qualitative metrics also
impede the examination of dose-response relationships. Therefore, these conventional
metrics may limit the type of evidence available for monitoring behavior and evaluating the
effectiveness of personal hygiene interventions on behavioral outcomes and downstream
health and well-being.
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To enable better assessment of personal hygiene practices and enhance evaluations of
personal hygiene interventions, we sought to create a metric that could generate quantitative
data on facial and hand cleanliness. The aim of this study was to develop and pilot this novel
quantitative metric, assess its reliability, and compare its reliability estimates and
measurement attributes to those of conventional qualitative facial and hand cleanliness
metrics.

2 Material and methods

We embedded this cross-sectional study of the inter-rater reliability (IRR) of our novel,
quantitative hygiene metric within a cluster-randomized trial called the Andilaye Trial. This
trial aimed to evaluate the impact of a demand-side sanitation and hygiene intervention on
behavior and health in NTD-endemic Ambhara, Ethiopia (registered as NCT03075436 on
clinicaltrials.gov). Details of the Andilaye Trial are published elsewhere (Delea et al., 2019).
In summary, we randomly selected and assigned 50 sub-district (kebele) clusters within
three purposively selected districts (woredas) to receive either an enhanced community-
based demand-side sanitation and hygiene intervention (i.e., Andilaye intervention) or the
standard of care intervention (i.e., community-led total sanitation and hygiene). The trial’s
outcomes included NTD-preventive sanitation and hygiene behaviors and mental well-being.
As such, it was important for us to identify and employ a personal hygiene metric that did
not rely on reported behavior and would be sensitive enough to detect incremental changes
in personal hygiene practices over time, particularly given that the Andilaye intervention
promoted incremental change.

2.1 Development of the quantitative personal hygiene assessment tool (QPHAT)

During the Andilaye Trial’s formative phase, we used color theory principles to create a
color scale to assess personal hygiene via standardized cleanliness assessments. This scale
depicted a spectral light (i.e., red/green/blue - RGB) color model array, ranging from 10 (i.e.,
all hues full strength saturation; white) to 0 (i.e., single hue saturation; darkest brown). Each
step (i.e., color and accompanying number) along the array represented a 10% increase in
saturation compared to the preceding step. This yielded the 11-point gPHAT color scale
(Fig. 1A).

We pre-tested the gPHAT color scale in Andilaye formative research communities by
collecting wipes of children’s faces and hands, and comparing these wipes to the color scale
to determine whether it provided an appropriate array against which the wipes could be
compared. Once we finalized the color scale, we used the qPHAT methodology to obtain
quantitative proxy measures of personal hygiene practices via facial and hand cleanliness
assessments, as indicated below.

2.2 Data collection

For the Andilaye Trial, we randomly selected 50 clusters from the list of eligible kebeles in
Farta, Fogera, and Bahir Dar Zuria Woredas of South Gondar and West Gojjam Zones in
Ambhara. All rural and peri-urban kebeles within Bahir Dar Zuria, Fogera, and Farta woredas
that were accessible throughout the course of the year were eligible for random selection.
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During March-April 2017, the end of the local dry season and beginning of the small rains,
trained enumerators enrolled approximately 30 households that were randomly selected
from each study cluster’s household census register. At each of these households, an
enumerator collected data on household characteristics and sanitation and hygiene practices
from one adult member of the household, amongst other data relevant to the Andilaye Trial
(Delea et al., 2019), and observed and recorded the cleanliness of this individual’s hands
using conventional qualitative hand cleanliness metrics. The youngest 1-9-year-old living in
the household was identified as the index child, and the enumerator observed and recorded
the cleanliness of this child’s hands and face, first using conventional qualitative facial and
hand cleanliness metrics, and then using the gPHAT methodology. The enumerator also
conducted spot checks of the household’s compound, latrine, and washing stations. All data
were collected electronically on encrypted, password-protected mobile phones using Open
Data Kit (http://opendatakit.org/), and uploaded to and stored on a secure server.

2.3 Conventional qualitative facial and hand cleanliness metrics

Conventional facial and hand metrics reflected those commonly captured as measures of
facial and hand cleanliness by the WASH and NTD communities (Halder et al., 2010; King
etal., 2011; Parvez et al., 2019; West et al., 2017). Specifically, enumerators captured data
on the presence or absence of ocular discharge; wet and dry nasal discharge; dirt, dust, or
other debris on the face; and the number of fly-face contacts during a 1-min observation
period. Conventional qualitative facial cleanliness metrics represented epidemiological
associations of active trachoma and ocular Chlamydia trachomatis infection (Ngondi et al.,
2008; West et al., 1991) and other signs of poor facial hygiene. Enumerators assessed hand
cleanliness by capturing data on the presence or absence of dirt, mud, or debris under or on
the finger nails, finger pads, and palms of each hand (assessed separately, given hand
dominance and norms regarding the use of different hands for certain activities, such as
eating and cleaning). Evidence is mixed regarding whether and to what extent these
individual conventional hand cleanliness metrics represent epidemiological risk factors for
hand contamination with enteric organisms (Morrill et al., 2018; Parvez et al., 2019;
Pickering et al., 2010) or health outcomes such as gastrointestinal illness or respiratory
symptoms (Pickering et al., 2010). Field supervisors also collected observational data on a
validation sample that reflected approximately 10% of households from each study cluster.
Field supervisors entered their own assessments, independently and without knowledge of
the enumerator’s assessments, on their own data collection device at the same time the
enumerator was entering their assessments. Capturing data on conventional metrics allowed
us to examine adjusted inter-rater reliability estimates and measurement attributes between
these metrics and the gPHAT methodology.

2.4 qPHAT methodology

To obtain quantitative cleanliness data via the qPHAT methodology, enumerators used gauze
pads pre-moistened with sterile saline (Hygea), with excess solution removed, to collect one
wipe from the skin around the eyes and one wipe from the skin of the inside of the index
child’s right hand. Enumerators employed standardized procedures to trace the skin along
the index child’s eyes and hand. After taking each wipe, the enumerator sealed it in its own
labelled plastic bag. These wipes were then scored against the gqPHAT color scale by a rater

Int J Hyg Environ Health. Author manuscript; available in PMC 2020 November 11.


http://opendatakit.org/

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Delea et al.

Page 5

who was not blinded to the conditions of the child or the child’s household (i.e., the
enumerator) and one master rater who was blinded to both conditions. A sub-set of the
wipes was rated by two additional blinded raters; this sub-set also underwent densitometric
analyses to produce computer-simulated ratings. Engaging multiple raters, of different types,
allowed us to examine whether the gPHAT measures were reliable, and whether inter-rater
reliability estimates differed meaningfully across different types of raters (Fig. 2).

2.5 Non-blinded rater assessment

Within each household, face and hand wipes were obtained from the index child shortly after
data collection for that household commenced. At the end of data collection for that
household, the enumerator was prompted by the data collection program to rate the wipes by
matching the color of the darkest point within the darkest square half-inch of the gauze pads
(i.e., roughly the size of a fingernail) to a color along the gPHAT color scale (Fig. 1B); the
time between collection and rating averaged approximately 1 h. All rating was conducted
under natural lighting outside of study participants’ homes. We did not obtain any
quantitative data on adult hand cleanliness via gPHAT measures for this study.

2.6 Blinded rater assessment

Enumerators collected data on the child’s facial and hand cleanliness, and assessed other
sanitation and hygiene-related data from the household itself. They were consequently not
blinded to these conditions, which has the potential to introduce bias. Therefore, one master
rater blinded to the conditions of the study households and children rated all wipes using the
gPHAT methodology. These blinded ratings of the wipes typically occurred within one to
five days of wipe collection, and were performed outside, under similar lighting conditions.
The purpose of the blinded rater assessment was to ascertain the IRR between non-blinded
and blinded raters using the gPHAT methodology.

2.7 Blinded rater vs. computer-simulated rater assessments

An additional two raters, also blinded to the conditions of study households and children,
used the qPHAT methodology to rate a sub-set of wipes (n = 87 face wipes, n = 87 hand
wipes; all wipes obtained from the three study clusters for which data collection was
scheduled the day before the three blinded rater assessments were scheduled). For this subset
of wipes, we captured a high-resolution photograph of each wipe under natural lighting,
without flash (to mimic rating conditions using the unaided human eye) alongside a negative
control (i.e., unused wipe) that was used for calibration. We then employed densitometry, as
indicated below, to generate computer-simulated ratings of this sub-set of face and hand
wipes.

2.8 Analytical methods

We produced descriptive statistics related to all metrics. For conventional facial and hand
cleanliness metrics, we generated data on the prevalence of each individual sign of facial/
hand cleanliness. We also generated data on the prevalence of two measures of clean face
(i.e., absence of ocular and nasal discharge [often used in trachoma research] and absence of
all signs of an unclean face [composite of all observed signs]) and one measure of clean
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hand (i.e., absence of all observed signs of an unclean hand). For the gPHAT methodology,
we generated data related to the distribution of rating scores for each type of rater.

2.9 Chance-corrected reliability

We generated statistics on IRR, which indicate the consistency of ratings across two or more
independent raters (Kozlowski and Hattrup, 1992), for both conventional facial and hand
cleanliness metrics as well as the gPHAT methodology. Basic measures of agreement, such
as comparisons of prevalence and non-corrected IRR estimates, do not correct for agreement
due to chance, and can therefore yield misleading results when presented on their own
(Gwet, 2014; Klein, 2018). Therefore, we produced chance-corrected IRR coefficients for
both conventional and novel cleanliness metrics. Given critiques of kappa coefficients
(Gwet, 2008; Klein, 2018), we employed Gwet’s agreement coefficient, which represents a
chance-corrected coefficient that adjusts for the number of rating categories and the
frequency with which rating categories are used by raters (Gwet, 2014; Klein, 2018)
(Appendix A. Supplementary material).

We assessed partial agreement of gPHAT measures through the application of quadratic
weights (Gwet, 2014; Klein, 2018; Lin et al., 2007). To minimize misinterpretations of
reliability results that may occur when deterministic benchmarking is used (i.e., potential
over-estimations of the magnitude of agreement), we employed a probabilistic
benchmarking approach and the Landis and Koch scale to interpret agreement coefficient
estimates (Gwet, 2014; Klein, 2018; Landis and Koch, 1977). We generated IRR estimates
of gPHAT measures, indicated via Gwet’s agreement coefficients for the following rating
pairs: 1) non-blinded raters (i.e., enumerators collecting data) and a master rater blinded to
the conditions of households and children; 2) three raters, all blinded to the conditions of
households and children; and 3) blinded raters and computer-simulation (i.e., densitometric
analyses).

2.10 Densitometric analyses comparing human-generated and computer- simulated

ratings

Computer-simulated ratings of face and hand wipes were generated through the application
of densitometric analyses conducted on photographs of the sub-set of wipes rated by the
three blinded raters. The purpose of these IRR assessments was to determine whether there
were meaningful differences between blinded human-generated and objective computer-
simulated ratings.

We performed the densitometric analyses on face and hand wipes by adapting a
quantification protocol developed for ImageJ, an open access image processing software
developed by the National Institutes of Health (NIH) (Davarinejad, 2017; Schneider et al.,
2012). Our protocol specified scanning the high-resolution photograph of each wipe for the
square half-inch frame with the highest optical density (i.e., intensity/ area). This was the
same method used by the human raters (Fig. 1B). We used histogram values of the darkest
fifth percentile of this area in our densitometric analyses to simulate the human rater
protocol of scoring the darkest point within the darkest square half-inch of wipes (Fig. 1C).
We conducted sensitivity analyses to determine whether mean histogram values produced
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meaningfully different results (Appendix A. Supplementary material, Table Al). We
normalized densitometry values for lighting by deducting the background (i.e., an unused
wipe) captured within the same photographic image as each wipe. We used this same
process to capture densitometry values for each color in the gPHAT color scale. Computer-
simulated rating scores were generated for each wipe by comparing normalized
densitometry values of: 1) images of wipes, and 2) the 11 colors in the gPHAT scale.

2.11 Ethical approval

The Andilaye Trial and its sub-studies received ethical approval from Emory University’s
Institutional Review Board (IRB00076141) and the Amhara Regional Health Bureau
Research Ethics Review Committee (HRTT0135909). Fieldworkers provided study
participants details regarding the study prior to requesting consent to participate, and took
steps to ensure confidentiality.

3 Results

3.1 Analytical sample and characteristics

We collected data from 1332 of 1333 index children (hand and facial cleanliness data
generated via conventional qualitative metrics and qPHAT methodology) and 1332 of 1333
adults (hand cleanliness data generated via conventional qualitative metrics). Field
supervisors completed independent quality control observations of facial and hand
cleanliness using conventional qualitative cleanliness metrics on 124 (9%) of each of these
index children and adults. The majority of adult respondents were either the mother of the
index child (88%, n = 1168) or female caregivers (4%, n = 59; Table 1). Approximately half
of index children were girls (49%, n = 658), and the average age of these children was 4
years (IQR: 2, 6).

3.2 Conventional qualitative facial cleanliness ratings

Prevalence of signs of a clean face differed by individual qualitative cleanliness metric
(Table 2), and ranged from 63% for absence of ocular discharge to 21% and 18% for
absence of flies on face amongst the 123 children independently observed by enumerators
and field supervisors, respectively. IRR of facial cleanliness differed across qualitative facial
cleanliness metrics (Table 2). These results suggest only moderate IRR for some individual
qualitative metrics of facial cleanliness.

3.3 Conventional qualitative hand cleanliness ratings

Prevalence of signs of a clean hand also differed by individual qualitative hand cleanliness
metric (Table 2). Amongst 124 children, qualitative signs of cleanliness measured by
enumerators and supervisors, respectively, ranged from 17% to 19% for absence of dirt on
the palm (right hand) to 7% and 6% for absence of dirt under all fingernails (left hand).
Amongst 124 adults, prevalence of these signs of cleanliness ranged from 42% to 37% for
absence of dirt on the palms (right hand and left hand, respectively) to 21% for absence of
dirt under all fingernails (left hand). As indicated in Table 2, IRR of all conventional
qualitative hand cleanliness metrics was lower for observations of adults than children, but
the prevalence of hand cleanliness, as indicated by all qualitative cleanliness metrics, was
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higher amongst adults than children. Our data suggest that, when deployed amongst adults,
IRR of some individual qualitative metrics of hand cleanliness is only moderate.

3.4 gPHAT facial cleanliness ratings

For the 1332 wipes rated by non-blinded enumerators and the blinded master rater, the
average and distribution of the facial cleanliness scores were the same across rater type (6
[IQR: 5, 7]; Table 3). While the average of the facial cleanliness scores was the same for all
three blinded raters and computer-simulated ratings, the variance differed slightly between
raters (5 [IQR: 4, 6]; 5 [IQR: 4, 8]; 5 [IQR: 4, 6]; and 5 [IQR: 5, 7], respectively; Table 3).
IRR of gPHAT facial cleanliness ratings was almost perfect across all rating groups,
according to the Landis and Koch scale (Table 3).

3.5 @PHAT hand cleanliness ratings

For the 1332 wipes rated by both non-blinded enumerators and the blinded master rater, the
average of the hand cleanliness scores was the same, but the variance differed slightly
between raters (3 [IQR: 2, 5] vs. 3 [IQR: 2, 4], respectively; Table 3). For the sub-set of
wipes rated by three blinded raters, the median hand cleanliness score was the same for the
master rater and rater 2 (3 [IQR: 2, 4]), but differed slightly for rater 3 (4 [IQR: 3, 5]) and
computer-simulated ratings (4 [IQR: 3, 4]). IRR of gPHAT hand cleanliness ratings was also
almost perfect across all rating groups, according to the Landis and Koch scale (Table 3).

4 Discussion

The purpose of this study was to develop and assess the reliability of a novel personal
hygiene metric that yields quantitative facial and hand cleanliness data. We determined that
the gPHAT methodology produces highly reliable estimates of facial and hand cleanliness
across all types of rater comparisons. While our results indicated IRR was higher across
blinded and computer-simulated raters than the non-blinded vs. blinded rating pairs, all IRR
and probabilistic benchmarking estimates fell within a range interpreted as almost perfect,
according to the Landis and Koch scale. We conclude that the gPHAT methodology yields
reliable measures of facial and hand cleanliness.

Our IRR estimates of two conventional clean face measures (i.e., absence of ocular and nasal
discharge and absence of all signs of an unclean face) also fell in the almost perfect range.
However, the individual conventional qualitative metrics that comprise these composite
measures did not perform well on their own. Two of five conventional facial cleanliness
metrics assessed in this study (wet nasal discharge; dirt/debris on the face) had IRR
estimates in the moderate range and two (ocular discharge; dry nasal discharge) had IRR
estimates in the substantial range. Our results corroborate existing evidence that suggests
conventional qualitative metrics assessing ocular discharge, nasal discharge, and flies on the
face perform better than qualitative metrics assessing dirt/debris on the face (West et al.,
1991; Zack et al., 2008).

When interpreting data on the two conventional clean face measures — the absence of ocular
and nasal discharge and the absence of all signs of an unclean face — one should consider
that there is no standardized guidance for assessing or defining facial cleanliness
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(International Trachoma Initiative & Neglected Tropical Diseases Support Center, 2019).
For instance, some trachoma researchers and implementers consider clean face as the
absence of ocular and nasal discharge (West et al., 2017), while others include other signs of
facial cleanliness such as fly-eye contact and dirt/debris on the face (Burr et al., 2013; King
etal., 2011). There is also no clear guidance on whether wet and dry nasal discharge should
be assessed separately; some do (King et al., 2011) while others do not (West et al., 2017).
Nasal discharge that ends up sticking to the face does not do so when already dry: the wet
versus dry distinction is an artifact of the timing of observation and is subjective, since the
state of dryness is continuous rather than binary. Our findings suggest that any nasal
discharge would be a better marker than using wet and dry sub-categories, given the low
reliability of those two individual measures. More critically, though, gPHAT ratings by
blinded raters yielded more reliable cleanliness measures than any of the individual
qualitative cleanliness metrics, when assessed either in this study or by others (King et al.,
2011; West et al., 2017) in previously published work.

The conventional qualitative signs of hand cleanliness that we used here were similar to
those used elsewhere (Halder et al., 2010; Pickering et al., 2010; Webb et al., 2006).
Prevalence of qualitative signs of hand cleanliness observed in our study indicated that
adults generally had cleaner hands than their children, yet assessments of adult hands were
less reliable than assessments of children’s dirtier hands. Our results align with evidence
from a study conducted in Guatemala that investigated the repeatability of hygiene
measures, which also found that mother’s/caregiver’s hands were cleaner (per qualitative
cleanliness metrics) and yielded less reliable results than assessments of their children’s
hands (Webb et al., 2006). These findings could imply that when hands are cleaner,
conventional qualitative metrics generate less reliable cleanliness data. Lower IRR estimates
amongst adults with cleaner hands may be an artifact of a qualitative metric that forces raters
to choose between only two options — presence or absence of a particular sign of cleanliness.
Even after training and standardization, rater assessments may be somewhat subjective, and
when hands or faces are cleaner, it may be harder to make dichotomous distinctions.

In addition to being at least as reliable, if not more reliable, than conventional qualitative
cleanliness metrics, the qPHAT methodology generates more nuanced data, which may serve
to improve the measurement of personal hygiene behavior and changes therein. It should be
noted that the gPHAT methodology is intended to serve as a metric that generates
quantitative measures of facial and hand cleanliness, and is not intended to capture data on
all facial and hand cleanliness conditions (e.g., presence/absence of flies on one’s face, dirt
under one’s nails). The quantitative cleanliness data generated by gPHAT permits
examinations of dose-response relationships not previously available. The gPHAT
methodology also allows raters to be blinded to the conditions of the household, the physical
appearance of the subject, and exposure to interventions, which may further minimize bias.
The measurement attributes of gPHAT may, in turn, facilitate enhanced monitoring of
personal hygiene behavior, and improve the type of data available for evaluating the
effectiveness of personal hygiene behavior change interventions on downstream health and
well-being.
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This study has three key limitations. First, we focused on assessing facial and hand
cleanliness amongst children. We did not deploy the gPHAT methodology amongst adults.
While this limitation prevented us from ascertaining the reliability of gPHAT hand
cleanliness measures amongst seemingly cleaner adults, it should not discredit the reliability
of gPHAT hand cleanliness measures amongst children. Second, this study was designed to
create a novel quantitative hygiene metric and determine its reliability. It was outside the
scope of this study to determine whether gPHAT methodology provides valid measures of
recent cleansing (King et al., 2011) or would be sensitive enough to detect incremental
changes in these personal hygiene practices. More work in this direction is needed. Third,
we did not aim to determine whether facial and hand cleanliness measures were associated
with contamination of these body parts with disease-causing pathogens or indicator
organisms. Theories of change are critical here, since assessments of cleanliness are
approximations for actual pathogen transmission potential.

5 Conclusions

The gPHAT methodology yielded highly reliable measures. It allows for quantifiable
assessments of facial and hand cleanliness, providing more nuanced assessments of the
degree of facial and hand cleanliness than conventional metrics. Additional research is
needed to determine intra- and inter-rater reliability outside of Amhara, Ethiopia, and to
ascertain whether the metric is a valid measure of recent cleansing and incremental changes
in behavior. If further evaluations are supportive, the gPHAT methodology could facilitate
future evaluations of personal hygiene interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Face and hand wipes obtained via the gPHAT methodology, densito-metric data. (A) 11-
point gPHAT color scale representing a color model array with 10% step-changes in
saturation along the array. (B) Photographs of face and hand wipes used to obtain
guantitative measures of cleanliness, including an unused wipe (top) used for calibration
(computer-simulated ratings only). Human raters generated quantitative cleanliness data by
matching the color of the darkest point within the darkest square half-inch of the wipe to a
color represented in the gPHAT color scale. (C) Imagel-derived histograms of unweighted
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intensity (minimum of 255, maximum of 0) generated from densitometric analyses of the
area on the wipes with the highest optical density (i.e., darkest square half-inch, as indicated
by the yellow boxes in panel B), where density is defined as intensity over area. This
illustrative set of wipes scored 10, 9, 7, and 4 (top to bottom), per computer-simulated
gPHAT ratings.
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Flow of conventional qualitative and novel quantitative (QPHAT) cleanliness data.
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Table 1
Sample characteristics and demographics.

Study subject n (%)

ADULT RESPONDENT (N =1332)

Female 1231 (92%)
Caregiving responsibilities
Mother of index child 1168 (88%)
Other female caregiver 59 (4%)
Male caregiver 96 (7%)
Other adult household member 9 (1%)
Age”* 32 (IQR: 27, 38)
INDEX CHILD (N = 1332)
Female 658 (49%)
Age”* 4 (IQR: 2, 6)
Notes.

*
Median age presented in years along with the inter-quartile range (IQR).
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Table 2
Prevalence and | RR of conventional qualitative facial and hand cleanliness metrics.

Cleanliness metric Enumerator n Supervisor n IRRb o5% Probabilistic LandisKoch
(%) (%) cn (95% benchmarking interpretation

INDEX CHILD’S FACIAL

CLEANLINESS (N = 123)3

Absence of ocular discharge 78 (63%) 78 (63%) 0.76 (0.64, 0.60-0.80 Substantial
0.87)

Absence of ANY nasal discharge 27 (22%) 23 (19%) 0.86 (0.77, 0.60-0.08 Substantial
0.94)

Absence of wet nasal discharge 62 (50%) 57 (46%) 0.56 (0.41, 0.40-0.60 Moderate
0.71)

Absence of dry nasal discharge 39 (32%) 36 (29%) 0.73 (0.61, 0.60-0.80 Substantial
0.85)

Absence of dirt/debris on face 41 (33%) 26 (21%) 0.66 (0.53, 0.40-0.60 Moderate
0.80)

Absence of flies on face 26 (21%) 22 (18%) 0.93(0.87, 0.80-1.00 Almost perfect
0.99)

Clean face — No ocular or nasal 23 (19%) 19 (15%) 0.91 (0.84, 0.80-1.00 Almost perfect

discharge 0.97)

Clean face® - Composite 4 (3%) 2 (2%) (l).gg)(o.%, I Almost perfect

INDEX CHILD’S HAND

CLEANLINESS (N = 124)

Absence of dirt under all finger

nails on hand

Left hand 9 (7%) 7 (6%) 0.91 (0.85, 0.80-1.00 Almost perfect
0.97)

Right hand 11 (9%) 11 (9%) 0.90 (0.84, 0.80-1.00 Almost perfect
0.97)

Absence of dirt on all finger pads of

hand

Left hand 17 (14%) 21 (17%) 0.80 (0.71, 0.60-0.80 Substantial
0.90)

Right hand 15 (12%) 22 (18%) 0.79 (0.70, 0.60-0.80 Substantial
0.89)

Absence of dirt on palm of hand

Left hand 20 (16%) 22 (18%) 0.82(0.73, 0.60-0.80 Substantial
0.91)

Right hand 21 (17%) 23 (19%) 0.84 (0.75, 0.60-0.80 Substantial
0.93)

Clean handd

Left hand 4 (3%) 4 (3%) 0.95 (0.91, 0.80-1.00 Almost perfect
0.99)

Right hand 5 (4%) 6 (5%) 0.96 (0.92, 0.80-1.00 Almost perfect
0.99)

ADULT RESPONDENT’S HAND

CLEANLINESS (N =124)

Absence of dirt under all finger

nails on hand

Left hand 26 (21%) 26 (21%) 0.73 (0.62, 0.60-0.80 Substantial
0.85)
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Cleanliness metric Enumerator n Supervisor n IRRb o5% Probabilistic LandisKoch
(%) (%) cn (95% benchmarking interpretation

Right hand 27 (22%) 28 (23%) 0.74 (0.63, 0.60-0.80 Substantial
0.86)

Absence of dirt on all finger pads of

hand

Left hand 37 (30%) 43 (35%) 0.60 (0.45, 0.40-0.60 Moderate
0.74)

Right hand 37 (30%) 33 (27%) 0.67 (0.54, 0.40-0.60 Moderate
0.81)

Absence of dirt on palm of hand

Left hand 52 (42%) 46 (37%) 0.60 (0.45, 0.40-0.60 Moderate
0.74)

Right hand 52 (42%) 46 (37%) 0.63 (0.49, 0.40-0.60 Moderate
0.77)

Clean handd

Left hand 20 (16%) 16 (13%) 0.83(0.74, 0.60-0.80 Substantial
0.92)

Right hand 21 (17%) 19 (15%) 0.85 (0.76, 0.60-0.80 Substantial
0.93)

Notes. Inter-rater reliability (IRR), as indicated by Gwet’s coefficient, was assessed between the enumerator-supervisor rating pair. Enumerators
and supervisors were both on site at the study household and observed the conditions of the household compound and overall appearance of the
adult and child. Therefore, both raters provided non-blinded ratings. NB: Equivalent proportions of the various signs of cleanliness do not point to
consistency in ratings between paired raters. For instance, the 11 children enumerators rated as having an absence of dirt under all fingernails on the
right hand were not the same 11 children field supervisors rated as having absence of dirt under all fingernails on the right hand - i.e., there was an

inconsistency in the ratings despite equivalent prevalence.

a . . . . . . . .
One child was actively crying during observation; therefore, no facial cleanliness data were collected on the child.

IRR reflects chance-corrected inter-rater reliability, as indicated by Gwet’s coefficient and related 95% confidence interval (95% CI).

cAbsence of all signs of an unclean face (i.e., ocular discharge, wet or dry nasal discharge, other dirt/debris on face, flies on face).

dAbsence of all signs of unclean hands (i.e., dirt under any finger nail, dirt on any finger pad, dirt on either palm)ll Perfectly predicted.
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Table 3
Distribution and IRR of gPHAT rating scores.
Rating pairs N Master Alt.rater  Alt.rater  Computer IRRS Probabilistic Landis Koch
a b 3Median rater benchmarking interpretation
rater 2 (IQR) Median (95%
Median Median (IQR) Cl)
(IQR) (IQR)
INDEX CHILD’S
FACIAL
CLEANLINESS
Master rater®vs. non- 1332 6(5,7) 6(5,7) - - E)(.)ng0 0.80-1.00 Almost perfect
blinded rater 0.91)
Three blinded raters 87 5 (4, 6) 5(4,8) 5(4, 6) - 0.96 0.80-1.00 Almost perfect
(0.95,
0.97)
Human vs. computer
d
rater
Master rater? vs. 87 5 (4, 6) - - 5(5,7) ?(5957 0.80-1.00 Almost perfect
computer rater 0.99)
Blinded rater 2 vs. 87 - 5(4,8) - 5(5,7) 0.96 0.80-1.00 Almost perfect
computer rater (0.94,
0.97)
Blinded rater 3 vs. 87 - - 5 (4, 6) 5(5,7) 0.97 0.80-1.00 Almost perfect
computer rater (0.96,
0.98)
INDEX CHILD’S
HAND
CLEANLINESS
Master rater®vs. 1332 3(2,4) 3(2,5) - - ?09921 0.80-1.00 Almost perfect
blinded rater 0.93)
Three blinded raters 87 3(2,4) 3(2,4) 4(3,5) - 0.95 0.80-1.00 Almost perfect
(0.93,
0.96)
Human vs. computer
raters’3
Master rater? vs. 87 3(2,9) - - 4(3,4) E)(.)Qg?6 0.80-1.00 Almost perfect
computer rater 0 98)’
Blinded rater 2 vs. 87 - 3(2,4) - 4(3,4) 0.96 0.80-1.00 Almost perfect
computer rater (0.94,
0.98)
Blinded rater 3 vs. 87 - - 4(3,5) 4(3,4) 0.97 0.80-1.00 Almost perfect
computer rater (0.96,
0.98)

Notes. Table summarizes inter-rater reliability assessments of quantitative (interval) data generated by the gPHAT methodology across various
rating pairs. IQR = inter-quartile range.

aThe master rater was blinded to the conditions of the child and the child’s household.

b . . .
For the “Master rater vs. non-blinded rater”, Alt. rater 2 reflects the non-blinded enumerator rating; For the “Human vs. computer raters”, Alt.

rater 2 reflects blinded rater 2.

Inter-rater reliability (IRR) reflects chance-corrected inter-rater reliability, as indicated by Gwet’s coefficient and the related 95% confidence

interval (95% ClI).
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a . . . .
Computer-simulated ratings, as generated via the employment of densitometry.
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