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Background Spot checks are becoming a popular method to assess hygiene behaviours;
however, little is known about their repeatability or predictability. We evaluated
the within-household repeatability of hygiene indices created from spot checks
and their ability to predict incidence of diarrhoea in young Guatemalan children.
Methods

We observed hygiene behaviours in 588 households in four rural Guatemalan
communities over 36 months. Four indices related to drinking water (DWI;
score 5 0–3), food (FI; score 5 0–3), personal hygiene (PHI; score 5 0–3), and
domestic household hygiene (DHI; score 5 0–6) and one summary hygiene
index (SHI; range 0–15) were created. Morbidity of 694 children aged birth to
36 months living in the study households was assessed using biweekly recall.
Intraclass correlation coefficients were calculated to assess within-household
repeatability; the generalized estimating equations approach was employed to
analyse diarrhoea morbidity.

Results

Households were observed a mean of 22.1 6 11.2 times. All indices decreased
with duration of follow-up (SHI 5 0.67 6 0.05 points/year; WI 5 0.04 6 0.01;
FI 5 0.07 6 0.01; PHI 5 0.21 6 0.01; DHI 5 0.37 6 0.02; all P , 0.05).
Intraclass correlations were low to moderate (SHI 5 0.35–0.51; DWI 5 0.17–0.21;
FI 5 0.16–0.18; PHI 5 0.27–0.32; DHI 5 0.27–0.38). Six separate spot checks
would be needed to estimate a household’s underlying level of hygiene within
20%. SHI and PHI scores were inversely associated with diarrhoea morbidity
(both P , 0.05).

Conclusions Hygiene indices created using spot checks can be a rapid and efficient method
for assessing hygiene and useful for predicting diarrhoea morbidity in young
children. Multiple measures are required to accurately estimate the true hygiene
pattern of a household.
Keywords

Hygiene, rapid spot checks, diarrhoea, intraclass correlation coefficient, kappa,
repeatability

Diarrhoea contributes to an annual 3.5 million deaths in
children under the age of three, and diarrhoea-related illness
and complications are associated with malnutrition, growth
faltering, and compromised immunity.1 The burden of diarrhoea morbidity lies largely in the developing world where
water and living conditions remain poor. Interventions to
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improve hygiene behaviours, sanitation, and water quantity
and quality can reduce all-cause morbidity by .20%,2 and
hygiene interventions specifically were reported to reduce
diarrhoea morbidity by nearly 45%.3 The World Bank has
declared the promotion of improved hygiene to be the third
most productive method for preventing diarrhoea-related
morbidities.4
A variety of methods are currently utilized to capture sanitation and hygiene behaviours. Interview and questionnaire
approaches, while easily modified to represent the community
under study, may not be as easily standardized as other
available methods and typically result in over-reporting of
‘good’ behaviours, thus, reducing their validity.5–8 Structured
observations are used to gather information on the occurrence
of specific behaviours during an observational period at the
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home. While adequate for providing detailed information,
structured observations tend to be time and labour intensive,
difficult to standardize, and may result in behaviour changes
due to the presence of the observer (reactivity).9 Additionally,
structured observations tend to be highly variable from visit
to visit, thus reducing repeatability within subjects.5,10 Spot
checks are rapid and easily standardized alternatives to structured observations. Generally observers assess hygiene behaviours using a line-item checklist of behaviour proxies. For
example, rather than observing a mother wash her hands with
soap, a spot-check method will require that the cleanliness of
the mother’s hands and nails be observed and that observation
will serve as an indicator of hand-washing behaviour. It is
unnecessary for an observer to remain in the home until
specific hygiene activities are observed, thus reducing burden
on both the field worker and the subject. Ruel and Arimond
recently concluded that spot-check methods provide a ‘timesaving and economic alternative’ to structured observations
once the appropriate training and standardization have been
completed.9 Several studies have used observations from spot
checks to create indices representing hygiene behaviours that
cluster and may, therefore, better represent behaviours or
potential routes of contamination.11–13 Despite their apparent
benefits related to ease of use in the field, little is known
regarding the repeatability or predictability of spot-check
methods. To date, only a single study evaluating the reactivity
and repeatability of hygiene measures obtained from spot checks
has been published; in that study reactivity appeared to be less
than that observed with structured observations, while withinsubject repeatability ranged from poor to good depending on
the specific hygiene measure observed.14
We used data from a longitudinal study of maternal care
giving behaviours, including hygiene behaviours collected by
spot-check observations, to create four specific hygiene indices
and, from these indices, a summary hygiene index (SHI). The
objectives of this study were to assess the stability of these
indices over time, the within-household repeatability of specific
and summary hygiene indices and estimate their predictability
for early childhood diarrhoea. We also estimated the number
of days necessary to yield estimates of habitual hygiene likely to
be within 20 and 50% of the household true mean.

Methods
Study population and data collection
Subjects for the current study were recruited from four villages
of mixed Spanish-Mayan descent, located 40–110 km east of
Guatemala City, Guatemala. The four villages have been part of
a series of ongoing longitudinal community-based studies
over the past 30 years. Detailed descriptions of the villages
and their selection are published elsewhere.15 From March
1996 to September 1999, a study of pregnancy and child
growth was conducted in these villages by Emory University
and the Institute of Nutrition of Central America and Panama
(INCAP). Pregnant women and women with children younger
than 36 months were eligible to participate, regardless of
participation in earlier studies. Pregnancies were ascertained
and followed through to delivery. Children under 36 months
participated until they reached 36 months. Multiple children
were eligible within households.

Serial measurements of hygiene and sanitation behaviours
were collected for 613 households. We excluded from analysis
data from 25 households because observations were available
for only one visit. The 25 excluded households had significantly
fewer family members residing in the household than did
those included (4.4 vs 3.6; P 5 0.01) but did not differ with
respect to maternal education, number of children, maternal
age, socioeconomic status, or the summary hygiene score.
Households were visited monthly by trained field workers
(mean of 22 visits per household, range 2–45 visits) and a
checklist of individual and household hygiene behaviours was
completed at each visit by rapid observation.
Guatemala has two distinct seasons, a wet season that runs
from May to October and a dry season for the remaining
months of the year. Twice a year, once each during the rainy
and dry seasons, additional sanitation information was
collected by questionnaire from the primary caregiver on
sources, storage, and treatment of household water, the nature
and condition of the household latrine, and the location for
defaecation of children under 5 years. Data on household
size, education, and socioeconomic factors were obtained by
interview. Characteristics of home, possessions, and father’s
occupational status were used to create a composite score for
socioeconomic status (SES) with lower scores representing
lower SES.16 All questionnaires and checklists were field
checked by a supervisor and data were double entered. The
study was approved by the institutional review boards of
Emory University and INCAP.

Hygiene behaviour indices
The hygiene checklist, as administered, included 18 items. We
excluded three items in the index creation: whether the child
was wearing shoes, the types of animals present in/around the
home, and the general perception of the field worker regarding
the cleanliness of the individuals and the household. The first
was excluded because of lack of variability, while the second
and third were discarded because of their lack of contribution
to a specific oral–faecal route for contamination. Four indices
(Table 1) were created from the remaining 15 items; each
represented a different pathway by which oral–faecal contamination and, subsequently, diarrhoea may occur: contamination
of stored water (drinking water index, DWI) food (food index,
FI), or hands during defaecation (personal hygiene index, PHI);
and presence of animals or insects that can transmit faecal
contamination to previously clean surfaces (domestic household hygiene index, DHI). Each item was scored as 0 or 1,
with 1 representing a positive behaviour. The indices were
calculated as the simple sum of the items. A SHI was calculated
as the sum of the four individual indices.

Diarrhoea morbidity
Morbidity assessment was performed every 15 days using a
19 day recall method to ensure overlap of days.17,18 Trained
field workers visited the homes every 2 weeks and recorded
information on precoded forms regarding signs, symptoms,
and duration of illnesses. The beginning and ending dates of
a symptom were always recorded. The morbidity recall used
in this study has been previously validated in this population
by a physician and demonstrates adequate sensitivity and
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Table 1 Indicators of hygiene observed by monthly rapid spot-check observations that were used to develop indices of specific and summary
hygiene behaviours
Drinking water (DWI)
Interior water storage
container is covered

Food (FI)
Clean dishes are covered

Personal (PHI)
Mother is wearing shoes

Household (HHI)
No trash outside house

Exterior water storage
container is clean

Clean dishes are kept high

Mother’s hands are clean

No trash inside house

All food is covered

Index child’s hands are clean

No unrestrained animal in patio or house

a

Pila contains water

No accumulation of dirty clothes
Insignificant number of flies in house
No standing water in patio or around house
Possible score 0–3

Possible score 0–3

Possible score 0–3

Possible score 0–6

A summary hygiene index was generated from the sum of the four specific indices and had a total of 15 points possible.
a
A pila is a water storage container.

specificity for diarrhoea (66 and 99%, respectively).17 Diarrhoea
was defined as 3 or more loose/watery stools in a 24 h period
preceded by 24 h of diarrhoea free time. Data were later
summarized as incident episodes and duration of episodes.
All instruments were developed by the study investigators
and field tested by project supervisors prior to training of field
workers. Field workers who were experienced with ethnographic interviews were recruited and trained for 5 weeks prior
to the start of the study. Training involved a series of fieldbased data collection and feedback sessions, including a series
for standardizations, in which field workers were paired first
with other field workers and then with supervisors. Field
workers were approved by the project supervisors and study
director in Guatemala before beginning data collection directly
in the field. During data collection, field workers were assigned
to a different village every month in a randomized manner to
minimize bias. During the course of the study, all completed
forms were checked for completeness and random in-field
observations of data collection were performed daily by field
supervisors. A subsample of households was also randomly
selected for duplicate measures by another field worker.
Retraining of the entire team occurred periodically throughout
the study as needed, at least once per year.

Analytic methods
We computed summary statistics for the individual behaviours
and each of the five indices. Pairwise associations among the
four specific indices were estimated using Spearman’s rho.
Stability of the indices over time was calculated by modelling
the effect of time on each hygiene index using a generalized
estimating equations approach with an exchangeable working
matrix (SAS 9.0; Proc MIXED) to control for correlation
introduced by repeated measures.19,20 Repeatability of each
individual indicator used in index creation was assessed using
the kappa statistic. Owing to the presence of multiple measures,
we compared kappas calculated from only the first two
observations with those calculated using multiple observations.
To create a balanced dataset of multiple measures that would
theoretically span both seasons, we randomly selected five
observations from each household that was followed for at least
1 year (n 5 462).
To assess the repeatability of the created indices we utilized
intraclass correlation coefficients (ICCs) as described by Shrout

and Fleiss.21 The 23 field workers, or observers, used in this
study to collect hygiene information did not consistently visit
specific households: some observers visited multiple households
multiple times; while others visited multiple households only
once; and still others may have visited one household many
times. As such, of interest to this study was the inclusion of
field worker in the ICC calculations. To address the issue of
field worker, we calculated three ICCs. ICC1 was calculated
with only consideration
for household
as a random effect using



the formula: s2HH = s2HH þ s2RES where the numerator represents the within-household variance and the denominator
represents the sum of the household variance and the residual
variance. A second and third ICC were calculated including
both household
 and
 field worker
 random effects. ICC2 was
calculated as s2HH = s2HH þ s2RES where the numerator represents the within-household variance and the denominator
represents the total variance less the within-field-worker
variance; it should be noted that the inclusion of field
worker level random effects changes the residual variance
such that the formulas for ICC1 and ICC2, though similar, will
yield different values. ICC2 represents the ICC given a specific
field worker
conducts all spot
checks. ICC3 was calculated


and it can be seen that the
as s2HH = s2HH þ s2RES þ s2FW
denominator

now includes the within-field-worker variance
estimate s2FW . ICC3 represents an ICC given that any one of a
larger set of raters might conduct a given spot check (SAS 9.1;
Proc Mixed).
Using the within-subject variance measures and the mean
score values for each index we calculated coefficients of
variance and estimated the number of days of observations
necessary to obtain estimates of household hygiene likely
(with alpha 5 0.95) to be within 20 and 50% of a household’s
true scores for the five hygiene indices, using the approach of
Beaton et al.22
Each index was further tested to assess its ability to predict
diarrhoea in children less than 36 months in those households
with at least one hygiene observation (n 5 613). To facilitate
interpretation, the SHI was categorized based on approximate
tertiles: low (<5), middle (6–9), and high (.9). The DHI was
dichotomized at the median for ease of interpretation
(median 5 2; IQR 5 1, 3). A child’s odds for having an
incident episode of diarrhoea during the month following a
spot check were assessed using logistic regression. Additionally
the number of episodes and number of days ill per month
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Table 2 Descriptive characteristics of the 588 households with at least two hygiene observations
Maternal variables
Number of home visits

N
588

Mean 6 SD
22.1 6 11.2

25th%
12

Median
23

75th%
32

Maternal years of schooling (yr)

585

3.8 6 2.7

2.0

4.0

6.0

Maternal age at start of study (yr)

585

25.7 6 4.3

22.5

25.4

28.9

Number of children living in the
household at the start of study

550

3.0 6 2.2

1.0

2.0

4.0

Number of persons in the family
at start of study

550

4.5 6 1.8

3.0

4.0

5.0

Total number of persons living in
the household at start of study

550

5.7 6 2.4

4.0

5.0

7.0

SES factor score

535

0.1 6 0.9

0.8

0.1

0.5

were evaluated using Poisson regression applying a negative
binomial distribution. We evaluated three models of predictability of hygiene scores for diarrhoea morbidity. We first
examined crude associations between monthly hygiene indices
and incident diarrhoea. We added terms for age and sex of the
child, household SES, community and season as potential
confounders. Inclusion of community and season did not
influence parameter estimates or significance testing (data not
shown); and consequently our results are presented for
models that exclude these terms. The population mean for
household SES was imputed when household SES was
missing (n 5 53 households). Logistic and Poisson regression
analyses were performed using the GEE approach while
applying an autoregressive type I working matrix (SAS 9.0;
Proc GENMOD) to control for correlation introduced by
repeated measures.19,20

Results
A total of 12 989 assessments were made on 588 households
with at least two hygiene observations, representing 93.8% of
scheduled visits. Selected characteristics of these households
are presented in Table 2. Mean family size was 4.5 persons
and most families had additional persons residing with them.
About 83% of households had electricity, 65% had a radio,
56% had a television, and 10% had a refrigerator. Latrines
were present in 74% of the homes. Mothers of the household
were predominantly in their mid-twenties with between 1 and
3 children at the start of the study and a mean of 4 years of
formal schooling.
The distributions of the 15 hygiene behaviours observed and
the four corresponding specific indices are presented in Table 3
and Figure 1. The SHI was consistent with a normal distribution
with a mean of 7.0 6 2.9 points. About 35% of households had
SHI scores < 5; 43% had scores between 6 and 9; and 22% had
scores .9. The four specific indices were positively correlated
with each other with Spearman rho ranging from 0.28 (FI
and PHI) to 0.46 (DHI and FI). As expected, each specific
index was strongly and positively correlated with the summary
index (r . 0.68, P , 0.05). Diarrhoea morbidity has been
observed to peak during the wet seasons in several developing
countries.23,24 Deteriorating hygiene behaviours may be one of
several reasons for the observed increase.25 While we did
observe a trend for decreased hygiene index scores in the wet
season (net difference 0.06; 95% CI 0.14, 0.02, P 5 0.12),
this difference was not statistically significant.

Small but significant decreases in scores were observed with
each additional year of follow-up (SHI5 0.67 6 0.05 per yr;
DWI5 0.04 6 0.01; FI 5 0.07 6 0.01; PHI 5 0.21 6 0.01;
DHI 5 0.37 6 0.02; all P , 0.05).
Kappa coefficients for individual spot-check items calculated
using the first and second observations were consistently higher
than those calculated from the five randomly selected
observations (Table 3). Kappa coefficients calculated from the
first and second observations were all ,0.4. Kappa coefficients
for individual spot-check items calculated using five randomly
selected observations were generally below 0.15. Only 4
indicators achieved kappa coefficients >0.15: clean external
water container (k 5 0.27), mother wearing shoes (k 5 0.15),
no trash inside home (0.19), and no unrestrained animals in
patio or home (k 5 0.26).
Table 4 presents information on the repeatability of the
indices created from the individual spot-check items. When
only household level random effects were used, coefficients of
variance ranged from 0.18 (DWI and FI) to 0.40 (DHI). Values
for the coefficients of variance calculated with field worker and
household level random effects were similar to those with only
household random effects (Table 4). The three sets of ICCs were
similar, though values for the ICC2 tended to be higher than
those of ICC1 or ICC3. ICCs ranged from 0.16 (FI) to 0.51 (SHI)
depending on the model (Table 4). For the SHI, to estimate a
household’s underlying level of hygiene within 20% would
require six separate spot checks, regardless of whether field
worker random effects were considered; the number of
observations needed for specific indices varied from 3 to 15.
To be within 50% of a household’s true hygiene level, no more
than two separate observations would be needed for any of the
indices (Table 4).
Morbidity information was collected for 694 children less
than 36 months representing 500 of the 613 households with
at least one hygiene measure. The mean follow-up time for
children was 839 6 321 days; the mean number of incident
episodes of diarrhoea was 3.0 6 2.4, and the mean duration of
episodes was 6.4 days. Associations between diarrhoea
outcomes and hygiene index scores are presented in Table 5.
A one-point increase in SHI and PHI scores was associated with
a 2 and 6% decrease, respectively, in the odds of an incident
episode of diarrhoea (P , 0.05). Those children in households
scoring, on average, .9 on the SHI had a 14% reduction in the
odds of an incident episode of diarrhoea in a given month
compared with those scoring ,5 on the SHI (OR 51.14; 95%
CI 1.03, 1.30; P 5 0.034). Similar findings were observed for
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Table 3 Distribution of the hygiene spot-check observations used to create specific and summary hygiene indices at the first visit, second visit,
and for all of the visits combined among those households with at least two observations
% of first
observations
(n 5 588)

% of second
observations
(n 5 588)

% of total
observations
(n 5 12 989)

Kappa (95% CI)
first vs second
a
observation

Kappa (95% CI)
from repeated
b
observations

Interior water container water is covered

60.9

60.4

58.1

0.25 (0.17, 0.33)

0.05 (0.014, 0.18)

Exterior water container is clean

48.8

55.8

48.0

0.38 (0.27, 0.43)

0.27 (0.18, 0.35)

89.17

90.2

93.6

0.38 (0.27, 0.50)

0.07 (0.10, 0.19)

Index
Drinking water index (DWI)

c

Pila contains water
Food index (FI)
Clean dishes are covered

12.2

11.5

8.5

0.14 (0.03, 0.25)

0.03 (0.09, 0.03)

Clean dishes are stored high

89.1

89.8

91.1

0.20 (0.09, 0.30)

0.01 (0.13, 0.02)

All food is covered

47.1

55.8

48.6

0.17 (0.09, 0.25)

0.09 (0.002, 0.19)

Personal hygiene index (PHI)
Mother/caregiver is wearing shoes

68.4

64.8

64.5

0.39 (0.30, 0.47)

0.15 (0.04, 0.25)

Mother’s/caregiver’s hands are clean

65.3

67.9

55.1

0.29 (0.21, 0.38)

0.05 (0.05, 0.14)

Index child’s hands are clean

48.3

44.8

34.1

0.33 (0.25, 0.41)

0.08 (0.16, 0.01)
0.01 (0.08, 0.05)

Domestic household hygiene index (DHI)
No trash in yard

41.0

42.0

28.1

0.37 (0.31, 0.45)

No trash inside home

57.1

59.9

47.6

0.33 (0.25, 0.41)

0.19 (0.10, 0.29)

No unrestrained animals

33.8

34.1

36.5

0.29 (0.21, 0.37)

0.26 (0.17, 0.35)

No dirty clothes accumulated in the home

53.4

67.9

61.6

0.20 (0.12, 0.27)

0.05 (0.05, 0.14)

Insignificant quantity of flies inside the home

23.6

25.2

10.9

0.21 (0.16, 0.30)

0.02 (0.04, 0.01)

No standing water on patio of home

16.8

20.2

13.0

0.28 (0.18, 0.37)

0.04 (0.09, 0.01)

Kappa coefficients and 95% confidence intervals are presented for the first and second observation and for the combination of five randomly selected
observations among those households followed for more than 1 year (n 5 462).
a
Nhouseholds 5 588; Nobservations 5 1176.
b
Nhouseholds 5 415; Nobservations 5 2075.
c
A pila is a general use water storage container.
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6
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3
3
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Figure 1 Distribution of scores for the specific hygiene indices and the SHI (n 5 12 989 observations)

Summary
Hygiene Index

0.4
0.6
0.6
0.9
2.5
15
0.3
0.4
0.6
1.5
2.0 6 1.5
Household

Res, residual; HH, household; FW, field worker.
a
21
Estimated from one-way and two-way random effects models; formulas provided in text.
pﬃﬃﬃﬃﬃﬃ  22
b
2
CVw ¼
sw =x .
c
2
22
N 5 the number of days required to be within 20% or 50% of the true mean score [(Za*CVw)/Do] where Za 5 1.96 and Do 5 0.2 or 0.5.

2

2.2
0.3

13.9

the PHI with respect to the number of episodes a child
experienced per month (OR1 vs 3: 1.13; 1.01, 1.27; P 5 0.039).
Children in households that achieved a 3 on the PHI (all
appropriate behaviours satisfied) were 16% less likely to have
an incident episode of diarrhoea in the subsequent month
compared with children in households with a PHI of zero
(OR0 vs 3: 1.16; 1.00, 1.34; P 5 0.043). Scoring a 3 vs a zero on
the DWI for a given month was associated with a .30%
reduction in the odds of an incident episode of diarrhoea (OR:
1.30; 1.00, 1.69; P 5 0.048) and the number of episodes of
diarrhoea (OR: 1.37; 1.03, 1.83; P 5 0.038), though this
relationship failed to remain significant in the adjusted model.
A score of 3 vs a zero on the PHI was associated with a 26%
reduction in the number of days ill with diarrhoea in the
subsequent month (OR: 1.26; 1.01, 1.57; P 5 0.032).
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0.3
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1
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0.7

0.1
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1

1
6

3
0.2

0.4
0.5

0.3

0.2

0.2

2.9

0.1

2.5

0.2
0.3

2.8
1

1
3

6
0.4

0.2
0.2

0.3
3.1
5.2

0.5

7.0 6 2.9

2.0 6 0.8
Drinking water

Mean (x)

Hygiene
index
Summary

0.1

Repeatability values from variance estimates calculated with
household (HH) and field worker (FW) as random effects
Number of
required
Variance measure
a
c
observations
estimates
b
sRES
sFW
sHH
CVw
ICC2
ICC3
20%
50%
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Repeatability values from variance estimates
calculated with household (HH) as a random effect
Variance
measure
Number of required
a
c
estimates
observations
b
sRES
sHH
CVw
ICC1
20% of mean
50% of mean

Table 4 Repeatability measures for monthly spot-check hygiene observations among 588 households in four rural Guatemalan villages
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Discussion
We have described the stability over time and the repeatability
of one summary and four specific hygiene indices that were
derived from a 15 item spot check administered monthly over
a 3 year period. Additionally, we have described the ability of
each index to predict diarrhoeal illness in children ,36 months.
In general, scores on the different hygiene indices deteriorated over time. The observed worsening in hygiene scores may
have been a function of specific factors that only became
evident because of the long period of follow-up time (3 years).
To be eligible for enrolment in the study, women had to be
pregnant or have a child ,3 years of age. It is plausible
that with increasing age and, thus, mobility of the child, the
mother’s diligence to hygiene decreased owing to greater
energy expended on monitoring her child’s activities. It is also
plausible that mothers became more accustomed to the
presence of observers (reactivity) as the study progressed and
as such were not as likely to clean the home or improve their
appearance prior to the arrival of the field worker. Reactivity
has been reported as a problem when structured observations
are employed to gather information on hygiene behaviour.10
Studies employing spot-check methods have either not
evaluated reactivity11,12,26 or found that it was not a problem
for domestic hygiene behaviours such as cleanliness of
floors.14 Reactivity of mothers to field-worker presence was
not assessed in this study but could be important for understanding the influence of field worker presence on changes
in hygiene practices over time. Additional investigations of
potential household or personal factors that may influence
hygiene practices are needed. For example, changes in family
size or structure, changes in work status of the mother or the
socioeconomic situation of the home, or increasing child
age could all contribute to changes in hygiene practices over
time. Findings from such studies could be beneficial to the
development and assessment of hygiene promotion campaigns.
Reliability, also known as repeatability, is defined by
Mehrens and Lehmann as ‘the degree of consistency between
two measures of the same thing’27 and lack of repeatability is
a common problem in studies attempting to characterize
individuals’ behaviours, including hygiene, due to day-to-day
variability and inconsistency across observers. Ruel and
Arimond suggest that spot checks may be less susceptible to
variability because spot checks are designed to measure
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Table 5 Odds ratios (OR) and rate ratios (RR), and 95% confidence intervals (CI) for the associations between hygiene scores and diarrhoea
morbidity among 694 rural Guatemalan children ,36 months
Occurrence of an incident
episode in a given month
a
Score
OR
95%
Summary hygiene index

CI

Number of episodes of
diarrhoea per month
a
RR
95%

CI

Number of days ill with
diarrhoea per month
a
RR
95%

CI

Reduced model
1

1.18

1.05

1.33

1.13

0.99

1.29

1.17

0.99

1.4

2

1.08

0.97

1.19

1.06

0.95

1.18

0.99

0.86

1.15

3
Full model

1.00

1.00

1.00

b

1

1.18

1.03

1.34

1.13

1.00

1.27

1.18

0.97

1.43

2

1.13

1.01

1.26

0.98

0.99

1.30

0.92

0.77

1.09

3

1.00

1.00

1.00

Drinking water index
Reduced model
0

1.30

1.00

1.69

1.37

1.03

1.83

1.33

0.90

1.97

1

1.12

0.99

1.27

1.11

0.98

1.27

1.08

0.90

1.30

2

0.98

0.88

1.09

1.00

0.89

1.12

0.95

0.82

1.11

3

1.00

Full model

1.00

1.00

b

0

1.29

0.95

1.76

1.38

0.99

1.92

1.13

0.77

1.66

1

1.06

0.92

1.21

1.06

0.91

1.23

1.03

0.84

1.25

2

0.93

0.83

1.05

0.94

0.83

1.07

0.89

0.75

1.05

3

1.00

1.00

1.00

Food index
Reduced model
0

1.28

0.98

1.67

1.17

0.88

1.56

0.95

0.63

1.41

1

1.04

0.85

1.27

1.03

0.83

1.27

0.84

0.61

1.14

2

0.99

0.81

1.21

1.00

0.81

1.24

0.77

0.57

1.04

3

1.00

Full model

1.00

1.00

b

0

1.22

0.89

1.69

1.17

0.84

1.65

1.02

0.62

1.66

1

1.00

0.79

1.26

1.03

0.80

1.31

0.85

0.58

1.25

2

0.97

0.77

1.22

1.01

0.79

1.29

0.78

0.54

1.13

3

1.00

1.00

1.00

Personal hygiene index
Reduced model
0

1.17

1.01

1.36

1.14

0.97

1.33

1.26

1.01

1.57

1

1.12

0.99

1.27

1.09

0.96

1.25

1.12

0.93

1.36

2

1.06

0.93

1.20

1.03

0.90

1.18

1.08

0.89

1.31

3

1.00

Full model

1.00

1.00

b

0

1.18

1.01

1.39

1.13

0.94

1.35

1.27

0.99

1.62

1

1.16

0.99

1.34

1.12

0.96

1.31

1.17

0.94

1.46

2

1.06

0.92

1.23

1.03

0.88

1.2

1.07

0.85

1.34

3

1.00

0.92

1.19

0.88

1.18

1.00

1.00

Household hygiene index
Reduced model
0

1.08

1

1.00

Full model

a
b

0.99

1.18

1.06

0.96

1.16

1.00

1.04
1.00

b

0

1.05

1

1.00

0.95

1.16

1.03
1.00

The highest hygiene score or tertile is the referent category.
Model adjusted for age and sex of index child and household SES.

0.93

1.15

1.02
1.00
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‘proxies’ to behaviours rather than the actual behaviours
themselves.9 We did not compare practices assessed by spot
checks to practices assessed by other measures and, thus,
cannot refute or support this hypothesis. We did observe that
ICCs and kappa coefficients for the hygiene indices and the
specific indicators assessed in the spot checks were low. The
estimates observed in this study are consistent with repeatability estimates observed by Gorter et al.14 and suggest that
indicators of hygiene practices assessed by spot checks are
subject to substantial day-to-day variations within households
over long periods. When practices that exhibit high variability
are used to classify exposure status, such as specific hygiene
practices, the use of a single observation may result in
misclassification of exposure. Composite indices that use
multiple indicators to capture aspects of hygienic behaviour
may be more dependable than the use of one specific indicator
of behaviour. We found this to be the case. For example, the
specific indicator ‘mother’s hands are clean’ had poor repeatability over time. However, the index to which this behaviour
relates was substantially more stable. The increase in stability
notwithstanding, however, multiple observations are necessary
to reliably capture the true hygienic score of the home.
In this study, variation attributed to field workers was not a
significant contributor to within-household variation as might
be expected in a long-term follow-up study when it is likely
that several field workers observed the same household at
different time points. The field workers in this study had
extensive training and continuous supervision. Hence error due
to poor standardization of methods or field-worker-related
error was potentially minimized.
In addition to being reliable and non-reactive, it is important
that measured indicators be related to a given outcome
(predictability). We found improved hygiene scores to be
associated with reduced odds of diarrhoea. The reduction
observed in this study is smaller than that observed in other
studies.14,28 The predictability of the indices for diarrhoea
highlights their potential use in classifying homes into risk
categories for diarrhoea. While the indices do not allow
isolation of the effect of a specific practice, they do allow for
the capture of behavioural tradeoffs that may influence risk for
diarrhoea. For example, a mother may not consistently
maintain clean hands but other aspects of her home hygiene
practices may be appropriate and consistent (for example,
maintenance of clean and covered water supplies). Risk
assessment for diarrhoea that utilizes only the indicator of
clean hands may inaccurately reflect risk in a home if that
indicator is highly variable or if other aspects of the mother’s
home hygiene practices are appropriate but not used in risk

assessment. Use of composite indices may potentially produce a
more comprehensive and stable assessment of the hygienic
state of the home and may be more appropriate for classifying
homes into risk categories.
The indices used in the current study are not without
limitations. Studies that have evaluated hand washing have
consistently shown that soap is a critical component to the
risk-reduction capabilities of hand washing.29 Had we been
able to identify soap use during hand washing, we can
hypothesize that we probably would have observed greater
reductions in diarrhoea-related morbidity. Though we did not
assess soap use, hand cleanliness in this population appeared
more strongly related to the risk of diarrhoea than were other
items on the spot check. The PHI consists primarily of
hand-cleanliness indicators and hand washing has repeatedly
been associated with reduced diarrhoea incidence.3,29 No other
specific indices were significantly associated with diarrhoeal
morbidity. Likewise, additional hygiene and sanitation factors
such as the presence of latrines or the quantity of water
delivered to the house each day may enhance predictability
and usefulness of the indices. However, these are unlikely to be
subject to a similar level of day-to-day variation that is within
the mother’s locus of control and as such were not assessed in
this study.
In conclusion, spot-check methods for observing indicators
of hygiene could potentially be a rapid and efficient method
for assessing household level hygiene. The composite indices
summarized specific hygiene indicators, were more stable
over time compared with the individual indicators and were
predictive of diarrhoea-related events in young children.
However, multiple assessments would be required to approximate the true hygiene pattern of a household. It is unclear
whether instability was the result of reactivity or other factors
related to changing circumstances within households over
time. Composite indices may provide for a more accurate and
consistent representation of a household’s true hygienic state,
which could be of potential use in assessment of hygiene
promotion programmes or for use in risk assessment for
diarrhoea in homes with young children.
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KEY MESSAGES


Spot-check methods may be a rapid and efficient method for assessing domestic hygiene practices.



Scores on composite indices of hygiene practices are associated with childhood diarrhoea.



Scores on composite indices of hygiene were low in rural Guatemala.



Owing to high daily variability, multiple assessments of domestic hygiene need to be performed to accurately
capture a household’s true hygiene practices.
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