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ABSTRACT

The study was conducted to assess the effect of definition of episode on diarrhoeal morbidity and to
develop a means of adjusting estimates of morbidity for the definition of episode used. This paper
reports on a cohort study of 374 children, aged 9-32 months, in three African countries, which recorded
frequency and consistency of stool over a seven-month period. Different definitions of episode were
applied to these data to assess their effect on annualized diarrhoeal morbidity. Adjustment factors were
then derived that corrected morbidity for non-standard definitions of episode. Applying non-standard
definitions of episode gave estimates of an annualized number of episodes between 38% and 137% of
the internationally-accepted definition. Researchers should be encouraged to use the standard defini-
tion of episode of diarrhoea and to use appropriate field protocols. Where this is not possible, correc-
tion factors should be applied, particularly where estimates of diarrhoeal morbidity are pooled in sys-
tematic reviews.
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Diarrhoea accounted for an estimated 1.6 million deaths
globally among children aged less than five years and
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towards the most widespread diseases. In this regard,
episodes have been used for measuring the trends in
morbidity, regional burdens of disease, and the cost-effec-
tiveness of different interventions.

Studies on diarrhoea often define an episode dif-
ferently, making inter-study comparison of morbidity
and estimation of burden of disease difficult. The most
widely-accepted standard definition of a diarrhoea-day
is one where a subject experiences three or more loose
or watery stools in 24 hours or any number of loose or
watery bloody stools (2). In identifying diarrhoea-days,
any standard definition must also specify the criteria for
defining the end of an episode, particularly where indi-
viduals suffer sporadic bouts of diarrhoea over time.
Typically, an individual must experience a minimum
number of consecutive diarrhoea-free days between epi-
sodes. Three consecutive diarrhoea-free days has been
proposed as an international standard (2).

A recent review drew on 27 studies to estimate global
diarrhoeal morbidity (4). As noted by its authors, the stu-
dies identified through the review defined episodes of
diarrhoea in different ways with unknown consequences
for regional estimates of morbidity. In some studies in
this review, rather than using consistency and frequency
of stool, a local language was used for identifying diar-
rhoea-days. For example, a Zimbabwean study used the
Shona word 'manyoka' to identify days on which diar-
rhoea occurred (3). The effect of definition of episode
on estimates of morbidity has been assessed using arti-
ficially-generated data (5) and using several datasets from
the field (2,6,7). No studies have so far examined the
effect of definition of episode on estimates of morbidity
in sub-Saharan Africa.

This paper addresses this definitional problem by ana-
lyzing data on diarrhoea from three sub-Saharan African
countries. Data on diarrthoea were gathered using a pic-
torial diarrhoea-diary, which recorded daily frequency
and consistency of stool. The diary enables the calcula-
tion of the number of episodes of diarrhoea according to
any definition and not solely the international standard
definition. We were, thus, able to compare the effects of
different definitions of diarrhoea on an estimated annual
number of episodes. Based on this analysis, we developed
a method for standardizing definitions of diarrhoea.

MATERIALS AND METHODS

Study areas

The study areas are located in the Mutale municipality
of Vhembe district, Limpopo province in South Africa,
in Kirinyaga district of Central province, Kenya, and

Zaka district in Masvingo province in Zimbabwe. The
South African municipality of Mutale had a population
069,313 in 2001, of whom 40% have no access to sani-
tation (8). The majority (53%) of the population use
public standpipes with a further 14% using rivers, dams,
and springs as sources of water. The Zaka district in
Zimbabwe has a population of 184,814 (9). As of 1992
(more recent 2002 census data are not yet available),
45% of the population in the district had no access to
protected water sources, and 70% had no access to any
type of sanitation facility (10). The Kirinyaga district
in Kenya had a population of 553,123 in 1999. Within
the Central province, 45% of the population had no
access to protected sources of water in 1999 (11). The
Zimbabwean and South African study areas have two
distinct seasons: a prolonged dry spell from May to Octo-
ber and a wet season from November to April.

Data collection

In each study area, we identified the five health centres
with the highest rates of childhood diarrhoea. We then
asked clinic staff to identify the villages with the highest
and the lowest prevalence of diarrhoea in their catchments
and selected these for study. In each of these villages,
we randomly selected 12 households, plus 2 additional
households as replacements. Households selected had
at least one child aged 12-24 months, the age cohort most
prone to diarrhoea. The nature and purpose of the study
were explained to participants, and consent was obtained
from the head of each household. In South Africa, 14
extra households, unused as replacements, were retained
in the study. The sample size comprised 374 children
(Kenya: 120; South Africa 134; Zimbabwe: 120).

To overcome the problems described above in defining
diarrhoea, we developed a 'smiley' diary to identify epi-
sodes of diarrhoea (12). The diary can be used where
adults have only limited formal education. The diary
forms part of a bigger study of water contamination
between source and final point-of-use in the home. The
study investigated the linkages between point-of-use
water quality and diarrhoea among young children, as
measured using the diary (13). Adult caregivers (mostly
women) were asked to record episodes of diarrhoea
among children whom they cared for using the diary
over approximately 30 weeks. In Zimbabwe, monitoring
of diarrhoea took place from November 2002 to June
2003 and in South Africa from August 2002 to April
2003. Because of possible disruption in fieldwork asso-
ciated with the Kenyan elections of December 2002,
monitoring in Kenya took place slightly later, from Feb-
ruary to September 2003. As a consequence, the children
monitored in Kenya were slightly older than those in
the other two study countries.
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The diary consists of a table with a separate row for each
day of the week (Fig. 1). One smiley face and five sad
faces were drawn on the diary next to each day. If all
the child's stools were normal in a particular day, the
caregiver marked the happy face. Every time the child
passed a loose or watery stool, the caregiver marked one
of the sad faces corresponding to that particular day. A
loose or watery stool was defined as one that would take

during the preceding 24 hours. This information was
collected, using the standard definition of diarrhoea,
during March 2003 in Zimbabwe, May-June 2003 in
Kenya, and August-September 2002, and February-March
2003 in South Africa. The trained enumerator was a dif-
ferent individual to the person responsible for the diary,
and this information was collected independently of the
diary in the presence of a senior researcher. We then

Fig. 1. The pictorial diary used for recording frequency and consistency of stool in the study
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the shape of a container. The caregiver also marked a box
on the right of the diary each day a child passed blood
or mucus in its stools. A different sheet was used for re-
cording episodes of diarrhoea each week.

At the start of the monitoring exercise, a field worker
explained the diary to the women participating in the
study. At the end of each week, a field worker visited the
household to collect the sheets, confirm their content
verbally, and check for any problems. The field workers
were typically respected members of the community,
such as Village Health Workers, in Zimbabwe. A project
researcher collected and checked the sheets at the end
of every month, which were then computerized.

To assess the quality of information collected through
the diarrhoea-diary, a trained enumerator asked a sample
of child-carers about their children's diarrhoea status

cross-checked this information against the entries in the
diarrhoea-diary for the same period.

Data analysis
Effect of definition of episode on morbidity

Because daily frequency and consistency of stool were
recorded, it was possible to calculate the number of
episodes of diarrhoea experienced by each child in the
study according to various definitions. Each definition
varied in terms of the minimum number of loose or
watery stools used for defining a diarrhoea-day, in terms
of inclusion or exclusion of bloody stools, and in terms
of the minimum number of consecutive diarrhoea-free
days that defined the end of an episode.

Since the study was primarily designed to investigate
water-quality effects on health, diarrhoea was monitored
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for approximately seven months of the year only. There-
fore, the total number of episodes experienced by each
child was scaled up on a pro rata basis to give an annua-
lized number of episodes. The mean annualized number
of episodes per child was then calculated for each study
area and each different definition of an episode of diar-
rhoea. In calculating the mean annualized number of
episodes, any children for whom diary-entries were avail-
able for less than 60 days were excluded.

Adjusting for non-standard definitions

We developed a method to standardize published esti-
mates of morbidity to take into account differences in
definition of episode. Regression analysis was used for
assessing how different definitional components affected
morbidity. To do this, we calculated the aggregate annua-
lized number of episodes according to the different defi-
nitions, pooling data from all countries. We then used
ordinary least squares regression to predict the estimated
number of episodes based on the definition used. The
regression analysis examined three components of the
definition: (a) the number of loose or watery stools per
day, (b) whether or not bloody stools were included in
the definition, and (c) the number of intervening diar-
rhoea-free days defining the start of a new episode.

The regression coefficients for each of these three
definition components could then be used for standardi-
zing the number of episodes on the internationally-
accepted definition (2).

Evaluating the adjustment method

We tested the effectiveness of the adjustment factors.
Since we had no access to a similar, independent dataset
from elsewhere to test our methodology, we used village-
level data from our own study to assess our approach.
The adjustment factors were, therefore, derived by pool-
ing data from all three countries but tested on each
village in the study.

To do this, we calculated the average annualized num-
ber of episodes for each survey village according to the
various definitions available. We standardized the village-
level estimates of morbidity for differences in definition
of episode based on the regression analysis described
above. For each village, we then compared the number
of episodes according to the standard definition with the
adjusted estimates from the non-standard definitions. To
make this comparison, we used the concordance corre-
lation statistic (14). This statistic measures the agreement
between two sets of measurements without assuming
an underlying distribution. We also measured bias and
calculated limits of agreement using the method des-

cribed by Bland and Altman (15). In this context, bias
would be a consistent over- or under-estimation of diar-
rhoea episodes by the adjustment method (15). The con-
cordance correlation coefficient can take values between
-1 and +1, with +1 indicating perfect agreement, 0 indi-
cating no agreement, and -1 indicating systematic dis-
agreement.

RESULTS

Patterns of morbidity

Of'the original 120 children recruited to the study in each
country (134 in South Africa), data on frequency and
consistency of stool were available over a 60-day period
or greater for 83 children in Kenya, 115 children in South
Africa, and 111 children in Zimbabwe. Among children
with at least 60 days' diary records, data on diarrhoea
were available for an average of 126 days in Kenya, 195
days in South Africa, and 159 days in Zimbabwe. At
the start of the monitoring period, the Kenyan children
had a median age of 26 (range 18-32) months, the South
African children had a median age of 17 (range 9-26)
months, and the Zimbabwean children had a median
age of 21 (range 11-26) months. Fifty-six percent of the
Kenyan children were girls compared to 47% of the
South African children and 50% of the Zimbabwean
children.

Fisher's exact test suggested a significant correlation
in Kenya and Zimbabwe between the diary results and
the independently-collected information concerning
childhood diarrhoea (p<0.01 and n=61 in Zimbabwe;
p<0.05 and n=34 in Kenya). In South Africa, there was
a weak association between the two datasets (p=0.06;
n=57). There were no significant differences in the pro-
portion of diarrhoea recorded in the diary versus the in-
dependent questionnaire survey.

Figure 2 shows the distribution of the annualized num-
ber of episodes of diarrhoea experienced by children in
the three study countries. According to the standard defi-
nition, the mean number of episodes per year was 7.7
in South Africa, 7.1 in Kenya, and 18.6 in Zimbabwe.

Effect of definition of episode on morbidity

Table 1 shows how changes in the definition of episode
affected the total observed number of annualized episodes
in each country. Similarly, Figure 3 shows the annual
number of episodes of diarrhoea per year according to
the various definitions in each country. In all three coun-
tries, the definition that gave the greatest number of annual
episodes of diarrhoea was two or more loose/watery
stools per day or one or more loose/watery, bloody stools
in a day, and a minimum of two consecutive diarrhoea-
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free days defining the end of an episode. The use of this
definition led to an over-estimation of annual episodes

The estimated annual number of episodes significantly
decreased as the number of stools used for defining a

Fig. 2. Distribution of annual number of episodes of diarrhoea among children in Kenya, South Africa, and Zimbabwe
based on the proposed standard definition of episode
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Table 1. Effect of changes in definition of episode on total annualized observed episodes by country

Episode definition used

Total no. of episodes by country

Type of stool No. of loose stools

South Africa (n=115)

Kenya (n=83)  Zimbabwe (n=111)

Blood/mucus included >2
Blood/mucus included* >3
Blood/mucus included >4
Blood/mucus excluded >2
Blood/mucus excluded >3
Blood/mucus excluded >4

1,018 761 2,323
889 589 2,063
797 459 1,864
982 674 2,212
753 448 1,627
481 294 949

*Indicates the proposed standard definition

of diarrhoea by 37% (averaging across all 3 countries)
compared to the standard definition. The definition that
produced the lowest number of annual episodes of diar-
rhoea was four or more loose/watery stools per day with
a minimum of seven consecutive diarrhoea-free days
defining the end of an episode. This definition under-
estimated annual diarrhoea episodes by 62% compared to
the standard definition, averaging across all three countries.

Adjusting for non-standard definitions

The effect of the three definition components on the esti-
mated annual number of episodes is shown in Table 2,
based on the pooled all-country dataset. The effect of the
three definition components was as follows:

Excluding bloody stools from the definition of diarrhoea
significantly reduced the estimated diarrhoeal morbidity
by 2.07 episodes per year compared to the standard
definition.

diarrhoea-day increased. This effect was greater when
bloody stools were not included in the definition.

An increase in the number of intervening diarrhoea-
free days that defined the end of an episode also reduced
the estimated annual number of episodes.

As shown in Box 1, these regression results could then
be used for adjusting estimates of morbidity to take into
account the definition of episode used.

Evaluating the adjustment method

A comparison of adjusted village-level estimates of mor-
bidity with their true (standard definition-based) values
gave a concordance correlation coefficient of 0.97 (95%
limits of agreement: -5.3 to 5.4 episodes per year). The
unadjusted estimates of morbidity gave a lower concor-
dance correlation coefficient of 0.95 (95% limits of
agreement: -6.9 to 6.2 episodes per year), when compared
with the estimates of morbidity based on the standard
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Fig. 3. Incidence of diarrhoea episodes per child per year according to different definitions for (a) Kenya (n=83),
(b) South Africa (n=115), and (c) Zimbabwe (n=111). The standard definition recommended by Baqui
et al. (1991) is indicated with the caption 'definition of Baqui ef al.' in each graph
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definition. The adjusted estimates of morbidity, thus,
matched the standard definition more closely than the
raw, unadjusted estimates.

DISCUSSION
Patterns of morbidity

The estimates of morbidity for the Zimbabwean study
site are high compared to those of previous studies in
Zimbabwe, which have recorded annual episodes of 6.2
and 4.8 (16,17). Possible explanations for this high mor-
bidity include misreporting through the pictorial diary,
seasonality, and deteriorating socioeconomic conditions
in this study site. Independent questioning of mothers

diarrhoea season of July-September did not form part
of the period monitored here. The high morbidity may
also be due to high prevalence of HIV/AIDS (19),
compounded by deteriorating economic conditions in
Zimbabwe.

Although the average annualized number of episodes
was high in our study areas, many children remained
diarrhoea-free for the whole study period. This finding
is consistent with results of studies elsewhere. For
example, two Indian studies found 53% and 33% respec-
tively of Indian children suffered from no episodes of
diarrhoea (20,21). Similarly, a year-long Papua New
Guinean study reported 41% of young children as being
diarrhoea-free (6).

(n=36, adjusted R2=0.94)

Table 2. Results of regression analysis, showing effect of different components of definition of episode on the
estimated annual number of episodes, based on pooled data for Zimbabwe, South Africa, and Kenya

Definitional component Coefficient T-statistic p value Confidence limits
Number of loose/watery

stools per day when bloody

stools included in definition -1.38 -7.68 0.00 -1.75,-1.01
Number of loose/watery

stools per day when bloody

stools excluded from definition -2.92 -16.25 0.00 -3.28,-2.55
Number of intervening

diarrhoea-free days defining

the end of an episode -0.82 -13.48 0.00 -0.94,-0.69
Exclusion of bloody stools

from definition -2.07 9.96 0.00 -2.59,-1.64
Constant 11.45 54.37 0.00 11.10,11.80

Box 1. Procedure for standardizing definition of episode for diarrhoeal morbidity

annual number of episodes.
annual number of episodes.

definition (2).

If bloody stools are not included in the definition of episode, add 2.07 to the estimated annual number of episodes.

Subtract 3 from the number of intervening diarrhoea-free days used for defining the end of an episode. Multiply
the result by 0.82, and add the result to the estimated annual number of episodes.

Subtract 3 from the number of loose/watery stools used for defining a diarrhoea-day.

If bloody stools were included in the definition, multiply the result by 1.38, and add the result to the estimated

If bloody stools were not included in the definition, multiply the result by 2.92, and add the result to the estimated

The resultant figure is the adjusted annual number of episodes, standardized to the proposed international

by different interviewers provided a higher rate of mor-
bidity that was not significantly different from that derived
from the diary. This implies that the unusually high rate
of incidence is not simply an artefact of misuse of diary,
although this remains a possibility. Clinic-based statistics
for Zimbabwe suggest that diarrhoea peaks seasonally
during the late rainy season in January-March and is
lowest during July-September (18). Our data may, there-
fore, over-estimate morbidity in Zimbabwe since the low-

Effects of definition of episode

Inconsistencies in the definition of episode remain a dif-
ficulty when comparing the results of different studies
on diarrhoeal morbidity. The results presented here sug-
gest that such differences can substantially affect the
estimated annualized number of episodes of diarrhoea.
Here, non-standard definitions led to over-estimation
of mean annual episodes per child by 37% or under-
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estimation by 62% compared to the proposed standard
definition (2). The effect of different definitional com-
ponents on estimates of morbidity is comparable with
earlier studies, which suggest that the estimated number
of episodes decreases as the minimum number of inter-
vening diarrhoea-free days required to define a new epi-
sode increases (2;6).

It is possible to make an approximate correction for
these definitional differences and, so, improve estimates
of the global burden of diarrhoeal disease. We found that
applying the correction factors to village-level averages
produced annualized estimates of episode within -5.3 to
+5.4 episodes (95% limits of agreement) of equivalent
figures based on the internationally-accepted standard
definition. Using the 'raw’, uncorrected episode counts
gave estimates of morbidity that were less consistent
with the standard definition, as evidenced by the wider
95% limits of agreement of -6.9 to +6.2. The adjustment
procedure described here, therefore, reduces but does
not eliminate the effect of differences in definition of
episode on estimates of morbidity.

There are weaknesses in the methodology as presented
here. Our cohort study was primarily designed to inves-
tigate the inter-relationship between quality of water
and health outcomes and, so, data on diarrhoea were not
collected over the full calendar year. Diarrhoeal disease
varies seasonally in the tropics (14) and, so, monitoring
throughout the year is necessary to estimate annual mor-
bidity. In this study, data on diarrhoea were collected in
both wet and dry seasons in all three countries, which
would mitigate this problem. The adjustment factors were
developed using data for children, aged 12-32 months,
in the sub-Saharan African region. It is unclear how far
the standardization method will be applicable to other
age-cohorts and regions, where the incidence of diarrhoea
may follow a different pattern. These corrections may
only be used with definitions that are formulated in terms
of consistency and frequency of stool. Findings of studies
that rely on local words to define diarrhoea cannot be
adjusted using the definitional correctional factors.

The results of the analysis presented here suggest that
the use of a non-standard definition of episode can substan-
tially affect estimates of diarrhoeal morbidity. Future
studies on diarrhoeal morbidity should make use of the
proposed standard definition (2), which includes crite-
ria for the end of an episode and stool frequency. In the
interim, most published studies have used different
definitions of an episode. These definitional differences
could be reduced by using adjustment factors similar to
those presented here to published estimates of morbidity.
Ideally, such adjustment factors should be derived from

diarrhoea-records for a whole year and drawn from a
broader age-cohort. The adjustment method does not
require access to the original, raw data on diarrhoea.

ACKNOWLEDGEMENTS

This work was funded by the European Union under
the INCO-DEV: International Co-operation with Deve-
loping Countries Programme (Contract no. ICA4-CT-
2000-30039. Title: 'The Policy Implications of Contamina-
tion of Rural Water Between Source and Point-of-Use
in Kenya, South Africa and Zimbabwe—AQUAPOL',
www.bristol.ac.uk/aquapol/). The authors wish to acknow-
ledge the assistance of final year students at the Univer-
sity of Venda, the Department of Health in Northern Pro-
vince, South Africa, and the local authorities in Kirinyaga
and Zaka districts. The authors also acknowledge the
cooperation of the study participants and community
leaders in all three study sites, without whose assistance
this work would not have been possible. The authors also
wish to acknowledge the contributions of their colleague
Dr. Jerry Ndamba, who died towards the end of the study.

REFERENCES

1. World Health Organization. The world health report
2003: shaping the future. Geneva: World Health
Organization, 2003. 182 p.

2. Baqui AH, Black RE, Yunus M, Hoque AR, Chow-
dhury HR, Sack RB. Methodological issues in diar-
rhoeal diseases epidemiology: definition of diar-
rhoeal episodes. Int J Epidemiol 1991;20:1057-63.

3. Kosek M, Bern C, Guerrant RL. The global burden
of diarrhoeal disease, as estimated from studies pub-
lished between 1992 and 2000. Bull World Health
Organ 2003;81:197-204.

4. Moy RJ, Booth IW, Choto RG, McNeish AS. Recur-
rent and persistent diarrhoea in a rural Zimbabwean
community: a prospective study. J Trop Pediatr
1991;37:293-9.

5. Morris SS, Cousens SN, Lanata CF, Kirkwood BR.
Diarrhea—defining the episode. Int J Epidemiol
1994;23:617-23.

6. Wyrsch M, Coakley K, Alexander N, Saleu G, Taime
J, Kakazo M. Diarrhoea morbidity in children in
the Asaro Valley, Eastern Highlands province, Papua
New Guinea. Papua New Guinea Med J 1998;
41:7-14.

7. Pickering H, Hayes RJ, Tomkins AM, Carson D,
Dunn D. Alternative measures of diarrhoeal morbi-
dity and their association with social and environ-
mental factors in urban children in the Gambia.
Trans R Soc Trop Med Hyg 1987;81:853-9.



16

J Health Popul Nutr Mar 2006

Wright JA et al.

10.

11.

12.

13.

14.

Statistics South Africa. Census 2001. Pretoria: Statis-
tics South Africa, 2004. (http://www.statssa.gov.za/
census2001/census2001.htm, accessed on 17 Novem-
ber 2005).

Central Statistical Office. Census 2002: preliminary
results summary. Harare: Government of Zimbabwe,
2003. (http://www.zimrelief.info/index.php?sectid=
12&articleid=756, accessed on 20 March 2006).

Central Statistical Office. Census 1992 provincial
profile: Masvingo. Harare: Government of Zimba-
bwe, 1994. 95 p.

Central Bureau of Statistics. Kenya 1999 census.
Nairobi: Central Bureau of Statistics, 2004. (http://
www.cbs.go.ke/census1999.html#Water, accessed
on 17 November 2005).

Gundry SW, Wright JA. 'Smiley' diaries—a simple
way of recording diarrhoea episodes. Waterlines
2004;22:13.

Moyo S, Wright JA, Ndamba J, Gundry SW. Rea-
lising the maximum health benefits from water qua-
lity improvements in the home: a case from Zaka
district, Zimbabwe. Physics Chem Earth 2004;29:
1295-99.

Lin LI-K. A concordance correlation coefficient to
evaluate reproducibility. Biometrics 1989;45:255-68.

15.

16.

17.

18.

19.

20.

21.

Bland JM, Altman DG. Statistical methods for asse-
ssing agreement between two methods of clinical
measurement. Lancet 1986;1:307-10.

Root GPM. Sanitation, community environments,
and childhood diarrhoea in rural Zimbabwe. J Health
Popul Nutr 2001;19:73-82.

Moy RJ, Booth IW, Choto RG, McNeish AS. Recur-
rent and persistent diarrhoea in a rural Zimbabwean
community: a prospective study. J Trop Paediatr
1991;37:293-9.

Wright JA, Vaze P, Ferro-Luzzi A, Gundry SW,
Russell G, Mucavele P ef al. Seasonal aspects of
weight-for-age in young children in Zimbabwe.
Public Health Nutr 2002;4:757-64.

Gregson S, Mason PR, Garnett GP, Zhuwau T,
Nyamukapa CA, Anderson RM et al. A rural HIV
epidemic in Zimbabwe? Findings from a population-
based survey. Int J STD AIDS 2001;12:189-96.

Sircar BK, Deb BC, Sengupta PG, Mondal S, De
SP, Sen D et al. A longitudinal study of diarrhoea
among children in Calcutta communities. Indian J
Med Res 1984;80:546-50.

Lal S. Surveillance of acute diarrhoeal diseases at
village level for effective home management of
diarrhoea. Indian J Public Health 1994;38:65-68.



