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I. Introduction

Diarrheal illnesses continue to rank among the leading causes of mortality and

morbidity worldwide. The Global Burden of Disease Study (Murray & Lopez, 1997a)

estimates that diarrhea accounted for approximately 2.95 million deaths in 1990, ranking

as the fourth leading cause of death globally, behind heart disease, stroke, and lower

respiratory tract infections. As of 1990, diarrheal diseases were responsible for

approximately 996 million Disability-Adjusted Life-Years (lost life-years due to mortality

and disability, adjusted for severity), second only to lower respiratory tract infections in

importance (Murray & Lopez, 1997b).

Diarrhea affects primarily the very young, in the poorer nations of the world. For

children under five years of age, diarrhea is a major threat to survival. Death due to acute

diarrhea (episodes lasting less than 14 days), which includes dysenteric illnesses, usually

occurs as a result of severe dehydration and electrolyte imbalances (World Health

Organization [WHO), 1992). The widespread use of oral rehydration therapy (ORT),

coupled with improvements in general living conditions, has reduced mortality rates

associated with acute diarrhea since 1980, but morbidity rates remain virtually unchanged.

Children under five continue to experience an average of 2.6 episodes of diarrhea annually

(with rates ranging from 2 to 15 episodes), for an estimated total of one billion episodes

worldwide per year (Bern, Martines, dezoysa, & Glass, 1992).

Recently, researchers have examined persistent diarrhea (episodes lasting longer than

14 days) as a major predictor of the risk of death from diarrhea (Gracey, 1997; Sachdev,



Kumar, Singh, Satyanarayana, & Puri, 1991; WHO, 1988). A synergism between

malnutrition and persistent diarrhea has been well-documented in children under five

(Black, Brown & Becker, 1984; Guerrant, Hughes, Lima, & Crane, 1992; WHO, 1988).

Malnutrition predisposes children to diarrhea, and longer episodes of diarrhea predispose

children to death from malnutrition and other sequelae.

Even in children who do not die as a result of their diarrhea, sequelae are important

sources of disability. In addition to malnutrition, diarrhea has been implicated in growth

and developmental delays in young children that may affect their ability to survive or

succeed in the long term (Adair & Guilkey, 1997). Black et al. (1983) found that even

following acute episodes of diarrhea associated with E. coli or rotavirus, catch-up growth

was slow in young children. On average, it took children two weeks to return to their

weight prior to the episode. The researchers found that children still weighed less than

would have been expected had they continued on their normal growth trajectory at four

weeks after a diarrheal episode.

Numerous studies have sought to describe the epidemiology of diarrheal illnesses in

specific populations, mostly for children under the age of five, or for special populations

such as travelers, refugees, or AIDS victims. Most researchers agree that the mean

number of diarrheal episodes per person per year decreases significantly beyond the age of

five (Bern et al., 1992; Gracey, 1997), and that diarrhea becomes a less important cause of

mortality and morbidity in older age groups.

However, several studies point to the continuing importance of diarrhea in adult

health in certain areas of the world. In Bangladesh, for instance, Fauveau et al. (1989, as



cited in Huttly, 1990) found that diarrheal illnesses were responsible for 10% of mortality

in reproductive-age women. In sub-Saharan Africa, diarrheal illnesses may account for 4

21% of adult mortality (Kirkwood, 1990, in Huttly, 1990). Few studies have sought to

quantify morbidity in older children and adults, although there appears to be a significant

impact on health in certain regions.

Adults in special situations appear to be at a higher risk for diarrhea. Travelers to

poorer countries exhibit diarrheal episode rates similar to those in children under five or

even higher (Sack, 1997), attributed to their immunologic naivete to the indigenous viral,

bacterial, and parasitic agents. In general, refugees exhibit much higher diarrheal rates

because of the exacerbation of both individual and environmental risks for diarrhea,

resulting in epidemics (Centers for Disease Control, 1992). The AIDS pandemic has also

contributed to the rise of diarrheal illnesses, particularly those caused by less common

agents (Guerrant et al., 1990; Kelly et al., 1996).

Although much research on diarrhea has been done, experts point to the lack of

coordinated and comparable studies of the epidemiology of diarrhea as a major

impediment to formulating an effective diarrhea control strategy beyond the use of ORT.

They advocate the use of standardized definitions and procedures and larger population

sizes to produce an adequate body of knowledge. Study of representative populations

within each country has been proposed as a key contribution to this effort (Bern et al.,

1992).

No published epidemiological studies to date have described diarrhea in the Tibetan

population living as refugees in India and Nepal. This study provides a descriptive



epidemiology of diarrheal illnesses in Tibetan refugee children living in northern India. It

forms a starting point for assessing the need for diarrhea control programs in this

population.

The Study Problem

There are approximately 120,000 Tibetan refugees living in 30 organized settlements

and 47 scattered communities in India and Nepal (Tibetan Department of Health, n.d.).

Along with His Holiness the Fourteenth Dalai Lama, the temporal and spiritual leader of

the Tibetan people, most of these refugees fled Tibet in 1959 following a failed uprising

against the Chinese occupation. Since then, they have built permanent or semi-permanent

settlements that are administered by the Tibetan Government-in-Exile, located in

Dharamsala, Uttar Pradesh, India. Funds are derived from taxes collected from Tibetans

living in exile, from international aid organizations, foundations, and private donations.

The Tibetan Department of Health administers eight hospitals and 61 primary health

care clinics to provide care for Tibetans in India and Nepal. With limited financial

resources and limited supplies and equipment, it is imperative to prioritize health

problems and to find cost-effective methods to prevent or treat these problems.

According to the Tibetan Department of Health (n.d.), gastrointestinal complaints

(including diarrhea) comprise 35% of visits by all age groups to Tibetan health clinics in

organized settlements, and 22.7% of visits in scattered communities. However, no data

\



are readily available that provide a picture of the incidence or distribution of these

illnesses, so that effective control programs can target at-risk populations.

At present, diarrhea is most often treated empirically, as few areas have laboratory

facilities available to identify the infectious organisms. In many clinics and hospitals,

treatment for all diarrheas consists of antimicrobials (metronidazole, tinidazole,

furazolidone, and combination drugs) or anti-motility drugs. According to the World

Health Organization (WHO), these treatments may be ineffective, unnecessary, and costly

(WHO, 1990). WHO recommends only supportive care for most diarrheal illnesses,

consisting of continued feeding and rehydration. WHO recommends drug therapy only

when blood or mucus is present in the stool (indicative of dysenteric conditions) or watery

diarrhea is profuse, as in cholera. Common therapies include tetracycline or a

trimethoprim-sulfamethoxazole combination (WHO, 1990). It is important to provide an

accurate picture of diarrhea in the Tibetan community to assess the most appropriate

treatment options. This study is a first step in that process.

Purpose of the Study

The purpose of this study is to answer the following questions for the Tibetan Homes

Foundation student population:

1. What are the characteristics of the study population?

2. What is the incidence of diarrhea?

3. What are the diarrheal episode rates?



4. What is the distribution of diarrheal episodes?

5. Do individual traits, gender and/or age, predict risk for incidence of diarrhea?

6. Do individual traits, gender and/or age, predict risk for number of episodes of

diarrhea?

7. Do environmental factors—home number, home group, or season—predict risk

for diarrhea?

8. Is there a subset of the population at higher risk for multiple episodes of diarrhea,

and if so, what are the characteristics of that subset?

This study evaluates the variables mentioned above as potential predictors of risk for

diarrhea, making use of information that was available in Dispensary and administration

records at the Tibetan Homes Foundation. The study does not evaluate other potential

risk factors that may play a role in diarrhea in this community, or etiologic agents, due to

the lack of available data. However, etiology and all pertinent risk factors for diarrhea are

discussed in the review of the literature, for the purposes of putting the risk factors

evaluated in this particular study in perspective.



II. Setting

This study was conducted at the Tibetan Homes Foundation (THF) settlement in

Mussoorie, Uttar Pradesh, India (see Figure 1). THF is situated in the foothills of the

Himalayas, at an elevation of approximately 6,600 feet (2,005 m). The campus is located

about 5 kilometers outside Mussoorie proper, which serves as a resort area for wealthy

Indian families who come there to vacation and escape the heat of the plains, particularly

during monsoon season.

Seasons in Mussoorie follow a pattern similar to the rest of the Indian subcontinent.

In general, three seasons are recognized: a hot, dry season from April through June;

monsoon season from July through September/October; and a cold season from

November through March (T. Tsering, personal communication, May, 1998). The climate

in Mussoorie is moderated by its altitude, so that temperatures are generally cooler than

those in the plains. Monsoon brings heavy, frequent rains with periods of sunshine and

drying in between storms. October in Mussoorie is a transition month, with generally

clear, warm days and cool nights. November begins the true cold season, and snow falls

beginning in December or January.

The Tibetan Homes Foundation was established in 1962 to provide housing, food,

clothing, and education to Tibetan children in exile, especially those who were destitute or

orphaned. Today, the Foundation has a census of approximately 1,500 students

between the ages of 4 and 30, many of whom are smuggled out of Tibet by adult guides

who have been paid by their parents or relatives, so that the children may receive a
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Tibetan education in exile. They travel for as long as two months, by truck and on foot

over the Himalayas, to reach the refugee reception center in Nepal. From there, they are

disbursed to different settlements in Nepal and India.

At THF, children live in group homes or dormitories. THF homes are scattered
---

across the hillsides, some as far as 45 minutes (on foot) away from the main campus. W.
Currently there are 30 group homes with approximately 30 to 50 children of both genders \
and all ages in each. Each of these homes is run by two house parents, usually a couple,

who are directly responsible for the children’s welfare. There are 11 smaller homes with

approximately 12 children in each, usually run by one house mother who may be helped on

a part-time basis by a spouse or an “aunty,” a young woman who has been trained to work

with the children. In addition, there is larger, dormitory-style housing for the older boys

(approximately 120), the older girls (approximately 80), and children who attend the

Vocational Training Centre (approximately 90). All staff in the homes are Tibetan.

Children participate in all aspects of home life. They are responsible for helping to

prepare meals on a rotating basis, for cleaning, and for washing their clothes and bedding.

Older children are usually assigned one or two smaller children to care for, making sure

they bathe and attending to their other needs.

The children eat three meals and one snack per day at home. The menu is

standardized so that all homes provide the same food to all children. Breakfast typically

consists of bread and tea, with one boiled egg per week. Lunches are most often dal

(lentil-based soup) and rice. Afternoon snacks include tea and roasted barley flour or

bulghur wheat, and dinner may be noodles or rice with some vegetables or meat.



Potatoes and other root vegetables are the most common ones served. Children who have

pocket money often supplement this diet with snacks bought at local stores and tea stalls.

These foods include popsicles, noodles, buns, Samosas and other prepared snacks, Indian

Sweets, candy, and tea.

The water supply for the settlement is provided by a treated municipal supply.

Although all homes have indoor plumbing, cold running water is typically available only a

few hours a day. Because Mussoorie is a resort area, precedence is given to the hotels

and restaurants in town, so that water shortages are frequent in outlying areas. In order to

collect enough water for cleaning, cooking, and drinking, it is “stockpiled” when the water

is running. in buckets, plastic containers, and PVC or concrete tanks, which may be

covered or uncovered. Asian-style porcelain squat toilets have been installed in all the

homes. Separate toilet facilities are provided for boys and girls. Flushing is accomplished

by using water buckets, since the piped water flows only a few hours a day.

The THF Dispensary provides health care to all children living in THF group homes

or dormitories or at the Vocational Training Centre. Two general nurses, four auxiliary

nurses, and several health workers staff the facility. There are approximately 40 in-patient

beds. Approximately 100 to 200 outpatients are seen on a daily basis for conditions

including skin infections, diarrhea, otitis media, upper and kºwer respiratory infections.

injuries, and other common pediatric complaints. More serious illnesses and emergent

cases (e.g., fractures, appendicitis) are referred to the local hospital or a local Indian

physician for tests and treatment.

10



While the Tibetan Homes Foundation settlement is considered a refugee settlement, it

does not fit the typical description. Its buildings are permanent, its infrastructure is

comparable to the surrounding area's, and most of its residents are there on a long-term º

basis. Many of the health concerns that would be appropriate to consider in the context of

a temporary refugee camp (e.g., widespread malnutrition, cholera epidemics, lack of

medical supplies) do not apply, although the psychosocial components of refugee status

continue to be important for this population (Dr. S. Sanon, personal communication,

August, 1997). Most health challenges within the settlement are similar to those for the

surrounding Indian population, and result from host, organism, and environmental factors

that are discussed in more detail below.

11



III. Review of the Literature

Definition of Diarrhea

One of the major impediments to research on diarrheal illnesses is that a standardized

definition for diarrhea is difficult and has not been used consistently across studies.

Comparison of results from different studies has been problematic. Researchers have

variously defined diarrhea in children as any increase in the frequency or looseness of

stools as reported by the mother/caretaker (Brussow, Rahim, Barclay, Freire, & Dirren,

1993); more than three loose stools or any stool with blood or mucus in a 24-hour period

(Baquiet al., 1991); three or more loose stools in a 12-hour period (Kamath, Feldman,

Sundar Rao, & Webb, 1969); four or more loose stools in a 24-hour period (Bhan et al.,

1989); or twice the normal number of stools per day or a change to watery, unformed

consistencies (Baqui et al., 1991). Moy, Booth, McNeish, and Choto (1991) recommend

using a definition that coincides with the culturally constructed notion of diarrhea in the

population being studied. They have found that, by using the local word for diarrhea, the

collection of data becomes less ambiguous to the participants, and the results are

consistent with the more rigid, scientific definitions listed above.

The generally accepted definition for diarrhea at present is three or more loose stools

within a 24-hour period, or any loose stool containing blood or mucus (Baquiet al., 1991;

Lima & Guerrant, 1992; WHO, 1992). All of these definitions have been used for studies

of diarrhea in children under the age of five years. However, for older children and

*
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adults, Gracey (1993) defines diarrhea as any profuse or explosive loose stool. Ament

(1997) defines diarrhea as the passage of one or more formless stools per day. No further

discussion of definitions for older children and adults is present in the literature, as these

groups are studied much less frequently. For the purposes of this study, diarrhea was

defined as any self-reported loose stool, consistent with the definition of diarrhea in older

children and adults.

Definition of Diarrheal Episode

Diarrheal studies in general do not report conventional incidence rates, as these would

not reflect the true burden of disease from diarrheal illnesses, which may recur frequently

or persist for long periods of time in individuals. Most studies report incidence as mean or

median illnesses per person-year to account for repeated episodes within individual

subjects. Prospective studies may also report length of episodes to distinguish between

acute and persistent diarrhea, or may use percent of days per annum with diarrhea. This

has become increasingly important as researchers describe the relationship between

persistent diarrhea, malnutrition, and risk of death from diarrhea.

Duration of diarrheal episodes is distinguished as follows: acute diarrhea is defined as

any episode lasting less than 14 days, with a normal duration of between two and seven

days; persistent diarrhea is defined as any episode that lasts longer than 14 days; and

recurrent diarrhea is defined as acute episodes that follow in series, which may become

chronic. Chronic diarrhea is considered to be indicative of a different etiology (e.g.,

-
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tropical sprue, irritable bowel syndrome) that requires different assessment and treatment

(Mittal, Aggarwal, & Kalra, 1994).

Once again, however, a standardized definition of diarrheal episode has not been

used, and comparisons between studies are difficult. The issue in defining episodes is how

many symptom-free days must elapse between days with symptoms to consider diarrhea as

a new episode rather than a continuation of a previous episode. This is predicated on the

notion that infection with diarrheal agents may occur in rapid succession, or even

concurrent with an episode caused by another agent, so that episodes are difficult to

distinguish. Morris, Cousens, Lanata, and Kirkwood (1994) created a model for expected

distribution of diarrheal illnesses based on expected duration of episodes; variation in rates

due to individual characteristics (e.g., age, nutritional status); and seasonal variations in

rates as reported in the literature. They then compared their data set to empirical data

from Peru and Ghana. They concluded that, for areas where most children experience five

or less infections per year with diarrheal agents, and in which infections do not cluster in a

subset of high-risk individuals (i.e., that the 10% of children who are the sickest do not

experience more than 16% of the episodes of diarrhea in a population), a definition of

three or more symptom-free days between episodes is appropriate. However, for

situations in which there is a higher infection rate per child or episodes show clustering, a

two-day interval between episodes may be more appropriate.

Baqui et al. (1991) used data from a community-based prospective study of diarrhea

to assess the impact of differing definitions of diarrheal episode on the calculated mean

episodes per person-year. They analyzed the data using seven different definitions, from

*
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one to seven days as the required interval between new episodes. Their results showed

that there is little difference between results when definitions of three or more days

between episodes are used. The largest difference in results occurred when the number of

diarrhea-free days between episodes shifted from one to three. They concluded that using

less than three days as an interval between diarrheal episodes may overestimate illnesses

and that, in most situations, a three-day interval will produce an accurate picture of

episodes. For the purposes of this study, a three-day interval was chosen to represent a

break between two diarrheal episodes.

Incidence

Snyder and Merson (1982) were the first researchers to attempt an estimate of the

global magnitude of diarrheal illnesses by synthesizing data from 24 prospective,

community-based studies from different parts of the world. Ten years later, Bern et al.

(1992) conducted a similar review to estimate changes in global morbidity and mortality

patterns. They used data from 22 longitudinal studies, including four studies from India,

to estimate morbidity due to diarrhea. Bern et al. estimated that children under the age of

five years suffer a median of 2.6 episodes per child per year, with most diarrhea occurring

between the ages of 6 and 11 months. This estimate is similar to that of Snyder and

Merson, who reported a median of 2.2 episodes per child per year. In the four studies

from India used by Bern et al., median episodes varied from a high of 3.1 per year for 6

to-11-month-olds to a low of 0.3 for five-year-olds.
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In contrast to the rather stable morbidity patterns, Bern et al. (1992) estimate that

approximately 3.3 million deaths in children under five are attributable to diarrheal

illnesses, down more than one million from the 1982 estimates. They caution, however,

that the estimates for mortality have a wide range, and vary greatly between regions of the

world. Some areas of Africa and Asia show much higher mortality rates than those of

Latin America, for instance.

Bern et al. (1992) make several pertinent observations about diarrhea research

studies. First, the number of episodes per child recorded in studies was directly related to

the frequency of observations. Those studies in which families were visited more than

once per week showed the highest episode rates. Second, although the 22 studies used

different definitions of diarrhea or did not define it at all, Bern et al. did not observe any

pattern in the effect of the definition on the number of episodes recorded. Finally, they

observe that the available data for assessing trends in diarrheal illnesses has “substantial

limitations,” and that national programs to evaluate diarrheal illnesses are necessary to

provide more accurate information. They recommend standardized definitions and

procedures and regular re-assessments (e.g., every five years) to evaluate progress in

combating diarrheal diseases.

Estimates of diarrheal episodes in older children are rare in the literature. Since

mortality is concentrated in the under-five group, most recent studies do not report

diarrhea in older age groups. Table 1 provides estimates of diarrheal incidence in older

children from several published studies. The use of differing definitions of diarrhea

probably accounts for the surprising difference in rates reported. In the Guerrant et al.

*
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Table 1
Published Estimates of Diarrheal Episode Rates in Children over Five Years of Age

Source Country Age Group Mean Episodes
per Person-Year

Kamath et al. (1969) India 5-9 years 0.6
10+ years 0.3

Black, Merson, et al. Bangladesh 5-9 years 0.9
(1981) 10-19 years 0.2

Shahid et al. (1996) Bangladesh 5-9 years 1.21°
10-14 years 0.63"
>15 years" 0.60°

Guerrant et al. (1990) USA 4-9 years 1.95
10-16 years 1.73
> 16 years 1.69

"Age as reported in study. Assumed to mean 15 years or older.
"Reported as incidence densities, but most likely reflect episode densities.

17



(1990) study, which was conducted with 45 families in Charlottesville, Virginia, no

operational definition of diarrhea was provided. In the Kamath et al. (1969) study, which

followed 110 families in Vellore, India, investigators used a rather strict definition of

diarrhea: three or more loose stools within a 12-hour period. The episode rates for five

year-olds in the Kamath et al. study are consistent with the four more recent Indian studies

reviewed by Bern et al. (1992). Black et al. (1981) defined diarrhea as four or more loose

stools in a 24-hour period. Black et al.’s rates vary slightly from the other studies but are

consistent with the trend of decreasing episodes with increasing age. In their study, the

annual episode rate peaked at more than four for children aged 9 to 11 months and

declined sharply after the age of two. They found a relatively stable annual episode rate

(0.2) for persons between the ages of 10 and 60. In the Shahid, Greenough, Samadi, Huq,

and Rahman study (1996), researchers defined diarrhea as two or more watery stools or

four or more loose stools in 24 hours. Their reported rates are higher than Kamath et

al.’s, as might be expected from the difference in their definitions of diarrhea. Shahid et al.

reported their rates as “incidence density,” but in evaluating the numbers, they appear to

reflect episode density instead, in which subjects may be counted more than once if they

have multiple episodes during the study period.

In general, researchers have noted that incidence of diarrhea within populations drops

off sharply after the age of five (Bern et al., 1992; Black et al., 1981; Sack, 1997). This

was certainly true in the Kamath et al. (1969) study, in which mean episodes for children

under five was 3.85, most of which was attributable to high rates in children two and
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under. Diarrhea accounted for an average of 23% of total illnesses in children under five,

but only 5-6% of total illnesses in older children.

For refugees or displaced persons living in temporary camps or settlements, diarrheal

illnesses often occur as epidemics resulting from poor and inadequate water supplies and

sanitation, overcrowding, and concurrent illnesses (Centers for Disease Control, 1992).

Once again, they are a particular threat to vulnerable subsets of the population, including

the very young, the very old, and the malnourished. The Morbidity and Mortality Weekly

Report (Centers for Disease Control, 1992) estimated that, in refugee camps in sub

Saharan Africa in the 1980’s, diarrheal illnesses were responsible for between 25-50% of

all deaths. In a Kurdish camp in Turkey in 1991, approximately 70% of outpatients

visiting the clinic presented with diarrhea during a two-week period, with 25% of these

having dysentery.

Institutional settings also report higher-than-average rates of diarrheal illnesses. For

young children in day-care centers, cross-infection with rotavirus, Shigella, Clostridium,

and Giardia causes outbreaks that may affect from 17-100% of the population (Guerrant

et al., 1990). Rotavirus is most important in children less than two years of age; Giardia

becomes important in older toddlers. Secondary infection of family members also is

common (Pickering & Woodward, 1982).
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Etiology

Diarrheal illnesses may be viral, bacterial, or parasitic in origin, or may result from a

combination of these agents. Specific etiologies for episodes of diarrhea have been

difficult to pinpoint because of the widespread presence of certain etiologic agents in

asymptomatic individuals, most notably parasites (Huilan et al., 1991; Karrar & Rahim,

1995; WHO, 1992). With improvements in laboratory techniques and availability of

equipment, however, a better picture of the causes of diarrheal illnesses is emerging.

Table 2 lists the most important diarrheal agents worldwide. It should be noted that these

data are derived almost exclusively from children under the age of five, and that etiologic

agents for older children and adults may differ substantially, but have not been widely

studied. Rotavirus, for instance, is well established as a pathogen of major importance in

diarrhea of children under two years, after which its frequency as a diarrheal agent

decreases significantly (Gracey, 1993; Huilan et al., 1991).

One of the largest and most quoted studies on diarrhea is a WHO-sponsored multi

center effort to determine etiologies of diarrhea in children under the age of three years

(Huilan et al., 1991). The investigators collected data from populations in five countries,

including India. The Indian site was in Vellore, the same area used by Kamath et al. in

their 1969 study described above. In all sites, a standard protocol was followed to enroll

subjects and to collect and analyze samples. Stool samples from a total of 3,640 cases

and 3,279 controls were analyzed to determine potential etiologic agents. The three

agents with the highest ratio of isolation between cases and controls were rotavirus,
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Table 2

Important Diarrheal Agents Worldwide

Bacterial Viral Parasitic

E. coli Rotavirus Cryptosporidium
enterotoxigenic (ETEC) Adenovirus Entamoeba histolytica
enteropathogenic (EPEC) Norwalk agents Giardia lamblia

Clostridium difficile Astroviruses
Shigella spp. Helminthic
Campylobacter jejuni
Salmonella spp. Ascaris
Vibrio cholerae Trichuris

Yersinia Strongyloides

Note. Adapted from Brunser et al. (1997); Gracey (1993); Guerrant et al. (1990); and
Mata (1983).

Shigella spp., and enterotoxigenic E. coli (ETEC). Rotavirus was most important in

children less than one year old, while Shigella was most important as a pathogen in 12- to

23-month-olds. ETEC was responsible for a similar percentage of cases up to 23 months,

after which it also declined in importance.

All sites showed similar distribution of cases by sex and age, although these results

are uninterpretable because no population distributions were provided. Approximately

60% of all cases occurred in children less than one year of age; 30% in children 12-23

months old; and 10% in children 24–35 months old. Approximately 60% of all cases of

diarrhea occurred in boys.
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Seasonality

Etiologies related to diarrhea are important not only in determining effective control

strategies, but also in discussing seasonal patterns of diarrheal illnesses. Investigators have

reported significant seasonal patterns for diarrhea, with differences between temperate and

tropical regions. In temperate areas, there tends to be a major peak for diarrhea in winter

months, especially for children 6 to 24 months of age, attributed to the prevalence of

rotavirus at that time of year (Ament, 1997). In the tropics, peak incidence occurs in the

hot, wet months of monsoon when bacterial infections are prominent (Mata, 1983;

Muhuri, 1996). Bacterial infections predominate because the temperature and moisture

promote bacterial growth in food and water; fecal matter often contaminates surface water

supplies as a result of flooding; children tend to be dirtier because of muddy conditions;

and there is less food available just prior to the harvest, which may contribute to

malnutrition and in turn to increased incidence of diarrhea (Muhuri, 1996). Another peak

in the tropics may occur in the hot, dry season (approximately March - May) as a sequela

of measles outbreaks, which are often associated with decreased immune system function

and hence more infection of the gastrointestinal tract (WHO, 1992). A peak in the cold

months is, as in temperate areas, associated with a predominance of rotavirus infections

(WHO, 1992), although rotavirus is common year-round in tropical areas.

In a study of foodborne diseases in Hyderabad, India, Nageshwara Rao, Sudhakar,

Bhat, and Gupta (1989) found a seasonal peak during the hot months (March to May)

when conditions are most favorable for growth of organisms. Bhan et al. (1989) found

F
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two seasonal peaks in their year-long study of 794 children under the age of six in

northern India, one in April and another in July, corresponding to the peaks of the hot and

monsoon seasons, respectively. A 22-month study from South India showed seasonal

peaks for gastrointestinal illnesses in June and December/January (Kamath et al., 1969).

Differences in the seasonality found in these three studies can most likely be explained by

differences in climatic variations from one region of India to another.

Risk Factors

Due to the wide range of etiologies for diarrheal illnesses, a number of risk factors

exist, both individual and environmental. Table 3 lists important risk factors associated

with diarrhea in the literature. Investigators maintain that, although great strides have

been made in reducing mortality due to diarrheal diseases, the only permanent solution to

the problem is to provide all communities with access to clean water and adequate

sanitation and nutrition (Gracey, 1997). The poor around the globe are at greatest risk for

diarrhea as a result of poor sanitation; fecally contaminated water supplies; inadequate

water supplies that make washing impossible; overcrowding that increases the chances of

disease transmission; and nutritional deficiencies (Gracey, 1993). Specific risk factors are

discussed below.

Age. As previously noted, diarrheal illnesses affect children under five most heavily,

both in terms of morbidity and mortality. There are a number of reasons why this is the

case, all of which are related to other risk factors discussed here. Young children are
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Table 3

Major Risk Factors for Diarrhea in Published Literature

Host Organism Environment

Age under 5 years
Immunosuppression

Small infective dose Poor environmental hygiene
(Giardia, Shigella, and Poor sanitation

Immunologic naivete Campylobacter) Poor water quality &
Poor personal hygiene Ease of fecal-oral quantity
Nutritional deficiencies transmission Food contamination

Widespread presence Lack of refrigeration
Rapid replication Presence of animal vectors

Overcrowding
Climate (hot, moist)

Note. Adapted from Gracey (1993); Gracey (1997); and Mata (1983).

immunologically naive, and derive most of their initial protection from disease from their

mother's breast milk. At the time of weaning, young children in poorer countries are

exposed to a large number of disease agents, to which they have little resistance, through

the food and water they consume. Exposure to bacterial contamination of food and water

during a period of immunologic naivete accounts for the peak in diarrheal incidence and

mortality between 6 and 11 months (Bern et al., 1992; Brunser, Espinoza, & Brunser,

1997; Snyder & Merson, 1982). Physically, small children also have less tolerance for the

dehydration and electrolyte imbalances that may accompany acute diarrhea, and are at

increased risk for death.
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Diarrhea remains important in at least certain subsets of older children and adults,

although there are few studies of these populations. No attempt has been made to assess

risks to older children and adults on a global scale, but the available studies clearly point to

major health impacts for some populations. As described previously, a study of

reproductive-aged Bangladeshi women showed that diarrheal illnesses accounted for 10%

of the mortality in this age group (Fauveau et al., 1989, as cited in Huttly, 1990). Even

higher percentages were reported for adults in sub-Saharan Africa (Kirkwood, 1990, in as

cited in Huttly, 1990). So, although diarrhea research remains focused on children under

five, other segments of the population appear to be at high risk. Risk factors associated

with older age groups have not been identified as yet.

Nutritional deficiencies. Malnutrition has been recognized as a significant risk factor

for diarrhea, particularly persistent diarrhea (Bern et al., 1992). Malnutrition contributes

to impaired immune function and delay in the repair of intestinal mucosa (English et al.,

1997). Diarrheal illnesses, in turn, promote malnutrition by increasing gut motility,

changing nutrient absorption, and often inducing anorexia (WHO, 1988). A downward

spiral of persistent diarrhea and malnutrition results in a significant proportion of deaths

due to diarrhea (Lima & Guerrant, 1992). Fauveau, Henry, Briend, Yunus, and

Chakraborty (1992) reported that malnourished children in Bangladesh had 68 times the

risk of dying from persistent diarrhea as well-nourished children in the same community.

In one study in northern India, the case-fatality rate for diarrheal episodes longer than 14

days was 14%, as compared to 0.8% for episodes between 7 and 14 days long (Bhandari,

Bhan, & Sazawal, 1992, as cited in Bhan, Bhandari, Bhatnagar, & Bahl, 1996).
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In addition to protein-energy malnutrition, deficits in specific nutrients have been

implicated in increased rates of diarrhea. Research studies have shown zinc, vitamin A,

folate, and vitamin B12 deficiencies may increase risk for diarrhea, but results have been far

from definitive (WHO, 1988). For instance, Sazawal, Black, et al. (1996) conducted a

double-blind, randomized trial of zinc supplementation for children less than three years

old in a poor community in New Delhi, India. They found that zinc supplementation

significantly reduced rates of persistent diarrhea for children older than one year, and

reduced dysentery rates in boys only. Brussow et al. (1993) conducted a cross-sectional

study of diarrhea, nutrition, and sanitation in children under six years of age in Ecuador.

Low serum zinc levels were significantly associated with prevalence of diarrhea only for

children living in a cleaner environment (e.g., with refuse, sanitation, and water systems).

Immune system deficiency or compromise. An obvious risk factor for diarrhea is any

condition or circumstance that weakens the immune system of the host and allows for

colonization of the intestinal tract with diarrheal agents. The contribution of malnutrition

to immunodeficiency was discussed above. In addition, chronic conditions such as AIDS

(Kelly et al., 1996) and acute illnesses such as measles (Foster, Curlin, Aziz, & Haque,

1981) leave hosts open to infection with diarrhea-causing pathogens. Lack of

immunizations for infectious diseases such as measles increases the likelihood that children

will fall ill and experience diarrhea as a consequence.

Personal hygiene habits. Personal hygiene is an important risk factor for diarrheal

illnesses. Because diarrheal agents are most often transmitted through a fecal-oral route

(direct or indirect), handwashing and hygiene practices related to toileting are of major
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importance in determining risk for illness. In their case-control study of hygiene habits in

159 Indonesian households that experienced high versus low incidence rates of diarrhea,

Aulia et al. (1994) found an odds ratio of 5.6 for contracting diarrhea between children

who ate with their hands rather than spoons, and an odds ratio of more than 10.47 for

households that disposed of children’s feces in open areas rather than in latrines.

Haggerty, Muladi, Kirkwood, Ashworth, and Manunebo (1994) performed a

randomized, controlled trial to assess a hygiene education intervention on diarrhea in

young children in Zaire. The intervention addressed disposal of human and animal feces

and handwashing before food handling and after defecation. They reported a significant

(p<0.025) decrease of 11% in the incidence of diarrhea in children in the intervention

communities after three months. Duration of episodes also decreased, with the largest

decrease seen in children 24 to 35 months old.

Black et al. (1981) studied a handwashing intervention for prevention of diarrhea in

four day care centers in the United States. They found that the intervention day care

centers had episode rates half those of control centers, with a significant difference for

children under the age of 18 months. Khan (1982) studied the effects of handwashing

with soap and water in the prevention of shigellosis transmission. He looked at

confirmed cases of shigellosis and the development of secondary cases among family

members in a handwashing intervention group and a control group. The secondary

infection rate was 10.1% in the intervention group and 32.4% in controls, with

symptomatic infections in 2.2% and 14.2%, respectively. As a result of the positive

evidence for the efficacy of simple and low-cost hygiene measures in reducing diarrheal
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morbidity, more emphasis is being placed on incorporating hygiene interventions into

diarrhea control programs.

Contaminated food and water. Another important risk factor for diarrhea is

contamination of food and water sources. Food handling, preparation, and storage

practices that facilitate fecal contamination of food and subsequent growth of bacteria

increase risk for diarrhea, particularly in the warm seasons of the year (Black et al., 1983;

Sack, 1997). Again, lack of handwashing before contact with food is probably the most

important risk factor for fecal contamination. Leaving food uncovered allows insect

vectors, particularly flies, to contaminate food (Brunser et al., 1997). Undercooking,

letting prepared foods sit at room temperature for long periods, and lack of refrigeration

all allow for the growth of diarrheal agents that may cause outbreaks of foodborne

illnesses (Nageshwara Rao et al., 1989).

Water quality shows a significant association with risk for diarrhea. Manun'ebo,

Haggerty, Kalengaie, Ashworth, & Kirkwood (1994) conducted a prospective cohort

study of childhood diarrhea in rural Zaire. They found twice as many episodes of diarrhea

in children whose families got water from rivers and streams as in children who drank

water from improved springs or pump wells (p<0.001).

VanDerslice and Briscoe (1995) developed a model to assess the interaction between

improved drinking water quality and community and household sanitation using a large

data set from the Philippines. They hypothesized that there is a synergistic effect that

merits simultaneous development of water and sanitation systems to improve the health

of communities. Results of the analysis showed that there was a 69% increase in risk for
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diarrhea in households with good community sanitation as water quality went from

potable water to water with 20 fecal coliform/100 milliliters. However, for households in

areas with poor community sanitation, there was no relationship between water quality

and risk for diarrhea. They conclude that, for improvements in water quality to have the

greatest positive effect, it is important for improvements in sanitation at the community

level to occur simultaneously.

The interaction between water quality and sanitation reported by VanDerslice and

Briscoe (1995) may help explain the results of a study by Chongsuvivatwong, Mo-Suwan,

Chompikol, Vitsupakorn, and McNeil (1994) on the effects of piped water supplies on

diarrhea episode rates in Thai children. The annual episode rates per child for those

receiving piped water and those not receiving it were 2.54 and 3.52, respectively (p<0.01).

However, there were differences in effect of piped water by locality, with two out of seven

villages showing an increased risk with the use of piped water. The authors conclude that,

overall, the use of piped water reduced the risk of diarrhea by one quarter, but some of the

piped water systems were not well maintained and those accounted for the variations

between villages. No detailed assessment of community hygiene was reported, but it may

be important in explaining these findings.

Sathe, Hinge, and Watve (1996), however, found quite puzzling results when they

examined at the efficacy of domestic water purification systems in middle-class families in

eastern India. Those who reported using no water treatment devices experienced the

lowest average number of diarrheal episodes (0.260 per person-year), while those who

boiled water, boiled and filtered water, or used other purification devices experienced
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significantly more diarrhea, up to a high of 0.757 episodes per person year (p<0.05). They

hypothesize that the portion of the population not using purification devices are subject to

subclinical infections on a continuing basis, and therefore retain an immunity to common

organisms that those who use these devices do not.

Inadequate sanitation. According to WHO estimates, only approximately 32% of the

urban population and 10% of the rural population of South-East Asia had access to

sanitation systems as of 1985 (Huttly, 1990). The lack of disposal systems for fecal

matter (e.g., pit toilets, latrines) is a major contributor to risk for diarrhea, when coupled

with poor hygiene practices or lack of drinking water supply systems. As discussed

above, poor sanitation in communities (presence of fecal matter around the yards of

homes) reduces or negates the protective effects of providing clean water to the

community (VanDerslice and Briscoe, 1995). Manun'ebo et al.’s (1994) study of

childhood diarrhea in rural Zaire found a significant correlation between increased risk of

diarrhea and absence of a latrine with lowest risk among households where latrines were

located more than 10 meters from the home (p=0.004). Aulia et al. (1994) obtained

similar results in their study of hygiene and sanitation related to diarrhea in Indonesia.

They reported an odds ratio of 2.56 for defecation in open areas rather than a latrine

(p=0.048). There was a strong protective effect for households with a sewage drain as

opposed to those with no disposal system, odds ratio of 6.98, p=0.044. Brussow et al.

(1993) found a significantly higher rate of diarrhea in Ecuadorian families who defecated

indiscriminately around the home than in those who had a latrine (36% versus 21%,
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p=0.0005). Inadequate sanitation increases the risk of fecal contamination of hands,

water, and food, thus facilitating fecal-oral transmission of disease agents.

Crowding. Having large numbers of people living together or sharing common space

increases the likelihood of cross-contamination with diarrheal agents. Particularly

germane to the present study is the extensive work that has been done on infectious

disease in the day care setting in the United States. Risk of fecal-oral transmission of

pathogens is particularly high in day care children, because of the generally undeveloped

hygiene habits of young children; fecal incontinence in children who are not toilet trained;

frequent person-to-person contact; and sharing of toys, eating utensils, and other objects

whose surfaces may be contaminated (The Child Day Care Infectious Disease Study

Group, 1984; Churchill & Pickering, 1997). Organisms with low infective doses are

responsible for a majority of outbreaks in day care centers, including Shigella and

Giardia (Pickering & Woodward, 1982). Rotaviruses and Campylobacter have also been

implicated in outbreaks of diarrhea (Pickering & Woodward, 1982).

Crowding also may affect diarrhea rates in other settings. An increase in household

size produced a significant linear increase (p=0.002) in mean number of diarrheal

episodes per person in a prospective community study in Zaire (Manun'ebo et al., 1994).

An investigation of a diarrhea outbreak associated with Entamoeba histolytica on an

Israeli kibbutz (Hart, Spirman, & Shattach, 1984), where living is communal, showed

high rates of infection for children under nine years of age, and for women between the

ages of 30 and 49. The children lived together in communal houses where they also

played, ate, and shared the lavatory. The authors conclude that these factors accounted
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for an infection rate in this age group higher than that seen in the Israeli population as a

whole. Women also tended to spend more time with the children, so that cross

contamination was a potential explanation for higher rates in women.

Presence of animals. Some domestic animals, particularly dogs and cattle are known

to carry pathogens that cause diarrhea in humans. Giardia, Campylobacter, Salmonella,

Cryptosporidium, and some strains of E. coli may be transmitted through contact with

dogs, poultry, swine, beef cattle, unpasteurized cow's milk, or animal feces (Gracey, 1993;

Sack, 1997). Several studies reviewed by Gracey (1993) report increased risk for diarrhea

in children living in households where animals are kept. Presence of animal feces also was

noted as a risk factor for diarrhea in Haggerty et al.’s (1994) study of hygiene education

interventions in preventing diarrhea in rural Zaire.

Summary

There is a vast body of literature on the epidemiology of diarrhea, almost exclusively

concentrating on children under five in whom mortality is high. Numerous etiologies and

risk factors for diarrhea have been identified, and form the basis for intervention strategies,

including oral rehydration therapy; limited use of antimicrobials; work on development of

vaccines to protect against common causes of diarrhea-related mortality (notably

rotavirus); behavioral interventions aimed at improving hygiene practices; and

environmental interventions focused on water quality and sanitation. Unfortunately,

definitions and methods have varied considerably across studies, making it difficult to
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assess trends in diarrhea illnesses worldwide, or to evaluate the efficacy of diarrheal

disease control programs.

Conceptual Framework

The conceptual framework used for this study is the classic triangular epidemiologic

model of infectious disease transmission, involving host, organism, and environmental

factors. The model as it applies to the study population is presented in Figure 2. Some

discussion of pertinent information on the study subjects will help clarify the points

presented in the figure.

Host Factors. The children in the study population are Tibetan refugees, many of

whom have been born in Tibet and escape into exile in India. During their long and

difficult journeys, many develop some degree of malnutrition, some in addition to

existing malnutrition that appears to be increasing in children within Tibet itself (Harris,

Yangzom, Pinzo, Gyaltsen, & Crawford, 1996). On arrival in India, children are

immunologically naive to many of the indigenous infectious agents, potentially

predisposing them to diarrhea for the first year or two of their stay (Gracey, 1993). Their

immune responses may also be compromised by co-morbid conditions (e.g., tuberculosis,

hepatitis B, respiratory infections) and by the psychological stresses of the separation

from their families and friends and adjustments to a new cultural context (Dr. S. Sanon,

personal communication, August, 1997). Although children receive vaccinations as

appropriate on arrival, measles outbreaks are relatively common (T. Wangmo, personal
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communication, July, 1997). As described above, measles have been implicated as a major

risk factor for diarrheal illnesses, presumably because of compromise of cell-mediated

immunity following measles episodes (Foster et al., 1981).

Personal hygiene may be the single most important risk factor for diarrhea in the

study population. Tibetans inside Tibet are infrequent bathers. The scarcity of water and

the cold temperatures in most locations preclude frequent washing. The harsh climate

discourages the growth of many infectious agents and thus makes frequent washing less

necessary. As a result, many children who come out of Tibet are not accustomed to the

frequent washing necessary to prevent illness in their new environment. Learned habits

put them at risk for increased incidence of diarrhea. In addition, water shortages in the

settlement prevent or discourage efforts at better hygiene.

Porcelain squat toilets are available in all homes and schools. In general, children

use writing-type paper or water to clean themselves after defecation, increasing the

chances of fecal contamination of hands or clothing. Water for handwashing after using

the toilet is available in most locations, but soap is not.

Organism Factors. Many of the agents responsible for diarrhea are present in the

environment at the study site (Dr. S. Sanon, personal communication, August, 1997), and

are easily transmitted by the fecal-oral route. Some of these agents, notably Shigella and

Giardia, require small inoculi to produce a symptomatic infection (e.g., as few as 10 to

100 organisms) (Brunser, et al., 1997). In addition, Giardia in particular can persist in

the environment for weeks or months (Donelan, 1995). Other agents, particularly

bacteria, reproduce rapidly in the warm, moist environment of monsoon season. Some
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Organism

environment

• Rapid replication of
organisms

• Small infective dose for
some pathogens (Giardia,
Shigella, Campylobacter)

• Widespread presence in

_-TFE
Host

• Immunologic naivete (new
arrivals)
Potential nutritional deficits l—le
Comorbid conditions

Immune compromise
Incomplete vaccination
Incomplete treatment of
diarrhea with antimicrobials

Environment

Inadequate water supply
Questionable water quality
Weather conducive to
bacterial growth
Inadequate sanitation
Crowded living conditions
Food preparation/storage
practices
Presence of animals

Figure 2. The epidemiologic model as applicable to the study population.

35 |



agents potentially responsible for diarrhea in the settlement may also have developed a

resistance to the antimicrobial agents used to treat them (Townson, Laqua, Upcroft,

Boreham, & Upcroft, 1992). Children who go to the clinic with diarrhea are typically

provided with a one-to-three-day supply of antimicrobial drugs, particularly metronidazole

or tinidazole. One- to three-day treatments at the doses given to these children are not

generally recognized in the literature as an adequate course for full treatment of infections

with susceptible agents (Zaat, Mank, & Assendelft, 1997).

Environmental Factors. As described above, the climate of Mussoorie is conducive to

the growth of diarrheal agents, with a warm, moist monsoon season extending from July

through mid- to late September. Even though the settlement receives piped water from a

treated municipal supply, the quality of the water is questionable, given leaks in the pipes

and the potential for contamination with fecal matter during monsoon season, in

particular. As discussed, water supplies are often inadequate, making good hygiene (both

personal and environmental) difficult.

Food storage and preparation practices increase the likelihood of contamination with

infective agents. Unwrapped meat is typically stored in a small refrigerator in each home

for up to one week. Meat may be prepared on the same surfaces as vegetables and other

foods. Only cold water is available for washing kitchen and eating utensils. Cloth rags or

aprons may be used to wipe hands, kitchen counters, tables, and dishes. Prepared food

may be left out on counters, uncovered, so that contamination from flies and other vectors

is possible.
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Sanitation is also a problem. Garbage disposal facilities are inadequate, with much

household rubbish discarded along the hillsides or in overflowing rubbish containers. This

increases the presence of vectors, notably flies, that may serve as an intermediate link in

the fecal-oral transmission route (Gracey, 1997). Domestic animals abound, and fecal

matter from cattle, pigs, sheep, goats and dogs is present on the paths and playing fields of

the settlement’s schools. Some house parents keep dogs as pets in the group homes.

These pets may increase the presence of disease vectors (especially worms), or may

increase the potential for fecal contamination of playing and living areas.

Crowding in the group homes may also contribute to the risk of infection with

diarrheal agents. Children live in close contact with one another, with up to 25 children

sharing the same sleeping area and toilet facilities. In addition to fecal-oral spread of

diarrheal agents, aerosol spread of rotavirus is possible, particularly in these crowded

conditions.

Given all of the above information, one would expect to see the following patterns of

diarrheal illness in the study population: (a) an episode rate lower than the mean/median

rates described for children under 5 years of age; (b) an episode rate above the mean for

over-fives, given additional host and environmental risk factors (e.g., immunologic

naivete, crowding); (c) higher episode rates in the larger, more crowded homes than

Smaller homes; and (d) a seasonal pattern of diarrhea, with at least one peak during the

monsoon months of July to September.
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IV. Methods

Study Design

This is a descriptive epidemiologic study of diarrheal illness in students at the Tibetan

Homes Foundation settlement. It was designed as an historical cohort study to make use

of available data in Dispensary and settlement records for 1995 and 1996. While

prospective, community-based cohort studies are preferable in conducting research on

diarrheal illnesses due to an increase in the accuracy of the data obtained, a prospective

study was not possible. Limitations of time and money made a retrospective study the

best available alternative.

Operational Definitions

The operational definitions used in data collection and analysis are listed below.

Diarrhea: any loose stool as self-reported by the subject and recorded in the daily

Dispensary outpatient log. This implies that diarrhea is judged by the subject to be severe

or bothersome enough to seek treatment at the Dispensary. In informal canvassing of

subjects reporting diarrhea at the Dispensary in 1997, most reported one to three

consecutive loose stools as a reason for seeking treatment. This definition is consistent

with the definition for older children and adults in the literature (Gracey, 1993). In

accordance with Moy et al.’s (1991) preference for culturally based definitions of
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diarrhea, the Dispensary records reflect all cases in which the subject reported troko

shelwa (the Tibetan equivalent of “loose motion”) as the complaint.

Diarrheal Episode: any day(s) with self-reported diarrhea recorded in the

Dispensary records, with three or more diarrhea-free days (no recorded diarrhea)

preceding and following the recorded episode (Baquiet al., 1991).

Incidence Rate: this term retains the standard epidemiologic definition and

represents number of new cases in a given time period per population at risk.

Episode Rate: used as an alternative term to incidence to describe number of new

episodes in a given time period per population at risk, in which individual subjects may be

counted more than once. Other studies report episode rates, although they are almost

always labeled as incidence rates.

Description of the Sample

Human Subjects Assurance. The study involved two components: a record review of

diarrhea episodes as reported in this document, and a set of interviews with children on

hygiene practices, to be reported elsewhere. The current discussion addresses only the

record review component of the work. Approval for the study was obtained from the

University of California, San Francisco Committee on Human Research and subsequently

from the General Secretary of Tibetan Homes Foundation, acting as the legal guardian of

the children at THF. A copy is provided in Appendix A. Informal approvals for record

2/'4.
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review also were sought from and given by the Nurse-in-Charge at the Dispensary and by

home parents.

Confidentiality of subjects was assured through the use of record numbers, not names,

in the study computer database. Hard copies of all collected data were kept in a locked

room to which only the principal investigator had access. Those records will be

maintained for five years in a secure location, after which they will be destroyed by the

principal investigator.

Sample Selection. For the records review, the entire population of students at THF

was sampled. The data include all children who spent any part of 1995 and/or 1996

(between March and November each year) at the THF settlement and who resided in a

THF home or the Vocational Training Centre, for a total of 1,417 subjects in 1995 and

1,504 subjects in 1996.

Data Collection Techniques

For the records review, there were two primary sources of information available:

daily Dispensary records and monthly attendance records kept by each home. The

Dispensary records were hand-written, paper records of daily visits to the Dispensary by

outpatients. For each outpatient, the nurse or nurse assistant recorded name, age, gender,

home number, complaint, and treatment in a daily logbook. The information recorded

from daily Dispensary records was cross-checked for accuracy with home attendance

records, to verify name, age, gender, and home number. These home records were
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º/ .

available for 1995 and 1996 in approximately 70 percent of the homes and for all of the * },

homes for 1997, so that cross-checking was possible for most subjects. U

Data Collected. The following information was collected for each study subject who

visited the Dispensary for diarrhea during the study period, when available: name, age,

gender, home number, and day/month/year of all visits to the Dispensary for diarrhea or

dysentery. The data were recorded on separate data collection sheets (see Appendix B)

for each subject so that episodes were tracked for each individual across the study period.

Table 4 lists data collected, source, and issues and decisions made regarding data

collection. For individuals who had no diarrheal episodes during the entire study period,

the only information available was by gender and home number. That information was

included in the database and these subjects were included in the calculation of episode

rates, except for rates by age group. Home numbers as presented in the tables and figures

correspond to actual THF homes as follows: Homes 1 through 29 are labeled as they are

actually numbered at THF; Homes 31 through 41 represent the 11 small SOS Kinderdorf

Homes; and Homes 42,43, and 44 represent the Girls’ Hostel, Boys’ Hostel, and VTC

respectively. No home is numbered as Home 30 in this study, to prevent confusion with

the actual THF Home 30 that began operation in 1997.

The study used data collected across a total of 18 months in 1995 and 1996. Records

were reviewed for only nine months of each year, from 1 March to 30 November.

Students are on winter vacation from December through February each year, and many of 3.

them leave the settlement to visit relatives elsewhere. Since the data are based on nine

months of data collection for each study year, values generated from these data should
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VariableSourceIssuesDecisions NameDispensarylogs,Tibetansmayhaveoneortwonames,manyofSubjectsweretrackedbyhomenumber.Thosewiththe

homerecordswhicharethesameforboysandgirls,soitissameorsimilarnamesinthesamehomewere

sometimesdifficult
to
distinguishbetweensubjects
|

distinguished
totheextentpossiblebygenderandage;if

itwasnotclearthattheseweretwoindividuals,records werecombined.

Ageinyears
|
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reported
in
records,sincethisTable

4

Variables
onwhichDatawereCollected
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analysis,
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SPSSanalysiscouldnotbe
performed
bydate

VariableSourceIssuesDecisions GenderDispensarylogs,Gender
isnoteasilydistinguishable
byname,&Homerecordsaretakenasfinalauthorityforgender.

homerecordssomediscrepanciesexistedbetweenDispensary
andhomerecords

HomeDispensarylogs,Childrenrecorded
aslivingina
specifichomeinAneffortwasmadetolocatethechildinthecorrect NumberhomerecordsDispensaryrecordsdidnotappear

in
recordsforhomebyaskingnursesfor
correctionsandcross

thathomecheckingwithhomerecords;
ifnohomecouldbe

verified,homenumberwasleftblankin
database.

Datesof
Dispensarylogs
|

ComplaintswerenotspecifiedforsomevisitsDateswererecordedforallsubjectsforwhomthe visitsto
complaintwaslistedas
“diarrhea,”“loosemotion,”
or

Dispensary“dysentery,”
orforanyvisitinwhichthecomplaintwas

blankbutstandarddiarrheamedicationsweregiven. Datesofvisitsweretransformedintodiarrhealepisodes according
totheoperationaldefinitionandthenrecorded

inthedatabase
asnumberofepisodespersubjectby calendarweek.Thestudyperiodwasdividedinto40 calendarweeksforeachnine-monthperiod,foratotal of80weeks.Incompleteweeks(1,40,41,80)were combined
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not be compared with other rates reported in the literature, which most often represent

annual figures. For the specific purpose of comparison with other studies, the data were

adjusted to annual rates in several tables, as described below, and are identified in those

tables as adjusted annual episode rates.

Instrument Validity and Reliability. The data collection tool was designed to record

demographic information and visits to the Dispensary for diarrhea based on the historical

information available. Insofar as the Dispensary records are accurate and complete, the

tool is a valid instrument for measuring incidence of diarrhea over time. Reliability was

also high, as only one investigator recorded all of the data, and kept notes on all decisions

made regarding consistency in data collection.

Data Management. Data were coded and entered into a personal computer by the

principal investigator. Data cleaning also was performed by the principal investigator.

Frequency distributions were generated for each variable to identify mistakes in entry or

coding.

Data Analysis

To answer the study questions, the following operations were performed:

1. What are the characteristics of the study population?

Frequency distributions or bar graphs were generated for gender, age, age group, and

home number for the study population.
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2. What is the incidence of diarrhea in the study population?

Incidence rates were calculated for the study population for the nine months of 1995

and 1996 for which data were collected. No attempt was made to annualize these rates.

3. What are the diarrheal episode rates in the study population?

Mean values for diarrheal episodes per subject were calculated for the entire

population, and by gender and age group, for the purpose of comparing rates obtained in

this study with other studies. Values for the entire population, by gender, and by age

group were adjusted to twelve-month rates. Adjustment was made to account for the

three months of each year for which data were not available. Since these months

(December, January, February) represent cold season months only, the adjustment was

made as follows:

a. a mean episodes per person-day rate was calculated for the available cold season

data for the applicable population (e.g., total population, genders, age groups);

b. that rate was multiplied by the number of days for which data were missing; and

c. the product was added to the nine-month rate to obtain an annual rate.

4. What is the distribution of diarrheal episodes?

Frequency distributions for numbers of episodes experienced in each nine-month

period were generated for the entire population, by gender, and by age group.

5. Do individual traits, gender and/or age, predict risk for incidence of diarrhea?

For gender, 2x2 tables were generated for each nine-month period. Contingency

tables also were produced for incidence by age group. Chi-square tests were performed to
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assess the differences in gender and age group representation. Relative risk was calculated

for gender.

6. Do individual traits, gender and/or age, predict risk for number of episodes of

diarrhea?

Mean diarrheal episode values and 95% confidence intervals were calculated for each

nine-month period by gender and analyzed by two-tailed t-test to generate p-values. Mean

episode values and 95% confidence intervals were calculated for each age group and

analyzed by one-way ANOVA. Post-hoc testing by Scheffe was used to determine which

groups, if any, exhibited significant differences.

Means and 95% confidence intervals were calculated for episode means by gender

and age group. Data were analyzed by two-way ANOVA to test for interactions between

gender and age group. Post-hoc testing by Scheffe was used to determine which groups,

if any, exhibited significant differences.

7. Do environmental factors--home number, home group, or season--predict risk for

diarrhea?

Means for number of diarrheal episodes per subject and 95% confidence intervals by

home number and home group were generated for each nine-month period. Analysis was

performed by one-way ANOVA. A post-hoc Scheffe test was performed to determine

which homes or home groups, if any, were significantly different from other homes or

groupS.

For seasons, a bar chart was generated to show total number of episodes per week

during each nine-month period. Weekly means were calculated for each of the three
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Seasons, and are presented in a bar chart. Because of the three months of missing data

from each year, and the notable variations in seasons from year to year, no attempt was

made to perform statistical testing on the seasonal means.

8. Is there a subset of the population at higher risk for multiple episodes of diarrhea,

and if so, what are the characteristics of that subset?

The sickest 10% of the population was used to assess within-child clustering of

diarrheal episodes, as described in the literature (Morris et al., 1994). Clustering was

assessed by calculating the percentage of total episodes in each nine-month period that

was experienced by the sickest 10% of subjects. Frequency distributions or bar graphs by

gender, age, and home number were generated for the sickest 10% of subjects in each

nine-month period. The same frequency distributions or bar graphs were generated for

subjects who were among the sickest 10% in both nine-month periods. Chi-square tests

were performed to assess differences in gender representation in these groups, and relative

risks were calculated.

Data were analyzed using Statistical Package for the Social Sciences (SPSS, version

6.1) software. For all statistical analyses, alpha was set at 0.05. A Scheffe test was

chosen for post-hoc testing, when appropriate, as the most conservative assessment of

significance available.
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V. Results

Results as applicable to the study questions are presented below.

1. What are the characteristics of the study population?

The sample consists of the entire population of students at THF for any part of March

to November, 1995 or 1996. Table 5 shows the distribution of the sample by gender. In

general, the gender distribution is relatively stable, with 60 percent male and 40 percent

female students in the sample. Census figures from the THF records are provided for

comparison.

Figures 3 and 4 show the age distribution of the sample population in 1995 and 1996,

respectively. The greatest number of students were between the ages of 11 and 18 years.

Mean age was approximately 13 years in 1995, and 14 years in 1996. The age distribution

by gender is provided in Tables 6 and 7 for 1995 and 1996, respectively. Table 8 shows

the sample distribution by age group. Between 1995 and 1996, there was a noticeable

shift from the 10-15 year-old group to the P15 year old group. In 1996, these two groups

were almost equally represented in the population. Data on age were missing for 238

subjects in 1995, and 258 subjects in 1996.

Figures 5 and 6 show the population distribution by home number in 1995 and 1996,

respectively. As demonstrated in the figures, Homes 1 through 29 were similar in size,

with approximately 35 to 40 students in each. Homes 31 through 41 represent small
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Table 5 tº ■ º.
The Tibetan Homes Foundation Sample Population, by Gender -

Year Gender Total

Male Female Population

Sample Population"
1995 862 554 1417°

(60.8%) (39.1%)

1996 901 602 1504°
(59.9%) (40.0%)

Student Census’
1995 719 536 1255

(57.3%) (42.7%)

1997 790 604 1394

(56.7%) (43.3%)

"Sample population exceeds actual total population because arriving and departing
children are included, and children who changed homes during the study period are
double-counted.
"There was one record with no gender listed.
“Figures represent actual census on July 1 of each year as recorded by THF
Administration. Figures for 1996 not available, but in general the gender ratios and
numbers appear relatively stable.
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Figure 4. Age distribution of the sample population, 1996.
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Table 6

Age Distribution by Gender in the THF Sample Population, 1995

Age in 95 Male Female Total Percent Cumulative
Percent

4 0 2 2 0.1 0.1
5 7 4 11 0.8 0.9
6 19 5 24 1.7 2.6
7 15 13 28 2.0 4.6
8 30 25 55 3.9 8.5
9 37 22 59 4.2 12.7

10 41 26 67 4.7 17.4
11 83 32 115 8.1 25.4
12 55 32 87 6.1 31.1
13 65 46 111 7.8 38.9
14 67 32 99 7.0 45.1
15 93 44 137 9.7 54.8
16 79 40 139 9.7 64.5
17 99 39 138 9.7 74.2
18 57 32 89 6.3 80.5
19 21 4 25 1.8 82.3
20 3 5 8 0.6 82.9
22 0 2 2 0.1 83.0
30 2 0 2 0.1 83.1

Total 773 405 1178

Missing Age 89 149 238 16.9 100.0

GRAND 862 554 1417° 100.0 100.0
TOTAL

"One subject was missing gender information.
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Table 7

Age Distribution by Gender in the THF Sample Population, 1996

Age in 96 Male Female Total Percent Cumulative
Percent

5 2 2 4 0.2 0.2
6 9 4 13 0.9 1.1
7 19 5 24 1.6 2.7
8 15 14 29 1.9 4.6
9 30 25 55 3.7 8.3

10 40 24 64 4.3 12.6
11 43 26 69 4.6 17.2
12 87 33 120 8.0 25.2
13 59 34 93 6.2 31.4
14 69 46 115 7.6 39.0
15 70 32 102 6.8 45.8
16 93 47 140 9.3 55.1
17 81 48 129 8.6 63.7
18 100 61 161 10.7 74.4
19 58 32 90 6.0 80.4
20 21 4 25 1.7 82.1
21 3 5 8 0.5 82.6
23 0 2 2 0.1 82.7
31 2 0 2 0.1 82.8

Total 801 444 1245

Missing Age 100 158 258 17.1 100.0

GRAND 901 602 1504° 100.0 100.0
TOTAL

"One subject was missing gender information.
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Table 8 A

The Tibetan Homes Foundation Sample Population, by Age Group º
-

Year Age Group (years) Total >-
4 - 9 10 - 15 >15 Population -*

1995 179 617 383 1417°
(12.6%) (43.5%) (27.0%)

Mean = 13.43 Median = 14.00 Range = 4 - 30

1996 125 564 557 1504°
(8.3%) (37.5%) (37.0%)

Mean = 14.45 Median = 15.00 Range = 5 - 31

* Age information was missing for 238 subjects (16.8%) in 1995; 258 subjects (17.2%) in
1996.

53



■

º
*

|
100

|
|

80+ º

o
w iss

-
H III.

-
4747H.T. ■ ."——alº", 41 –T 39

:
* ****, *, *, *, ** | | ||T| F || | | |

20 -
| | | | | | | | || | | | | | | | | | | | | | [...] I ——

0. | | | | | ºf anº;
T-T-I-T-r-T-I-T-T—T-T—r—T-T—r-T—T-T

Home?

7 & 5 to 1121314 is 1617 is 19202122232425262.72s; 32.333,3536373339 ■ oº

Figure 5. Distribution of the sample population by home number, 1995.

54



■\\<Lae,ri■ 1,
■ ’~
~
~

~~º■¿º■-º

\\|\{\|■ liJoñº

|

3+
S}

L•——{N,·L5–T];r■ ±
r<k~~§§c^|?|-2}w−

º

Hº*----■Ë■ -º
•†

?.E[×-----;}=;
[=
};±

[■

H;3■
>

}{}E___|_E
|F

F©
§■

■ F&----3TT§>>■ TIITTIHR,-º
§...

________FAR■
$_____

+3.2
|

3____|->';•
[=I
_
___

FR■ |
3■ IºL■ I_{8#3■ .

|

5TOE
£5
5©

*

————ršir:C.=___________Fº■
5■
_______FºTEL

±|-!>
Tº
TT
|

sc■
3

II}x}qa
3■F

=Q92-º----
JATTTT-le■ ;•

ºn
__
_____T

-&■
_º

______|+=<>P.____He|-
§_________
Foº<>FTITTOE}•5

:+
t^<

;

■ -vo±
■ º|-

■ n5
]=[[
|}

+.52[■ TOE.Hºn©
[[2
TOE
]

■ :•
[<

II----\C)
■ i________■

<>$2-----TTi--■ --+=3<>©<>cò<>©<><>.
■ Ôs■ºseoowo<r

ºëz
Kouanbºuq

55



homes, with approximately 12 students in each. Homes numbered 42, 43, and 44

represent the girls’ hostel, boys’ hostel, and VTC hostels, respectively. Homes 29 and 42

were not functioning in 1995, but were included in 1996 data.

2. What is the incidence of diarrheal illnesses in the study population?

Table 9 reports the number of cases and incidence rates for each nine-month period in

1995 and 1996. The rate in 1995 was higher than in 1996, as were the episode rates,

discussed below.

Table 9

Incidence Rates for Diarrheal Illnesses in the Sample Population,
March - November 1995 & 1996

Year Number of Total Incidence Rate

Cases Population (per 9-month period)

1995 912 1417 64%

1996 747 1504 50%

3. What are the diarrheal episode rates in the study population?

Mean number of diarrheal episodes per person for the 1995 period was 1.29, adjusted

to an annual rate of 1.59. For the 1996 study period, the mean number of episodes per

person was 0.95, adjusted to an annual episode rate of 1.20. Adjusted annual episode

rates are presented by gender and by age group in Tables 10 and 11. Differences between
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Table 10

Mean Number of Diarrheal Episodes per Person-Year, by Gender

Year Gender Total Population
Male Female

1995 1.74 1.35 1.59

1996 1.39 0.91 1.20

Note. All rates have been adjusted to annual rates, as described in the text, for purposes
of comparison with other published rates.

Table 11

Mean Number of Diarrheal Episodes per Person-Year, by Age Group

Year Age Group (years)
4 - 9 10 - 15 > 15

1995 1.55° 1.96” 1.90°
(0.67)" (1.41)." (1.17)"

n = 179 n = 6.17 n = 383

1996 1.63" 1.51° 1.14°
(0.53)." (1.04)” (0.78)"

n = 125 n = 564 n = 557

Note. All rates have been adjusted to annual rates, as described in the text.
“Subjects whose ages were not available (n=238 for 1995; n = 258 for 1996) were
excluded from this analysis. Most of these subjects experienced 0-1 episodes of diarrhea.
As a result, the rates above are inflated because they do not include these low-episode
subjects. However, it is reasonable to expect that the differences in rates between the sub
groups would be proportional.
"Values in parentheses represent the lowest possible values, if all of the subjects with
missing age data were included in that age group, and had no episodes of diarrhea for the
entire study period.
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genders and age groups are discussed below. Notably, none of the diarrheal episodes

recorded lasted longer than 14 days.

4. What is the distribution of diarrheal episodes?

The frequency distributions for the number of episodes experienced by individual

subjects over the course of each nine-month period are presented in Tables 12 and 13.

The nine-month mean episode rate per subject was 1.29 in 1995, and the median value

was 1.00. In 1996, the mean episode rate per subject was 0.95, with a median value of 0.

Approximately 90% of the subjects experienced three or fewer episodes in 1995, and two

or fewer episodes in 1996. The sickest 10% of subjects are discussed in detail below.

Frequency distributions of diarrheal episodes by gender are presented in Tables 14

through 17. In general, boys had more episodes of diarrhea and frequency tapered off

more gradually than girls did as the number of episodes increased. Frequency

distributions of diarrheal episodes by age group are shown in Tables 18 and 19.

Distributions were similar for all age groups, with most individuals experiencing no

episodes or only one episode in each nine-month period.
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Table 12

Frequency Distribution for Number of Diarrheal Episodes per Subject,
March - November, 1995

Number of Frequency Percent Cumulative
Episodes Percent

0 505 35.6 35.6
1 486 34.3 69.9
2 188 13.3 83.2
3 109 7.7 90.9
4 64 4.5 95.4
5 32 2.3 97.7
6 14 1.0 98.7
7 12 0.8 99.5
8 4 0.3 99.8
9 2 0.1 99.9

11 1 0.1 100.0

Total Cases 1417 100.0 100.0

Total Episodes 1834
Mean 1.29
Median 1.00
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Table 13

Frequency Distribution for Number of Diarrheal Episodes per Subject,
March - November, 1996

Number of Frequency Percent Cumulative
Episodes Percent

0 757 50.3 50.3
1 428 28.5 78.8
2 163 10.8 89.6
3 71 4.7 94.3
4 35 2.3 96.7
5 24 1.6 98.3
6 10 0.7 98.9
7 7 0.5 99.4
8 5 0.3 99.7
9 1 0.1 99.8

11 1 0.1 99.9
12 1 0.1 99.9
16 1 0.1 100.0

Total Cases 1504 100.0 100.0

Total Episodes 1424
Mean 0.95
Median 0.00
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Table 14

Frequency Distribution of Diarrheal Episodes for Girls, March-November 1995

Number of Number of Percentage Cumulative
Episodes Subjects Percentage

0 240 43.3 43.3
1 180 32.5 75.8
2 64 11.6 87.4
3 34 6.1 93.5
4 18 3.2 96.8
5 6 1.1 97.8
6 6 1.1 98.9
7 2 0.4 99.3
8 2 0.4 99.6
9 1 0.2 99.8

11 1 0.2 100.0

TOTAL 554 100.0 100.0

Note. Mean = 1.08, median = 1.00, mode = 0, std. dev. = 1.46

Table 15

Frequency Distribution of Diarrheal Episodes for Boys, March - November 1995

Number of Number of Percentage Cumulative
Episodes Subjects Percentage

0 265 30.7 30.7
1 305 35.4 66.1
2 124 14.4 80.5
3 75 8.7 89.2
4 46 5.3 94.5
5 26 3.0 97.6
6 8 0.9 98.5
7 10 1.2 99.7
8 2 0.2 99.9
9 1 0.1 100.0

TOTAL 862 100.0 100.0

Note. Mean = 1.43, median = 1.00, mode = 1.00, Std. dev. = 1.55
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Table 16

Frequency Distribution of Diarrheal Episodes for Girls, March - November 1996

Number of Number of Percentage Cumulative
Episodes Subjects Percentage

0 362 60.1 60.1
1 144 23.9 84.1
2 54 9.0 93.0
3 23 3.8 96.8
4 10 1.7 98.5
5 4 0.7 99.2
7 2 0.3 99.5
8 1 0.2 99.7
9 1 0.2 99.8

12 1 0.2 100.0

TOTAL 602 100.0 100.0

Note. Mean = 0.70, median = 0.00, mode = 0, std. dev. = 1.23

Table 17

Frequency Distribution of Diarrheal Episodes for Boys, March - November 1996

Number of Number of Percentage Cumulative
Episodes Subjects Percentage

0 394 43.7 43.7
1 285 31.5 75.2
2 109 12.1 87.3
3 48 5.3 92.7
4 25 2.8 95.4
5 20 2.2 97.7
6 10 1.1 98.8
7 5 0.6 99.3
8 4 0.4 99.8

11 1 0.1 99.9
16 1 0.1 100.0

TOTAL 901 100.0 100.0

Note. Mean = 1.11, median = 1.00, mode = 0, std. dev. = 1.56
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Table 18

Frequency Distribution for Number of Diarrheal Episodes per Subject by Age
Group, March - November 1995

Frequency
Number of Total Row

Episodes Age Group Percent
4 - 9 years 10 - 15 years >15 years

0 64 160 67 291 24.7
1 62 231 170 463 39.3
2 25 91 71 187 15.9
3 13 62 34 109 9.2
4 8 32 24 64 5.4
5 4 20 8 32 2.7
6 1 6 7 14 1.2
7 O 10 2 12 1.0
8 1 3 0 4 0.3
9 1 1 0 2 0.2

11 0 1 0 1 0.1

Total 179 617 383 1179 100.0%

(15.2%) (52.3%) (32.5%) (100.0%)

Note. Subjects whose ages were not available (n=238 for 1995) were excluded from this
table. Most of these subjects experienced 0-1 episodes of diarrhea. As a result, the
frequencies above are lower for 0 and 1 episode because they do not include these low
episode subjects. However, it is reasonable to expect that the differences in numbers
between the age groups would be proportional.
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Table 19

Frequency Distribution for Number of Diarrheal Episodes per Subject by Age
Group, March - November 1996

Frequency
Number of Total Row

Episodes Age Group Percent
4 - 9 years 10 - 15 years >15 years

0 39 214 266 519 41.7
1 48 188 176 412 33.1
2 16 80 63 159 12.8
3 15 33 23 71 5.7
4 1 23 11 35 2.8
5 3 10 11 24 1.9
6 0 4 6 10 0.8
7 2 5 0 7 0.6
8 1 4 0 5 0.4
9 0 1 0 1 0.1

11 0 0 1 1 0.1
12 0 1 0 1 0.1
16 0 1 0 1 0.1

Total 125 564 557 1246 100.0%

(10.04%) (45.26%) (44.70%) (100.0%)

Note. Subjects whose ages were not available (n=258 for 1996) were excluded from this
table. Most of these subjects experienced 0-1 episodes of diarrhea. As a result, the
frequencies above are lower for 0 and 1 episode because they do not include these low
episode subjects. However, it is reasonable to expect that the differences in numbers
between the age groups would be proportional.
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5. Do individual traits, gender and/or age, predict risk for incidence of diarrhea?

Tables 20 and 21 provide incidence data by gender for the 1995 and 1996 study

periods, respectively. Diarrhea incidence rates were above 50% for each nine-month

period for all groups except females in 1996, who dropped to an incidence rate of

approximately 40%. A significantly higher proportion of males than females had diarrhea

in both years (p<0.00001). Relative risk for males in 1995 was 1.22; in 1996, relative risk

was 1.41.

Incidence by age group is shown in Tables 22 and 23. In 1995, there was a significant

difference in the proportion of subjects with diarrhea in each age group (p=0.00001), with

fewer 4–9 year-olds having diarrhea than either of the older age groups. In 1996, this

trend was reversed, so that the proportion of >15 year-olds with diarrhea was significantly

lower than in the younger age groups (p=0.00017). In all age groups, more than 50% of

Subjects experienced at least one episode of diarrhea during each nine-month period.

6. Do individual traits, gender and/or age, predict risk for number of episodes of

diarrhea?

Table 24 reports mean episode rates by gender for 1995 and 1996. Again, episode

rates were consistently higher in 1995 than in 1996, and were consistently higher in males

than females. Males had a significantly higher episode rate than females in both years

(p<0.001). Mean episode rates by age group are reported in Table 25. As with incidence,

the youngest age group (4-9 year-olds) had the lowest episode rate for 1995, and the

P- -,
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Table 20

Incidence of Diarrhea by Gender, 1995

Diarrhea No Diarrhea Row Total

Male 597* 265* 862

(69.3%)" (30.7%)" 60.9%

Female 314+ 240+ 554
(56.7%)" (43.3%)" 39.1%

Column Total 911 505 1416
64.3% 35.7% 100.0%

“Values in parentheses represent row percents.
*Relative risk, male:female = 1.22.
*Significant difference between genders for proportion of subjects with diarrhea, by chi
square, p<0.00001.

Table 21

Incidence of Diarrhea by Gender, 1996

Male

Female

Column Total

“Values in parentheses represent row percents.

Diarrhea No Diarrhea

507* 394*
(56.3%)" (43.7%)"

240+ 36.2%

(39.9%)" (60.1%)"

747 756
49.7% 50.3%

*Relative risk, male:female = 1.41.
*Significant difference between genders by chi-square, p<0.00001.

Row Total

901
59.9%

602
40.1%

1503
100.0%
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Table 22

Incidence of Diarrhea by Age Group, 1995

Diarrhea No Diarrhea

4-9 years 115* 64*
(64.25%)" (35.75%)"

10-15 years 457+ 160+
(74.07%)" (25.93%)"

>15 years 316* 67+
(82.51%)" (17.49%)"

Column Total 888 291
75.3% 24.7%

Row Total

179
15.2%

617
52.3%

383
32.5%

1179
100.0%

Note. Subjects whose ages were not available (n=238 for 1995; n = 258 for 1996) were
excluded from this analysis. Most of these subjects experienced 0-1 episodes of diarrhea.
As a result, the rates above are inflated because they do not include these low-episode
subjects. However, it is reasonable to expect that the differences in rates between the sub
groups would be proportional.
“Values in parentheses represent row percents.
*Significant differences between age groups for the proportion of subjects with diarrhea,
by chi-square, p=0.00001. :
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Table 23

Incidence of Diarrhea by Age Group, 1996

Diarrhea No Diarrhea

4-9 years 86* 39*
(68.80%)" (35.75%)"

10-15 years 350+ 214*
(62.06%)" (37.94%)"

>15 years 291* 266*
(52.24%)" (47.76%)"

Column Total 727 519
58.3% 41.7%

Row Total

125
10.0%

564
45.3%

557
44.7%

1246
100.0%

Note. Subjects whose ages were not available (n=238 for 1995; n = 258 for 1996) were
excluded from this analysis. Most of these subjects experienced 0-1 episodes of diarrhea.
As a result, the rates above are inflated because they do not include these low-episode
subjects. However, it is reasonable to expect that the differences in rates between the sub
groups would be proportional.
“Values in parentheses represent row percents.
*Significant differences between age groups for the proportion of subjects with diarrhea,
by chi-square, p=0.00017. :
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Table 24

Mean Number of Diarrheal Episodes per Person by Gender,
March - November 1995 & 1996

Year Gender Total Population
Male Female

1995 1.43* 1.08% 1.29

(1.33 - 1.54) (0.96 - 1.20) (1.21 - 1.37)

1996 1.11+ 0.70% 0.95

(1.01 - 1.21) (0.61 - 0.80) (0.87 - 1.02)

Note. Values in parentheses represent 95% confidence intervals.
*Significant differences in means between genders in both 1995 and 1996, by two-tailed t
test, p<0.001.

*-

*
*-

Table 25 -º-
Mean Number of Diarrheal Episodes per Person by Age Group, -
March - November 1995 & 1996 ****

****

Year Age Group (years) --
4 - 9 10 - 15 > 15

1995 1.26 1.58 1.58 ***

(1.04 - 1.48)" (1.45 - 1.72)" (1.44 - 1.72)" T,

1996 1.33* 1.27+ 0.93% P
(1.06 - 1.59)* (1.13 - 1.41)" (0.82 - 1.04)" .

Note. Subjects whose ages were not available (n=238 for 1995; n = 258 for 1996) were
excluded from this analysis. Most of these subjects experienced 0-1 episodes of diarrhea.
As a result, the rates above are inflated because they do not include these low-episode
subjects. However, it is reasonable to expect that the differences in rates between the sub
groups would be proportional.
“Values in parentheses represent 95% confidence intervals.
*Significant differences between 4-9 year olds & C-15 year olds, 10-15 year olds & P.15
year olds for 1996 only, by Scheffe, at p <0.05.
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highest episode rate for 1996. There were no significant differences between age groups

in 1995. In 1996, however, there was a significant difference between episode rates, with

>15 year-olds having a lower rate than either of the two younger age groups (by Scheffe,

p,0.05).

When episode rates were compared by gender and age group (see Table 26), there

appeared to be no significant interaction between gender and age group (by two-way

ANOVA). No significant differences were seen between groups in 1995. In 1996, the

only significant differences in means by gender/age were between older girls (>15 years)

and both groups of their younger female counterparts (by Scheffe, p<0.05).

7. Do environmental factors--home number, home group, or season--predict risk for

diarrhea?

Table 27 ranks homes by mean number of diarrheal episodes per child per each nine

month period. Although there was a wide range in the mean values, with the highest

scores approximately four to six times higher than the lowest scores, there were no

significant differences found between homes (by Scheffe) for either year. However,

Homes 2, 3, 13, 27, and 37 showed consistently high mean scores for both years and

Homes 8, 16, 18, 19, and 21 showed consistently low mean scores.

When homes were grouped according to size and proximity to the Dispensary, no

significant differences between episode rates were found (see Table 28). Homes farthest

away from the Dispensary consistently reported the lowest diarrhea episode rate. All rates

were similar within each year, and were lower in 1996 than in 1995.

:
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Table 26

Mean Number of Diarrheal Episodes per Person per Nine Months, by Age Group
and Gender

Year Age Group (years)
Gender 4-9 10-15 > 15

1995
All 1.26 1.58 1.58

(1.04 - 1.48)" (1.45 - 1.72)" (1.44 - 1.72)"
n = 179 n = 6.17 n = 383

Male 1.27 1.61 1.64
(1.00- 1.54)” (1.45 - 1.78)" (1.46 - 1.82)"

n = 108 n = 404 n = 261

Female 1.25 1.53 1.46
(0.87 - 1.64)" (1.30 - 1.75)" (1.24 - 1.68)"

n = 71 n = 212 n = 122

1996
All 1.33* 1.27% 0.93%

(1.06 - 1.59)" (1.13 - 1.41)" (0.82 - 1.04)"
n = 125 n = 564 n = 557

Male 1.27 1.35 1.10
(0.91 - 1.62)." (1.17 - 1.52)" (0.94 - 1.25)"

n = 75 n = 368 n = 3.58

Female 1.42* 1.14% 0.63%
(1.01 - 1.83)" (0.91 - 1.37)" (0.50 - 0.76)"

n = 50 n = 195 n = 1.99

Note. Subjects whose ages were not available (n=238 for 1995; n = 258 for 1996) were
excluded from this analysis. Most of these subjects experienced 0-1 episodes of diarrhea,
and most were female. As a result, the rates above are inflated because they do not
include these low-episode subjects. Gender differences would most likely be greater than
reported here if these subjects could be included.
“Values in parentheses represent 95% confidence intervals.
*Significant differences between all subjects 4-9 year olds & P 15 year-olds; 10-15 year
olds and >15 year olds in 1996 only, by Scheffe, p<0.05. Significant differences between
females 4-9 year olds and >15 year-olds; 10-15 year olds and >15 year-olds for 1996 only,
by Scheffe, p<0.05.
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Table 27. Mean Number of Diarrheal Episodes by Home, Mar. - Nov. 1995 & 1996

Home Mean 1995 95%CI Home Mean 1996 95% CI
36 0.56 –0.003 - 1.11 21 0.36 0.13 - 0.59
41 0.71 –0.31 - 1.74 19 0.37 0.14 - 0.59
21 0.72 0.32 - 1.11 18 0.39 0.18 - 0.60
18 0.73 0.44 - 1.02 16 0.49 0.15 - 0.82
7 0.74 0.41 - 1.07 11 0.49 0.26 - 0.72
8 0.76 0.34 - 1.18 42 0.51 0.33- 0.68

16 0.77 0.55 - 0.99 24 0.53 0.14 - 0.92
19 0.80 0.52 - 1.09 8 0.57 0.25 - 0.89
35 0.85 0.25 - 1.44 15 0.57 0.29 - 0.85
32 0.93 0.51 - 1.35 40 0.60 0.10 - 1.10
15 0.94 0.49 - 1.39 7 0.71 0.34 - 1.08
9 0.95 0.53 - 1.37 31 0.73 0.12 - 1.33
5 0.97 0.58 - 1.36 4 0.74 0.39 - 1.08

28 1.00 0.48 - 1.52 6 0.74 0.39 - 1.10
24 1.06 0.64 - 1.48 14 0.75 0.41 - 1.09
44 1.06 0.82 - 1.31 35 0.77 0.11 - 1.43
38 1.25 0.64 - 1.86 23 0.78 0.42 - 1.14
20 1.29 0.81 - 1.76 20 0.79 0.54 - 1.03
17 1.31 0.80 - 1.81 34 0.80 0.24 - 1.36
10 1.32 0.85 - 1.80 28 0.82 0.36 - 1.28
23 1.32 0.73 - 1.90 17 0.83 0.38 - 1.29
25 1.32 0.89 - 1.74 1 0.84 0.48 - 1.21
26 1.32 0.91 - 1.73 36 0.89 0.29 - 1.49
22 1.34 0.90 - 1.79 29 0.91 0.38 - 1.44
39 1.36 0.50 - 2.23 33 0.92 0.09 - 1.76
12 1.43 0.89 - 1.96 5 0.97 0.53 - 1.42
43 1.44 1.20 - 1.68 43 0.98 0.76 - 1.21
11 1.46 0.78 - 2.14 12 1.03 0.54 - 1.52
33 1.46 0.55 - 2.37 25 1.11 0.61 - 1.60
4 1.50 0.82 - 2.18 41 1.14 0.15 - 2.13
l 1.56 1.03 - 2.09 9 1.15 0.68 - 1.62

34 1.60 0.63 - 2.57 32 1.21 -0.01 - 2.44
37 1.67 0.84 - 2.49 39 1.27 0.42 - 2.13
6 1.69 0.91 - 2.46 22 1.28 0.48 - 2.08
3 1.74 1.23 - 2.26 26 1.28 0.74 - 1.81

14 1.80 1.27 - 2.32 3 1.33 0.55 - 2.10
2 1.82 1.22 - 2.42 13 1.36 0.80 - 1.92

40 1.90 0.62 - 3.18 44 1.36 0.97 - 1.75
31 2.00 0.59 - 3.41 38 1.42 –0.05 - 2.89
27 2.02 1.48 - 2.56 2 1.44 0.67 - 2.20
13 2.20 1.42 - 2.99 10 1.46 0.90 - 2.02

27 1.81 1.18 – 2.44
37 2.00 0.49 - 3.51

All 1.29 1.21 - 1.37 All 0.96 0.88 - 1.03
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Table 28

Mean Number of Diarrheal Episodes by Home Grouping,
March - November 1995 & 1996

Home Grouping" Mean Episodes 1995* Mean Episodes 1996*
(95% CI) (95% CI)

Near Homes 1.41 0.97

(1.27 - 1.56) (0.83 - 1.10)

Small Homes 1.31 1.08
(1.07 - 1.55)" (0.81 - 1.36)"

Hostels & VTC 1.29 0.96
(1.12 - 1.47)" (0.80 - 1.11)*

Far Homes 1.17 0.83
(1.05 - 1.30)” (0.73 - 0.93)"

"Groupings are based on proximity to the Dispensary and size of the homes. Near Homes
include all larger group homes within a five-minute walk of the Dispensary. Small Homes
include the 11 SOS Homes, which house approximately 12 children each and are near the
Dispensary. The Hostels and VTC represent large dormitory-style housing for older boys
and girls, separated by gender, and are located near the Dispensary. Far Homes include
larger group homes more than a five-minute walk from the Dispensary.

alues in parentheses represent 95% confidence intervals.
*No significant differences between means for either 1995 or 1996.
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Figures 7 and 8 show total number of episodes by week for 1995 and 1996,

respectively. In these data, weeks in October through March represent the cold season;

April through June are the hot season; and July through September are the monsoon. In

both years, the highest peak occurred in the monsoon season. The number of episodes

during the 1995 monsoon was higher and the peak lasted longer than in 1996. In 1995,

another, lower peak was present in the hot months. This peak is absent in the 1996 data.

All subgroups analyzed (gender, age groups, homes) followed the same approximate

seasonal distribution of episodes.

Average number of episodes per week, by season, are shown in Figures 9 and 10. In

1995, there were about twice as many episodes per week in the monsoon as in the cold

season. In 1996, there were approximately 1.7 times as many episodes per week in the

monsoon as in the cold season. The cold season had the lowest number of episodes, an

average of 33 per week, in 1995; in 1996, the hot season had the lowest number of

episodes, 24 per week on average.

8. Is there a subset of the population at an increased risk for multiple episodes of

diarrhea, and, if so, what are the characteristics of that subset?

The data show a high degree of within-child clustering in both years. The sickest

10% of children experienced more than 33% of the total episodes in the population in each

year. From Table 12, it can be seen that the sickest 10% of children (n=129) experienced

35% of total episodes in 1995. In 1996, the sickest 10% of children (n=156) accounted

for 47% of total episodes (Table 13).
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Figure 7. Total number of diarrheal episodes by week, 1995.
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Tables 29 and 30 present the data for the sickest 10% of subjects by gender. For both

years, males had a significantly higher proportion of representatives in the sickest 10%

than females (p=0.0062 in 1995; p-0.0004 in 1996). In 1995, relative risk for males was

1.66. Relative risk for males in 1996 was 1.81.

Age and home number distributions for the sickest 10% of children are shown in

Figures 11 through 14. There are no apparent patterns of risk related to age. Several

homes are once again over-represented in this subset, notably Homes 2, 3, 13, and 27 in

1995; and Homes 2, 12, 13, 25, 26, and 27 in 1996.

Out of 129 subjects in 1995 and 156 subjects in 1996 who were in the sickest 10% of

children, only 37 of these were in the sickest 10% for both years. Table 31 and Figures 15

and 16 show the gender, age, and home number distributions for these subjects. In this

group of chronically ill subjects, there were no significant differences in representation by

gender or age. Statistical analysis by home could not be performed; however, Homes 2,

13, and 27 are again over-represented, and account for approximately 37% of these

chronically ill children.
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Table 29

Sickest 10% of Children by Gender, 1995

Male

Female

Column Total

“Values in parentheses represent row percents.

Sickest 10% Not Sickest 10%

93* 769*
(10.8%)" (89.2%)"

36* 518+

(6.5%)" (93.5%)"

129 1287

(9.1%) (90.9%)

*Relative risk, male:female = 1.66.
*Significant difference between genders for proportion of subjects in the sickest 10%, by
chi-square, p=0.0062.

Table 30

Sickest 10% of Children by Gender, 1996

Male

Female

Column Total

“Values in parentheses represent row percents.

Sickest 10% Not Sickest 10%

114* 787+
(12.7%)" (87.3%)"

42* 560+
(7.0%)" (93.0%)"

156 1347

(10.4%) (89.6%)

*Relative risk, male:female = 1.81.
*Significant difference between genders for proportion of subjects in the sickest 10%, by
chi-square, p=0.0004.

Row Total

862

(60.9%)

554
(39.1%)

1416
(100.0%)

Row Total

901

(59.9%)

| 602
(40.1%)

1503

(100.0%)
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Table 31 R A
Children Who were in the Sickest 10% for Both Years, by Gender * *

--

Sickest 10% Not Sickest 10% Row Total

Male 25* 876* 901

(2.77%)" (97.23%)" (59.9%)

Female 12+ 590+ 602

(1.99%)" (98.01%)" (40.1%)

Column Total 37 1466 1503
(2.46%) (97.54%) (100.0%)

“Values in parentheses represent row percents.
*Relative risk, male:female = 1.39.
*Gender groups do not differ significantly in their representation in this subset, by chi
Square.
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VI. Discussion

Significant Findings

Analysis of the data indicates the following:

1. Episode rates for this population are lower than reported rates for children under five,

and higher than or comparable to reported rates for other older children.

No episodes of persistent diarrhea were reported.

Males have a significantly greater risk than females of getting diarrhea in this

population.

Males have a significantly greater risk than females of having multiple episodes of

diarrhea within this population.

Males have a significantly greater risk than females of being within the sickest 10% of

subjects within this population.

Age is not a consistent determinant of risk for diarrhea.

There is a high degree of within-child clustering in this population, such that 10% of

the population experiences up to 47% of the diarrheal episodes.

Although certain homes have much higher mean episode rates for diarrhea than others,

there is no significant difference in risk by home number or home grouping.

Diarrheal episodes show marked seasonality in this population, with the highest

episode rates during the monsoon season.
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Population Description

As noted previously, the sample population exceeds the actual census given for

Several reasons: the census figures reflect only students present in July of each year; the

Sample includes all students present during any part of the study period; and some students

were double-counted because they changed homes during the study period. Since it was

possible to track students by home number only, those who changed homes were

necessarily recorded as two separate subjects. The proportion of males to females is

slightly higher in the sample population than in the census, most likely because more males

than females arrived and departed during the study period.

Incidence and Episode Rates

Since incidence rates typically are not reported in other studies of diarrhea, those

reported here cannot be compared with other published data. Episode rates in the study

population were below the average of 2.6 per child per year reported in the literature for

under-five-year-olds, consistent with conventional wisdom that diarrheal episodes

decrease with increasing age. Rates were higher than those reported for older children in

other studies from India and Bangladesh. The higher rates in the study population may

result from a number of additional risk factors related to refugee status or behavior that

were not evaluated, including poor personal and environmental hygiene, initial

immunologic naivete, malnutrition, high stress, and crowding.
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Persistent Diarrhea

Surprisingly, no episodes recorded could be categorized as persistent (lasting longer

than 14 days). While this may in fact be the case, an equally plausible explanation is that

persistent episodes were missed because data were collected based on records of

Dispensary visits for diarrhea, not on actual length of episodes. Determination of the

prevalence of persistent episodes would require further prospective study.

Differences by Gender

Contrary to other results from published studies, these data showed a consistent and

significant difference in risk for diarrhea by gender. Gender is not often discussed in other

studies as a significant risk factor. Although the WHO multi-center study (1992) reported

an average case distribution of 60 percent males and 40 percent females over five study

sites, no population distribution was provided, so no conclusions can be drawn regarding

risk by gender in those data.

In these data, males were at consistently higher risk for diarrhea: in having any

diarrhea at all, in having multiple episodes, and in being in the sickest 10% of subjects for

each nine-month study period. There are several likely explanations for this finding: in

general, males may have poorer individual hygiene habits than females; males may be

exposed to more pathogens as a function of their outdoor activities (e.g., more outdoor

sports on muddy fields); and/or females may be less likely than males to seek treatment

º
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for diarrhea at the Dispensary. A less likely explanation is that males are more susceptible

than females to the diarrheal pathogens present in this environment.

Gender differences in hygiene practices were not assessed in this study, and are an

area for further exploration. However, it was observed that boys tend to spend a much

greater amount of time on playing fields, where they may be exposed to fecally

contaminated mud and water, especially during the monsoon season. In informal

discussions, several older girls reported that they do not always seek treatment for

diarrhea because “it goes away in a few days anyway.” It is likely that the available data

underreported episodes in girls, particularly older girls, which may account for some of the

gender differences seen. However, if underreporting of diarrhea by girls could explain all

of the difference seen, one would expect to see similar levels of difference between

genders across the seasons. This is not the case: differences are greatest during monsoon,

with almost no differences seen in the cold season. These data would suggest that hygiene

and exposure may play a more central role in determining gender differences.

The gender differences noted, particularly in monsoon, also make it unlikely that the

majority of diarrhea is caused by contamination of common water or food sources. If that

were the case, one would not expect to see significant differences between males and

females. Again, the gender difference suggests that behavioral practices are a key factor in

explaining these findings.
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Differences by Age Group

Episode rates derived for age groups in this study are comparable to or higher than

rates from other published studies from India and Bangladesh (see Table 1). Rates from

this study were inflated for age groups because age data were missing for approximately

17% of the study population. Of this 17%, 92% experienced no episodes of diarrhea, and

the rest experienced one or two episodes. If these low-episode subjects could have been

included in the age group analysis, rates would have been lower by some unknown

amount. However, even if all subjects with missing age data had belonged to a single age

group, and had experienced no episodes of diarrhea, rates would still be comparable with

rates reported in other studies, as demonstrated by the values in parentheses in Table 11.

Unlike other studies, this study did not show a consistent linear decrease in mean

episodes of diarrhea by increasing age. In 1995, young children (4-9 years) experienced

fewer episodes than older children (over 10 years), although this difference was not

statistically significant. In 1996, this trend was reversed, with older children experiencing

significantly fewer diarrheal episodes, as would be expected from the literature. In

looking at the difference in 1996, however, it appears that the older age group's lower

rate was primarily determined by the female portion of that sub-population, so that an

older age was significantly protective only for females.

Males showed no significant decline in number of episodes with increasing age. A

potential explanation is an increase in malnutrition in the older age groups. A study of

Indian school children by Chhabra and Wagh (1997) showed an increase in nutritional
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deficits with an increase in age for both males and females, in which food intake could

not keep pace with the requirements for rapid growth. In the study population, energy

requirements may not be met for older boys in particular, who participate regularly in

athletics, both formally and informally, but eat the same type and amount of food as other

children. More research would be needed to evaluate this hypothesis.

Differences by Home or Home Group

Although there were no significant differences in average number of episodes per

child by home, three homes showed consistently high episode means: Homes 2, 13, and

27. In addition, these three homes accounted for 19 and 22 percent of the sickest children

in 1995 and 1996, respectively. Thirty-seven percent (n=14) of the children who were

among the sickest 10% in both years resided in one of these three homes.

These data suggest that certain characteristics of the children who live in these

homes, of the home parents’ practices, or of the homes themselves, contribute to elevated

episode rates. Reinfection with diarrheal agents may be occurring on a frequent basis due

to poor individual hygiene practices; poor environmental hygiene; inadequate food

storage or preparation; contaminated water supplies; chronic carrier states in individuals

in the home; and/or immunocompromised health states in certain individuals.

Alternatively, these children may have non-infectious, chronic health conditions that

manifest as recurrent diarrhea (e.g., tropical sprue). These homes in particular warrant
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further investigation to determine potential etiologic agents and identify appropriate RAFº

interventions. __
There were no significant differences between diarrheal episode means when analyzed * sº

S. &

by home group. As expected, the group of homes farthest from the Dispensary had

consistently lower episode rates than other groups. This is most likely a function of the

distance from the Dispensary, since children who live up to 45 minutes away would be less

likely to report to the Dispensary for treatment, and more likely to seek help from house

parents, who keep small first aid boxes that contain anti-diarrheal medications.

Surprisingly, the larger homes did not have higher episode rates than the smaller

homes. According to other studies, increased household size and crowding contributes to

a linear increase in diarrheal episodes (Karrar & Rahim, 1995; Manun'ebo et al., 1994).

These data do not support that finding. However, all of the homes studied had more than

ten individuals. This suggests that there may be a threshold beyond which increased

numbers of individuals do not contribute significantly to increased episodes of diarrhea, or

that the sizes of the homes in this study are not disparate enough to see a significant

difference in rates.

Seasonality 72–

Clearly, the differences in episode rates between 1995 and 1996 were heavily influenced
-

*.
º,

by climate. No other factors have been identified that could have influenced the º
4

difference apparent within or between these two years. The difference in overall episode º
*º'■ Cº.
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rates and those for monsoon season may be attributable to the fact that 1995 had the

heaviest monsoon rains in 100 years, increasing the mud and hence dirt on children, and

promoting fecal contamination of water supplies (T. Tsering, personal communication,

May 1998).

In 1995, there was also a peak in May, when the weather grows hotter. A hot season

peak is typical in Indian studies of diarrheal illnesses (Bhan et al., 1989; Feldman, Kamath,

Sundar Rao, & Webb, 1969; Kamath et al., 1969), as a result of increased food spoilage

and bacterial growth during the warmer months. The lack of a hot season peak in 1996

seems less typical, and remains unexplained in this data set.

Dispensary records were checked for outbreaks of other diseases that might explain

the episode peak in May 1995, but no such outbreaks were found. With the exception of

diarrhea, disease patterns for May 1995 and 1996 were similar. In addition, no other

significant events, such as delivery of new refrigerators or water treatment devices, have

been identified that could decrease episodes in the hot season of 1996. Temperature data

for that period are not available, but a cooler-than-normal May in 1996 could have

produced these results.

Children at Increased Risk for Diarrhea

The high degree of within-child clustering suggests that while diarrheal illnesses are

not a significant health risk for the majority of the population, a certain subset of the

population carries an unusually large portion of the diarrheal disease burden. However,
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most of these children appear to recover and do not continue to get sick from year to year.

There are no clear trends in these data that would aid in identifying risk factors for these

children, with the exception of gender. Males were again at increased risk, with an even

higher relative risk (1.81) than their risk for incidence or multiple episodes of diarrhea.

The 37 subjects who were among the sickest 10 percent in both years of study

represent the subset of children at greatest risk for continuing health problems related to

their diarrhea. In these children, there was no significant difference by gender or age.

Again, Homes 2, 13, and 27 accounted for 37% of these children, so that there may be

Some correlation between living conditions (e.g., sanitation, housemates who are carriers

of diarrheal agents) and chronic diarrhea. This was not assessed statistically because of

the small percentage of cases in individual homes.

There are numerous potential explanations. These children may have had chronic,

untreated parasitic infections (e.g., Giardia lamblia or Entamoeba histolytica); comorbid

conditions that predisposed them to diarrhea (e.g. tuberculosis, hepatitis B, HIV) through

immunocompromise; or they may have had acute diarrheal episodes that resulted in

damage to their intestinal mucosa that was not repaired due to nutritional deficits or

continuing infection. Alternatively, they may have represented newly arrived children,

who were at increased risk of diarrhea due to a lack of immunity to indigenous diarrheal

agents. Further assessment of these children would be beneficial in individualizing

interventions to control their diarrheal illnesses.

---

Z/C
yº

■ º a■
---

-

g %s
º

--
7.7\■

º** º !

*
J

/

93



* ******
***
*** **
re-ºs-- ****

**** * tº
** ***. *

f ---** ****

tº- -, * *
*º-rººrºº

ºn-º-º-º-º:

!---
cº º
<---->
---,
-º-º- .



Limitations

There were significant limitations in the collection of data for this study that have a

bearing on the results. In most instances, these limitations would tend to underestimate

the episode rates, so that actual diarrheal episode rates may be higher than those reported.

First, this study reports data from a retrospective cohort, in which diarrhea was

determined by self-report. As a result, it was necessary to assume that Dispensary and

Home records were complete and accurate; that children reported having diarrhea only

when this was the case, and every time this was the case; and that children’s individual

definitions of diarrhea were consistent with the accepted definition.

From informal and formal interviewing of children, it is apparent that not all episodes

of diarrhea are reported to the Dispensary. However, there is no information available on

what percentage of episodes may have gone unreported during the study period. As a

result, episode rates presented here are most likely lower than actual rates, by some

unknown amount. As discussed previously, underreporting may also be biased by gender,

so that rates for girls may appear significantly lower than those for boys when this is not

the case.

Informal questioning of children about their diarrhea indicated that their definition

was consistent with the standard definition for older children and adults. No bias in the

data is expected as a result of differences in definitions of diarrhea. This is consistent with

the findings of Bern et al. (1992) in their review of published studies, in which different

definitions had no discernible effect on episode rates.
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Second, data were available for only nine months of each year because children have a jº º 1,* *

long winter holiday, and many leave the campus. In order to compare results with other __

studies, it was necessary to adjust calculated nine-month rates to annual rates. In order to

do this, it was assumed that episode rates for the three missing months of the year were

similar to the episode rates recorded during the cold season months for which data were

collected. While this assumption seems reasonable, there is no objective way to assess its

accuracy.

Third, it was not possible to track each individual to determine actual amount of time

at risk during the study period. As an alternative, all subjects were assumed to be at risk

for the full study period. This makes calculation of a true incidence rate impossible, but

provides a conservative estimate of both incidence and episode rates.

Fourth, the similarity between names of subjects made it impossible to track subjects

by any variable except home number. When children changed homes, they were recorded

as two separate cases, since it was not possible to cross-check in any other way.

According to THF staff, however, few children change homes, except when older boys

and girls move into the hostels. The double-counting of a small percentage of the

population is not expected to have a significant effect on the results. In general, it inflates

the number of subjects, thus decreasing the episode rate per person while increasing the

incidence rate.

Fifth, age data were missing for approximately 17% of the population. Because most

of these individuals experienced zero to one episode of diarrhea in each year, they would

decrease the calculated episode rates by age group if they could be included. Therefore, it
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is not legitimate to compare episode rates by age group from this study with other studies,

because the rates are artificially inflated. It is possible to compare the age groups within

this study itself, assuming that the distribution of missing ages would be similar to the

distribution of available ages, so that episode rates would be affected proportionally.

It is also difficult to compare ages in this study with other studies because Tibetans

are not consistent in their reporting of age. Few Tibetans know their birth date or year,

and many add one to two years onto their true ages. However, this practice is not

consistent. It is impossible to ascertain specific ages for most children, so that comparison

of a nine-year-old Tibetan child to a nine-year-old Indian child may not be appropriate.

The use of age groupings in the data attempts to reduce these variations.

Almost all of the children in the study population are necessarily over the age of five

years, since children under five are not accepted as residents at THF. As a result, it is not

possible to compare the diarrheal episode rates reported in this study with rates in

younger Tibetan children. The presumption is that rates for under-fives would be higher,

but this should be confirmed by studies of younger Tibetan children living in India and

Nepal.

Finally, there are numerous risk factors that were not assessed in this study but may

have a significant effect on risk for diarrhea in this population. Individual and

environmental hygiene practices, nutritional status, comorbid conditions, and date of

arrival from Tibet would be important variables to assess to complete the picture for

diarrheal risk in this population. The differences seen in diarrheal rates between genders

|
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may be explained by one or more of these variables, or others that have not been identified

in previous studies.

Implications for Patient Care

Overall, the data indicate that most children suffer two or fewer acute episodes of

diarrhea per year. Treatment with antimicrobials is most likely unwarranted in the

majority of these cases. Supportive therapy, including oral rehydration fluids and

continued eating, are probably the most effective and cost-efficient methods of treatment.

Only in the few cases of severe watery diarrhea or bloody diarrhea should antibiotics be

administered, according to WHO guidelines. Chronic cases should be evaluated for

underlying diseases or predisposing conditions, and stool samples should be taken from

these cases for evaluation of potential etiologic agents that have not been eradicated with

previously administered antimicrobial therapies.

Future Research

A prospective study of diarrheal illnesses would provide a more accurate picture of

diarrheal disease in this community. Further studies should include the additional risk

factors mentioned above, including personal hygiene practices; environmental hygiene;

comorbid conditions; and date of arrival from Tibet. Perhaps more importantly, however,

study should be focused on the subset of the population experiencing repeated episodes of
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diarrhea. Research on etiologies, risk factors, and health outcomes for recurrent diarrhea º

R^

in this population would help decision-makers allocate scarce health care resources. Very --- }
little, if any, published research has addressed the long-term consequences of recurrent 2, s

sº
diarrhea in populations above five years. From the present study, it is apparent that a

Small subset of this population carries a large portion of the diarrheal disease burden.

These children may be at increased risk for malnutrition; stunting of physical growth;

and/or developmental delays that would leave them less able to survive and succeed in any

already difficult environment.
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UNIVERSITY OF CALIFORNIA. SAN FRANCISCO
CONSENT TO CONDUCT RESEARCH

Incidence and Distribution of Diarrheal Illnesses and
Related Hygiene Practices among Children in a Tibetan
Refugee Settlement in Northern India

A. PURPOSE AND BACKGROUND

D'Arcy Richardson, R.N. and her academic advisor. Mary White, Ph.D., are conducting a
research study to describe the incidence and distribution of diarrheal illnesses among children
living at the Tibetan Homes Foundation (THF) settlement and to assess current diarrhea and
hygiene practices in a sample of these children. The methods that will be used include a medical
record review, interviews with 400 randomly selected children and 10 key informants, and
observations of hygiene practices in several homes and schools. We would like your consent to
conduct the study, and to interview the children regarding hygiene.

B. PROCEDURES

For the first part of the study, I will examine THF records for a two-year period. The primary
source of information will be daily records of visits to the Dispensary, with additionai information
obtained from a review of THF administrative office records.

For the second part of the study, I would like to interview children regarding their daily practices
related to eating, drinking, washing, and using the toilet. If you agree to allow the children
participate in the study, the following will occur:

1. Children will be contacted in their homes or hostels to ask if they wish to participate in the
study. They will be given an option to be interviewed in Tibetan language if they choose to
participate. It will be made clear to them that participation is voluntary: they will have the
opportunity to decline to participate at any time without any negative consequences.

2 I and one of the Dispensary staff will ask them questions about their habits. The interview will
last no more than 15 minutes.

3. I will make some observations of children’s habits to assess the accuracy of the information I
have obtained during interviews. I will obtain permission to make observations from the
house parents or managers of the home or school in which I am making observations.

C. RISKS/DISCOMFORTS

1. Participation in research will involve a loss of privacy; however, the children's records will be
handled as confidentially as possible. To protect their confidentiality, data on individual
children will be assigned a unique code number to be used in data analysis and written reports.
No individual identities will be used in any reports or publications that result from this study.
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2. Children may feel uncomfortable participating in interviews or answering certain questions
about hygiene practices. They will be informed in Tibetan language that they have the right to
refuse to participate at any time, or to answer particular questions. without the fear of
negative consequences. Interviews with children will take place in the child's home or another
location in which the child feels comfortable. Children will be offered the opportunity to have
a house parent present at the interview if they so desire.

3. Children may experience difficulty in understanding information about the study or interview
questions if they are not fluent in English. All participants, both children and adults, will be
offered the option of being interviewed in Tibetan language with a Tibetan health worker, or
having a Tibetan health worker present to clarify anything that is unclear to them in English.

D. BENEFITS

There will be no direct, immediate benefits to participants. The information obtained from the
study will form the basis for future work to identify risk factors for diarrheal illnesses in this
settlement. In the future, this information could contribute to significant reduction in the
morbidity associated with diarrheal illnesses in this community in particular and in similar Tibetan
settlements, leading to an improved quality of life for Tibetan children in exile.

E. COSTS

There will be no costs to you or the children as a result of taking part in this study.

F. PAYMENT

There will be no payment for participation in this study. Children who take part in interviews will
be presented with a certificate of thanks for participating in the study.

G. QUESTIONS

You have talked to D'Arcy Richardson about this study and have had your questions answered.
If you have further questions, you may contact her at Home #27 or in the United States at
510/704-0402, fax 510/548-5063: or Dr. Mary White in the United States at 41.5/476-5213, fax
415/476-6042.

If you have any comments or concerns about participation in this study, you should first talk with
the researchers. If for some reason you do not wish to do this. you may contact the Committee
on Human Research, which is concerned with the protection of volunteers in research projects.
You may reach the Committee office between 8 am and 5 pm (California time), Monday through
Friday, by calling 41.5/476-1814, or by writing: Committee on Human Research. Box 0962.
University of California—San Francisco. San Francisco. CA 94143.
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H. CONSENT

You will be given a copy of this consent form to keep.

PARTICIPATION IN THIS RESEARCH IS VOLUNTARY. You are free to decline to
participate in this study, on behalf of the children, or to withdraw you approval at any point.
Your decision as to whether or not to allow them to participate will have no influence on your
relationship with the University of California, San Francisco, or the researchers.

If you agree to allow the children to participate, you should sign below.

Æ f I %
Date ( & ■ a T- / * 9– Signature of Children's Guardian

/4 ■ º /??? 2%. %2 zºº,s:
Date Signature of Researcher Obj■ ining Consent
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Appendix B

DATA COLLECTION FORM #1

Record #:

Name: School: [] CST
[] THS

Gender: [] M [] VTC
D F Arrival Date: __/__/__

d d m m y y
Age:

Home #: D 1 DJ 19 D SOS1 (31) D GH (42)
[] 2 [] 20 D SOS2(32) D BH (43)
[] 3 [] 21 D SOS3 (33) D VTC (44)
D 4 D 22 D SOS4(34) [] Other
[] 5 [] 23 D SOS5 (35)
D 6 D 24 D SOS6 (36)
D 7 DJ 25 D SOS7 (37)
[] 8 D 26 D SOS8 (38)
[] 9 D 27 D SOS9 (39)
[] 10 [] 28 D SOS10 (40)
[] 11 [] 29 D SOS11 (41)
D 12
[] 13
[] 14
D 15
D. 16
[] 17
DJ 18

Visits to clinic for treatment of diarrhea:

DATE

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

ADMIT

D Y
[] Y
D Y
[] Y
[] Y
[] Y
[] Y
DJ Y
[] Y
[] Y
DJ Y
DJ Y
D Y
[] Y
[] Y

DJ N
[] N
[I] N
[I] N
[] N
[I] N
[I] N
[I] N
[I] N
[I] N
[I] N
[I] N
[] N
[I] N
[I] N

DX TX GIVEN

[] Metro D Tinid D. Furam D. Furaz
[] Metro [] Tinid [] Furam [a] Furaz
[] Metro D Tinid D. Furam D. Furaz
D Metro D. Tinid D. Furam D. Furaz
D Metro D. Tinid D. Furam D. Furaz
D Metro D. Tinid D. Furam D. Furaz
D Metro D. Tinid D. Furam D. Furaz
[] Metro D Tinid D. Furam D. Furaz
D Metro D Tinid D. Furam D. Furaz
D Metro D. Tinid D. Furam D. Furaz
D Metro D Tinid D. Furam D. Furaz
D Metro D Tinid D. Furam D. Furaz
[] Metro [a] Tinid D. Furam [...] Furaz
D Metro D Tinid D. Furam D. Furaz
D Metro D Tinid D. Furam D. Furaz
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