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SEQIJELAE OF STREPTOCOCCAL INFECTION are important
public health problems in the developing countries of
the world (1-3). Of these well-recognized diseases,
rhetumatic heart disease is of particular concern for
both medical and financial reasons. Because of this
concern and because rheumatic heart disease is po-
tentially preventable, much emphasis is placed on pri-
mary prevention.
Most Alaskan Eskimos live in regions that are similar

in many respects to a developing country. The lifestyle
of the people in these areas is predominantly one of
subsistence. Roughly 80 percent of these Eskimos live
in small, isolated villages along the coast of the Bering
Sea and inland along the western rivers. Because there
a: e few physicians in these villages, community health
aides have been trained to provide primary health care
to the villagers. As substitute physicians, the com-
munity health aides emphasize clinical care, health
education, and prevention.
During a 15-year period ending in the early 1970s,

an average of 30 cases of acute rheumatic fever were
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diagnosed each year for Alaskan Natives. For patients
aged 5-19 years who met the revised Jones criteria,
the overall average annual rate for Eskimos in this age
group living along the western coast was 84 per 100,000
population. Because treatment of each case of rheu-
matic heart disease was estimated (in 1971 dollars) to
cost the health-care system between $50,000 to $75,000
on the average, prevention efforts seem to be the most
cost-effective approach (data from Kenneth J. Flesh-
man, MD, Chief of Pediatrics, Alaska Area Native
Health Service).
To deal with the problem of rheumatic heart disease,

a streptococcal control and prevention program for
Eskimo children in western Alaska was established in
1971 by the Center for Disease Control, the Alaska
Area Native Health Service, and the Alaska Federa-
tion of Natives. The program was in effect for 5 years,
from 1971 to 1976. Various aspects of this program
were reported earlier (4-6). The purpose of the pro-
gram was to control streptococcal infection, prevent
its spread, and obtain additional information on the
epidemiology of streptococcal disease. One aspect of the
program was an investigation of the association be-
tween a number of possible risk factors and the preva-
lence of streptococci among Eskimo children.

Methods
For purposes of political, social, and medical admin-
istration, Eskimo villages in western Alaska are divided
into three geographic regions: Norton Sound, Yukon-
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Table 1. Population of children in study villages of each
region

Number of children
per age group (years)

Village 3-8 7-9 10-12 13-18 Total

Norton Sound:
St. Michael ........... 5 17 18 9 49
Stebbins ............. 18 18 20 10 66
Unalakleet ............. 21 37 45 28 131

Yukon-Kuskokwim:
Atmautluak ........... 3 16 13 7 39
Kasigluk ............. 7 26 29 11 73
Nunapitchuk .......... 24 29 22 30 105

Bristol Bay:
Manokotak ........... 22 29 23 11 85
Togiak ............... 28 39 32 38 137
Twin Hills ............ 0 9 7 5 21

Kuskokwim, and Bristol Bay. Three villages from each
of these regions were chosen for the control and pre-

vention project. Each is characteristic of its geographic
region, and each has had reported cases of rheumatic
fever. In these villages, 1,099 children were 3-18 years
(the age group considered to be at highest risk for
rheumatic fever).

Since earlier investigators (6) found that the preva-
lence of streptococci in years 2-5 of the study was
similar but different from the prevalence in year 1
(indicating that the program began to reach full ef-
fectiveness by year 2), our focus in this report is on

the effect of risk factors observed in year 1 on the
prevalence of streptococci in year 2. The data collected
for 706 children aged 3-18 years with complete records
from years 1 and 2 were considered for further analysis.
Table 1 shows the age distribution of these children
by village and region.

Data were collected by means of long-term surveil-
lance techniques, similar to those tried in the Rocky
Mountains of the United States (7,8). Community
health aides collected swabs for throat cultures from
each patient who was seen in the clinic and had symp-
toms of streptococcal pharyngitis. In addition, children
from each village were divided into four groups simi-
larly distributed by sex and grade in school. Children
from the same family were placed in different groups if
possible. While school was in session, the health aides
collected specimens for cultures from members of one
of the four groups of children each week. These speci-
mens were collected without regard to symptoms so
that every child would have had a specimen taken for
throat culture at least once every 4 weeks. Asympto-
matic children were not under surveillance during the
summer when school was not in session.

Throat swabs were placed in silica gel and mailed
to central laboratories in Anchorage or Bethel for
processing. Beta hemolytic streptococci grown in pour
plates were grouped by bacitracin sensitivity and
Lancefield precipitation methods. Group A isolates
were typed by T-agglutination and M-precipitation
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methods (9). Each week the laboratory reported posi-
tive results to the community health aide by telephone,
radio, or teletype. Children with group A streptococci
were treated with benzathine penicillin. When an im-
portant epidemic trend within a village was apparent,
all the children included in the program were placed
on a prophylactic regimen of benzathine penicillin
(10).
The investigation of the effect of several important

and identifiable risk factors on the prevalance of strep-
tococci was accompanied by an analysis of information
obtained during the 2 consecutive years of the study
(1971-72). Data collected by year included age and
sex of each child, number of children in each house-
hold, proportion of throat cultures positive for strep-
tococcal organisms, and the health-aides' rating. Health
aides from each village were rated by a team of
physicians and nurses who taught the aides how to
conduct the program and who visited periodically to
monitor performance or investigate epidemics. The
ratings were based on the health aide's overall perform-
ance in effectively promoting good hygiene, providing
general health care, and managing daily specimen
culturing and treatment activities. Special attention was
given to the aide's management of the program, that is,
his or her expediency in handling the throat swabs
(minimizing the time required between taking of
swab and mailing) and his or her expediency in ad-
ministering treatment to children with confirmed posi-
tive cultures.
We used a multiple-regression model (11,12) to

examine the data on the 706 children selected for
analysis. Using the rate of positive throat cultures
(colonization rate) during the second year for each
child as the dependent variable, we considered the
effects of six independent variables or factors: age, sex,
number of children in household, region, health-aide
rating, and colonization rate for each child the first
year. Each factor was subdivided into classes of investi-
gative interest and partitioned so that each class con-
tained a meaningful number of observations. The
classes then were expressed by means of categorical
variables in the multiple-regression model.

Results of the regression analysis were used to obtain
adjusted colonization rates for each category or class
of every factor (13). Adjusted rates provided a stand-
ardized colonization ratio, which measured the risk of
being in a particular class of a given factor, while the
effects of all other specified factors were held constant.
The standardized colonization ratio for a given factor
and class was defined as the percentage of the corre-
sponding adjusted rates to the overall crude coloniza-
tion rate.

Results
In examining the effects of the six previously men-
tioned independent or explanatory variables, we found
that age, health-aide rating, previous colonization rate,
and health-care region were significantly associated
with streptococcal colonization.

Table 2 shows the distribution of Eskimo children in
the first year of the project with regard to the six risk
factors selected, along with corresponding crude rates
of streptococcal colonization for each class of each
factor calculated for the second year. Of the 706 chil-
dren studied, 353 had streptococcal organisms in at
least 1 throat culture the second year, which indicates
an overall crude colonization rate of 50 percent. An
examination of crude rates per 100 children for the
independent risk factors showed that age produces the
most extreme variation-ranging from 32.9 for the age
group 13-18 years to 62.5 for the age group 3-6
years. On the other hand, crude colonization rates for
Eskimo boys and girls differed by only 1.4 percent, in-
dicating only a small variation by sex.

Table 2 also shows adjusted rates of streptococcal
colonization obtained from the regression analysis. The
factors having the greatest significance or the greatest
association with colonization rate in the second year
were age, health-aide rating, and colonization rate the
first year (P < 0.01), and of lesser significance, health-
care region (P < 0.05). Note that the adjusted rates
decrease with improved ratings of the health aide, as
might be expected. Children who received care from
health aides who were rated above average had an
adjusted rate 31 percent lower than that for children
cared for by aides who were rated below average.

Finally, table 2 shows the standardized colonization
ratio for each class of a given factor, that is, an esti-
mate of the percentage of overall risk that we would
expect if every child in our population were in the
same class of a given factor and the effect of the
other risk factors were removed. The largest stand-
ardized colonization ratio was 122 percent for children
3-6 years old, and the smallest was 67 percent for
children 13-18 years old.

Discussion
A binary variable multiple-regression model was used
to assess the effect of several risk factors related to
streptococcal colonization in a population of Alaskan
Eskimos with a high annual incidence of acute rheu-
matic fever. The adequacy of the model for these data
and its simplicity of computation and interpretation
of results have made it the method of choice here over
other more theoretically appealing but complicated
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models such as the multiple logistic one. Analysis by
the multiple logistic model resulted in conclusions
similar to those we have presented.
Our analysis indicates that four of the six independ-

ent risk factors contributed significantly to the pre-
valence of streptococcal colonization. There was a defi-
nite association between age and colonization, a rela-
tionship observed by other investigators (14).

Another factor strongly associated with colonization
was the rating of community health aides. This asso-
ciation indicates the importance of good health care
in controlling the spread of streptococcal organisms.
Attributes associated with an above-average health-aide
score included the expedient and careful handling of
collected throat swabs and the efficient and effective
administering of treatment to children found to have
positive cultures. This health-aide rating reflects not
only the health-aides' ability to do their daily job of
promoting good hygiene and providing good medical
care, but also their efficiency in minimizing the time
between throat swabbing and treatment of children
with positive results. Consequently, proper selection
and training of health aides is crucial in a region
where highly trained medical personnel are not imme-
diately available. Standardized colonization ratios cor-
responding to health-aide ratings (table 2) indicate

that the overall rate of streptococcal colonization might
be reduced 25 percent if all villagers could receive
above-average health-aide care.
The colonization rate for the first year had a highly

significant association with later streptococcal coloniza-
tion. This finding indicates that the same children
tended to have positive throat cultures in both years.
One final factor somewhat less significantly asso-

ciated was health-care region. The relationship of
health-care region to streptococcal colonization may
indicate the importance of geographic distribution of
streptococcal organisms in this remote area of Alaska.
This relationship could also reflect delays in processing
cultures or reporting positive results as a result of the
variables of transportation and communication in dif-
ferent regions.
The other two risk factors, sex and number of chil-

dren in the household, were not significantly related
to streptococcal colonization. Other investigators (15,
16) have reported similar findings with regard to sex.
The conclusion that number of children in the house-
hold was not associated with streptococcal colonization
agrees with similar findings reported from Ethiopia
(16) regarding overcrowding in the home. Yazov and
associates (16) observed that many Ethiopians live in
well-ventilated huts and spend most of their day in the

Table 2. Distribution of children, second-year crude and adjusted rates of streptococcal colonization per 100 children, and
corresponding standardized colonization ratios for various risk factors

Percent of total Standardized
Number of number of Crude Adjusted colonization

Factor children children rate rate ratio (percent)

Overall .706 100.0 50.0 ... 100
Age group (years): 1

3-6 . .128 18.1 62.5 60.9 122
7-9 . .220 31.2 57.7 57.3 115
10-12 . .209 29.6 46.4 47.3 95
13-18 . .149 21.1 32.9 33.6 67

Sex:
Male . .359 50.8 49.3 48.7 97
Female . .347 49.2 50.7 51.3 103

Number children in household:
1 . .69 9.8 43.5 47.6 95
2-3 . .289 40.9 46.0 46.6 93
> 4 . .348 49.3 54.6 53.3 107

Health-care region: 2
Norton Sound . .246 34.8 45.1 . 43.8 88
Yukon-Kuskokwim . .217 30.7 51.2 57.1 114
Bristol Bay . .243 34.5 53.9 49.9 100

Health-aide rating: 1
Below average . .310 43.9 55.5 54.6 109
Average . .302 42.8 47.7 49.1 98
Above average . .94 13.3 39.4 37.6 75

Colonization in first year: 1
No . .288 40.8 41.7 42.8 86
Yes . .418 59.2 55.7 55.0 110

I Chi-square test on adjusted rates yields P < 0.01. 2 Chi-square yields P < 0.05.
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open air. On the other hand, Eskimos spend long pe-
riods indoors in an overcrowded environment at home,
at school, and at other community gathering places.
Additional children in the home contributed little to
the almost universal overcrowding and hence did not
appear to affect the risk of streptococcal colonization.
One final and yet highly important application of

our multiple-regression model is in describing the con-
ditions under which a child is at greatest risk of being
colonized by streptococci. Children at the greatest risk
were in the age group 3-6 years, had a history of
streptococcal colonization, and lived in a village re-
ceiving below-average health-aide care in the Yukon-
Kuskokwim health care region. Risk of colonization
for such a child was 82 percent. An- estimate of risk
such as this can be particularly useful in planning for
effective and economical disease prevention and control.
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The epidemiology of streptococcal
disease affecting 706 Alaskan Eskimo
children was investigated by analysis
of data on throat cultures obtained
during a long-term surveillance pro-

gram begun in 1971. A binary vari-
able multiple-regression model was
used to study the association be-
tween streptococcal colonization of
these children and six potential risk
factors: age, sex, number of children
in household, region, health-aide rat-
ing, and colonization rate for each
child the previous year. Factors
found to be significantly associated
with streptococcal colonization in-
cluded age, past colonization, com-
petence of local health-aide in pro-
viding care, and health-care region.
Age varied most in the standardized

colonization ratio (percentage of cor-
responding adjusted rate to overall
crude colonization rate), ranging from
122 percent for children 3-6 years
old to 67 percent for children 13-18
years old.
The number of children in over-

crowded homes and a child's sex
were not apparently important. The
method of analysis can be used to
provide health-care planners with a
simple means of identifying potenti-
ally important areas of concern for
planning effective and economical
health-care strategy.

464 Public Health Reports


