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Lack of Piped Water and Sewage Services is Associated with Pediatric
Lower Respiratory Tract Infection in Alaska

BRADFORD D. GESSNER, MD, MPH

bjectives To determine the association between the high incidence of lower respiratory tract infection (LRI) documented
mong young Alaskan children and the absence of modern water service (in-home piped water/septic system or water delivered
y closed haul truck) found commonly in rural Alaskan communities.

tudy design A community-level analysis was performed of all 108 Alaskan communities with at least 15 children <2 years
f age enrolled in Medicaid during 1998-2003. Community LRI incidence rates were determined from a Medicaid database
ith standard LRI billing codes. Potentially confounding community-level demographic variables were obtained, as was
vailability of water service.

esults During linear regression analysis, the percentage of households with modern water service in a community predicted
ommunity-level outpatient (beta � �0.53; P < .001) and inpatient (beta � �0.15; P � .088) LRI incidence rates when
ontrolling for the degree of household crowding, unemployment, adult education, tobacco cigarette use, wood stove use, and
overty. Modest improvements in water service delivery were not shown to be associated with changes in LRI burden.

onclusions Lack of modern water service in Alaska is associated with high pediatric LRI incidence. These communities should
eceive modern water service, but this intervention alone may not dramatically reduce LRI burden. (J Pediatr 2008;152:666-70)

laska Native people in Southwest Alaska have among the highest lower respiratory infection incidence rates ever
reported, mainly because of bronchiolitis.1-3 Reasons for this increase in risk are not well described. One possibility is
that lack of clean water and wastewater disposal systems contribute to risk by making handwashing more difficult and

hus less likely. Many small, rural, primarily Alaska Native communities lack any piped water and wastewater disposal services,
nd entire regions have service rates that remain below national standards. This evaluation examined the effect of modern
ater service on pediatric lower respiratory tract infection (LRI) incidence rates by community among Medicaid-enrolled
laskan children age �2 years.

METHODS

ealthcare in Alaska
During the study period, health care services in Alaska were delivered through a

ariety of private, public, nonprofit, Native Corporation, and Indian Health Service
ntities. Alaska Native people constituted the state’s largest racial minority and predom-
nant rural residents and usually received services through Native Corporation and Indian

ealth Service facilities. Care in most small villages was provided at clinics staffed by
ommunity Health Aides, with support provided by physicians based at regional centers.
or Medicaid-enrolled persons, all in-state facilities billed Medicaid regardless of where
specific individual obtained care. During 1999-2000, approximately 94% of Alaska
ative infants were enrolled in Medicaid at some point during their first 2 years of life

ersus 46% of non-Native infants.

ata Sources
The Alaska Division of Medical Assistance provided a master file that consisted of

ata for all persons younger than 2 years of age and enrolled in Medicaid from October

CD-9 International Classification of Diseases, 9th LRI Lower respiratory tract infection
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, 1998, through June 30, 2003.4 The master file was then
inked to an outcomes data file containing all provider, inpa-
ient facility, and outpatient clinic approved billing claims for
nternational Classification of Diseases, 9th Revision
ICD-9) codes 466 (acute bronchitis and bronchiolitis), 480-
87.1 (pneumonia and influenza with pneumonia), 490
bronchitis not specified as acute or chronic), and 510-511
empyema and pleurisy). LRI was defined as an approved
illing for any of these codes. Of the total number of LRI
npatient events, 63% (928 of 1475) were due to acute bron-
hiolitis (ICD-9 code, 466.1) or pneumonia caused by respi-
atory syncytial virus (ICD-9 code 480.1), as were 50% (5186
f 10,401) of outpatient LRI events. The master Medicaid
nrollment file was linked to a birth certificate database to
llow evaluation of birth-related risk factors.

To determine community-level outpatient and inpa-
ient LRI incidence rates, all children born from October 1,
998, through June 30, 2001, were followed up through the
edicaid database from birth through 2 years of age. Inci-

ence rates were then calculated for each community by
umming the number of events and dividing by the sum of the
umber of days of follow-up (not all children were enrolled
ontinuously during a given year). Rates were calculated only
or communities that had at least 15 children enrolled in Med-
caid during the study period to eliminate instances where small
umbers of events dramatically altered community-level values.

file was created with 1 record for each community, and that
ncluded outpatient and inpatient LRI incidence rates. This file
hen was linked to a file of community-level census variables
rovided by the Alaska Department of Labor.

Based on input from the US Centers for Disease Con-
rol and Prevention, Arctic Investigations Program, the cur-
ent evaluation tested the hypothesis that the presence of
odern water services in a community predicts respiratory

ract infection risk. For each Alaskan community, the
laska Department of Environmental Conservation pro-

ided data from a survey conducted during 1999, 2001,
002, 2003, and 2005 on the proportion of households
ith modern water service. Modern water service included
iped water delivery and septic removal from a municipal
ource, on-site well and septic tank with a drain field, or
ater delivery and septic tank evacuation by covered haul
ehicles. For most communities, this proportion did not
hange during 1999 to 2005, and thus 2005 data were used.
wenty of the final 108 communities included in analysis

xperienced increases of at least 10% in the proportion of
ouses with modern water service during 2001 or 2002. For
hese communities, LRI incidences rates were calculated
or the period up to the year that water service coverage
hanged.

nalysis
Linear regression models were created that allowed an

valuation of the independent effect of community water
ervice on LRI incidence when controlling for potential con-

ounding variables. Census variables entered into the model m

ack of Piped Water and Sewage Services is Associated with Pediatric L
ncluded the proportion of residents that were Alaska Native
eople, the average number of children younger than age 3
ears per household, the proportion of residents below the
ederal poverty line, the proportion of adults age 16 years and
lder and in the labor force that were employed, the propor-
ion of adults age 25 years and older with less than 12 years of
ormal education, and the proportion of households using
ood fuel for heat. Additionally, the cumulative years of
edicaid enrollment among children in the community were

dded from the Medicaid database, and the proportion of
others in the community that used tobacco cigarettes pre-

atally was entered from the birth certificate database. Be-
ause of issues with multicollinearity, regression models did
ot include the average number of persons per household.
otential confounding variables were removed from the mod-
ls in a stepwise fashion on the basis of a P value �.05. All
nalyses were performed with SPSS version 13.0 statistical
oftware (SPSS Inc., Chicago, Ill).

RESULTS

escriptive Analysis
There were 263 Alaskan communities with at least 1

hild age �2 years enrolled in Medicaid during the study
eriod, of which 117 had at least 15 children enrolled during
he study period. Of these, 108 had information on water
ervice, and these communities formed the basis for all sub-
equent evaluations.

Among the 108 evaluated communities, the mean out-
atient LRI incidence rate was 56 per 100 child-years of
ollow-up (median, 42; standard deviation, 41; range, 0 to
53), and the mean inpatient LRI incidence rate was 11 per
00 child-years (median, 7.0; standard deviation, 11; range, 0
o 50). The mean percentage of homes that had modern water
ervice was 69% (median, 89%; standard deviation, 38%;
ange, 0 to 100%).

Communities with a low percentage of houses with
odern water service were not distributed randomly in the

tate. Twenty-one communities had less than 20% of homes
onnected to modern water service, and 6 had 20% to 39% of
omes connected. These 27 communities were located in just
of Alaska’s 24 census areas, all in the Western and Northern

egions. These 27 communities also were more likely to have
higher mean percentage of residents who were Alaska
ative people (94% vs 54%; P � .001) and living in poverty

26% vs 17%; P � .001) and a higher mean percentage of
dults with less than a twelfth-grade education (33% vs 19%;
� 001). They did not have a higher mean percentage of
aternal prenatal tobacco use (29% vs 31%; P � .72).

Higher inpatient and outpatient LRI incidence rates
lso tended to occur in communities with high proportions of
laska Native people, more poverty, and a less educated
opulation (Table). Inpatient and outpatient LRI incidence
ates decreased as modern water service increased (Figure). Of
he 27 communities with �40% of homes connected to

odern water service, the mean inpatient LRI incidence was

ower Respiratory Tract Infection in Alaska 667
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0 per 100 child-years compared with 8.5 per 100 child-years
or the remaining 81 communities (P � .001); the analogous
alues for mean outpatient LRI incidence were 91 and 45 per
00 child-years, respectively (P � .001).

ultivariate Analysis of Risk Factors
During linear regression analysis, predictor variables

hat remained in the final model for community-level outpa-
ient LRI incidence rate included the proportion of house-
olds with modern water service (� � �0.53; P � .001), the
roportion of adults with less than 12 years of education (� �
.46; P � .001), and the proportion of mothers of study
ubjects who used prenatal tobacco (� � �0.74; P � .001).
he final model contained an interaction term created as the
roduct of the water and tobacco use variables (P � .002). No
nteraction was noted between the other independent vari-
bles in the model. The r2 for the final model was 0.60.

Predictor variables that remained in the final model for
ommunity-level inpatient LRI incidence rate were identical
nd included the proportion of households with modern
ater service (� � �0.15; P � .088), the proportion of adults
ith less than 12 years of education (� � 0.57; P � .001), and

able. Community characteristics and community le
edicaid-enrolled children age <2 years; Alaska, 199

ommunity characteristic

Inpatient LRI incidenc
100 child-year

Yes (n � 32) No (n � 7

ean percent Alaska Native 93% 52%
ean percent living in poverty 25% 16%
ean percent of persons 25 years or
older with �12 years of education

34% 18%

ean percent of mothers reporting
prenatal tobacco use

19% 35%

igure. Incidence of community-level inpatient and outpatient LRI in chil
ith modern water service; Alaska, 1998-2003.
he proportion of mothers of study subjects who used prenatal r

68 Gessner
obacco (� � �0.36; P � .001). No interaction between
ariables was noted, and thus no interaction terms were en-
ered. The r2 for the final model was 0.54.

hanges in Modern Water Service and LRI Incidence
During 1999 versus 2002, the mean outpatient LRI

ncidence rates across all 108 villages were 46 versus 34 per
00 child-years, and inpatient LRI incidence rates were 15
ersus 4 per 100 child-years. Of communities with increases
n modern water service of at least 10%, 85% were located in

Western and Northern Alaska census areas. For the 54
tudy communities in these 5 census areas, univariate regres-
ion analysis showed that the percentage improvement from
999 to 2002 in the number of homes with modern water
ervice did not predict changes in outpatient (� � 0.10; P �
47) or inpatient (� � 0.22; P � .12) LRI incidence rates over
he same time period.

DISCUSSION
This study found a strong association between modern

ater services in a community and outpatient LRI incidence

incidence of inpatient and outpatient LRI among
003

5 per Outpatient LRI incidence >90 per
100 child-years

P value Yes (n � 30) No (n � 78)
Risk ratio (95%

confidence interval)

�.001 93% 53% �.001
�.001 26% 16% �.001
�.001 34% 19% �.001

�.001 17% 35% �.001

ounger than 2 years of age by percentage of households in community
vel
8–2

e >1
s

6)
dren y
ates among children �2 years of age; a weaker association
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xisted for inpatient LRI incidence. Children living in com-
unities with the lowest levels of modern water service had
RI incidence rates 3- to 4-fold higher than those found in
ommunities with the highest levels of modern water services.

any of the communities had LRI incidence rates substan-
ially higher than the 6.3 and 20.7 per 100 per year reported
or U.S. children age younger than 5 years.5 This high burden
f disease is compounded by the frequent long-term chronic
espiratory problems experienced by children who have had
evere LRI during early childhood.6,7 Although specific LRI
isease syndromes were not evaluated in this study, a recent
valuation of risk factors for avian influenza A (H5N1) in-
ection in Vietnam found an association between infection
nd lack of an indoor water source.8 This raises the possibility
hat lack of modern water services puts Alaskan populations at
ncreased risk of contributing to pandemic influenza spread.

The mechanism by which in-home water could de-
rease respiratory infection risk remains unknown, but the
ost likely explanation is that it increases the ease and thus

he frequency of handwashing. Two recent reviews found that
andwashing decreases the risk of respiratory tract infection;
owever, both evaluations noted the paucity of rigorous stud-

es.9,10 A more recent and methodologically sound random-
zed trial in Pakistan noted a protective effect of handwash-
ng, with households that received plain soap and
andwashing promotion reporting a 50% lower incidence of
neumonia compared with control subjects.11 The stronger
ssociation with outpatient than inpatient LRI incidence in
his study supports this hypothesis. Lack of handwashing is
ikely to increase the risk of acquiring an infection and pre-
enting to an outpatient clinic, and factors such as maternal
ducation, health care access, and background level of health
ay contribute more to determining whether an LRI, once

cquired, results in hospitalization.
The State of Alaska’s Department of Environmental

onservation, Indian Health Service, U.S. Environmental
rotection Agency, and Alaska’s Tribal Health Organizations
ave successfully increased the mean proportion of house-
olds in Alaskan communities with modern water service to
9%. Much work remains to be done, however. In 27 of the
08 evaluated communities, less than 40% of households had
ccess to modern water services.

Equally important as the continued low level of modern
ater service availability in many Alaskan communities is the
istribution of these communities. Mirroring what was found
or communities with high LRI burden, communities with
oor access to modern water service were located mainly in the
ural Western and Northern parts of the state, had predomi-
antly Alaska Native residents, and had more impoverished and

ess educated populations. In addition to modern water services,
hese same communities have had inadequate investment in
chools, transportation infrastructure, and job creation. Not un-
xpectedly, these communities have high rates of many diseases,
oth infectious12-14 and noninfectious.15,16

No relationship was identified between modest changes

ver time in modern water service delivery and LRI incidence,

r
P

ack of Piped Water and Sewage Services is Associated with Pediatric L
mphasizing the lack of a simple relationship between these
actors. Changes in LRI incidence over time may have been
ffected by temporal changes in the geographic distribution of
early influenza and respiratory syncytial virus epidemics,
hanges in risk factors such as day care attendance and breast
eeding, and changes in diagnostic and reporting biases, all
actors not available for this analysis. In addition to this
imitation, differences in reported outpatient LRI rates may
eflect interobserver variability in the diagnosis of lower re-
piratory tract disease, and differences in inpatient LRI rates
ay reflect differences in access to hospital care.

Finally, this analysis could not control for all potential
onfounding variables or even all available variables because of
ssues of multicollinearity. Consequently, the identified asso-
iation between LRI incidence and modern water service
vailability may not be causal. The strong and consistent
ssociation between inpatient or outpatient LRI incidence
nd adult education levels and maternal prenatal tobacco use
nderline the multifactorial nature of LRI risk. Although
eemingly paradoxical, the inverse association between prena-
al tobacco use and LRI risk likely reflects the practice among
obacco-using Western and Northern Alaska Native women
f switching from tobacco cigarettes to chewing tobacco dur-
ng pregnancy.17 Maternal use of chewing tobacco may cause
igh infant tobacco exposure either inadvertently through the
ractice of pre-chewing food or directly by giving tobacco to
he infant as a pacifier,17 with subsequent increased LRI risk,
articularly with bacterial organisms.18

All citizens in the United States have a basic right to
lean water and sewage, but this has not yet occurred. This
tudy found that a lack of modern water service in Alaska
redicted increased LRI risk among young children. A similar
ssociation might exist for other small, rural U.S. communi-
ies as well as other communities worldwide. Even though
odern water service availability may decrease LRI burden,

vailable data did not allow estimation of the expected long-
erm degree of improvement.

he author acknowledges Phillip Mitchell of the Alaska Bureau of
ital Statistics and Ingrid Zaruba of the Alaska Department of
abor for provision of data.

REFERENCES
. Holman RC, Curns AT, Cheek JE, Bresee JS, Singleton RJ, Carver K, et al.
espiratory syncytial virus hospitalizations among American Indian and Alaska Native

nfants and the general United States infant population. Pediatrics 2004;114:437-44.
. Karron RA, Singleton RJ, Bulkow L, Parkinson A, Kruse D, DeSmet I, et al.
evere respiratory syncytial virus disease in Alaska native children. RSV Alaska Study
roup. J Infect Dis 1999;180:41-9.

. Bulkow LR, Singleton RJ, Karron RA, Harrison LH; Alaska RSV Study Group.
isk factors for severe respiratory syncytial virus infection among Alaska native children.
ediatrics 2002;109:210-6.
. Gessner BD, Neeno T. Trends in asthma prevalence, hospitalization risk, and
nhaled corticosteroid use among Alaska Native and nonnative Medicaid recipients less
han 20 years of age. Ann All Asth Immunol 2005;94:372-9.
. Peck AJ, Holman RC, Curns AT, Lingappa JR, Cheek JE, Singleton RJ, et al.
ower respiratory tract infections among American Indian and Alaska Native children
nd the general population of U.S. Children. Pediatr Infect Dis J 2005;24:342-51.
. Redding G, Singleton R, Lewis T, Martinez P, Butler J, Stamey D, et al. Early

adiographic and clinical features associated with bronchiectasis in children. Pediatr
ulmonol 2004;37:1-8.

ower Respiratory Tract Infection in Alaska 669



7
S
a
8
i
9
r
1
s
1
E
3
1
T
d

1
i
J
1
e
i
1
1
1
F
1
F
d

6

. Singleton RJ, Redding GJ, Lewis TC, Martinez P, Bulkow L, Morray B, et al.
equelae of severe respiratory syncytial virus infection in infancy and early childhood
mong Alaska Native children. Pediatrics 2003;112:285-90.
. Dinh PN, Long HT, Tien NT, et al. Risk factors for human infection with avian
nfluenza A H5N1, Vietnam, 2004. Emerg Infect Dis 2006;12:1841-7.
. Fung IC, Cairncross S. Effectiveness of handwashing in preventing SARS: a
eview. Trop Med Int Health 2006;11:1749-58.
0. Rabie T, Curtis V. Handwashing and risk of respiratory infections: a quantitative
ystematic review. Trop Med Int Health 2006;11:258-67.
1. Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, et al.
ffect of handwashing on child health: a randomized controlled trial. Lancet 2005;
66:225-33.
2. Davidson M, Parkinson AJ, Bulkow LR, Fitzgerald MA, Peters HV, Parks DF.

he epidemiology of invasive pneumococcal disease in Alaska, 1986-1990—ethnic
ifferences and opportunities for prevention. J Infect Dis 1994;170:368-76.

1
n

70 Gessner
3. Ward JI, Lum MK, Hall DB, Silimperi DR, Bender TR. Invasive Haemophilus
nfluenzae type b disease in Alaska: background epidemiology for a vaccine efficacy trial.
Infect Dis 1986;153:17-26.
4. Harpaz R, McMahon BJ, Margolis HS, Shapiro CN, Havron D, Carpenter G,
t al. Elimination of new chronic hepatitis B virus infections: results of the Alaska
mmunization program. J Infect Dis 2000;181:413-8.
5. Gessner BD. Temporal trends and geographic patterns of teen suicide in Alaska,
979-93. Suicide Life Threat Behav 1997;27:264-73.
6. Egeland GM, Perham-Hester KA, Gessner BD, Ingle D, Berner J, Middaugh JP.
etal alcohol syndrome in Alaska, 1977-92. Am J Pub Health 1998;88:781-6.
7. Renner CC, Patten CA, Enoch C, Petraitis J, Offord KP, Angstman S, et al.
ocus groups of Y-K Delta Alaska Natives: attitudes toward tobacco use and tobacco
ependence interventions. Prev Med 2004;38:421-31.

8. Fainstein V, Musher DM. Bacterial adherence to pharyngeal cells in smokers,
onsmokers, and chronic bronchitics. Infect Immun 1979;26:178-82.

The Journal of Pediatrics • May 2008


	Lack of Piped Water and Sewage Services is Associated with Pediatric Lower Respiratory Tract Infection in Alaska
	METHODS
	Healthcare in Alaska
	Data Sources
	Analysis

	RESULTS
	Descriptive Analysis
	Multivariate Analysis of Risk Factors
	Changes in Modern Water Service and LRI Incidence

	DISCUSSION
	Acknowledgment
	REFERENCES


