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Transmission of Mycobacterium
tuberculosis in a California
State Prison, 1991
Denise T Koo, MD, MPH, Roy C. Baron, MD, MPH, and
George W. Rutherford, MD

Introduction
The control of tuberculosis (TB)

within prisons and jails has been a
long-standing concern.1-5 Correctional in-
stitutions house large numbers of persons
at high risk for tuberculosis, including
persons of lower socioeconomic status,
persons from inner cities where rates of
Mycobacterium tuberculosis infection are
higher, and persons co-infected with
human immunodeficiency virus (HIV).61-'
In addition, close quarters, poor ventila-
tion, and overcrowding in these institu-
tions facilitate transmission. M. tuberculo-
sis infection has been found to be
associated with increased time in or
admission to a large city jail system.'2

In fall 1991, three cases of active TB
were diagnosed at a California state
prison, two among inmates and one in a
prison employee. A study was conducted
to determine whether transmission of M.
tuberculosis was occurring at this facility.

Methods
Because individual medical records

do not remain at the prison, we identified
cases of active TB at the state prison in
1991 by checking pharmacy records for
inmates taking at least two anti-TB
medications and checking laboratory cul-
ture results for specimens positive for M.
tuberculosis. TB cases were defined by
using the Centers for Disease Control and
Prevention surveillance case definition for
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clinically or laboratory-confirmed TB.13
We defined incident cases of TB as those
diagnosed during 1991 while an inmate
was at the prison. We defined infectious-
ness among persons with TB by (1) a

sputum smear positive for acid-fast ba-
cilli, (2) the presence of cough and
culture-positive sputum, or (3) the pres-

ence of a cavity on chest x-ray and a

sputum culture positive for M. tuberculo-
sis. To estimate the point prevalence of
tuberculin skin test positivity among the
general prison population, we used the
results of prisonwide skin testing, con-

ducted by the Califomia Department of
Corrections for the first time in November
1991. Prison policy had previously con-

sisted of administering a tuberculin skin
test to inmates only on (each) entry into
the prison system. We defined a positive
tuberculin skin test as a reaction of 10 mm
or greater induration. We defined tubercu-
lin skin test conversion as an increase in
the reaction of at least 10 mM.14 To
estimate the risk of acquiring M. tubercu-
losis infection in the prison, we calculated
the incidence of skin test conversions
occurring within the previous 2 years

among inmates at risk for new M.
tuberculosis infections.

We presumed that M. tuberculosis
infection was acquired in the state prison
system if an inmate had a documented
negative tuberculin skin test on or after
entry into the state prison system and if he
became ill with TB or his skin test

converted without his having left prison.
For recent converters, we calculated the
time in the prison system until conversion
as half the number of days in the
conversion interval, since it could not be

determined at what point in the interval
the inmate became infected.

Results
Incidence ofActive Tuberculosis

Case finding revealed 18 inmates
with active TB diagnosed or treated at this
state prison during 1991. Race and HIV
status are listed in Table 1.

TB sites are listed in Table 2. Of the
15 culture-confirmed cases, 12 (80%)
involved M. tuberculosis infections that
were sensitive to all drugs tested and 3
each were infected with organisms resis-
tant to only one of the following: isonia-
zid, streptomycin, or ethambutol.

Eight of the 18 cases were diagnosed
prior to the individual's prison entry or

before 1991 (Table 2). The remaining 10
cases were incident at the prison during
1991. On the basis of the midyear
population of 5421 inmates, the estimated
annual incidence of TB at this prison was
184 cases per 100 000 inmates.

As a result of delayed sputum
conversion, 3 of the 18 inmates with TB
(17%) were presumed to have been
infectious for a collective total of 7
person-months while imprisoned in 1991.

At least 2 of the 18 inmates with
active TB may have acquired the disease
at this state prison. Neither man left the
state prison in the 8 months between the
negative tuberculin skin test on reentry to

prison and the diagnosis of TB. There
were no known associations between the
3 infectious inmates and these latter 2

inmates.
A US-bom correctional counselor

developed culture-negative pulmonary TB

after counseling inmates in the prison HIV
unit for 16 months. This employee re-

called exposure to one of the three
infectious inmates and denied known
exposure to M. tuberculosis outside the
prison. The first positive tuberculin skin
test was noted during this employee's
diagnostic evaluation for TB; the most
recent prior negative tuberculin skin test
occurred 1 year before the individual's
employment at the state prison.

Incidence ofNew Infection

Among 2944 inmates with known
tuberculin skin test results, 873 had
positive results, corresponding to an

estimated point prevalence of 30%. Of
these 873 inmates, 324 tested positive for
the first time during the November 1991
testing. Of this group of 324, 148 had
documented prior negative tests, 155 had
no recorded prior skin tests, and 21 tested
positive, but the number of millimeters of
induration was not recorded.

Among the 148 identified convert-
ers, the mean age was 35 years. Fifty-
three (36%) were foreign bom, and 56
(38%) were Latino; 40 were both foreign
bom and Latino. Approximately 25% of
the overall prison population was foreign
bom, and 25% of the population was

Latino. Prisoners were often grouped for

housing in the prison by racial or ethnic
background. In addition, 143 converters
(97%) had a documented prior negative
result recorded as 0 mm or negative, and

127 (86%) had an increase in purified
protein derivative induration of 12 mm or

greater.
Of the 148 inmates with documented

conversions, 105 had been incarcerated
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TABLE 1-Race and HIV Status
of the 18 Patients
with Active
Tuberculosis in a
California State
Prison, 1991

No. %

Race
Afrcan American 11 61
Caucasian 4 22
Latino 2 11
American Indian 1 6

HIV status
Positive 7 39
Negative 6 33
Unknown 5 28

TABLE 2-Sites of Tuberculosis and Time of Diagnosis for 18 Patients
in a California State Prison, 1991

Time of Diagnosis

Before After
Type of Tuberculosis No. % Incarceration Incarcerationa

Pulmonary llb 61 5 6
Mesenteric 2 11 0 2
Knee osteomyelitis 2 11 0 2
Pleural 1c 6 1 0
Disseminated 1 6 1 0
Central nervous system 1 d 6 0 1

Total 18 100 7 11

aOne case was diagnosed after incarceration, during 1990.
blncludes two culture-negative cases.
COulture negative.
dAlso with pulmonary involvement.
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within the prison system during the entire
interval between negative and positive TB
skin tests. Of these individuals, 97 had
converted within the previous 2 years.
The conversion incidence (risk of acquisi-
tion of tuberculosis infection) for the
previous 2 years in the state prison system
was 5.9 per 100 person-years spent in
prison.

Discussion
The findings of this investigation

suggest that transmission of M. tuberculo-
sis has occurred in the California state
prison system. The high incidence of new
infection associated with incarceration
supports this conclusion. In addition, at
least two inmates with active TB may
have become infected and developed the
disease at the prison. Acquisition of M.
tuberculosis infection was probably a
result of exposure to incompletely treated
or unrecognized cases of active pulmo-
nary or laryngeal TB among the prison
population. The prolonged infectiousness
involved with the three active cases
illustrates the potential for M. tuberculosis
exposure in prison.

On the basis of the number ofknown
cases, the minimum estimate of the
incidence of active TB in this prison (184
per 100 000 persons per year) was more
than 10 times that reported among the
general population in California during
1991 (17.4 per 100 000 persons per year;
California Department of Health Services,
Tuberculosis Control Branch). The 10
new cases were 3.3 times the number
expected among California residents of
the same race, age, and gender composi-
tion as the prison population (3.0 expected
cases, adjusted with data from the Tuber-
culosis Control Branch). The yearly inci-
dence of new M. tuberculosis infection
(5.9 per 100 person-years in prison) was
comparable in scale to that found in other
prison investigations." 3'8'15'16

Our calculations of the prevalence
and incidence of M. tuberculosis infection
probably underestimate the magnitude of
the problem in the state prison system.
The lack of prior skin test results forced us
to exclude 155 inmates with positive
tuberculin skin tests in November 1991.
In addition, we do not know the preva-
lence of HIV infection among the prison-
ers; in 1988, 5.3% of inmates entering the
California correctional system from the
predominant catchment area of this prison
were H1V positive.'7 Currently, an esti-
mated 17% to 20% of New York State

inmates are HIV positive,'8 and the
usefulness in HIV-infected persons of skin
tests for documenting recent M. tuberculo-
sis infection has been questioned.'9 H1V-
related anergy or defining tuberculin skin
test positivity as 10 or more mm (rather
than 5 mm) may have led to further
underestimation of the prevalence and
incidence of M. tuberculosis infection.

Some of the conversions observed
might have been due to the boosting
phenomenon. Boosting occurs when se-
rial tests are required in order to "boost" a
waned immune response to Mycobacte-
ria. The high prevalence of foreign-born
Latino inmates among the converters
raises this concern, because boosting has
been found to occur more frequently
among racial and ethnic minorities and
the foreign born.20 It increases with
age,21'22 and it also occurs more often
among people with an initial slight
reaction than among those with an initial
negative reaction.22'23

It is unlikely that boosting played a
substantial role in the estimation of
conversion incidence, however. More
than half of the converters were neither
Latino nor foreign born, and the mean age
of the converters was 10 years younger
than that of persons exhibiting boosting in
one study.22 In addition, 97% of the
converters had a documented prior nega-
tive result, and 86% had an increase in
purified protein derivative induration of
12 mm or greater. Stead and To24 and
Narain25 suggested that a 12-mm increase
in induration be used as the conversion
criterion, contending that the larger the
purified protein derivative reaction, the
more likely the reaction is due to a new
infection (and not to boosting). Purified
protein derivative conversions among
inmates are therefore more likely to be
manifestations of new M. tuberculosis
infections.

The transmission of M. tuberculosis
in this prison indicates the need to
stringently enforce infection control prac-
tices in the state prison system. Such
enforcement is particularly important now
given the increasing prevalence of HIV
infection'8 in prisons and the threat of the
introduction of multidrug-resistant TB
into this environment. Insufficient adher-
ence to infection control guidelines has
also been implicated in nosocomial trans-
mission of multidrug-resistant TB in
hospitals.26'27 The California Department
of Corrections is addressing infection
control issues in its facilities, with special
emphasis on routine screening of all

inmates and employees for TB infection,
early acid-fast bacilli isolation and appro-
priate treatment of persons with suspected
TB, timely and accurate contact investiga-
tions, and tracking systems to improve
continuity of care for both inmates and
former inmates. LO

Acknowledgments
We thank the Cahifornia Department of Correc-
tions and the California Department of Health
Services for inviting our participation in this
investigation, which could not have proceeded
without their help. We also thank Dr George
Cauthen of the Division of Tuberculosis
Elimination, Centers for Disease Control and
Prevention, for his technical advice.

References
1. Spencer SS, Morton AR. Tuberculosis

surveillance in a state prison system. Am J
Public Health. 1989;79:507-509.

2. King L, Geis G. Tuberculosis transmission
in a large urban jail. JAMA. 1977;237:791-
792.

3. Stead WW. Undetected tuberculosis in
prison: source of infection for the commu-
nity at large. JAMA. 1978;240:2544-2547.

4. Abeles H, Feibes H, Mandel E, et al. The
large city prison-a reservoir of tuberculo-
sis. Am Rev Respir Dis. 1970;101:706-
708.

5. Snider DE, Hutton MD. Tuberculosis in
correctional institutions. JAMA. 1989;261:
436-437.

6. Centers for Disease Control. Tuberculosis
morbidity in the United States: final data,
1990. MMWR Morb Mortal Wkly Rep.
1992;40:23-27.

7. Selwyn PA, Hartel D, Lewis VA, et al. A
prospective study of the risk of tuberculo-
sis among intravenous drug users with
human immunodeficiency virus infection.
NEngl JMed. 1989;320:545-550.

8. Braun MM, Truman BI, Maguire B.
Increasing incidence of tuberculosis in a
prison inmate population. JAMA. 1989;261:
393-397.

9. Morse DL, Truman BI, Hanrahan JP, et al.
AIDS behind bars: epidemiology of New
York state prison inmate cases, 1980-1988.
NY State JMed. 1990;90:133-138.

10. Hutton MH, Cauthen GM, Bloch AB.
Results of a 29-state survey of tuberculosis
in nursing homes and correctional facili-
ties. Public Health Rep. 1993;108:305-
314.

11. Centers for Disease Control. Transmission
of multidrug-resistant tuberculosis among
immunocompromised persons in a correc-
tional system-New York, 1991. MMWR
Morb Mortal Wkly Rep. 1992;41:507-509.

12. Bellin EY, Fletcher DD, Safyer SM.
Association of tuberculosis infection with
increased time in or admission to the New
York City jail system. JAMA. 1993;269:
22282231.

13. Centers for Disease Control. Case defini-
tions for public health surveillance. MMWR
Morb Mortal Wkly Rep. 1990;39(RR-13):
39-40.

February 1997, Vol. 87, No. 2 American Joumal of Public Health 281



Public Health Briefs

14. California Department of Health Services/
California Tuberculosis Controllers Asso-
ciation. Guidelines for detenrnination of
tuberculosis skin test conversion in Califor-
nia. In: TB Policy Guide; April 17, 1991.

15. 1991 Tuberculosis Statistics in the United
States. Atlanta, Ga: Centers for Disease
Control; 1993.

16. Centers for Disease Control. Prevention
and control of tuberculosis in correctional
institutions: recommendations of the Advi-
sory Committee for the Elimination of
Tuberculosis. MMWR Morb Mortal Wkly
Rep. 1989;38:313-320, 325.

17. Singleton JA, Perkins CI, Trachtenberg AI,
Hughes MJ, Kizer KW, Ascher M. HIV
antibody seroprevalence among prisoners
entering the California correctional system.
WestJMed. 1990;153:394-399.

18. HIV Disease in Correctional Facilities.
Washington, DC: National Commission on

Acquired Immune Deficiency Syndrome;
1991.

19. Glaser JB, Aboujaoude JK, Greifinger R.
Tuberculin skin test conversion among
HIV-infected prison inmates. J Acquir
Immune Defic Syndr. 1992;5:430-431.

20. Fujiwara P, Steinhart R, Schecter G,
Hopewell P, Cohen P. Two-step PPD
testing in new employees at San Francisco
General Hospital, 1982-1989. Presented
at the annual meeting of the American
Thoracic Society, May 1992, Miami, Fla.

21. Comstock GW, Woolpert S. Tuberculin
conversions: true or false? Am Rev Respir
Dis. 1978;118:215-217.

22. Thompson NJ, Glassroth JL, Snider DE,
Farer LS. The booster phenomenon in
serial tuberculin testing. Am Rev Respir
Dis. 1979;119:587-589.

23. Narain R, Nair SS, Rao GR, Chan-
drasekhar P, Lal P. Enhancing of tuberculin

allergy by previous tuberculin testing. Bull
WHO. 1966;34:623-638.

24. Stead WW, To T. The significance of the
tuberculin skin test in elderly persons. Ann
Intern Med. 1987;107:837-842.

25. Narain R. Tuberculin conversions: true or
false?Am Rev Respir Dis. 1979;l 19:1039-
1040.

26. Rudnick JR, Kroc K, Manangan L, Baner-
jee S, Pugliese G, Jarvis W. Are U.S.
hospitals prepared to control nosocomial
transmission of tuberculosis? Presented at
the 42nd Annual Epidemic Intelligence
Service Conference, April 1993, Atlanta,
Ga.

27. Pearson ML, Jereb JA, Frieden TR, et
al. Nosocomial transmission of multidrug-
resistant Mycobacterium tuberculosis: a
risk to patients and health care workers.
Ann Intern Med. 1992;117:191-196.

:-:.:.-....:...... ..... ..............::.--.:--:--::- ...:....:..:-:::.%.. .....!:.:: :--:....-...
-:.- :.: ... ..--.. .:.:. --:::-- .:..:....:::::." ...... .: ..........!. -':--::'..:,:.:..:I-: .. .'...:..:. ::.............. .....: .:... ........:.: ...

.::..:.::...: .......:,.....N.: '.%"................%. ....:-.:--.:... .... ". ,:.%... V..: .: -:..:...::::.:.::.::--.-::-:::-: ..:. ::.:. .... .-.
%:.,

... ...:::..":.".:W:::: M.".. %.. :.. .........:.- ':......: .. .': :-.":....
.: ..:...:..-:..

.:..:.:.:: .: ..... ,..: ........:- .: ..: .........
..:.:..:...7 '...:.:.:":. .-....;%-... ...::.:.%.,:..:..:. ..----.: .. :.. ......-.----....::1. ...-e .. .. :i .... %: .:. N ...: X.. ..l..

....... -...:. .......-. .---:.-I.....::.. ::. ... :, :c ". ..-%-:- ". .. .:. .: :.:. -.: :-.... ;:.t. ::,.-::: ... :i': ..-. 'k. '..',. ,::. X V N -: ': ..2 ..., .:.. :- .-:-:-----: .:. ...:-......... ..:. ..::. ...::..:,.,.,.,..,'..I....:........... V... ., ..:4:... ....
I..... ., ..:,".., .:.......... "",,..

..- -.1....-, ....... ... "',,,. ....:....::4.:..:,..' ......-:=-7.'-.: ..- ......... ......:. :.
.....7... .... i: -:: -...... "',.. ......:7 ... %........:.---

............. .........:......
.. .: .. -:: :... ..i

'A :-:::------:-:.-.....
"%: -... :............:. ...I

C-.......... -.......-.%-
h...... .............. V.: '.'...::........%...:.......... 7..:..: ::...... .:........7...... i:. -... V. V. -.............. ..:.. :...

.......... l.... .-..:............. --:.,:.:... .:.:..:::..... ....,
.... -..M: .:.--.. ...%.I ....:....:::..."..-:.-. ,. ...:..

-..i%..:. i,.......... ....... ..... ... .... ......:.-...:. .: -.:....... .... %...%: %%....:.:. ...
... :M. ...... ......::.:.-.M.-.: :.:.!:...:.. :::.:

V... :.-...:........%..:.: N.C....
...': ........... ...: .:...

......:. i........',.-....... ........... .... '... -:.- .:...:... ... %. ......%...--.-. -. A: ....--..; ....... ..: -.'-, ': C. :..., -4 ".:,-".:.
:.: :........ .:.%:.....-....: .-...:% ,':- ,:, :,- ..... ..- :....... t.: 7-

'; ..: :.,:...:.:.:..:'.. ...." :-.::- -:- .: :--: -. ...:..-A-.-.-.-...-.-..--:.--.-.-.-::%",.-%:. .---.,.,....: -.... :...: ....,.1...: .. .. .:...:... N. ...... .... .....c-WIN.: ..- c... ...
4...-,...."-.:--.V.. ...., I-.:. :..%.....:.... .......:.:,::.. :- -".:..:. .:.: - - -:..---.-:...::-- ..---..: :- -:-:c:::": .: N. X.-N.- ..: %. :------- -.: N....... N :-%. '..: %.

%M- ":,!":.%,.,:!-.,."..-'.-'%' ."..%'.'.,. .I.......... .......... .:.:. .. ':-....%,1..: :: ...:..:. .:::. .- ....:%
-:.... .:..:..::%.:....:; ",:: :.,: .W.::.5::.......:::. ::...,!.."..:. -:- .1 ,..::.--. .: .-v.%:.....:.::.::..:.: --:. -- :- % ::.::,::.:. .:..::-.:.... ..V.. ': .::-:: ':-.....w---:l--lX--Z .: '. %1'.. ... ..:. :...

-%.':.:...:...- ... .:.::".-..- ... - V--:--::.: ".:. ::,::.: .V.:..:.::.,R.W:.:.... ..:1 :,." .:: :-. 1, :" ,-, :..%:, -- ::.-' :...:::.:%:: '.. :... .Z. N... ..:... %.z-.%":,:,:,::, ....-....... :.... '.. ... .:.-..:-: N Ni: .:-.::.: %%-.....-...N.X .... :- -.". "::. :' N N.- X: .. .. .. .. :: .. .: .: .. ... ..
::r..F.x:::-::- :........... ..... ......:.

:,f..,. ., ,"' ,.': ..::.. .::.: :":....:: :%
::-.::.::.,.- ....::..-. -:.Y...V. ;:,... "i! -:!::: :..:::... ..:,-,-.. ::..:.:. :: ..'..

?. N. N'. -...%...:...-....... ...::1 % ::,: .:..: %--..":."..:: ::: ::.:.:::: I.: ::.::..:.::N:% %::..::.. ..::.
-V :.u .:.:..: :...::.:. :..'.' :: .: -.: ,X... ..:".:...:: :....:......... ....... N'. ..."::.: ".-N- % ::..::
-..::: -.4 "..:- .: N .:: 1:- ..: --1. :... --;: ,.. .-L ;....;...%....::.::..::.:..-f:.: X.::,::-,::.:. :::. ::"::'-':: ::x" ..:.:

:::4.:v. ': ::: :.:.:..:::.: :- 1........:...- .....:.

,::: ..::.:.:: .-: F.,.'..:. .p ..:.::!.: .: .::.:: :-:::.::.:..:.. :...':-:.-.:-.-.:-:,:.
". "':'. ......:..::. .:. :--l.-.-.:- ..%:% ...,.,.% % .: -.-..: ..... ..:

%:::%' %,::.' -:.:-:.."!:....... ::": ":% ...%.........: ....... X. N. ::::: %. " -:...-........-:" ........... ::.: :- N N. ":::..:: .....:.:.......:.-::.:%:::...:: .: ..:% N:.,.:-:. :.. --i-.,.,:,.-: ..: :...::: :.:. .:.% :.... ...: .: _.- :---:--.---"---: -..:. -:4 :...:...."...".,",.. .:- :- N. ::::, .. :.:: ::,:..:: _. --x-: .: -:

::--:.-":D.'... :..:: ....................... ::.::..:..

r...:, :i --..L .,;.: ...;.N......... -.V:.x-::- .::..U:-:..,:: .!.%:-:. :%. ." .."M:::,: ;f- .. '!!.:.:!:,;:;,...,:."::..,..::...., .?'K::,:,::,;:-::.,.::.% !%:: N :!:: .:.V: .." ::."c. N-':

::%:.: ;.::..:!.'...:.:.......i:...'i:;.i.:;...:..--:,-i!.:,;,:... ... .. ... ::.:. '.. ..: -.:..-...:,...:.. .::.- -.-:: ..4:..::..:.
:. "..........N: --.:--.:::::-.::..:.

:: ... "::;"::; :.: .::.P.. n .-:- ::.:.,-.,--.--,: :.. ...--.:": ..:.: .:.

,:... :': .: `k.!-:-!::;! ..!:.-.'..: ?.!: :,.:. .:: !N.. .:...:.: ::..:..::.::": :: .::,::: :: %. :: -.: :::: :..... :::v--- -::::::::..' -:%
:. ..-----:--:--X.,. -.:., D :..:: ::......

u....-..
-,-.: ::-:. .: -:: :% :.::..:..::%. ::--X

.:.g:.-'.'.::K.:.D::: %:S::l.'l:;i7 ?::. .Ni :i:i!..!i... :.. ::.:.;.::::::Ii.!::...:::,....:...., '..'.....'..,::.;", ::::: :-: -::
..,:;-.... ..:::,-, ... ....-::% :,::::,:: '..:: ---::- :..::

:.. -::j:"..-.;..:,l ..,,;.... .: :.:...:.-::.-.: ,;:% .% ... ...... ::--...1::.--: .:.........
-.:.9:El.5-i:%:,.:%:s:X!:" :X.. ;:

::-: :... ::-- .:....- %.:.!:: ;.. :: :%.
;s .:.;,.;i.ii.,.;,.i::ii.'.'S!fifi. i..--:12 :4W.- :.::.,. .. ...;".,...':.!;....;.i...:i,...'O'.!,.:'.": :.4N... .: .. -..%1:.*.: 1: ix.! ..'. I'.kN .;! g. .:;.::Q. ..s. ..,d: s:: .6 ...::

-:.-:::::7--...-......
:- N.

:..: :. ..:
-:: ..:

:,;::,;.:"::::::
-:: .:

..:..:::
"':'.

..:.
-:..
;:.:.
::; :::..:;.

N.....
:,.:. ::-::...:..

:-:::..:: ..:.::
N

':
..- ,!:"..-::.".;...i :!... .: -:: N :- :-.

.::.: ..

.:.:,.;,:! .:.. .1..:-%-:-
:::,.:: :,:.:...:... ,:.::::.: .:. .,.

:....7".:. P.!: N::OeN-e;;mmmmm.-mm-::--:.--::%-.-%.:.-m -.:.. .....:.:----.::..... .. ---:: ....... X. ....N -::.:. ".:.

....:..: ... ;.!:!!m%.::..:..;:l;.: ....:T: .'!l .:.:...: .N.:
:U:%':::,:..i.:..;:.'.. -.,-.-'.'g".x?..

,. %::..: .:..:. --.-...:
::... ...IA;;?:.v:,1::.:. -.. ....:..". .:: :vi.:!. :.:;........ :V --,;-- .;:.%..!-'--'-:-".-".-.; .:N. ,.:,. :....:::.......:: ': .: :... :.:.:%;

-,,%. :§.-:.:::.I .!.... .%.X:...:: ::%:: :.:: :::%:: :.:. ,:;.:..%--%--..,:.!:. .....:::.. -:..-:: ..:,.::,.::N:
:::;. N. ..:. .. ..:% .I...:....

:: .::,:: ...:.: .:..: :.. .:..- :.
.... ....-..:...... :::. '%' DN..: :.:: ..:I. !.".'.'.:-.:...."... .... ......i:....:.-. .:.:::-:

:-....,..%.. :,,..-I ..-..: ....:
-41--4-1:- %...: ", :: :.. .,.:!;-..

'A's-:% ............,.-:..;:% -:".::4 ..-..%; --:..: .--:---.:.. i6d*.--- ..,.....-::-----: -....X.- .::...::-'X---::---!-- ...:................ ..... --.,-- ..-:-.: ;. .. ....... ..... .. .W.---,.----.
.:.-.-.:.:...:.:...,:.. ........ -.%....-. ........I... .g......D.i.:::::.u. .; --;:.----: ::.:.:,::..::...:.

....N.-%, .: .: ..!,-::4::X :M--- ...:

-.:.-...'-...: ......:!."",............,,- ..,:. ..
.:. .::;.,.-.,..'.--..A .f..--m.m. %.......... :. P.: :-'.... ..

X:.-:..-::-.-:..-h ::::: ..:...:L.: ..':.::-:. ..

_.%.:..:-:, :::....'......::116111.11i'm ..-. ::

..:.:i.'.'. M. .:::::,.: :i..: ....::,:.:::%:--. ---,:....:....
--.1.... h.- ......:-.

..:. .-1..- ..V"--:-v :i- .::.:m
5%.....:". '::.. ,,:.

........C... .. .. .;::'IlAt ..- ;L. !-:;:"AJL-':. .'' .-N-.-N-:N-'X %: ......Y.

:..,:Am:...... .: --:-- ........ --' ..".:. -ifi.04--.........

.:
.c............ -...........M-%:7-:1-..... ... ..mm=. VA ......... -1- :...

.:-:::::-::.:.:.. ..I::-7-1..: c..
%..:. :. '-'-..i .:.. 1% I.. 'i ..'..'.-P.!.l. .--=:i:-.::. x .... .I -: -, 'NM' .-.'-S.--l.W,--,-..: - %.. -.. ...-.....,.M'.'....-::-::: -h-.-x%-.-. ..

...........".... .... ..... :. -n.-
:....-.-.-..-.-.-.---.-.- --t %. :,: ....:.....1

......:. ..:. ...-.-:;.,e %.......f
-i:=-i -.%%-.--.:-.1 -, ..-.---...

----l:-:-.-:..::-:....---.-... ....-
.-:-:-----.------ :... ....7.-,.: ............:... :7.::::.:... MUPOP:-,....-, .-....:..: j, '-'..'. ':. 'L-.% .,r-,'. ,...

...:. :. ..:............
.... :: -......-`..... ...,

:.::.:::.:. .1....,. ...,, %".". .,... .,. :==...-....: -:.-:-.v ..-, -:.O. ........... .::- -%.-.. ......... .. ... ..........
....5.:: .h... :: ... ::,:"",".

-1- :" ::-.-.-:.-.-..--.--...-: .,V, .:.%......

...: ...,.,-.-:4, ...... %%
,':

.--...If .."-.I's .4'... %--: :- .. .-.%:::.: .... .. ..: ... Mi -.- ". .... '.!.:,I....-. ...... .--.-.-N---:.--::,:. :!?::-...-::-:::-:. .',::.-.-----:- ':-". ...--V- ::V,.,::., -:..,:%......-M....: ...: :........:--.:- V., ': ": :-.-:...:-.. -x-:.'.'0: .. ....
I: -. ....%-..A-,,,"".",....... :-C ..:.:.:.:.:....:.:..,.....:........ .....-::.----.-'---....:: 1'V.-N.: :..:.r..

::. ...,1-,---':..., .:.,-,:.,.."..: :.:.:-..:.. :.,...%.: :.,..--:-::-.-:-:-: ..-h- .... ::--: ...:
:, '. %...::.: :.:: ::,..%...,-,!: ,::,.. ....

%.......-...., n,:..--,..:...::..,...: .:::....:
.. .......... I.........."''..:- -.-,-:....,.,... ...:. .I.""":..;.:.-.,::.-,l',l--:: .,..,-:: .,.. .. :...:.-'.: "I.,..' ::....A""...: .:.:.---.

...................I...
:..% ,, .ie: .%.i.%.:.

9---::---xN..% :.:. -h ...:....::. ". -,. ,,--.I-h.. ... -:....
.%.- ...... .'.......:.::.... .:.-....j.:....-....- ......-..:::::. ::..:.-...

...:.:::.-.:%...,.::.,,.,,.:.%''-.... ...:.,:N::. -::,.. :.......................::-.:,.:.....:..:...:.....: :....., ..:.:. --..-4.:: .::.::
.." -. ... .......... .. -:.... ..'. :.%W..:. .:

:,::..X..:.:.-.--..--.. ........... ......
;,.. .:. -::..:. ......:...:..:. ... :.%....

C:- :iW.-....
X.- .:..

:..-:-:': -: ..:.-.-: .....:!..il.!.i..!;;:.: .;::.. ....IN... :.-:i:;.- ...,-...Y....i ..-I,...%..:...: .. .: M.P.:....,-Y.N..:. .-.... ... -.-:-..::....:...X.....::.%.R-.-'-.. .: % .: .E::.-.-.---.:::-..:!9,......... '.:.:. -.. .:.:. ::: ;. ;!::!:. .:.;-::-:-..:.:.".N:.N
.;:.,... .--X.- N..:..-:N--l:: ...:-%......::.,. ,-;:,: ,.::.:,..

:N .:..N.. ::.:. N. :... 'i ::4:..j;..!e.........
:--:X':N'.:-- -D..,--..:. .:. ": .::%'.--'-'-,.,:..: ..:.-..-:.%'-.-- .......... ..:

N.:--::-::.. .........., .: .M..:,::%...: X: .:-x,x-x ......----:- -:: ....

..N-.-..,::..: N. "..-- ..:: ......N

I....... %...:.:..:. .:... N :--!....: :; :::..!.::.;! :;i-:x':!.:.:7
;.::..

;::,....N..... "':V ::.
.. ...........

:.::..--.%%-..--..". ---:: .... -;.:.:: ....

::::.:.::.. ..:. .:.:: ...:...
-.... "..::.

-:.....:-;.X:.:.. .:..: %: 7..::!%:....
...:. .::::. :.::::!.::.......... .....;:I:..............:i:: ", .,:::"::":..,.,:, N.. ....:..: .:%......

:.. !.:-:::. --" ......: .: %- ..
,.. ::: :'.':.: .... .. -..:. ::..:,::: ,::,:::::: ::.,;:::;.. ....:.::. :. .........: :!.::- .:

:. .:,::. :. ..::. N.... ..-.l::::::::::%:: .-h:.% ,..:..,:;:!::":: .:%.::..:..:..:::::".:".::::-::W::.... i..:- X.-:
.:.:N..X4-:: ....: :...... ...:.::.:.IP: ....1"

::l:-.:::----.:::.:-.:-:l.:... .:;: -:: ::,::..:..: i. K.. :::,..4
-.:, ..: .,;".:,:::.;:...: ..-. ..,............

:., -:::.X: ': .....: .....-..N:..: ....... :::.'
.i, :::: .,:::::,:.........-..............................:... -.-..::::.:.V..., ......
.,, ", .: N .!-.::..... ....N..
:: -:::.. ......

..:.
"; :,:.,. .: :..: ,........-.:":::

--::---:-.::-::.::.-..:....;.::- ....:.:.:.:.:. ......:...:--,: --: `cl..-:. ;.-':.:*-.,---,:::;-.:- ::..;..;.:.j!::.. :.:i:!.
.:%"::,:,!.:::.

N. .: 1:.::-- -----.- :% .!
u.....X..... ....-:.::i.:.--..-'.:-..,-,:.:...;::,::......: ::.: :,;::: i..'.....:.::::::--::-::.:.-.. -:...:::::::.:%:,:,:: ".:..

.-NN'.

i:..i..:.::;;::;..:..,:!,. ..:.-.::-;:.;.!.;. ..i X....... ......:

.N'. %%::.-..... ..I.. .......
-:

:%.. -! %..::.-.:::.-.!.;.;-.::: ..:;..-'-::--::.. .: ::....,.l.,!1..::;.:%%:.."...-......... :;: :.:.:X.--% ..; ......... :,.: ......:..:.

Motor-Vehicle Crash Fatalities among
American Indians and Non-Indians in
Arizona, 1979 through 1988
Doug Campos-Outcalt, MD, Dimitri Prybylski, MPH, Arleen J. Watkins, DEd,
Gary Rothfus, MPH, andAlan Dellapenna, MPH

Introduction
In Arizona, as in the entire United

States, motor-vehicle crashes are a major
public health problem for American Indi-
ans.1-7 In 1990, the age-adjusted motor-
vehicle crash mortality rate was 23.8/
100 000 for all ethnic groups and 81.6 for
American Indians.3 A high proportion of
pedestrian deaths among American Indian
motor-vehicle crash fatalities has been
documented in several locations.8k10

Several hypotheses have been pro-
posed or investigated to explain the
elevated motor-vehicle crash fatality rate
among American Indians. Some studies
have indicated that alcohol intake is a
partial explanation.8"0"11 It has also been
hypothesized that geographic factors are
important, especially in westem tribes
where reservations are often located in
isolated, rural areas.1' It has been demon-
strated that motor-vehicle crash mortality
rates are higher in communities with low
population densities.'2"13 These higher
rates may be due to road characteristics,
travel speeds, patterns of seat belt use,
types of vehicles, and availability and
quality of emergency services.14 Other

hypothesized causes of high American
Indian motor-vehicle crash mortality in-
clude lax law enforcement, unlicensed
drivers,'5 and social stress due to modem-
ization.16

The purpose of this study was to
examine motor-vehicle crash fatalities of
American Indians and non-Indians in the
state of Arizona and to study the relative
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