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Objective: To describe hospitalization rates for active tubercu-
losis among U.S. Army personnel. Methods: All hospitaliza-
tions for tuberculosis among Army active duty personnei from
January 1, 1980, to December 31, 1996, were identified from
an inpatient database. Incidence rates and trend anatyses are
presented for age, race, sex, and hospital location. Results: A
total of 926 cases of active tuberculosis required hospitaliza-
tion. Hospitalization rates declined from 15.3 cases/100,000
(1980) to 5.1 cases/100,000 (1996). Significant declines in hos-
pitalization rates occurred for white and black males but not
for females. Tuberculosis rates were 3.5 times lower among
soldiers compared with the general population for individuals
25 to 44 years of age. Conclusion: Because of medical, purified
protein derivative, and human immunodeficiency virus screen-
ing, military populations represent a low-risk population for
active tuberculosis. The Army's overall hospitalization rate for
tuberculosis declined steadily but remained relatively high
among minorities and females, Additional studies should ad-
dress specific risk factors related to race and gender among
heaithy populations with adequate health care,

Introduction

Tubcrculosis continues to be a global public health problem
despite the recent success in reducing incident cases within
the United States. During 1997, a total of 19.855 cases (7.4/
100,000) were reported to the Centers for Disease Control and
Prevention (CDC), representing a 26% decrease from case num-
bers reported in 1992.! In contrast, the worldwide incidence of
tuberculoss is increasing. An estimated 8 million incident cases
and 3 million tuberculosis deaths are reported annually world-
wide.? The magnitude of the problem and the increasing number
of cases prompted the World Health Organization to declare
tuberculosis a global public health emergency in 1993, the only
disease given that dubious distinction to date,

Today. the increased number of U.S. military operations tar-
geted to alleviate the effects of political instability, civil strife,
and natural disasters in countries endemic for tuberculosis has
increased the exposure risk for U.S. soldiers. For example, in
November 1991, after a military coup in Haiti, thousands of
refugees were taken to Guantanamo Bay, Cuba. Of the 7.700
refugees who received chest radiography, approximately 5% had
abnormalities suggestive of pulmonary tuberculosis; 30% of
these had evidence of active disease.? Up to 3.7% of the deployed
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U.S. security forces became Infected with tuberculosis as a
result of their contact with refugees at Guantanamo Bay (Dr.
Mark Kortepeter, personal communication, September 1998).

The Army maintains a comprehensive and aggressive tuber-
culosts control program. Screening for tuberculosis infection by
the Mantoux method, using intermediate-strength purified pro-
tein derivative (PPD). is mandated upon entering the service,
before and after overseas deployments, and at least annually for
those in health care occupations.* Furthermore, in 1986, the
military instituted mandatory biennial human immunodefi-
clency virus (HIV) screening. Applicants who test pasitive for
HIV are barred from military service. Those active duty members
tesﬂngsmv-posmve are prohibited from all overseas deploy-
ments,

Within the military. soldiers with active tuberculosis are rou-
tinely hospitalized to prevent exposing others and to ensure the
initiation of appropriate treatment. This fact and the centralized
inpatient and personnel databases containing demographic and
geographic location information make the use of existing data-
bases practical for the surveillance of active tuberculosis within
military populations. The objective of this study was to calculate
hospitalization rates for active tuberculosis among U.S. Army
personnel, assess long-term trends, and identify risk factors
that may be helpful in improving the Army's tuberculosis con-

trol program.

Methods

U.S. Army active duty personnel discharged from any hospital
(military or civilian} with a diagnosis of active tuberculosis from
January 1, 1980, to December 31, 1996, are included in this
study. The majority of cases (898) were obtained from the Pa-
tient Administration S-stems and Biostatistical Activity data-
base (Fort Sam Houston, Texas). The Naval Health Research
Center {San Diego, California) and the Office of Prevention and
Health Services Assessment (Brooks Air Force Base, Texas) pro-
vided additional data on Army personne! discharged from Navy
(23 cases) and Air Force (15 cases) hospitals.

Cases were identified using the following International Clas-
sification of Diseases, Ninth Reviston, Chnical Modification
codes: 010 (primary tuberculosis), 011 {pulmonary tuberculo-
sis), 012 (other respiratory tuberculosis), 013 {tuberculosis of
the meninges and central nervous system}, 014 (tuberculosis of
the intestines, peritoneum. and mesenteric glands), 015 {tuber-
culosis of the bone and joints), 016 (tuberculosis of the genito-
urinary system). 017 {tuberculosis of other organs), and 018
(miliary tuberculosis).®

Only the first hospitalization for each person with tuberculo-
sis was Included in the study. A hierarchical system was used to
categorize each patient when multiple tuberculosis diagnoses
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existed. Of the 17 patients with multiple tuberculosis discharge
diagnoses, 13 were classified as having pulmonary tuberculosis,
3 were classified as having other respiratory tuberculosis, and 1
was classified as having miliary tuberculosis.

Denominator data for gender, race, rank, and age were ob-
tained from the Defense Manpower Data Center {Seaside, Cali-
fornia). Geographic location (by country} of active duty person-
nel was obtained from the Statistical Information Analysis
Division of the Directorate for Information Operations and Re-
ports (Washington, DC). The Army Medical Surveillance Activity
provided person-year denominators for age- and gender-specific
rate calculations from 1990 to 1996. In addition, the Army
Medical Surveillance Activity provided information on HIV sta-
tus, health care occupational status, and previous deployments
without individual identifiers. Linear trends for race and gender
hospitalization rates were assessed using a y” statistic.” Logistic
regression was performed to contro} for confounding variables.

Results

For the 17 years under study (1880-1996), a total of 936 U.S.
Army active duty members were identified with active tubercu-
losis. Approximately 80% involved either pulmonary (70.7%} or
other respiratory (8.8%] cases (Table I). The hospitalization rate
for tuberculosis among the U.S. Army active duty population
declined from a high of 15.3/100,000 population in 1980 to
5.1/100,000 population in 1996 (Fig. 1). Blacks and other mi-
norities (Astan/Pacific Islanders, American Indians, and Alas-
kan Natives) were overrepresented among the cases. Blacks
accounted for 46.0% (431) and other minorities accounted for
11.3% (106) of the 936 cases (p < 0.01), although only 29.0%
and 4.5% of U.S. Army personnel in 1990 were identified as
black or other minoritles, respectively. Coding for Hispanic
background was absent before 1986. Depending on other avail-
able ethnicity information, Hispanics of black or white origin
were included as blacks or whites, respectively (N = 24). Another
7 Hispanic personnel with active tuberculosis could not be cat-
egorized as of black of white origin and were excluded from the
incidence rate by race calculations. Rates among white, black,
and other races declined significantly during this 17-year period
{)? for trend, p = 0.001 for total, white, black. and other races).
From 1980 to 1996, rates among blacks declined from 24.5/
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100,000 to 6.9/100,000 population. Other minorities also ex-
perienced a steady decline in tuberculosts from 50.3/100,000 in
1980 to 16.7/100.000 in 1996,

Analyses of hospitalization admission rates by gender and
race are presented by 2-year averages stariing in 1981 because
of the relatively small number of female cases (Fig. 2). Other
minorities were excluded because of insufficient numbers of
cases. Although both black and white men experienced a signif-
icant decline in tuberculosis during the study period (? for
trend, p = 0.001), significant declines were not found among
black or white females. Since 1991, female rates actually in-
creased relative to the late 1980s and now exceed male rates
among both whites and blacks in 1995/1996 (white females,
4.8/100,000 versus white males, 3.5/100,000; black females,
11.9/100,000 versus black males, 7.7/100,000).

Tuberculosis rates were calculated for officer and enlisted
personnel. Although the rate disparities between officers and
enlisted personnel have narrowed, enlisted rates were found
to be two to four times higher than officer rates. From 1980 to
1996, enlisted rates declined from 16.9/100,000 to 6.0/
100,000 population, whereas officer rates declined from 4.1/
100,000 to 1.3/100.000. Black officers were two times more
likely to be hospitalized for tuberculosis than white officers.

Affected personnel ranged in age from 17 to 54 years. The
average age was 32.5 for males and 28.7 years for females.
As expected, the risk of tuberculosis increased with age, from
5.2/100,000 for those younger than 20 years to 15.8/100,000
for those older than 40 years. Gender- and age-specific denom-
inator data were available only from 1990 to 1996; therefore,
incidence density rates by gender and age were calculated only
for this period. Tuberculosis hospitalization rates for females
exceeded male rates across all age groups and reached statisti-
cal significance for individuals aged 20 to 34 years (p < 0.01)
{Fig. 3). Female patients were 3.2 times more likely than male
patients to work in health care-related flelds (95% confidence
interval, 1.70-6.04).

The majority of the cases occurred among 25- to 44-year-old
personnel (59.8%). To compare the rates in the Army with those
in the general U.S. population, an indirect adjustment using
U.S. rates of active tuberculosis for white and black non-His-
panic males and females aged 25 to 44 years was performed
(Table I). The actual Army rate among individuals 25 to 44 years

TABLE [

FIRST HOSPITALIZATION DISCHARGE DIAGNOSES FOR TUBERCULOSIS AMONG U.S. ARMY ACTIVE DUTY FERSONNEL
BY ICD-9-CM CODE. 1980 TO 1996

: Tuberculosis Classification ICD-9-CM Code Case [No.) Percent
i Primary tuberculosis 010 35 3.7
i Pulmonary tuberculosis 011 662 70.7
i Other respiratory tuberculosis 012 : 82 88
{  Tuberrulosis of the meninges and central nervous system 013 13 1.2
:  Tuberculosis of the gastrointestinal tract 014 11 1.2
- Tuberculosis of the bones and joints 015 44 4.7
i Tuberrulosis of the genitourinary system 016 20 21
' Tuberculosts of other organs 017 62 66
i Military tuberculosis 018 9 1.0
Total 936

ICD-8-CM, Internationa) Classification of Diseases, Ninth Revision, Clinical Modification.
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Fig. 1. Tuberculosis hospitalization rates, U.S. Army active duty personnel, 1980
to 1996,

old determined to be either black or white non-Hispanic was
5.1/100.000 in 1995/1996; the U.S. rate was 6.2/100,000.
When gender- and race-specific U.S. rates were applied to the
Army population, the adjusted rate was 14.2/100,000.

Of the 930 patients with hospital location data, 606 {65%)
were hospitalized in the United States, 204 (22%) were hospi-
talized in Germany, and 100 (11%) were hospitalized in South
Korea. Rates for the U.S. Army hospital located in Korea de-
clined from a high of 38.8/100.000 in 1981 to 10.2/100,000 in
1996 but remained consistently higher than those found in U.S.
Army hospitals in the United States and Germany.

Deployment status data have been kept since the Perstan Gulf
War began in 1990. Comparison of active tuberculosis cases
occurring since this time revealed that only 28.7% of affected
personnsl had ever been deployed to a developing country before
their diagnosts.

Although comorbidity could not be addressed individually in
this study because of confidentiality concerns, 21 (2.2%) of the
936 tuberculosis patients were coinfected with HIV. Of these
patients, 20 were diagnosed with pulmonary tuberculosis (2
with primary pulmonary tuberculosis), and 1 was diagnesed
with miliary tuberculosis.

Loglstic regression demonstrated that female gender, non-
white race, and being older than 40 years were independent risk
factors for being hospitalized with active tuberculosis even after
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Fig. 2. Tuberculosis hospitalization rates by race and gender, U.S. Army active
duty personnel, 1981 to 1996,
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Fig. 3. Tuberculosis hospitalization rates by gender and age, U.S. Army active
duty personnel, 1990 to 1996,

controlling for year of hospitalization. Working in a medical field,
deployment, and HIV status could not be considered in the
model because personal identifiers were not available to link
these data.

Discussion

General Trends

Mirroring the trend in the general U.S. population, tubercu-
losis hospitalization rates for U.S. Army active duty personnel
declined from 15.3/100.000 in 1980 to 5.1/100,000 in 1996.
The total U.S. tuberculosis rate reported by the CDC decreased
from 12.3/100,000 to 8.0/100,000 during this same period.®
When gender- and race-specific U.S. rates for 25- to 44-year-old
individuals were applied to the Army population, the adjusted
rate was far greater than the actual Army rate of 5.1/100,000,
demonstrating the impact of lower tuberculosis rates experi-
enced in the Army. The lower rates among black men aged 25 to
44 years in the Army (7.7/100,000) versus the U.S, population
(41.4/100,000) account for most of this difference.

A limitation of the study is that cases of active tuberculosis
were not confirmed by record review. Although the case finding
may be imprecise, general trends of tuberculosis detection and
differences by demographic characteristics should remain valid.

Several unique factors account for the U.S, Army's lower tu-
berculosis rates compared with the rates in the general U.S.
population. Medical of soldiers before enlistment,
biennial HIV testing, PPD screening of all high-risk personnel,
and immediate hospitalization of patients with active tuber-
culosis are a few salient factors. Other military branches have
also experienced a decline in tuberculesis hospitalizations. A
similar study conducted among U.S. Navy enlisted personnel
reported that tuberculosis hospitalization rates declined from
8.7/100.000 person-years in 1980 to 2.2/100.000 person-
years in 1994.° In comparison, our study found the Army’s
enlisted rate was 5.7/100.000 population (5.6/100.000 per-
son-years, data not shown) in 1994, mare than twice that found
among Navy enlisted personnel. According to the Defense Man-
power Data Center. the 1994 enlisted workforce profiles were
similar among these two services for gender, age. and percent-
age of service members in health care occupations. However, in
1994, blacks accounted for only 18% of the U.S. Navy but made
up 30% of the U.S. Army enlisted workforce.!® The higher tuber-
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TABLE I

INDIRECTLY STANDARDIZED ACTIVE TUBERCULOSIS RATE FOR WHITE AND BLACK NON-HISPANICS AGE 25 TO 44 YEARS IN THE U.S.
ARMY USING 1996 U.S. TUBERCULOSIS RATES

Indirectly
1995/1996 1996 Expected No. of Adjusted
Army . 1996 U.5. Army Army Cases Army
Race/Gender? Rate/ 100,000 Rate /100,000 Population with U.S. Rates Rate/100.000
White males 35 3.0 154,470 4.63
White fernales 4.8 1.3 16.440 0.16
Black males 7.7 414 69.010 28.29
Black femnales 11.9 19.5 18.403 37
Total 5.1 6.2 256.323 . 368 14.2
2 All nen-Hispanic.
culosis rates among minorities could explain the rate disparity Gender Differences

between the services. Alternatively, greater exposure risks en-
countered by U.S. Army soldiers, such as frequent deployments
to highly endemic regions or greater personal contact with in-
digenous populations, also may account for the higher rates
observed among U.S. Army enlisted personnel.

R:cial Differences

U.S. Army tuberculosis rates varied markedly by racial
groups compared with U.S. rates. Although all racial groups
experienced a significant decline in rates, black and other mi-
nority hospitalization rates were two to five times greater than
white rates throughout the study period. Because all military
personnel are medically screened before enlistrent and have
equal access to health care services. results from this study
highlight the potential impact that genetic susceptibility to My-
cobacterium tuberculosis may have on inherently healthy popu-
lations. Differences in the efficiency of unstimulated alveolar
macrophages to clear the bacili and variations in human leu-
kocyte antigen phenotypes are two hypothesized mechanisms
that may explain the racial differences.!!-!? Although other more
elusive factors linked to socioeconomic status may play a role in
tuberculosis race disparities, they do not explain why racial
differences persisted even among the officers. The persistent
difference between the races also may reflect a diflerence in
childhood exposure not detected with initial tuberculosts
screening upon entrance Into the military.

Rank (enlisted versus officer), like race, may serve as a sur-
rogate for risk factors linked to socioeconomic status. Atthough
enlisted personnel are, on average, 8 years younger than offic-
ers. and increasing age is a major risk factor for tuberculosis.
enlisted personnel were still two to four times mare likely to
develop active tuberculosis. This finding is consistent with pre-
vious studies linking median household income to the incidence
of tubereulosts. In 1994, Cantwell et 2!, found a 7-year averaged
incidence rate of 4.2/100,000 population for the highest median
household income group {midpoint, $27,000) and 33/100.000
population for those in the lowest median household income
group (midpoint, $8,300)." Set in more disadvantaged neigh-
borhoods, the hometown communities of the U.S. Army's en-
listed personnel may serve as a larger reservoir of M. tuberculo-
sis infection, putting them at greater risk of exposure. Other
factors, such as education, compliance with treatment and pre-
ventive measures, and varying racial compositions, may further
account for the disparities noted in tuberculosls rates by rank.

L

In contrast to the significant downward trend noted among
male soldiers, no significant decline was detected among fe-
males for tuberculosis hospitalization rates during the 17-year
study period, The small number of cases among females may
have preciuded detection of significant trends in this study.
However, from 1990 through 1996, female rates stratified by
lack and white racial categories were notably greater than male
rates, significantly for those aged 20 to 34 years. Although not
stratified by race, a 1987 study of tuberculosis in the U.S. Air
Force also found active duty female rates higher than male
rates.'s A U.S. Navy study of tuberculosis among enlisted per-
sonnel found only black females cxhlblting higher hospitaliza-
tion rates than their male counterparts.®

These findings are not in keeping with general U.S. trends.
According to a 1996 report produced by the CDC's Division of
Tuberculosis Elimination, black and white female tuberculosis
incidence rates were equal to or less than male rates for all ages
older than 15 years.® A greater percentage of females working in
medical settings in the Army may help explain part of this
gender discrepancy noted since 1990.

As shown in Figure 2, tuberculosis hospitalization rates strat-
ified by race increased for both sexes from 1989-1990 to 1991-
1932, This increase reached statistical significance (p = 0.005)
for female soldiers. Although small case numbers among the
females could have contributed to the instability of the rates, an
alternative explanation may be the role of psychosocial factors
such as stress and development of disease. It is widely recog-
nized that both acute and chronic stress affect the immune
system. Stress hormones such as glucocorticoids and cat-
echolamines have been shown to suppress cellular immunity
through their effects on T helper celi ftype 1) functioning. !¢ In
August 1990, the U.S. Army was anticipating the Persian Gulf
War, with trcops actual]y deploying in the autumn of 1990. The
notable Increase in tuberculosts cases in 1091 at the time of the
war's commencement lends plausibility to the notion of a stress-
induced reactivation of latent infection.

Other Potential Risk Factors

Although tuberculosis rates by hospital location have been
declining since 1980, the U.S. Army hospital located in South
Korea consistently exhibited greater rates than those in the
United States and Germany. U.S. military hospitals may serve
as referral centers for numerous U.S. Army installations located
throughout the world; therefore, these results should be viewed
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with caution. However, the Increased sk of tuberculosis in the
Pacific Rim has been documented previously.’” A study con-
ducted among U.S. Air Force personnel reported positive PFD
rates for nonflyer active duty personnel fper 1,000 persons
screened) of 14.2, 18.3, and 23.6 for the Atlantic, U.S., and
Pacific reglons respectively.'s In 1996, the CDC reported an
overall incidence of 41.6/100,000 for the Asian population in
the United States.® An increased risk of exposure attributable to
Asta’s high tuberculosts rate may explain the increased rates noted
fn the U.S. Army’s hospital in Korea, In addition, individuals de-
siring deployment to Korea may have been exposed previously by
family members or significant others with ties to the reglon.

Twenty-one of the 936 (2.2%) identified tuberculosis patients
also were infected with HIV. Because of the aggressive destruc-
tion of CD4 T lymphocytes by the virus, HIV increases the risks
of reactivation of latent tuberculosis infection and dissernina-
tion of primary tuberculosis.’®!* Progression to active disease
has been estimated to increase from 10% per lifetime to 10%
annually in those infected with both M. tuberculosis and HIV.%
In a match of U.S. case registries, 14% of all tuberculosis cases
reported from 1993 to 1994 were among patients concurrently
infected with HIV.! This percentage nearly doubled among pa-
tients in the 25- to 44-year age group. The effect of HIV infection
on active tuberculosls is not as prominent in the U.S. Army
because military applicants found to be HIV-positive are barred
from military service and active duty members testing HIV-
positive during blennial screens are prohibited from overseas
deployment.’ thereby decreasing their probability of exposure to
tuberculosis,

Conclusions

Results presented fn this study suggest that females and
minorities are at greatest risk for tuberculosis among active
duty U.S. Army personnel. Being stationed in Korea may also
serve as a risk factor for active tuberculosis. Participation in
multinational peacekeeping missions does not appear to have
increased active tuberculosis in the U.S. Army, The U.S. Army's
current tuberculosis control program has maintained similar
rates among whites and actually decreased the rates among
blacks compared with the general population.® Through contin-
ual reassessment and monitoring of its current surveillance and
control strategies, the U.S. Army will preserve its present low
rate of active tuberculosis.

Active Tuberculosis in U.S. Army Personnel

Acknowledgment

‘The authers thank Mary Goldenbaum. MLS. Walter Reed Army Insti-
tute of Research, for her support in the procurement of case records,
review of rates. and unwavering patlence with requests for additionat
data.

References

1. Centers for Disease Control and Prevention: Tubcrculosts morbidity, United
States, 1997. MMWR 1998: 47: 252-7.

2. Dolin PJ. Raviglione MC, Kochi A: Clobal tuberculosis incidence and mortality
during 1990-2000. Bull WHO 1994; 72: 213-20.

3. Centers for Disease Control and Prevention: Health status of Haitian migrants.
U.S. Naval Base. Guantanamo Bay, Cuba, November 1991-April 1992. MMWR
1993: 42: 138-40.

4. Army Regulation 40-5: Preventive Medicine. Washinglon, DC. Headquarters, De-
partment of the Army, October 1990.

5. Human immunodeficiency virus information paper TAPC-EPC-0. August 1996.
Available at http:/ fwww-perscom.army.milfenlist /guide /I-hiv.him.

6. International Classifleation of Diseases, Ninth Revision, Clinical Modification, Ed
3. Vol 2. Washington, DC, US Department of Health and Human Services, 1989.

7. SAS/STAT User's Guide, Release 6:03. Cary, NC, SAS Institute, 1988,

8, Reported tuberculosis in the United States, 1996, Prepared by the Division of
Tuberculosis Ellmination. Centers for Disease Control and Prevention, 1997, Avail-
able at http:/ fwww.cde.gov/nchstp/tuberrulosis /surv/survos /surveé. htm.

9. White MR: Hosplitalization rates of tuberculosts in U.S. Navv enlisted personnel:
a 15-year prospective study. Milit Med 1998: 163: 71-5.

10. Active Duty Workforce Profiles. 1996. Seaside, CA. Defcnse Manpower Data
Center, 1980,

11. Crowle AJ, Elkins N: Relative permissiveness of macrophages from btack and
white peopie for virulent tubercle bacilli. Infect Immun 1990: 58: 632-8.

12. Goldfeld AE, Delgado JC. Thim S, et al: Association of an HLA-DQ allele with
clinical tubercutosts. JAMA 1988; 279: 226-8.

13. Stead WW. Senner JW, Reddick WT, Lofgren JP: Rarial diiferences in suscepti-
bility o infection with Mycobacterium tuberculesis, N Engl J Med 1990: 322:
422-7.

14. Cantwell MF, Snider DE. Cauthen GM. Onorato [M: Epidemiclogy of tuberculosis
in the United States, 1985 through 1392. JAMA 1994: 272: 535-9.

15. Parkinson MD: The epidemiology of tuberculosls in the 1.8, Air Force, 1987. Milit
Med 1991: 156: 339-42.

16. Elenkov L). Chrousos GP: Stress hormones, Thi/Th2 patterns, pro/anti-inflam-
matory cytokines and susceptibility to disease. Trends Endoctinol Metab 1999:
10: 359-68.

17. Ravighone MC, Snider DE Jr. Kochi A: Global epidemiology of tuberculosis:
morbidity and mortality of a workiwide epidemic. JAMA 1995; 273: 220-6.

6. Stead WW, Dutt AX: Epidemiology and host facters. In Tuberculosis. Ed 3, pp
12-3. Edited by Schlossberg D. New York. Springer-Verlag, 1994,

19. Barnes FF, Bloch AB, Davidsen PT. Snider DS: Tuberculosls in patients with
human tmmunodeficiency virus infection. N Engl J Med 1991: 324: 1644-9.

20. Drobniewsk{ F: Is death inevitable with multiresistant tuberculosis plus HIV?
Commentary. Lancet 1997: 34%: 71-2.

Mititary Mcdicine. Vol. 166, May 2001

M____




	001.pdf
	002
	003
	004
	005

