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ABSTRACT: We analyzed all cases of tuberculogis reported in North Carolina between
1966 and 1986, and relaced the incidence rate of tuberculosis (per 100,000 population) to
age (0 to & years, 7.58; 5 to 14 years, 3.44; 15 to 24 years, 6.30; 25 to 44 years, 15.92;
45 to 64 ycars, 33.85; > 65 years, 51.54), race (white 9.03, nonwhite 47.40), and gender
(male 25.49, female 11.25), Over the 21-year study period the annual number of cases
declined from 1,248 to 711 (43%), and the incidence rate from 24.56 to 11,25 (56%).
Although the incidence rate of tuberculosis fell for all subgroups, nonwhites continued to
have an incidence Tate 3.2 to 22.5 times higher than whites, depending on age. The
standardized morbidity ratin (SMR) (by age, race, and gender) of tuberculosis in the
eastern region of North Carolina was neatly twice that of the western region and .
-unexplainable by its demographics. Between 1983 and 1936 oply n small percentage of -
cases of tuberculosia in North Carclina were accounted for by migrant farm workers
(1.7% to 2.7%) and patients with the acquired immunodeficicucy syndrome (<1%).

Tuberculosis is increasingly 2 disease of the elderly, especially nonwhite men.
Tuberculosis is a geographically and demographically focal discase in North’ Caralina, and

preventive strategies shonld be appropriately targeted.

BoTH the number of cases and the incidence of

tuberculosis in the United States has declined

dramatically since the turn of the century, though
accurate data have been available only since 1953,
when uniform national reporting was im-
plemented.** From 1966 to 1985, the incidence
of tuberculosis in the United States declined an
average of 4.9% per year, In 1986 22,768 cases
of tuberculosia (9.4/100,000) were reported to the
Centers for Disease Control. This represented an
increase of 2.6% in the number of reported cases
over 1985 totals and marked the first occurrence
of an increase in indigenouns tuberculogis morbidity
since 1953.2 However, provisional national data
from 1987 reported 22,014 cases of tuberculosis,
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a decline of 3.3% from 1986.

Tuberculosis rates vary with age, gender, and
race. Advancing age, male gender, and nonwhite
race are all independenily associated with an in-
creased incidence of tuberculosis.**® In addition,
in the United States tuberculosis disprapor-
tionately afflicts certain subpopulations such
as Hispanics,™® American Indians/Alaskan
Natives,!! Asians/Pacific Islanders,'*!* homeless
populations, 17 blacks,!®*® and perscns infetied
with the human jmmunodeficiency virus (HIV-1)
or having the acquired immuncdeficiency syn-
drome (AIDS),'** ‘

Tuberculosis remains a major public health con-
cern. In 1986 tuberculosis ranked sixth cri the list
of diseases reportable to the Centers for Discase
Control, and among reportable communicable
diseases it continues to cause the greatest mortali-
ty. To aid in public health intervention strategies
for controlling tuberculosis we analyzed 21,113
cases of tuberculosis oceurring in North Carolina
between 1966 and 1986. We present here our
data, which highlight changes in the incidence of
ruberculosis over a 21-year period stratified by age,
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yender, and race. The effect of tuberculosis within
he migrant worker population and among in-
dviduals infected with HIV-1 upon the overall
tate statistics for recent years is noted, Finally,
we report a markedly increased incidence of tuber-
wlosis in a band running north-south across
ustern North Carolina, unexplainable by the ape,
gnder, and racial makeup of the region,

HETHODS
(ase Ascertainment and Deftnitions
Tuberculosis has been a reportable disease in
North Carolina since 1953, Criteria used in case
] seertainment hy the State of North Carolina have
heen similar to those used by the Centers for
Disease Contro], 2628

The current case definition was initiated in
%77, Only verified cases of pulmanary and ex-
. tapulmonary tuberculosis that meet the follow-
ing criteria were counted to determine annual in-
doence. Generally, a positive culture was
ncessary to confirm the diagnosis of tuberculosia,
ough some cases were accepted for counting on
he basis of a positive microscopic examination
when a culture had not been or could not be ob-
uined. In the absence of bacteriologic confirma-
{tion, cases in which the diagnostic process was
tmpleted were accepted as verified and were
wunted if there was evidence of tuberculous in-
kelion (indicated by a positive skin test), if there
were other signs and/or symptoms compatible with
wberculosis (such as abnormal chest film or
1 dinical evidence of disease), and if treatment with
w0 or more antituberculous medications was
rcommended for at least five consecutive months,

RSN, 3

preventive or prophylactic reasons only and whose
mlecrions showed no evidence of current activity
“' vere not accepted as cases. For statistical purposes,
..] persons whe had recurrent disease, who had been
ri

discharged from supervision more than 12 months
tarlier, or who had been lost to follow-up were
tounted as having a new case of tuberculosis.
lases ascertained at the time of death were
eunted in annual morbidity statistics, provided
the person had current disease before death, To
mprove agcertainment of tuberculosis cases the
sale law was arnended in 1980 to require all
isolates of Mycobacterium tuberculosis by laboratories
eperating in North Carclina to be reported to the
t Mrth Carolina Tuberculosis Control Branch.

) In North Carolina, state tuberculosis cantro] ef
forts have existed since the inception of public
bealth in 1877. Presently the Tuberculosis Con-
trol Branch employs 20 full-ttme professionals, In
addition, all local health departments have per-
sinnel dedicated to tuberculosis control, including

]
|

1 Persons whose treatment was recommended for -

about 200 persons in outreach programs, All cases
reported by physicians or isolates of M tuberculosis
reported by laboratoriex were verified by the logal
county health director, followed by verification at
the Morhidity Unit/State Tuberculosis Control
Office,

Our data include all cases of tuberculosis oc-
curring in North Caralina between 1966 and 1986,
Cases occurring from 1966 to 1972 were obtained
from hardcopy files in the Central Files Office of
the North Carolina Government. Case records
from 1973 w 1986 were obtained from a tape pro-
vided by the North Carolina Tuberculosis Con-
trol Branch.

Population estimates for each county by age,
gender, and race were provided by the North
Carolina Demographics Branch. County popula-
tion density and mean family income were baged
on United States census data. -

Determination of Incidence Rates and Standardized
Morbidity Ratios

Incidence data were always recorded as cases
per 100,000 population based on the estimated
midyear population of the cell. Standardized mor-
bidity ratios were calculated using the indirect
method (ECVEZRINi, where C = number of
cases, 1 = age, race, gender cell, Ri = Unired
States artack.rate, NI = estimated cell popula-
tion). For hypothesis testing purposes, we obtained
an approximate sampling variance for the SMR
following the method of Keyfitz.?

Association of Tuberculosts and AIDS

Subjects meeting both the AIDS and tuber-
culosis case definitions currently used by the
Centers for Disease Control were detected by
matching names on hoth surveillance lists.

RESULTS

Effects of Race, Age, Gender

During the 21~year study period, 1966 to 1986,
21,115 cases of tuberculosis were reported in
North Carolina, The incidence rate (per 100,000)
of tuberculosis over the 21 years was 18.19,
Univariate analysis revealed that this rate varied
tremendously with race, gender, and age. Com-
bining the data over the 21-year study period, the
univariate incidence rates were as follows: race—
white 9.03, nonwhite 47.40; gender—male 25,49,
female 11,25; and age—0 to 4 years 7.59, 5 to
14 years 3,44, 15 to 24 years 6,30, 25 10 44 years
15.92, 45 to 64 years 33.85, and > 65 years 51,54,
Thus in North Carolina betweeri 1966 and 1986,
the incidence of tuberculosis was 5.25 times
greater in nonwhite than in white individuals, 2,27
times greater in male than in female subjects, and




'TABLE 1. Incigarica of Tubsteulosia in Nosth Carolina {psr 400,300) by Age, Rece, &nd Qender

e ————————————
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Tieme Agpe (yeory)
Infervals Subgroups 0-4 eld 1524 . 25-44 43-64 X7
1966-58 White male 5.2 1.2 4,3 179 44,1 7.2
Whise female 8.3 2.2 4,7 B.1 9.3 PRI
Nonwhite mule 41.6 19,8 33,8 ) 106,58 203,8 Wi
Nonwhite Jemale 218 1.1 37.3 56,5 50.3 85}
1968471 whi[: male 5.1 0.9 4.7 15.2 374 547
White female 4.5 1.5 59 5.7 1.8 Ing
Nonwhize male 34,0 149 27,0 187 ' 1.3 61
Nonwhlte famale 20,7 14.5 16,6 17,8 187 inj R
1972-74 White male 33 0.7 3.3 a.q 78.8 e
‘White female 2.3 0.8 2.1 3.1 B3 154
Nonwhite male 24.6 1y 15,1 103.6 187.2 Al
Neonwhite farmale 17.7 12.6 15,6 kYN 46,5 B
197577 White male 1,7 1.0 2.8 9.1 3.0 Ly
White femile 2.3 0.7 1.8 4.4 8.8 10
Nonwhiic mule 16,8 6.3 YA 435.9 2156 i
Monwhite fernale 8.6 111 20.2 2.3 51,3 "
1978-80 ‘White male 1.9 0.8 1.3 6.8 25,5 a2
‘White famsle 2.0 N 0.a 1.7 3.3 8,2 179
Nonwhite male 14.7 5.3 14,6 T4 192 5 R
Nonwhite Jemule 21.4 6.1 12.7 278 40.8 HE
1961-83 ‘White male 24 0.4 0.8 £6 20.7 LS|
White female 2.2 0.4 0.4 2.5 58 113
Nonwhite snale 9.2 2.8 8.6 50,7 137.2 4315
. Nonwhite lemele B3 51 9.9 19.1 35.0 il
1984-86 Whita male 14 0.3 1.1 3.6 15,1 i
White fetnale 1,7 0.2 1.0 1.3 d.h 17
Nonwhite male 8.5 2.8 5.5 37.8 105.8 030
Nonwhite [emale as 2.5 4.5 15.4 + a8.n {1}
o

14,98 times greater in individuals clder than 65
than in individuals aged 5 to 14,

Stratification of tuberculosis incidence rates by
race, gender, and age (Fig 1, Table 1) demon-
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strated that the incidence of tuberculosis was
markedly higher in nonwhite than in white in-
dividuals regardless of age or gender. Depending
on the specific age and gender subgroup, the
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FIGURE 1. Incldence of tuberculosls In North Caroline {por 100,000) Irom 1958 1o 1984 by gender, race, and age.
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incidence of tuberculosis was 3.2 to 22.5 times
higher amang nonwhites than whites. Overall the
incidence of tuberculosis wag higher in male than
in female subjects regardless of race, but this dif-
krence is highly age dependent. For the three age
groups between 0 and 24 (ie, 0 to 4, 5 to 14, 13
o 24) the incidence of tuberculosis was similar
regardless of genider. For the three age groups be-
tween 25 and more than 65 (ie, 25 to 44, 43 to
§, > 65) the incidence of tuberculosis was con-
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FIGURE 2. Incidence cf ttberaulosis (n Nonp Carcllna {per 106,000) in thren-year intarvels from 1668 ta 1886 by gendar and race,

sistently higher in men than in women regardless
of race. Depending on the race and age subgroup,
the incidence of tuberculosis in male subjects was
1.8 10 4.9 times greater than in female subjects.

Trends in Tuberculosis Incidence

The number of reported cases of tuberculosis
in North Carolina has dropped 43% from 1,248
cases reported in 1966 to 711 cases reported in
1986 (Fig 2, Tables 1 and 2), Correspondingly,

TABLE 2, Incidance of Tuberculosls {per 100,000 and Standardlzed Matbidity Ration (8MR) (Excess or Daflelt Comparod With Predicted)

for Tubsrculosls in Ndrih Cgrollng by Year and Reglon

Inevdence :ELRJ{‘PH I SMR By Ragion
Vear TB Caer Eat W Tolal: NG Easl Wt Tolsl: NC
1966 1,248 40,20 1B.42 25.56 L1 =270 0.67 { —299) 0.85 { ~291)
1967 1,242 36,33 18.79 2,'1.13 1.07 ¢ +36) .78 -214) 0.86 (= 176)
1968 1,201 37.88 17.33 24.10 1,21 { + 108} 0,72 ( -224) 0,01 {-119)
1669 1,185 36,12 18,54 2.0} 1,27 (+324) 1,76 { — 188) 0.9% { -58)
1990 1,219 40,65 15.11 24,08 1.82 {+220) 0,75 { - 148) 1.07 { +78)
1074 1,050 33,23 14.50 20.52 1,94 { +198) 0,75 { - 158) Cogar( -8
a7 1,015 32.31 15,49 19,44 1,89 (43503 077 (- 147 1.00{ +2)
979 986 30,51 13.01 18,58 141 (=150 0,79 (- 124) 1.08 ¢ +26)
9% B36 . 27,23 12.79 17.41 AL (0D 0.81 (- 1) 100( +1
(575 1,154 32.17 18.01 . 21,21 1,36 ( +150) 0.88 { -70) 1.07 { +80)
1976 1,218 3479 16.33 2'&.30 1,57 (+229) 0.87 ( -18) 1.20 { +204)
977 1,041 26,84 16.88 lF.Qﬂ 1.44 (+160) 0.87( -74) 1.09 { +E8)
978 541 27,31 13,83 1681 14 {4150 .81 {-109) 1.06 { +49)
e 982 29.57 11.8% 17.51 1.62 { +202) 085 { ~79 114 ( +123)
1960 1,035 8a.12 118 14.49 1.84 {+1278) 085 ¢ —81) 1.28 { +197)
1981 972 20,63 10,14 1541 1,58 { +220) 0.76 { —194) L0 { +B6)
1982 794 23.40 8.2 i8.13 1,43 (4137} T D68 (—17%) 0,95 { ~35%
1983 779 29.14 808 12,81 1,50 (+147) 0.70 ( - 148) LO0( +2)
1564 756 .14 7.1 12,26 1,44 { +181) 1.67 (~162) 0.95({ =31)
1) 658 16.57 7.75 10.52 116 { +48) 0,73 (~12%) 089 { 77
1986 AR 1240 7.49 11.25 1.94 { +99) 9,70 { =141} 0.94 { -43)




the incidence (per 100,000) has decreased 56%
from 95.56 to 11,25, Stratification of the data by
race and gender revealed that among all four
subgroups the incidence . of tuberculosis has
declined from 1966 to 1986 (Fig 2). The decrease
in the incidence of tuberculosis was greatest for
~ white male subjects (63%), followed by white
female subjects (56%), nonwhite female subjects
(35%), and nonwhite male subjects (50%).
Although all four race and gender subgroups
showed a significant decrease in tuberculosis rates
between 1966 and 1986, the rank order of tuber-
culosis incidence at every time point remained
nonwhite male > nonwhite female > white male
> white female subjects. :

Stratified analysis (Table 1) revealed that the
incidence of tuberculosis dechined for all racial,
gender, and age subgroups, However, the degree
of decrease was greater for individuals aged 0 to
04 years than for those older than 25. Although
the incidence of tuberculosis has declined in both
whites and nonwhites, the relative difference be-~
tween the groups (about threefold to 23-fold} has
remained approximately constant between 1966
and 1986.

Impact of Geagraphis Location

" The incidence of tuberculosis varied significant-
ly amang the regions of the state (Fig 3, Table
2). The eastern section of North Carolina, depend-
ing on the study year, recorded an incidence of
tuberculosis 1.8 to 2.9 times that of the western

section of the state. This eastern predominance .

has remained. relatively stable over the 21 years
despite a decreasing incidence of tuberculosis in
both regions.

In an attempt to evaluate the importance of age,
race, and gender in explaining the eastern
predominance of tuberculosis we calculated stan-
dard morbidity ratios (SMR) for each section of
North Carolina, which took into account race,
gender, and age within the regions (Table 2).
North Carolina as 2 whole had an SMR of 1.01
over the gtudy period, indicating the state is close
to the rates expected for its race, age, and gender
distribution based on data for the United States.
Standardized marbidity ratios, however, revealed
a marked eastern predominance of tuberculosis
unexplained by the race, gender, or age distribu-
tion of the population. Over the 21-year study
period, eastern North Carolina had an SMR of
1.38 while the western region had an SMR of
0.77. Thus eastern North Carolina had significant-
ly more cases of tuberculosis than is explainable
by its age, race, and gender distribution, while
western North Carolina had significantly fewer
cases. This eastern predominance occurs in a band

T SMA=<1.00
BWR = = 1,00-5 .50
MM w z 1.50-52.00
N SMR=232.00

FIGURE 3. Nonth Carcling standardizad morbldily relios (MR (by age, rat.
gender) for fuberculnsis by sounty in asyvan-ysar Intarvals.

that spares the coastal counties (Fig 3).

Stratified analysis (Table 3) revealed 2 markedy
higher incidence of tuberculosis in the eastern por
tion among individuals more than 25 years old
in all time periods, and for all race and gender
groups. However, a higher incidence of tuber
culosis was not noted for individuals 24 years ald
or younger, regardless of time period studied,
race, or gender. Further, the eastern section is
becoming increasingly deviant from the remainder
of the state (Fig 3).

Correlation of SMR by county with county
population density or mean family income did not
show a statistically significant relationship:
1969—county SMR versus population density, P
= .15; county SMR versus mean family Income,
P = .15; 1979—county SMR versus population
density, P = .08; county SMR versus mean fami
ly income, P = .43. However, the directionality
was as expected; the incidence of tuberculosi
increased as population density increased
(Spearman’s correlation: 1969 = 0.086, 1978 -
0.22), and as the mean family income decreased
(S%ciitrr)nan’s correlation: 1969 = -0.18, 1979 »

~0.12).
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| TABLE 2, Inoidsrios of Tubsrculosls In Nerth Carolina {per 700,000) by Flace, Gender, Age, and Geagraphic Region
1968-1964 1975-1972 1944-1388
seifirh Age East Wert LBaxt West Eaxnt Went
T . D4 1,56 5,80 158 1,8 0.77 1.27
5-14 2 0.89 1.27 0,73 .07 0,38 0,29
13-24 5.39 31 271 2,12 1.28 1.05
25-44 29.67 14.92 12,49 7.87 470 813
48-64 64.39 36.96 35.52 27,22 24.87 9.42
>E3 134.98 h0.58 116.01 42,42 53.58 25.23
Whete femalye 0§ 7.46 5,80 4,83 1.27 1.54 1.68
> 1.39 2.51 1.92 0,28 0.B1 0.00
15-24 5.08 1,97 1.46 1,59 1.20 0,95
2%-44 1174 6,82 451 b4 1,81 1,44
- 564 18.67 8,50 110.58 .79 588" . 3.A%
‘ »65 39,89 15,81 7,61 12,91 12,84 9,48
ettt fibile [ 37,12 311 1212 20.97 7.18 8,80
314 17.97 21,87 8.E7 5.09 ' 1,46 .95
13-24 58.07 28,31 15,09 38.99 7,05 356
2544 131.29 86,16 105,33 86,57 #H.00 20,09
45-64 263,57 130,78 282,33 156,03 148,11 £6.35
64 315,81 148,02 326,24 150,44 274,07 104,07
Yenvhite female 04 23,09 20,60 21,69 17,54 8.48 7.4
5-14 iB.20 20.00 10.64 11,81 2.00 .19
1524 98.70 36,46 20.64 19,78 7.43 5,83
25-44 61.14 52.38 80,16 33.97 16,92 14.50
4B-64 §7.13 98,78 LI31 47.98 38,33 19.24
>61 180,20 &h,48 63,63 97,43 43,19

13455

Impact of Migrant Population on Tuberculosis Rates
Agriculture, especially tobacco growing, is the
hrgest industry in North Carolina, and therefore
North Carolina has a large migrant population.
The number of cases of tuberculosis reported in
migrante from 1983 through 1986 was as follows:
[983—21 cases (2.7% of all tuberculosis reported),
[984—19 cases (2.5%), 1985—12 cases (1.8%),
and 1986—12 cases (1.7%). The breakdown of
the 64 cases in migrants by race and gender was
» follows; white male—12 (18.7%), nonwhite
male—45 (70.3%), white female—one (1.6%),
nonwhite fernale—six (9,4%). The breakdown of
the nonwhite group was black 49, Indian 0, and
Hispanic 2.

Impact of HIV-1 Infection on Tuberculosis

Between 1982 and 1987, 22 patients with AIDS
ppeared on the tuberculosis surveillance list
able 4), The relationship of AIDS diagnosis and
berculosis diagnosis was as follows: in seven pa-
fents tuberculosis developed before AIDS, in four
patients AIDS developed before tuberculosis, in
iix patients both conditions developed at approx-
imately the same time, and five patients were dead
when the diagnosis of tuberculosis was made,
Siratified analysis revealed that 7.5% of 213 black
non-Hispanics with AIDS had tuberculosis com-
pared with 2.0% of 252 white non-Hispanics.
B Tuberculosis developed in 4.6% of male AIDS pa-
tents and 4.1% of female AIDS patients. Tuber-

culosis incidence varied by AIDS risk group
(number of AIDS patients within risk group):
homosexual/bisexual men, 2.6% (273); homosex-
ual/bisexual meh who also used intravenous drugs,
0% (20); intravenous drug abusers, 10.2% (88),
hemophiliacs, 0% (22); bloed ransfusion recip-
fents, 11,1% (27); parent within high-risk group,
0% (5); heterosexual contact, 4.3% (23); and
unknown, 11.1% (18).

The median age of patients with AIDS and
tuberculosis was 37 (range 26 to 66). The tuber-
culosis was pulmonary (one site) in ten, miliary
in six, pulmonary {two sites) in three, lymphatic
in one, pleural in one, and peritoneal in one. At
the time of diagnosis, five patients (22.4%) were
dead. Among the remaining 17 patients who
started tuberculosis therapy, cumulative mortali-
ty was as follows: six months—29.4%, 12
months—52.9%, 24 months—64.7%, and 36
monthe—70.6%. Of the five patients presumably
still alive as of June 1988, one began therapy in
1985 and four in 1987.

Trends in Stie of Tuberculosis

Between 1975 and 1987, extrapulmonary tuber-
culosis was noted in 14.8% of patients. A slight
trend toward an increased incidence of ex-
trapulmonary tuberculosis has been noted. In all
years between 1975 and 1983, the percentage of
patients with extrapulmenary tuberculosis was less
than or equal to 14.8% (minimum = 12.7%),




whereas in all years since 1983 the percentage of
patients with extrapulmonary tuberculosis has
been greater than 14.8% (maximum 21.1%).
Blacks were slightly more likely to have ex-
trapulmonary digease than whites, 15.9% versus
12.4% . Female subjects were also more likely to
have extrapulmonary disease than male subjects,
18,9% versus 12.8%. The likelihood of ex-
trapulmonary disease also varied by age: 0 to 4
years, 22.3%; 5 to 14 years, 17.8%; 15 to 24
years, 18.6%; 25 to 45 years, 17.2%; 45 to 64
years, 12.3%; and more than 65 years, 14.5%.
Sites of extrapulmonary disease (1975 to 1987)
were as follows: pleural 618, miliary 280, lym-
phatic 230, other 172, genitourinary 167,
bone/joint 156, meningeal 65, and peritoneal 33.

DISCUSBEION

The incidence of tuberculosis has been declin-
ing in the United States since the turn of the cen-
tury.® General improvements in the standard of
living appear to have been the most important fac-
tor in this decline, although the increase in rate
of decline coincided with the introduction of ef-
fective antituberculous drugs. Between 1953 and
1985 the number of cases of tuberculosis fell from
84,304 (incidence 53.0/100,000) to 22,201 (in-
cidence 9,3/100,000) and the number of deaths
attributable to tuberculosis, from 19,707 (in-
cidence 12,4/100,000) to 1,680 (0.7/100,000).2
Provisional data for 1987 indicate a further decline
10 22,014 cases.”™ This continued decline in tuber-
culosis has resulted in part from ongoing
surveillance, screening of high-risk subpopula-
tions, and contact investigation coupled with pro-
phylaxis for infected individuals and effective
therapy for diseased individuals. The discovery of
effective antituberculous drugs and development
of effective short course regimens of treatment
have also aided public health control measures.

Despite this dramatic decline tuberculosis re-
mains a major public health problem. In 1986
tuberculosis ranked No. 6 on the list of diseases
reportable to the Centers for Disease Control, ex-
ceeded only by gonorrhea, salmonellosis, syphilis,
hepatitis A, and hepatitis B, Among reportable
diseases, tuberculosis continues to lead the mor-
tality list. Recent reports note the continued high
incidence of tuberculosis within certain subpopula-
tions: Hispanics,*'® American Indians/Alaskan
Natives,!! Asians/Pacific Islanders,'*'*2! home-
less populations,®17 blacks,'®!® and persons in-
fected with HIV-1 or who have AIDS 9%

Only a minority of individuals who are infected
with M tubsreulosis (ie, those who show a positive
reaction to skin testing with purified protein
derivative [PPD]) will have clinical disease. The

TABLE 4, North Carcline AIDBTuberculosls Caszee by Yeer of
Antitubarcolous Therapy and AIDS Diagnosia

Year Tuberculosiz N, of
Fatients 1982 ]335 1934  18h]

Year AIDS Wt Diugnused

Therafy Was Begun ivgnJUE
1982 0 0 a 8 4 l u
1983 2 6 0 1 ! i b
1984 4 0 0 4 4 it i
1985 4 4 0 & ki i 1
1585 3 a 0 9 n 8 :
oAy~ 9 0 9 1 0 u i
Total E 0 0 5 3 : [H

*CDO AIDS cme definition reviged 1o includs tuberculoais.

incidence of tuberculosis, as measured by sur
veillance, depends on three components: the risk
of becoming infected, the risk of infection leading
to active disease, and the risk of reactivalion of
Jatent infection. Factors influencing risk ol infee
tion appear to be quite different from thos
influencing risk of disease after infection has

. accurred. Unfortunately, only Hmited data are

available regarding the relative significance of
individua! risk factors and relative contmibution of
all three components to overall disease incidence,
Further, the complex interactions between in
dividual risk factors make it difficult 1o attribute
variations in disease incidence to any of these fac
tors in isolation.

The risk of aequiring tuberculous infection i
usually low per day of exposure. Past studies in
dicated that 48% to 68% of househald contacs
were infected at the time of ascertainment of the
index case. In recent data from the Centers for
Disease Control, 15% of close contacts and 2%
of other contacts were infected.’

Multiple factors have been associated with the
risk of acquiring tuberculous infection: ag,
gender, and race; level of contact; geography; and
socioeronomic factors. First, nonwhite and male
subjects have been more likely ta be infected than
white and female subjects.”*** Increasing age s
assnciated with an increasing prevalence of tuber
culous infection, although few studies provide
simultaneous cross-sectional data on subjects from
early childhood to late adult life. Second, leve] of
conract with source case is associated with the rig
of infection. Advanced disease, production o
sputum, and large numbers of tuherculoy
bacteria in the sputum have been associated with
an increased risk of infection in contacts.¥

Treatment greatly reduces the risk of transmir &

gion.*® Third, data obtained on military recroil
suggest a geographic variation in the prevalens
of infection.*0*! A higher frequency of infection
was noted in recruits from large cities, Appaluchia,

~ Pennsylvania coalfields, the Southwest, and th
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outheast. Recruits who had lived abroad were
t slightly greater risk than lifetime residents of
¢ United States, Fourth, infection also appears
Tiobe related to various sociceconomic factors, be-
ing higher in urban than in farm residents, higher
i households with crowding, and higher in
wvuits than in college men.%* Other studies
heve noted that the risk of infection is associated
with lower sociosconomic status.42

The risk of clinical tuberculosis after infection
dso appears to depend on multiple factors, Ma-
f i risk factors include time interval since infec-
o, gender, age, body weighr, and depressed im-
mine function. First, the risk of active tuberculosis
s highest within the first few years after infec-
lon,632:39.4344 Tnfants are at special risk for
kevelopment of active disease.** Second, the risk
i iinical tuberculosis during late adolescence and
grly adult life is higher in infected female sub-
jute than in male subjects. After age 50 men are
it greater risk.#¢’ Third, the onset of active
wherculosis peaks during infancy and early
tildhood, early adult life, and late adult life,
fourth, among infected persons, heavier persons
pppear 1o develop ruberculosis less frequently than
ighter ones.*#2% Fifth, conditions (ie, HIV-1 in-
fion) or medications that depress immune fune-
ion may increase the risk of reactivation of tuber-
wipsis. Gender, age, and immune function may
10 be related to risk of acquiring infection with
tuberculosis, and thereby to disease incidence.
ther factors reported as being relared to the
levelopment of infection include socioeconomic
ass, psychosocial stress,’? and genetic factors.

Risk of reactivation of tuberculosis has also been
rlated to multiple factors.®* Factors reported 1o
ncrease the risk of reactivation include extensive
fisezse, younger age, and nonwhite race. Risks
of reactivation decrease with time since “‘arrest
of disease’” and with adequate chemotherapy.

Stratified analysis of 21,115 cases of tuberculosis
rported in North Carolina between 1966 and
(986 revealed that age, gender, and race were in-
‘] dependently predictors of the incidence of tuber-

ulosis. Age was the most significant predictor.
) The age distribution of tuberculosis revealed a
mall peak in childhood (0 to 4 years of age) and
amuch larger peak in older individuals. The peak
i oider individuals is in large part due to a cohort
1 tfect which reflected the higher incidence of ac-

gistion by the elderly of infection during the

tildhood years.*? In addition, waning of the im-

mune system which leads to loss of skin test reac-

| vty may algo lead to increased reactivation.’?
In every age group nonwhites had an incidence

l Jtuberoulosis 3.2 to 22.5 times higher than whites

of the same gender group, The increased incidence
of tuberculosis in nonwhites is most likely related
to a higher prevalence of infection, although good
data, are scarce. The prevalence of 2 positive tuber-
culin skin test among military recruits tested be-
tween 1958 and 1969 was 3.8% for whites, 12.4%
for blacks, and 60.2% for Asians.® A study of
tuberculin reactivity among 50,000 employees of
the New York City Board of Education tested in
1973-1974 revealed an age-adjusted rate of
30.54% for Puerto Ricans and 26.04% for blacks,
compared with 8.39% for whites.

Three prospective studies in the United States
have analyzed the development of active tuber-
culosis among tuberculin reactors by race. Study
populations included school children in Alabama
and Ceorgia,’ military recruits,” and Puerto
Ricans.5* Incidence rates for blacks and whites
in the three studies were as follows: Alabamians
—black 76, white 43 (follow-up 20 years), military
recruits—black 91, white 78 (follow-up four
years), and Puerto Ricans—black 87, white 91
(follow-up 19 years). Thus, the first two studies
derected a higher incidence of tuberculosis among
nonwhites than whites, However, in a careful
review of these and other studies, Kushigemachi
and co-workers™ concluded that current data are
insufficient to isolate race as a risk factor for the
development, of tuberculosis.

Review of our data revealed that the rate of
tuberculosis is roughly equal in the male and
fernale population (within the same racial group)
for subjects 0 to 24 years of age, while the rate
is twofold to threefold higher in men than in
women more than 25 years old. These findings
suggest one or more of the follawing: (1) older
male subjects were more likely than older female
subjects to acquire primary tuberculosis; (2) clder
men were more likely than older women to have
acquired tuberculosia in their early years, and the
factors thar led to this exposure have not been
present in North Carolina since 1941; and (3)
older men are more likely to have reactivation of
tuberculosis than older women.

Qur data revealed that the incidence of tuber-
culosis had declined steadily between 1966 and
1885, During this 20-year period the number of
cages of tuberculosis decreased at an annual
average rate of 2.85%/year and the incidence of
tuberculosis decreased at an annual average rate
of 4,2% /year. This decline has occurred among
all racial, age, and gender groups. Although North
Caralina reported an increase in cases in 1986
compared with 1985, provisional data reported
662 cases in 1987.%7 Tuberculosis arnong migrant
workers has remained relatively constant from




1983 through 1986, accounting for 1.7% 0 2.7%
of the state’s cases. Nevertheless, these low
numbers may reflect underascertainment. A study
of migrant workers on the Delmarva peninsula
(Delaware, Maryland, Virginia) revealed a
prevalence of skin test reactivity of 37%.%* Addi-
tional population-based data are desirable,

Whereas the incidence of tuberculosis in

association with HIV-1 infected individuals has .

steadily increased, tuberculosis within this group
accounts for only a small proportion of cases
reported in North Carolina. Matching of tuber-
culosis and AIDS registries in New York City,
Connecticut, and Florida revealed that 5% to 10%
of patients with a diagnosis of AIDS also had
tuberculosis. ¥ Approximately 2% of tuber-
culosis cases occurred in patients with AIDS. Our
finding of tuberculosis in about 5% of AIDS pa-
tients is similar to that in previgus reports. It is
of public health significance that for seven of 22
patients with AIDS and tuberculosis, the diagnosis
of tuberculosis preceded the diagnosiz of AIDS,
Since HIV-1 infection appears to be a significant
risk factor for tuberculosis the CDC recommends
that HIV-1 infected persons be given a tuberculin
skin test and that if it is positive, preventive
therapy with isoniazid should be given after ac-
- tive tuberculosis has been ruled out, regardless of
age.?

The proportion of cases of tuberculosis in ex-
trapulmonary sites has increased slightly over the
21-year study period. Nonwhite and female sub-
jects were somewhat more likely to have ex-
trapulmonary disease.

Although the incidence of tuberculosis has
decreased in all age groups, the decrease is least
apparent for older Americans { >45 years of age).
Tuberculogiz in North Carolina is clearly and in-
creasingly a geriatric disease, During the period
1966 to 1968, 55.0% of tuberculosis cases occurred
in persons over age 45 and 20.2% in persons over
age 65. By comparison from 1984 to 1986, 71.0%
of patients with tuberculosis were over age 45 and
38.5% were over age 65, Because most disease in

* these age groups is presumably the result of reac-
tivation rather than recent trangmission, public
health programs could focus on detection of tuber-
culous infection and prophylaxis in younger in-
dividuals and/or detection and treatment of disease
in the elderly, However, during the interval 1984
to 1986 only 17.1% of the tuberculosis cases oc-
curred in patients under age 35, which emphasizes
the need for public health programs to be targeted
at detection of tuberculosis in the geriatric popula-
tion. The high prevalence of infection in residents
of extended care facilities’®55 and multiple

reports of cross-transmission have led to recom-
mendations to screen entries into extended care
facilities. 57 :

Although the incidence of tuberculosis among
minorities declined between 1966 and 1986, the
level of discrepancy between whites and nonwhites
has been remarkably constant. Even in the
youngest age groups where the incidence of tuber
culosis reflects new infection, nonwhites cantinue
to have a significantly higher incidence of tuber-
culosis than whites. '

Comparing county-specific incidence rates over
the 21-year study period revealed a predominance
of tuberculosis in the eastern part of Normh
Carolina, Even after standardization for race,
gender, and age the marked eastern predominance
persisted, This eastern predominance cannot be
entirely explained by population density o
sociceconomic level. There are several possible ex-
planations for this observation. The first is an in-
creased incidence of infection leading to an in-
creased incidence of disease, though this would
not explain why the increased incidence of diseast
is found only in the older age groups. Second, an
environmental, social, or economic factor more
prevalent in the east might lead to increased fre-
quency of reactivation of latent infection, Third,
gome environmental, social, or economic factor
might lead to increased transmission of M iube-
culpsis, though this would be difficult to reconcik
with the view that most disease in older individuals
represents reactivation and with the similar rates
of disease in younger individuals, Fourth, migrant
farm workers employed in the agricultural eastem
region of North Carolina could account for the
eastern predominance, but this is not supporied
by the relatively few cases found among migran
warkers.

Tuberculosis continues to be a major public
health problem, especially within certain sub
populations such as the humeless, Asians, and
Hispanics. The gap between whites and nonwhites
did not improve over the 21 years of our swdy
and requires new public health approaches, The
consistent finding that 5% to 10% of AIDS pa
tients have tuberculosis 13 of concern for several
reasons, First, 1.0 to 1.5 million Americans are
estitnated te be infected with HIV-1, which in the
majority will progress to AIDS. This will have
substantial irnpact on the incidence of tuberculosis,
Second, tuberculosis in patients with AIDS i
more difficult to diagnose because skin tests are
often negative because of anergy, there is a higher
incidence of extrapulmonary disease, chest roent-
genograms are often atypical, and it is more dif
ficult ta isalate M tuberculosis from the sputum by
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aear or culture. Finally, since ATDS patients are
requently hospitalized there is the possibility of
ccreased nosocomial transmission, though such
rnamission has not proved to be a major
problean, _ ,
With the exception of HIV-1 infected persons,
i dara suggest that tuberculosis will increasingly
beome 2 geriatric disease, especially of elderly
jonwhite men. New strategies and technologies
wil nevdl to be developed to address this problem.
The predominance of tuberculosis in eastern
\oth Carolina remains unexplained, and
araveling this observation may increase our
sgersianding  of acquisition of infection or

smeenrated in defined geographic pockets in
\orlh Carolina, intensive use of preventive
aeaseres may be most effective, particularly for
 surons under 35 years of age, Unfortunately, only

17.1% of cases in North Carolina from 1984 to
| 1486 orcurred in persons under 35 years of age.

Acive case-finding, treatment, and extensive use
| i themoprophylaxis may be necessary to
dminate the relatively: high incidence of tuber-
alosis in eastern North Carolina. '

We have used the standardized morbidity ratio
srsummarizing tuberculosis morbidity in differ-
¢ geographic areas, The SMR eliminates the ef-
wats ol age, race, and gender composition of the
wrious regions and allows comparison of observed
e with expected rates of tubexculosis based on
sional data. Using this method we have shown
$ar the geographic predominance of tuberculosis
"t sastern North Carolina s not due to
. demiographic makeup of the region. Other states
| an use similar methods to define relative risks and
i sxeess morbidity for their state or countles, as
mmpared with the population of the United
Sutes, Such information will allow the devélop-
mexl of mare precisely targeted programs to pre-
vent and treat tuberculosis.
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CALL FOR NOMINATIONS.......

At its 83rd Annual Scientific Assembly to be held In Wash'ington. DC, November
5-8, 1989, the Association will elect the following Officers for the year 1989-1990:

President-Elect
Vice-President

Any member of the Association wishing to'make a nomination may forward his
nomination to the Chairman of the SMA Committee on Selections, John A. Board,
MD, Box 34, MCV Station, Richmond, VA 23298. '
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