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CLINICAL REVIEW

Interpretation of the Tuberculin Skin Test
David N. Rose, MD, Clyde B. Schechter, MD, Jack J. Adler, MD

OBJECTIVE: To reinterpret epidemiologic information about
the tuberculin test (purified protein derivative) in terms of
modern approaches to test characteristics; to clarify why dif-
ferent cutpoints of induration should be used to define a
positive test in different populations; and to calculate test
characteristics of the intermediate-strength tuberculin skin
test, the probability of Mycobacterium tuberculosis infection
at various induration sizes, the area under the receiver op-
erating characteristic (ROC) curve, and optimal cutpoints for
positivity.

METHODS: Standard epidemiologic assumptions were used
to distinguish M. tuberculosis-infected from -uninfected per-
sons; also used were data from the U.S. Navy recruit and
World Health Organization tuberculosis surveys; and Baye-
sian analysis.

RESULTS: In the general U.S. population, the test’s sensi-
tivity is 0.59 to 1.0, the specificity is 0.95 to 1.0, and the
positive predictive value is 0.44 to 1.0, depending on the
cutpoint. Among tuberculosis patients, the sensitivity is nearly
the same as in the general population; the positive predictive
value is 1.0. The area under the ROC curve is 0.997. The
probability of M. tuberculosis infection at each induration
size varies widely, depending on the prevalence. The optimal
cutpoint varies from 2 mm to 16 mm and is dependent on
prevalence and the purpose for testing.

CONCLUSIONS: The operating characteristics of the tuber-
culin test are superior to those of nearly all commonly used
screening and diagnostic tests. The tuberculin test has an
excellent ability to distinguish M. tuberculosis-infected from
-uninfected persons. Interpretation requires consideration of
prevalence and the purpose for testing. These findings sup-
port the recommendation to use different cutpoints for var-
ious populations. Even more accurate information can be
gotten by interpreting induration size as indicating a prob-
ability of M. tuberculosis infection.

KEY WORDS: tuberculin test; tuberculosis; nontuberculous
mycobacteria.
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hat is the meaning of a positive tuberculin skin
test? The answer to this question remains uncer-
tain despite use of the test for more than a century.
because there is no diagnostic “gold standard” with which
to compare tuberculin reactivities. Our current under-
standing of tuberculin reactivity has been unchanged

over the past four decades and is based on two funda-
mental inferences from epidemiologic data.'-? First,
reactivity 48 to 72 hours after intradermal intermediate-
strength purified protein derivative (PPD) among per-
sons with tuberculous infection is similar to reactivity
among persons with tuberculous disease. Most persons
with tuberculous disease have indurations 16 to 17 mm
in diameter, though indurations can range from O to
more than 30 mm in diameter.> * Second, nontuber-
culous mycobacterial (NTM) infection also causes tu-
berculin reactivity, calied “cross reactions.” Most of these
reactions occur at 0 to 2 mm, and NTM infection pro-
duces successively fewer induration sizes up to 15 mm.
The general population has a mixture of infected and
uninfected persons.'~¢

Test interpretation is made even more complex by
the many factors that diminish reactivity, from technical
problems in performing and reading the test to condi-
tions that impair delayed-type hypersensitivity.” Fur-
thermore, many clinicians are confused by the seem-
ingly arbitrary choice of cutpoints (the induration sizes
that separate positive tests from negative tests) and by
the discordance between the definition of tuberculin
positivity and the indications for isoniazid preventive
therapy. Despite these complexities, the tuberculin skin
test has not been subjected to modern methods of test
analysis. As a result, positive tests are often interpreted
as meaning the patient has Mycobacterium tuberculosis
infection and negative tests as meaning the patient does
not have M. tuberculosis infection. By contrast, clini-
cians understand that exercise electrocardiographic
testing neither definitively diagnoses obstructive coro-
nary artery disease nor indicates specific therapies. An
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FIGURE 1. Frequency of tuberculin reactions in 643,694 U.S. Navy
reciuits (fop graph) and 3,826 tuberculosis patients (boftorn graph).
Tuberculin reactions are classified as true positives (a), false pos-
itives (b), false negatives (c), or true negatives (d). Among the
navy recruits, the classification is made by distinguishing Myco-
bacterium tuberculosis-infected persons from uninfected persons
and by the choice of cutpoint (vertical line). Among the tuber-
culosis patients, the classification is made by the choice of cut-
point (vertical line); there is no uninfected patient.

extensive literature relates the findings of exercise test-
ing to the probability that a patient has coronary heart
disease. Our purpose here is to apply similar methods
of test analysis to the PPD test.

We used information from two well-regarded studies
to calculate several kinds of test characteristics at var-
ious induration sizes: the probability of M. tuberculosis
infection; standard test characteristics (sensitivity,
specificity, positive predictive value, and negative pre-
dictive value); and the receiver operating characteristic
(ROC]) curve. We then explored the consequences of dif-
ferent cutpoints used for various purposes of tuberculin
testing. This article is not intended to be a comprehen-
sive review, which is available elsewhere.”-'! We present
instead a quantitative analysis of test characteristics
and the implications for interpretation of the tuberculin
test.

METHODS

We studied reactions to intradermal (Mantoux]), in-
termediate-strength (5 tuberculin units [TU], or 0.0001
mg) PPD. We reanalyzed the same studies that inform
the currently recommended interpretation of the tu-
berculin test.”- ® The first is a study by the U.S. Public
Health Service and the U.S. Navy of tuberculin reactions
in 643,694 male navy recruits {all races, ages 17 to 21
years) between 1958 and 1964.'> '3 This is the largest
tuberculin survey conducted and is used to describe tu-
berculin reactivity in the general population.? The sur-
vey also measured reactions to intradermal antigens made
from an NTM agent, and therefore also documented the
geographic distribution of that infection. The second
study, conducted by the U.S. Public Health Service and
the World Health Organization in the early 1950s, mea-
sured tuberculin reactions in 3,826 hospitalized active
tuberculosis patients (ages not stated) in eight coun-
tries.’* In both studies, the frequency of reactions was
reported only for even-numbered induration sizes in mil-
limeters. We interpreted each of these frequencies as
including reactors who had the next higher odd-num-
bered induration size, i.e., we assumed the frequency of
reactions at 2 mm included persons who had 3-mm re-
actions.

We used standard epidemiologic assumptions to
distinguish M. tuberculosis infection from NTM infec-
tion.® The major obstacle to evaluating the character-
istics of the tuberculin test is the lack of a definitive
reference criterion (gold standard). We therefore followed
the recommendation of the American Thoracic Society
and the Centers for Disease Control and Prevention (CDC}
in comparing the distribution of tuberculin responses
in a population of known cases of tuberculosis with that
of a population having an unidentified mixture of in-
fected and uninfected persons.® The uppermost contour
of the top graph in Figure 1 shows the frequency dis-
tribution of induration responses to 5-TU PPD among
643,694 U.S. Navy recruits. This sample is a mixture of
people uninfected by any mycobacterium species, people
infected with an NTM species, and people infected with
M. tuberculosis. The frequency distribution of tuber-
culin reactions of 3,826 patients with known tubercu-
losis is shown in the bottom graph in Figure 1. The latter
curve approximates a bell-shaped distribution centered
at about 17 mm and its right half resembles the shape
of the portion of the upper curve to the right of 17 mm.
Because it is plausible that the number of PPD responses
17 mm or larger among people not infected with M. tu-
berculiosis is negligible, it is reasonable to identify that
portion of the upper graph as representing responses of
people with M. tuberculosis infection. Relying on the
symmetry of the bottom graph of Figure 1, we then mir-
rored the right-most end of the upper curve around a
vertical axis at 17 mm to “cut out” the portion of the
upper curve attributable to people with M. tuberculosis
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infection. This approach assumes that people asymp-
tomatically infected with M. tuberculosis have a tuber-
culin reactivity that is similar to the reactivity of people
with known tuberculosis.

We then calculated test characteristics (Table 1) at
eight cutpoints between 2-mm and 16-mm indurations
for the navy recruits and the tuberculosis patients. The
cutpoints separate tuberculin reactions into true-posi-
tive, false-positive, true-negative, and false-negative re-
actions, as shown in Figure 1. A test’s sensitivity is the
probability of a positive test among infected persons.
The specificity is the probability of a negative test among
uninfected persons. The positive predictive value is the
probability of infection among persons with a positive
test. The negative predictive value is the probability of
no infection among persons with a negative test. The
true-positive rate is the same as the sensitivity. The false-
positive rate is the probability of a positive test among
uninfected persons (it is also 1 minus the specificity).

We then constructed a ROC curve for the tuberculin
test based on the navy recruit data. ROC curves plot a
test’s true-positive rate against its false positive rate. The
area under the curve reflects how well the test discrim-
inates between infected and uninfected persons. The
area under the curve of a perfect test (a 1.0 true-positive
rate and a O false-positive rate at all cutpoints} is 1.0,
and describes a test that discriminates perfectly between
infected and uninfected persons. The area under the
curve for a useless test is 0.5, and describes a test that
does not discriminate between infected and uninfected
persons. We calculated the area under the curve by fit-
ting a binormal model to the frequencies of tuberculin
reaction sizes imputed to infected and uninfected navy
recruits.’® The standard method of calculating the area
under the ROC curve for a binormal test was then ap-
plied (details available from the authors on request).

Based on our allocation of tuberculin reactions to
putatively infected and uninfected persons (Fig. 1), we

Table 1

calculated the prevalence of M. tuberculosis infection
among the navy recruits to be 4%. Because the predictive
value of a test varies directly with the prevalence of in-
fection, we used the sensitivity and specificity of the
tuberculin test among the navy recruits to calculate pos-
itive predictive values for population groups with other
prevalences of M. tuberculosis infection.

We also calculated the probability of M. tuberculosis
infection for a variety of prevalences and at eight tu-
berculin reactivity sizes, from 2—3 to 16—17 mm. The
frequency with which an uninfected person would ex-
hibita tuberculin reaction in aspecific range. P(SIZE |{unin-
fected), was calculated as the false-positive rate for the
lower end of the range minus the false-positive rate for
the upper end. Similarly, the frequency of observing a
tuberculin reaction in that range for an infected person,
P(SIZE|infected), was the difference in the correspond-
ing true-positive rates. The likelihood ratio for that range
of sizes of tuberculin reaction, LR(SIZE), was then de-
fined as:

P(SIZE |infected)
P(SIZE |uninfected)

LR(SIZE) =

The likelihood ratio form of Bayes’ theorem was used to
calculate the probability of infection for a person from
a population of given prevalence:

Prevalence

Odds(infection | SIZE) = LR(SIZE) X —————
1 — Prevalence
and

Odds(infection|SIZE)
1 + Odds(infection|SIZE)

P(infection|SIZE) =

Optimal cutpoints for each population group were
then calculated for three illustrative situations using
three methods for evaluating tuberculin reactivity: 1) the

Standard Test Characteristics Calculated for the Tuberculin Skin Test at Each Cutpoint

Positive (induration = cutpoint)
Test

Negative (induration < cutpoint)

Mycobacterium tuberctilosis Infection

Yes No
a b a+b
c d c+d
a+c¢ b + d

True positives = a.

False positives = b.

False negatives = c.

True negatives = d.

Sensitivity (also true-positive rate) = a/(a + c).
Specificity = d/(b + d).

Positive predictive value = a/(a + b).

Negative predictive value = d/(c + d).
False-positive rate = b/(b + d).
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FIGURE 2. Receiver operating characteristic (ROC) curves of the
tuberculin test in all 643.694 U.S. Navy recruits (middie curve), in
the 193.656 rectuits from 21 Southem states (lower curve), and in
the recruits from other states (upper curve). The circled points
represent the fest characteristics using the 10-mm cufpoint. On
each curve, points above and to the right of the circled point
represent fest characteristics of smaller cutpoints, and points be-
low and 1o the left represent test characteristics of larger cutpoints.

cutpoint that minimizes the sum of false-positive and
false-negative tests (i.e., minimizes the total number of
incorrect test results), 2) the cutpoint that identifies
95% of the M. tuberculosis-infected persons in each group,
and 3) the cutpoints that indicate a 0.75 and a 0.95
probability of M. tuberculosis infection.

RESULTS

Test Characteristics in the General Population
and in Tuberculosis Patients

We calculate that 25,629 (4.0%) of the 643,694 navy
recruits had tuberculin reactivity 2 mm or larger caused
by M. tuberculosis infection and an additional 32,682
{5.1%) had tuberculin reactivity 2 mm or larger caused
by NTM infection. The test’s sensitivity to detect M. tu-
berculosis infection varied from 0.59 at a 16-mm cut-
point to 1.0 at a 2-mm cutpoint, and the specificity ranged
from 0.95 at a 2-mm cutpoint to 1.0 at a 14-mm cutpoint
(Table 2). Although the prevalence of M. tuberculosis
infection varied by region, the sensitivity varied little by
region. The specificity was slightly lower in Southern
states, where the survey also revealed high prevalences
of NTM infection. The positive predictive value ranged
from a 0.44 probability of M. tuberculosis infection at a
2-mm cutpoint to a 1.0 probability at a 16-mm cutpoint.
The positive predictive values were substantially lower

Table 2
Test Characteristics of the Tuberculin Skin Test in the General Population and among Tuberculosis Patients

Cutpoint (mm)
2 4 6 8 10 12 14 16

General population
All navy recruits
Sensitivity
Specificity
Positive predictive value
Negative predictive value

Recruits from states with high prevalences of NTM* infectiont

Sensitivity
Specificity
Positive predictive value
Negative predictive value

Recruits from all other states
Sensitivity
Specificity
Positive predictive value
Negative predictive value

Tuberculosis patients
Sensitivity
Specificity
Positive predictive value
Negative predictive value

1.00 099 099 097 093 08 075 0.59
095 096 097 098 099 0.99 1.00 1.00
044 051 060 069 077 086 095 1.00
1.00 1.00 1.00 100 100 099 099 0.98

1.00 1.00 099 098 094 088 077 0.60
092 094 096 097 098 0.99 1.00 1.00
032 036 045 055 066 078 091 1.00
1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99

1.00 099 098 097 092 085 0.74 0.58
096 097 098 099 0.99 1.00 1.00 1.00
052 061 071 079 0.8 092 098 1.00
1.00 100 100 1.00 1.00 0989 099 0.98

099 099 098 096 093 087 078 0.63

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

*NTM = nontuberculous mycobacterial.

tAlabama, Arkansas, Delaware, Florida, Georgia, Hawaii, Iowa, Kansas, Kentucky, Louisiana, Maryland, Mississippi, Missouri, Nevada, North
Carolina, Oklahoma, South Carolina, Tennessee, Texas, Utah, and Virginia.
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Table 3
Positive Predictive Value* of a Positive Tuberculin Test

Prevalence of Mycobacterium

Cutpoint (mm)

tubercuiosis Infection 2 4 6 8 10 12 14 16
1% 0.16 0.20 0.27 0.35 0.45 0.60 0.82 1.00
4% 0.44 0.51 0.60 0.69 0.77 0.86 0.95 1.00
10% 0.68 0.73 0.80 0.86 0.90 0.94 0.98 1.00
20% 0.83 0.86 0.90 0.93 0.95 0.97 0.99 1.00
30% 0.89 0.91 0.94 0.96 0.97 0.98 1.00 1.00
60% 0.97 0.97 0.98 0.99 0.99 1.00 1.00 1.00
80% 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00
100% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

*Probability of infection _for persons with these induration sizes and larger.
Table 4
Probability* of Mycobacterium tuberculosis Infection
Prevalence of Mycobacterium Tuberculin Reactivity (mm)

tuberculosis Infection 2-3 4-5 6-7 8-9 1011 12-13 1415 16-17

1% 0.00 0.01 0.02 0.05 0.12 0.21 0.50 1.00

4% 0.02 0.02 0.07 0.18 0.36 0.52 0.81 1.00

10% 0.05 0.06 0.16 0.38 0.60 0.74 0.92 1.00

20% 0.10 0.13 0.30 0.58 0.77 0.86 0.96 1.00

30% 0.16 0.20 0.42 0.70 0.85 0.92 0.98 1.00

60% 0.39 0.47 0.72 0.89 0.95 0.97 0.99 1.00

80% 0.63 0.70 0.87 0.96 0.98 0.99 1.00 1.00

100% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

*Probability of infection for persons with these induration sizes.

in Southern states, where NTM infections were highly
prevalent. Among 193,656 recruits from the 21 states
with the highest ratio of nontuberculous to tuberculous
mycobacterial infection, the positive predictive value of
a 2-mm cutpoint was 0.32. The positive predictive values
were correspondingly higher in other states where NTM
infections were less prevalent; at the 2 mm cutpoint, it
was 0.52. These regional differences are gradually elim-
inated as the cutpoint increases from 2 mm to 16 mm.
The negative predictive values in contrast were uni-
formly very high in all regions.

Among the 3,826 tuberculosis patients, the test’s
sensitivity was nearly identical to the sensitivity found
among the general population (Table 2). This finding is
consistent with the idea that sensitivity and specificity
do not depend on variations in prevalence. Because all
these patients had tuberculosis, tuberculin reactivity at
any cutpoint indicated a certainty of M. tuberculosis
infection (positive predictive value 1.0). The specificity
and negative predictive value were not calculated be-
cause there was no uninfected patient.

ROC Curves

The ROC curve for all the navy recruits is the middle
curve in Fig. 2. The area under the curve is 0.997. Also

shown are the ROC curves for the recruits from the 21
Southern states (the lower curve) and for all other re-
cruits (the upper curve). The areas under their curves
are 0.994 and 0.998, respectively.

Positive Predictive Value and Probability of
Infection for Various Populations

The positive predictive values of various cutpoints
for populations with different prevalences of M. tuber-
culosis infection are shown in Table 3. These values
ranged from 0.16 at the 2-mm cutpoint for persons from
a population with a 1% prevalence of infection to 1.0 for
all persons with tuberculosis, all persons with 16-mm
or greater tuberculin reactivity, many persons from a
population with an 80% prevalence of infection, and fewer
persons from populations with 30% to 60% prevalence.

Table 4 shows the probability of M. tuberculosis in-
fection at each tuberculin reactivity size. These values
ranged from O at the 2 —3-mm induration size for per-
sons from a population with a 1% prevalence of infection
to 1.0 for all persons with tuberculosis, all persons with
16-mm or greater tuberculin reactivity, and persons with
14-mm or greater tuberculin reactivity from a popula-
tion with an 80% prevalence of infection.
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Table §
Optimal Cutpoint {mm) by Various Methods of Evaluation

Minimizes False Positives
and False Negatives

Prevalence of Mycobacterium
tuberculosis Infection

Identifies =95% of
Infected Persons

=95% of Positives
Are Infected

=75% of Positives
Are Infected

1% 14
4% 12
10% 10
20% 8
30% 8
60% 6
80% 2
100% 2

8 14 16
8 10 14
8 6 14
8 2 10
8 2 8
8 2 2
8 2 2
8 2 2

Optimal Cutpoint by Various Methods
of Evaluation

The optimal cutpoints for populations with different
prevalences of M. tuberculosis infection are shown in
Table 5. Using the method of minimizing the sum of
false-positive and false-negative tests, the optimal cut-
point ranged from 2-mm induration for persons from a
population with an 80% prevalence of infection to 14-
mm induration for persons from a population with a 1%
prevalence of infection. Using the method of identifying
95% of the infected persons, the optimal cutpoint was
8 mm for all persons (the sensitivity does not vary with
prevalence). Using the method of identifying persons for
whom a positive test means a 0.75 or greater probability
of infection, the optimal cutpoint ranged from 2 mm for
persons from populations with a 20% or higher preva-
lence to 14 mm for persons from a population with a 1%
prevalence of infection. Using the method of identifying
persons for whom a positive test means a 0.95 or greater
probability of infection, the optimal cutpoint ranged from
2 mm for persons from populations with a 60% or higher
prevalence to 16 mm for persons from a population with
a 1% prevalence of infection.

DISCUSSION

We found the tuberculin skin test to have excellent
test characteristics. The area under the ROC curve, from
0.994 to 0.998, indicates that the test can discriminate
well between M. tuberculosis-infected and -uninfected
persons. It compares favorably with other widely ac-
cepted tests. For example, the area under the ROC curve
for magnetic resonance imaging in the diagnosis of mul-
tiple sclerosis is 0.82'¢; for Doppler velocity measure-
ments in the diagnosis of carotid artery stenosis it is
0.78 to 0.94'7; for serum ferritin concentration in the
diagnosis of iron-deficiency anemia it is 0.95'8; for pros-
tate-specific antigen measurement in the diagnosis of
prostatic cancer it is 0.90'®; and for the CAGE ques-
tionnaire in the diagnosis of alcoholism it is 0.89.2° In
an age of sophisticated diagnostics, it is easy to dispar-
age a quaint test first used in the 19th century. Yet new

tests for diagnosing M. tuberculosis infection must com-
pare favorably to the tuberculin test’s excellent test char-
acteristics. Nevertheless, most tests with high sensitiv-
ity and specificity will still be found to have low positive
predictive values when used in low prevalence popula-
tions, for example, when the tuberculin skin test is used
for screening.

These excellent test characteristics persist despite
the many factors that may increase the false-negative
rate. These factors include improper storage of the so-
lution, improper injection method, an inexperienced
reader, and the presence of conditions that diminish
delayed-type hypersensitivity to tuberculin, including
many viral, bacterial, and fungal infections, live virus
vaccinations, chronic renal failure, protein malnutri-
tion, immunosuppression drugs, HIV infection, and
overwhelming active tuberculosis.” ¢ 2!

Others have used these methods to estimate the tu-
berculin test’s characteristics.” & '° ! Rust and Thomas
used data from the tuberculin survey of U.S. Navy re-
cruits but a different method to calculate the prevalence
of M. tuberculosis infection at various induration sizes.
Their findings were similar to ours, though they found
higher prevalences at small induration sizes and lower
prevalences at large induration sizes.?? Edwards and
Palmer also used the U.S. Navy recruit data, but com-
bined these data with the results of skin tests made from
an NTM agent, the Battey bacillus. Based on the relative
induration sizes of each recruit’s two skin tests, Ed-
wards and Palmer were able to predict the recruits’ tu-
berculosis morbidity in subsequent years better than by
using the tuberculin reaction alone.>*

What is the relationship between the size of a tu-
berculin reaction and the risk of reactivation disease?
The size of a tuberculin reaction in animal models is
unrelated to the number of infecting tubercle bacilli.>*
Also, epidemiologic studies have demonstrated that the
risks of infection are different from the risks of reacti-
vation among infected persons.?®- 2¢ The risks of infec-
tion are a function of the duration and intensity of ex-
posure to airborne droplet nuclei and are higher among
poor, minority populations, residents of congregate liv-
ing facilities, and immigrants from high-prevalence
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countries. The risks of activation are a function of the
recency of infection, age (reactivation is especially high
for adolescents and the elderly), life expectancy (the an-
nual risks are additive), and the presence of conditions
that suppress cell-mediated immunity. Therefore, the
probability of reactivation disease is a product of the
probability of infection and the probability of reactiva-
tion among infected persons.

The choice of an optimal cutpoint for a test depends
on the prevalence of disease as well as the value of the
consequences from the actions taken for positive and
negative test results. These parameters differ from pop-
ulation to population and with the purpose of carrying
out testing. For example, if a screening survey were con-
ducted solely for reporting and planning purposes, with
no intervention for those found to be positive, then the
optimal cutpoint could be the one that minimizes the
total number of false-positive and false-negative find-
ings. On the other hand, if testing were done on ad-
mission to a congregate residence with a high risk of
transmission among residents, sensitivity might be more
important than specificity. A smaller induration size
would be chosen as a cutpoint: the specific size would
depend on the prevalence of infection and the number
of false positives one would willingly trade off against
one false negative.

Although the tuberculin test is the definitive test for
latent M. tuberculosis infection, it provides only one piece
of information for decision making about isoniazid pre-
ventive therapy. That decision depends on a complex
calculation that weighs the risks and benefits of pre-
ventive therapy. It is based on not only the probability
of infection, but also the risk of activation among in-
fected people, their life expectancy, the case-fatality rate
of tuberculosis, the effectiveness of preventive therapy,
and the risks of isoniazid hepatotoxicity and other ad-
verse reactions. As a result, some persons with a high
probability of infection may not benefit from isoniazid
preventive therapy, while others with lower probabilities
of infection may benefit. Therefore, recommended cut-
point choices for identifying infection are not the same
as those for giving preventive therapy.

For many years, 10 mm was the recommended cut-
point for identifying infection.?” Despite its simplicity,
however, that cutpoint resulted in too many false posi-
tives in the general population and too many false neg-
atives in higher prevalence populations.” For this rea-
son, the CDC and the American Thoracic Society recently
redefined tuberculin positivity as 5, 10, or 15 mm, de-
pending on the presence or absence of additional risk
factors for infection.® Our study demonstrates how im-
portant it is to interpret tuberculin reactivity in light of
the prevalence of infection in the patient’s population
group (that is, the prior probability of infection). For
persons with a high probability of infection, such as
urban, minority patients with upper-lobe infiltrates, small
cutpoints (2 mm) provide good confirmatory informa-

tion. The traditional 10-mm cutpoint for active tuber-
culosis patients is inappropriate and results in confus-
ing conclusions, such as the finding that 19% of these
patients have negative tuberculosis skin tests.?®

How do a patient’s age and geographic residence
influence interpretation of his or her tuberculin reac-
tivity? Other than decreased delayed-type hypersensi-
tivity in newborns and the elderly,® 2° the biologic re-
sponse to intradermal tuberculin does not vary with age
or by geography.'- > '* Therefore, the test characteristics
are determined by the relative prevalences of M. tuber-
culosis and NTM infections. The relative prevalences vary
by geography: there are some settings in which one in-
fection is highly prevalent and the other is not.!- 7- 1213
These differences nevertheless have only moderate in-
fluence on the test characteristics (Table 2). While the
prevalence of M. tuberculosis infection is known to in-
crease with age, ! 24 25 39-32 the relationship between age
and the prevalence of NTM infection is less substanti-
ated. Small tuberculin reactions, presumably caused by
NTM infections, increase with age.! *° but NTM disease
peaks in childhood and middle age.** Tuberculin test
characteristics, nevertheless, probably do not vary sig-
nificantly by age. However, age should influence inter-
pretation of the test result because the prevalence of M.
tuberculosis infection rises with age and therefore so
does the positive predictive value.'®

There are insufficient data to calculate test char-
acteristics for HIV-infected tuberculin reactors or those
who have other conditions that diminish cell-mediated
immunity. HIV-infected persons are more likely to be
anergic and less likely to have positive tuberculin tests
than are HIV-uninfected persons.?* One could assume
that the most frequent tuberculin reaction is a smaller
induration size than the 16 to 17-mm mode found in
immunocompetent persons. This finding has not been
documented, however, and unpublished data suggest
otherwise. HIV-infected patients with tuberculosis in CDC
studies demonstrate a mean tuberculin reaction of 15.3
mm, not different from the mean reactions of 16 mm
found in HIV-uninfected tuberculosis patients, suggest-
ing that an individual's tuberculin reactivity is an “all
or nothing” phenomenon.*® Nevertheless, a study of tu-
berculin reactions among intravenous drug users sug-
gests that the 2-mm cutpoint identifies the same pro-
portion of persons infected with M. tuberculosis among
HIV-infected persons as is identified using the 10-mm
cutpoint among HIV-uninfected persons.®* Perhaps the
best information about an HIV-infected person's risk of
M. tuberculosis infection is the prevalence of infection
in the patient’s community.

Many clinicians consider a positive tuberculin test
to mean that the patient is infected with M. tuberculosis.
Given this perspective, the optimal cutpoint should be
one that provides a high positive predictive value, such
as 0.75 to 0.95. This use of the test supports the decision
to classify positivity by cutpoints that vary by the prev-
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alence of infection. However, more accurate information
can be gotten by interpreting induration size as indi-
cating a probability of M. tuberculosis infection,® rather
than classifying the test result as positive or negative.
For example, persons with 10- to 12-mm reactions and
no additional risk factor for infection are currently clas-
sified as tuberculin-negative, yet they have a0.12 t0 0.74
probability of infection, depending on the prevalence of
infection in their communities. In contrast, HIV-infected
persons with 6-mm reactions are currently classified as
tuberculin-positive, yet their probability of infection is
unknown. HIV-uninfected persons with this reactivity
and no additional risk factor have a 0.02 to 0.16 prob-
ability of infection. We encourage readers to interpret
tuberculin reactivity as a probability of infection. be-
cause doing so will lead to more thoughtful treatment
decisions.
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