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CLIN ICAL REVIEW 

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

OBJECTIVE: To reinterpret  ep idemio log ic  in format ion  about  
the tuberenl in tes t  (purif ied prote in  derivative)  in  terms o f  
modern approaches  to t e s t  character i s t ics ;  to clarify w h y  dif- 
ferent cutpo int s  o f  indurat ion  s h o u l d  be  used  to de f ine  a 
posit ive  tes t  in di f ferent  populat ions ;  and to ca lcu la te  t e s t  
characterist ics  o f  the  in termedia te - s trength  tubercul in  skin 
test,  the probabil ity of M y c o b a c t e r i u m  tubercu los i s  in f ec t ion  
at various indurat ion  s i z e s ,  the  area under  the  rece iver  op- 
erating characterist ic  (ROC) curve ,  and opt imal  c u t p o i n t s  for 
positivity.  

METHODS: Standard ep idemio log i c  a s s u m p t i o n s  were  u s e d  
to d is t inguish  M. tubercu los i s - in fec t ed  from - u n i n f e c t e d  per- 
sons;  also used  were  data from the  U.S.  N a v y  recruit  and 
World Health Organizat ion tubercu los i s  surveys;  and Baye- 
sian analysis .  

RESULTS: In the  general  U.S.  populat ion ,  the  tes t ' s  s ens i -  
tivity is 0 . 5 9  to 1 .0 ,  the  spec i f i c i ty  is 0 . 9 5  to 1 .0 ,  and the  
posit ive  predict ive va lue  is 0 . 4 4  to  1 .0 ,  depend ing  on  the  
cutpoint.  Among tuberculos is  patients,  the sensi t iv i ty  is nearly 
the same as in the  general  populat ion;  the  pos i t ive  predict ive  
value is 1 .0 .  The area under  the  ROC curve  is 0 . 9 9 7 .  The  
probability o f  M. tubercu los i s  i n f e c t i o n  at each  indurat ion  
s ize  varies widely ,  depend ing  on  the  preva lence .  The  opt imal  
cutpoint  varies  from 2 m m  to 16  m m  and is  d e p e n d e n t  on  
prevalence and the purpose  for tes t ing .  

CONCLUSIONS: The operat ing  character i s t i c s  o f  the  tuber-  
cul in  tes t  are super ior  to  t h o s e  o f  near ly  al l  c o m m o n l y  used  
screening  and  d iagnost ic  t e s t s .  The  tubercul in  t e s t  h a s  an 
exce l l ent  abil i ty to d i s t ingu i sh  M. tubercu los i s - in fec t ed  from 
-uninfected  persons .  Interpretat ion requires  cons idera t ion  o f  
prevalence and the  purpose  for tes t ing .  T h e s e  f indings  sup-  
port the  r e c o m m e n d a t i o n  to  u s e  d i f ferent  cu tpo in t s  for var- 
ions  populat ions .  Even  more  accurate  in format ion  can be  
gotten by interpret ing indurat ion  s i ze  as ind ic s t lng  a prob- 
ability o f  M. tubercu los i s  in fec t ion .  

KEY WORDS: tubercul in  test;  tubercu los i s ;  n o n t u b e r c u l o u s  
mycobacteria .  
J GEN INTERN MED 1 9 9 5 ; 1 0 : 6 3 5 - - 6 4 2 .  

w hat  is the m e a n i n g  of a posit ive t u b e r c u l i n  sk in  

test?  The answer  to th is  q u e s t i o n  r ema ins  uncer-  
tain despite use  of the test  for more  t h a n  a century .  
because there is no diagnost ic  "'gold s tandard"  with which 

to compare t ube rcu l in  reactivities.  Our  cu r r en t  unde r -  

s t and ing  of t ube rcu l in  reactivity has  been  u n c h a n g e d  

over the past  four decades a nd  is based  on  two funda-  
mental  inferences from epidemiologic data.  ~' 2 First ,  

reactivity 48 to 72 hou r s  after i n t r ade rma l  in te rmedia te -  

s t rength  purif ied pro te in  derivative (PPD) a m o n g  per- 
sons with tubercu lous  infect ion is s imi lar  to reactivity 
among persons  with tube rcu lous  disease. Most pe r sons  
with tubercu lous  disease have i n d u r a t i o n s  16 to 17 m m  

in diameter,  t hough  i n d u r a t i o n s  can  range  from 0 to 
more t han  30 m m  in  diameter .  3 4 Second,  n o n t u b e r -  

culous mycobacterial  (NTM) infect ion also causes  tu- 
berculin reactivity, called "cross reactions." Most of these 
reactions occur at 0 to 2 mm,  and  NTM infect ion pro- 

duces successively fewer i n d u r a t i o n  sizes up  to 15 mm.  
The general popula t ion  has  a mix tu re  of infected a n d  

uninfec ted  persons.  ~-~ 
Test in te rp re ta t ion  is made  even more complex by 

the many  factors tha t  d i m i n i s h  reactivity, from technical  
problems in  per forming a nd  read ing  the test  to condi-  
t ions that  impai r  delayed-type hypersensi t ivi ty .  7 Fur-  

thermore, m a n y  c l in ic ians  are confused  by the seem- 

ingly arbi t rary  choice of cu tpo in t s  (the i n d u r a t i o n  sizes 
that  separate positive tests  from negative tests) a n d  by 
the discordance between the def in i t ion  of t u b e r c u l i n  
positivity and  the ind ica t ions  for i soniazid  preventive 

therapy. Despite these complexities,  the t ube rcu l i n  sk in  

test has not  been subjected  to mode rn  me thods  of test  
analysis. As a result ,  positive tests  are often in te rpre ted  
as me a n i ng  the pa t i en t  has  M y c o b a c t e r i u m  t u b e r c u l o s i s  

infection and  negative tests  as m e a n i n g  the pa t i en t  does 
not  have M. t u b e r c u l o s i s  infection.  By contras t ,  clini- 
c ians  u n d e r s t a n d  tha t  exercise e lec t rocard iographic  

test ing ne i ther  definitively d iagnoses  obst ruct ive  coro- 
nary artery disease nor  indica tes  specific therapies .  An 
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FIGURE t. Frequency of tuberculin reactions in 643,694 U,S. Now 
recruits ( top graph) and 3,826 tuberculosis patients ( boflom graph]. 
Tuberculin reactions are classified as true positives [a], false pos- 
itives (b}, false negatives [c], or true negatives [d]. Among the 
naw recruits, the classification is made by distinguishing Myco- 
bacterium tuberculosis-infected persons from uninfected persons 
and by the choice of cuipoint [vertical line]. Among the tuber- 
culosis patients, the classification is made by the choice of cut- 
point [vertical line]; there is no uninfected patient. 
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extensive l i terature relates the f ind ings  of exercise test- 
ing to the probabi l i ty  tha t  a pa t i en t  has  coronary  hear t  

disease. Our  purpose  here is to apply s imi la r  me thods  
of test analysis  to the PPD test. 

We used in fo rmat ion  from two well-regarded s tud ies  
to calculate several k inds  of test  charac ter i s t ics  at  var- 
ious i n d u r a t i o n  sizes: the probabi l i ty  of M. t u b e r c u l o s i s  

infect ion;  s t a n d a r d  tes t  cha rac t e r i s t i c s  (sensi t ivi ty ,  
specificity, positive predictive value, a n d  negat ive pre- 

dictive value); a n d  the receiver opera t ing  character is t ic  
(ROC] curve. We then  explored the consequences  of dif- 
ferent cu tpo in t s  used  for var ious  purposes  of t ube rcu l i n  
testing. This  article is no t  i n t ended  to be a comprehen-  
sive review, which  is available elsewhere. 7- ~ ~ We presen t  

ins tead a quan t i t a t ive  analys is  of test  charac ter is t ics  
and  the impl ica t ions  for i n t e rp re t a t ion  of the t ube rcu l i n  
test. 

METHODS 

We s tudied  react ions  to in t r ade rmal  (Mantoux), in- 
termediate-s t rength  (5 t ube rcu l i n  u n i t s  [TU], or 0.0001 
mg) PPD. We reanalyzed the same s tud ies  tha t  in form 

the current ly  r ecommended  in t e rp re t a t ion  of the tu- 
bercul in  test. 7. s The first is a s tudy  by the U.S. Public 

Health Service a nd  the U.S. Navy of t ube rcu l i n  react ions  
in 643,694 male navy recru i t s  {all races, ages 17 to 21 
years) between 1958 a nd  1964.12. 1 3  This  is the largest  

tubercul in  survey conduc ted  a n d  is used  to describe tu- 
bercul in  reactivity in  the general  popula t ion .  7 The sur-  

vey also measured reactions to in t radermal  an t igens  made 
from an  NTM agent ,  a nd  therefore also d o c u m e n t e d  the 

geographic d i s t r i bu t ion  of tha t  infection.  The  second 
study, conducted  by the U.S. Public Health Service a n d  
the World Health Organ iza t ion  in  the early 1950s, mea- 
sured tube rcu l in  react ions  in  3 ,826 hospi ta l ized active 

tuberculosis  pa t i en t s  (ages no t  stated) in  eight coun-  
tries.~4 In bo th  s tudies ,  the f requency of reac t ions  was 
reported only for e ve n - numbe r e d  i n d u r a t i o n  sizes in mil- 
limeters. We in terpre ted  each of these f requencies  as 

inc luding  reactors who had  the next  h igher  odd -num-  

bered i n d u r a t i o n  size, i.e., we a s s u m e d  the f requency of 
react ions at 2 m m  inc luded pe r sons  who had  3 -mm re- 
actions. 

We used s t a n d a r d  epidemiologic a s s u m p t i o n s  to 
d i s t ingu ish  M. t u b e r c u l o s i s  infect ion from NTM infec- 
tion. 8 The major  obstacle to eva lua t ing  the character-  
istics of the t ube rcu l in  test  is the lack of a definit ive 

reference cr i ter ion (gold s tandard) .  We therefore followed 

the r ecommenda t ion  of the Amer ican  Thoracic  Society 
and the Centers for Disease Control and  Prevention (CDC) 
in compar ing  the d i s t r i bu t i on  of t u b e r c u l i n  responses  
in a popula t ion  of know n  cases of tubercu los i s  with tha t  

of a popula t ion  having  an  un iden t i f i ed  mix tu re  of in- 

fected and  un in fec ted  persons.  ~ The u p p e r m o s t  con tou r  
of the top graph in  Figure 1 shows the f requency dis- 
t r ibu t ion  of i n d u r a t i o n  responses  to 5-TU PPD a m o n g  

643,694 U.S. Navy recrui ts .  This  sample  is a mix tu re  of 
people un infec ted  by any  mycobac te r ium species, people 
infected with an  NTM species, a n d  people infected wi th  

M. t u b e r c u l o s i s .  The f requency d i s t r i bu t i on  of tuber-  
cul in react ions of 3 ,826 pa t i en t s  wi th  know n  tubercu-  
losis is shown in the bo t tom graph  in  Figure  1. The lat ter  
curve approximates  a bel l -shaped d i s t r i b u t i o n  centered 

at about  17 m m  a n d  its r ight  half  resembles  the shape  

of the port ion of the upper  curve to the r ight  of 17 mm.  

Because it is plausible  tha t  the n u m b e r  of PPD responses  
17 m m  or larger a m o n g  people no t  infected with M. tu-  

b e r c u l o s i s  is negligible, it is reasonable  to identify tha t  

port ion of the upper  graph  as r ep resen t ing  responses  of 
people with M. t u b e r c u l o s i s  infection.  Relying on the 
symmetry of the bo t tom graph  of Figure 1, we then  mir-  
rored the r ight -most  end  of the uppe r  curve a r o u n d  a 

vertical axis at  17 m m  to "cut  out" the por t ion  of the 
upper  curve a t t r ibu tab le  to people wi th  M. t u b e r c u l o s i s  
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infection. This  approach a s s u m e s  tha t  people asymp- 

tomatically infected with M .  t u b e r c u l o s i s  have a tuber-  

cul in  reactivity tha t  is s imi la r  to the reactivity of people 
with known  tuberculosis .  

We then  calculated test charac ter i s t ics  (Table 1) at  
eight cu tpo in t s  between 2-ram a n d  16-mm i n d u r a t i o n s  

for the navy recrui ts  and  the tubercu los i s  pa t ien ts .  The 
cutpoin ts  separate  t ube rcu l i n  reac t ions  into true-posi-  
tive, false-positive, t rue-negat ive,  a n d  false-negative re- 

actions, as shown in  Figure 1. A test 's  sensi t iv i ty  is the 
probabili ty of a positive test  a m o n g  infected persons .  

The specificity is the probabi l i ty  of a negative test  a m o n g  

uninfec ted  persons.  The posit ive predict ive value is the 
probabil i ty of infect ion a m o n g  pe r sons  with a positive 
test. The negative predictive value is the probabi l i ty  of 

no infection a m o n g  pe r sons  wi th  a negat ive test. The 
true-positive rate is the same as the sensitivity. The false- 
positive rate is the probabi l i ty  of a posit ive test  a m o n g  

uninfec ted  persons  (it is also 1 m i n u s  the specificity). 
We then  cons t ruc ted  a ROC curve for the t u b e r c u l i n  

test based on the navy recrui t  data.  ROC curves plot a 
test 's true-posit ive rate aga ins t  its false positive rate. The 
area u n d e r  the curve reflects how well the test  d iscr im- 

inates between infected a n d  un in fec t ed  persons.  The 

area unde r  the curve of a perfect test  (a 1.0 true-posi t ive 
rate and  a 0 false-positive rate a t  all cu tpo in t s )  is 1.0, 
and  describes a test  tha t  d i s c r imina t e s  perfectly be tween 

infected and  un infec ted  persons.  The area u n d e r  the 
curve for a useless  test  is 0.5, a n d  descr ibes  a test  tha t  

does no t  d i sc r imina te  between infected a n d  un in fec t ed  
persons.  We calculated the area u n d e r  the curve by fit- 

t ing a b ino rma l  model to the f requencies  of t ube rcu l i n  
reaction sizes impu ted  to infected a n d  un in fec ted  navy 
recruits.  15 The s t a n d a r d  me thod  of ca lcula t ing  the area 

unde r  the ROC curve for a b i n o r m a l  test  was t hen  ap- 

plied (details available from the a u t h o r s  on  request) .  
Based on our  al location of t ube rcu l i n  reac t ions  to 

putatively infected a n d  un in fec t ed  pe r sons  (Fig. 1 ), we 

calculated the prevalence of M .  t u b e r c u l o s i s  infect ion 

among the navy recru i t s  to be 4%. Because the predictive 
value of a test varies directly with the prevalence of in- 

fection, we used the sens i t iv i ty  a n d  specificity of the 
tubercul in  test  a m o n g  the navy recrui ts  to calculate pos- 

itive predictive values for popula t ion  g roups  with o ther  

prevalences of M .  t u b e r c u l o s i s  infection.  
We also calculated the probabi l i ty  of M .  t u b e r c u l o s i s  

infection for a variety of prevalences a n d  at eight  tu- 
bercul in  reactivity sizes, from 2 - 3  to 1 6 - 1 7  ram. The 
frequency with which a n  un in fec ted  person  would ex- 

hibit a tubercul in  reaction in  a specific range, P(SIZE I u n i n -  
fected), was calculated as the false-positive rate for the 
lower end of the range m i n u s  the false-positive rate for 
the upper  end. Similarly, the f requency of observing a 
tubercu l in  react ion in  tha t  range  for a n  infected person,  

P{SIZElinfected), was the difference in  the correspond-  
ing true-positive rates. The likelihood ratio for that  range 

of sizes of t ube rcu l in  react ion,  LR(SIZE), was t hen  de- 

fined as: 

LR(SIZE) = 
P{ SIZE I infected) 

P{SIZE luninfec ted)  

The likelihood rat io form of Bayes" theorem was used  to 
calculate the probabi l i ty  of infect ion for a pe rson  from 
a popula t ion  of given prevalence: 

Odds( infect ion I SIZE) = LR(SIZE) × 
Prevalence 

1 - Prevalence 

a nd  

P(infect ion]SIZE) = 
Odds( infec t ion]SiZE)  

I + Odds( infec t ion  I SIZE) 

Optimal cu tpo in t s  for each popu la t ion  group were 

then calculated for three i l lustrat ive s i t ua t i ons  u s i n g  
three methods  for eva lua t ing  t ube rcu l i n  reactivity: 1 ) the 

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

Test 
Positive (induration --> cutpoint) 

Negative (induration < cutpoint) 

M y c o b a c t e r i u m  t u b e r c u l o s i s  Infection 
Yes No 

a b 

c d 

a + c  b + d  

a + b  

c + d  

True posi t ives  = a. 

False  posi t ives = b. 

False  negat ives  = c. 

True negat ives  = d. 

Sensi t ivi ty  (also true-posit ive rate) = al la  + c). 

Specificity = dl(b + d). 

Positive predict ive va lue  = al(a + b). 

Negative predict ive va l u e  = dl(c + d]. 

False-posit lve rate = b/lb + d). 
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FIGURE 2. Receiver operating characteristic (ROC] curves of the 
tuberculin test in all 643,694 U.S. Navy recruits [middle curve], in 
the 193,656 recruits from 21 Southern states [lower curve], and in 
the recruits from other states [upper curve]. The circled points 
represent the test characteristics using the lO-mm culpoint. On 
each curve, points above and to the right of the circled point 
represent test characteristics of smaller cutpoints, and points be- 
low and to the left represent test characteristics of larger cutpoints. 

c u t p o i n t  t h a t  m i n i m i z e s  t h e  s u m  of  f a l s e - p o s i t i v e  a n d  

f a l s e - n e g a t i v e  t e s t s  [i .e. ,  m i n i m i z e s  t h e  t o t a l  n u m b e r  of  

i n c o r r e c t  t e s t  r e s u l t s ) ,  2) t h e  c u t p o i n t  t h a t  i d e n t i f i e s  

95% of  t he  M. t u b e r c u l o s i s - i n f e c t e d  p e r s o n s  in  e a c h  g r o u p ,  

a n d  3) t h e  c u t p o i n t s  t h a t  i n d i c a t e  a 0 . 7 5  a n d  a 0 . 9 5  

p r o b a b i l i t y  of  M. t u b e r c u l o s i s  i n f e c t i o n .  

RESULTS 

Test Character ist ics in the G e n e r a l  Populat ion 
and  in Tuberculosis Patients 

We c a l c u l a t e  t h a t  2 5 , 6 2 9  (4 .0%)  of  t h e  6 4 3 , 6 9 4  n a v y  

r e c r u i t s  h a d  t u b e r c u l i n  r e a c t i v i t y  2 m m  or  l a r g e r  c a u s e d  

by  M. t u b e r c u l o s i s  i n f e c t i o n  a n d  a n  a d d i t i o n a l  3 2 , 6 8 2  

(5.1%} h a d  t u b e r c u l i n  r e a c t i v i t y  2 m m  o r  l a r g e r  c a u s e d  

by  NTM i n f e c t i o n .  T h e  t e s t ' s  s e n s i t i v i t y  to d e t e c t  M. tu-  

b e r c u l o s i s  i n f e c t i o n  v a r i e d  f r o m  0 . 5 9  a t  a 1 6 - m m  c u t -  

p o i n t  to 1.0 a t  a 2 - m m  c u t p o i n t ,  a n d  t h e  spec i f i c i ty  r a n g e d  

f r o m  0 . 9 5  a t  a 2 - m m  c u t p o i n t  to  1 .0  a t  a 1 4 - r a m  c u t p o i n t  

(Table  2). A l t h o u g h  t h e  p r e v a l e n c e  of  M. t u b e r c u l o s i s  

i n f e c t i o n  v a r i e d  b y  r e g i o n ,  t h e  s e n s i t i v i t y  v a r i e d  l i t t l e  b y  

reg ion .  T h e  s p e c i f i c i t y  w a s  s l i g h t l y  l o w e r  i n  S o u t h e r n  

s t a t e s ,  w h e r e  t h e  s u r v e y  a l so  r e v e a l e d  h i g h  p r e v a l e n c e s  

of NTM i n f e c t i o n .  T h e  p o s i t i v e  p r e d i c t i v e  v a l u e  r a n g e d  

f rom a 0 . 4 4  p r o b a b i l i t y  of  M. t u b e r c u l o s i s  i n f e c t i o n  a t  a 

2 - r a m  c u t p o i n t  to  a 1 .0  p r o b a b i l i t y  a t  a 1 6 - m m  c u t p o i n t .  

T h e  p o s i t i v e  p r e d i c t i v e  v a l u e s  w e r e  s u b s t a n t i a l l y  l o w e r  

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

Cutpoint [ram} 

2 4 6 8 10 12 14 16 
General popula t ion  

All navy recrui ts  
Sensit ivity 1.00 0.99 0.99 0 .97 0.93 0.86 0.75 0.59 
Specificity 0 .95 0.96 0.97 0 .98 0 .99 0.99 1.00 1.00 
Positive predictive value 0.44 0.51 0 .60 0 .69 0.77  0.86 0.95 1.00 
Negative predictive value 1.00 1.00 1.00 1.00 1.00 0 .99 0 .99 0 .98 

Recruits from s ta tes  wi th  h igh  prevalences of NTM* infect ionf  
Sensitivity 1.00 1.00 0.99 0.98 0.94 0.88 0.77 0.60 
Specificity 0 .92 0.94 0.96 0 .97 0.98 0 .99 1.00 1.00 
Positive predictive value 0.32 0.36 0.45 0.55 0.66 0 .78 0.91 1.00 
Negative predictive value 1.00 1.00 1.00 1.00 1.00 1.00 0 .99 0.99 

Recruits  from all o ther  s ta tes  
Sensit ivity 1.00 0.99 0.98 0.97 0 .92 0.85 0 .74 0 .58 
Specificity 0 .96 0.97 0 .98 0.99 0.99 1.00 1.00 1.00 
Positive predictive value 0.52 0.61 0.71 0.79 0 .86 0.92 0 .98 1.00 
Negative predictive value 1.00 1.00 1.00 1.00 1.00 0 .99  0 .99  0 .98  

Tuberculosis  pa t i en t s  
Sensitivity 0 .99 0.99 0.98 0 .96 0.93 0 .87 0 .78 0.63 
Specificity . . . . . . . .  
Positive predictive value 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Negative predictive value . . . . . . . .  

* NTM = nontuberculous mycobacterial. 

fAlabama, 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] 
tuberculosis infection 2 4 6 8 10 

1% 0.16 0.20 0.27 0.35 0.45 
4% 0.44 0.51 0.60 0.69 0.77 

10% 0.68 0.73 0.80 0.86 0.90 
20% 0.83 0.86 0.90 0.93 0.95 
30% 0.89 0.91 0.94 0.96 0.97 
60% 0.97 0.97 0.98 0.99 0.99 
80% 0.99 0.99 0.99 1.00 1.00 

100% 1.00 1.00 1.00 1.00 1.00 

12 t4 t6 

0.60 0.82 1.00 
0.86 0.95 1.00 
0.94 0.98 1.00 
0.97 0.99 1.00 
0.98 1.00 1.00 
1.00 1.00 1.00 
1 . 0 0  1 . 00  1 .00  
1 . 0 0  1 . 0 0  1 . 0 0  

*Probability of infection for persons with these induration sizes and larger. 

Table 4 
Probability* of M¥cobacterium tuberculosis Infection 

Tuberculin Reactivity [mm] 
Prevalence of Mycobacterium 

tuberculosis infection 2-3  4 -5  6 -7  8 -9  10-11 

1% 0.00 0.01 0.02 0.05 0.12 
4% 0.02 0.02 0.07 0.18 0.36 

10% 0.05 0.06 0.16 0.38 0.60 
20% 0.10 0.13 0.30 0.58 0.77 
30% 0.16 0.20 0.42 0.70 0.85 
60% 0.39 0.47 0.72 0.89 0.95 
80% 0.63 0.70 0.87 0.96 0.98 

100% 1.00 1.00 1.00 1.00 1.00 

t2 - t3  t4-15 t6- t7  

0.21 0.50 1.00 
0.52 0.81 1.00 
0.74 0.92 1.00 
0.86 0.96 1.00 
0.92 0.98 1.00 
0.97 0.99 1.00 
0.99 1.00 1,00 
1 . 00  1 . 00  1 .00  

*Probability of infection for persons with these induration sizes. 

in S o u t h e r n  s ta tes ,  where  NTM infect ions  were highly 

prevalent. Among  193,656 rec ru i t s  f rom the  21 s ta tes  

with the h ighes t  ra t io  of n o n t u b e r c u l o u s  to t ube rcu lous  

myeobacterial  infect ion,  the  posi t ive predict ive  value of 

a 2-mm cu tpo in t  was 0.32. The  posi t ive predic t ive  values  

were correspondingly  h ighe r  in o the r  s ta tes  where  NTM 

infections were less prevalent ;  at  the  2 m m  cu tpo in t ,  it 

was 0.52. These  regional  differences are gradual ly  elim- 

inated as the cu tpo in t  increases  from 2 m m  to 16 ram. 

The negat ive predict ive  values  in con t r a s t  were uni -  

formly very h igh  in all regions.  

Among the 3 ,826 tubercu los i s  pa t ien ts ,  the test ' s  

sensi t ivi ty was nearly ident ical  to the  sens i t iv i ty  found  

among  the general  popu la t ion  (Table 2). Th is  f ind ing  is 

cons is ten t  wi th  the idea tha t  sens i t iv i ty  and  specif ici ty 

do not  depend on var ia t ions  in prevalence.  Because  all 

these pa t ien ts  had  tuberculos is ,  t ube rcu l in  react ivi ty  at  

any cu tpoin t  indica ted  a ce r ta in ty  of M. t u b e r c u l o s i s  

infection (positive predic t ive  value 1.0). The  specif ici ty 

and negat ive predict ive  value were not  calculated be- 

cause there  was no un in fec t ed  pa t ien t .  

ROC Curves 

The ROC curve for all the  navy rec ru i t s  is the middle  

curve in Fig. 2. The  area  u n d e r  the  curve  is 0.997.  Also 

shown are the ROC curves  for the  recru i t s  f rom the 21 

Sou the rn  s ta tes  (the lower curve) and  for all o ther  re- 

crui ts  (the upper  curve). The  areas  u n d e r  the i r  curves  

are 0.994 and  0.998,  respectively. 

Positive Predict ive  V a l u e  a n d  Probab i l i ty  of 
Infect ion for Var ious  Populat ions 

The posit ive predic t ive  values  of va r ious  cu tpo in t s  

for popula t ions  wi th  different  prevalences  of M. t u b e r -  

c u l o s i s  infect ion are s h o w n  in Table 3. These  values  

ranged from 0.16 at the 2-ram c u t p o i n t  for pe r sons  f rom 

a popula t ion  wi th  a 1% prevalence of infec t ion  to 1.0 for 

all persons  wi th  tuberculos is ,  all pe r sons  wi th  16-ram 

or greater  tubercu l in  reactivity,  m a n y  pe r sons  from a 

population with an  80% prevalence of infection, and fewer 

persons  from popu la t ions  wi th  30% to 60% prevalence.  

Table 4 shows  the  probabi l i ty  of M. t u b e r c u l o s i s  in- 

fection at each tube rcu l in  react ivi ty  size. These  values  

ranged from 0 at the  2 - 3 - m m  i n d u r a t i o n  size for per- 

sons from a popu la t ion  wi th  a 1% prevalence of infec t ion  

to 1.0 for all pe r sons  wi th  tubercu los i s ,  all pe r sons  wi th  

16-mm or greater tubercul in  reactivity, and persons  with  

14-ram or greater  t ube rcu l in  react ivi ty f rom a popula-  

tion with an  80% prevalence of  infect ion.  
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Table 5 
Optimal Cutpoint (mm] by Various Methods of Evaluation 

Prevalence of Mycabacterium Minimizes False Positives Identifies ->95% of ->75% of Positives ->95% of Positives 
tuberculosis Infection and False Negatives Infected Persons Are Infected Are Infected 

1% 14 8 14 16 
4% 12 8 10 14 

10% 10 8 6 14 
20% 8 8 2 I0 
30% 8 8 2 8 
60% 6 8 2 2 
80% 2 8 2 2 

I00% 2 8 2 2 

Optimal Cutpoint by Various Methods 
of Evaluation 

The opt imal  cu tpo in t s  for popu la t ions  wi th  different  

prevalences of M. t u b e r c u l o s i s  infec t ion  are s h o w n  in 

Table 5. Using the m e t h o d  of m i n i m i z i n g  the s u m  of 

false-positive and  false-negative tests ,  the  op t imal  cut-  

point  ranged from 2 - m m  i n d u r a t i o n  for pe r sons  f rom a 

populat ion wi th  an  80% prevalence  of infec t ion  to 14- 

m m  indu ra t i on  for pe r sons  from a popula t ion  wi th  a 1% 

prevalence of infect ion.  Using the m e t h o d  of ident i fy ing 

95% of the infected persons ,  the op t imal  cu tpo in t  was 

8 m m  for all pe r sons  (the sens i t iv i ty  does not  vary wi th  

prevalence}. Using the  m e t h o d  of ident i fy ing  pe r sons  for 

whom a posi t ive test  m e a n s  a 0.75 or grea te r  probabi l i ty  

of infection, the opt imal  cu tpo in t  r anged  f rom 2 m m  for 

persons  from popu la t ions  wi th  a 20% or h ighe r  preva- 

lence to 14 m m  for pe r sons  f rom a popu la t ion  with  a 1% 

prevalence of infection.  Us ing  the m e t h o d  of ident i fy ing 

persons  for w h o m  a posi t ive test  m e a n s  a 0.95 or grea te r  

probability of infection, the optimal  cu tpoin t  ranged from 

2 m m  for pe rsons  from popu la t ions  wi th  a 60% or h i g h e r  

prevalence to 16 m m  for pe r sons  f rom a popu la t ion  wi th  

a 1% prevalence of infect ion.  

DISCUSSION 

We found the tubercu l in  sk in  tes t  to have excellent  

test character is t ics .  The  area  u n d e r  the ROC curve, f rom 

0.994 to 0.998, ind ica tes  tha t  the test  can  d i s c r im in a t e  

well be tween M. t u b e r c u l o s i s - i n f e c t e d  and  -un infec ted  

persons.  It compares  favorably wi th  o ther  widely ac- 

cepted tests. For example,  the  a rea  u n d e r  the ROC curve  

for magnet ic  resonance  imag ing  in the d iagnos i s  of mul-  

tiple sclerosis  is 0.8216; for Doppler  velocity measure -  

ments  in the d iagnos is  of caro t id  ar tery  s tenos i s  it is 

0.78 to 0 .94~ ;  for s e r u m  ferr i t in  concen t r a t i on  in the  

diagnosis  of i ron-deficiency a n e m i a  it is 0 .95 ~s; for pros- 

tate-specific an t igen  m e a s u r e m e n t  in the  d iagnos i s  of  

prostat ic  cancer  it is 0.90m; and  for the CAGE ques-  

t ionnaire  in the d iagnos i s  of a lcohol i sm it is 0.89. 2o In 

an age of soph is t i ca ted  d iagnost ics ,  it is easy to dispar-  

age a q u a i n t  test  f irst  used  in the  19th century .  Yet new 

tests for d i agnos ing  M. t u b e r c u l o s i s  infec t ion  m u s t  com- 

pare favorably to the  tube rcu l in  test ' s  excellent  test  char-  

acteristics.  Nevertheless,  mos t  tes ts  wi th  h igh  sensi t iv-  

ity and specificity will still be found  to have low posi t ive  

predictive values w h e n  used  in low prevalence  popula-  

tions, for example,  w h e n  the  tube rcu l in  sk in  test  is used  

for screening.  
These excellent  test  cha rac te r i s t i c s  pers i s t  despi te  

the many factors tha t  may increase  the  false-negat ive 

rate. These  factors include imprope r  s torage  of the so- 

lution, improper  in jec t ion  method ,  an  inexper ienced  

reader, and the presence  of cond i t ions  tha t  d i m i n i s h  

delayed-type hypersens i t iv i ty  to tubercu l in ,  inc lud ing  

many viral, bacterial ,  and  fungal  infect ions ,  live v i rus  

vaccinat ions,  ch ron ic  renal  failure, p ro te in  malnu t r i -  

tion, i m m u n o s u p p r e s s i o n  drugs ,  HIV infect ion,  and  

overwhelming active tuberculos is .  7 io, 21 

Others  have used  these  m e t h o d s  to e s t ima te  the  tu- 

bercul in  test 's  charac ter i s t ics .  T' 8. io. 1 ~ Rus t  and  T h o m a s  

used data  from the tube rcu l in  survey of U.S. Navy re- 

crui ts  bu t  a different  m e t h o d  to calculate  the  prevalence 

of M. t u b e r c u l o s i s  infect ion at  va r ious  i n d u r a t i o n  sizes. 

Their  f indings were s imi la r  to ours ,  t h o u g h  they found 

higher  prevalences  at  small  i n d u r a t i o n  sizes and  lower 

prevalences at large i n d u r a t i o n  sizes. 22 Edwards  and  

Palmer also used  the U.S. Navy recru i t  data,  bu t  com- 

bined these data  wi th  the resul t s  of sk in  tes ts  made  f rom 

an NTM agent,  the Battey bacil lus.  Based on the relative 

indura t ion  sizes of each  recru i t ' s  two sk in  tests,  Ed- 

wards and Palmer  were able to predic t  the  recru i t s '  tu- 

berculosis  morb id i ty  in s u b s e q u e n t  years  be t t e r  t h a n  by 

us ing the tubercu l in  reac t ion  alone. 23 

What is the re la t ionsh ip  be tween  the size of a tu- 

bercul in react ion and  the r isk  of reac t iva t ion  d i sease?  

The size of a tubercu l in  reac t ion  in an ima l  models  is 

unre la ted  to the n u m b e r  of infec t ing  tuberc le  bacilli. 24 

Also, epidemiologic s tud ies  have d e m o n s t r a t e d  tha t  the  

risks of infect ion are different  from the r i sks  of reacti-  

vat ion a m o n g  infected persons .  25- 26 The  r isks  of infec- 

tion are a func t ion  of the d u r a t i o n  and  in tens i ty  of ex- 

posure to a i rborne  droplet  nucle i  and  are h ighe r  a m o n g  

poor, minor i ty  popula t ions ,  r e s iden t s  of congregate  liv- 

ing facil i t ies,  and  i m m i g r a n t s  f rom h i g h - p r e v a l e n c e  
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countr ies .  The r isks of ac t iva t ion  are a func t ion  of the 
recency of infection,  age (react ivat ion is especially h igh 

for adolescents  and  the elderly), life expectancy (the an-  
nua l  r isks are additive), a n d  the presence  of cond i t ions  

that  suppress  cell-mediated i m m u n i t y .  Therefore, the 

probabil i ty of react ivat ion disease is a p roduc t  of the 
probabili ty of infect ion and  the probabi l i ty  of reactiva- 
t ion among  infected persons .  

The choice of an  opt imal  cu tpo in t  for a test  depends  
on the prevalence of disease as well as the value of the 

consequences  from the ac t ions  t aken  for positive a nd  

negative test  results.  These pa rame te r s  differ from pop- 

u la t ion to popula t ion  and  wi th  the purpose  of carrying 
out testing. For example, if a s c reen ing  survey were con- 
ducted solely for repor t ing  a n d  p l a n n i n g  purposes ,  wi th  

no in te rven t ion  for those found  to be positive, then  the 
optimal cu tpo in t  could be the one tha t  m i n i m i z e s  the 

total n u m b e r  of false-positive and  false-negative find- 

ings. On the other  hand ,  if t es t ing  were done on ad- 
miss ion  to a congregate res idence wi th  a h igh  r isk of 
t ransmiss ion  among  residents,  sensit ivity might  be more 

impor tan t  t h a n  specificity. A smaller  i n d u r a t i o n  size 
would be chosen as a cu tpo in t :  the specific size would 

depend on the prevalence of infect ion a n d  the n u m b e r  
of false posit ives one would willingly trade off aga ins t  
one false negative. 

Al though the t ube rcu l in  test  is the definit ive test  for 
latent M. t u b e r c u l o s i s  infection, it provides only one piece 

of in format ion  for decis ion m a k i n g  abou t  i soniazid  pre- 

ventive therapy. Tha t  decis ion depends  on  a complex 

calculation tha t  weighs the r isks  and  benef i ts  of pre- 
ventive therapy. It is based  on  not  only the probabi l i ty  
of infection, b u t  also the r isk of ac t iva t ion  a m o n g  in- 

fected people, their  life expectancy, the case-fatality rate 
of tuberculosis ,  the effectiveness of preventive therapy, 
and  the r isks of i soniazid  hepatotoxici ty  and  other  ad- 

verse reactions.  As a result ,  some persons  with a h igh 
probabili ty of infect ion may not  benef i t  from isoniazid  
preventive therapy,  while others  with lower probabi l i t ies  
of infection may benefit .  Therefore, r ecommended  cut-  

point  choices for ident i fying infect ion are no t  the same 

as those for giving preventive therapy.  

For m a n y  years, 10 m m  was the r ecommended  cut- 
point  for ident i fy ing infection.  27 Despite its simplicity,  

however, tha t  cu tpo in t  resul ted in  too m a n y  false posi- 
tives in the general  popu la t ion  a n d  too m a n y  false neg- 

atives in  h igher  prevalence popula t ions .  7 For this  rea- 
son, the CDC and  the American Thoracic Society recently 

redefined tube rcu l in  posit ivi ty as 5, 10, or 15 mm,  de- 
pend ing  on the presence  or absence  of addi t iona l  r isk 
factors for infection.  9 Our  s tudy  demons t r a t e s  how im- 

por tant  it is to in te rpre t  t u b e r c u l i n  reactivity in  l ight of 

the prevalence of infect ion in  the pa t i en t ' s  popu la t ion  

group (that is, the prior probabi l i ty  of infection). For 
persons  with a h igh  probabi l i ty  of infection,  such  as 
urban,  minori ty  pat ients  with upper-lobe infiltrates, small 
cu tpoin ts  (2 ram) provide good conf i rmatory  informa-  

tion. The t radi t ional  l O-mm cu tpo in t  for active tuber-  

culosis pa t ien ts  is inappropr ia te  a n d  resul ts  in  confus-  
ing conclusions,  such  as the f ind ing  tha t  19% of these 
pat ients  have negative tubercu los i s  sk in  tests. 28 

How do a pa t i en t ' s  age a n d  geographic res idence 

influence in te rp re ta t ion  of h is  or her  t u b e r c u l i n  reac- 

tivity? Other  t h a n  decreased delayed-type hypersens i -  
tivity in newborns  a nd  the elderly, 8. 29 the biologic re- 

sponse to in t radermal  t ube rcu l in  does no t  vary with age 
or by geography. 1.2~ ~4 Therefore, the test  charac ter i s t ics  

are de termined by the relative prevalences of M. t u b e r -  

cu los t s  and  NTM infections. The relative prevalences vary 
by geography: there are some se t t ings  in  which  one in- 
fection is highly prevalent  a nd  the o ther  is not.  1, 7. 12. 13 

These differences never theless  have only modera te  in- 
fluence on the test  charac ter i s t ics  (Table 2). While the 
prevalence of M. t u b e r c u l o s i s  infect ion is k n o w n  to in- 
crease with age, 1.24.25. ~o-32 the relat ionship between age 

and  the prevalence of NTM infect ion is less s u b s t a n t i -  
ated. Small t ube rcu l in  react ions,  p r e sumab ly  caused  by 
NTM infections,  increase  wi th  age, 1. ao b u t  NTM disease 
peaks in chi ldhood a n d  middle age. 33 T u b e r c u l i n  test  

characterist ics,  nevertheless,  probably do not  vary sig- 
nificantly by age. However, age should  inf luence inter-  

pretat ion of the test resul t  because  the prevalence of M. 

t u b e r c u l o s i s  infect ion rises wi th  age a nd  therefore so 
does the positive predictive value. Lo 

There are insuf f ic ien t  da ta  to calculate test char- 
acteristics for HIV-infected t u b e r c u l i n  reactors  or those 

who have other  cond i t ions  tha t  d i m i n i s h  cell-mediated 

immuni ty .  H1V-infected persons  are more  likely to be 
anergic and  less likely to have posit ive t u b e r c u l i n  tests  
than  are HIV-uninfected persons.  34 One could a s s u m e  

that the most  f requent  t ube rcu l in  react ion is a smal ler  

i ndu ra t ion  size t h a n  the 16 to 17-ram mode found  in  
i m m u n o c o m p e t e n t  persons.  This  f ind ing  has  no t  been  

documented,  however, a n d  u n p u b l i s h e d  data  suggest  
otherwise. HIV-infected pa t ients  with tuberculosis  in  CDC 
studies demons t ra te  a m e a n  t u b e r c u l i n  react ion of 15.3 
ram, not  different from the m e a n  react ions  of 16 m m  
found in HIV-uninfected tubercu los i s  pa t ients ,  suggest-  

ing that  an  individual ' s  t u b e r c u l i n  reactivity is a n  "all 
or no th ing"  p h e n o m e n o n .  35 Nevertheless, a s tudy  of tu- 

bercul in  react ions  a m o n g  i n t r a ve nous  d rug  users  sug- 
gests that  the 2 -mm cu tpo in t  identif ies  the same pro- 
port ion of persons  infected wi th  M. t u b e r c u l o s i s  a m o n g  

HIV-infected persons  as is ident if ied u s i n g  the 10-mm 
cutpoin t  a mong  HIV-uninfected persons,  a4 Perhaps  the 

best  in format ion  abou t  an  HIV-infected person ' s  r isk of 
M. t u b e r c u l o s i s  infect ion is the prevalence of infect ion 

in the pa t ien t ' s  communi ty .  
Many c l in ic ians  cons ider  a positive t u b e r c u l i n  test 

to mean  that  the pa t i en t  is infected with M. t u b e r c u l o s i s .  

Given this  perspective, the opt imal  cu tpo in t  shou ld  be 

one that  provides a h igh  posit ive predictive value, such  
as 0.75 to 0.95. This  use  of the test  suppor t s  the decis ion 
to classify positivity by cu tpo in t s  tha t  vary by the prev- 



642 R o s e  e t  al . ,  T u b e r c u l i n  T e s t  I n t e rpre ta t i on  JGIM 

alence of infection.  However, more accura te  in fo rmat ion  

can be got ten by in t e rp re t ing  i n d u r a t i o n  size as indi-  

cat ing a probabi l i ty  of M. tuberculosis  infection,  9 ra ther  
than  classifying the test  resul t  as posit ive or negative.  
For example, pe rsons  wi th  10- to 12-mm react ions  a nd  

no addi t ional  r isk factor for infect ion are cur ren t ly  clas- 

sified as tubercul in-negat ive ,  yet they have a 0.12 to 0.74 

probabili ty of infection,  depend ing  on the prevalence of 
infection in  their  communi t i e s .  In cont ras t ,  HW-infected 
persons with 6 -mm react ions  are cur ren t ly  classified as 

tuberculin-posi t ive,  yet their  probabi l i ty  of infect ion is 
u n k n o w n .  HW-uninfec ted  pe r sons  wi th  th is  reactivity 

and  no addi t ional  r isk factor have a 0 .02 to 0.16 prob- 
ability of infection. We encourage  readers  to in te rpre t  
tubercu l in  reactivity as a probabi l i ty  of infection,  be- 

cause doing so will lead to more thought fu l  t r e a t me n t  
decisions. 
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