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The Inverse Association Between Tuberculin 
Responses and Atopic Disorder 

Taro Shirakawa, Tadao Enomoto, Shin-ichiro Shimazu, 
Julian M. Hopkin* 

Human immune responses are heterogeneous and may involve antagonism between T 
helper (T,) lymphocyte subsets and their cytokines. Atopy is characterized by immediate 
immunoglobulin E (IgE)-mediated hypersensitivity to agents such as dust mites and 
pollen, and it underlies the increasingly prevalent disorder asthma. Among Japanese 
schoolchildren, there was a strong inverse association between delayed hypersensitivity 
to Mycobacterium tuberculosis and atopy. Positive tuberculin responses predicted a 
lower incidence of asthma, lower serum IgE levels, and cytokine profiles biased toward 
T,1 type. Exposure and response to M. tuberculosis may, by modification of immune 
profiles, inhibit atopic disorder. 

A t o p y  is a state of allergic response, me- 
diated by IgE, to largely innocuous, com- 
mon environn~ental antigens (allergens) 
such as those derived from house dust 
mites and plant pollens (1 ); it underlies 
the clinical diseases of asthma, hay fa -e r ,  
and eczema ( 2 ) .  Atopy can be recognized 
by allergen-speciflc IgE in serum or by 
immediate-type hypersensitivity reactions 
to allergens up011 lntraderlual skin testing. 
Heterogeneous genetic and environlnental 
factors interact in the develon~nent of ato- 
py ( 3 ) ;  a set of cytokines-interleukin-4 
(IL-4), IL-10, and IL-13 derived from the 
T,2 subset of T lymphocytes-is central 
in rnediatlng IgE productloll and the de- 
velopment of iinlnediate hypersensitivity 
(4). 

In recent decades there has been an 
increase in severity, and probably in prev- 
alence, of atopic disorders in d e v e l o ~ e d  
countries (5). Studies on  migrants from 
developing to developed countries support 
the iinportance of etiological environmen- 
tal changes associated with "Westerniza- 
tion" 16). The  nature of these environ- ~, 

mental changes is obscure, but speculation 
has focused on  increased air ~ o l l u t i o n  or 
other toxlns in  the environment, in- 
creased indoor exposure to dust mite all- 
tigens in less ventilated ruodern homes, 
and dietary changes (7). O n e  factor tem- 
porally associated with the rise of atopy is 
the decline of many infectious diseases in 
developed countries as the result of im- 
proved living standards and ilnlnunization 
programs (8).  Data on  the risk of atopy 

T Shirakawa arid J. M Hopkiri Lung Research Labora- 
t o y  Osler Chest Unlt Ch~rchill Hospital Oxford OX3 
7LJ, UK. 
T. Enomoto, Department of Otolaryngology. Japariese 
Red Cross Soclety Wakayama Medical Ceriter. 
Wakayama. Japan. 
S Shlmazu Department of Pediatrics, National Waka- 
vama Hos~ ta l .  Wakavama J a ~ a n .  

according to sibship size and birth order 
(9 )  also support the possibility that dimin- 
ished exposure to infection might, in some 
way, promote atopic responses. Childhood 
respiratory infections that might strongly 
modify the developing immune system, 
both systemically and within the lung, 
include measles, whooping cough, and tu- 
berculosis. Soine of these infections culti- 
vate a T,l irnmunological environment 
with IL-12, interfero11-y (IFN-y), and tu- 
mor necrosis factor ITNF) as nredolninant , L 

cytokines (16);  because these cytokines 
Inhibit TH2 cytokine functions (1 1 ), the 
absence of such infections might release 
T,2 immune inechanislns and thus pro- 
mote atopic disorder. 

In the case of tuberculosis, an ilnportant 
marker of T,l-mediated acauired imrnunitv 

L L 

(not synonymous with protection) is the 
development of delayed-type hypersensitiv- 
ity. This can be tested by observing the 
reaction, after 48 hours, to the intraderrnal 
injection of tuberculin protein (1 2).  There 
is likely a "J-shaped" relation between the 
degree of delayed hypersensitivity and the 
risk of tuberculous disease, in which people 
with moderate hypersensitivity are at least 
risk (13). 

T o  test for clinical evidence of antag- 
onisln between delayed hypersensitivity to 
tuberculin and immediate atopic respons- 
es, n7e conducted an epidemiologic survey 
in a county of the Wakayama prefecture in 
southern Honshu, Japan, where there has 
been a long-established program of tuber- 
culin testing and immunization with at- 
tenuated bovine M. tube~culosis vaccine 
[bacillus Calmette-Guerin (BCG)] after 
birth and at  6 and 12 years of age (14). 
From a population of approximately 1000 
12- to 13-year-old schoolchildren attend- 
ing the 18 junior high schools of the coun- 
ty in 1995, we studied 867 children with 

* T ~  ,)>/horn corresporidence be addressed, ~ . ~ ~ i l  complete retrospective records of their tu- 
jhopkintZmmsvr.jr2 ox.ac uk berculin responses. W e  administered a 
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questionnaire docurnentii~g atopic symp- 
toms and social and  environmental vari- 
ables, and we also measured IgE serum 
levels and TH1 and TH2 cytokine profiles 
(15); these data were analyzed in  relation 
to  the  record of tuberculin resDonses. 

strong inverse association was found be- were one-half to  one-third as likely in  
positive tuberculin responders as in  nega- 
tive respoi~ders (Table 2).  Moreover, re- 
lnission of atopic symptoms between 7 and 
12 years of age was six to nine  tiines as 
likely in  positive tuberculin responders. 
Seruin IgE levels, both  total  and allergen- 
specific, were also lower in  the  positive 
tuberculin responders. T h e  geometric 
mean for total serum IgE level was 112 

tween positive tuberculin responses a t  
both  6 and 12 years of age and  a range of 
atopic characteristics, including symptoms 
at  any age and IgE levels and T,2 cyto- 
kine profiles assayed a t  12 years of age 
(Fig. 1B and Tables 1 and 2).  I n  positive 
tuberculin responders, the  rate of current 
atopic symptoms was one-third t h e  rate in 
negative responders. Asthinatic syinptoms 

There  was a bimodal distribution of 
delayed-type hypersensitivity responses to  
tuberculin upon skin testing (Fig. I A ) .  
Positive tuberculin tests ( a 1 0  rnrn skin 
induration) corresoond to resaonse to  M. 
tube~ct~losis;  negative tests include fully 
negative reactions as well as intermediate 
reactions (5  to 9 m m )  that  generally re- 

Table 1. History of infectious diseases, atopc symptoms, IgE levels, and cytokne profles in subjects 
grouped by tubercun reactivty. ASE allergen-spec~fic IgE, UD,  undetectable. 

flect responses to  nontuberculous environ- 
inental invcobacterla or to  BCG 1 1  6 ) .  Pos- Measurement Group 1 Group 2 Group 3 Group 4 Total (n = 867) 

(n = 290) (n = 289) (n = 213) (n = 75) 
itive tuberculin responses were recorded in 
3% of the  children a t  3 inonths of age, in  
33.2% a t  6 years, and in  58.0% at  12 years. 
I n  many children, t h e  tuberculin status 
changed, to either positive or  negative, 
between the  ages of 6 and 12 years (Table 
1,  groups 2 and 4 ) .  N o n e  of the  children 
suffered clinical tuberculous disease a t  any 
stage, including 24 with florid tuberculin 
resoonses 1>40 inrn skin induration) who 

Tuberculin response 
At 6 years 
At 12 years 

Posltive antiviral immunity (%) 
Measles (history + vaccne) 
Chicken pox (history + vacclne) 
Mumps (history + vacclne) 

Number with IgE to Ascans 
Symptoms (%) 

Atopy (past + present) 
Atopy (present) 
Asthma (past + present) 
Rhnits (past + present) 
Eczema (past + present) 

Geometric mean IgE (IU/ml) 
Postive ASE (%) 

un&erwent~ full clinical and radiog;aphic 
assessment for the  disease. 

Of all t he  children studied, 36'0 inan- 
ifested atopic syinptoms at  some time. A 

Atopc (hgh IgE or postve 
ASE) ('10) 

Medan cytokne level (pglml) 
IL-4 
IL-13 
L-10 
L-12 
FN-"y 

Postve famy hstory wlthn 
three generations (96) 

Mean BMI 

"P < 0 31, ' "P < 0 031 or? the bass af Studernt's test tP < 0 35, t:P < 0.31, +:I? < 3.001 on the bass of a 
median test iP < 0 05, $iP < 3.31 :iiP < 3.301 on the bass o fx2 aganst g r w p  1 .  respectveI:/ #Maxi ln~ln- 
minimum values 

DHT (mm) 

Table 2. Odds ratios for atopy and for occurrence and remission of atopic symptoms in posltive 
versus negatve tuberculin responders by age. M u t p e  logistc analysis was conducted with the 
SPSSX package, version 2.2,  In all models, allowance was made for dchotomzed variables incudng 
sex, ~fe-style, nutritional status, envlronmenta factors, and family hstory. Only sgnificant values are 
shown. 

Odds ratio 

Tuberculin response Atoplc symptoms 
A t o p ~  

Occurrence Remission 

Conversion to 0.50 
pos~t~ve up to 6 (0 29 to 0.83)' 
years of age 

Asthma: 0.31 Asthma: 8.2 
(0.22 to 0.45)' (6.0 to 9.8)"' 

Eczema. 0 50 Eczema: 1.6 
(0.33 to 0.91)x (1 .O to 2.2)" 

Asthma: 0.42 Asthma: 6.0 
(0.24 to 0.56)" (2.8 to 10.3)^'" 

Eczema: 6.7 
(4 8 to 11.4)"^ 

Rhinitis: 9.0 
(6.2 to 14.2)"" 

0 ;  . I . , . I . , 
0 2 0  4 0  6 0 80 

DHT (mm) 

Conversion to 0.43 
pos~tive between (0.25 to 0.83)'^ 
6 and 12 years of age 

Fig. 1. Delayed hypersensitiv~ty to tuberculin 
(DHT, in mllimeters) and relation to serum gE. (A) 
Histogram showing bimodal d~stribution of re- 
sponses to tuberculin, assayed as DHT at 12 
years of age in 867 Japanese schoolch~ldren, (B) 
Plot of log(total serum gE) versus DHT In the same 
children (r = 0 492. P < 0.001). 
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IU/ml  for chiliire11 who had a pobiti1.e 
tuherc~ulin response a t  any time, ~vhereas  it 
\\-as 194 IU/ml  for children n.hose rebpons- 
es were al~vavs neyative. A plot of the  
logarithln of total serum IgE against the  
J iameter  of t~uherculin rebyonbe ,ho~vs a n  
inverse linear relation, r = -0.492 (Fig. 
1 6 ) .  Positir-e tuherculln rebponders hail 
~ ~ g n i f i c a n t l y  lower level, of T H 2  cvtoki~le,  
(IL-4, IL-10, and IL-13) and lugher levels 
of the  T H 1  cytoklne IFN-y. 

In  test, for confounciing 1-ariables (15) )  
we fo~ulld n o  differences In life-style, en- 
\-ironmental factor,, or nutritional status 
hen\-een the  positive and negative tuber- 
culin responder,; es t l~nated allergen expo- 
sure \\-a, sinlilar among the  groups ~ v l t h  
respect to  pet animal exposure, character 
a n J  ventilation of homes, anci residence in  
a rural area. Espos~lre to  helminth,, which 
can  1,romote high IgE level,, n-as lni~liilial 
in  the  pol,ulation; on1)- 7 of the  567 chil- 
dren ,ho~ved IgE to  Ascaris Itin~brico~dzs. 
Silnllar numbers of posi t i~-e  and negati1-e 
tuberculin responders reported atopy in 
any sill. parent,  or grandparent (-5L796) or 
had chest radiograph report, of tuberculo- 
sis in  the  same relatives a t  any time 
(-130~I).  

Several lines of evidence sLuggest that  a 
causal link bet~veen tuherculin response 
and  atopy is Inore likel7- than  fiseii deter- 
~ n i i l a t i o ~ l  of hot11 atop\. and dimini,heci 
t~ lbe rcu l l~ l  rebponses hy a genetlc factor or 
factor,. Our  data s h o ~ v  that  tulierculin 
responsescl~aange, from p o b i t i ~ e  to  nega- 
tive anil vlce versa, in  man>- children he- 
~LI-een 6 a d  12 year, of age (groups 2 and 
4 in Table 1 ) .  X marked decline in  the  
incidence of pobiti1.e tuherculin responses 
in  the  Makayama region over a very short 
genetic interval-95% in 1965, 55O.o in 
1975, 6306 in 1955, and 55% in our 
survey-\\-as accompanied h j  a decline 
in infectiou, clinical cabes of tuherculosi, 
from 154.4 per lL?L?,L?L7L? in 1974 to 52.1 per 
100,L7L7L? in 1994 (17) .  Experimental ani- 
mal data show antigen-indepe1iCIe11t, re- 
cil'rocal ~ n h i l ~ i t l o n  of either TH1 or TF,2 
imm~unlty 1.y infect~o~us agents that  strong- 
ly promote T H 1  responses [such as myco- 
bacteria (18)]  or TH2 r e , p o n m  [such as 
schistosollies (1911. T h e  J a t a  support the  
hypothesis tliat a decline in infection, 111 

this instance tuberculosi,, is a factor 
~ m d e r l y ~ n g  the  rising sex-erit;? and preva- 
lence of atopic disoriier, in recent decaile, 
in  develo1,ed countrie,. Thebe data are 
also consibtent with the  idea that  atopic 
responbes are limited hy TH1 Immune 
mechan~sms.  

Epiiiemiologlcal Ja t a  from Guinea-Bis- 
,au s h o ~ v  that  a history of childhooJ mea- 
sles i l l tectio~l aro~unJ the  time of a n  epi- 
demic n-as associated n-lth a 5Go'o decrease 

in  the  rate of pobltive atoplc sltill tebts 
(Zc?). I11 our study, 1r.e found n o  relatlon 
1-etween a history of measles infection anil 
atopv. H o w e ~ ~ e r ,  there are illlpilrtallt pop- 
~ l l a t ion  anid enr.ironmenra1 cdifi'crences be- 
t ~ v e e n  \X7alta>-ama and Guinea-Bissau; 
also, the  \X7akayama reglon has had a n  
estai-lisheii p r o r a m  of measles irnm~u11i:a- 
t ion, u.itli a n  uptalte of 6L?% more, anci 
there hail been n o  measles eniiielllic rele- 
\-ant to our study. It is liltely that  a set of 
specific infection, that strollgly promote 
THl immunitv has the  pL>tential to  inhihlt 
atopic iiisoriler by the  repre,sion of T 7 

H &. 

immunitv. W e  believe that  the  role of 
such a n  illfectioll in  repressing atopv Lie- 
pend, o n  a l l~llnber of factors, illcl~uciillg its 
timing, anatolnical site, dose, and pro- 
tractednebs; exposure to  other infections; 
allJ host character~,tic,z such as gelletlc 
variables and  nutritional btatu, (21) .  Pro- 
specti\.e and expermenta l  stuiiies are 
needecl to  investigate the  action of 1 1  
t~tbe7-c~tlosis and  other  mic roorgan i ,~~~ , .  
thro~ueh natural infection or imm~unization 
,cheJule,, in iieviating imm~unity away 
from atop!. 
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ers !;!ere mmunzed w~ t l i  l o 6  co lony - fo r~ng  ul i~ts 
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ds t rc t .  Personal records for skn  test respoises to 
t ~ ~ b e r c u l n  and BCS inoc~~ la i~on ,  d o c u ~ e n t e d  by 
sclioo doctors. :were a\!alabe frol-i each scbool's 
f e d  records D~agnoses of asthma. eczema. alid 
r b n t s  were made by s c i o o  doctors on tl ie bass 
of nternatona crlterla Spec~f~c gE to f~ve arborne 
allergens a ~ i d  total serum IgE viere assayed by 
Lumward lrmunoassay \ S i n o g ! ;  IgE to ASCat,lS 
!:imoncclnes \&!as assayed (Arastat; D?C. Tokyo. 
Japan! A lpost\ie allergen-specfc gE was >0 35 
1U:lter. An elevated total serum lgE was take i  to be 
>I SD abo\!e tile geoiierrlc I rean (200 1U:ter). 
Atopy was d e f i e d  as one or more post \ ie  aler- 
gen-specf~c gE ,  a t-ased total IgE, or b o t i  Sel~tli- 
cytok~ne levels :were n~ru l ioassayed In the Nit- 
subs l i  Kagaku BCL aboratores (Tokyo! by Teans 
of coi in-ercal  kits, the I r n r u l r  detectable eves  
:were 0.50 p g ~ ~  for L - 4  anc: L -10 .  % 1 pg:ii for 
L - - 3 ,  5 pg:m for IF+, and 7 8 pg;m for L - - 2  
heterod mer Sewn- gE eves  'viere correlated w t l i  
T+2 cytokne eves  ( L-4. correlato~i coeffcent 1 = 
0.35E L-13,  r = 0 565 L - ' 0 ,  , = 0.553; P < 
0.00') a ~ i d  were nversey corre ated w t h  le\!els of 
the T,' cytokne FK-3  ir = 0 567. P = 0.00- ! .  
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Andres, D B. Lee, %!- "Jed J 1 ,  EL7 (-972): T 
Oe t t~n~e r  A Holm I i\A Mton~, A. B Anderser, K 
Hasoov. Infecr rmril:~? 63. 46- 3 i' 995). As a rule. 
pos~t~ve tubercun responses are caused by nfec- 
t on  :r~~tti ",,;, r:iSe~ei:los~s wbereas n ter~redate  re- 
sponses are caused by exposure to ~ ion t~~be rcuous  
~nycobactera or rnm~lnzaton w tb  BCG, 'N!e cannot 
exc ~ ~ i e  the poss~b~l~ty that some or the con\iersons 
to tuberculin post\!ty after 6 years of age ~ n g t i t  be 
attr~butable to a seco~id i~rmun~zat~on ~.!~t l i  BCG 
espec~ay because the Tokyo 172 BCG ~ ~ s e d  s 
strongly mi iunogenc having retaned t i e  gene for 
ttie lrajor ant~gen, NPT E4 nor do l;!e k n o : ~ ~  :dbat 
;o e env~;onmenta mycobacter~a rnay have played In 
t t is se l~ l r~ l ra l  envronn-ent 
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