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D N C B- Reactivity in 
Patients with Leprosy In Kenya 

A. H A RTMAN 

Depart m e n t D f  Derm a to lugy , S ta te  Ull i l'ersi ty .  C ro l l inge n .  Holla n d  

S c n si t i z a t i o n  fo l lowed b y  gra d e cl  c h a l l e n ges o f  cl i n i t roch l o ro be n ze.ne ( D N C B )  w e re 
performed in 1 0 5 l e p rosy p a t i e n ts ( Ba n t u )  in K e n y a  ( 2 2  t u be rc u loicl , 5 3  border l ine  
a n d  3 0  l e p ro m a t o u s  l e p ro sy ) .  The  res u l t s  w e re c o m p a reci w i th  t h ose o b t a i necl i n  a 
group o f  3 8  re la t ives ( i n d e x  cases 5 l e p ro ma t ous  l e p rosy p a t i e n t s )  a n d  in a gro u p  o f  
h e a l t h y  c o n t ro ls  ( no k n o w n  h o u se h o l d  c o n t a c t  w i t h  l e p rosy ) .  A l i  p a t ie n t s  showed a 
d i minshed  D N C B  reac t i v i t y  as c o m p a re d to hea l t h y  cont rols .  I n  t h e  gro u p  o f  
re l a t ives o f  l e p ro m a t o us lep rosy p a t ie n ts n o  d e c rease o f  DNCB re a c t i v i t y  (as  
c o m p a re ci t o  l ocal c o n t ro ls )  was  o bserve d .  

The percen tage o f  D N C B  re actors i n  hea l t h y  c o n t rols  i n  Africa p roved t o  be 
s ignifi c a n t l y  lower t h a n  the percen tage of  D N C B  react o rs i n  heal thy c o n t ro l s  o f  
Caucasion a n d  Negro a n cestry i n  H o l l a n d .  The fac t o rs possib l y  i n n uenc ing  t hese 
res u l t s  a re d iscusse cl .  

I n trod u c t i o n  

I n  several s tud ies ev idence is g iven  that  ce I l -med ia ted  i m m u ne react iv i ty is 
depressed in pat ie n ts w ith l epromatous l eprosy . I mpa ired responses we re noted to 
i n t racutaneolls test an tigens (Waldorf et  ai. , 1 966 ; BuI lock ,  1 968) ,  and to contact  
sens i t i za t ion wi th  2 ,4-d in it rochlorobenzene ( DNCB)  or p icry ch lo ride (Waldorf e t  
ai. , 1 96 6 ;  Bu l lock ,  1 968 ,  Turk and  Waters, 1 969) .  Bes ides prolonged sk in  a I lograft 
surv iva l  has been reported in l epromatous pat ien ts ( J ob et ai. , 1 96 7 )  and  in both 
tuberculoid and lepromatous pat ie n ts ( H an e t  ai. , 1 9 7 1 ) . Reports on in vitro tests 
wi th  leucocy tes o f  1 eprosy pa t i en ts have been con trad ic tory ( Dierks and Shepard ,  
1 968 ; Sheagren e t  aI. , 1 969 ; Nelson e t  aI. , 1 9 7 1 ; Wong e t  ai. , 1 9 7 1 )  and  
conseq uent ly  there is some doubt whether  i n  l epromatous l eprosy a ge nera l i zed 
depression of C M I  react iv i ty actual ly occurs .  

Moreover, some fin d ings poi n t  to  an  i mpairmen t  or  CM I reac t i v i ty i n  pat ients 
wi th  t uberculo id l eprosy ( Bul lock ,  1 968 ) .  Recent ly  Mendes et ai. ( 1 974)  showed 
sign i fican t ly impaired responses to DNCB in tubercu lo id  l eprosy pat ie n ts w i th 
normal  responses to  i n tracu taneous test an t igens ( tubercul i n ,  o id iomyci n ,  
tr ichophyt in  a n d  lepro m i n ) . 

Because o r  th is  con troversy or op in ion we dec ided to start a systemat ic  s tudy 
on the immune  react iv i ty or l eprosy pat ien ts .  In  th is  paper we report o n  the 

resul ts  of  DNCB sensi t izat ion test ing i n  l eprosy pat ients  in Kenya .  Pat ien ts 
represen ti ng  the whole spec tru m  of leprosy fro m  polar tuberculoid to polar 
lepromatous were i nc luded in these tests .  A comparison was made wi th  s imi lar  
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t e s t s  carr i e cl o u t  i n  re l a t ives 0 1 ' l e p roma tous  pa t ie n ts w h i l e  resu l t s  were ma t checl 
wi t h  resu l t s  o b ta i ned in t wo gro u ps 0 1' hea l t h y  con t ro l s  w i t h  res i dence in K cnya  
an el i n  t he  Ne t hcr l a n cls ,  respec t i vc ly ". 

M e t h ods 

S E N S I T I Z A  T I O N  I '  R OC E D U  R E  

Sens i t i z a t i o n  tes ts  w i t h  O C B  were pe rfo rmecl accord i ng to  t h e  m e t h ods 
clescr i becl by  B l e l l m i n k  el  aI. ( 1 9 74 )  with m i n or mod i fi ca t ions .  
I .  The so l l l t ions  used  fo r se n si t i za t i o n  and  cha l l enge were p repared a t  the  

B ioch e m i c a l  Labora to ry ( H ead : E .  B l e l l m i n k . Ph . D . ) ,  Oepart me n t  o f  Oerma
to logy . G ro n i n ge n .  The Ne th e rl a n ds, and  issued in  po ly t h e n e  v i a ls which were 
sea l ed  a I' t e r  t h e  re mova l  0 1' ace tone  by evapora t i o n .  The v i a l s  wcre s to red a t  
4° C a n d  p ri o r  to  u se i n  t h e  fie l d  were rcconst i t u tcd w i t h  a s ta n el arcl vo l ume  0 1' 
ace tone .  

2 .  The  se ns i t i za t i o n  el ose 0 1' 2 m g  ONCB i n  ace tone  as a ru lc was  a p p l ieel t o  the  
vo l a r  aspec t  0 1' t h e  forea rm . Mos le ms, however, beca llse 0 1' r i t u a l l y  p resc ri beel 
el a i l y  a b l u t ions .  werc se ns i t i zc el at t h e  vo la r  aspect  0 1' t h e i r  upperarm. 

3. Cha l l t: nges were perfo rmed 1 4  el ays  l a t e ; b y  pa t ch test i ng  w i t h  3 a n el 1 0  ug oI' 
ONCB.  o m i t t i ng  tes ts  w i t h  3 0  ug i n  orel e r  to p reve n t  e rroneous  reael i ngs 
( Ha r t ma n ,  1 9 7 6 ) .  

4.  T h e  reac t i ons  were e x a m i n eel 4 8  h l a t e r  a n el gradeel as 2 , 3 o r  4 p lu s reac t ions  
o m i t t i ng I p lus  reac t i on s  ( e ry thema on l y ) beca use 0 1' the i r  i n consp i cuo ll sness 
on Afr i can s k i n .  The sum 0 1' t h e  p l ll s  re ac t ions  is el esigna ted as ONC B-score . A 
score of 2 or more is t aken  as p os i t i ve ' v ide n ce fo r ce l l -me d ia ted  i m m u n e  
reac t i v i t y  to  t h is pa rt i c u la r  compone n t .  

I 'ATI E N T S  A N D C O N T R O L S  S T U D I E D  

A .  I n  K e n y a  t h ree  gro l l ps 0 1' person s  were s t ud ie el :  
I .  1 0 5 le p rosy pat ie n ts ; 7 5  perso n s  fro m Western Kenya  ad m i t ted  to t he  

Lep rosy Hosp i ta l  a t  A l u pe a n el  3 0  i n -pa t i e n ts o f  the  TlImbe Lep rosy Cen t re 
(Coast  Provi n ce ) .  Of these 47 werc i n  a reac t i onal state or had rece n t l y  
suffe red from a react ional  state ( reversal re act ion o r  EN L) .  A l i  o f  them h ael 
rece i veel trea tmen t  wi th  el iam inocl i pheny l s ll l phone  ( DOS)  or Lamprene .  
Some pat ien ts were t reateel wi th  cort icoste roicls .  
2 .  38 re l a t ives  ( first anel seconcl clegree ) o I' 5 pat i e n ts w i t h  ( polar)  l ep roma
tous l eprosy l iv ing in  t he  Coast Provi nce .  Physical exam inat ion  revealecl that  3 
o f  t hem had  u n trea ted t u bercu loid le p rosy . 
3 .  2 7  h ea l thy v i l lagers near  TlIm be w i t h o u t  a fami I y  h is tory o I' leprosy . 

B. I n  the  Netherl an cls  2 groups of  con trols were s t ud ied : 
I .  A group  of 1 0 5 Ou tch o u t-pa t i en ts o f  the Oepartme n t  of Oerma to l ogy a t  

Gron inge n ,  p resen t ing w i t h  m i n or s k i n  d isease a n d  obviously free of  l eprosy . 
2 .  A gro up o I' 7 hea l thy n egroes of S .  American ancestry bom in  Hol l and .  

The  c1ass i ficat ion of  leprosy pat i en ts was  based on c l i n icai h is tory ,  physi cal 
examinat ion , determ i n at ion  of sk in  smears and skin biopsies. Al I  pat ie n ts were 
( re )c1ass ified accord ing to  the R id ley-J opl ing scale ( 1 9 6 6 ) .  

Oetai ls  I i ke  age , sex ,  tribe ,  react ional s tate ,  reason of  admission ,  per i oel of 
treatme n t ,  BCG vaccina t ion  and  other  factors of  possib le i nnuence on the  ONCB 
react iv i ty were recorded .  

Some b iopsies were t aken  for his tological evaluat ion oI'  our  t e s t  resu l ts .  
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F i n a l l y  al i v o l u n t e c rs were c l i n i ca l l y  exam i ncd  and  t he  c l i n ica i  h is tory and  
d i seases were n oted . 

G E N E R A L  H E A LT H  SC R E E N I N G  
Phys ica l  e x a m i n a t i on  rcvea led t h at a great m a n y p eo p le i n  t h e  3 groups 

i nvest igated h ad a p a l p a b le sp le e n .  Anae m i a  was co m m o n l y  e n co u n te red ( 1 8% ) .  
A l i 0 1' t h e m  h ad a h is to ry 0 1' re peatcd a t tacks  0 1' ma la ri a  a n d  a n umber  0 1' th e m 
( 5 8%) had  a h is to ry 01' sch istoso m iasis .  K wash iorkor and marasmus are we l l 
known d iseases i n  t he a re as u n de r  su rve y . 

Resu lts 

Le prosy pa t i e n ts both i n  -Al u pe as wel l  as in Tu mbe Le p rosy Cen t re , were 
c \ass i fied by  c l i n ica i  e x a m i n a t ion  i n  five groups ( Ta b le I ) . S in ce DNC B re ac t i v i ty  
part ly  de pends u po n  age , data  a re g iven for 4 se p ara te age gro u p s  (Tab le 2 ) .  On l y 

4 o u t  0 1 '  1 0 5 Pa t ie n ts (4%)  w i t h  l e p rosy were fo und  reac t ive to DNC B as 
compared to  I I o u t  0 1' 38 in t h e gro u p  0 1' re l a t ives  ( 29%) a n d  7 out of  27 ( 26%) 
hea l t h y c o n t ro l s  in K e n y a .  The d i ffe re n ce be twecn t he  l e p rosy pat ie n ts a n d  t he  
l a t t e r t wo groups  is  s ta t is t i ca l l y  s ign i fica n t ( P > 0 .0  I ) . The d i ffe re nces a re eve n 

T A B L E  I 
Classifica / ion of leprosy pa / ie n /s, reaclional s /a /e and DNCB reactivi/y 

Type A d m i t t e d  React ional DNCB-test Adm itted React ional  DNCB-test 
a t  Tumbe state a t  Al upe state 

I .  TT 3 O O 
2 .  TB 8 5 O 3 2  1 2  
3 .  B B  7 3 O 7 3 

4. B L  6 3 O 2 8  1 3  
5 .  L L  6 2 O 8 6 

3 0  1 3  O 7 5  3 4  4 

TAB L E  2 

R esu l/s of pa tch tests wilh DNCB ill leprosy pa tien ts, relatives of LL patie n ts and con tra is in 
K enya ( 1 )  an d  in Holland (2) 

Age Leprosy Relat ives Co ntrols in Controls in  Controls in  

years pat ients o r  L L *  Kenya Hol land Hollan d 
pat ients  ( Dutch ) (negroes) 

No Pos No Pos No Pos No Pos No Pos 

0-30 3 7  - 2 2 2  7 1 4  3 4 8  - 4 8  6 6 
3 1 -5 0  5 4  - I 1 3  3 1 0  - 3 3 5  3 5  I I 
5 1 -7 0  1 2  - I 2 I 1 2  I 1 0  8 O O 

7 0  2 -- I I O I O l O  2 O O 

1 0 5 - 4 3 8  1 1  2 7  7 1 0 3 9 2  7 7 

No = Number .  
Pos  = Posit ive.  

* Lepromatous leprosy ( polar form ) .  



1 9 6  A. H A RT M A N  

TA B LE  3 

SlI m mary oI DNCB - tests in leprosy pat ien ts and con tra is in K enya 

Gro u p  A Leprosy p a t ien ts  
A l u p e  ( W e s t e r n  Kenya)  
Tum be (Coast Province ) 

Tota l  

N u m ber  Cha l lenged 
( read )  

75  
3 0  

1 0 5 

Positive 

4 
O 

4 

G rou p B Fam ily m e m bers of 5 leprom atous  p a t i e n t s  ( 1 st and 2nd  degree) 

% 

5 
O 

5 

Coast Province 3 8  I I 2 9  

G r o u p  C Control  G roup  
Coast Province 

27 

Differences between A and B ,  A and C stat ist ica l l y  sign i fican t (P < 0. 0 1 ) 

7 26 

more s t ri k i n g  (Table 3 )  i r  o n ly th ose p e rsons l i v i n g  i n  the  Coast Pro vi n ce a re t a k e n  

i n to  acco u n t .  N o n e  o u t  0 1' 3 0  l eprosy p at ie n ts a n d  7 o u t  o f  2 7  hea l thy  con trols 
co u ld be sens i t i zed to the c o n t a ct a l l e rge n .  Also 3 ch i ldren with h igh resis tant  
t u b e rc u l o i d  l eprosy (TT) fo u n d  a m o ng the  re la t ives of  pat ien ts were negat ive to 
DNCB .  

T A B L E  4 

Da la oI persons  in K enya with positive reactions to DNCB 

Age Sex Leprosy c1ass BCG vaccinated 
persons DNCB-score 

Gro u p A Leprosy pat ients  ( 4 )  
4 0  B L  + 8 
3 5  TB 2 
3 1  m B B  2 
3 3 m L L  2 

Group B Fami ly mem bers ( I  I )  
1 6  + 5 
9 + 2 

3 2  4 
4 + 8 

20 2 
45  2 
40 m 5 
7 0  f 2 

8 m + 2 
1 7  f 3 
22 f 4 

Group C Controls ( 7 )  
1 4  + 5 
1 5  m + 5 
1 5  f + 2 
2 1  
1 9  4 
24 m + 3 
20 m 3 

• Spleen size measured in fingers :  + = one finger below the costal arch , 
2+ = t wo fingers great and so on .  

Pal p a b l e  sp leen * 

++ 

+ 

++ 

+ 
+ 

+++ 

++ 

++ 
+ 

+++ 

+ 
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The 4 posit ive reactors among le p rosy pat i e n ts from Western Kenya  were 
c1ass i fied as t uberculo id-bordcrl ine ( I ) , borderl i ne  ( I  ) ,  le p romatous-borde rl i n e  ( 1  ) 
and polar l epro matous ( I ) , (Table  4 ) .  I n  the  DNCB posi t ive reactors we found  2 
I"emale  and 2 male pat i en ts .  Three 0 1" them were in a react iona l  state e i ther  wi th  
neuri t i s  or e ry thema n odosum leprosum .  There was  no re la t ion to el u ra t ion  0 1' 

trea tment  or type o f  t rea tment  ( D DS or Lamprene ) .  A l i  pat i en ts recc iv ing 
corti costeroids showed negat ive responses .  Even vé ry recen t  polar  t u be rcu lo id 
cases proved to be complcte ly nega t ive to  DNCB,  even b y  h is to logica l 
exami n at ion of  skin b iopsies taken from cha l le nge s i tes i n  4 pat ien ts. 

Prior  BCC vacci n at ion el id not i n n uence DNCB reac t iv i ty . 
I n  persons  wi th  a palpab le  sp leen  in the 3 groups i nvestiga ted , n o  corre la t ion 

was found between the  sp leen s ize and  DNCB reac t iv i t y .  In  hea l thy con trols i n  
Hol land a l i  i nd iv id uaIs  unde r  50 years of  age were respond ing to DNCB 
se ns i t izat ion ; o lder i nd iv id uaIs were less se nsit ive (Table 2 ) .  Al i  negroes bom in  
Ho l l and  coul el be  sensi t ized . These resu l ts sharply con t rast w i th  those fo u nd i n  
hea l thy controls  i n  Ken ya, of  whom on ly  26% showed react iv i ty to DNCB upon  
sens i t i za t ion .  These d i ffe rences were found h igh ly s ign i ficant  (P < 0 .00 I ) . 

Discussion 

In l eprosy pat ie n ts of  a l i  types a low percen tage of  react ions to DNCB was 
found .  The fac t  that only 1 out o f  1 1  tu berculoid pat ien ts responded to DNCB 
chal lenge does not  corroborate the  assumption of  Turk and  Bryceson ( 1 9 7 1 )  that  
ce l l u la r  immune  react iv i ty is i n tact  i n  tu bercu loid leprosy . The data  p rese n ted 
tend to con tirm the observat ion of  Lim et ai. ( 1 9 7 2 )  stat ing that  d i fference in 
immune reactivity in  the  various types of  leprosy m igh t be mo re a d i fferen ce of  
degree than of  k ind .  

The observat ion of  marked i mpairmen t  o f  immune react iv i ty  to  DNCB both i n  
leprosy pat ie n ts and also in  healthy con trols i n  Kenya  con trasts w i th  other 
investigat ions, first o f  al i  with our  own norma l  resll l ts obtained by e xamin ing  
DNCB reactivity in  a con tro l group consist ing of  Negroes and Caucasians born i n  
Hol land .  S imi larly i n  Africa ( Uganda)  Z iegler e t  aI. ( 1 969 ,  1 9 70) observed a h igh 
rate of  DNCB react ivity in smal l  grollps of pat ients with ma l ignan t me lanoma and 
Bur k i t t 's  Iymphoma. 

Di ffere n t  ex planat ions can be given for the low percen tage of sk in  reactors to 
DNCB in  leprosy pat ients and hea l thy controls in  Kenya .  Weigand  and Caylor 
( 1 974)  test ing d i fferen t  conce n tra t ions  of  DNC B upon str ipped and n orma l sk in  
of Negroes and  Caucas ians i n  USA conc luded that  the stra tum corneum of 
Negroes p rovided a more e ffec tive barrier  to chemica l  substances l i ke DNCB.  This 
observat ion is at  variance with the tinding of Verhagen ( 1 974)  that con tac t 
dennat i t i s  is not  rare ly  encoun tered in Kenya ,  though the number  of sophist i
cated al lergens  o bviously is sma l ler than i n  indllstr ia l ized cOl'n tries .  The fac t  that 
Hartman ( 1 9 76 )  in  Kenya  found a lower percentage of  con tact dermat i t i s  as 
compared to tigures reported from Sweden (He l lgren ,  1 96 7 )  may l argel y  be 
explained by the above men tioned re lat ive lack of  poten t ia l  a l lergens  i n  Africa .  

Walker e t  aI. ( 1 9 6 7 )  i n  i nvestigat ing genet ic  fac tors operat ive in con tact  
dermat i t i s  found n ormal sk in  react ivity to DNCB, even a t  low cha l lenge dosage , in  
Caucasians as we l l  as i n  Negroes and Asians. The wel l  known fac t  of  the dec l in ing 
rate of  posit ive skin reactors in  o lder groups (e .g. Wa ldorf  et aI, 1 96 8 )  cannot  
expla in the low percen tage of  DNCB reactors nei ther i n  our s tudy with few 
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pa t ie n ts and  con tro ls  i n  age gro u ps bcyo n d 50 yea rs nor  in  A fr ica as  a who lc  el ue  
to t h e  re l a t ive  p re pondera n ce 0 1' you ng age  gro u ps i n  t rop i ca l  co u n t r ic s . 

I m pa i re el i m m u ne reac t i v i ty  to D N C 8  i n  bac i l l i fe ro u s  i n fe c t i o n s  m ély  be  
e x p la i ned b y  ma ss i ve i n fi l t ra t i o n  0 1 ' parél cort i ca l  z o n c s  0 1' I y m p h  n odes by  
h is t i ocy tes con ta i n i ng in ges ted M. leprae. but  i n  pauc i bac i l l i fe ro u s  ty pes 0 1' 
le p rosy t h is e x p lan a t ion  can no t  be p u t  fo rwa rel . The co mmon el ep ressi o n o I' 
ce l l u l a r  i m m u n e  reac t i v i t y  el ue to  m a l n u t r i t i on  al,eI to va r i o us enelem ic  i n fec t ions  
of v i r a l ,  bacter ia l  o r  p ro tozoal  o rigi n i s  we l l  k nown . 

80th i n  I nel ia (Chanel ra ,  1 97 2 )  an el i n Tha i l a n el ( Eel e l m a n  et aI. , 1 9 7 3 )  a 

sign i ficant ly l ower freq uen cy of sens i t i za t ion to DNCB ( resp . D N F 8 )  h as been  
re porteel i n  malnourisheel ch i l cl ren . S i m i l a rl y  i n  South  A frica Sm y t he et  aI. ( 1 97 1 ) 
clemonstrateel pro fo u nel el ep l e t io n of t h e  t h y mo l y m p h a t ic sys t em and seve re 
el epress io n of  cel l u la r  i m m u ne respo nses i n pa t ie n t s  w i t h  ma l n u t r i t io n  as 

co m pared to hea l t hy  co n t ro ls . 

The sy ne rgis t ic i n t e rac t ion  o f  ma l n u t r i t i on  and  i n fec t ion  is we l l  recogn i seel on  
the bas is  of  c l i n ica i o bse rva t ions  a n el e p icl em io log ica l  cl a ta  ( Cha n d ra, 1 9 7 2 ) . 

A rece n t report o f  a W H O  sc ie n t i fic group  ( 1 9 7 3 )  su ms u p  a n u m be r 0 1' v i ra l 
anel  bacter ia l  i n fec t ions ,  many  o f  t hem p rese n t  i n  t ro p ica l  cou n t r ies , p ri ma r i l y  
ca us i ng n on -spec i fic  l oss o f  ce l l  mecl i a teel i m m u n i t y  i n  man  anel  t e s t  a n ima i s .  

) n t h e  Coas t  p rov i n ee o f  K en ya  sch is toso m ias is . h e l m i  n t h  ic  i n  fec t ions ,  
t ubercu los is ,  l eprosy anel fi l a rias is a re en ele m ic ( Ha rt m a n , 1 9 76) .  The  area is 
known for the  h ype re n elem ic i ty  of malaria ( Kortma n ,  1 97 2 ) .  Ma lnutr i t ion  i n  
younger  age groups i s  freq uen t l y e n co u n tereel .  There fore the  e x p lan at ion mo s t 
l ikel y to apply to the  re portecl l o w  percen tage o f  sk i n  reac tors t o  DNC B both i n  
lep rosy pat ie n ts a n el i n  heal thy con trols i n  Keny a  i s  t o  b e  roun el i n  e nv i ronmen tal  
fac tors in  which an  i n te rp lay between m a l n u tri t i o n anel  paras i t i c  e n el em ic  
infec tions is opera t ive.  

Future immunological stuel ies of  le p rosy pa t ie n ts p re fe rab l y  shou lel i n cl uele 
invest igat ions to be ca rrieel out  i n  an  env i ronmen t  in  which concurre n t  enelemic  
disease cannot  poss ib ly i n terfere wi th the col lection of  data needeel to  e l uc idate 
the patho-immunological mechan isms involved in leprosy pa t i en ts . 
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