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NBT Responses of Neutrophils and Monocytes 

in Leprosy 1,2 

S. D. lim, W. S. Kim, C. S. Kim, R. A. Good and B. H. Park 3 

Polymorphonucleocytes are involved in 
phagocytosis du ring infectious processes a nd 
undergo meta bo lic changes by which they 
ca n be identified in this altered physiologica l 
sta te by their increased capacity to reduce 
nitroblu.e tetrazolium (NBT) dye. Park et 
al ( 14) have used this N BT test as a useful 
diagnost ic aid in differentiating bacterial 
diseases from non bacterial diseases in which 
the N BT test is negative ( 5. 12. 13). This 
N BT test is negative in chronic granuloma
tous disease of childhood . In this derange
ment there is a dysfunction of neutrophils 
in that they are unable to digest invading 
microbacteria (1 . 10). Subsequently, Park et 
al have reported a n improved test (stimu
lated N BT) which can differentiate true 
negative results (absence of bacterial in
fection) from false negative results (defective 
phagocytic function) (15) . 

In leprosy, it is generally believed the 
defense against Mycobacterium leprae is 
largely mediated through cellular immunity. 
The function of the human macrophages in 
the presence of Mycobacterium leprae has 
been studied in vivo and in tissue culture ( 2) 
and it has been found that the macrophages 
of certain persons were able to digest the 
bacilli , whereas macrophages from others 
were not. This result led these authors to 
separate people into two groups according 
to the capacity of their macrophages to di
gest Mycobacterium leprae ( 2.3.7.8). Godal 
and Rees (6) failed to repeat the above 
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finding in their study of blood-derived mac
rophages. The present study was undertaken 
to evaluate with the NBT tests the phago
cytic function of neutrophils and monocytes 
in order to determine the relative roles of 
these ce lls in the bodily defense of patients 
with leprosy. 

MA TERIALS AND METHODS 

Subjects. Thirty-six patients with leprosy 
were studied . Of these, 25 had lepromatous 
leprosy and II tuberculoid leprosy. Most of 
the patients had received antileprosy chemo
therapy with diaminodiphenyl sulfone in 
varying doses and for varying time periods. 
However, four of the lepromatous patients 
and one of the tuberculoid patients had 
received no chemotherapy at the time of the 
study. All patients were checked by a com
plete physical ex:tmination and by routine 
laboratory tests as well as clinical, histologic, 
bacteriologic and immunologic examinations 
to establish the diagnosis of leprosy. None 
of the patients had concomitant bacterial 
infections at the time of the performance of 
the NBT tests . These patients were seen in 
the Dermatology Clinic, Seoul National 
University Hospital, Seoul, Korea. Twenty 
healthy volunteers were used as control 
SUbjects. They were selected from the clinical 
research laboratory and university hospital 
personnel. Their ages ranged from 20 to 60 
years. All volunteers also had a complete 
physical examination and routine laboratory 
tests in order to check for possible concomi
tant bacterial infection. 

Method. The NBT tests (unstimulated and 
stimulated tests) were performed and cal
culated as described by Park et af ( 14. 15). In 
addition, we counted the number of mono
cytes per hematologic smear, usually 10-20 
monocytes per slide. The percentage NBT
positive monocyt::s was calculated from the 
number of NBT positive monocytes per slide 
divided by the total number of monocytes X 
100. The neutrophil and monocyte deter
minations were done on the same hematolo
gic smears. The NBT tests were completed 
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within one to two hours after the drawing of 
hepa rinized blood from the patients. 

RESULTS 

Table I summarizes the abso lute number 
and percentage of positive N BT neutrophils 
in the unstimulated a nd stimulated NBT 
tests. Ta ble 2 shows the percentage of N BT 
positive monocytes in the unstimulated a nd 
stimulated NBT tests. Table I shows no 
apparent significant results in both tests with 
respect to neutrophil function . The stimulat
ed N BT test shows that neutro phils of lep
ros'y patients respond as normal controls. 
Table 2 shows significant reduction of ni
troblue tetrazolium by monocytes of patients 
with both types of leprosy (lepromatous and 
tuberculoid) in the unstimulated and stimu
lated tests (P < 0.0 I and 0.05). The normal 
control values of neutrophils reported by us 
are in agreement with those reported by 
Park et al (14. 15). 

DISCUSSION 

The role of cellular immun ity in the patho
genesis of lep rosy has emphas ized the ti ssue 
ce llular response aga inst M. leprae. Little 
a ttention has been given to the function of 
the circulating white cells in the vascular 
compa rtment. Recent evidence suggests that 
there is a co nstant bacteremia present in 
patients with leprosy (4). Mycobacterium 
leprae has been dem onstrat ed intrace llularly 
in both circulating neutrophils a nd mono
cytes with the latter white ce ll s hav ing many 
times the number of intracellular orga nisms 
tha t a re seen in neu trophil s. S ince bo th 
white cells have these intracellula r o rga
ni sms, the question must be asked as to the 
relati ve importance of the phagocytic acti vity 
in each po pulati on. 

The phagocytosis of gram positive and 
gra m nega tive bacteria in bacte rial infections 
leads to increased formation of cytoplasmic 
enzymes a nd st riking metabolic cha nges 

T ABLE I. Mean and range of absolute number and percentage 
of N BT-positi ve neutrophils per cu mm. 

Unstimula ted Stimulated 

No. of 
Group subjects % Absolute % Absolut e 

Control 20 8.3 ± 2.7 421.2 ± 227.2 30.8 ± 9.7 1358 .0 ± 973.4 
(3 - 13) (103 - 685) (2 1 - 58) . (759 - 4001 ) 

L-type 25 10.3 ± 5.0 482.1 ;t 224.2 32.4 ± 10.6 1507.9± 590. 1 
(I - 21) (38 - 942) (17 - 59) (640 - 829) 

T-type II 9.5 ± 4.5 503.0 ± 379.2 37.2 ± 9.2 197 1.0± 1263 .6 
(3 - 19) (156 - 1328) (27 - 62) (959 - 4336) 

TABLE 2. Mean and range of absolute number and percentage 
of N BT-positive monocytes per eu mm. 

Unstimula ted 

No. of 

Group subjects % Absolute 

Control 20 5.7 ± 6.1 13.3 ± 16.2 
(0 - 12.5) (0 - 39.8) 

L-type 25 32.9 ± 14.4 a 130.5 ± 86 . 1 a 
( 10- 50) ( 13.2-32 1) 

T-type II 22.2 ± 9.5 b 80.0 ± 20 .9 b 
(10 - 40) (40 - 155 .2) 

a Indicates significa nt difference from normal va lue: P< 0.05 . 
blndicates significa nt difference from norma l va lue: P< 0.01. 

S timulated 

% Absolute 

9.3 ± 3.7 19 .8 ± 14.2 
(0 - 15 .3) (0 - 53 .9) 

40 .2 ± 14.2a 150.0 ±95.la 
( 18.1- 66.7) (28 - 29 1) 

25 .0± 6.9 b 96.2 ± 26.5 b 
(8 .3 - 54.5) (24 .9 - 207 .9) 
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necessa ry to the intrace llula r diges tio n o f 
these bacte ri a l o rga nisms. This change in 
meta boli c acti vity ca n be identifi ed in neu
tro phil s by the N BT tes ts. But , a t prese nt 
the bi oc hemica l mec hani sm of reducti o n o f 
N BT-d ye has not been delinea ted full y. It is 
ass umed that ce ll membra ne be a lte red to 
permit the d ye to penetra te to the cy to plas m . 
The N BT di a ph o rase, whi ch is res po nsible 
fo r the tra nsfer of hydroge n io n fro m reduced 
pyrid ine nucleotide to N BT d ye, see ms to be 
loca li zed in a ce rt a in subpo pula ti o n of lyso
soma l gra nules. Thus, the re lease o f the N BT 
di a ph o rase fro m the gra nule is required for 
the N BT d ye to be reduced . T hese cha nges 
a re pro ba bly induced not o nly by actua l 
phagocytos is o f bacteri a o r la tex pa rticles, 
but a lso by the influe nce o f bacteri a l prod
ucts such as end otoxi n, sta ph ylococca l p ro
tein-A , a nd strept o lys in-O. Our results with 
these tw o tests indicate tha t the neut ro phil 
d oes not pa rti cipa te very ex tensive ly in 
phagocyt os is of M. /eprae. whereas the m o
nocytes seem to be so acti vely engaged. On 
the other ha nd , the neutro phils in pati ents 
with ex tensive M. /eprae infecti o ns a re not 
generally depressed since they respo nd vig
o ro usly a ft er stimula tio n with end otoxin . 

Our data shows clearly a vigo rous re
spo nse of circulating mo nocytes to a peri
pheral bacteremia , in this insta nce ca used by 
M. /eprae. In additi o n, the use o f end otoxin 
in the stimula ted N BT tes t does no t enha nce 
the functi o n of the mo nocyte as it d oes the 
functi o n o f the neutro phil in these pati ent s. 
If o ne ca n assume tha t the reducti o n o f ni
tro blue tetrazo lium by mo nocytes has the 
same bas is as NBT positi vity in neutro phils 
in other fo rms of bacteremia, then the N BT 
positivity o f mo nocytes in leprosy pa ti ents 
indicates the pred omina nt impo rta nce of 
these cell s in the defenses of the bod y in M. 
/eprae infectio n. 

SUMMARY 
A ro le o f ce llula r defense against infecti o n 

o f Mycobacterium /eprae was studied with 36 
leprosy pa tients. Using the N BT tes t, we 
fo und no signifi ca nt difference in the pro
po rtion a nd a bsolute number o f N BT pos i
ti ve n eutr o phil s. H o weve r, these indices 
were ma rkedl y inc reased in the mo nocytes. 
Thus o ur results confirm tha t the mo nocytes 
a re of prim e imp o rtan ce in the d e fe n se 
against MycobaClerium /eprae. but neutro-

phil s a re not. Neutro phil s, howeve r, do re
spo nd well aga inst test endotox in in thi s 
di sease. 

RES UMEN 
Se es tudid uno de los roles de la de fcnsa ee lu

la r co nt ra la infecc idn pOl' M.I'('o/Jactl'l'iu lII lep/'ll(, 
en 36 pacien tes con lepra. Util i/a ndo la prueba de 
NBT. nuestros res ult ados confirmaro n qu e el 
mo noc it o es responsab le de la defe nsa ce lula r. 
pe ro q ue los neu trdfil os no 10 so n. Los neutrd
filos sin embargo. sl res po nde n bien contra prue
bas con endotox ina en es ta enf'crmedad. 

RESU ME 
C hez 36 ma ladcs de la lep re. on a ctud ic Ie ro le 

de defe nse cell ulaire contre I' infec ti on par !'v/rco
/Jac/eriu lII l eprae. On util isa nt I' cpreuve N HT. 
nos resu lt a ts on t pu confirme r q ue Ie mo nocy te 
est responsab le de cette defense cell ula ire. a lors 
q ue les ne utrop hiles n'y jo uent pas de ro le. To ute
ro is. les neutro ph iles reponde nt bie n a I' admini s
t ra ti on d'e ndotoxi ne da ns cett e affectio n. 

REFERENCES 
I. BAE II NER. R. L. a nd NATI IAN. D.G . Qua n

tit ative nitro blue tetrazo lium test in chroni c 
gra nulomato us d.i sease . New Eng!. J . Med . 
278 ( 1968) 97 1-976. 

2. BARBIER I. T. A . a nd CORR EA. W. M. Human 
macrophage culture. The leprosy prognostic 
test ( LPT). Internal. J. Leprosy 35 ( 1967) 
377-38 1. 

3. BEIGliELMA:-:. B. a nd Q lJ AG LI ATO. R. Na
ture a nd fa milia l cha racter of the lepromim 
reacti ons. Interna l. J . Leprosy 33 ( 1965) 
800-807. 

4. DRlJTZ, D.L C II EN. T. S. N. a nd Lu. W-H . 
T he continuous bacteremia of lepromatous 
leprosy. New Eng!. J. Med. 287 ( 1972) 
159-1 64. 

5. FEIGIN, R. D .. S II AKELFORD. P.G .. C II OI. 
S. c. . FLAKE. K . K .. FRANKLIN. F. A. a nd 
EISEN BERG. C. S. Nitroblue tetrazo lium test 
as an a id in the di fferentia l diag nosis of 
fe brile diso rde rs. J . Ped ia tr. 78 ( 1971) 230-
237. 

6. GODA L. T. a nd REES. R. J . W. Fa te of M.I'co
bacter iulII leprae in mac ro phages of patients 
wi th lepromatous or tubercul oid leprosy. In
ternal. .I . of Le prosy 38 ( 1970) 439-442. 

7. HA:-:KS. J . H. T he fa te of leprosy bac illi in 
fib ro blas ts culti vated from mac ular tubercu
loid les ions. Interna l. J . Leprosy 15 ( 1947) 
3 1-47. 

8. HANKS. J . H. T he fa te of leprosy bac illi in 
fi broblasts culti va ted from lepromatous le
sions. Internal. .I. Leprosy 15 (1947) 48-64. 

9. HAYAS III . H.S. La Lepro 24 ( 1965) . 



42,2 Lim et al: Neutrophil and Monocyte N BT Response 153 

10. HOI.MES, B .. QUIE, P. G., WI ND HOR ST, D. B. 
a nd GOOD, R. A. Fatal granulomatous disease 
of childhood . Lancet I (1966) 1225-1228. 

II . KIM, D. I. The phagocytosis of A FB by leu
kocytes of leprosy, especially lepra bacilli 
and tubercl e bacilli . Kor. .I . Dermato!. 2 
(1962) 37-45. 

12. MAT ULA, G. and PATERSON, P. Y. Spon
taneo us in vitro reduction of nitroblue tetra
zolium by neutrophils of adult patient s with 
bacterial infection. New. Eng!. J. Med . 285 
(1971) 311-316. 

13 . PARK, B. H. The use and limitations of nitro
blue tetrazolium test as a di agnostic aid. J . 
Pediatr. 78 (1971) 376-380. 

14. PARK , B. H. , FIKRIG, S.M. and SMITHWICK, 
E. M. I nfection and nitroblue tetrazolium re
duction by neutrophils. A diagnostic aid . Lan
cet 2 (1968) 532-534. 

15. PARK , B. H. and GOOD, R. A. NBT test 
stimulated. Lancet 2 (1970) 616. 




