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Acid-fast Bacilli In the Bone Marrow 

of Leprosy Patients I. 

A. B. A. Karafl 

In leprosy Mycobacterium leprae is 
found throughout the body, including the 
reticuloendothelial sys tem as well as the 
skin and peripheral nerves. Hirschberg and 
Biehler (2) stated that bacilli were seen in 
large numbers in the bone in lepromatous 
leprosy. Cass and Rishi (.I) on examining 
the bone marrow in autopsy and surgical 
specimens of bones found acid-fast bacilli 
in 17 out of 21 "mixed" cases, but no bacilli 
were seen in the bones of 48 neural cases. 
Lowe and Dharmendra (~) searched 
sternal puncture aspirates of 50 patients for 
the presence of acid-fast bacilli ; of 32 pa
tients with cutaneous leprosy 16 had acid
fast bacilli in the sternal aspirate, i.e., 50 
per cent. Of 18 nerve leprosy cases only 
one case was found to have acid-fast bacil
li in a bone marrow smear. 

The following study of the relationship 
of acid-fast bacilli in bone marrow prepa
rations to the bacterial index, classification 
of the disease, duration of the disease, age 
and sex distribution, and hemopoietic ac
tivity of the bone marrow, has been under 
way at the Schieffelin Leprosy Research 
Sanatorium for 18 months. 

MATERIAL AND METHODS 

In 413 consecutive admissions to the 
medical service at the Schieffelin Leprosy 
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Research Sanatorium a bone marrow aspi
rate obtained by sternal puncture was 
spread immediately on several glass slides 
and fixed and stained with the Leishman 
and carbol fuchsin stains. It is possible that 
a few bacilli may be conveyed by the 
sternal puncture needle as it goes through 
the skin , if the skin contains bacilli, and 
this may appear in the aspirate. To mini
mize this possibility, the stilette in the 
sternal puncture needle was kept flush with 
the tip of the needle and not disturbed un
til the needle had pierced the periosteum 
and was fixed to the sternum. It seems un
likely that a large number of b acilli could 
have been conveyed from the skin to the 
marrow in the use of this method. More
over, those cases where less than ten bacil
li were found in ten fi elds examined, were 
reported as negative for acid-fast bacilli. 
At the time the sternal puncture was made; 
blood was collected by venepuncture for 
estimation of hemoglobin, packed cell vol
ume, serum B12, folic acid and iron. 

Skin smears for acid-fast bacilli wcre 
taken by Wade's technic from eight sites 
(ears two, cheek two, chin, mm, back and 
buttock ) and graded by Cochrane's method 
from 0 to 6+ . 

Of the 413 patients , 235 had lepromatous, 
33 borderline, 82 tuberculoid, 10 purely 
neural , and 53 indeterminate leprosy (Table 
1 ). In all cases the clinical classification 
was confirmed by histologic examination 
of representative skin and/ or nerve lesions, 
and in the majority by biopsy of the Mitsu
da lepromin reaction at three weeks. 
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TABLE I. J);slrilmt;ou of palients acwrr/
;lIg to classificatioll. 

Classi6cation 

Lepromatous 
Borderline 
Tuberculoid 
Purely neural 
] ndeterminate 

Number of patients 

235 
33 
82 
53 
10 

1-----
413 

------'--

RESULTS 

1. Acid-fast bacilli in the bone marrow. 
Acid-fast bacilli were found in no out of 
235 lepromatous cases, five out of 33 di
morphous cases, none out of 82 tuberculoid 
cases, none out of 10 purely neural cases, 
and two out of 53 indeterminate cases 
whose skin smears were negative ( Table 
2 ). 

There was no apparent relationship to 
age or duration of the disease (Table 3). 
There appeared to be a direct relationship 
between the presence of acid-fast bacilli 

in the hone marrow and the hacterial in
dex un skin smt'ar ; the higher the haderial 
index, the more like ly the finding of acid
fast bacilli in the hone marrow ( Fig. J ) . 

The morphology of the bacillus was 
variegated. In patients with a large num
ber of baci lli in the skin smears there was 
a preponderance of intracellular rod forms, 
although in practically all the specimens 
that contained acid-fast bacilli in bone mar
row preparations, granular and coccoid 
forms were seen. 

No definite relationship could be es tab
lished between exacerbated states of the 
disease and the presence or absence of 
bacilli in the bone marrow in this series. 
This problem is being studied furth er. 

2. Hemoglobin and acid-fast bacilli in 
bone marrow. Of the 235 lepromatous pa
tients , 47 had hemoglobin values of less 
than 9 gm.; 30 of these ( i.e., 64%) had acid
fast bacilli in the bone marrow. 

3. Megaloblastic change in the marrow. 
This was seen in 27 per cent of the 235 

TABLE 2. Acid-fast bacilli in bone marrow according to classification. 
---

Acid-fast bacilli 

Classi6cation Present Not present Total Percentage 
- - -

Lepromatous 110 125 235 47 
Borderline 5 28 33 15 
Tuberculoid - 82 82 -
Indeterminate 2 51 53 4 
Purely neural - 10 10 -

---

TABLE .3. Acid-fast bacilli in bone IHll1TOW in relation to age and duration of disease. 

Age 1 1-3 
--- -----
+ ' - h 

+ -
- - -- -

0- 5 - - - -
6-15 1 2 1 2 

16-20 3 1 2 2 
21-25 - .2 2 2 
26-30 - 3 2 3 
31-35 1 4 2 2 
36-40 - - 3 1 
41-50 - 1 .3 1 

51 & over - 1 - -

I 14115 
--

Total 5 

'+ = Acid-fast ha cilli presellt ,,_ = ]'\0 acid -fast hacilli 

13 

Duration of disease in years 

.3-5 5+ Not knowil Total 
- - - --

+ - + - + - + -
-- - - - - -- - --

-- - - - - - -
- 3 1 1 2 1 .'5 9 
7 2 2 5 3 4 17 14 
8 8 9 9 3 - n 21 
4 4 11 11 3 4 ,20 25 
.3 1 10 11 - S 16 23 

- 2 9 6 - 2 12 11 
2 2 7 12 2 1 

I 
l4 17 

1 - 2 4 L - 4 5 --- - --- --- - 1----25 22 51 59 14 ]2. 1 110 I 1~~ 



.. 

-

-

34, 4 Kaml: Acid-fast Bacilli in Bone Marrow 417 

lepromatous pa tients; 48.3 per cent ( i.e., 
nearly half ) of the patients who had mega
loblastic marrow had acid-fast bacilli in 
the bone marrow. Thus the presence or 
absence of acid-fas t bacilli in the bone mar
row did not appear to be an important fac
tor in the pa thogenesis of megaloblastosis 
in this series. 

4. Acid-fast bacilli in the bone marrow 
of patients with negative skin smears. It is 
of considerable interes t and significance to 
note that out of 38 lepromatous leprosy p a
tients who were bacteriologically negative, 
as judged by skin smears, four had acid
fas t bacilli in the bone marrow smear. 
Among eight dimorphous cases that were 
negative bacteriologically on skin smear, 
one had acid-fast bacilli in the bone mar
row; in 2 cases among 53 skin-smear-nega
tive indeterminates acid-fas t hacilli were 
found in the marrow. 

DISCUSSION 

This study confirms the already well 
known fact that one frequently can find 
acid-bast b acilli in the b one marrow of lep
romatous patients with positive skin smears. 
In this series, 47.0 per cent of all lepro
matous patients had acid-fast bacilli in the 
marrow. As expected, the higher the num
ber of b acilli in the skin smear, the higher 
the incidence of acid-fast bacilli in the bone 
marrow. 

A few less well recognized facets have 
been brought to our notice in this study. 
There is no definite relationship between 
the duration of the disease, age, and sex 
distribution, and the incidence of acid-fast 
bacilli in the bone marrow. There was no 
rise in the number of cases with acid-fas t 
bacilli in the bone malTOW among patients 
who had exacerbation of the disease as 
compared to those who did not have such 
exacerbation. 

The findin g of acid-fast bacilli in the 
hone marrow in four out of 38 lepromatous 
cases, one out of eight patients with di 
morphous disease, and two out of 53 with 
indeterminate disease, all of whom had no 
bacilli on routine skin smears, is interes t
ing. It suggests that bacilli in the viscera 
may take much longer to be eliminated 
than the bacilli in the skin. 

RELATIONSH I P BETWEEN A.F.B. IN B ONE MARROW , 
BACTER IAL INOEX IN 235 LEPROMAT OUS PATIENTS 
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BA C TERIAL INDEX 

F I C. 1. Relationship between acid-fast ba
ci lli in bone marrow and bacterial index in 
235 lepromatous patients. 

It was a surprise, besides, to find many 
solidly staining rods in a number of the 
bone marrow smears, in view of the con
cept that higher temperature is inimical 
to the growth of the lepra bacillus; it is 
well known that the temperature of the 
bone marrow is usually 2°_3°F above the 
skin temperature. The morphology of the 
bacilli in the bone marrow and the viscera 
is being studied in greater detail to verify 
this preliminary observation, because of 
the far-reaching implications of such a find
ing in relation to our understanding of the 
pathogenesis and variegated clinical pat
tern of leprosy and sites of predilection of 
nerve damage in leprosy. 

These observations, viz., (a) the pres
ence of acid-fast b acilli in the bone marrow 
of patients with negative skin smears, and 
(b ) the presence of solidly staining rod 
forms of acid-fast b acilli in the bone mar
row, tend to point out that leprosy bacilli 
may remain dormant in -the reticuloendo 
thelial system in the body for long periods 
of time and be responsible, in some meas
ure, for reactivation of the disease either 
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when spec ific treatment is stopped pre
maturely or when the immunologic bal
ance between host ~nd bacillus is upset 
by some unforeseen or ill-understood mech
anism. If th at be the case, the need for 
prolonged treatment becomes more readily 
apparent and rational. 

In this series, 64 per cent of 47 lepro
ma tous patients who had hemoglobin 
va lues less than 9 gm. , had acid-fast bacil
li in the bone marrow. The numbers are 
too small , h owever, for generalization. It 
is possible that the presence of acid-fas t 
bacilli in the bone marrow may interfere 
with hemopoiesis by the following mecha
nisms: 

(a) by causing replacement of hemo
poietic tissue in the bone marrow 
b y leprous granulomata (3), as in 

leukemia, carcinomatosis, e tc. , 
( b ) b y bringing about a "toxic depres

sion" of the bone marrow, and 
( c) b y competition of the lepra bacillus 

for available hematinic principles, 
such as B12 and folic acid, and 
thereby bringing ab out a condi
tioned defi ciency of these vitamins. 
Such a mechanism may be partly 
responsible for the otherwise un
explained high incidence (27% of 
all lepromas) of megaloblas tosis 
that was found in this series. 

These fasc inating facets of hematologic 
changes merit further study. 

SUMMARY 

1. Twenty-seven per cent of 413 leprosy 
patients, representing the various types of 
leprosy, were found to have acid-fas t h acil 
li in bone marrow aspirates. 

2. Of these 413 patients, 235 were lep
romatous; among them 47.0 per cent had 
aci d-fast bacilli in the bone marrow. 

3. There was a direct rela tionship b e
tween th e incidence of acid-fast bacilli in 
the b one marrow and the number of b acilli 
seen in skin smears: the greater the num
ber of b acilli in skin smears, the higher 
the incidence of acid-fast bacilli in the 
bone marrOW. 

4. Acid-fas t bacilli of va riega ted mor
p hology were seen in the bone marrow, 
ranging from solidly staining rods lying 
intra- and extracellularly to granulated and 
fragmented bacilli. The intracellular rods 
were more common among the highly posi
tive lepromatous cases. 

5. In 10.5 per cent of 38 lepromatous 
cases, one out of eight borderline cases, 
and two out of 53 indetermin ate cases in 
w hich skin smears were negative, acid-fas t 
bacilli were present in the bone marrow. 

6. Twenty-seven per cent of leproma
tous patients had megaloblas tic bone mar
row. 

7. The clinical, pathologic and thera
peutic significance of these findings is dis
cussed. 

RESUMEN 

1. Veinte y siete por ciento de 413 enfelmos 
de lepra, q ue representan varios tipos de 
lepra, se encontraron tener baci los acido
res istentes en la medula osea aspirada. 

2. De los 413 pacientes, 235 eran form as 
Iepromatosas; de ell os el 47.0 por ciento tenia 
baci los acido-resistentes en la medula osea. 

3. Hubo una relacion directa entre la inci
dencia de bacilos acido-resistentes en la medula 
osea y eI nlllnero de bacilos observados en 
frotis de la piel : cuanto mayor fue eI nlllnero 
de baci los en los fro tis de la piel, mayor fue 
la incidencia de bacilos ,'tcido-resistentes en la 
med ula osea. 

4 . Se observaron bacilos acido-resistentes de 
variada morfologia en la medula osea, que 
variaron desde bastones firmamente tefiidos 
ubicados intra y extra celularmente a bacilos 
granu losos y fragmentados. Los bastones in
tracelulares fueron mas comunes entre las 
formas lepromatosas altamente positivas. 

5. En 10.5 pOI' cien to de los 38 casos lepro
ma tosos, uno en ocho form as borderline, y dos 
de 53 form as indeterminadas en los cuales el 
fro tis de la piel era negativo, presentaron 
bacilos acido-resisten tes en la medula osea . 

6. En 27 por ciento de los enfennos lepro
matosos, la medula osea era de tipo megalo
bl{lstico. 

7. Se discu te el significado clinico, patologico 
y terapelltico de es tos hall azgos. 
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RESUME 
1. Chez 27 pour cent parmi 413 malades 

de la lepre, atteints des divers types de la 
malad ie, on a trouve des bacilles acido
resistants dans des ponctions de moelle os
seuse. 

2. De ces 413 malade5, 235 etaient lepro
mateux; parmi ceux-ci, 47.0 pour cent avaient 
des bacilles acido-resistants dans la moelle 05-
seuse. 

3. II y ava it une relation directe entre 
l'incidence de bacilles acido-resistan ts dans la 
moelle osseuse et Ie nombre de bacilles ob
serves dans les frottis cutanes; l'incidence de 
bacilles acido-resistants dans la moelle osseuse 
etait d 'autant plus elevee que les bacilles dans 
les hottis cutanes etaient plus abondants. 

4. On a observe dans la moelle osseuse des 
baci lles <lcido-resistan ts d'une grande variete 
dans leur morphologie, depuis des batollnets 
se colorant uniformement et situes dans les cel
lules on au dehors, jusqu'a des bacilles frag
mentes et granuleux. Les batonnets intra
cellulaires etaient plus courants parmi les cas 
Jepromateux fortement positifs . 

5. Chez 10.5 pour cent des 38 cas lepro
mateux, chez un border-line parmi 8 etudies, 
et chez deux de 53 cas indetermines, chez 
lesquels les frottis cu tanes etaient negatifs, on 
a trouve des bacilles acido-resistants dans las 
moelle osseuse. 

6. Vingt-sept pour cent des malades lepro
mateux avaient une moell e osseuse megalo
blastique. 

7. On dis{;ute ]a signification de ces ob
serva tions des points de vue clinique, patholo
gique et tMrapeutique. 

Acknow ledgments. Most of the bone marrow 
specimens were obtained by housemen and 
research assistants who have worked with me, 
and I would like to take this opportunity to 
thank them for their valuable help , without 
which this work could not have been com
pleted. They are too many to be mentioned 
individually. 

I am. grateful to Dr. (Mrs .) S. Karat, the 
Consultant Surgeon, for allowing me to ex
amine some of the patien ts under her care, 
and for helpful criticism and encouragement ; 
to Dr. C. K. Job, Consultant Pathologist for 
the histologic reports ; to Mr. P. S. S. Sundar 
Rao, Head of the Biostatistics Department of 
the Christian Medical Co llege and Hospital, 
\Tellore, and visiting Consultant to the Schief
felin Leprosy Research Sanatorium, for statisti
cal analysis of the data ; and to Mrs. L. Fur
ness, my secretary, for the many drafts she 
has prepared carefully and expeditiously. 

I wou ld like to thank The Leprosy Mission , 
London, for continued financial support. 

REFERENCES 

1. CASS, H. H . and RISHI, D. P. Examina
tion of bone marrow for M. leprae. Lep
rosy in India 6 (1934) 8. ( Reprinted in 
Leprosy Rev. S ( 1934) 144.) 

2. HIRSCHBEHG, M. and BIEHLEH, R. Lepra 
del' Knochen. Dermat. Ztschr. 16 (1909) 
415-490. 

3. JOB, C. K. Pathology of leprous osteomye
litis. hlternat. J. Leprosy 31 (1933) 26-33. 

4. LOWE, J. and DHAHMENDRA. Sternum 
puncture in leprosy, a study of 50 cases. 
Leprosy in India 9 ( 1937 ) 121. 


