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Lipid storage in leprosy has been well 
recognized (1, 9, 28,29, 30 ) but informa ti o n re
garding the storage or metaboli sm of other 
substan'ces , especially saccharides, is limited 
despite thei r poss ible sig nificance in myco
bacterial metaboli sm, The present stud y is 
directed at examining the role of hya luronic 
acid in the pathogenesis of leprosy. In an 
a nalysis of 102 routine biopsies from Zaire, 
Africa , abundant hya luronic acid was found 
diffuse ly spread in the lepromas of early a nd 
relapsed lepromatous leprosy cases. It ap
pears to decrease with increasi ng chronicity 
but it does not completely di sa ppea r in the 
majority of instances, eve n in very chronic 
cases. On the other hand , in tuberculoid lep
rosy, hya luronic acid was prese nt in early 
stages in the centers of the granulomas and 
seems to disa ppear within a couple of yea rs, 
or in most cases less than that. In borderline 
cases, cells that are hyaluronic acid positive 
or that are negative or have moderate quan
titi es of the substance are mixed and the 
hya luronic acid positive cells are usually 
located in the periphery of the infiltra ted 
foci . In other studies, to be reported, we 
have noted an enhancing effect of hya luronic 
acid on the development of experimental 
lepromas. Those experiments a lso suggest 
that the ability of the host to di spose of hy
aluronic acid in the vicinity of infecting 
M)'cobaclerium leprae plays more than a 
se~ondary role in the expression of the host's 
defe nse mechanism against leprosy. The re-
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su its of the present study are suggestive of 
thi s poss i bility. 

MATERIALS AND METHODS 

Sources of materials. One hundred and two 
leprosy skin biopsies, fixed in formalin , were 
sent to o ur la boratory from the Institut Med
ical Evangelique, Kimpe se, Republic of 
Zaire. Routine pa ra ffi n section processing 
was followed by Triff, acid-fast, and Mowry's 
co ll oid iron stain for the detection of acid 
mucopolysacc haride (AM PS), counter 
stained with periodic acid Schiff (PAS) in 
all instances (21) . Toluidine blue and alcian 
blue staining at pH 0.4, 1.0 a nd 2.5 (2 ') and 
hya luronidase (2 1) ex traction were applied 
to se lected cases .. 

Classification of cases. The cases were 
classified according to the five group system 
proposed by Ridley a nd Jopling (26. 27) and ar
ranged according to the duration of their 
leprosy, as summarized in Table I. Unfor
tunately, lepromin testing for these patients 
was not avai lable . 

Evaluation of the amount of acid muco
pol ysacc haride (AMPS). The amount of 
AMPS was evaluated in histopathologic sec
tions, double stained by the Mowry PAS 
methods. The grading of AMPS concentra
tion was as follows: - , negative; ±, trace; 
+, slight; ++, moderate; a nd +++, abundant. 
This eva luation was studied for relation
ships or differences related to leprosy type 
and di sease chronicity. Of necessity , the 
dura tion of the di sease largely depended on 
the patient's own witness. Attention was a lso 
paid to the differences in AMPS distribution 
as related to the central or peripheral por
tions of the inOamma tory infiltrations. 

RESULTS 

As shown in Tab le I and illustrated in 
Figure I, a fa irly large proportion of ear ly 
lepromatous cases showed significa nt uni
form accumu lations of acid mucopolysaccha-
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T ABLE I. Grading 0./ hyaluronic acid concent rat ion in the in.f/ltrat ion/I)ci 
0./ the skin 0./ various types and durations 0./ leprosy. 

Disease .No. 
Sex Hya luronic ac id in the foci 

duration of Age male femal e of ce llular infi lt ration 
Types (years) cases distri bution - ± + ++ +++ 

LL less than 2 6 28-46 6 0 0 I I 0 4 . " 
2-4 9 23-55 6 3 2 I I 2 3 •••• 
5-7 6 33-57 4 2 3 I I I 0 •••• •••• 11 - 13 3 23-40 I 2 0 I I 0 I • • 

more than 14 6 27-48 5 I I I 4 0 0 
BL less th an 2 2 25-35 I I 0 0 0 I I •• " 

2-4 2 39-50 0 2 0 0 0 I I ••• ••• 5-7 I 25 I 0 0 I 0 0 0 ••• 
11 - 13 I 60 0 I 0 0 I 0 0 • • • 

more than 14 I 35 0 I 0 0 I 0 0 
BB less than 2 7 17-72 4 3 I 3 I 2 0 • • " ••• 2-4 4 22-62 2 2 0 I 3 I 0 ••• 

5-7 3 12-50 2 I 0 0 3 0 0 • • •• 
BT less than 2 24 17-20 9 15 3 6 7 5 2 .. " 2-4 8 19-55 4 4 I 4 3 0 0 • o· 

5-7 I 40 0 I I 0 0 0 0 
. 00 o. 
. o(]o . 

8-10 I 60 I 0 0 0 I 0 0 ••• 
11-13 2 36-50 0 2 0 I I 0 0 

TT less than 2 7 13-60 2 5 3 4 0 0 0 00 " o . 0 

2-4 3 23-35 2 I 0 3 0 0 0 0 ••• 00 

5-7 2 35-40 0 2 I 0 0 I 0 00.·· 0 
0 0 •• 0 

11 - 13 3 46-60 0 3 3 0 0 0 0 0 · 00 
0 0 

a Distribution of H.A. positive ee ) and negative (0) ce lls in granu loma. 

ride throughout the lepromas. Saccharide 
staining seemed to decrease chronologically 
but not markedly, even after a few yea rs, 
except for the effectively treated cases. 

Figure 2 represents the findings in early 
tuberculoid cases. Within a few months after 
the stated onset of skin lesions, acid muco
polysaccharide was seen centrally in the 
granulomas, the peripheral portions of which 
appeared somewhat edematous. Later, within 
one year in most cases, the central portions 
of the granulomas, while still staining for 
AMPS, were surrounded by lymphocytes 
which did not stain for AMPS. This infil
tration separated the acid mucopolysaccha
ride pos itive areas from the surrounding 
dermis (Fig. 3). In the more fully developed 
granulomas, in la ter stages, the acid muco
polysaccharide decreased significantly in 
their central portions (Fig. 4) . 

In borderline lepromatous (BL) cases, the 
di stribution of acid mucopolysaccha ride 
seems to be essentially the same as that 
found in the lepromatous type although the 
deposition is not as heavy as in the lepro-

matous type. 
In border line (8B) type, macrophages with 

quantitatively va ryi ng sta ining for AM PS 
were mi xed. 

In the borderline tubercul oid (BT) type 
(Fig. 5), the granuloma in the ea rl y stage was 
characterized by the presence of hist iocytes 
with stronger AMPS staining in the peri
phera l portion . Later, the AMPS of the cen
tral portion of the granuloma decreased or 
disa ppea red , but that of the periphery did not 
(Fig. 6) . This distribution of acid mucopoly
sacc ha rid e is co ntrary to that found in 
tubercul oid les ions where AMPS stai ned 
mo re intense ly at the centers. 

The acid mucopolysaccha ride st udied has 
the characteristics of hya luronic acid, giving 
a stronger alcian blue coloration at pH 2.5 
tha n at a lower pH and being destroyed by 
hya luronidase ex traction. 

DISCUSSION 

Because of the marked lipid storage evi
dent in leprosy, pa rticula rly in lepromatous 
leprosy (7 . 9. 28.29. 30 ) , there is reaso n to think 
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I. Uniform accumulation of AMPS in 
lepromas (stained black). Mowry stain. Original 
mag. XIOO. 

FIG. 3. Later tuberculoid granu lomas with cen
tral AMPS. Mowry stain. Original mag. XIOO. 

FIG. 2. Early tuberculoid granu loma s with 
;\ M PS cent rally distributed. Mowry stain. Origi
nal mag. X 100. 

FIG. 4. Late tuberculoid granu lomas with sig
nificantly decreased AMPS. Mowry stain. Origi
nal mag. XIOO. 
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FIG. 5. Ea rl y borderline tuberculoid (BT) gran
ulomas wi th periphera l AMPS staining. Mowry 
stain . Original mag. XIOO. 

that leprosy, particularly of the lepromatous 
type, is related to some pati e nt d e fec t in 
ability to di spose of M. leprae, especially it s 
lipid fraction . Barbieri a nd Co rrea (2), 
utilizing ti ss ue cu ltures of human white blood 
cell s, 35 of which were from tubercul oid lep
rosy, 40 from le promatous pa ti ents a nd 50 
from hea lthy perso ns, found tha t macro
phages from tuberculoid and from lepromin 
positive hea lthy persons showed lytic activity 
against autoclaved M. leprae whereas those 
from lepromatous and M it s uda ne ga ti ve 
healthy perso ns did not. Beiguelma n e· 4) 
s howed simila r results with m ac ro phage s 
from tuberculoid and lepromato us patients . 
Godal a nd Rees ( ~) in a stud y of five tuber
culoid and five leproma tous patients were 
unable to confirm these findings. eve rt he
less, Pi sa ni and associates (23), from similar 
continuing studies involving 10 lepro mato us, 
10 tuberculoid , 10 dimorphous, 17 indetermi
nate and 7 cases of unce rt a in classification 
and utili zing a refined technic, re po rt that 
tuberculoid macrophages showed lyti c activi
ty while lepromatous macrophages did not , 
and that dimorpho us macro phages we re pre-

dominantly weakly lytic while indeterminate 
type macro phages were represented by a ll 
three types of reaction . 

Recentl y, Drut z et al (6) found that blood
derived mac ro phages had the sa me a bilit y 
to digest hea t-kill ed Mycobacteria leprae re
ga rdless of the types of leprosy from which 
they were derived. T his see ms to be a com
pletely different result from the report by 
Saul (31) who showed differences in the ab il
ity of macro phages to handle M. leprae. 

Comparative review of the lipid reticulo
cytoses for rese mblance to the leprosy lipid 
s tora ge ph e n o me no n ca lls atte nti o n to 
Fabry's di sease in which there is combined 
storage of fat and acid muco po lysaccha ride 
(I ~ ). Even the mo re co mm o n a therosclerosis 
of the aorta has bee n repo rted by Ha rtroft 
(10) as presenting combined storage of hya l
uronic acid and ce roid , which is a va riety of 
perox idized fat. Sa kurai a nd S kin snes (29) 
noted de rmal ceroid accumulation in B663 
trea ted lepro ma tous leprosy . This co mbined 
storage might be ex plained by the fact that 
so me lipids, such as {3 -lipoprotein of serum 
a nd acid muco pol ysaccharide, genera lly form 
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insoluble complexes (14) and if such com
plexes a re ingested by histiocytes, storage of 
the involved substances might develop . In the 
li ght of these considerations, it seems rea
sonable to think that · understa nding of the 
phenomenon of lipid sto rage in leprosy may 
be closely related also to understanding of 
the storage of acid mucopolysaccharides. 

Mabalay el al (16), Hollander and Som
mers (1 3) and Reyes (24) reported the pres
ence of AMPS in lepromatous leprosy and 
its di sa ppea rance in ery th ema nodos um 
leprosum. However, Ribicini a nd Gimenez 
(25) and ·Ghosh el al (7) denied its prese nce 
in lepromatous leprosy. In the present study, 
acid mucopolysaccharide having the charac
teristics of hya luronic acid is not effectively 
stained in some cases by alcian blue. How
eve r, Mowry's colloid iron stain, counter
stained with the PAS-reaction (21) showed 
quite striking accumulation of this AMPS, 
especially in so me of the lepromatous cases. 
This acid mucopolysacc haride in histiocytes 
is es pecially strongly positive in early or re
current lepromatous leprosy cases and less 
markedl y positive in chronic and treated 
cases, but is still present to some degree in 
the majority of the latter. Its distribution in 
the leproma is homogenous in both leproma
tous and borderline lepromatous types. In 
the course of tuberculoid cases, however, the 
acid mucopolysaccharide is seen in epitheli
oid cells and Langhans type giant cells in the 
centers of granulomas and surrounded by 
lymphocytes not staining for acid mucopoly
saccharide. This infiltration of lymphocytes 
se para te s the acid mucopolysaccharide 
positive area from the surrounding dermis 
before the central portion of the granuloma 
loses this saccharide. This arrangement of 
the saccharide positive and negative areas 
in infiltrates is quite contrary to that found 
in borderline tuberculoid leprosy in which 
the positive staining area in the periphery of 
the granuloma is not separated from the 
surrounding tiss ue, as shown in Figures 5 and 
6. The difference is striking, although the 
ordinarily stained ti ssues do not reveal the 
difference. That the strongest concentration 
of acid mucopolysaccharide occurs in the 
leproma of lepromatous leprosy and not in 
the tuberculoid type and shows the same pat
tern of deposi tion as that of lipid , m igh t 
sugges t the combined storage of lipid and 
hya luronic acid in leprosy. 

The hyaluronic acid in the foci of cellular 
infiltration must be regarded as being derived 
from either ti ssue nuid and serum, which 
formed complexes with M. leprae before 
ingestion by macro phages, or from synthesis 
by macrophages. There is no available evi
dence that any microorgani sms, except 
group-A streptococci (5) and Treponema 
pallidum (34) , can synthesize hyaluronic acid. 

We have recently found that hya luronic 
acid has an enhancing effect on the growth 
of M . leprae and M. lepraemurium subcutan
eo usly inoculated into mice. Therefore, its 
activity may also be similar in human beings . 
The presented findings can be considered to 
be compatible with these experimental re
sults. First , in active lepromatous leprosy the 
accumulation of acid mucopolysaccharide is 
marked . Second ly, in tuberculoid type the 
di sa ppearance of the sa ccharide coincides 
with the development of granuloma. Thirdly, 
in borderline tuberculoid type, the acid muco
polysaccharide is not separated from the 
surrounding ti ss ue and does not disappear 
quickly as in the tuberculoid type. Thi s se
quence may renect the grades of the hosts' 
defense mechanism 'expressed by the grades 
of effective handling of hya luronic acid, 
which may be an enhancing factor for the 
growth of M. leprae in vivo. Therefore, since 
Nakamura and Shingu (1 9) reported the 
spreading effect of hyaluronidase upon M. 
lepraemurium inoculated into mice, the ac
tivity of the hyaluronic acid in leprosy is not 
likely to be something to keep M. leprae from 
spreading. 

From these findings , two variant possibili
ties for the activity of hyaluronic acid in 
leprosy appear: I) that it provides a nutrient 
energy source for M. leprae; or 2) that it 
serves as a factor in suppressing the defense 
mechanism of the host. There are two sup
portive reports for the first possibility derived 
from studies with M. lepraemurium. The first 
is that by Sula and Dubina (33) who reported 
that placental extract has an enhancing effect 
in M. lepraemurium cultivation. It is well 
known that the placenta contains large 
amounts of hyaluronic acid. The second one 
is that by Kato (1 5) who described heparin as 
a nutrient for M. lepraemurium. Although 
Kato did not use hyaluronic acid, heparin is 
also one of the acid mucopolysaccharides 
having beta-glucuronic acid as a common 
component with hyaluronic acid (20.22 ). 
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In considering hyaluronic acid as a poss i
ble factor in the suppression of the immune 
mechanism of the host, there are some re
ports which should be taken into considera
tion although these have not as yet been 
related directly to leprosy. One of these 
concerns the "thymus factor" which plays 
some role in the defense mechanism against 
mycobacteria, according to Hirsch and Dubos 
(II. 12) and the suppression of its activity by 
heparin (12) or hyaluronic acid (1 . 12 ). Martz 
and Benaceraf (1 7) showed heparin to retard 
the cell-mediated lysis of mouse ascitic tumor 
cells. Although they used he parin , it is possi
ble that hyaluronic acid might show the same 
activity in leprosy because of the similarity 
of the two saccharides. 

Acid mucopolysaccharide is generally re
garded as playing some role in the early 
stages of granuloma formation, disappearing 
or decreasing in amount after cicatrization 
(20). As shown in this stud y, this general 
tendency is applicable only in tuberculoid 
type leprosy. This also suggests that pro
gressive leprosy is correlated with an inabili
ty of the host to dispose of hyaluronic acid 
from the vicinity of M. leprae. This problem 
will be discussed in a subsequent report. 

SUMMARY 

A histochemical analysis of 102 skin biop
sies from a variety of leprosy types revealed 
the persistent presence of hyaluronic acid in 
lepra cells of lepromas. I n contrast, the hyal
uronic acid content of tuberculoid epithelioid 
cells showed a minimum amount ofhyaluron
ic acid and hyaluronic acid tended to disap
pear from these granulomas as they aged. 
The macrophages of dimorphous leprosy oc
cupied an intermediate position with respect 
to hya luronic acid content and distribution, 
resembling the tuberculoid in BT cases and 
the lepromatous expression in BL cases. 

It is suggested that hyaluronic acid, in a 
manner similar to M. leprae and lipid , has a 
quantitatively varied distribution reflecting 
the immunopathologic spectrum of leprosy. 
This finding suggests that acid mucopoly
saccharide may be significantly involved In 
the host / parasite interaction in leprosy. 

RESUMEN 
EI analisis histoquimico de 102 biopsias cuta

neas con una variedad de lesiones leprosas reve ld 
la presencia persistente de acido hyalurdnico en 

ce lulas leprosas de lepromas. En con traste. el 
eon tc nid o de acido hyalurdnico de ce lul as 
epitelo ides tuberculoides mostI'd que cste ,fcido 
se hall aba presente en minimas can tidadcs y que 
tendia a desaparecer de los gra nulomas con el 
ti empo. Los macrdfagos de la lepra dimorfa ocu
paban una posicidn intermedia con respccto al 
con tenido y distribucidn del acido hyalurdnico . 
asemejando a 1£1 ex presidn tuberculoide en casos 
de BT y a la expresidn leproma tosa en casos de 
13L. 

Se sugiere que el ac id o hya lurdnico, en una 
forma simi lar £11M. leprae y a los lipidos, tiene 
una distribucidn cuantitati va variable reOejando 
el espectro inmunopa toldgico de la lepra. Estos 
ha lla/gos sugieren que el acido mucopolisadrido 
puede jugar un rol s ignifican te en la interaccidn 
"h uesped-pa ras it o" de la lepra. 

RESUME 
On a a nalyse histochimiquement pour I'acide 

hya luronique 102 biopsies cutanees prelevees des 
malades de lepre des formes differentes. Ces 
et ud es ont revele aux lep romes une presence 
pers istant e de I'acide hya luronique dans les cellu
les de Virchow. Au contra ire. la quantite d'acide 
hya luronique dans les cellules epit heli o"\des tubcr
culo"\des a ete reduit e au minimum et avec 1£1 
viellesse des gra nulom es I'ac ide hya luronique 
avait une dispos ition a disparaitre . Les macro
pha ges de I'origine des malad es de forme 
dim or phe ont occupe une position intermediai re 
a I'egard de la distribution et la quantite d'acide 
hyaluron ique- Ies malades BT resemblants a la 
forme tuberculo'ide et les ma lades BL a la forme 
lepromateusc. 

On suggere que la di stribution quantitative de 
I'acide hya luronique est une exp ress ion de la 
cia sse immunologique de la I~pre, de me me que 
la distribution de M. lepre et lipide. Cette de
couverte suggere que Ie mu co pol ysacc hari de 
acidique joue un role significatif da ns Ie rappo rt 
entre I'hote et paras ite. 
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