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Two world wars, coupled with a recogni
tion of wars' legacies of famine and pesti
lence, provided a stimulus for investigation 
of the mechanisms of reduced resistance to 
infection under conditions of malnutrition 
( 4,5 ). It was found that protein depletion was 
reflected in a reduction of the antibody con
taining serum gamma globulins ( 3.6.32.33 ), 

marked depletion of the granulocyte reserves 
( I. 32 ) and delay in the healing of lesions as a 
result of deficiency in the formation of colla
gen (II). Such deficiencies were noted to be 
operative and to significantly affect the course 
of disease even in the case of penicillin treat
ed infections by micro-organisms highly sen
sitive to this antibiotic (26). These factors 
were all found to play important roles in the 
incidence and enhanced severity of acute bac
terial infections, where antibody formation is 
an effective element of biological defense. 

In the infectious granulomata, in general, 
se rum antibodies and granulocytes have not 
been demonstrated to play significant roles in 
combating the respective pathogens (13- 17. 

25,28 ). Yet it is well known that tuberculosis, 
for example, is rampant in poorly nourished 
societies, where associated factors of crowd
ed living and poor sanitation may also be 
contributive. Thus, in 1900 A.D . the tubercu
losis mortality rate in Germany was 225 per 
100,000 population. This mortality rate fell 
steadily till in 1913 it was 143 per 100,000. Fol
lowing the outbreak of World War I the 
downward trend in the mortality rate ceased 
and by 1916, when the food supply became 
inadequate, the mortality rate rose signifi
cantly, for the first time in more than a quar-
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ter of a century, to 162 per 100,000. In 1917 
and 1918 when the blockade caused a desper
ate food shortage, the tuberculosis mortality 
rate rose to 230 per 100,000- a rate higher 
tha n even that of 1900. By 1921 , the war hav
ing terminated and the food situation vastly 
improved , the tuberculosis mortality rate fell 
to 137 per 100,000, only to ri se again briefly 
during the severe postwar recession of 1921-
1923 (Fig. I). A virtually similar relationship 
between nutrition and tuberculosis incidence 
was seen in the other European countries in 
which severe food shortages and attendant 
malnutrition were experienced during the 
war period , though in the case of England , 
for example, where postwar nutritional re
cession did not occur, the mortality rate con
tinued a steady decline after the war (19) 
(Fig. I). 

In work with leprosy patient s in Hong 
Kong, a similar relationship between leprous 
infection and nutritional debilitation was sug
gested in that, repeatedly, patients encoun
tered in the early 1950's indicated that their 
disease appeared (which could be mere coin
cidence) or became notabl y more severe 
when they suffered severe food shortage in 
China during World War II. A 1949 visit to 
the Presbyterian Mission Leprosarium in 
Hoihow, Hainan Island also promoted this 
concept. At that time this institution had only 
recently received sulfone drugs . Yet the pa
tients were in remarkably good physical con
dition and there was a complete absence of the 
odor that was often characteristic of the pre
sulfone era leprosaria . The attendant miss ion
ary physicians remarked that on their return 
to this institution after World War II the pa
tients were in pitiable nutritional status and 
severe leprous manifestations were the rule . 
Careful dietary attention and general care, 
without available specific therapy had resulted 
in marked improvement in general health to
gether with considerable amelioration, though 
not cure, of leprous manifestations. A subse
quent study of the records of another South 
China leprosarium, summarized below, cov
ering a period of 43 years further substan-
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FIG. I. Influence of wartime malnutrition on tuberculosis mortality ( 19). 

tiated these impressions. 
Cellular immunity related to macrophage 

function, rather than antibody generation 
and granulocytic activity, is the main biolog
ical defense in infectious granulomatous dis-

. ease such as tuberculosis and leprosy. Since 
protein deprivation denies essential building 
material for cells and for the production of 
particular proteins such as antibodies and en
zymes, it might be expected that macrophage 
response and reserves , as well as functional 
capacity might be limited by such depriva
tion. 

In the absence of an available experimental 
model for leprosy, resort was had to murine 
leprosy. Though differing in many respects 
from human leprosy, this infection has simi
lar characteristics of chronicity, low occur
rence of caseation and a pathogen of low 
virulence and relatively long generation time 
(about 10 days) in the host. 

Clinical and autopsy observations are here 
briefly noted together with a report of exper
imental studies utilizing murine leprosy as a 
model in a preliminary investigation of deb ili-

tating mechanisms in cell-mediated mech
anisms of biological defense. 

CLINICOPATHOLOGIC 
OBSERVATIONS 

A study conducted at the leprosarium in 
Tungkun, Kwangtung, South China gave 
suggestive evidence that attention to nutri
tional status and general care, without specific 
antileprosy chemotherapy, could influence 
favorably the course of leprosy and, converse
ly, that absence of such attention was associ
ated with more rapid progression and earlier 
death. 

The study consisted of a thorough evalua
tion of the records 4 of the Tungkun Rhenish 
Mission Leprosarium from its foundation in 
1905 through 1949. Fortuitously, the best rec
ords were kept during the first five and the 
last eight years of this period . There was, 
therefore , opportunity for comparative study 
of two widely separated periods. Neither sul-

4 Permission of Dr. Otto Hueck , Medical Superin
tendent. 
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fone nor other leprosy-specific therapy was 
available to the institution for either of the 
periods of study, though chaulmoogra oil was 
used to some extent during. the latter period. 
The virtually universal abandonment of 
chaulmoogra and hydnocarpic oils as thera
peutic agents in leprosy after World War II 
together with prior dissatisfaction with re
sults of this treatment suggests that it was 
relatively inefficacious and apparently with
out specific effect. No good therapeutic eval
uation is available for settling this issue . It is 
probable that much of the efficiency earlier 
reported for' these substances was, in fact, 
the consequence of associated general care 
and improved nutritional status also availa
ble to patients when these therapies were 
supplied. 

Clinical records for the initial period of 
1905-1909 are not available, but the available 
chronological record of patients and their 
eventual disposition are replete with notes 
such as: 

"Covered with ulcers. Died of exhaustion." 
"Ulcerated. Very weak. Bruised one foot. 

Gangrene set in. Died." 
"Covered with ulcers. Used a nail in the 

wall and a tie (to hang self). Was found dead 
in the morning. Body not rigid." 
Of the 121 patients admitted the first year, 
26 died within the year and 23 absconded, 
commonly for being denied the use of opium. 
The rest eventually died in the institution. 
There was no record of discharge because of 
cure. 

In the final period of comparison, 1942-
1949, there were only 89 deaths, compared to 
191 deaths in the shorter initial period of 
1905-1909. Figure 2 compares the total dura
tion of the disease before death in these two 
groups of patients, and Figure 3 similarly 
presents the total duration of their leprosarial 
stay. It is evident that in the period 1942-
1949 there was a distinct prolongation of sur
vival after initial appearance of leprosy which 
was in considerable measure a reflection of 
increased survival time under institutional 
care since the average duration of disease 
prior to leprosarial admittance was, on the 
average, similar. It was notably characteristic 
of this period (1942-1949) that the staff paid 
special attention to maintaining adequate nu
trition for the patients in addition to provid
ing careful general supportive care. Since the 
institution was staffed by German mission
aries during the war there was no insur-

FIG . 2. Total duration of untreated leprosy with 
the latter period reOecting increased longevityas
sociated with markedly improved nutritional 
status. 

FIG. 3. I ncreased longevity demonstrated by 
prolonged leprosarial study in latter period of 
markedly improved nutrition. 

mountable obstacle to the achievement of 
these goals during the Japanese occupation 
of South China during that part of the period 
covered by World War II. During a portion 
of this period some sulfonamide therapy was 
used, though antibiotics became available 
only toward the end ofthe period, and this un
doubtedly helped control secondary infec
tions and played some role in prolonging sur
vival. Nevertheless, the overall indications 
are that this comparison supports the hypo
thesis that malnutrition does have a distinct 
deletorious effect also in chronic infections 
such as leprosy where the main biological 
defense is related to cellular immunity. 

Necropsy indications. In the course of 25 
autopsies in Hong Kong on patients having 
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leprosy, two instances of severe malnutrition 
were encountered . Both these lepromatous 
patients presented low serum protein levels 
of 4.43 and 4.46 gm% respectively and were 
severely emaciated (Fig. 4) . Additionally, they 
displayed extensive or excessive ulcerative 
phenomenon (Fig. 5) . In one of these pa
tients , during the weeks immediately preced
ing death , there was edema of the extremi
ties, repeated formations of crops of epiderm
al blisters , peeling of the epidermis and ulcer 
formation while the other patient presented 
with extensive ulceration of extremities. 

These two patients, strikingly, presented 
more widespread and larger viscera l lesions 
(Fig. 6) than were seen in any of the other 
necropsies in the series ( 24). 

FIG . 4. Severe emaciation (serum proteins 4.43 
gms%). 

MATERIALS AND METHODS 

The Wiersung strain of rats were employed 
since these animals are known to be relatively 
susceptible to murine leprosy (\0) and thus 
to be more likely to present uniform infection 
when challenged with experimental inocu
lum, and to more closely simulate the immu
nopathologic status seen in lepromatous lep-

. rosy. Forty-six adult animals were employed; 
24 females weighing 153 to 242 gms, and 22 
males weighing 193 to 345 gms before pro
tein deprivation. Two experiments were con
ducted, one utilizing 25 animals (15 protein 
deprived and 10 controls) and the other, 21 
animals (12 protein deprived and 9 controls). 
All animals were housed in stainless steel 
cages with wire-mesh bottoms having no 
more than five animals to a cage. They were 
kept in a temperature controlled room at 
79° F. 

Total serum protein levels were determined 
for each animal prior to initiating the pro
tein depletion diet and again at the time of 
challenge inoculation with M. lepraernuri
urn. Small blood samples were obta ined from 
the tail vein and the determinations made by 
the technic described by Barbour and Hamil
ton ( 2). The Moore and Van Slyke formula 

FIG . 5. "Lazarine" leprosy ulcerations. Same 
patient as Figure 4. 

was used to calculate the total serum protein: 
P = 343(G-1.0070) 

where P = protein in gms% and G represents 
plasma specific gravity, calculated as specific 
gravity 20°C/ 20° C. No protein determina
tions were made at the times of animal sacri
fice for several reasons. There appeared to 
be no way of correlating any changes that 
might occur with the progressive course of 
the experiments; the animals being killed at 
successive intervals the determinations of 
varying degree of progressive infection would 
have to be balanced against progressive de
bilitation. Further, it is difficult to get ade
quate plasma samples from severely debili
tated small animals. Finally, logic would 
suggest making total protein determinations 
of all experimental animals at the time of 
each scheduled sacrifice for comparative pur
poses. The process of handling and bleeding 
these fragile animals is, however, a debilitat
ing process in itself and adds unnecessarily 
to subject mortality. The purpose of the de
terminations was therefore limited to deter
mining the state of hypoproteinemia at the 
onset of infection and subsequently utilizing 
weight determinations to establish the fact 
that debilitation was thereafter progressive. 
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FIG. 6. Pro lirera tive "roam cell" lesion o r liver 
in same patient as Figures 4 and 5. 

For these purposes the relatively simple pro
tei n determinatio n technics employed were 
considered to be adequate and to be compara
tive with the studies cited above as relating 
debilitation of antibody immune mechan
isms to hypoproteinemia. 

The protein depletion diet was chemically 
defi ned , isoca loric and prese nted in pellet 
form (Table I) . Each animal was provided 
with 20 gm of food per day throughout the 
experi ments and with water ad libitum. After 
a bout three weeks , when the protein deprived 
a nima ls had lost significant weight, all ani
mals were inoculated intra perito nea lly into 
t he lower left quadrant with 0.25 ml of M. 
lepramurium suspended in Hanks' balanced 
sa lt so lution. 

The bacillary inoculum was prepared from 
lepro mas (liver, spleen, lymph nodes) that 
had been deve loped in stock Wiersung rat s 
for five months or longer. Ten ml of Hanks' 
bala nced sa lt so lution were added for each 
gra m of le proma. The tissue was minced and 
then tritura ted in a motor driven piston-t ype 
Teflon pestle in a glass grinding vesse l. The 
detritus was allowed to settle. Then the su
pernata nt was deca nted into sterile culture 
tubes and thi s constituted the inoculum. In 

TABLE I. Composition of diets: 

Protei n- Dep let ion Protein- Rich 

Diet Constituents Diet Diet 

%Composition % Composition 

Casein, VFT, GBI 27.00 
Primex 10.00 
Vegetable oil (hydrogena ted) 10.00 
Corn starch 42.50 29.00 
Sucrose 42.50 29.00 
Salt mi x, U.S. P. XIV 4.00 4.00 
Cod liver oi l 1.00 1.00 

Gm/ 100 Ibs. Gm/ 100 Ibs. 

Alpha-tocopherol 10.2 150 10.2150 
Calcium pantothenate 2.043 2.043 
Choline chloride 272.400 272.400 
i-Inositol 13.62 13 .62 
Menadione 0.1020 0.1020 
Niaci n 27.24 27.24 
Pyridoxi ne HCI 0.953 0.953 
Riboflavin 0.953 0.953 
Thiamine HCI 0.953 0.953 

a Diets formulated and supplied by General Biochemicals, Chagrin Falls, Ohio. 
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TABLE 2. Protein depletion findings 
-

Initial Findings Start of Exp. 

Animal no. Date sac. Sex Initi a l wt. Initial serum prot. Wt. Serum prot. Wt. at sac. 

Contro l I wk M 203 grams 
Depleted I wk M 207 

Control 2 wks M 193 
Depleted 2 wks M 195 

Con trol 3 wks F 171 
Depleted 3 wks F 2 10 

Con trol 5 wks M 22 1 
Depleted 5 wks M 237 

Control 7 wks F 167 
Depleted 7 wks F 192 

Co ntrol 9 wks M 302 
Depleted 9 wks M 258 

Contro l II wks-2 F 206 
Depleted II wks-2 F 153 

Control 13 wks-I F 172 
Depleted 13 wks-I F 181 

Depleted 15 wks M 233 
Depleted 15 wks F 181 

Contro l 18 wks M 305 
Depleted 18 wks F 191 

Control 7 mos. M 287 

each experiment the same inoculum was used 
for all the animals so that in each experiment 
each animal received the same challenge 
dose. Prior to inoculation, smears of the inoc
ulum were made, stained for acid-fast bacilli 
and evaluated for content of solid-staining 
organisms which were regarded as presumably 
viable. 

The animals were scheduled to be sacrificed 
at one week, two weeks, three weeks, and 
thereafter at two week intervals. However, as 
they became very debilitated during the course 
of the experiments, it was occasionally neces
sary to sacrifice animals a day or two before 
the intended date. Where this was so it is in
dicated in Tables 2 and 3. 

Visceral organs, brain, salivary glands, sci
atic nerve, femur and sternum from each 
sacrificed animal were fixed in 10% buffered 
formalin , paraffin sectioned, and stained with 
Ziehl-Neelsen, hematoxylin-eosin, and TRIFF 
(31) stains . The tissue sections were care
fully examined for bacilli and lesions, and 
scored for bacterial content according to a 
modification of Ridley's method for determin
ing bacterial indices (20). Since Ridley's 
method is intended for skin smear technic, 

4.97 Gm / IOO cc 246 5.15 258 
5.04 186 5.14 175 

4.87 223 5.04 249 
4.94 174 4.73 160 

5.18 221 5.59 228 
6.24 173 4.42 161 

4.84 255 5.04 309 
5.04 203 4 .25 161 

5.08 212 5.32 230 
5.80 156 4 .73 124 

4.90 341 5.25 398 
5.18 215 4.53 144 

5.17 255 5.59 284 
5.11 124 4.63 80 

5.18 216 5.59 273 
5.99 149 5. 18 94 

4.90 207 4.29 109 
5.62 144 4.73 88 

4.90 383 5.04 493 
5. 11 166 4.56 105 

5.08 332 5.08 501 

where the bacilli are fairly evenly dispersed , it 
had to be modified for use with tissues where 
lesions containing bacilli are spottily distrib
uted . The modification consisted of regarding 
individual lesions as separate fields and sco r
ing each according to the sca le noted with 
Table 4. As there noted , each i.ncrement rep
resented a tenfold increase in the number of 
organisms. The method is intended to be 
comparative only and not to indicate accur
ate bacillary counts. 

RESULTS 

Gross evaluation. Three prior pilot experi
ments had shown that excessive handling of 
severely debilitated animals significantly in
creased mortality. Therefore, weight deter
minations were recorded for only six weeks at 
weekly intervals and then again at the time 
of sacrifice. Care had to be exercised in ob
taining blood sa mples, for the protein-de
prived animals showed poor tolerance to the 
ether anesthesia used . 

During the initial stages of the protein
depletion diet utilization there was little dif
ference in food consumption between control 
and deprived animals. As the experiments 
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TABLE 3. Protein depletion findings . 

I nitial Find ings Start of Exp. 

Animal no. Date sac. Sex Initial wt. 

Control I wk 'F 229 grams 
Depleted I wk F 207 

Control 2 wks F 228 
Depleted 2 wks F 173 

Control 3 wks M 278 
Depleted 3 wks M 230 

Control 5 wks M 259 
Depleted 5 wks M 258 

Control 7 wks M 283 
Depleted 7 wks M 312 

Control 9 wks F 197 
Depleted 9 wks F 223 

progressed , there was a steady decrease in 
the consumption of the protein-free diet , 
while there was little or no change with the 
animals on the control diet. After six weeks 
on the diets , the animals on depletion were 
consuming about half as much diet by weight 
as were the controls . During the same six 
week period the control animals recorded an 
average weight loss of 30-33%. 

At the time of challenge with M. leprae
murium. after having been on t'fie protein
free diet for three weeks, the deprived ani
mals showed a decrease of 14-17% in their 
serum protein levels. This was less than that 
utilized by Cannon et al (7) and Skinsnes 
(26). However, their studies were acute, and 
prolonged survival of their experimental ani-

I nitial serum prot. Wt. Serum prot. Wt. at sac. 

5.69 Gm / 100cc 248 5.76 252 
5.97 187 4.96 180 

5.62 259 5.83 265 
6.04 154 5.15 149 

5.62 323 5.83 355 
5.62 202 4.73 185 

5.83 298 5.72 355 
5.56 224 4.96 178 

5.62 325 5.66 370 
5.69 268 5. 15 207 

5.69 224 6.00 272 
5.69 192 4.73 131 

mals was not necessary. In contrast, the 
present experiments with murine leprosy re
quired continued observations over a period 
of several weeks. Hence the study was begun 
at a point where the animals were less de
pleted, but conditions of protein deprivation 
were maintained for the total course of the 
experiments. Tables 2.and 4 present weight 
and serum protein level data for the two ex
periments. 

At sacrifice, the visceral organs of the de
prived animals were comparatively de
creased in size, there was a lack of fat depots, 
and the bones were softer and more fragile . 
In the control animals, as the infection prog
ressed , the livers and spleens tended to en
large and be firm. They were speckled with 

TABLE 4. Relative bacillary distribution in livers, spleens. 
and bone marrows of control and protein depleted rats 

infected Wilh M. lepraemurium. 

Liver 

Interval Control Depleted 

Week I + + 

2 + + 

3 + + 

5 + ++ 

7 + +++ 

9 +++ ++++ 

II ++ ++++ 

13 + ++++ 

15 +++++ +++++ 

18 ++ +++++ 

Month 7 ++++++ 

Each + increment equals a tenfold increase in bac illi . 
Intraperit onea l rotlte of inoculation. 

Spleen Bone Marrow 

Control Depleted Control Depleted 

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

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

+++ ++++ + ++ 
+++ ++++ ++ +++ 

++ ++++++ ++ +++++ 

++++++ ++++++ ++++++ ++++++ 

+++ ++++ ++ +++ 

++++++ ++++++ 
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discrete yellow-white small nodular lesions. 
Lesions in the depleted animals had similar 
gross appearances. 

Histopathologic evaluation. Up to the fifth 
post-inoculation week, bacilli were found in 
lesions only in the livers and spleens of both 
groups of animals. By the seventh week , bacil
li were noted also in lesions in the bone mar
row of the protein-depleted animals, but not 
till the ninth week in the control rats . 

Early host response to M. lepraemurium 
did not appear significantly different on his
topathologic section in the two groups of 
animals up to three weeks. As noted by 
others ( 9.29 ), bacilli were found in Kupfer 
cells of the liver and in macro phages, particu
larly around blood vessels. Little other in
flammatory change was noted. By the fifth 
week, however, there were noticeable differ
ences. Well-circumscribed focal accumula
tions of lymphocytes and epithelioid cells sur
rounded bacilli-containing macrophages in 
both groups of animals. The degree of inflam
matory change was, however, greater in the 
control animals while in the depleted rats 
there were more bacilli per macrophage. As 
the disease progressed , these differences be
came more pronounced. 

In the spleen, bacilli were first noted in the 
germi nal centers, but later in the course of 
the infection they were found in abundance 
in the pulp as well in both group of animals. 

FIG. 7. Normal, murine leprosy-infected rat 
spleen seven weeks after initiating infection. Few 
bacilli in large germinal center. TRlFF stain, 
X 750. 

The most noticeable difference in the two 
groups of animals were the larger and more 
widely spread germinal centers in the control 
animals and the greater number of bacilli 
per macrophage in the protein-deprived rats 
(Figs . 7-10). 

FIG. 8. Spleen of protein depleted rat , seven 
weeks after initiating infection. Small germinal 
centers are closely spaced and more bacilli are 
contained by fewer macrophages than in Figure 
7. TRIFF stain , X750. 

Beginning with the seventh week the pro
tein-depleted animals quite consistently 
showed a greater number of bacilli, both in 
individual bacilli-containing macro phages 
and in susceptible organs (Table 4). Since in
fection with M. lepraemurium involves pri
marily the reticuloendothelial system, it was 
not surprising that the liver, spleen and bone 
marrow proved to be the areas of most prom
inent lesion development. However, of prob
ably equal significance was the considerably 
more prevalent occurrence of lesions in the 
protein-deprived rats in other tissues such as 
adrenals , intestines , stomach, salivary 
glands, and even in the heart and lungs. This 
was evident at the 13th and 18th weeks. No 
protein-deprived animal survived longer than 
18 weeks, but the control animal examined 
at seven months showed a lesion distribution 
pattern similar to that more strikingly fore
shadowed in the debilitated nits at 13 and 18 
weeks than in their control counterparts. 
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FIG. 9. Spleen of normal. infected rat 13 week s 
post-inoculat ion . X 750. 

DI SCUSSION 

The experimental results indicate that pro
tein deprivation renders the experimental rat 
more susceptible to dissemination of infec
tion by the murine leprosy bacillus. This ap
pears to be the result of a twofold effect on 
the macrophages. There are less macro
phages available in the debilitated host that 
can respond to and combat the infection , and 
the available macrophages permit greater 
proliferation of the pathogen within their 
cytoplasm. Thus, as might be expected, pro
tein deprivation affects the mechanisms of 
cellular immunity as well as humoral anti
body-mediated immunity. The results are 
less dramatic and immediately effective than 
in the antibody-mediated immunity seen, for 
example, in acute virulent infections such as 
that caused by Diplococcus pneumoniae. This 
is in character with the characteristics of 
cellular immunity, the development or pres
ence of which often modifies rather than 
abrogates the course of the infection . This is 
well known from the contrasts between first 
infection and second infection tuberculosis 
and tuberculoid versus lepromatous leprosy 
( 23 ). 

In the present instance of M. lepraemurium 
infection in Wiersung rat , there is , how
ever, no evidence that acquired cellular im
munity is being affected since it is not clear 
that this host develops enhancement of its cel
lular immunity mechanisms on challenge by 
this pathogen . Rather, there seems a strong 
analogy with lepromatous leprosy where the 
host appears incapable of such enhancement 
despite, as is also the case in M . lepraemuri
um infection , the presence of massive quanti
ties of the pathogen. In both instances the 
defense mechanisms available to the host ap
pea r to be pre-eminently those of inherent 
(native) rather than acquired cellular immu
nity. The present experiments confirm that 
such inherent cellular immunity exists since 
the macrophages of the susceptible Wiersung 
strain of rats evidently are not totally devoid 
of ability to destroy M. lepraemurium because 
this capacity can be reduced by protein de
privation. The fact that the macrophages of 
the depleted animals tended to host more 
pathogens enhances this impression since 
there was no evidence of increased phagocyt
ic ability on their part. Likewise, it seems 
evident that protein depletion is not renect-

FIG. 10. Spleen of protein depleted rat 13 weeks 
post-inoculation . Large numbers of bacilli are lo
cated in the pulp. Germinal centers small and 
poorly organized. TRlFF stain, X750. 
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ed in any deficiency in the internal milieu of 
macro phages that would make these cells 
less suitable for the propagation of the patho
gen. 

The control animals showed the usual 
individual variations in resistance to M. lep
raemurium that can be expected in any study 
of host susceptibility to a given pathogen. In 
the deprived animals , however , this variation 
was significantly leveled out (Table 4) though 
not completely eliminated. This finding like
wise suggests that under this method of de
bilitation the mechanisms of inherent cellular 
immunity are severely debilitated . This is 
borne out by studies ( 35.36 ) in which protein 
depletion had a debilitating effect on macro
phage lysosomal enzymes. 

The observations are pertinent to the un
derstanding of the pathogenesis of Lazarine 
leprosy. The name derives from the Biblical 
account of the beggar Lazarus who, covered 
with sores, sat at the door of the rich man and 
vainly begged for the crumbs that fell from 
his table with only the dogs who licked his 
sores paying him attention. Medieval tradi
tion declared that this man suffered from lep
rosy, though the Biblical account carries no 
such implication . The name, Lazarine leprosy, 
has been used in the past merely to desig
nate severe, widespread ulcerative phenom
ena in a patient with leprosy without provid
ing any pathogenic explanation of the 
phenomenon except when it occurs in Lucio 
type of leprosy. In 1958, Skinsnes (24) sug
gested that such severe ulcerative phenome
non occurring especially in lepromatous lep
rosy may be the result of infection in the 
presence of protein malnutrition with its re
sultant breakdown in defense mechanisms. 
Comparison of the enhanced visceral lesions 
seen in such an instance with the progress of 
similar M. lepraemurium infection in protein 
deprived rats reinforces this formulation. In 
the progress of their affliction these patients 
show the characteristics of tissue edema, re
peated blister formation in areas of leprous 
inflammation and eventual breakdown of 
such areas of inflammation into multiple 
ulcers with poor healing capacity. The ulcer
ations are apparently primarily the result of 
the breakdown of tissue cellular immunity 
together with increased proliferation of path
ogen and tissue edema. Superimposed is the 
enhanced susceptibility to secondary pyogen
ic pathogens such as streptococci and staph
ylococci resulting from the concomitant de-

bilitation of humora l antibody mechanisms 
by the same protein deprivation. 

The lit erat ure related to "Lazar in e" lep
rosy is confused in many instances by failure 
to discriminate between "Lazarine" leprosy, 
as here used , and "Lucio" leprosy, the rea
son being that both conditions relate to ul
cerative phenomena in leprosy, usually in 
lepromatous leprosy . "Lucio" leprosy was 
first and well described by Rafael Lucio and 
Ignacio A.lvarado in 1851 in Mexico. A trans
lation of this paper is presented by Frenken 
( 8) in a monograph reviewing the literature 
and presenting extended observations . 

Lucio asc ribed the phenomenon he de
scribed to leprous arteritis with resulting 
hemorrhage, but did not present any support
ive histopathologic studies. This was subse
quently supplied by Latapi and Chevez (1 2) 
who describe the Lucio phenomenon as an 
ischemic necrotic infarction with thrombosis 
in the vessels (endocapillaritis thrombone
crotica). The phenomenon is further related 
to erythema nQdosum leprosum and immedi
ate type hypersensitivity. 

I n Lucio's original paper he seems to use 
the term "disease of St. Lazarus" for leprosy, 
classifying it into two groups as "tuberculo
sis elephantiasis" (leoninos) and anesthetic 
(antoninos) and adding as a contribution 
"the spotted ones" which he also referred to , 
in parentheses as "lazarinos." He thus used 
the terminology in two senses, equating the 
"disease of St. Lazarus" with ' "Elephantiasis 
of the Greek" in his title . In the body of his 
paper he rarely uses the term "leprosy" and 
throughout speaks of the "spotted form" 
when referring to the phenomenon that has 
come to hold his name and of the "disease of 
St. Lazarus" when discussing leprosy gener
ally. It is on this basis that subsequent writers 
have coupled the terms "Lazarine leprosy" 
and the "Lucio phenomenon." In so doing 
other ulcerative phenomena, probably on a 
different pathogenetic basis , have been in
cluded ( 18.21.22 ) . Pardo Castello and Pineyro 
( 18) concluded that there was no specific 
form of leprosy that can be called "lazarine." 
Latapi and Chevez (1 2) suggested that the 
term "spotted leprosy" is the best translation 
of the Spanish word "manchada" and noted 
that the term "lazarine" had become con
fused because of its several applications to a 
variety of ulcerative lesions in leprosy. Wade 
(30) in a review editorial, suggested that the 
term "lazarine" was no longer necessary, 
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the term Lucio phenomenon being appropri
ate to the ulcerative phase described by Lu
cio and the further term "Lucio leprosy," 
which Latapi and others have used , being 
useful for the form as a whole . He further 
suggested that since the term "lazarine" has 
so long: 

... been employed to signify a bullous-ulcer
ating condition (or conditions) in neurallep
rosy, and since some general term for that 
condition (or conditions) in that type of lep
rosy is needed , it seems but logical to continue 
to use it in that way- and to admit the transfer. 

In this vein it seems singularly appropriate 
to use this term to cover ulcerative phenom
ena in general in leprosy where such phe
nomena are due to or contributed to by de
bilitating conditions such as malnutrition for : 

There was once a rich man who used to array 
himself in a purple and fine linen, and enjoyed 
a splendid banquet every day, while at his out
er door there lay a beggar, Lazarus by name, 
covered with sores and longing to make a meal 
off the scraps falling on the floor from the rich 
man's ta ble (The Bible; Luke 16: 19-29). 
These conditions with respect to terminol

ogy were accepted and recommended for 
implementation at the Tenth International 
Congress in 1973 ( 27 ). 

SUMMARY 

I. Clinical and necropsy observations in 
lepromatous leprosy associated with severe 
emaciation and accompanying hypoprotein
emia suggest that protein deprivation may 
be of pathogenic significance in the ulcera
tive phenomenon that is designated "Lazar
ine leprosy." 

2. An experimental model utilizing Wier
sung rat s infected with Mycobacterium lep
raemurium and maintained on a protein-free 
diet was developed for the purpose of study
ing the effect of protein starvation on the 
course of chronic mycobacterial disease simi
lar to lepromatous leprosy with respect to 
pathogen and host inflammatory response . 

3. It was poss ible to maintain the experi
mental anima ls on a protein-free diet for up to 
18 weeks of concomitant M. lepraemurium 
infection. This was long enough for the in
fection to disseminate to a degree that was 
evident in control animals only several weeks 
later. 

4 . The protein-deprived animals showed 
decreased inflammatory response to the 
pathogen , presented more rapid dissemina
tion of the infection and harbored more ba-

cilli per macrophage than did animals simi
larly infected but maintained on a protein 
adequate diet. This indicates impairment of 
native cellular immunity by protein depriva
tion t h ro ugh decrease in a b iii ty of macro
phages to inhibit bacillary mUltiplication. 

5. There was no evidence of impairment of 
macrophage ability to phagocytose the path
ogens. 

6. Morphologically the increased dissemi
nation of pathogens and decrease in inflam
matory response was similar to the increase in 
number and extent of visceral lesions seen in 
Lazarine leprosy. Decreased ability to dis
pose of the infecting bacilli was similar in 
the two models , human and animal. The ani
mal model does not , as does lepromatous lep
rosy, involve the skin in the infection. Hence 
comparable ulcerative phenomena were not 
replicated in the animals. 

7. It is suggested that Lazarine leprosy 
may result from enhanced lepromatous lep
rous infection occurring as a result of protein 
malnutrition. The pathogenic mechanism 
appears to be impairment of cellular immu
nit y probably enhanced by concomitant im
pairment of humoral antibody immunity re
sulting also in decreased resistance to 
pyogenic and other secondary pathogens. 
The tissue edema attendant on decreased 
serum osmotic pressure due to lowering of 
the serum protein fractions enhances the 
probability of ulceration. 

RESUMEN 
I. Las observaciones cli'nicas y de necropsia en 

la lepra lepromatosa asociada con emaciacidn 
severa e hipoproteinemia concomitante, sugieren 
que la deprivacidn proteica puede tener una im
portancia patogenica en al fendmeno ulcerativo 
que se denomina "lepra Lazarina." 

2. Se desarrolld un modelo experimental uti
liza ndo ratas Wiersung infectadas con Mycobac
terium lepraemurium y mantenidas con una dieta 
libre de proteinas, con el objeto de estudiar el 
efecto de un ayuno prolongado de proteinas sobre 
el desarrollo de una enfermedad micobacteriana 
crdnica. similar a la lepra lepromatosa , con re
specto al microorganismo patdgeno y a la res
puesta inflamatoria del huesped. 

3. Fue posible mantener los animales experi
mentales con una dieta Iibre de protefnas hasta 18 
sema nas de infeccidn concomitante con M. lep
raemurium. Este perfodo rue 10 bastante largo 
como para que la infeccidn se diseminara hasta un 
grado que fue evidente en los ani males controles 
sdlo varias semanas despues. 
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4. Los a nima les deprivados de proteinas mos
tra ro n una respues ta infla matoria hacia el mi cro
orga nismo patoge no d isminulda, prese nta ro n una 
dise minac io n rna's ra'pida de la infeccion y co n
tenla n rn a's bac ilos por macrofago q ue los a nima
les infectados en fo rma sim ilar pero ma ntenidos 
co n una dieta proteica adecuada. Esto indica una 
a lt eracio n de la inmunidad ce lular natura l po r 
ca rencia de protelnas , a traves de una di sminu
cion de la ca pacidad de los macrofagos para in
hibi r la m ulti plicac io n bac ilar. 

5. No hubo evidencia de a lteracion de la ha bili 
dad de los mac rofagos para fagoci ta r los micro
o rga ni smos patoge nos . 

6. Morfologicament e, el a ument o de la dise mi
nacio n de los microorga nismos patoge nos y la 
disminucion de la res puesta inflama toria fuero n 
simila res a l a umento en l1l.{mero y exte nsio n de 
las les io ncs viscera les q ue se o bse rva n en la Le
pra Laza rina . La disminucion de la ca pacidad 
pa ra des hace rse de los bac il os infec ta ntes fue 
similar en los dos modelos, huma no y a nima l. EI 
modelo a nima l no produce com promiso de la piel 
con la infeccio n, como se obse rva en la lepra le
pro ma tosa . Po r 10 ta nt o, no se o bse rvaron fe no
menos ulce rati vos co mpa ra bles en los a nima les . 

7. Se sugie re q ue la Le pra Lazarina puede ser 
el res ultado de un a infec ti on de lepra lepro matosa 
est imulada a ra lz de una ma lnut ricion proteica . 
EI meca nismo pa togenico parece se r una a ltera
cio n de la inmunidad ce lula r, pro ba blemente a u
mentada por una a lterac io n co ncomita nte de la 
inmunidad por a nti c uer p os ci rcula ntes, 10 que 
producirfa una d isminucion de la resistencia hacia 
microorga nismos patogenos sec und a ri os y pio
genicos . EI edema tisular posterior a una presion 
osmotica serica disminufda debida a una dismi
nucio n de las fracciones pro te icas del s ue ro 
a umenta la pro ba bilidad de ulce racion. 

I. Des obse rvati o ns cliniques et necro psiques 
menees da ns la lepre lepromateuse, da ns des cas 
associes avec un a ma igrissement grave et avec de 
I'hypo proteinemie, suggerent que la deficience 
proteinique peut avo ir une significa ti on pa tho
genique da ns Ie pheno mene ulceratif commune
ment designe so us Ie terme de Le pre Lazarine. 

2. En vue d'etudier I'effet de la deprivat ion en 
proteine sur I'evo lutio n d 'une ma ladie myco bac
terienne chro nique, sembla ble a la lepre lepro
mate use en ce qui co ncerne Ie comportement de 
I'age nt pathoge ne et la reponse inflammatoire 
de I'hote, on a eu recours a un modele ex peri-. 
ment al consista nt en rats de Wiersung infectes 
par Mycobacterium lepraemurium et ma intenus 
a un regime sa ns proteine. 

3. II a ete possible de ma intenir des a nima ux 
d'ex perience a un regime sa ns proteine po ur 18 
semaines, tout en etant infectes par M. leprae
murium. Cette periode eta it suffisamment longue 

pour q ue I'i nfectio n se d issem in e II un deg re 
sembla ble II celui o bse rve chez des a ni ma ux te
mo ins plusie urs se mai nes plus tard seulement. 

4. Les a nim a ux mi s a un regime sa ns proteine 
ont prese nte une diminuti on de la reponse in
nam matoire a u pa th oge ne, de meme qu'une dis
seminati on plus ra pide de I'infec ti on. Pa r ai lleurs 
ils hebergeaient un plus grand nombre de bacilles 
pa r macro phage q ue les a nim a ux in fec tes de 
fa~on sembla ble, et maintenus sous un regime 
proteiniq ue adeq ua t. Ceci reve le une attei nte de 
I'i m mu nite . ce llula ire originele, a la suite de la 
ca rence en proteine, pa r Ie truchement d'une di
munit io n de la ca paci te des macro phages II in
hiber la multipli cat ion bacilla ire. 

5. On n'a o bserve a ucun signe d 'une atteinte de 
la ca pacite des macro phages II phagocyter les 
pa th oge nes . 

6. Au po int de vue morph ologique, I'augmenta
tio n notee da ns la dissemination des path ogenes , 
et a l dim inuti on de la repo nse inflammatoire, 
eta ient sembla bles II I'a ugmentatio n en no mbre 
et a I' etendue des lesions viscerales contatees 
da ns la Lepre Laza rine. Dans les de ux modeles , 
Ie modele humai n et Ie modele a nima l, la diminu
ti o n de la ca pacite a se debarrasser des baci lles 
res po nsa bles de I'i nfec t ion eta it se mbla ble . Con
t ra ire me nt II ce qui est o bse rve da ns la le pre 
lepromateuse, I' infect ion chez I'anima l la isse la 
pea u intac te. Des lors, des phe n o me nes ulcera
tifs compa ra bles II la Lepre Laza r ine, n'ont pu 
etre reproduits chez les anima ux. 

7. On suggere que la Lepre Lazarine peut etre 
la consequence d 'une stimulati on de I' infectio n 
lepreuse lepromateuse, pa r suite d'une ma lnu
triti on proteinique. Le meca nisme pathogenique 
se m ble consister en une atteinte .de I'immunite 
cellulaire, q ui est pro ba blement stimulee pa r I'a t
teinte concomitta nte de I'immunite des a nticorps 
humora ux. Ceci resulte ega lement en une d iminu
tio n de la resista nce aux pathog~ne pyogeniq ues 
et a ux a ut res pathoge nes secondaires. L'oedeme 
tissula ire associe II une diminuti on de la pression 
os motique du se rum, suite II un a baissement des 
fracti o ns des proteines seriq ues, a ugmente la 
pro babilite de I'ulceration. 

REFERENCES 
I. ASI RVAD HAM, M . The bone marrow a nd its 

leuk ocytic response in protein deficiency. J . 
Infect. Dis. 83 ( 1948) 87- 100. 

2. BARBOUR, H. G . a nd HAMILTON , W. F. The 
fa lling d rop meth od fo r determining specific 
gravity. J. Bio I. C hern . 69 ( 1926) 625. 

3. CANNON, P . R. Antibodies a nd the protein
reserves. J . Immunol. 44 ( 1942) 107- 114. 

4. CANNON, P. R. Protein meta bo lism a nd resis
ta nce to infec tion. J. Mich. S tate Med . Soc. 
43 ( 1944) 323-326. 

5. CANNON, P. R. Wa r, fa mine a nd pestilence. 
Sci. Mo nthly 56 ( 1943) 5- 14. 



358 International Journal of Leprosy 1976 

6. CANNON. P. R., CHASE. W. E. and WI SSLE R, 
R. W. The relationship of the protein reserves 
to antibody production . I. The cffects of a 
low protein diet and of plasmap heresis upon 
the formation of agglutinips. J . Immuno!. 47 
( 1943) 133-147. 

7. CANNON, P. R., WISSLER , R. W., WOOLRIDGE, 
R. L. and BEND ITT, E. P. The relationship of 
protein deficiency to surgica l infection. Ann. 
S urg. 120 ( 1944) 514-525. 

8. FR ENKEN, J . H. D({fuse Leprosy 0/ Lucio and 
Latapi. H. deKeijzer-J aco bwitz, J . M. H. 
Frenken and E. D. Fowler, trans., Oranjestad , 
Aruba, Netherlands Antilles: De Wit, Inc., 
1963. 

9. HADLER, W. A. and MAUR I, A. C. Studies of 
murine leprosy. Int. J . Lepr. 18 (1948) 67-73 . 

10. HANKS, J . H . and BACKER MAN , T. Compari
son of susceptible and res istant rats for mea
suring the infectiousness of M . lepraemurium 
after in viTro experimentation. I nt. J . Lepr. 
20 (1952) 361-363 . 

II. KOBRAK, M. W., BENDITT, E. P., WISSLER, 
R. W. and STEFFEE, C. H. The relation of pro
tein deficiency to experimental wound hea l
ing. Surg. Gyneco!. Obstet. 85 (1947) 75 1-756. 

12. LATA 1' 1 , F. and CHEVEZ, A. The "spotted" 
leprosy of Lucio. Int. J . Lepr. 16 ( 1948) 421-
429. 

13. LURI E, M. ResisTan ce TO Tuberculosis, Cam
bridge: Harvard University Press, 1964, pp 
42-96. 

14. MACKANESS, G. B. Artificial cellular immu
nity against tubercle baci lli . Am. Rev. Tuberc. 
69 ( 1954) 690-704. 

15 . MACKA NESS, G. B. The growth of tubercle 
bacilli from normal and vaccinated rabbits. 
Am. Rev. Tuberc. 69 (1954) 495-504. 

16. MACKA NESS, G. B., SMITH, N. and WELLS, 
A. Q. The growth of intracellular tubercle ba
cilli in relation to their virulence. Am. Rev. 
Tuberc. 69 ( 1954) 479-494. 

17. MIDDLEBROOK, G. M. General as pects of the 
immunology of mycobacterial infections. In : 
Leprosy in Theory and Practice, R. G. Coch
rane and T. F. Davey, eds., Bristol: John 
Wright & Sons, Ltd ., 1964, pp 152- 156. 

18. PARDO CASTELLO, V. and PI NEY RO, R. Lazarine 
leprosy. Its position in the present classifica
ti on. Reprinted : Int. J . Lepr. 17 ( 1949) 65-72. 

19 . RI CH, A. R. The Pathogenesis 0/ Thberculo
sis, Springfield , Illinois: Charles C. Thomas, 
2nd ed., 1951, pp 619-621. 

20. RI DLEY, D. S. Bacteria l Indices. In : Leprosy 
in Theo ry a nd Pract ice, R. G. Cochrane and 
T. F. Davey, eds., Bristol: J ohn Wright & 
Sons, Ltd ., 1964, Appendix iii . 

21. RODRIQUEZ, J . Lazarine leprosy. Lepr. India 
7 ( 1935) 152- 155. 

22. R YR IE, G. Acute ulcerative or sloughing tu
berculoid leprosy. I nt. J . Lepr. 6 (1938) 153-

160. 
23. SK INSNES, O. K. Comparati ve pathogenesis 

of the mycobacterioses. Ann. N. Y. Acad . Sci. 
154 (1968) 19-3 1. 

24. SK INSNES, O. K. The defense mechanism in 
leprosy as related to the viscera l lesion and to 
malnutrition. Trans . VII I nt. Congr. Lepro!. 
Tokyo: Tofu Kyo kai , 1959, pp 222-229. 

25. SKINSNES, O. K. The immunological spectrum 
of leprosy. In : Leprosy in Theory and Practice, 
R. G. Cochrane and T. F. Davey, eds., Bris
tol : J ohn Wri ght & So ns, Ltd ., 1964, pp 
156- 182 . 

26. SK INSNES, O. K. and WOOLRIDGE, R. L. The 
relationship of biologica l defense mechanisms 
to the antibiotic activity of penici llin. I. The 
modifying influence of penici llin on the pat
tern of pneumococcic infection and the im
mune response in the protein-depleted rat. J . 
I nfect. Dis . 83 (1948) 78-86. 

27. SKINSNES, O. K., GODAL, T. , ABE, M., JOB, C. 
K., PEARSON, J . M. H., RIDLEY, D. S., ULRICH, 
M. a nd WEISER, R. S. Committee 4: Ad
va nces in Immunopathology. Int. J . Lepr. 41 
( 1973) 456-46 1. 

28. SUTER, E. Some aspects of intracellular para
sitism of pathogenic micro-organ isms- a re
view. Int. J . Lepr. 22 (1954) I-II. 

29. TA NIM URA, T. and NISHIM URA , S. Studies of 
the pat hology of murine leprosy. I nt. J . Lepr. 
20 (1952) 83-93 . 

30. WADE, H. W. The "Lucio" and "Iazarine" 
forms of leprosy. I nt. J . Lepr. 17 (1949) 95-
102. 

3 1. WHEELE R, E. A., HAM ILTON, E. G. and HAR
MAN, D. J. An improved technique for the 
histopathologica l diagnosis and class ification 
of leprosy. Lepr. Rev . 36 (1965) 37-39. 

32. WI SS LER, R. W. The effect of protein-deple
tion and subsequent immunization upon the 
res ponse of animals to pneumococcal infec
tion . J . Infect. Dis. 80 (1947) 250-297. 

33. WI SSLER, R. W., WOOLRIDGE, R. L., STEFFEE, 
C. H., Jr. and CANNON, P. R . The relationship 
of the protein reserves to antibody production. 
2. The influence of protein depletion upon the 
production of antibody in hypoproteinemic 
adult white rats . J . Immuno!. 52 (1946) 267-
279. 

34. YANG, H.-Y. and SKINSNES, O. K. Intracellu
lar modulation in cellular immunity. I. Mor
phologic studies of macrophages in murine 
leprosy under conditions of immunity en
hancement and suppression. Int. J . Lepr. 37 
(1 969) 111-129. 

35 . YA NG, H.-y' and SKINSNES, O. K. Intracell
ular modulation in cellular immunity. 2. 
Macrophage enzymes in immunized, protein
depleted and control mice during M. leprae
murium infection. Int. J . Lepr. 37 (1969) 
253-262. 


