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Clinical Laboratory Aspects of Leprosy

By LAWRENCE L. SWAN, M.D., and SISTER HILARY ROSS

ALTHOUGH the origins of leprosy prob-
11 ably are rooted in antiquity and the
disease has been a dreaded affliction since the
beginning of historic time, the etiological agent
has been neither successfully cultivated in vitro
nor propagated in experimental animals. As a
consequence, unequivocal confirmatory labo-
ratory tests are not available in leprosy as they
are in other bacterial diseases of man. Never-
theless, numerous observations concerning the
results of laboratory studies in leprosy may be
found in the world literature.
In this paper, these observations, as well as

our own observations based on work done at the
Public Health Service Hospital in Carville, La.
(the National Leprosarium), and the Public
Health Service Hospital in New Orleans, will
be presented and discussed in the light of pres-
ent-day knowledge. It will be seen that the
diagnostic laboratory procedures are limited to
examination of tissues and that the abnormal
clinical laboratory findings reflect, in actuality,
the widespread systemic complications and se-
quelae of leprosy.

Dr. Swan, a pathologist, is now with the Lafayette
Medical Laboratory, Lafayette, La. From Septem-
ber 1948 through June 1955, he was chief of pathol-
ogy, Public Health Service Hospital, New Orleans.
He was also chief consultant pathologist for the
New Orleans Histopathological and Reference Cen-
ter and for the Public Health Service Hospital in
Carville, La. (the National Leprosarium). Sister
Hilary Ross is a biochemist in charge of the labora-
tory at the National Leprosarium. She has been
with this hospital for the past 32 years.

Bacteriology
The human leprosy bacillus, Mycobacterium

leprae, was the first organism reported as the
etiological agent of a specific disease in man.
Despite this fact, it is the only pathogenic bac-
terium that has not been cultured on artificial
media, transmitted to animals, or even trans-
mitted experimentally within the natural host.
Attempts to cultivate the leprosy bacillus on
artificial media have been innumerable, and
positive, as well as negative, results have been
reported. The claims of successful cultivation,
however, have never been substantiated by other
investigators.
Although chick embryos are susceptible to a

remarkable variety of bacteria, viruses, and
rickettsiae, attempts to infect chick embryos and
chick tissue cultures with leprosy bacilli have
also met with failure (1).

In 1947 Hanks studied the effect of adding
Myco. leprae to actively growing fibrocytes ob-
tained from the skin of patients with tubercu-
loid (2) and with lepromatous (3) leprosy. He
observed rapid reduction of the organisms to
acid-fast debris in the tissue cultures of fibro-
blasts from the patients with tuberculoid lep-
rosy; the degeneration of the Myco. leprae was
less rapid with fibroblasts derived from lepro-
matous lesions. Cultivation from 2 to 7 months
did not result in growth of the leprosy bacillus
within the fibrocytes.

Chemistry

Serum Proteins
Most investigators agree that there are pro-

found changes in the serum proteins in leprosy.
For the determination of protein values, many
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workers lhave used chemical methods (4-6).
The quantitative and qualitative aspects of
these metlhods compare favorably with the more
recent electrophoretic imethods of fractionating
the complex mixture of serum proteins, but the
latter methods are more sensitive and may de-
tect abnormal constituents of the protein mix-
ture.
The majority of the workers who have

studied leprosy serums by electrophoretic meth-
ods lhave used the moving-boundary type ap-
paratus (7-12). Miguel and his co-workers
(13) made use of the Kern apparatus and paper
electrophoresis. No specific references were
found in the literature pertaining to the exami-
nation of serum from leprosy patients by paper
chromatography, column chromatography, or
ultracentrifugation.
According to most of the references cited, the

total proteins are normal or increased in the
great majority of leprosy serums. The quan-
tity of albumin is usually moderately reduced,
and, in our experience, in one case complicated
by amyloidosis, albumin was undetectable by
ordinary chemical methods and only poorly
demonstrated by paper electrophoresis. There
is a moderate to marked hyperglobulinemia in
the majority of cases, and, obviously, reversal of
the albumin-globulin ratio occurs frequently in
leprosy.
There is less unanimity of opinion in regard

to the quantity of the various globulin fractions
in leprosy. However, it seems that alpha2 is the
most frequently elevated fraction. Miguel and
his associates reported that this fraction was
above normal in 69.76 percent of the patients
studied (13). Alpha1 and beta globulin are ele-
vated less frequently, although a majority of
the reports specify an increase. All observers
noted an abnormal increase of gamma globulin,
and in Miguel's study the gamma globulin was
above normal in 68.82 percent of the patients.

C-Reactive Protein
Serum from 100 patients at the National

Leprosarium was tested recently for C-reactive
protein. This abnormal protein was found in
79 percent of the patienits with clinically active
lepromatous leprosy and in 30 percent with
clinically inactive lepromatous leprosy. It is
believed that serial determinations of C-reactive

protein may have some value in following the
progress of the inflammatory response to Myco.
leprae infection.

Liver Funetion Tests
Many of the reports of liver function studies

in leprosy are based on methods now considered
obsolescent or are no longer significant in the
light of our better, though still imperfect, un-
derstanding of the mechanism of the reactions
involved in these procedures (14). As should
be expected, the incidence of abnormally high
cephalin flocculation and thymol turbidity tests
closely parallels the number of serums in which
the proteins deviate from normal (15).
Normal values for urobilin and bilirubin in

blood and urine were reported by Molinelli and
Royer (16). It is important to note that the
bilirubin test employing, Ehrlich's diazo reagent
diazotizes the two amino groups of the sulfone
drugs. A positive test for bilirubin, therefore,
would be indistinguisliable from the reaction
produced by the sulfones, a fact which makes
this procedure as unreliable in leprosy as other
liver function tests.
In our review of the literature, no reports re-

garding the results of the bromsulfalein excre-
tion test in leprosy were found. Probably,
bromsulfalein is excreted by the parenchymal
cells in a manner similar to that in which bili-
rubin is excreted. Therefore, in the absence of
jaundice and with normal renal excretion, this
test should be one of the more useful procedures
in leprosy.
Hopkins and others (17) reported that choles-

terol was high in 14 and normal in 27 leprosy
patients and that cholesterol esters were in-
creased in the majority. Gomes and his col-
leagues (18) observed that reduction of serum
cholesterol levels was proportional to the grav-
ity of the disease, especially in febrile reactions.
Lippi (19) noted that the serum cholesterol fell
in patients with the lepromatous type and in
those in serious condition. Ross (20) found
serum alkaline phosphatase to be within normal
limits in 87 percent of 102 patients. There is
little information regarding the zinc sulfate
turbidity test or the hippuric acid test in
leprosy.
At the National Leprosarium laboratory, we

have studied a small number of liver biopsy
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specimiienis obtained percut.aneously by tlhe Vim-
Silverman needle mnetlhod froni patients with
active lepromatous leprosy. Hepatic miliary
leproiniata were easily identified, and Jfyco.
leprcte organisms were demonstrated by acid-
fast staining. Hepatic amyloidosis was demon-
strable histologically by crystal-violet stain in
the instances in whieh there was 100-percent ab-
sorption of congo red. Our experience with
needle biopsies of the liver lhas been too limited
to draw definite conclusions, but the technique
seems to be a very promising one for evaluation
of hepatic involvement by leprosy and by amy-
loid. The procedure is not without hazards,
lhowever, and all established safeguards should
be observed.

Calcium aind Phosphorus
There is disagreement in the observations of

inivestigators regarding serum calcium levels in
leprosy. Reports of normal levels (21-23), of
lhypocalcemia (24) and of hypercalcemia (25)
may be found. Wooley and Ross (26) found
diffusible calcium to be lower than normal in
leprosy patients and that it increased with clini-
cal improvement of the disease. They reported
that inioirgaicii phosplhorus was normal in un-
complicated leprosy.
Lemann and others (27) found no relation

between serum calcium levels and the bone ab-
sorption in leprosy; however, Wooley and Ross
reported that in the aforementioned series bone
atrophy was shown by radiography in 44 of 53
patients whose serum was studied.

Glucose
VXery little lhas been reported on carbohy-

drate metabolism in leprosy since Villela's
review in 1938 (24). Certain of the older re-
ports, such as those of Lai (28) and Otsuka
(29), mentioned lowering of glucose tolerance.
Waysoni, Badger, and Dewar (30) stressed
the hiiglh frequeency of disturbance of carbohy-
drate miietabolism in Hawaiian patients. Glv-
costiria was noted in 23.0 percent of 175
patients, aind 80 percent had abnormal glucose
tolerance curves.

MIore recently, Lancepleine (31) reported
the frequeincy of lhypoglycemia to be greater
in patients with neural leprosy than in those

with lepromuatous leprosy, buit the number of
platients studie(d was too smiiall to give signiiifi-
cance ,to the observatioin. Tanioku (32) found
somne inierease in blood sugar in botlh muacular
and lepromnatous leprosy, but lhe did not con-
sider it to be specific for leprosy. Sakakibara
(33), however, could detect no consistency in
occurrence of either hyperglycemia or hypo-
glycemia.
The sugar content of the blood is determined

routinely on admission of patients at the Na-
tional Leprosarium, and, if it is above normal,
a glucose tolerance test is performed. A uri-
nalysis is made at 3-month intervals on every
patient. There are usually 20 to 30 patients
in the hospital, or about 5.0 to 7.5 percent of
the total, who have glycosuria.

Hematology
In 1949 Kiang and Choa (34) reported the

results of the hemograms for 36 leprosy patients
and reviewed a few pertinent references deal-
ing with the blood picture in leprosy. Anemia
was found to be frequent but never severe,
and no morphologic abnormalities of the eryth-
rocytes were noted. The reticulocytes were
low, averaging 0.2 percent. For all except 4
patients, the erythrocyte sedimentation rate was
increased. Leukocytosis was inconstant, and
when present it was only of moderate degree
and only in patients with lepromatous leprosy.
The differential counts indicated that leukocy-
tosis was due to increased numbers of mono-
nuclear cells; however, in the untreated cases
there was a definite neutrophilic shift to the
left. Eosinophilia was observed in 36.1 percent
of the patients, and the condition was believed
not to be due to parasitism.
From the literature and from our own

observations it can be stated that anemia in
leprosy i§ seen mainly in the lepromatous type,
especially in patients in whom the disease is
advanced, is in a reactional crisis, or is com-
plicated by nephrosis. The majority of work-
ers emphasize leukopenia, but at the Carville
hospital leukocytosis has been maintained oc-
casionally over a period of years even in ulicomn-
plicated cases. Eosinophilia has beeni men-
tioned frequently: however, findings at Carville
do not substantiate the opinion that leprosy
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per se causes an increase in the number of
eosinophils.
The erythrocyte sedimentation rate is acceler-

ated in leprosy, especially in the lepromatous
type and in mixed types (35). In our experi-
ence, there are no characteristic alterations in
the bleeding time, coagulation time, or clot re-
traction.
In bone marrow from patients with leprosy,

Myco. leprae bacilli are occasionally demon-
strated in the smears as well as in the marrow
particles. In a series of 32 bone marrows ob-
tained at autopsy, we found bone marrow in-
volvement in 6. Although there is a relatively
high incidence of amyloidosis among patients
at the National Leprosarium, amyloid has not
been convincingly demonstrated in aspiration
material from the sternal or iliac crest marrow
or from autopsy material. Cytologically, the
marrow usually is not remarkable.
The demonstration of Myco. leprae in the

cytoplasm of leukocytes has been reported.
Namba (36) observed the presence of bacilli in
both neutrophils and monocytes removed from
the buffy layer of sedimented citrated blood.
Montel (37) also found bacilli by this method.
He nearly always obtained positive results in
generalized lepromatous cases, especially dur-
ing febrile reactions, but never in tuberculoid
cases.
Myco. leprae bacilli have been observed in

dehemoglobinized blood. By examining thick
drops of blood dehemoglobinized with water,
Clouston (38) obtained 77.7 percent positive
results in nodular leprosy. The results were
negative in 21 early cases, however, and he con-
cluded that the procedure was of no practical
use in detecting early or latent leprosy. Baru
(39) laked and centrifuged venous blood and
found bacilli concentrated in the sediment. At
the National Leprosarium, a similar technique
revealed the presence of bacilli in approxi-
mately 50 percent of the newly admitted pa-
tients with lepromatous leprosy.

Immunology
Serologic Tests for Syphilis

It is generally agreed that there is a high
incidence of biologically false positive serologic
tests for syphilis in leprosy patients (40). A

clinico-serologic study of 224 patients at the
National Leprosarium was made in 1952 (41).
The serologic tests for syphilis used were (a)
the Kahn standard quantitative; (b) the Kolmer
(cardiolipin) quantitative; (c) theVDRL slide
flocculation quantitative; (d) the Rein-Bossak
slide flocculation quantitative; and (e) the Tre-
ponema pallidum immobilization (TPI). The
reactivity rates were as follows:

Reactivity rate
(percent)

Kolmer____________-------------------63.4
Kahn- -_____-- _____________ 52.7
VDRL_____________----------------- 46.9
Rein-Bossak-------------------------- 31.8
TPI_-________________--_____________ 11.2

It was concluded that the reactivity rate for
the Treponema pallidum. immobilization test
appeared to be consistent with the syphilis rate
that might be expected in a comparable popu-
lation group without leprosy.
The majority of the patients considered to

have false positive tests for syphilis had lepro-
matous leprosy. This seroreactivity seemed to
diminish with the prolongation of the disease,
but there did not appear to be any correlation
with the age of the patients. There was no
significant relation to seroreactivity in amyloid-
osis of leprosy, diabetes, or carcinoma.

Univeersal Serologic Reaction
In his discussion of the universal serologic

reaction with lipid antigen, Kahn (42) states
that the reaction between tissue lipids and serum
upon which serodiagnostic tests for syphilis are
based is not primarily a syphilitic reaction but
a biologically universal reaction. A special
method known as the universal serologic tech-
nique seemed to distinguish specific serologic
patterns in all human beings and animals.
Concerning such patterns, Kahn states, "In
lepromatous leprosy, the serologic pattern of
the universal reaction is also apparently distinc-
tive; yet, it is entirely different from the se-
rologic patterns noted in either syphilis or
yaws." In addition, he indicates that this test
should assist in differentiation of the various
clinical forms of leprosy.

Ross and Gemar (43) investigated the uni-
versal serologic reaction in 130 leprosy patients,
20 of whom had tuberculoid leprosy and 110
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of whom had lepromatous leprosy. From anal-
y4is of the data, they concluded that there was
no indication of any distinctive serologic pat-
tern in lepromatous leprosy. In addition, the
data suggested that treatment may alter the
type of pattern in this form of the disease.
Pinto and Zeo (44) also were unable to confirm
a distinctive universal serologic reaction in lep-
romatous leprosy, and their conclusions were
in agreement with those of Ross and Gemar.

Human Leprosy Antigen
Microflocculation tests employing antigens

made from human leprosy material, according
to the method of Castro (45), have been inves-
tigated recently at the National Leprosarium.
Serums from 144 normal persons were all nega-
tive. Serums from 50 patients with tubercu-
losis were negative except for one doubtful and
one positive test, and serums from 32 patients
with syphilis were all negative. The overall
results of the microfloccuation tests on serums
from 219 leprosy patients were as follows:
Tuberculoid, inactive_------ 13 negative; 0 positive.
Lepromatous, inactive_---- 4 negative; 2 positive.
Lepromatous, active_-_____ 23 negative; 177 positive.

These results, which are in close agreement with
the original investigations by Castro, indicate
that the use of antigens made from human lep-
rosy material may be a worthwhile laboratory
procedure in leprosy.

Middlebrook-Dubos Hemagglutination Test
The erythrocyte agglutination test of Middle-

brook and Dubos has also been studied at the
National Leprosarium (46). In a study of 261
cases of leprosy, it was found that the propor-
tion of high titers was significantly higher in
clinically active lepromatous cases with large
numbers of bacilli than in quiescent leproma-
tous or tuberculoid cases. Results in a small
number of cases studied repeatedly over a 1-
year period suggest that there may be some
correlation between the clinical course of the
disease and alterations in titer.

Spinal Fluid

In 32 National Leprosarium patients, no char-
acteristic changes were observed in the spinal
fluid. This study included cell count; sugar,

chloride, protein, and colloidal gold tests; and
a Wassermann complement fixation test. The
negative finding is in agreement with the re-
sults of other studies (47, 48).

Tissue Diagnosis

From the preceding discussion, it is obvious
that the reviewed clinical laboratory procedures
offer no pathognomonic diagnostic information
in leprosy. At this time, the laboratory proce-
dures which are most likely to be diagnostic of
leprosy are limited to (a) microscopic examina-
tion of biopsy material and (b) microscopic
examination of smears from skin and nasal
mucous membrane scrapings (49).

Examination Techniques
It is of considerable importance to select the

site of biopsy or smear specimen with care.
The margins of macules and areas of infiltra-
tion offer the best material.
We prefer that the biopsy specimen be ob-

tained with a sharp scalpel and that it be suffi-
ciently deep to include subcutaneous tissue. In
this country, 10 percent formalin solution is pre-
ferred as the fixative, and the sections are
stained with hematoxylin and eosin. We have
found that the Fite-Cambre-Turner modifica-
tion of the Ziehl-Neelsen stain to be the most
satisfactory acid-fast stain for tissue sections.
In obtaining material for a smear, the skin

is compressed between the fingers until it
blanches, and a very small incision is made with
a single edge razor or a scalpel blade. The
blade is scraped through the incision at right
angles to collect tissue fragments, which are
spread on a glass slide. The slide is stained by
the Ziehl-Neelsen acid-fast method.
Demonstration of Myco. leprae in leproma is

not difficult; however, it is usually a laborious
task to obtain bacilli in acceptable numbers from
the macules of tuberculoid leprosy. Recent re-
ports from India describe simple methods of
concentrating the bacilli by tissue homogeniza-
tion which are superior to the usual skin smears
in such cases (51, 52). These methods are be-
ing studied at the Carville hospital, and the re-
sults thus far tend to confirm the observations of
the Indian researchers.
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Characteriatics of Three Leprosy Types
Lepromatous leprosy, one of the two polar

types, is the one usually illustrated in textbooks
and found in class slide sets. Except for a
characteristic uninvolved zone immediately be-
neath the basal layer of the epidermis, the
dermis is infiltrated by large, pale, mononuclear
phagocytes with a slightly granular cytoplasm,
the so-called lepra or Virchow cell. In the
early stages of the disease, collections of these
cells are oriented around capillaries and lym-
phatics, and, in later stages, they coalesce into
homogeneous masses of lepra cells. Acid-fast
stains reveal astounding numbers of leprosy
bacilli in the cytoplasm and in cystlike struc-
tures called globi. Bacilli are also present in
walls of vessels. No caseation necrosis or giant
cells are seen unless complicating factors have
altered the picture. On rare occasions, foreign-
body type giant cells are present around the
globi.

Tuberculoid leprosy is the other of the two
polar types. Its most obvious feature is the
presence of epithelioid tubercles with Langhan's
type giant cells. No uninvolved sub-basal zone
is present, and the picture is closely mimicked
by some cases of sarcoid of the skin, tubercu-
losis, beryllium granulomas, and other granu-
lomatous cutaneous lesions. In a study of the
histological differentiation of nonleprous and
leprous cutaneous tuberculoid gcranulomas at the
Armed Forces Institute of Pathology, one of
the authors (Swan) and Dr. Chapman H. Bin-
ford concluded that nerve involvement is seen
almost exclusively in the leprosy cases. Myco.
leprae bacilli are infrequently seen in tubercu-
loid leprosy, although a few may be found in
most cases if a determined and vigorous searcl
is made.

WVhat is known as the indeterminate type of
leprosy is hiistologically nonspecific. In this
type the presence of acid-fast bacilli is rather
infrequent. The dermal reaction consists of
perivascular and perineural. lymphocytic in-
filtration.

Summary and Conclusions

The cultiv,ation of Alycobacterium leprae is
probably the one most important goal sought
by leprologists. Conclusive proof of the pres-

ence of leprosy, exact determination of activity,
precise evaluation of therapeutic agents, and de-
velopment of specific diagnostic tests await the
cultivation of this organism. The leprosy bacil-
lus appears to be an intracellular parasite, and
it is possible that with present-day tissue culture
techniques the organism will be successfully
grown in vitro.
The abnormal values of serum proteins gen-

erally are considered to be due to the response
of the reticuloendothelial system to leprosy
bacilli. It is important to evaluate the protein
values in leprosy according to (a) the type of
leprosy from which the serum is obtained and
(b) the activity of the disease and complicat-
ing conditions, such as amyloidosis and renal
disease. It is apparent that in almost all cases
of lepromatous leprosy there are abnormalities
of serum proteins. The globulins are increased
during acute lepra reactions and erythema
nodosum leprosum, and they subside as the
erythema disappears. Abnormalities of the
serum proteins are rare in tuberculoid leprosy.
In view of the frequency of complicating
amyloidosis in leprosy, the evaluations of serum
proteins are significant, especially in the light
of recent evidence suggesting that amyloidosis
seems to be related to the appearance of beta
and alpha2 globulins in the blood of experi-
mental animals (53).
The cephalin flocculation and thymol tur-

bidity tests are abnormal in leprosy because of
the quantitative, and possibly the qualitative,
variations in the serum proteins. The reduc-
tion of serum cholesterol levels, as reported by
most observers, is more in keeping with what is
known concerning cholesterol metabolism and
excretion. The relationship between free and
esterified cholesterol seems not to have been
adequately studied in leprosy. The low serum
cholesterol levels in active lepromatous leprosy
suggest that there is hepatic involvement, a con-
dition which the finding of lepromata and or-
ganisms in needle biopsies of the liver seems to
confirm.
Other clinical chemistry tests reviewed do

not appear to be altered by leprosy per se.
Hematology offers little in the diagnosis of

leprosy. The presence of organisms in the cyto-
plasm of circulating leukocytes or in smears
from laked blood is usually seen only in cases
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in which organisms can be demonstrated more
easily from smears of cutaneous lesions. Bone
marrow examination likewise contributes little
to the diagnosis of the disease.

False serologic tests for syphilis in leprosy
are well known and have made the diagnosis of
concurrent syphilis difficult unless spirochetes
are demonstrated. The recent results of the
Treponema pallidum immobilization test in pa-
tients with leprosy suggest that the false bio-
logical positive reactions have been eliminated.
The Middlebrook-Dubos hemagglutination

test reveals that leprosy probably produces
antibodies which cause agglutination of red
blood cells that have been sensitized with tuber-
culin. The microflocculation test of Castro,
from the serologic point of view, may be as-
sumed to be a diagnostic test for leprosy. We
believe that this test may be of value as a routine
laboratory procedure in the detection of over-
looked cases of lepromatous leprosy in endemic
areas.

It is our opinion that at the present time
examination of tissues is the best method of
making a laboratory diagnosis of leprosy and
of classifying the disease as to type. The con-
centration of organisms by homogenization of
tissue is perhaps the method most likely to dem-
onstrate organisms in all types of leprosy.
Meticulous technique and cautious interpreta-
tion of results are essential for proper utiliza-
tion of this procedure.
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