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Polymerase Chain Reaction and Leprosy

Revolutionary developments in science,
by definition, have far-reaching effects on
many fields, often providing new insight on
unresolved questions or alternative ap-
proaches to circumvent long-standing ob-
stacles to basic and applied research. Such
is the case with the discovery of the poly-
merase chain reaction (PCR). Since the dis-
covery of PCR by K. Mullis and associates'• 2

in 1987, it has become an important tool
for many scientists studying deoxyribonu-
cleic acid (DNA). The major strength of PCR
is the ability of the reaction to produce in-
credibly large amounts of DNA of defined
length and sequence from small quantities
of DNA through enzymatic amplification
using reasonably inexpensive equipment and
reagents.'• 4

Specific DNA amplification of this mag-
nitude has created a new approach for de-
tecting and identifying pathogenic micro-
organisms using defined gene segments for
amplification. Of particular interest to
workers studying leprosy, tuberculosis and
other mycobacterial diseases has been the
potential for PCR to simplify the detection
of the etiologic agents involved in these dis-
eases. Assuming PCR can meet this goal and
remain cost-effective, it may eventually aid
in the diagnosis of these diseases and pro-
vide a new approach for studying various
epidemiologic aspects of these important
human diseases. The purpose of this edi-
torial is to review the current literature as-
sociated with the application of PCR to the
study of pathogenic mycobacteria with pri-
mary emphasis on the potential of this tech-
nique for the study of leprosy.
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PCR methodology
PCR takes advantage of the normal mo-

lecular mechanisms associated with enzy-
matic replication of DNA. 3 Reactants need-
ed to perform PCR can be obtained
commercially and include positive and neg-
ative strand priming oligonucleotides
(primers), deoxyribonucleotides (dNTPS),
and DNA polymerase. The final ingredient
is the template DNA (e.g., bacterial chro-
mosomal DNA) to which the other com-
ponents bind and produce multiple copies
of a defined DNA segment (target). DNA
amplification is based on the repetition of
three steps: denaturation, annealing, and
primer extension. In the denaturation step,
the double-stranded template DNA is sep-
arated into single strands by heating. This
is followed by the annealing step, in which
positive and negative strand primers bind
to complementary DNA sequences flanking
the "target" region of the template DNA.
In the primer extension step, primers, in the
presence of Thermus aquaticus (Tag) DNA
polymerase, initiate synthesis of two new
strands complementary to the original
strands. Repetitive temperature cycling of
the reaction mixture can result in greater
than a million-fold amplification of a de-
sired gene segment within a few hours.' 4

With appropriate detection methods (hy-
bridization), this technique has the theoret-
ical capability of detecting one target se-
quence in a sample preparation) ,5

Rationale for PCR in diagnosis of leprosy.
Routine diagnosis of leprosy is based on
clinical observation of the patient's der-
matologic condition and associated neuro-
logic sequelae. Histologic examination of
skin lesions confirms the clinical picture
when intraneural acid-fast bacilli (AFB) and/
or granulomatous destruction of the nerve
are present. These procedures are perfectly
suitable for the diagnosis of most forms of
leprosy, but can suffer from a lack of sen-

Li, H. H., Gyllensten, U. B., Cui, X. F., Saiki, R.
K., Erlich, H. A. and Arnheim, N. Amplification and
analysis of DNA sequences in a single human sperm
and diploid cells. Nature 335 (1988) 414-417.
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sitivity and specificity when the clinical or
histopathologic findings are equivocal. For
example, histologic examination of tissues
cannot differentiate one AFB from another,
and the practical lower limit of detection by
microscopic observation is approximately
104 AFB/m1. 6, 7 When no AFB are seen on
histologic examination, or if the inflam-
matory response in the tissues is nonspecific
and intraneural inflammation is absent, a
definitive diagnosis of leprosy cannot be
made. Since two major strengths of PCR
are sensitivity and specificity, it is possible
that PCR or other DNA amplification pro-
cedures may find a role in this area, pro-
viding a rapid method with extremely high
sensitivity and specificity for detecting small
numbers of Mycobacterium leprae present
in biological specimens.

Specificity. Standard microbiologic
identification tests require specific knowl-
edge of the genotypic or phenotypic char-
acteristics of microorganisms. Identifica-
tion tests based on PCR are no different,
and require DNA sequence data from which
specific tests are developed.' -4 With the es-
tablishment of recombinant DNA libraries
for M. leprae, 8 . 9 M. tuberculosis,'" and other
mycobacteria, genetic studies have detailed
numerous DNA sequences suitable for de-
veloping species-specific PCR tests. 1-16 In-

° Shepard, C. C. and McRae, D. H. A method for
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deed, species- or genus-specific PCR tests
have now been reported for M. leprae, 17- 21

Al. tuberculosis, 22-25 Al. avium-intracellu-
lare complex,24. 26 M. fortuitum, and M.
paratuberculosis. 24

Selection of the appropriate DNA "tar-
get" for amplification is very important for
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(1990) 513-518.
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(1989) 843-849.
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the development of a highly specific PCR
test. M. leprae-specific PCR tests have been
developed from DNA sequences encoding
three well-defined antigenic proteins. Two
of the proteins (18-kDa and 36-kDa) were
found almost exclusively in M. lep-
rae," , 27 ' 28 while the third protein (65-kDa)
has been shown to be a highly conserved
heat-shock protein and thought to be ex-
pressed in all prokaryotes as a homolog of
the GroEL protein of Escherichia
PCR tests have been developed based on
the amplification of species-specific "tar-
get" regions of the gene for these proteins
or by use of a second "nested" amplification
of a common gene sequence to produce the
M. leprae-specific product. A fourth PCR
test for M. leprae was developed by Woods
and Cole's based on an M. /eprae-specific
repetitive DNA sequence found at approx-
imately 20 sites in the M. leprae ge-
nome.' 3,31-33 While specificity analysis for
most of these PCR tests was not exhaustive,
most studies included DNA from appro-
priate mycobacteria, DNA from related and
unrelated bacterial genera (often found in

" Lamb, F. I., Singh, N. B. and Colston, M. J. The
specific 18-kilodalton antigen ofMycobacterilim leprae
is present in Mycobacterium habana and functions as
a heat-shock protein. J. Immunol. 144 (1990) 1922—
1925.

' De Wit, M. Y. L. and Klatser, P. R. Purification
and characterization of a 36 kDa antigen of Mycobac-
terium leprae. J. Gen. Microbiol. 134 (1988) 1541—
1548.

29 Shinnick, T. M., Vodkin, M. H. and Williams, J.
C. The Mycobacterium tuberculosis 65 -kilodalton an-
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mon antigen and to the Escherichia coli GroEL protein.
Infect. Immun. 56 (1988) 446-451.

30 Thole, J. E. R., Hindersson, P., de Bruyn, J., Cre-
mers, F., Van der Zee, J., de Lock, H., Tommassen,
J., van Eden, W. and van Embden, J. D. A. Antigenic
relatedness of a strongly immunogenic 65-kDa my-
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gens 4 (1988) 71-83.
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J. E. and Bloom, B. R. Genetic relationships between
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sequence. Infect. Immun. 57 (1989) 1535-1541.

Clark-Curtiss, J. E. and Walsh, G. P. Conservation
of genomic sequences among isolates of Mycobacteri-
um leprae. J. Bacteriol. 171 (1989) 4844-4851.

Williams, D. L. and Gillis, T. P. A study of the
relatedness of Mycobacterium leprae isolates using re-
striction fragment length polymorphism analysis. Acta
Leprol. (Genêve) 7 (1989) 226-230.

association with tissues taken for clinical
diagnosis of leprosy), and DNA from eu-
karyotic sources including man, mouse, and
the nine-banded armadillo. Taken together,
the above data indicate that species-specific
PCR tests do not have to be limited to M.
/eprae-specific genes but can be developed
from sequences found within a highly con-
served gene within the mycobacterial genus
containing species-specific regions. Since
mutations in species-specific DNA regions
of either common or specific genes could
lead to false-negative results by PCR, it is
not clear at this point which approach will
provide a more universally applicable PCR
test. However, in light of the apparent low
degree of the genetic diversity of isolates of

leprae, this may not prove to be a serious
problem.' 3 ' 31-33

Sensitivity. Sensitivity requirements for
PCR tests designed to detect mycobacterial
pathogens must surpass detection levels of
standard microscopic observation (10 4/ml)
and maintain specificity. Ideally, pathogen
detection and identification should be made
directly from patient specimens obviating
the need for cultivation. This is particularly
relevant to the identification of M. leprae,
but is also important for identifying slowly
growing pathogens such as M. tuberculosis
and Al. arhn.

Mycobacterial identification tests devel-
oped from nucleic acid hybridization meth-
ods preceded PCR, and have become im-
portant tools for the specific identification
of mycobacterial groups such as the Al.
tuberculosis34 • 35 and M. avium complex-
es. 36 . 3 ' These assays, however, are designed

Gonzalez, R. and Hanna, B. A. Evaluation of Gen-
Probe DNA hybridization systems for the identifica-
tion of Mycobacterium tuberculosis and Mycobacteri-
um avium - intracellulare. Diagn. Microbiol. Infect. Dis.
8 (1987) 69-77.

" Ellner, P. D., Kiehn, T. E., Cammarata, R. and
Hosmer, M. Rapid detection and identification of
pathogenic mycobacteria by combining radiometric and
nucleic acid probe methods. J. Clin. Microbiol. 26
(1988) 1349-1352.

36 Drake, T. A., Herron, R. M., Jr., Hindler, J. A.,
Berlin, O. G. W. and Bruckner, D. A. DNA probe
reactivity of Mycobacterium anion, complex isolates
from patients without AIDS. Diagn. Microbiol. Infect.
Dis. 11 (1988) 125-128.

Saito, H., Tomioka, H., Soto, K., Tasaka, H., Tsu-
kamura, M., Kuzi, F. and Asano, K. Identification and
partial characterization of Mycobacterium avium and
Mycobacterium intracellulare by using DNA probes. J.
Clin. Microbiol. 27 (1989) 994-997.
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for identification of the organisms upon
achieving a prescribed degree of growth in
vitro, not allowing direct detection from bi-
ologic specimens. A DNA hybridization as-
say developed for the identification of M.
leprae from biological tissues was reported
by Clark-Curtiss' group and showed a the-
oretical lower limit of approximately 4 x
10' M. leprae." The DNA probe used in
the assay contained an Al. leprae-specific
repetitive sequence, enhancing the theoret-
ical sensitivity for detecting M. leprae DNA.
However, tests showed that the practical
lower limit of the assay for detecting Al.
leprae from multibacillary patients' skin bi-
opsies was approximately 1 x 10 5 bacilli.
While DNA hybridization assays are highly
specific, improved levels of sensitivity will
be necessary to detect microorganisms from
biological samples routinely.

PCR-based assays with or without DNA
hybridization are challenging direct DNA
hybridization assays for mycobacterial de-
tection with similar levels of specificity and
increased levels of sensitivity. For example,
all PCR tests for M. leprae reported thus far
can detect between 1 to 100 bacilli. Most of
these reports measured lower detection lim-
its in the presence of excess prokaryotic -2 °
or eukaryotic 19, 20, 24 DNA as well as normal,
uninfected human skin biopsies. 19 While the
detection limits of these assays are impres-
sive and provide new ways to detect M.
leprae, the utility of these assays for im-
proving current diagnostic criteria for lep-
rosy remains undefined.

Sample preparation for PCR. Sample
preparation for PCR should be simple, in-
expensive, and safe, while maintaining the
integrity of the DNA for subsequent anal-
ysis. Physical barriers, such as standard mi-
crobiologic hoods and screw-cap test tubes,
should be used throughout sample prepa-
ration of infectious material to protect the
worker and to reduce the possibility of con-
taminating the samples. Disruption of in-
fected tissues using a Mickle homogenizer
and glass beads provides M. leprae suspen-
sions suitable for extraction of DNA.' 9 ' 20

Enzymatic digestion as well as mechanical
breakage of the cell wall (with or without
heating) have been used to release DNA
from M. leprae for subsequent PCR. 17-2 '
Standard techniques for DNA extraction and
concentration have been used and found ef-

fective."• 19.2 ' When large numbers of M.
leprae are present, a few cycles of freezing
and thawing are sufficient to release ade-
quate amounts of DNA for PCR.' 8 It should
be noted, however, that extraction of DNA
from proteins and other defined contami-
nants is preferable, particularly when low
numbers of M. leprae are present in tissues
(personal observation).

Pitfalls. A major concern for laborato-
ries using PCR is the contamination of sam-
ples or reagents with DNA from either the
test organisms or the amplified product's
The presence of minute quantities of DNA
from either source can produce false-posi-
tives or raise control background levels re-
ducing sensitivity. It has been estimated that
25,000 molecules of PCR product can be
found in one aerosol droplet originating from
a previous PCR amplification.' According-
ly, aseptic techniques suitable for contain-
ment of microbial contaminants have been
recommended for handling PCR reagents
and DNA samples.' Most laboratories have
found that this level of containment without
other special precautions is not sufficient to
avoid spurious contamination. For exam-
ple, laboratory design implementing phys-
ical separation of certain procedural aspects
of PCR is essential. At a minimum, these
should include separate areas for set up, cy-
cling, and product analysis. In addition,
workers need to use positive displacement
pipettes, or standard micropipettes with
aerosol-containment tips, to avoid contam-
inating the pipetting instrument. Regular
soaking of pipetting devices in detergents,
followed by 1 N HC1 and autoclaving is
recommended where appropriate. Finally,
negative controls, excluding analyte DNA,
must be tested along with unknown samples
to monitor contamination of buffers and
PCR reagents.

A procedural variation of the standard
PCR, called nested PCR, has been suggested
as a way to reduce false-positive results due
to contamination of samples by the end
products of prior amplifications. 2 In the
nested PCR approach, two sets of primers
are selected for amplification purposes. The

" Lo, Y.-M. D., Mehal, W. Z. and Fleming, K. A.
False-positive results and the polymerase chain reac-
tion. (Letter) Lancet 2 (1988) 679.
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first pair of primers (outside primers) am-
plifies a portion of the genome, and the two
inside primers (nested primers) direct the
amplification of sequences contained with
the product produced by the first set of
primers. The number of cycles required for
each pair of primers is much smaller (15-
25 cycles) than that required for high levels
of sensitivity using a single set of primers
(30-50 cycles), so that background or non-
specific amplification should be reduced.

Another area needing further definition is
the quantitative aspects of PCR. Although
the final product of a PCR amplification can
be quantitated, relating that figure to the
absolute number of microorganisms present
in a given sample can be difficult. Quanti-
tative PCR tests have been developed and
rely on either internal or external controls
for standardization. Both approaches suffer
from problems inherent with comparing
amplification efficiencies between unknown
concentrations of sample DNA and known
concentrations of control DNA. However,
studies analyzing these aspects arc being ex-
plored."'

Confounding standardization of PCR tests
designed to quantitate M. leprae in infected
tissues is the possibility of finding free AI.
leprae DNA in host tissues. It is likely that
free DNA is present in infected host tissues
as a result of death and decomposition of
the bacilli. DNA at varying degrees of dis-
integration should be present and a portion
of these molecules will be capable of pro-
viding suitable template DNA for PCR am-
plification. In fact, we have shown that re-
moval ofM. leprae from fresh human biopsy
homogenates by centrifugation can yield ba-
cilli-free supernatants capable of generating
strong PCR signals. This finding begs the
question of whether a direct relationship ex-
ists between the viability of M. leprae in
tissue and a positive PCR test result. Well-
controlled studies in both experimental an-

" Dickover, R. E., Donovan, R. M., Goldstein, E.,
Dandekar, S., Bush, C. E. and Carlson, J. R. Quanti-
tation of human immunodeficiency virus DNA by us-
ing the polymerase chain reaction. J. Clin. Microbiol.
28 (1990) 2130-2133.

40 Abbott, M. A., Poiesz, B. J., Byrne, B. C., Kwok,
S., Sninsky, J. and Ehrlich, G. D. Enzymatic gene am-
plification: qualitative and quantitative methods for
detecting proviral DNA amplified in vitro. J. Infect.
Dis. 158 (1988) 1158-1169.

imals and leprosy patients, under strict
antimicrobial therapy, need to be done to
define this relationship and thereby place
PCR results in proper perspective.

The cost of PCR could conceivably be a
problem for widespread clinical use, partic-
ularly in developing countries. At the cur-
rent price of approximately $3.00—$3.50 per
test, PCR will remain a research tool used
to answer specific research questions.
Transfer of this technology to clinical lab-
oratories would require several technolog-
ical advancements, including test formats
minimizing the potential for contamina-
tion, and the use of simple, nonradioactive
binding assays. Finally, the applicability of
PCR for clinical use must await further test-
ing to establish its usefulness, if any, in di-
agnosis and patient monitoring.

Future
The development of simple, sensitive

PCR tests to detect M. leprae using specific
DNA sequences is a major development in
leprosy research. Immediate applications
with the existing technology may include
epidemiologic studies to determine the dis-
tribution of AI. leprae in the various seg-
ments of endemic populations and the sur-
rounding environment, as well as studies to
correlate PCR results with various forms of
clinical disease.

Other immediate applications for PCR
may include complementing current clini-
cal and histopathologic diagnostic criteria
for leprosy, particularly when signs and
symptoms are equivocal, such as can be the
case in indeterminate leprosy and in sus-
pected cases where no AFB can be detected
in tissue samples. Another application may
be to study archival, paraffin-embedded
samples since samples of this type are suit-
able for PCR. -" , 42 Preliminary studies how-
ever, indicate that buffered formalin is not
a good fixative for maintaining DNA integ-
rity for the PCR based on the M. leprae 18-

41 Shibata, D., Martin, W. J. and Arnheim, N. Anal-
ysis of DNA sequences in forty-year-old paraffin-em-
bedded thin-tissue sections: a bridge between molec-
ular biology and classical histology. Cancer Res. 48
(1988) 4564-4566.

" Lai-Goldman, M., Lai, E. and Grody, W. W. De-
tection of human immunodeficiency virus (HIV) in-
fection in formalin-fixed, paraffin-embedded tissues by
DNA amplification. Nucleic Acids Res. 16 (1988) 8191.
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kDa protein gene (personal observation).
Accordingly, studies need to be done to de-
fine appropriate fixatives which will allow
proper fixation of tissues for histologic anal-
ysis and for testing by PCR.

Studies need to be performed to deter-
mine the relationship between viability of
M. leprae and PCR. If PCR results can be
shown to reflect the viability status of M.
leprae, then the potential of PCR for mon-
itoring antileprosy drug therapy and to dif-
ferentiate reaction from relapse of the dis-
ease in paucibacillary patients may be an
important advance in disease management.
Alternatively, monitoring highly labile bac-
terial components associated with tran-
scription and translation, for example,
mRNA and rRNA, may provide another
option for judging the viability ofM. leprae.

Thus far, M. leprae-specific sequences
have been characterized for PCR which can
be used to differentiate M. leprae from other
species. Should stable, isolate-specific se-
quences be characterized, as they have for
other human pathogens,". 44 PCR tests'could

Olive, D. M., Atta, A. I. and Sethi, S. K. Detection
of toxigenic Escherichia coli using biotin-labelled DNA
probes following enzymatic amplification of the heat
labile toxin gene. Mol. Cell. Probes 2 (1988) 47-57.

be developed and used for taxonomic pur-
poses and possibly for studying disease trans-
mission.

Finally, it is conceivable that sequences
related to drug resistance or sensitivity could
be characterized and used for developing
PCR tests to detect the same. 44 Combining
a PCR test for drug resistance with an Al.
leprae-specific PCR test may provide si-
multaneous analysis of pathogen identifi-
cation and drug sensitivity testing directly
from infected host tissues.

—Thomas P. Gillis, Ph.D.
—Diana L. Williams, Ph.D.

Laboratory Research Branch
GIVL Hansen's Disease Center
Carville, Louisiana 70721, U.S.A.

" Kashani-Sabet, M., Rossi, J. J., Lu, Y., Ma, J. X.,
Chen, J., Miyachi, H. and Scanlon, K. J. Detection of
drug resistance in human tumors by in vitro enzymatic
amplification. Cancer Res. 48 (1984) 5775-5778.
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