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There is widespread interest in the appli-
cation of PCR for the diagnosis of infec-
tious diseases. The overriding concern in
the application of this undoubtedly
powerful technique lies in adequately
controlling both positive and negative
results so that high throughput proto-
cols can be used with confidence. In the
case of false negatives, the currently used
approaches include multiplex amplifica-
tion, where an additional pair of primers
is added that are specific for a host
gene, ™ or the addition of an engineered
control template that produces a product
of different size from that of the authen-
tic DNA fragment with the same pair of
primers.”® Neither of these approaches
offers a true internal control for negative
results. In the former case, the two am-
plifications are quite distinct with differ-
ent efficiencies. Furthermore, there is no
control for the omission of one or both
primers that amplify the target DNA. In
the latter case, a quite separate template
is required and there is no control for the
inadvertent omission of the sample DNA
being tested. In both cases, a relatively
common outcome is the amplification
of the test but not the control frag-
ment.® The ideal internal control to as-
sure accuracy of negative results would
be the amplification of different sets of
products from the sample by the same
specific primer pair, depending on the
presence or absence of the specific DNA.
This is the case when the specific PCR
primers are used under low-stringency
conditions [low-stringency PCR (LS-
PCR)]® This protocol results not only in
the amplification of the specific DNA se-
quence defined by the primers when
present in the sample but also in a fur-
ther set of low-stringency products
(LSPs) irrespective of the presence or ab-
sence of the test sequence. The LSPs are
the result of partially mismatched prim-
ing events throughout the DNA present
in the reaction and are analogous to the
DNA fragments that are produced in the
generation of random amplified poly-
morphic DNAs (RAPDs).*>

To test LS-PCR in the context of diag-
nosis, we have chosen to use leptospiro-
sis as a model system. Leptospirosis can
be fatal and is easily confused with other
acute bacterial infections. Typically, fol-
lowing a short latent period of between 2
and 14 days, there is a pronounced but
transient leptospiremia of up to 10,000
bacteria/ml that results in the typical
symptoms of acute bacterial infection.
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For treatment to be effective, it must be
administered during this phase of the
disease. However, there is no detectable
antibody present during this phase, and
the direct microscopic detection of the
organism is extremely difficult owing to
the low numbers of organisms in some
cases and the transient nature of the
leptospiremia. Diagnosis based on cul-
ture is ruled out because of the ex-
tremely slow growth of the organism.®
Thus, PCR is of great potential value in
the timely diagnosis of this infection.

MATERIALS AND METHODS

Leptospira interrogans was cultured in the
liquid medium of Ellinghausen and
McCullough, as modified by Johnson
and Harris” for 7 to 10 days under aer-
obic conditions in the dark at 28°C. Dur-
ing the exponential growth phase, the
organisms were centrifuged at 13,0008
for 30 min at 4°C, and the pellet was
washed twice in PBS and stored at —70°C
until use. Experimental infections were
undertaken by infecting Golden ham-
sters intraperitoneally with 2x10° bacte-
ria. Blood samples (0.5 ml) were taken
daily from which the serum was sepa-
rated and any bacteria present collected
by centrifugation at 13,000 for 30 min
at room temperature.

Total DNA from cultured or serum-
derived bacteria was prepared by cell ly-
sis and overnight incubation in SDS—
proteinase K, followed by extraction
with phenol-chloroform and ethanol
precipitation as described by Tamai.®
The DNA was resuspended in TE and
stored at 4°C. The concentration of DNA
prepared from cultured bacteria was de-
termined by electrophoresis against
known standards and the amounts indi-
cated in the text used for amplification.
The DNA from serum samples was resus-
pended in 60 pl of TE, and 1 pl was used
for amplification.

LS-PCR was undertaken with the
primers  described previously by
Gravekamp'® for the specific diagnosis
of Leptospira: G1=35'-CTGAATCGCTG-
TATAAAAGT-3' and G2=35'-GGAAAA-
CAAATGGTCGGAAG-3'. A reaction vol-
ume of 10 pl was used for all
amplifications containing 200 pmM of
each of the four deoxynucleotide
triphosphates, 1.5 mm MgCl,, 50 mm
KCl], and 10 mmM Tris-HCI (pH 8.5), to-
gether with 6 pmoles of each primer.
One nanogram of DNA and 0.8 units of
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Taq polymerase (a kind gift from the
Center for Biotechnology, Rio Grande do
Sul, Brazil) were then added, and the re-
action mixture was overlaid with 20 pl of
mineral oil. The first cycle of amplifica-
tion consisted of denaturation at 95°C
for § min, annealing at 30°C for 2 min,
and extension at 72°C for 3 min. The sec-
ond cycle was identical to the first, ex-
cept that denaturation was at 92°C for 45
sec. The subsequent 33 cycles consisted
of denaturation at 92°C for 45 sec,
primer annealing at 40°C for 1 min, and
extension at 72°C for 2 min. An addi-
tional 5 min at 72°C was included at the
end of the program to ensure complete
extension. For specific amplification, the
same reaction mix was used except that 1
pmole of the primers and 0.4 units of
Taq polymerase were used. The specific
amplification cycle consisted of an ini-
tial denaturation at 94°C for 3 min fol-
lowed by 30 cycles of amplification of
51°C for 2 min, 72°C for 2 min, and 94°C
for 30 sec, with an extended incubation
at 72°C for 5 min in the final cycle. All
amplified samples were subjected to
electrophoresis using 4% polyacryla-
mide gels followed by silver staining.!®

RESULTS AND DISCUSSION

To compare specific PCR and LS-PCR for
Leptospira diagnosis, bacterial and host
(hamster) DNAs were mixed and used as
the amplification template. Under spe-
cific conditions, amplification results in
a band of ~280 bp when Leptospira DNA
is present (Fig. 1, lanes 2—-6). In the ab-
sence of the bacterial DNA, the amplifi-
cation is completely negative (Fig. 1,
lane 1). In contrast, when LS-PCR is
used, a relatively complex set of products
results from both positive and negative
samples that are distinguished by the
presence or absence of the specific am-
plified band on the same background of
LSPs (Fig. 1, lanes 7-12). Now, the ab-
sence of any amplified bands from an
individual lane indicates failure of the
PCR reaction owing, for example, to the
omission of template DNA to the reac-
tion mix (Fig. 1, lane 13). Using LS-PCR
for diagnosis, the appropriate positive
control is a tube known to contain the
target DNA mixed with host DNA as
shown in Figure 1, lane 10, for example.
The presence of the specific band shows
the inclusion of both primers in this
tube, and the LSPs present define those
that result from the LS-PCR amplifica-
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FIGURE 1 One nanogram of hamster DNA
mixed with 200 pg (lanes 2,8), 40 pg (lanes
3,9), 8 pg (lanes 4,10), 1.6 pg (lanes 5,11), and
320 fg (lanes 6,12) of L. interrogans serovar ict-
erohaemorrhagiae DNAs were subjected to ei-
ther specific PCR (lanes 1-6) or LS—-PCR (lanes
7-12) in 10-pl reaction volumes and 3 pl an-
alyzed by electrophoresis through a 4% poly-
acrylamide gel and silver staining. (Lanes 1,7)
Controls containing 1 ng of hamster DNA
alone; (lane 13) a negative control without
either hamster or Leptospira DNA. The num-
bers at left indicate the positions of two refer-
ence DNA size markers.

tion of the host DNA by this primer pair.
The presence of these LSPs in the other
tubes then demonstrate the presence of
both primers in each case. Minor differ-
ences would indicate polymorphisms
between the individuals being tested,
but the omission of a single primer
would result in more than half the LSPs
being different.*?

The amplification of the specific band
is favored in the first two rounds of LS—
PCR amplification because of the higher
temperature at which the primers anneal
to this region, ensuring that this interac-
tion will take place prior to lower tem-
perature annealing events. However, in
subsequent rounds of amplification,
there will be competition between the
products potentially leading to a loss of
sensitivity of LS-PCR in comparison
with specific amplification. To test for
this, decreasing amounts of Leptospira
DNA were mixed with 1 ng of hamster
DNA and used for specific and LS-PCR as
shown in Figure 1. We found that the
effective cutoff point was in the region
of 1 pg of bacterial DNA. It can be ob-
served that despite the concomitant am-
plification of LSPs the specific product
tends to be more intense using LS-PCR
than conventional conditions. At very
low concentrations of specific template,
the problem of distinguishing the spe-
cific band from LSPs begins to arise.

Thus, under these circumstances, al-
though LS-PCR has the advantages
stated in terms of providing an internal
control, the presence of other bands may
complicate the readout and confirma-
tion by Southern blotting is advisable.

To directly test LS-PCR for diagnosis
of acute experimental leptospirosis, se-
rum samples were taken from seven
hamsters, three of which were infected
and four of which were uninfected, on
the fourth day of infection. In a blind
test all of the infected individuals were
easily and correctly identified by a
strong specific amplification band on an
invariant background of LSPs that derive
from hamster DNA present in the DNA
samples (Fig. 2). Identical results were
obtained with specific PCR (data not
shown). In preliminary applications of
this technique for clinical diagnosis, we
are consistently using both specific and
LS-PCR to have as much confidence as
possible in the results. However, we have
not come across a case, as yet, where LS—
PCR gave a negative result and specific
PCR a positive result.

LS—-PCR is probably applicable to the
diagnosis of many diseases. It has the ad-
vantage of being immediately testable
without the need for the construction of
control templates, the production of al-
ternative primers, or fundamental
changes in protocol. The prerequisites
for its application are simply that spe-
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FIGURE 2 DNA samples prepared from the
sera of seven hamsters (lanes 2-8), three of
which were infected with L. interrogans sero-
var icterohaemorrhagiae (lanes 3,7,8), were
subjected to LS-PCR in 10-ul reaction vol-
umes and 3 ul analyzed by electrophoresis
through a 4% polyacrylamide gel and silver
staining. (Lane 1) Amplification products
from DNA extracted from the serum of an un-
infected hamster; (lane 9) the products from
DNA extracted from cultured L. interrogans se-
rovar icterohaemorrhagiae.
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cific DNA primers are available and that
the DNA is present in the biological sam-
ples being tested in sufficient concentra-
tions to allow diagnosis by PCR. It thus
should provide a useful methodology for
any diagnostic laboratory.
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