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Recent interest in anthrax is due to its potential use in bioterrorism and as a biowarfare agent against
civilian populations. The development of rapid and sensitive techniques to detect anthrax spores in suspicious
specimens is the most important aim for public health. With a view to preventing exposure of laboratory
workers to viable Bacillus anthracis spores, this study evaluated the suitability of PCR assays for detecting
anthrax spores previously inactivated at 121°C for 45 min. The results indicate that heat treatment ensures the
complete inactivation of B. anthracis spores without significantly affecting the efficiency of PCR assays.

Since the attacks of 11 September, there has been an in-
crease in global concerns regarding bioterrorist attacks. Recent
interest in anthrax is due to its potential use in bioterrorism
and as a biowarfare agent against civilian populations (4, 6, 7,
9, 11, 12). Cases of pulmonary and cutaneous anthrax occurred
in postal workers and in mail handlers exposed to envelopes
contaminated with Bacillus anthracis spores in the United
States. As of the end of November 2001, it had been reported
that 5 people had died and 13 others had been infected with
anthrax (3). Before these events, vials containing B. anthracis
spores had been found in U.S. Postal Service facilities on at
least two occasions over the past 30 years. The last case oc-
curred in 1999 (5).

The culture of powders or samples from envelopes having
any powdery substance on the outside is the classical method of
detecting B. anthracis. An alternative method is the direct
detection of B. anthracis DNA in letters, packages, or other
materials suspected of being contaminated. PCR assays for
detecting genes for virulence markers in B. anthracis strains
were recently described (2, 14, 16, 17, 20, 22). The main prob-
lems in setting up a test procedure for DNA testing of sus-
pected B. anthracis spore-containing material are the risk of
exposing laboratory workers and the costly procedures for
transferring contaminated material and/or cultures to special-
ized laboratories. Both problems can be addressed by inacti-
vating the vegetative and spore phases of the organism prior to
testing. In this study, the suitability of using previously de-
scribed PCR assays to detect DNA from heat-inactivated
spores is described. The sensitivity of the PCR test was also
estimated by using different sets of primers to detect both
chromosomal and plasmid genes specific for virulent strains of
B. anthracis.

For this study B. anthracis A0843 was used as a virulent
strain for spore production. This strain, isolated from an out-

break of anthrax which occurred in Italy, was microbiologically
identified according to the work of Turnbull et al. (21), and the
presence of plasmids pXO1 and pXO2 has been confirmed by
PCR assay (8, 10, 19). Genotyping analysis performed by mul-
tiple-locus variable-number tandem repeat analysis included
this strain in cluster A1a, genotype 3, one of the most fre-
quently isolated in Italy (13; A. Fasanella, K. L. Smith, C. Keys,
P. Coker, P. Keim, and M. Hugh-Jones, Program Abstr. 4th
Int. Conf. Anthrax, p. 14, 2001). Bacillus cereus ATCC 14579
was used as an avirulent control strain, and all strains were
maintained on sheep blood agar plates (Oxoid) at 37°C.

To promote sporulation, B. anthracis was cultured on tryp-
tose agar at 37°C for 48 h followed by 2 weeks at 23°C. Sporu-
lation was periodically monitored by using the Schaeffer-Ful-
ton stain: the vegetative cells appeared red to pink, while
spores were green (18). When sporulation reached 95%, the
vegetative organisms were inactivated by incubation with a
suspension of 50% methanol–50% saline at 37°C for 1 h. For
methanol elimination, spores were washed three times with
saline and the pellet was suspended. The number of spore-
forming units was evaluated by plating 10-fold dilutions in
saline onto plate count agar plates (Bio-Rad), which were
incubated at 37°C for 48 h. Successively, from a suspension
containing about 107 � 106 � 9.6 � 106 spore-forming units
per ml, dilutions of viable spores were prepared in distilled
water from 10�1 to 10�5, and 2 ml of each dilution was asep-
tically distributed onto containers. The containers were sealed
and stored at �80°C overnight before freeze-drying was per-
formed with a Drywinner (Heto). Finally, the lyophilized
spores were treated at 121°C for 45 min in an autoclave, ac-
cording to official procedures of the Ministry of Health of Italy.
Some samples were alternatively heated at 125°C for 60 min to
determine if a stronger treatment affected the efficiency of
PCR assays.

Prior to molecular testing, all autoclaved spore samples were
suspended in 2 ml of distilled water and tested for purity and
sterility according to standard procedures (15). None of the
spores were viable after the heat treatment. For the PCR test,
200 �l of each suspension was heated to 98°C for 30 min and
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then centrifuged at 5,000 rpm for 10 min. DNA templates from
methanol-killed (1) B. anthracis and B. cereus strains were used
as positive and negative controls, respectively. The PCR assay
and the primers have been described; the latter are listed in
Table 1 (8, 17, 19). Amplified samples were electrophoresed in
a 2% agarose gel containing 0.5 �g of ethidium bromide/ml at
120 V for 60 min, and amplified bands were transilluminated
under UV light and compared to a 50-bp DNA ladder.

For samples previously heated at 125°C for 60 min, the
747-bp fragment of the pag gene recognized by primers 67 and
68 was amplified from the spore suspensions from undiluted to
10�4-diluted samples (Fig. 1a, lanes 1 to 5), and the 151-bp
fragment of the pag gene recognized by primers 23 and 24was
still weakly evident in samples diluted 10�5 (Fig. 1b, lanes 1 to
6). The 993-bp fragment amplified by lef-specific primers 59
and 60 remained evident in the undiluted to 10�2-diluted sam-
ples (Fig. 1c, lanes 1 to 3); an amplification of a lef primer 3-
and 4-specific 385-bp fragment was obtained in the undiluted
to 10�4-diluted samples (Fig. 1d, lanes 1 to 5), while the 546-bp
fragment of the cya sequence recognized by primers 25 and 26
appeared in undiluted samples through the 10�2 dilutions (Fig.
1e, lanes 1 to 3). In contrast, the 929-bp fragment amplified
from the cya plasmid gene sequence recognized by primers 65
and 66 was still evident up to a 10�3 dilution (Fig. 1f, lanes 1
to 4). Amplification of the capBCA 17 and 20 primer-specific
873-bp fragment was apparent in undiluted to 10�3-diluted
samples (Fig. 1g, lanes 1 to 4); the capC 57 and 58 primer-
specific 264-bp fragment was amplified in samples diluted up to

10�4 (Fig. 1h, lanes 1 to 5), as was the 152-bp Ba813 chromo-
somal fragment (Fig. 1i, lanes 1 to 5).

Bands in lane 8 of all panels in Fig. 1 are from the B.
anthracis-positive control strain, and lane 7 contains the B.
cereus negative control. The same results were obtained when
spore samples were heated under less stringent conditions
(121°C for 45 min), with no apparent viable cells observed in
subculture of the treated spores (data not shown).

Results indicated that dilutions spore suspensions of B. an-
thracis could be killed by heating at 125°C for either 45 or 60
min and that sufficient template DNA was released after either
treatment for PCR analysis. Moreover, amplicons of the cya,
pagA, and lef genes, encoding edema factor, protective antigen,
and lethal factor, respectively, as well as the chromosomal
Ba813 sequence could be amplified from this template DNA
(19). The most sensitive results appeared to be obtained with
the pagA fragment recognized by primers 23 and 24, which still
could be amplified at a 10�5 dilution, corresponding to approx-
imately 1.07 � 103 inactivated spores/ml. To evaluate the loss
in sensitivity that occurs following heat treatment, PCR assays
were carried out in parallel by testing viable and heated spores.
The results indicated that when the supernatant of viable
spores, previously treated at 98°C for 30 min, was tested, a
maximum of a 10-fold increase in the sensitivity was obtained
depending on the set of primers used (data not shown). Thus,
the loss in sensitivity as a result of autoclaving should not be
considered significant. It is also possible that this drop in sen-

TABLE 1. Primers used in this study

Locus Primer Position Length (bp) Sequence (5�-3�) Reference

pag 67 1925–1944 747 CAGAATCAAGTTCCCAGGGG 19
68 2652–2671 747 TCGGATAAGCTGCCACAAGG 19

23 2006–2027 151 CTACAGGGGATTTATCTATTCC 19
24 2135–2156 151 ATTGTTACATGATTATCAGCGG 19

cya 65 1255–1274 929 CAGCATGCGTTTTCTTTAGC 19
66 2164–2183 929 CCCTTAGTTGAATCCGGTTT 19

25 1459–1478 546 GGTTTAGTACCAGAACATGC 19
26 1990–2004 546 CGGCTTCAAGACCCC 19

lef 3 1238–1258 385 CTTTTGCATATTATATCGAGC 19
4 1599–1622 385 GAATCACGAATATCAATTTGTAGC 19

59 949–970 993 GGATATGAACCCGTACTTGTAA 19
60 1921–1941 993 TAAATCCGCACCTAGGGTTGC 19

capC 57 1603–1622 264 ACTCGTTTTTAATCAGCCCG 19
58 1847–1866 264 GGTAACCCTTGTCTTTGAAT 19

capBCA 17 1230–1249 873 GAAATAGTTATTGCGATTGG 19
20 2083–2102 873 GGTGCTACTGCTTCTGTACG 19

Ba813 R1 227–249 152 TTAATTCACTTGCAACTGATGGG 18
R2 98–120 152 AACGATAGCTCCTACATTTGGAG 18
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FIG. 1. Electrophoretic analysis (2% agarose gel) of amplified DNA fragments obtained by PCR assays performed with different sets of primers
on DNA samples from heat-inactivated B. anthracis spore suspensions. The PCR assay was conducted on undiluted (lanes 1) to 10�5-diluted (lanes
6) DNA samples in distilled water. (a) Fragment of 747 bp amplified by the pag primers 67 and 68; (b) 151-bp fragment amplified by the pag primers
23 and 24; (c) 993-bp fragment amplified by the lef primers 59 and 60; (d) 385-bp fragment amplified by lef primers 3 and 4; (e) 546-bp fragment
amplified by cya primers 25 and 26; (f) 929-bp fragment amplified by cya primers 65 and 66; (g) 873-bp fragment amplified by capBCA primers
17 and 20; (h) 264-bp fragment amplified by capC primers 57 and 58; (i) 152-bp fragment amplified by Ba813 primers R1 and R2. DNA samples
of virulent B. anthracis and B. cereus used as positive and negative controls, respectively, are shown in lanes 7 and 8. Lanes 9 contain a 50-bp ladder
as a size standard.
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sitivity could also reflect the variability of the DNA extraction
and PCR assay on a given day.

In conclusion, the data presented in this paper indicate that
the PCR system described here can be proposed as a safe
diagnostic method for detecting anthrax contamination of non-
clinical specimens. Although a slight decrease was also noted
when results for inactivated and viable spores were compared,
this would be problematic only when spore contamination
reached 1,000/ml.

We thank Martin Hugh-Jones (Department of Pathobiological Sci-
ences, School of Veterinary Medicine, Louisiana State University,
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