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A combination of cultivation and lateral flow assay detecting protective antigen (PA) for easy and 
presumptive detection of Bacillus anthracis spores is proposed. This combination is similar to most 
approaches relying on PCR for detection of spores, as it begins with a 12 h cultivation step. After this 
culture however, this test is more rapid and far easier to perform than available molecular techniques. 
With a sensitivity of one spore per test (10 spores/ml), this combined test is amongst the most sensitive 
techniques while being very cost-effective. In addition, the principles behind this test may be applicable 
to the detection of other organisms.   
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INTRODUCTION 
 
Lateral flow assays (LFA) tests are convenient, cost 
effective, point-of-care diagnostics, (Ngom et al., 2010; 
Splettstoesser et al., 2010; Attree et al., 2007; Thullier et 
al., 2003) which have been used for the detection of bio-
threat agents such as ricin (Thullier and Griffiths, 2009; 
Guglielmo-Viret et al., 2007), and have been evaluated 
as bench top tools for the rapid, presumptive 
identification of bacteria such as Yersinapestis(Tomaso 
et al., 2007). Although, the detection of Bacillus 
anthracisspores by genetic amplification is more rapid 
than standard bacterial culture methods, the low efficacy 
of DNA extraction directly from spore samples frequently 
necessitates enrichment by culturebefore nucleic acid 
detection (Kumar and Tuteja, 2009; Gulledge et al., 
2010).  The goal of the present study was to develop a 
highly sensitive, easy-to-use screening tool for the 
systematic, presumptive identification of B. anthracis 
spores, which could take less time than “culture plus 
PCR” approaches, and be useful in a situation where 
large numbers of unknown samples are encountered and 
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threaten to overwhelm a laboratory’s capacity.  For this 
strategy, an optimized culture step and a LFA, which 
detects the protective antigen (PA) component of the B. 
anthracistoxin, was developed and tested independently 
in two laboratories.   

 
 
MATERIALS AND METHODS 

 
The optimised LFA is similar to one previously reported (Guglielmo-
Viret et al., 2007) except as detailedsubsequently.The capture 
antibody used was a rabbit polyclonal (CRSSA/704776), obtained 
in-house by immunisation against PA with standard techniques and 
purified (Hi-trap protein A HP columns, GE Healthcare, Orsay, 
France).  This antibody (2 mg/ml) was coated at a rate of 1µl/cm 

(Isoflow reagent dispenser, Biodot, Chichester, U.K.), in the form of 
a test line, 1 cm above the bottom end of a Membrane Test 
Platform (MTP, Whatman, Maidstone, G.B.). Another reactant 
(Goldline, British Biocell International, Cardiff, U.K.) was coated in 
the same manner, but 1 cm higher, to form a control line, used to 
verify the quality of the sample migration when no signal is readable 
on the test line. The detection antibody was a commercially 
available murine monoclonal anti-PA antibody, called BAP0105 
(AbCys S.A., Paris, France).  It was incubated with gold nanobeads 

conjugated to anti-mouse IgG (British Biocell International, Cardiff, 
U.K.), at a rate of 10 ng antibody per 5 µl nanobeads for one hourat 
37°C,  resulting  in   gold   nanobeads   indirectly   conjugated   to  
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Figure 1.Triplicate cultures inoculated with an estimated one B. anthracis spore, and tested by LFA 

after 9, 10, 11 or 12 h (from left panel to right panel) culture for the presence of protective antigen. The 

test line of the LFA is indicated by the red arrow and the control line by the green arrow. A negative 
sample (left part of each panel) is cultivated and tested in each condition. Ten hours after inoculation, 
no signal could be distinguished from the negative control.  After 11 h, a weak positive signal can be 

seen in two of the three replicates. After 12 hours, positive results (strips no. 2 and 3 only, culture no. 1 
was not inoculated as indicated in the text) are clearly visible. Strips were taken out of the culture tubes 
to be photographed. 

 
 
 

BAP0105. The limit of sensitivity of the test was 5 ng PA/ml, as 
evaluated using a commercial source of PA (List laboratories, 
Campbell, CA). 

 
 
RESULTS AND DISCUSSION 

 
Although B. anthracis germination and toxin secretion 
have multiple in vivo determinants (Sirard et al.,1994), it 
was hypothesized that culture in decomplementedfetal 
calf serum (FCS) at 35°C with 10% CO2 would be a 
compatible in vitro environment. In fact, these culture 
conditions allowed the earlier detection of PA compared 
to culture in SB, TS or RM medium, even though RM 
medium was specifically designed to enhance anthrax 
toxin production (Leppla, 1988). Another advantage of 
the use of serum is that un-inoculated FCS, incubated 
overnight under these culture conditions,does not require 
the prior addition of buffer or detergent to migrate 
properly on this LFA. 

The limit of sensitivity for spore detection was initially 
evaluated by inoculating 100 µl of B. anthracis (Sterne 
strain) spore suspension in water, into 400 µl of pure FCS 
(Gibco, Carlsbad, USA), in 5ml glass tubes to avoid PA 
adsorption.  Just prior to culture, the spore suspension 
was heated at 75°C for 10 min to kill any vegetative 
bacilli, and thisstep largely suppresses the risk of 

contamination that could,otherwise, have overgrown B. 
anthracis spores and caused false negative results. Thirty 
minutes after culture, the strip was simply dropped into 
the culture tube and read through its wall. Using the 
convention of overnight bacterial culture for amplification 
prior to DNA extraction, we tested performance of the test 
strip by progressively lowering the spore concentration.  
Spore suspensions of ten spores per ml, corresponding 
to one spore per culture tube, gave unequivocal positive 
signals at the test line after 12 h of culture.   

Using fully virulent B. anthracis (strain 9602) (the 
Sterne and 9602 strains were from IRBA-CRSSA 
collection) in a BSL 3 laboratory, the sensitivity of this 
assay was evaluated in three separate experiments 
giving equivalent results, one of which is presented on 
Figure 1. Parallel cultures were inoculated with 100 µl of 
a spore suspension (12 spores/ml) and tested in triplicate 
at 9, 10, 11 and 12 h after inoculation. At twelve hours 
after inoculation, as seen on the right panel, the positive 
signals became much stronger than the negative control 
and are easily observed on strips number 2 and 3. This 
corresponds to a culture concentration of approximately 
5x10

6
 bacteria per ml. The lack of a positive signal in 

replicate number 1 was due to the difficulty of trying to 
inoculate culture tubes with a single spore, as this culture 
was confirmed to be sterile thus represented in fact a 
negative control. Unequivocal positive signals were also  

 

 



 

 
 
 
 
observed, in a BSL 3 laboratory, after a 12 hculture of a 
100 µl spore suspensions of the B. anthracisSTI-1 (34 
spores/ml) and Ames (22 spores/ml) strains, while the 
toxin negative strain Δ-Ames (14 spores/ml)was 
utilizedas a negative control (STI-1, Ames, Δ-Ames 
strains werefrom the USAMRIID collection). 

When conducting this test, a positive control consisting 
of a culture treated exactly the same as the sample, but 
inoculated with 1 or 2 Sterne strain spores, should be 
performed in parallel. If this positive control remains 

negative after 12 h, the sample contains an inhibitor 
and should be diluted, but sensitivity is lowered 
accordingly.    

According to a recent publication, direct DNA extraction 
followed by RT-PCR has been developed for the 
detection of B. anthracis spores without a culture 
enrichment step (Dauphin and Bowen, 2009). This 
method, which involved an extraction kit and has a 
reported sensitivity of 5 CFU, requires a minimum starting 
concentration of 10

3
 spores per ml which may be 

problematic when solid surfaces, for instances, are 
swabbed. The method we describe here is less 
expensive, more sensitive (one spore per test 
corresponding to a concentration of only 10 spores/ml) 
and significantly easier to use. Another rapid method, the 
FDA-approved RedlineAlert

® 
test, has been recently 

developed(http://www.tetracore.com/pdfs/Tetracore_ 
RedLine_Alert_Test.pdf).It is based on the detection of a 
surface protein found on vegetative B. anthracis using an 
immunochromatographic strip. However, this test 
requires growth on solid media for 15 to 24 h (until 
colonies reach 2 to 5 mm in diameter) before it can be 
utilized. Our test is thus 3 to 12 h more rapid, and since it 
does not require the prior isolation and visual 
identification of a suspected B. anthracis, may be less 
prone to generating a false negative result.  Our test 
should be evaluated on additional B. anthracis strains 
and in various spiked or naturally contaminated matrices, 
to further assess its sensitivity. To further assess its 
specificity, it could also be tested on other bacilli than B. 
anthracise specially of the Bacillus cereus group. This 
test could also be improved by the parallel detection of 
additional anthrax toxin components but, as presented in 
the present short communication, this “culture plus LFA 
detecting PA” strategy represents an efficient approach 
for B. anthracis spore detection, whose principle may be 
of more general interest.   
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