Evaluation of the BioGX BD-Max =
PCR assay for detection of
pathogenic Bordetella

Sir,

Pertussis (whooping cough) has experienced a resurgence
despite high vaccine coverage against the main aetiological
agent, Bordetella pertussis.1 Recent reports of an increase in
pertussis cases especially among adults and adolescents is
also of concern, given this group can serve as a reservoir of
infection for infants who have not completed their vaccina-
tion.””* While B. pertussis remains the most common cause
of human disease worldwide, significant contribution of two
other species, B. parapertussis and B. holmesii to endemic
activity and local outbreaks has been recognised.*t’5

Polymerase chain reaction (PCR)-based assays have
become the most commonly used laboratory method for
reliable diagnosis of recent pertussis. Genomes of both
B. pertussis and B. holmesii contain an insertion element (IS),
18481, which has been the preferred target for pertussis PCR
assays. Bordetella pertussis can carry between 50 and 238
copies of IS481 while B. holmesii contains 8—10 copies.("'7
Therefore, if B. holmesii is present in the population it can
potentially confound the results of B. pertussis prevalence.4
Bordetella parapertussis can be detected by amplifying
another type of IS, IS71001, which is present in approximately
20 copies. However, B. holmesii also contains 3—5 copies of
IS1001; therefore, when referring to this IS in
B. parapertussis, the nomenclature pIS1001 is used and the
IS1001 in B. holmesii is referred to as hIS1001. The nucleic
acid homology between pISI1001 of B. parapertussis and
hiIS1001 of B. holmesii is only 76—87%, enabling the dif-
ferentiation of the two types of IS1001. Different sets of PCR
primers have been designed and verified for detection and
differentiation of B. pertussis from B. holmesii and
B. parapertussis that target IS481, pIS1001 and hiS1001.%°

Automated real-time PCR (rtPCR) systems such as the BD
Max (Becton Dickinson, USA) have been developed to di-
agnose Bordetella infection. Recently, rtPCR on the BD Max
platform (Becton Dickinson) that employs the internally
controlled, BioGX kit (BioGX, USA), has become
available. The BD Max system has been evaluated using
the Diagenode kit to detect Bordetella."’ However, the
Diagenode kit is not available in Australia and therefore the
BioGX kit is used for this purpose instead. We evaluated the
BioGX BD Max automated system for detection of patho-
genic Bordetella and compared results to a widely used
rtPCR format.

Five B. pertussis strains were included: L1048 (SNP
cluster 14), L1660 (SNP cluster 13) and ATCC18323 (all
pertactin positive), and L1663 (SNP cluster 13) and L1665
(SNP cluster 16), the latter two both lacking pertactin, to
reflect the diversity of strains co-circulating in Australia.'!
All strains were grown on charcoal agar (CM119; Oxoid,
UK) with 10% horse blood, 1% protease peptone
No.3 (Difco, Becton Dickinson) and 40 pg/mL cephalexin.
Bordetella  holmesii  (clinical  strain ~ CIDM4970),
B. parapertussis (ATCC9305) and B. bronchiseptica (clinical
strain CIDM 13678) were cultured on blood agar. A bacterial
suspension was prepared in PBS corresponding to a 0.5
McFarland standard which was diluted between 1 in 100 to 1
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in 10° and plated out to determine colony forming units
(CFU) of the original sample. Serial dilutions (1072—10710)
of each 0.5 McFarland solution was made and DNA extracted
using the NucliSENS easyMAG nucleic acid extraction
system (bioMérieux, France) and the BD Max system using
the BD MAX ExK extraction kit (Becton Dickinson).

For the rtPCR, amplification and detection of targets was
achieved using previously published primers and probes for
15481,"% pIS1001° and hIS1001."* The PCR reaction mixture
(20 pL) contained Qiagen HotStarTaq MasterMix (Qiagen,
Germany), made up to final concentrations of 1.5 mM MgCl,,
200 UM dNTPs and 1.23 U HotStarTag DNA polymerase
(Qiagen), 300-550 nM Primers (Sigma Aldrich, USA), 70—
120 nM of TagMan FAM Probe (Sigma Aldrich) and 5 pL of
DNA extract. PCR conditions were: enzyme activation for 10
min at 95°C, 45 cycles of amplification (95°C for 10 s, 55°C
for 30 s and 72°C for 15 s) and cooling at 40°C for 10 min on
a Roche LightCycler 480 (Roche Diagnostics, Switzerland).
Non-template-controls (PCR-grade water) were included in
each run. An average Cr value of the duplicate rtPCR assays
was calculated to give a final value.

Samples extracted and amplified on the BD Max system
were prepared by aliquoting 500 pL of bacterial suspension
to the sample buffer tube and extracted according to the
manufacturer’s protocol. The BioGX PCR protocol included
the multiplex detection of B. pertussis (IS481), B. holmesii
(hIS1001) and B. parapertussis (pIS1001), pertussis toxin
gene (ptxS1) and a Drosophila sample processing control
(SPC). The BioGX PCR assay had the following thermo-
profile: 2 min at 99°C (1 cycle) and a cycle program (45
cycles) of Step 1, 12 s at 99°C, and Step 2, 60 s at 60°C (plus
detection). BioGX BD-Max and rtPCR assay findings were
compared and their reproducibility was assessed by quintu-
plicate testing of samples containing 1000 CFU/mL in order
to determine inter-assay and intra-assay variability and the
coefficient of variation. The analytical sensitivity of each
assay was evaluated by testing ten-fold dilutions of each
bacterial sample. We used Cr cut-offs with a value <40
considered as positive and over 40 considered as negative.8

While sensitivity of the rtPCR and BioGx BD-Max assays
for the detection of B. pertussis and B. holmseii was similar,
they were less sensitive in picking up B. parapertussis DNA.
A limit of detection for B. parapertussis was higher in both
assays which may reflect the lower copy number of the PCR
targets in this species. These results are in line with previous
reports that have found the sensitivity of the B. pertussis
assay to be as much as five times higher than the detection of
other Bordetella.” Bordetella pertussis and B. holmesii rtPCR
assays could detect 0.01 CFU/mL while B. parapertussis was
detected down to 10 CFU/mL (Table 1). The BD-Max assay
performed well with the IS481 assay directed at B. pertussis
and could detect 0.01 CFU/mL. It retained this sensitivity
when detecting B. holmesii; however, it also produced a
positive IS481 result down to 0.1 CFU/mL for
B. parapertussis. Therefore, a positive IS481 finding needed
to be interpreted in conjunction with the AISI00! and
pIS1001 markers targeting B. holmesii and B. parapertussis,
respectively. The inter- and intra-assay variability for the
B. pertussis tPCR was 5 and 5.04, respectively, which was
less than the BioGX BD-Max assay (6.91 and 6.93, respec-
tively) (Table 1). For the BioGX BD-Max assay, the inter-run
variation was 1.89 and the intra-assay variability was 6.91.
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Table 1 Mean Cr values and precision data of rtPCR and BD-Max assays
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PCR target Platform Mean Cr at each dilution (CFU/mL) Intra-assay Inter-assay
108 10° 10° 10 0.1 0.01 SD Ccv SD Ccv
B. pertussis 1S481 rtPCR 12.97 22.62 25.53 33.69 34.51 35.28 1.38 5 3.74 5.04
BD-Max 10.3 18.7 24.2 214 29.3 31 1.68 6.91 1.89 6.93
B. holmesii 15481 rtPCR 12.43 17.98 19.9 28.82 30.16 36.62 ND ND ND ND
BD-Max 16.4 29.4 24.9 29.35 36 334 ND ND ND ND
B. holmesii hIS1001 rtPCR 11.54 17.66 23.76 36.84 37.87 37.03 0.02 0.1 0.02 0.09
BD-Max 12.6 20.4 23.8 29.7 36.7 0 1.81 7.61 1.8 3.83
B. parapertussis pIS1001 rtPCR 33.23 36.5 37.84 38.29 40 0 1.19 3.07 1.09 2.81
BD-Max 15.8 21.2 25.3 30.5 30.9 0 1.2 4.74 0.25 2.37
B. bronchiseptica 1S481 rtPCR 12.07 18.75 22.6 26.92 28.05 35.46 ND ND ND ND
BD-Max 22.3 32.1 32.8 28.6 32.95 36.1 ND ND ND ND

CFU, colony forming units; CV, co-efficient of variation (%); ND, not performed as these assays were not compared given low diagnostic value; SD, standard

deviation.

This measure was higher than the intra- and inter-assay
variability of the rtPCR.

Our findings demonstrated comparable performance of the
rtPCR and BioGX BD-Max assays for the detection of
B. pertussis, B. holmesii and B. parapertussis. Both assays
were very sensitive in detecting B. pertussis and B. holmesii.
The BioGX BD-Max assay was efficient and easy to use,
however the rtPCR demonstrated higher specificity when
detecting other Bordetella species. Further, the difference in
cost per reportable analysis between the two assays was
$21.30 for the BD-Max and $15.60 for the rtPCR which is an
important consideration. These assays enable differentiation
between relevant pathogenic species of Bordetella and
improve the accuracy of public health notifications for
pertussis.
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Malignant gastrointestinal ®
neuroectodermal tumour (GNET): .
neural mesenchymal tumours of

the gastrointestinal tract with

striking histology and EWSR1 gene
rearrangement

Sir,

Malignant gastrointestinal neuroectodermal tumours (GNET)
are rare primitive mesenchymal neoplasms of the tubular gut
previously considered to be gastrointestinal manifestations of
soft tissue clear cell sarcomas (CCS). While both entities
share a recurrent balanced translocation profile involving the
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