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INTRODUCTION / BACKGROUND 
Four species within the genus Bordetella (decreasing order of frequency), are implicated in human 
disease, including B. pertussis, B. parapertussis, B. bronchiseptica and B. holmesii.1  Nucleic acid 
amplification tests (NAATs) are the most commonly employed laboratory detection method due to 
superior test sensitivity and rapid turn-around-time, facilitating the timely management of infected 
patients and outbreak situations.  The two most common gene targets (IS481 and IS1001) are 
transposable DNA elements (insertion sequences) of approximately 1,000-bp in length that are 
incorporated numerous times into the bacterial genome. These multicopy insertion sequences 
provide optimal test sensitivity, but create specificity challenges as insertion sequences are not 
species-specific.  IS481 is present in B. pertussis (>50 copies per organism), B. holmesii (8-10 copies 
per organism) and B. bronchiseptica (<8 copies per organism).2  IS1001 is present in B. parapertussis 
(20 copies per organism) and B. bronchiseptica (<8 copies per organism).3,4  Other gene targets have 
been described but are beyond discussion herein.1  The goal of this study was to evaluate the 
performance and workflow characteristics of Simplexa™ Bordetella Direct (IUO) with illumigene 
Pertussis (FDA-cleared).  Simplexa™ detects B. pertussis and B. parapertussis; illumigene only detects 
B. pertussis. 

 
MATERIALS / METHODS 
Clinical Samples and Workflow Analysis:  One hundred thirteen (n=113) individual nasopharyngeal 
swab specimens in 1-mL COPAN ESwab™ media were included.  Prospective samples (n=43), 
collected from April 1 to May 31, 2018, were tested by illumigene (Meridian BioScience) and 
Simplexa™ (DiaSorin) on the same day of service.  Archived samples (n=70) were tested by 
illumigene in 2014 (n=30), 2015 (n=9) and 2017 (n=31); these were maintained at -70oC in a frost-
free freezer until Simplexa™ testing.  illumigene was performed according to the manufacturer’s 
instructions with the addition of a pretreatment step on all samples after March 3, 2016.  Simplexa™ 
was performed according to the manufacturer’s IUO instructions.  Discrepant analysis was 
performed by DiaSorin Molecular in a blinded manner using in-house validated PCR and bi-
directional sequencing assays for IS481 and IS1001.  Workflow analysis determined the number of 
procedural steps; hands-on-time, walk-away-time and total assay time for Simplexa™ and illumigene. 
 
Cross Reactivity:  Bacteria (n=70) and yeast (n=5) were cultivated on routine media.  A 0.5 McFarland 
was created for each organism in 5-mL of non-bacteriostatic saline.  Eight cross-reactivity pools were 
created such that the concentration of each organism was approximately 1.5 x 107 CFU/mL.  Each 
cross-reactivity pool was tested on Simplexa™ according to the IUO instructions for use.  
 
Bacteria:  
 
 Gram-Positive: L. acidophilus, Listeria (grayi, monocytogenes), Micrococcus (kristoniae, luteus),    
  Enterococcus (cloacae, durans, faecalis, faecium, gallinarum, raffinosis), Staphylococcus  
  (aureus, bovis, epidermidis, saprophyticus), Streptococcus (equi, groups [C, F, G],  
  pneumoniae, pyogenes). 
 
 Gram-Negative: A. hydrophilia, Bacteroides (distasonis, fragilis), C. freundii complex, E. coli, H.  
  influenzae, K. oxytoca, Legionella (anisa, birminghamensis, bozemanae, cincinnatiensis,  
  dumoffii, feeleii, gormanii, hackeliae, jordanis, longbeachae, micdadei, oakridgensis,  
  sainthelensi, tusconensis, wadsworthii), Legionella pneumoniae serogroups (1-Knoxville, 1- 
  Philadelphia, 2-Togus1, 3, 4-Los Angeles, 6-Chicago2, 8-Concord3, 9, 10-Leiden1, 11-797-PA-H,  
  12-570-CO-H, 13-82A3105, 14-1169-MN-H),  Neisseria (cinerea, elongata subsp. glycolytica,  
  flavescens, lactamica, mucosa, polysaccharea, subflava), N. meningitidis [serogroups  
  B,C,D,Y,X,W135], P. mirabilis. 
 
Yeast: Candida (albicans, glabrata, guilliermondii, krusei, tropicalis). 
 
 

 
Lower Limit of Detection (LLOD): Four (n=4) Bordetella species were purchased from Zeptometrix 
Corporation (Buffalo, NY, USA): B. bronchiseptica (Cat.# 0801649, Lot# 319094), B. holmesii (Cat.# 
0801464, Lot# 312032), B. parapertussis [Cat.# 0801461, Lot# 318699], B. pertussis [Cat.# 0801459, 
Lot# 319536].  Bordetella species were cultivated on Regan-Lowe media (Remel; Lenexa, KS) at 35-
37oC for 48-72 hours.  A 0.5 McFarland (approximately 1.5 x 108 CFU/mL) of each Bordetella species 
was created in 5-mL of non-bacteriostatic saline, followed by eight serial 10-fold dilutions.  Dilutions 
were tested on Simplexa™ according to the IUO instructions for use to a) establish the LLOD for B. 
pertussis and B. parapertussis, and b) assess the potential for B. bronchiseptica and B. holmesii to 
cause false-positive test results (see cross reactivity below). 

 
RESULTS 
Clinical Samples: 
• Thirty-two (n-32) and seventy-seven (n=77) samples were positive and negative for B. pertussis 
  by both methods, respectively.   

 
• Four (n=4) samples were incongruent. 

• Three were illumigene-negative and Simplexa™-positive; discrepant analysis confirmed the 
presence of B. pertussis.  These three were classified as illumigene false negatives. 

 
• One sample was illumigene-positive and Simplexa™-negative; discrepant analysis confirmed 

the absence of B. pertussis.  This one was classified as illumigene false positive. 
 

• No samples were positive for B. parapertussis.  This was not unexpected due to the low 
prevalence of B. parapertussis infection and small sample set used in this study. 
 

• Test Performance Characteristics: 
 
 
 
 
 

 
 
 
 
 
• Workflow Analysis: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cross Reactivity: 
• Bordetella Isolates from Zeptometrix Corporation. 

• B. holmesii: yielded a false positive result for B. pertussis down to 150 CFU/mL. 
• B. bronchiseptica: no cross reactivity was observed. 

 
• No cross reactivity was observed for the remaining organisms (n=70). 
 
• Yeast (n=5):  No cross reactivity was observed. 
 
Lower Limit of Detection (LLOD):   
• Hit-Rate for Bordetella Isolates from Zeptometrix Corporation. 

 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
• Both testing platforms provided results in approximately 1hr 15 min. 
 
• Simplexa™ was superior to illumigene in the following aspects: 

• Overall Test Performance 
• Fewer Procedural Steps 
• Hands-on-Time per Sample 
• Walk-away-Time per Sample 
• Multiplexing Capability – Simultaneous Reporting (B. pertussis and B. parapertussis) 
 

• Simplexa™ was FDA-cleared on August 13, 2018. 
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Simplexa™ Illumigene 

Procedural Steps (n) 14 22 

Total Assay Time (min) 78 77 

Hands-on-Time per Sample (min) 1.5 3.5 

Walk-away-Time per Sample (min) 64.4 77 

Samples per Run (n) 

Minimum 1 1 

Maximum 8 10 

Sensitivity Specificity PPV NPV 

Simplexa™ 100% 100% 100% 100% 

illumigene 91.4% 98.7% 96.9% 96.3% 

CFU/mL B. pertussis B. parapertussis 

1.5 0/1 0% 0/1 0% 

15 2/10 20% 0/10 0% 

150 10/10 100% 6/10 60% 

1,500 1/1 100% 10/10 100% 

15,000 1/1 100% 1/1 100% 


