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Abstract

Haemophilus influenzae is recognized as an important human pathogen associated with
invasive infections, including blood stream infection and meningitis. Currently used
molecular based diagnostics assays lack specificity in correctly detecting and identifying H.
influenzae. As such, there is a need to develop novel diagnostics assays for the specific
identification of H. influenzae.

Whole genome comparative analysis was performed to identify putative diagnostics targets
which are unique in nucleotide sequence to H. influenzae. From this analysis we identified
two H. influenzae putative diagnostics targets, phoB and pstA, for use in real-time PCR
diagnostics assays. Real-time PCR diagnostics assays using these targets were designed and
optimised to specifically detect and identify all 55 H. influenzae strains tested. These novel
rapid assays can be applied to the specific detection and identification of H. influenzae, for
use in epidemiological studies and could also enable improved monitoring of invasive disease

caused by these bacteria.

Keywords: H. influenzae, genome comparison, real-time PCR, phoB, pstA

1. Introduction
Haemophilus influenzae is the most pathogenic of the 8 Haemophilus species which reside as
commensals in the human respiratory tract (1). H. influenzae strains are categorised based on
the presence (encapsulated) or absence (unencapsulated) of a polysaccharide capsule.
Encapsulated strains can be further categorised based on their distinct capsular antigens
(typeable; serotypes a - f) whilst unencapsulated strains are referred to as Non-Typeable H.
influenzae (NTHi) (2). In the pre-vaccine era, the encapsulated H. influenzae serotype b
(Hib), was the primary cause of invasive disease such as meningitis, bacteraemia and

pneumonia (3). Upwards of 95% reduction in the number of H. influenzae meningitis cases
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have been recorded since the implementation of the Hib conjugate vaccine (4). Whilst H.
influenzae invasive infection in developed countries has declined, NTHi are now the most
common cause of H. influenzae invasive infections (3, 5-7). In addition, NTHi have
replaced type b strains as the most common blood stream isolates (8).

Haemophilus haemolyticus is also a human commensal bacterium that colonizes the
respiratory tract and is closely related to H. influenzae. Both H. influenzae and H.
haemolyticus require hemin (X factor) and NAD (V factor) for growth. Phenotypic methods
of differentiating H. haemolyticus from NTHi rely on the ability of H. haemolyticus to lyse
horse red blood cells (9). However, this haemolysis may be lost after subculture (10, 11) and
as a consequence, non-hemolytic H. haemolyticus have been misidentified as H. influenzae
(12). H. haemolyticus was considered a rare pathogen (8), however, more recently, a number
of cases of invasive disease originally attributed to NTHi have been confirmed as non-
haemolytic H. haemolyticus (13-15). Phenotypic techniques cannot conclusively differentiate
H. influenzae from H. haemolyticus and other Haemophilus species and therefore, alternative
molecular techniques must be used to do so (16).

Real-time PCR diagnostics assays for the identification of H. influenzae have been developed
targeting various genes including bexA (17, 18), ompP2 (19-22), ompP6 (17, 23, 24), 16S
rDNA (12), licA (20), rnpB (23), frdB (25), iga (26) hpd (21, 27, 28) and fucK (20, 29, 30).
Diagnostics assays targeting the fucK and hpd genes have been established as superior for the
specific detection of H. influenzae over other routinely used gene targets (20, 31, 32).
However, some NTHi strains have been reported as lacking the fucK (33-36) or hpd genes
(37). As such published literature indicates that no one molecular marker can unequivocally
differentiate NTHi from H. haemolyticus (31, 32).

In this study, we used comparative genome analysis to identify novel diagnostics targets,

which could then be used to develop H. influenzae specific real-time PCR. Two real-time
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PCR assays targeting these novel diagnostics targets were developed and their performance
determined. To further validate the real-time PCR diagnostics assays developed, a panel of
culture positive clinical isolates, that were identified as H. Influenzae using MALDI-TOF
MS, were blindly tested. The results of MALI TOF MS and the real-time PCR diagnostics

assays were 100% concordant.

2. Materials and Methods

2.1. Diagnostics Target Identification
Publically available whole genome sequences for H. influenzae and H. haemolyticus strains
were analyzed to identify novel diagnostics targets unique to H. influenzae and absent from
H. haemolyticus and other Haemophilus species. H. influenzae whole genome sequences are
publically available however, H. haemolyticus genome sequences (n = 6) are only available
as contiguous sequences (contigs) from the National Center for Biotechnology Information

(NCBI) website (http://www.ncbi.nlm.nih.gov ). For each of the H. haemolyticus strains

(M19501, M19107, M21127, M21621, M21639 and HK386), contigs were ordered and
assembled using the Mauve contig mover tool in the Mauve genome alignment software

(http://gel.ahabs.wisc.edu/mauve/). The European Molecular Biology Open Software Suite

tool Emboss union (http://emboss.us.es/cgi-bin/femboss/union ) was used to concatenate the

multifasta Mauve output to create a single FASTA formatted file. Whole genome annotation
was then carried out using the online genome annotation service RAST (Rapid Annotation
using Subsystem Technology; http://rast.nmpdr.org/) and the resulting data downloaded in
EMBL format. Potential diagnostics targets within H. influenzae were then identified using

WebACT (http://www.webact.org/WebACT/home) by aligning the whole genome sequence

of three H. haemolyticus strains (M19501, M19107 and HK386) and the whole genome

sequence of their most closely related H. influenzae strain (R2866: Accession number


http://www.ncbi.nlm.nih.gov/
http://gel.ahabs.wisc.edu/mauve/
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NC_017451). Potential diagnostic targets were further analysed using microbial nucleotide
BLAST

(http://blast.ncbi.nlm.nih.gov/Blast.cqi?PAGE TYPE=BlastSearch&BLAST SPEC=Microbi

alGenomes) to search for similarities in closely related species.

2.2. Bacterial strains, Culture media and Growth conditions
A panel of H. influenzae (n=13), and closely related species (n=33) were obtained from
various culture collections (Table 1). All strains were cultured under microaerophillic

conditions in haemophilus test media broth, chocolate broth or on Columbia chocolate agar

plates at 37°C until sufficient growth was observed.

Table 1: Bacterial species and strains included in this study

Organism Strain “/ Source Assay"
phoB ‘ pStA | fucK

H. influenzae reference strains
H. influenzae type a NCTC 8465 + + +
H. influenzae type b DSMZ 23393° + + +
H. influenzae type b DSMZ 11969° + + +
H. influenzae type b DSMZ 11970° + + +
H. influenzae type b DSMZ 10001° + + +
H. influenzae type b DSMZ 4690° + + +
H. influenzae type ¢ NCTC 8469 + + +
H. influenzae type d DSMZ 11121° + + +
H. influenzae type e NCTC 8472 + + +
H. influenzae type f DSMZ 10000° + + +
H. influenzae NTHi DSMZ 9999° + + +
H. influenzae NTHi CCUG 58365 + + -
H. influenzae biogroup aegyptius DSMZ 21187°¢ + + +
Clinical isolates (n=6)? Blood + + +
Clinical isolates (n=12)* Ear/Eye swab + + +
Clinical isolates (n=24)* Sputum + + +(21)°

Non- H. influenzae strains
H. haemolyticus CDC-M19501 - - -



http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&BLAST_SPEC=MicrobialGenomes
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&BLAST_SPEC=MicrobialGenomes

H. haemolyticus CDC-M21127 -
H. haemolyticus CDC--M21621 -
H. haemolyticus CCUG 24149 -
H. haemolyticus CCUG 36015 -
H. haemolyticus CCUG 36016 -
H. haemolyticus CCUG 15642 -
H. haemolyticus CCUG 15312 -
H. haemolyticus NCTC 10839 -
H. haemolyticus NCTC 10659 -
H. ducreyi DSMZ 8925 /
H. felis DSMZ 21192 /
H. haemoglobinophilus DSMZ 21241 /
H. paracuniculus DSMZ 21452 /
H. parahaemolyticus DSMZ 21417 /
H. parainfluenzae DSMZ 8978 /
H. paraphrohaemolyticus DSMZ 21451 /
H. parasuis DSM 21448 /
H. pittmnaie DSMZ 21203 /
H. pittmnaie DSMZ 17420 /
Haemophilus sp. CCUG 34110 -
Actinobacillus suis DSMZ 22433 /
Actinobacillus pleuropneumonaie DSMZ 13472 /
Aggregatibacter aphrophilus NCTC 11096 /
Aggregatibacter aphrophilus NCTC 10558 /
Aggregatibacter actinomycetecomitans DSMZz 11121 /
Aggregatibacter actinomycetecomitans DSMZ 8324 /
Aggregatibacter segnis NCTC 10977 /
Avibacterium avium DSMZ 18557 /
Avibacterium paragallinarum DSMZ 18554 /
Gardnerella vaginalis DSMZ 4944 /
Histophilus somni CCUG 36157 /
Taylorella equigenitalis DSMZ 10668 /

115  ®All Clinical isolates were identified as H. influenzae using MALDI-TOF MS

116 " NCTC = National Collection of Type Cultures; * DSMZ = The German Collection of Microorganisms;

117  *CCUG = Culture Collection, University of Goéteborg, Sweden; *CDC = Centre for Disease Control;

118  ° pstA and phoB gene sequence data was generated for each of these H. influenzae strains using primers outlined
119 in Table 2

120 %+ ve= Positive; - ve= negative; / = not tested for

121 ®3/24 H. influenzae clinical isolates not detected by the fucK assay
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2.3. DNA isolation and Quantification
Genomic DNA from all species was isolated from 1.5 ml of culture using a DNeasy Blood
and Tissue Kit as per manufacturers’ instructions (Qiagen, Hilden, Germany). DNA
concentrations were determined using the Qubit dSDNA HS Assay and the Qubit 1.0
fluorometer (Life Technologies, Carlsbad, CA). Purified DNA samples were stored at -20°C

prior to use.

2.4, Conventional PCR and Nucleic Acid Sequencing
Nucleotide sequence data used for real-time PCR diagnostics assay design was recovered
from the National Centre for Biotechnology Information (NCBI-

http://www.ncbi.nlm.nih.gov/) or was generated in this study. Sequencing primers were

designed to amplify 832 bp of the pstA gene and 681 bp of the phoB gene of H. influenzae to
identify optimal diagnostics target regions for primer and probe design.

PCR was carried out using the sequencing primers (Table 2) on an iCycler iQ thermal cycler
(Bio-Rad Laboratories Inc., CA) to amplify the pstA and phoB targets in representative
culture collection strains of H. influenzae. All reactions were performed using the FastStart
PCR Master Kit (Roche Diagnostics, Basel, Switzerland) according to manufacturer’s
instructions. The thermal cycling parameters used consisted of a denaturation cycle at 95°C
for 4 min, followed by 35 cycles at 95 °C (30 s), 50°C (30 s) and 72°C (30 s), and a final
elongation cycle at 72 °C for 7 min. PCR products were purified using the HighPure PCR
product purification kit (Roche Diagnostics) and were sequenced externally (Sequiserve,

Vaterstetten, Germany).

2.5. PCR primer and probe design


http://www.ncbi.nlm.nih.gov/

147 Nucleotide sequences of the diagnostics targets identified in this study were aligned using
148 ClustalW multiple sequence alignment programme
149  (http://www.ebi.ac.uk/Tools/clustalw2/index.html). Oligonucleotide primers and hydrolysis
150  probes were manually designed in accordance with general recommendations and guidelines
151 (38, 39). Species specific oligonucleotide primers and probe were designed for real-time PCR
152 diagnsotics assays. All primers and probe (Table 2) used in this study were obtained from
153 Eurofins MWG-Operon (Ebersberg, Germany).
154
155  Table 2: Nucleotide sequences of primers and probes.
Probe/ Function DNA sequence (5’ - 3°) Nucleotide | Genbank Concentration
Primer position accession (uM)
no.
pstA F1 Sequencing forward CTAATCAAAACTTGCGT 8-24 CP002277.1 | 0.4 uM
primer
pstA R1 | Sequencing reverse TGTTGAAAGAAGAGTCG 823-839 CP002277.1 | 0.4 uM
primer
phoB F1 | Sequencing forward CTGATAGTTGAAGATG 16-31 CP002277.1 | 0.4 uM
primer
phoB R1 | Sequencing reverse TCATTGTTTATCTCGT 681-696 CP002277.1 | 0.4 uM
primer
pstA P1 H. influenzae pstA CGTTTCGCACAAATTACC 310-327 CP002277.1 | 0.5 uM
forward primer
pstA P2 H. influenzae pstA GTGCGTACCACGATAGG 460-476 CP002277.1 | 0.5 uM
reverse primer
pStA H. influenzae pstA FAM-CTGGAGCATTCGCATTAGCTT- 428-448 CP002277.1 | 0.2 uM
probe hydrolysis probe BHQ1
phoB P1 | H. influenzae phoB TTGGATTGGATGCTACC 151-167 CP002277.1 | 0.5 uM
forward primer
phoB P2 | H. influenzae phoB AGTGATGTAGTCATCAGC 292-309 CP002277.1 | 0.5 uM
reverse primer
phoB H. influenzae phoB FAM-AGAAAGCTATGCTGCGATTCC- 210-230 CP002277.1 | 0.2 uM
probe hydrolysis probe BHQ1
BSS-1F IAC forward primer AACGTAGCATTAGCTGC 111-127 HG519928.1 | 0.5 uM
BSS-1R | IAC reverse primer CTCATCTTCTTGCCTGC 260-276 HG519928.1 | 0.5 uM
BSS-P IAC — specific Cy5-CACATCCAAGTAGGCTACGCT- 179-199 HG519928.1 | 0.2 uM
hydrolysis probe BHQ2
156
157
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2.6. IAC Development
A non-competitive internal amplification control (IAC) targeting the ssrA gene of Bacillus
subtillis subsp. spizizenii previously developed in-house was incorporated into the real-time
PCR diagnostics assays (Table 2).

2.7. Real-Time PCR
Duplex real-time PCR diagnostics assays were optimised and the analytical specificity and
LOD determined. All real-time PCR diagnostics assays were performed on a LightCycler 480
(Roche Diagnostics) using the LightCycler 480 probes master kit (Roche Diagnostics). Real-
time PCR reactions were performed in a total volume of 20 pl consisting of 2 x probes
master, forward and reverse primers (0.5 puM final concentration), probes (0.2 uM final
concentration), template DNA (2 pl, 10* genome equivalents GE) and IAC DNA (2 pl, 10°
GE). Nuclease free H,O was added to make up final volume. A no template control was
included in each experiment. The cycling parameters consisted of a 10 min denaturation step
followed by 50 cycles of 95°C for 10 s, 60°C for 30 s and a final cooling step at 40°C for 10 s.
The LightCycler 480 ramp rate was 4.4°C/s while heating and 2.2°C/s on cooling. To prevent
fluorescence signal leakage between detection channels on the LightCycler 480, a colour
compensation was generated (40).

2.8. Multiplex PCR assay specificity and LOD
To evaluate the specificity of the diagnostics assays developed, genomic DNA from 55 H.
influenzae and 33 closely related Haemophilus species (Table 1), tested in triplicate. The
LOD of each assay in multiplex format was determined using probit regression analysis in
MiniTab (MiniTab Inc., State College, PA) (41). Purified H. influenzae genomic DNA
(DSM4690) was diluted in nuclease free dH,O. Twelve replicates of each dilution 15, 10, 8,

6, 4, 2, 1 and 0.1 GE were evaluated.
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To determine the efficiency of each assay in both monoplex and multiplex format, serial
dilutions of purified H. influenzae genomic DNA (DSM4690) at 1 x 10°, 5 x 10°, 1 x 10°, 5 x
10%, 1 x 10%, 5 x 10°, 1 x 10% 5 x 10% 1 x 10% and 5 x10" were tested in triplicate. Standard
curves of Ct versus GE were then constructed. Efficiency (%) was calculated based on the
slope of the line using an online gPCR  efficiency  calculator

(http://www.thermoscientificbio.com/webtools/qpcrefficiency/).

2.9. Clinical Isolate Evaluation
H. influenzae clinical isolates (n= 42) were cultured on Columbia chocolate agar plates and
were subjected to MALDI-TOF MS analysis (MALDI biotyper, Bruker Daltonics) and the
spectra were compared to the software Version 3.4. A number of clinical isolates were typed
using conventional PCR (42)(n = 6, isolated from blood; Table 1) and real-time PCR (18) (n
= 3, isolated from sputum; Table 1).

2.10. fucK Real-Time PCR
H. influenzae culture confirmed clinical isolates (n = 42), H. influenzae culture collection
isolates (n = 13), H. haemolyticus (n = 10) and 1 Haemophilus sp. (previously designated H.
haemolyticus) were also tested in triplicate using a published fucK real-time PCR diagnostics

assay (20).

3. Results

3.1 Diagnostics Target Identification
Whole genome sequence comparison of H. influenzae R2866 and three H. haemolyticus
strains (M19502, M19107 and HK386) was carried out using WebACT. H. influenzae R2866
was used as a reference genome as it was recognized as being the most closely related strain
to H. haemolyticus based on the RAST comparison analysis. 325 unigue regions, comprising

of both genes and intergenic nucleotide sequence, were identified that were present in H.

10
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influenzae and absent in H. haemolyticus. Each of these regions was BLAST analysed and
further evaluated using three criteria to determine their suitability as diagnostics targets.
Firstly, regions were refined by ruling out putative diagnostics targets that had significant
BLAST hits with H. haemolyticus. Secondly, based on in silico evaluation, any putative
diagnostics targets identified must be present in all 22 publically available whole and draft
genome sequences of H. influenzae. Finally, diagnostics targets identified with significant
inter-strain sequence variation were then also excluded.

Based on the above criteria, 6 diagnostic targets (pstS, pstC, pstA, pstB, phoR and phoB) were
identified as having the greatest potential for the development of a H. influenzae specific real-
time PCR diagnostics assays. Nucleotide sequence data for each of the potential diagnostics
targets was retrieved from NCBI and in silico analysis was performed to further assess their
suitability for H. influenzae specific detection. Of these, pstA and phoB were found to contain
the most sequence variation when compared with other non- H. influenzae bacterial species
and contain the least H. influenzae inter-strain variation, and were therefore selected for
further analysis.

3.2. Real-time PCR assay specificity

The specificity of each real-time PCR diagnostics assay was confirmed in duplex format
using the panel of bacteria listed in Table 1. All culture collection strains and clinical isolates
of H. influenzae were detected by both assays. None of the non-H. influenzae microorganisms

tested were detected by the assays (Supplementary Fig. 1A-D).

3.3. Real-time PCR assay Efficiency and LOD
The efficiencies of each assay were evaluated in both monoplex and multiplex real-time PCR

format. H. influenzae genomic DNA (DSMZ 4690) was quantified and serial dilutions were

11
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257

prepared based on H. influenzae genome size (1,830,137 bp) (43) which equates to 1.9 fg
DNA per cell (http://www.changbioscience.com/genetics/mw.html). Both assays were highly
efficient in monoplex (phoB 94.66%, pstA 94.51%). In multiplex, efficiency is comparable in
the pstA assay (93.47%) and is slightly reduced in the phoB assay (88.87%). Plots of C,
versus GE were linear over a range of 1 x 10°, 5 x 10°, 1 x 10°, 5 x 10%, 1 x 10%, 5 x 10%, 1 x
10°, 5 x 10°, 1 x 10°, 5 x 10?1 x 10? and 5 x 10" GEs for the phoB and pstA monoplex and
pstA multiplex assays. (Supplementary Fig. 2A-C). Linearity is decreased at lower
concentrations of H. influenzae DNA in the phoB multiplex assay (Supplementary Fig. 2D).
In multiplex format, the LOD was determined using probit regression analysis (41). With
95% confidence, the LOD of the phoB and pstA assays was 6.49 and 10.49 GE respectively.

3.4. fucK real-time PCR assay
A fucK real-time PCR diagnostics assay was also used to identify all H. influenzae culture
collection strains and clinical isolates (Table 1) used in this study. From this analysis, 51/55
of the tested H. influenzae strains were detected by the fucK assay.

3.5. Clinical Isolate Evaluation
All 42 clinical isolates were screened using MALDI-TOF MS. The MALDI-TOF software
identified all strains to species level and confirmed that all clinical isolates are H. influenzae,
all with scores greater than 2.0. All clinical isolates typed (n=9) using published capsular

typing methods were confirmed as NTHi.

4. Discussion
H. influenzae is known to cause a wide spectrum of disease, ranging from non-invasive
infections including bronchitis and conjunctivitis to more serious infections including
meningitis, pneumonia and sepsis. Bacterial culture is the preferred method for the diagnosis

of invasive H. influenzae (20). However, culture based methods are time-consuming, often

12
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taking up to 36 hr or more (44-46). Also, in many cases, pre-treatment of the infection with
broad spectrum antibiotics may produce false negatives (47). Evaluation of a
number of biomarker genes for differentiating H. influenzae from H. haemolyticus and other
non- H. influenzae species suggests that there is no one diagnostic target identified to date
that can unambiguously differentiate the two microorganisms (31).

Recently, draft whole genome sequences of six H. haemolyticus strains have been published
(15). In the study presented here, comparative analysis between these strains and H.
influenzae, highlighted a number of variable regions between the genomes of the two species.
BLAST and ClustalW analysis identified 6 genes, phoB, phoR, pstS, pstC, pstA, and pstB, as
potential diagnostics targets for the discrimination of the two microorganisms. In silico
nucleotide sequence analysis revealed that these genes are present in H. influenzae but are
absent in all other recognised Haemophilus species. These genes, which have been studied
extensively in E. coli , are members of the bacterial pho (phosphate) regulon and are involved
in the transport and assimilation of inorganic phosphate (Pi) (48, 49).

Two of the putative diagnostic targets identified namely phoB and pstA were further
evaluated for their ability to accurately identify H. influenzae and distinguish it from other
closely related Haemophilus species. phoB was chosen as a diagnostics target as it is only
present in gram negative bacteria (with a homolog phoP in gram positive bacteria) (48). The
pstA gene was also chosen as a diagnostics target for further evaluation as it was found to
have the least inter-strain gene nucleotide sequence heterogeneity and the greatest level of
gene nucleotide sequence variation compared with other bacteria (data not shown). Internally
controlled real-time duplex PCR assays were developed for each of these selected diagnostics
targets. Both assays were determined to be 100% specific for the detection of H. influenzae.
The established LOD of 6.49 GE and 10.49 GE (95% confidence), for both assays

respectively, is comparable to other studies targeting fucK, which have LODs of 10 genome

13
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copies (95% confidence) (20) and between 5 (5/8 reactions) and 50 (8/8 reactions) genomes
copies (29). We also compared our assays to a previously developed fucK real-time PCR
assay as this is one of the diagnostics target most commonly used in the literature for the
specific detection of H. influenzae. This comparative analysis demonstrated that both the
phoB and pstA assays are more specific for the detection of H. influenzae compared to the
fucK assay. Of the 42 clinical isolates identified as H. influenzae using MALDI-TOF MS and
the novel real-time PCR diagnostics assays developed in this study, 3 (7.1% ) were not
detected by the fucK assay. One of the culture collection strains (CCUG 58365) was also not
detected using the fucK assay due to a deletion of the fucose operon as previously reported in
this strain (35).

When evaluating the two real-time PCR diagnostics assays developed in this study, their
performance in terms of specificity and LOD are comparable. However the pstA multiplex
real-time PCR assay is more efficient than the phoB multiplex real-time PCR assay. In
addition, IAC amplification is inhibited at a H. influenzae DNA concentration of greater than
10° GE in the phoB multiplex PCR assay, revealing the pstA assay is more robust in terms of
overall real-time PCR assay performance.

In this study we set out to identify novel diagnostics targets that could be used in real-time
PCR assays to rapidly detect and specifically identify H. influenzae. The novel real-time PCR
diagnostics assays developed could enable improved monitoring of invasive disease caused
by this bacteria while also providing the clinician with valuable information about the
optimal therapeutic regimen to initiate patient treatment. We propose that the developed

assays now merit extensive multicentre evaluation in clinical settings.
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Figure 1: Representative amplification curves for multiplex real-time PCR diagnostics
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assay. Fig. 1A: Real-time amplification curves for 1 strain of H. influenzae (DSM4690)

(Diamonds) targeting the phoB gene in the FAM channel (465 -510 nm). No non-H.

influenzae species were detected by the assay; Fig. 1B: Amplification curves for IAC in Cy5
channel (618-660nm) with NTC highlighted with triangles. All samples detected except the
no template control (NTC). Fig. 1C: Real-time amplification curves for 1 strain of H.

influenzae (DSM4690) (Diamonds) targeting the pstA gene in the FAM channel (483 -533

nm). No amplification occurred in non-H.
amplification curves for IAC in Cy5 channel (615-670nm) with NTC highlighted with
triangles. All samples detected except the no template control (NTC).

influenzae species; Fig. 1D: Real-time
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