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McRAPD unlike MALDI-TOF MS is a suitable candidate for routine discrimination 
of new Haemophilus influenzae strain acquisition in chronic obstructive 

pulmonary disease (COPD) and cystic fibrosis
Vladislav Raclavskya,b, Nikola Stromerovac, Dana Safarovad, Jan Bardonc, Jaromir Zatloukale, Martin Zapalkaf, Petr Jakubece, 

Lucie Navratilovaa, Radko Novotnya

Background and Aims. Haemophilus influenzae new strain acquisition has been demonstrated to increase the rela-
tive risk of acute exacerbation fourfold in contrast to colonisation or chronic infection by the same strain in chronic 
obstructive pulmonary disease (COPD). Unfortunately, molecular typing techniques are not suitable for routine use 
due to cost, labour-intensity and need for special expertise. We tested two techniques potentially useful for routine 
typing, namely the newly available MALDI-TOF MS and the modified McRAPD compared to MLST as the gold standard.
Methods. In 10 patients (10.8%) suffering from COPD or cystic fibrosis, H. influenzae isolates were recovered repeatedly 
at different timepoints from the same patient during the study period. This allowed for thirteen pairwise comparisons 
of typing results in isolates recovered consecutively from the same patient to test the ability of the techniques to 
uncover new strain acquisition.
Results. MLST detected 9 cases of new strain acquisition among the 13 pairwise comparisons. However, MALDI-TOF MS 
reported all 13 pairs as different and thus new. In contrast, McRAPD was able to differentiate all the new strain acquisi-
tions from pre-existing ones, both by visual inspection of melting profiles and by Relative Significant Difference values.
Conclusions. Unlike MALDI-TOF MS, McRAPD appears to be a suitable candidate for routine discrimination of new 
strain acquisitions because of its accuracy and, rapid, easy and economic performance.
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INTRODUCTION

Haemophilus influenzae represents an important patho-
gen often found in the respiratory pathways of COPD 
patients. However, the interpretation of such a finding 
remains difficult because it is frequently present both in 
stable disease and during exacerbations. In such cases, 
new bacterial strain acquisition has been suggested as a 
possible cause of exacerbations. Significant association 
of new H. influenzae strain acquisition with exacerbation 
(26.2% of visits) versus no new strain (17.1% of visits, P < 
0.001) was first documented by Sethi et al.1. Furthermore, 
the newly acquired strains have been documented to elicit 
development of strain-specific serum antibodies, whereas 
same strains were not associated with such response in the 
majority of instances2. Later, the same group recognized 
that some isolates of H. influenzae were actually H. hae-
molyticus species. When the results of the study were re-
analysed, there was no association of new H. haemolyticus 
acquisition and exacerbation (20.7% vs. 17.4%, P = 0.47), 

whereas the association between the acquisition of a new 
strain of H. influenzae and acute exacerbations increased to 
44.5% vs. 16.4% (P < 0.001) (ref.3). These findings should 
allow for better targeting of therapy and provide the pos-
sibility to improve clinical outcomes and modify disease 
activity in COPD (ref.4). Unfortunately, discrimination of 
new versus same strains relies on molecular typing tech-
niques that are typically costly, labour-intensive, and need 
special expertise. Therefore, their use is at present lim-
ited to research studies. However, with the advent of new 
technologies, namely whole bacterial cell Matrix-assisted 
laser desorption/ionisation-time of flight mass spectrom-
etry (MALDI-TOF MS) and Melting curve analysis of 
RAPD (McRAPD), diagnostic laboratories might be able 
to perform strain typing routinely in the foreseeable fu-
ture. The aim of our work was to explore the potential of 
MALDI-TOF MS protein profiling and McRAPD (ref.5) in 
discrimination between the newly acquired and pre-existing 
H. influenzae isolates recovered from sputum of patients 
suffering from COPD or cystic fibrosis (CF).
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MATERIAL AND METHODS

Study design
The Ethics Committee of the University Hospital 

Olomouc approved the study protocol. All participants 
gave written informed consent. Sputum samples or nasal 
and pharyngeal swabs were collected from COPD and 
CF patients who sought medical care at visits or during 
hospital stays at the Dept. of Respiratory Medicine and 
Dept. of Pediatrics, University Hospital Olomouc during 
the period from April 2012 to October 2014. 

Cultivation and species identification 
Sputum samples were liquefied by adding a roughly 

equal volume of 2% N-acetylcysteine solution (typically 
5-10 mL) and homogenized by shaking with glass beads, 
diluted and inoculated on Haemophilus selective agar 
(Oxoid). For economic reasons, 104-times dilution was 
plated on one half of the plate and 108-times dilution was 
plated on the other half of the same plate to facilitate dif-
ferentiation of colonies at higher loads. Nasal and pharyn-
geal swabs were inoculated on Haemophilus selective agar 
(Oxoid) as well. All colonial morphotypes were identified 
using a MALDI-TOF MS Biotyper (Bruker, Germany) in 
accordance with manufacturer's instructions. All H. influ-
enzae isolates were subcultured and stored at -70 °C. The 
H. influenzae isolates cultured from the same patients at 
different timepoints during the study period were included 
into a further analysis as described below.

Conventional typing 
Conventional serotyping was performed using the 

Haemophilus influenzae Antisera Set (Denka Seiken, 
Japan) in accordance with manufacturer's instructions.

MLST typing 
Multilocus sequence typing (MLST) was performed as 

a gold standard typing technique according to the scheme 
developed by Meats et al.6 and with the use of the MLST 
database developed by Jolley and Maiden7. For economic 
reasons, the analysis was started with sequencing of the 
most variable locus mdh (36 alleles), followed by the 
second most variable locus pgi (32 alleles), etc. In most 
cases, sequencing of all loci was not necessary to detect 
new strain acquisition.

MALDI-TOF MS TYPING 

Each isolate of H. influenzae was cultured as three 
replicates on Chocolate agar with Vitox (Oxoid) and sub-
sequently processed into protein extracts by the Bruker’s 
MALDI Biotyper Standard Operating Procedure: Ethanol 
and Formic Acid Extraction Method. Each protein ex-
tract was used to create the Main Spectrum (MSP) as 
follows: it was placed on 8 spots of a stainless steel 
target plate, overlaid with HCCA matrix (α-cyano-4-
hydroxycinnamic acid, Sigma-Aldrich) and measured as 
3 × 240 shots per spot, i.e. 5760 shots per extract, using a 

Microflex LT system (Bruker, Germany). Those spectra 
with outlier peaks or anomalies were removed from the 
set. Then, peaks from 3000 to 10,000 Da with maximum 
mass error of 500 ppm were selected. Software settings 
for MSP and dendrogram creation were those suggested 
by the Bruker´s MALDI Biotyper 3.1 software (BioTyper 
Standard Method). The hierarchical cluster analysis and 
dendrogram construction was performed using default 
correlation function within the MALDI Biotyper 3.1 
software package. To discriminate between continued 
presence of the same strain and acquisition of a new 
strain, a pairwise comparison was performed between 
H. influenzae isolates recovered from the same patient 
at two consecutive timepoints. Briefly, three MSPs gen-
erated from the three replicates of the protein extracts 
from one isolate and the same from the other isolate were 
together subjected to hierarchical cluster analysis and a 
dendrogram was constructed then. If the replicates of one 
isolate and those of the other isolate clustered separately, 
the two isolates were considered to be different, which 
indicated the acquisition of a new strain. If no such clus-
tering, as mentioned before, occurred, the two isolates 
were considered to belong to the same strain. Because it 
was not possible to process all isolates in one run, three 
isolates were always processed per run, which included 
one pair of two consecutive isolates and one other unre-
lated isolate for comparison.

McRAPD typing 
DNA was extracted using the GeneProof PathogenFree 

DNA PCR Kit (GeneProof, Czech Republic) in accor-
dance with the manufacturer's instructions. One micro-
liter of DNA was added into the amplification reaction 
that was performed in a 20 μL volume using the qPCR 2× 
SYTO-9 Master Mix (Top-Bio, Czech Republic) with the 
MgCl2 concentration increased to 3.75 mmol/L and us-
ing 2.5 μmol/L of the 10-nucleotide RAPD primer AP-12 
(5'-CGGCCCCTGC-3'), which had been used as a RAPD 
primer for H. influenzae previously8. After incubation at 
94 °C for 5 min, the reaction mixtures were cycled 40 
times through the following temperature profile: 95 °C for 
30 s, 43 °C for 30 s, and 72 °C for 60 s. A LightCycler 96 
(Roche) was used for amplification; slow ramping from 
the annealing to the extension temperature (4 °C/1 min, 
i.e. 7 min for transition from 43 to 72 °C) was used to 
enhance the reproducibility of RAPD as described by 
Benter et al.9. High resolution melting analysis (HRMA) 
was performed using the same instrument with initial de-
naturation at 95 °C for 60 s, renaturation at 40 °C for 60 
°C and heating to 70 °C, followed by HRMA in the range 
70-90 °C at highest ramp rate (0.04 °C/s) and highest 
resolution (25 readings per second). The resulting melting 
curves were proportionally normalized in accordance with 
manufacturer's instructions with empirical adjustment of 
pre-melting range to 77-78 °C, post-melting range to 87.8-
88.5 °C and manual temperature shift at 0.05 threshold. 
Complex curves of normalized melting peaks (-dF/dT 
derivation of normalized melting data), consisting of 253 
temperature points (HRMA fluorescence readings), were 
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imported into spreadsheet and evaluated as described be-
low. Each H. influenzae isolate (DNA sample) was pro-
cessed in six parallel reactions (replicates) to be able to 
check for McRAPD reproducibility and to evaluate statis-
tical significance of differences between complex curves 
of normalized melting peaks.

Numerical processing of McRAPD data and statistical 
analysis 

Differences between complex curves of normalized 
melting peaks obtained with each pair of H. influenzae 
isolates recovered from the same patient at different 
timepoints were evaluated as follows: at each tempera-
ture point of HRMA, 6 relative fluorescence intensity 
values obtained with 6 replicates of one isolate were 
compared to 6 relative fluorescence intensity values ob-
tained with 6 replicates of the other isolate using two-
sided t-test. Then, a P-value marking the significance of 
the difference between the two isolates was obtained at 
each temperature point, resulting in 253 P-values for each 
comparison of complex melting curves. To evaluate the 
aggregate significant difference between the complex melt-
ing peak curves of the two isolates, relative percentage 
of P-values lower than 0.01 (P < 0.01) was calculated for 
each pair of isolates under comparison. This relative per-
centage represents the relative part of the curves that are 
significantly different and, for our purposes, we termed 
it “Relative Significant Difference” (RSD). See Table 1 
in supplementary data for complete data including their 

numerical processing and statistical analysis. To test for 
the influence of the number of McRAPD replicates on 
the robustness of such comparison, RSD values were also 
calculated in silico to model the case when less than 6 par-
allel McRAPD reactions would be performed per isolate.

RESULTS

In 10 patients (10.8%), H. influenzae isolates were 
recovered repeatedly at different timepoints from the 
same patient, yielding 24 isolates during the study pe-
riod. Unfortunately, in one case we were unable to revive 
one isolate after storage, then, one pair of isolates had to 
be excluded from the study. See Table 2 for summary of 
22 repeatedly recovered isolates included into the study.

Typing results were compared in pairs of isolates re-
covered consecutively in each of the patients at different 
timepoints. For example, if 3 isolates were recovered from 
patient No. 2 at different timepoints (isolate 2-1 followed 
by 2-2 followed by 2-3), then isolate 2-2 was compared to 
isolate 2-1 and isolate 2-3 was compared to isolate 2-2 to 
possibly reveal interstrain differences that would prove the 
acquisition of a new strain at each consecutive timepoint 
of recovery. Conventional serotyping was able to detect 
two cases of new strain acquisition and generally was of 
little use, because 52% of the isolates were nontypeable. 
Sequencing of the most variable mdh locus enabled a reli-
able differentiation of new strain acquisition in 7 of the 13 

Table 2. Summary of repeatedly recovered isolates included into the study and results of MLST and McRAPD.

Patient Diagnosis Date of 
recovery

Isolate 
No.

mdh 
allele

pgi 
allele

ST Isolate 
comparison

MLST 
conclusion

McRAPD based 
RSD (%)

Patient 1 CF 6.6.2013 1-1 1 - -
4.3.2014 1-2 22 19 124 1-2 versus 1-1 Different 59.3

25.3.2014 1-3 22 19 124 1-3 versus 1-2 Identical 16.5
14.9.2014 1-4 22 19 124 1-4 versus 1-3 Identical 0

Patient 2 CF 10.5.2013 2-1 1 - -
25.10.2013 2-2 7 - - 2-2 versus 2-1 Different 73.4
20.2.2014 2-3 22 - - 2-3 versus 2-2 Different 85.9

Patient 3 CF
31.5.2013 3-1 26 - -
12.5.2014 3-2 88 63 - 3-2 versus 3-1 Different 49.8
18.8.2014 3-3 88 78 - 3-3 versus 3-2 Different 55.9

Patient 4 CF 6.5.2013 4-1 26 61 396
3.3.2014 4-2 26 61 396 4-2 versus 4-1 Identical 17.5

Patient 5 CF 15.2.2013 5-1 81 - -
29.3.2013 5-2 81 - - 5-2 versus 5-1 Different 79.1

Patient 6 CF 27.5.2014 6-1 9 - -
30.6.2014 6-2 158 - - 6-2 versus 6-1 Different 52.9

Patient 7 CF 17.3.2014 7-1 17 - -
18.8.2014 7-2 7 - - 7-2 versus 7-1 Different 77.4

Patient 8 COPD 25.6.2013 8-1 9 14 11
13.11.2013 8-2 9 14 11 8-2 versus 8-1 Identical 1

Patient 9 COPD 25.10.2012 9-1 1 1 -
14.11.2013 9-2 1 21 - 9-2 versus 9-1 Different 54.1

ST = sequence type according to the MLST scheme
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Fig. 1. Results of MALDI-TOF MS typing represented by pairwise comparisons of MSPs. Triplicates of MSPs generated from three 
independent protein extractions of one isolate and those generated from the other isolate were subjected to hierarchical cluster 
analysis and a dendrogram was constructed. Each dendrogram represents one pairwise comparison of MSPs, e.g. 1-2 versus 1-1 
dendrogram represents comparison MSPs obtained with the isolate No. 2 from patient No. 1 versus isolate No. 1 from the same 
patient. Because of space limitations, twelve pairwise comparisons are demonstrated instead of all thirteen ones.

pairwise comparisons. Further sequencing of more MLST 
loci in the remaining 6 pairs revealed only two other newly 
acquired strains, whereas strain identity was confirmed in 
the remaining 5 cases using complete MLST typing. See 
Table 2 for a summary of MLST results. 

The results of MALDI-TOF MS typing represented by 
pairwise comparisons of MSPs are summarised in Fig. 
1. Triplicates of MSPs generated from three independent 
protein extractions of one isolate and those generated from 
the other isolate were subjected to hierarchical cluster anal-
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Fig. 2. Results of MALDI-TOF MS typing represented by complete dendrogram. Three main spectra (MSPs) were created from 
three replicate cultures of each isolate. These three spectra were merged and used for hierarchical cluster analysis and dendrogram 
construction using default correlation function within the MALDI Biotyper 3.1 software package. For reference, MLST types are 
listed in italics after slash; isolates that belong to the same MLST type are highlighted by the same colour. 

ysis and a dendrogram was constructed. In all cases, the 
extracts of each particular isolate clustered together and 
were clearly separated from the cluster formed by the other 
isolate, indicating the acquisition of a new strain. In ad-
dition, complete dendrogram based on merged data from 
triplicates is demonstrated in Fig. 2. Isolates that belong to 
the same MLST type are highlighted by the same colour.

The results of McRAPD typing represented by com-
plex melting peak curves are demonstrated in Fig. 3. Each 
plot represents a comparison of six replicates from one 
isolate versus six replicates from the other isolate, both 
from the same patient. Replicates obtained with the same 
isolate are coded by the same colour. Relative Significant 
Difference (RSD) values calculated from six versus six 
replicates are summarised in Table 2. The average RSD 
value reached 66.7±13.78% in pairs of isolates that were 
demonstrated to be different by MLST, which was clearly 
significantly different from the same value for pairs of iso-
lates that belonged to the same strain according to MLST, 
namely 8.8±9.54% (P < 0.001). RSD values calculated in 
silico, to model the situation when less than six replicates 
per isolate would be included, are summarised in Fig. 4.

DISCUSSION

Sequencing of just one MLST locus, namely the most 
variable mdh locus, was sufficient to reveal the acquisition 
of a new strain in 7 cases, sequencing of more locuses 

revealed only two additional cases of a new strain acqui-
sition. Then, in 8 out of 13 cases (69.2%) of repeated 
recovery of H. influenzae at different timepoints, the new 
isolates represented, in truth, newly acquired strains. This 
is rather different from the observation of Sethi et al.1, 
who reported 145 cases of new H. influenzae acquisition 
versus 1503 cases of no new strain acquisition (8.7%). 
Incorrect identification of H. haemolyticus as H. influen-
zae cannot be the cause of this difference, because we 
used the advanced version of database for MALDI-TOF 
MS identification10. However, in the study of Sethi et al.1, 
COPD patients were requested to come for screening for 
bacterial presence in sputum at regular monthly intervals 
regardless of their health status, unlike in our study, where 
sputum was sampled from patients who sought medical 
care or were treated during hospital stay. Then, the 8.7% 
frequency of new H. influenzae strain acquisition reported 
by Sethi et al.1 should represent the overall frequency of 
this event in COPD population, whereas the 61.5% fre-
quency observed in our study should represent new strain 
acquisition in patients who typically sought medical care 
because of exacerbation. Such difference is not surprising 
in light of the 4.09 relative risk of exacerbation associated 
with H. influenzae new strain acquisition as reported by 
Murphy et al.3. To conclude, our data clearly demonstrate 
that the recovery of H. influenzae at the time of acute ex-
acerbation should not be underestimated in chronic lung 
disease even in cases with a history of previous recovery 
of the same pathogen during stable disease because many 
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3-2 versus 3-1 3-3 versus 3-2 5-2 versus 5-1 
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Fig. 3. Results of McRAPD typing represented by complex melting peak curves. Each plot represents a comparison of six replicates 
from one isolate versus six replicates from the other isolate, both from the same patient, e.g. 1-2 versus 1-1 plot represents com-
parison of melting curves obtained with the isolate No. 2 from patient No. 1 versus isolate No. 1 from the same patient. Replicates 
obtained with the same isolate are coded by the same colour. X axis: temperature points from 77.0 to 87.8˚C. Y axis: relative 
fluorescence intensity. Because of space limitations, twelve pairwise comparisons are demonstrated instead of all thirteen ones.

or even most of such cases do represent, in truth, acquisi-
tion of a new strain.

MALDI-TOF MS strain typing
MALDI-TOF MS protein profiling of whole bacterial 

cells has recently been introduced in most diagnostic labo-

ratories as a routine technique for rapid and reliable spe-
cies identification of bacteria. However, it also offers the 
opportunity to use unique strain-specific protein profiles 
for typing purposes. Application of MALDI-based typing 
has been reported for different species with variable suc-
cess (ref.11–17). In this study, results of hierarchical cluster 
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Fig. 4. Relative significant difference (RSD) values calculated 
in silico, to model the situation when less than six replicates per 
isolate would be included. Each curve represents one pairwise 
comparison of McRAPD data acquired with two isolates, e.g. 
1-2 versus 1-1 curve represents comparison of the isolate No. 2 
from patient No. 1 versus isolate No. 1 from the same patient. 
RSD values increase with increasing number of replicates in-
cluded into calculation. Starting from three replicates, differ-
ence between the group of isolates belonging to the same strain 
(RSD <20%) and the group of isolates representing different 
strains (RSD > 20%) is clearly visible.

more stable patterns9. Third, we performed each reaction 
in 6 replicates to be able to distinguish which part of 
RAPD pattern variability was due to the technique itself 
and which truly represented interstrain variation. Fifth, 
we used high resolution melting analysis to obtain hard 
numerical data and thus avoid possible bias when decid-
ing which bands are too faint to be included into compari-
son of banding patterns, as it can happen in conventional 
RAPD. Sixth, we used a commercial PCR master mix that 
includes hot-start polymerase and third generation inter-
calating fluorescent dye, which proved to perform excel-
lently acc. to our previous experience. Melting analysis of 
RAPD, termed McRAPD, was first used by our group for 
purposes of yeast species identification19, but later proved 
to be useful for strain typing in several other settings17,20–22. 
In this study, McRAPD provided excellent results that 
were in full accordance with the results of MLST, which is 
considered the gold standard for microbial typing. Identity 
or difference of melting patterns was easy to evaluate even 
by simple visual inspection of plots if samples were run in 
replicates, as demonstrated in Fig. 3. Numerical process-
ing clearly confirmed this impression. Moreover, no more 
than three replicates were needed for easy and clear cut 
differentiation between Relative Significant Difference 

analysis of pairwise comparisons, visualized in the form of 
a dendrogram (Fig. 1), always indicated a clearly separate 
identity in each isolate, i.e. the acquisition of a new strain. 
However, in 5 cases, this was not in accordance with the 
results of MLST as a gold standard of strain typing. A 
complete dendrogram based on merged data from trip-
licates (Fig. 2) suggested identity of isolates 1-3 and 1-4 
that belong to the same MLST type 124, unfortunately, 
the isolate 1-2 that also belongs to the MLST type 124 
clustered separately. Moreover, the complete dendrogram 
suggested identity of isolates that were found unrelated by 
MLST analysis, and, on the other hand, clearly separated 
isolates of the same strain as established by MLST. For 
more detailed insight, we inspected the spectra of isolates 
1-2, 1-3, 1-4 and 7-1 visually. All of these isolates clustered 
more or less together in a complete dendrogram (Fig. 2), 
but we were not able to identify any robust strain-specific 
signals shared by 1-2, 1-3 and 1-4 isolates. There were 
many minor peaks of the same molecular weight but dif-
ferent intensity shared by all of the isolates. The cluster-
ing observed in the complete dendrogram is then mainly 
based on matching large numbers of low-intensity peaks 
that are rather variable in different isolates. Possibly, pro-
tein profiles are not stable enough in H. influenzae when 
isolates are recovered at different timepoints from the 
host organism. This conclusion is also supported by our 
observation of mixed clustering of two isolates recovered 
from pharyngeal swab and nasal swab, which correctly in-
dicated the same strain identity when samples were taken 
from different locations of the same patient at the same 
timepoint (unpublished data). In addition, processing of 
extensive numbers of isolates in one run is not practicable 
because of the labour intensive character of the technique. 
Then, smaller groups of isolates need to be processed at 
different timepoints and instrumental stability cannot be 
always fully warranted. Taken together, MALDI-TOF MS 
was unable to discriminate new H. influenzae strains ac-
quisition at the settings used in our study. Its performance 
might be improved by careful optimization, and it still 
may be useful for the discrimination of true outbreaks 
from accidental accumulation of sporadic cases, on the 
condition the sampling and processing is performed in a 
rather limited time frame. Also, improved techniques of 
MSPs’ clustering may be able to provide more accurate 
results, as demonstrated with the dynamic cutoff method 
in a study of Achromobacter xylosoxidans epidemic strain 
among Belgian CF patients17.

McRAPD strain typing
Although RAPD has been widely used in microbial 

typing because of its easy and economic performance, 
including for H. influenzae18, it has also been criticized 
for poor reproducibility. Since we were aware of this 
drawback, including factors that influence the outcome 
of RAPD18, we strove to prevent this problem in several 
ways. First, we used a DNA extraction kit that proved 
to provide stable yields of high quality DNA in bacte-
ria. Second, we prolonged the time from the annealing 
to the extension step to 7 min, which should result in 
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(RDS) values coming from pairs of isolates of the identi-
cal strain and those coming from pairs belonging to dif-
ferent strains (Fig. 4). In another independent study that 
directly compared McRAPD to MALDI-TOF MS typing 
in Achromobacter xylosoxidans recently, McRAPD also 
proved to be non-inferior17. 

However, we should be aware of possible limitations 
of this promising technique. In this study, the principal 
aim of which was to evaluate differences between limited 
numbers of pairs of isolates, McRAPD worked excellently. 
If large numbers of isolates are studied with many result-
ing McRAPD patterns, the probability that profiles of 
two unrelated strains will appear related will increase. Of 
course, McRAPD performance will also vary with the 
different primers used in different species, as it is the case 
of any typing technique except for techniques that rely on 
extensive sequencing (MLST). Also, McRAPD results will 
always vary with different amplification platforms and dye 
chemistries, and even inter-run reproducibility may still 
pose a challenge. This effectively hinders inter-laboratory 
reproducibility and comparison of data. However, its easy, 
rapid and economic performance with the potential of au-
tomated processing of numerical data makes McRAPD a 
suitable candidate for routine discrimination of new strain 
acquisition, as described in this study in H. influenzae.
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