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Summary

New methods to distinguish between nontypeable Haemophilus influenzae and nonhemolytic

Haemophilus haemolyticus were compared. The results of iga variable region hybridization to
dotblots and library-on-a-slide microarrays were more similar to a “gold standard” multigene

phylogenetic tree than iga conserved region hybridization or P6 7F3 epitope immunaoblots.
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Nontypeable Haemophilus influenzae (NTHi) are gram-negative coccobacilli that
asymptomatically colonize the nasopharynx, but cause respiratory infections such as
bronchitis, otitis media, and sinusitis. Standard tests to identify H. influenzae in clinical
specimens, X- and V- factor dependence (Kilian, 2005), do not distinguish between H.
influenzae and a related, non-pathogenic species, Haemophilus haemolyticus. Such distinction
has relied on the ability of H. haemolyticus to lyse horse red blood cells, which H. influenzae
cannot do. However, this phenotype may be lost during passage (Kilian, 1976). Worse, it was
reported recently that some strains of even low passage H. haemolyticus do not hemolyze,
making this test unreliable (Murphy et al., 2007). In fact, between 4% and 27% of throat culture
strains originally designated H. influenzae appear to be H. haemolyticus (Juliao et al., 2007,
Mukundan et al., 2007, Murphy et al., 2007), a concern for research using throat strains.
Because H. haemolyticus does not cause disease or live in normally sterile sites (Murphy et
al., 2007, Xie et al., 2006), most clinical samples do not need to be tested for the presence of
H. haemolyticus and may be tested for H. influenzae in the traditional manner, by X and V
factor dependence (McCrea et al., 2008).
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To better distinguish between H. influenzae and H. haemolyticus in studies of H. influenzae
pharyngeal colonization, McCrea et al. (2008) used 88 strains of H. influenzae, 33 strains of
hemolytic H. haemolyticus, 76 strains of nonhemolytic H. haemolyticus and five outgroup taxa
to reconstruct a minimum evolution (ME) phylogenetic tree based on the concatenated
sequences of five genes: adk, pgi, recA, infB, and 16S rRNA. Known H. influenzae and H.
haemolyticus are found in separate clusters and biochemical tests correlate well with the tree
structure. While such a tree serves as a “gold standard” to distinguish H. influenzae from
nonhemolytic H. haemolyticus, classifying new strains by placing them in the tree involves
sequencing portions of five genes and significant computational time. Trees reconstructed
using single genes were not, by themselves, able to separate the two species.

Rapid methods for research laboratories to distinguish between H. influenzae and nonhemolytic
H. haemolyticus have been suggested. The iga gene encoding the enzyme immunoglobulin Al
protease (Kilian, 2005) and the 7F3 epitope of P6 are present in H. influenzae but not H.
haemolyticus (Murphy et al., 2007). In this study we compared the classification of putative
H. influenzae strains using 1) the ME tree based on DNA sequences (McCrea et al., 2008), 2)
DNA hybridization based ‘library-on-a-slide’ microarrays probed with conserved and variable
regions of iga, 3) genomic dotblot hybridization with conserved and variable regions of iga,
and 4) P6 7F3 epitope immunoblots.

The library-on-a-slide microarray (Zhang et al., 2004) consisted of the genomic DNA of 393
Haemophilus strains from three collections isolated from the throats of children in day care
centers (Farjo et al., 2004, Granoff et al., 1979, St Sauver et al., 2000), 50 of which were also
included in the ME tree. DNA was extracted by sonication (Zhang et al., 2005) and spotted on
a microarray slide. For use as probes, the conserved p-core region of iga (Kilian, 2005) was
amplified from H. influenzae strain 26225 using primers (igaBF1 5’-
TGAATAACGAGGGGCAATATAAC-3’ and igaBR2 5’-
TCACCGCACTTAATCACTGAAT-3’) corresponding to bases 4124-4978 in strain HK368
(GenBank accession M87492). Also, the variable region of iga was amplified from H.
influenzae type b strain Eagan using primers (igaLF1 5’-
GTTCCACCACCTGCGCCTGCTAC-3’ and igaLR2 5’-
GTTATATTGCCCCTCGTTATTCAT-3") corresponding to bases 3334-4146 in HK368
(Vitovski et al., 2002). The variable and conserved region fragments were fluorescein labeled
as described (Kong et al., 2006). Duplicate microarrays were spotted, probed, and washed as
described (Kong et al., 2006), with these exceptions: hybridization and washes were at 65 °C,
PerfectHyb Plus (Sigma-Aldrich, St. Louis, MO) was used as a prehybridization and
hybridization buffer, and the DNA concentration-control probe was a mixture of seven H.
influenzae MLST gene fragments (http://Haemophilus.mist.net/) and the coding region of
pepN, in equal concentrations. Arrays hybridized with the conserved iga region, used a
digoxigenin (DIG) labeled (DIG High Prime, Roche, Indianapolis) concentration-control
probe, and then slides were destained and stripped by washing successively with 100% ethanol,
4M NaOH, 2 X SSC twice, and rehybridized with a fluorescein-labeled conserved region iga
probe. Arrays hybridized with the variable iga region used a fluorescein-labeled concentration-
control probe or a fluorescein-labeled iga variable region probe.

The Spotfinder v.3.1.1 program (http://www.tm4.org/spotfinder.html) determined the intensity
of hybridization to each spot (settings: histogram, mask size 10, spot size 16, top background
cut off 5%). MIDAS v.2.19 (http://www.tm4.org/midas.html) was used to remove poorly
hybridized spots and to control for the concentration of genomic DNA in each spot by
comparing the iga probing intensity with the concentration-control intensity.

Programs written in the statistical software “R” (http://www.r-project.org/) graphed the
frequency of the log transformed iga to concentration-control signal ratio (logs (I(iga)/I
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(control)) where | = intensity calculated by Spotfinder) (Figure 1). Given that some strains
contain the gene and some do not, thus the bimodal nature of the graphs, positive and negative
spots clearly formed two different normal distributions. In cases in which two distributions
were clearly separated (as in Figure 1), spots were considered positive for the probe if they
were within the right-most peak (higher ratio) and negative if they were within the peak to the
left (lower ratio). An obvious separation, however, between the positive and negative peaks
for the two slides hybridized with the iga variable region probe was not seen. For these two
slides, an alternate quantitative method was used (Figure 2). A two-component Gaussian
mixture model was fitted using the EM algorithm (Dempster et al., 1977) to classify the
observed intensities into positive or negative spots. This procedure was performed using an R
program and is identical to the approach developed by Fraley and Raftery (2003) implemented
in an R software package MCLUST (http://www.stat.washington.edu/mclust). A >50%
probability was used as the cut off between positive and negative hybridization results.
Although the absolute intensities of the spots varied, each strain was consistently positive or
negative on duplicate slides.

Variable region iga dotblot analysis and P6 immunaoblots were previously published (McCrea
etal., 2008), for 197 strains that were also included in the ME tree. Conserved region iga dotblot
analyses were performed as described (Xie et al., 2006) for 118 strains also in the ME tree.
The conserved region iga -core domain-specific probe was amplified from the H.
influenzae strain Eagan using primers described above.

The ability of the three nonphylogenetic techniques to correctly identify the strains, defined as
H. haemolyticus and H. influenzae based on the ME tree, is shown on Table 1. The iga variable
region probe used in the dotblot hybridization assay, amplified from the H. influenzae strain
Rd, was the best approximation to the ME tree, correctly categorizing 100% of the strains
analyzed by both methods (McCrea et al., 2008). The microarray hybridization technique using
a similar iga variable region probe, amplified from the H. influenzae strain Eagan, correctly
categorized 96% of the strains. Using the microarray technique, 331 (84%) of the 393 total
strains, including strains not used in the ME tree, were positive for the conserved region iga
probe. When probed with the variable region of iga, 298 (76%) were positive (Table 2). Cross-
species conservation of the conserved region of iga may account for the greater number of H.
haemolyticus strains that hybridized to it.

Of rapid methods tested, dotblots probed with the iga variable region correlated best with the
results of the multigene phylogenetic analysis (McCrea et al., 2008). However, the same region
of iga, used as a microarray probe, was nearly as accurate, lower in cost, and less time-
consuming per strain because more strains could be analyzed at once. The cost of consumable
reagents to analyze one isolate using the phylogenetic analysis is about 30% less than the cost
for one microarray slide that contains hundreds of isolates (data not shown). The hands-on time
required to examine hundreds of strains on an automated microarray is only about three times
that of running one sample through the phylogenetic analysis (unpublished observation), and
the number of trees to be analyzed increases rapidly with the number of strains (Felsenstein,
1978). Because nasopharyngeal colonization is frequently polyclonal (Farjo et al., 2004,
Mukundan et al., 2007, St Sauver et al., 2000), our laboratory now analyzes up to 30 H.
influenzae-like colonies per throat swab to attempt to sample most of the strains. Even small
studies quickly accumulate many isolates. For studies analyzing a large number of isolates,
high throughput methods such as microarrays are time efficient and cost effective.

The choice between phylogenetic analysis and microarray analysis to identify a strain as H.
influenzae or H. haemolyticus depends, in part, on the questions asked in designing the study
at hand. A representation of the history of the relationships between strains is a by-product of
the phylogenetic method, which would be useful for future genetic comparisons and
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evolutionary studies. Additional identical microarray slides may be printed for little additional
cost, which would be useful for future studies of variation in genetic regions between strains.
If only a few strains need to be analyzed, we would recommend retrieving the sequences used
by McCrea et. al. (2008) from Genbank, sequencing the five genes in the new strains, and
building a phylogenetic tree. The cost/time/future-usefulness decision will be different for each
research laboratory.
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Figure 1.

Histogram used to determine cut off between positive and negative strains for iga-conserved
probe on microarray. Strains positive for the probe are to the right of arrow, negative to the
left. Intensities calculated using Spotfinder.
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Figure 2.

Modeled intensities were used when histogram was unclear. The solid line indicates modeled
curve for strains negative for the iga-variable probe, the dotted line for positive strains. A signal
at the intersection of the two lines has a 50% probability of being positive. Strains with signals
to the right of the intersection were considered positive, to the left negative.
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Methods to distinguish H. influenzae from H. haemolyticus, as defined by five-gene ME tree clusters?
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A: Microarray hybridization using Iga probes

th cluster HiC cluster

N = 25 strains N = 25 strains
Variable iga +9 0 238
Variable iga — 25 2
Conserved iga + 8 23
Conserved iga — 17 2

B: Dotblot hybridization using Iga probes
Hh cluster Hi cluster

Variable iga +:
Variable iga —

0 (N =109 strains)
109

88 (N =88 strains)
0

Conserved iga +
Conserved iga —

11 (N = 42 strains)
31

74 (N = 76 strains)
2

C: Immunoblot using 7F3 antibody of P6”

Hh cluster Hi cluster

N =109 strains N = 88 strains
P6 + 13 85
P6 — 96 3

a . Lo
Comparisons are to clusters of strains in the "gold standard " tree (McCrea et al., 2008).

th designates Haemophilus haemolyticus.

[ .
Hi designates H. influenzae.

d+ indicates positive hybridization.

e . . .
Bold numbers indicate correctly categorized strains.

= indicates no hybridization.

*
from published data (McCrea et al., 2008)
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