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Detection of Haemophilus influenzae Type b by Real-Time PCR
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A real-time PCR assay targeting the capsulation locus of Haemophilus influenzae type b (Hib) was developed.
The linear detection range was from 1 to 106 microorganisms per reaction mixture. No H. influenzae other than
Hib or any other control bacteria typically found in the upper respiratory tract was detected.

Haemophilus influenzae type b (Hib) can cause severe dis-
ease predominantly in children (25). Nasopharyngeal carriage
is of paramount importance in the transmission of Hib. Con-
jugate Hib vaccines decrease carriage of Hib (2). However, a
reemergence of invasive disease caused by Hib (8, 9, 19, 21, 26,
31) has cast doubt on the current vaccination strategies and
emphasizes the need for surveillance of Hib (19).

Assessment of Hib carriage using cultures of nasopharyngeal
specimens gives an accurate picture of the epidemiological
status of the bacteria (1, 3–5, 22, 30). Hib bacteria are identi-
fied by biochemical tests, followed by serotyping for capsular
antigen, but the latter is troublesome and ambiguous (18).
Genotyping and ribotyping are more accurate (7, 17, 18, 23).
We established a highly sensitive and specific assay based on
real-time PCR (TaqMan) to detect Hib.

The bacterial strains used were five Hib and five nontypeable
H. influenzae strains already characterized by capsular geno-
typing and ribotyping (23), H. influenzae type a (ATCC 9006),
H. influenzae type c (gift of Loek van Alphen, Amsterdam, The
Netherlands), H. influenzae type d (ATCC 9332), H. influenzae
type e (ATCC 8142), H. influenzae type f (ATCC 9833), 15
randomly selected invasive H. influenzae strains, Streptococcus
pneumoniae (ATCC 49619), S. pneumoniae serotypes 6A and
6B, Streptococcus oralis (ATCC 10557), Neisseria meningitidis
types B and C, Neisseria lactamica, Moraxella catarrhalis,
Moraxella lacunata, and Moraxella phenylpyruvarica. Capsular
genotyping of H. influenzae was performed by the method of
Kroll et al. (17) as modified by Mühlemann et al. (23) and
serotyping by slide agglutination with antiserum polyvalent for
types a to f and specific for type b (Difco Laboratories, Detroit,
Mich.) plus antiserum polyvalent for type a, types c to f, and
specific for type b (Phadebact; Boule Diagnostics AB, Hud-
dinge, Sweden).

Genomic DNA was extracted as described previously (13).
The primers and the fluorogenic minor groove binding probe
for region II of the capsulation locus (32) of Hib (GenBank
accession no. X78559) were designed using Primer Express
software, version 1.5 (Perkin-Elmer, Applied Biosystems,
Foster City, Calif.) and synthesized by Microsynth GmbH

(Balgach, Switzerland) and Applied Biosystems (OligoFactory,
Weiterstadt, Germany), respectively. The oligonucleotide se-
quences used were as follows: forward primer, 5�-CAAGATA
CCTTTGGTCGTCTGCTA-3� (positions 5481 to 5504); re-
verse primer, 5�-TAGGCTCGAAGAATGAGAAGTTTTG-3�
(positions 5631 to 5607). The probe was 5�-ATGATATGGG
TACATCTGTT-3� (positions 5563 to 5582). The fluorescent
reporter dye at the 5� end of the probe was 6-carboxyfluores-
cein (FAM), and the quencher at the 3� end was 6-carboxy-
N, N, N�, N�-tetramethylrhodamine (TAMRA). The principle
of real-time PCR utilizing fluorescence resonance energy
transfer has been described extensively (13). PCR amplifica-
tion was performed in 25-�l reaction mixture volumes contain-
ing 2� TaqMan universal master mix (Perkin-Elmer Biosys-
tems), 400 nM concentration of each primer, 200 nM probe,
and 1 �l of DNA extract. PCR amplification was performed on
duplicate samples, using an ABI PRISM 7700 sequence detec-
tion system. Standard amplification parameters were 2 min at
50°C and 10 min at 95°C, followed by 40 temperature cycles,
with 1 cycle consisting of 15 s at 95°C and 1 min at 60°C.
Real-time data were analyzed with Sequence Detection Sys-
tems software, version 1.7.

The sensitivity and detection range of the assay were deter-
mined by generation of standard curves for five reference Hib
strains: bacteria cultured at 37°C for 24 h were displaced from
the blood chocolate agar plates using saline (0.9% NaCl),
diluted with saline to a McFarland standard of 0.5 (108 micro-
organisms/ml), and subjected to 10-fold serial dilutions in sa-
line. One milliliter of each dilution was used for DNA extrac-
tion, followed by in vitro gene amplification. The calculated
cycle threshold (CT) values were plotted against the numbers
of microorganisms per microliter (13). The assay detected each
of the strains (Table 1) linearly from 1 to 106 organisms per
reaction mixture, with CT values (mean � standard deviation)
of 35.1 � 0.8, 31.6 � 0.3, 28.5 � 0.6, 23.7 � 0.8, 19.6 � 0.8,
17.1 � 0.6, and 15.3 � 0.5, respectively. The intra- and inter-
assay variability of CT values employing replicates from the
same DNA extraction per dilution or replicates from DNA
extracted from different dilution series was �1 (data not
shown). To determine the specificity of the assay, bacteria
other than Hib (106 organisms of each strain per reaction
mixture) were tested. Nontypeable H. influenzae, H. influenzae
type a, types c to f (Table 1), and any other control bacteria
were not detected. PCR of a dilution series of Hib was not

* Corresponding author. Mailing address: Division of Infectious Dis-
eases, University Children’s Hospital of Zurich, Steinwiesstr. 75, CH-
8032 Zurich, Switzerland. Phone: 41-1-266-7562. Fax: 41-1-266-7157.
E-mail: david.nadal@kispi.unizh.ch.

3813



inhibited by spiked DNA from nasopharyngeal secretions from
four patients shown to be devoid of Haemophilus spp. by cul-
turing.

The real-time PCR assay detected all 10 of the invasive
H. influenzae isolates identified by capsular genotyping as Hib
strains, but none of those identified as non-Hib strains. Sero-
typing also identified all Hib strains, but the Difco antisera
identified three reference and three invasive H. influenzae
strains as Hib, all identified as non-Hib strains by genotyping
(Table 1).

PCR assays detecting Hib reported so far are either conven-
tional endpoint or multiplex assays (10, 15, 16, 29). The assay
reported here is the first to be based on real-time (TaqMan)
technology. The linear detection range of microorganisms, sen-
sitivity, and intra- and interexperimental reproducibility were
similar to those from real-time PCR assays for the detection of
S. pneumoniae (13), N. meningitidis types B and C (11), M.
catarrhalis (12), Mycoplasma pneumoniae (14), Porphyromonas
gingivalis (20), Borrelia burgdorferi (24), and Mycobacterium
tuberculosis (6). Moreover, the assay was highly specific for
Hib, since there was no amplification of DNA from a plethora
of other bacteria or of DNA from S. pneumoniae, including
serotypes 6A and 6B that are known to cross-react with anti-
bodies to the Hib capsule (27, 28). Note that real-time PCR

assay results for Hib were in full agreement with capsular
genotyping results, whereas the results of serotyping with Difco
antisera were not. A recent study revealed that 68% of H. in-
fluenzae isolates identified as Hib by serotyping did not contain
the correlating capsule type genes (18). Finally, the efficiency
of PCR was not inhibited by components of nasopharyngeal
secretions.

The assay can be completed within 1 day, is faster than
conventional culturing and identification, and therefore pro-
vides a potential reliable diagnostic tool for Hib and is able to
assess nasopharyngeal carriage of Hib.
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