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A B S T R A C T

Infections due to Haemophilus influenzae result in tremendous global morbidity. The conjugated vaccines against
H. influenzae type b (Hib) have dramatically reduced the incidence of invasive Hib disease in the routine im-
munization of infants. The several proteins used as vaccine candidates for this pathogen, but they don't produce
efficient immune in animal models against all strains of H. influenzae. This study aimed to determine the di-
versity of hpd gene nucleotide sequences of Iranian native clinical isolates of H. influenzae as a native vaccine
candidate compared to standard strains.

Twenty isolates of H. influenzae recovered from different clinical specimens of patients admitted to Milad and
Imam Khomeini hospitals, Tehran, Iran. Then, isolates detected and identified as H. influenzae using biochemical
tests, and further confirmation through omp6 gene PCR. The hpd gene was amplified by PCR using gene-specific
primers, and the amplicons digested with EcoR1. For four isolates, the Amplicon of hpd gene sequenced, and the
sequences aligned with sequences harbored in GenBank. Subsequently, sequences were submitted to the EMBL
site (http://www.ebi.ac.uk/embl/).

EcoR1 restriction enzyme pattern was the same among the 19 clinical isolates, and only one isolate was
different. That different one with 3 out of 19 isolates were sequenced. The results showed that the nucleotide
sequences and the deduced amino acid sequences for protein D in clinical isolates were highly conserved with
similarities> 95%.

In conclusion, regarding high similarity up to 99% in clinical isolates, protein D can be a novel vaccine
candidate against all types of H. influenza from Iran. This finding should be proved with more isolates, and also,
evaluate the immunological features of protein D in animal models.

1. Introduction

Haemophilus influenzae is a pleomorphic Gram-negative bacillus
found in the human upper respiratory tract. It causes invasive infec-
tions, such as bronchitis, otitis, pneumonia, meningitis, septicemia, and
epiglottitis (Fink and Geme, 2006). Isolates of H. influenzae can sub-
divide into two important forms; encapsulated and non-encapsulated
that serotype b causes meningitis, mainly in children below four years
of age (Resman et al., 2011). Nontypeable H. influenzae (NTHi) usually
is a commensal with the capability of producing infections of the upper
and lower respiratory tracts, such as sinusitis, bronchitis acute otitis
media, as well as, more infrequently, severe invasive infections such as

pneumonia, bacteremia, and meningitis (Clementi and Murphy, 2011;
Yamanaka, 2011).

Protein D (PD) is a highly conserved Lipoprotein in the outer
membrane of both typeable and non-typeable (NTHi) strains of H. in-
fluenzae. PD is a feasible vaccine candidate against NTHi strains (Cripps
and Otczyk, 2006). Although PD is not an adhesion, it indirectly pro-
motes bacterial adhesion and invasion due to glycerophosphodiesterase
(GlpQ) activity and enhances bacterial colonization into human
monocytes (Clarke et al., 2017).

The studies showed that> 97% of the strains antigenic similarity
and 67% with glycerophosphodiesterase in Escherichia coli, and this
shows the PD has a domain periplasmic (1, 2). In addition, nucleotide,
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and deduced amino acid sequences were found to be highly homo-
logous hpd gene from NTHi (Behrouzi et al., 2017). The C-terminal
region, due to more selective pressure by the immune system of the host
can be variable than the N-terminal part (Behrouzi et al., 2017).

So, this study aimed to determine the diversity of hpd gene nu-
cleotide sequences of Iranian native clinical isolates of H. influenzae as a
native vaccine candidate compared to standard strains.

2. Methods

2.1. Study population

Patients admitted to Milad, Imam Khomeini hospitals, Tehran, Iran
included in the present study. The samples gathered from suspected
infection cases.

2.2. Source of isolates

A total of 20 isolates of H. influenzae originated from different
samples, including blood, eyes, nasal secretions, throat, CSF collected
during a year (from August 2010 to 2011). All samples were cultured on
Stuart transport medium and shipped to the Department of
Bacteriology, Pasteur Institute of Iran, Tehran. Afterward with the
samples were cultured using by swabs on chocolate agar medium
containing 10% sterile sheep blood and then incubated for 24 to 48 h at
37 °C in a 5% CO2 incubator. Organisms were identified as H. influenzae
if they were small, pleomorphic, gram-negative rods on Gram stain, and
required supplemented with Vitox (Oxoid Ltd., Basingstoke,
Hampshire) for growth on Trypticase soy agar. The H. influenzae iso-
lates were serotyped by Hib-specific antiserum as described previously
(Kim et al., 2011; Satola et al., 2007). Stock cultures were maintained at
−70 °C in Trypticase Soy Broth with 20% Glycerol.

2.2.1. DNA extraction
The DNA of isolates was purified by QIAamp DNA mini kit (Qiagen,

Valencia, CA) according to manufacturer's instructions. Extraction of
bacteria harvested in the exponential growth phase after culturing on
chocolate agar at 37 °C in 5% CO2. The concentration of purified DNA
used as the standard for quantification measured in a NanoDrop spec-
trophotometer (NanoDrop Technologies, Wilmington, DE).

2.2.2. PCR amplification of the P6 gene
PCR amplification was performed to detect the omp6 gene to con-

firm isolates as described by Saiki et al. performed (Lerner et al., 2007).
The length of the amplified products expected to size 351 bp. The se-
quences of oligonucleotides for the primers were as follows: Primer F;
5′-AAC TTT TGG CGG TTACTC TG-3′, and primer R; 5′-CTA ACA
CTGCAC GAC GGT TT-3′. The oligonucleotide sequences were synthe-
sized by Kurabo (Osaka, Japan).

2.2.2.1. PCR amplification of the hpd gene. The primer set, hpd -F and
hpd -R, was designed based on the published DNA sequences in
GenBank (L15200.1) for the hpd gene, using Vector NTI Advanced
11.0. The length of the amplified products was expected to be 1095 bp.
The sequences of oligonucleotides for the primer set and probes were as
follows: Primer hpd -F, 204- ATG AAA CTT AAA ACT TTA GCC CTT TC-
230 (melting temperature, 56.89C); and primer R-1299 TTA TTT TAT
TCC TTT TAA GAA TTC CAC G-1272 (melting temperature, 55.71C).
The oligonucleotides were synthesized by Macrogen (Seoul, Korea).

2.2.2.1.1. Restriction fragment length analysis (RFLP). First, 6.5 mL
of samples was added to microtubes, then, 5mL deionized distilled
water, 6 mL product PCR, 1.5 mL restriction enzyme buffer, and 1 μL
restriction EcoR1 added and mix well (do not vortex). Next, Enzymes
incubated for 4 h at 37 °C (Del Rio et al., 2006). Finally, electrophoresis
was done on 2% agarose gel using low voltage 60 V.

2.3. Nucleotide sequencing

The PCR product of each restriction fragment pattern (RFLP) was
randomly chosen and was sequenced. Sequence analysis performed
with the Applied Biosystems Hitachi 3130 Genetic analyzer.

3. Results

Of the total clinical isolates, 30% (n= 6) were isolated from cere-
bral spinal fluid (CSF) and Blood, 30% (n=6) from eye, 40% (n=8)
from throat, and nasopharynx. The amplification of the hpd gene using
PCR produced a DNA fragment of approximately 1095 bp (Fig. 1).

Digestion products were resolved on 2% agarose gels and visualized
on a UV transilluminator after ethidium bromide staining. Molecular
weight markers were run to estimate fragment sizes (100-bp ladders).
Digestion of these fragments produced with EcoR1 Enzyme. All the
isolates except one produced a restriction pattern with two types of
fragments, one with 653 bp and another with a fragment of approxi-
mately 443 bp (Fig. 2).

To confirm the validity of the RFLP analysis and to explore sequence
differences in RFLP pattern, we chose 1 different (KC608170) with

Fig. 1. PCR amplification of hpd gene H. influenzae from clinical isolates.

Fig. 2. RFLP analysis of PCR amplified hpd gene from the genomic DNA of
clinical isolates of H. influenzae.
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three other representative hpd genes sequenced. Sequence Alignment
hpd isolated from KC608170 with cases recorded in GeneBank
(GQ402000.1, GQ402008.1, and Z35656); respectively 92%, 98%, and
93% similarity were observed. In comparison, the mutant isolate with
isolates recorded in NCBI was found that have the difference in11
amino acids (Table 1).

4. Discussion

H. influenzae serotype b (Hib) is a significant cause of bacterial
meningitis and other invasive infections among children younger than
four years. Since the vaccination against Hib, other stereotypes and
nontypeable strains have emerged as a significant cause of H. influenzae
associated diseases (Bottomley et al., 2016).

It is transmitted by the respiratory tract from infected to susceptible
people. Although this microorganism exists globally the burden of Hib
disease was significantly higher in developing countries (Izadnegahdar
et al., 2013).

Several effective Hib vaccines against strains made, but these vac-
cines can protect children against infections associated with NTHi
(Bresee et al., 2004). A large study on several proteins, such as cell
surface and outer membrane proteins (OMP) has been conducted to
develop an effective vaccine against Hib and NTHi (Cripps et al., 2002;
Green et al., 1993). In previous studies, a high homology between the
nucleotide and deduced amino acid sequences of EcoRI sites within the
hpd gene from H. influenzae strains was determined; so, they concluded
that there was only a limited diversity within the hpd gene. The C-
terminal end of protein D due to expose on the outside of the bacterium
is more variable than the N-terminal part due to avoid the immune
system (Janson et al., 1993; Song et al., 1995).

In this study, we determined the DNA sequence of the structural hpd
gene, and amino acids in four clinical isolates and compared with the
previously reported hpd sequences from NTHi strains included in NCBI.

These findings suggest that the hpd gene is conserved in terms of
antigenic and functionality, so it has high homology to stereotypes and
biotypes strains of H. influence belonging to various other countries.
Amino acids from KC608167, KC608168, and KC608168 strains were
similar together up to 99%, but the KC608170 strain was different in
thirty-four amino acid from others. At 81 position, cysteine amino acid
converted proline and against it, proline in 85 position converted to
cysteine. Restriction site polymorphism was observed in KC608170
isolates. Hence, it reflects this isolate be different from other native
strains. All of the mutations were non-synonymous and altered amino
acids in cutting enzyme sites.

The results showed that the nucleotide sequences and the deduced
amino acid sequences for protein D in clinical isolates were highly
conserved with similarities> 95%.

5. Conclusion

In conclusion, regarding high similarity up to 99% in clinical iso-
lates, protein D can be a novel vaccine candidate against all types of H.
influenza from Iran. This finding should be proved with more isolates,
and also, evaluate the immunological features of protein D in animal
models.

Declaration of competing interest

None declared.

Acknowledgement

This study received funding from Pasteur Institute of Iran with grant
number 65.

References

Behrouzi, A., Vaziri, F., Rahimi-Jamnani, F., Afrough, P., Rahbar, M., Satarian, F., Siadat,
S.D., 2017. Vaccine candidates against nontypeable haemophilus influenzae: a re-
view. Iran. Biomed. J. 21 (2), 69.

Bottomley, M.J., Rappuoli, R., Finco, O., 2016. Vaccine design in the 21st century. In: The
Vaccine Book. Elsevier, pp. 45–65.

Bresee, J., Fang, Z.-Y., Wang, B., Nelson, E., Tam, J., Soenarto, Y., ... Kang, J.O., 2004.
First report from the Asian rotavirus surveillance network. Emerg. Infect. Dis. 10 (6),
988.

Clarke, C., Bakaletz, L.O., Ruiz-Guiñazú, J., Borys, D., Mrkvan, T., 2017. Impact of protein
D-containing pneumococcal conjugate vaccines on non-typeable Haemophilus influ-
enzae acute otitis media and carriage. Expert Review of Vaccines 16 (7), 751–764.

Clementi, C., Murphy, T., 2011. Non-typeable Haemophilus influenzae invasion and
persistence in the human respiratory tract. Front. Cell. Infect. Microbiol. 1, 1.

Cripps, A.W., Otczyk, D.C., 2006. Prospects for a vaccine against otitis media. Expert
Review of Vaccines 5 (4), 517–534.

Cripps, A.W., Foxwell, R., Kyd, J., 2002. Challenges for the Development of Vaccines
against Haemophilus Influenzae and Neisseria Meningitidis. Elsevier.

Del Rio, M., Martín, C.G., Navas, J., Gutierrez-Muniz, B., Rodriguez-Barbosa, J., Ferri,
E.R., 2006. aroA gene PCR-RFLP diversity patterns in Haemophilus parasuis and
Actinobacillus species. Res. Vet. Sci. 80 (1), 55–61.

Fink, D.L., Geme, J.W., 2006. The genus Haemophilus. In: The Prokaryotes: Volume 6:
Proteobacteria: Gamma Subclass, pp. 1034–1061.

Green, B., Vazquez, M., Zlotnick, G., Quigley-Reape, G., Swarts, J., Green, I., … Doyle, W.
(1993). Evaluation of mixtures of purified Haemophilus influenzae outer membrane
proteins in protection against challenge with nontypeable H. influenzae in the
chinchilla otitis media model. Infect. Immun., 61(5), 1950–1957.

Izadnegahdar, R., Cohen, A.L., Klugman, K.P., Qazi, S.A., 2013. Childhood pneumonia in
developing countries. Lancet Respir. Med. 1 (7), 574–584.

Janson, H., Ruan, M., Forsgren, A., 1993. Limited diversity of the protein D gene (hpd)
among encapsulated and nonencapsulated Haemophilus influenzae strains. Infect.
Immun. 61 (11), 4546–4552.

Kim, D.W., Kilgore, P.E., Kim, E.J., Kim, S.A., Anh, D.D., Seki, M., 2011. Loop-mediated
isothermal amplification assay for detection of Haemophilus influenzae type b in
cerebrospinal fluid. J. Clin. Microbiol. 49 (10), 3621–3626.

Lerner, C.G., Hajduk, P.J., Wagner, R., Wagenaar, F.L., Woodall, C., Gu, Y.G., ... Clark,
R.F., 2007. From bacterial genomes to novel antibacterial agents: discovery, char-
acterization, and antibacterial activity of compounds that bind to HI0065 (YjeE) from
Haemophilus influenzae. Chem. Biol. Drug Des. 69 (6), 395–404.

Resman, F., Ristovski, M., Ahl, J., Forsgren, A., Gilsdorf, J.R., Jasir, A., ... Riesbeck, K.,
2011. Invasive disease caused by Haemophilus influenzae in Sweden 1997–2009;
evidence of increasing incidence and clinical burden of non-type b strains. Clin.
Microbiol. Infect. 17 (11), 1638–1645.

Satola, S.W., Collins, J.T., Napier, R., Farley, M.M., 2007. Capsule gene analysis of in-
vasive Haemophilus influenzae: accuracy of serotyping and prevalence of IS1016
among nontypeable isolates. J. Clin. Microbiol. 45 (10), 3230–3238.

Song, X.-M., Forsgren, A., Janson, H., 1995. The gene encoding protein D (hpd) is highly
conserved among Haemophilus influenzae type b and nontypeable strains. Infect.
Immun. 63 (2), 696–699.

Yamanaka, N., 2011. Moving towards a new era in the research of tonsils and mucosal
barriers. In: Recent Advances in Tonsils and Mucosal Barriers of the Upper Airways.
Vol. 72. Karger Publishers, pp. 6–19.

Table 1
Comparison of nucleotide sequences of clinically isolated with Gene Bank da-
tabases.

Sample ID Accession number Max ident Accession Gene Bank

3 KC608167 98% GQ402004
GQ402006

6 KC608168 100% GQ402007
GQ402006

9 KC608169 99% GQ402004
GQ402007

10 KC608170 92% GQ402000
98% GQ402008
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