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Immunological efficiency of Haemophilus influenzae type b polyribosyl
ribitol phosphate combined with detoxified lipooligosaccharide in a rabbit
model
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ABSTRACT

Background and Objectives: Haemophilus influenzae type b (Hib) could cause severe life-threatening infections in chil-
dren. Combine vaccines have reduced invasive diseases, but disease management is still necessary. The aim of this research
was to evaluate the immunological efficiency of polyribosyl-ribitol-phosphate combined with detoxified lipooligosaccharide
(PRP-dLOS) in a rabbit model.

Materials and Methods: PRP purification, LOS extraction, and endotoxin evaluation were performed using modified CY
medium, hot phenol, and limulus amebocyte lysate methods, respectively. Rabbit groups were immunized with PRP (10 pg),
dLOS (20 pg), and PRP-dLOS combine (10 pg+20 pg) three times on days 0, 14, and 28. Serum samples were acquired
on days 0, 14, and 28 post-immunization, then IgM and 1gG levels were assayed by enzyme-linked immunosorbent assay.
Results: The concentrations of PRP, dLOS, and endotoxin were 1160 mg/L, 440 pg/mL, and 1450 EU/mL, respectively.
PRP-dLOS combine led to a significant increase in 1gG and IgM levels on days 14 and 28 post-immunization. After immu-
nization with PRP-dLOS combine, serum levels of IgM and 1gG increased from 16.8 to 29.3 pg/mL and 29.8 to 61.4 pg/mL,
respectively from day 14 to day 28.

Conclusion: PRP-dLOS combine is a promising approach for Hib management without the fear of delay in immune respons-
es and interference with other vaccines.
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for more than 95% of invasive infections in infants
and young children. Invasive diseases occur after
microorganisms enter sterile body fluids including
blood or cerebrospinal fluid, manifesting as pneu-

INTRODUCTION

Haemophilus influenzae (H. influenzae) is one of
the major reasons of meningitis and invasive infec-

tions (1). H. influenzae strains are typically classi-
fied into six serotypes (a-f) according to their cap-
sular antigens. H. influenzae Type B (Hib) accounts

monia or meningitis (2). Outer membrane proteins
(OMPs), capsule, O-deacylated lipooligosaccharide
(LOS), adhesive proteins, pili, and IgAl protease are
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involved in Hib pathogenesis (3). The mechanisms
of action of these factors are different; for instance,
OMPs adhere to carcinoembryonic antigen-associ-
ated cell surface adhesion molecules (CEACAMY)
on the upper respiratory epithelium, facilitating the
entry of microorganisms into eukaryotic cells (4),
and LOS leads to the induction of the immune sys-
tem by enhancing the expression of ICAM-1 (inter-
cellular adhesion molecule 1) and the production of
cytokines, including interleukin 6, interleukin 8, and
tumor necrosis factor alpha (5). As an adjuvant, LOS
has the ability to enhance Thl-mediated cellular im-
mune responses. However, its application is signifi-
cantly restricted due to its endotoxic effects. There
are three methods to reduce the toxicity of LOS, in-
cluding chemical modification, artificial assembly,
and genetic modification of bacteria (6).

Moreover, the capsule is a key factor that plays
an important role in pathogenesis. It leads to bac-
terial escape from part of the immune system such
as neutrophils and complement. Briefly, it inhibits
phagocytosis by blocking antigen binding sites and
preventing IgG attachment to the surface of bacte-
ria, ultimately leading to inhibition of phagocytosis
(7). Thus, the capsule ability to evade phagocytosis
enhances bacterial survival, and the absence of an-
tibodies against the capsule contributes to bacterial
expansion (8). The complement system activation
is initiated by the C3b molecule attachment to the
surface of bacteria, followed by the activation of the
protein cascade, ultimately leading to bacterial de-
struction. Capsule is a physical barrier that prevents
the activation and deposition of complement proteins
(9). Previous studies have revealed that some Hib
virulence factors are potential candidates for vaccine
development, and several factors have been used in
the preparation of existing vaccines. The capsule
contains polyribosyl-ribitol-phosphate (PRP) units.
Recently, PRP has been commonly used in the for-
mulation of Hib vaccines. It is a T-independent an-
tigen presented by B cell receptors (IgM) similar to
other polysaccharide antigens. The use of this anti-
gen in vaccine formulation plays a crucial role in pre-
venting Hib pathogenesis by inducing the production
of specific antibodies that confer protection against
Hib infections. The first Hib vaccine was prepared
using purified PRP, although it was not sufficiently
effective against Hib infection due to reduced protec-
tive antibody titers in the long term (10). Subsequent
research confirmed that immunization with PRP
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combined to outer membrane protein of Neisseria
meningitidis group B (PRP-OMP) induced the gen-
eration of specific antibodies against Hib and pro-
vided protection against both invasive and mucosal
diseases caused by Hib. This vaccine also did exhibit
good immunologic responses after the final immuni-
zation (12).

Recently, the innovative approach of common vac-
cines is to conjugate PRP with various proteins as
carriers to enhance immune responses. Some con-
jugate vaccines include PRP-D (carrier: diphtheria
toxoid), HbOC (carrier: CRM197), PRP-T (carrier:
tetanus toxoid), and PRP-OMP (carrier: OMP) (12).
Moreover, conjugated vaccines have appropriate ef-
ficiency against Hib, especially vaccination with a
booster dose, leading to a significant reduction in
invasive diseases in children (13). However, these
vaccines also have some disadvantages. Studies have
revealed that there is a delay in immune responses
to conjugate vaccines in infants due to i) lack of nat-
ural immunity, ii) interference with other vaccines,
and iii) improper vaccination schedule (14). There-
fore, evaluation of immunological properties of other
virulence factors is necessary. Virulence factors that
continuously stimulate the immune system could be
used as promising vaccine candidates. Considering
the insufficient immunogenicity of PRP in stimulat-
ing immune responses and immunological proper-
ties of LOS as a positive regulator of intrinsic and
acquired immune responses (5), this study was de-
signed to investigate the hypothesis that PRP-dLOS
combine could be considered as an appropriate com-
bination to stimulate humoral and cellular immune
responses against Hib infections.

MATERIALS AND METHODS

Growth conditions of H. influenzae serotype b.
In this study, a standard strain of Hib (ATCC12022)
was acquired from the bacterial archives of the Pas-
teur Institute of Iran. In brief, a lyophilized vial
containing Hib strain inoculated in 0.5 mL of BHI
(brain heart infusion) broth (Merck, Germany) was
placed in an incubator at 37°C for 12 h. Afterward,
100 pL of the bacterial suspension was cultured on a
chocolate agar plate (Merck, Germany) enriched with
hemin (1%) (Sigma-Aldrich, Germany) and NAD
(0.01%) (nicotinamide adenine dinucleotide) (Mast,
Bootle, UK) and incubated at 37°C with 5% CO, for
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24 h. Hib strain was confirmed using Gram staining,
biochemical experiments (urease, indole production,
ornithine decarboxylase), and slide agglutination test
with a specific antiserum (15).

PRP purification. PRP purification was done ac-
cording to the method used in our previous study
(16), and optimal growth conditions were selected.
The bacterial suspension in the exponential growth
phase was used in all tests. A standard Hib strain
(ATCC 10211) in the exponential growth phase was
inoculated in 40 L of modified CY medium supple-
mented with glucose (6 g/L), yeast extract (2.5 g/L),
hemin (0.03 g/L), and NAD (0.015 g/L). PRP concen-
tration was evaluated by ribose assay. In brief, 1.5 mL
the bacterial suspension was centrifuged at 6000 x g
for 10 min, and the supernatant was mixed with 50
uL of cetavlon (100 g/L) and then precipitated. Then
the pellet was re-suspended in NaCl (0.25 M). After
dissolving 25 pL of the resulting mixture in 1 mL of
deionized water, 100 mL of orcinol solution (100 g/L)
and 1 mL of FeCl, (0.5 g/L) in HCI (12 N) were added,
and then the resulting mixture was heated at 100°C
for 40 min. The absorbance was measured at 670 nm,
and the final ribose concentration was assayed by
multiplying the ribose concentration by 2.55. In our
previous study, the properties of PRP were evaluated
using nuclear magnetic resonance (NMR) and Fouri-
er-transform infrared spectroscopy (FTIR) methods
at Faculty of Pharmacy of Tehran University of Med-
ical Sciences (16).

Cell biomass production. Cell biomass was pre-
pared according to the reference procedure. In brief, a
standard strain of Hib (ATCC12022) was cultured on
a BHI agar plate enriched with hemin (1%) and NAD
(0.01%) and incubated at 36.6°C for 24 h. Following
incubation time, fresh colonies were inoculated into
a flask containing CY medium (5 L) along with NAD
(0.02 g/L) and hemin (0.04 g/L) and incubated at 37°C
within 24 h. Then this culture was inoculated into an
industrial fermenter containing 35 L of CY medium
and incubated at 37°C for 12 h. Then 10% phenol was
added to the culture to inhibit the fermentation pro-
cess. In the final step, cell biomass was extracted using
centrifugation at 4000 rpm and 4°C for 45 min (17).

LOS extraction. LOS extraction was performed
using hot phenol (Westphal and John) method with
some modifications. The cell biomass was inoculated
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into 170 mL of sterile distilled water. Next, 190 mL of
hot phenol (90%) (66°C) was transferred to the mix-
ture. The resulting solution was then stirred at 66°C
for 14 min, cooled to 0°C, and centrifuged at 8500 g
(4°C) within 15 min. To extract LOS, 25% cold eth-
anol (4°C) was transferred to the liquid phase, and
100% cold ethanol was added to phenol. Then 100
mL of 75% cold ethanol (4°C) was introduced into
the aqueous phase supernatant, and then the solution
was stored at 4°C for 6 h and centrifuged at 8500 g for
15 min. Finally, the resulting sediment was dissolved
in sterile distilled water and centrifuged at 8500 g
for 1 h. In the final step, the supernatant containing
LOS was saved for further purification. To eliminate
potential contaminants including nucleic acid and
protein, RNase, DNase, and proteinase K in a final
concentration of 40 , 20, and 100 pg/mL, respective-
ly (all material from Roche, Germany) were added to
the solution (18). In the final purification step, to pre-
cipitate LOS, 1 g of trichloroacetic acid (TCA) was
introduced into each 20 mL of the extracted sample,
and the mixture was placed at 4°C for a duration time
of 3 h. Then the mixture was centrifuged at 2000 g
and 4°C for 10 min and dialyzed by deionized wa-
ter for 72 h to achieve further purification (17). Two
standard curves of LOS and protein (Bradford assay)
were plotted based on concentration and wavelength
to assess LOS and protein concentrations in the ex-
tracted sample. Moreover, endotoxin concentration
was determined using a LAL (Limulus Amebocyte
Lysate) assay Kit (Xiamen Bio-endo Technology, Chi-
na) based on the manufacturer’s procedure. The ex-
tracted samples were assayed by a microplate reader
at 405 nm (19).

LOS detoxification using alkaline method. LOS
detoxification was performed using alkaline method.
In the first step, an equal volume of NaOH (0.2 M)
was mixed with purified LOS and heated at 65°C for
2 h. Then 1 mL of HCI (1 M) was transferred to the
solution. Dialysis was done on the resulting mixture
against distilled water to eliminate free fatty acids.
Next, the mixture pH was set by to 7 using acetic acid
(1 M), which was then precipitated by adding ethanol
(4 vol). Finally, the product containing dLOS was ly-
ophilized (20).

Animals. All the experiments were performed

based on the Guideline for the Care and Use of Lab-
oratory Animals in Iran. Female rabbits aged 6 to 8
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weeks (KBL, NZW) were sourced from the Pasteur
Institute of Iran. The average weight of rabbits was
between 4 and 6 kg, and they were free from specific
pathogens. Rabbits were placed in separate cages un-
der normal conditions with a 12-h light-dark cycle at
22°C for 12 h prior to the experiments. Environmental
conditions were controlled in terms of temperature,
dryness, and darkness to ensure optimal conditions.
All animals received suitable food and water. Food
and water equipment were continuously cleaned and
disinfected to avoid disease transmission (21).

Rabbit immunization and serum sample collec-
tion. Rabbits were anesthetized with IM (intramuscu-
lar) injection of xylazine (5 mg/kg) and ketamine (35
mg/kg) pre-immunization (22). This study was per-
formed on four treatment groups (n=10), dLOS, PRP,
dLOS-PRP, and sterile phosphate-buffered saline
(PBS 1X) as a negative control. Rabbit groups were
immunized with specific doses selected according to
the reference with minor modification (dLOS: 20 ug,
PRP: 10 pg, PRP-dLOS: 10 pug+20 ug, and PBS) three
times on days 0, 14, and 28 (Table 1) (5, 23). Then
blood samples were acquired from rabbits’ hearts on
days 0, 14, and 28 post-immunization. Blood samples
were maintained at 4°C within 60 min, and then cen-
trifuged at 10,000 rpm within 10 min. Serum samples
were subsequently isolated and maintained at -20°C for
further use. The general condition of rabbits was eval-
uated for 24 days, including fever, photophobia, stiff
neck, vomiting, coma, vomiting, and mortality rate.

Assessment of antibody responses. ELISA (en-
zyme-linked immunosorbent assay) (Novus Kit,
USA) technique was employed to evaluate the levels
of both IgM and IgG in the sera of rabbit groups using
96-well ELISA microplates. Each well received 100
pL of the sera in 1/10 through 1/10000 dilutions. To
determine the best dilution of serum that will react
with the antibody. The plates were placed in an incu-

Table 1. Formulation of suspension for each group of rab-
bits

Groups Suspension received
PRP 2 mL PBS containing PRP (10 pg)

dLOS 2 mL PBS containing dLOS (20 pg)

PRP-dLOS 2 mL PBS containing PRP-dLOS combine
(10 pg +20 pg)

Negative control 2mLPBS
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bator at 37°C for 2 h. Then 50 uL of HRP (horserad-
ish peroxidase)-conjugate anti-rabbit 1gG (Sigma-Al-
drich) was immediately transferred to each well (not
to the blank well). The microplates were incubated
in at 37°C for 30 min. Following this time, the plates
were rinsed four times with 200 uL of wash buffer
for 2 min. In the next step, 90 uL of TMB (tetrameth-
ylbenzidine) was transferred to each well and main-
tained in a dark room for 20 min. Finally, the stop
solution was added, and the absorbance was read at
450 nm via an ELISA reader (Labsystems, model no.
352). To calculate the antibody titer, the absorbance
at 450 nm was multiplied by a dilution factor of 100.

Statistical analysis. Results were analyzed via
GraphPad Prism 8 using one-way ANOVA. Moreover,
p-value of less than 0.05 was considered as signifi-
cance results. All tests were done in triplicate, and data
were shown as the mean of tests + standard deviation.

Ethical approval. This project was reviewed and
approved by Medical Ethics Committee Pasteur In-
stitute of Iran.

RESULTS

Characterization and purification of PRP. The
results demonstrated that the highest cell mass and
PRP concentrations were 5.8 g/L and 1160 mg/L, re-
spectively. In our previous study, PRP was purified by
a similar method and characterized using NMR and
FTIR methods. The NMR analysis results revealed
various peaks and signals associated with hydrogen
and carbon atoms in ribose and hydrogen atoms in
ribitol. Our pervious findings have revealed that the
purification method successfully preserved the chemi-
cal composition and structure of PRP (16).

Evaluation of LOS and protein concentrations in
extracted samples. As shown in Fig. 1, the concen-
tration of LOS with OD (optical density) ~ 0.66 was
equal to 440 ug/mL according to the standard curve.
To determine the sample contamination, a standard
curve was plotted according to the Bradford method
(Fig. 2). The protein concentration was assayed with a
spectrophotometer. The results exhibited that the con-
centration of protein with OD_,, ~ 1.8 was equal to 75
pg/mL. The concentration of endotoxin in the extract-
ed sample was 1450 EU/mL.
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Fig. 1. Standard curve representing OD vs. LOS concentra-
tion. LOS concentration in extracted sample was 440 ug/mL.
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Fig. 2. Standard curve representing OD vs. protein concen-
tration. Protein contamination in extracted sample was 75
ug/mL.

Symptoms and signs of Hib infection. The body
temperature of rabbit groups was monitored for 24
days. No signs of fever were detected in any of them.
Additionally, no other symptoms were observed.

IgM and 1gG responses. ELISA was performed on
the serum samples of rabbit groups immunized with
dLOS, PRP, PRP-dLOS, and PBS on days 0, 14, and
28 post-immunization. The maximum levels of both
IgM and IgG were recorded on day 28 (at a dilution
of 1:100). As shown in Figs. 3 and 4, IgM and 1gG
levels in the serum samples of rabbits immunized with
PRP-dLOS combine increased from 16.8 to 29.3 pg/
mL and 29.8 to 61.4 pug/mL, respectively from day 14
to 28. The findings indicated that the levels of IgM and
IgG in the treated groups with PRP and PRP-dLOS
increased twofold from day 14 to day 28.

There was a significant difference in IgM and IgG
levels between the PRP and PRP-dLOS groups com-
pared to the PBS group (as a negative control group)
on days 14 and 28 (p< 0.0001), while no significant dif-
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Fig. 3. The total IgM evaluated in sera from the control and
experimental groups. Values are presented as mean +SD
based on 10 rabbits in each group.

P <<0.0001 indicate the groups that were significantly dif-
ferent.
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Fig. 4. The total 1gG evaluated in sera from the control and
experimental groups. Values are presented as mean +SD
based on 10 rabbits in each group.

p< 0.0001 indicate the groups that were significantly differ-
ent.

ference in the levels of IgM (Fig. 3) and IgG (Fig. 4)
was observed between the dLOS and control groups
on days 0, 14, and 28. IgM and IgG levels in the group
receiving PRP-dLOS combine were higher than in the
PRP group on days 14 and 28, while the levels of both
antibodies in these groups were significantly higher
than in the control group (p< 0.0001). Therefore, the
highest humoral immune responses including IgM and
1gG production were found in rabbits vaccinated with
dLOS-PRP combine. dLOS-PRP combine induced a
significant protective effect against Hib infection com-
pared to PRP and dLOS.

DISCUSSION

Hib is a significant global health issue in infants and
young children, and vaccination is an effective method
to combat Hib disease. The Hib vaccine is one of the
main health achievements of the past three decades
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worldwide (24). The first Hib vaccine was prepared
using purified PRP, which stimulated T-independent
immune responses. Sufficient immunogenicity and
appropriate immune responses were unfortunately
not induced by PRP vaccine. Subsequently, PRP was
combined with various compounds such as proteins
and adjuvants to induce T-dependent immune re-
sponses, which ensure long-term immunity and en-
hance vaccine efficacy (12). Combine vaccines have
successfully eradicated invasive diseases in industri-
alized societies. While challenges remain in vaccina-
tion programs, such as lack of booster doses and in-
terference with other vaccines, leading to diminished
immune responses. Therefore, the disease remains a
health challenge in developing countries, and devel-
oping low-cost vaccines against Hib is essential.

This study findings revealed the effectiveness of
PRP-dLOS combine in enhancing humoral immune
responses. The findings revealed that antibody pro-
duction against Hib was time-dependent. A signifi-
cant increase in IgM and 1gG levels was observed
on day 14, which doubled on day 28 post-immuni-
zation. Previous studies have revealed that combine
vaccines are more successful than PRP vaccine in
inducing immune responses. In a study by He et al.
(2023), the mouse groups were immunized with two
types of vaccines: PRP alone and PRP combined
with aluminum hydroxide adjuvant (PRP-Al). Then
humoral and cellular immune responses were as-
sessed, including antibody production and cytokine
secretion. The results demonstrated that PRP-Al was
more effective than PRP in stimulating both humor-
al and cellular immune responses (25). These data
are consistent with the present study findings, which
demonstrated that PRP-dLOS combine significantly
increased specific antibody production compared to
PRP. These findings show the importance of an ad-
juvant in the Hib vaccine formulation to induce anti-
body-mediated immune responses.

On the other hand, studies have shown that admin-
istration of multiple boosters with an appropriate
schedule could enhance the effectiveness of combine
vaccines. Perrett et al. (2014) demonstrated that spe-
cific levels of 1gG were lower in children receiving
three doses of combine vaccine compared to those
receiving four doses. Therefore, the booster dose has
an crucial role in the stability of protective antibodies
(26). In a research, after immunization of children
with combine vaccines, humoral immune respons-
es were evaluated. It was manifested that immune

http://ijm.tums.ac.ir

responses to the combine vaccines were delayed in
children aged 6 to 11 months, although this delay was
not observed in children older than 11 months. De-
layed immune responses to combine vaccines appear
to be due to lack of booster doses, interference with
other vaccines, and combinations with improper car-
riers (14).

The findings show that dLOS is a suitable adjuvant
to enhance antibody-mediated immune responses
with only three doses. Moreover, a booster dose may
be able to enhance the effectiveness of PRP-dLOS
combine. The significant production of specific an-
tibodies against PRP-dLOS combine is attributed to
three main factors, including the use of dLOS as an
adjuvant in the formulation of PRP-dLOS combine,
the use of optimal concentrations of PRP and dLOS
in immunization, and a suitable vaccination schedule.
This study evaluated the effect of PRP-dLOS combine
on humoral immunity, while its effect on other im-
mune responses is unknown. It is suggested to eval-
uate its effect on cellular immune system in future
studies. This research has several limitations: 1) due
to financial restrictions, we were not able to examine
the effect of PRP-dLOS combine on other immune
responses, 2) LOS application is significantly limited
due to its endotoxic effects, and we used dLOS.

CONCLUSION

In conclusion, dLOS could be considered as a suit-
able adjuvant in the formulation of PRP-dLOS com-
bine, considering the induction of specific antibody
production against Hib only after the administration
of three doses. Therefore, it could be used as a new
strategy to combat Hib without fear of delay in im-
mune responses and interference with other vaccines.
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