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Neisseria meningitidis causes disease only in humans. An important mechanism underlying this host specificity is the ability of
the organism to resist complement by recruiting the complement downregulator factor H (FH) to the bacterial surface. In previ-
ous studies, binding of FH to one of the major meningococcal FH ligands, factor H binding protein (FHbp), was reported to be
specific for human FH. Here we report that sera from 23 of 73 rhesus macaques (32%) tested had high FH binding to FHbp. Simi-
lar to human FH, binding of macaque FH to the meningococcal cell surface inhibited the complement alternative pathway by
decreasing deposition of C3b. FH contains 20 domains (or short consensus repeats), with domains 6 and 7 being responsible for
binding of human FH to FHbp. DNA sequence analyses of FH domains 6 and 7 from macaques with high or low FH binding
showed a polymorphism at residue 352 in domain 6, with Tyr being associated with high binding and His with low binding. A
recombinant macaque FH 6,7/Fc fragment with Tyr352 showed higher binding to FHbp than the corresponding fragment with
His352. In previous studies in human FH transgenic mice, binding of FH to FHbp vaccines decreased protective antibody re-
sponses, and mutant FHbp vaccines with decreased FH binding elicited serum antibodies with greater protective activity. Thus,
macaques with high FH binding to FHbp represent an attractive nonhuman primate model to investigate further the effects of
FH binding on the immunogenicity of FHbp vaccines.

The four-component meningococcal serogroup B vaccine re-
ferred to as 4CMenB (Bexsero; Novartis Vaccines) contains

factor H binding protein (FHbp) as one of its principal antigens
(1). This vaccine is licensed in the European Union, Australia, and
Canada. Another serogroup B vaccine that contains FHbp is in
late-stage clinical development by Pfizer Vaccines (2). FHbp was
referred to as GNA 1870 (3) or LP2086 (4) when our laboratories
discovered that an important function of this protein was to bind
complement factor H (FH) to the bacterial surface and downregu-
late complement activation (5). Further, binding of FH to FHbp
was specific for human FH (6). Thus, the FHbp vaccine trials in
humans were under way before it was recognized that the antigen
bound to a host protein. Furthermore, the preclinical studies had
been performed in animal models (primarily mice and rabbits) in
which endogenous (or native) FH did not bind to the vaccine
antigen.

In previous studies, we used a human FH transgenic mouse model
to investigate the effects of human FH binding on the immunogenic-
ity of FHbp vaccines (7–10). Collectively the results indicated that
human FH decreased protective antibody responses to FHbp vac-
cines that bound human FH and that mutant FHbp antigens contain-
ing single amino acid substitutions that resulted in low FH binding
elicited serum antibodies with greater complement-mediated bacte-
ricidal activity (reviewed in references 11 and 12).

The reported lack of binding of FH from species other than
humans, including several species of nonhuman primates (6), has
hampered efforts to investigate the effects of FH binding on FHbp
immunogenicity in species more closely related to humans than
the transgenic mouse model. With 93% genome sequence identity
with humans, close similarity to the human immune system, and
susceptibility to infectious diseases (13), rhesus macaques are an
ideal nonhuman primate immunogenicity model (14). In the

present study, we report that some rhesus macaques express FH
with a polymorphism that results in binding of FH to meningo-
coccal FHbp with an affinity similar to that of human FH. The
results suggest that rhesus macaques whose FH binds well to FHbp
may be a promising nonhuman primate model to investigate me-
ningococcal vaccines that contain FHbp.

MATERIALS AND METHODS
Serum and blood samples. The rhesus macaques were 2 to 3 months of
age at the time of enrollment in three immunization protocols, conducted
over a period of 4 years (total of 73 animals). The protocols were approved
by the Institutional Animal Care and Use Committee at the California
National Primate Research Center (Davis, CA). Details of one of the stud-
ies have been published (15). The macaques lived in outdoor social hous-
ing with their dams and extended families. The colony’s founders and the
genetic relationships of the descendant population have been described
(16, 17).

Binding of FH to FHbp determined by ELISA. The enzyme-linked
immunosorbent assay (ELISA) was performed as described previously
(7). In brief, wells of a microtiter plate were coated with FHbp 1 (2 �g/ml
in phosphate-buffered saline [PBS]; 100 �l per well), which had been
purified as described previously (18). The plate was incubated overnight
at 4°C. After washing and blocking, serial 4-fold dilutions of macaque sera
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were added to the wells, starting at a dilution of 1:40. After overnight
incubation at 4°C, bound FH was detected with goat anti-human FH
antibody (1 �g/ml; Complement Technology, Inc.) that had been affinity
purified over a human FH column. The bound goat IgG was detected with
alkaline phosphatase (AP)-conjugated donkey anti-goat IgG (1:5,000;
Sigma-Aldrich) (incubation for 1 h at room temperature).

Anti-FH capture ELISA to measure serum FH levels. Microtiter wells
were coated with a monoclonal antibody (MAb) to human complement
factor H that cross-reacted with nonhuman primate FH (Quidel); 100 �l
of a 3-�g/ml solution of the MAb was added to the wells, and the plate was
incubated overnight at 4°C. The wells were washed and blocked, and serial
4-fold dilutions of macaque serum pools were added, starting at a dilution
of 1:25. The subsequent detection steps were performed as described
above for detection of FH binding with the FHbp capture ELISA.

Surface plasmon resonance. Macaque serum FH concentrations were
measured by surface plasmon resonance (SPR) using a Biacore X100 Plus
instrument (GE Life Sciences), with purified human FH as a standard.
Purified recombinant FHbp peptide ID 1 (1,900 response units) was co-
valently immobilized on a CM5 chip (GE Life Sciences) using an amine
coupling kit (GE Life Sciences). Purified human FH (0 to 10 �g/ml) or
dilutions (1:50 and 1:100) of a human serum pool or individual macaque
sera were injected over the surface, and the data were analyzed with the
concentration analysis module of the Biacore X100 evaluation software.
Kinetic analysis was performed with the same chip. Macaque sera were
diluted to a starting FH concentration of 4.7 �g/ml (31.6 nM), and five
dilutions from 31.6 to 0.316 nM were tested. The data were analyzed with
Biacore X100 evaluation software, using a 1:1 binding model.

Binding of macaque FH to live meningococci. The flow cytometric
assay for measuring binding of FH to the surface of live bacteria was
described previously (19). In the present study, we used serogroup B
strain H44/76 (B:15:P1.7,16), which was grown to mid-log phase in Franz
medium (20) supplemented with 4 mM lactate. All rhesus macaque sera
were heated for 30 min at 56°C to inactivate heat-labile complement com-
ponents; 107 CFU/ml of bacteria was added to macaque serum pools (10%
[vol/vol]), and the mixture was incubated for 30 min at room tempera-
ture. After washing, bound FH was detected with polyclonal sheep anti-
body to human FH (1:1,000; Abcam) and donkey anti-sheep IgG antibody
conjugated to Alexa Fluor 488 (1:1,000; Invitrogen). The labeled bacteria
were fixed with 0.5% formaldehyde, and fluorescence (80,000 events) was
read on a BD Fortessa flow cytometer. Data were analyzed with FlowJo
software, version X (TreeStar).

In some experiments, we investigated whether the addition of soluble
recombinant human FH domains 6 and 7 fused to human IgG1 Fc (FH
6,7/Fc) or FH domains 18, 19, and 20 (FH 18 –20/Fc) inhibited binding of
macaque FH to FHbp. The recombinant fragments were similar to those
described previously (21) except that mouse IgG2a Fc had been replaced
by human IgG1 Fc (22). For inhibition of FH binding, the recombinant
fragments (50 �g/ml) in Dulbecco’s PBS (DPBS) containing 1% bovine
serum albumin (BSA) together with macaque serum (1:10 dilution) were
incubated with bacteria for 30 min at room temperature. After washing,
bound macaque FH was detected with a murine monoclonal antibody to
human FH (1:500 dilution; Quidel) that also reacts with macaque FH,
followed by goat anti-mouse IgG F(ab=)2-specific antibody conjugated to
Alexa Fluor 488 (1:1,000 dilution; Jackson ImmunoResearch).

FH regulation of complement C3b deposition on live meningococci.
We used flow cytometry to measure the effects of macaque FH on down-
regulation of rat alternative pathway-mediated C3b deposition on bacte-
ria, as described previously (6). In brief, bacteria (strain H44/76) were
grown to mid-log phase and resuspended to a density of �108 CFU/ml in
DPBS-BSA containing 10 mM Mg2�-EGTA. The bacteria were mixed
with different dilutions of heat-inactivated macaque or human serum as a
source of FH and 30% infant rat serum as a complement source. Rat FH
does not effectively inhibit the alternative pathway in strain H44/76 (23),
which permitted us to evaluate the efficacy of primate or human FH in
attenuating complement deposition in this strain. The reaction mixtures

were incubated for 10 min at room temperature. After washing, rat C3b
bound to the bacteria was detected with fluorescein isothiocyanate
(FITC)-conjugated goat IgG antibody to rat complement C3 (1:100 dilu-
tion; MP Biomedicals), diluted in DPBS-BSA.

Genomic DNA preparation, PCR amplification, and sequencing.
Genomic DNA was prepared from 100 �l of anticoagulated whole ma-
caque blood using the DNeasy blood and tissue kit (Qiagen). The follow-
ing oligonucleotide primers were used to amplify the exons encoding FH
short consensus repeat domains 6 or 7: GACCTAGAAACCCTAA
TGGAATGTGT (rheSCR6F), AGTGCCCTCCTCTCTTCGATCTTT
(rheSCR6R), GTCACTTCAGTTCGTCTCCAGTCA (rheSCR7F), and
ATGCTGGGATCTCAGAGCAGTGTA (rheSCR7R). The PCR cycling
conditions were initial denaturation at 95°C for 3 min; 30 cycles of dena-
turation at 95°C for 15 s, annealing at 56°C for 30 s, and extension at 72°C
for 30 s; and final extension at 72°C for 5 min. PCR products were purified
using a PCR purification kit (Qiagen) and quantified by measuring the
absorbance at 260 nm (NanoDrop 1000; Thermo Scientific). DNA se-
quencing was performed by a commercial service (Davis Sequencing),
using the forward and/or reverse PCR primers.

Construction and expression of rhesus macaque FH 6,7/Fc fusion
proteins. To investigate the role of His or Tyr polymorphisms at residue
352 in the binding of rhesus macaque FH to FHbp, we generated rhesus
macaque FH domains 6 and 7 fused in frame to the N terminus of the Fc
fragment of murine IgG2a. FH domains 6 and 7 were amplified from
rhesus macaque liver cDNA (Biogen) using the following primers: 5=-GG
CGCGCCTTCCTTGAGACCTTGTGATTATCCA-3= (rhesus FH SCR6
AscI) and 5=-GCGGCCGCGATGCATCTGGGAGTAGGAGACC-3= (FH
SCR7 NotI). The PCR products were cloned into the AscI and NotI sites of
pcDNA3 (Invitrogen) encoding mouse IgG2a Fc (24). The rhesus H352Y
substitution was created using the QuikChange site-directed mutagenesis
kit, according to the manufacturer’s instructions (Stratagene), and the
primer, 5=-ACTTTCCAGTACCTGTAGGAAAATATTTCTCCTATTAC
TGTGATG-3=. The sequences of the constructs were verified by DNA
sequencing.

The amino acid sequences of rhesus macaque FH domains 6 and 7
inferred from rhesus macaque cDNA (Biogen) were identical to the amino
acid sequences inferred from DNA from the rhesus macaques from the
California primate center that showed low-level binding to FHbp, with
the exception of one residue at position 387 (Arg instead of Gly) in do-
main 7. For reasons that are not clear, efforts to create macaque FH 6,7/Fc
with Gly at position 387 were not successful. Therefore, we used macaque
FH 6,7/Fc proteins that contained Arg at position 387 for our studies of
the effects of the H352Y point mutation on the binding of rhesus FH to
FHbp. Transfection of CHO cells and protein purification using protein
A-Sepharose were performed as described previously (21).

RESULTS
Binding of rhesus macaque FH to FHbp. We used an ELISA to
test the binding of FH to FHbp in sera from three groups of rhesus
macaques. In one study, seven of 28 sera (25%) showed high levels
of FH binding and 21 sera showed low levels of binding (Fig. 1A).
Of the sera with high binding, six had binding similar to that of
human control serum and one showed even higher binding. In the
second and third studies, seven of 20 sera (35%) and nine of 25
sera (36%) from additional groups of animals showed high bind-
ing of FH to FHbp. Thus, a total of 23 of 73 macaque sera tested
(32% [95% confidence interval, 21 to 43%]) had high FH binding.
One possible explanation for low binding of FH to FHbp in the
macaque sera would be low concentrations of FH. As determined
with an anti-FH capture ELISA, however, three serum pools from
seven animals each with low FH binding to FHbp and one serum
pool from seven animals with high FH binding to FHbp had sim-
ilar total FH concentrations (Fig. 1B). In these experiments, the
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sera were pooled because of the limited volumes of serum avail-
able from individual animals.

By surface plasmon resonance, the high binding macaque FH
had similar kinetics of binding to immobilized FHbp, in compar-
ison with FH in human serum. In two macaque sera with high
binding, the equilibrium dissociation constants of FH for FHbp
were 21 nM and 8 nM, similar to the value for human serum FH
(17 nM). The binding kinetics for FH from a macaque with low
binding showed slower association and faster dissociation than
the high binding macaque or human FH. Representative data for
one of the two macaque sera with high binding, one with low
binding, and a representative human serum sample are shown in
Fig. 1C.

In human FH transgenic mice, mutant FHbp vaccines with low
FH binding elicited greater titers of serum bactericidal antibodies
than did control FHbp vaccines that bound human FH (7–9, 25).
One of the FHbp mutants tested had a single amino acid substitu-
tion (serine for arginine at position 41, i.e., R41S), which de-
creased the affinity of the binding of human FH to FHbp by �100-
fold (7). Similar to human FH, the R41S substitution greatly
decreased the binding of the macaque high binding FH to the
mutant FHbp, as tested by ELISA (Fig. 1D).

Binding of macaque FH to the surface of live meningococci.
A serum pool from animals with high binding of FH to FHbp, as
measured by ELISA, also showed high FH binding to the surface of
live meningococci by flow cytometry (Fig. 2A, solid line). In con-
trast, a serum pool from animals with low binding to FHbp by
ELISA had much lower FH binding to the bacteria (Fig. 2A,

dashed line). FH contains 20 domains, and human FH domains 6
and 7 bind to FHbp (26). In macaque serum with high FH bind-
ing, the addition of a recombinant fragment containing human
FH domains 6 and 7 fused to human IgG1 Fc (FH 6,7/Fc) inhib-
ited binding of FH to FHbp (Fig. 2B, dotted line). In contrast,
there was no inhibition of macaque FH binding by a control hu-
man FH 18 –20/Fc fragment (Fig. 2B, dashed line), which does not
bind to FHbp (21). These data indicate that the regions of human
and rhesus macaque FH that interact with FHbp are similar (i.e.,

FIG 1 Binding of rhesus macaque FH to FHbp. (A) Binding of rhesus ma-
caque FH to FHbp, as determined by ELISA. Of 28 macaque sera tested, 7 had
high binding of FH to FHbp, and 21 had low binding. For comparison, data are
shown for a control human serum with 470 �g/ml of FH. (B) Concentrations
of FH in macaque sera, as measured by an anti-FH MAb capture assay. One
serum pool from animals with high FH binding to FHbp (�) and three pools
from animals with low binding of FH to FHbp (o) were tested. (C) Binding of
macaque serum FH to FHbp, as measured by surface plasmon resonance
(SPR). Serum FH concentrations were measured by SPR using purified human
FH as a standard. Kinetic analyses were performed using five serum dilutions,
corresponding to 0.316 to 31.6 nM FH. The data for 31.6 nM FH are shown.
(D) Binding of macaque serum FH to R41S mutant FHbp, as determined by
ELISA. A serum pool from animals with high binding of FH to FHbp showed
no detectable binding to the mutant FHbp adsorbed to wells of a microtiter
plate. There was high binding of macaque FH to the wild-type (WT) FHbp.
OD, optical density.

FIG 2 Binding of rhesus macaque serum FH to live meningococci, as deter-
mined by flow cytometry. (A) Binding of FH in a serum pool from macaques
with high binding of FH to FHbp (solid line), a serum pool from animals with
low FH binding (dashed line), and a no-serum control (gray shaded histo-
gram). All sera were tested at a 1:10 dilution. (B) Inhibition of binding of
macaque FH to live meningococci by recombinant human FH domains 6 and
7 fused to human IgG1 Fc (FH 6,7/Fc). Solid line, high binding macaque serum
pool without inhibitor; dotted line, high binding macaque serum pool with
recombinant FH 6,7/Fc; dashed line, high binding macaque serum with the
negative control recombinant FH18 –20/Fc; shaded gray histogram, bacteria
with no serum or inhibitor. The serum pool was tested at a dilution of 1:10, and
the inhibitors were tested at 50 �g/ml.
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domains 6 and 7) and macaque and human FH bind to overlap-
ping regions of FHbp.

Binding of macaque FH to the bacterial surface downregu-
lates the alternative complement pathway. Rat FH does not reg-
ulate rat complement activation on several strains of Neisseria
meningitidis, including H44/76 (21, 23). However, activation of

rat complement, as measured by the deposition of rat C3 frag-
ments on such meningococcal strains, can be downregulated by
human FH (6). Therefore, we determined whether macaque FH
that bound strain H44/76 downregulated rat C3 deposition. The
experiments were performed in the presence of Mg2� and EGTA,
which chelates Ca2� ions and blocks the complement classical
pathway but permits alternative pathway activation. As observed
previously (6), incubation of live N. meningitidis from serogroup
B strain H44/76 in infant rat serum resulted in the deposition of
high levels of rat C3 (Fig. 3, solid black line). The addition of a
1:720 dilution of a macaque serum pool from animals with high
FH binding to FHbp decreased C3 deposition (Fig. 3, solid gray
line) to an extent similar to that observed with the addition of the
same dilution of human control serum (Fig. 3, dashed black line).
In contrast, there was more rat C3 deposition (i.e., less inhibition)
after the addition of a 1:720 dilution of a macaque serum pool
from animals with low FH binding to FHbp (Fig. 3, dotted black
line).

Tyrosine at position 352 in macaque FH domain 6 is associ-
ated with high binding to FHbp. Since FHbp interacts with hu-
man FH via FH domains 6 and 7 (26), we reasoned that binding of
macaque FH to FHbp also may be mediated by FH domains 6 and
7. Therefore, we sequenced the exons encoding these two domains
from DNA extracted from whole blood from seven individual
animals whose sera had high binding of FH to FHbp and seven
animals whose sera showed low FH binding. In domain 7, the
encoded amino acid sequences of high and low FH binders were
identical (Fig. 4). In domain 6, each of the seven animals whose
serum FH had low binding had two alleles encoding histidine (H) at
residue 352. In contrast, each of the animals whose serum FH showed
high binding to FHbp had at least one allele encoding tyrosine (Y); six

FIG 3 Downregulation of rat complement C3b deposition on the surface of
live meningococci by rhesus macaque serum FH. Live bacteria from meningo-
coccal strain H44/76 were incubated with 30% infant rat serum as a source of
complement in which rat FH did not bind to FHbp. Solid black line, no exog-
enous human or macaque FH; dotted black line, serum pool from macaques
with low binding of FH to FHbp; solid gray line, serum pool from macaques
with high binding of FH to FHbp; dashed black line, human serum control;
shaded gray histogram, bacteria with no added serum. The data for the high
binding macaque serum and the human serum are superimposed. All sera
were tested at a 1:720 dilution.

FIG 4 Alignment of amino acid sequences of FH short consensus repeat (SCR) domains 6 and 7 inferred from DNA sequences of 7 animals with high or
very high FH binding to FHbp and 7 animals with low binding of serum FH to FHbp. The macaque FH sequence from the one animal with very high
binding is shown as the reference sequence. Asterisk at position 352, heterozygosity for Y/H. No sequence differences in FH domain 7 were seen among
the macaques. The sequence data were based on samples from one animal with very high FH binding to FHbp, six animals with high binding, and seven
animals with low binding.
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animals had heterozygous Y/H and one animal (that showed the
highest FH binding) (Fig. 1A) had homozygous Y/Y.

Recombinant rhesus macaque FH fragment with Y352 has
higher binding to FHbp than H352 fragment. To test the hypoth-
esis that Y352 in macaque FH contributes to high binding to
FHbp, we generated recombinant macaque FH domains 6 and 7,
containing either H or Y at position 352 (domain 6), fused to
murine IgG2a Fc. The fragment with Y352 showed high binding to
FHbp by ELISA, which was similar to that of a control human
domain 6 and 7 fragment fused to mouse IgG2a Fc (Fig. 5). Ma-
caque FH 6,7/Fc with H352 showed lower binding to FHbp. A
negative-control human FH domain 18 to 20 fragment showed
little binding.

DISCUSSION

Binding of FH to FHbp was reported to be specific for human FH
and, to a lesser extent, chimpanzee FH (6). To date, there are no
known human FH polymorphisms that affect binding to FHbp.
One common FH polymorphism in domain 7 (His to Tyr at po-
sition 402) affects susceptibility to age-related macular degenera-
tion (27) but was reported not to affect the binding of human FH
to FHbp (26).

In our previous study reporting that FH binding was specific
for human FH, there also may have been minimal binding of ma-
caque FH (6). Since the macaque serum sample tested had been
obtained commercially, the nature of the sample (individual or
pooled) and the geographic source(s) of the animals were not
known. In the present study, we found that rhesus macaques,
which were of Indian and/or Chinese origin, showed heterogene-
ity in the binding of their serum FH to FHbp. Sera from a total of
73 macaques were tested and 23 (32%) had high binding of FH to
FHbp. Previously, Schneider and colleagues noted six amino acid
differences between human and rhesus macaque FH in domain 6,
which clustered in the portion of human FH that interacted with
FHbp (26). In the present study, we sequenced macaque exons
encoding FH domains 6 and 7 from seven macaques with high
binding of FH to FHbp and seven with low binding. While there
were no differences in domain 7, all of the low binders were ho-
mozygous H/H at residue 352 in domain 6 and all of the high
binders were either Y/Y (n � 1; very high binding) or H/Y (n � 6;
high binding). Since we did not sequence exons encoding other

FH domains, we cannot exclude the possibility that additional
polymorphisms outside domains 6 and 7 also can affect the inter-
action of FH with FHbp. However, human FH domains 6 and 7
cover a large surface on FHbp (26), and the overall sequence iden-
tity of macaque and human FH is 88%, with 84% identity for
domains 6 and 7 (Fig. 4).

This higher binding of FH from macaque homozygous
Y352/Y352 or heterozygous Y352/H352 FH to FHbp, com-
pared to macaque homozygous H352/H352 FH, was confirmed
by ELISA and surface plasmon resonance (SPR) using immo-
bilized FHbp and by flow cytometry using live bacteria. Since
the total concentrations of FH in the high and low binding sera
were similar, the higher binding is a result of higher affinity for
FHbp, which was confirmed by SPR experiments. The high
binding macaque serum FH showed similar downregulation of
deposition of rat C3b on bacteria as human FH, and the activity
of the high binding macaque serum FH was greater than that of
macaque serum FH with lower affinity binding to FHbp. How-
ever, the low FH binding macaque sera downregulated rat C3b
deposition to some degree. This result was not unexpected,
since in our previous study low concentrations of human FH
(i.e., 3 �g/ml, the lowest concentration tested) were sufficient
to downregulate the rat alternative pathway and to increase the
survival of strain H44/76 (28).

Because FH binding to FHbp has been thought to be specific
for human FH (6), experimental studies investigating the effects of
FH binding on FHbp vaccine immunogenicity have been limited
to human FH transgenic mouse models (7–11, 25, 29). The rele-
vance of these results to the prediction of vaccine responses of
humans is unknown. Given the frequency of macaques with high
binding of FH to FHbp, it should be feasible to investigate the
effects of FH binding on FHbp immunogenicity in macaques. The
utility of mutant FHbp antigens, such as R41S (Fig. 1D), with low
binding to human and macaque FH in improving protective an-
tibody responses also can be investigated.

A theoretical risk of administering a foreign antigen (i.e., FHbp)
that binds to a host molecule (FH) is the development of autoanti-
bodies to the host molecule, as recently observed in sera from two
human FH transgenic mice immunized with a FHbp vaccine that
bound human FH (10). Conceivably, the transgenic mouse model
used in that study could be more susceptible to the development of
FH autoantibodies than immunized humans. Although the macaque
immunogenicity model is resource intensive, the results of investigat-
ing the development of anti-FH autoantibodies after FHbp immuni-
zation in macaques are likely to be more relevant for predicting hu-
man responses than the mouse model.

A recent study found that rhesus macaques can be colonized
naturally by Neisseria species and demonstrated the feasibility of
using the macaque model to investigate colonization and trans-
mission of the organism (30). The results of the present study
indicate that the macaque model also has the potential for inves-
tigation of the effects of FH binding on the immunogenicity and
safety of meningococcal FHbp vaccines.
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