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Phenotypic and Genetic Variation
in the Susceptibility of Haemophilus influenzae Type b

to Antibodies to Somatic Antigens

PORTERANDERSON,ALAN FLESHER, STEPHENSHAw, A. LYNN HARDING, andl
DAVID H. SMITH, Department of Pediatrics, Uniiversityl of Rochester Medalic
Ceniter, Rochester, Nell Y'ork 14642

A B S T R A C T Haetmzophiltus influetnzae type b (H.i.b)
has been investigated with respect to phenotypic and
genetic variations resulting in differential stuseepti-
bility to bactericidal antibody. Previous studies had
shown that after growth in infected rats or in dialysate of
rat serum, H.i.b strain Eag became more resistant
to the bactericidal activity of antisomiiatic antibodly. We
now report that a similar phenotypic shift occurs when
strain Eag is incubated with dialysate of human serum,
that the increased resistance is to antibodies against
determinants in the lipopolysaccharide not for the
somatic antigens generally, and that most strains of
H.i.b undergo the shift.

To assess genetic differences in exposed antigens,
a panel of 13 H.i.b isolates from cerebrospinal fluid
were analyzed with cross-adsorbed antisera. Seven
different patterns were found that could be accounted
for through the variable expression of six antigens.
These ranged from infrequent (found on 1:13 strains)
to common (10:13 strains). At least four were somatic
rather than capsular determinants; the most common
(antigen 1) was contained in lipopolysaccharide.

The epidemiologic relevance of the genetic varia-
tions was explored using pairs of isolates from two
children who had had two documented infections with
H.i.b. In both cases the isolates varied in somiatic
antigen expression. The strains from one patient
differed in the expression of antigen 1. The isolates
from the other were indistinguishable in sub-typing for
the six classified antigens, but differed in the expres-
sion of an additional antigen identified by use of the
patient's serum.
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INTRODUCTION

The capsular polysaccharide (PRP)1 is a principal
virulenice determiniant in invasive infections by
Haemiophilhs inifluenzae type b (H.i.b) (1, 2). Anti-PRP
antibodies proved therapeutic when passively admin-
isteredl for H.i.b meningitis (2), and PRP-vaccinated
children 1.5-6 yr old appeared to be protected in a
recent field trial (3).

Potentially protective antibodies may be directed
also against somiiatic antigens (here defined as surface
components other than PRP). Because the finding that
complement-dependent serumn bactericidal (BC) anti-
body in healthy human subjects has an age distribution
inverse to the incidence of H.i.b meningitis (4, 1),
serumi BCactivity has been viewed generally although
not universally (5) as an indicator of imamunity. BC
activity was reported in human sera in which anti-
PRP antibody was not detected (6, 7) or-in light of
more sensitive assays-sera in which anti-PRP titers
appeared insufficient for BC activity (8, 9). BC (7, 10)
and opsonic (7) activity remained in certain sera despite
adsorption with purified PRP. In experimental animals
antisomatic antibodies can facilitate bloodstream clear-
ance (11) and protect against lethal challenge (12, 13).

The relevance of antisomatic antibodies for host
resistance was somewhat clouided, however, by the
finding that H.i.b strain Eag grown in conventional
broth medium is more susceptible to the BC activity
of rat antisomatic antibodies than the same strain
obtained from experimentally infected rats. This differ-
ential could be mimicked by brief exposure of broth-

1 Abbreviationts use(d in this paper: BC, bactericidal;
CFU, colony-forming units; H.i.b, Haemophilus influenzae
type b; HSD, human serum dialysate; LPS, lipopolysaccha-
ride; PCMA, phosphate-buffered saline containing Ca+',
mg , and albumin; PRP, capsular polysaccharide of Hae-
mophilus influenzae b.
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grown bacteria to component(s) of rat serum of
<1,000 mol wt (14). In the present report such a
phenotypic shift is shown to occur also in response
to dialyzable components of human serum and is fur-
ther described in respect to antigen specificity and
strain distribution.

The somatic antigens of H.i.b are not well described
biochemically. As expected of a gram-negative bacte-
rium, the outer membrane of H. influenzae Rd (rough
variant of type d) was found to contain lipopolysac-
charide (LPS) and a number of proteins, but the
antigenicity of these components was not studied (15).
Phenol extraction of H.i.b yielded a toxic fraction
resembling LPS (16). Rabbits immunized with H.i.b
produced antibodies to LPS as well as to PRP (17);
whether the anti-LPS antibodies were bactericidal
to intact H.i.b was not studied. LPS from H.i.b strain
Eag recently has been isolated and partially character-
ized biochemically (18). This preparation has been
used in the present study to examine the extent to
which antisomatic bactericidal antibodies can be LPS-
directed.

Practically all invasive H. influenzae infections are
caused by serotype b. For approaching epidemiologic
questions a method of subtyping H.i.b isolates would
be useful.2 The differential susceptibility of strains
to BC activity of PRP-adsorbed sera (7, 10) suggested
heterogeneity among H.i.b in somatic antigens exposed
to antibody. Bactericidal analysis with cross-adsorbed
antiserum reagents proved useful for subgrouping of
Neisseria meningitidis group C strains (20), and we
here describe the application of this technique to
subtyping of H.i.b isolates. The epidemiologic utility
of the classification was examined with isolates from
two children who developed a second H.i.b systemic
infection within a few months of recovery from a first
such infection.

METHODS
Bacteria. The origin of H.i.b strains is given in Tables II

and IV; all but one were isolated from cerebrospinal fluid.
The preservation of strains and the initiation and quantitation
of liquid cultures have been described (7). Bacteria were
grown at 37°C in shaken, baffled flasks to a density of
109 colony-forming units (CFU)/ml in BHI-BD broth, which
is brain heart infusion (Difco Laboratories, Detroit, Mich.)
supplemented with horse blood lysate and NAD(7); they were
chilled to 0°C and used within 1 h after chilling. For
washed bacteria, the culture was centrifuged 10 min at 8,000
g, and the bacterial pellet was suspended to original volume
in the washing fluid and recentrifuged.

Sera and serum reagents. Human anti-PRP serum was
obtained 2 wk after subcutaneous injection of an adult volun-

2 A nonserologic "biotyping" scheme for the genus Hae-
mophilus has been devised by Kilian (19); however, nearly all
invasive H.i.b isolates fall within the same biotype.

teer with 30 ,ug of the purified antigen from strain Eag
(21) in saline. Rabbit antisera to LPS of strain Eag (LPSEa,)
(18) were produced by three intravenous injections of 0.5 ,ug
at weekly intervals followed by 12 injections of 100 ,ug
given twice weekly. Rabbit antisera to whole H.i.b were
raised by intravenous injection of live bacteria washed in
phosphate-buffered saline (7); an initial dose of 106 CFU
was followed by three doses of 108 at weekly intervals.
For adsorption of serum with H.i.b the bacteria were washed
in phosphate-buffered saline containing 0.15 mMCaCl2,
0.5 mMMgCl, and 0.1% bovine serum albumin (PCMA).
The washed bacterial pellet was suspended in chilled serum
at 3 x 1010 CFU/ml; after 1 h at 0°C the suspension was
centrifuged and the supernate transferred to a fresh bacterial
pellet; after 1 h the suspension was centrifuged and the
supemate further clarified by passage through a 0.22-,um
filter (Millex, Millipore Corp., Bedford, Mass.). The adsorbed
reagent was considered satisfactory if the BC titer against
the adsorbing strain was <2; otherwise the adsorption was
repeated. The term adsorption is also applied to fluid-phase
inhibition with excess PRP or LPSEag; this was done by
adding the inhibitor in a negligible volume of water to
achieve 40 ,ug/ml and incubating 15 min at 370C followed by
2 h at 0°C. Completeness of inhibition was established
for PRP by radioantigen binding (22) and for LPS by an
enzyme-linked immunoadsorbent assay (23). As a control
against nonspecific inhibition of BC activity by soluble
components eluted from the bacteria, by the added PRP or
LPS, or by immune complexes, the adsorbed reagents were
tested in the BC assay against antibody-sensitized H.i.b,
prepared by incubation of the bacteria 30 min at 0°C with
heat-inactivated human anti-PRP serum at 1:160 dilution.
None of the reagents employed inhibited killing of the
sensitized H.i.b by complement.

The complement source for the BC assay was serum from
a calf denied colostrum (kindly provided by J. B. Robbins,
Bureau of Biologics, U. S. Food and Drug Administration).

Dialysates of normal human sera were prepared by aseptic
dialysis from a sac of cellulose membrane, 12,000-mol wt
exclusion, into equal volumes of PCMAat 4°C overnight;
the dialysates were stored at -70°C.

BCassay. Bacteria were prepared for the assay by dilution
to 105 CFU/ml in PCMAat 0°C. For preincubation with
human serum dialysate, equal volumes of this suspension
and the dialysate were incubated 30 min at 370C and chilled
to 0°C; the viable count approximately doubled, compensating
for the 1:1 dilution. Incubation of the bacterial suspension
30 min at 37°C in PCMAalone had no effect on susceptibility.
A mixture consisting of one part bacterial suspension, two
parts complement source and five parts PCMAwas made at
0°C, and 25 ,ul was added to 25 ,ul of (serial dilutions
in PCMAof) the serum being tested for antibody. After 30
min of incubation at 370 the viable count was compared
with an antibody-free control incubation, and the reciprocal
of the greatest dilution giving >50% reduction was recorded
as the BC titer.

Patients. Baby girl Tur was admitted to Children's
Medical Center, Boston with H.i.b meningitis at age 10 mo,
successfully treated with intravenous ampicillin, and dis-
charged free of symptoms after 14 d. At age 16 mo she
was again admitted with H.i.b meningitis. Baby girl Sil was
admitted with H.i.b sepsis and meningitis at age 8 mo,
successfully treated with ampicillin, and discharged after 10 d.
31 d later she was admitted for H.i.b sepsis without meningitis;
upon admission H.i.b was cultured from her nasopharynx as
well as her blood.
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RESULTS

Phenotypic variation in strain Eag. The effect of
incubation of broth-grown H.i.b strain Eag for 30 min
at 37°C with human serum dialysate upon suscepti-
bility to several antiserum reagents is given in Table I.
The BC titer of normal human serum T159 adsorbed
with PRP was reduced from 16 to 2 (line 1); this
serum was chosen for illustration because of its rela-
tively high antisomatic antibody content, but a differen-
tial was seen with many other normal sera. In contrast,
the titer of human serum high in anti-PRP was the
same irrespective of the exposure of H.i.b to dialysate
(line 2); this serum was a post-PRP-vaccination sample
from an individual whose BC titer was <2 before
vaccination, and therefore the BC antibody is almost
entirely anti-PRP. Thus a phenotypic shift of H.i.b
Eag revealed with serum ultrafiltrate and antisomatic
antibodies of the rat (14) is reproduced with human
serum components. A shift was found with rabbit R217
antiserum to purified LPS of H.i.b strain Eag (line 3);
a similar differential was seen with the sera of two
additional rabbits immunized with this LPS (not
illustrated). In rabbit antisera to whole H.i.b (illus-
trated with R15) BC activity remained after adsorption
with both PRPand LPS, but a differential due to serum
dialysate was not seen (line 4). Thus the phenotypic
shift applies not to antisomatic antibodies generally but
appears to be a differential susceptibility to antibodies
against determinant(s) in LPS. A shift was produced by
dialysate of three of three tested samples of normal
human serum.

Genetic variation. For examination of the strain
distribution of antibody-accessible somatic antigens
among H.i.b, a panel of 12 cerebrospinal fluid isolates
in addition to Eag was analyzed by preparing rabbit
antisera to the exponential phase bacteria, adsorbing
with one or more heterologous strains, and testing for
residual activity. So as to better reveal differences
in LPS antigens, bacteria not treated with dialysate

TABLE I
Effect of Incubation with Human Serum Dialysate (HSD)

on the Susceptibility of Strain Eag to Antisera
of Various Specificities

BC titer against
bacteria prepared

Serum Adsorbent -HSD +HSD

Normal human T159 PRP 16 2
Human 78-84 anti-PRP - 640 640
Rabbit R217 anti-LPSEag 640 40
Rabbit R15 anti-H.i.b Eag PRP+ LPSEag 64 64

were used for immunization, adsorption, and testing.
In all, antisera were made against 11 strains (one to
three rabbits per strain), and 53 adsorbed reagent anti-
sera were eventually tested. Equivalently prepared
reagents from different rabbits generally gave the same
result; where results differed, the broadest activity was
taken as the most meaningful. Table II summarizes
the activity of reagents demonstrating the seven differ-
ent patterns of susceptibility noted; the many redun-
dant results are not included. The reagents varied in
breadth of activity from anti-Eag/Mad (antiserum vs.
Eag adsorbed on Mad), which killed 10 of 13 strains,
to anti-Mad/H305, which killed only strain Mad itself.
Internally consistent reciprocal results were found
(not illustrated). For example, just as reagent anti-
6510/H252 killed strain C60 (Table II), anti-C60/H252
killed 6510. Similarly, any one of strains H252, H234,
or C51 could completely absorb activity elicited by the
other two (not shown). Thus a system of six differen-
tially expressed antigens could be assigned within the
panel (Table II, last line and last column).

The relationship between these antigens and LPS
was explored. R217 anti-LPSEg antiserum was tested
against prototype strains of each antigen makeup and
found to have a broad activity similar to the reagent
for antigen 1 (anti-Eag/Mad). All strains expressing
antigen 1 were susceptible; only strains H305 (antigen
5) and Mad (antigens 5 and 6) were insusceptible
(Table III). Adsorption with LPSEag completely re-
moved the activity of reagent anti-Eag/Mad but not of
reagents specific for the other antigens (not illustrated).
One strain not expressing antigen 1 (H 123) was suscep-
tible to anti-LPSEag. Thus LPSEag appears to contain
antigen 1 plus additional determinant(s) not classified,
but not to contain antigens 2 through 6.

Phenotypic variation in other strains. All strains
susceptible to anti-LPSEag underwent an increase in
resistance to this antiserum upon incubation with
serum dialysate (Table III). A shift likewise was seen
in resistance to the anti-Eag/Mad reagent but not to the
other reagents of Table II (not illustrated).

Subtyping of isolates in recurrent infection. The six
reagent antisera were applied to pairs of isolates from
children who had had two systemic H.i.b infections
(Table IV). Isolate 1 from patient Tur lacked suscepti-
bility to all six reagents; her isolate 2, however, was
killed with the reagent for antigen 1. This difference
was also appreciated in their susceptibility to anti-
LPSEag (titers of <40 and 3320, respectively). Both
isolates from patient Sil were susceptible to the antigen
1 reagent, were susceptible to anti-LPSEag at equal
titers, and exhibited the phenotypic shift (not illus-
trated) with either reagent. Discrimination was sought
further with reagents consisting of the patients' own
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TABLE II
Subtyping with Cross-Adsorbed Antisera of H.i.b Isolates from Cerebrospinal Fluid

Susceptibility to antiserum reagent*

Antigens
Place of Eagt Rab H252 6510 H305 Mad inferred

Strain isolation Mad Eag Eag + Rab H252 Eag H305 in strain

Eag Mass. + - - - - - 1
H292 Ala. + - - - - - 1
H113 Ala. + - - - - - 1
C58 Mass. + - - - - - 1
6510 Pa. + - - + - - 1, 4
C60 Mass. + - - + - - 1, 4
H252 Ala. + + + - - - 1, 2, 3
H234 Ala. + + + - - - 1, 2, 3
C51 Mass. ± + + - - - 1, 2, 3
Rab N. Y. + + - - - - 1, 2
H123 Ala. - + - - - - 2
H305 Ala. - - - - + - 5
Mad Mass. - - - - + + 5, 6

Antigen defined
by reagent 1 2 3 4 5 6

* Susceptibility of + is defined as a titer 316-fold, and ± as 4- or 8-fold that of the respective
preimmunization serum, similarly adsorbed.
I Antiserum against strain Eag adsorbed with strain Mad, etc.

convalescent sera adsorbed with PRP and LPSEag
(Table IV). Reagents prepared from the convalescent
sera of Tur (after both infections) failed to kill either
Tur isolate at titers useful for analysis (34). The reagent
from the first convalescent serum of Sil was similarly
inactive, but she responded to the second infection
with antibodies that (after the adsorptions) killed her
second isolate at a higher titer than her first isolate
(titers 16 and 4, respectively). Thus in both patients
the second infecting strain differed discernibly from
the first in expression of somatic antigens.

TABLE III
Susceptibility to Anti-LPSEaO, of H.i.b Prepared

without and with HSD

BC titer of rabbit R217
anti-LPSE1 against

Antigen bacteria prepared
makeup

Strain of strain -HSD +HSD

C58 1 320 <40
H123 2 3320 <40
Rab 1, 2 160 <40
H234 1, 2, 3 31,280 320
6510 1, 4 31,280 <40
H305 5 <40 <40
Mad 5, 6 <40 <40

DISCUSSION
A rapid phenotypic alteration in susceptibility to BC
antisomatic antibody was originally described for one
strain of H.i.b in response to components low in
molecular weight of the serum of one animal species,
the rat (14). A similar effect was recently reported
for another strain exposed to whole, heat-inactivated
normal rat serum (13), although components high in
molecular weight such as blocking antibody, were not
ruled out as effectors. The present finding that incuba-
tion with the dialysate of human serum (three of three
tested) induces a shift suggests that normal compo-
nent(s) of mammalian serum are responsible and that
the phenomenon is relevant to the analysis of human
immunity. A shift was seen in all but three of the H.i.b
isolates tested (and might have been demonstrable in
these if antisera to their LPS had been available); thus it
appears to be a general property of H.i.b. The shift is in
resistance to antibodies directed against determinant(s)
in LPS rather than against somatic antigens in general.
The restricted specificity suggests that the alteration
operates at the level of antibody binding rather than at
subsequent stages of complement-mediated bacterioly-
sis. Moreover, although only bacteriolysis has been
examined, it seems possible that antibody-mediated
opsonization or other antibody-mediated immune
mechanisms would likewise be affected by the shift.

The component(s) of serum causing the shift and the
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TABLE IV
Analysis of H.i.b Isolatesfrom Recurrent Systemic Infection by Means ofAntisomatic BCAntibodies

Susceptibility to patient's
serum adsorbed with

Susceptibilitv PRPand LPSE.1*
Site and date Antigen to rabbit R217

Isolate of isolation makeup anti-LPSE.r* Post It Post 2§

Tur 1 CSF,"1 1-2-71 <40 <4 <4
Tur2 CSF, 7-2-71 1 320 <4 <4

Sil 1 CSF, 9-8-71 1 160 <4 4
Sil 2 NP,¶ 10-19-71 1 160 <4 16

* BC titer against bacteria prepared without incubation with human serum dialysate.
t Serum sample taken 1-9 wk after onset of the patient's first infection; treated with penicillinase
before assay.
§ Taken after second infection, etc.
"Cerebrospinal fluid.
¶ Nasopharynx. (The illness was sepsis without meningitis; however, the isolate from blood was lost.)

structural basis of the altered antigenicity have not
yet been identified. An impediment has been that
dialysate is able to shift the bacteria only at a low
density (--ca. 107 CFU/ml), and generation of the large
population of resistant organisms necessary for isola-
tion and analysis of LPS would be impractical.

For most questions concerning immunity it is of
course preferable to examine bacteria as they exist
in vivo. Use of bacteria harvested from infected hosts,
however, would be impractical for many types of exper-
iments. In respect to BCantibody susceptibility, broth-
grown H.i.b briefly exposed to rat serum dialysate
resembled H.i.b recovered from the circulation of in-
fected rats (14). It should not be concluded that the
incubation with dialysate confers a phenotype equal
in every respect to that in vivo, but the dialysate
apparently generates a closer approximation. The
bacteria prepared without and with dialysate were
identical in susceptibility to antiserum reagents
specific for antigens 2-6 and differed only in expres-
sion of factor 1 (plus an undefined factor present in
LPSEag and in strain H123). Factor 1, however, was
the most broadly distributed of the factors identified.
Use of conventionally prepared bacteria for determina-
tion of serum bactericidal activities thus tends to inflate
the apparent titers, particularly in sera low in anti-
capsular antibodies (such as sera of human infants).
Even H.i.b grown in media with a high content of
animal blood, e.g., Levinthal medium (2), might be
hyper-susceptible, because when brain heart infusion
broth was present during exposure to dialysate the
phenotypic shift was antagonized (14). Thus surveys
correlating immune status with serum bactericidal or
opsonic activity against an index organism may be sub-
ject to misinterpretation as a result of phenotypic varia-

tion within a strain and genetic differences among
strains.

There is considerable genetic variation in the expres-
sion of antibody-accessible antigens of H.i.b: among
the 13 strains initially analyzed, seven different
patterns of susceptibility to cross-adsorbed antisera
were found. The results could be accounted for by
the variable expression of as few as six antigens.
Use of antiserum to LPSEag suggested an additional
determinant present in LPSEag and expressed in strain
H123 but distinct from antigen 1. Examination of four
additional isolates (from recurrent infections) revealed
yet another differentially expressed antigen.

Some BC activity of the cross-adsorbed antisera
conceivably could be the result of variant determinants
in capsular polysaccharide; however, no such variation
has been reported. PRP from strains Eag, Rab, H305,
and Mad were alike in composition (24), and the two
former were found to be structurally identical (25, 26).
Because four of the reagent antisera were raised against
these strains, at least four of the variable antigens
appear to be somatic rather than capsular.

Antigen 1 resides in LPS, as does the unclassified
antigen in strain H123. The structural category of the
other variable antigens is presently unknown. When
compared by indirect hemagglutination with LPSEag,
LPS from strain H305 displayed both shared and not-
shared determinants (18; N.B., the LPS preparations
were designated b and b', respectively). Thus antigen 5
may also be contained in LPS. Strain Eag is quite
susceptible to somatic antibodies not adsorbed by
LPSEag (Table I), so the corresponding determinants
either are not a part of LPS or are not conserved when
LPS is purified (18) by the phenol-water method. The
possible relation of non-LPS-adsorbed somatic BCanti-
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bodies and the outer membrane proteins of H.i.b is
currently under study.

In the patients with recurrent systemic infections the
second isolates were shown to differ from the first
in antigens expressed. This observation is more consis-
tent with the second illnesses being due to newly
acquired strains of H.i.b rather than to recrudescence
of sequestered organisms from the first infections. Two
of these strains will be of particular interest in further
study of the distribution and surface exposure of
somatic antigens of H.i.b: strain Tur 1 expressed no
somatic antigens susceptible to the six reagent antisera
or to antibodies elicited in the patient. It will be of
interest to determine whether it exposes somatic anti-
gens not apparent in this study or exposes none. Strains
Sil 1 and 2 were identical in respect to the antigens
1-6, but Sil 2 was more susceptible to an antibody
elicited in the patient. Thus Sil 2 and Tur 1 (along
with H123) would be useful for extending the sub-
typing system.

Somatic antigens may be pertinent to vaccination
against H.i.b. The human antibody response to vaccina-
tion with purified PRP is age dependent (27, 8). PRP
vaccine appeared to be protective only after age 18 mo
(3), whereas the maximal incidence of H.i.b meningitis
occurs in the first year of life. Antibody-accessible
somatic antigens to which immunocompetence matured
early in human development would be useful to iden-
tify, particularly such an antigen homogeneously dis-
tributed among H.i.b strains. The cross-adsorbed anti-
sera used here would lack antibody to a universal
somatic antigen but would be useful in discerning it
from the variably expressed antigens. In addition, H.
influenzae otitis media is primarily the result of un-
encapsulated strains, and their somatic antigens might
reasonably be examined for immunoprotective po-
tential. Thus an antigen common to H.i.b and H.i.
causing otitis would be ideal. Further biochemical and
immunological studies will be required to determine
whether such an antigen exists.
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