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High Titer and Avidity of Nonneutralizing Antibodies against
Influenza Vaccine Antigen Are Associated with Severe Influenza
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The importance of neutralizing antibody in protection against influenza virus is well established, but the role of the early antibody re-
sponse during the initial stage of infection in affecting the severity of disease is unknown. The 2009 influenza pandemic provided a
unique opportunity for study because most patients lacked preexisting neutralizing antibody. In this study, we compared the antibody
responses of 52 patients with severe or mild disease, using sera collected at admission. A microneutralization (MN) assay was used to
detect neutralizing antibody. We also developed an enzyme-linked immunosorbent assay (ELISA) which detects both neutralizing and
nonneutralizing antibodies against viral antigens from a split-virion inactivated monovalent influenza virus vaccine. While the MN
titers were not significantly different between the two groups (P = 0.764), the ELISA titer and ELISA/MN titer ratio were significantly
higher for patients with severe disease than for those with mild disease (P = 0.004 and P = 0.011, respectively). This finding suggested

that in patients with severe disease, a larger proportion of serum antibodies were antibodies with no detectable neutralizing activity.
The antibody avidity was also significantly higher in patients with severe disease than in those with mild disease (P < 0.05). Among
patients with severe disease, those who required positive pressure ventilation (PPV) had significantly higher ELISA titers than those
who did not require PPV (P < 0.05). Multivariate analysis showed that the ELISA titer and antibody avidity were independently associ-
ated with severe disease. Higher titers of nonneutralizing antibody with higher avidity at the early stage of influenza virus infection

may be associated with worse clinical severity and poorer outcomes.

pidemiological and virological studies have identified several risk

factors for severe influenza virus infection, including host factors
such as extremes of age, comorbid illness, pregnancy, and obesity (22,
24, 38) and viral factors such as specific virus strains, including the
1918 HINT1 virus and the A(H5N1) virus subtype (50), and specific
mutations of viral proteins, such as the D222G mutation (or D225G
with H3 numbering) in the hemagglutinin (HA) of the pandemic
HIN1 2009 influenza virus [A(HIN1)pdmO09] (7, 8, 40, 53). Immu-
nological studies have linked a lower serum immunoglobulin G2
level with severe disease caused by A(HIN1)pdm09 (5). Though
most patients are asymptomatic or develop only mild coryzal symp-
toms, even if they have multiple risk factors, a significant number of
healthy young patients develop respiratory failure or other extrapul-
monary life-threatening complications caused by A(HIN1)pdm09
(38,39, 51). Therefore, unidentified factors that affect the progression
and severity of influenza remain to be discovered.

The early innate immune response against influenza virus may
be important in controlling viral replication and hence the peak
viral load, because most patients who had severe disease were ad-
mitted to the hospital within 5 days of symptom onset (38, 47). In
addition to the defensive factors mounted by the innate immune
system, such as pattern recognition receptors, interferon-related
antiviral mechanisms, the complement cascade, and antimicro-
bial peptides (9, 36), another important immune mechanism op-
erating during this early phase of infection is the presence of cross-
reactive antibodies induced by prior influenza virus infection,
including preexisting cross-reactive antibodies and the secondary
antibody response from memory B cells (45). In this study, we
sought to assess the association between the amount of influenza
A virus-specific antibodies during the early stage of illness and
patient outcome. Furthermore, to understand the contribution of
nonneutralizing antibodies, defined here as antibodies that were
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not detected by the viral microneutralization (MN) assay, we used
a split-virion inactivated A(HIN1)pdm09 vaccine as the coating
antigen in an enzyme-linked immunosorbent assay (ELISA) and
in an avidity assay. Since most patients born after the 1950s had
few preexisting cross-reactive neutralizing antibodies against this
novel virus (51), the use of the A(HIN1)pdm09 vaccine provided
us with a unique opportunity to investigate whether preexisting
cross-reactive nonneutralizing antibody against this new virus has
aunique role in determining patient outcomes. The relative quan-
tities of these influenza A virus-specific antibodies and neutraliz-
ing antibody were analyzed by comparing the ELISA and MN
titers. Furthermore, we also compared the quality of the antibod-
ies from severe and mild cases by using antibody avidity assays.

MATERIALS AND METHODS

Patients and clinical characteristics. Adult patients with laboratory-con-
firmed A(HIN1)pdm09 infection with available archived serum samples
which were obtained within 2 to 4 days after symptom onset were in-
cluded. Excluded groups were children below 18 years of age and patients
without sufficient archived specimens. Clinical data were retrieved from a
retrospective review of medical records. Patients were defined as having
severe disease if they required respiratory support and/or admission to the
intensive care unit or died; those who survived and did not develop oxy-
gen desaturation or require admission to the intensive care unit were
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defined as having mild disease (41). The study was approved by the insti-
tutional review board of the Hospital Authority in Hong Kong.

Composition of the vaccine antigen used for ELISA and avidity as-
say. The 5-ml multidose vial of an A(HIN1)pdmO09 vaccine (Panenza;
Sanofi Pasteur, France) was employed as the coating antigen in the ELISA.
This vaccine is a nonadjuvanted, split-virion, inactivated vaccine (31).
According to the manufacturer, each 0.5-ml dose of the vaccine contains
15 g of HA. The same batch of the vaccine was used for all experiments
to ensure consistency.

ELISA. The ELISA method was modified slightly from our published
protocols (16, 48). Ninety-six-well immunoplates (Nunc Immuno mod-
ules; Nunc, Denmark) were coated with 100 pl of the vaccine at 2 pg
HA/ml in 0.05 M NaHCOj; (pH 9.6) overnight at 4°C and then blocked
with 1% normal goat serum at 300 pl/well at 37°C for 1 h. After washing
3 times with phosphate-buffered saline containing 0.05% Tween 20 (PBS-
T), 100- .l serum samples at 2-fold serial dilutions were added to the wells
and incubated at 37°C for 1 h. After 3 washes, 100 pl of PBS was added to
each well and incubated at room temperature for 30 min. The plates were
washed 6 times, and 100 pl anti-human gamma chain peroxidase (diluted
1:10,000) (Zymax; Invitrogen) was added to each well as a secondary
antibody for 1 h at 37°C. The reaction was developed by adding 100 .l
diluted 3,3’,5,5"-tetramethylbenzidine single solution (Invitrogen) for 15
min at 37°Cand stopped with 100 pl 1 N H,SO,. The optical density (OD)
was read at 450 nm. All samples were tested in duplicate, and the mean
absorbance was calculated. The ELISA titer was the dilution at which the
absorbance was nearest to 1.0.

Determination of avidity. ELISA was performed as described above,
with the following modifications. First, the sera were added at a dilution
with an expected absorbance of 1.0 £ 0.2 to reach the linear part of the
titration curve. Second, after the sera were incubated for 1 h, 4 M urea was
added instead of PBS. This concentration of urea was chosen because our
preliminary experiments showed that urea concentrations of >4 M al-
ways markedly reduced the OD value even if the urea was added, incu-
bated, and washed before the reaction with the sera. This suggested that
such a high urea concentration can cause a falsely low reading by remov-
ing the coated vaccine antigen. The avidity index was defined as the ratio
of the OD with urea to the OD without urea (26).

MN assay. The MN assay was performed as described previously (6,
16, 17). Briefly, serial dilutions of serum were mixed with 100 50% tissue
culture infective doses (TCIDs,,) of A/HK/415742/2009 virus for 2 h at
37°C before being added to Madin-Darby canine kidney cells. One hour
after infection, the virus-serum mixture was removed, and serum-free
minimal essential medium with 2 pg/ml of L-1-tosylamide-2-phenylethyl
chloromethyl ketone-treated trypsin (TPCK-trypsin; Sigma Immuno-
chemical) was added to each well. Cytopathic effect was observed 3 or 4
days after incubation at 37°C. The highest serum dilution that protected
=50% of the cells from cytopathology was considered to be the MN titer.
All samples were tested in duplicate.

Statistical analysis. The Mann-Whitney U test was used for continu-
ous variables, whereas the chi-square or Fisher exact test was used for
categorical variables. A value of 5 was arbitrarily assigned to all MN titers
below the limit of detection. The ratio of ELISA and MN antibody titers
(ELISA/MN titer ratio) was used as an estimate of the quantity of non-
neutralizing antibody. All statistical calculations involving the geometric
mean titer (GMT) were performed with log-transformed titers. Correla-
tions between the ELISA and MN titers were assessed by Spearman’s rank
correlation coefficient test. Stepwise multiple logistic regression analysis
was used to control for confounding variables, including age, sex, and
underlying comorbidities. P values of <0.05 were considered to be statis-
tically significant.

RESULTS

A total of 52 patients were included in this study, with a median
age 0f 49.5 years and an age range of 21 to 86 years. Twenty-five
patients (48.1%) were female. There were 30 patients with se-
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TABLE 1 Demographics and clinical characteristics of patients

Value for patient group

Severe disease Mild disease

Parameter (n=30) (n=22) P value®
Age (yr) (median [range]) 46.5 (22-79)  54.5 (21-86) 0.136
No. (%) of females 13 (43.3) 12 (54.5) 0.575
No. (%) of patients with underlying
predisposing factor
Heart disease 4(13.3) 3(13.6) 1.000
Pulmonary disease 7 (23.3) 2(9.1) 0.272
Liver disease 0(0) 1(4.5) 0.423
Renal disease 4(13.3) 2(9.1) 1.000
Hemoglobinopathy 1(3.3) 0(0) 1.000
Neurological disease 2(6.7) 6(27.3) 0.058
Metabolic disease 7 (23.3) 5(22.7) 1.000
Malignancy 6(20.0) 3 (13.6) 0.717
Connective tissue disease 3 (10.0) 2(9.1) 1.000
Transplant 3(10.0) 2(9.1) 1.000
Pregnancy 0(0) 0(0) NA

% NA, not applicable.

vere disease and 22 with mild disease (Table 1). There was no
significant difference between the severe and mild disease
groups in the time interval between symptom onset and serum
sample collection (P = 0.121). The baseline demographics and
underlying predisposing factors between patients with severe
and mild disease were well matched. Obesity was not analyzed
because the body mass index was not available for some of the
patients. Among patients with severe disease, 16 (53.3%) pa-
tients required positive pressure ventilation (PPV), 15 (50.0%)
had respiratory failure and were admitted to the intensive care
unit for close monitoring and respiratory support, and 4
(13.3%) patients succumbed.

Figure 1 shows a comparison of the antibody titers for patients
with severe and mild disease. The ELISA GMT was 3.1 times
higher for patients with severe disease than for those with mild
disease (P = 0.004). Although the median neutralizing antibody
titer determined by MN assay was higher for patients with severe
disease than for those with mild disease, the difference did not
reach statistical significance (P = 0.764). The ELISA/MN titer
ratio was significantly higher for patients with severe disease than
for those with mild disease (P = 0.011) (Fig. 2). The antibody
avidity, expressed as the avidity index, was significantly higher for
patients with severe disease than for those with mild disease (P =
0.045) (Fig. 3). There was no significant correlation between age
and ELISA titer, MN titer, ELISA/MN titer ratio, or the antibody
avidity index. Among patients with severe disease, those who re-
quired PPV had significantly higher ELISA titers than those who
did not require PPV, and there was a trend toward higher
ELISA/MN titer ratios for patients requiring PPV than for those
notrequiring PPV, although the difference did not reach statistical
significance (Table 2). Multivariate analysis, which adjusted for
sex, age, and underlying comorbidities, showed that the ELISA
titer (P = 0.003) and avidity index (P = 0.014) were indepen-
dently associated with severe disease.

DISCUSSION

Humoral immunity plays an important role in the host defense
against influenza virus infection. One of the key functions of an-

cviasm.org 1013


http://cvi.asm.org

To et al.

Log ELISA titer

- :
3
|

| *
|
|
|

\ °
+ 2

- °
= |

=
= |
2 |
3
= |
34 e
|
i |
)
T o T T
severe mid eevare mild

Disease severlty

FIG 1 Comparison of antibody titers of patients with severe and mild disease.

tibodies is to neutralize the virus, rendering it noninfective, and
these antibodies can be measured by MN assay, which detects
antibodies that neutralize viruses, or indirectly by hemagglutina-
tion inhibition (HI) assay, which detects antibodies targeting the
sialic acid binding sites of the surface HA protein. Antibody titers
determined by MN and HI assays usually have good correlation
with recent A(HIN1)pdm09 infection (15). MN or HI titers of 40

Disease severity

Medians, quartiles, and ranges are shown. (A) ELISA titers; (B) MN titers.

or more are associated with protection from influenza virus infec-
tion and are often used as markers of successful immunization in
influenza vaccine trials (23, 30). During the first few days of an
infection, the neutralizing antibody titers are often low (34). How-
ever, the magnitude of nonneutralizing antibodies during this pe-
riod has not been studied. We hypothesized that the nonneutral-
izing antibodies in the early stage of infection may play a role in the
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FIG 2 Comparison of ELISA/MN titer ratios of patients with severe and mild disease. Medians, quartiles, and ranges are shown. The difference between the

groups is significant (Mann-Whitney U test; P = 0.011).
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FIG 3 Differences in antibody avidity between patients with severe disease and those with mild disease. Medians, quartiles, and ranges are shown. The difference

between the groups is significant (Mann-Whitney U test; P = 0.045).

outcome of an infection. To detect nonneutralizing antibodies, we
used an ELISA plate coated with a split-virion inactivated
A(HIN1)pdm09 virus vaccine as antigen, which could detect both
neutralizing and nonneutralizing antibodies against the vaccine
proteins. We showed that within 2 to 4 days after symptom onset,
significantly higher ELISA titers were found for patients with se-
vere disease than for those with mild disease, but there was no
significant difference in their MN titers. The ELISA/MN titer ratio,
which is a surrogate marker for the amount of nonneutralizing anti-
body, was higher for patients with severe disease than for those with
mild disease. Patients requiring PPV, representing those who had the
most severe respiratory disease, had higher ELISA titers than those
who did not require PPV. The results from our study suggested that
an exaggerated nonneutralizing antibody response during the early
stage of infection was associated with severe disease.

The nonneutralizing antibody present in patients during the
early stage of infection was likely to be preexisting or was the result
of a secondary heterotypic antibody response against conserved
epitopes, which may be found outside the receptor binding pocket

of HA or in the highly conserved nucleoprotein, matrix proteins,
and polymerase proteins, or even the less conserved NS proteins
(11). This early IgG response can happen within a few days after
infection because of immune priming by previous exposure to
similar viral epitopes. In our ELISA, we used a split-virion
inactivated A(HIN1)pdmo09 vaccine as the coating antigen,
and it contained mainly HA but also other proteins of the
A(HIN1)pdmO09 virus, including the neuraminidase, the ma-
trix protein, and the nucleoprotein (4). The matrix proteins
and nucleoprotein have conserved amino acid sequences, and
therefore antibodies against these proteins from prior seasonal
influenza virus infection or vaccination could be induced.
Upon infection with the A(HIN1)pdm09 virus, memory B cells
can proliferate rapidly and generate a large amount of these high-
avidity nonneutralizing antibodies, especially in patients with se-
vere disease. This is consistent with the observation that the num-
ber of peripheral blood B cells is higher in patients with severe
disease than in those with mild disease during the early stage of
infection (14).

TABLE 2 Comparison of patients with severe disease who required positive pressure ventilation and those who did not require positive pressure

ventilation

Value for patient group

Patients requiring PPV Patients not requiring PPV
Parameter” (n=16) (n=14) Pvalue
ELISA GMT (95% confidence interval) 5,077 (2,130-12,102) 1,585 (724-3,470) 0.047
MN GMT (95% confidence interval) 25.9 (10.6-61.4) 13.5 (6.7-27.0) 0.247
Median (range) ELISA/MN titer ratio 200 (20-3,200) 140 (10-2,000) 0.116
Median (range) avidity index 0.71 (0.44-0.80) 0.72 (0.53-0.82) 0.589

“ ELISA, enzyme-linked immunosorbent assay; GMT, geometric mean titer; MN, microneutralization. PPV, positive pressure ventilation.
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Nonneutralizing antibodies against influenza virus can have
either protective, neutral nonprotective, or detrimental effects.
Antibodies against the M2 ectodomain and the nucleoprotein
have been shown to be protective in animal models (2, 10, 19, 21).
On the other hand, antibodies against NS1 have been shown to
delay viral clearance (21). This is consistent with the previous
finding that a delay in viral clearance rather than a high initial viral
load in the respiratory tract is associated with severe disease (37,
38). Antibodies against PB1-F2 and M1 can be detected in patients
with influenza virus infection, but the functional significance of
these antibodies is unknown (20, 52). Other potential effects of
nonneutralizing antibody include the activation of the comple-
ment cascade and antibody-dependent cellular cytotoxicity,
which can be protective or detrimental if excessively proinflam-
matory (1, 27). Besides the uncertainty of these effects on the
clinical outcome, the avidity of such nonneutralizing antibodies
for complement activation and antibody-dependent cytotoxicity
is also unknown. If these effects turn out to be detrimental, it is
conceivable that such nonneutralizing antibodies with high avid-
ity would produce more damage to patients than antibodies with
low avidity. Though the notion that prior seasonal influenza vac-
cination is associated with worse outcomes for patients with sub-
sequent A(HIN1)pdm09 virus infection has been disputed, non-
neutralizing antibodies may play a role if this is indeed the case
(33). Detrimental effects of nonneutralizing antibody have been
speculated to be associated with poor outcomes of dengue virus,
respiratory syncytial virus, and measles virus infections via anti-
body-dependent enhancement (42). Though the laboratory phe-
nomenon of antibody-dependent enhancement has also been
shown for influenza virus, no clinical study has ever been per-
formed to ascertain the link (35). The pro- or anti-inflammatory
effects of nonneutralizing antibody in the pathogenesis and out-
come of influenza should be investigated further (3).

Antibody avidity was assessed in the current study by compar-
ing the ELISA OD values with and without urea, which is a disso-
ciating agent that can disrupt the interaction between the antibody
and the coating antigen. If an antibody binds to the antigen
weakly, then the addition of urea will disrupt the binding, result-
ing in a lower OD value. We have shown that higher antibody
avidities are independently associated with severe disease. This is
consistent with our finding that patients with severe disease have
higher levels of secondary antibody production, presumably from
memory B cells. Our finding appears to contradict a study by
Monsalvo et al, who showed that patients with severe
A(HIN1)pdmO09 virus infection had lower antibody avidity than
those with mild disease (28). Several groups have also examined
the relationship between age and antibody avidity in patients with
natural infection, and they have shown that antibody avidity is
higher in older than in younger age groups (28, 44). For antibody
responses after influenza vaccination, one study showed a higher
antibody avidity in the elderly than in younger vaccine recipients,
while another study did not find any differences (18, 32). In our
study, we did not find any correlation between age and antibody
avidity. There are several important differences between other
studies and ours which may explain the discrepancy of the results.
First, we examined the serum antibodies that were present shortly
after a natural infection, which are probably different from the
antibodies arising in the convalescent phase after natural infection
or vaccination. Second, we used a split-virion influenza vaccine,
which contains HA and other viral proteins, while other studies
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used pure recombinant HA without other viral proteins. There
may be differences in avidity for antibodies directed against HA
but not for those against other viral proteins. Finally, a sampling
bias may have occurred in the severe cases, because for those pa-
tients who died early on, no sera could be collected in the conva-
lescent phase.

In this study, we employed a split-virion inactivated vaccine.
This approach has several advantages over using recombinant an-
tigens. First, by using the vaccine as the coating antigen, we could
detect the sum of a wide range of IgGs against different viral com-
ponents instead of a limited IgG response specific to a particular
protein. Since it has been demonstrated that antibodies may have
synergistic effects, our study is deemed more relevant by examin-
ing the antibody response against a range of different viral pro-
teins instead of just the antibody response against a single viral
protein (43). Second, recombinant proteins may assume an al-
tered conformation, and conformation-dependent antibodies
may not recognize the altered antigen structure (49). The use of a
vaccine also differs from the use of inactivated virus, because zonal
centrifugation will remove nonviral host materials which may lead
to nonspecific reactions (13).

There were several limitations to our study. We did not test the
antibody titers in serum samples collected on day 0 and day 1 after
symptom onset because most patients did not attend the hospital
during this early stage of illness. Except for HA, the exact quantity
of each protein present in our batch of the vaccine was not known.
However, we used the same batch of vaccine across all experi-
ments to ensure consistency of the antigen content. Another lim-
itation of our assay was that the high ELISA titers may have been
related to antibodies that could neutralize the virus in vivo but
could not be detected with the current MN assay (25). Finally,
although the high ELISA titers were likely related to the rapid
production of nonneutralizing antibody targeting conserved
epitopes, we do not know the quantity of preexisting antibody, as
preinfection serum samples were not available.

Our study is the first to look at the early antibody response
(both neutralizing and nonneutralizing antibodies) against cur-
rent vaccine components and the association between these anti-
bodies and patient outcomes. The excessive nonneutralizing anti-
body response during early infection may have contributed to the
dysregulated inflammation in severe infection (38). It is impor-
tant that even an HI titer of 40, which is considered to be a pro-
tective titer reflecting mainly a neutralizing antibody response in
vaccine studies (12), was associated with a protective efficacy of
only 70% in an exposed population (30). Moreover, some vacci-
nated patients with very high HI titers (up to 2,048) developed
disease after exposure to influenza virus (29). This protection is
therefore not absolute and can be overcome by a larger dose of
virus (3). Once the virus enters cells and the viral life cycle is
started, every infected cell will produce millions of infectious viri-
ons, which can easily overcome the neutralizing antibody in the
interstitial fluid to infect adjacent cells as far away as where the
balance occurs between the dilution of virus and the neutraliza-
tion effect of antibody. Thus, at the anatomical site where the viral
load cannot be controlled by the initial innate immune response,
the concomitant innate inflammatory response and the subse-
quently mounted adaptive immune response with nonneutraliz-
ing cross-reactive antibody may just fuel inflammatory damage.
This is a significant issue in the elderly and those with severe co-
morbidities, whose respiratory reserve is marginal and tissue re-
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generative power is poor. In addition, inflammatory cytokines
spilled over into the circulation may precipitate acute catastrophes
such as stroke or heart attack (46). Further studies should be con-
ducted to ascertain the role of nonneutralizing antibody in the
pathogenesis of severe influenza.
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