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Abstract

Pre-pandemic intravenous immunoglobulin (IVIG) and sera from Kawasaki disease (KD) patients
treated with this IVIG were analyzed for 2009 H1N1-specific microneutralization and
hemagglutination inhibition antibodies. All six different IVIG preparations tested had significant
levels of cross-reactive specific antibody at a concentration of 2.0 g/dL of immunoglobulin. Sera
from 18/19 of KD patients had significant increases of cross-reactive specific antibody after 2.0 g/
kg of pre-pandemic IVIG. These results suggest a role for adjunctive IVIG therapy for severe and/
or drug-resistant 2009 HIN1 virus and other highly antigenically drifted influenza strains,
particularly in the immunocompromised.
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INTRODUCTION

H1N1 swine-origin influenza A virus (2009 H1N1) initiated a human pandemic in April,
2009.1 Although by the spring of 2010, the activity of this virus declined below pandemic
levels in most parts of the world, it is likely to re-emerge during the next seasonal epidemic,
as a substantial proportion of the population were not immunized with 2009 HIN1
monovalent vaccine. For example, in the U.S., only 40% of children between 6 months and
14 years of age were immunized.? Interestingly, early in the pandemic, older individuals
appeared to be relatively protected from severe disease from 2009 HIN1, with most
infection-associated hospitalizations occurring in young adults (<49 years of age) and
children. This contrasts with seasonal influenza epidemics, for which morbidity and
mortality is concentrated in the elderly. The relative protection in older adults may be due
to pre-existing cross-reactive neutralizing antibody from prior natural infection with HIN1,
particularly with 1918 HIN1 and its derivatives,® which caused seasonal outbreaks between
1918-1957. The formation of protective cross-reactive antibodies from natural infection
with HIN1 is plausible, as the hemagglutinin glycoprotein of 2009 H1N1 and the 1918
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H1IN1 virus and its early derivatives are structurally similar,6 and hemagglutinin is a well-
established target for antibody-mediated protection in humans.’

Given the existence of cross-reactive antibodies to 2009 H1N1 in a substantial number of
adults, we reasoned that commercial intravenous immunoglobulin (IVIG) products produced
prior to the 2009 pandemic, which combine plasma from thousands of adult donors, might
contain significant levels of these antibodies. We tested IVIG preparations for cross-reactive
microneutralization (MN) and hemagglutination inhibition (HI) antibody against 2009
H1N1, and we also determined if administration of high-dose IVIG to patients with
Kawasaki Disease (KD) patients treated prior to 2009 significantly raised their serum titers
of these antibodies.

MATERIALS AND METHODS

Immunoglobulin Preparations

IVIG solutions of 10% (g/dL) immunoglobulin concentration [Gamunex (3 lots), Talecris
Biotherapeutics; Gammagard, Baxter Pharmaceuticals; Cytogam and Privigen, CSL
Behring], all of which were produced prior to the emergence of 2009 HIN1 in April, 2009,
were tested. These preparations were diluted in phosphate-buffered saline (PBS) to final
concentrations of 1.0, 2.0, and 4.0 g/dL, which encompass the normal 1gG concentration in
human serum and the peak achievable serum IgG concentration after a 2.0 g/kg dose of
IVIG (approximately 3.0 g/dL).8

Serum Samples

Sera were obtained from KD patients, aged 10 months to 10 years, treated in San Diego
County, California, USA from December, 2007 to March, 2009 with IVIG (Gammagard),
following parental informed consent and Institutional Review Board of the University of
California at San Diego approval. One group of sera were collected immediately prior to and
1-3 days after KD patients received a single 2.0 g/kg dose of IVIG. A second group of sera
were collected immediately prior to and 5-13 days after other KD patients received two 2.0
g/kg doses of IVIG. Aliquots of sera were frozen at —80°C until thawed for later analysis.

Viral Isolation and Propagation

The 2009 H1N1 influenza A strain, which was obtained from a de-identified primary
clinical sample of bronchoalveolar lavage fluid, was grown in Madin-Darby canine kidney
(MDCK) cells.® This isolate was confirmed as 2009 HIN1 by the California State
Department of Public Health using a reverse-transcriptase real-time polymerase chain
reaction assay.

Hemagglutination inhibition and microneutralization assays

Hemagglutination inhibition (HI) and microneutralization (MN) assays were performed as
previously described.>19 For the HI assay, serum samples treated with receptor-destroying
enzyme (Denka Seiken) were diluted 10-fold (vol/vol) in PBS from which serial two-fold
dilutions were prepared. Diluted sera were mixed with 2009 H1N1 influenza, turkey red
blood cells (0.5% vol/vol) were added (Rockland Immunochemicals), and hemagglutination
was noted after 30 minutes of incubation. The HI titer was identified as the last dilution that
prevented hemagglutination of red blood cells. For the MN assay, heat-inactivated samples
were initially diluted 10-fold in PBS and mixed with live 2009 HIN1 influenza. MDCK
infection was determined by an influenza A nucleoprotein ELISA using a mouse anti-
nucleoprotein antibody (Millipore). The MN antibody titer was identified as the last serum
dilution that prevents infection by 50% as measured by ELISA. For calculation of geometric
mean titers (GMT), titers were expressed as reciprocal titers (e.g., 1:40 was expressed as 40)
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and an undetectable MN or HI titer was recorded as a reciprocal titer of 5 or one-half the
lowest dilution tested.1% Both the HI and MN assays were validated with negative control
serum from an unvaccinated, uninfected volunteer and with positive control serum from an
individual who had been infected with H1N1.

Statistical Analysis

RESULTS

Paired, two-tailed Student’s t-test were used to compare: 1) MN and HI titers measured in
the same IVIG preparation or serum sample; and 2) pre- and post-treatment MN or HI
antibody titers for sera from the same individual. Pearson r values were used to calculate the
correlation between MN and HI titers. Prism 5 software (GraphPad) was used for statistical
calculations.

Six different commercial preparations of IVIG were tested for the presence of MN and HI
titers. All IVIG preparations had detectable levels of MN antibody to 2009 H1N1 at the
lowest concentration tested of 1.0 g/dL, which increased in a dose-dependent manner (Fig.
1A). The MN GMT of all preparations was 28.3 at the highest dilution tested of 4.0 g/dL,
with some variation between different commercial brands (See Table, Supplementary
Digital Content 1 for titers from individual 1VIG preparations). All IVIG brands tested
achieved a MN titer of 1:20 at 2.0 g/dL, a concentration that can be readily achieved with
the high-doses of IVIG given in Kawasaki’s disease.® Similarly, all IVIG preparations
demonstrated dose-dependent increases in HI titers, with a HI GMT of 15.9 at the highest
concentration tested of 4.0 g/dL, though there was variation between different lots of the
same brand in addition to between brands. There was a significant correlation between the
MN titer and HI titer of the IVIG samples at each concentration (Pearson r = 0.64, 95%
confidence interval (CI) 0.25-0.85, P = 0.004), with the MN titer approximately two-fold
higher than the HI titer.

We next determined whether high-dose therapy using pre-pandemic produced I1VIG raised
the serum titer of HI and MN antibodies in patients. A single treatment of KD patients with
2.0 g/kg of IVIG increased MN titers against 2009 H1N1 in 18 out of 19 subjects (95%)
when measured one to three days post-infusion. Similarly, HI titers also increased in 17/19
(89%) of subjects after one dose of IVIG (See Table, Supplementary Digital Content 2,
individual patient titers). In KD patients who received a single dose of IVIG, both MN and
HI titers increased significantly after treatment (Fig. 1B). MN GMT increased from 6.9 to
35.9 (p<0.0001), whereas HI GMT increased from 5.0 to 12.5 (P <0.0001). Again, as in the
IVIG preparations, the GMT for MN antibody was approximately two times the titer of HI
antibody in post-1VIG sera, and this difference was significant (P < 0.0001).

In KD patients receiving two doses of IVIG, there was also significant increase in MN and
HI titers measured within 14 days after the second dose (Fig. 1C). All 8 subjects had
increases in the MN titer while 7/8 (88%) of subjects had increases in the HI titer (See
Table, Supplementary Digital Content 3 for individual patient titers). The MN GMT
increased from 5.9 to 23.8 (P = 0.0005), whereas HA GMTs increased from 5.4 to 13.0 (P =
0.0038).

DISCUSSION

Although the 2009 H1N1 influenza A viral pandemic spread rapidly due to the lack of pre-
existing immunity in much of the human population, older adults appeared to be relatively
protected due to pre-existing cross-protective antibodies that were most likely generated in
response to natural infection with 1918 HIN1 and its early derivatives.> Here, we show that
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commercial preparations of IVIG, produced prior to the 2009 HIN1 pandemic, contain
cross-reactive antibodies against 2009 H1N1 as assessed by both HI and MN assays. In
addition, we found that administration of high-dose IVIG significantly increased the levels
of cross-reactive HI and MN antibodies against 2009 HIN1. Thus, commercially available
IVIG produced prior to the pandemic could potentially be used as an adjunctive treatment
for 2009 H1N1 infection in severe cases or in patients with limitations in adaptive immunity.
Since newer IVIG preparations will likely include plasma from donors who have been
vaccinated for 2009 HIN1 or who were infected with 2009 H1N1, the HI and MN antibody
titers will likely increase. However, our results indicate that such inclusion is not necessary
for IVIG to provide substantial passive immunity to 2009 H1N1, and suggest that the
approach of using existing IVIG preparations might also be considered in future influenza
pandemics or if highly drifted strains circulate.

Although there has been no reported clinical experience with the use of passive antibodies in
treating 2009 H1N1, there were many attempts to use convalescent blood products in
treating acute influenza during the influenza pandemic in 1918. The therapeutic
administration of blood products enriched in anti-influenza antibodies appeared to confer a
survival advantage particularly if the treatment was given within the first four days of
illness.1! In addition, convalescent plasma has been used anecdotally for severe H5N1
infection.12 Furthermore in animal models, therapeutic monoclonal anti-influenza 1gG
antibodies have been shown to clear influenza virus after infection in SCID mice, which lack
B cells and T cells.13 Thus, it is plausible that the therapeutic administration of
immunoglobulin containing neutralizing antibody against 2009 H1N1 could aid in halting
the progression of infection as well as in viral clearance.

Passive immunotherapy for 2009 H1N1 influenza and other pandemic influenza A strains
may be of particular importance in cases of anti-viral resistance. While the 2009 HIN1 virus
has remained largely susceptible to the neuraminidase inhibitors, oseltamivir and zanamivir,
there have been sporadic reports of oseltamivir-resistant strains. Resistance has been
particularly frequent in hosts with impaired adaptive immunity who shed virus for prolonged
periods,1# and for whom adjunctive therapy with IVIG could be particularly useful.

In summary, we have identified significant titers of cross-reactive antibody against 2009
H1N1 in commercial preparations of IVIG despite the low prevalence of pre-existing cross-
reactive immunity in the general population. Administration of high-dose IVIG increased
the serum titer of these antibodies, and this may be a useful adjunctive therapy in severe
infections with 2009 H1N1 influenza, particularly in the immunocompromised, those who
are refractory to neuraminidase inhibitor therapy, and immunologically naive children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

(A) MN and HI antibody titers against 2009 H1IN1 in commercial preparations of IVIG.
GMT of MN and HlI titers against 2009 H1N1 were determined at three different
concentrations. Error bars represent 95% CI. (B) MN and HI antibody titers against 2009
H1N1 before and after treatment one treatment of 2.0 g/kg of IVIG are shown using serum
samples that were drawn 1-3 days apart. Error bars represent 95% CI. P values were
determined using the two-tailed, paired Student’s t-test with respect to the pre-IVIG sera
sample from the same subject. (C) GMT for both MN and HI assays against 2009 H1N1 at
baseline, and after two treatments of 2.0 g/kg of IVIG, are shown using serum samples that
were drawn 5 to 13 days apart following the second dose. Error bars represent 95% CI. P
values were determined using the two-tailed, paired Student’s t-test with respect to the pre-
IVIG sera sample from the same subject.
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