Clin Exp Immunol 1998,111:583—-587

Effective prophylaxis of influenza A virus pneumonia in mice by topical passive
immunotherapy with polyvalent human immunoglobulins or F(ab’), fragments
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SUMMARY

The effectiveness of polyvalent plasma-derived human immunoglobulins (IVIG) in passive immu-
notherapy of influenza virus pneumonia was assessed, using the Strain Scotland (A/Scotland/74
(H3N2)) adapted to BALB/c mice by repeated lung passages. Haemagglutinin antibodies in two
batches of IVIG at 10 mg/ml had a titre of 1/16. Intravenous injection of 1000-p§@F 1VIG, 3 h

after infection, gave 60—70% protection, whereas intranasal injection of 2&g-pébotected 90% of

mice infected with a lethal dose of influenza virus. F{afragments were at least as protective as intact
IVIG, suggesting that complement or 4-ceceptor-bearing cells were not required. Topical passive
immunotherapy with IVIG or F(el, gave protection up to 8 h after infection, but not at 24 h, suggesting
that anti-influenza A antibodies in IVIG, delivered locally, are only effective at early stages of the
infectious process. The potential value of topical administration of IVIG or F(dtagments for
influenza A pneumonia prophylaxis was further demonstrated by the protective effects of their
intranasal administration 24 h before challenge.
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INTRODUCTION MATERIALS AND METHODS

Protective immune responses to influenza virus pneumonia inc'”d9iruses
both cell-mediated immunity involving cytolytic T cells [1,2], and ¢ jnfluenza A virus strains used were obtained from the Collec-

neutr_alizing antibodigs [3—6]._Specific antibodie§ directeq agains{ion of the French National Reference Centre for Influenza (Institut
thg viral haemagglutinin pa§3|vely protect experimentally 'nfeCtEdPasteur, Paris). The strain, A/Scotland/20/74 (H3N2), originating
mice [3-7]. Human IgG for intravenous use (IVIG) prepared from from a lyophilized stock of a culture in the allantoic cavity of
pools of plasma from healthy adult donors are used to prevent angdy,, v onated hen's egg, was adapted to BALB/c mice by serial
treat a variety of communicable infections, because of their widey, o nassages and recovery from lung homogenates until it caused
spectrum neutralizing actlv!ty_ agalns_t common infective agents) g, influenza virus pneumonia. This was assessed by detecting
[8,9]. They are usually administered intravenously, but they havggy,, . haemorrhagic foci from day 4, under experimental conditions
been shown to be effective when administered topically [10-12].injjar 16 those used for the mouse-adapted strain, PR8 (A/PR/8/34

_ In this _study a mouse-ada_pt(_ed influenza A virus strain was use 1N1)) [4—7], which we used as a reference. A stock of virus was
to induce influenza pneumonia in BALB/c mice. We evaluated themade from lung homogenates in 30% glycerol and stored at

effectiveness of IVIG or their F(dp fragments in preventing and  _gaec |nocula for infectious challenges were prepared from the

curing viral infection at various times during the early infectious virus stock after one passage in a mouse and recovery from the
process. supernatants of lung homogenates, at day 4 before each experi-
ment. Virus titres were determined from Bl0of the supernatants
of lung homogenates centrifuged at ¢®r 15min, serially
F.-X.D. present address: Virbac, B®iPostale 27, 06511 Carros, dll.Uted 1:10 in m'“'ma' essentlal_ medmm (MEM; Eurabio, Les
France. Ulis, France) on Madin Darby canine kidney (MDCK) cells grown
Correspondence: Dr Jean-Michel Alonso, Institut Alfred Fournier, N MEM containing 5% fetal calf serum (FCS; Bio-Media,

Departement de Microbiologie et Immunologie, UrdePhysiopathologie, ~Boussens, France) in ﬂat'boﬂomed 96-well mﬁcrOtitre plaFes, in
25 boulevard Saint-Jacques, 75680 Paris cedex 14, France. duplicate. The cells were incubated overnight at°G37in
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humidified air/5% CQ and the culture medium was then replaced were added [14]. The mixture was incubated for 1h at room
with MEM containing 2ug/ml TPCK-treated trypsin (Worthington temperature, 50l of 1% chicken erythrocytes were added and
Biochemical Corp. Freehold, NJ). The influenza virus in eachthe plate was gently shaken. The HI titre was recorded after
culture was titrated by checking the haemagglutinin activity (HA) incubation for 1 h at room temperature and is expressed as the
of the supernatants after 3 days of incubation, using a 1% suspemeciprocal of the IVIG dilution that inhibited haemagglutination.
sion of chicken erythrocytes (Technique Biologique, Paris,

France). Virus titres are expressed as theJagciprocal end- Passive immunotherapy with IVIG and its F(ptfragments

point dilution of the preparation causing 50% HA (TGHR IVIG and its F(ab), fragments were diluted in PBS and adminis-
tered to mice at the desired concentrations either intravenously
Mice (250pl in a tail vein) or intranasally (5@l in mice anaesthetized

Five-week-old female BALB/c mice (Centre 'dﬁlages Rehe with sodium pentobarbital (Sanofi)) at the stated times before or
Janvier, Le Genest St Isles, France) were kept in a biosafetgfter intranasal challenge with the virus. The effectiveness of the
containment facility in groups of five, in filter-topped cages with passive immunotherapies was assessed by the survival of mice
sterile litter, water and food. Influenza pneumonia was induced byollowing a lethal challenge, and by virus titrations in lung
intranasal administration of 50 of viral inoculum standardized to homogenates (the trachea and the main bronchia were omitted),
about 100 TCIDsq (about ten 50% lethal doses by day 20) in of mice challenged with an inoculum of about 100 TG4D
mice lightly anaesthetized with sodium pentobarbital (Sanofi,equivalent to L3 by day 20.

SanfeAnimale, Libourne, France). The survival of the challenged A monoclonal human IgG1 anti-human erythrocyte rhesus D
mice (groups of 10 mice per experiment per assay) was scored eaemtigen (RhD) (provided by J. Bartholeyns, Laboratoire Faic

day for 20 days. du Fractionnement et des Biotechnologies), known to bind effi-
ciently to Fey receptor | [15], was used as an unrelated human IgG

Immunoglobulins and F(d)y fragments control in one experiment.

IVIG lots 500750 20 and 500353 11 were obtained from Bio- In a series of three independent control experiments, we

transfusion (Les Ulis, France). According to the manufacturer,compared the effectiveness of IVIG (lot 500 35311) with that of
IVIG, obtained by cold ethanol precipitation and pepsin treatmentVIG from which HI antibodies were removed by immunoabsorp-
at pH 4 following the criteria and recommendations of the Inter-tion to the HA antigen of the strain A/Scotland/74 (H3N2) and to
national Union of Immunological Societies and the World Health the commercial HA antigens (Eurobio) of the strain A/Kumamoto/
Organization [13], consists of 98% IgG, including 70% IgG, 20% 22/76 (H3N2) or B/Kanagawa/3/76 adjusted to 4 HAU in PBS. HA
19G2, 8% IgG3 anck 2% IgG4. The certificate of analysis of the antigens were mixed with 1% chicken erythrocytes in PBS. The
lots tested stated that: they were 95-4% pure, as assessed txture was incubated for 1 h at room temperature. The agglutin-
electrophoresis; they were stabilized with 3lgicrose; the final ated erythrocytes were then washed once by centrifugation @ 700
preparation contained 7-79gflucose, 2-5md/ pepsin and for 10min and were suspended in 16-3mg/ml IVIG in PBS. A
9-65 mg/ml glycine. F(dh, fragments from IVIG lot 500353 11 control IVIG preparation, at the same concentration, was mixed
were obtained from the Laboratoire Fraimedu Fractionnement et  with non-sensitized chicken erythrocytes and incubated for 1 h at
des Biotechnologies (Les Ulis, France) by pepsin digestion andoom temperature. The erythrocytes were sedimented by centrifu-
purification using Staphylococcus aureuprotein A-Sepharose gation as above, the supernatants were collected and their protein
chromatography (Affi-gel Hz immunoaffinity kit; Biorad, Ivry- concentration (biuret automated method, SYS1 BM/Hitachi 704;
sur-Seine, France). Their purity and homogeneity were tested boehringer, Mannheim, Germany) and the HI of the corresponding
SDS—-PAGE. Stock preparations at concentrations of 50 mg/ml foantigen determined. Passive intranasal immunotherapy was
IVIG and 30mg/ml for F(a), in PBS (Sigma, Saint Quentin- assayed 2 h after lethal intranasal challenge with the strain Scot-
Fallavier, France) were stored -aB0°C until required. land using 5Qug of IVIG (unbound or preadsorbed onto HA
antigen) per mouse.
Haemagglutination inhibition titration
IVIG and their F(ab), fragments were tested for antibodies to the
influenza virus strains Scotland and PR8 by haemagglutination
inhibition (HI) using a viral suspension recovered by centrifugationHI titration
at 100Qg of a culture from the allantoic cavity of an embryonated Both lots of IVIG and the F(dl, fragments derived from lot
egg. Hl was also assessed using commercial HA antigens (0-1%0035311 adjusted to a concentration of 10 mg/ml had a mean Hl
formaldehyde-inactivated virus) from influenza virus types A titre of 1/16 for the Scotland HA antigen, but no detectable HI for
(Eurobio, reference 906013 strain A/Kumamoto/22/7 (H3N2)) orPR8, suggesting that the HA antibodies in IVIG recognize type H3
B (Eurobio, reference 906014 strain B/Kanagawa/3/76), accordindput not H1. With commercial HA antigens, we measured an Hl titre
to the manufacturer’s instructions. IVIG was treated to eliminateof 1/8 against influenza A and 1/64 for influenza B in both IVIG
non-specific HI inhibitors by adding 0-6 ml of receptor-destroying and F(ab), fragments.
enzyme (neuraminidase froMibrio cholerae4z) (Eurobio) to
0-2ml of IVIG, incubating the mixture overnight at €, and  Effectiveness of passive immunotherapy with IVIG administered
heating the mixture at 56 for 30 min. Anti-chicken erythrocyte intravenously or intranasally
agglutinins were adsorbed to 5% erythrocytes by incubation atWe first assayed the protective effects against lethal doses of
room temperature for 1 h. HI was assessed usingl 2ach of a  influenza pneumonia (1000 TC) by i.v. injection of 100,
series of IVIG dilutions 1:2, into round-bottomed polystyrene 500, 1000 or 500Qg IVIG/mouse using PBS as a control, 3h
microtitre plates, and 2@ of HA antigen, standardized at 4 afterinfection. One thousand and 5Q@fof IVIG were required to
haemagglutination units (HAU) by haemagglutination titration, give 60% and 70% protection, respectively (Fig. 1a). Forty to 100

RESULTS
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(a)
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Table 1. Effectiveness against influenza A virus of IVIG and
F(ab),

100
90
Mean virus titre in the lungs
80 (log10)*
_ 70 ] ] Treatment (dose/mouse) Day 3 Day 9
S
2 60 IVIG intravenous (500Q.g) <2t <2
a 50 IVIG intranasal (5Q:9) <2 <2
|5 F(ab), intranasal (5¢.g) <2 <2
g 40— O PBS PBS intranasal 2-980-62 4.52+1-03
& 5ol M IVIG 100 ug
A 1VIG 500 g *Mean =* s.e.m. of data from three mice in IVIG- or F(3b
20 — A IVIG 1000 pg treated groups and from four and eight PBS controls on days 3 and
9, respectively.
10— U IVIG 5000 pg tlogio=2 was the threshold of detection.
0 [ ‘ I I A
intranasal dose of 5@y IVIG or F(ali), per mouse, but only at 2h
b and 8h after infection (Fig. 2). Infected mice treated 24 h after
100 (b) infection died at the same rate as mice treated with PBS. Thus,
topical administration of IVIG or their F(a)3 fragments was
90 effective against early influenza virus infection, but did not cure
80 established influenza virus pneumonia. Protective effects were also
evaluated by assessing differences in the lung virus titres of groups
70 of mice challenged with a sublethal inoculum about 100 T£ID
g 60 and killed by an overdose of pentobarbital on day 3, at the stage
2 when gross lobar pneumonia lesions were forming, or on day 9,
2 50 corresponding to 90% lethality, in lethal challenges with 1000
S TCIDs (Figs 1 and 2). Virus clearance in IVIG- and F(gb
g 40— O PBS treated mice was highly effective (Table 1), because values were
e 30— M IVIG1pg pelovy the threshold of the assay by the third day after day 3
2 A IVIG 10 ug infection and treatment.
10— ® IVIG 25 g Control experiments with anti-influenza negative 1gG antibodies
LI IVIG 50 pg To assess the need for antibodies in IVIG directed specifically
ol 1 Ly 1y 5 against influenza A virus, we compared the effectiveness of
5 10 15 20

Days post-infection

Fig. 1. Efficacy of passive immunotherapy of influenza A virus pneumonia
by i.v. injection of IVIG at doses of 100, 500, 1000 and 5@@@mouse (a)
or intranasal administration of IVIG at doses of 1, 10, 25u80nouse (b)

intranasal administration of 5@ of IVIG or the unrelated control,
anti-RhD human 1gG1, against influenza pneumonia 3 h after lethal
challenge. Only IVIG-treated mice survived (9/10), whereas all
mice treated with anti-RhD human monoclonal IgG1 or PBS died
within 12 days (data not shown). Preabsorption of IVIG onto 4

at 3h after intranasal challenge with the influenza A strain Scotland. Datd1AU of HA antigen from either the strain Scotland or commercial
are the means of two independent experiments, for each route of IVIG1A antigen preparations from the strains A/Kumamoto/22/76
administration, using each lot of IVIG, with 10 mice per group in each (H3N2) or B/Kanagawa/3/76, completely abolished the HI proper-
experiment. ties of the remaining 1gG. Protein concentration was 2—10% lower

in these three preabsorption assays, whereas ik\dgislower for

the control preparation of IVIG incubated with non-sensitized
times less IVIG (25-5@g) was required to give 90% protection erythrocytes. Passive intranasal immunotherapy assays were per-
with intranasal than with i.v. injection 3 h after infection (Fig. 1b). formed with 50ug per mouse of the various IVIG preparations.
This shows that topical administration of IVIG was very effective The efficacy of IVIG, preabsorbed onto the HA antigen from the

against early pulmonary infection with influenza virus.

Efficacy of passive immunotherapy with IVIG or their Fjiab
fragments at various stages of infection
Mice were injected intranasally with either pg of intact IVIG or

strain Scotland, was compared with that of unbound IVIG in two
independent experiments. Lethal intranasal challenges with about
1000 TCIDy, of the strain Scotland showed that whereas IVIG
simply preincubated with chicken erythrocytes gave effective
protection (9/10 and 10/10 survivors in the two experiments),

50ug of F(ab), 2, 8 or 24h after infection, to check whether preadsorption with HA antigen-sensitized erythrocytes of the
topical IVIG neutralizes influenza virus pneumonia at later stagestrain A/Scotland significantly reduced or abolished the protective
of infection, and whether protection was Fc-dependent. Passiveffects of IVIG (with survival scores of 2/10 and 0/10, similar to

protection against lethal influenza pneumonia was obtained with athose observed for PBS-treated controls, with 0/10 survivors in
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Table 2. Protective effects of intranasal passive immunother- DISCUSSION

apy with IVIG or their F(ab, fragments at various times . . .

before challenge with the influenza A Scotland/74 (H3N2) Intranasal challenge with influenza A virus strain Scotland,
virus adapted to BALB/c mice, reproducibly induced pneumonia with

a mortality rate of 100% between days 10 and 18 (see data from

controls in Figs 1 and 2). The pathogenic properties of the strain

Number of survivors/total Scotland are similar to those of the mouse-adapted strain, PR8,

number treated at stated time used in several other studies [4—7] and in preliminary assays in this
before challenge study (data not shown). As strain A/Scotland is of the H3N2 type, it

is probably a more accurate model of the strains predominantly

Treatment 8h en 24h involved in recent outbreaks worldwide [16] than the older strain
PBS 0/10 0/10 2/30 _PR8 (type H1N1_), for_testing !\_/IG currently in use, which contain
IVIG 62-5ug 7/10 8/10 12/20* influenza HA antibodies specific for current strains from influenza-
IVIG 1259 10/10 10/10 16/20 convalescent and vaccinated donors. Intravenous injection of IVIG
IVIG 250 ug 9/10 10/10 19/20 was effective against influenza at doses of 1000—5@0®ouse
F(ald), 100ug NT NT 2/10 (Fig. 1a and Table 1), whereas IVIG administration by the
F(ab), 150ug NT NT 10/10 intranasal route gave higher protection, with a dose 40-100
times lower (Fig. 1b and Table 1). The mechanism of protection
NT, Not tested. was Fc-independent, because Flaffragments were at least as
Mice were challenged intranasally with a standardized protective as intact IVIG at the effective dose ofigJmouse (Fig.
inoculum 1000< TCIDsp. 2a,b), suggesting that complement or phagocytic or cytotoxjc Fc
*Significantly different from PBS controls by” analysis receptor-bearing cells were not required, as reported previously
(P<0-001). [6]. The fact that an unrelated human monoclonal IgG1 (RhD

antibody) and IVIG preparations from which influenza A antibo-

dies had been fully (homologous HA antigen) or partially (hetero-

logous HA antigen) removed did not protect mice against lethal
each experiment). Preabsorption of IVIG onto the HA antigen fromdoses of the influenza A virus demonstrated that passive protection
the influenza A virus strain Kumamoto gave 50% less protectiorwith IVIG or its F(alf), fragments was due to a specific immuno-
with IVIG (4/8 survivors), but preabsorption of IVIG onto the HA logical protective mechanism and not to a non-specific effect of
antigen from the strain B/Kanagawa did not significantly removelgG or another IVIG component on the respiratory epithelium.
antibodies protective against the strain Scotland (7/8 survivors)However, topical immunotherapy with IVIG or F(a3pwas pro-
whereas non-preabsorbed IVIG protected 8/8 mice and all eightective only if given 2—8 h after infection. Topical treatment 24 h

PBS-treated controls died by day 13 of this experiment. after infection with IVIG or F(ah, did not protect the mice (Fig.
2c¢). This time-dependency suggests that influenza A antibodies in
Prophylactic passive immunotherapy topical IVIG neutralize the influenza A virus at early stages of

To evaluate the efficacy of IVIG in prophylaxis against influenza acute infection, mostly by inhibiting intercellular infection. This
pneumonia, 62-5, 125 or 258 IVIG per mouse were adminis- led us to check the efficacy of intranasal IVIG and F(alin
tered intranasally 3, 6 or 24 h before virus challenge. F{atere prophylaxis. The potential value of topical administration of IVIG
also tested intranasally for prophylactic effects at doses of 100 andnd F(aB), in preventing influenza A pneumonia was demon-
150ug given 24h before challenge. Effective dose-dependenstrated by the experiment reported in Table 2, in which intranasal
protection was observed with IVIG, whereas Ffalwere only  administration of antibodies, even 24 h before challenge, gave
protective at a dose of 15@ per mouse (Table 2). effective dose-dependent protection, although F{alvere only

©
>
2
=]
[2]
c
(0]
I
L 30— OPBS
20— mIVIG
10 |— OB F(ab'), 10 |—
O\HHH\H\\HH\ OH\\HH\H\\HH\ Lol
1 5 10 15 20 1 5 10 15 20 15 20

Days post-infection

Fig. 2. Efficacy of IVIG (lot 500 353 11) or their F(4}3 fragments, administered intranasally ¢gmouse) against influenza A virus pneumonia, 2h (a), 8 h
(b) or 24h (c) after intranasal challenge with the influenza A strain Scotland. Data for IVIG- anLf(ahted mice are the means of two independent
experiments with 10 mice per group. Data for PBS controls are the means of four experiments with 10 mice per group.
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protective at the highest dose, 14 per mouse. This was
probably due to the inability of F(as fragments, devoid of the
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Fc portion of the 1gG, to bind to any cellular receptor, whereas
intact 1gG in IVIG could bind to F¢ receptors and thus persist at
the surface of the respiratory epithelium. It is unknown whether
intranasally administered foreign IgG attach to resident macro-
phages sharing F®I and Il or to polymeric immunoglobulin
receptors [17], or other unknown binding molecules on epithelial
cells. 5
HA antibodies of the IgA and IgG isotypes protect against
influenza virus, but by different mechanisns. vitro studies in
polarized monolayers of the epithelial MDCK cell line infected 6
with influenza virus have shown that polymerized anti-HA IgA
neutralize intracellular virus by polymeric immunoglobulin recep-
tor-mediated transcytosis, whereas IgG do not [17]. Other studies
in vitro have shown that IgG-neutralized influenza virus enters the
cells and may inhibit endosomal fusion [18]. These mechanisms of
influenza virus neutralization by IgG may account, at least partly,
for the protective effects of IVIG in the first 8 h after infection. g
F(ab),-neutralized viruses may be subject to more efficient and
prolonged intracellular inhibition than those neutralized with intact 9
IgG (Fig. 2b). Other specific influenza A antibody titres such as
those of antibodies against neuraminidase, nucleoprotein, M prot9
tein and other potentially protective antigens of the influenza virus

[3] were not determll.‘\ed in VIG m. this St.Udy' IV!G 1S po_lyclonal 11 Ottolini MG, Hemming VG, Piazza F. Topical immunoglobulin is an
anq po!yvalent, ,SO it may Contlaln a Wlde, "a”e‘Y of influenza effective therapy for parainfluenza type 3 in a cotton rat model. J Infect
antibodies to variable or stable influenza virus antigens, and may ;g 1995:172243-5.

thus be of value for use in passive immunotherapy for prophylaxisi, ramisse F, Binder P, Szatanik M, Alonso JM. Passive and active
and early treatment of various influenza virus pneumonias. Its jmmunotherapy for experimental pneumococcal pneumonia by poly-
efficacy in topical administration, at low doses, even as F{ab valent human immunoglobulin or F(3p fragments administered
fragments, as previously demonstrated in other models of respira- intranasally. J Infect Dis 1996,731123-8.

tory infection [10-12], may make it possible to develop new 13 IUIS/WHO notice. Appropriate use of human immunoglobulin in

passive prophylactic immunotherapy strategies. clinical pratice. Clin Exp Immunol 193352417—22. .
14 Kendal AP, Dowdle WR. Influenza virus In: Rose NR, Friedman H,

Fahey JL, eds. Manual of clinical laboratory immunology. Washington,
DC: American Society for Microbiology, 1986:515-20.

15 Deramoudt FX, Gilard C, Lepine N, Alonso JM, Romet-Lemonne JL.
Bispecific anti-human red blood Rhesus-D antigen x antiFHctar-
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