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Serological Diagnosis of Human Influenza Infections
by Immunoprecipitin Techniques
G. C. SCHILD,1 W. D. WINTER2 & C. M. BRAND 3

In immunodiffusion tests employing disrupted influenza virus (A2/Hong Kong/68, X-31
strain) as antigen, precipitin lines corresponding to three virus antigens can be distinguished

namely, the ribonucleoprotein, the haemagglutinin, and the neuraminidase. In the present
study a comparison was made of such immunodiffusion tests and conventional diagnostic
methods (complement-fixation and haemagglutination-inhibition tests) for serological diag-
nosis of A2/Hong Kong/68 infections in man. Precipitin tests in which the acquisition or
reinforcement of precipitins for A2/Hong Kong/68 virus were detected, were found to be
as sensitive as conventional methods for the serological diagnosis of influenza. In con-
valescent human sera precipitin lines corresponding to influenza A ribonucleoprotein were
frequently detected, lines corresponding to A2 neuraminidase were less frequent, and
those corresponding to haemagglutinin were least frequent. Precipitin tests had considerable
advantages over other methods of serological diagnosis of influenza. They were rapid
and simple to perform and were not susceptible to the effects of nonspecific reactions.
In addition the antibody response to each of three antigens of the influenza virus could
be detected in a single test system.

Immunodiffusion tests have been applied success-
fully to the study of the structural antigens of a
number of influenza virus strains and their respec-
tive antibodies (Hana & Hoyle, 1966; Schild &
Pereira, 1969; Schild & McCahon, 1970; Schild,
1970). In studies with A2/Hong Kong/68 virus
(Schild & Newman, 1969a), the most recent variant
of influenza virus to appear in man, it was shown
that precipitin lines corresponding to each of the
principal virus antigens-namely, the ribonucleo-
protein, the haemagglutinin, and the neuraminidase
-could be demonstrated. These studies suggested
that immunodiffusion tests might of be value in
the routine diagnosis of influenza infection. In
order to assess its potential value as a diagnostic
method, the immunodiffusion test was applied to
human paired serum samples collected during the
A2/Hong Kong/68 epidemic in the winter of 1968-
69. The results obtained by immunodiffusion tech-
niques were compared with those obtained by con-
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ventional diagnostic methods including haemagglu-
tination-inhibition and complement-fixation tests
with influenza ribonucleoprotein antigen.

MATERIALS AND METHODS

Virus strains
The X-31 virus strain was provided by Dr E. D.

Kilbourne. This virus was reported (Kilbourne,
1969) as a recombinant influenza A virus obtained
from A2/Hong Kong/68 and AO/PR8 as parent
viruses. Its immunological characteristics are
identical to those of A2/Hong Kong/68 (Kilbourne,
1969; Schild, unpublished observations), while its
high growth potential in embryonated eggs made it
a convenient strain to use in preparing large amounts
of concentrated purified virus for use in immuno-
diffusion tests. FPV-A2/Hong Kong was a recom-
binant influenza A virus strain containing haemag-
glutinin derived from its A2/Hong Kong/68 parent.
Other virus strains used in the study came from the
collection of the World Influenza Centre. Viruses
were cultivated in the allantoic cavity of 10-day
embryonated eggs.
Virus purification and concentration
Allantoic fluids from infected eggs were clarified

by centrifuging at 2000 rev/min for 1 hour. The
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virus was then concentrated using the Beckman
model ZU ultracentrifuge with a BXVI continuous
flow rotor assembly (Anderson, 1966). The rotor
was loaded with 1 litre of sucrose gradient (30-60%
sucrose in phosphate buffered saline, pH 7.2).
Allantoic fluid was passed into the rotor at the rate of
3 litres per hour and the virus was banded by cen-
trifugation at 85 000g for 90 min. The virus was con-
centrated in a band at a sucrose concentration of
45-48% w/w. The virus-containing band was col-
lected and diluted in saline to give a sucrose concentra-
tion of about 10% and the virus was pelleted by cen-
trifuging at 50 000 g for 2 hours. The virus was
resuspended in phosphate buffered saline, layered on
to 20 ml of sucrose density gradient (10-40% sucrose),
and centrifuged at 35 000g for 45 min. The virus band
was collected and the virus was pelleted, washed
free of sucrose, and resuspended in saline so that
the final preparation contained at least 106 HA units
per ml. Although continuous-flow ultracentrifuga-
tion was a convenient method for the initial purifica-
tion step for influenza viruses, methods involving
adsorption to and elution from erythrocytes followed
by centrifugation on sucrose density gradients have
been used in the production of influenza virus
concentrates suitable for use in precipitin studies
(Schild & Pereira, 1969).

Immunological techniques
For immuno-double-diffusion tests, 1 % lonagar

(Oxoid, London) in 0.9% sodium chloride was used.
One central and six equally spaced peripheral 2-mm
diameter wells were cut in 2-mm-deep layers of
agar on microscope slides. The distance between
the peripheral and central wells was 7.5 mm (centre
to centre). Influenza virus concentrate, in 10-1l
volumes containing not less than 106 HA units per
ml, was added to the centre well followed by sodium
dodecyl sulfate (100% in water) to give a final deter-
gent concentration of 1-2 %. The addition of
detergent disrupts the virus particles and thus
liberates antigenic components small enough to
diffuse in agar. Serum samples were added to the
peripheral wells in volumes of 5 ,ulitres per well.
After standing at room temperature in a moist
chamber for 12-18 hours, the precipitin lines were
stained by thiazine red as described by Crowle (1958).

Haemagglutinin estimations and the assay of
haemagglutination-inhibiting (HI) antibody were
made by standard methods (WHO Expert Committee
on Influenza, 1953). Neuraminidase activity and
neuraminidase-inhibiting (NI) antibody estimations

were performed by a modification of Warren's
(1959) technique as described by Schild & Newman
(1969). In NI tests with human serum samples the
recombinant virus FPV-A2/Hong Kong was used as
a source ofA2/Hong Kong/68 neuraminidase. Assays
of complement-fixing (CF) antibody were made as
described by Pereira et al. (1964) using influenza
A soluble antigen obtained from AO/PR8 virus.

Rabbit antisera
A hyperimmune rabbit antiserum against purified

A2 neuraminidase was prepared as described by
Laver & Webster (1966) using a recombinant
influenza virus, X-7(F1), as a source of purified
neuraminidase. An antiserum against purified
haemagglutinin of A2/Hong Kong/68 virus was
prepared by inoculating rabbits intramuscularly
with 2 injections, with a 2-week interval, of purified
haemagglutinin (104 HA units per injection) with
Freund's complete adjuvant. The purified haemag-
glutinin was derived from A2/Hong Kong/68 virus
concentrates by disrupting the virus particles with
sodium dodecyl sulfate and separating the component
proteins by electrophoresis on cellulose acetate at
pH 6.8 (Schild & Brand, paper in preparation).
Antiserum against A2/Hong Kong/68 virus was
prepared by inoculating rabbits intramuscularly
with 2 injections, with a 2-week interval, of purified
concentrated suspensions of virus (105 HA units per
injection) with Freund's complete adjuvant. Rabbits
were bled 4 weeks after the second inoculation.

Human sera
During the A2/Hong Kong/68 epidemic of the

winter of 1968-69, 170 serum pairs were collected
from persons with clinical influenza and from their
family contacts. This serum collection was made
during the course of the trial of an experimental
antiviral compound (Galbraith et al., 1969). The
acute serum samples from persons with clinical
influenza were obtained on the first or second day
of the illness and the convalescent samples 2-3
weeks later. First serum samples from contacts
were obtained at the time of onset of influenza in
the first member of the family to develop symptoms
and the second sample was taken 3 weeks later.

RESULTS

Identification ofprecipitin lines produced by A2/Hong
Kong/68 virus
Concentrates of A2/Hong Kong/68 virus were

disrupted by the addition of sodium dodecyl sulfate
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and tested by the immunodiffusion technique against
antiserum prepared in rabbits against the homolo-
gous virus. Three well separated precipitin lines
were detected (Fig. 1), the two innermost lines being
well defined while the outermost line (i.e., that
nearest to the well containing antiserum) was more
diffuse and in some tests appeared to be composed
of two components. The virus-specific nature of the
precipitin reactions was indicated by the absence of
precipitin lines with A2/Hong Kong/68 virus when
tested against potent rabbit antiserum to an influenza
B virus strain (see Fig. 1). Identification of particular
precipitin lines with structural components of the
virus was achieved in tests in which antisera pre-
pared against purified haemagglutinin of A2/Hong
Kong/68 virus, purified A2 neuraminidase, and
influenza A ribonucleoprotein were placed separately
in the peripheral wells in the agar next to those
occupied by antivirus antiserum (Fig. 2). Anti-
haemagglutinin antiserum produced two precipitin
lines (H) close together that joined the diffuse outer-
most line produced by the antivirus antiserum, thus
enabling this line to be identified as haemagglutinin.
Antiserum against A2 neuraminidase produced a
single precipitin line (N) that was continuous with
the middle of the three lines produced by the anti-
virus antiserum. Antiserum against ribonucleopro-
tein produced a precipitin reaction (R) that was
continuous with the innermost precipitin lines pro-
duced by the antivirus antiserum. This arrangement
of the precipitin lines produced by A2/Hong Kong
virus, i.e., the lines corresponding to haemagglutinin
being farthest from the well containing antigen and
the lines corresponding to ribonucleoprotein being
nearest to the antigen well, was found to be constant
in tests with a number of different rabbit antisera
and was thus used as a basis for subsequent identifi-
cation of the components of the precipitin reaction
in the diagnostic tests.
The identification of the precipitin reactions of the

anti-A2/Hong Kong antiserum was further confirmed
by tests in which the reactions of A2/Hong Kong
virus were compared with those of AO/PR8 and
A2/England/12/64 (Fig. 3). AO/PR8 virus, which
contains haemagglutinin and neuraminidase antigens
unrelated to those of A2 viruses, gave only a single
precipitin line, which was the innermost line pre-
viously identified as ribonucleoprotein. A2/England/
12/64 virus, which contains neuraminidase anti-
genically closely related to that of A2/Hong Kong,
gave only two precipitin lines, those corresponding
to neuraminidase and ribonucleoprotein. The

pattern of reactions produced by these viruses thus
appeared to confirm the identity of the various
precipitin lines. With anti-A2/Hong Kong serum,
X-31 virus gave precipitin reactions that were
identical to those produced by the homologous virus.
Because of its antigenic similarity to A2/Hong Kong/
68 virus and the fact that it produced considerably
higher yields in embryonated eggs than A2/Hong
Kong and therefore could be readily obtained in
large amounts, X-31 virus was used routinely in the
diagnostic immunodiffusion tests.

Study ofpaired human sera

The scheme used for the investigation of paired
human sera by immunodiffusion is illustrated in
Fig. 4. In each test, acute and convalescent serum
samples were placed in adjacent wells in the agar
so that each was next to a well containing reference
rabbit serum to A2/Hong Kong/68 virus. The
production by the convalescent serum of precipitin
lines that were not produced by the acute serum
sample, or the reinforcement of the precipitin
reaction of the convalescent serum when compared
with the acute serum was taken as evidence of
infection. No attempts were made to quantify these
precipitin reactions but antibody responses indicated
by precipitin reactions were usually obvious and no
difficulties were encountered in assessing the results
of these tests. Fig. 5 and 6 show the results of typical
tests with human paired serum samples.
A comparison of the results of immunodiffusion

and conventional diagnostic tests applied to 170
pairs of human sera showed good correspondence
between precipitin, HI, and CF tests. Of 46 serum
pairs (270%) with diagnostic antibody rises detected
in complement-fixation tests, 45 showed evidence
of influenza A infection by precipitin tests. Only
one serum pair showed an antibody rise in precipitin
tests but failed to do so in the other tests. To test
the specificity of the precipitin reactions, 20 pairs
of human sera showing a precipitin antibody
response in tests with X-31 were also tested against
concentrates of influenza B/England/5/66 virus. No
antibody response was detected with the influenza B
strain. An unexpected finding was the sensitivity
of neuraminidase-inhibition tests in indicating
evidence of infection. Of the 170 serum pairs, 47
(28 %) showed a significant antibody rise in NI tests,
and 45 of these also showed evidence of infection in
precipitin, HI, and CF tests. With sera from indivi-
duals who did not show serological evidence of
infection, precipitin reactions were not detected or, in

6
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FIGURES

Antisera

Throughout the figures, the wells marked Anti-N contain rabbit antiserum against
purified A2 neuraminidase, those marked anti-HA contain rabbit antiserum against
purified A2/Hong Kong haemagglutinin, and those marked anti-R contain rabbit
antiserum against tern/South Africa/61 virus (a virus strain containing influenza A
ribonucleoprotein but with haemagglutinin and neuraminidase antigenically
unrelated to that of A2/Hong Kong). Anti-HK and anti-B represent wells containing
antiserum against purified A2/Hong Kong/68 and influenza B/England/5/66
viruses. A1,C1; A2,C2, etc., represent human acute and convalescent serum
samples.

Antigens

Throughout the figures, the wells marked A2HK, X-31, A2/64, and AO represent
wells containing concentrated purified suspensions of A2/Hong Kong/68, X-31,
A2/England/l 2/64, and AO/PR8 virus, respectively. The viruses were disrupted in
the wells by the addition of sodium dodecyl sulfate (1-2 % final concentration).

Fig. 1. Precipitin reaction of rabbit antiserum against A2/Hong Kong virus. Three
precipitin lines were detected with the homologous virus but influenza B virus gave
no precipitin reactions, indicating the influenza type-specific nature of the precipitin
reaction.

Fig. 2. Identification of the multiple precipitin lines given by A2/Hong Kong virus
by the use of monospecific antisera. Precipitin lines marked H correspond to
haemagglutinin, N corresponds to neuraminidase, and R corresponds to ribonucleo-
protein.

Fig. 3. Comparison of three virus strains in precipitin tests. All viruses share a com-
mon influenza A ribonucleoprotein precipitin line (R). The two A2 viruses share a
common neuraminidase precipitin line (N), while the haemagglutinin precipitin
line (H) is specific for A2/Hong Kong virus.

Fig. 4. Diagrammatic representation of scheme used for precipitin tests with human
serum pairs. Serum pair A1,C1 shows acquisition of precipitins in the convalescent
sample (Cl) corresponding to all three antigenic components of A2/Hong Kong
virus, while the acute sample gave no reaction. Serum pair A2,C2 shows the
reinforcement of the precipitin reaction of the convalescent serum sample (C.2)
in comparison with the weak reaction given by the acute sample (A2).

Fig. 5. Reaction of two sets of paired human sera. With serum pair A3,C3 the
tests indicate acquisition of precipitins for influenza A ribonucleoprotein and A2
neuraminidase but not haemagglutinin. With A4,C4, precipitin to all three virus
antigens are acquired.

Fig. 6. Reactions of paired human sera A5,C5. Precipitin lines corresponding to
ribonucleoprotein and neuraminidase have been acquired during the infection.
The use of rabbit antineuraminidase serum allows the positive identification of the
neuraminidase precipitin line given by C5.
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Table 1. Comparison of antibody titres in CF, NI and Hi tests and the production of precipitin lines for
ribonucleoprotein, neuraminidase, and haemagglutinin in human convalescent sera

Ribonucleoprotein Neuraminidase Haemagglutinin

Antibody titre No. of sera with o
in appropriate stated titre in CF No. showing stated titre in Nl No. showing stated titre in Hi No. showingsNIysteHI) tests with ribonucleoprotein FPV-A2/ neuraminidase tests with haemagglutinin'CFN°orH) AO/PR8 soluble precipitin line AHongKon precipitin line A2/Hong Kong precipitin line

virus

1:10 -1:40 6 5 15 0 6 0

1:60 -1 :160 16 16 12 2 12 0

1: 240-1: 640 19 19 13 13 22 8

> 1: 640 5 5 6 6 6 5

all sera 46 45 46 21 46 13

a small proportion of cases, lines corresponding to
ribonucleoprotein were detected, which were of the
same intensity in both the acute and convalescent
serum samples. Of the 49 serum pairs (29%) that
showed diagnostic antibody rises in at least one test
system (see Table 1), 38 pairs were from persons with
clinical influenza and 11 pairs were from asympto-
matic contacts. Of the 11 serum pairs from these
asymptomatic contacts, 10 showed antibody rises in
precipitin tests, indicating that precipitin tests may be
used to detect asymptomatic influenza A infections
as well as clinical infections.
The identity of the precipitin lines produced by

convalescent human serum samples was indicated
by their continuity with precipitin lines produced
by the immune rabbit serum. All 46 convalescent
samples of human serum showed precipitin lines
corresponding to ribonucleoprotein. The most
frequently observed pattern of precipitin lines seen
(21 sera) was the production of two precipitin lines
corresponding to ribonucleoprotein and neuramini-
dase, respectively; however, in some sera (12) only
a single line, corresponding to ribonucleoprotein,
was detected. Precipitin lines corresponding to
haemagglutinin were observed less frequently (13
sera) than lines corresponding to ribonucleoprotein
and neuraminidase and were detected only in sera
that also produced precipitin lines corresponding to
ribonucleoprotein and neuraminidase. It was of
interest to determine with the various virus antigens,
the levels of antibody that were required to give
precipitin lines in convalescent human sera samples.
Table 1 shows a comparison of antibody titres, in

such serum samples, determined by CF, NI, and HI
tests. It is seen that with antibody to influenza A,
ribonucleoprotein precipitin lines were readily de-
tected with antibody levels as low as 1: 40. With
antineuraminidase antibody, the precipitin lines were
regularly detected with sera that had titres of 1: 240
or greater but were rare with less potent sera. Anti-
haemagglutinin precipitin lines were relatively in-
frequent and were detected only with sera having HI
titres of 1: 640 or greater.
The convalescent serum samples used in this study

were normally obtained 2-3 weeks after the onset
of illness. In order to examine the persistence of
precipitins in human sera after influenza A infection
a further serum sample was obtained 3-4 months
after the first convalescent sample from 12 individuals,
whose 2-3 week serum sample showed positive
precipitin reactions. All these late serum samples
failed to produce ribonucleoprotein precipitin lines.
One showed an indistinct precipitin line correspond-
ing to neuraminidase and two showed weak haemag-
glutinin precipitin lines. This limited study suggested
that the precipitating antibodies were relatively
short-lived and in particular that precipitins for
ribonucleoprotein and neuraminidase are soon lost
after infection.

DISCUSSION

The studies described suggest that precipitin
techniques provide a sensitive and reliable method
for the serological diagnosis of human influenza
infections. These techniques can be performed
rapidly and simply and could be readily adopted for
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use in laboratories carrying out routine diagnosis
of respiratory infections. These conclusions are in
agreement with those of Pereira, Takimoto &
Ribeiro do Valle (1970), who used similar methods
for the serological diagnosis of human and equine
influenza A infections. A limiting factor in the use
of precipitin techniques for influenza is that high
concentrations of purified virus antigen are required
to produce distinct lines. However, this problem is
minimized by the availability of the X-31 virus, which
is antigenically identical to A2/Hong Kong/68
virus and which in embryonated eggs produces high
yields of virus that can be readily purified by conven-
tional methods. In addition, experience in this
laboratory has shown that although highly purified
virus is necessary for the preparation of immune
rabbit serum, and for use in tests to identify specific
precipitin lines, highly concentrated but impure X-31
virus can be used effectively in diagnostic tests when
acute and convalescent sera are compared. Such a
preparation can be obtained simply by pelleting
virus from infected allantoic fluids and resuspending
it in small volumes of saline.

Since precipitin lines corresponding to the three
main antigens of the A2/Hong Kong/68 virus could
be identified, the precipitin techniques used had the
considerable advantage that in a single test system,
antibody responses to ribonucleoprotein, neuramini-
dase, and haemagglutinin antigens could be detected
in human sera. Furthermore, the precipitin tech-
nique appeared to be independent of some of the
disadvantages encountered in certain other diagnostic
techniques for influenza. For example, factors such
as the presence of nonspecific inhibitors of haemag-
glutination or differences in the avidity of virus
strains for antibody do not appear to influence the
results of precipitin tests with influenza antigens
(Schild, 1970). Moreover, the specificity of antibody
for the virus under test is clearly established by the
continuity of the precipitin lines given by the serum
under investigation with those given by a reference
serum prepared against highly purified virus.

It is of interest that in the present study, precipitin
lines corresponding to ribonucleoprotein and neu-
raminidase were the most frequently detected lines
in tests with convalescent human serum, and that
lines corresponding to haemagglutinin were relatively

infrequent. A possible explanation for this finding
might be that the neuraminidase of the A2/Hong
Kong/68 virus is closely related antigenically to that
of former human A2 viruses that caused epidemics
between 1964 and 1967 (Coleman et al., 1968) and
thus the initial appearance of A2/Hong Kong virus
in the population in 1968 did not represent the first
exposure to this antigen or to influenza A ribonucleo-
protein antigen. The haemagglutinin of A2/Hong
Kong/68 virus is antigenically distinct from that
of former human influenza variants and the relative
infrequency of precipitins for this antigen may reflect
the fact that the 1968 epidemics of Hong Kong
influenza represented the initial exposure to this
antigen. An unexpected finding is that the neurami-
nidase-inhibition tests were as sensitive as other tests
in the serological diagnosis of influenza infections.
Antibody to influenza ribonucleoprotein detected

by complement-fixation methods is known to be
relatively short-lived after naturally occurring
influenza A infections in man. Recent studies
(Schild & Newman, 1969b) suggest that neuramini-
dase-inhibiting antibody following A2 infections in
man is also short-lived. The present study indicated
that precipitating antibodies for ribonucleoprotein
and neuraminidase were not commonly detected 3
months after infection. The presence of precipitins
for these antigens in serum samples thus appears to
indicate recent infection. This fact may be of value
in providing evidence of recent influenza in antibody
surveys of human serum samples.

In addition to studies on human sera, techniques
similar to those described in the present paper have
been found of value in providing evidence of influ-
enza A infections in swine, birds, and horses (Beard,
1970; Pereira et al., 1970) in tests in which precipitin
lines corresponding to influenza A type-specific
ribonucleoprotein have been identified. In our
laboratory precipitin techniques have been used in
the study of swine sera and have provided evidence
of natural infection of swine with a virus closely
related to the human A2/Hong Kong/68 virus. With
certain swine sera precipitin lines corresponding to
influenza A ribonucleoprotein and to the neurami-
nidase and haemagglutinin of A2/Hong Kong/68
virus could be detected (Schild, unpublished observa-
tions).
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RESUME

DIAGNOSTIC SEROLOGIQUE DES INFECTIONS GRIPPALES HUMAINES
PAR LES TECHNIQUES D'IMMUNOPRECIPITATION

On a compare les resultats obtenus par la methode
d'immunodiffusion et par les methodes classiques (inhi-
bition de l'hemagglutination et fixation du complement)
dans le diagnostic serologique de l'infection grippale.

La mise en presence du virus A2/Hong Kong/68 et d'un
antiserum de lapin entraine la formation de trois lignes
de precipitation bien distinctes qu'on peut identifier en
repetant 1'epreuve avec des serums anti-hemagglutinine,
anti-neuraminidase et anti-ribonucleoproteine.
Au cours d'une epidemie de grippe due au virus

A2/Hong Kong/68, on a examine en immunodiffusion
170 paires de serums preleves chez des malades et chez
des contacts. La technique, en decelant I'apparition ou
l'accentuation des lignes de precipitation pour les anti-

genes du virus grippal, est apparue aussi sensible que les
autres tests diagnostiques, tout en etant d'execution
rapide et simple. Dans 45 paires de serums (sur 46) mon-
trant une hausse des titres d'anticorps fixant le comple-
ment, l'immunodiffusion a revele la presence de l'infec-
tion grippale et permis, par une epreuve unique, d'etudier
la reponse immunitaire a chacun des trois principaux
composants antigeniques du virus. A cet egard, elle pre-
sente des avantages certains sur les autres methodes. Les
lignes de precipitation observees correspondaient, par
ordre de frequence decroissante, a la ribonucleoproteine,
a la neuraminidase et a l'hemagglutinine. Les precipitines
n'ont persiste que peu de temps apres l'infection: dece-
lables au cours des 2-3 premi&es semaines, elles n'ont
pas et retrouvees apres 3-4 mois.
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