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Detection of antibodies of the IgM class in sera
of patients recently infected with influenza viruses
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SYNOPSIS Sucrose density gradient ultracentrifugation can be used to detect specific 19S antibodies
of the IgM class in the sera of patients recently infected with influenza A virus, provided steps are
taken to remove non-specific inhibitors of haemagglutination. The usefulness of the procedure for
the diagnosis of influenza requires further evaluation.

The detection of antibodies of the IgM class in sera is
proving to be a useful indicator of recent viral
infection. This procedure has been of particular value
for the diagnosis of rubella in pregnancy, where a
variety of procedures have been used, including 2-
mercaptoethanol treatment (Banatvala et al, 1967),
immunofluorescence (Cradock-Watson et al, 1972),
sucrose density gradient ultracentrifugation
(Desmyter et al, 1971), and gel chromatography
(Pattison and Mace, 1975).

Specific IgM has been detected after recent natural
infection with influen2a A virus by haemagglutina-
tion-inhibition following gel chromatography
(Dobrovolskaya, 1971), radioimmunoassay
(Daugharty et al, 1972), and immunofluorescence
(Brown and O'Leary, 1973; De Silva et al, 1973;
Urquhart, 1974). However, although specific IgM of
the 19S class has been found by some workers
(Dobrovolskaya, 1971; Daugharty et al, 1972) such
specific IgM has been found to be exclusively of the
7S type by others (Brown and O'Leary, 1973). More-
over, it has been reported that specific neutralizing
antibody of the IgM class could not be detected in
the serum of individuals given live influenza vaccine
(Waldman et al, 1967).

In this study we have evaluated a sucrose density
gradient method of fractionation followed by
haemagglutination-inhibition tests for the detection
of specific IgM antibodies against influenza A virus.

Material and Methods

VIRUSES
The following strains of influenza A virus were used:
A/England/42/72
An inhibitor sensitive (A/Eng/72-S) and an inhibitor
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resistant variant of this strain (A/Eng/72-R) were
employed. The latter was kindly supplied by Dr
McCahon of the Wellcome Research laboratories.
A/Port Chalmers/1/73 (A/PC/73)
All the viruses were propagated in fertile hens eggs.

SERA
Tests were first carried out on sera obtained from
subjects (1-4) who were known not to have had an
influenza A infection within the previous six months
but who had high haemagglutination-inhibition (HI)
titres against both A/Eng/72 and A/PC/73 viruses.
One serum (No. 1) was obtained from a subject who
had shown constant high titres ofHI activity since an
infection with A/Eng/72 28 months previously. The
remaining sera (Nos. 2, 3, and 4) were obtained from
three students at the end of a respiratory viral sur-
veillance study carried out between October 1973 and
April 1974. Sera from these subjects had shown
unchanging high HI titres against A/PC/73 during
this period.

Tests were also carried out on 17 sera from eight
patients (5-12) with a recent history of acute respira-
tory tract infection. In each instance recent influenza
A virus infection had been diagnosed by virus isola-
tion or a rise in either HI or complement fixing anti-
body titres, or a combination of these.

HAEMAGGLUTINATION-INHIBITION TESTS
Influenza HI tests were carried out in microplates
using 0-5% chick erythrocytes and four haemag-
glutinating doses of virus. Sera were pretreated with
receptor destroying enzyme (RDE) and absorbed
with chick erythrocytes before titration. These pro-
cedures were omitted when fractions were assayed.

Rubella HI tests were performed according to the
method of Ronalds et al (1975) using kaolin pre-
treatment and 0 5% pigeon erythrocytes as indicator.
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DENSITY GRADIENT CENTRIFUGATION
The procedure of Desmyter et al (1971) was used.
Gradients were prepared by layering 1-5 ml amounts
of 40%, 25%, and 10% (w/v) solutions of sucrose in
phosphate buffered saline (PBS) into 5-5 ml poly-
carbonate tubes which were equilibrated overnight
at 4°C. 0 5 ml samples of sera pretreated as described
above were layered onto the gradients which were
then centrifuged at 35 000 rpm (134 000 g) for 18
hours in an MSE Superspeed 50 with a 3 x 5.5 ml
swing-out rotor. After centrifugation six fractions of
0-8 ml were removed by puncturing the bottom of the
tube, and influenza HI titres were determined.

MERCAPTOETHANOL TREATMENT
The effect of sulphydryl reduction on the antibody
titres of these sera was tested by incubation of 0-6 ml
volumes of the fractions with 01 ml of 0-5M 2-
mercaptoethanol (2-ME) in a water-bath at 37°C for
one hour. Influenza HI tests were performed on the
resulting solutions without further treatment.

IMMUNOGLOBULIN CONCENTRATIONS
Immunoglobulin concentrations were established by
means of radial immunodiffusion using plates and
standards of declared concentration (Hoechst
Pharmaceuticals, Hounslow, Middlesex).

Results

The sucrose density gradient method used in these
studies is that currently used in our laboratory for
the detection of specific rubella IgM antibodies.
Figure 1A shows the results of assay of total 1gM and
total IgG after fractionation of the serum from
patient 1. IgM was present in fractions 1-3 with a
peak infraction 2.IgGwas present in fractions 3-5 with
a peak in fraction 4. These results are in agreement
with the original findings of Desmyter et al (1971),
who conclude that antibody activity found in fraction
2 represented specific IgM, and antibody found in
fraction 4 represented specific IgG. Patient 1 had no
recent history of rubella, and in accordance with this
specific activity against rubella was confined to the
fractions containing IgG. Moreover, pretreatment of
the serum with RDE had no effect on the inhibitory
activity (fig 1B).

TESTING OF SERA FROM SUBJECTS WITHOUT
RECENT INFLUENZA A INFECTION
With the density gradient technique used here, non-
specific inhibitors of rubella HI are recovered
exclusively from the top of the gradient (Desmyter et
al, 1971). In contrast to rubella, our results show that
when detecting specific influe antibody after
fractionation, non-specific inhibitors interfere much
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Fig 1 Sucrose density gradient fractionation ofa serum
obtainedfrom a subject (No. 1) without evidence of
recent infection with either influenza A or rubella. (A)
Total IgM and total IgG concentrations. (B) HI titres
against rubella. (C) HI titres against influenza A/PC/73.

more extensively. Figure IC shows that in the serum
obtained from a subject without evidence of recent
infection with influenza A virus inhibitory activity
was detected in all fractions after centrifugation.
Moreover, influenza A inhibitory activity was found
in fraction 2 after centrifugation of the other three
sera with high HI titres from patients who had not
had influenza within the previous six months (table
1).
Some of the inhibitory activity must be due to the

presence of non-specific inhibitors of influenza A
haemagglutination. This was confirmed by the find-
ing that when all the sera from patients who had not
had recent influenza were treated with RDE before
fractionation, inhibitory activity to A/PC/73 was
removed from the early fractions known to contain
the high molecular weight immunoglobulins. It was
also noted that pretreatment of sera with RDE
reduced the HI activity of the fractions which con-
tained the low molecular weight immunoglobulins
(figs 1C and 2A).
When the fractions were tested with both inhibitor

sensitive and inhibitor resistant strains of the A/Eng/

424

1-

A
I I

I %

11 - lAr.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.29.5.423 on 1 M
ay 1976. D

ow
nloaded from

 

http://jcp.bmj.com/


Detection ofantibodies ofthe IgM class in sera ofpatients recently infected with influenza viruses

Subject No. Days after Haemagglutination-inhibition Titres v. AIPC/73
Onset Serum
taken Whole Serum Fraction 2

Untreated RDE treated Untreated RDE1

1 >365 2048 1024 8 0
2 >180 512 256 8 0
3 >180 512 256 4 0
4 >180 512 128 8 0

Table I Sucrose density gradient fractionation of sera from individuals without evidence of recent infection with
influenza A virus

'The sera were pretreated with RDE before fractionation.

2v. A/PC/73 in figure 3. Inhibitory activity to A/PC/73 was still
detectable in fraction 2 after pretreatment with RDE,
which suggests that it was antibody mediated. It was

Untreated / again observed that pretreatment with RDE reduced
HI activity in all fractions. Inhibitory activity was
also found in fraction 2 when this was tested with the

.- R DE inhibitor resistant as well as the inhibitor sensitive
strain of A/Eng/72. This again suggests that the
inhibitory activity in fraction 2 was antibody
mediated. The inhibitory titre of all fractions was

®ffi)vAlE nq/72 lower against the inhibitor resistant strain than
A/Enq/72-S - - against the inhibitor sensitive strain.

The potential diagnostic value of sucrose density
gradient fractionation of sera pretreated with RDE

,%x"issuggested by the results given in table II. Sera from
, A/Enq/72-R % all patients who had recently been infected with

influenza A virus showed RDE resistant specific
O.._ _ inhibitory activity in fraction 2. All such activity in
12 3 4 S b fraction 2 was found to be sensitive to 2-ME whereas

Fraction numbers

Fig 2 Sucrose density gradient fractionation ofa serum
obtainedfrom a subject (No. 2) without evidence of
recent infection with influenza A.

72 virus, inhibitory activity was detected in the early
fractions by the inhibitor sensitive strain but not by
the resistant strain (fig 2B). This again suggests that
the inhibitory activity in these early fractions is due
to the presence of non-specific inhibitors. It will be
seen that HI activity is reduced in all fractions when
tested against the inhibitor resistant strain.

TESTING OF SERA FROM PATIENTS RECENTLY

INFECTED WITH INFLUENZA A

The above results show that to detect specific high
molecular weight antibody against influenza A it is
essential to remove non-specific inhibitors ofhaemag-
glutination in the serum by means of treatment with
RDE, or to employ inhibitor resistant strains of
virus for estimating HI activity in the fractions.

Typical results obtained with a serum from a

patient recently infected with influenza A are shown
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Fig 3 Sucrose density gradient fractionation of a serum
obtainedfrom a patient who had been infected with
influenza A two weeks previously.

256-1
1281
64
32
16
81
4

_-A

I 256-
128-
64-
32-
16-
8-
4-

<4-

425

I

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.29.5.423 on 1 M
ay 1976. D

ow
nloaded from

 

http://jcp.bmj.com/


Yvonne I. Buchner, R. B. Heath, J. V. Collins, and J. R. Patttson

Patient Days after Haemagglutination-inhibition Titres v. A /PC/73
Onset

Whole Serum71 Fraction 2

Untreated RDE treated Untreated RDE'

5 14 512 512 8 4
150 512 256 8 0

6 15 8192 2048 64 32
28 - 1024 - 16
58 - 512 - 8
86 - 512 - 4
112 - 512 - 4
133 128 64 4 0

7 1 5 - 4096 - 4
26 > 16000 8192 32 4

8 12 1024 256 16 4
9 23 2048 512 32 4
10 2 - 128 - 4

28 2048 512 32 8
11 15 -- 512 - 4
12 7 - 64 4

15 - 4096 8

Table 11 Sucrose density gradient fractionation of sera from patients recenitlj infected with influenza A virus

'The sera were pretreated with RDE before fractionation.

the titres of RDE resistant influenza HI activity in
fraction 4 were unaffected by 2-ME.

In one patient (No. 6) specific HI activity was
present in fraction 2 up to 112 days after the onset
but was not detectable in a serum taken 133 days
after the onset. In another patient (No. 5) no specific
HI activity could be detected in fraction 2 of a serum
taken 150 days after the onset although it could be
detected in a serum taken 14 days after the onset of
the acute infection (table 1I).

Discussion

Extensive studies in animals, including man, have
shown that the primary humoral response to anti-
genic stimulation results in the production of high
molecular weight immunoglobulins predominantly
of the 1gM class, which are progressively replaced by
low molecular weight immunoglobulins of the lgG
class (Uhr and Finkelstein, 1963; Svehag and
Mandel, 1964; Cowan and Trautman, 1965).
Detection of the presence of specific high molecular
weight immunoglobulins is now a well established
means of diagnosing recent infection with rubella
virus (Banatvala et al, 1967; Desmyter et al, 1971;
Cradock-Watson et al, 1972; Pattison and Mace,
1975).
This study shows that the confirmation of recent

influenza infection on the basis of the presence of
specific high molecular weight HI antibody is com-
plicated by the presence of inhibitory activity in all
fractions after sucrose density gradient centrifuga-
tion, even with sera from persons who have not had a
recent influenza infection. Some of this activity is

sensitive to RDE. With sera from patients without a
recent influenza infection all the high molecular
weight HI activity is removed by RDE. Treatment
with RDE also causes a consistent slight reduction in
the influenza HI activity of the IgG containing
fractions although it has no effect on the rubella HI
activity of these same fractions. This suggests that
inhibition of influenza virus haemagglutination by
untreated sera is a complex phenomenon involving
antibody, non-specific inhibitors, and possibly co-
factors. We have also noted with the recent strains of
influenza virus used here that the high molecular
weight non-specific factors are present in all serafrom
persons exposed to these viruses up to two years
previously but are absent from the sera of persons
who have never been exposed (unpublished observa-
tions). This is perplexing and requires further
investigation.
With sera from patients recently infected with

influenza A virus, high molecular weight inhibitory
activity was still detected even after pretreatment with
RDE, and when inhibitor resistant strains were used.
Such activity was not found in the sera of those who
had not recently been infected. This strongly suggests
that influenza virus infection induces the production
of 19S antibodies of the IgM class. This conclusion is
supported by the finding that this high molecular
weight inhibitory activity is destroyed by 2-
mercaptoethanol.

Specific 1gM antibodies against influenza viruses
have previously been demonstrated by immuno-
fluorescence procedures in the sera of patients
recently infected with influenza virus (De Silva et al,
1973; Urquhart, 1974). However, using immuno-
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fluorescence, Brown and O'Leary (1973) found that,
in naturally infected individuals all the specific
influenza antibody with IgM specificity was of the
7S type. The results described here are more in accord
with those of Dobrovolskaya (1971) who detected
specific IgM of the 19S type in recently infected
individuals using a gel chromatography procedure
followed by influenza HI tests. However, in vaccina-
ted individuals, Waldman et al (1967) failed to find
any specific 19S IgM using a gel filtration technique
followed by neutralization tests.
The reasons for the difference between the results

described here and those of some of the other
investigations are obscure. However, it is noted that
the RDE resistant 2-ME sensitive high molecular
weight activity found in association with recent
infection in this study is of very low titre. Therefore
variations in techniques used for removal of non-
specific inhibitors and/or in the sensitivity of the
antibody assay system used may explain the failure
to detect such activity in other investigations.

Further evaluation of the procedure described here
for the diaglnosis of recent influenza will require its
extension to a large number of individuals with and
without evidence of recent infection. Preliminary
results ot an investigation of this kind have been
encouraging (Buchner et al, in preparation).

We wish to thank the Chest and Heart Assoc-
iation for a grant for the equipment for this study
and the Joint Research Board of St. Bartholomew's
Hospital Medical College and the North East
Thames Regional Health Authority Research
Committee for support.
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