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SUMMARY Sucrose density gradient ultracentrifugation followed by haemagglutination inhibition
for demonstrating specific influenza IgM was evaluated as a means of confirming recent infection
with influenza A viruses.

Specific IgM antibodies were found in at least one serum obtained from 83% of patients with
proven recent infection with influenza A viruses but in none of the sera from 21 individuals without
evidence of infection.

Influenza IgM antibodies persisted for up to 112 days after infection.
The relative merits of detecting specific IgM and complement fixing antibodies for diagnostic

purposes are discussed.

It would be very helpful if it proved possible to
identify recent infection with influenza viruses by
testing a single sample of serum. This applies
particularly to patients in hospital when the first
serum is generally taken late in the illness and an
acute serum for comparison is not available.

It is known that IgM antibodies are present for a
transitory period after onset of most viral infections,
and their detection is thus indicative of recent
infection. The demonstration of specific IgM to
influenza viruses would therefore be a useful aid to
diagnosis. To this end there have been several studies
in which specific IgM antibodies to influenza A
viruses have been identified in the sera of individuals
after recent natural infection (Dobrovolskaya, 1971;
Daugharty et al., 1972; Brown and O'Leary, 1973;
Urquhart, 1974; Buchner et al., 1976). The present
study aimed to show the frequency with which
sucrose density gradient ultracentrifugation followed
by haemagglutination inhibition (HI) could detect
specific serum IgM antibodies in patients recently
infected with influenza A. The results obtained by
this technique were compared with the standard
complement fixation test.

Material and methods

VIRUS
The virus used in all haemagglutination-inhibition
tests was A/Port Chalmers/1/73 (A/PC/73) which
was propagated in fertile hens' eggs.

Received for publication 19 January 1977

SUCROSE DENSITY GRADIENT ULTRACENTRI-
FUGATION AND HAEMAGGLUTINATION-INHIBI-
TION TESTS
Sera, pre-treated to remove non-specific inhibitors,
were fractionated by a modification of the sucrose
density gradient method of Desmyter et al. (1971).
The serum fractions were tested for HI activity in
microplates. Full details of these methods have been
published elsewhere (Buchner et al., 1976). In this
study the virus fraction mixtures were incubated
either for 60 minutes at room temperature (short
incubation) or overnight at 40C (long incubation)
before the addition of chick erythrocytes.

COMPLEMENT-FIXATION TESTS
Complement-fixation (CF) tests were carried out in
microplates using soluble influenza A antigen
kindly supplied by Dr C. M. P. Bradstreet (Central
Public Health Laboratory, Colindale).

SUBJECTS AND SERA
For the purpose of this study recent infection was
regarded as the occurrence of respiratory tract
symptoms accompanied by isolation of influenza A
virus and/or a fourfold or greater rise in titres of
sequential sera in either CF or HI antibodies.

Sera were obtained from 30 patients with evidence
of recent infection with influenza A viruses during
the winters of 1973/74 and 1974/75 when A/PC/73
virus was prevalent.
To select a non-infected control group was difficult.

Sera were available from 24 individuals in whom it
was considered very unlikely that they had recently
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been infected with influenza A viruses. Three of
these had taken part in a respiratory viral surveillance
study between October 1973 and April 1974, and
sera obtained from them had shown unchanging
high HI titres against A/PC/73. Two other subjects,
members of the laboratory staff, had also shown
unchanging high serum HI titres to influenza A
viruses for 18 and 28 months respectively. The
remainder (19) of the sera were selected at random
from samples submitted to the laboratory for
antenatal rubella antibody screening during Septem-
ber 1975 when influenza A was not prevalent. These
sera were selected because they had high (3;z 256)
HI titres to A/PC/73.

Results

FREQUENCY WITH WHICH SPECIFIC IgM
ANTIBODY COULD BE DETECTED IN PATIENTS
WITH PROVEN RECENT INFLUENZA A INFEC-
TION
The standard sucrose density method, in which
virus fraction mixtures were incubated for 60
minutes at room temperature, was used in an
attempt to detect specific influenza IgM antibodies.
Initially, a serum from each of the 30 patients with
a confirmed influenza A infection was tested.
These 30 sera were obtained between 14 and 60
days after the onset of the illness, and IgM anti-
body was found in 21 (70%) (Table 1). In no
instance was specific IgM antibody detectable in
serum from the 24 subjects without evidence of
recent infection.

Table 1 Comparison of results obtained by short and
long incubation methods of detecting specific IgM antibody
against influenza A in serafrom subjects with and without
evidence ofrecent infection with influenza

No. ofsubjects tested No. ofsera containing
specific IgM

Short* Longt Short Long
incubation incubation incubation incubation

Recent infectiont 30 29 21 (70-0%) 24(82 8%)
No recent infection 24 19 0 (0 %) 0 (0 %)

*Virus/fraction mixtures incubated for one hour at room temperature.
tVirus/fraction mixtures incubated overnight at 4°C.
tSamples from infected individuals were taken from 14 to 60 days
after onset ofsymptoms.

In an attempt to increase the sensitivity of the
method for detecting specific IgM, the incubation of
virus-fraction mixtures was extended from one hour
at room temperature to 18 hours at 4°C. This modi-
fication resulted in the detection of specific IgM
antibodies in a further three subjects with confirmed
influenza, so that specific macroglobulins were
detected in 83% of the sera from this group. This

more sensitive test did not detect specific IgM
antibody in sera from any subject without recent
infection.

Because of its increased sensitivity the long in-
cubation method was used for all subsequent assays.

Figure 1 shows the distributions of the levels of
HI activity in the sera of patients with evidence of
recent infection (IgM positive) and in the sera of the
controls (IgM negative). It can be seen that, although
there was a slight tendency for the IgM positive
sera to have higher HI titres, the two distributions
were remarkably similar. This clearly shows that
with high titred sera from individuals without
evidence of recent infection the leading edge of the
IgG peak does not extend into the IgM-containing
fraction and thus give false positive results.
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Fig. 1 Serum HI titres against A/PCI73 in (a) 24 sera
from patients with evidence ofrecent infection with
influenza A virus (IgM positive), and (b) 19 selected
individuals with no evidence ofrecent infection (IgM
negative).

DURATION OF ANTIBODIES OF THE IgM CLASS
IN PATIENTS RECENTLY INFECTED WITH
INFLUENZA A VIRUS
A total of 93 sera were available from patients with
confirmed recent influenza A. Table 2 shows the
relationship between the occurrence of specific IgM
antibodies in these sera and the time since the onset
of symptoms.
Only two of the 20 sera (10%) taken within seven

days of the onset of symptoms had detectable IgM
antibody. These sera were taken on the fifth and
sixth days of the illness. The remaining 18 sera had
influenza A HI titres ranging from 8 to 512, and all
the HI antibody detectable after fractionation was
in the IgG-containing fractions. Eight of these sera
had titres of 32 or less, and it is possible that the
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Table 2 Results oftesting serafrom patients with proven
recent infection with influenza A virus, showing relationship
between time since onset ofsymptoms andpresence of
specific IgM antibodies in serum

Days after No. patients No. sera No. ofsera containing
onset tested tested specific IgM

0- 7 19 20 2(10%)
8- 14 19 19 12 (63%)

15- 28 15 18 14 (78%)
29- 60 16 18 16 (89%)
61-112 5 7 5 (71%)
113-346 5 11 0 (0%)

fractionation procedure would dilute any specific
IgM present below the level of detection. With the
remaining 10 sera it must be presumed that they
contained previously acquired influenza A antibody
which cross-reacted with the A/PC/73 antigen used
in this study.
The frequency with which specific IgM antibody

was detected increased with sera taken after the
first week of the illness. Twelve of the 19 sera (63 %)
taken during the second week after onset contained
specific IgM.
Of the sera obtained between the 15th and 112th

days after onset, 35 out of 43 (81 %) were found to
contain specific IgM. There was no obvious
difference in the frequency with which specific
macroglobulins were detected during this period
apart from a possible decline between the 61st and
112th days after onset.
None of the 11 sera obtained from patients 113

days or more after the onset of their illness contained
specific IgM antibodies.
The rate of decline of influenza IgM antibodies

was studied in five patients from whom sequential
blood specimens were obtained. The results are
shown in Figure 2. The duration of this class of
specific antibody varied widely. Specific IgM had
disappeared from the serum of one individual by the
42nd day after the onset of symptoms. At the other
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extreme, specific IgM was still detected in the serum
of another patient 112 days after onset but had
disappeared by the 133rd day.

COMPARISON BETWEEN SPECIFIC IgM AND
CF METHODS OF DETECTING RECENT INFECTION
WITH INFLUENZA A
It is usual laboratory practice to report that high
serum CF antibody titres (> 256) against influenza
soluble antigens are strongly suggestive of recent
infection and that intermediate titres (128-256)
indicate possible recent infection. The relative
merits of the CF and specific IgM procedures for
detecting recent infection were assessed by testing
sera by both methods.

In general, there was reasonable agreement
between the two methods (Table 3). It can be seen
that 19 out of the 27 IgM positive sera had CF titres
which suggested recent infection. However, the
remaining 8 of these 27 sera would have been
reported negative if only complement fixation had
been used.

Six out of the seven IgM negative sera, obtained
from recently infected patients, gave CF results
which suggested recent infection, three having titres
of > 256 and three titres of 128 and 256. The
remaining IgM negative serum from this group
would have been missed by both techniques if only
a single serum sample had been examined. This
patient had shown fourfold rises in both HI (64/512)
and CF (8/64) antibodies after an influenza-like
illness.

In the group with no evidence of recent infection
with influenza A, and no detectable specific IgM,
21 out of 26 sera (808 %) had low-titre (< 128) CF
antibody. Five of these 26 cases (19-2%), however,
had moderately high CF antibody titres (128-256)
which may possibly have been regarded as indicative
of recent infection. This interpretation would
certainly have been erroneous in one patient since
the sera from this individual had shown persisting

Fig. 2 Levels ofinfluenza IgM
antibodies (anti-A/PC/73 HI titres
offraction 2) in the sera offive
patients at various intervals after
onset ofsymptoms.
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Table 3 Relationship between CF titres andpresence ofspecific influenza A IgM in 60 sera from subjects with and
without evidence ofrecent infection with influenza A virus
Category Specific IgM Influenza A CF titre Total tested GMTofinfluenza

present A CFtitres
< 128 128-256 > 256

Recent infection + 8 10 9 27 122 34
Recent infection - 1 3 3 7

3

No recent infection - 21 5 0 26 3329

levels of CF antibody at a titre of 256 for 28 months
after infection with A/England/42/72.

Discussion

The demonstration of rising titres of antibody in
paired sera, by either CF or HI, is a well proven
method for diagnosing recent infection with influenza.
A difficulty, however, is experienced in hospital
practice when attempts are made to demonstrate
that influenza has been an initiating factor in more
serious chest disease such as pneumonia, exacerba-
tions of chronic bronchitis, and asthma because
sera from the early viral stages of these illnesses are
rarely available. Complement fixation tests can be
used on these occasions since the first available sera
from such cases usually contain high levels of anti-
body against a soluble influenza antigen and this
antibody is often transitory. However, the un-
reliability of complement fixation when carried out
on single sera, obtained in the convalescent period,
is well known. There are two reasons for this, both
of which were revealed in this study. First, not all
individuals develop sufficiently high levels of anti-
body to suggest recent infection. In the present
series, only 25 of the 34 sera tested had CF antibody
titres of 128 or greater. Secondly, there are others
who retain high levels of this kind of antibody for
long periods, titres of 128 or greater being found in
five of the 26 control patients with no evidence of
recent infection.

Detection of specific influenza IgM appears to be
a more satisfactory test. This class of antibody was
not detectable in any of the sera from the control
patients. However, IgM was detected in at least one
serum from 26 of the 30 patients with confirmed
influenza. Although this is encouraging, it is apparent
that the sucrose density method of detecting specific
influenza IgM is less satisfactory than the corres-
ponding procedure uised for rubella. With the latter,
specific IgM can be detected in virtually every serum
with an HI antibody titre of 32 or greater collected
within four weeks of the onset of the rash (Pattison
and Mace, 1975). The comparative insensitivity of
the influenza IgM test is possibly due to a relative
insensitivity of the influenza HI test as an indicator

of the presence of specific IgM antibody. In the
present series some improvement in the frequency of
detection of specific IgM could be achieved by using
a more sensitive HI test incorporating overnight
incubation of virus and antibody. Furthermore, any
relative insensitivity of the influenza HI test may be
aggravated by the procedures for the removal of
non-specific inhibitors. We have previously shown
that receptor destroying enzyme treatment regularly
leads to some diminution in specific influenza HI
titre (Buchner et al., 1976).

It is also possible that individuals produce less
IgM class antibody after infection with influenza
than they do after rubella. This may be due to the fact
that much influenza infection takes place against a
background of cross-reacting antibody produced by
previous infections. Increasing the sensitivity of the
antibody detecting system would improve the
efficiency of the specific influenza IgM test.

Overall in the present series, specific IgM antibody
was detected in at least one serum from 24 of the 30
confirmed cases of recent influenza. Thus, although
the detection of specific influenza IgM is too elaborate
for routine use, it should prove useful in special
investigations in which only single convalescent
sera are available.
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