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To characterize patients with mumps vaccine failure, avidity testing was performed with the Enzygnost
Anti-Parotitis Virus/IgG kit using a single-dilution–6 M urea denaturation method. Five groups of patients
were tested. Group 1 consisted of 29 patients with primary mumps infections; group 2 was 20 children and
adults with a definite history of natural infection; group 3 was 7 patients with a recent mumps vaccination, 1
of whom developed parotid gland swelling and aseptic meningitis; group 4 was 14 patients with mumps vaccine
failure; and group 5 was 6 patients with recurrent episodes of parotitis in addition to a history of vaccination.
On the basis of the results of groups 1 and 2, an avidity of %31% was determined to be low, and ^32% was
determined to be high. Avidity maturation from low to high appears to occur around 180 days after the acute
illness. The results of group 3 showed that the vaccine-induced immunoglobulin G (IgG) had very low avidity.
Among the 14 patients in group 4, 12 patients, including 7 with a positive IgM response, were diagnosed as
having secondary vaccine failures. The results of group 5 suggested the possibility that the avidity of the
mumps vaccine-induced IgG remains low or borderline. These results showed that secondary mumps vaccine
failure occurs not infrequently, even among school age children under condition in which the vaccine coverage
is low (i.e., 33% in our study population), and therefore, vaccinees are prone to be exposed to wild-type viruses.
Avidity testing should provide information useful for the analysis of mumps virus infections.

In recent years, increasing attention has been paid to mumps
epidemics which occur in highly as well as partially vaccinated
populations (1a, 4, 6, 9). In fact, in the Hokkaido district,
where this study was done, the mumps vaccine coverage in
recent years was around 33% and the vaccine failure rate was
reported to be 9.8% (1). Since the current mumps vaccine has
been believed to be highly effective (14, 21) and most of the
patients with vaccine failures had a detectable serum immu-
noglobulin M (IgM) antibody (1a, 4, 6), mumps vaccine fail-
ures have been attributed mainly to primary vaccine failure
(PVF). The relative contribution of waning immunity to vac-
cine failures (secondary vaccine failure [SVF]) is controversial
(1a, 9).

In this context, a question has been raised about the validity
of detectable IgM in serum as a marker for primary infection.
For this, several lines of evidence have been advanced con-
cerning the superiority of avidity testing for virus-specific IgG
over the detection of IgM in distinguishing a primary from a
secondary immune response in a number of viral infections,
such as those with tick-borne encephalitis virus (5), rubella
virus (8, 10, 18), varicella-zoster virus (11), measles virus (15),
cytomegalovirus (16), B19 parvovirus (17), human herpesvirus
6 (19), and hepatitis C virus (20). The development of enzyme-

linked immunosorbent assay (ELISA) methodology to deter-
mine avidity has contributed to this generalization.

In determining avidity by using an ELISA system, a titration
curve shift method is the most accurate but is rather cumber-
some and costly. Therefore, it will be restricted to problematic
cases with borderline avidity. In this respect, a single-dilution
method is simple to perform and cost saving, although subject
to a few limitations which are of concern. A major problem is
that this method is restricted to an appropriate range of lin-
earity between optical density (OD) and antibody titer. Under-
or overestimation of avidity can occur at very low or high
antibody titers (5, 8, 20). For practical purposes, however, the
latter is an acceptable and reliable method for routine testing
of clinical samples when the limitations are taken into consid-
eration (5, 17).

The purpose of this study was to characterize patients with
mumps vaccine failures on the basis of IgG avidity testing,
which was performed by means of the single-dilution method.

MATERIALS AND METHODS

Patients. The clinical diagnosis of mumps was based on general criteria (3);
that is, an illness with acute onset of unilateral or bilateral tender, self-limited
swelling of the parotid or other salivary gland lasting ^2 days and without
another apparent cause. Whether parotid swelling was unilateral or bilateral was
not stringently evaluated because bilateral swelling is not necessarily a clinical
hallmark of a primary mumps virus infection (2).

Patients were grouped into five categories according to mumps virus infection
and immunization status.

Group 1 (acute group, cases A-1 through A-29, ages 3 to 13 years) consisted
of 29 patients with primary mumps virus infection. They fitted the clinical crite-
ria, with a positive IgM response as a marker of current mumps virus infection
and without a history of previous natural infection or vaccination. In cases A-1
through -18, blood was drawn within 7 days of the onset of parotid gland swelling,
while in A-19 through -29, blood was drawn for reasons other than mumps
several weeks or months after the acute episode of mumps. Cases A-4, -5, and -14
were complicated by aseptic meningitis.

Group 2 (past group, cases P-1 through P-20, ages 3 to 38 years) consisted of
20 children and adults with a definite history of mumps at least 1 year before the
sampling.

Group 3 (vaccine group, cases V-1 through V-7, ages 1 to 7 years) consisted of
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seven patients with a recent mumps vaccination. Patients V-1 and -7 received a
trivalent mumps-measles-rubella vaccine, and V-2 through -6 received a mono-
valent mumps vaccine. In Japan during 1989 to 1991, the Urabe strain was used
exclusively in the trivalent vaccine (cost free, abolished in 1993), and the Urabe
or some other strain was used in the trivalent vaccine during 1991 to 1993 and has
been used as a monovalent vaccine since 1993. In addition, since mumps vacci-
nation must be done at one’s own expense (about $30) in Japan, it is usually
administered only once at any age after the first birthday. Case V-7 developed
parotid gland swelling 17 days after vaccination and then, 4 days later, aseptic
meningitis. The Urabe mumps vaccine virus was detected in the cerebrospinal
fluid of this patient by PCR (by Akio Yamada using a method described else-
where [13]).

Group 4 (failure group, cases VF-1 through VF-14, ages 5 to 11 years) con-
sisted of 14 patients with vaccine failure. All of the patients had clinical symp-
toms indistinguishable from those of group 1 (acute group) but had a history of
vaccination with either a trivalent mumps-measles-rubella vaccine or a monova-
lent mumps vaccine 2 or more years before. Cases VF-5, -9, -13, and -14 were
complicated by aseptic meningitis; moreover, case VF-9 involved permanent
right neuronal hearing loss. The wild-type mumps virus genome was detected by
PCR in the cerebrospinal fluid of this patient (by Tetsuo Nakayama using a
method described elsewhere [12]).

Group 5 (recurrent group, cases R-1 through R-6, ages 4 to 12 years) consisted
of a rather heterogeneous population of six patients with recurrent parotitis and
a history of vaccination. Several years after vaccination, all of these patients
experienced at least one episode of a febrile illness with parotitis which had been
diagnosed at that time as mumps, but the validity of the previous diagnosis of
mumps could not be verified. Case R-1 had two episodes of parotitis during the
past 6 months. Any other apparent cause for the parotid gland swelling of these
patients has not been established.

Methods. For ELISA, an Enzygnost Anti-Parotitis Virus/IgM or IgG kit
(Dade-Behring, Marburg, Germany) was used. Procedures for IgM detection
were performed in accordance with the instructions of the manufacturer, by
manual handling with a Vmax microplate reader (Molecular Devices, Sunnyvale,
Calif.). For a long time, a positive response by IgM has been equated with a
primary response. However, with the recent advent of more sensitive assay
systems for the detection of IgM and the introduction of the concept of IgG
avidity into clinical practice, the equation needs some modifications. That is, IgM
can be detected after reinfection or reactivation of several kinds of viruses,
although it may be less frequent and lower in intensity than that detected after
a primary infection (5, 15, 16, 18, 19). Accordingly, in this study, a positive IgM
response was regarded as a marker of a current infection but not in itself of a
primary infection. According to the manufacturer, the IgM kit does not permit
quantitative analysis.

For determination of IgG titer and avidity, a pair of samples (initial dilution,
1:231) were placed in the antigen and control wells and incubated at 37°C for 1 h
or at 4°C for 16 h. After this, one was washed with an ordinary washing buffer
provided by the manufacturer and the other was washed with a washing buffer
supplemented with urea (Nakalai Tesque, Kyoto, Japan), twice for 5 min each
time (for determination of the optimal concentration of urea, see Results). After
being washed twice for 2 min each time with the ordinary washing buffer, the
subsequent procedures were done in accordance with the instructions of the
manufacturer. Percent avidity was calculated as (urea-treated OD 4 untreated
OD) 3 100.

According to the information given by the supplier (Hoechst Japan, Tokyo,
Japan), OD values between 0.100 and 2.500 allow calculation of IgG titers, which
corresponds approximately to titers between 3300 and 318,000. Thus, we de-
termined avidity within this OD range. Samples with OD values below 0.100 were
regarded as not detectable, and samples with OD values beyond 2.500 were
diluted appropriately and retested.

RESULTS

First, to determine an optimal concentration of urea, we
tested some representative samples from groups 1 and 2
washed with urea at three different concentrations (4, 6, and 8
M). As shown in Fig. 1, because the best separation in terms of
avidity between the two groups was observed without any over-
lap when 6 M urea was used, we subsequently tested samples
by means of 6 M urea washing.

The results of avidity testing with the 20 samples from the 18
patients in group 1 (acute group, cases A-1 through -18) are
shown in Table 1. As shown in Table 1, while the IgG titers
were quite variable, regardless of the number of days from the
onset of parotid gland swelling to blood sampling, avidity was
uniformly low. These 20 samples gave a mean avidity of 10.3%
6 7.3% (mean 6 3 standard deviations [SD] 5 32.2%). Thus,
we settled on an avidity of ^32% as high.

As shown in Table 2, the results obtained with the 20 sam-

ples from the 20 persons from group 2 (past group) were
relatively homogeneous in terms of both IgG titer and avidity
compared with those of group 1 (acute group). These gave a
mean avidity of 46.6% 6 5.4% (mean 2 3 SD 5 30.4%). Thus,
we settled on an avidity of %31% as low. Consequently, all of
the samples from group 1 (acute group) were classified as low
avidity and all of the samples from group 2 (past group) were
classified as high avidity according to this criterion.

In Fig. 2, the results of cases A-19 through -29, which rep-
resent the time course of avidity maturation following primary
infection, are shown. Three of the six samples which were
obtained more than 165 days after the acute illness showed
high avidity, and the remaining three samples showed border-
line low avidity (^27%).

FIG. 1. Results of avidity testing using different concentrations of urea. Sym-
bols: E, acute-phase samples of primary infection; F, samples of past infection.

TABLE 1. Mumps virus-specific IgG titers and avidities of patients
with primary mumps infections

Case
no.

Age
(yr)/sexa

Day of
samplingb IgM

IgG

Titer
(102)

Avidity
(%)

A-1 3/M 0 Posc 8 8
A-2 6/F 0 Pos 34 1
A-3 11/M 0 Pos 10 2
A-4 7/F 0 Pos 124 17
A-4 7/F 5 Pos 141 18
A-5 6/M 0 Pos 48 12
A-5 6/M 8 Pos 105 16
A-6 11/M 1 Pos 47 18
A-7 3/M 1 Pos 5 0
A-8 5/M 1 Pos 20 7
A-9 13/M 1 Pos 31 3
A-10 5/M 2 Pos 41 9
A-11 7/F 3 Pos 171 22
A-12 5/M 3 Pos 152 19
A-13 4/M 3 Pos 27 0
A-14 5/M 5 Pos 20 5
A-15 5/M 5 Pos 94 21
A-16 7/F 5 Pos 19 2
A-17 8/M 7 Pos 86 13
A-18 5/M 7 Pos 112 12

a M, male; F, female.
b The day on which parotid gland pain and/or swelling was first noticed was

designated day 0.
c Pos, positive.
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The results of avidity testing of the 10 samples from group 3
(vaccine group) are shown in Table 3. Cases V-1 through -6
were characterized by a low titer of very low-avidity IgG. By
sharp contrast, a high titer of low-avidity IgG, which was com-
parable to that of group 1 (acute group), was detected in case
V-7, which involved aseptic meningitis following vaccination.

The results of avidity testing with the 15 samples from the 14
patients from group 4 (failure group) are shown in Table 4.
Cases VF-1 and -2 showed a positive IgM response with low-
avidity IgG. This indicates a typical primary immune response,
suggesting that these cases were PVFs. Cases VF-10 through
-14 showed a negative IgM response with a high titer of high-
avidity IgG. The IgG titers were clearly distinguishable from
those in group 2 (past group). This indicates a typical second-
ary immune response, suggesting that these cases were SVFs.

Cases VF-3 through -9 showed a positive IgM response and a
high titer of high-avidity IgG which was comparable to that of
the SVF cases. This strongly indicates that these cases were
also SVFs.

The results of avidity testing with the seven samples from the
six patients in group 5 (recurrent group) are shown in Table 5.
All of the samples except that from case R-3, which was not
tested, were negative for IgM. Also, none showed a high IgG
titer, which suggests a secondary immune response. Case R-6
showed no IgG response. Overall, none exhibited a typical
primary or secondary immune response, which suggested cur-
rent mumps virus infection. Cases R-1 and -2 showed just
borderline avidity, case R-3 showed borderline high avidity,
and cases R-4 and -5 showed low avidity.

Concerning the vaccine strains used to induce antibodies, no

FIG. 2. Time course of avidity maturation in mumps. The day on which
parotid gland pain and/or swelling was first noticed was designated day 0. The
line at 31% denotes the borderline between low and high avidity. The circle with
error bars at the left indicates the mean 6 SD of the acute group, and that at the
right indicates that of the past group.

TABLE 2. Mumps virus-specific IgG titers and avidities of
individuals with past mumps infections

Case no.
IgG

Titer (102) Avidity (%)

P-1 51 39
P-2 51 39
P-3 27 40
P-4 26 41
P-5 76 41
P-6 20 42
P-7 51 43
P-8 26 45
P-9 42 46
P-10 18 46
P-11 20 47
P-12 15 47
P-13 99 47
P-14 66 48
P-15 65 48
P-16 75 52
P-17 31 53
P-18 87 53
P-19 56 56
P-20 31 58

TABLE 3. Mumps virus-specific IgG titers and avidities of
individuals vaccinated against mumps

Case
no.

Age
(yr)/sexa Daysb IgMc

IgG

Titer
(102)

Avidity
(%)

V-1 1/F 20 Neg NDd

V-1 1/F 45 Pos 16 1
V-2 4/F 31 NT 4 3
V-3 3/M 34 NT 6 1
V-4 4/F 75 NT 14 1
V-4 4/F 90 NT 18 2
V-5 7/F 166 Neg 12 0
V-5 7/F 237 Neg 21 16
V-6 2/M 349 NT 6 16
V-7 1/M 36 (19)e Pos 231 28

a M, male; F, female.
b The day of vaccination was designated day 0.
c Neg, negative; Pos, positive; NT, not tested.
d ND, not detectable.
e This patient developed parotid gland swelling 17 days after vaccination. Day

19 was counted from the onset of disease. The Urabe mumps vaccine virus was
detected in the cerebrospinal fluid by PCR.

TABLE 4. Mumps virus-specific IgG titers and avidities of patients
with mumps vaccine failures

Case
no.

Age
(yr)/sexa

Age (yr)
at vacci-
nation

Day of
samplingb IgMc

IgG

Titer
(102)

Avidity
(%)

VF-1 8/F 3 0 Pos 30 1
VF-2 6/F 3 1 Pos 31 20
VF-3 8/M 3 0 Pos 99 47
VF-4 11/M 3 0 Pos 202 66
VF-5d 7/M 4 2 Pos 170 60
VF-6 8/M 2 2 Pos 131 56
VF-7 5/F 3 3 Pos 195 63
VF-8 7/F 1 3 Pos 115 51
VF-9d,e 6/F 1 5 Pos 351 86
VF-10 5/M 2 1 Neg 69 58
VF-10 5/M 2 18 Neg 337 81
VF-11 5/M 4 1 Neg 134 59
VF-12 5/F 1 5 Neg 169 57
VF-13d 8/M 1 5 Neg 198 63
VF-14d 11/M 2 8 Neg 219 52

a M, male; F, female.
b The day on which parotid gland pain and/or swelling was first noticed was

designated day 0.
c Pos, positive; Neg, negative.
d Complicated by aseptic meningitis.
e Mumps virus was detected in the cerebrospinal fluid by PCR.
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significant differences in terms of both titers and avidities were
found in any group according to the difference between the
trivalent vaccine (the Urabe strain) and a monovalent vaccine
(the Urabe strain or some other strain).

DISCUSSION

In this series of experiments, we first sought to determine the
optimal concentration of urea. While many previous reports,
including ours, have claimed that 8 M urea washing is appro-
priate with regard to various kinds of viruses and ELISA sys-
tems (8, 11, 15, 16, 17, 19, 20), the present study showed the
optimal concentration of urea to be 6 M in this system. Nev-
ertheless, the determination of an avidity of %31% as low
(primary response) and ^32% as high (secondary response or
past immunity) is quite compatible with previous reports (8, 15,
16, 20).

Previous studies concerning other viruses (17, 19, 20) have
shown that a significant change in avidity, i.e., low to high, is
observed for 100 to 150 days after infection. In this study of
mumps, as shown in Fig. 2, the progression from low to high
avidity appears to occur around 160 to 180 days after infection.
Although the number of samples was limited, the maturation
of mumps-specific IgG seems to be similar to that of other
viruses.

In the analysis of group 3 (vaccine group), only the patient
with clinically overt disease (V-7) showed a remarkable re-
sponse characterized by a high titer of low-avidity IgG which
was comparable to that of a natural primary infection. Al-
though the possibility of an unrecognized double infection by
wild-type mumps virus was not ruled out, this case may repre-
sent the immune response when a vaccine virus behaves like a
wild-type virus. By contrast, the results of the other six vacci-
nees in this group showed the minimal response of a low titer
of low-avidity IgG following immunization. The observation
period of up to 349 days after immunization must have been
sufficient for the IgG titer and avidity to rise, taking the results
of natural infection (Table 1 and Fig. 2) into consideration.
Certainly, analysis of many more samples is necessary to de-
lineate a time course of avidity maturation following immuni-
zation. But this may be a formidable task, because in Japan,
where wild-type mumps viruses still prevail, natural boosters
may modify the natural course of immune maturation.

On the basis of the previously accepted concept, mumps
vaccine failures have been classified mainly as PVFs. Accord-
ing to previous reports, a positive IgM response was observed

in 7 (100%) of 7 vaccine failure cases (4), 26 (90%) of 29 cases
(6), and 10 (77%) of 13 cases (1a). In fact, 9 (64%) of our 14
cases had a positive reaction for IgM and therefore would have
been classified as PVFs. Avidity determination, however,
strongly suggested that as many as seven of the nine cases with
a positive IgM response were actually SVFs because of the
high-avidity IgG. This indicates that, in total, 12 (86%) of the
14 vaccine failure cases in our study were SVFs. Certainly, this
was not a strictly controlled epidemiological study. Neverthe-
less, the results suggest that SVF is a major form of mumps
vaccine failure, at least in our study population. In addition,
the fact that many of the SVF cases involved school age chil-
dren was unexpected.

One explanation for the early occurrence of SVF must be
waning immunity, which is expressed as antibody titers falling
over a relatively short time period.

In this respect, the results of group 5 (recurrent group) are
suggestive. All of the patients showed neither an IgM response
nor high-titer IgG, which is comparable to that of SVF cases in
group 4, indicating that the cause of parotid gland swelling was
other than mumps virus infection. More noticeably, although
the IgG titer itself is no different from that in group 2 patients
(past natural infection), avidity remained borderline or even
low. This may represent a qualitative limitation of vaccine-
induced humoral immunity in mumps, that is, a failure to
induce a sufficiently mature antibody. The results of group 3
(vaccine group) support this speculation. This might result in
the early occurrence of SVF. This phenomenon may be specific
to mumps vaccines, because cases R-1, -3, -5, and -6, with a
history of measles vaccination (R-1 and -5, a monovalent mea-
sles vaccine; R-3 and -6, the trivalent vaccine), showed a high-
avidity measles virus-specific IgG which was comparable to
that of case R-4, which involved a history of natural measles
virus infection (data not shown). It would be interesting to
know whether these patients would develop mumps (i.e., SVF)
if they come into contact with mumps patients.

To date, immunity to mumps, once obtained, has been be-
lieved to be lifelong, regardless of whether it is acquired by
natural infection or by immunization. In this context, Gut et
al., using an avidity method, recently reported that symptom-
atic mumps virus reinfections can occur among adults (7). Our
study of vaccine failure cases also revealed that SVF occurs not
infrequently, even among school age children, under condi-
tions in which the vaccine coverage is low and vaccinees are
therefore prone to exposure to wild-type viruses. Given that
primary failure is not a main cause of mumps vaccine failure in
areas like Japan, it is crucial, first of all, to raise the vaccine
coverage to prevent vaccine failures. At the same time, it would
be interesting to know whether a booster immunization would
further facilitate avidity maturation. Assessment of mumps
cases on the basis of avidity testing will add further insights into
mumps immunity and provide information useful for the im-
provement of our mumps immunization strategy.
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