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We investigated the etiology of reported sporadic suspected mumps cases with a negative RT-PCR result for the
mumps virus in the Barcelona-South region in 2007-2011. Samples from mumps virus-negative patients presenting uni-
lateral or bilateral parotitis or other salivary gland swelling were tested for Epstein-Barr virus (EBV) by real-time PCR and
for respiratory viruses by two multiplex-PCR-based assays to detect parainfluenza virus (PIV) 1-4, influenza virus (InV) A,
B and C, respiratory syncytial virus (RSV), enterovirus, coronavirus 229E, coronavirus OC43, and rhinovirus. 101 samples
were analyzed in persons aged 8 months to 50 years. Oral samples were collected on the first day of glandular swelling
in 53 patients (52.5%), and on the first two days in 74 patients (73.3%). Viruses were detected in 52 (51.5%) of samples:
one virus (25 EBV, 8 PIV3, 4 adenovirus, 4 PIV2, 1 PIV1, 1 InVA, and 1 enterovirus) was detected in 44 patients (84.6%), two
viruses in 7 patients, and three viruses in one patient. In 58 patients (57.5%) whose sample was collected in the first 2 days
after onset of parotitis and had received two doses of MMR vaccine and in 15 patients (14.8%) whose sample was col-
lected on the first day, it is very likely that the cause was not the mumps virus. This would mean that 72.3% (73/101) of the
reported sporadic suspected mumps cases were not mumps cases. The timing of oral-sample collection is crucial to cor-
rectly interpret the negative results for mumps virus RNA, especially when suspected cases occur in vaccinated persons.

Introduction

Mumps is an acute generalized infection caused by a virus of
the Rubalavirus genus of the Paramyxoviridae family. Infection
occurs mainly in school-aged children and adolescents and the
most prominent clinical manifestation is nonsuppurative swell-
ing and tenderness of the salivary glands, with one or both
parotid glands involved in most cases.!

The mumps virus is the only cause of epidemic parotitis in
humans. As in other viral infections, mumps is usually more
severe after puberty than in children.! Complications are uncom-
mon and include orchitis (15-30%) and, less frequently, oopho-
ritis, mastitis, pancreatitis, meningitis, encephalitis, myocarditis,
nephritis and permanent hearing impairment.?

Some epidemiological studies suggest that mumps presents
interepidemic periods of approximately 3 y* and seasonality has
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been observed in temperate zones, with a peak incidence in win-
ter and spring.?

By the end of 2006, 112 of the 193 WHO member states
included the mumps vaccine in their national immunization
schedules and the incidence of mumps has dropped markedly
in countries where high levels of vaccine coverage have been
maintained.’

In Catalonia, mumps vaccination was introduced in 1980
with one dose of the measles, mumps, rubella vaccine (MMR)
at 12 mo of age. In 1988, the first dose was moved to 15 mo and
a second dose was introduced at 11 y. To reduce the number of
cohorts vaccinated with a single dose, the second dose of MMR
was advanced to 4 y in 1998 and the first dose was changed back
to 12 mo. A program aimed at eliminating indigenous mumps by
the end of 2010, with enhanced disease surveillance reinforced
by laboratory confirmation using a PCR test, was implemented.”
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Cases with a negative laboratory result for mumps are usually
classified as suspected cases of mumps, and a differential diag-
nosis with other infectious agents is not routine. Parotitis may
be caused by the parainfluenza virus (PIV), Epstein-Barr virus
(EBV), influenza virus (InV), rhinovirus, adenovirus or other
viruses in addition to noninfectious causes such as drugs, immu-
nologic diseases or obstruction of the salivary tract.®’

The objective of this study was to investigate the possible
infectious etiology of sporadic suspected cases of mumps with a
negative mumps PCR result between 2007 and 2011.

Results

Patient characteristics

Study cases ranged in age from 8 mo to 50 y (median 6y), and
64% were male. Parotitis was the presenting symptom in 99% of
cases, and other salivary gland involvement in 1%. Most patients
(87%) presented unilateral swelling lasting a mean of 4.3 days
SD (+ 1.8 d). Fever (>38 °C) was observed in 33.7% (34) of cases.
No case presented complications or hospitalizations. A total of
88% (89/101) of cases had received MMR vaccination (27% one
dose and 73% two doses). Only one case had received one of the
two doses with a MMR vaccine containing the Rubini strain; the
rest had received vaccines containing the Jeryl Lynn strain.

Table 1 shows the demographic and clinical characteristics
and the vaccination status of study patients. One or more study
virus was detected in 51.5% of cases. No statistically significant
differences were observed in patients according to whether they
had a positive or negative result for the study viruses.

Viruses detected

A total of different 15 viruses were detected in 52 (51.5%) oral
samples collected. One virus (25 EBV, 8 PIV-3, 4 adenovirus, 4
PIV2, 1 PIV1, 1 InVA, and 1 enterovirus) was found in 84.6%
(44) of samples with a positive result, two viruses in 7 samples,
and three viruses in one sample (Fig. 1).

Virus detection was non-significantly lower in the typical
mumps season (January to May) than in the remaining months

(47.7% and 54.4%, respectively) (P = 0.6) (Fig. 2).

Table 2 summarizes the characteristics of patients with a posi-
tive result for viruses. EBV was the most frequently detected virus
(24.8%). Most cases were male (72%), with a median age of 6 y
(range 1-38 y). Thirteen of the 21 patients (52%) had received
two doses of MMR vaccine. Unilateral salivary gland swelling
was the most frequent presentation (76%). No seasonal pattern
was observed.

PIV3 and PIV2 were detected in 8% and 4% of patients,
respectively. The median age of children with PIV2 infection was
higher than in children with PIV3 infection (9 y vs 4 y). Both
infections presented unilateral swelling and seasonality.

Timing of oral sample collection

The median time from symptom onset to collection of oral
swabs was 1 d (range 1 to 8 d). In 52.5% (53) of patients, the
oral sample was collected on the first day after the swelling and
in 73.3% (74) on the first 2 days. Of the viruses detected, 52.7%
(39/74) corresponded to samples collected in the 2 first days and
41% (11/27) to samples collected later (3—8 d), but the difference
was not statistically significant (P = 0.4) (Table 3).

Discussion

Our results show that viruses other than the mumps virus
were detected in 51.5% (95% CI: 41.7-61.2%) of reported cases
of suspected mumps cases. In this type of case, the other viruses
detected may be the cause of parotitis or may be co-circulating
viruses in patients with mumps virus infection.

As reported by other authors,'*'? EBV was the most frequently
detected virus (24.8%), followed by PIV 3 and 2, and adenovi-
rus. These viruses have been implicated as a cause of parotitis
in other studies based on serological findings or isolation of the
virus.!>

The timing of the sample collection and the MMR vaccina-
tion status are useful to evaluate the likelihood that a suspected
sporadic case of mumps without laboratory confirmation is really
a case of mumps or not.

Information on the timing of sample collection is crucial
to the correct interpretation of the results of laboratory tests.
RT-PCR is the most sensitive test for the mumps virus in oral

Table 1. Patient characteristics of sporadic suspected cases of parotitis according to viral screening of salivary samples. Barcelona-South Health Region,

2007-2011
All patients (n=101) Virus detected (n =52) No virus detected (n = 49) P
Median Age (Range) 6y (8 mo-50y) 5.5y (8 mo-38Yy) 6y (1-50y) 0.3
Male sex, No. (%) 65 (64.4%) 32(61.5%) 33(67.3%) 0.7
Unilateral mumps or other salivary gland, No. (%) 88 (87%) 43 (82.7%) 45 (91.8%) 0.2
Fever, No. (%) 34 (33.7%) 21 (40.4%) 13 (26.5%) 0.2
Prodromal Symptoms, No. (%) 0 (0%) 0 (0%) 0 (0%) _
Complications, No. (%) 0 (0%) 0 (0%) 0 (0%) o
Vaccination

0 MMR Doses, No. (%) 10 (9.9%) 4 (7.7%) 6 (12.2%)
1 MMR Dose, No (%) 24 (23.7%) 15 (28.8%) 9 (18.4%) 0.1

2 MMR Doses, No (%) 65 (64.4%) 31 (59.7%) 34 (69.4%)

Unknown MMR Doses, No (%) 2(1.9%) 2(3.8%) 0(0)
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samples (98%; 95% CI: 93.2-99.2%), and its specificity is also
very high (100%; 95% CI: 85.1-100.0%)."'° Rota et al.,”” found
that detection of the mumps virus by RT-PCR decreases after 2
days from the onset of swelling, independently of the vaccination
status. The sensitivity of RT-PCR is 87% in oral samples col-
lected on the first day, 78% for the first 2 days and 41% for the
first 3 d. Therefore, negative results in samples collected in the
first 2 days suggest it is highly likely that the mumps virus can be
ruled out as a cause of parotitis. In the present study, 74 (73.3%)
oral samples were collected in the first 2 days and viruses were
detected in 39, the most frequent: 21 EBV, 6 PIV3 and 3 PIV2.
No virus was detected in the remaining 35 patients, possibly
because the causal agent was not tested for or the sensitivity of the
test used was not 100% .5 However, in 26 (74.3%) patients, the
oral sample was collected on the first day of the onset of swelling.

In field studies, the effectiveness of two doses of the MMR
vaccine containing the widely-used Jeryl Lynn strain varies from
88% (95%CI: 63—-96%)'® to 95% (95%CI: 93-96%)." Patients
who have received two MMR doses containing this strain have
a lower probability of presenting mumps than unvaccinated
patients. In our study, 89 patients had received the MMR vaccine
(24 one dose and 65 two doses). In 78.5% (51) of patients who
had received two doses of MMR, the sample had been collected
in the first 2 days after the onset of swelling. In the other 14
patients, the sample was collected 3 days after swelling onset and
viruses were detected in 7 (6 EBV and 1 PIV3) of these patients.
This suggests that 57.4% (58/101) of cases classified as suspected
mumps cases were not caused by the mumps virus.

These criteria might also be used to assess patients who have
received one dose of MMR vaccine and unvaccinated patients

whose oral sample was collected on the first day after the onset of
swelling (10 patients with 1 MMR dose and 5 unvaccinated). In
this case, the probability that patients did not have mumps virus
infection would increase to 72.3% (73/101).

It is possible that some study patients did have mumps, even
though the RT-PCR result was negative. In 27 patients, saliva
was collected =3 days after the onset of swelling and other viruses
were detected in 11 of these patients (9 EBV, 1 PIV2 and 1 PIV3);
no virus was detected in the remaining 16 patients. In these cases
(16%) mumps cannot be ruled out and the cases should be clas-
sified as suspected cases of mumps with false negative RT-PCR
results’™! (Table 3).

Some authors have suggested that a loss of immunity could
explain the presence of mumps in people vaccinated with the
MMR vaccine.”?* Our results show that 60% of patients were
aged <8y, were vaccinated at one year or after, and had no defi-
ciencies in the humoral response.” Therefore, it seems unlikely
that secondary vaccine failure (waning of immunity) or primary
vaccine failure could be associated with mumps virus infection.

Finland is the only country where mumps has been eliminated

25,26

using a two-dose MMR policy.”?* However, mumps is endemic
throughout the world, achieving elimination is considered dif-
ficult, and current goals center on reduction.””*® To evaluate the
objectives of control and/or elimination of mumps, appropriate
and timely surveillance of reported cases, and scientifically-rel-
evant homogeneous case definitions are necessary. At present,
sporadic suspected cases of mumps are generally assumed to be
caused by the mumps virus, even when laboratory tests are nega-
tive. It is crucial to distinguish between mumps and other dis-
eases causing parotitis. Our results show that 72% of suspected
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Figure 1. Distribution of viruses detected in samples with a negative result for mumps. Barcelona-South Health Region, 2007-2011.
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cases were probably not mumps. If these data are extrapolated
to the whole of Catalonia, 265 of the 367 cases classified as sus-
pected mumps during the study period would probably not be
true mumps infections.”’

There are no unified criteria for the definition and classi-
fication of mumps cases in developed countries.*** The 2012
European Centre for Disease Prevention and Control defini-
tion incorporated the presence of fever in the case definition of
mumps.” In the present study, 63 cases of mumps were confirmed
by RT-PCR during the study period, of which 49% (31/63) did
not present fever. Therefore, these cases would not be considered
true cases of mumps if this criterion were applied.

The strength of this study is that all reported cases were
exhaustively investigated and no epidemiological link was found
in any case: therefore, they may be considered true sporadic cases.

A limitation of the study is the possibility that other viruses
which were not tested for could have contributed to the clinical
manifestations in our patients, and that, in reality, the number
of cases positive for viruses other than mumps may have been
higher. Likewise, an etiologic relationship between all the viruses
detected and parotitis should not be assumed, as the carriage rate
among similar healthy individuals is unknown.’

In conclusion, in a high proportion of suspected sporadic
cases of mumps reported to public health services a possible etio-
logic origin due to other viruses was found. To correctly rule out
the etiology of mumps in sporadic cases with negative RT-PCR
results, other viruses should be investigated when oral samples
are collected after the first two days of swelling. This is espe-
cially important because most possible patients have received the
MMR vaccine.
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Materials and methods

Setting and study period

The study was performed in the
Barcelona-South  Health  region
between 2007 and 2011. The mean
population in this period was
1290525. In the study period, 209
cases of mumps were reported, of
which 85 were confirmed cases (63
laboratory confirmed and 22 epide-
miologically linked to a confirmed

case), and 124 were suspected cases.
The median incidence rate was
2.4/100000 persons-year; range 1.8

EBV

BPIV1 EBPIV2 EPIV3 BAdV HEnW BHEInVA O Coinfection

- 7.1/100000 persons-year. In 2007,

O No virus detection ‘

there was a mumps epidemic, while

the years 2008-2011 were interepi-

2007-2011.

Figure 2. Distribution of viruses detected according to month of onset. Barcelona-South Health Region,

demic years.

Table 2. Characteristics of suspected sporadic cases of parotitis according to the virus detected. Barcelona-South Health Region, 2007-2011

. . Male sex, Unilateral mumps or other Seasonal
Vi M F , No. (¥ .
irus detected n edian age (range) No. (%) salivary gland, No. (%) ever, No. (%) presentation
EBV 25 6y (1-38y) 18 (72%) 19 (76%) 10 (40%) No
Yes
PIV3 8 45y (8mo-13y) 3(37.5%) 8 (100%) 3(37.5%) Spring (4)
Summer (4)
PIV2 4 9y (5-10y) 3 (75%) 4 (100%) 1(25%) ves
Autumn
Yes
AdV 4 6.5y (3-12y) 2 (50%) 3 (75%) 2 (50%) Spring (2)
Summer (2)
PIV1 1 5y 1(100%) 1(100%) 0 (0%) ves
Autumn
InVvA 1 6y 1(100%) 1(100%) 1(100%) ves
Winter
Ye
EV 1 3y 0 (0%) 0 (0%) 0 (0%) es
Summer
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Table 3. Distribution of suspected cases of parotitis according to the timing of collection of salivary samples and

MMR vaccination status. Barcelona-South Health Region, 2007- 2011

nested-PCR assay amplify-

ing the SH gene.*
2 MMR doses (n = 65) 1 MMR dose (n = 24) Unvaccinated Total In cases. where RT-PCR
MMR (n=10) was negative for mumps,
EBV and respiratory viruses
Jiming of sali vi No vi Vi Novi vi Novi were tested for. EBV was

Iming of salivary Irus O VIrus Irus O VIrus Irus O VIrus . .

sample collection detected | detected | detected | detected | detected | detected 1n\./est1gated by RT-PCR
using the EBVQ-PCR Alert
: Amplimix Kit (Nanogen®).
First day v 2 4 3 3 2 >3 For = respiratory viruses,
Second day 7 6 4 2 1 1 21 two independent muldi-
Third day 7 5 2 2 0 0 16 plex reverse transcription
Fourth or more days 0 2 2 2 0 3 9* nested-PCR assays able to

* In 2 additional cases the vaccination status was unknown. Both cases were negative for the viruses tested.

Cases of parotitis were investigated by field epidemiologists
according to routine procedures for the investigation of mumps
cases.”” The case definition of a suspected case of mumps was
acute onset of unilateral or bilateral swelling of the parotid or
other salivary glands lasting at least 2 d, without laboratory con-
firmation of mumps. Information on age, sex, onset date of par-
otitis, vaccination status, date of sample collection and diagnostic
tests were collected as part of the epidemiological case study. A
suspected case was considered sporadic if the patient was not
epidemiologically linked to a laboratory-confirmed case or to
another case of parotitis.

Patient selection

All suspected sporadic cases of mumps reported between 2007
and 2011 in the Barcelona-South Health region for which saliva
samples were available were included in the study (n = 101). All
cases included were negative for mumps RT-PCR in salivary
samples.

Laboratory methods

Viral genomic RNA and DNA was extracted from a total
volume of 200 pl of sample, by the guanidinium thiocyanate
extraction method using an EasyMag extractor. The lysis buf-
fer included an internal control in each reaction tube to exclude
false-negative results due to non-specific inhibitors or extraction
failure.

Mumps virus infection was assessed in oral samples by one-
step RT-PCR, amplifying a region located in the fusion (F) gene,
as described previously.” The analytical sensitivity of this assay is,
on average, 100-fold greater than the previously widely-used RT

detect from 1 to 10 copies
of viral genomes were per-
formed as described previ-
ously.*? We used specific
primers for InV types A, B and C, respiratory syncytial virus
(RSV) type A and B, and adenovirus in one RT-PCR assay, and
specific primers for PIV 1, 2, 3, and 4, coronavirus 229E and
OC43, and for generic detection of rhinovirus and enterovirus
in another RT-PCR assay. In each assay, negative (viral trans-
port medium containing no nucleic acid) and positive controls
(cDNA obtained from our viral lysates or from reference strains)
were treated with the same procedure.

Statistical methods

Proportions were compared using the x* test or Fisher exact
test (when indicated). Means were compared using the Student’s
¢ test. The level of statistical significance was established as an a
error of 0.05. The analyses were performed using the SPSS v18.0
for Windows and Epistat statistical packages.
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