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Identification and description of mumps cases in a non-outbreak setting and
evaluation of the effectiveness of mumps-containing vaccines over time

Ousseny Zerbo, Sharareh Modaressi, Julia R. Glanternik @, Kristin Goddard, Pat Ross, Ned Lewis, and Nicola P. Klein
Vaccine Study Center, Division of Research, Kaiser Permanente, Oakland, CA, USA
ABSTRACT ARTICLE HISTORY

Mumps outbreaks among previously vaccinated young adults raise concerns regarding waning vaccine Recgived 27 February 2020
immunity. This study identified, described and assessed the changing incidence of mumps cases  Revised 23 March 2020

following mumps-containing vaccination (MMR/MMRYV) in a non-mumps outbreak setting. Potential Accepted 8 April 2020
cases between 1996 and 2018 were identified by the international classification of disease codes or  keyworbps

by mumps laboratory test orders among Kaiser Permanente Northern California members. Medical Mumps; MMR; MMRV;
charts were reviewed to confirm diagnoses, timing relative to vaccination and clinical characteristics. waning vaccine immunity;

Among 474 potential cases, 257 (54.2%) were confirmed after chart review. A third of the cases were time since vaccination;
<10 years old at diagnosis and 48% were over 25 years. Most cases (92.2%) had parotitis and 5% of mumps rates

males had orchitis. Mumps rates decreased from 8.5 to 1.8/1,000,000 person-years as time since

the second MMR/MMRYV dose increased from <2 years to >10 years. Similarly, rates decreased from

16.3 to 3/1,000,000 person-years after at least 1 dose of MMR/MMRYV. Mumps rates were higher among

children aged <10 years compared with older age groups. In conclusion, in the context of a non-

outbreak setting, this study suggests that waning of vaccine immunity to mumps appeared to have

minimal clinical impact.

Introduction adults aged 18-24 years on college campuses or in settings
where people reside in close contact.””'” As a result, the
ACIP, during its October 2017 meeting, recommended
a third dose of a mumps virus-containing vaccine for
persons previously vaccinated with 2 doses who are iden-
tified by public health authorities as being part of a group
or population at increased risk for acquiring mumps
because of an outbreak.'®

The shift in the epidemiology of mumps during recent
outbreaks has raised concerns regarding the long-term effec-
tiveness of the MMR/MMRV vaccine to protect against
mumps. Studies conducted during outbreaks among college
students or people living in close contact suggest that waning
of the mumps component of the MMR/MMRYV vaccine may
have contributed to the outbreaks because most cases were
fully vaccinated several years prior.””®'*'>!"1%?2 Some pre-
vious studies estimated that the odds of mumps increased by
10%36% for every year that had passed since the second dose
of MMR.**** Other studies suggested a significant risk
increase 10 years after receiving a measles-containing
vaccine.*?!

There are limited data on the waning of mumps vaccine
immunity in a non-outbreak setting>** It is not clear
whether rates of mumps increase in a non-outbreak setting
as the time since vaccination increases. The objective of this
study was to identify and describe mumps cases in a non-
outbreak setting, and to assess the changing incidence of
mumps over 20 years following MMR/MMRYV vaccination.

Mumps is a contagious vaccine-preventable viral disease,
usually spread through saliva or mucus from the mouth,
nose, or throat. The most common clinical presentation in
symptomatic cases is parotitis. Other nonspecific symptoms
include fever, headache, myalgia, and malaise. Prior to the
widespread use of mumps-containing vaccines, the infection
can be asymptomatic in about 30% of those who become
infected'. Generally, the disease is mild, but serious complica-
tions such as orchitis, encephalitis, and deafness can occur.

In the pre-vaccine era, there were approximately 186,000 cases
reported each year in the US>’ Following the institution of
routine mumps vaccination in 1967, mumps cases decreased by
99% in the US, and annual mumps cases continued to decline
following the expansion of the measles mumps and rubella
(MMR) vaccine program in 1989.* As part of the childhood
immunization schedule, currently, the Advisory Committee on
Immunization Practice (ACIP) in the US. recommends one dose
of MMR or measles mumps, rubella and varicella vaccine
(MMRYV) at ages 12-15 months and a second dose at ages
4-6 years.

Despite high coverage of the recommended two doses
of MMR/MMRYV vaccine (~94% among US. children
entering kindergarten),” the US, and other developed
countries have seen mumps outbreaks in recent
years.>*'* Recent mumps outbreaks have seen a shift in
the burden of disease away from traditional unvaccinated
young children toward vaccinated adolescents and young
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Materials and methods
Study setting, population, and design

The study setting was Kaiser Permanente Northern California
(KPNC), an integrated healthcare delivery organization that
provides comprehensive care to approximately 4 million
members. Members receive almost all medical care at KPNC-
owned facilities, including clinics, hospitals, pharmacies, and
laboratories. Members receive all their routine vaccinations
free of charge. KPNC members are similar to the broad
catchment population in Northern California in terms of
sociodemographic characteristics, except the extremes of
income distribution are underrepresented.*

We conducted a retrospective cohort study among KPNC
members to identify and describe mumps cases diagnosed
between January 1, 1996 and December 31, 2018. Potential
mumps cases were identified by International Classification of
Disease (ICD) 9" edition code 072, ICD 10" edition code B26
or by laboratory test orders for mumps (polymerase chain
reaction [PCR] or serology). We reviewed the electronic and
paper medical charts of all potential cases to confirm diag-
noses, minimize or avoid false-positive diagnoses and to
determine the onset date of mumps and vaccination date.
Chart reviews were conducted by trained medical chart
abstractors using a standard form, followed by reviews from
three members of the research team, including a physician
researcher, to determine final case status. Final determination
was made regardless of whether the patient had a laboratory
confirmation. We also collected clinical characteristics on all
confirmed cases. We required that cases be KPNC members
in the year the diagnosis was made.

Statistical analysis

In the context of a non-outbreak, the number of mumps cases
was low and did not allow for direct estimation of waning
vaccine effectiveness. Instead, we calculated mumps incidence
rates in relation to time since the last MMR/MMRV

vaccination for at least one and for two doses as an indication
of whether mumps vaccine immunity wanes over time. Time
since last MMR/MMRYV vaccine dose was categorized as
<2 years, 2 to <5 years, 5 to <10 years, and =10 years. The
numerator of the rate for each time category was the number
of mumps cases and the denominator (person-years) was the
sum of all KPNC members as of mid-June of each year across
that specific time period. An increase in rates as the time from
vaccination increased would suggest waning of vaccine immu-
nity. We also described the sociodemographic and clinical
characteristics of confirmed cases.

The study was approved by the KPNC Institutional Review
Board with a waiver of written informed consent because the
study had no direct contact with study participants.

Results

We identified 474 potential mumps cases between 1996 and
2018. After the medical chart review, 257 (54.2%) cases were
confirmed (Figure 1). Of these, 170 (66%) were confirmed
clinically without a laboratory test and 87 (34%) were con-
firmed by clinical symptoms and a positive laboratory test.
Among the 87 cases with laboratory results, 66 (75.9%) were
identified after a serology test and 21 (24.1%) after a PCR test.
Mumps cases were 42.8% female and mean age was 26.5 years.
About a third of the cases were <10 years old, 48% were over
25 years old and few were between the ages of 14-24 years
(Table 1). Clinically, most cases (92.2%) had parotitis and
5.4% of males had orchitis (Table 2). There were no cases of
mumps encephalitis or meningitis.

MMR/MMRYV vaccination status was not available for half
the cases. Of those with vaccination information, 28 cases
(10.9%) received only 1 dose, 99 (38.5) received 2 doses and
3 (1.2%) received 3 doses. Vaccination dates were available for
115 (44.7%) mumps cases with at least 1 dose (Table 2). Most
mumps cases were diagnosed within 5 years of receiving
either one or two doses of MMR/MMRYV (Table 3). Among
people with vaccine information, regardless of whether one or

Possible and suspected mumps cases identified by ICD 9/10 and Laboratory test orders
N=474

Clinical diagnosis without
laboraatory test

N=170

Clinical diagnosis plus
laboratory test

N=87

Not mumps cases by clinical
symptoms after chart reviews or
laboratory test negative for mumps
N=217

N= 257

Mumps confirmed cases by clinical symptoms after chart
reviews or positive laboratory test for mumps

Figure 1. Legend: Identification of mumps cases: Kaiser Permanente Northern California 1996-2018.



Table 1. Socio-demographic characteristics of mumps cases. Kaiser Permanente
Northern California, 1996-2018.

Characteristics

Mumps cases (N = 257)

Sex n (%)
Females 110 (42.8)
Males n (%) 147 (57.2)
Mean age at diagnosis (SD) 26.5 (21.0)
Age (years) categories at diagnosis n (%)
Age 04 37 (14.4)
Age 59 49 (19.1)
Age 1013 22 (8.6)
Age 1417 8 (3.1)
Age 1824 18 (7.0)
Age 2540 56 (21.8)
Age 40+ 67 (26.1)
Race/ethnicity n (%)
Asian 60 (23.4)
Black 23 (9.0)
Hispanic 55 (21.4)
White non-Hispanic 87 (33.9)
Others 32 (12.5)
Years of diagnosis n (%)
1996 - 2000 34 (13.2)
2001 - 2005 18 (7.0)
2006 - 20010 70 (27.2)
2011 - 2015 58 (22.6)
2016 - 2018 77 (30.0)

Table 2. Clinical characteristics of mumps cases. Kaiser Permanente Northern
California, 1996-2018.

Mumps cases

Clinical Characteristics (N = 257)
Parotitis 237 (92.2)
Fever 106 (41.5)
Malaise 41 (16.0)
Ear pain 33 (12.8)
Headache 25 (9.7)
Myalgia 21 (8.2)
Orchitis (males only) 8 (5.4)
Number of MMR/MMRV vaccine dose received
0 or unknown 127 (49.4)
1 28 (10.9)
2 99 (38.5)
3 3(1.2)
Known vaccination date for both doses of MMR/ 74 (28.8)
MMRV
Known vaccination date for at least 1 dose of MMR/ 115 (44.7)
MMRV

two of doses of MMR/MMRV were administered, mumps
rates decreased from 16.3 to 3/1,000,000 person-years as
time since vaccination increased from <2 years to =10 years
(Table 3). Similarly, after the 27 dose, mumps rates declined
from 8.5 to 1.8/1,000,000 person-years as time since vaccina-
tion increased from <2 years to 210 years. Mumps rates varied
by age and by time since vaccination. Those aged <10 years
and 15-19 years had higher rates of mumps shortly after
vaccination (<2 years) than they did following longer times
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since vaccination (2- <5 years or 5 - <10 years) (Supplemental
Table).

Discussion

In the context of non-outbreak settings, within a large geo-
graphically diverse population of all ages and living situations
receiving routine health care mumps was rarely diagnosed.
Despite KPNC’s current annual membership of >4 million
people, our study identified only 474 potential cases over a 22-
year study period. Further, mumps rates were high within 2
years or less after a dose of MMR/MMRV vaccine and
decreased as the time from vaccine increased. This finding is
in contrast to previous studies conducted in the context of
mumps outbreaks®*”** showing an increased risk of mumps
as the time from last vaccine dose increased. If vaccine immu-
nity waned substantially over time, we would expect to see an
increase in rates of mumps as the time from vaccination
increased rather than seeing a decrease in rates.

Our results are similar to those of some recent studies that
did not find strong evidence of waning in non-outbreak set-
tings. A prospective study that analyzed blood samples from
98 subjects 7 years and 17 years after the second dose of
mumps-containing vaccine found no statistical difference in
total mumps virus-specific IgG levels between the two time
points.”® Similarly, Date et al. also reported a non-significant
lower geometric mean of mumps virus-neutralizing antibo-
dies >16 years after vaccination compared to 1-5 years after
vaccination.””  Although immune correlates of protection
against mumps have not been defined, virus-neutralizing anti-
body may be a plausible marker. Non-significant differences
in antibodies levels as time since vaccine increases may sug-
gest that antibody titers do not significantly wane.

Studies have reported that time since vaccination is a risk
factor for mumps acquisition,'>'*"***® however this may not
be the only factor. Previous mumps outbreaks occurred in
closed-contact or crowded settings without the substantial
transmission in the greater community. Thus, prolonged
direct contact with the mumps virus in a vaccinated popula-
tion with a vaccine that has less than 100% efficacy might
overwhelm the protection provided by the vaccine, leading to
a possible outbreak.”” While some studies®™*' have proposed
immune escape by circulating mumps viruses as
a contributing factor for current outbreaks, other studies did
not find evidence that this plays a strong role in the occur-
rence of mumps outbreaks.”>>* More studies are needed to
determine the root cause of mumps outbreaks.>

Table 3. Mumps rates by time since last measles, mumps and rubella/measle, mumps rubella, and varicella vaccine. Kaiser Permanente Northern California,

1996-2018.
Person-years included in the ~ Mumps cases Person-years included in the Mumps cases

Years since estimation of the rates of after at least1 Mumps rate/ estimation of the rates of  after 2" dose Mumps rate/

last MMR/  mumps after at least 1 dose of dose of MMR/ 1,000,000 person-years mumps after 2 doses of of MMR/ 1,000,000 person-years
MMRV dose MMR/MMRV MMRV (95% Cl) after 1 or 2 MMR/MMRV MMRV (95% Cl) after 2nd
(Years) Total = 19,51,8373 N =115 doses of MMR/MMRV Total = 18,146,147 N=74 dose of MMR/MMRV
<2 1,967,386 32 16.3 (11.3-22.7) 2,597,002 22 8.5 (5.4-12.6)

2- <5 6,267,176 44 7.0 (5.2-9.3) 4,543,559 27 5.9 (4.0-8.5)

5- <10 4,977,745 20 3.6 (2.5-6.1) 4,827,840 14 2.9 (1.7-4.8)

> 10 6,306,066 19 3.0 (1.9-4.6) 6,177,746 1" 1.8 (0.9-3.1)
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Consistent with previous epidemiological studies that have
reported a high burden of disease among young adults,*** our
study similarly found that a high proportion of the cases were
<10 years of age or =25 years of age. Our observation that
there was a high rate of mumps among the younger age group
within 2 years following vaccination may be related to vaccine
failure rather than waning. However, follow-up studies with
immunological data would be necessary to confirm.

To the best of our knowledge, this is the first study to
identify and describe mumps cases and determine rates in
a non-outbreak setting. The study was strengthened by the
long follow-up time and the availability of medical histories
which allowed for a thorough review to confirm diagnosis and
timing of diagnosis in relation to vaccination. Furthermore,
the study included people from all ages and race/ethnicity
living in different settings across northern California.
Finally, we chart reviewed every potential case, which was
a necessity since chart review confirmed only 54% of the
potential cases. This finding highlights that epidemiological
studies of mumps cannot rely solely on ICD codes to accu-
rately identify and confirm mumps cases. Future studies
should include a chart review of all potential cases identified
through ICD codes to minimize misclassification of cases.

Our study was limited by missing vaccination dates for
many of the mumps cases, which led to their total exclusion
from our rate calculations. Since nearly half our cases were
>25 years of age and MMR is recommended for ages 1 and
4-6 years, this was not unexpected. It is unlikely that these
exclusions significantly impacted mumps rates because we
only included people for whom we had vaccine information.
The proportion of cases between 18 and 24 years of age was
small in our study possibly because this age group might
receive their care at college health-care centers and may not
appear in our system if they are diagnosed with mumps at
school. The small number of cases with complete vaccine data
did not allow us to directly assess for waning using regression
analyses. Our findings that rates of mumps did not increase
with time since vaccination assumed that exposure to mumps
viruses did not vary significantly by age group. We were not
able to verify this assumption in the present study. Finally, we
may have missed some cases because we only included medi-
cally attended cases. Subclinical and mild cases that did not
seek care were misclassified as non-cases, which may have
attenuated our rate estimates.

Conclusion

This study found that within a health-care setting providing
routine clinical care over a 22-year time period, mumps was
rarely diagnosed. In this study, we did not see evidence of
increased rates of mumps as the time from vaccination
increased. In the context of a non-outbreak setting, this
study suggests that waning of vaccine immunity to mumps
appeared to have minimal clinical impact.
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