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Introduction

With the licensure of a live, attenuated mumps-virus 
vaccine in the United States in 1967 and its introduction in 
the immunization schedule a decline in the number of mumps 
cases was noted. Further decline was seen with the introduction 
of the measles, mumps, and rubella (MMR) vaccine (licensed 
in 1971 containing the Jeryl Lynn mumps strain) and the two-
dose schedule (1989) in response to the measles resurgence of 
1989 and for mumps control in 2006.1,2 The current schedule 
for mumps-containing vaccine is first dose to be given at 12 mo 
of age and the second dose at 4–6 y of age. However, mumps 
outbreaks among high two-dose vaccinated populations have 
been recently reported in literature, both within the United 
States and internationally.3-8

In New York State, school immunization laws for measles, 
mumps, and rubella have been implemented since 1968.9 In 
1989, Public Health Law (PHL) (Section 2165) was enacted to 

require students attending post-secondary institutions who were 
born on or after January 1, 1957, to have 2 doses of measles, 
1 dose of mumps and 1 dose of rubella vaccine. In 1990, PHL 
(Section 2164) was amended to require any Kindergartener and 
new enterer in grades 1–12 who was born on or after January 1, 
1985, to have adequate doses of vaccine against measles, mumps, 
and rubella.

In 2009–2010, New York State experienced the largest 
mumps outbreak in the state since the implementation of school 
immunization laws for mumps in 1968. This mumps outbreak, 
a part of the Northeastern United States mumps outbreak,10 
primarily affected members of an Orthodox Jewish community 
with high two-dose MMR vaccine coverage. One such affected 
area in New York State was a village in Orange County (OC), 
with a predominantly Orthodox Jewish population. The OC 
village outbreak was seeded when 7 village residents developed 
mumps after being exposed in Brooklyn, New York City, in 
September 2009. By the end of December 2009, approximately 
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Studies assessing the economic burden of a mumps outbreak in a highly vaccinated population are limited. The 
Orange County Health Department (OCHD), New York State Department of Health (NYS DOH), and the Centers for Disease 
Control and Prevention conducted a mumps investigation in an affected village with a highly vaccinated population. To 
understand the epidemiology, standardized mumps case definition and active surveillance were used to identify mumps 
cases. In addition, an economic assessment of a combined outbreak investigation and third dose measles-mumps-rubella 
(MMR) vaccine intervention conducted by OCHD and NYS DOH was performed; estimated by retrospectively evaluating 
public health response-related activities including use of a third dose of MMR vaccine. From September 24, 2009, through 
June 15, 2010, 790 mumps cases were reported—64% were male and highest attack rate was among 11–17 year age 
group (99.1 cases per 1000 individuals). Of the 658 cases with known vaccination history, 83.6% had documentation of 
2 doses of mumps containing vaccine. No deaths were reported. The 2 major exposure settings were schools (71.8%) and 
households (22.5%). Approximately 7736 h of public health personnel time were expended with the total approximate 
cost of US $463 000, including US $34 392 for MMR vaccine—the estimated cost per household was US $827. Mumps 
continues to be endemic in many parts of the world, resulting in importations into the United States. Large mumps 
outbreaks similar to this in highly vaccinated populations may require considerable investigation and control activities.
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20% of all reported Northeastern United States mumps outbreak 
cases were from Orange County.

In the decade prior to 2009 in New York State a median of 
12 mumps cases per year (range: 3–51 cases) were reported. Two 
peaks were noted, one in 2005 which occurred in a summer camp 
(n = 32) and another in 2006 when there was a general increase in 
the national number of cases reported (n = 51).11-17 The National 
Immunization Survey (NIS), a telephone survey, conducted by 
the Centers for Disease Control and Prevention (CDC), monitors 
childhood immunization coverage, the target population being 
children aged 19–35 mo. Based on the NIS, the MMR vaccine 
coverage for 19–35 mo olds (≥1 dose) in New York State (except 
New York City) during the same time period was persistently over 
80% (average: 85.4%; range: 81.8–95.3%) except for 2008 when 
it was below 80%.18 The reported MMR vaccine coverage, as per 
NIS, for adolescents aged 13–17 y (≥2 doses) during the years 
2008 and 2009 was 92.4% and 93.6% respectively indicating 
a highly vaccinated population.18 In the OC village where the 
mumps outbreak occurred, a school immunization audit of 
3 religious schools, conducted during December 2009-February 
2010 as part of a third dose MMR vaccine intervention, showed the 
weighted average two-dose vaccine coverage to be 94.3%.19 This 
indicated a highly vaccinated population—98% of the children in 
the affected OC village attended the 3 religious schools.

In the United States, mumps is a reportable disease. State and 
local health departments in the United States have jurisdiction over 

outbreaks within their borders and take the lead in investigating 
outbreaks and implementing control measures to reduce spread of 
the disease. States may invite CDC to assist with an investigation 
when additional expertise, capacity, or resources are needed. As 
part of the public health response, an outbreak investigation was 
conducted to understand the epidemiology of a mumps outbreak 
in a highly-vaccinated population. The well-defined population 
as well as the collaboration among the village and county, state, 
and federal public health departments provided the ideal setting 
for investigating this outbreak. The public health response also 
included a third dose MMR vaccine intervention with follow-up 
survey. The third dose MMR vaccine intervention and follow-up, 
undertaken with Institutional Review Board (IRB) approval from 
CDC and New York State Department of Health (NYSDOH), 
have been described elsewhere.19 At the time of the outbreak a 
third dose of MMR vaccine was not a part of the standard public 
health response nor was it a routine recommendation. In addition 
to the epidemiology of the OC village mumps outbreak described 
herein, we retrospectively assessed the economic burden for local 
and state public health institutions of a combined outbreak 
investigation and third dose MMR vaccine intervention. Limited 
information is available concerning the economic burden to 
public health during a third dose response. The epidemiological 
investigation and the economic assessment of an infectious disease 
outbreak as well as the related interventions help understand the 
use of resources and aid in policy and planning.

Figure 1. Epidemiological curve of the mumps outbreak in Orange County village by Sex, New York, 2009–2010 (n = 790) .
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Table 1. Characteristics of reported mumps cases, Orange County, New 
York, 2009–2010 (n = 790) (continued)

Characteristics n (%)

Age (y)

<1 6 (0.8)

1–5 60 (7.6)

6–10 186 (23.5)

11–17 338 (42.8)

18–24 117 (14.8)

25–34 55 (7.0)

≥35 28 (3.5)

Sex

Female 282 (35.7)

Male 508 (64.3)

Documented Vaccine History (n = 658)

0 dose 44 (6.7)

1 dose 64 (9.7)

2 doses 550 (83.6)

Clinical Presentation and Complications

Parotitis 790 (100)

Orchitis* (n = 312) 20 (6.4)

Meningititis 2 (0.3)**

Hospitalization 1

Orchitis* and vaccination status

0 dose (n = 5) 1 (20)

1 dose (n = 12) 0

2 doses (n = 228) 14 (6.1)

Unknown vaccination status (n = 67) 5 (7.5)

Time from vaccination for those who received 
only 1 dose of MMR vaccine (n = 65)

Median (Range)
5.5 y (3 

mo–34.3 y)

<1 y 4 (6.2)

1–4 y 27 (41.5)

5–9 y 20 (30.8)

≥10 y 14 (21.5)

Time from last vaccination for those who 
received 2 doses of MMR vaccine (n = 532)

Median (Range)
8.7 y (3 

mo–19.7 y).

<1 y 9

1–4 y 97 (18.2)

5–9 y 221 (41.5) ±

10–14 y 168 (31.6)

15–19 y 37 (7.0)

Reported Source of transmission (n = 599)

School 430 (71.8)

*In males ≥12 y of age. **One case-patient had 2 documented doses of 
MMR vaccine; the other had unknown vaccination status. ±Majority of 
mumps cases were 11–17 y of age.

Results

Case reports
During September 24, 2009, through June 15, 2010 (the 

outbreak period), 790 mumps cases were reported to the OCHD 
(Fig. 1)—508 (64.0%) of the cases were male. The OC village 
outbreak was analogous to the overall Northeastern outbreak10: 
in that (1) the highest proportion of cases was among the 
11–17 y old age group, (2) males were predominantly affected, 
and (3) <10% of the case-patients had documented zero doses 
(Table 1). In the OC village, the highest attack rate was seen 
in 11–17 y age group (99.1 cases per 1000 individuals) followed 
by 6–10 y (53.8  per 1000 individuals), 18–24 y (48.2  per 
1000  individuals), and those at least 25 y of age (15.0 per 
1000  individuals). The age groups of less than 1 y and those 
1–5 y had the lowest attack rates—0.7 per 1000 individuals and 
13.6 per 1000 individuals respectively. Males had a higher attack 
rate than females (48.6 cases per 1000 vs. 29.0 cases per 1000).

The median age among the reported mumps cases in OC was 
14.1 y (range: 5.0 mo to 55.0 y). As parotitis was part of the case-
definition, all cases had parotitis. There were no reports of deaths. 
Among those with documented history of only 1 dose of MMR 
vaccine, the mean time since vaccination was 7.2 y (95% CI: 1.0 
to 13.9). Among those with the second dose of MMR vaccine, 
the mean time since vaccination was 8.5 y (95% CI: 4.6 to 12.3).

For cases with known reported exposure information, the 
2 major settings were school (71.8%) and household (22.5%) 
(Table  1). Only 3 of the 790 mumps cases reported in OC 
occurred in non-village residents; all were employed in the 
village. No secondary transmission was reported from the non-
village cases.

During this outbreak, of the 183 case-patients with 
documented 2 doses of MMR vaccine, 27 (15%) were found to be 
mumps IgM antibody positive while among the 17 case-patients 
with documented 1 dose of MMR vaccine, 2 (12%) were found 
to be mumps IgM antibody positive. The genotype G identified 
was similar to the rest of the Northeastern mumps outbreak 
as well as similar to the virus circulating during a concurrent 
mumps outbreak in the United Kingdom.10

Economic evaluation
We identified 42 public health personnel who participated in 

this outbreak response. Approximately 7736 h of personnel time 
were expended; of which 3656 h (47.3%) were by NYS DOH 
and 4080 h (52.7%) were by OCHD (Table 2). Among the main 
activities demanding personnel time were database analysis and 
report preparation (23.6%), case finding and isolation (16.5%), 
response planning and coordination (14.4%), and school based 
vaccination (12.4%). Overall, the total estimated cost was 
US$ 463 202 of which 89.0% was attributable to personnel costs 
including fringe benefits and overhead costs. The cost incurred 
by the OCHD was US$ 206 264 while the NYS DOH incurred 
US $256 938. A total of 1812 doses of MMR vaccine were 
provided during the outbreak, the cost of which was estimated 
to be US $34 392.19 Five-hundred and sixty households with 
mumps cases were contacted during the response; the estimated 
cost per household was US $827.
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Discussion

Outbreaks of mumps among highly vaccinated populations 
have mainly affected adolescents and young adults.4-6 A concern 
that always arises in such outbreaks is the documentation of 
mumps vaccine doses. The documentation of 2 doses of MMR 
vaccine in this outbreak is reliable as it was obtained from the 
state immunization registry or from the healthcare provider’s 
office or immunization records.

One of the hypotheses raised in literature regarding the 
occurrence of such outbreaks is the effectiveness of mumps 
vaccines that contain the Jeryl Lynn strain.20 For a single dose the 
effectiveness is 78% (median, range: 49–92%) and for 2 doses it 
is 88% (median, range: 66–95%).21,22 All the cases were village 
residents except for 3 case-patients who worked in the village. 
There was no secondary transmission to individuals who lived 
outside the village indicating that population immunity provided 
by high two-dose coverage levels of MMR vaccine may have been 
more effective in limiting transmission in a less crowded setting. 
It is also possible that the non-village residents were less likely to 
be exposed.

The role of waning immunity has been suggested in recent 
outbreaks among highly vaccinated populations.5,23 In Finland, 
where indigenous mumps has been declared to be eliminated, 
Davidkin et  al. were able to follow individuals who received 
the MMR vaccine.24 The authors found that 20 y after the 
first dose, 74% were seropositive for mumps (lower than 95% 
for measles and 100% for rubella). The authors also noted that 
during the first 8 y after the receipt of the second dose of MMR 
vaccine, there was a significant decline in antibodies for measles 
(50%), mumps (69%), and rubella (58%). Decline in mumps 
antibodies over time, including to levels described as seronegative 

10 yafter the second dose in 5% of study subjects, has also been 
demonstrated in the United States.25 In another study by Date 
et al., lower levels of neutralizing antibodies were observed among 
individuals who had received the second dose of MMR vaccine 
at least 15 y before.26 However there are currently no established 
immunologic correlates of mumps protection. Arguing against a 
key role of waning immunity in this outbreak was the fact that 
an increase in the number of cases among the older age groups 
was not evident as would have been expected if waning immunity 
played a major role. The lack of illness among the older age groups 
may have also been due to possible exposure to wild-type virus 
previously. As serological testing was not conducted prior to and 
after the outbreak, we are also unable to evaluate the protective 
threshold level of mumps IgG antibody. In the OC village, the 
larger household size in general and high-density settings such 
as schools may have resulted in transmission of mumps.27 In 
previously reported studies crowded educational settings such as 
schools, universities, and camps, have played an important role 
in transmission of mumps.5,28-33 No evidence has suggested that 
other factors such as handling changes and vaccine lots were risk 
factors for vaccine failure.

In the OC village mumps outbreak, a higher proportion 
of our cases were male. It has been reported that males in this 
community spent long hours studying in a communal setting 
at school where they faced each other as they studied.10,34 Since 
the first reported case was a young male attending one of the 
village schools, this likely facilitated initial outbreak transmission 
among males. Because in this community, schools are segregated 
by sex, there may have been less opportunity for transmission 
among the females, at least in the school environment. Behavior 
facilitating increased transmission of mumps has been reported 
in previous mumps outbreaks.35

Viral testing in a highly vaccinated population is of importance. 
In a highly vaccinated population, laboratory-confirmation of 
mumps can be challenging. In a previously vaccinated case the 
timing of serum collection and the choice of the assay are both 
important as these individuals may not produce adequate levels 
of detectable mumps-specific IgM.36 During this outbreak, of 
the 183 case-patients with documented 2 doses of MMR vaccine, 
27 (15%) were found to be mumps IgM antibody positive while 
among the 17 case-patients with documented 1 dose of MMR 
vaccine, 2 (12%) were found to be mumps IgM antibody positive. 
PCR testing was conducted initially but with the confirmation of 
the outbreak, it was stopped.

When routine control measures, such as isolation and 
vaccination of exposed contacts failed to control the outbreak, a 
third dose of MMR vaccine was provided to students in grades 
6–12 (11–17 y of age) in the 3 religious schools in the village. 
The school-based intervention was conducted over a 2-wk period 
(from January 19–February 2, 2010). The intervention, its impact 
and vaccine-related adverse events is described elsewhere.19,37

Studies assessing the economic burden of a mumps outbreak 
are limited. Most of the cost during an outbreak is driven by 
contact/case-finding as these activities take the most amounts of 
time and resources. The only other reported study where a third 

Table 1. Characteristics of reported mumps cases, Orange County, New 
York, 2009–2010 (n = 790) (continued)

Characteristics n (%)

Household/Family 135 (22.5)

Religious gathering 12 (2)

Workplace 11 (1.8)

Community 5 (0.8)

Unknown 3 (0.5)

Outside the community 2 (0.3)

Medical 1 (0.2)

Laboratory: Serology

IgM Positive (n = 39)
Mumps Vaccination status

0 dose 7 (18.0)

1 dose 2 (5.1)

2 doses 27 (69.2)

Unknown 3 (7.7)

*In males ≥12 y of age. **One case-patient had 2 documented doses of 
MMR vaccine; the other had unknown vaccination status. ±Majority of 
mumps cases were 11–17 y of age.



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com	H uman Vaccines & Immunotherapeutics	 1377

dose of MMR vaccine intervention was conducted was in Guam. 
In 2009–2010, 505 mumps cases were reported in a mumps 
outbreak among highly vaccinated population in Guam.38 In the 
public health response, 76 public health personnel were involved 
and approximately 8264 h of personnel time were spent. The cost 
for outbreak response and control was estimated to be $256 785 
overall with 93% costs spent by public health institutions. Based 
on the household study the estimated cost per household was US 
$761 compared with US $827 in our study. In 2007, Nova Scotia, 
Canada, experienced a mumps outbreak with 706 reported cases 

with at least 1 dose of mumps vaccine.39,40 The estimated cost 
for containment was US $2 396 295 which included vaccination 
costs, case management, and laboratory testing40; the cost per 
contact was estimated to be US $614. In comparison, the cost 
per contact in measles outbreaks in the United States ranges 
from US $120 to $546.41 However there are limitations to these 
estimates as they are based on outbreak location, as well as how 
the estimate is calculated.

Our study had several limitations. It is possible that once 
the outbreak was declared and that individuals understood that 

Table 2. Resource Utilization and direct costs of containing Mumps, Orange County, New York, 2009–2010

Orange County Health Department* New York State Health Department* Overall

Resource utilization

Number of responders 20 22 42

Hours per activity†

Planning and coordination 429 687 1116

Case confirmation &
isolation

1206 74 1280

Contact identification 549 - 549

School based vaccination 476 482 958

Specimen collection and lab
testing

- 920 920

Database analysis and report 1419 410 1829

Public and media
communication

1 206 207

Other ‡ - 877 877

Total personnel hours 4080 3656 7736

Vehicle Miles 1759 6975 8734

Lodging (days) - 49 49

MMR Vaccine (doses)§ - 1812 1812

IFA test kits¶ - 120 120

Costs (US $)

Personnel

Salary and wages 111 537 122 017 233 554

Fringe benefits 34 063 49 874 83 937

Overhead 59 802 35 054 94 856

MilesII 862 3418 4280

Lodging - 7194 7194

MMR Vaccine§lll - 34 392 34 392

IFA test kits and laboratory costs - 4166 4166

Other costs** - 825 825

Total Cost $206 264 256 938 463 202

*Dashes indicate “not applicable.” †Activities included case-finding and interviewing case-patients and tracing contacts planning and coordinating 
responses, vaccinating contacts, collecting specimens, encourage isolation and quarantines, developing and reports, answering public inquiries, 
and working with the media, analyzing databases, developing information for the public and preparing reports. ‡Other activities included data entry, 
immunization program (maintaining mumps surveillance and assessment of vaccine adverse events). §MMR vaccine intervention and associated cost. 
¶Specimen collection includes blood-collection kits, swabs, urine tests, and serologic tests for mumps IgM and IgG antibodies. IIUnitary mileage costs are 
at US $0.49 per mile. lllUnitary costs are from public sector prices of MMR vaccine at US$18.98 per dose (as September 2011) http://www.cdc.gov/vaccine/
program/vfc/cdc-vac-price-list.htm. **Other costs include tolls, meals.
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there was no treatment, the sick may not have sought medical 
care. Among many of the adult cases, vaccination status was 
unknown. This is probably due to lack of documentation rather 
than being unvaccinated. We did not assess the association 
between age at vaccination and protection as seroepidemiological 
information as well as vaccine coverage data for the village were 
not available. A seroepidemiology mumps study conducted in 
Europe (1996–2008) indicated that the one-dose MMR vaccine 
coverage of ≥ 90% as well as an interval of 4–8 y between doses 
were significantly associated with lower odds of an outbreak.42

The economic assessment in this study was not designed 
to distinguish costs from usual outbreak control activities 
from specific costs associated with the third dose intervention. 
The personnel time was assessed post-hoc rather than being 
systematically collected throughout the investigation. Also due to 
the active research investigation of this outbreak by NYS DOH 
and CDC staff it is possible that the resources allocated to the 
outbreak response were in excess of the actual requirement. Because 
our survey did not query about routine activities performed by 
responders, the amount of personnel hours and resources diverted 
for this outbreak investigation are considered a gross but close 
estimate of the real impact of the outbreak. Such evaluation is 
supported in part for the type of activities performed by responders 
in the investigation (e.g., active contact-tracing, screening for cases, 
etc.) and for the direct involvement of the NYS DOH. Recall 
bias related to costs incurred may have occurred but we tried to 
minimize this by collecting data from various time periods and 
specific tasks performed by responders. To emphasize the local and 
state perspective of the analysis we did not include costs incurred 
by the federal healthcare personnel. We also did not assess how the 
active outreach to healthcare providers affected the cost.

As long as mumps continues to be endemic in other regions 
of the world, importations to United States will continue to 
occur.43 Implementation of current vaccine policy has resulted 
in ≥96% decline in reported mumps cases since the pre-vaccine 
era. Thus maintaining high two-dose MMR vaccine coverage is 
essential to maintain measles and rubella elimination and mumps 
control in the United States. In 2013, CDC issued guidance for 
consideration of a third dose of MMR vaccine in outbreak settings 
based on certain criteria that would aid in decision-making.44 A 
general recommendation for a third dose was not made as data 
remain insufficient.44

An outbreak such as that in Orange County requires detailed 
investigation that can result in extensive public health effort. 
Studies are required to assess risk factors that can contribute to 
the transmission of mumps in a highly vaccinated population, the 
effectiveness of the current vaccine policy in different settings, the 
protective level of mumps antibodies, and the economic assessment 
of the burden on public health to provide guidance for policy.

Methods

Population
The affected village in OC, New York, had an estimated 

population of 20 175 in 2010 with a predominantly Orthodox 

Jewish population; the median age was 13.2 y and males 
comprised 51.8% of the population.45 The US Census reported 
an average household size of 5.7, twice the national average of 
2.6.45

Mumps case reports
Reporting of communicable diseases, including mumps, is 

mandated under New York State sanitary code.46 Physicians, 
nurses, laboratory directors, infection control practitioners, 
health care facilities, state institutions, and schools are required to 
report suspected and confirmed cases. In Orange County mumps 
cases were reported to the Orange County Health Department 
(OCHD). Active surveillance was instituted. Healthcare is 
provided mainly by 4 healthcare practices. In addition to 
healthcare provider reporting, active outreach to providers was 
conducted to identify new cases. Telephone follow-up to assess 
any other cases in households was also conducted. The cases, 
confirmed and probable, were then reported to the NYS DOH 
through the Communicable Disease Electronic Surveillance 
System (CDESS). The CDC received case reports through the 
National Notifiable Diseases Surveillance System (NNDSS).47 
The vaccination status of the cases was verified with health-
care providers, New York State Immunization Information 
System (NYSIIS) or child immunization records provided by 
the parents.

Mumps cases were classified according to the 2008 mumps 
definition of the Council of State and Territorial Epidemiologists 
(CSTE).48 A clinical case was defined as an illness with acute onset 
of the parotitis, lasting at least 2 d, and without other apparent 
cause. Clinically compatible illness was defined as that which 
may present as aseptic meningitis, encephalitis, hearing loss, 
orchitis, oophoritis, parotitis, or other salivary gland swelling, 
mastitis or pancreatitis. Laboratory confirmation included 
isolation of mumps virus from clinical specimen, or detection of 
mumps nucleic acid, or detection of mumps IgM antibody, or 
demonstration of a 4-fold increase in mumps IgG antibody titer. 
Mumps cases were then classified epidemiologically.48 A probable 
case was defined as that which meets the clinical case definition 
without laboratory confirmation and is epidemiologically linked 
to a clinically compatible case. A confirmed case was defined 
as a case that met the clinical case definition or had clinically 
compatible illness, and was either laboratory confirmed or was 
epidemiologically linked to a confirmed case. During the OC 
village mumps outbreak, laboratory testing ceased shortly after 
the outbreak was confirmed; cases were classified based on their 
epidemiological linkage. To identify the site of exposure for the 
cases, during the phone call, the respondents were queried about 
the most likely site. Hence only one site was entered in the line list. 
We also compared the characteristics of cases between OC village 
mumps outbreak to the overall Northeast mumps outbreak.10 
Attempts were made to identify probable cases exposed to the 
case during his/her infectious period.

Age groups were determined based upon required receipt of 
mumps containing vaccine and school and social structure. To 
calculate the mumps attack rate for each age group, the village 
population as indicated by the 2010 US census was used as the 
denominator. We estimated the number of individuals in each 
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age group. The number of reported cases were divided by the 
estimated number of individuals in that age group.

Laboratory testing
Testing was conducted by Wadsworth Center, NYS DOH, 

and CDC laboratories. Detection of IgM antibody to mumps 
virus was conducted at the Wadsworth Center, NYS DOH, 
using an in-house immunofluorescence assay (IFA) assay, a 
modification of the Scimedx Corporation Mumps IFA slides.49 
This assay was validated by comparison against the IgM ELISA 
to mumps virus nucleoprotein as performed at the CDC. The 
detection of mumps RNA by real-time reverse transcription-
polymerase chain reaction (rRT-PCR)50,51 and isolation of mumps 
virus in cell culture was conducted at the CDC Measles, mumps, 
rubella, and varicella laboratory. To identify the genotype, 
genetic analysis of mumps viruses was performed at CDC using 
standard method.52,53

Economic assessment
Using data from the county and state public health 

departments, we assessed the direct economic impact of 
response activities for this mumps outbreak, including the cost 
of the vaccine intervention. For this purpose, we retrospectively 
collected and analyzed information on response-related resources 
used and associated costs based on specific outbreak response 
activities. Activities required for the containment of the mumps 
outbreak included active surveillance, case confirmation, contact 
tracing, communication with other affected states, issuance of 
press releases to the relevant media, issuance of health advisories 
to all providers in Orange County, public health education of the 
local population, specimen collection and laboratory testing by 
the State and local health departments. Quarantine was strongly 
encouraged. An activity specific to this outbreak was the school-
based third dose vaccination (2 wk, January 19–February 2, 
2010) which included preparatory and follow-up activities such 
as baseline and follow-up surveys.11

Specifically we estimated the cost of personnel time and 
materials allocated to response activities including number of 
MMR vaccine doses administered and laboratory testing, and 
other direct costs related to logistics incurred by the NYS DOH 
and OCHD separately. The overall outbreak cost includes the 
cost of evaluation of use of a third dose of MMR vaccine for 
selected cohorts with a high two-dose vaccination history.

All costs are reported in 2010 US dollars. The study period 
was defined as October 1, 2009 (when active surveillance was 
instituted) through June 15, 2010 (when the outbreak ended). 

A standardized questionnaire was self-administered to personnel 
who participated in the outbreak response to assess time allotted 
to specific outbreak response activities.

Efforts were made to allocate personnel costs to specific 
activities. Once the number of personnel hours allocated to 
the response was calculated, we estimated the associated costs 
by using the reported gross hourly earnings for each individual, 
plus fringe benefits when available. Overhead costs were also 
estimated based on the number of person-hours and the overhead 
cost accounting method followed by each institution. Unitary 
mileage costs are at US $0.49 per mile. Unitary costs are from 
public sector prices of MMR vaccine at US $18.98 per dose.

With active surveillance in place, we tried to estimate the 
number of households contacted during this outbreak. We then 
estimated the cost per household.
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