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Introduction 
 

In one of the earliest case-control studies of ovarian cancer, West observed that women with the 
disease were less likely to report having had mumps compared to women with benign ovarian cysts(1), 
suggesting that childhood mumps might protect against the subsequent development of ovarian cancer.  
Since then, eight additional observational studies addressing mumps and ovarian cancer have been 
published(2-9); and, in all but two(2, 9), controls were more likely to report a history of mumps than cases, 
suggesting that mumps might be associated with lower ovarian cancer risk.  However, no credible biologic 
explanation was offered; and, as time passed and with the introduction of mumps vaccination in the late 
1960’s, the association between mumps and ovarian cancer was rendered seemingly irrelevant and largely 
forgotten.   

Recently, we have proposed and tested a new hypothesis which can unite many apparently unrelated 
ovarian cancer risk factors(10).  Protective risk factors may work through events that may raise immunity 
against normal cell molecules that may be abnormally expressed on cells and tissues and also later on 
nascent ovarian cancer cells making them targets of effective immunosurveillance.  As an example of such 
molecules, we have studied the cell surface glycoprotein and tumor associated antigen, mucin 1 (MUC1).  
MUC1 (CA 15.3) is a product of the mucin family of genes that also includes MUC16 (CA 125).  MUC1 is 
normally expressed at low levels and in an extensively glycosylated form on epithelia of the genito-urinary, 
respiratory, and digestive tracts as well as breast ducts. It is over-expressed in a hypoglycosylated 
(immunogenic) form in most adenocarcinomas, including breast and ovarian tumors.  We previously 
published that (acute) inflammatory events that affect tissues that normally express MUC1, like a tubal 
ligation or a breast mastitis, found to protect against ovarian cancer, might do so by causing overexpression 
of the hypoglycosylated form of MUC1 leading to an immune response and immune memory for the type of 
MUC1 later found on ovarian cancer cells(10).  Just as the presence of anti-MUC1 antibodies in cancer 
patients at diagnosis may be associated with a more favorable disease prognosis(11), pre-existing antibodies 
might prevent disease in the first place.  

Salivary glands also express a low level of the fully glycosylated form of MUC1(12) on the apical 
ductal surfaces.  We reasoned that abnormal expression of MUC1 during a mumps infection might induce 
anti-MUC1 immunity (measured by anti-MUC1 antibodies) and immune memory, giving  
a mechanistic explanation to the largely historic and phenomenological association between mumps and 
ovarian cancer.  In the current study, we sought to test this hypothesis by comparing levels of anti- 
MUC1 antibodies (as well as MUC1 and CA 125 antigens) in samples obtained from patients diagnosed with 
mumps versus healthy controls.    
 
BODY 
 
Methods 
Cases  

We surveyed several Regional and State Health Departments about the availability of specimens for 
research purposes from patients with a mumps infection.  Our final sample included a total of 161 patients 
with clinically diagnosed mumps parotitis from four different agencies, three contributed 149 paired samples 
(during the acute and convalescent phase of the infection) and one contributed single samples.  Thirty-nine 
paired samples were donated from patients with clinically diagnosed mumps parotitis who reported to the 
Health Protection Agency Centre for Infections (London, UK).   Fifty-two paired samples were obtained 
from the Specialist Virology Centre Edinburgh collected between fall 2004 and mid 2005.  These patients 
were predominantly young adults and older teenagers born before routine mumps immunization was 
introduced in the region.   Additionally, 58 paired serum samples collected from patients with confirmed or 
probable mumps infection during a 2007 outbreak were received from The Queen Elizabeth II Health 
Sciences Centre (Nova Scotia, Canada).  These included 35 paired sera from laboratory confirmed cases of 
mumps and 23 paired sera from patients with parotitis but low mumps titer.  Of these 23 samples, 18 had an 
epidemiologic link to a laboratory confirmed case.  Finally, 12 one-time samples obtained at an unknown 
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point of the mumps infection and collected between 2000 and 2008 were provided by the North Dakota 
Department of Public Health.  All samples were shipped to our laboratory on dry-ice via overnight courier.  
IRBs associated with the local Health departments or hospitals approved release of specimens without 
identifying information.  Only age, sex, and mumps viral titer (where available) were linked to the 
specimens; and they were therefore considered anonymized and exempt by the IRB at the Brigham and 
Women’s Hospital and University of Pittsburgh.  Table 1 summarizes details regarding these cases.   
 
Controls 

A total of 194 controls were obtained from four sites.  Twelve samples were received from the 
Department of Immunology at the University of Pittsburgh.  These were college-aged students who had been 
enrolled as controls in various studies in which response to a MUC1 peptide vaccine was being assessed.  A 
total of 67 single serum samples from participants of the health screening program (who did not have mumps 
parotitis) were obtained from the Queen Elizabeth II Health Sciences Centre (Nova Scotia, Canada).  In the 
course of surveying State Laboratories, the Illinois Department of public health indicated they could not 
provide mumps specimens but could supply 39 specimens from individuals who were healthy but sought to 
assess the status of their immunity to mumps.   Finally, 76 samples were collected from healthy volunteers in 
Boston from Research Blood Components, a commercial blood bank in Boston, MA where all blood donors 
must have been free of symptoms suggestive of a viral illness.  As with the mumps cases, all specimens were 
de-identified and linked only to age at collection and sex.    
 
Assays for anti-MUC1 antibodies. 

Anti-MUC1 antibodies were measured against a synthetic 100-mer MUC1 peptide corresponding to 
five tandem repeats of the MUC1 polypeptide core repeat region(10). Briefly, MUC1-coated Immulon wells 
(Dynax, Chantilly, VA) and peptide-negative plates were incubated overnight and washed three times with 
PBS before addition of 100 μl of 2.5% bovine serum albumin in PBS.  Serially diluted plasma (1:40 to 1:80 
in PBS) were added to MUC1-coated plates and incubated at  
room temperature.  Plates were washed 5x with 100 μl PBS and 0.1% Tween 20 detergent.  Alkaline 
phosphatase-labeled goat anti-human polyvalent IgM, IgG, IgA (50 μl) (Sigma-Aldrich, St. Louis, MO) 
diluted 1:1,000 was added before plates were again washed 5x with PBS-Tween.   Alkaline phosphatase 
substrate pNPP (100 μl) (Sigma-Aldrich) was added.  Plates were incubated before the stop solution (0.5 
mol/L NaOH) was added.  We used the MRX Revelation plate reader (Thermo Labsystems, Chantilly, VA) 
to read absorbance values at 405 to 410 nm, which were subtracted from absorbance values obtained from 
antigen-negative plates to account for nonspecific binding.   

Laboratory personnel were blinded to case/control status of the samples. Blood specimens from cases 
and controls as well as paired samples from the same participants were assayed on the same plate, which also 
included masked quality control samples (3 to 5 replicates per plate). Samples were assayed in two batches. 
Batch 1 included samples from London and controls from the University of Pittsburg, which were assayed in 
triplicate and in four dilutions (1:40, 1:80, 1:160, and 1:320).  Average values across triplicates were 
reported for each sample.  In order to increase the number of specimens per assay plate (and thus decrease 
inter-plate variability, samples in batch 2 (which included all the remaining study specimens) were assayed 
only in two dilutions (1:40 and 1:80).  Triplicates of each sample were assayed on different plates and 
average values of triplicates were reported for each sample.  The coefficients of variation for the batch 1 and 
2 positive controls were 18% and 4%, respectively.  The Spearman rank correlation between the 1:40 and 
1:80 dilutions was 0.95.  Readings at 1:40 were used for the current analysis.   
Assays for CA 125 and MUC1  

Serum levels of CA 125 and MUC1 were measured using electro-chemiluminescence (ECL) assays 
and Imager 2400 (Meso Scale Discovery, Gaithersburg, MD, USA).  The ECL platform allows assays using 
very small volumes and has been validated against traditional ELISA (13). The linearity ranges were 1.2 to 
5000 U/ml for the CA 125 and 0.98 to 4000 mU/ml for the MUC1 assay.  The serum samples were tested 
undiluted for the CA 125 and diluted 1:200 for the MUC1 assay. A positive quality control (QC) sample was 
run on each plate in duplicate. The QC sample had a mean CA 125 concentration of 450.47 U/ml and a mean 
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MUC1 concentration of 63.73 U/ml. The coefficient of variation was calculated as 100*(SD/average) for 
each assay plate and between plates. The intra-plate CV% for CA 125 varied from 2.2% to 13.1% with inter-
plate CV=9.1%. The intra-plate CV% for MUC1 varied from 0% to 4.7% with inter-plate CV=10.97%.  
Meta-analysis  

We conducted a systematic literature search of published studies reporting on the association between 
history of mumps parotitis and subsequent development of ovarian cancer.  On June of 2009, we searched 
MEDLINE (via PubMed), Web of Science and EMBASE using the search terms mumps, parotitis, ovarian 
neoplasms, ovarian cancer.  No limits on publication dates or on language were posed.  This search yielded 
a total of 34 references, nine of which referred to original contributions.  Of these, one(1) did not provide 
estimates for the association between mumps parotitis and ovarian cancer; and, therefore, was not included 
in the meta-analysis, allowing 8 studies to be included in the analysis.   We estimated a summary odds ratio 
of ovarian cancer and the associated 95% confidence interval across studies using a random effect model, 
which assumes that the true effects are normally distributed.(14) Statistical heterogeneity was assessed using 
the I2 statistic.  All p-values are two-sided with significance levels set at less than 0.05. 
 
Statistical Analyses 

The anti-MUC1 antibody, MUC1, and CA 125 distributions were skewed right, so we first log 
transformed the values to normalize their distributions.  After verifying that there were no significant  
differences, acute and convalescent values were averaged for sites where paired samples were available 
(London, Edinburgh, Nova Scotia). We examined geometric mean levels by case-control status and used t-
tests to assess differences by case-control status stratified by lab batch number, site, age and sex. We used 
linear regression to examine the mean difference in anti-MUC1 antibody or MUC1 and CA 125 antigen 
levels, adjusted for age, sex and lab batch.  For sites with continuous mumps titer data available (London and 
Edinburgh), we used Spearman rank correlations to assess the relationship between titer levels and anti-
MUC1 antibody levels.  Pearson correlations were used to examine the relationship between anti-MUC1 
antibody levels and MUC1 antigen levels.  The SAS version 9.1 statistical package (SAS Institute, Cary, 
NC) was used for all analyses. 
 
Results 
 

We identified eight epidemiologic studies that provided odds ratios for the association between 
mumps parotitis and ovarian cancer(2-8).  In all but two of these studies (2), controls were more likely to 
report a history of mumps than cases.  From these studies, using a random effects model, we estimated that 
the overall risk for ovarian cancer associated with history of mumps parotitis was 0.66 with 95% confidence 
interval of 0.47-0.91 (p = 0.01), suggesting that mumps is significantly and inversely associated with ovarian 
cancer risk (Figure 1).     No significant differences in anti-MUC1 antibody levels were observed 
between acute and convalescent specimens from those sites providing paired samples (see footnote to Table 
2).  Therefore, the values were averaged for each subject.  Geometric mean anti-MUC1 antibody levels are 
described in Table 2 by batch and mumps status.  There was a clear batch effect for the mumps samples run 
first with London cases and Pittsburgh controls; both groups having lower mean levels compared to the 
larger number of specimens run in the second batch.  Some variation was noted in anti-MUC1 antibody 
levels in mumps cases by the source of the specimens contributed to batch 2, but this reflected differences in 
the composition of the samples by age and sex further illustrated in Table 2.   In general, males had lower 
levels of anti-MUC1 antibodies than females and antibody levels appeared to decline with age in the male 
cases and controls.  In all age and sex categories from batch 2, the levels of anti-MUC1 antibodies were 
higher in the mumps cases compared to controls (p = 0.003).  As illustrated in Table 3, mumps was a 
significant predictor of higher anti-MUC1 antibody levels after adjustment for age and sex in generalized 
linear models either restricted to batch 2 data (p = 0.002) or in a second model which included batch 1 data, 
as well as a variable for batch in the model (p = 0.002).   The models confirmed that age and sex were also 
significant predictors with higher anti-MUC1 antibody levels in younger individuals and women.    
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We also examined whether CA 125 or MUC1 antigen levels differed between mumps cases and 
controls.  For many of the samples, including all of those from London and Edinburgh, there was insufficient 
volume remaining after the anti-MUC1 antibody measurement for the CA 125 and MUC1 measurements.  
No significant differences were observed for MUC1 levels but, as shown in Table 4, mumps cases had 
higher CA 125 levels than controls (p = 0.02).  Neither age nor sex influenced MUC1 or CA 125 levels in 
this small series.  No significant correlations were observed between mumps viral titers supplied for the 
London and Edinburgh cases and anti-MUC1 antibody levels (data not shown).  These were the same cases 
with insufficient volume to measure MUC1 and CA 125, so the correlations of the antigens with viral titers 
could not be examined.  We examined the correlation between anti-MUC1 antibody levels and MUC1 
antigen levels.  There was a weak but significant inverse correlation between antigen and antibody levels for 
mumps cases (r = -0.24, p = 0.05), but not controls (r = -0.09, p = 0.21).   

            
Discussion 
 

In this study, we found that sera from individuals during (or just after) symptomatic mumps parotitis 
have a significantly higher level of anti-MUC1 antibodies than sera from controls without active parotitis.  
Showing the relevance of this observation to ovarian cancer clearly requires background data that would link 
mumps, ovarian cancer, and anti-MUC1 antibodies.  In the introduction we briefly reviewed the 
epidemiologic data that history of childhood mumps parotitis was inversely associated with risk for ovarian 
cancer.  As part of this study we performed a meta-analysis of published studies to show the consistency of 
this observation and obtain an overall estimate of the effect.  In eight observational studies addressing the 
association, the summary odds ratio was 0.66 with 95% confidence limits of 0.47-0.91 (p = 0.01) suggesting 
a 34% decrease in risk for ovarian cancer associated with history of mumps parotitis.     

Despite epidemiologic evidence that mumps reduced the risk for ovarian cancer, this association has 
largely been forgotten, probably due to the lack of a plausible biologic explanation. We have presented data 
here in support of an immunological basis for the association.  A protective effect of mumps parotitis on 
ovarian cancer risk can be explained under a model related to immunity against the surface glycoprotein, 
MUC1.  Events affecting tissues that normally express MUC1, like a tubal ligation or a breast mastitis which 
have been shown to protect against ovarian cancer(10), might confer protection because of injury to the 
tissue causing expression and presentation of a tumor-like (less glycosylated) form of MUC1 to the immune 
system.  This would allow immune recognition of the protein core of MUC1 and generation of an immune 
response.(15, 16)  Since MUC1 is expressed in normal salivary glands, acute inflammation of this tissue with 
mumps would be expected to induce similar changes in MUC1 levels and glycosylation leading to an 
antibody response.  Inflammation-induced overexpression and hypoglycosylation of MUC1 has already been 
reported(17-21).  Thus, our observation that anti-MUC1 antibodies are elevated in individuals with mumps is 
consistent with the interpretation that mumps infection causes similar changes that elicit an immune response 
that could later protect against ovarian cancer. We began this study with the expectation that, in mumps 
cases with paired sera, we would find higher MUC1 levels in the acute specimen and higher anti-MUC1 
antibody levels in the convalescent specimen.  Neither was observed.  The fact that anti-MUC1 antibody 
levels were similar (but higher than controls) in both the acute and convalescent sera could be explained if 
this were not the first time that the mumps cases had seen an inflammatory type of MUC1.  In this 
circumstance, a much more rapid immune response would be expected and might have occurred because of 
prior inflammatory conditions involving the genito-urinary, respiratory, digestive tract, or breast ducts—
tissues which all express MUC1.  MUC1 antigen itself was not elevated in cases compared to controls in 
either the acute or convalescent specimens.  It is possible that blood obtained at even earlier stages of the 
disease might have been revealing or that saliva would have been a better body fluid to look for MUC1.  It is 
also possible that the presence of anti-MUC1 antibodies interfered with measurement of MUC1 since 
immune complexes involving MUC1 and antibodies against it have been described(22).  Supporting this 
possibility was an inverse correlation between anti-MUC1 antibody levels and MUC1 antigen levels in cases 
noted in our presentation of the results of Table 4.  The low volume of mumps specimens precluded 
measurement of immune complexes.    Interestingly, CA 125 was significantly elevated in sera from the 
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mumps cases compared to controls.  CA 125 is expressed in salivary gland tumors(23); but we could find no 
reports of its expression in normal salivary glands. There are many limitations of this study, not the least of 
which was the difficulty of obtaining specimens from individuals with mumps parotitis.  The samples we 
obtained were collected between 2000 and 2008 and were stored under variable conditions.  Titer data were 
available from only two sites (London and Edinburgh).  Although age and sex of the cases was known, 
information on precisely when during the course of the infection the samples were collected was quite 
limited.   

Regarding controls, we are certain they did not have an active mumps infection; but it was a diverse 
group which included university students for the London cases in batch 1 and, in batch 2, individuals without 
mumps in Illinois who were tested for immunity and blood bank controls from Boston. Community matched 
controls were only available for the Nova Scotia subjects in batch 2.  Despite this, the levels of anti-MUC1 
antibodies in all control groups from batch 2 were very similar and nearly identical to the Nova Scotia 
controls.  Another limitation was variability in the assay from batch 1 to batch 2.  To decrease inter-plate 
variability after running batch 1, we increased the number of unique specimens per plate for batch 2, which 
may have contributed to the batch differences.  However despite batch variation, both batches suggested 
higher antibody levels in mumps cases compared to controls.  Moreover, analyses including and excluding 
batch 1 yielded a similar result. 

The epidemiology of mumps parotitis has obviously changed dramatically in the last 40 years.  
Mumps parotitis was a very common illness in infants and children prior to 1970.  With now close to 
universal vaccination except in the third world, mumps has become a disease of adults who were either born 
too early for routine vaccination or who have lost immunity after vaccination. For this reason, inferences 
about the consequences of parotitis on MUC1 immunity based on observations from the specimens tested 
here may not be generalizable to what might have occurred with childhood infection before vaccination 
programs began.  We point out, however, that the anti-MUC1 antibody response was most robust in younger 
women suggesting that childhood infection, as would have occurred in the past, might have been the 
optimum time for engendering immunity against ovarian cancer.   

If it is true that symptomatic mumps protected against ovarian cancer through an immune reaction, a 
logical consequence is that we might expect an increased incidence of ovarian cancer as symptomatic 
mumps parotitis infections have decreased through vaccination. In a paper examining incidence patterns for 
ovarian cancer from 1978 to 1998, rates of invasive serous, endometrioid, and clear cell tumor increased 
over this time period among white females (24).  Endometrioid and clear cell cancers are the types of ovarian 
cancer that we found were most strongly linked to the conditions we proposed might be mediated through 
anti-MUC1 antibodies (10).  However, these incidence data are confounded by trends towards more precise 
pathology coding that occurred over the same period.  A re-examination of these trends with more recent 
data and a focus on the birth cohorts most likely to been vaccinated is underway.  

Readers will need to judge whether or not we have made a convincing case that the protective 
association between mumps and ovarian cancer is real and that an immunologic connection with MUC1 (or 
other mucins) explains it.  The interpretation we do not wish readers to take from this report is that we are 
suggesting childhood vaccination for mumps should be abandoned.  Prior to vaccination, mumps was 
generally a mild illness but could have serious sequelae including orchitis and sterility, meningitis and 
deafness, and pancreatitis.  Nevertheless, our study suggests there could also have been unanticipated long 
term benefits of a mumps infection, such as we have described in this paper.  Understanding the scope of and 
basis for the potential benefits of childhood infections may allow immunologists to duplicate the beneficial 
effects at the same time as providing the means for avoiding a natural infection and its possible adverse 
consequences.  Further study of individuals going through a mumps infection, especially with a focus on 
mucin immunity, may provide clues to pathways for duplicating the beneficial effects of mumps parotitis 
suggested by this study.   
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Table 1.Details related to mumps specimens. 

 
Site Dates of sera 

collection 

Storage 

Conditions 

Confirmatory  test 

    

Edinburgh Fall 2004 – 

Summer 2005 

-20◦C Complement Fixation Test – positive test was 4-fold change in titer  

Virus Isolation from sample (parotid duct swab or urine) taken at same time as acute serum 

IgG - seroconversion is positive. Tests used were DiaSorin Mumps IgG EIA until early 2005, then changed to Nova-

Tec Mumps IgG EIA  positive/negative as directed by the manufacturer 

IgM - Microimmune Mumps IgM EIA positive/negative as directed by the manufacturer 

 

London 2005 -30◦C All samples were from clinical cases of mumps confirmed by laboratory testing by MicroImmune IgM test (positive 

in at least one sample, manufacturer’s criteria, >3.5 test to c.o.) and/or a significant increase in Mumps IgG 

(measured by Behring assay; <0.1 negative; > 0.2 positive, 0.1-0.2 equivocal, manufacturer’s criteria). 

 

North Dakota 2000 - 2008 -70◦C Positive screening values were IgG >1:16, and IgM >1:16 end point values were not determined.  All testing was 

done by indirect immunofluoresence. 

 

Nova Scotia April – August 

2007 

-70◦C All samples were from clinical cases of mumps.  Confirmed case defined by Public Health Agency of Canada 

(PHAC) case definition.* Laboratory confirmed cases include those who have mumps identified using a previously 

described RT-PCR from urine or buccal swabs† or detection of mumps specific IgM antibody in serum. 

    

* Tipples GA, Beirnes J, Hiebert J, Hatchette T, Pettipas J, Macey J, Deeks S, Lipskie T, Bellini W, Rota P, Rota J.  Laboratory 
Guidelines for the diagnosis of mumps v.3 (April 3, 2008) http://www.nml-lnm.gc.ca/guide/docs/Mumps_Lab__guide.pdf (Last 
accessed July 14, 2009) 
† Jin L, Beard S, Brown DW.  Genetic heterogeneity of mumps virus in the United Kingdom: identification of two new genotypes. 
J Infect Dis 1999; 180:829–33.  
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Table 2.  Geometric mean anti-MUC1 antibodies by case-control status. 
 Cases  Controls  

 N (%) Mean (95% C.L.)  N (%) Mean (95% C.L.)  

t-test  

p-value 

First batch        

        

  Sites        

    London (paired)* 39 0.49 (0.41, 0.58)  0 --   

    Pittsburgh (single) 0 --  12 0.42 (0.32, 0.55)  0.37 

        

Second batch        

        

  Sites        

    Boston (single) 0 --  76 0.81 (0.71, 0.92)   

    Edinburgh (paired)* 52 0.95 (0.82, 1.09)  0 --   

    Illinois (single) 0 --  39 0.77 (0.64, 0.93)   

    North Dakota (single) 12 1.26 (0.87, 1.82)  0 --   

    Nova Scotia (paired)* 58 0.94 (0.81, 1.10)  67 0.80 (0.70, 0.92)  0.12 

        

  Sex and Age        

    Males        

      <21 31 (52.5) 0.98 (0.79, 1.22)  17 (32.7) 0.86 (0.64, 1.15)   

      21-26 16 (27.1) 0.75 (0.56, 1.00)  19 (36.5) 0.70 (0.56, 0.89)   

      >26 12 (20.3) 0.76 (0.56, 1.05)  16 (30.8) 0.63 (0.48, 0.83)   

      All males 59 0.87 (0.75, 1.01)  52 0.73 (0.63, 0.84)  0.10 

    Females        

      <21 22 (34.9) 1.09 (0.87, 1.38)  32 (24.6) 0.82 (0.65, 1.05)   

      21-26 20 (31.7) 0.99 (0.84, 1.18)  34 (26.2) 0.87 (0.72, 1.05)   

      >26 21 (33.3) 1.16 (0.88, 1.53)  64 (49.2) 0.81 (0.70, 0.93)   

      All females 63 1.08 (0.95, 1.23)  130 0.83 (0.75, 0.92)  0.002 

        

  All from second batch 122 0.97 (0.88, 1.07)  182 0.80 (0.73, 0.87)  0.003 

 The acute and convalescent values were averaged for sites where paired samples were available.  The acute and 
convalescent geometric means (95% CI) for London, Edinburgh, and Nova Scotia were 0.49 (0.42, 0.58), 0.48 (0.40, 
0.58), 0.99 (0.85, 1.14), 0.91 (0.78, 1.05), 0.94 (0.80, 1.10), and 0.94 (0.80, 1.10), respectively. 

 
 
Table 3.  Generalized linear model with anti-MUC1 antibody level as the dependent variable. 
 Coefficient p-value 

   

Batch 2 (excluding London and Pittsburgh)   

   Age -0.005 0.07 

   Male vs. female -0.19 0.005 

   Mumps 0.21 0.002 

   

Batch 1&2 (including London and Pittsburgh)   

   Age -0.005 0.03 

   Male vs. female -0.20 0.001 

   Batch 0.65 <0.0001 

   Mumps 0.19 0.002 
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Table 4.  Geometric mean CA 125 and MUC1 by case-control status. 
 
    CA 125  MUC1 

 Cases Controls  Cases Controls t test   Cases Controls t test  

 N N  Mean (95% CI) Mean (95% CI) p-value  Mean (95% CI) Mean (95% CI) p-value 

           

  Sites           

    Boston (single) 0 76  -- 15.6 (12.6, 19.3)   -- 33.8 (30.32, 37.7)  

    Edinburgh (paired)* 0 0  -- --   -- --  

    Illinois (single) 0 33  -- 17.9 (13.7, 23.5)   -- 34.6 (29.8, 40.2)  

    North Dakota (single) 9 0  18.8 (12.5, 28.3) --   28.9 (22.3, 37.5) --  

    Nova Scotia (paired)* 58 65  23.1 (19.7, 27.1) 20.0 (16.2, 24.9)   34.5 (30.9, 38.6) 36.2 (32.0, 40.9)  

           

  Sex and Age           

    Males           

      <21 10 17  28.6 (23.4, 34.8) 16.8 (13.0, 21.7)   33.7 (24.8, 45.8) 32.7 (24.8, 43.0)  

      21-26   9 19  20.0 (12.3, 32.5) 15.3 (11.8, 19.9)   43.5 (30.5, 62.2) 40.4 (33.0, 49.3)  

      >26   8 14  18.1 (13.3, 24.6) 21.0 (16.1, 27.6)   39.6 (33.3, 46.9) 31.7 (24.0, 41.9)  

      All males 27 50  22.2 (18.4, 26.8) 17.3 (14.9, 20.0) 0.04  38.5 (32.9, 44.9) 35.1 (30.6, 40.2) 0.40 

    Females           

      <21 8 32  18.7 (11.1, 31.5) 13.2   (7.7, 22.6)   30.0 (22.3, 40.5) 34.5 (28.6, 41.7)  

      21-26 12 32  28.7 (19.4, 42.5) 16.7 (12.6, 22.2)   31.8 (24.3, 41.7) 37.7 (32.5, 43.7)  

      >26 20 60  21.2 (15.2, 29.6) 21.4 (17.9, 25.6)   30.6 (25.0, 37.5) 33.3 (29.5, 37.7)  

      All females 40 124  22.6 (18.3, 28.1) 17.7 (14.9, 21.2) 0.08  30.8 (27.1, 35.1) 34.7 (31.9, 37.8) 0.16 

           

  All  67 174  22.4 (19.4, 26.0) 17.6 (15.4, 20.1) 0.02  33.7 (30.5, 37.3) 34.8 (32.5, 37.4) 0.62 

           

* The acute and convalescent values were averaged for sites where paired samples were available.   
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     Figure 1. Odds ratios from studies of mumps and ovarian cancer and the summary odds ratio. 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lo wer Upper 
ratio limit limit Z-Value p-Value

Wynder et al, 1968 1.148 0.554 2.378 0.371 0.711
Newhouse et al, 1977 0.669 0.485 0.923 -2.448 0.014
Menczer et al, 1979 0.623 0.329 1.181 -1.450 0.147
Golan et al, 1979 0.489 0.186 1.286 -1.450 0.147
Cramer et al, 1983 0.613 0.361 1.040 -1.814 0.070
Schiffman et al, 1985 0.268 0.166 0.432 -5.396 0.000
Chen et al, 1992 0.822 0.496 1.362 -0.761 0.447
Merritt et al, 2008 1.001 0.779 1.286 0.006 0.995

0.658 0.473 0.914 -2.492 0.013
0.1 0.2 0.5 1 2 5 10

Meta-analysis of  published observational studies

  
ACCOMPLISHMENTS BY TASK 
 

 Task 1 - We had proposed to assemble acute and convalescent sera from individuals 
with a clinical mumps parotitis and from healthy controls who did not have mumps. 
This has been accomplished.  

 Task 2 was to measure the type of MUC1 antigen present; i.e. whether it is an 
undergylcosylated form.  Once again the volume of the specimen provided by the state 
agencies were too small to complete this task.  However we do plan to pool specimens 
and conduct this task using internal research funds. 

 Task 3 was to prepare a manuscript.  This has been accomplished.    
 

KEY RESEARCH ACCOMPLISHMENTS 
 

 Conducted a meta-analysis of published studies regarding mumps parotitis and ovarian 
cancer which revealed a pooled odds ratio (and 95% CL) of 0.66 (0.47-0.91) suggesting 
that mumps protects against ovarian cancer. 

 We measured anti-MUC1 antibodies, MUC1, and CA125 antigen levels. 
 We found that anti-MUC1 antibody levels as well as CA125 levels were higher in 

mumps cases compared to controls 
 Besides case status, anti-MUC1 antibodies were higher in younger individuals and 

females 
 
REPORTABLE OUTCOMES: 
 

 A manuscript has been completed and submitted. 
 Some serum on cases and controls still available for future research.  
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CONCLUSIONS: 
 

 Mumps parotitis may lead to immune recognition of a tumor-like form of MUC1 and 
create effective immunosurveillance of ovarian cancer cells that express this form of 
MUC1. 

 Documentation of the precise immune changes that occur during mumps parotitis may 
provide a better basis for understanding (and perhaps duplicating) this possible 
beneficial effect of a natural infection, 

 The above research may be very important since mumps parotitis has been virtually 
eliminated in the Western World through vaccination.  Increases in ovarian cancer 
(and possibly other MUC1 related cancers) might be a consequence without a means to 
duplicate the protective effect of an natural infection. 
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Abstract 
Background: Epidemiologic studies found childhood mumps might protect against ovarian 
cancer.  We investigated whether mumps might engender immunity against a tumor-like form of 
the glycoprotein mucin 1 (MUC1) to explain this association.    
Methods: Through various health agencies, we obtained sera that had been saved from 161 
individuals with mumps parotitis.  Sera from 194 individuals without mumps were assembled 
from the health agencies, blood bank donors, or university volunteers.  We used an ELISA to 
measure anti-MUC1 antibodies and electro-chemiluminescence assays to measure MUC1 and 
CA 125.  Log-transformed measurements were analyzed by t tests, generalized linear models, 
and Pearson or Spearman correlations. We also conducted a meta-analysis of published studies 
regarding mumps and ovarian cancer.     
Results: From the meta-analysis, the pooled odds ratio estimate (and 95% CL) for the mumps 
and ovarian cancer association was 0.66 (0.47 to 0.91) (p = 0.01).  Adjusting for assay batch, 
age, and sex, the level of anti-MUC1 antibodies was significantly higher in mumps cases 
compared to controls (p =0.002).  In a subset of cases with sufficient sera remaining, CA 125, 
but not MUC1, levels were higher in cases.    
Conclusion: Mumps parotitis may lead to immune recognition of a tumor-like form of MUC1 
and create effective immunosurveillance of ovarian cancer cells that express this form of MUC1. 
   
Introduction 

In one of the earliest case-control studies of ovarian cancer, West observed that women 
with the disease were less likely to report having had mumps compared to women with benign 
ovarian cysts(1), suggesting that childhood mumps might protect against the subsequent 
development of ovarian cancer.  Since then, eight additional observational studies addressing 
mumps and ovarian cancer have been published(2-9); and, in all but two(2, 9), controls were 
more likely to report a history of mumps than cases, suggesting that mumps might be associated 
with lower ovarian cancer risk.  However, no credible biologic explanation was offered; and, as 
time passed and with the introduction of mumps vaccination in the late 1960’s, the association 
between mumps and ovarian cancer was rendered seemingly irrelevant and largely forgotten.   

Recently, we have proposed and tested a new hypothesis which can unite many 
apparently unrelated ovarian cancer risk factors(10).  Protective risk factors may work through 
events that may raise immunity against normal cell molecules that may be abnormally expressed 
on cells and tissues and also later on nascent ovarian cancer cells making them targets of 
effective immunosurveillance.  As an example of such molecules, we have studied the cell 
surface glycoprotein and tumor associated antigen, mucin 1 (MUC1).  MUC1 (CA 15.3) is a 
product of the mucin family of genes that also includes MUC16 (CA 125).  MUC1 is normally 
expressed at low levels and in an extensively glycosylated form on epithelia of the genito-
urinary, respiratory, and digestive tracts as well as breast ducts. It is over-expressed in a 
hypoglycosylated (immunogenic) form in most adenocarcinomas, including breast and ovarian 
tumors.  We previously published that (acute) inflammatory events that affect tissues that 
normally express MUC1, like a tubal ligation or a breast mastitis, found to protect against 
ovarian cancer, might do so by causing overexpression of the hypoglycosylated form of MUC1 
leading to an immune response and immune memory for the type of MUC1 later found on 
ovarian cancer cells(10).  Just as the presence of anti-MUC1 antibodies in cancer patients at 
diagnosis may be associated with a more favorable disease prognosis(11), pre-existing antibodies 
might prevent disease in the first place.  

Salivary glands also express a low level of the fully glycosylated form of MUC1(12) on 
the apical ductal surfaces.  We reasoned that abnormal expression of MUC1 during a mumps 
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infection might induce anti-MUC1 immunity (measured by anti-MUC1 antibodies) and immune 
memory, giving a mechanistic explanation to the largely historic and phenomenological 
association between mumps and ovarian cancer.  In the current study, we sought to test this 
hypothesis by comparing levels of anti- 
MUC1 antibodies (as well as MUC1 and CA 125 antigens) in samples obtained from patients 
diagnosed with mumps versus healthy controls.    
 
Methods 
Cases  

We surveyed several Regional and State Health Departments about the availability of 
specimens for research purposes from patients with a mumps infection.  Our final sample 
included a total of 161 patients with clinically diagnosed mumps parotitis from four different 
agencies, three contributed 149 paired samples (during the acute and convalescent phase of the 
infection) and one contributed single samples.  Thirty-nine paired samples were donated from 
patients with clinically diagnosed mumps parotitis who reported to the Health Protection Agency 
Centre for Infections (London, UK).   Fifty-two paired samples were obtained from the 
Specialist Virology Centre Edinburgh collected between fall 2004 and mid 2005.  These patients 
were predominantly young adults and older teenagers born before routine mumps immunization 
was introduced in the region.   Additionally, 58 paired serum samples collected from patients 
with confirmed or probable mumps infection during a 2007 outbreak were received from The 
Queen Elizabeth II Health Sciences Centre (Nova Scotia, Canada).  These included 35 paired 
sera from laboratory confirmed cases of mumps and 23 paired sera from patients with parotitis 
but low mumps titer.  Of these 23 samples, 18 had an epidemiologic link to a laboratory 
confirmed case.  Finally, 12 one-time samples obtained at an unknown point of the mumps 
infection and collected between 2000 and 2008 were provided by the North Dakota Department 
of Public Health.  All samples were shipped to our laboratory on dry-ice via overnight courier.  
IRBs associated with the local Health departments or hospitals approved release of specimens 
without identifying information.  Only age, sex, and mumps viral titer (where available) were 
linked to the specimens; and they were therefore considered anonymized and exempt by the IRB 
at the Brigham and Women’s Hospital and University of Pittsburgh.  Table 1 summarizes details 
regarding these cases.   
Controls 

A total of 194 controls were obtained from four sites.  Twelve samples were received 
from the Department of Immunology at the University of Pittsburgh.  These were college-aged 
students who had been enrolled as controls in various studies in which response to a MUC1 
peptide vaccine was being assessed.  A total of 67 single serum samples from participants of the 
health screening program (who did not have mumps parotitis) were obtained from the Queen 
Elizabeth II Health Sciences Centre (Nova Scotia, Canada).  In the course of surveying State 
Laboratories, the Illinois Department of public health indicated they could not provide mumps 
specimens but could supply 39 specimens from individuals who were healthy but sought to 
assess the status of their immunity to mumps.   Finally, 76 samples were collected from healthy 
volunteers in Boston from Research Blood Components, a commercial blood bank in Boston, 
MA where all blood donors must have been free of symptoms suggestive of a viral illness.  As 
with the mumps cases, all specimens were de-identified and linked only to age at collection and 
sex.   Assays for anti-MUC1 antibodies. 

Anti-MUC1 antibodies were measured against a synthetic 100-mer MUC1 peptide 
corresponding to five tandem repeats of the MUC1 polypeptide core repeat region(10). Briefly, 
MUC1-coated Immulon wells (Dynax, Chantilly, VA) and peptide-negative plates were 
incubated overnight and washed three times with PBS before addition of 100 μl of 2.5% bovine 
serum albumin in PBS.  Serially diluted plasma (1:40 to 1:80 in PBS) were added to MUC1-
coated plates and incubated at room temperature.  Plates were washed 5x with 100 μl PBS and 
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0.1% Tween 20 detergent.  Alkaline phosphatase-labeled goat anti-human polyvalent IgM, IgG, 
IgA (50 μl) (Sigma-Aldrich, St. Louis, MO) diluted 1:1,000 was added before plates were again 
washed 5x with PBS-Tween.   Alkaline phosphatase substrate pNPP (100 μl) (Sigma-Aldrich) 
was added.  Plates were incubated before the stop solution (0.5 mol/L NaOH) was added.  We 
used the MRX Revelation plate reader (Thermo Labsystems, Chantilly, VA) to read absorbance 
values at 405 to 410 nm, which were subtracted from absorbance values obtained from antigen-
negative plates to account for nonspecific binding.   

Laboratory personnel were blinded to case/control status of the samples. Blood 
specimens from cases and controls as well as paired samples from the same participants were 
assayed on the same plate, which also included masked quality control samples (3 to 5 replicates 
per plate). Samples were assayed in two batches. Batch 1 included samples from London and 
controls from the University of Pittsburg, which were assayed in triplicate and in four dilutions 
(1:40, 1:80, 1:160, and 1:320).  Average values across triplicates were reported for each sample. 
 In order to increase the number of specimens per assay plate (and thus decrease inter-plate 
variability, samples in batch 2 (which included all the remaining study specimens) were assayed 
only in two dilutions (1:40 and 1:80).  Triplicates of each sample were assayed on different 
plates and average values of triplicates were reported for each sample.  The coefficients of 
variation for the batch 1 and 2 positive controls were 18% and 4%, respectively.  The Spearman 
rank correlation between the 1:40 and 1:80 dilutions was 0.95.  Readings at 1:40 were used for 
the current analysis.   
Assays for CA 125 and MUC1  

Serum levels of CA 125 and MUC1 were measured using electro-chemiluminescence 
(ECL) assays and Imager 2400 (Meso Scale Discovery, Gaithersburg, MD, USA).  The ECL 
platform allows assays using very small volumes and has been validated against traditional 
ELISA (13). The linearity ranges were 1.2 to 5000 U/ml for the CA 125 and 0.98 to 4000 mU/ml 
for the MUC1 assay.  The serum samples were tested undiluted for the CA 125 and diluted 1:200 
for the MUC1 assay. A positive quality control (QC) sample was run on each plate in duplicate. 
The QC sample had a mean CA 125 concentration of 450.47 U/ml and a mean MUC1 
concentration of 63.73 U/ml. The coefficient of variation was calculated as 100*(SD/average) 
for each assay plate and between plates. The intra-plate CV% for CA 125 varied from 2.2% to 
13.1% with inter-plate CV=9.1%. The intra-plate CV% for MUC1 varied from 0% to 4.7% with 
inter-plate CV=10.97%.  
Meta-analysis  

We conducted a systematic literature search of published studies reporting on the 
association between history of mumps parotitis and subsequent development of ovarian cancer.  
On June of 2009, we searched MEDLINE (via PubMed), Web of Science and EMBASE using 
the search terms mumps, parotitis, ovarian neoplasms, ovarian cancer.  No limits on publication 
dates or on language were posed.  This search yielded a total of 34 references, nine of which 
referred to original contributions.  Of these, one(1) did not provide estimates for the association 
between mumps parotitis and ovarian cancer; and, therefore, was not included in the meta-
analysis, allowing 8 studies to be included in the analysis.   We estimated a summary odds ratio 
of ovarian cancer and the associated 95% confidence interval across studies using a random 
effect model, which assumes that the true effects are normally distributed.(14) Statistical 
heterogeneity was assessed using the I2 statistic.  All p-values are two-sided with significance 
levels set at less than 0.05. 
Statistical Analyses 
    The anti-MUC1 antibody, MUC1, and CA 125 distributions were skewed right, so we 
first log transformed the values to normalize their distributions.  After verifying that there were 
no significant differences, acute and convalescent values were averaged for sites where paired 
samples were available (London, Edinburgh, Nova Scotia). We examined geometric mean levels 
by case-control status and used t-tests to assess differences by case-control status stratified by 
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lab batch number, site, age and sex. We used linear regression to examine the mean difference in 
anti-MUC1 antibody or MUC1 and CA 125 antigen levels, adjusted for age, sex and lab batch.  
For sites with continuous mumps titer data available (London and Edinburgh), we used 
Spearman rank correlations to assess the relationship between titer levels and anti-MUC1 
antibody levels.  Pearson correlations were used to examine the relationship between anti-MUC1 
antibody levels and MUC1 antigen levels.  The SAS version 9.1 statistical package (SAS 
Institute, Cary, NC) was used for all analyses. 
 
Results 
 

We identified eight epidemiologic studies that provided odds ratios for the association 
between mumps parotitis and ovarian cancer(2-8).  In all but two of these studies (2), controls 
were more likely to report a history of mumps than cases.  From these studies, using a random 
effects model, we estimated that the overall risk for ovarian cancer associated with history of 
mumps parotitis was 0.66 with 95% confidence interval of 0.47-0.91 (p = 0.01), suggesting that 
mumps is significantly and inversely associated with ovarian cancer risk (Figure 1).     

No significant differences in anti-MUC1 antibody levels were observed between acute 
and convalescent specimens from those sites providing paired samples (see footnote to Table 2). 
 Therefore, the values were averaged for each subject.  Geometric mean anti-MUC1 antibody 
levels are described in Table 2 by batch and mumps status.  There was a clear batch effect for the 
mumps samples run first with London cases and Pittsburgh controls; both groups having lower 
mean levels compared to the larger number of specimens run in the second batch.  Some 
variation was noted in anti-MUC1 antibody levels in mumps cases by the source of the 
specimens contributed to batch 2, but this reflected differences in the composition of the samples 
by age and sex further illustrated in Table 2.   In general, males had lower levels of anti-MUC1 
antibodies than females and antibody levels appeared to decline with age in the male cases and 
controls.  In all age and sex categories from batch 2, the levels of anti-MUC1 antibodies were 
higher in the mumps cases compared to controls (p = 0.003).  As illustrated in Table 3, mumps 
was a significant predictor of higher anti-MUC1 antibody levels after adjustment for age and sex 
in generalized linear models either restricted to batch 2 data (p = 0.002) or in a second model 
which included batch 1 data, as well as a variable for batch in the model (p = 0.002).   The 
models confirmed that age and sex were also significant predictors with higher anti-MUC1 
antibody levels in younger individuals and women.    

We also examined whether CA 125 or MUC1 antigen levels differed between mumps 
cases and controls.  For many of the samples, including all of those from London and Edinburgh, 
there was insufficient volume remaining after the anti-MUC1 antibody measurement for the CA 
125 and MUC1 measurements.  No significant differences were observed for MUC1 levels but, 
as shown in Table 4, mumps cases had higher CA 125 levels than controls (p = 0.02).  Neither 
age nor sex influenced MUC1 or CA 125 levels in this small series.  No significant correlations 
were observed between mumps viral titers supplied for the London and Edinburgh cases and 
anti-MUC1 antibody levels (data not shown).  These were the same cases with insufficient 
volume to measure MUC1 and CA 125, so the correlations of the antigens with viral titers could 
not be examined.  We examined the correlation between anti-MUC1 antibody levels and MUC1 
antigen levels.  There was a weak but significant inverse correlation between antigen and 
antibody levels for mumps cases (r = -0.24, p = 0.05), but not controls (r = -0.09, p = 0.21).   

 
 

Discussion 
In this study, we found that sera from individuals during (or just after) symptomatic 

mumps  
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parotitis have a significantly higher level of anti-MUC1 antibodies than sera from controls 
without active parotitis.  Showing the relevance of this observation to ovarian cancer clearly 
requires background data that would link mumps, ovarian cancer, and anti-MUC1 antibodies.  In 
the introduction we briefly reviewed the epidemiologic data that history of childhood mumps 
parotitis was inversely associated with risk for ovarian cancer.  As part of this study we 
performed a meta-analysis of published studies to show the consistency of this observation and 
obtain an overall estimate of the effect.  In eight observational studies addressing the association, 
the summary odds ratio was 0.66 with 95% confidence limits of 0.47-0.91 (p = 0.01) suggesting 
a 34% decrease in risk for ovarian cancer associated with history of mumps parotitis.     

Despite epidemiologic evidence that mumps reduced the risk for ovarian cancer, this 
association has largely been forgotten, probably due to the lack of a plausible biologic 
explanation. We have presented data here in support of an immunological basis for the 
association.  A protective effect of mumps parotitis on ovarian cancer risk can be explained 
under a model related to immunity against the surface glycoprotein, MUC1.  Events affecting 
tissues that normally express MUC1, like a tubal ligation or a breast mastitis which have been 
shown to protect against ovarian cancer(10), might confer protection because of injury to the 
tissue causing expression and presentation of a tumor-like (less glycosylated) form of MUC1 to 
the immune system.  This would allow immune recognition of the protein core of MUC1 and 
generation of an immune response.(15, 16)  Since MUC1 is expressed in normal salivary glands, 
acute inflammation of this tissue with mumps would be expected to induce similar changes in 
MUC1 levels and glycosylation leading to an antibody response.  Inflammation-induced 
overexpression and hypoglycosylation of MUC1 has already been reported(17-21).  Thus, our 
observation that anti-MUC1 antibodies are elevated in individuals with mumps is consistent with 
the interpretation that mumps infection causes similar changes that elicit an immune response 
that could later protect against ovarian cancer. We began this study with the expectation that, in 
mumps cases with paired sera, we would find higher MUC1 levels in the acute specimen and 
higher anti-MUC1 antibody levels in the convalescent specimen.  Neither was observed.  The 
fact that anti-MUC1 antibody levels were similar (but higher than controls) in both the acute and 
convalescent sera could be explained if this were not the first time that the mumps cases had 
seen an inflammatory type of MUC1.  In this circumstance, a much more rapid immune response 
would be expected and might have occurred because of prior inflammatory conditions involving 
the genito-urinary, respiratory, digestive tract, or breast ducts—tissues which all express MUC1. 
 MUC1 antigen itself was not elevated in cases compared to controls in either the acute or 
convalescent specimens.  It is possible that blood obtained at even earlier stages of the disease 
might have been revealing or that saliva would have been a better body fluid to look for MUC1.  
It is also possible that the presence of anti-MUC1 antibodies interfered with measurement of 
MUC1 since immune complexes involving MUC1 and antibodies against it have been 
described(22).  Supporting this possibility was an inverse correlation between anti-MUC1 
antibody levels and MUC1 antigen levels in cases noted in our presentation of the results of 
Table 4.  The low volume of mumps specimens precluded measurement of immune complexes.   
 Interestingly, CA 125 was significantly elevated in sera from the mumps cases compared to 
controls.  CA 125 is expressed in salivary gland tumors(23); but we could find no reports of its 
expression in normal salivary glands. There are many limitations of this study, not the least of 
which was the difficulty of obtaining specimens from individuals with mumps parotitis.  The 
samples we obtained were collected between 2000 and 2008 and were stored under variable 
conditions.  Titer data were available from only two sites (London and Edinburgh).  Although 
age and sex of the cases was known, information on precisely when during the course of the 
infection the samples were collected was quite limited.   

Regarding controls, we are certain they did not have an active mumps infection; but it 
was a diverse group which included university students for the London cases in batch 1 and, in 
batch 2, individuals without mumps in Illinois who were tested for immunity and blood bank 
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controls from Boston. Community matched controls were only available for the Nova Scotia 
subjects in batch 2.  Despite this, the levels of anti-MUC1 antibodies in all control groups from 
batch 2 were very similar and nearly identical to the Nova Scotia controls.  Another limitation 
was variability in the assay from batch 1 to batch 2.  To decrease inter-plate variability after 
running batch 1, we increased the number of unique specimens per plate for batch 2, which may 
have contributed to the batch differences.  However despite batch variation, both batches 
suggested higher antibody levels in mumps cases compared to controls.  Moreover, analyses 
including and excluding batch 1 yielded a similar result. 

The epidemiology of mumps parotitis has obviously changed dramatically in the last 40 
years.  Mumps parotitis was a very common illness in infants and children prior to 1970.  With 
now close to universal vaccination except in the third world, mumps has become a disease of 
adults who were either born too early for routine vaccination or who have lost immunity after 
vaccination. For this reason, inferences about the consequences of parotitis on MUC1 immunity 
based on observations from the specimens tested here may not be generalizable to what might 
have occurred with childhood infection before vaccination programs began.  We point out, 
however, that the anti-MUC1 antibody response was most robust in younger women suggesting 
that childhood infection, as would have occurred in the past, might have been the optimum time 
for engendering immunity against ovarian cancer.   

If it is true that symptomatic mumps protected against ovarian cancer through an immune 
reaction, a logical consequence is that we might expect an increased incidence of ovarian cancer 
as symptomatic mumps parotitis infections have decreased through vaccination. In a paper 
examining incidence patterns for ovarian cancer from 1978 to 1998, rates of invasive serous, 
endometrioid, and clear cell tumor increased over this time period among white females (24).  
Endometrioid and clear cell cancers are the types of ovarian cancer that we found were most 
strongly linked to the conditions we proposed might be mediated through anti-MUC1 antibodies 
(10).  However, these incidence data are confounded by trends towards more precise pathology 
coding that occurred over the same period.  A re-examination of these trends with more recent 
data and a focus on the birth cohorts most likely to been vaccinated is underway.  

Readers will need to judge whether or not we have made a convincing case that the 
protective association between mumps and ovarian cancer is real and that an immunologic 
connection with MUC1 (or other mucins) explains it.  The interpretation we do not wish readers 
to take from this report is that we are suggesting childhood vaccination for mumps should be 
abandoned.  Prior to vaccination, mumps was generally a mild illness but could have serious 
sequelae including orchitis and sterility, meningitis and deafness, and pancreatitis.  Nevertheless, 
our study suggests there could also have been unanticipated long term benefits of a mumps 
infection, such as we have described in this paper.  Understanding the scope of and basis for the 
potential benefits of childhood infections may allow immunologists to duplicate the beneficial 
effects at the same time as providing the means for avoiding a natural infection and its possible 
adverse consequences.  Further study of individuals going through a mumps infection, especially 
with a focus on mucin immunity, may provide clues to pathways for duplicating the beneficial 
effects of mumps parotitis suggested by this study.   

 
 

Table 1.Details related to mumps specimens. 

 
Site Dates of sera 

collection 

Storage 

Conditions 

Confirmatory  test 

    

Edinburgh Fall 2004 – -20◦C Complement Fixation Test – positive test was 4-fold change in titer  
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Summer 2005 Virus Isolation from sample (parotid duct swab or urine) taken at same time as acute serum 

IgG - seroconversion is positive. Tests used were DiaSorin Mumps IgG EIA until early 2005, then 

changed to Nova-Tec Mumps IgG EIA  positive/negative as directed by the manufacturer 

IgM - Microimmune Mumps IgM EIA positive/negative as directed by the manufacturer 

 

London 2005 -30◦C All samples were from clinical cases of mumps confirmed by laboratory testing by MicroImmune IgM 

test (positive in at least one sample, manufacturer’s criteria, >3.5 test to c.o.) and/or a significant 

increase in Mumps IgG (measured by Behring assay; <0.1 negative; > 0.2 positive, 0.1-0.2 equivocal, 

manufacturer’s criteria). 

 

North Dakota 2000 - 2008 -70◦C Positive screening values were IgG >1:16, and IgM >1:16 end point values were not determined.  All 

testing was done by indirect immunofluoresence. 

 

Nova Scotia April – August 

2007 

-70◦C All samples were from clinical cases of mumps.  Confirmed case defined by Public Health Agency of 

Canada (PHAC) case definition.* Laboratory confirmed cases include those who have mumps 

identified using a previously described RT-PCR from urine or buccal swabs† or detection of mumps 

specific IgM antibody in serum. 

    

* Tipples GA, Beirnes J, Hiebert J, Hatchette T, Pettipas J, Macey J, Deeks S, Lipskie T, Bellini W, Rota P, Rota J.  
Laboratory Guidelines for the diagnosis of mumps v.3 (April 3, 2008) http://www.nml-
lnm.gc.ca/guide/docs/Mumps_Lab__guide.pdf (Last accessed July 14, 2009) 
† Jin L, Beard S, Brown DW.  Genetic heterogeneity of mumps virus in the United Kingdom: identification of two 
new genotypes. J Infect Dis 1999; 180:829–33.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.  Geometric mean anti-MUC1 antibodies by case-control status. 
 Cases  Controls  

 N (%) Mean (95% C.L.)  N (%) Mean (95% C.L.)  

t-test  

p-value 

First batch        

        

  Sites        

    London (paired)* 39 0.49 (0.41, 0.58)  0 --   
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    Pittsburgh (single) 0 --  12 0.42 (0.32, 0.55)  0.37 

        

Second batch        

        

  Sites        

    Boston (single) 0 --  76 0.81 (0.71, 0.92)   

    Edinburgh (paired)* 52 0.95 (0.82, 1.09)  0 --   

    Illinois (single) 0 --  39 0.77 (0.64, 0.93)   

    North Dakota (single) 12 1.26 (0.87, 1.82)  0 --   

    Nova Scotia (paired)* 58 0.94 (0.81, 1.10)  67 0.80 (0.70, 0.92)  0.12 

        

  Sex and Age        

    Males        

      <21 31 (52.5) 0.98 (0.79, 1.22)  17 (32.7) 0.86 (0.64, 1.15)   

      21-26 16 (27.1) 0.75 (0.56, 1.00)  19 (36.5) 0.70 (0.56, 0.89)   

      >26 12 (20.3) 0.76 (0.56, 1.05)  16 (30.8) 0.63 (0.48, 0.83)   

      All males 59 0.87 (0.75, 1.01)  52 0.73 (0.63, 0.84)  0.10 

    Females        

      <21 22 (34.9) 1.09 (0.87, 1.38)  32 (24.6) 0.82 (0.65, 1.05)   

      21-26 20 (31.7) 0.99 (0.84, 1.18)  34 (26.2) 0.87 (0.72, 1.05)   

      >26 21 (33.3) 1.16 (0.88, 1.53)  64 (49.2) 0.81 (0.70, 0.93)   

      All females 63 1.08 (0.95, 1.23)  130 0.83 (0.75, 0.92)  0.002 

        

  All from second batch 122 0.97 (0.88, 1.07)  182 0.80 (0.73, 0.87)  0.003 

 The acute and convalescent values were averaged for sites where paired samples were available.  The 
acute and convalescent geometric means (95% CI) for London, Edinburgh, and Nova Scotia were 0.49 
(0.42, 0.58), 0.48 (0.40, 0.58), 0.99 (0.85, 1.14), 0.91 (0.78, 1.05), 0.94 (0.80, 1.10), and 0.94 (0.80, 
1.10), respectively. 

 
Table 3.  Generalized linear model with anti-MUC1 antibody level as the dependent variable. 
 Coefficient p-value 

   

Batch 2 (excluding London and Pittsburgh)   

   Age -0.005 0.07 

   Male vs. female -0.19 0.005 

   Mumps 0.21 0.002 

   

Batch 1&2 (including London and Pittsburgh)   

   Age -0.005 0.03 

   Male vs. female -0.20 0.001 

   Batch 0.65 <0.0001 

   Mumps 0.19 0.002 
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Table 4.  Geometric mean CA 125 and MUC1 by case-control status. 
 
    CA 125  MUC1 

 Cases Controls  Cases Controls t test   Cases Controls t test  

 N N  Mean (95% CI) Mean (95% CI) p-value  Mean (95% CI) Mean (95% CI) p-value 

           

  Sites           

    Boston (single) 0 76  -- 15.6 (12.6, 19.3)   -- 33.8 (30.32, 37.7)  

    Edinburgh (paired)* 0 0  -- --   -- --  

    Illinois (single) 0 33  -- 17.9 (13.7, 23.5)   -- 34.6 (29.8, 40.2)  

    North Dakota (single) 9 0  18.8 (12.5, 28.3) --   28.9 (22.3, 37.5) --  

    Nova Scotia (paired)* 58 65  23.1 (19.7, 27.1) 20.0 (16.2, 24.9)   34.5 (30.9, 38.6) 36.2 (32.0, 40.9)  

           

  Sex and Age           

    Males           

      <21 10 17  28.6 (23.4, 34.8) 16.8 (13.0, 21.7)   33.7 (24.8, 45.8) 32.7 (24.8, 43.0)  

      21-26   9 19  20.0 (12.3, 32.5) 15.3 (11.8, 19.9)   43.5 (30.5, 62.2) 40.4 (33.0, 49.3)  

      >26   8 14  18.1 (13.3, 24.6) 21.0 (16.1, 27.6)   39.6 (33.3, 46.9) 31.7 (24.0, 41.9)  

      All males 27 50  22.2 (18.4, 26.8) 17.3 (14.9, 20.0) 0.04  38.5 (32.9, 44.9) 35.1 (30.6, 40.2) 0.40 

    Females           

      <21 8 32  18.7 (11.1, 31.5) 13.2   (7.7, 22.6)   30.0 (22.3, 40.5) 34.5 (28.6, 41.7)  

      21-26 12 32  28.7 (19.4, 42.5) 16.7 (12.6, 22.2)   31.8 (24.3, 41.7) 37.7 (32.5, 43.7)  

      >26 20 60  21.2 (15.2, 29.6) 21.4 (17.9, 25.6)   30.6 (25.0, 37.5) 33.3 (29.5, 37.7)  

      All females 40 124  22.6 (18.3, 28.1) 17.7 (14.9, 21.2) 0.08  30.8 (27.1, 35.1) 34.7 (31.9, 37.8) 0.16 

           

  All  67 174  22.4 (19.4, 26.0) 17.6 (15.4, 20.1) 0.02  33.7 (30.5, 37.3) 34.8 (32.5, 37.4) 0.62 

           

* The acute and convalescent values were averaged for sites where paired samples were available
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.   
 
 
 
 
 
 
Figure 1. Odds ratios from studies of mumps and ovarian cancer and the summary odds ratio. 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lo wer Upper 
ratio limit limit Z-Value p-Value

Wynder et al, 1968 1.148 0.554 2.378 0.371 0.711
Newhouse et al, 1977 0.669 0.485 0.923 -2.448 0.014
Menczer et al, 1979 0.623 0.329 1.181 -1.450 0.147
Golan et al, 1979 0.489 0.186 1.286 -1.450 0.147
Cramer et al, 1983 0.613 0.361 1.040 -1.814 0.070
Schiffman et al, 1985 0.268 0.166 0.432 -5.396 0.000
Chen et al, 1992 0.822 0.496 1.362 -0.761 0.447
Merritt et al, 2008 1.001 0.779 1.286 0.006 0.995

0.658 0.473 0.914 -2.492 0.013
0.1 0.2 0.5 1 2 5 10

Meta-analysis of  published observational studies
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