Exercise - Nationwide mumps outbreak in the Republic of Moldova
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Learning objectives

By the end of the case study, participant should be able to:

1. Describe the steps of an outbreak investigation of a vaccine preventable disease

2. List possible reasons for vaccine failure

3. Define vaccine effectiveness (VE)  

4. Describe the possible observational study designs used to measure VE including their strengths and weaknesses

5. Estimate VE using the screening method with national surveillance data

6. Estimate VE using a retrospective cohort study

7. Describe the possible reasons for low vaccine effectiveness

Guide to the case study
The case study is quite long and student will probably not go to the end in 3 hours. If you want to have time for the last optional part, you can just read responses for the 2 first questions

At the end, it could be useful to summarize the logical flow of the investigation 
Part I: Alert

In November 2007, the chief surveillance officer of the National Public Health Institute of the Republic of Moldova (Moldova), Dr. A., is reviewing the monthly data on notifiable diseases the district health officers sent him. This includes reports of suspected mumps cases:

Table 1: Mumps cases by month reported to the National Public Health Institute of the Republic of Moldova, January 2005 - October 2007
	Month
	Total number of cases
	Incidence/ 100,000 population

	Jan 05
	34
	0.81

	Feb 05
	25
	0.59

	Mar 05
	25
	0.59

	Apr 05
	30
	0.71

	May 05
	33
	0.78

	Jun 05
	28
	0.66

	Jul 05
	30
	0.71

	Aug 05
	18
	0.43

	Sep 05
	39
	0.92

	Oct 05
	43
	1.02

	Nov 05
	30
	0.71

	Dec 05
	33
	0.78

	Jan 06
	28
	0.67

	Feb 06
	13
	0.31

	Mar 06
	31
	0.74

	Apr 06
	25
	0.60

	May 06
	15
	0.36

	Jun 06
	27
	0.64

	Jul 06
	20
	0.48

	Aug 06
	16
	0.38

	Sep 06
	15
	0.36

	Oct 06
	37
	0.88

	Nov 06
	43
	1.02

	Dec 06
	28
	0.67

	Jan 07
	20
	0.48

	Feb 07
	24
	0.57

	Mar 07
	26
	0.62

	Apr 07
	18
	0.43

	May 07
	36
	0.86

	Jun 07
	33
	0.79

	Jul 07
	13
	0.31

	Aug 07
	22
	0.52

	Sep 07
	27
	0.64

	Oct 07
	105
	2.50


Q1: Describe table 1. Is this an outbreak?

· 13-43 monthly cases since January 2005.

· Yes, possibly: The number of notified cases in October 2007 is around 5 times higher than during the preceding months.

· Contra: In October 2005 and November 2006, the number of mumps cases was also somewhat higher than during the rest of the year. The increase may simply correspond to the annual epidemic cycle of mumps in Moldova.

Q2: What could be reasons for the observed increase in case numbers? What additional information would be helpful to evaluate the situation?

· Reasons:

· “False” increase: reporting bias, mistake in submitted data from one region, surveillance bias, change in the lab, possible change in the case definition

· “True” increase, outbreak:

· failure to vaccinate (low vaccination coverage among cases/total population)

· vaccine failure (primary vs. secondary)

· More information on cases → time, place, person: geographical distribution (localized outbreak?), age distribution, vaccination status, any other epidemiological information

· Mumps vaccination coverage data in the population (by age, region)

Dr. A. is reviewing the case notification data by region. Mumps cases were reported from all regions of Moldova. There are no regions with particularly high incidences compared with the others. Telephone calls to the regional public health offices confirm the data reported to the national level. The surveillance officer concludes that the increase in reported case numbers is not due to a local outbreak. Most of the cases were vaccinated with one dose of mumps vaccine during their childhood.

Q3: What do you know about mumps and mumps epidemiology?

· RNA virus, moderately to highly contagious, basic reproductive number R0= 4.4 (3.3-10.3), (Hvid et al.; Lancet 2008)
· Humans are only natural host

· Transmission by respiratory droplets, saliva, or contact with contaminated fomites

· Period of contagiousness from 1-2 (up to 7) days before until 5 days after symptom onset

· Incubation period: 16-18 days (range 12-25) (CCD Manual)

· Symptoms: fever, inflammation of salivary glands (predominantly parotid), epididymo-orchitis (usually unilateral), pancreatitis, meningitis, encephalitis

· No treatment available

· During the pre-vaccination era childhood disease with interepidemic periods of 4-5 years

· Vaccine-preventable disease, several live attenuated vaccines available since the 1960s, monovalent (only mumps), bivalent (measles-mumps) and trivalent in measles-mumps-rubella (MMR) vaccine. 

· After introduction of mumps childhood vaccination programmes at high coverage dramatic decrease of case numbers

· Vaccine efficacy ~60%

Part II: Describing the outbreak

Moldova with the capital Chisinau (Kee-shee-now) is located in Eastern Europe bordering Romania to the west, and Ukraine to the north, east, and south. The state became independent in 1991 after the dissolution of the Soviet Union. With a total population of 4.2 million and a surface of 33,844 km2, Moldova has the highest population density of all former Soviet Union states with 127/inhabitants/km2. Moldova consists of 40 districts and 4 municipalities (Balti, Chisinau, Bender and Tiraspol). The status of the territory east of the Nistru River (Transnistria) with about 700,000 inhabitants is under dispute. 

Figure 1: Map of Moldova (source:https://www.cia.gov/library/publications/the-world-factbook/geos/md.html )
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In January 2008, the Moldovan Ministry of Health alerts WHO about a nationwide outbreak of mumps and asks for support in the outbreak investigation. You are a member of a WHO team arriving in Chisinau in mid-February.

Q4: Describe the steps of an outbreak investigation of a vaccine preventable disease.

· Verify outbreak, confirm the outbreak, lab: IgM serology

· Form outbreak investigation team, agree on terms of reference

· Do ‘homework’

· Get familiar with mumps epidemiology and virology

· Study literature on outbreaks of mumps

· Collect information on local mumps vaccination history (vaccines used, schedules, catch-up campaigns). You may want to ask around the table about the vaccination schedule in their countries to highlight that different schedules could be implemented and that we should get familiar with the one of the country we are in when starting and outbreak investigation of a vaccine preventable disease)
· Collect information on local mumps epidemiology prior to outbreak

· Descriptive analyses of cases, generate hypothesis 

· Time, place, person (vaccination coverage, time of vaccination)

· Consider analytical epidemiological study to understand reasons for the outbreak

· Develop case definition

· Choose study design

· Carry out the study, and analyse and interpret the findings.

· Recommend and implement control measures (i.e. review vaccination status)

· Write the outbreak report

· Cold chain

Together with the rest of the team you review the current reported mumps situation:

Table 2: Mumps cases by month and age-group reported to the National Public Health Institute of the Republic of Moldova, January 2005-December 2007
	
	0-2 years
	3-6 years
	7-14 years
	Adults (>14 years)
	All ages

	Month
	No. of cases
	Inc.

/105 
	No. of cases
	Inc.

/105
	No. cases
	Inc.

/105
	No. of cases
	Inc.

/105
	Total no. of cases
	Inc.

/105

	Jan 05
	6
	5.07
	6
	3.65
	12
	1.73
	10
	0.31
	34
	0.81

	Feb 05
	3
	2.53
	8
	4.87
	7
	1.01
	7
	0.22
	25
	0.59

	Mar 05
	3
	2.53
	5
	3.04
	7
	1.01
	10
	0.31
	25
	0.59

	Apr 05
	1
	0.84
	5
	3.04
	17
	2.45
	7
	0.22
	30
	0.71

	May 05
	1
	0.84
	4
	2.43
	19
	2.74
	9
	0.28
	33
	0.78

	Jun 05
	2
	1.69
	9
	5.47
	9
	1.30
	8
	0.25
	28
	0.66

	Jul 05
	2
	1.69
	5
	3.04
	12
	1.73
	11
	0.34
	30
	0.71

	Aug 05
	2
	1.69
	7
	4.26
	8
	1.15
	1
	0.03
	18
	0.43

	Sep 05
	4
	3.38
	11
	6.69
	20
	2.88
	4
	0.12
	39
	0.92

	Oct 05
	4
	3.38
	5
	3.04
	27
	3.89
	7
	0.22
	43
	1.02

	Nov 05
	3
	2.53
	4
	2.43
	18
	2.59
	5
	0.15
	30
	0.71

	Dec 05
	3
	2.51
	5
	3.04
	19
	2.74
	6
	0.19
	33
	0.78

	Jan 06
	3
	0.00
	1
	0.63
	15
	2.32
	9
	0.28
	28
	0.67

	Feb 06
	0
	5.85
	5
	3.13
	5
	0.77
	3
	0.09
	13
	0.31

	Mar 06
	7
	2.51
	9
	5.63
	10
	1.55
	5
	0.15
	31
	0.74

	Apr 06
	3
	1.67
	6
	3.75
	13
	2.01
	3
	0.09
	25
	0.60

	May 06
	2
	4.18
	3
	1.88
	8
	1.24
	2
	0.06
	15
	0.36

	Jun 06
	5
	0.84
	4
	2.50
	10
	1.55
	8
	0.24
	27
	0.64

	Jul 06
	1
	0.84
	7
	4.38
	7
	1.08
	5
	0.15
	20
	0.48

	Aug 06
	1
	3.34
	3
	1.88
	8
	1.24
	4
	0.12
	16
	0.38

	Sep 06
	1
	1.67
	4
	2.50
	8
	1.24
	2
	0.06
	15
	0.36

	Oct 06
	4
	2.51
	6
	3.75
	24
	3.71
	3
	0.09
	37
	0.88

	Nov 06
	2
	1.67
	9
	4.63
	19
	2.94
	13
	0.40
	43
	1.02

	Dec 06
	3
	2.51
	6
	3.75
	11
	1.70
	8
	0.24
	28
	0.67

	Jan 07
	2
	1.67
	6
	3.75
	7
	1.08
	5
	0.15
	20
	0.48

	Feb 07
	3
	2.51
	4
	2.50
	10
	1.55
	7
	0.21
	24
	0.57

	Mar 07
	1
	0.84
	8
	5.01
	10
	1.55
	7
	0.21
	26
	0.62

	Apr 07
	1
	0.84
	6
	3.75
	8
	1.24
	3
	0.09
	18
	0.43

	May 07
	4
	3.34
	9
	5.63
	15
	2.32
	8
	0.24
	36
	0.86

	Jun 07
	1
	0.84
	6
	3.75
	15
	2.32
	11
	0.34
	33
	0.79

	Jul 07
	1
	0.84
	2
	1.25
	7
	1.08
	3
	0.09
	13
	0.31

	Aug 07
	1
	0.84
	0
	0.00
	15
	2.32
	6
	0.18
	22
	0.52

	Sep 07
	0
	0.00
	2
	1.25
	17
	2.63
	8
	0.24
	27
	0.64

	Oct 07
	2
	1.67
	6
	3.75
	78
	12.06
	19
	0.58
	105
	2.50

	Nov 07
	0
	0.00
	11
	6.88
	215
	33.23
	162
	4.95
	388
	9.24

	Dec 07
	6
	5.01
	13
	8.13
	685
	105.88
	341
	10.42
	1045
	24.89


Q5: What are the main conclusions when looking at the above table? 
· The amount and quality of available surveillance data seems sufficient

· Total incidence in November 2007 is 9 times higher than in November 2006, and in December 2007 it is even 37 times higher than in December 2006.

· Incidence increases in all age-groups, however the increase is strongest in 7-14 year-olds and in adults.

· This is an outbreak.

· Note: After the introduction of mumps vaccination, mumps mainly strikes teenagers and young adults, although it is still perceived as a classical childhood disease. This typical age-shift is also described for other vaccine preventable diseases (rubella, chicken pox, measles, etc).

· Plotting the data might help for the interpretation (Epicurve available in excel file).
Back in Dr A.’s office, you discuss epidemiological issues. Dr. A. presents you the figure below:

Figure 3: Mumps surveillance data from 1960 to 2007, Republic of Moldova. Source: National Public Health Institute of the Republic of Moldova.
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Q6: Describe and interpret the above figure 

· Introduction of mumps vaccination led to a reduction of mumps cases, however nationwide outbreaks still occur and in outbreak times the number of cases reaches pre-vaccination era levels.

· In the pre-vaccine era, the 3-6 year-old children contributed the highest proportion of cases followed by 0-2 and 7-14 year-olds. After introducing the vaccination for young children, the 7-14 year-olds carry the biggest case burden, while only very few cases occur in 0-2 year-olds.

· The introduction of a second dose is clearly visible in an additional reduction of cases between 2000 and 2006.

· Note the vaccine shortage in the graph and that could be linked to the political situation in the country

Q7: Can you explain the shift in age-distribution after introduction of mumps vaccination? Describe the implications of this.

· If childhood vaccination is introduced without a catch-up campaign for older children or at low coverage, this usually leads to an increase in the age of infection, as there are fewer opportunities for children to be exposed at lower ages.

· This shift in age-distribution can lead to a higher burden of disease when disease at an older age is more severe than at a younger age. This is the case for mumps. An extreme example of where a shift in age-distribution can increase the burden of disease is rubella, where infections at older, fertile age, can lead to CRS (Congenital Rubella Syndrome). 

Dr. A. explains to you the Moldovan vaccination schedule and the national surveillance system:

Moldova introduced single-dose monovalent mumps vaccination in 1983 for 15- to 18-month-old children. Vaccine strains used were Leningrad-3 (1983–1990), Leningrad-Zagreb, and Urabe-Am9 (both after 1990). Vaccine shortages led to an interruption of the programme in 1995–1996. Successful catch-up vaccination for affected birth cohorts was carried out in subsequent years. In 2002, a 2-dose combined MMR vaccination schedule for 12-month-olds and 6- to 7-year-olds was introduced using Jeryl-Lynn, Urabe-Am9, and Leningrad-Zagreb strains.

Reported mumps vaccination coverage among birth cohorts from 1978 onward exceeded 95%. A large mumps outbreak occurred in 1996–1998 after the vaccine shortages with 28,845 cases reported predominantly in individuals of early school-age (7–14 years). Between 1999 and 2004, the annual incidence of reported cases was below 100, and as of 2005 even below 10 cases per 100,000.

Data on mumps notifications are available since 1960. Mumps is notifiable to the regional public health authorities when suspected on clinical grounds by healthcare staff (no case definition used). The regional public health authorities report aggregated notification data to the national level monthly and annually categorised into 8 age-groups: <1, 1, 2, 3–6, 7–14, 15–19, 20–29, and >29 years. The data include date of onset, hospitalisation status, and vaccination history where available. 

From week 51 of 2007, cases are reported weekly in response to the outbreak. In addition to the routine data, these reports contain information on the number of cases in educational institutions. Information on symptoms, severity and outcome is not routinely collected at the national level. Mortality data are not linked to disease surveillance.

You decide to first focus on the cases of this outbreak.

Q8: How will you describe the cases?

· Time, place, person, vaccination status

· You can start mention here the need of a case definition

Figure 4: Mumps cases notified from July 2007 through January 2008, Republic of Moldova.
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Figure 5: Mumps incidence per 100,000 by regions in week 5 of 2008, Republic of Moldova. Source: WHO European Regional Office, courtesy of Ajay Goel.
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Figure 6 shows the attack rates by age. 

Figure 6: Attack rates by birth cohort (age), Republic of Moldova, October 2007 – February 2008


[image: image7]
Q9: Describe and interpret figures 4 to 6.

Fig 4: 

· the outbreak is continuing with a dramatic increase in January 2008

Fig 5:

· Cases are more or less distributed in the whole country

· Discuss also the “white” regions

Fig 6:

· Age-specific attack-rate highest in 7-14 year-olds

· You may have the discussion about the birth cohort and its meaning in vaccine preventable disease outbreak compared to the age group in gastro outbreaks for instance.

You plot the cases by age and vaccination status.

Figure 7: Mumps cases by birth cohort (age) and vaccination status, October 2007 – February 2008, Republic of Moldova. 
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Q10: Interpret the figure 7 taking into account the information from Table 2 and Figure 3. What other information would you like to have?
· Teenagers and adolescents are the most affected age groups

· Most of the cases had at least one dose of mumps vaccination

· Different vaccines and schedules in the country since the introduction of the vaccine

In addition to considering recommended vaccination schedules by birth cohort, you also want to know the actual vaccination coverage by birth cohort.

In Moldova, all children from a given birth cohort are considered to be eligible for vaccination in accordance with the national immunisation schedule. Every year, each health facility reports the proportion of vaccinated children by birth cohort up to the age of 10 years to the regional public health authority. The children registered at the health facility serve as the denominator. At the regional level, the cumulative coverage is compared with the yearly target coverage. At the national level, vaccination coverage is calculated from aggregated data from all districts.

Moldova reports consistently high (>95%) mumps vaccination coverage. However, the Demographic and Health Survey conducted in 2005 estimated that only 91% of children aged 15-26 months were vaccinated against mumps (see figures). 

Note for facilitators: make sure that fellows spend some time looking at Fig 8 and 8a.

Figure 8: Vaccination coverage at the end of 2007 by birth cohort, Republic of Moldova. The second figure (below) is an extract from the first figure (above). Note the different scales of the y-axes.
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Fig 8a: Vaccination coverage at the end of 2007 by birth cohort, Republic of Moldova. 
Extract from the previous (NOTE: different scale in the Y-axis)


During the current outbreak many cases developed mumps despite having received at least one dose of mumps vaccine in the past. From previous data you know that vaccination coverage has been consistently high (approximately 90% since 1987), thus your team may be dealing with potential vaccine failure.

Q11: Which types of vaccine failure do you know?

Two possible approaches when facilitating

First approach:

· Facilitators may want to go to board and write the different elements involved in vaccine failure, linked to i.e. vaccine (incorret administration, individuals (immunocompromised, non-respondents), disease (new strain circulating)

· Disease, vaccine, individuals

Second approach: distinguish primary or secondary reasons for vaccine failure

· Primary vaccine failure: failure to mount an immune response after receiving a vaccine. Possible reasons:

· Problems with vaccine itself (incorrect storage, cold-chain failure)

· Incorrect administration of vaccine

· Deficient response of the immune system

· Secondary vaccine failure: enough antibodies are produced immediately after vaccination, but antibody levels decrease over time (waning immunity). While antibody levels always decrease over time, this would be a more rapid loss of immunity than expected for that vaccine.

· Emergence of a new strain.
· We can also mention that % of cases among vaccinated increase while vaccine coverage increases..
Q12: Which epidemiological measure quantifies the effect of vaccination?
· Vaccine effectiveness (VE)

· Vaccine efficacy: whereas VE is estimated from data obtained under real-life conditions, vaccine efficacy is the reduction in disease incidence among vaccinated compared to the incidence in unvaccinated as measured in phase III clinical trials.

· There are a number of effects of vaccination that are of interest, include protection against clinical illness, against infection, against infectiousness and indirect effects. The latter refer to the protection of unvaccinated and vaccinated individuals due to reduced incidence of infection in the population (herd immunity).
· In this case-study, we will focus on estimating the VE against clinical illness (mumps). This VE estimate is normally given in %. It describes the relative reduction in the risk of becoming a case in those vaccinated compared to unvaccinated individuals in the same population. This is the same as the preventive fraction in those exposed to the vaccine.

Q13: Which study designs can be used to estimate VE? What are the strengths and weaknesses of the different approaches?

· According to the study design used to assess it, the general formula to calculate an estimate of the VE is: VE=1-(RR or OR)
· Facilitators may remind the group the 2x2 table and what elements are needed for the calculation of RR and OR.

Main study designs to assess VE include:

· Cohort study

VE = =1-RR = 1-(AR in vaccinated/AR in unvaccinated), 
whereby RR is the relative risk of the infection in vaccinated compared to unvaccinated individuals. 

Preferable to case-control study if incidence is not too low and a cohort can be identified, as estimating a RR is preferable to estimating an OR.

The resulting VE estimate is unconditional on exposure to infection. One source of potential bias is related to non-homogeneous mixing of vaccinated and unvaccinated individuals in the cohort. When unvaccinated individuals tend to mix preferably with other unvaccinated people rather than with those vaccinated, their risk of exposure is higher which leads to an over-estimation of VE. This is often the case.

This bias can be avoided by estimating VE conditional on exposure to infection, using Secondary Attack Rates (SAR):

VE=1-SARv/SARuv.

However, this does require information on who is infectious and when, and whom they contact and how. (Referred to as cluster analysis) Therefore this type of study is usually carried out in small transmission units such as households.

· Case-control study

VE = 1-OR

This approach can be used if a cohort cannot be identified, or when the incidence of cases is very low (This only applies to traditional case control studies). Control selection can lead to biased estimates.

· The screening method

VE = (PPV-PCV)/(PPV[1-PCV]), whereby

PPV = proportion of the population vaccinated

PCV = proportion of cases vaccinated

The advantage is that the limited amount of information needed is usually collected in routine surveillance. Potential weakness lies in the quality of this routine data and difficulty to control for confounding factors that might bias the results.

* For more information see Halloran, Longini and Struchiner. Design and Analysis of Vaccine Studies, Springer, 2010. ISBN 978-0-387-40313-7.

Part III: Estimating vaccine effectiveness

First of all, you wonder how effective mumps vaccines have been in Moldova in the past. For your calculations, Dr. A. provides you with readily available data from the years 1997-2001 during which the last nationwide mumps outbreak took place. He gives you data on the vaccination coverage among the population (proportion of population vaccinated=PPV) and the vaccination status of notified cases as well as total number of cases with known vaccination status. Data are listed in the table below. Note that during this time a one-dose vaccination schedule was still in place in Moldova.

Q14 Estimate the  proportion of cases vaccinated (PCV), vaccine effectiveness (VE) and interpret your results.
Vaccination coverage and cases vaccination status 
Republic of Moldova between 1997 and 2001.

	
	
	Cases

	Age
	PPV 
	Vaccinated 
	Total 

	2
	89 %
	149
	344

	3-6
	89 %
	1720
	4779

	7-14
	95 %
	11,690
	15,561

	15-19
	82 %
	2143
	3820


source: Schwarz NG, Bernard H, Melnic A, Bucov V, Caterinciuc N, an der Heiden M, Andrews N, Pebody R, Aidyralieva C, Hahné S. Mumps outbreak in the Republic of Moldova, 2007-2008. Pediatr Infect Dis J. 2010 Aug; 29(8):703-6.

Results : 

	
	
	
	

	Age
	PCV 
	VE 
	95%CI 

	2
	43
	91
	88-92

	3-6
	36
	93
	93-94

	7-14
	75
	84
	84-85

	15-19
	56
	72
	70-74


· During the last nationwide outbreak case numbers were highest among 7-14 year-olds.

· Vaccination coverage in the population was not sufficiently high to prevent community spread of mumps.

· Vaccination coverage in the cases is markedly lower than in the total population.

· VE decreases with age supporting that vaccine-induced immunity wanes over time.

So far you estimated vaccine effectiveness from historical data. Unfortunately, the data from the current outbreak do not allow calculating VE by age-group using the screening method. 

Q15: Can you imagine why the screening method is not appropriate to estimate VE in the current situation?

· Almost all individuals from the age-groups of interest have either received one dose or two doses of mumps vaccine, respectively. 

· Since during the time period mentioned above a one-dose vaccination schedule still applied in Moldova, it is fair to assume that the ones reported as vaccinated most likely only received one dose. The aim of this part of the case study is to estimate the VE for one dose only.

· The screening method is not appropriate because administrative data does not include detailed info such as the number of doses, the batch number, etc. Such information can be collected (at a cost) when you do a retrospective cohort study

To investigate the current outbreak the team decides to conduct a retrospective cohort study in schools. For this purpose, you visit three schools, one college and one university throughout the country.

Q16: What is the main study question, given that the majority of cases is in vaccinated individuals?
· To measure VE

· To determine risk factors for vaccine failure in order to implement appropriate control measures.

· If needed go back to answer to Q12 (e.g. list of possible reasons for vaccine failure)

Q17: What epidemiological information will you gather from pupils and staff?

· socio-demographic information

· occurrence of mumps disease

· occurrence of mumps prior to outbreak

· occurrence of mumps since start of outbreak, including date of onset

· disease severity (complications, hospitalisation)

· vaccination status

· number of mumps vaccines received at what age

· lot numbers of vaccine received

· location of vaccination

· who is the vaccinator (GP? Nurse?), name?

· type of vaccine

· risk factors for exposure to mumps, e.g.

· known contact with a mumps case

· residential information (e.g. sleeping in a dormitory, etc)

You visit pupils and students during their classes and ask them to complete a questionnaire with questions on socio-demographic status, risk factors for exposure to mumps, disease history, symptoms, and hospital stay due to mumps. Afterwards the school nurse adds information on vaccination status, lot number of administered vaccine and disease history for mumps according to the medical record which is available for each pupil or student.

Q18: What definitions would you need to take into account in the retrospective cohort study?
· Consider information on time, place, person

· Define exclusion criteria

· Discuss sensitivity, specificity

· Definition of “vaccinated”: history/reported vs vaccination card. Time of the vaccination according to the vaccination schedule, and if a vaccine schedule implies more than one dose, also whether doses have been administered within the right time interval between each other

You define a case as a cohort study participant with reported unilateral or bilateral tender, self-limited swelling of the parotid or other salivary gland lasting at least 2 days or with a mumps diagnosis in the medical record, with a date of onset as October 1st 2007. You exclude individuals without vaccination record (e.g. unknown vaccination status) and individuals with a history of mumps before October 2007 from the analysis.

The results of your first analyses are listed in the following table and figure with case numbers and attack rates by age:

Figure 9: Cohort study population by case status and age, attack rates by age, Republic of Moldova, March 2008 

[image: image9.emf]
Q19: Comment on Figure 9.

· In contrast to the historical data, the AR is highest in 14-18 year olds (refer to table 2 for comparison).
· Individuals from this age-group were born in 1989-1993 and are likely to have received only one dose of mumps vaccine years ago. Their vaccine-induced immunity may have waned by now.

· Younger individuals are more likely to have received two doses of mumps vaccine and are likely to have better protection against mumps. Older individuals are more likely to be unvaccinated and may have natural immunity to mumps which they acquired during past outbreaks. 

· Comment on the natural infection that could explain cases in older age groups

Q20: Comment the following table with attack rates by vaccination status derived from your cohort study.

Table 5: Cohort study population by case status and vaccination status, March 2008, Republic of Moldova.

	Number of doses of mumps vaccine
	Number of cases

(% of total)
	Number of non-cases

(% of total)
	Total number

	Zero
	31 (19.0)
	132 (81.0)
	163

	One
	232 (28.3)
	588 (71.7)
	820

	Two
	23 (4.1)
	537 (95.9)
	560

	Total
	286 (18.5)
	1257 (81.5)
	1543


· The attack rate is high in the unvaccinated, but even higher in one-dose vaccinees.

· Two-dose vaccinees have a low attack rate.

Q21: Estimate vaccine effectiveness for one and two doses of mumps vaccine from the cohort study data in table 6.
· Formula: VE = 1-RR = 1-(AR in vaccinated/AR unvaccinated)

· VE for 1 dose vs. 0 doses = 1-(0.2829/0.1902) = -48.7%

· VE for 2 doses vs. 0 doses = 1-(0.0411/0.1902) = 78.4%

Q22: Discuss these VE estimates. What does the negative VE for one dose mean and what could be potential reasons for it?

· A negative VE estimate implies that the individuals vaccinated with one dose have a higher risk of getting mumps during this outbreak than unvaccinated individuals.

· This is not biologically plausible if the vaccine provides immunity.

· Circulation of mumps virus in Moldova in the past, notably during the outbreak in 1996–1998, would have infected unvaccinated individuals at a higher rate than vaccinated.

· The unvaccinated, who already acquired mumps during the previous outbreak, have now immunity against mumps and are protected even without vaccination. the AR% is low because people are immune. This means that may people are not at risk of diseases (naturally immune) and should be excluded from the study (but not feasible). This leads to an underestimation of the VE.

· Individuals with a history of mumps were excluded from the analysis, however, residual confounding is likely to be present because mumps is often asymptomatic and individuals infected in the past may not be aware of their disease history.

· another point is that it took a long time for immunity to gradually wane and to susceptibles to accumulate in vaccinated. 

Part IV: Conclusion 

In 2007 and 2008, a large mumps outbreak occurred in Republic of Moldova among 10-25 age group. The main risk factor identified by investigations was single dose mumps vaccination. Low effectiveness of single dose may be responsible, as well as decline of immunity. Review of the literature as showed that similar outbreaks have been occurred in other countries with large groups with single dose Mumps vaccination. 

Lack of power of the cohort study has lead to a poor precision in estimating the VE .
Estimated VE for 1 dose of monovalent mumps vaccine was less than zero, which is biologically not plausible. 

Attack rate among unvaccinated was probably low because of natural immunity acquired during past outbreaks, notably in 1996–1998 period, Ideally VE should be computed among people without natural immunity bus this is not possible and VE was underestimated. Although individuals with an history of mumps was excluded, residual confounding is likely to be present as mumps is often asymptomatic.

Secondary Vaccination Failures (SVF), Primary Vaccination Failures (PVF) but also differences between vaccine and outbreak strains could explain the low VE estimates. Mumps VE was decreasing in age for 1 dose of vaccine. Both in the retrospective cohort study and by using the screening method. This would be consistent with SVF.

However, confounding due to natural immunity is probably stronger in older age-groups and decline in VE by age-group must be interpreted carefully. 

All this findings are supporting WHO’s recommendation of introducing a second dose of mumps vaccine in the routine vaccination schedule and suggest that offering a  chance for a second dose for populations who have received only 1 dose may increase immunity and thus reduce their risk of having Mumps during future Outbreaks 

.

Acknowledgments

National Institute of Public Health, Republic of Moldova

Ministry of Health, Republic of Moldova

WHO European Regional Office

References

1. Schwarz NG, Bernard H, Melnic A, Bucov V, Caterinciuc N, An der Heiden M, Andrews N, Pebody R, Aidyralieva C, Hahné S. Mumps Outbreak in the Republic of Moldova, 2007-2008. Pediatr Infect Dis J. 2010 Mar 19. [Epub ahead of print]

2. Bernard H, Schwarz NG, Melnic A, Bucov V, Caterinciuc N, Pebody RG, Mulders M, Aidyralieva C, Hahné S. Mumps outbreak ongoing since October 2007 in the Republic of Moldova. Euro Surveill. 2008 Mar 27;13(13). pii: 8079.

3. Heyman DL. Control of Communicable Diseases Manual, 19th ed. Washington DC, USA. American Public Health Association.

4. Plotkin S. Mumps vaccine. In: Plotkin S, Orenstein WA, eds. Vaccines. 4th ed. Philadelphia, PA: Elsevier; 2004:441 –470.

5. Hviid A, Rubin S, Muhlemann K. Mumps. Lancet 2008 March 15;371(9616):932-44.

6. CIA world fact book. Available online: https://www.cia.gov/library/publications/the-world-factbook/geos/md.html
7. Farrington CP. Estimation of vaccine effectiveness using the screening method. Int J Epidemiol. 1993 Aug;22(4):742-6.

8. Halloran E, Longini and Struchiner. Design and Analysis of Vaccine Studies, Springer, 2010.

9. Briss PA, Fehrs LJ, Parker RA, et al. Sustained transmission of mumps in a highly vaccinated population: assessment of primary vaccine failure and waning vaccine-induced immunity. J Infect Dis. 1994;169:77– 82.

10. Vandermeulen C, Roelants M, Vermoere M, et al. Outbreak of mumps in a vaccinated child population: a question of vaccine failure? Vaccine. 2004; 22:2713–2716.

11. Broliden K, Abreu ER, Arneborn M, et al. Immunity to mumps before and after MMR vaccination at 12 years of age in the first generation offered the two-dose immunization programme. Vaccine. 1998;16:323–327.

12. Date AA, Kyaw MH, Rue AM, et al. Long-term persistence of mumps antibody after receipt of 2 measles-mumps-rubella (MMR) vaccinations and antibody response after a third MMR vaccination among a university population. J Infect Dis. 2008;197:1662–1668.

13. Davidkin I, Jokinen S, Broman M, et al. Persistence of measles, mumps, and rubella antibodies in an MMR-vaccinated cohort: a 20-year follow-up. J Infect Dis. 2008;197:950 –956.

14. Miller E, Hill A, Morgan-Capner P, et al. Antibodies to measles, mumps and rubella in UK children 4 years after vaccination with different MMR vaccines. Vaccine. 1995;13:799–802.

15. Jokinen S, Osterlund P, Julkunen I, et al. Cellular immunity to mumps virus in young adults 21 years after measles-mumps-rubella vaccination. J Infect Dis. 2007;196:861– 867.

16. Cheek JE, Baron R, Atlas H, et al. Mumps outbreak in a highly vaccinated school population. Evidence for large-scale vaccination failure. Arch Pediatr Adolesc Med. 1995;149:774 –778.

17. Wharton M, Cochi SL, Hutcheson RH, et al. A large outbreak of mumps in the postvaccine era. J Infect Dis. 1988;158:1253–1260.

Optional Part

You discuss with Dr. A. that you would like to stratify VE by age-groups to see whether the VE estimates are confounded by age. You plot the study population by age-group and vaccination status and get the following table:

Table 7: Cohort study population by age, case status, and mumps vaccination status, March 2008, Republic of Moldova (n=1,543).

	
	Age group (years)

	
	6-9
	10-12
	13-15
	16-19
	20-25

	Number of doses of mumps vaccine
	Cases
	Non-cases
	Cases
	Non-cases
	Cases
	Non-cases
	Cases
	Non-cases
	Cases
	Non-cases

	Zero
	
	1
	
	
	4
	9
	25
	83
	2
	39

	One
	
	7
	
	5
	82
	254
	140
	270
	10
	52

	Two
	1
	242
	19
	270
	3
	23
	
	
	
	2


Q1: What can you infer from this table? Which age-specific VE can be estimated?

· There are almost no unvaccinated children in 6-15 year-olds.

· Almost everyone aged 6-12 years has received two doses.

· Almost no one aged 13-25 years has received two doses.

· Therefore, only in the age-group 13-25 are numbers large enough to estimate VE, only for 1 vs. 0 doses

· The two oldest age-groups were vaccinated years ago and waning of protective antibody levels has been described. One option would be to perform the analysis by time since vaccination, but the problem is that the exact time of vaccination is unknown. You therefore use age as proxy for time since vaccination assuming that everybody was vaccinated at the same age.

· Why not providing the VE estimates that are computable (even with large CI)?

You calculate the risk of becoming a mumps case for 13-25 year-olds from your study cohort excluding individuals who received two doses of mumps vaccine. For the analyses, you use bivariable and multivariable logistic regression modelling which gives you (adjusted) odds ratios instead of risk ratios. Exposure variables are: educational setting, being vaccinated against mumps, age-group, sex, contact with a mumps case, weekly use of public transport, living in a dormitory, living with at least 3 co-residents. Additionally, the interaction between mumps vaccination and age-group is included in the multivariable model. The outcome is having acquired mumps.

Q2: Describe and interpret the following table of your findings.

Table 8: Results from the multivariable risk factor analysis, cohort study, March 2008, Republic of Moldova (n=910). (a)OR = (adjusted) odds ratio; CI = confidence interval; Ref. = reference group. *The overall aOR for one dose of monovalent mumps vaccine was derived from a separate model that included the same co-variables.

	
	
	Univariable

Analysis
	
	Multivariable analysis

Baseline odds=0.14

Pseudo R2=0.07

	Risk factor
	
	OR
	95%CI
	
	aOR
	95%CI

	Educational setting
	
	
	
	
	
	

	School 1
	
	Ref.
	
	
	Ref.
	

	School 2
	
	1.7
	1.1-2.6
	
	1.1
	0.7-1.9

	School 3
	
	1.4
	0.9-2.1
	
	1.0
	0.7-1.6

	College
	
	1.0
	0.6-1.4
	
	0.3
	0.1-0.7

	University faculty
	
	0.3
	0.1-0.7
	
	0.1
	<0.1-0.5

	Mumps vaccination
	
	
	
	
	
	

	Unvaccinated
	
	Ref.
	
	
	Ref.
	

	1 dose monovalent
	
	1.7
	1.1-2.7
	
	1.4*
	0.8-2.2*

	
	
	
	
	
	stratified by age-group

	13-15 years
	
	
	
	
	0.7
	0.2-2.4

	16-19 years
	
	
	
	
	1.4
	0.8-2.4

	20-25 years
	
	
	
	
	3.0
	0.6-15.7

	Age-group (years)
	
	
	
	
	
	

	13-15
	
	Ref.
	
	
	Ref.
	

	16-19
	
	1.5
	1.1-2.1
	
	0.9
	0.2-3.5

	20-25
	
	0.4
	0.2-0.8
	
	0.4
	0.1-2.7

	Female sex
	
	1.1
	0.8-1.5
	
	1.1
	0.8-1.5

	Risk factors for exposure
	
	
	
	
	
	

	Reporting contact with mumps case
	
	5.6
	2.8-11.3
	
	4.0
	2.0-8.2

	Weekly use of public transport
	
	1.1
	0.8-1.5
	
	1.3
	0.9-1.8

	Living in a dormitory
	
	0.9
	0.6-1.2
	
	2.2
	1.1-4.4

	Living with ≥3 co-residents
	
	0.8
	0.6-1.1
	
	0.8
	0.5-1.1


· Adjusting for vaccination, belonging to the older age-groups (16-19 and 20-25 years) is protective (aOR<1) against mumps compared to belonging to the youngest age-group, although the result is not significant.

Explanation (see also p.17): Circulation of mumps virus in Moldova in the past, notably during the outbreak in 1996–1998, would have infected unvaccinated individuals at a higher rate than the vaccinated. The unvaccinated, who already acquired mumps during the previous outbreak, have now immunity against mumps and are protected even without vaccination. This leads to an underestimation of the attack rate in the unvaccinated.

· In the youngest age-group (13-15 years), having received 1 dose of mumps vaccine leads to an increased risk of acquiring mumps (aOR>1) compared to being unvaccinated, although this result is not significant.

· However, when comparing the risk of developing mumps in vaccinated and unvaccinated individuals stratified by age-group the following can be found: in the youngest age-group mumps vaccination protects from developing mumps (aOR<1), whereas in the higher age-groups mumps vaccination is a risk factor for acquiring mumps (aOR>1) (results not significant). The risk even increases with age.

Explanation: antibody levels against mumps have been shown to wane over time. Therefore the youngest age-group may have still had protection from the vaccine whereas antibody levels may no longer have been sufficiently high in the older age-groups. However, it is controversially discussed whether this waning of antibodies corresponds to waning protection since cellular immunity also has to be taken into account

such a multivariable analysis should be interpreted carefully since many people are already naturally immune. If the VE is heavily biased it is so and perhaps more for additional risk factors.
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