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1. Model structure of the underlying SEIR model (see Horn and colleagues [1])
The deterministic dynamic compartmental model consists of four segments (see Figure S1): 
A.	Natural varicella disease (S, E, I, R; first row);
B.	Varicella vaccination (V1, V2, VL); 
C.	Breakthrough varicella disease (SB, EB, IB, R; second row)
D.	Herpes zoster (HZ) disease (SZ, IZ, RZ) and HZ vaccination (VZ); 
subscripts define the type of HZ (N = natural, B = breakthrough, V = vaccine type).

Compartments for natural varicella disease occurring in the model represent the natural course of varicella disease in the absence of any protection from varicella vaccination (M=maternal immunity, S=susceptible, E=exposed(infected), I=infectious, R=resistant). In contrast, breakthrough varicella is defined as the generally milder form of varicella in individuals partly protected by varicella vaccine in second row (using prefix B for breakthrough). HZ stages are differentiated with respect to the type of primary varicella disease using subscripts (N=natural, B=breakthrough or V=vaccine breakthrough). Vaccine breakthrough is a very rare side effect of a vaccination with a live vaccine which leads to disease caused by the vaccine virus in absence of wild virus infection observed almost exclusively in immunocompromised children. 
[image: ]
Figure S1: Model structure
M = maternal protection; S, E, I, R = susceptible, exposed (latent), infectious, resistant regarding natural varicella; SB; EB, IB, RB = susceptible, exposed, infectious, resistant regarding breakthrough varicella; SZ, IZ, RZ, VZ susceptible, infectious, resistant, vaccinated regarding herpes zoster; V1, V2 = vaccinated against varicella with 1 or 2 doses ; VL = varicella vaccine-related protection boosted to lifelong duration; subscripts of Z (ZN, ZB, ZV) = specification of zoster type due to natural varicella (N), breakthrough varicella (B) or vaccine virus (V); SBV, V1V, V2V = shortcut for SB_SZV, V1_SZV, V2_SZV defining individuals susceptible, vaccinated against varicella (with one or two doses) and susceptible to herpes zoster due to vaccine virus.  
Transmission of the virus as well as boosting of protection against HZ or extension of varicella vaccine protection was modelled dynamically using contact matrices provided by the POLYMOD project. Breakthrough varicella was assumed to be half as infectious as natural varicella [8, 9] which in turn was 10 times as infectious as HZ. Depending on infectivity, contact with an infectious individual (I,IB, IZN,B,V) will lead to new varicella infections in susceptible individuals (S, SB, SB) as well as boosting of protection against HZ (SZN,B,V,V1V,V2V) or boosting of varicella vaccine protection (V1,V2,V1V,V2V). 

2. Available data for calibration
1. Seroprevalence, before the introduction of varicella vaccination in 19 age groups (different ranges; blood samples from 1995 to 1999)[2].
2. Incidence of HZ in 5-year age groups for persons older than 50 years (2007 to 2008) [3] and 10-year age groups for persons under 50 years (2004 to 2008)[4]. 
3. Hospitalization and mortality rates of varicella and HZ (data 2000 to 2011) [5, 6]
4. Varicella vaccination coverage (one dose/two dose) at the age of 24 months (year 2006 to 2011) [1] 
5. Proportional reduction of varicella cases (data 2005 to 2012, partly published in [7])

Only the variables infectivity of varicella per contact (for unvaccinated persons) and reactivation rate of herpes zoster by age and sex were directly calibrated using least sum of squares minimization. Parameters for vaccination (efficacy, primary vaccine failure, waning) were not calibrated but calculated to fit to the reported effectiveness of varicella vaccination [10, 11] and checked for validity according to data form the German varicella sentinel [7]. For simplicity and to get a wider data basis, fitting was performed for the year 2003 (the year before introduction of varicella vaccination) but separately for the stable population as well as the projected population. As some of the data came from different time periods, all available data as well as the estimates for the projected population (there are no changes for the stable population model as it is in the steady state before the introduction of varicella vaccination) were checked for any signs of visible changes in the epidemiology of varicella or herpes zoster. In the projected population model incidence changed only considerably if not adjusted for age. Observed data indicate an increase of herpes zoster incidence from 2004 to 2008, which is not significant. Hospitalization and mortality rates for herpes zoster but not so much for varicella increased over the whole period of 2000 to 2011; however, there were no differences in slope between before and after vaccination indicating unspecific changes towards higher and shorter hospitalization rates as seen for many other diagnoses in Germany. Unlike in adults or teenagers, hospitalization rates for herpes zoster in children under 10 years old decreased as expected by more than half after the introduction of vaccination, which can be linked to varicella vaccination. Therefore, data after vaccination (2004 to 2011) from persons less than 10 years old was excluded for the purpose of calibration. 

3. Parameters 
Table S1 contains the most important parameters of the model.
Table S1: Parameter values used for the model
	Parameter
	Base case value
	Source

	Varicella

	Duration of maternal immunity
	150 days
	[12]

	Duration of latent period
	14 days
	assumed according to [8, 9, 13]

	Duration of infectious period (unvaccinated individuals)
	7 days 
	[8, 9, 13]

	Probability of virus transmission (per contact)
	0.117
	calibrated 

	Varicella vaccination

	Primary failure*
	4%
	[8, 9, 13]

	Vaccine effectiveness 
(1 dose / 2 doses)
	90% / 96%
	calculated

	Average duration of vaccine protection (1 dose / 2 doses)
	40 / 80 years
	assumed

	Vaccination coverage (1 dose / 2 doses)
	86.9% / 64.1% (from 2011 on)
	see methods

	Probability of boosting varicella vaccine protection (per infectious contact)
	100%
	[8]

	Varicella in vaccinated individuals

	Relative infectivity of breakthrough varicella (compared to natural varicella) 
	50%
	[8, 9]

	Duration infectious period (vaccinated person)
	4.5 days
	[9, 13, 14]

	Herpes Zoster (HZ)

	Duration of protection against HZ after: varicella infection (any type), HZ episode, boosting of protection against HZ, varicella vaccination (vaccine virus) 
	20 years
	Assumed [8, 9, 13]

	Probability of boosting the protection against HZ (per infectious contact)
	100%
	Assumed [8, 9]

	Reactivation rate of VZV leading to HZ (age and sex specific) 
	0.9%-5.3%
	calibrated 

	Relative reactivation rate of VZV in individuals vaccinated against varicella (compared to unvaccinated individuals)
a) After breakthrough varicella                                                b) Reactivation of vaccine virus
	a) 47.6417%
b) 12.8614%
	calculated based on [15] 

	Duration of infectious period (HZ)
	28 days
	[12, 13]

	Relative infectivity of HZ (compared to natural varicella) 
	0.05
	[16]

	HZ vaccination
	
	

	Vaccination coverage (live HZ vaccine)
	20%
	assumed

	Vaccine efficacy (live HZ vaccine)
	18-70% (age-dependent)
	[17-19]

	Duration of protection (live HZ vaccine)
	12 years
	[20, 21]

	Best age of vaccination
	60 years
	Horn and colleagues [1]

	Vaccination coverage (new subunit HZ vaccine)
	20%
	assumed

	Vaccine efficacy (new subunit HZ vaccine)
	97.2%
	[22]

	Duration of vaccine protection (new subunit HZ vaccine)
	56 years
	see chapter 11


* Immediate vaccine failure (main reason no seroconversion) not to be confused with waning of vaccine protection 


4. Model fit to observed data
Serology varicella
[image: ]
[bookmark: _Ref435119426]Figure S2: Seroprevalence of varicella in Germany, by age (data [2, 23])
Herpes Zoster
[image: ]
[bookmark: _Ref435119492]Figure S3: Incidence of herpes zoster in Germany, by sex and age (data [3, 4]; SHI = statutory health insurance)
Unfortunately, there are not much more data about varicella or herpes zoster cases available in Germany. Including the data already mentioned there are two data sources about seroprevalence of varicella[2, 23] in the pre-vaccination era as well as publications evaluating incidence of herpes zoster with the help of health insurance data reporting almost identical age and sex-specific HZ incidence rates; all of them monitor the same time period (2004 to 2009) after vaccination [3, 4, 24, 25].
The general problem is a lack of incidence data before the introduction of varicella vaccination. The only publication with varicella and herpes zoster incidence data before introduction of varicella vaccination [26] recorded in outpatient medical practices in a small town (1992 - 1993) suffers from methodological problems. Physician-reported varicella incidence was only half of the rates necessary to fit observed seroprevalence data. Moreover, reported HZ incidence was less than half of the rate reported in later studies. Most available data after vaccination is not processed, analysed or published. Current surveillance started after introduction of vaccination; health insurance data in Germany is only consistent since 2004, the year of introduction of varicella vaccination. 
Nevertheless annual hospitalization rates and mortality rates were recorded for varicella and herpes zoster since 2000, thus including time-periods before as well as after the introduction of varicella vaccination. However, these data are prone to time-dependent biases and provide inconsistent results. For example, the two sources of mortality rates for herpes zoster show different trends (A: principal diagnoses of all persons which die in hospital (strong increase), B: reason of death according to death certificate (constant)). In addition, similar to other countries there is a strong continuous increase of herpes zoster hospitalization rates across all recorded years (2000 - 2015) which does neither fit to an possible impact of varicella vaccination nor to demographic changes, indicating that there must be additional causes.

5. Effects of the demographic change on contact patterns 
Due to demographic changes, the number of children is expected to be almost halved whereas the number of older persons more than doubles until 2060. Due to the balancing of contacts using the square root, the contacts from older persons to children almost halve while contacts from children to older person double (see Figure S4). Middle-aged persons have slightly less contacts with children and more contact s with the elderly.  
[image: ]
Figure S4: Changes of number of contacts per day over time in three exemplary age groups
It has to be noted that our model reacts differently to demographic changes than the model proposed by Marziano et al. [27]. In our model the number of contacts are adjusted according to the square route of the ratio of the numbers of persons in both age-classes using square routes, whereas in Marziano et al. the contacts of each age-class are balanced according to the number of persons in the age-class of the contact.
 


If, as an example, we look for simplicity reasons only at three hypothetical age-classes:
1. Young children 
2. Their parents 
3. Their grandparents      
Let us assume that in case of demographic changes the proportion of children decreases (for example by 40%) whereas the proportion of grandparents increase compared to a stable population by a factor of 2. The proportion of the total population in the age group of young parents stays about the same. Using the approach of Marziano et al. the contact rates would change when compared to the stationary population by a factor of:
	
	Contacts from a

	
	Child
	Parent
	Grandparent

	Contacts to
	
	
	

	Children
	0.6
	0.6
	0.6

	Parents 
	1
	1
	1

	Grandparents
	2
	2
	2


In contrast in case of our model contacts would change compared to a stationary population by:
	
	Contacts from a

	
	Child
	Parent
	Grandparent

	Contacts to
	
	
	

	Children
	1
	
	

	Parents 
	
	1
	

	Grandparents
	
	
	1



The approach by Marzaino et al. is motivated by the idea of random mixing of persons. Therefore if the frequency of one age-group changes over time, all contacts to this age-group change by this respective factor whereas the contact behaviour of the respective age-groups does not change at all. Our approach is motivated by the idea of balancing desired contact rates according to wishes of both contact partners by correcting resulting inequalities with the geometric mean. Compared to Marziano, our approach predicts smaller changes due to demographic effects. For example, in our model the age-specific varicella incidence will not change considerably due to demographic changes since the number of contacts is usually highest to persons of the same age and these will not change in our approach. With Marziano’s approach, contacts of young children with each other would be halved resulting in an age-shift of the epidemiology of varicella towards older age-groups. Boosting contacts for the elderly (to children) would however decrease in both models at almost the same magnitude.   
Indirectly associated with the question of contact patterns are the boosting assumptions. Most previous VZV models followed the simplified approach of Brisson et al. in which boosting is only possible if protection against HZ has already waned [9] and in which boosting leads to a temporal immunity against HZ. In Karhunen et al. and Guzzetta et al., boosting events do not lead to immunity, but reduce the reactivation rate. To which extent the reactivation rate is reduced depends in Karhunen et al. on age and time since last contact with VZV, in Guzzetta et al. also on the total  number of boosting events of each individual so far [28, 29]. For simplicity all models use in their base case analyses the assumption that all contacts which would lead to an infection in case of a susceptible person will lead to a boosting event for a person susceptible to HZ. Furthermore, as most of the calibration data comes from the pre-varicella vaccination era, the estimated baseline reactivation rate is estimated based on these model assumptions.              
6. Age-specific effects of varicella vaccination on varicella
There is only a small difference in the effect of varicella vaccination on age-specific incidence of varicella between the different population scenarios. The observed differences in case numbers are mainly due to changes in the population age structure as the age-specific incidences are almost identical (see Figure S5) 

[image: ]
Figure S5: Age-specific effect of varicella vaccination on varicella incidence in the stable population (left) and projected population model (right). Note the log scaling of the y-axes.
Note: In the model, contact patterns are modelled according to age-stratified contact data from the POLYMOD survey. Whenever a person moves into the next age-class, contact frequency and patterns are adapted which can lead to a considerable different risk of varicella infection.

7. Vaccination against herpes zoster in the projected population scenario
In the projected population scenario, it is even more evident than in the stationary population scenario that HZ vaccination at the age of 60 years is the most effective way to reduce HZ incidence. This should not be confused with cost-effectiveness as the total number of vaccinated persons changes with age at vaccination (see Figure S6). 
[image: ]
Figure S6: Effect of new HZ vaccine on HZ cases by age of vaccination (left); the total number of HZ vaccinated individuals in the time perdiod 2014-2060, when the age of HZ vaccination is varied over the whole age range from 0 to 100 (right)

8. Assumptions for the projected population with increased migration 
The projected population with increased migration was introduced to account for the short-term migration as observed in Germany in 2015/2016. In this period, the extent of immigration to Germany was substantially higher than already accounted for in the demographic predictions. Moreover, in contrast to previous years, when most migrants came from other European countries with similar VZV seroprevalence as Germany, in 2015 most migrants came from countries with substantially lower VZV seroprevalence. For example, while in Germany only about 3% of all adults are susceptible to varicella, in most countries of origin for migrants coming to Germany in 2015, about 10% of adults were susceptible to varicella (Table S2).
The projected population with increased migration is based on the projected population obtained from the Federal Statistical Office of Germany. However, it is assumed that an additional one million migrants came to Germany in 2015 and from 2016 to 2025 this yearly additional number of migrants is assumed to drop by 100,000 per year, until it reaches zero in 2026. These migrants’ countries of origin are assumed to follow the distribution of the top countries of origin of asylum seekers in Germany in 2015 (see Table S2). Due to restrictions of published data, no country-specific age or sex distributions were available so that the overall age distribution was applied to all countries of origin.
We applied the same method (using the same POLYMOD baseline matrices and balancing discrepancies with the geometric mean) to get contact matrices for migrants as for the rest of the population.  In the first year after arrival their contact network was restricted to other migrants except for one additional contact per day to a random person in the original population. After the first year, it was assumed that only the proportion of migrants according to the official protection rate specific for the country of origin (persons either are accepted asylum seekers/refugees, were granted temporary protection or deportation ban) remained in Germany. These individuals were from then on included in the compartmental model capturing the rest of the German population.  
To obtain seroprevalence estimates by country of origin for children and adults, a short literature review was performed (using the terms “seroprevalence”, “varicella”, “refugees”, and the respective country of origin). Information was found for Syria (only adults) [28], Iraq [29, 30], Kosovo (only children) [29], and Eritrea [31]. In case no data were available, information was retrieved for neighbouring countries; in case of Syria data from Turkey [32, 33] and in case of Afghanistan and Pakistan data from Iran [34-36] were used. In case of Albania, Kosovo, Serbia, and Macedonia, the mean estimates of data from Greece, Turkey, Kosovo, and former Yugoslavia were used for children [29, 32, 33, 37]; for adults only data from Turkey were available and were used.
Table S2: Distribution of asylum seekers in Germany by country of origin, age and sex in 2015 (according to the Federal Office for Migration and Refugees)
	Distribution by country of origin 
	Distribution by age and sex

	Country
	Asylum
seekers 
	Seroprevalence (children)
	Seroprevalence 
(adults)
	Protection rate (2014)*
	Age
	Men
	Women

	Syria
	162510
	72.05%
	90.82%
	89.35%
	0 to 15
	47466
	39032

	Albania
	54762
	67.48%
	91.33%
	2.23%
	16 to 17
	11910
	3152

	Kosovo
	37095
	67.48%
	91.33%
	1.08%
	18 to 24
	65505
	15925

	Afghanistan
	31902
	46.17%
	82.89%
	46.70%
	25 to 29
	38813
	12414

	Iraq
	31379
	69.45%
	96.52%
	73.95%
	30 to 34
	25274
	10480

	Serbia
	26945
	67.48%
	91.33%
	0.20%
	35 to 39
	16089
	7723

	Eritrea
	14131
	36.90%
	88.04%
	55.24%
	40 to 44
	10484
	5004

	Macedonia
	10990
	67.48%
	91.33%
	0.26%
	45 to 49
	6346
	3209

	Pakistan
	8472
	46.17%
	82.89%
	18.62%
	50 to 54
	3493
	2091

	
	55 to 59
	1768
	1434

	
	60 to 64
	943
	825

	
	65++
	859
	987


* no data for 2015 available; protection rate includes accepted asylum seekers/refugees, granted temporary protection, and deportation ban 



9. Incidence and age-standardized incidence for varicella and herpes zoster
For all analyses, relative vaccination effects and effects of demographic changes measured based on incidence rates were consistent with those measured based on absolute case numbers as the change in total population size over time is almost negligible. Differences between the stationary population scenario and the projected population scenarios were mostly removed when using standardized incidence rates instead of absolute case numbers or observed incidence rates (Figure S7). The increased short-term migration had only temporary effects on varicella epidemiology but also minor long-term effects on HZ. Directly after the immigration impulse, there was a small, temporally limited increase of varicella cases followed by a general increase of hospitalizations and deaths associated with varicella. In addition, there was a slight increase of HZ incidence, hospitalizations, and mortality rates. Both effects can be attributed to the lower VZV seroprevalence in migrants, especially in adults when compared to the autochthonous German population. Changing the year, the extent of migration, or adding a second period of increased migration did not change this finding qualitatively but almost linearly shifts the effects in time, changes the extent of the effects, or adds a second similar effect of migration respectively.    

Figure S7: Incidence (top) and age-standardized* incidence (bottom) for varicella (left) and herpes zoster (right) by model population 
*Age standardized according to European standard population 2013 


10. Estimation of effectiveness of varicella vaccination 
Similar to other modelling studies we incorporated vaccine effectiveness against all varicella cases by taking into account both overall effectiveness as well as effectiveness against moderate or severe varicella cases in particular [8, 9]. We did that by assuming in the first step a primary vaccine failure rate of (4%) which reflects the seroconversion rates as well as 1 minus the vaccine effectiveness (96%) against severe cases reported by Seward and colleagues [11]. Any person in the model with a primary vaccine failure would be considered as not vaccinated regarding severity of disease, whereas varicella in any vaccinated person without primary vaccine failure would almost always be mild. Under these assumptions, vaccine effectiveness (1 dose schedule) in persons without primary vaccine failure was calculated to be 90% considering the reported vaccine effectiveness of Bayer and colleagues of 73% [10] and the one of Seward and colleagues of 81% [11] as well as the reported average follow-up time. As there is neither a study reporting a decline of vaccine effectiveness over time nor a study with a follow up period of more than ten years, waning rates could only be assumed. Moreover, there was no information about vaccine effectiveness for a two dose schedule except for the study of Kuter and colleagues [38] which reported vaccine effectiveness rates which are not in line with data from observed outbreak investigations. After calibration based on the studies mentioned above, a review by Marin and colleagues [39] was published reporting a vaccine effectiveness for a 1-dose schedule identical to the one reported by Seward and colleagues (81%) against any varicella cases; at the same time they report a higher effectiveness (98%) against moderate or severe varicella cases. In addition, the study contains also vaccine effectiveness data for a two dose vaccination schedule against any varicella cases of 92%; taking into account reported follow up time and assumed primary failure rates this fits exactly to the assumptions used in this modelling study.    
11. Estimation of the duration of protection (new subunit HZ vaccine)  
We calculated the duration of protection for the new subunit HZ vaccine as described by Lal and colleagues 2015 using [22]:
(I) Mean duration of follow up 3.2 years
(II) Observed overall vaccine efficacy for age 60 years and older: 97.2% => mean vaccine efficacy over 3.2 years is 97.2%
Assumption for HZ incidence: constant within 3.2 years follow-up (conservative since incidence increases with age)
Assumption for observed vaccine failure: All observed cases of breakthrough infection are due to waning of protection; none due to primary vaccine failure (initial failure, main reason no seroconversion). This assumption is conservative, as potential effects of primary vaccine failure would result in weaker effect of waning and therefore longer duration of vaccine protection.  
Assumption for waning: exponential
⇒ mean vaccine efficacy =  	(d = duration vaccine efficacy in years)
⇒  ⇒ solving numerically years
12. Sensitivity analyses 
HZ vaccination coverage
Independently of the applied vaccine and the population scenario the effects of HZ vaccination coverage on the epidemiology of HZ are almost linear. Each one percent increase in vaccination coverage of the live attenuated vaccine reduced the cumulative number of HZ cases (over the period 2004 to 2060) by 0.06-0.07% (dependent on the population scenario used); in case of the new HZ vaccine candidate a one percent increase in vaccination coverage led to a reduction of 0.26-0.29% in cumulative HZ case numbers (Figure S8 and S9). Hence, the currently licensed HZ vaccine cannot compensate the 11% excess in HZ cases (aggregated over the period 2004 to 2060) due to varicella vaccination even with 100% coverage; the new HZ vaccine candidate is predicted to fully compensate excess HZ cases at vaccination coverage rates of about 40%. 
[image: ]
[bookmark: _Ref457904049]Figure S8: Impact of HZ vaccine coverage on the epidemiology of HZ (current live and new subunit vaccine)
The main reason of the potentially higher impact of the new vaccine is not its higher effectiveness but its longer duration of protection. While the current vaccine with an age at vaccination of 60 years only reduces HZ incidence in the age ranges from 60 to 70 years, the new HZ vaccine affects all age classes over 60 years (Figure S9). As age-classes over 70 years are decisive for the overall number of hospitalizations and deaths, HZ vaccination at an age of 60 years with the current HZ Vaccine has almost no effect on these outcomes, whereas the long term impact of the new subunit vaccine on hospitalizations and deaths is apart from a delay similar to that on HZ cases (see manuscript Figure 3).  
[image: ]
[bookmark: _Ref457902685]Figure S9: Impact of HZ vaccine coverage on age-specific incidence of HZ in 2060 (current live and new subunit vaccine)

Time period of increased migration 
In a sensitivity analysis we varied the time period of increased migration between 2015 (base case), 2030, and 2045. Impact of varicella or HZ vaccination on respective incidence rates was almost unaffected. 
Table S3: Relative impact of vaccination strategies on the predicted cumulative number of varicella and herpes zoster (HZ) cases (in the period 2004-2060) by time period of increased migration (in reference to table 1 of the main manuscript)
	
	Varicella cases (differences in %*)
	HZ cases (differences in %*)

	Projected pop. increased immigration 2015
	
	

	   Varicella vaccination±
	-68.90%
	+10.94%

	   Varicella + HZ (current live) vaccination# 
	-68.92%
	+9.60%

	   Varicella + HZ (new subunit) vaccination#
	-69.01%
	+5.29%

	Projected pop. increased immigration 2030
	
	

	   Varicella vaccination±
	-68.85%
	+10.81%

	   Varicella + HZ (current live) vaccination# 
	-68.87%
	+9.49%

	   Varicella + HZ (new subunit) vaccination#
	-68.96%
	+5.19%

	Projected pop. increased immigration 2045
	
	

	   Varicella vaccination±
	-68.75%
	+10.73%

	   Varicella + HZ (current live) vaccination# 
	-68.77%
	+9.41%

	   Varicella + HZ (new subunit) vaccination#
	-69.86%
	+5.09%


* compared to scenario without varicella and HZ vaccination
± vaccination coverage 86.9%/64.1% (2004-2010 as observed)
# vaccination coverage 20%


Table S4: Relative impact of time period of increased migration on the predicted cumulative number of cases varicella and herpes zoster (HZ) cases (in the period 2004-2060) by vaccination scenario migration (in reference to table 2 of the main manuscript)
	
	Varicella cases
(differences in %*)
	HZ cases
(differences in %*)

	Increased migration in (year)
	2015
	2030
	2045
	2015
	2030
	2045

	No vaccination
	-37.12%
	-37.17%
	-37.28%
	+21.59%
	+20.26%
	+19.53%

	Varicella vaccination
	-28.76%
	-28.69%
	-28.60%
	+21.35%
	+19.88%
	+19.06%

	Varicella + HZ (current live) vaccination
	-28.77%
	-28.70%
	-28.61%
	+21.26%
	+19.81%
	+18.98%

	Varicella + HZ (new subunit) vaccination
	-28.82%
	-28.75%
	-28.65%
	+20.60%
	+19.18%
	+18.33%


* compared to the stationary population model
± without short-term immigration 
# with short-term immigration

Other sensitivity analyses
While there is no real uncertainty regarding the natural history of varicella infection, we performed a number of sensitivity analyses focusing on vaccine parameters and the role of boosting (HZ, varicella vaccine protection) [1]. In these analyses, varicella breakthrough cases had only a considerable impact on overall burden of disease if all of the following applied:.
1. Duration of varicella vaccine protection is not lifelong 
2. Contact with varicella has only minor effects on varicella vaccine protection (no boosting)
3. Varicella breakthrough cases are considerable more severe in adults than in children. 
Similarly, reduced boosting against HZ led in these analyses only to a considerable temporal increase of HZ incidence if both of the following applied:
1. More than 50% of all contacts with varicella result into boosting against HZ
2. Duration of protection against HZ from a boosting event lasts at least 10 years
The varied parameters in these sensitivity analyses affected all population scenarios in virtually the same way so that differences between population scenarios were not affected by parameter uncertainty.   


13. Equations


























Force of infection:
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