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Abstract

Background

The Netherlands is a very low endemic country for hepatitis A virus infections (HAV, notification 

rate of <1/100,000). Historically in Amsterdam, a large proportion of infections are imported 

from Turkey and Morocco in children returning from summer holiday. Annually since 1998, the 

public health service of Amsterdam has targeted these children for HAV vaccination before the 

summer. As the population of non-western immigrants and their descendants increases, we 

describe recent trends in HAV in ethnic groups in Amsterdam (1996–2011), identifying current 

risk groups and recommending targeted prevention through vaccination.

Methods

We studied all cases of non-homosexually acquired HAV infection notified in the Amsterdam 

region (1996–2011, n=819) by ethnic group and generation (first/second generation migrants: 

FGM and SGM respectively). Incidence rates were estimated as the average number of cases 

per 100,000/ year. Using Poisson regression, we calculated incidence rate ratios (IRR) by ethnic 

group and generation adjusted for age and calendar year, and modeled seasonal variation using 

a smoothed time series. 

Results

Incidence of HAV in Amsterdam dropped from 24.8/100,000 population in 1996 (178 cases) to 

1.0/100,000 in 2011 (8 cases). Since 2005, 56% of cases are imported, the majority (62%) in second 

generation migrant (SGM) children of Moroccan, or other non-western ethnic backgrounds. 

The adjusted IRR in SGM relative to the ethnic Dutch population was 3.7 (95% CI: 2.3–6.1) in 

Moroccan SGM, 4.3 (95% CI: 2.6–7.2) in SGM of other non-western backgrounds and 1.9 (95% CI: 

0.8–4.1) in Turkish SGM. 

Conclusion

Though incidence of HAV in Amsterdam has declined substantially since 1996, it is still higher 

in SGM children of Moroccan & other non-western ethnic backgrounds. In line with WHO 

recommendations of June 2012, introduction of single dose HAV vaccination, targeted at SGM 

children from HAV endemic countries, could be considered within the routine childhood 

vaccination schedule.
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Background

Hepatitis A virus (HAV) is transmitted via the fecal-oral route and infection causes acute 

inflammation of the liver. In developing countries where sanitary conditions are suboptimal, the 

infection is highly endemic and transmission is via contaminated food, water or the hands. Most 

infections occur in childhood, are asymptomatic, and ≥90% of the population have immunity by 

age 10.1 In industrialised, predominantly Western countries which are of low endemicity, spread 

is typically limited to high risk groups such as travelers to HAV endemic countries, contacts of 

hepatitis A patients and men who have sex with men (MSM). The case fatality is highest in older 

age groups (2.1% in those ≥40 years old2). 

The Netherlands is a very low endemic country1 with a national HAV notification rate of 

<1/100,000 in 20093 and a population prevalence of antibodies to HAV of 39% in 2006–2007.4 

Seroprevalence has increased since the mid-1990s due to a burgeoning immigrant population 

and vaccination campaigns targeting travelers to high-endemic countries, in place since the 

early 1980s.4,5 Symptomatic HAV infection is notifiable and on receipt of a notification, the 

Public Health Service routinely traces and vaccinates all contacts. 

For many years, after the summer vacation period, a surge in HAV notifications is received in 

September–October.5 The majority occur in second generation migrant (SGM) children <16, 

who are born in the Netherlands, but who contract the infection while on summer holiday in 

the country of birth of their parents (predominantly Turkey or Morocco). These notifications 

represent a small proportion of total infections, which are largely asymptomatic in this group. 

Consistent with the HAV incubation period (4–6 weeks), the initial surge in notifications is 

followed in November–December by an increase in HAV infections among children and adults 

who did not travel but instead acquired their infection in the Netherlands.6 Such seasonal 

introduction of HAV with secondary transmission in the second half of each year has long been 

recognized in the Netherlands.5,7 It is supported by molecular cluster analysis which confirms 

frequent importation of new HAV strains into Amsterdam which are then associated with small 

clusters later in the year.8

Annually since 1998, the public health service of Amsterdam has attempted to reduce the 

importation of HAV after the holiday season by organizing large vaccination campaigns 

prior to the summer. These are targeted at SGM Turkish and Moroccan children and those 

from other North African countries. A study evaluating these programmes in 2006 reported a 

downward trend in the number of imported HAV cases among Turkish and to a lesser extent 

among Moroccan children in Amsterdam. The trend seemed to be correlated with the estimated 

26660 Whelan kopie.indd   69 02-11-13   16:03



CHAPTER 5 INCIDENCE OF HEPATITIS A

70

vaccination coverage in these groups.9 The city of Amsterdam (population: 790,044), is ethnically 

diverse and an increasing proportion of residents are of non-Western origin (35% in 201210). Our 

aim was to describe recent trends in hepatitis A infection in ethnic groups in Amsterdam from 

1996 to 2011, to identify current risk groups and to recommend targeted prevention through 

vaccination.

Methodology

Notification criteria for hepatitis A include clinical signs or symptoms of infection and elevated 

amino-transferase levels, with detectable hepatitis A-specific immunoglobulin M (IgM) 

antibodies in the serum (in the absence of hepatitis A vaccination in the last 12 months) or 

an epidemiological link to a confirmed case. Cases reported to the Amsterdam public health 

service with date of symptom-onset between 1 January 1996 and 31 December 2011 were included. 

Demographic information including birth-date, gender, recent travel history, country of birth, 

country of birth of parents (recorded in those whose primary risk was travel to a HAV endemic 

country from 1996 to 2005, and in all cases since 2005) and other risk factors (sexual contact in 

MSM, known household or other contact) were collected. Patients most likely source of infection 

was categorised as: (1) those infected in a highly HAV-endemic country during the previous 6 

weeks (imported infections); (2) those infected in the Netherlands by a hepatitis A patient in 

their home, school or work environment (domestic infections); (3) those who were infected as 

a result of male homosexual activity during the previous 6 weeks; (4) those of unknown source. 

Where travel was the major risk factor, countries visited were ‘highly endemic’ if ≥90% have 

immunity by age 10 (India, Pakistan, sub-Saharan Africa), ‘intermediate endemic’ if ≥15% have 

immunity by age 15 (Latin America, North Africa, Turkey & Middle East), ‘low endemic’ if ≥50% 

have immunity by age 30 (East/Southeast Asia, Caribbean, Eastern and Central Europe,) and very 

low endemic if <50% have immunity by age 30 (The Netherlands and ‘Other Western’ countries).1 

Cases born in a high/intermediate endemic country that migrated to the Netherlands were 

classified as ‘First generation migrants’ (FGM). Children of FGM, who themselves were born in 

the Netherlands or another low/very low endemic country, but where one or both parents were 

born in an intermediate or high HAV endemic country, were classified as ‘Second generation 

migrants’ (SGM). If an FGM or SGM travelled to their (or their parents’) country of origin within 

the HAV incubation period, their visit was regarded as ‘visiting friends and relatives’ (VFR). 

To estimate incidence of notified cases of hepatitis A in Amsterdam, annual population 

estimates were provided by the Research and Statistics department of Amsterdam (O&S), by 

age and gender for FGM and SGM in the major ethnic groups in Amsterdam from 1996 to 2011. 
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These were classified as ‘The Netherlands and Other Western’ (including all EU 27 countries), 

‘Suriname and Netherlands Antilles’, Turkey, Morocco, and ‘Other, non-Western’.

Statistical analysis

Analyses were conducted using Intercooled Stata 11.1 (Stata Corp., College Station, Texas, 

USA). Significant differences between proportions were assessed using Pearson’s chi-squared, 

and the nonparametric ‘nptrend’ was used to test for time trend in median age over calendar 

year. Incidence rates of hepatitis A cases in Amsterdam were estimated as the annual number 

of new cases per 100,000 persons-at-risk in the Amsterdam population. Poisson regression 

models adjusted for person-years of follow-up were used to quantify the incidence rate ratio 

(IRR) with 95% confidence intervals. To model total incidence over calendar time, calendar year 

was included as a continuous covariate. Other risk factors of interest were added separately 

as follows: age-group (categorical), most likely source of infection (categorical), and country 

of infection (categorical) if travel was the primary risk factor. Interaction terms between risk 

factors and calendar year were included and reported if significant (p<0.05). To model incidence 

between ethnic groups, age was added as a continuous covariate. To better observe the seasonal 

variation in imported and domestic cases, the data was smoothed using a uniformly weighted 

moving average model. A new data series was generated by adding the current observation (n), 

one lagged observation (n-1) and one forward observation (n+1), and dividing by three. 

Results

From 1 January 1996 to 31 December 2011, 1107 cases of HAV infection were reported of which 288 

(26%) were sexually acquired in MSM and were excluded from further analysis. Of the remaining 

819, the median age was 10 (interquartile range, IQR:6–25 years), and 53% were male (n=438). 

Case demographics and source of infection are in Table 1. 

The incidence of HAV infection in Amsterdam (Figure 1a) dropped by 16% annually from 178 

cases in 1996 (24.8/100,000 population) to 8 cases in 2011 (1.0/100,000, IRRref. year 1996 0.84, 95% 

CI:0.82–0.85,p<0.001). The incidence declined in each age-group over calendar year and the 

decline was not constant between age-groups (interaction term overall p<0.001): in those under 

15, IRR1996 was 0.78 (95% CI:0.77–0.80). in ages 16–39, IRR1996=0.86, 95% CI:0.84–0.88), in age 

≥40:IRR19960.93, 95% CI:0.90–0.97).The median age increased from 8 years in 1996 (IQR: 5–21) to 17 

years in 2011 (IQR:5–22, test for trend, p<0.001). Since 1996, there has been an annual decline of 

12% in the number of imported cases notified (Figure 2, IRRref year: 1996 0.88, 95% CI:0.85–0.90), and 

a more marked decline in domestic secondary cases acquired in the Netherlands (IRR ref year: 1996 

0.78, 95% CI:0.75–0.80, interaction p<0.001). Between 1996 and 2005, 41% of notified infections 
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were domestic infections acquired in the Netherlands (n=278/675). Since 2005, this proportion 

has dropped to 18%, and the majority of infections are imported from HAV endemic countries 

(56% of all infections (n=81/144) since 2005).

Table 1. Characteristics of hepatitis A cases reported in Amsterdam, the Netherlands. 1996–2011 (n=819a).

n %

Gender 
 

Male   438 53

Female 381 47

  Total   819 100

Age group 0–15   546 67

  16–39   201 25

  ≥40   72 9

  Total   819 100

Country of birth    

  Netherlands/Western Europe (very low/ low endemic) 717 88

  Morocco (intermediate endemic) 26 3

  Suriname / Netherlands Antilles (low endemic) 22 3

  Turkey (Intermediate endemic) 7 1

  Other, non Western (mixed endemicities) 31 4

  Unknown 16 2

  Total   819 100

Most likely source of infection     

  Imported from HAV endemic country    

    SGM−VFR b 204 62

    FGM−VFR c 39 12

    Dutch other Western tourist 65 20

    Other traveler d 23 7

    Subtotal 331 40

  Domestic secondary infections acquired in the Netherlandse    

    Family or household contact 132 43

    School contact 102 34

    Contact in environmentf 70 23

    Subtotal 304 37

  Unknown source 184 22

  Total 819 100
 a Sexually acquired infections in MSM are excluded (n=288)

b SGM−VFR: Second generation migrants, returning to visit their parent’s country of birth.
c FGM−VFR: First generation migrants, returning to visit their country of birth
d ‘Other travelers ‘ includes those not otherwise classified i.e. those of mixed ethnic backgrounds and destinations 
or Dutch expatriates living in a high endemic area.
e Ethnic background was not available for domestic cases prior to 2005. 
f This includes workplace or other immediate environment. 
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 (a)                 (b)

Figure 1. Incidence of acute hepatitis A infection in (a) the total Amsterdam population, 1996 to 2011 and (b) in 
Dutch born cases by ethnic background (including native Dutch, second generation Moroccan and second 
generation Other-Non Western cases), 2005–2011. Observed and expected incidence with 95% CI around expected 
values (shaded area). (a) Since 1996, total incidence in Amsterdam has dropped by 16% annually from 178 cases in 
1996 (incidence of 24.8/100,000 population) to 8 cases in 2011 (incidence 1.0/100,000, IRRref. year 1996 0.84, 95% CI:0.82-
0.85, p<0.001); (b) Observed and expected incidence with 95% CI in native Dutch cases (95% CI: Dark grey shaded 
area), SGM Moroccan (95% CI: mid-grey shaded area) and ‘SGM, Other non Western ‘ (light-grey shaded area. Data 
for Turkish SGM not illustrated). Adjusting for age and calendar year, relative to ethnic Dutch, the IRR was 3.7 (95% 
CI:2.3–6.1) in Moroccan SGM and 4.3 in SGM of other non-Western backgrounds (95% CI: 2.6–7.2); IRR of Turkish 
SGM was 1.9 (95% CI:0.8–4.1) data not included in figure.

Figure 2. Number of imported HAV cases, cases acquired in the Netherlands and those of unknown origin, 
Amsterdam 1996 to 2011, n=819. The number of imported cases notified has declined annually by 12% since 1996 
(IRRref year: 1996 0.88, 95% CI:0.85–0.90). The annual decline in domestic secondary cases acquired in the Netherlands 
was more marked (IRR ref year: 1996 0.78, 95% CI:0.75–0.80, interaction p<0.001). Cases of unknown source also declined 
(IRR ref year: 1996: 0.86, 95% CI:0.83–0.88).
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Infections imported from a HAV endemic country

Of imported infections (n=331), 12% were in FGM returning from their homeland, 62% were in 

SGM returning from their parent’s homeland and 20% were Dutch or other Western tourists 

or other travelers (Table 1). Thirty-nine countries were implicated as the source of infection. 

Countries visited that each accounted for ≥5% of infections were Morocco (n=178/331, 54%), 

Pakistan (n=31/331, 9%), Egypt (n=21/331, 6%), and Turkey (n=18/331, 5%). Between 1996 and 

2011, only the number of infections acquired in Morocco has declined significantly: IRR 0.83, 

95% CI:0.80–0.86, p<0.001 (Figure 3). The number of infections acquired in other countries has 

remained relatively stable over calendar year. 

Figure 3. Number of cases of acute hepatitis A, by country visited within 6 weeks prior to becoming symptomatic 
(n=331) Between 1996 and 2011, only the number of infections acquired in Morocco has declined significantly 
(IRR 0.83, 95% CI:0.80–0.86, p<0.001). The number of infections acquired in Pakistan, Egypt, Turkey and other 
countries, has remained relatively stable over calendar year.

SGM

From 1996 to 2011, 204 SGM imported the infection from their parent’s birth-country. The 

youngest case was 20 months old (maximum: 39 years). Between 1996 and 2004, 75% of cases 

were imported from Morocco (123/164). Since 2005, cases from Morocco accounted for 53% of 

cases (21/40), and the median age of SGM contracting the infection in Morocco increased from 

6 in 1996 (IQR:5–8), to 9.5 (IQR:2–17) in 2011 (z=1.92, p=0.055). The relative proportion of cases 

from other non-western countries increased from 19% (31/164) in 1996–2004 to 35% (14/40) in 

2005–2011 (Pearson chi2=9.5, p=0.023). Since 2005, SGM have also imported HAV from Turkey 

(n=5), Pakistan (n=4), Egypt (n=4), Nigeria (n=2), South Africa (n=1), Ethiopia (n=1), Afghanistan 

(n=1) and India (n=1). The median age in this diverse group has not changed over calendar year 

(median age=7 years, IQR:4–12).
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FGM

Between 1996 and 2011, 39 FGM acquired HAV whilst visiting their homeland: 15 in Morocco, 6 in 

Pakistan, 4 in Afghanistan, 4 in South Africa, and others in India, Turkey, Egypt, Zimbabwe and 

Syria. Median age was 10 (IQR:6–22) and there was no statistical trend in the number of cases in 

FGM over calendar year nor in their age at diagnosis. 

Dutch/ Western tourists

Since 1996, 65 people of Dutch or other Western ethnic backgrounds contracted the infection 

while travelling: 19% (n=12) in Morocco, 11% (n=7) in Egypt and 6% (n=4) in Kenya and Brazil 

respectively. Other cases were contracted in Africa (n=8), South America (n=6). Central America 

(n=7) a range of mid- and high- endemic countries (n=17). Median age was 28 (IQR:12–42). This 

has increased over calendar year from 26 (IQR:18–28) in 1996 to 38 (IQR:25–29) in 2010 (z=1.93, 

p=0.054). There were no cases in this group in 2011.

Infections acquired in the Netherlands

Since 1996, 304 infections were domestically acquired: 43% within the family/household, 34% 

within the school environment, and 23% within the workplace or other institution. The median 

age was 9 years (IQR:6–21) and there was no significant trend with age or calendar year. The 

majority (86%, n=262) were born in the Netherlands, 3% in Morocco and 3% in the Dutch Antilles. 

Seasonal variation in imported and domestic infections

Despite a decreasing overall trend, a similar seasonal pattern to that reported previously was 

seen in the smoothed time series from 1996 (Figure 4): case numbers in those who had recently 

travelled to an intermediate/highly HAV endemic country increased annually from August 

to October, peaking in September. This was followed by an increase from October to January 

(peaking in December) in those who were infected in the Netherlands. 

Incidence of HAV in Dutch-born cases by ethnic background

The total, age-specific incidence, and incidence over calendar year in Dutch born cases (n=123) 

from 2005–2011 by ethnic background, is in Table 2 and Figure 1b respectively. The incidence 

decreased with increasing age and did not change significantly over calendar year. The IRR 

relative to the ethnic Dutch population, adjusted for age and calendar year was 1.9 (95% CI:0.8–

4.1) in Turkish SGM, 3.7 (95% CI:2.3–6.1) in Moroccan SGM and 4.3 in SGM of other non-Western 

backgrounds (95% CI: 2.6–7.2). Probably due to pre-existing immunity, the incidence in FGM 

from high-endemic countries was lower than that of the ethnic Dutch. This data is not presented. 
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Table 2. Age-specific, and total incidence in Dutch-born casesa of hepatitis A notified in the Netherlands, 2005–2011.

Ethnic Background Age-group Cases (n) Cumulative total 
population (N)

Incidence (n/N*100,000 
with 95% CI)

Dutch & Other, Western 15 or under 10 412841 2.4 (1.2-4.5)

16–39 36 1322335 2.7 (1.9-3.8)

>39 20 1717502 1.2 (0.7-1.8)

Total 66 3452678 1.9 (1.5-2.4)

Turkish 15 or under 5 71349 7 (2.3-16.4)

16–39 2 50788 3.9 (0.4-14.3)

>39 0 362 0 

Total 7 122499 5.7 (2.3-11.8)

Moroccan 15 or under 19 144400 13.2 (7.9-20.6)

16–39 8 85233 9.4 (4.1-18.5)

>39 0 245 0 

Total 27 229878 11.7 (7.7-17.1)

Other, non Western 15 or under 18 112167 16 (9.5-25.3)

16–39 4 51865 7.7 (2.1-19.8)

>39 1 4171 24 (0.6-133.58)

Total 23 168203 13.7 (8.7-20.5)
a There were no cases in SGM of Surinamese or Netherlands Antilles background. Data not shown. 

Discussion

Between 1996 and 2011, the incidence of symptomatic HAV infection in Amsterdam has declined 

substantially from 24.8/100,000 to 1.0/100,000, and is now similar to the national notification 

rate of 0.93/100,000 reported in 2009.3 The number of both imported and domestically acquired 

infections has decreased. Historically, the majority of travel associated cases were acquired in 

children visiting their parent’s homeland in Turkey or Morocco. From 1993 to 2002, the incidence 

in Turkish and Moroccan children was 143 and 219 per 100,000 respectively,7 and a similar ethnic 

distribution was observed in other major urban centers in the Netherlands.6 The number of cases 

in Turkish children has declined sharply since then (this decline was observed prior to 19967), and 

the incidence dropped to native Dutch levels in 2011. The decline in the number of cases acquired 

in Morocco has also been dramatic, but has occurred more latterly. These findings are supported 

by the lower seasonal peak in imported cases in the summer months and in tandem, a decrease in 

domestically acquired infections, probably reflecting reduced transmission in schools and other 

locations from imported asymptomatic cases. This may in part be attributed to the effectiveness 
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of the HAV vaccination programmes targeting migrant children, but is also consistent with 

seroprevalence surveys in Turkey11,12 and North Africa13 which confirm with some intra-country 

variation, a recent decline in anti-HAV seropositivity in younger people, and a shift in the 

endemicity of HAV in these countries from high to intermediate as socioeconomic, sanitary 

and water supply conditions improve.14 Though of borderline significance, there are indications 

that the age of infection in cases from Morocco is increasing (cases may thus experience more 

symptomatic infection). This has been observed in other countries undergoing similar endemic 

transition,15 and in fact overall, the age at infection in cases in Amsterdam is increasing.

Most gains in relation to HAV infection in the Netherlands were made in the mid-1990s and early 

2000s (and earlier according to previous research7). Although the trend in Dutch-born cases 

of Moroccan and other non-western ethnic backgrounds is downward, we found no further 

significant declines in incidence between 2005 and 2011, either overall, or within ethnic groups. 

The age adjusted IRR in Dutch born cases of Moroccan and non-Western ethnic background 

is still 3 to 4 times that of ethnic Dutch. Since 2005, 62% of all travel-related cases (38% of all 

cases) were in children born in the Netherlands, who returned to their parents’ country of origin 

during the summer holidays, and the source countries have become increasingly diverse. 

In PHS Amsterdam, the pre-summer HAV vaccination campaigns target only children travelling 

to Turkey and North African countries on holiday. Unfortunately, overall vaccine uptake and the 

effectiveness of the programmes are very difficult to estimate: the absolute number or proportion 

of migrant children who travel to their parent’s country of origin is unknown, and less than 

half of vaccinations are administered at the PHS (instead by the family doctor, or elsewhere). 

In a nationwide, population-based sample in the Netherlands in 2006–2007, 32% of children of 

under 15 years of Turkish or Moroccan origin (considered as a single group) were immune to 

HAV.4 Given the epidemiology described here, over half of cases in Dutch-born SGM travelling 

to high-endemic countries are not of Turkish or north-African origin and are not targeted for 

inclusion in these programmes. It may be timely to reconsider this ad hoc approach: In July 2012, 

WHO recommended that single-dose inactivated HAV vaccine could be considered in national 

immunization schedules where appropriate.16 This has already been adopted with success since 

2005 in Argentina.17 The inactivated HAV vaccine has been shown to be highly immunogenic 

(up to 100% seroconversion) in healthy children,18 and in the Netherlands and elsewhere, single 

dose vaccination is administered as post-exposure prophylaxis after contact with a patient, and 

has been successfully used to control outbreaks of HAV.19-22 In 2011, 4285 babies of non-western 

parents were born in Amsterdam and this population is set to increase further.10 These children 

could be offered a single dose of HAV vaccination at the same time as the MMR vaccine which is 

currently given within the national immunisation programme at 14 months. A similar strategy 
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targeting children of parents from countries where hepatitis B is endemic was pursued in the 

Netherlands from 2003 to 2011(approximately 18% of the total birth cohort), of whom 94.3% 

completed hepatitis B vaccination in 2011.23 The infrastructure required and experienced staff 

are therefore already in situ, and country endemicity of HAV is similar to that of hepatitis B. At 

present, the vaccine cost is typically borne by the parents, though it is sometimes reimbursed 

by their health insurance. Particularly among young children who usually have asymptomatic 

infection, the individual benefit, and therefore the parents’ incentive to vaccinate, may be 

limited. A recent cost effectiveness study in the Netherlands has advocated targeted prevention 

vaccinating travelers and other high-risk groups,24 and an earlier study indicated that HAV 

vaccination of children from ethnic minorities in Amsterdam might be cost-effective,25 though 

more up-to-date estimates are required. 

There were some study limitations: Before 2005, country of birth of parents was not recorded 

in domestically acquired infections and we cannot comment on ethnic background of these 

cases. However, 43% were household contacts of cases and would therefore have a shared ethnic 

background. Secondly, we did not have any information on the number of persons travelling to 

HAV endemic areas, nor their time spent abroad. Therefore, we could not account for individual 

time-at-risk in susceptible individuals in determining incidence rates among travelers. Also, the 

majority of FGM are immune and cases that occurred were young, but we didn’t know for how 

long they lived in their homeland before migrating to the Netherlands, and therefore cannot 

make specific recommendations in relation to FGM at risk. Finally we could not assess the socio-

economic background of cases. This could have accounted for some of the ethnic difference 

observed.

In conclusion, as the incidence of hepatitis A declines and the source countries become more 

diverse, we suggest that single-dose, routine HAV vaccination of SGM children from HAV 

endemic countries could be considered within the childhood vaccination schedule. This approach 

could achieve comprehensive vaccination coverage within this risk group, raise awareness in 

FGM parents regarding their own risk, and have the greatest impact on secondary transmission 

through the prevention of both symptomatic and asymptomatic infection. 
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