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Aim: Aseptic meningitis, including culture negative and viral meningitis, contributes a significant health-care burden, including unnecessary anti-
biotic use and hospitalisation to treat possible bacterial meningitis. This study analysed aseptic meningitis hospitalisations in New Zealand
(NZ) children over 29 years.
Methods: In this population-based study, aseptic meningitis hospitalisations in NZ children <15 years old were analysed from 1991 to 2020.
Incident rate ratios were calculated using Poisson regression models. Variations in hospitalisations by age, year, sex, ethnicity, geographical
region and socio-economic deprivation were analysed.
Results: There were 5142 paediatric aseptic meningitis hospitalisations from 1991 to 2020. Most were unspecified viral meningitis (64%),
followed by enterovirus (29%). Hospitalisation rates varied annually with a median of 18.4/100 000 children including a peak in 2001 of
56.4/100 000 (51.7–61.6). From 2002 to 2019, rates increased by 8.4%/year (7.2–9.5%) in infants <90 days old but decreased in all other
age groups. In 2020, a reduction in hospitalisations to 9.6/100 000 (7.9–11.8) occurred, and in infants <90 days old were 0.37 times
expected. Hospitalisations were 1.50 times (1.49–1.68) higher in males than females; higher in children of M�aori (P < 0.001) and Pacific
(P < 0.001) versus European ethnicity; and higher for children living in the most (2.44 times, (2.16–2.75)) versus least deprived house-
holds; and in northern versus southern NZ.
Conclusions: Aseptic meningitis hospitalisations increased in young infants during 29 years of surveillance, apart from 2020 when admissions
reduced during the COVID-19 pandemic. In contrast, hospitalisations decreased in children aged >1 year. Further investigation into reasons for
higher admissions by ethnic group, geographical location and increased deprivation are required.
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What is already known on this topic

1 Most meningitis in countries with similar immunisation schedules
to New Zealand is aseptic (non-bacterial).

2 Most aseptic meningitis is presumed to be caused by viruses,
although specific aetiologies are often not identified.

What this paper adds

1 Aseptic meningitis hospitalisations in New Zealand children from
1991 to 2020 were highest in young infants, and were higher in
Pacific and M�aori children, and children living in socioeconomi-
cally deprived areas suggesting inequities in disease burden.
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3 Aseptic meningitis contributes a large health-care burden
although it is usually a self-limiting disease and for most children
only supportive management is required.

2 Aseptic meningitis hospitalisations in New Zealand children aged
>1 year decreased over time, whereas infant hospitalisations
increased from 2004 to 2019.

3 There was a reduction in childhood aseptic meningitis
hospitalisations in 2020 during the COVD-19 pandemic.

Aseptic meningitis is defined as all non-bacterial meningitis, includ-

ing cases with no identifiable cause.1 Viruses are identified as the

causative organism in most aseptic meningitis.1 In populations with

comparable immunisation schedules to New Zealand (NZ), like the

United Kingdom (UK), most meningitis is presumed to be aseptic.2

The introduction of protein conjugate vaccines against Haemophilus

influenzae type b (Hib) and Streptococcus pneumoniae into the NZ

immunisation schedule has reduced bacterial meningitis rates in NZ

over the past 25 years.3 Meningococcal conjugate vaccines are also

part of routine vaccination schedules in many countries.4 Although

NZ introduced a strain-specific outer membrane vesicle vaccine from

2004 to 2008 during a meningococcal type B epidemic,5 meningo-

coccal vaccines are not currently included in the national NZ

immunisation schedule.

Many viruses cause meningitis including enterovirus (EV), par-

echovirus, herpes viruses, respiratory viruses (adenovirus, influenza

virus, coronaviruses), mumps virus, measles virus, rotavirus, parvo-

virus B19, lymphocytic choriomeningitis virus and human immuno-

deficiency virus.6,7 Viral meningitis is usually a self-limiting disease

and for most children only supportive management is required.

Although improvements in diagnostic capabilities, including wide-

spread use of polymerase chain reaction (PCR), have reduced the

duration of hospital stay and antibiotic treatment for viral meningitis,

aseptic meningitis still contributes a large health-care burden.8 The

long-term outcomes in children following viral meningitis are still

poorly defined, with studies reporting conflicting results.9

Long-term epidemiological trends in childhood viral or aseptic

meningitis in NZ have not been previously reported. Defining

these trends is important to inform clinical practice and the

national vaccination program, to establish future research priori-

ties and improve understanding of ethnic disparities in disease

and populations at risk of poorer health outcomes. The aim of

this study was to analyse trends, over 29 years, in hospitalisations

of children with aseptic meningitis.

Methods

Data sets

In this population-based study, a national cohort of hospital

admissions for meningitis was identified from the National Mini-

mum Dataset (NMDS), accessed via the Integrated Data Infra-

structure (IDI) at StatsNZ.10 Children were included if aged

<15 years upon admission with viral or aseptic meningitis, identi-

fied by any relevant International Classification of Disease (ICD) code

(Table 1), between 1 January 1991 and 31 December 2020.

The NMDS is the national data set of routinely collected hospi-

tal discharge information which includes data for both inpatients

and emergency department presentations.11 The current NMDS

was introduced in 1999, but data have been submitted in an

agreed format by public hospitals since 1993 and retrospectively

loaded with hospital discharge information from 1988.11 The IDI

is a large collection of national data sets which links de-identified

data for individuals from a variety of governmental and non-

governmental organisations. These data sets are linked by com-

mon variables including the National Health Index number,

name, birthdate, sex and country of birth, with individuals than

being de-identified.10

Data extracted from the IDI included the following individual-

level and hospital event-level variables: birth year and month,

sex, StatsNZ level 1 prioritised ethnic group, meshblock of resi-

dential address at time of admission (a small geographical area

defined by StatsNZ comprising less than 120 dwellings),12 date of

admission, admitting hospital, ICD-9 and ICD-10 codes.

At StatsNZ level 1, ethnicity is categorised into one of six eth-

nic groups: European; M�aori; Pacific Peoples; Asian; Middle East-

ern, Latin American, African (MELAA); and Other. Individuals

identifying more than one ethnic group were prioritised

according to NZ Ministry of Health ethnicity protocols.12

Meshblock geographic code was used to determine the District

Health Board (DHB) of domicile and NZ deprivation index

(NZDep).13 The geographical region of NZ is divided into

20 DHBs. The NZDep is a small-area measure of neighbourhood

deprivation that groups the population into deciles from 1 (least

deprived) to 10 (most deprived). It is constructed from variables

collected in national censuses including income, transport, living

space, home ownership, employment, qualifications and govern-

ment financial support.13

Data analysis

Data were analysed using the statistical software ‘R’ (version

3.4.1). Multiple admissions for an individual were excluded if less

than 364 days apart. If multiple diagnoses were listed during an

admission, any diagnosis specifying an organism was chosen

preferentially.

Numbers of hospitalisations were cross-tabulated by ICD code,

year, age at admission, sex, ethnic group, DHB, seasonality and

NZDep categorised into quintiles. During the ICD-10 era, each

case was also coded by an equivalent ICD-9 code. Therefore,

ICD-9 coding was used in this analysis. Following StatsNZ confi-

dentiality rules, all counts were randomly rounded to base 3 and

raw counts less than 6 were suppressed.

Group-specific incidence rates with 95% binomial confidence

intervals were calculated by dividing cases with the associated

estimated resident population at 30th June each year, derived

from NZ Census data from StatsNZ. Trends over time in annual

age-specific incidence rates, and changes in the direction of

trends, were identified using Joinpoint Trend Analysis Software

(version 4.7.0.0), results of which were used to inform more

complex models.14 A multivariable generalised linear regression
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model (Poisson) was constructed to assess change in incidence by

year, sex and age group. Year was entered into the model as a

linear spline with knots located in 1995, 2000 and 2002. In addi-

tion, an indicator variable was used to compensate for spikes in

cases that occurred in 2000 and 2001, and a drop that occurred

in 2020. All two-way and three-way interaction terms were

investigated; age by sex and age by year interactions were

included in the final model.

In the analysis by ethnic group; cases were aggregated to the

closest census year (1996, 2001, 2006, 2013 and 2018), age

groups <1 year were combined, and MELAA and Other ethnici-

ties were excluded, due to small case numbers and availability of

denominator data. Rates were not age-standardised due to the

limited age range and relative uniformity of the age structure.

Poisson regression models were used to investigate ethnic dif-

ferences in incident rate ratios and included the following param-

eters: census year, age, sex, prioritised ethnicity, and two-way

interactions for age by ethnicity, and year by age, sex and

ethnicity.

Ethics approval

This study received ethical approval from the NZ Ministry of

Health, Northern B Health and Disability Ethics Committee Ref

18/NTB/226.

Results

During the 29-year period from 1991 to 2020, there were 5142

hospitalisations (63% male) due to aseptic meningitis.

Unspecified viral meningitis was the most frequently coded

accounting for 64% (3294/5142) of hospitalisations. Enterovirus

was the most common specified cause accounting for 29%

(1497/5142) of hospitalisations. There were smaller numbers of

cases caused by herpes simplex virus, mumps, varicella zoster

virus and lymphocytic choriomeningitis virus (Tables 1 and 2).

Time trends by age and sex

Aseptic meningitis hospitalisation rates varied annually with a

median of 18.4 (interquartile range 13.8, 21.9) admissions/100

000 children aged <15 years (Fig. 1). Rates were highest in

2001 at 56.4/100 000 (51.7–61.6) children <15 years, with

smaller peaks in 1995, 2000 and 2004. In 2020, rates were

approximately half of those observed in 2016–2019 (Fig. 2). The

aseptic meningitis hospitalisation rate reduced in 2020 during the

COVID-19 pandemic, to 9.6/100 000 (7.9–11.8) children

<15 years.

Hospitalisation rates varied with age with an interaction effect

with time. Overall rates were highest in infants aged <90 days

and lowest in children aged 1–4 years. From 2002 until 2019,

annual hospitalisations increased by, on average, 8.4%/year

(7.2–9.5%) in infants aged <90 days, but decreased in all other

age groups including by 4.9%/year in children aged 1–4 years

and by 2.4%/year in children aged 10–14 years (Fig. 2). In 2020,

the hospitalisation rate in young infants <90 days decreased to

0.37 (95% confidence interval (CI) 0.28–0.50) of expected if the

trend from previous years had continued. Overall, rates for males

were 1.58 times (1.49–1.68) higher than for females adjusting for

age and year of admission (Fig. 3).

Ethnic group

From 1994 to 2020, aseptic meningitis hospitalisation rates in

children were consistently highest, across time and age groups,

for children of Pacific followed by those of M�aori ethnicity (both

Table 1 Cases of aseptic meningitis in New Zealand children from 1991 to 2020 defined by ICD-9 code and age

Aseptic meningitis diagnosis, as
defined by ICD-9 coding

ICD-9
codes

ICD-10
codes

Age 0–14
years % (n) <1 years % (n) 1–4 years % (n) 5–9 years % (n)

10–14
years % (n)

Viral meningitis unspecified 047.9 A879 64.1% (3294) 45.1% (1011) 78.6% (519) 79.0% (948) 78.6% (816)
Enterovirus specified 047.0 A870 29.1% (1497) 47.5% (1065) 13.2% (87) 15.8% (189) 15.0% (156)

047.1
Other viral meningitis, not elsewhere
classified

047.8 A878 2.6% (132) 4.7% (105) 0.9% (6) 0.8% (9) 1.4% (15)

Aseptic meningitis unspecified 322.0 G030 2.2% (114) 2.0% (45) 4.1% (27) 1.5% (18) 2.0% (21)
Mumps virus 072.1 B261 0.8% (39) NA‡ 1.4% (9) 2.0% (24) NA‡
Varicella zoster virus 053.0 B010 0.5% (27) NA‡ NA‡ NA‡ 1.4% (15)

B021
Herpes simplex virus 054.72 B003 0.4% (18) NA‡ NA‡ NA‡ NA‡
Other† specified viral meningitis
including adenovirus, measles,
infectious mononucleosis

049.1 A871 0.2% (12) NA‡ NA‡ NA‡ NA‡
321.2 B051

B278
G020

Lymphocytic choriomeningitis virus 049.0 A872 0.2% (9) NA‡ NA‡ NA‡ NA‡
Total 5142 2244 660 1200 1038

† Includes diagnostic coding with numbers <6 for each code, which are not permitted to be reported separately in the Integrated Data Infrastructure.
‡ NA also includes cells where counts have been suppressed due to small numbers (usually <6).
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Fig. 1 Observed annual aseptic meningitis hospitalisation rates in New Zealand children aged <15 years from 1991 to 2020 with 95% binomial confidence
intervals.

Table 2 Rates of aseptic meningitis per 100 000 person-years (with 95% binomial confidence intervals) in New Zealand children from 1991 to 2020
defined by ICD-9 code and age

Aseptic meningitis diagnosis,
as defined by ICD-9 coding

ICD-9
codes

ICD-10
codes

0–14 year rate
per 100 000 (CI)

<1 years rate
per 100 000 (CI)

1–4 years rate
per 100 000 (CI)

5–9 years rate
per 100 000 (CI)

10–14 years rate
per 100 000 (CI)

Viral meningitis unspecified 047.9 A879 12.3 (11.9–12.8) 57.0 (53.6–60.6) 7.3 (6.7–7.9) 10.6 (10.0–11.3) 9.2 (8.6–9.9)
Enterovirus specified 047.0 A870 5.6 (5.3–5.9) 60.0 (56.5–63.7) 1.2 (1.0–1.5) 2.1 (1.8–2.4) 1.8 (1.5–2.1)

047.1
Other viral meningitis, not
elsewhere classified

047.8 A878 0.5 (0.4–0.6) 5.9 (4.9–7.2) 0.1 (0.0–0.2) 0.1 (0.1–0.2) 0.2 (0.1–0.3)

Aseptic meningitis unspecified 322.0 G030 0.4 (0.4–0.5) 2.5 (1.9–3.4) 0.4 (0.3–0.6) 0.2 (0.1–0.3) 0.2 (0.2–0.4)
Mumps virus 072.1 B261 0.1 (0.1–0.2) NA‡ 0.1 (0.1–0.2) 0.3 (0.2–0.4) NA‡
Varicella zoster virus 053.0 B010 0.1 (0.1–0.1) NA‡ NA‡ NA‡ 0.2 (0.1–0.3)

B021
Herpes simplex virus 054.72 B003 0.1 (0.0–0.1) NA‡ NA‡ NA‡ NA‡
Other† specified viral
meningitis including
adenovirus, measles,
infectious mononucleosis

049.1 A871 0.0 (0.0–0.1) NA‡ NA‡ NA‡ NA‡
321.2 B051

B278
G020

Lymphocytic choriomeningitis
virus

049.0 A872 0.0 (0.0–0.1) NA‡ NA‡ NA‡ NA‡

Total 19.3 (18.7–19.8) 126.5 (121.3–131.8) 9.2 (8.6–10.0) 13.4 (12.7–14.2) 11.7 (11.0–12.5)

† Includes diagnostic coding with numbers <6 for each code, which are not permitted to be reported separately in the Integrated Data Infrastructure.
‡ NA also includes cells where counts have been suppressed due to small numbers (usually <6).
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P < 0.001 vs. European ethnicity). There was no evidence that

rates in children of Asian ethnicity were ever higher than in chil-

dren of European ethnicity. The differences in rates between

M�aori and NZ European children reduced between 2006 and

2013, partially due to decreased rates in M�aori children aged

>1 year and increased rates in European infants.

Deprivation, geographic location and seasonality

A larger proportion of the children aged <15 years hospitalised

with aseptic meningitis lived in more deprived neighbourhoods.

This trend was fairly constant over time (Fig. 4). Children living

in NZDep quintile 5 (most deprived) had a hospitalisation rate

2.44 times (95% CI 2.16–2.75) higher than those living in NZDep

quintile 1 (least deprived).

Analysis of aseptic meningitis hospitalisations by DHB showed

higher rates in the north of NZ compared with the south (Fig. 5).

Both enterovirus specified and viral meningitis unspecified

hospitalisations peaked in the NZ summer months (Fig. 6).

Discussion

In NZ, from 1991 to 2019, aseptic meningitis hospitalisations

have increased in infants, particularly since 2002 in young infants

aged <90 days. In contrast, over 29 years, aseptic meningitis

hospitalisation rates decreased in children aged >1 year. How-

ever, in 2020, there was a substantial reduction in aseptic

meningitis hospitalisations at the time of the COVID-19 pan-

demic, with widespread implementation of non-pharmaceutical

interventions. Most aseptic meningitis hospitalisations were not

defined by specific viral or other aetiology, with 64% coded as

unspecified viral meningitis. Inequities in aseptic meningitis hos-

pital admissions were evident by both ethnicity and deprivation,

with higher hospitalisation rates in M�aori and Pacific children

and in children living in more deprived areas.

The epidemiology of paediatric viral and aseptic meningitis in

NZ has not been previously defined. Strain-specific isolated entero-

viral outbreaks have been described, for example, coxsackie B4

infections in neonates in 1999, echovirus type 33 in 2000 and

more recently, coxsackie virus A6 in 2012–2013.17–19 During

29 years of surveillance, there was a substantial peak in childhood

aseptic meningitis cases in 2001. This was due to increased num-

bers of unspecified enterovirus meningitis, and was consistent with

enteroviral outbreaks in both adults and children reported by the

Institute of Environmental Science and Research Ltd. (ESR) in

NZ.19 In 2000, 203 cases of enterovirus were reported to ESR.19

The main contributing type was echovirus 33, with 70 confirmed

cases, mostly meningitis.19 There were also increases in enteroviral

types E30, CB2 and E7 compared with 1999.19 There were

381 enteroviral cases reported by ESR in 2001 including 105 echo-

virus type 13 cases, a type associated with aseptic meningitis and

not isolated in NZ since 1975, echovirus types 30 and 15, and

coxsackie B.19 This was the largest recorded echovirus out-

break in NZ.

Fig. 2 Modelled annual aseptic meningitis hospitalisation rates in New Zealand children aged <15 years from 1991 to 2020, by age at admission. ( )
<90 days, ( ) 90–365 days, ( ) 1–4 years, ( ) 5–9 years, ( ) 10–14 years.
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The peak in aseptic meningitis cases in 2001 could also have

been influenced by increased cerebrospinal fluid testing due to

the meningococcal capsular group B (MenB) epidemic in NZ

from 1991 to 2003.5 A potential contribution from culture-

negative possible MenB cases may also have occurred. In

response to the MenB epidemic, a strain-specific Outer

Membrane Vesicle vaccine was introduced for children and

young people aged <20 years in NZ from 2004 to 2006 and was

phased out by March 2011.5 A reduction in aseptic meningitis

cases that may have been caused by pre-treated bacterial menin-

gitis, was not seen following the introduction of childhood pneu-

mococcal conjugate vaccination in NZ from June 2008.3

Fig. 3 Aseptic meningitis hospitalisation rates per 100 000 children aged <15 years by census year, ethnic group, age category and sex. ( ) European,
( ) Maori, ( ) Pacific and ( ) Asian.
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The reduction in aseptic meningitis admissions in 2020 is con-

sistent with world-wide reports of changes in the epidemiology

of viral illnesses, respiratory illnesses and invasive bacterial dis-

ease during the COVID-19 pandemic, contributed to by non-

pharmaceutical interventions (NPIs) including increased hand

hygiene, mask use, isolation and closed international borders.20

A recent English national study found a reduction of over 50%

in both childhood meningitis and vaccine-preventable infections

due to NPIs.21 Interestingly, a study in South Auckland, NZ found

that enterovirus and rhinovirus infections did not appear to

reduce during 2020,22 which supports the assumption that some

aseptic meningitis diagnoses may comprise partially treated bacte-

rial meningitis. It will be important to monitor aseptic meningitis

cases with ongoing surveillance as these non-pharmaceutical

interventions decrease.

Improvements in molecular diagnostic capabilities with the use

of PCR testing since the 1990s are likely to have contributed to

increased identification of viral meningitis in NZ infants.23 PCR

reduces time to diagnosis and has much greater sensitivity com-

pared with viral culture.24–26 Viral PCR is available throughout

NZ and widely applied to CSF samples.15,16,27–30 Studies from the

UK have also reported an increase in viral meningoencephalitis

cases associated with increased use of molecular diagnostics, with

highest incidence in infants aged <3 months.23,31 NZ ESR reports

and laboratory isolates indicate increased numbers of any entero-

viral infections being identified in children or adults from 2011 to

2017 compared with earlier time intervals.32 Higher rates of

enteroviral meningitis in young infants may also be driven by

hospital guideline recommendations for obtaining lumbar punc-

tures in young infants who present to hospital with fever. Sepsis

screening protocol for infants within the NICE guidelines (2013

fever, 2017 sepsis guidelines) recommend lumbar punctures for

febrile infants (<3 months old), while lumbar punctures are per-

formed based on clinical suspicion in older children, which may

lead to diagnoses of aseptic meningitis being missed.8,33–35 The

Starship Clinical Guidelines are the main source of guidance for

NZ paediatric practice.36 Updates to the Meningitis guideline were

reviewed and there were no major changes in practice that

would influence the number of lumbar punctures undertaken.37

The inequities in M�aori and Pacific disease burden from viral

meningitis evident in this study are consistent with other studies

of infectious diseases in NZ, including a study from 2004 to 2008

which found the age-standardised rate ratio for all infectious dis-

eases was 2.15 (95% CI 2.14–2.16) higher for M�aori and 2.35

(2.34–2.37) higher for Pacific peoples compared with people of

European and other ethnicity.38 Exposure to overcrowding may

be a contributor to infectious diseases. Overcrowding is not uni-

form between ethnic groups with increased incidence in M�aori

and Pasifika populations, both in urban and rural areas.38,39

There are long-standing differences in immunisation coverage

between ethnic groups in NZ. In early 2020 lower childhood vac-

cination rates were observed in M�aori and Pasifika populations

compared to NZ European, with the lowest uptake in M�aori

(at age 6 months, 65.3% of M�aori infants were fully vaccinated,

Fig. 4 Aseptic meningitis hospitalisation rates per 100 000 children by deprivation quintile (1 = least deprived, 5 = most deprived), in children
aged <15 years from 2004 to 2020.15,16
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compared with 84.7% of NZ European infants from Jan-March

2020, an observation that is unchanged from 2005 when

National Immunisation Register was started).40 This may have

contributed to higher rates of lumbar puncture, due to clinician

decision-making about obtaining more investigations in

unvaccinated children, and hence increased identification of

aseptic meningitis in these populations. The NZ government has

created a M�aori health action plan ‘Whakamaua’ to address ineq-

uities across the health sector and seek to improve health-care

delivery to and health of M�aori.41 Children living in households

in the most socioeconomically deprived quintile of NZ had higher

aseptic meningitis hospitalisation rates. This association is also

consistent with a previous NZ study, which reported a rate ratio

of 2.81 (2.80–2.83) for all infectious disease admissions at any

age in people living in the most versus least socioeconomically

deprived quintile.38 Children living in the more northern regions

of NZ had higher aseptic meningitis hospitalisation rates than

those living in southern regions, which is likely contributed to by

Fig. 6 Comparison of enterovirus speci-
fied and viral meningitis unspecified
hospitalisation rates in NZ children aged
<15 years by month from 1997 to 2020.
( ) viral meningitis unspecified, ( ) entero-
virus specified.

Fig. 5 Comparison of aseptic meningitis hospitalisation rates in NZ children aged <15 years by District Health Board region from 1997–2020. *District
Health Boards listed in order from northern to southern New Zealand regions.
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regional variations in population demographics. It is important to

note that ethnicity, deprivation and geographic location are all

associated and the interrelationships between these were not

controlled for in our analysis. Seasonality patterns of viral menin-

gitis hospitalisations were consistent with international trends

with a peak evident during summer.42

This study included a long period of surveillance. Additionally,

linkage of data within national NZ data sets allowed a compre-

hensive analysis of ethnicity, deprivation and geographic factors

in childhood aseptic meningitis hospitalisations. This study had

several limitations. In NZ, all admissions to public hospitals are

recorded, with data held and collated nationally in the NMDS.

The NMDS data may under-report disease incidence, as non-

admitted cases are not included. Additionally, viral meningitis

cases and specific viral aetiologies are likely to be under-reported,

because clinicians do not always obtain specimens for microbio-

logical diagnostic testing for viral pathogens or obtain lumbar

punctures. Denominator data for total number of lumbar punc-

tures performed are not available. However notably, in NZ, there

have been no significant changes in national clinical guidelines

for obtaining lumbar punctures in febrile infants during the years

included in this study.37 Changes in diagnostic platforms and

increased availability of PCR may have caused an increase in spe-

cific viral meningitis diagnoses; however, information about

changes in PCR or molecular testing across NZ were not available.

Prioritised ethnicity was used for the rate calculations, where

people who identified as having multiple ethnicities were

prioritised to one ethnic group: M�aori first, then Pacific, Asian

and European. Total response ethnicity, where subjects may be

counted more than once would have allowed for more accurate

descriptions of rates for each ethnic group, but make ethnic rate

ratio comparisons more difficult. The impact of the prioritised

ethnicity analytical approach is that Pacific and European disease

rates may be underestimated.

Conclusions

The burden of disease due to aseptic meningitis in NZ children is

highest in young infants, children of Pacific and M�aori ethnicity,

children living in more socioeconomically deprived areas and

those living in more northern regions of NZ. Overall, during

29 years of surveillance in NZ, aseptic meningitis hospitalisation

rates in children aged >1 year have reduced over time, in contrast

to aseptic meningitis hospitalisation rates in infants which

increased from 2004 to 2019 and then decreased in 2020 during

the COVID-19 pandemic. The causes of ethnic, socio-economic

and geographical inequities in aseptic meningitis hospitalisations

require further investigation.
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