Journal of Infection 87 (2023) 385-391

Contents lists available at ScienceDirect

Journal of Infection

journal homepage: www.elsevier.com/locate/jinf

Epidemiological and strain characteristics of invasive meningococcal N
disease prior to, during and after COVID-19 pandemic restrictions in e
England

Stephen A. Clark **, Helen Campbell °, Sonia Ribeiro °, Marta Bertran °, Lloyd Walsh ¢,
Andrew Walker , Laura Willerton “, Aiswarya Lekshmi °, Xilian Bai ¢, Jay Lucidarme °,
Shamez N. Ladhani "¢, Ray Borrow

2 Meningococcal Reference Unit, UK Health Security Agency, Manchester Royal Infirmary, Manchester, UK

b Immunisation and Countermeasures Division, UK Health Security Agency, Colindale, London, UK
€ Paediatric Infectious Diseases Research Group, St. George’s University of London, Cranmer Terrace, London SW17 ORE, UK

ARTICLE INFO SUMMARY

Article history:
Accepted 5 September 2023
Available online 7 September 2023

Objectives: In 2020, COVID-19 pandemic restrictions led to a major suppression of meningococcal disease in
England. Here we describe the epidemiology of invasive meningococcal disease in the three years prior to
the COVID-19 pandemic, and the three years immediately after the introduction of restrictions.
Methods: The UK Health Security Agency conducts national meningococcal disease surveillance in England
consisting of laboratory-based case confirmation with strain characterisation by culture and/or molecular
detection, as well as clinical follow-up of all cases.
Results: In the pre-pandemic period, 554-742 IMD cases were laboratory-confirmed per year. MenB caused
57.2% of cases, followed by MenW (22.7%), MenY (10.6%) and MenC (7.7%). The introduction of restrictions in
late March 2020 led to a 73% reduction in IMD. After the removal of restrictions in 2021, a resurgence in
MenB was observed, primarily in teenagers and young adults. During the following winter period (2022/23),
MenB disease increased to the highest level since 2012 with cases rising across multiple age groups,
however, cases in young children eligible for MenB vaccination remained lower than prior to the pandemic.
MenACWY cases remained very low throughout the pandemic period.
Conclusions: Once pandemic restrictions in England were removed, MenB quickly rebounded- initially
driven by a resurgence in teenagers/young adults, but later among other age groups. MenACWY cases re-
main very low due to the protection afforded by the adolescent MenACWY conjugate vaccine programme.
Crown Copyright © 2023 Published by Elsevier Ltd on behalf of The British Infection Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction 4CMenB.>* A national increase in serogroup W (MenW) IMD caused

by a highly virulent strain belonging to ST-11 clonal complex since

Invasive meningococcal disease (IMD) is a bacterial illness char-
acterised by rapid progression with non-specific symptoms often
progressing to severe disease and/or death within 24 h, and, in many
cases, survivors suffer long-term sequelae.' In England, serogroup C
(MenC) IMD incidence fell rapidly after highly effective MenC con-
jugate vaccination programmes were introduced from 1999.” Ad-
ditionally, serogroup B (MenB) IMD has also been declining over the
same period, initially due to secular trends and, since 2015, because
of a national infant MenB immunisation programme with
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2009/10 led to emergency introduction of an adolescent MenACWY
conjugate vaccine programme in 2015, which further contributed to
a national decline in IMD cases.”®

In late January 2020, the first cases of COVID-19 in England were
confirmed. Incidence increased rapidly in subsequent weeks,
prompting the UK government to implement the first national
lockdown in late March 2020. From April 2020, the number of IMD
cases in England reduced dramatically to a record low.” The trans-
mission of other respiratory pathogens such as influenza, respiratory
syncytial virus, Streptococcus pneumoniae and Haemophilus influ-
enzae was also curbed leading to reductions in the corresponding
diseases.® The suppression of IMD continued throughout 2020 and
into 2021 due to multiple national and regional restrictions
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introduced to control the spread of SARS-CoV-2. December 2020 saw
the approval and large-scale rollout of effective COVID-19 vaccines in
the UK.

From March 2021, the national restrictions were gradually lifted,
with the final measures removed in July 2021. In May 2023, the
World Health Organization declared the COVID-19 Public Health
Emergency over. Here we describe the epidemiological and strain
characteristics of IMD in England in the three years prior to the
COVID-19 pandemic, and during the first three pandemic years. We
demonstrate the impact of COVID-19 restrictions on IMD and the re-
emergence of the disease following their removal.

Methods
Case ascertainment

The UK Health Security Agency (UKHSA) Meningococcal
Reference Unit (MRU) provides laboratory confirmation through
characterisation of invasive meningococcal isolates submitted by
National Health Service (NHS) laboratories across England, and
provides free diagnostic meningococcal PCR testing for patients with
suspected IMD. The Immunisation and vaccine preventable diseases
division of UKHSA follows up all laboratory-confirmed cases for
additional information under national IMD surveillance.

Strain characterisation

When a culture isolate was available, capsular group was de-
termined serologically. Serogrouping and serotyping of cultured
isolates were performed using monoclonal antibodies in a dot-blot
ELISA assay.” Whole genome sequencing of all invasive meningo-
coccal isolates was performed using Illumina sequencing technology
as previously described.'” Genomic data for isolates were uploaded
to the publicly-accessible PubMLST Neisseria database on Pub-
MLST.org."" Indexed multilocus sequence typing (MLST) data were
downloaded from PubMLST. Genomic data were not available for 27/
124 2022/23 isolates (23 MenB, two MenY and two MenW, 21.8% of
total 2022/23 isolates) and so were omitted from the MLST analyses.
A further seven MenB isolates and a non-groupable isolate (three
from 2021/22 and five from 2022/23) had incomplete MLST allelic
profiles and so sequence types (ST) could not be assigned. These
were omitted from the ST analysis but clonal complex (CC) could be
assigned from the partial profile for the CC analysis.

Detection and genogrouping of meningococcal DNA within clin-
ical samples was achieved using Tagman real-time PCR screening
assays.'? A screening assay targeting the meningococcal ctrA and
genogroup B-specific csb (siaDb) genes was initially used. Non-gen-
ogroup B meningococcal-positive samples were genogrouped using
a secondary TagMan assay targeting the genogroup W (csw), gen-
ogroup Y (csy) and genogroup C (csc) genes.

Statistical analysis

Whole population data are mainly descriptive. Annual incidence
was calculated by age group using population estimates provided by
the Office for National Statistics."® Annual data for pre-pandemic and
pandemic years are presented from April to March because the first
national lockdown was imposed in late March 2020 and the re-
strictions were eased from March 2021. The sample collection date
was available for all submitted samples to the MRU and used as
proxy for disease onset date. The significance of changes to ST dis-
tribution among MenB isolates was determined using Fisher’s Exact
Test (two-tailed) with a significance threshold of 0.05.
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Results
Pre-pandemic IMD epidemiology (2017/18-2019/20)

In the three years leading up to the COVID-19 pandemic (2017/18,
2018/19 and 2019/20, April to March inclusive), 1864 IMD cases were
confirmed in England. Annual IMD incidence declined from 1.33/
100,000 in 2017/18 to 1.01/100,000 in 2018/19 and 0.98/100,000 in
2019/20 (mean annual incidence 1.11/100,000). In 2019/20, monthly
IMD case numbers ranged from 23 (September) to 85 (December, Fig. 1).

MenB was the predominant capsular group prior to the in-
troduction of COVID-19 restrictions, representing 57.2% (1066/1864)
of IMD cases, followed by MenW (424/1864, 22.7%), MenY (197/
1864, 10.6%) and MenC (143/1864, 7.7%) (Fig. 1).

There was a disproportionately high disease burden in younger
age groups, with 35.5% (660/1860) of cases confirmed in 0-11 year-
olds, and 18.4% (342/1860) among 12-24 year-olds. MenB was re-
sponsible for 76.5% (767/1002) of IMD cases in these younger age
groups. Conversely, approximately two-thirds of IMD cases in adults
aged 225 years were primarily caused by non-B groups, namely
MenW (311/858, 36.2%), MenY (148/858, 17.2%), MenC (88/858,
10.3%) and other groups/non-groupable strains (14/858, 1.6%). The
patient age was unknown for four cases which were excluded from
this analysis.

During this pre-pandemic period, 9.0% (168/1864) of all IMD
cases were fatal, comprising 5.8% (62/1066) of MenB cases, 14.0%
(20/143) of MenC cases, 16.5% (70/424) of MenW cases and 7.6% (15/
197) of MenY cases with a single fatal ungrouped case of 26 reported
(3.8%). Overall mortality was 0.30 per 100,000 population per
annum. Whilst the highest numbers of deaths occurred in those
aged 65 years and older (19.1%, 78/408) then those aged 45-64 years
(9.5%, 27/284), the highest mortality was seen among infants under
1 year of age at 1.73 deaths per 100,000 population, followed by
those aged 265 years at 0.76 per 100,000 and 1-4-year-olds at 0.59
deaths per 100,000.

IMD in England following the introduction of COVID-19 restrictions

IMD during the first pandemic year (2020/21, April to March, inclusive)

In March 2020, the first national COVID-19 restrictions were in-
troduced in England. During the following six months (April to
September 2020), there was a 73% decline in the number of IMD
cases in relation to the corresponding period of the previous year
(Fig. 1). The low disease rates persisted into the winter months, with
only 37 IMD cases confirmed between October 2020 and March 2021
(compared with 351 cases in the same period in 2019/20). Overall
IMD incidence in England in 2020/21 was 0.16/100,000, with MenB
representing 75.0% (69/92) of all IMD cases and very few MenW
(n=8), MenC (n=7) or MenY (n=4) cases.

During 2020/21, IMD reduced across all age groups with a 75.7%
reduction in 0-11 years old, an 88.8% reduction in 12-24-year-olds
and an 86.6% reduction among those aged >25 years (compared to
2019/20).

During this period, 12.0% (11/92) of all IMD cases were fatal
comprising 11.6% (8/69) of MenB cases and 3 of 4 MenY cases with
no fatalities in the remaining 19 cases of IMD. Overall mortality was
low at 0.05 per 100,000 population per annum. There were five
deaths in those aged 65 years and older (35.7%, 5/14), three deaths in
infants under 1 year of age (14.3%, 3/21) and two further deaths in
the remaining 57 cases.

IMD during the second pandemic year (2021/22, April to March,
inclusive)

Between March and July 2021, the UK government gradually
removed COVID-19 restrictions in England. During the first 5 months
of 2021/22 (April to August 2021, inclusive), IMD figures remained
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Fig. 1. Number of laboratory-confirmed English IMD cases per month: 2017/18-2022/23 (April to March, inclusive). Coloured lines represent the case numbers for each of the
major capsular groups, and other/non-groupable cases are indicated in black. The green bars represent numbers of all IMD cases per month.

low with 34 cases, including 28 (82.4%) due to MenB strains (Fig. 1).
MenB cases began to increase in September and October 2021, after
removal of almost all social restrictions in July 2021, before a sharp
rise in cases in November. The surge in IMD from September 2021 to
March 2022 was primarily caused by MenB strains (124/139, 89.2%).
This re-emergence of IMD in 2021/22 was largely driven by cases
in university age groups with 65 cases in those aged 18-24 years
(37.6% of all IMD, 65/173). In comparison, the 18-24 age group saw
only 9.8% (9/92) and 13.3% (248/1860) of all IMD cases in 2020/21
and the pre-pandemic period (2017/18-2019/20), respectively.
MenB disease among infants also increased with the number of
cases almost doubling between 2020/21 and 2021/22 (18 cases vs. 33
cases, respectively). IMD in all other age groups remained similar to
the preceding year (Fig. 2). Overall MenB IMD incidence increased
from 0.12/100,000 to 0.27/100,000 between 2020/21 and 2021/22.
MenACWY IMD cases remained at a very low level across all ages
in 2021/22 with only 12.1% of cases (n=21/173) caused by non-B
strains. Overall IMD incidence during 2021/22 was 0.31/100,000.
During the second pandemic year, 6.9% (12/173) of all IMD cases
were fatal, comprising 6.6% (10/152) of MenB cases and single MenY
and MenW fatalities in the remaining 19 cases of IMD. Overall
mortality was low in 2020/21 at 0.02 per 100,000 population. There
were four deaths in those aged 45-64 years (22.2%, 4/18), three
deaths both in infants under 1 year of age (9.1%, 3/33) and those aged
>65 years (18.8%, 3/16) with two further deaths in the remaining 106
cases.

IMD during the third pandemic year (2022/23, April to March, inclusive)
After the 2021/22 winter peak, IMD cases declined in line with
expected seasonal changes and remained low during May-September
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2022, with 14-16 monthly cases, almost all MenB (Fig. 1). From October
2022, a considerable increase in MenB disease was once again observed
with monthly case numbers exceeding pre-pandemic levels in De-
cember 2022 (n=62). January 2023 featured the highest number of
monthly MenB IMD cases (n=77) in England since 2012 (data not
shown). Overall IMD incidence was 0.64/100,000 in 2022/23 and MenB
incidence was 0.58/100,000.

MenACWY case numbers remained low and were responsible for
only 5.8% (21/361) of all IMD cases, a reduction from 8.1% (14/172) in
2021/22. Most MenACWY cases occurred among 2>45-year-olds
(n=14/21, 66.7%), comprising five MenW, six MenY and three MenC
cases. Conversely, only two MenW, four MenY and one MenC cases
were confirmed in < 18-year-olds (Fig. 2). Twelve IMD cases in 2022/
23 were caused by non-groupable/unencapsulated strains.

The patient age distribution among MenB cases changed in 2022/
23 relative to the preceding year. Substantial increases in cases were
observed in every age group except <1 year-olds, where case num-
bers remained stable between 2021/22 and 2022/23 (33 and 32,
respectively) (Fig. 2). In each of the adolescent and adult age groups
(12 years or older), the number of MenB cases were higher in 2022/
23 than at least one of the three pre-pandemic years (Fig. 2). MenB
cases in those aged <12 years remained lower in 2022/23 than all
three pre-pandemic years (Fig. 2).

During the third pandemic year, 7.8% (28/361) of all IMD cases
were fatal, comprising 6.7% (22/328) of MenB cases, 28.6% (2/7) of
MenW cases and 20.0% (2/10) of MenY cases with two fatal un-
grouped case of nine reported (22.2%). Overall mortality was 0.05
per 100,000 population per annum. There were 7 deaths in those
aged 265 years (15.2%, 7/39) and in those aged 19-24 years (10.1%, 7/
69) with the highest mortality again in infants under 1 year of age at
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Fig. 2. English IMD cases by age group and year of confirmation (April to March, inclusive). Columns stratified by capsular group. Five cases (one from 2017/18, one from 2018/19,

two from 2019/20 and one from 2021/22) were omitted due to lack of age data.

0.33 deaths per 100,000 population, followed by those aged 19-24
and 17-18 years at 0.17 and 0.16 per 100,000 respectively.

Strain characterisation

Between April 2017 and March 2023, 2490 English IMD cases
were laboratory confirmed, including 1433 cases (57.6%) yielding a
viable meningococcal isolate (751 MenB, 377 MenW, 173 MenY, 103
MenC and 29 other/non-groupable isolates). The remaining cases
were confirmed by PCR only. The proportions of IMD cases con-
firmed by culture in the three pre-pandemic years ranged between
60.5% and 62.7%. During the pandemic years, the culture rate was
comparatively lower with a range of 38.8% (2022/23) to 55.5%
(2021/22).

Fig. 3 illustrates the CC distribution of MenB isolates received
over the study period (23 isolates were omitted due to lack of
genomic data, total n=728). In almost all years, more than three
quarters of the MenB isolates belonged to one of five major CC’s,
namely CC41/44, CC269, CC213, CC32 or CC461 (Fig. 3). The excep-
tion to this was the first pandemic year (2020/21) wherein a rela-
tively high proportion of isolates (11/37, 29.7%) were singleton/
unassigned or belonged to minor CCs (however the number of iso-
lates for this year were low so this finding is unlikely to be sig-
nificant). Other subtle variations were observed in the relative
proportions of the major CCs, although no consistent changes were
observed over the study period (Fig. 3).

To identify any strain changes beyond the CC level, the propor-
tion of MenB isolates belonging to the most common STs (each re-
presented by at least ten isolates) among the pre-pandemic (2017/
18-2019/20) and pandemic (2020/21-2022/23) periods were
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calculated (Table 1). ST-485 (CC41/44) was the most common MenB
ST overall and the proportion of isolates belonging to this ST doubled
between the two periods (9.1-18.8%, p=0.0004). The only other
significant change occurred among ST-41 (CC41/44) strains, with the
proportion of MenB isolates belonging to this sequence type redu-
cing from 9.4% to 2.8% between the two periods (p=0.0016).

Among non-MenB isolates, 93.6% (351/375) of MenW strains
with available MLST data, including all 14 isolates since the begin-
ning of the pandemic, belonged to CC11. Similarly, 86.4% (89/103) of
MenC isolates belonged to CC11, while 90.1% (154/171) of MenY
isolates belonged to CC23. No notable phylogenetic changes in these
strains were observed over the study period, although isolate
numbers in the pandemic years were low.

Discussion

COVID-19 mitigation measures, although variable in nature and
timing across different countries, were associated with large and
significant declines in the incidence of viral and bacterial respiratory
diseases worldwide.® In England, a 73% reduction in IMD was ob-
served in the months following the first national lockdown in March
2020, similar to reductions observed in other European coun-
tries.'*!> Throughout 2020, national and local restrictions were
implemented intermittently and guidance on precautionary beha-
viours (e.g. wearing of masks, social distancing etc.) was in place. The
removal of the final restrictions occurred in July 2021 and, from
November 2021, after students had returned to fulltime education, a
substantial increase in MenB disease was observed, mainly in older
teenagers and young adults. This age-specific pattern is most likely
due to the traditionally higher rates of meningococcal carriage in
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20) and pandemic (2021/22-2022/23) periods. Twenty-three MenB isolates from 2022/23 (18.5% of yearly total) were omitted due to lack of genomic data.

this population.'® Specific behaviours commonly observed in this
age group are associated with meningococcal transmission, and the
sharing of university accommodation has been shown to increase
IMD risk by more than 10-fold compared to age-matched non-stu-
dents.'”'® Consequently, in 2021/22, the commencement of higher
education with little or no public health restrictions, involving the
mixing of students from different parts of the country, will have
contributed to the spike in MenB cases. Conversely, the low levels of
IMD in older age groups in 2021/22 could reflect low levels of in-
tergenerational mixing/transmission over this first year despite the
removal of mandatory pandemic restrictions.

Interestingly, whilst the increase in MenB cases during 2021/22
occurred mainly in teenagers and young adults, the second winter
period following easing of containment measures (2022/23) saw
MenB cases increase across almost all age groups, except young
children, most of whom had received 4CMenB as part of the national
infant immunisation programme.’ This pattern suggests a spread of
invasive MenB strains from adolescents/young adults to other age
groups over the preceding year. A similar pattern was observed with
invasive pneumococcal disease where the first increase after easing
of pandemic restrictions was observed in toddlers, who are the main
nasopharyngeal carriers of pneumococci, followed by increases in
older children and adults.'® It is also important to note the possible
influence of respiratory viral diseases which are known to be a
preceding risk factor for IMD.?° Indeed, a substantially higher level
of influenza activity was reported in England in the final weeks of
2022 (relative to the preceding two years), which may have con-
tributed to the corresponding sharp increase in IMD over this period,
especially in older adults.’!
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An analysis of invasive MenB isolates obtained over the study
period illustrates a reasonably stable picture with five major cc’s
continuing to predominate, however, significant shifts were ob-
served in the proportion of cases caused by ST-485 and ST-41 (CC41/
44) strains. The cause of these changes is unclear but the proportion
of cases caused by ST-485 has been gradually increasing in England
since 2010, and this strain has caused community-based outbreaks
and clusters in England in recent years.””

Despite the increase in MenB disease, no corresponding increase
in MenACWY disease was observed over the two years following the
easing of restrictions. The most likely explanation is the ongoing
protection afforded by the highly successful adolescent MenACWY
conjugate vaccine programme. This vaccine was introduced into the
UK national immunisation schedule in 2015 with high vaccine up-
take of 71-86% obtained among 13-14 year-olds through the
schools-based national immunisation programme.?® Recent carriage
surveys have demonstrated a reduction of MenACWY carriage in
adolescent vaccinees following introduction of this vaccine.”* The
very low rates of MenACWY disease across all age groups clearly
demonstrate the effectiveness of the vaccine at not only protecting
adolescent vaccinees against the disease directly but also providing
herd protection to other age groups by reducing carriage and onward
transmission of MenACWY strains.

It is difficult to predict whether MenACWY disease rates will
remain low in the future, especially after the disruption to school-
based vaccine programmes observed during the pandemic when
support for the national COVID-19 vaccination programme was
prioritised. Recent mathematical modelling of the impact of
MenACWY conjugate vaccination and the COVID-19 pandemic on
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Table 1

Numbers of English MenB isolates belonging to the predominant STs (each re-
presented by at least 10 isolates) in the pre-pandemic (2017/18-2019/20) and pan-
demic (2020/21-2022/23) periods. Seven isolates that were included in the CC
analysis (two from 2021/22 and five from 2022/23) were omitted from the ST analysis
due to incomplete MLST loci data.

Sequence type (clonal MenB isolates, n (% of period)

complex) Pre-pandemic  Pandemic =~ Whole period
485 (CC41/44) 46 (9.1) 40 (18.8) 86 (11.9)
213 (CC213) 40 (7.9) 15 (7.0) 55 (7.6)
41 (CC41/44) 48 (9.4) 6(2.8) 54 (7.5)
1161 (CC269) 21 (4.1) 16 (7.5) 37 (5.1)
1194 (CC41/44) 16 (3.1) 4(1.9) 20 (2.8)
33 (CC32) 11 (2.2) 7(3.3) 18 (2.5)
269 (CC269) 12 (2.4) 3(14) 15 (21)
2314 (C41/44) 12 (2.4) 3(14) 15 (21)
7460 (CC32) 6(12) 8(3.8) 14 (1.9)
275 (€C269) 10 (2.0) 1(0.5) 11 (1.5)
1157 (CC1157) 8(1.6) 3(14) 11 (1.5)
1946 (CC461) 5(1.0) 6 (2.8) 11 (1.5)
Other 273 (53.7) 101 (474) 374 (51.9)
Total 508 213 721

MenACWY strains in the UK has predicted that the suppressive
impact on carriage would persist until at least 2025.°° In the
meantime, efforts are being made to catch up and improve adoles-
cent immunisation uptake, especially in school-based programmes,
but on-going surveillance will be important to monitor trends in
serogroup-specific IMD in the coming years.

The key strength of this study was the use of data from com-
prehensive national surveillance linked to a national reference la-
boratory that provides free PCR confirmation and characterisation of
invasive meningococcal isolates. Electronic linkage of national la-
boratory notifications with MRU data alongside the high rates of
electronic surveillance questionnaire completion by UKHSA Health
Protection Teams ensures high case ascertainment with detailed
information for each individual case. Limitations include the limited
strain characterisation in PCR-confirmed cases which constitute
approximately one half of the confirmed IMD cases in England.
Another limitation is the restricted scope of the surveillance ques-
tionnaire, although this was purposefully designed to be brief to
ensure high completion rates and collect as much data as possible on
underlying conditions, clinical presentation, disease severity and
outcomes.

To conclude, MenB case numbers have recovered swiftly fol-
lowing the removal of COVID-19 containment measures in England,
initially in adolescents and young adults, who are the main me-
ningococcal carriers, and then across all age groups, reflecting the
continuing transmission of MenB across the population.
Reassuringly, there were fewer MenB cases in young children than
prior to the pandemic due to the protection afforded by the national
MenB infant immunisation programme, and cases caused by the
other vaccine-preventable serogroups remain at a very low level
because of the ongoing effectiveness of the adolescent MenACWY
conjugate vaccine programme.
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