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Abstract: Incidence of invasive pneumococcal disease (IPD) decreased worldwide in 2020, coinciding
with the implementation of measures to reduce COVID-19 transmission. We evaluated the impact
of the COVID-19 pandemic on healthcare demand and IPD in children in 2021 compared to the
pre-pandemic period (2018-2019) and the early pandemic period (2020) in a study carried out during
2018-2021 in Catalonia. Incidence rates were compared by calculating the incidence rate ratio (IRR),
and expressing percentage changes in IRR as (1-IRR)x100. Compared to 2018-2019, emergency room
(ER) visits declined by 21% in 2021 (p < 0.001), mainly in the first quarter (—39%), and compared to
2020, ER visits increased by 22% in 2021 (p < 0.001), except in the first quarter. IPD incidence overall
was 11.0 in 2018-2019 and 4.6 in 2021 (—58%, p < 0.001); the reduction in incidence was similar in
the 0—4 age group and was higher in the first quarters. Compared to 2020, in 2021, IPD incidence
decreased during the first quarter (—86%, p < 0.001), but increased from 0.0 to 1.2 in the second
quarter (p = 0.02) and from 0.6 to 2.1 (p=0.03) in the fourth quarter. The decreased IPD incidence
observed in 2021 compared to 2018-2019 (most especially in the first quarter) was greater than the
decrease in healthcare demand and PCR test requests. Compared to 2020, IPD incidence decreased in
the first quarter when a second state of alarm was in force. In 2021, compared to 2018-2019, there
was a greater reduction in PCV13 serotypes than in non-PCV13 serotypes.

Keywords: impact of COVID-19; invasive pneumococcal disease; pneumococcal 13-valent conjugate
vaccine; non-pharmaceutical measures

1. Introduction

The incidence of invasive pneumococcal disease (IPD), similarly to other infectious diseases,
decreased worldwide in 2020, coinciding with the implementation of non-pharmacological
preventive measures (masks, hand washing, physical distancing) aimed at reducing trans-
mission of the SARS-CoV-2 virus [1,2].
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In Catalonia, IPD incidence in children aged <5 years was 35.3/100,000 inhabitants in
2019, with 68.9% of cases caused by serotypes not covered by the 13-valent pneumococcal
conjugate vaccine (PCV13) [3]. In 2020, compared to 2018-2019, IPD cases in children
aged <18 years fell by 65% [4], affecting both PCV13 and non-PCV13 serotypes; the fall was
more marked in the second quarter of 2020, coinciding with a lockdown period.

During 2021, in parallel with the relaxation of non-pharmacological preventive mea-
sures, IPD incidence began to increase again, reaching pre-pandemic levels in the second
and third quarters of 2021 [5-7].

It is not known whether the differences observed in IPD incidence in 2021 compared
to the first pandemic year and the pre-pandemic period may have been affected by changes
in healthcare demand or in disease diagnosis. Some authors [8] have demonstrated that
the strict COVID-19 lockdown of 2020 in Spain had a significant impact on children’s
nasopharyngeal microbiota, specifically on the streptococcus genus, but also indicated
that the role played by those changes in the colonization and development of Streptococcus
pneumoniae-related disease needs to be investigated.

The aim of this study was to evaluate changes caused by the COVID-19 pandemic
in healthcare demand, requests for diagnostic tests for pneumococcal disease, and IPD
incidence in the population aged <18 years, comparing 2021, the early pandemic period
(2020), and the pre-pandemic period (2018-2019).

2. Material and Methods

A prospective-retrospective study was carried out from 2018 to 2021 in 3 hospitals in
Barcelona that provide care for 32% of the hospitalized paediatric population in Catalonia:
Hospital Sant Joan de Déu (HS]D), Hospital Infantil Vall d’'Hebron (HIVH), and Hospital
Municipal de Nens (HMN).

A confirmed IPD case was defined as patient symptoms consistent with an infec-
tious disease and S. pneumoniae isolation or polymerase chain reaction (PCR)-detection of
S. pneumoniae DNA from a normally sterile site.

Data were collected on the following variables: number of emergency room (ER) visits,
number of PCR diagnostic tests requested for pneumococcus from a normally sterile site,
confirmed cases of IPD, and distribution by serotype according to PCV13 vaccine coverage
or non-coverage. The diagnostic technique was recorded as PCR and/or culture. Data on
the number of PCR diagnostic tests requested for pneumococcus from a normally sterile
site were collected at the HSJD and at the HIVH. Incidence per 100,000 person-years (PY)
was calculated based on the annual catchment population of the 3 hospitals. The periods
2021, 2020, and 2018-2019 were compared by calculating the incidence rate ratio (IRR) and
95% confidence interval (CI) values, overall, by age group (04 years and 5-17 years), and
by quarter. The IRR was calculated as the quotient between the incidence rate in different
periods, and percentage changes in the IRR were expressed using the following formula:
(1-IRR)x100. Differences were considered significant when the p value was less than 0.05.

Analyses were performed using R version 3.5.0 statistical software.

3. Results

Paediatric ER visits numbered 225,031 in 2018, 229,256 in 2019, 148,637 in 2020, and
178,243 in 2021. Compared to the mean for 2018-2019, ER visit incidence in 2021 fell by 21%
(p <0.001); a very marked fall in the 5-17 age group (—38%; p < 0.001) was offset by a slight
increase in the 0—4 age group (+4%; p < 0.001) (Table 1). Reduction overall was maintained
in all quarters (p < 0.001) (Table 2). Compared to 2020, overall ER visits in 2021 increased by
22% (p < 0.001), with a very large increase in the 0—4 age group (+60%; p < 0.001) offset by a
decrease in the 5-17 age group (—7%; p < 0.001) (Table 1). By quarters, the 2021 increase
was greatest in the second (+104%; p < 0.001) and fourth (+65%; p < 0.001) quarters, whereas
a significant decrease occurred in the first quarter (—30%; p < 0.001) (Table 2).
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Table 1. Children aged 0-17 years in Catalonia, Spain. Healthcare activity and IPD incidence in
2018-2019 (mean), 2020, and 2021, for age groups 0-17 years, 0—4 years, and 5-17 years.

201;;‘3‘(;19 2020 2021 23;’:32‘(')51‘9 Variation 2021 vs. 2020 Variation
Value p Value
IRR (CI b IRR (CI
N (IR) N (IR) N (IR) 95%) % 95%) %
0-17 years
.. 227,148 148,637 178,243 0.79 1.22
Emergency visits (43,661.3) (28,437.6) (34,570.5) (0.78-0.80) <0.0001 —21 (1.21-1.22) <0.0001 +22
PCR samples 0.95 1.23
(HSD, HIVED 641 (123.2) 497 (95.1) 605 (117.3) (0.85-1.06) 0.39 NS— (110-1.39) 0.0005 +23
0.42 1.22
IPD cases 57 (11.0) 20 (3.8) 24 (4.6) 026.068) <0.0001 —58 067-223) 0.52 NS+
0.32 0.81
PCV13 serotypes 25 (4.8) 10 (1.9) 8 (1.6) 015-072) 0.003 —68 032-2.05) 0.66 NS—
0.24 0.45
Serotype 3 17 (3.3) 9(1.7) 4(0.8) (0.08-0.70) 0.005 —76 (0.14-146) 0.17 NS—
Non-PCV13 0.52 1.52
serotypes 29 (5.6) 10 (1.9) 15 (2.9) 027-097) 0.04 —48 (0.68-351) 0.31 NS+
0-4 years
. 108,757 68,684 104,023 1.04 1.60
Emergency visits 93 516 ) (60,617.9) (96,896.3) (1.03-1.05) <0.0001 +4 (1.58-1.61) <0.0001 +60
PCR samples 1.07 1.38
(HSJD, HIVED 459 (392.6) 342 (301.8) 449 (418.2) 096-1.21) 0.34 NS+ (1.20-1.59) <0.0001 +38
0.44 1.27
IPD cases 44 (37.6) 15 (13.2) 18 (16.8) (0.25-0.76) 0.002 —56 (0.63-2.56) 0.50 NS+
0.30 0.66
PCV13 serotypes 18 (15.4) 8(7.1) 5 (4.6) 011-081) 0.01 —70 02-202) 0.46 NS—
0.18 0.26
Serotype 3 12 (10.3) 8(7.1) 2(1.9) (0.04-081) 0.01 -8 (0.06-124) 0.07 NS—
Non-PCV13 0.52 1.80
serotypes 25 (21.4) 7(6.2) 12 (11.2) (025-1.03) 0.06 NS— (0.71-4.89) 0.22 NS+
5-17 years
.. 118,391 79,953 74,220 0.62 0.93
Emergency visits (5 355.5) (19,530.7) (18180.6)  (0.61-0.63) <0.0001 —38 (092-094) <0001 -7
PCR samples 0.85 1.01
(HSD, HIVED) 182 (45.1) 155 (37.9) 156 (38.2) (0.68-1.05) 0.13 NS— (081-126) 0.93 NS
0.46 1.20
IPD cases 13 (3.2) 5(1.2) 6 (1.5) 016.118) 0.11 NS— (035-4.28) 0.77 NS+
0.42 1.50
PCV13 serotypes 7 (1.7) 2(0.5) 3(0.7) (0.11-1.64) 0.20 NS— (0.25-9.00) 0.65 NS+
0.39 2.01
Serotype 3 5(1.2) 1(0.2) 2(0.5) (0.08-2.04) 0.25 NS— 018-2212) 0.56 NS+
Non-PCV13 0.74 1.00
serotypes 4@1.0) 307) 307) (0.14-3.59) 0.72 NS— (0.17-5.84) 0.99 NS
Abbreviations: CI, confidence interval. HSJD, Hospital Sant Joan de Déu. HIVH, Hospital Infantil Vall d"Hebron.
IPD, invasive pneumococcal disease. IR, incidence rate per 100,000 person-years. IRR, incidence rate ratio. NS,
non-significant. PCR, polymerase chain reaction. PCV13, 13-valent pneumococcal conjugate vaccine.
Table 2. Children aged 0-17 years in Catalonia, Spain. Healthcare activity and IPD incidence in
2018-2019, 2020, and 2021 by quarter.
o 2020 2021 ISR Variation 2021 vs. 2020 Variation
Quarter IRR (CI p Value IRR (CI p Value
N (IR) N (IR) N (IR) 95%) % 95%) %o
1 st quarter
. 61,590 54,430 37,324 0.61 0.70
Emergency visits 17 g35.5) (10,413.7) (7239.0) (0.60-0.62) <0.0001 - (069-070) <0001 —30
PCR samples 0.53 0.54
(HSJD, HIVED 185 (35.6) 182 (34.8) 98 (19.0) 042-068) <0.0001 —47 043-070) <0.0001 —46
0.12 0.14
IPD cases 17 (3.3) 15 (2.9) 2(0.4) 0.02-0.45) 0.0004 —88 002-052) 0.0001 ~86
PCV13 serotypes 7 (1.3) 9(1.7) 1(0.2) © Og‘_lf ) 0.06 NS— © 0% 89) 0.01 —89
Serotype 3 5(1.0) 8 (1.5) 0 (0) - 0.03 (-Not calc) - 0.01 (-Not calc)
Non-PCV13 0.10 0.17
serotypes 10 (1.9) 6(1.1) 1(0.2) (0.01-060) 0.001 —90 001-1.14) 0.07 NS-
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Mean 2021 vs. . g
2018-2019 2020 2021 20182019 Variation 2021 vs. 2020 Variation
Quarter IRR (CI p Value IRR (CI p Value
N (IR) N (IR) N (IR) b % S %
2 nd quarter
iy 55,519 23,025 46291 0.84 2.04
Emergency visits 10 ¢71.6) (4405.2) (8978.2) (0.83-0.85) <0.0001 16 @o1207) <0001 104
(PH?;SE‘II;‘IP\’}I?) 141 27.1) 107 (20.5) 198 (38.4) " 1};112 - 0.001 +42 a 4528 - <0.0001 +88
IPD cases 15 (29) 0(0) 6(12) (0.191'—4?.02) 0.05 NS— ; 0.02 (+Not calc)
PCV13 serotypes 8(15) 00 2(0.4) (0.0%_2;5‘19) 0.06 NS— - 0.15 NS+
Serotype 3 6(12) 0(0) 1(02) (0.0%-117. 10 0.06 NS— - 031 NS+
Non-PCV13 0.67
ratypes 6(1.2) 0(0) 4(08) 017 346) 0.56 NS— ; 0.06 NS+
3 rd quarter
iy 44,594 34,933 35,692 0.81 1.04
Emergency visits — g571 6) (6683.5) (6922.5) (0.80-0.82) <0.0001 -1 (102-105 <0001 4
(II){CS?SaS‘IQ}% 112 (21.5) 86 (16.5) 158 (30.6) a 112‘:112 81) 0.004 +42 a 413'5326 ) <0.0001 +86
0.84 2.53
IPD cases 6(1.2) 2(0.4) 5 (1.0) (024258) 0.78 NS— 050.18.56) 0.28 NS+
PCV13 serotypes 2(04) 0(0) 1(0.2) (0.0%—55?.5 6 0.57 NS— ; 031 NS+
Serotype 3 1(0.2) 0(0) 0(0) ] 0.32 NS— ; NS
Non-PCV13 134 2.03
otypes 3(0.6) 2(0.4) 4(08) 025.721) 0.72 NS+ (036 15.83) 0.44 NS+
4 th quarter
iy 65,445 36,249 58933 091 1.65
Emergency visits ;5 g79 5 (6935.3) (11,430.1) (0.90-0.92) <0.0001 -9 1963167y  <0-0001 +65
(PHCSIFSE‘II;‘IQ}IG; 203 (39.0) 122 (23.3) 151 (29.3) o 62'_7 05.92) 0.007 —25 o 919'_215. 59) 0.06 NS+
IPD cases 19 3.7) 3(0.6) 112.1) (0'2(;'_5322) 0.16 NS— (1.02’;?3.32) 0.03 27
0.50 4.05
PCV13 serotypes 8 (1.5) 1(0.2) 4(08) 015167) 0.25 NS— (045 30.28) 0.17 NS+
0.60 3.04
Serotype 3 5 (1.0) 1(0.2) 3(0.6) 014253) 0.49 NS— (032.29.24) 031 NS+
Non-PCV13 0.60 3.04
otypes 10 (1.9) 2(0.4) 6(1.2) 020167, 0.34 NS— (06421.59) 0.17 NS+

Abbreviations: CI, confidence interval. HSJD, Hospital Sant Joan de Déu. HIVH, Hospital Infantil Vall d"Hebron.
IPD, invasive pneumococcal disease. IR, incidence rate per 100,000 person-years. IRR, incidence rate ratio. NS,
non-significant. Not calc: Not calculable. PCR, polymerase chain reaction. PCV13, 13-valent pneumococcal
conjugate vaccine.

Requested PCR tests for pneumococcus from a normally sterile site showed no change
in 2021 compared to 2018-2019 overall and by age group (Table 1). By quarter, there
were significant decreases in the first and fourth quarters (—47% and —25%, respectively;
p <0.01) and increases in the second and third quarters (+42% each; p < 0.01). In 2021,
compared to 2020, requested PCR tests increased by 23% (p < 0.001), but more markedly in
the 0—4 age group (+38%; p < 0.001) (Table 1); by quarter, increases were observed in the
second and third quarters (+88% and +86%, respectively; p < 0.001), and a decrease was
observed in the first quarter (—46%; p < 0.001) (Table 2).

IPD incidence was 11.0 and 4.6 per 100,000 PY in 2018-2019 and 2021, respectively,
representing a decrease of 58% (p < 0.001) overall, focused especially in the 0—4 age group
(—56%; p = 0.002) (Table 1; Figure 1A). In the first quarters, reductions were 88% (p < 0.001)
(Table 2). In 2021, compared to 2020, IPD incidence overall was broadly the same (4.6 and
3.8 per 100,000 PY, respectively), but decreased significantly in the first quarter, from 2.9 to
0.4 per 100,000 PY (—86%; p < 0.001) and increased in the second quarter, from 0.0 to 1.2
per 100,000 PY (p = 0.02) (Tables 1 and 2; Figure 1B).
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Figure 1. Children aged 0-17 years in Catalonia, Spain. IPD cases by age group, quarter, and PCV13
and non-PCV13 serotypes in 2018-2019 (mean), 2020, and 2021. (A) IPD cases by age group in
2018-2019 (mean), 2020, and 2021. (B) IPD cases by quarter in 2018-2019 (mean), 2020, and 2021.
(C) IPD cases caused by PCV13 serotypes by quarter in 2018-2019 (mean), 2020, and 2021. (D) IPD
cases caused by non-PCV13 serotypes by quarter in 2018-2019 (mean), 2020, and 2021. Abbreviations:

IPD, invasive pneumococcal disease. PCV13, 13-valent pneumococcal conjugate vaccine.
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IPD incidence per 100,000 PY caused by PCV13 serotypes was 4.8 in 2018-2019 and
1.6 in 2021, reflecting a drop of 68% (p = 0.003). This decrease was higher than that for
non-PCV13 serotypes, i.e., 5.6 and 2.9 per 100,000 PY in 2018-2019 and 2021, respectively,
reflecting a drop of 48% (p = 0.04), with serotype 3 showing a decrease of 76% (p = 0.005).
In 2021, compared to 2018-2019, the decrease in IPD incidence for PCV13 serotypes was
only statistically significant for the 0-4 age group (—70%; p = 0.01), and, in this same age
group, the greatest reduction was for serotype 3 (—82%; p = 0.01) (Table 1). As for 2021,
compared to 2020, there were no significant changes in IPD incidence for the PCV13 and
non-PCV13 serotypes, either overall or by age group. However, in the first quarter of 2021,
incidence decreased for PCV13 serotypes, from 1.7 to 0.2 per 100,000 PY (—89%, p = 0.01),
and also for serotype 3, from 1.5 to 0 per 100,000 PY (p = 0.01) (Tables 1 and 2; Figure 1C,D).
In contrast, in the second and fourth quarters of 2021 compared to 2020, IPD incidence
increased overall, from 0.0 to 1.2 per 100,000 PY (p = 0.02) in the second quarter, and from
0.6 to 2.1 per 100,000 PY (+272%; p = 0.03) in the fourth quarter.

During the entire study period, half or more of IPD cases were diagnosed exclu-
sively by PCR: 50.0% (29/57) in the 2018-2019 pre-pandemic period, 65% (13/20) in 2020,
and 50.0% (12/24) in 2021 (Table 3). The most frequent serotype throughout the period
was serotype 3, representing 29.8%, 45%, and 16.7% of cases in 2018-2019, 2020, and
2021, respectively (Table 1 and Figure 2A). Serotype 3 was exclusively diagnosed by PCR
in 70.6% (12/17), 88.9% (8/9), and 100% (4/4) of cases in 2018-2019, 2020, and 2021,
respectively (Figure 2A,B).

Table 3. Children aged 0-17 years in Catalonia, Spain. IPD case distribution by diagnostic technique
in 2018-2019 (mean), 2020, and 2021.

Diagnostic Technique =~ Mean 2018-2019 % 2020 % 2021 % 2018-2021 %
Culture only 16 28.9 2 10 4 16.7 38 24.1
PCR only 29 50.0 13 65 12 50.0 83 52.5
Culture + PCR 12 21.1 5 25 8 33.3 37 234
Total 57 100.0 20 100 24 100 158 100
Abbreviations: IPD, invasive pneumococcal disease. PCR, polymerase chain reaction.
N cases
18 2018-2019 (n=57) m 2020 (n=20) ™ 2021 (n=24)
16
14
12
10
8
6
4
2
0 1 | I 111 I I I I I |
I A A P S L0 X X O A\ & (O AT NSRS O A
@ A O NV QO A VS5 %@v\%\y\fﬁo%c%%\g\
< R Yy X
o KN )
Serotypes
(A)

Figure 2. Cont.
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Figure 2. Children aged 0-17 years in Catalonia, Spain. Serotype distributions of IPD cases overall
and diagnosed by PCR in 2018-2019 (mean), 2020, and 2021. (A) Serotype distribution of IPD cases in
2018-2019 (mean), 2020, and 2021. (B) Serotype distribution of IPD cases diagnosed exclusively by
PCR in 2018-2019 (mean), 2020, and 2021. Abbreviations: IPD, invasive pneumococcal disease. NT,
not typed. ONV, other non-vaccine serotypes. PCR, polymerase chain reaction.

The only serotype besides serotype 3 that was detected during the entire study period
was serotype 23B (five cases, representing 2.6% of the total in 2018-2019, 5% in 2020 and
4.2% in 2021). Diagnosis of this serotype was exclusively by PCR in 2020 (one case),
exclusively by culture in 2018-2019 (three cases), and by both techniques in 2021 (one case).

4. Discussion

Government crisis management during the COVID-19 pandemic evolved depending
on waves, with restrictive measures implemented in Spain as appropriate to reduce social
contact and the spread of the virus (Figure 3). The Spanish government, in declaring the
first state of alarm [9], imposed a strict lockdown from 14 March 2020 to 21 June 2020;
by the third quarter of 2020, however, territorial mobility restrictions were relaxed in the
so-called new normal period [10]. However, on 25 October 2020, a second state of alarm
was declared that would last until 9 May 2021, with restrictions on territorial mobility, a
night curfew, limitation on numbers attending social and religious gatherings, etc. [11,12].
As of 9 May 2021, a new resolution of the Government of Catalonia [13] came into force
that extended opening hours and capacity numbers. Use of a mask in enclosed places
continued to be generally mandatory, however, up to April 2022 [14], at which point this
obligation ceased except for in healthcare centres, nursing homes, and on public transport,
and responsible use continued to be recommended in relation to vulnerable persons.
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First state of alarm New normal Second state of alarm End of second state of
15 March 2020 to 21 June 2020 to 25 October 2020 to alarm
21 June 2020 25 October 2020 9 May 2021 After 9 May 2021
= Restrictions on free movement of = Cessation of restrictions imposed = Restrictions on free movement of « Elimination of night curfew
people during the state of alarm people at night « Recovery of territorial mobility
» Suspension of face-to-face » Elimination of mandatory face » Territorial restrictions on mobility «» Restrictions maintained on
educational mask use in open spaces at = Restrictions on gatherings in public gatherings of people
* Containment measures in the interpersonal distances =1.5 m and private spaces (maximum 6 s Relaxation of social restrictions
commercial, cultural, recreational people except cohabitants) (increased capacities)
sectors, hotels and restaurants, = Significant reductions in social » Return to face-to-face special
places of worship, etc mobility regime regulated educational
= Mandatory face mask use = Restrictions on capacities for activities
meetings, celebrations, and « As of 26 June 2021: no longer
religious gatherings mandatory to use a face mask
» Elimination of mandatory face outdoors

mask use in open spaces at
interpersonal distances >1.5 m

Figure 3. Restrictions and other public health measures imposed due to the COVID pandemic during
the study period. First state of alarm [9], New Normal [10], Second state of alarm [11,12], End of de
second state of alarm [13].

Our results show that in 2021, compared to the 2018-2019 pre-pandemic period, there
was a reduction in paediatric ER visits; this decrease was more pronounced in the first
quarter, when the second state of alarm was in force. In 2021, compared to 2018-2019, there
was no significant reduction in PCR test requests for IPD overall, although reductions were
observed in the first and fourth quarters of 2021. Noteworthy was the fact that, in 2021,
the reduction in PCR test requests was much lower than the reduction in IPD incidence in
the first quarter; this would suggest that the reduced IPD incidence observed in the first
quarter of 2021 compared to the pre-pandemic period was not because of fewer diagnoses
due to the healthcare changes imposed by the pandemic, but because of the social mobility
restrictions imposed until 9 May 2021 by the second state of alarm [11,12]. As for the
remaining quarters, the reduction in IPD incidence in 2021 compared to the pre-pandemic
period was not significant, probably due to the removal of social distancing restrictions
with the ending of the second state of alarm in May 2021 [13], which, in turn, led to a
recovery in IPD incidence.

Comparing 2021 with 2020, paediatric ER visits and PCR test requests for IPD increased
overall, most especially in the second quarter once the second state of alarm ended (9 May
2021). However, a significant decrease was observed in the first quarters of 2021 compared
to 2020, possibly due to the fact that lockdown was not imposed until 15 March 2020 and
that certain restrictions associated with the second state of alarm were in force until 9 May
2021. The reductions in healthcare activity, along with the restrictions of the second state
of alarm [11-13], would explain the significant decrease in IPD incidence observed in the
first quarter of 2021 compared to the same quarter of 2020. The relaxation in social mobility
restrictions with the ending of the second state of alarm [13] may explain the increased
healthcare activity and increased IPD incidence observed in the second and fourth quarters
of 2021 compared to 2020.

Contrasting with our findings, some authors have reported a recovery in IPD incidence
from the second quarter of 2021. In Germany, Perniciano et al. [6], in a study carried out
from 1 January 2015 to 30 November 2021, found that IPD cases reached pre-pandemic
levels in June 2021, although the increasing trend had already started in the spring of 2021.
In Switzerland, Casanova et al. [5] studied IPD evolution from January 2017 to June 2021,
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confirming an increase from March 2021 and return to 2017-2019 levels by the end of June
(coinciding with the easing of non-pharmacological anti-COVID-19 measures). In England,
Bertran et al. [7], in a comparison of the second halves of 2021, 2020, and 2017-2019,
reported a gradual increase in incidence in children aged <15 years from February 2021,
with the increase exceeding pre-pandemic levels from July to December.

In Catalonia, paediatricians began to recommend PCV13 in 2010 and, in 2016, included
the 2 + 1 regimen for children aged <5 years and populations at risk in its systematic
vaccination schedule. By 2020, 91% coverage was achieved with the complete regimen [15].
In 2018, 2019, and 2020 in Catalonia, PCV13 serotypes in children aged <5 years were
26.6%, 31.1%, and 25.7%, respectively [3]. In our study, for children aged <5 years, we
found that PCV13 serotypes represented 40.9%, 53.3%, and 27.7% in 2018-2019, 2020, and
2021, respectively. The differences observed regarding the total number of cases notified
in Catalonia may be explained by the fact that, in our study, culture and PCR tests were
performed in 93% and 58% of cases, respectively, thus increasing the percentage of IPD
cases diagnosed by negative culture (52.5%; 83/158) of all diagnosed cases); in Catalonia as
a whole, diagnosis exclusively by PCR represented 4.7% for all age groups in 2019-2020 [3].
This difference is especially relevant for serotype 3, which, for children aged <5 years in
our study, represented 27.3%, 53.3%, and 11.1% of diagnoses in 2018-2019, 2020, and 2021,
respectively. Previous studies show that a large percentage of serotype 3 IPD cases are
diagnosed exclusively by PCR [16,17].

In 2021, the reduction in IPD compared to the pre-pandemic period (2018-2019)
was greater for PCV13 serotypes than for non-PCV13 serotypes, most especially for
serotype 3. This was even more markedly the case for children aged <5 years, possi-
bly partially attributable to both lower S. pneumoniae circulation (as a consequence of the
non-pharmacological restrictions in place) and the impact of the PCV13 vaccine (included
in the 2016 2 + 1 regimen for children aged <5 years). In 2021, compared to 2020, there were
no significant variations overall or by age group, although there was a large decrease in
the first quarter, especially in vaccine serotypes, and an increase in the second and fourth
quarter for all serotypes. This is possibly explained by the fact that, in relation to the first
quarters, restrictions had not yet been implemented in 2020, whereas in 2021, the second
state of alarm was in force, and in relation to the second quarters, the situation was reversed,
with a strict lockdown in 2020 but a relaxation of restrictions in 2021.

In Switzerland, in a study that covered all ages in 2019, Casanova et al. [5] observed that
only 29.5% of the serotypes were PCV13, with serotype 3 being the most frequent (16.3%).
The same authors reported a decrease in the proportion of PCV13 serotypes (24.8%) in the
first half of 2021, with serotype 3 nonetheless continuing to be highly prevalent (15%); they
also detected the emergence of the 23B serotype (prevalence of 3.2% in 2020 and 8% in 2021).
Our higher percentage of IPD cases due to PCV13 serotypes than that reported by Casanova
et al. [5] may be partly explained by the latter’s non-use of PCR as a diagnostic technique.
Corroborating that same study, we found that serotype 3, although it decreased in 2021
compared to 2018-2019 (incidences of 0.8 and 3.3, respectively), continued to be by far the
most frequent serotype (16.6% of the total) (Figure 2A,B). Regarding the 23B serotype, we
observed that, although the number of cases was lower in 2020 and 2021 (one in each year)
than in the 2018-2019 pre-pandemic period (two annual cases on average), the percentage
increased each year (2.5% in 2018-2019, 5% in 2020, and 4.2% in 2021) (Figure 2A).

Perniciano et al. [6] observed that, in Germany, the proportions of serotypes covered
by PCV13 remained constant in the overall population and in different age groups between
2015 and 2021. That study, like ours, reported serotype 3 to be the most common serotype,
although in lower percentages (16—21% of all IPD cases in the pre-pandemic period, and
19% in 2020) than those reported by us, but slightly higher in 2021 (20%). The lower
percentages of IPD cases due to PCV13 serotypes observed by Perniciano et al. [6] may also
be explained by the non-use of PCR as a diagnostic technique.

Other authors have highlighted the 23B serotype as both a cause [5] and carrier of IPD.
Alfayate et al. [18], in the region of Murcia (Spain), compared pneumococcus carrier status
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in children aged 14 years 5 years after PCV13 vaccine introduction (summer 2014 and
winter 2015); they reported that the carrier percentage was 19.8%, that only 14.4% were
PCV13 serotypes, and that 23B was the most frequent serotype (13%). Skosana et al. [19], in
a South African study of healthy children aged <5 years conducted between 2014 and 2016
(a decade after the introduction of conjugate vaccines), found that 43.7% were colonized by
pneumococcus, most especially the younger cohorts. Non-PCV13 serotypes were reported
in that study to be the most frequent serotypes (81.8%), especially 23B (13.2%) and 15B/C
(11.6%). Patel et al. [20], in Botswana, analysed carrier status in children aged <24 months
between 2012 and post-PCV13 vaccine introduction in 2017, finding that the proportion
of PCV13 serotypes decreased from 70% in 2012-2013 to 25% in 2016-2017. Comparing
the two periods, the same authors reported the most frequent serotypes to be 6A /6B (20%)
in 2012-2013, and 23B (28.4%) in 2016-2017. Kielbik et al. [21], in Poland, conducted a
carrier study in 2020 in children aged 1-6 years 3 years after introducing PCV10, finding
pneumococcal colonization in 23.3% of children, reporting serotype 23B in 28% and 25% of
the isolates in vaccinated and non-vaccinated children, respectively, and PCV13 serotypes
in 17.1% of the isolates.

A limitation of our study is that, although the population is representative of the
studied area, the sample size for some of the variables was small and so did not allow
significant differences to be detected.

As for its strengths, our study was carried out using the same methodology for
the COVID-19 pre-pandemic and pandemic periods and the use of PCR as a diagnostic
technique increased IPD diagnostic sensitivity. Finally, the comparison by quarters enabled
us to both determine IPD seasonality [22-24] and highlight the role played by pandemic-
related mobility restrictions.

5. Conclusions

In 2021, IPD incidence was observed to decrease in relation to 2018-2019, and this
decrease was greater than the decrease in healthcare demand and in diagnostic test requests.
IPD incidence decreased mainly in the first quarter of 2021, probably because, with the
second state of alarm in force, social mobility continued to be restricted in 2021 compared
to 2020. IPD was observed to decrease in the first quarter, when the second state of alarm
was in force, and to increase from the second quarter, when the state of alarm ended.
Pre-pandemic levels of IPD incidence were not reached in 2021.

The use of diagnostic techniques such as PCR, which is more sensitive than culture,
results in more cases being detected (most especially serotype 3 cases) and also provides a
better picture of IPD epidemiology. Surveillance of serotypes that cause IPD to circulate in
the community is crucial to establish appropriate vaccination strategies.
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