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Substantial Decline in Invasive
Pneumococcal Disease During
Coronavirus Disease 2019 Pandemic in
Hong Kong
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Compared with other countries, a more substantial decrease in
the incidence of invasive pneumococcal disease was observed in
Hong Kong, which is most likely attributable to the proactive mass
adoption of face masks by the public. Human behavioral changes,
particularly mask wearing, should be considered as an additional
preventive strategy against invasive pneumococcal disease.
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The coronavirus disease 2019 (COVID-19) pandemic has re-
sulted in dramatic human loss worldwide. The first COVID-19
case was confirmed in Hong Kong on 23 January 2020 and was
followed by several waves of the disease. As of 31 December
2020, Hong Kong had recorded 8847 confirmed cases, with
26.7% being locally acquired [1]. Overall, Hong Kong has kept
a relatively flatter epidemic curve than most other places. This
is quite remarkable considering that Hong Kong is an interna-
tional transport hub, in close proximity to China, and one of
the most densely populated areas in the world. The city also did
not enter any stage of complete lockdown. Hong Kong is one
of the locations most affected by the severe acute respiratory
syndrome (SARS) outbreak in 2003 and aggregated a total of
299 deaths, representing the second highest mortality rate, after
China. It is believed that the SARS experience largely influenced
the personal behavioral changes of citizens in response to the
COVID-19 epidemic. In fact, the psychological impact of the
SARS outbreak was so huge that hygiene became second nature,
and Hong Kong was among the first places to initiate proactive
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mass adoption of face masks in public areas as personal protec-
tion, many months before they were made compulsory by the
government in July 2020.

(IPD)
Streptococcus pneumoniae and transmitted via respiratory

Invasive pneumococcal disease is caused by
droplets. Carriage of S. pneumoniae is a prerequisite for devel-
oping IPD and is commonly found in young children who are
considered the source of pneumococcal infections and spread
in the community. Since IPD is a leading cause of death and
disease in our locality, it was listed as a statutory notifiable di-
sease in 2015 [2]. Pneumococcal vaccination is one means of
preventing IPD, and Hong Kong was among the first Asian
cities to include pneumococcal conjugate vaccine in its child-
hood immunization program in 2009 [2]. The latest recom-
mendation is the 13-valent pneumococcal conjugate vaccine,
with a vaccination rate of 99.5% in children. However, vac-
cination coverage in persons aged >65 years remained low,
only 45.8% in this high-risk category. Before the COVID-19
pandemic, the IPD incidence in Hong Kong was still high.
IPD also causes significant burden of illness in Singapore and
Taiwan and was listed as a statutory disease in 2010 and 2007
respectively [3, 4]. Studies in Singapore and Taiwan reported
reductions in IPD cases during the first few months of the
COVID-19 pandemic [5, 6]. In Singapore, a 42.9% decline of
IPD cases in an institution was recorded in the first 27 weeks of
2020, while Taiwan recorded a 50.9% nationwide reduction in
IPD cases during the first 8 months of 2020. We hypothesized
that the marked behavioral changes among Hong Kong citi-
zens, particularly the proactive mass adoption of face masks,
should have a more prominent effect on reducing IPD cases
during the COVID-19 pandemic. To test the hypothesis, we
analyzed IPD case numbers in 2020 and compared the monthly
and yearly trends with the data in the previous 5 years in Hong
Kong. We also extended the analysis of IPD case numbers in
Singapore and Taiwan to the entire 12-month period in 2020
and compared these numbers with trends from the previous
5 years in Singapore, Taiwan, and Hong Kong.

METHODS

The number of IPD cases before (2015-2019) and during
(2020) the COVID-19 pandemic was obtained from the open
databases at the Hong Kong Centre of Health Protection, the
Ministry of Health of Singapore, and the Taiwan Centers for
Disease Control [7-9], respectively. Because IPD is a serious
disease that can become life threatening if untreated, indi-
viduals would seek prompt medical attention when infected.
Therefore, data collected through reportable disease registries
truly reflect the actual number of IPD cases in the respective
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countries. Seasonal autoregressive integrated moving average
models were applied to monthly IPD cases in 2015-2019 in-
clusively to predict those of 2020. We performed stepwise
model selection based on the Akaike information criterion
(Supplementary Table 1), generating 12-step predictions and
prediction intervals for each location to forecast the respective
monthly cases in 2020.

RESULTS

In Hong Kong, a total of 47 IPD cases were reported in
2020, compared with 162-190 yearly cases in 2015-2019
(Supplementary Table 2), for an overall decline of 74.7%
(Figure 1A and 1E). Monthly cases in all 12 months during
the pandemic were below expectation (Figure 1B and
Supplementary Table 3). The dominant S. pneumoniae sero-
type found was serotype 3, accounting for 45.7% of the total
cases in 2020, compared with 44.4%-52.9% in 2015-2019.
Similarly, Singapore recorded an overall decrease of 67.2%
in IPD cases (Figure 1E). Monthly cases in Singapore were
below expectation in 11 of the 12 months (Figure 1C and
Supplementary Table 3); 44 cases were reported in 2020,
compared with 125-149 yearly in 2015-2019 (Supplementary
Table 2). Conversely, Taiwan recorded a less pronounced
overall reduction of 47.5% in IPD cases (Figure 1E). Monthly
cases in Taiwan were below expectation in 11 of the 12 months
(Figure 1D and Supplementary Table 3); 229 cases were re-
ported in 2020, compared with 448-592 yearly in 2015-2019
(Supplementary Table 2). Further statistical analysis revealed
that the first significant drops (<95% prediction interval) in
IPD cases were observed in April and June for Hong Kong
and Singapore, respectively (Figure 1E and Supplementary
Table 3).

DISCUSSION

The marked decline in IPD cases in Hong Kong in 2020 is
likely attributable to mask wearing during the COVID-
19 pandemic. A marked decrease was observed as early as
March (Figure 1A and 1E). This corresponded to the time
when Hong Kong citizens responded to the COVID-19
outbreak in China and began to proactively follow a mask-
wearing practice, resulting in the first significant drop in
IPD cases in April (Figure 1E and Supplementary Table 3).
Given the experience learned from SARS, mask wearing was
recognized by Hong Kong citizens as an undeniably impor-
tant means of self-protection and a collective responsibility
for reducing COVID-19 transmission. In February 2020, we
conducted surveillance on the percentage of mask wearers
in public by observing visitors at 3 shopping malls in 3 ge-
ographic regions of Hong Kong. Visitors were monitored at
the main entrances during lunchtime, the busiest hour of

the venues. We found that >99% of people wore masks, in-
cluding children (Supplementary Figure 1A), consistent with
findings reported in previous studies [10]. In addition to
mask wearing, hygiene awareness was raised, including in-
creased use of hand sanitizers, improved protection for high-
contact surfaces, temperature checking, social distancing
and limiting restaurant dining services and gathering sizes
(Supplementary Figure 1). In May and August, when the num-
bers of confirmed local COVID-19 cases were kept low for >3
weeks, restrictions such as limits on gathering sizes and var-
ious commercial activities were lifted, and schools reopened.
However, the mask-wearing practice was continued, and the
number of IPD cases remained low (Figure 1A). Considering
that no changes had been made to the pneumococcal vac-
cination strategy or the reporting requirements, and there
was no change of dominant serotype, it is highly likely that
proactive actions of the public in response to the COVID-19
pandemic, particularly mask wearing, contributed to the de-
cline in IPD incidence in 2020. This is further supported by
a similar marked decline in IPD cases observed in Singapore.
After an initial surge in mask usage in January, the Singapore
government in February advocated that its citizens use masks
only if unwell. In March 2020, measures were reviewed, and
masks were made mandatory in April, resulting in a rise
in mask wearers from 23% in March to 90% in April [11].
The response in mask wearing was reflected in Singapore’s
monthly IPD case numbers, with an average reduction of
39% in January-April, followed by a marked average reduc-
tion of 86.4% in May-December (Figure 1B). This corres-
ponded to the first significant drop in IPD cases observed in
June (Figure 1E and Supplementary Table 3). Comparatively,
Taiwan recorded a relatively smaller reduction of IPD cases
compared to Hong Kong and Singapore (Figure 1E). Although
initial proactive use of masks in Taiwan was rapid, we spec-
ulate that owing to early success (with no local COVID-19
cases for >8 months in 2020) through strict border controls,
people in Taiwan were not as compliant with mask usage, and
face masks were not mandatory until December 2020. Social
distancing restrictions were also eased since June 2020. A re-
cent study in England demonstrated a 30% decline in IPD
cases in 2020 compared with 2000-2019 [12]. While England
has enforced 3 national lockdowns, only 38% of Britons wear
masks in public [11]. Other possible factors leading to reduced
host susceptibility may also contribute to the decline in IPD. It
is known that viral infections can create favorable conditions
in the nasopharyngeal mucosa for colonizing pneumococci to
invade, leading to IPD; therefore, reduced influenza transmis-
sion during the pandemic may also contribute to the decline
in IPD. Further studies can be performed to investigate the
pneumococcal carriage and other confounding factors that
may contribute to the IPD incidence in Hong Kong.
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Figure 1. A, Numbers of coronavirus disease 2019 (COVID-19) cases (blue bars) and invasive pneumococcal disease (IPD) cases reported in the same monthly periods in

Hong Kong in 2020 (orange line) and on average in the years 2015-2019 (black line). Error bars represent 95% confidence intervals for 2015-2019 data. Some important in-
fection control measures and policies implemented by the Hong Kong government are flagged according to their effective dates. B—D, Forecasting monthly IPD cases in 2020
using corresponding fitted seasonal AutoRegressive Integrated Moving Average (ARIMA) models for Hong Kong (B), Singapore (C), and Taiwan (D). Actual monthly cases (red
lines) are compared with predicted monthly cases (blue lines) with 90% (dark-blue shading) and 95% (light-blue shading) prediction intervals. £, Percentage reduction in IPD
cases in 2020, compared with median number of cases in 20152019 in Hong Kong (orange line), Singapore (blue line), and Taiwan (gray line). Asterisks indicate first month
(April for Hong Kong and June for Singapore) with a significant drop in IPD cases compared with the corresponding monthly cases in 2015-2019.

In conclusion, the current study findings suggest that, in ad-
dition to vaccination, human behavioral changes, particularly
mask wearing, play key roles in reducing the transmission of
S. pneumoniae. These measures should be considered as an ad-
ditional preventive strategy against IPD.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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