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ARTICLE INFO ABSTRACT
Artic{e history: Objectives: Antimicrobial resistance (AMR) presents significant challenges for the effective treatment of
Received 27 August 2025 pneumococcal disease (PD), disease prevalence, and vaccine effectiveness caused by S. pneumoniae. We

Revised 28 October 2025

aimed to describe the pattern of AMR among isolates from patients with PD reported in the Hong Kong
Accepted 28 October 2025

population from 2012-2021, and to explore the risk factors associated with AMR among patients hospi-
talized with PD compared to those with susceptible isolates.

Keywords: Methods: PD-related hospitalizations were identified and grouped into invasive PD (IPD) or non-IPD pa-
Pneumococcal diséﬂse ) tients. Electronic health records were collected to calculate the healthcare resource utilization relevant to
Pneumococcal conjugate vaccine each IPD/non-IPD patient. We compared the characteristics of patients with IPD/non-IPD caused by non-

Antimicrobial resistance

. susceptible isolates (cases) and those without (controls) using a multivariable logistic regression model,
Electronic health record

looking for risk factors for AMR.
Results: The PD incidence trend was stable from 2012 to 2019 with a sudden decrease in 2020, coinciding
with the beginning of the COVID-19 pandemic. Overall, 80% of patients had S. pneumoniae non-susceptible
to >1 antibiotic. The percentage of non-susceptibility found to tetracyclines, macrolides, penicillin, and
fluoroquinolones, were 85%, 79%, 23% and 2%, respectively. Overall, 46% of the patients with serotyping
results were serotype 3. Significantly increased odds of AMR infection were found among the non-IPD
patients aged 2-17 years when compared to older patients (18-64 years).
Conclusions: Measures to reduce non-susceptible S. pneumoniae infections should focus on children and
adolescents of school age. Despite the introduction of PCV13 in 2011, serotype 3 and AMR continued to
threaten people in the community. Serotype 3-infected patients accounted for nearly half of the patients
with PD with serotyping results.
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This is an open access article under the CC BY-NC-ND license
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Background

Pneumococcal disease (PD) is caused by Streptococcus pneumo-
niae, a gram-positive bacterium, which causes a range of infec-
tions from non-invasive respiratory tract mucosal infections, such
as acute otitis media, sinusitis, and community-acquired pneumo-
nia (CAP), to invasive infections. Invasive PD (IPD) occurs when
pneumococcal bacteria enter the bloodstream (bacteremia) or pen-
etrate the blood-brain barrier, causing meningitis. S. pneumoniae
is the most common bacterial pathogen associated with pneumo-
nia, among all adult CAP with confirmed pathogens in Hong Kong,
China (HK) in 2017-18 [1]. Children <2 years and adults >65 years
were at an elevated risk of IPD [2]. In Singapore, a retrospective
cohort study reported that 27.1% of patients with IPD were aged
>65 years and 27% were aged <5 years between 1997 and 2013
3]

Resistant bacterial infections are often hard to treat with lim-
ited antimicrobial choices, resulting in a higher healthcare bur-
den and mortality [4-6]. In a retrospective cohort study from the
United States (US) of adult inpatients and ambulatory patients in
2018-2019, 39.5% of pneumococcal bacteria exhibited resistance
to macrolides, with a resistance rate of 29.6% in blood isolates
from patients with IPD compared to 47.3% in respiratory non-IPD
isolates [4]. In the US, the active bacterial core surveillance net-
work reported that 21.4% of IPD isolates collected from multistate
surveillance during 2017 exhibited penicillin non-susceptibility,
characterized by whole-genome sequencing. Of the penicillin non-
susceptible strains, 66.9% were macrolide resistant, with 8.8% also
demonstrating clindamycin resistance (therefore being multidrug
resistant with resistance to three different classes of drugs) 7.

In HK, antibiotic non-susceptibility in S. pneumoniae is as high
as 75% for penicillin and 80% for erythromycin, with varying de-
grees of resistance observed in cephalosporins, clindamycin, and
fluoroquinolones [8-12]. However, most of these studies were pub-
lished as early as 2001-2013. Only a limited number of studies ex-
amined the trend of PD and antimicrobial resistance (AMR) car-
riage after 2013 [11]. In addition, these studies did not explore the
risk factors associated with AMR infections. Since 2013, the Cen-
tre for Health Protection of the Department of Health has trans-
formed the Inter-hospital Multi-disciplinary Programme on Antimi-
crobial ChemoTherapy (IMPACT) guideline into a mobile app that
provides local evidence-based recommendations for clinical antibi-
otic prescribing, influencing antibiotic prescribing practices in HK
[13]. The inpatients received fewer antibiotic classes per hospital
stay, reflecting a possible reduction in treatment failure rate [14].

Vaccination is a potential preventative solution to AMR PD in-
fections. The currently available pneumococcal conjugate vaccines
(PCVs) only cover certain S. pneumoniae serotypes. After the im-
plementation of the 7-valent PCV (PCV7), serotype replacement
with non-vaccine serotypes, including serotype 3, was mainly re-
sponsible for PD infections globally [15-17]. Similarly, serotype re-
placement was reported as newer generations of PCV covering
additional serotypes were released [18,19]. While other vaccine
serotypes were gradually under control, they were replaced by
other serotypes. An increase in serotype 3 was observed after im-
plementing PCV13 in Australia despite being covered in the vaccine
[20]. A similar increase in cases caused by serotype 3 was also ob-
served in HK after the introduction of PCV13 (since 2011) for all
children and adults aged >65 years, and those aged >18 years and
with high-risk conditions (history of IPD, immunocompromised,
chronic diseases such as chronic cardiac, pulmonary, liver or renal
diseases, and with diabetes mellitus or cerebrospinal fluid leakage)
[2].

Despite a recent letter published regarding the increasing case
numbers of serotype-specific IPD in HK to pre-pandemic levels
in 2023, the epidemiology of antimicrobial-resistant PD (including
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IPD and non-IPD) and its risk factors have not been explored [21].
There is an urgent need to understand the current epidemiology
of antimicrobial-resistant PD to inform public health strategies to
describe the serotype distribution, antibiotic sensitivities, patient
demographic/clinical characteristics, and analyze potential associa-
tions between AMR and PD infections.

Methods
Data source and variables

Data were retrieved from the Clinical Data Analysis and Report-
ing System (CDARS), a clinical database managed by the HK Hos-
pital Authority (HA), which provides primary, secondary, and ter-
tiary healthcare services to the 7.5 million HK residents through
43 public hospitals and institutions, 49 specialist outpatient clin-
ics, and 74 general outpatient clinics. HA covered 80% of all hos-
pitalization episodes in the population [22-24]. The patient demo-
graphic information and clinical data included records of diagnosis,
prescriptions, pharmacy dispensing, admission/discharge informa-
tion, emergency attendance, and laboratory test results from all in-
patient, outpatient, and emergency settings for audit and research
purposes [25,26]. In CDARS, the International Classification of Dis-
eases, 9th Revision, Clinical Modification (ICD-9-CM) is followed to
record diagnosis and procedure, while the British National Formu-
lary (BNF) is used to categorize medication records, including pre-
scription period, dosage, and dosage form.

Microbiology methods

Culture was requested for patients if deemed necessary by clin-
icians. Identification of bacterial species and antibiotic susceptibil-
ity tests (AST) were performed by microbiology laboratories in the
hospitals. In CDARS, the data on laboratory tests ordered within
the HA included details on the type of specimen, organisms iden-
tified, species, and antibiogram results. The isolates were tested at
the laboratory of the same hospital, regional hospitals, university-
affiliated hospitals, or the public health laboratory and reported to
CDARS to link to the patient’s inpatient record [27]. AST results
were recorded as sensitive (S), intermediate susceptibility (I), and
resistant (R) according to the minimum inhibitory concentrations
or disk diffusion results following the Clinical & Laboratory Stan-
dards Institute (CLSI) standards. Serotyping was conducted by poly-
merase chain reaction assays and/or the Quellung reaction of indi-
vidual isolates in the public health laboratory and retrieved from
the study team when available. The laboratory results on CDARS
from multiple HA hospitals were reported in previous local epi-
demiological studies of a similar kind [27].

Study population and patient definition

All hospitalizations were identified between January 1, 2012, to
December 31, 2021, based on a diagnosis of PD. A PD diagnosis is
defined as having a single or a combination of diagnostic codes in
ICD-9-CM indicating a PD-related condition (Supplementary Table
1). For the same patient who fulfilled more than one PD-related
condition, the more severe PD-related condition took precedence
over that of lower severity to avoid duplication, that is, start-
ing from the most severe, pneumococcal meningitis, pneumococcal
bacteremia, bacteremic pneumonia, other IPD, pneumococcal pneu-
monia, otitis media with effusion (OME), and acute otitis media
(AOM) [28]. To avoid confounding, we only considered the first PD
episode from each patient.

We defined the date of first PD-related hospital admission as
the start of a disease episode, while the date of hospital discharge
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was the end of a disease episode. If there were other hospitaliza-
tions with the same PD-related condition occurring within a speci-
fied time period from the date of discharge, these subsequent hos-
pitalizations were assumed to be related to the first episode and
were collapsed to form a single episode. A time period of >90 days
was used for IPD and pneumococcal pneumonia hospitalizations,
while >14 and >28 days were used for AOM and OME hospitaliza-
tions, respectively [28-30].

Patients with missing data of date of birth, sex, hospital admis-
sion or discharge dates, laboratory confirmation for S. pneumoniae
or AST, were excluded from the study. Any healthcare resource uti-
lization (HCRU) was considered related to the episode when it oc-
curred within a 90-day follow-up period after the discharge from
the last PD-related hospitalization. The PD-related length of stay,
the number of all-cause hospitalizations, intensive care usage, out-
patient visits, and emergency room visits were counted toward the
HCRU related to the episode.

Statistical analysis

Epidemiology of PD patients, AMR infection status, and healthcare
resource utilization

We prepared summary statistics covering patient characteristics
and HCRU. Continuous variables, such as age and HCRU, were de-
scribed using mean and standard deviation (SD). Categorical vari-
ables, such as disease type and type of antibiotics, were presented
as numbers and proportions. The annual incidence of IPD and non-
IPD was calculated by dividing the number of patients in each re-
spective category by the mid-year population of HK. For these cal-
culations, the population statistics were requested from the Census
and Statistics Department of HK [31].

For the AST results (AMR status), the incidence of non-
susceptibility was represented as the percentage of isolates non-
susceptible based on the AST results. Antibiotic classes were clas-
sified following BNF Chapter 5.1. Any AST results with R or I sus-
ceptibility were considered non-susceptible. The annual incidence
of non-susceptibility was plotted as a trend. The annual incidence
of patients with non-susceptible antibiotics (0, 1, 2, >3 antibiotic
classes) was also plotted.

HCRU calculations were presented by IPD/non-IPD and AMR
status. Length of stay, including the total length of stay, and the
intensive care unit (ICU) length of stay, were summarized as mean
and SD. The number of inpatient, outpatient, emergency admis-
sions was summarized as mean and SD. ICU use and readmissions
(within 30, 60, 90 days) were presented as a percentage of the pa-
tient group. Medication use, including total number of medication
prescriptions (all medications and antibiotics), days of antibiotic
treatment, were summarized as mean and SD.

Risk factor associated with AMR PD infection

Univariable analysis was conducted using univariable logistic
regression to examine the association between IPD/non-IPD and
infection with non-susceptible S. pneumoniae by each risk factor
compared to controls.

Risk factors for AMR S. pneumoniae infection were identified by
comparing the case and control patients using multivariable lo-
gistic regression. Cases were defined as patients with S. pneumo-
niae isolates that were non-susceptible to at least one antibiotic.
Controls were defined as patients with S. pneumoniae isolates sus-
ceptible to all antibiotics tested. Potential risk factors included age
group, PD type, selected comorbidities status, including cardiovas-
cular, lung, liver, kidney, metabolic, immune system, and neurolog-
ical diseases as defined by ICD-9-CM codes (Supplementary Table
2). Age group was classified as aged <2 years, 2-17 years, 18-64
years, 65-75 years, and >75 years. The effect of the risk factors
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in the final model was assessed through the estimated odds ra-
tio (OR) with 95% confidence interval (95% CI). The variables were
added in a stepwise manner.

Additional analyses

Sensitivity analysis was conducted to include only patients aged
>18 years to validate the robustness of correlation results against
different comorbidity distributions in age groups.

Post-hoc analysis was conducted to calculate the mortality rate
by AMR status and by PD type. Mortality was defined as the death
of the patient during a PD episode.

All analyses were conducted using R (version 4.1.2; R Core
Team).

Ethics approval

This study was approved by the Institutional Review Board of
the University of Hong Kong/Hospital Authority Hong Kong West
Cluster (Ref: UW 22-302).

Results
Basic characteristics and clinical features of patients

During the study period, a total of 3784 patients were identified
with PD-related hospitalization from CDARS in HK. After excluding
two patients with an unknown age, admission date, or discharge
date, 3782 patients were identified. A total of 2251 patients with
laboratory isolates tested for antimicrobial non-susceptibility were
described further below; they were split into 1791 cases with AMR
and 460 controls with sensitive strains. The flow chart for the in-
clusion and exclusion criteria is shown in Supplementary Figure
1. Among all 2251 PD patients, 704 (31%) were female. The age
group that contributed to most of the PD patients was >75 years
(N = 746, 33%), followed by 18-64 years (N = 613, 27%), 65-75
years (N = 438, 19%), and 2-17 years (N = 415, 18%), respectively. A
total of 80% of patients were infected with isolates that were non-
susceptible to at least one antibiotic tested. Across all PD types,
most of the patients were diagnosed with pneumococcal pneumo-
nia (n = 1780, 79%), followed by bacteremic pneumonia (n = 316,
14%). The clinical and demographic characteristics were described
in Table 1. A total of 876 (39%) had prior comorbidities: 455 (20%)
had lung diseases, 295 (13%) cardiovascular diseases, while 252
(11%) had metabolic diseases.

The incidence of IPD/non-IPD by age groups was described in
Figure 1. People aged >75 years had the highest incidence of
IPD/non-IPD compared to other age groups across the study period,
while the group of 18-64 years had the lowest incidence. People
aged 65-75 years had a higher incidence of non-IPD than IPD. Both
IPD and non-IPD incidence for all age groups decreased from 2020,
coinciding with the COVID-19 pandemic. Among all detected dis-
ease types, pneumococcal pneumonia had the highest incidence.
Bacteremic pneumonia has the highest incidence among all inva-
sive disease types (Supplementary Figure 2).

Antimicrobial susceptibility tests and serotyping

Before the decrease in PD patients in 2020, the incidence of
AMR in PD was stable. The incidence of AMR in non-IPD infec-
tions was higher than AMR in IPD infections (Supplementary Fig-
ure 3a). The proportion of AMR in IPD-infected patients was 68%
and that of non-IPD was 82%. Among the 2251 patients in whom
S. pneumoniae was isolated and AST performed, 896 (40%) patients
were infected with S. pneumoniae isolates non-susceptible to two
classes of antibiotics. Patients with susceptible isolates, resistance
to one antibiotic, and multidrug resistant (>3 antibiotic classes)
had a similar breakdown with 20-21% each (464, 477, 452 patients,
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Table 1
Basic characteristics and clinical features of included episodes.
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Antimicrobial resistance status N Overall, N = 2251 Isolates non-susceptible to Isolates susceptible to Standard mean
>1 antibiotics, N = 1791 antibiotics, N = 460 difference
Sex 2251 0.05
Female 704 (31%) 569 (32%) 135 (29%)
Male 1547 (69%) 1222 (68%) 325 (71%)
Age group 2251 0.21
<2 39 (1.7%) 32 (1.8%) 7 (1.5%)
2-17 415 (18%) 358 (20%) 57 (12%)
18-64 613 (27%) 472 (26%) 141 (31%)
65-75 438 (19%) 341 (19%) 97 (21%)
>75 746 (33%) 588 (33%) 158 (34%)
Category 2251 0.35
Pneumococcal pneumonia 1780 (79%) 1464 (82%) 316 (69%)
Pneumococcal bacteremic pneumonia 316 (14%) 219 (12%) 97 (21%)
Pneumococcal bacteremia 86 (3.8%) 57 (3.2%) 29 (6.3%)
Pneumococcal meningitis 31 (1.4%) 20 (1.1%) 11 (2.4%)
Other invasive pneumococcal disease 25 (1.1%) 18 (1.0%) 7 (1.5%)
Any pneumococcal otitis media 13 (0.6%) 13 (0.7%) 0 (0%)
Charlson comorbidity score (Median [interquartile range]) 2251 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) -0.04
Serotype (listed in vaccine) 352 0.67
PCV13, in addition to PCV7 188 (53%) 150 (54%) 38 (53%)
PCV7 74 (21%) 68 (24%) 6 (8.3%)
23 valent PPV, in addition to PCV13 34 (9.7%) 16 (5.7%) 18 (25%)
Not included in vaccine 56 (16%) 46 (16%) 10 (14%)
Serotype not tested 1899 1,511 388
Prior co-morbidities 2251
Cardiovascular condition 2251 295 (13%) 244 (14%) 51 (11%) -0.08
Lung condition 2251 455 (20%) 369 (21%) 86 (19%) -0.05
Liver condition 2251 114 (5.1%) 94 (5.2%) 20 (4.3%) -0.04
Kidney condition 2251 89 (4.0%) 66 (3.7%) 23 (5.0%) 0.06
Metabolic condition 2251 252 (11%) 198 (11%) 54 (12%) 0.02
Immune condition 2251 47 (2.1%) 40 (2.2%) 7 (1.5%) -0.05
Neurologic condition 2251 135 (6.0%) 107 (6.0%) 28 (6.1%) 0

PCV, pneumococcal conjugate vaccine.

respectively) (Supplementary Figure 3b). Among the tested iso-
lates, 85% were non-susceptible to tetracyclines, followed by 80%
for macrolides and 61% for sulfonamide-trimethoprim combina-
tions (Supplementary Table 3). For penicillin and fluoroquinolones,
23% and 2% of the patients whose isolates tested were resistant,
respectively.

A total of 352 patients (16%) had serotyping results available.
Almost half of these patients (46%, N = 161) were infected with
serotype 3, 21% (N = 75) were serotypes listed in PCV7 (4, 6B,
9V,14, 18C, 19F and 23F), while 16% (N = 57) were serotypes not
covered in any PCV vaccines (Table 1 and Supplementary Table 4).
For the incidence of serotypes, serotype 3 had the highest inci-
dence between 2012 and 2020. This trend increased from 2012
to the peak in 2017, then decreased rapidly in 2020. The rest of
the serotypes remained comparatively low (Figure 2). The match-
ing of patients with both AST results and serotyping results was
presented in a heatmap to identify the relationship between the
percentage of non-susceptibility among the same class of antibi-
otics and the top five serotypes of the S. pneumoniae isolated (i.e.,
3, 14, 19A, 19F, 23A) (Figure 3). Macrolides and lincosamides had
similar proportions of AMR isolates across the serotypes. Serotype
3 accounted for 46% of patients with AMR isolates, with a similar
proportion in both adult and pediatric subgroups.

Risk factors associated with AMR PD infection

We fitted an univariable logistic regression for each risk factor
and found that only age 2-17 years was associated with AMR non-
IPD infection when compared to non-IPD patients aged 18-64 years
(Table 2, OR: 2.27 [95% CI: 1.54, 3.42, P <0.001]). For prior comor-
bidities, the ORs were not significant.

For multivariable logistic regression results, non-IPD patients
aged 2-17 years had an increased risk of infection with non-

susceptible isolates (Model 3, OR: 2.27 [95% CI: 153, 343, P
<0.001]; Model 4, OR: 2.31 [95% CI: 1.55, 3.48, P <0.001]) when
compared with age group 18-64 years, while such increased risk
was not observed among IPD patients aged 2-17 years. Prior co-
morbidities showed no statistical significance in predicting the
AMR status in the rest of the models.

Healthcare resources utilization of the included patients

Compared to those without AMR, a shorter length of stay was
recorded for both IPD and non-IPD patients. Equally, fewer propor-
tions of them were re-admitted in 60 and 90 days compared to
patients without AMR (Supplementary Table 5a). However, these
differences did not show statistical significance. Along with other
HCRU metrics, it varied between patients with AMR and without
AMR, and between patients with IPD and non-IPD. A larger pro-
portion of IPD patients was observed among susceptible isolates
compared to those resistant to at least one antibiotic class; while
a greater proportion of non-IPD patients was observed with resis-
tance to an increasing number of antibiotic classes. For the post-
hoc analysis conducted to explore the mortality rate by AMR sta-
tus, among patients with any AST performed, the mortality rate
was highest in those with an IPD diagnosis regardless of AMR sta-
tus (Supplementary Table 5b).

Sensitivity analysis of adult PD patients

Among the included adult IPD/non-IPD patients, the odds of
having an infection with bacteria that were resistant did not in-
crease with sex and age (Supplementary Table 6). However, having
prior cardiovascular disease could increase the risk of having AMR
with an OR of 1.47 (95% CI: 1.01, 2.21, P = 0.053) among non-IPD
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Age-stratified Incidence of PD in Hong Kong Population from 2012 to 2021
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Figure 1. Age-stratified incidence of PD in the Hong Kong population from 2012 to 2021.
Upper pane: IPD; Lower pane: PD, non-IPD. IPD, invasive pneumococcal disease.

patients. This was not significant when adjusted for sex and age.
The ORs of other conditions were not statistically significant.

Discussion

This study used territory-wide medical records to identify
the AMR to ensure sufficient coverage of patients admitted into
HK’s public healthcare service. Pneumococcal pneumonia was the
prominent type of infection for all PD, while bacteremic pneumo-
nia was the prominent type for IPD. The proportion of AMR in
non-IPD-infected patients was higher than that of IPD. The pro-
portion of resistance among identified S. pneumoniae with AST re-
sults was highest for tetracyclines, lincosamides, and macrolides.
The patients who were infected with non-susceptible strains were
likely to have a shorter length of stay. The increasing prevalence
of serotype 3 has drawn attention toward the local PCV uptake
and the effectiveness of the vaccine, which is being investigated
further.

The trend for PD concurs with other local studies that identified
a stable trend of PD before the COVID-19 pandemic, followed by a
sudden drop in cases, probably due to pandemic control measures
[21,32]. This sudden decline has also been observed in other coun-
tries where non-pharmaceutical interventions were in place during
the pandemic [20]. In HK, the mask mandate that ended in March
2023 enabled the circulation of common respiratory pathogens,
such as CAP, PD, and co-infections with those pathogens [32,33].
Surveillance and monitoring of disease trends were recommended
following the removal of stringent non-pharmaceutical interven-
tions in the region for the possible increasing incidence of AMR
PD infection [33].

In our study, despite the stable incidence of PD before the
COVID-19 pandemic, the proportion of serotype 3 cases increased
after the introduction of PCV13 since 2011. In Australia, serotype
3 has also become the most prevalent serotype causing PD in-
fections, similar to HK [20]. Serotype 3 was also the most preva-
lent serotype in PD cases in Germany (50.8% prevalence of the
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Population Incidence of Different Serotypes in Hong Kong from 2012 to 2021
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Figure 2. Population incidence of serotypes.
Upper pane: IPD; Lower pane: PD, non-IPD. IPD, invasive pneumococcal disease; PCV, pneumococcal conjugate vaccine.

PCV13-covered serotypes), Canada (where prevalence increased
from 15.5% to 31.1% in 2011-2015), and the United Kingdom (56.9%
of PCV13-non7 serotypes) after the introduction of PCV13 in 2010-
11 [34-36]. These findings reveal a high incidence of serotype 3
after PCV13 implementation, suggesting this high incidence re-
mains a prolonged problem locally and a common issue occur-
ring globally [11,36]. Regarding the association between serotype
and AMR, other studies have identified a link between non-
susceptibility to penicillin and third-generation cephalosporins in
serotype 3 strains [11,37]. An Alaskan study displayed a rise in
overall non-susceptibility due to an increase in PD prevalence
and increased non-susceptibility among non-vaccine serotypes,
which might bring about a greater effect than serotype redistri-
bution [38]. Moreover, the potential for developing invasive in-
fection varied across serotypes, which complicated the overall es-
timation of disease burden when serotype distribution changes
[39].

For identifying risk factors associated with infections with re-
sistant S. pneumoniae, even though the age groups with the high-
est incidence of PD were >75-year-old and <2-year-old age groups,
our logistic regression model did not identify any association be-
tween very young (<2-year-old) or older age (>65-year-old) and
AMR PD/non-IPD infection. This finding is similar to a previous Ko-
rean multicenter study on 160 adult IPD cases in 2019-2021 [37].
Interestingly, the school-age children (2-17 years) with non-IPD
had an increased risk for AMR, which might suggest more effort
to prevent non-IPD infection.

In our study, the HCRU does not seem to relate to AMR status in
either IPD or non-IPD groups; however, it seems to be more corre-
lated with the severity of the PD (invasive vs non-invasive). Due to
the higher case fatality within an episode of IPD, patients may ac-
count for the shorter average length of stay and less relevant HCRU
observed in patients with S. pneumoniae isolates susceptible to all
antibiotics tested. Another local study also highlighted the limited
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Figure 3. Relationship between high-incidence serotypes and non-susceptibility to selected antibiotic classes.
AMR, antimicrobial resistance. This heatmap identified the relationship between the percentage of non-susceptibility among the same class of antibiotics and the top five
serotypes of the S. pneumoniae isolated (i.e., 3, 14, 19A, 19F, 23A).

Table 2
Demographic characteristics and risk factors associated with antimicrobial resistance status in all patients identified with PD episodes.
IPD Non-IPD
Univariable OR Multivariable OR (95% CI) Univariable OR Multivariable OR (95% CI)
(95% CI) (95% CI)
Covariate Subgroup Model 1: sex, age Model 2: sex, age, Model 3: sex, age  Model 4: sex, age,
prior co-morbidities prior co-morbidities
Sex
Female 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Male 0.81 (0.52, 1.23)  0.82 (0.53, 1.26)  0.77 (0.49, 1.20) 0.92 (0.70, 1.19) 1 (0.76, 1.31) 0.97 (0.73, 1.27)
Age group
18-64 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<2 0.27 (0.05, 1.26)  0.26 (0.05, 1.21)  0.27 (0.05, 1.27) 274 (0.95, 11.6)  2.74 (0.95, 11.6) 2.77 (0.96, 11.8)
2-17 0.91 (0.48, 1.78) 0.91 (0.48, 1.77) 0.96 (0.50, 1.89) 2.27 (1.54, 3.42)* 2.27 (1.53, 3.43)°  2.31 (1.55, 3.48)*
65-75 0.66 (0.39, 1.12)  0.67 (0.40, 1.14)  0.76 (0.44, 1.32) 1.3 (0.91, 1.88) 1.3 (0.91, 1.88) 1.25 (0.87, 1.81)
>75 0.67 (0.40, 1.13)  0.68 (0.40, 1.15)  0.79 (0.45, 1.38) 1.25(0.92, 1.68)  1.25 (0.92, 1.68) 1.15 (0.84, 1.57)
Prior co-morbidities
Cardiovascular disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 1.1 (0.57, 2.25) 1.49 (0.73, 3.21) 1.24 (0.87, 1.82) 1.26 (0.86, 1.90)
Lung disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 0.67 (0.38, 1.18) 0.64 (0.35, 1.19) 1.2 (0.89, 1.63) 1.25 (0.91, 1.73)
Liver disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 2.2 (0.88, 6.65) 2.23 (0.85, 7.07) 1.02 (0.59, 1.87) 1.12 (0.64, 2.07)
Kidney disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 0.56 (0.22, 1.49) 0.54 (0.19, 1.59) 0.79 (0.46, 1.47) 0.74 (0.41, 1.41)
Metabolic disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 0.62 (0.33, 1.17) 0.67 (0.34, 1.35) 1.06 (0.73, 1.58) 1.15 (0.77, 1.76)
Immune disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 2.82 (0.76, 18.3) 2.95 (0.73, 20.0) 1.21 (0.50, 3.58) 1.1 (0.45, 3.32)
Neurological disease No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 1.05 (0.44, 2.79) 1.12 (0.44, 3.16) 0.93 (0.58, 1.55) 0.86 (0.53, 1.45)

Cl, confidence interval; IPD, invasive pneumococcal disease; OR, odds ratio; ref, reference.
2 Statistically significant result (P <0.05).
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efficacy of PCV13 against serotype 3 [15]. The role of vaccination
in preventing the high prevalence of serotype 3 and its associ-
ated HCRU warrants further investigation [15]. Protection against
serotype 3 would be deemed essential in future PCV development
[40].

Limitations

The determination of patient diagnoses, particularly for IPD,
was based on matching ICD-9-CM codes following the isolation of
S. pneumoniae from sterile sites. However, the corresponding mi-
crobiological records may not have been captured in our data. Ad-
ditionally, whether a sample was collected and the extent of AST
depended on the clinician’s judgment of the patient’s clinical prog-
nosis, which was influenced by surveillance practices that varied
between hospitals and by differing antimicrobial usage guidelines.
As such, the findings were likely representing more severely ill pa-
tients hospitalized due to PD for whom samples were taken and
AST performed as part of further clinical evaluation.

A substantial proportion of serotyping results were missing,
which likely did not impact treatment decisions. Nevertheless, un-
derstanding the serotype distribution among all patients with PD
would have been valuable. Since IPD became a notifiable condi-
tion in 2015, public health laboratories began conducting serotyp-
ing on confirmed IPD cases. According to publicly available data
from the Department of Health, the distribution of IPD serotypes
closely matched our findings [41]. Based on this comparison, we
believe that our results are representative of the broader popula-
tion. Even so, for the sake of future surveillance, it would be better
for the laboratory surveillance to cover not only the IPD patients
but also non-IPD patients [42].

The PCV vaccination status of elderly patients was unknown be-
cause this information was not captured in the data. As the PCV
uptake among children is over 95%, we believe the disease inci-
dence and AMR status among children were representative of the
general population in HK. Additionally, there was a possible delay
in vaccination due to suspension of non-emergency services during
the COVID-19 pandemic, which changes in treatment guidelines
over the study period and may have influenced the observed AMR
trends. Other clinical interventions indicative of disease severity,
such as mechanical ventilation, were not recorded, and outcomes
reflecting severity or worse prognosis were unavailable for analy-
sis. Consequently, disease severity could only be inferred from the
type of PD and HCRU, which might be inconclusive and not defini-
tive.

Conclusion

As reflected by the higher incidence of younger patients, the
elevated risk of AMR PD infection among younger ages in HK
suggests that measures to reduce non-susceptible S. pneumoniae
should focus on children and adolescents. Incidence of PD reduced
when the COVID-19 pandemic hit. However, as the world transi-
tions to the COVID-19 post-pandemic era, PD incidence may in-
crease and pose threats to public health. This potential threat calls
for broader coverage for surveillance in non-IPD patients. Since the
introduction of PCV13 in HK in 2011, serotype 3 has remained high
among all PD patients. It also warrants further studies of PCV ef-
fectiveness and development of novel vaccines for improved pro-
tection against serotype 3 PD.
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