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ABSTRACT
Background: The impact of pneumococcal conjugate vaccines (PCVs) on the burden of invasive 
pneumococcal disease (IPD) and serotype distribution was examined across age groups from data 
collected by the Lebanese Inter-Hospital Pneumococcal Surveillance Program.
Methods: Between 2005 and 2020, 593 invasive Streptococcus pneumoniae isolates were collected from 
79 hospitals throughout Lebanon. Serotypes and antimicrobial resistance (AMR) profiles were identified, 
and trends compared over 3 eras: PCV7, post-PCV7/ pre-PCV13, and PCV13 eras.
Results: The prevalence of PCV7 serotypes decreased significantly from 43.6% in the PCV7 era to 17.8% 
during the PCV13 era (p<0.001). PCV13-only serotypes remained stable in the PCV13 compared to the 
post-PCV7 eras, especially serotypes 1 and 3, whereas non-vaccine types (NVT) increased throughout 
the study period, especially 24 and 16F. The mortality rate increased substantially from 12.5% (PCV7 era) 
to 24.8% (PCV13 era). A significant decrease in AMR was observed across the three study eras.
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Conclusion: PCVs substantially impacted IPD and AMR in vaccinated and unvaccinated populations 
despite an increase in mortality driven by NVT. Broadening the recommendation of vaccination to 
include older age-groups, using higher valency vaccines, and implementing stringent antimicrobial 
stewardship are likely to further impact the burden of IPD.

surveillance; non-vaccine 
type; vaccine-type

1. Introduction

Invasive pneumococcal disease (IPD) constitutes a major 
global threat across age groups particularly among chil-
dren and the elderly [1,2]. S. pneumoniae is responsible for 
significant global morbidity and mortality in childhood 
causing more than 45 million incidents of pneumonia 
and more than 300,000 deaths annually in those under 
5 years of age [3,4].

The polysaccharide capsule of S. pneumoniae deter-
mines the serotype and is a major virulence factor where 
it serves multiple functions during colonization, adherence, 
and evasion of the host immune system [5,6]. The capsular 
antigens of the common pathogenic serotypes were used 
to develop the original 23-valent pneumococcal polysac-
charide vaccine (PPV23), which is used in the elderly and 
high-risk populations but is not sufficiently immunogenic 
in children younger than 5 years of age [7,8]. The substan-
tially more immunogenic pneumococcal conjugate vac-
cines (PCVs) that target the most common disease- 
causing serotypes were later developed and successfully 
implemented globally [9–17]. Recently, the FDA approved 
the 15-valent and 20-valent PCVs for adults 18 years and 
older that target an expanded number of IPD-causing ser-
otypes [18–23]. The large-scale use of PCVs has affected 
both the disease and carriage prevalence of vaccine sero-
types over time and across regions [24,25]. However, this 
has been partially hampered by the global emergence of 
non-vaccine types (NVT) [26] associated with high rates of 
antimicrobial resistance (AMR) [27,28].

In Lebanon, PCV7 was introduced in 2006 in the private 
sector, where about half of the children receive their vaccina-
tions, followed by PCV10 and PCV13 in 2010. Uptake of these 
vaccines in the private sector was variable. PCV13 was added 
to the expanded program of immunization (EPI) using the 
2 + 1 schedule (4, 6, and 12 months) in January 2016, making 
it available for all children who receive their vaccines in the 
public sector but without a recommendation for adult immu-
nization, which remains at the discretion of the treating phy-
sician. Data from the Lebanese Inter-Hospital Pneumococcal 
Surveillance Program (LIPSP), which was established in 2005, 
was instrumental in making the decision to add PCV13 to the 
Lebanese EPI in 2016. In the previous publication from LIPSP, 
we reported that the majority of IPD serotypes collected 
between 2005 and 2011 were included in the available PCVs 
and that the AMR rates were high (17.4% for penicillin) with 
mortality highest in those older than 60 years or younger than 
2 years of age [29]. Since then, there is no published data from 
Lebanon about the impact of PCV introduction on the burden 
of IPD, the change in the IPD serotype landscape, the emer-
gence of NVT similar to other countries, and AMR rates [30]. 
The aim of the current study is to describe the impact of PCV 

introduction in Lebanon over a 15-year period extending from 
2005 till 2020.

2. Materials and methods

2.1. Study design

LIPSP is an ongoing voluntary national surveillance program 
established in 2005 and headquartered at the Center for 
Infectious Diseases Research (CIDR) at the American 
University of Beirut (AUB) and supported by the 
Epidemiological Surveillance Unit of the Ministry of Public 
Health (ESU-MOPH) of Lebanon.

2.2. Target population and study site

The current study reports on 593 S. pneumoniae isolates 
(blood, cerebrospinal fluid, or other normally sterile sites) 
collected from 79 out of a total of 165 hospitals across 
Lebanon [31] (Figure 1 S) including patients of all age groups 
with IPD. The study was approved by the AUB Institutional 
Review Board (IRB) (PED.GD.01).

2.3. Case definition

As per the CDC, IPD was defined by the isolation of 
S. pneumoniae from a normally sterile body site e.g. blood, 
cerebrospinal fluid, or, less commonly, joint, pleural or pericar-
dial fluid, or urine in a person of any age [32].

De-identified epidemiological data was collected for each 
sample including age, gender, source of the sample, clinical 
syndrome, comorbidities and outcome. All isolates were 
stored at −80°C at CIDR until processing.

2.4. Identification and antibiotic susceptibility testing

Bacterial isolates were cultured on Mueller-Hinton blood 
sheep agar (MHSB) plates and incubated overnight in 5% 
CO2 at 37°C. S. pneumoniae isolates were identified by colony 
morphology and optochin susceptibility. Antibiotic suscept-
ibility testing was determined using disk diffusion to oxacillin, 
erythromycin, clindamycin, trimethoprim-sulfamethoxazole 
(TMP-SMX), chloramphenicol, tetracycline, vancomycin, levo-
floxacin, as well as E-test (Biomerieux, France) for both peni-
cillin (PEN) and ceftriaxone (CRO) following the Clinical and 
Laboratory Standards Institute (CLSI) guidelines [33]. For PEN, 
non-meningitis breakpoints were considered susceptible (MIC 
≤ 2 µg/ml), intermediate (MIC = 4 µg/ml) or resistant (MIC ≥  
8 µg/ml). In meningitis cases, MIC ≤ 0.06 µg/ml were categor-
ized as susceptible and ≥ 0.12 µg/ml as resistant. For CRO, 
non-meningitis breakpoint was considered susceptible (MIC ≤
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Figure 1. A. Overall distribution of invasive S. pneumoniae serotypes (N = 549) from 2005–2020. B. Changes in vaccine and non-vaccine serotypes in the 
three different age groups across the three vaccine eras of the study. PCV7 refers to isolates with serotypes 4, 6B, 9 V, 14, 18C, 19 F, and 23 F. PCV13 refers to 
the additional serotypes not included in PCV7: 1, 3, 5, 6A, 7 F, 19A. NVT refers to all other serotypes including those that were not typeable. Multinomial logistic 
regression was used to compare the percentage of VT and NVT serotypes across the 3 eras. The PCV7 era was the reference category. The bars refer to statistically 
significant differences in the indicated eras. C. Changes in vaccine and non-vaccine serotypes among subjects ≤5 years of age by year. PCV7 refers to isolates 
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1 µg/ml), intermediate (MIC = 2 µg/ml) or resistant (MIC ≥ 
4 µg/ml). For meningitis, MIC ≤ 0.5 µg/ml were categorized as 
susceptible, whereas MIC ≥ 2 µg/ml was considered resistant. 
Non-susceptible isolates include all isolates with an intermedi-
ate and/or resistant phenotype.

2.5. Serotyping

Bacterial DNA was extracted from bacterial cells freshly grown 
overnight on MHSB agar using the InstaGene matrix (BIO-RAD) 
according to the manufacturer’s protocol. Briefly, we picked 
up one isolated bacterial colony, resuspended it in 200 µl of 
the InstaGene Matrix and vortexed, followed by heating at 
56°C for one hour, then at 100°C for 8 minutes. The samples 
were then centrifuged at 10,000 g, and the supernatant with 
the extracted DNA was transferred to a new tube and stored 
at −20°C for later analysis.

Serotyping was performed using a sequential multiplex 
PCR method as previously described (available at https:// 
www.cdc.gov/streplab/downloads/pcr-us-clinical-specimens. 
pdf) [29]. Seven reactions composed of different primers 
sets were performed to determine serotypes/serogroups of 
pneumococcal isolates as earlier defined. In addition to each 
reaction-specific set of primers, an internal positive control 
for a conserved region in the pneumococcal cps operon 
(cpsA) and a negative control were added to each reaction. 
Due to high genotypic similarities between the capsule loci 
of certain serotypes and the unavailability of specific pri-
mers, we were unable to discriminate some serotypes 
within a particular serogroup; these included 9 V/9A, 11A/ 
11D, 15A/15 F, 15B/15C, 18A/18B/18C/18 F; 9 N/9 L; 7 F/7A; 
7C/7B/40 F, 10 F/10C/33, 24A/B/F, 35A/35C/42, 35 F/47 and 
38/25. To differentiate serogroup 6 isolates, we used 
a serotype-specific PCR assay to identify serotypes 6A, 6B, 
6C, and 6D based on a combination of three PCRs, using 
specific primers as previously described [34,35]. Some of the 
isolates were serotyped initially by Quellung reaction such 
as 6, 9 N/9 L, 9 V/9A and 18 as previously published [29]. 
Later, as identification of serogroups by Quellung reaction 
became unavailable to us, we used multiplex PCR exclu-
sively and these latter serotypes were identified as 6A/B/C/ 
D, 9 N/9 L, 9 V/9A or 18. If the serotype was not detected 
by the seven reactions, the strain was classified as non- 
typeable (NT). Moreover, we divided the serotypes into 
vaccine types (VT) and non-vaccine types (NVT). VT repre-
sent those targeted by conjugate vaccines available in 
Lebanon (PCV7, PCV10, PCV13) whereas NVT represent all 
the remaining serotypes.

2.6. Statistical analysis

Continuous variables were presented as means ± Standard 
Deviation (SD) and categorical variables as numbers and per-
centages. Univariate binomial and multinomial regression ana-
lyses were performed to study the burden of IPD and impact 
of vaccination, the changes of serotype distribution, the ser-
otype coverage by PCV, the changes in the trends of antibiotic 
resistance of S. pneumoniae, and the comparison of the anti-
biotic resistance rates among different age groups, during the 
three study eras (PCV7, post-PCV7/pre-PCV13, and PCV13 
eras). The strength of association was interpreted using the 
Odds ratio (OR) with 95% confidence Interval (CI). A p-value ≤ 
0.05 was considered statistically significant. All these analyses 
were carried out using the SPSS software, version 25 (SPSSTM 

Inc., Chicago, IL USA).

2.7. Ethical considerations

The study was approved by the AUB IRB (PED.GD.01) and 
the directors of participating hospitals, in addition to a legal 
decree that was signed with the Lebanese Ministry of 
Health. Ethical clearance was obtained through a formal 
letter granted in line with the World Medical Association 
Declaration of Helsinki in 2013 [36]. The IRB granted 
a waiver of the requirement to obtain informed consent 
from subjects since our research involved materials already 
collected. There were no risks to subjects as the isolates 
have already been collected as part of medical care. No 
identifiers were collected as part of the case report form, 
specimens were assigned a code that reflected the origin 
(participating hospital) and the sequence of collection, e.g. 
AUBMC001, AUBMC002, etc. A logbook was kept in each 
hospital to keep record of the samples that were being 
shared with us and that liaised the serial numbers that we 
had to the patients’ records in the hospitals. This logbook 
was important to allow us to communicate the results back 
to the physician in charge of the patient. As for our records, 
all the data that were collected with each specimen were 
kept on an SPSS database that was accessed only by the 
research team allowed by the IRB, updated regularly and 
saved on password-protected computers at the CIDR office. 
To maintain confidentiality, data will be destroyed once the 
legal retention period expires.

3. Results

3.1. Demographics and clinical spectrum

A total of 593 isolates of S. pneumoniae were identified in patients 
diagnosed with IPD (Table 1). The majority of samples were 

with serotypes 4, 6B, 9 V, 14, 18C, 19 F, and 23 F. PCV13 refers to the additional serotypes not included in PCV7: 1, 3, 5, 6A, 7 F, 19A. NVT refers to all other serotypes 
including those that were not typeable.
Non-Vaccine Types (NVT) represent all the serotypes not covered by the conjugate vaccines available in Lebanon during the study period. This includes the additional serotypes covered by 
recently approved PCVs including PCV15 in light gray color (4.6%) (serotypes 22 F, and 33 F) and PCV20 in dark gray color (8.2%) (serotypes 10A, 15B, 8, 11A, and 12 F), and the remaining 
NVT in beige color that include the non-typeable (NT) isolates (5.8%) and others (18%).Note: Isolates not tested by either Quellung reaction or serotype-specific PCR were referred to as 6 or 
18 serogroups; *6A (3.27%), 6A/6B/6C/6D (0.18%); **6B (2.55%), 6A/6B/6C/6D (0.72%); ***18 (2.7%), 18C (0.5%).
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collected from Beirut (63.6%), followed by the North Lebanon and 
Mount Lebanon regions (27.1% and 4.6%, respectively). Overall, 
57.1% were collected from males. The mean age at diagnosis 
(±SD) was 34.3 ± 32.5 years. Age groups were distributed as follows: 
21.8% (n = 128) < 2 years, 16.5% (n = 97) between 2 and < 6 years, 
11.1% (n = 65) between 6 and < 21 years, 18.2% (n = 107) between 
21 and < 60 years, and 32.5% (n = 191) ≥ 60 years. Age was 
unknown for 5 samples. The isolates were collected from the 
following sources: blood (84.7%, n = 502), cerebrospinal fluid (CSF) 
(12.5%, n = 74), pleural fluid (3.5%, n = 21), and other normally 
sterile sites (1.5%, n = 9). The latter sources included synovial fluid 
(n = 1), pericardial fluid (n = 1), mastoid abscess (n = 2), parasternal 
abscess (n = 1), abscess (n = 1), urine (n = 2), and peritoneal fluid 
(n = 1). A total of 593 isolates were collected from 606 different 
sources with 13 isolates identified simultaneously from 2 different 
sources in the same patient (11 cases from blood and CSF and 2 
cases from blood and pleural fluid).

About half of the IPD patients were diagnosed with pneu-
monia (47.5%, n = 280). The remaining were diagnosed with 
bacteremia (32.4%, n = 191), meningitis (18.2%, n = 107), or 
other diagnoses (1.9%, n = 11).

3.2. Changes of serotype distribution during three study 
eras

Serotyping was attempted for 549 isolates of S. pneumoniae. 
We were unable to process 44 isolates due to technical diffi-
culties resulting from lack of optimal storage or regrowth 

failure and these were excluded from the analyses. As shown 
in Table 2, the distribution of isolates during the three study 
eras was as follows: 172 isolates were collected between 
2005–2009 (PCV7 era), 202 isolates between 2010–2015 (post- 
PCV7/pre-PCV13 era), and 175 isolates between 2016–2020 
(PCV13 era). A specific serotype/serogroup was assigned for 
517 isolates (94.2%) with the available primers whereas 32 
were considered NT.

When all age groups were studied together (Figure 1A), 
the predominant serotypes were all VT (19 F, 3, 1, 14, 19A). 
In total, 63.4% of the identified serotypes were VT 
(Figure 1A). Current NVT that will be included in PCV15 
and/or PCV20 such as 33 F/33A/37, 22 F/22A, 15B/15C, 
11A/11D, 12 F/12A, 10A, and 8 were detected at low rates 
in our surveillance but accounted for an additional 4.6% 
(PCV15) or 8.2% (PCV20) (Figure 1A). The total current NVT 
accounted for 36.6%, representing all serotypes not covered 
by the available conjugate vaccines. A majority of NVT were 
included in the PPV23 with the notable exceptions of ser-
ogroup 24 (2.2%), where we separately reported eight of 
the 12 isolates identified by whole genome sequencing as 
serotype 24 F [28], serotype 16 F (1.6%), and the likely 
heterogeneous NT isolates (5.8%).

The leading serotypes detected in children ≤ 5 years 
were 14, 19 F, 1, and 19A, whereas among adults, they 
were 3, 19 F, 22 F/22A and 9 V/9A (in descending order). 
Serotype 14 was significantly more common in children 
(P-value = 0.044), whereas serotypes 3, 22 F/22A, and 9 V/

Table 1. Demographic features and clinical burden of patients with IPD from the LIPSP.

Age groups, N (%)

Characteristics Mean (±SD) Total Number < 2 years
2 years - 
< 6 years

6 years - 
< 21 years

21 years - 
< 60 years ≥ 60 years

Age groups# 34.3 (±32.5) 588 128 (21.8) 97 (16.5) 65 (11.1) 107 (18.2) 191 (32.5)
Gender (N = 588)

Male 336 (57.1) 69 (53.9) 55 (56.7) 35 (53.8) 61 (57.0) 116 (60.7)
Female 252 (42.9) 59 (46.1) 42 (43.3) 30 (46.2) 46 (43.0) 75 (39.3)

Clinical syndromes (N = 589)
Bacteremia 191 (32.4) 51 (39.8) 29 (30.2) 22 (33.8) 23 (21.5) 63 (33.5)
Pneumonia 280 (47.5) 37 (28.9) 48 (50.0) 26 (40.0) 52 (48.6) 115 (61.2)
Meningitis 107 (18.2) 37 (8.9) 16 (16.7) 16 (24.6) 28 (26.2) 10 (5.3)
Others 11 (1.9) 3 (2.3) 3 (3.1) 1 (1.5) 4 (3.7) 0 (0.0)

Outcome (N = 444)
Recovered 367 (82.7) 85 (87.6) 66 (91.7) 46 (92.0) 75 (87.2) 95 (68.3)
Died 77 (17.3) 12 (12.4) 6 (8.3) 4 (8.0) 11 (12.8) 44 (31.7)

Duration of hospital stay (N = 370) 8.3 (±8.6)
< 1 week 204 (55.1) 42 (50.6) 26 (51.0) 22 (57.9) 39 (57.4) 75 (57.7)
1–2 weeks 117 (31.6) 30 (36.1) 19 (37.3) 11 (28.9) 18 (26.5) 39 (30.0)
2–4 weeks 37 (10.0) 9 (10.8) 4 (7.8) 4 (10.5) 8 (11.8) 12 (9.2)
> 4 weeks 12 (3.2) 2 (2.4) 2 (3.9) 1 (2.6) 3 (4.4) 4 (3.1)

Presence of comorbidities (N = 442)
No comorbidities 185 (41.9) 77 (84.6) 43 (58.9) 26 (51.0) 23 (31.5) 16 (10.4)
At least one comorbidity 257 (58.1) 14 (15.4) 30 (41.1) 25 (49.0) 50 (68.5) 138 (89.6)

Comorbidities (N = 257)
Cardiovascular diseases 106 (24.0) 2 (2.2) 2 (2.7) 1 (2.0) 16 (21.9) 85 (55.2)
Respiratory diseases 56 (12.7) 1 (1.1) 9 (12.3) 4 (7.8) 8 (11.0) 34 (22.1)
Malignancy 80 (18.1) 2 (2.2) 5 (6.8) 11 (21.6) 17 (23.3) 45 (29.2)
Kidney diseases 33 (7.4) 2 (2.2) 3 (4.1) 1 (2.0) 7 (9.6) 20 (13.0)
Neurological disorders 31 (7.0) 1 (1.1) 2 (2.7) 3 (5.9) 6 (8.2) 19 (12.3)
Diabetes 44 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (12.3) 35 (22.9)

Regions Beirut North Mount Lebanon South Bekaa
N (%) 582 370 (63.6) 158 (27.1) 27 (4.6) 16 (2.7) 11 (1.9)

N: Number of patients reported with no missing data 
#: Out of a total number of 593 patients with 5 cases excluded due to missing age information. 
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9A were significantly more common in adults 
(P-value = 0.014, 0.007, 0.049, respectively) (Figure 2S. and 
Table S4).

The clinical syndromes were distributed similarly 
between VT and NVT. Regarding the association of sero-
types with specific clinical syndromes (N = 535), some ser-
otypes were more likely to be associated with pneumonia 
such as serotypes 3 (66% of all serotype 3 isolates were 
from patients with pneumonia), 1 (57.1%), 19A (57.1%), 24 
(54.5%), and 22 F/22A (52.9%). Other serotypes were more 
likely to be associated with bacteremia such as serotypes 14 
(39.5% of all serotype-14 isolates were from patients with 
bacteremia) and 19 F (39.1%). Finally, the serotypes more 

likely to be associated with meningitis were: 23 F (38.1%) 
and 19 F (30.4%).

Out of the 77 patients who died, the most frequent ser-
otypes associated with mortality were 19 F and 3 with each 
serotype representing 10.4% of the total mortalities, followed 
by serotype 1, 16 F, 19A and 6A (5.2%, each).

3.3. Serotype coverage by pneumococcal vaccines

The percentage of the serotypes covered by available vac-
cines, PCV7, PCV10 and PCV13, among all age groups were 
33.2%, 45.6% and 63.4%, respectively. In children ≤ 5 years of

Table 2. Distribution of PCV7, PCV10, PCV13, PPV23, and other serotypes among invasive S. pneumoniae isolates recovered from all age groups during the PCV7, 
post-PCV7/pre-PCV13, and PCV13 eras.

SEROTYPES

isolates, N (%)

PCV7 era (N = 172, 31.3%) Post-PCV7/pre-PCV13 era (N = 202, 36.8%) PCV13 era (N = 175, 31.9%) P-value Unadjusted OR [95% CI]

PCV7
4 4 (2.3) 6 (3.0) 6 (3.4)
6B* 14 (8.1) 3 (1.5) 1 (0.6) 0.011 0.071 [0.009–0.543]
9 V/9A 8 (4.7) 9 (4.5) 4 (2.3)
14 16 (9.3) 17 (8.4) 6 (3.4) 0.040 0.375 [0.147–0.958]
18C** 4 (2.3) 9 (4.5) 5 (2.9)
19 F 23 (13.4) 21 (10.4) 5 (2.9) 0.002 0.217 [0.083–0.572]
23 F 6 (3.5) 11 (5.4) 4 (2.3)
PCV7 TOTAL 75 (43.6) 76 (37.7) 31 (17.8) <0.001 0.547 [0.432–0.691]

PCV10
1 10 (5.8) 17 (7.8) 15 (8.6)
5 5 (2.9) 9 (4.5) 3 (1.7)
7 F/7A 4 (2.3) 4 (2.0) 3 (1.7)
PCV10/non-pcv7 19 (11.0) 30 (14.3) 21 (12.0)
PCV10 TOTAL 94 (54.6) 106 (52.0) 52 (29.8) <0.001 0.598 [0.481–0.744]

PCV13
3 14 (8.1) 15 (7.4) 19 (10.9)
6A*** 3 (1.7) 9 (4.5) 7 (4.0)
19A 7 (4.1) 14 (6.9) 8 (4.6)
PCV13/non PCV10 24 (13.9) 38 (18.8) 34 (19.5)
PCV13 TOTAL 118 (68.6) 144 (70.8) 86 (49.1) <0.001 0.652 [0.521–0.815]

PPV23
22 F/22A 8 (4.7) 3 (1.5) 6 (3.4)
33 F/33A/37 4 (2.3) 3 (1.5) 1 (0.6)
10A 4 (2.3) 0 (0.0) 2 (1.1)
15B/15C 4 (2.3) 3 (1.5) 5 (2.9)
8 3 (1.7) 1 (0.5) 2 (1.1)
11A/11D 2 (1.2) 3 (1.5) 4 (2.3)
12 F/12A 2 (1.2) 4 (2.0) 6 (3.4)
2 0 (0.0) 5 (2.5) 1 (0.6)
9 N**** 5 (2.9) 3 (1.5) 4 (2.3)
17 F 0 (0.0) 1 (0.5) 1 (0.6)
20 0 (0.0) 1 (0.5) 1 (0.6)
PPV23-only 32 (18.6) 27 (13.5) 33 (18.9)
PPV23 TOTAL 147 (85.4) 162 (80.2) 112 (64.0) <0.001 0.529 [0.406–0.689]

Other Serotypes TOTAL 22 (12.8) 31 (15.3) 56 (32.0) <0.001 1.880 [1.420–2.490]

*In the PCV7 period, we considered the contributing serotype among the 6 serogroup (6A/6B/6C/6D) to be 6B. When it was not possible to identify the serotypes by 
either the Quellung reaction or PCR, we referred to them as the 6 serogroup. 

The designations were 6B (5.8%, 1.5% and 0.6%) and 6A/6B/6C/6D (2.3%, 0%, 0%) for the PCV7, post-PCV7 and PCV13 eras, respectively. 
**The isolates that were tested in the initial phase of the surveillance by the Quellung reaction were identified as 18C; otherwise, they were serotyped by PCR as 

serogroup 18; The designations were 18C (1.7%, 0%, 0%) and 18 (0.6%, 4.5% and 2.9%) for the PCV7, post-PCV7 and PCV13 eras, respectively. 
***In the post-PCV7/pre-PCV13, 6A was considered as the predominant serotype 6A (1.7%, 4% and 4%); 6A/6B/6C/6D (0%, 0.5%, 0%) for the PCV7, post-PCV7 and 

PCV13 eras, respectively. 
**** The isolates that were tested in the initial phase of the surveillance by the Quellung reaction were identified as either 9 N or 9 L; otherwise, they were serotyped 

by PCR as 9 N/9 L; 9 N (2.3%, 0% and 0%); 9 N/9 L (0.6%, 1.5%, 2.3%) for the PCV7, post-PCV7 and PCV13 eras, respectively. 
ǂOther serotypes refer to the non-PPV23 serotypes: 28A, 39, 42 (1 isolate each (0.9% each)); 6C, 7C/7B/40 F, 10B, 21, 29, 35A/35C/42, 35B (2 isolates each (1.8% 

each)); 10 F/10C/33, 35 F/47, 38/25 (3 isolates each (2.8% each)); 13,15A/15 F,34 (4 isolates each (3.7% each)); 23B, 31 (5 isolates each (4.6% each)); 23A (8 isolates 
(7.3%)); 16 F (9 isolates (8.3%)), 24 (12 isolates (11%)), and NT (32 isolates (29.4%)). A total of 32S. pneumoniae isolates were NT of which 17 (8.2% of total) were 
from children ≤ 5 years, and 10 (5.7% of total) were from adults ˃ 60 years of age. 

Multinomial logistic regression was used to compare the distribution of vaccine types and NVT within the 3 eras. The PCV7 era (2005–2009) was the reference 
category. 

N: Frequency; %: Percentage; OR: Odds Ratio; CI: Confidence Interval. 

1910 L. RESLAN ET AL.



age, they were distributed as follows: 41.1% for PCV7, 54.1% 
for PCV10, 68.6% for PCV13, 71% for PCV15, 77.3% for PCV20 
and 77.8% for PPV23 vaccine.

In adults more than 60 years of age, the serotypes covered 
by available vaccines were distributed as follows: 30.1% for 
PCV7, 40.5% for PCV10, 62.4% for PCV13, 71.1% for PCV15, 
79.2% for PCV20 and 81.9% for PPV23.

More important than the cumulative coverage of the ser-
otypes by available vaccines, was the change in VT over the 
15-year study period reflecting the impact of the introduction 
of PCV7 then PCV10 and PCV13. Table 2 and Figure 1B display 
the changes of VT and NVT over 3 periods of time: 2005–2009 
(PCV7 era), 2010–2015 (post-PCV7 era), and 2016–2020 (PCV13 
era) across all age groups. There was a significant increase of 
PCV13/non-PCV7 VT in the Post-PCV7 era compared to the 
PCV7 era (OR = 1.581; 95%CI = [1.079–2.317]; p-value = 0.019). 
A further increase of 6.2%, although not statistically signifi-
cant, was observed in the PCV13 era, mainly driven by the 
increase of serotypes 3 and 1 despite the adoption of the 
PCV13 in the national immunization schedule in 2016. In con-
trast, the proportion of PCV7 serotypes across age groups 
decreased significantly from 43.6% (75 isolates) during the 
PCV7 era to 17.8% (31 isolates) during the PCV13 era 
(p-value <0.001; OR = 0.547, 95% CI = [0.432–0.691]). 
Serotype 6B significantly dropped from the PCV7 era to the 
PCV13 era (p-value = 0.011, OR = 0.071, 95%CI = [0.009– 
0.543]). Similarly, serotypes 14 and 19 F decreased significantly 
from the PCV7 era to the PCV13 era (p-value = 0.040, 
OR = 0.375, 95%CI = [0.147–0.958] and p-value = 0.002, 
OR = 0.217, 95%CI = [0.083–0.572], respectively). The net result 
was an overall decline of 19.5% in PCV13 VT driven by the 
decrease in PCV7 serotypes. Moreover, the proportion of 
PPV23/non-PCV13 VT remained static whereas the NVT not 
included in PPV23 increased by 19.2% from PCV7 era to 
PCV13 era (from 22 isolates (12.8%) to 56 isolates (32%), 
respectively) led by serogroup 24. Among the NVT, NT isolates 
represented a total of 29.4% (32 isolates) throughout the study 
period with an increase of 5.1% from PCV7 era to PCV13 era 
(from 9 isolates (5.2%) to 18 isolates (10.3%), respectively).

The leading serotypes in the PCV7 era were 19 F, 14, 6B, 
and 3. In addition to these serotypes, serotype 1 also predo-
minated in the post-PCV7/pre-PCV13 era, while serotypes 3 
and 1 predominated in the PCV13 era. However, NVT 
expanded and became the leading serotypes in this era. 
A statistically significant increase in the number of NVT-IPD 
across the three study eras was observed (p-value < 0.001) 
(specifically from PCV7 era to PCV13 era, p-value = 0.004) 
(Table 2 and Figure 1B). The largest increase in the number 
of NVT was observed in the age group 6–60 years in the 
PCV13 era (from 18 isolates (37.5%) in the PCV7 era to 31 
isolates (59.6%) in the PCV13 era) (p-value = 0.028) (Figure 1B).

Since vaccination with PCV13 in Lebanon is limited to 
children, we examined the impact of vaccination in the age 
groups separately (Figure 1B). There was a significant decrease 
in PCV7 serotypes in the age groups < 5 years and 6–60 years 
when the PCV13 era was compared to the PCV7 era (p = 0.001 
and p = 0.02, respectively) but in the >60 years’ age group, the 
decrease was not statistically significant. When analyzed by 

age-group, the PCV13-only serotypes did not change signifi-
cantly over the examined eras (Figures 1B and 1C).

3.4. Burden of IPD and the impact of vaccination

Whereas there are multiple variables that can be used for mea-
suring the burden of IPD, we focused on the duration of hospital 
stay, as a measure of morbidity, and mortality as these variables 
could be captured by our surveillance program. As shown in 
Table 1, the mean length of hospital stay was 8.3 ± 8.6 days 
among all patients (n = 370). Among the diagnostic groups, the 
highest mean hospital stay was 11.9 ± 10.1 for patients with 
meningitis (Table 1 S-A). Among patients with IPD, the most 
prevalent comorbidities were cardiovascular disease (24%), 
malignancy (18.1%) and respiratory disease (12.7%) (Table 1). 
These comorbidities were significantly less common in children 
<6 years of age compared to the elderly >60 years of age (Table 
S1-B). Of the 69 patients with known data who died, 75.4% had at 
least one comorbidity and this was significantly associated with 
fatal IPD (p-value = 0.001; OR = 2.6, 95% CI = [1.436–4.706]). 
Indeed, a significantly higher risk of death was found among 
subjects with one comorbidity (p-value = 0.024, OR = 2.182, 95% 
CI = [1.109–4.292]) and those with ≥ 2 comorbidities 
(p-value = 0.001, OR = 3.111, 95%CI = [1.597–6.061]) (Table S1- 
C). Following the introduction of PCV, IPD was more likely to be 
fatal in those with at least one comorbidity in the post-PCV7/pre- 
PCV13 era (one comorbidity: p-value = 0.043, OR = 3.559, 95% 
CI = [1.041–12.161]; ≥ 2 comorbidities: p-value = 0.021, 
OR = 4.321, 95%CI = [1.252–14.912]) and in those with ≥ 2 
comorbidities in the PCV13 era (p-value = 0.044, OR = 3.238, 
95%CI = [1.035–10.135]) (Table S1D). Additionally, in supplemen-
tary tables S1-E, 1S-F, and 1S-G, we further analyzed the relation-
ship of mortality rate to comorbidities across eras and age 
groups but found no significant associations. However, we 
found that cardiovascular disease (36.2%), malignancy (30.4%), 
and neurological disease (14.5%) were significantly associated 
with mortality among patients with IPD (p-value = 0.009; 
OR = 2.101, 95% CI = [1.195–3.695]; p-value = 0.004; 
OR = 2.378, 95% CI = [1.303–4.339]; and p-value = 0.012; 
OR = 2.782, 95% CI = [1.213–6.380], respectively).

As shown in Table 1, out of the 444 patients with known 
outcome data, 77 patients died (overall mortality of 17.3%). 
The mortality rate, calculated as the (Number of IPD mortal-
ities in a specific age group and PCV era/Total Number of IPD 
in the corresponding age group and PCV era) X 100, increased 
substantially from 12.5% in the PCV7 era (2005–2009), to 
19.2% in the post-PCV7 era (2010–2015), reaching 24.8% in 
the PCV13 era (2016–2020) (Table 3). There was a statistically 
significant increase of mortality in the PCV13 era compared to 
the PCV7 era (OR = 2.310, 95%CI = [1.234–4.326], p = 0.009). 
This surprising finding led us to study whether the increase in 
mortality was attributed to a specific age-group (Table 3). We 
found that, even in the vaccinated age-group (≤ 5 years), 
mortality had increased from 6.6% to 17.8%. On the other 
hand, the risk of mortality increased in the second two vaccine 
eras in association with increased comorbidities (Table S1-C, 
1S-D, 1S-E, 1S-F). Mortality rates differed among age groups,
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with the highest rate (42%) in > 60 years’ age group during 
the PCV13 era. Elderly (> 60 years), who have significantly 
higher rates of comorbidities, were almost 4 times more likely 
to die from IPD as compared to children ≤ 5 years (p < 0.001, 
OR = 3.804, 95% CI = [2.067–7.002]) (Table 3).

IPD diagnoses were associated with different mortality rates, 
the highest being among those who had pneumonia or bacter-
emia (47.4% and 33.3%, respectively) (Table S1-A). The younger 
age groups were 5 times more likely to develop meningitis as 
compared to > 60 years age group (p < 0.001, OR = 5.778 [2.847– 
11.724]; p < 0.001, OR = 5.111 [2.502–10.442], for ≤ 5 years and 6– 
60 years age groups, respectively). Meningitis was associated 
with a 4-fold increase of risk of death compared to bacteremia 
among subjects ≤5 years (p-value = 0.026, OR = 4.296, 95% 
CI = [1.190–15.517]) (Table S2-A, 2S-B).

When looking at the overall mortality due to meningitis 
across the three eras, the mortality rate increased from 10.5% 

to 16.1% to 34.8%, respectively, but this finding was not 
statistically significant.

3.5. Serotype-specific mortality

We analyzed which serotypes were identified as major con-
tributors to mortality across the three study eras. In the PCV7 
era, VT accounted for 60% of all mortalities (12 out of 20) with 
19 F being the predominant serotype (3 out of 20) (15%) 
distributed equally across all age groups. In the post-PCV7 
/pre-PCV13 era, VT accounted for 64.3% of mortalities (18 
out of 28), where serotypes 19 F (4 out of 28) (13.8%) and 1 
(3 out of 28) (10.3%) were predominant across all age groups. 
In the PCV13 era, the VT mortality burden declined to 44.8% 
(13 out of 29), with serotype 3 being predominant (4 out of 
29) (13.8%), whereas NVT mortality was about 55.2% (16 out of 

Table 3. Changes in the mortality rates in the three different age groups across the three vaccine eras of the study.

Mortality rateN (%)

Age VaccineSerotypes PCV7 era Post-PCV7/pre-PCV13 era PCV13 era

All age groups PCV7 6/160 (3.8) 9/146 (6.2) 6/113 (5.3)
PCV13 6/160 (3.8) 9/146 (6.2) 7/113 (6.2)

NVT 8/160 (5.0) 10/146 (6.8) 15/113 (13.3)
Total 20/160 (12.5) 28/146 (19.2) 28/113 (24.8)

≤5 years old PCV7 1/61 (1.6) 3/53 (5.7) 3/45 (6.7)
PCV13 1/61 (1.6) 0/53 (0.0) 1/45 (2.2)

NVT 2/61 (3.3) 3/53 (5.7) 4/45 (8.9)
Total 4/61 (6.6) 6/53 (11.3) 8/45 (17.8)

6–60 years old PCV7 1/46 (2.2) 4/48 (8.3) 1/37 (2.7)
PCV13 0/46 (0.0) 3/48 (6.3) 3/37 (8.1)

NVT 1/46 (2.2) 1/48 (2.1) 3/37 (8.1)
Total 2/46 (4.3) 8/48 (16.7) 7/37 (18.9)

>60 years old PCV7 4/53 (7.5) 2/45 (4.4) 2/31 (6.5)
PCV13 5/53 (9.4) 6/45 (13.3) 3/31 (9.7)

NVT 5/53 (9.4) 6/45 (13.3) 8/31 (25.8)
Total 14/53 (26.4) 14/45 (31.1) 13/31 (41.9)

PCV7 refers to isolates with serotypes 4, 6B, 9 V, 14, 18C, 19 F, and 23 F. PCV13 refers to the additional serotypes not included in PCV7: 1, 3, 5, 6A, 7 F, 19A. NVT 
refers to all other serotypes including those that were not typeable. The contribution to mortality of PCV7 serotypes, PCV13-only serotypes, and NVT is indicated. 
The mortality rate was calculated as the (Number of IPD mortalities in a specific age group and PCV era/Total Number of IPD in the corresponding age group and 
PCV era) X 100. 
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Figure 2. Changes in antimicrobial resistance of S. pneumoniae over the three study eras. The percentage of penicillin, erythromycin and clindamycin non 
susceptible S. pneumoniae isolates are indicated in the PCV7, post-PCV7/Pre-PCV13 and PCV13 eras. Binomial logistic regression was used to compare the 
antimicrobial resistance within the 3 eras. The PCV7 era was the reference category. *p = 0.002, OR = 0.269, 95%CI = [0.119–0.612].
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29). There was no predominant NVT associated with higher 
mortality. The 34 fatal NVT serotypes are listed in Table S2-C.

When comparing VT and NVT related mortality in associa-
tion with comorbidities and diagnoses, there was no signifi-
cant difference in the case fatality rate across eras except in 
the PCV13 era where we found an increase of case fatality 
rate due to NVT in subjects with one comorbidity 
(p-value = 0.031, OR = 7.917, 95%CI = [1.209–51.841]) 
(Table S2D, 2S-E, and 2S-F).

3.6. Changing trends of S. pneumoniae antimicrobial 
resistance

We examined the antimicrobial resistance trends of 
S. pneumoniae for the commonly used antibiotics (penicillin, 
erythromycin, clindamycin, and others) over the three eras 
(Figure 2 and Figure 3). The proportion of penicillin-resistant 
S. pneumoniae isolates was 18.6% in the PCV7 era, decreased 
to 15.4% in the post-PCV7/pre-PCV13 era, with a further sig-
nificant decrease reaching 5.8% in the PCV13 era (OR = 0.269, 
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Figure 3. Comparison of antibiotic resistance rates among different age groups over the three study eras. The percentage of Penicillin (A), Erythromycin (B) and 
Clindamycin (C)-non susceptible S. pneumoniae isolates are indicated in the PCV7, post-PCV7/Pre-PCV13 and PCV13 eras across three age groups. Clindamycin 
sensitivity was not performed for isolates from the 6-60 years age group in the PCV7 era due to technical reasons.
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95%CI = [0.119–0.612], p-value = 0.002, for the PCV13 era). The 
erythromycin resistance rates increased initially from 28% to 
37.5% over the first two eras then declined to 27% in the 
PCV13 era. The clindamycin resistance decreased from 38.5% 
to 27.7% in the post-PCV7 era, followed by a further decre-
ment in the PCV13 era (Figure 2). Non-susceptibility to TMP/ 
SMX was high in the PCV7 (69%) era but decreased signifi-
cantly in the post-PCV7 era (53%) (OR = 0.520, 95% 
CI = [0.334–0.810], p-value = 0.004) plateauing in the PCV13 
era (OR = 0.503, 95% CI = [0.320–0.792], p-value = 0.002) 
(Figure 3 S).The rate of ceftriaxone non-susceptibility, domi-
nated by 3 PCV7 VT (14, 19 F, and 9 V/9A), decreased from 
15.8% in the PCV7 era to 8% in the post-PCV7/pre-PCV13 era 
(OR = 0.464, 95% CI = [0.219–0.983], p-value = 0.045) and none 
in the PCV13 era (OR = 0.040, 95% CI = [0.005–0.297], 
p-value = 0.002). On the contrary, non-susceptibility to tetra-
cycline remained considerably stable in the PCV7 era through 
the post-PCV7/pre-PCV13 era (35.9% to 34.7%) with 
a significant decrease by around 15% in the PCV13 era 
(18.8%) (OR = 0.412, 95%CI = [0.248–0.684], p-value = 0.001) 
(Figure 3S). Serotype 24 F emerged as an important contribu-
tor to tetracycline resistance in the PCV13 era (Figure 4S). 
Similarly, Chloramphenicol resistance rates decreased signifi-
cantly from 12.9% in the PCV7 era to 4.5% in the PCV13 era 
(OR = 0.314, 95%CI = [0.128–0.772], p-value = 0.012). On the 
other hand, Low rates of levofloxacin resistance were 
observed through the 3 study eras, (5.4% in the PCV7 era, 
2.7% in the post-PCV7/pre-PCV13 era and 3.9% in the PCV13 
era). No predominant resistant serotype emerged with spora-
dic resistance detected among serotypes 18C, 16 F, 19 F, 12 F/ 
12A, 1, 15B/15C, 3, 23A, 14, 9 V/9A, 8, 5, 24 F and 6A.

Importantly, no resistance to levofloxacin was observed in 
the ≤5 years age group in the PCV7 era. However, few levo-
floxacin-resistant isolates (19 F, 12 F/12A, and 16 F) were 
encountered in this age group in the post-PCV7 and PCV13 
eras (Figures 3S and 4S). No resistance to vancomycin was 
encountered.

When comparing the AMR of PCV13 serotypes across the 3 
study eras (Figure 5S.), Clindamycin and Penicillin showed a sig-
nificant decline in resistance from 50% and 21.7% in the PCV7 
era to 15% and 3.1% in the PCV13 era, respectively 
(p-value = 0.014, OR = 0.176, 95%CI = [0.044–0.704], 
p-value = 0.004, OR = 0.115, 95% CI = [0.026–0.504], respec-
tively). Similarly, resistance to Tetracycline also decreased sig-
nificantly from 38.2% in the PCV7 era to 16.5% in the PCV13 era 
(p-value = 0.002, OR = 0.319, 95%CI = [0.157–0.648]). Moreover, 
a significant decrease of resistance to TMP/SMX was observed 
in the post-PCV7/pre-PCV13 era (59.7%) and PCV13 era (51.9%) 
compared to the PCV7 era (73%) (p-value = 0.033, OR = 0.548, 
95% CI = [0.316–0.952]; p-value = 0.003, OR = 0.400, 95% 
CI = [0.217–0.734]). As for the NVTs (Fig. 6S.), they had a signifi-
cant increasing resistance to Erythromycin from 13.7% in the 
PCV7 era to 30.4% in the PCV13 era (p-value = 0.034, OR = 2.743, 
95%CI = [1.082–6.956]). On the other hand, a significant 
decrease in the resistance to Chloramphenicol was observed 
across the 3 study eras (post-PCV7/pre-PCV13 era: 
p-value = 0.050, OR = 0.286, 95%CI = [0.082–0.998], PCV13 
era: p-value = 0.002, OR = 0.120, 95%CI = [0.031–0.467]).

3.7. Comparison of the antibiotic resistance rates among 
different age groups over the three eras

We explored the changes in antimicrobial resistance trends 
over the three eras across the different age groups. We first 
analyzed the change in penicillin resistance and found that it 
decreased significantly across all three age groups over the 
study eras (p-value = 0.002, OR = 0.567, 95%CI = [0.396–0.813]) 
(Figure 3A). When the PCV13 and the PCV7 eras were com-
pared, there was a pronounced decrease in penicillin resis-
tance among the 6–60 and the > 60 years age groups. 
(Figure 3A). Whereas 14% of isolates from the age group ≤ 5 
were penicillin resistant, only 2.4% were resistant in the 6– 
60 years and none in the >60 years age groups in the PCV13 
era (p-value = 0.038, OR = 0.376, 95% CI = [0.149–0.949]) 
(Figure 3A). The proportion of isolates resistant to penicillin 
remained the highest in the ≤ 5 years age group across the 
three eras with 25.4%, 23.2% and 14% respectively. In contrast, 
the resistance rates to erythromycin in the ≤ 5 years age group 
were somewhat stable over the three study eras unlike the 
other age groups where a fluctuating trend was evident in the 
6–60 and > 60 years age groups (Figure 3B). Resistance rates 
to clindamycin decreased significantly in the oldest age group 
across the 3 eras (p-value = 0.047, OR = 0.390, 95%CI = [0.154– 
0.988]) but in the youngest age group they remained steady 
(27–30%) across all eras. (Figure 3C).

3.8. Impact of vaccination on antimicrobial resistance

In our earlier report, we found that the majority of penicillin- 
resistant isolates were VT [29]. Therefore, it was important to 
study the impact of PCV vaccination on the serotype distribu-
tion of resistant isolates. Because the introduction of PCV7, 
then PCV10 and PCV13, led to a significant decrease in IPD 
caused by PCV7 VT (Figure 1B), we reasoned that PCV7 VT 
would constitute a minority of the resistant isolates in the 
PCV13 era. Indeed, we found that penicillin-resistant PCV7 VT 
declined significantly across age groups in the PCV13 era 
compared to the PCV7 era although they remained 
a substantial minority, almost a third, in the ≤ 5 age group 
(compare Figure 1B and Figure 4A). Additionally, the PCV13- 
only VT accounted for a minor proportion of penicillin- 
resistant isolates across the PCV7 and Post-PCV7/Pre-PCV13 
eras. (Figure 4A). Of the VT, 14 was the only penicillin- 
resistant serotype observed in the PCV13 era in the ≤ 5 years 
age group accounting for 2 out of the 7 (28.6%) penicillin- 
resistant isolates in this age group. NVT serotypes emerging in 
the PCV13 era included 11A/11D, 9 N/9 L, 24 F, 16 F, and 35B.

Similar observations were made regarding erythromycin 
resistance where the proportion of erythromycin-resistant 
PCV7 serotypes decreased consistently across the three eras 
among all age groups (Figure 4B). This was more evident in 
the PCV13 era for the ≤ 5 years and 6–60 years age groups. 
The proportion of erythromycin-resistant PCV13-only VT 
increased over the first and second study eras, with a slight 
decrease in the last study era mostly in the >60 years age 
group. (Figure 4B). The latter observations were not statisti-
cally significant. On the other hand, the erythromycin-resistant
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Figure 4. Impact of vaccination on antimicrobial resistance by serotypes across age groups. The contribution of vaccine and non-vaccine S. pneumoniae serotypes to 
penicillin (A), erythromycin (B), and clindamycin (C) resistance is indicated in the PCV7, post-PCV7/Pre-PCV13 and PCV13 eras across three age groups. Clindamycin 
sensitivity was not performed for isolates from the 6-60 years age group in the PCV7 era due to technical reasons. PCV7 refers to isolates with serotypes 4, 6B, 9V, 14, 
18C, 19F, and 23F. PCV13 refers to the additional serotypes not included in PCV7: 1, 3, 5, 6A, 7F, 19A. NVT refers to all other serotypes including those that were not 
typeable.

1916 L. RESLAN ET AL.



NVT increased significantly in the PCV13 era among all age 
groups (p-value = 0.034, OR = 2.743, 95% CI = [1.082–6.956]).

Similarly, clindamycin-resistant PCV7 VT decreased over the 
study eras in the age group ≤ 5 years. However, unlike resis-
tance to erythromycin, the proportion of PCV13-only VT resis-
tant to clindamycin decreased in this age group. Most of the 
clindamycin-resistant isolates in the PCV13 era were NVT 
(Figure 4C).

We observed that several VT were commonly associated 
with AMR throughout the three study eras according to age 
groups (Table 4, Figure 4S). Serotypes 14, 19A and 19 F were 
prevalent throughout the study eras. Among PCV7 VT, 14, 19 F 
and 23 F showed the highest AMR rates to all antibiotics 
except to levofloxacin and chloramphenicol (Table 4). 
Importantly, serotype 14 was persistently identified among 
those ≤ 5 years of age. Among PCV13-only VT, 19A remained 
to be of particular concern exhibiting multidrug resistance 
such as for erythromycin among all age groups, as well as to 
clindamycin and tetracycline mainly in the ˃ 60 years age 
group. In addition to 19A, serotype 3 contributed mainly to 
clindamycin resistance across all age groups. Among the NVT, 
high AMR rates were observed among serotypes 11A/11D, 
12 F/12A, 24 and 34 that were resistant against most antibio-
tics with high proportions of 12 F/12A and 24 F being resistant 
to both clindamycin and erythromycin. All NVT exhibited high 
resistance against TMP/SMX. (Table 4, Figure 4S).

4. Discussion

In this study, we aimed to describe the disease burden, ser-
otype distribution and AMR patterns of invasive S. pneumoniae 
isolates, collected over a period of 15 years and the impact of 
PCV introduction in Lebanon.

The highest proportions of IPD were seen at the extremes 
of age, in children under 2 years of age (21.8%) and in ≥ 
60 years (32.5%) with male predominance (57.1%) as pre-
viously reported [37]. Blood and CSF were the most common 
sources of invasive pneumococcal isolates [29,38,39]. The pre-
dominant pneumococcal serotypes were 19 F (8.9%), 3 (8.7%), 
1 (7.7%), and 14 (7.1%). These four PCV13 VT accounted for 
33% of the total isolates. Interestingly, among the leading 
serotypes in the PCV7 era, 6B almost disappeared in the 
PCV13 era. Furthermore, a statistically significant increase in 
NVT-IPD across the three study eras was observed mainly in 
the age group less than 5 years. Studies in the MENA region 
described similar results in terms of serotype/serogroup pre-
valence with 6, 14, 19 F, and 23 F reported most [39–42]. For 
instance, 23 F, 6B, 19 F, 4, 14 and 19A were prevalent among 
pneumococcal strains from children under 15 years of age, 
collected between 2009–2012 in KSA covering 77% of total 
isolates [40]. Similarly, 19 F, 19A, 6A, 8 and 15B were the most 
prevalent serotypes among Kuwaiti children under the age of 
5; whereas 14, 3, 1, 19 F and 8 were prevalent among adults 
>50 [39]. Interestingly, a similar serotype distribution among 
Omani adults ≥ 51 years was observed with 3 (13.3%), 15 
(8.3%), 19A (8.3%), 19 F (6.7%), and 22 (6.7%) being the most 
prevalent. Furthermore, circulating serotypes varied among 
geographical areas and between pediatric and adult cases. 

When comparing the frequency of serotypes causing IPD 
among children ≤ 5 years of age and adults > 60 years, 
serotype 14 was significantly more prevalent in children less 
than 5 years while serotypes 3, 22 F/22A, and 9 V/9A were 
significantly more prevalent in adult IPD cases. Among pedia-
tric IPD cases, serotypes 6B, 14 and 19 F were frequent in 
Africa-East Mediterranean countries [43]. Among adult cases, 
serotypes 1, 4, 14 and 19A were commonly detected in these 
regions while serotype 3 was predominant in North America. 
The differences in serotype frequency have been explained by 
natural selection or vaccine-induced pressure [44]. Some of 
these variations are likely due to differences in geographic 
regions and socio-economic factors. Other confounding fac-
tors could interfere including study differences in the age 
groups, local levels of antibiotic consumption and resistance, 
and local blood culture practices [45].

The impact of vaccine introduction was strongest on PCV7 
serotypes but was not substantial for PCV13-only serotypes 
(Figure 1B). Similar observations were seen following PCV13 
introduction in KSA where PCV13-only serotypes remained 
unchanged and in Canada where the major breakthrough 
serotypes were 3 and 19A [46,47]. As in Canada, the 3-dose 
schedule of PCV13 given in the Lebanese public sector as 
opposed to the 4-dose schedule given in private clinics may 
have played a role in lower vaccine effectiveness against these 
serotypes. Serotypes 3, 19A, and 7 F are the least immuno-
genic among the PCV13 serotypes achieving the lowest geo-
metric mean concentrations of specific antibodies, perhaps 
impacting protection with lower vaccine doses [48].

Over the three study eras, overall mortality increased from 
12.5% in the PCV7 era, to 19.2% in the post-PCV7 era, reaching 
24.8% in the PCV13 era. The overall mortality was 17% with the 
elderly (> 60 years) four times more likely to die from IPD as 
compared to children ≤5 years. This unexpected increase occurred 
in all age groups including those ≤ 5 years of age who were 
presumably vaccinated. The apparent increase in the latter 
group in the PCV13 era may be multifactorial. Three of the mor-
talities were in infants younger than 5 months of age, 2 of whom 
with PCV7 serotypes, who may have been unvaccinated or had 
received a single dose of PCV13 according to the Lebanese EPI 
schedule (Table S3D). In addition, three of four mortalities from 
NVT in this age group were due to meningitis, higher than the 
other two eras, with most dying within 24–72 hours of hospital 
admission (Table S3-C, 3S-D). According to the Lebanese Ministry 
of Public Health, the rate of infants receiving their first PCV13 dose 
at 4 months of age ranged from 91.55% to 93.68% between 2017 
and 2019 but dropped to 80.99% in 2020, and those receiving 
their third and final dose at 12–15 months ranged from 82% to 
85.64% between 2017 and 2019 but dropped to 78.99% in 2020. It 
remains possible that more unvaccinated children were not 
reported to the ministry especially among the large Syrian refugee 
population. Therefore, some of the mortalities from VT could have 
been in unvaccinated children. No data on PPV23 and PCV13 
uptake in the elderly is available from Lebanon. We had expected 
to see, at least in the younger age group, a drop in the mortality 
rate since VT accounted for most fatal infections in the PCV7 era. 
A possible explanation is that the increased mortality correlated 
with a relative increase in IPD caused by NVT in all age groups 
accounting for a higher proportion of observed cases. The overall 
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mortality rate is higher than those reported in different MENA
countries such as Oman (15.2%) [42] and the Kingdom of Saudi 
Arabia (KSA) (12%) [49]. As expected, the highest overall mortality 
rate was observed in adults aged ≥ 60 years (31.7%) [50] and 
having at least one comorbidity was significantly associated with 
fatal IPD.

The rates of S. pneumoniae AMR vary globally and are 
highest in Asia [51], followed by the Middle Eastern and 
African countries where they are, in turn, higher than 
European and North American countries [52]. This could 
be driven by the overuse of antibiotics, that are widely 
available without prescription, specifically in outpatient set-
tings and in rural regions. The penicillin resistance rate of 
S. pneumoniae showed a decreasing trend in Lebanon over 
the three study eras. Serotype 19 F, a major contributor to 
penicillin resistance in the PCV7 and Post-PCV7/Pre-PCV13 
eras, was successfully suppressed in the PCV13 era. On the 
other hand, serotype 14 remained as a contributor to peni-
cillin resistance in the ≤5 years age group. The incidence of 
penicillin non-susceptibility varies substantially among 
MENA countries [53]. This is evident in previously reported 
rates from KSA (36% to 66%), Tunisia (51%-75.3%) [41], UAE 
(43%) [54], Oman (40.9%) [42] and Turkey (61.9%) [55]. The 
current study is the first from the region to show the impact 
of vaccination on decreasing the rate of penicillin resistance. 
In the current study, resistance rates to erythromycin 
showed an overall decreasing trend across the age groups 
over the three study eras. In some MENA countries, higher 
resistance rates have been observed. For instance, in Turkey, 
around 51% of S. pneumoniae isolates collected through 
2011–2013 were erythromycin-resistant [55]. In KSA, 62% 
of invasive S. pneumoniae isolated in children were erythro-
mycin-resistant between 2005 and 2009 [56]. In the current 
study we observed that clindamycin resistance rates 
decreased from 38% to 21% over the study eras. Other 
studies from the region reported 35.1% of resistance in 
Turkey [55] and 23% in the UAE [54]. In our study, levoflox-
acin susceptibility dropped to 96.1% compared to 98% 
reported in previous studies from Lebanon [57,58], KSA 
(100%) [40], Oman (99.8%), and Turkey (98.2%) [55]. Our 
findings are somewhat worrisome as levofloxacin features 
prominently in guidelines for the treatment of infections 
caused by penicillin-resistant S. pneumoniae or in patients 
allergic to penicillin [59,60]. No resistance to vancomycin 
was documented neither in Lebanon nor in MENA countries 
except for Iran, which reported resistance to vancomycin 
among healthy and sick individuals [61].

Changing AMR patterns in S. pneumoniae isolates have 
broad implications for both the prevention and treatment of 
IPD. Pneumococcal vaccination has reduced antibiotic- 
resistant infections [62]. Several of the PCV7 and PCV13 ser-
otypes exhibited high levels of AMR in our study. Among 
these serotypes, 19 F, 23 F, 14 and 19A serotypes showed 
the highest resistance rates to all antibiotics except to levo-
floxacin. The impact of PCV13 is evident from our data as the 
overall rates of AMR decreased substantially after its introduc-
tion. Interestingly, no single serotype with high levels of AMR 

emerged among the NVT. Instead, the prevalent NVT included 
a wide range of serotypes with high levels of AMR but low 
proportion such as 11A/11D, 15B/15C, 16 F, 23B, 34, 35 F/47, 
9 N/9 L, 12 F/12A and 24 [28]. Thus, AMR will likely continue to 
be problematic in Lebanon and should be addressed by sub-
stantially enhancing national antimicrobial stewardship pro-
grams in addition to optimizing vaccine uptake across age 
groups.

4.1. Limitations

The current study has several limitations that are dictated 
by the nature of the surveillance program, which is based 
on laboratory isolation of S. pneumoniae and the incomple-
tely available clinical information. Firstly, there is no clear 
distinction between eras as defined in this study when it 
comes to vaccine introduction. The introduction of PCVs in 
the private sector was gradual since 2000 with no data 
available about extent of coverage. Thus, the ‘PCV7 era’ 
merely indicates that PCV7 was available to some unknown 
extent in the private sector. Similarly, the ‘post-PCV7/pre- 
PCV13’ era indicates the period when PCV10 and PCV13 
replaced PCV7 in the private sector without an accurate 
estimate about the extent of coverage. Finally, the ‘PCV13’ 
era indicates the period when PCV13, at least theoretically 
became available to all infants. The second important lim-
itation was the impossible calculation of an approximate 
incidence rate due to the difficulty in clearly defining the 
population served by each participating hospital because of 
the nature of the Lebanese health care system with signifi-
cantly overlapping catchment areas, the variable practice of 
obtaining cultures prior to commencing antibiotics across 
the country, the easy over the counter access to antibiotics, 
which are taken without prescription rendering cultures 
negative, and the lack of reporting all of the 
S. pneumoniae isolates by the participating hospitals. Thus, 
any calculation of the incidence rate would have been mis-
leading and severely underestimated. The third limitation is 
that we were unable to determine the vaccination status of 
subjects from whom the isolates were collected, rendering 
us unable to determine vaccine effectiveness and, especially 
for vaccine eligible young children who died, whether mor-
talities were due to breakthrough infection or due to lack of 
vaccination to start with. Given that non-encapsulated 
pneumococci rarely cause invasive diseases; another limita-
tion was that 32 isolates were non-typable. Our planned 
incorporation of genome sequencing for S. pneumoniae iso-
lates will remedy this problem in the future. Moreover, 
a further limitation in the present study was the small 
sample size, which may result in displaying higher percen-
tages of AMR while absolute numbers of isolates are low. 
Lastly, it is possible that high rates of AMR and mortality 
that we observed were a result of selection bias as patients 
are frequently treated with antibiotics prior to obtaining 
cultures, making it more likely to isolate resistant organisms 
from very sick patients. These limitations should be consid-
ered when interpreting our findings.
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5. Conclusion

The introduction of PCVs in Lebanon led to a significant decline 
in IPD caused by PCV7 but not by PCV13-only serotypes that was 
demonstrable in vaccinated and unvaccinated age-groups. This 
was associated with a relative increase in IPD caused by NVT. 
Surprisingly, the mortality rates increased significantly over the 
study period and were driven mostly by NVT and, to a lesser 
extent, PCV13-only types, particularly in the older age-groups 
with high rates of comorbidities. These findings support 
a combined approach that includes implementing the use of 
higher valency conjugate vaccines, or preferably universal pneu-
mococcal vaccines, especially in older age groups, along with 
strict adherence to antimicrobial stewardship efforts in the hos-
pital and in the community. These efforts should be supported 
by ongoing surveillance programs that continue to measure the 
impact of vaccination and to determine the circulating serotypes 
causing IPD and their AMR profiles.
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