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Abstract: Introduction. Streptococcus pneumoniae infections are a major cause of mortality and morbidity
worldwide. In Jordan, pneumococcal conjugate vaccines (PCVs) are not included in the national vaccination
program. Due to the current availability of several PCVs including PCV-10, PCV-13 and PCV-15, along with
PCV-20, currently undergoing pediatric approvals globally, the decision to introduce PCVs and their selection
should be based on valid local data on the common serotypes of Streptococcus pneumoniae. Methods: This cross-
sectional study aimed to identify the frequency of serotypes of Streptococcus pneumoniae in children aged below
5 years hospitalized with invasive pneumococcal diseases (IPD) including pneumonia, septicemia and
meningitis during the study’s duration in representative areas of Jordan. Serotyping for culture-positive cases
was based on the capsular reaction test, known as the Quellung reaction. gPCR was conducted on blood
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samples of patients with lobar pneumonia identified via X-ray or on cerebrospinal fluid for those with a
positive latex agglutination test for Streptococcus pneumoniae. Results. This study was based on the analysis of
the serotypes of 1015 Streptococcus pneumoniae cases among children younger than the age of 5; 1006 cases with
pneumonia, 6 cases with meningitis, and 3 cases with septicemia. Only 23 culture-positive cases were
identified, in comparison to 992 lobar pneumonia cases which were PCR-positive but culture-negative, with a
PCR positivity rate of 92%. Serotypes 6B, 6A, 14 and 19F were the most common serotypes identified in the
study, with prevalence rates of 16.45%, 13.60%, 12.12% and 8.18%, respectively. PCV-10, PCV-13, PCV-15 and
PCV-20 coverage rates were 45.32%, 61.87%, 64.14% and 68.47%, respectively. Discussion: To the best of our
knowledge, this is largest prospective study from the Middle East and one of the largest studies worldwide
showing the serotypes of Streptococcus pneumoniae. It reveals the urgency for the introduction of PCV
vaccination in Jordan, utilizing recently developed vaccines with broader serotype coverage.

Keywords: Streptococcus pneumoniae; serotype; Jordan; invasive pneumococcal disease; pediatrics

1. Introduction

Pneumococcal disease describes a group of infections such as meningitis, pneumonia,
septicemia, sinus infections and ear infections caused by the Streptococcus pneumoniae bacterium [1].
Streptococcus pneumoniae infections constitute a major cause of mortality and morbidity worldwide. It
is estimated that this bacterium contributes to more than one-third of the 2 million global annual
deaths of children following acute respiratory infection (ARIs) [2]. The mortality rate from this
bacterium varies considerably in reported studies, ranging from 7% to 36% [3-5]. Moreover,
Streptococcus pneumoniae is the most common cause of community acquired pneumonia requiring
hospitalization, accounting for up to 50% of these cases [6]. Additionally, data from the US CDC
revealed that this bacterium is the most common cause of pediatric infections for which antibiotics
are routinely prescribed [7].

Three pneumococcal conjugate vaccines (PCV) are currently available and widely used
worldwide for the routine immunization of infants. A summary of available PCV is provided in Table
1. The first PCV used in a national pediatric immunization program (NIP) was PCV-7, which offered
protection against seven serotypes (4, 6B, 9V, 14, 18C, 19F, and 23F) [8] not covered in PCV10.

Since the introduction of PCV-10 and PCV-13, there has been a worldwide change in the
dominant Streptococcus pneumoniae serotypes, with a greater burden of non-PCV-13 serotypes [9-11].
Therefore, more vaccines have been developed or are under development to address the global
changes in the epidemiology of this bacterium.

The recently developed PCV-15 provides coverage of two additional serotypes (22F and 33F)
compared to PCV-13. This new vaccine has the potential to reduce morbidity and mortality from
Streptococcus pneumoniae by providing a broader coverage for leading serotypes associated with
pneumococcal disease worldwide [12]. The serotypes 22F and 33F unique to PCV15 are among the
leading serotypes causing IPD in children and adults following widespread use of PCV13 in children
in many countries, likely due to their invasiveness capacity [13]. PCV-20 covers additional serotypes
not included in PCV-15, including serotypes 8, 10A, 114, 12F, and 15. The PCV-20 vaccine has been
approved for adults [14]. Clinical trials are underway for the pediatric age group with emerging
promising safety and immunogenicity data [15].

Table 1. Summary of current pneumococcal vaccines licensed for use.

PCV-7 [8] 4, 6B, 9V, 14, 18C, 19F, and 23F
PCV-10 [16] PCV-7 plus 1, 5, and 7F
PCV-13 [17] PCV-10 plus 3, 6A, and 19A
PCV-15 [18] PCV-13 plus 22F and 33F
PCV-20 [14] PCV-15 plus 8§, 10A, 11A, 12F, and 15
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In Jordan, vaccination against pneumococcal infections is not included in the national pediatric
immunization program. This has been attributed to the limited resources and the lack of scientific
evidence from Jordan to support vaccine introduction [19]. Additionally, there are no published data
on the serotypes leading to IPD at representative sites locally. Due to the current availability of several
PCVs [15], the decision to introduce the pneumococcal vaccine in the NIP and the method followed
for vaccine selection should be based on objective valid local data on the common serotypes causing
pneumococcal disease in Jordan.

2. Methods

This cross-sectional study aimed to identify the common serotypes of Streptococcus pneumoniae
in children aged below 5 years hospitalized with invasive pneumococcal diseases (IPD) including
pneumonia, septicemia and meningitis during the study’s duration in representative areas of Jordan.

This study was based on data collected between 1 October 2021 and 31 December 2022 at Al-
Bashir Hospital, Amman (1101 beds; 190 beds for pediatrics), King Abdullah I University Hospital,
Irbid (750 beds; 86 beds for pediatrics), Queen Rania Al-Abdulla Hospital for Children, Royal Medical
Services (212 beds), Princess Rahma Hospital for pediatrics (200 beds), Irbid, Zarqa Governmental
Hospital, Al-Zarqa (568 beds; 52 beds for pediatrics), Jordan University Hospital, Amman (500 beds;
50 beds for pediatrics), Karak Teaching Hospital, Al-karak (174 beds; 53 beds for pediatrics), and
Prince Rashid Ben Al-Hasan Military Hospital, Irbid (630 beds; 83 beds for pediatrics). The sites
represent pediatrics admissions from the central, northern, southern and eastern parts of Jordan.

Case definition: [20,21].

A case of childhood IPD was defined as: “a child with Streptococcus pneumoniae isolated from a
normally sterile site, such as blood, cerebrospinal fluid (CSF), or pleural fluid” [5].

Lobar pneumonia was described as an acute exudative inflammation of an entire pulmonary
lobe caused mainly by Streptococcus pneumoniae in more than 95% of cases [21]. Blood samples were
collected from cases of lobar pneumonia based on clinical presentation and chest X-ray findings for
PCR testing for Streptococcus pneumoniae , as described below.

Inclusion criteria: All children younger than the age of 5 living in the study locations for more
than 6 months diagnosed with invasive pneumococcal infection (invasive pneumonia, septicemia,
meningitis, etc.) and identified through culture results during the study duration at study sites.

Streptococcus pneumoniae contributes to more than 95% of lobar pneumonia cases [21]. Therefore,
in addition to culture-positive cases at the study sites, blood samples were collected for bacteremia
screening amongst children, and chest X-rays, with radiological findings suggestive of lobar
pneumonia, were performed at time of presentation. The molecular technique protocol for the
identification of Streptococcus pneumoniae and then serotype specification is described below.

3. Exclusion Criteria

1. Children receiving routine pneumococcal vaccination as part of the private sector vaccination
program or as high-risk groups. Only one case was excluded from the study due to receiving
PCV-13 in a private clinic.

2. Not permanently resident in the study area

Sample size calculations: [22-24].

In Jordan, PCV has not been introduced; therefore, the sample size should be based on data prior
to PCV introduction. A conservative estimate of the global incidence of IPD before PCV vaccine
introduction was 100 per 100,000 annually [25,26]. The required sample size to estimate the incidence
of IPD and study Streptococcus pneumoniae serotypes locally was 1001 cases. This was estimated using
the 95% significance level and error margins of 0.03 to be able to identify serotypes with prevalence
of 1 per 1000 (0.1%).

Statistical analysis plan: The collected data were analyzed using R Statistical Computing
Software version 3.4.3 (R Foundation for Statistical Computing, Vienna, Austria). Descriptive
statistics including means, standard deviations and confidence intervals were reported for numerical
patient characteristics, while frequencies and percentages were reported for categorical
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characteristics. The prevalence of different serotypes of pneumococcal infections based on site of
infection, age, gender and geographical area was also reported. The chi-squared testing procedure
was used to compare serotypes by site of infection. Predictors of the presence of certain serotypes of
pneumococcal infections were identified through multinomial logistic regression models with
stepwise selection. A significance level of 0.05 was used throughout the analysis [27].

4. Microbiology

As described below, two approaches were followed to identify Streptococcus pneumoniae for
serotyping:

1. PCR-positive cases: For cases with radiological findings suggestive of lobar pneumonia, as
described in the radiology section below, blood samples were collected on admission. PCR was
used to identify Streptococcus pneumoniae and for serotyping.

2. Culture-positive cases: For invasive pneumococcal disease cases (pneumonia, meningitis,
septicemia ..., etc.) identified during the study period at study sites, a Quellung test was
performed for serotyping.

5. Samples Collection and PCR Analysis

Whole-blood samples were collected through venipuncture for PCR from patients with lobar
pneumonia based on an X-ray or those with CSF analysis suggestive of bacterial infection. Whole-
blood samples were collected into an EDTA (ethylenediaminetetraacetic acid) tube from eligible
candidates and kept refrigerated at 2 °C-8 °C for a maximum of 3 days prior to nucleic acid extraction
[28]. DNA extraction from whole blood or Streptococcus pneumoniae ATCC 49619 (positive control)
bacterial broth was performed using a QIAamp DNA mini kit according to the manufacturer’s
instructions. The extracted DNA was kept frozen until it underwent PCR to detect the autolysin
(IytA) gene. Detection of Streptococcus pneumoniae nucleic acid in whole blood using a qPCR assay
was carried out based on the method from the US Centers for Disease Control and Prevention [29].
The reaction was performed at Mega Labs Amman, Jordan using a BioQuant-96 (Biosan, Riga, Latvia)
instrument with the following recommended cycling conditions: 95 °C polymerase activation for 10
min, 95 °C for 15 s and 60 °C for 1 min for 40 cycles. A cycle threshold (CT) of <40 was considered
“positive”.

In each run, Streptococcus pneumoniae ATCC 49619 was used as a positive control and
Streptococcus pyogenes ATCC 49399 was used as a negative control. A non-template negative control
was also included to check for contamination. Positive samples were frozen until serotyping was
performed using 20 pairs of primers that were previously validated (Table 3. Real-time PCR assays
with optimum conditions were utilized as described in references for each serotype primer).
Although the primers were described and validated previously, an extra step was taken by the study
team to confirm the results for the most common serotypes. Clinical isolates were used as controls
for serotypes 6A, 6B, 14 and 19F from previous culture-positive cases identified through the Quellung
reaction. Serotypes were then documented for each patient. Samples where no serotype was detected
were marked as “other serotypes”. Serotyping was carried out using the Qiagen rotor gene
instrument (Qiagen, Hilden, Germany). Primers were used to screen the samples for common
serotypes included in the recently developed vaccines (PCV-15 and PCV-20) and for commonly
reported serotypes not covered by these vaccines but reported post PCV-13 administration amongst
hospitalized children, such as the following serotypes: 11 non A subserotypes, 15 non B subserotypes,
16, 18 non C subserotypes, 22 non F subserotypes, 28, 33 other subserotypes, 3F, 5 A, 6C/6D, and 7
non F subserotypes [28,29].

6. Culture and Identification

Samples were processed at the local site, and then the Streptococcal pneumonia isolates were sent
to the hospital central laboratory. Blood culture bottles were incubated in a BACT/ALERT automated
microbial detection system. Positive samples were then cultured on 5% sheep blood agar (made
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selective by the addition of 5 pg/mL gentamicin). All plates were incubated at 35-37 °C overnight
with 5% COz. Colonies with macroscopic appearance characteristics for pneumococci (small, greyish,
and colonies demonstratinga-hemolysis) and Gram-positive diplococci were sub-cultured to obtain
single pure colonies. Then, any suspected a-hemolytic pneumococcal colonies were characterized
based on optochin sensitivity and bile solubility [30].

Confirmed pneumococcal isolates were stored in duplicate in 1.5 mL cryotubes containing STGG
(skim-milk-tryptone-glucose-glycerin) broth at -80 °C until being transported to the central
laboratory for serotyping plus further characterization [31].

7. Serotyping for Culture-Positive Cases

The capsular reaction test, known as the Quellung reaction, is the gold standard method for
pneumococcal typing, and it was first described by Neufeld in 1902 [32]. The Quellung reaction is
usually performed using commercially available antisera. The Quellung test is reasonably simple to
carry out and can be applied where a suitable microscope and antisera are available.

In this study, for culture-positive cases, the following steps were followed for serotyping using
the Quellung reaction. After identifying the isolate as a pneumococcus, it was then tested with
antisera pools until a positive reaction was observed. Each pool antiserum contained a different
mixture of antisera raised against 91 pneumococcal serotypes. Once the pool was established, the
individual type and group antisera that were included in the reactive pool were tested individually
in sequence. A group antiserum reacts with all the serotypes in a particular group (e.g., Group 22
antiserum reacts with serotypes 22F and 22A), whereas a type antiserum generally reacts with a
single serotype (e.g., Type 5 antiserum reacts with serotype 5) [33]. Serotyping of culture-positive
cases was performed using a Pneumotest-Latex agglutination kit and the results were confirmed by
means of the Quellung reaction using serotype specific antisera. All specimens were screened for
multiple serotypes [32-34].

8. Radiological Findings

Pneumonia was defined as an acute exudative inflammation due to airborne infection with
bacteria, viruses or mycoplasma. The diagnosis of community-acquired pneumonia in hospitalized
children usually depends on the finding of consolidation (alveolar infiltrates) or consolidation
complicated by effusion on a chest X-ray [35]. As described above, lobar pneumonia was described
as an acute exudative inflammation of an entire pulmonary lobe and is caused mainly by Streptococcus
pneumoniae in more than 95% of cases [36,37].

All patients included in this study with suspected pneumonia underwent single- or two-view
chest X-rays at the time of presentation. All X-rays for hospitalized children with pneumonia were
screened initially by a consultant pediatrician-in-charge and then by a consultant radiologist from
the study team (A.M) to confirm the presence of lobar pneumonia. In cases of disagreement, the case
was discussed and a final judgment was made based on background and clinical data, including age,
gender, medical and drug history, ICU admissions, complications.

Leukocytosis was defined as WBC count > 11.0 x 10%/L [38,39]. Complications during admission
included: pleural effusion, serious hypotension that resulted in severe hemodynamic changes, lung
abscess, lung cavitation, sepsis with attendant shock, and acute respiratory failure [38,39].

Background and clinical data were obtained by the research coordinator at study sites under the
supervision of the principal investigator at each site. Research coordinators were trained on data
extraction. The PI at each site allocated two senior pediatric residents to assist the coordinators at
each site in the clinical assessment and the extraction of clinical data from the electronic records.

9. Ethical Approval

Institutional Review Board approval was granted by the Ministry of Health Central IRB,
committee number 8831/2020, on 22 October 2020, by the Jordan University Hospital IRB, approval
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number 380/2021, on 30 November 2021 and by the Royal Medical Services, TF3/1/IRB14503, on 14
December 2021. All participants provided consent for their participation in this study.

10. Results

This study was based on the analysis of serotypes of 1015 Streptococcus pneumoniae cases. Lobar
pneumonia was the final diagnosis for the majority of cases (1008, 99.3%). Based on the routine
culture at the study site and during the study period, only 23 culture-positive cases were identified,
in comparison to 992 PCR-positive but culture-negative cases. All of these 23 culture-positive cases
had similar results on the PCR for blood or CSF fluid analysis. The results were consistent with PCR
findings: six cases were diagnosed with meningitis, 3 cases were diagnosed with sepsis and the
remaining 14 cases were diagnosed with pneumonia complicated by septicemia. Based on the
admission reports at the study sites, lobar pneumonia contributed to 50% of all of the reported
pneumonia cases. In total, 1078 blood samples were collected from cases with radiological findings
suggestive of lobar pneumonia. The PCR positivity rate was 92%.

The baseline characteristics of the study sample are shown in Table 2. The mean age of the
included cases was 15 + 16.1 months. Around two-thirds of the cases were aged 2 years or younger
(74.2%, N = 754). Overall, 42.5% of the sample were females and 57.5% were males. Two-thirds of the
participants (92.5%) were born at full term, compared to 7.5% with a reported history of preterm
delivery. Overall, 32.8% of the sample were born through caesarian section, compared to 67.2% born
through normal vaginal delivery. Smoking amongst family members was highly prevalent, with a
rate of 58.0%. Most of the smokers reported smoking inside the home, with a rate of 43.2% among all
participants, compared to 4.1% where family members smoked only outdoors.

Table 2. Participants clinical and demographic characteristics (N=1015).

Variable Category N (%)
Male 584 (57.5%)
Sex
Female 431 (42.5%)
] ] Full term 937 (92.3%)
Birth history Pre term 78 (7.7%)
. Normal VD 683 (67.3%)
Mode of Delivery Caesarean section 332 (32.2%)
. . No 937 (92.3%)
Congenital conditions Yos 78 (7.7%)
. . No 972 (95.8%)
Congenital heart disease Yos 43 (4.2%)
. . No 887 (87.4%)
Chronic illness Yos 128 (12.6%)
No 990 (97.5%)
Asth
sthma Yes 25 (2.5%)
No 420 (41.4%)
Any of family members is Yes 595 (58.6%)

smoker Inside home 438 (43.2%)

Only outside home 42 (4.1%)
Smoking place Not smoker 535 (52.7%)
Have you received No 802 (79.0%)
antibiotics w1-th1-n a week Yos 213 (21.0%)

of admission

Previous hospitalization No 795 (78:3%)
Yes 220(21.7%)
No 956 (94.2%)
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Patient receives regular

medications Yes 59 (5:8%)
Fever No 300 (29.6%)
Yes 715 (70.4%)
Positive 23 (2.2%)
Blood culture Negative 987 (97.3%)
Not done 5 (0.5%)
Complications during No 898 (88.5%)
admission Yes 117 (11.5%)
Not admitted 774 (76.2%)
Required ICU admission Admitted & intubated 95 (9.4%)
Admitted not intubated 146 (14.4%)
WBC (Leukocytosis) Negfa’flve 255 (25.1%)
Positive 760 (74.9%)

The proportion of participants with congenital conditions was 7.7%. Congenital heart disease
was the most commonly reported condition, with 43 cases out of the 78 patients with congenital
conditions (5.5%). The prevalence of chronic illnesses including congenital or acquired illnesses was
12.6%. Bronchial asthma had the highest reported prevalence of 2.5%. Finally, 5.8% of the sample
were on regular medications.

The clinical characteristics of the study participants (Table 2) show that 21.0% of the participants
received antibiotics prior to admission. Overall, 241 cases (23.7%) in the sample required ICU
admission; 95 of them required intubation. Leukocytosis was present in 74.9% of the samples [40].
Complications during admission were reported for 117 cases (11.5%) [38,39].

Figure 1 shows the distribution of Streptococcus pneumoniae serotypes based on the PCR analysis
including the 23 culture-positive cases.

9V 1 0.10%
1 0.10%
5A 1 0.10%
1 0.10%
33 Other subserotypes 1 0.10%
1 0.10%
10A 1+ 0.20%
s 0.30%
15 Non B subserotypes s 0.30%
s 0.39%
7 Non F subserotypes = 0.49%
= 0.49%
16 = 0.59%
= 0.69%
22 Non F subserotypes = 0.69%
= 0.79%
5 = 0.99%
= 1.08%
11 Non A subserotypes == 1.08%
= 1.18%
B S
e . 0
19A == 1.77%
== 1.77%
12F == 1.87%
E—— 3 84%
19F 8.18%
12.12%
6A 13.60%
16.45%
other serotype

27.49%

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

Figure 1

Serotypes 6B, 6A, 14 and 19F were the most common serotypes identified in the study, with

do0i:10.20944/preprints202307.0749.v1

prevalence rates of 16.45%, 13.60%, 12.12% and 8.18%, respectively. The same trend was also noted
in children aged 2 years or younger, with the highest frequencies for serotypes 6B (15.65%) and 6A
(14.06), followed by serotypes 14 (12.6%) and 19F (11.62%). Serotypes included in PCV-20 but not in
PCV-13 contributed to 6.9% of the cases, with the highest rates for serotypes 12F, 11A, and 22F. These
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serotypes had frequencies of 1.99%, 1.86% and 1.59%, respectively. Serotypes not covered by current
vaccines including PCV-20 contributed to 31.53% of the samples, among which none were dominant.
The prevalence of these serotypes ranged from 0.1 to 1.08%.

As shown in Table 3, serotypes included in PCV-10 contributed to 45.32% of reported serotypes,
while serotypes included in PCV-13 contributed to 61.87% of the cases. This is largely attributed to
serotype 6A, with a frequency of 13.60%. Serotypes 3 and 19A that are present in PCV-13 but not
PCV-20 contributed to 2.95% of the cases. The most recently approved vaccines—PCV-15 and PCV-
20—provide a broader coverage of serotypes detected in our study, with coverage rates of 64.14%
and 68.47%, respectively as shown in Figure 2. Similar results were obtained for children aged 2 years
or younger with coverage rates of 45.23%, 61.54%, 63.79% and 68.44% for PCV-10, PCV-13, PCV-15
and PCV-20, respectively.

Table 3. Serotypes frequency for study participants (n=1015).

Freque
Freque 9 Presenc  Presen  Percen
ncy for A
. ncy for Me e of ceof  tagein
Primer ) oy cases <2 age .
Serotype Sequence (5’-3") all an Congen chroni pneum
name .. yearof SD . .
partici age ital c onia

pant 1\;1_g7e5, A disease  illness  cases

PCV-10 4532% 4523% 155 162 177%  7.09%  44.63%
1 1-F,1- 5- 384%  332% 196 183  030%  0.89%  3.74%
R[51]  TTTCATCCCTATGT
GTGGTATAG -3, 5~
GCTTTAGAAGGTA
GAGTTAACAAC -3
4 4-F4- 5- 079%  066% 165 179  000%  020%  0.79%
R[51]  GCTTCTGCTGTAAC
TGTTGTGC -3, 5~
CACCACCATAGTA
ACCAAAGTTCC -3’
5 5- 5- 099%  093% 17 145 000%  0.10%  0.99%
F5R[51] CATGATTTATGCCC
TCTTGCAA -3, 5'-
GACAGTATAAGAA
AAAGCAAGGGCTA
A-3
6B 6B-F,6B- CGACGTAACAAA 1645% 1565% 162 169  049%  286%  16.45%
R[52]  GAA CTA GGT GCT
GAA AC, AAG TAT
ATA ACC ACG CTG
TAA AAC TCT GAC
7F 7F-F, 7F- 5- 030%  040% 86 125 000%  010%  0.30%
R[53]  CCTACGGGAGGAT
ATAAAATTATTTTT
GAG -3, 5~
CAAATACACCATAT
AGGCTGTTGAGAC
TAAC -3
9V 9V-F, 5- 010%  0.13% 1 0 0.00%  000%  0.10%
9V-R[53] CTTCGTTAGTTAAA
ATTCTAAATTTTTC
TAAG -3, 5'
GTCCCAATACCAG
TCCTTGCAACACA
AG -3
14 14-F, 14- 5- 12.12%  12.60% 145 163  059%  138%  11.72%
R[51]  AGAGTGTATGAGG
AATCC -3, 5'-
ATATATCTACTGTA
GAGGGAAT -3’
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18C 18C-F, 5- 1.08% 1.19% 127 16.1 0.00% 0.10% 1.08%
18C- CTTAATAGCTCTCA
R[54] TTATTCTTTTTTTAA

GCC -3, 5-
TTATCTGTAAACCA
TATCAGCATCTGAA
AC-3
19F 19F-F, 5- 818%  862% 153 145 030%  1.18%  8.08%
19F- TGAGGTTAAGATT
R[51] GCTGATCG -3, 5'-
CACGAATGAGAAC
TCGAATAAAAG -3’
23F 23F-F, 5- 148%  172% 97 126  010%  030%  1.38%
23F- GACAGCAACGAC
R[51] AATAGTCATCTC -
3, 5-
TCCATCCCAACCTA
ACACACTTC -3
PCV-13 61.87% 6154% 155 166 2.76%  857%  60.79%
3 3F, 3- 5- 1.18%  093% 20 175  010%  0.10%  1.08%
R[51] CCACTAAAGCTTT
GGCAAAAGAAA -
3, 5-
CCCGAACGTAAAG
CTTCTTCA -3/
6A 6A-F, AATTTGTATTIT  13.60%  14.06% 145 17.6 0.79%  128%  13.50%

6A-R[52]  ATT CAT GCC TAT
ATC TGG, TTA GCG

GAG ATA ATT TAA
AAT GAT GAC TA
19A 19AF, 5- 177%  133% 187 179  010%  0.10%  1.58%
19A-  CGCCTAGTCTAAAT
R[51] ACCA -3, 5'-
GAGGTCAACTATA
ATAGTAAGAG -3’
PCV-15 64.14%  63.79% 155 166  276%  8.77%  63.05%
22F 22F-F, 5- 158%  159% 157 166  000%  020%  1.58%

20F-  CTTGTCAAGTATGC
R[51] TGAGGATTTG -3,
5’-
AGATTTCTCCTGGA
TATAATGCGAT -3’
33F 33F-F, 5- 0.69%  066% 159 17  0.00%  0.00%  0.69%
33F-  GAAGGCAATCAAT
R[55] GTGATTGTGTCGCG
3, 5-
CTTCAAAATGAAG
ATTATAGTACCCTT
CTAC -3
PCV-20 68.47%  68.44% 153 166  296%  9.36%  67.39%
8 8-F, 8- 5-
R[51]  ATTCTAATTACTAC
ATTACTGCTTTATA
CTA -3, 5'-
TCTTCTTAAATCAT
AATGAATCGTACC -
3
10A 10AF, 5- 020%  013% 345 29  0.00%  0.00%  0.20%
10A-  TAGTGTCGGCAGA
R[51] CAAATTAT -3/, 5'
CACGCTCATACAC
TTTATTTGA -3
11A 11A-F, 5- 177%  186% 129 159  000%  030%  1.77%
11A-  GGACATGTTCAGG
R[55]  TGATTTCCCAATAT
AGTG -3, 5'-
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GATTATGAGTGTAA
TTTATTCCAACTTC
TCCC-3
12F 12F-F, 5- 1.87% 1.99% 119 159 0.00% 0.10% 1.87%
12F- GCAACAAACGGCG
R[55] TGAAAGTAGTTG -
3,5-
CAAGATGAATATC
ACTACCAATAACA
AAAC-3
15B 15B-F, 5- 0.49% 0.66% 44 6.2 0.20% 0.20% 0.49%
15B- ATTAGTACAGCTGC
R[54] TGGAATATCTCTTC

3,5
GATCTAGTGAACG
TACTATTCCAAAC -
3
Total 31.53%  31.56% 143 152  1.28% 3.25%  31.43%
Other
serotypes
11 Non A Quellung Test for 1.08% 1.06% 156 16.6  0.10% 0.20% 1.08%
subseroty culture positive cases
pes
15 Non B Quellung Test for 0.30% 0.13% 20 9.5 0.00% 0.10% 0.30%
subseroty culture positive cases
pes
16 Quellung Test for 0.59% 0.53% 207 153  0.10% 0.20% 0.59%
culture positive cases
18 Non C Quellung Test for 0.39% 0.40% 148 173  0.00% 0.00% 0.39%
subseroty culture positive cases
pes
22 Non F Quellung Test for 0.69% 053% 214 133  0.00% 0.10% 0.69%
subseroty culture positive cases
pes
28 Quellung Test for 0.10% 0.13% 6 0 0.00% 0.10% 0.00%
culture positive cases
33 Other Quellung Test for 0.10% 0.13% 20 0 0.00% 0.10% 0.10%
subseroty culture positive cases
pes
3F Quellung Test for 0.10% 0.13% 5 0 0.00% 0.00% 0.10%
culture positive cases
5A Quellung Test for 0.10% 0.00% 26 0 0.00% 0.00% 0.10%
culture positive cases
6C/6D Quellung Test for 0.10% 0.13% 7 0 0.00% 0.00% 0.10%
culture positive cases
7 Non F Quellung Test for 0.49% 0.40% 22 207  0.00% 0.00% 0.49%
subseroty culture positive cases
pes
other Not identified 27.49%  2798% 13.8 153 1.08% 2.46%  27.49%
serotype through above
primers for PCR

positive cases
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Figure 2: Coverage rates of local serotypes according to vaccine type (PCV-10, PCV-13, PCV-15, PCV-20)

Table 4 shows details of the Quellung test results for the 23 culture cases. These results were
consistent with PCR findings. Overall, 6 cases were diagnosed with meningitis, 3 cases were
diagnosed with sepsis, while the remaining 14 cases were diagnosed with pneumonia complicated
by septicemia.

Table 4.

ID. I(\I/{;:zt;gsi Serotype Final Diagnosis Preseniclclen(:!fszhronlc PCR if done
R55 4 14 meningitis positive
R83 53 19A pneumonia Yes positive

R158 4 14 meningitis positive
R206 4 19F pneumonia Yes positive
R232 8 14 pneumonia positive
R236 32 19F pneumonia positive
KA12 11 6B pneumonia positive
kA18 2 18C meningitis positive
M1 23 other pneumonia positive
M2 33 19F pneumonia positive
M3 13 6A sepsis positive
M4 6 28 meningitis Yes positive
B48 5 1 meningitis positive
764 4 6B Pneumonia positive
788 35 14 Pneumonia positive
MS8 6 14 Pneumonia positive
R364 2 19A meningitis positive
R528 35 19A pneumonia positive
R532 4 18C pneumonia positive
R550 3 14 pneumonia positive
KA27 1 3 pneumonia positive
B108 12 3 Sepsis positive
B109 10 14 Sepsis positive

Regression analysis included baseline characteristics as predictors of coverage of serotypes in
PCV-10, PCV-13, PCV-15 or PCV-20. This included age, gender, mode of delivery, term of delivery
being full term or preterm, the presence of congenital conditions, the presence of chronic illnesses,
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smoking at home and being on regular medications. None of the studied predictors were statistically
significant.

11. Discussion

To the best of our knowledge, this is largest study from the Middle East and one of the largest
prospective studies worldwide showing the serotypes of Streptococcus pneumoniae using molecular
techniques through quantitative polymerase chain reactions (qQPCR) and the classical culture-based
Quellung reaction. This study revealed the urgency for the introduction of PCV vaccination in Jordan,
utilizing vaccines with broader serotype coverage such as PCV-15 and PCV-20. PCV-13 provides a
good coverage of the currently prevalent serotypes in Jordan (61.87%), while PCV-10 has a limited
use locally based on this study outcome, with a coverage rate of only 45.32% of identified serotypes.

In countries such as Jordan with no PCV, Streptococcus pneumoniae continues to cause more
hospitalizations leading to more morbidities, and thus constitutes an economic burden. The majority
of the cases were identified through qPCR for blood samples of patients with lobar pneumonia.
Moreover, our study revealed consistent findings with global data where Streptococcus pneumoniae
contributed to 50% of community-acquired pneumonia amongst hospitalized children younger than
the age of 5 [6]. Our data also revealed that relying on routine culture techniques will largely
underestimate the true burden of Streptococcus pneumoniae infections and other bacterial infections,
highlighting the importance of molecular techniques in the assessment of the burden of different
pathogens in developing countries [41].

The burden of Streptococcus pneumoniae worldwide remains considerable. Although many
countries worldwide introduced PCV, the estimated global burden of pneumococcal lower
respiratory tract infections was 44.7 million cases along with 341,029 associated deaths occurring in
children younger than five years of age in 2016, mainly attributed to non-PCV-13 serotypes [42]. To
expand serotype coverage, PCV-15 with serotypes 22F and 3F along with the serotypes within PCV-
13 was developed and is currently undergoing approval in different countries worldwide [18].
Moreover, a 20-valent PCV (PCV20) containing PCV-13 components and seven additional serotypes
(8, 10A, 11A, 12F, 15B, 22F, 33F) has been approved for adult populations [14].

The newly covered serotypes were targeted based on several reasons including generated
epidemiological data on the prevalence of serotypes in different geographical areas post PCV-13
introduction [9-13,16-18], in addition to clinical data such as disease severity, isolation amongst cases
with IPD, and antibiotic resistance [43,44].

Serotypes 6B, 6A, 14 and 19F were the most common serotypes identified in this study. These
findings are consistent with a recent study from Jordan that examined the prevalence of Streptococcus
pneumoniae serotypes (nasopharyngeal colonization) in Children in North Jordan [45]. The most
prevalent S. pneumoniae serotypes were 6A/B (13.2%), 23F (7%), ST14 (6%), 9V (4.4%), 11A (3.2%), 19F
(8%), ST3 (1.8%), ST4 (1.8%), 12F (1.6%), 35B (1.4%), 19A (0.8%), and 7F (0.6%). Our data are also
consistent with regional and international data, particularly those reported prior to PCV vaccine
introduction [45]. In high-income countries, serogroups 6, 9, 19, and 23 were among the most
frequently identified in IPD [46]. The implementation of PCVs has led to a striking decrease in IPD
incidence, with a decrease in the prevalence of vaccine serotypes (VTs) [9-11]. A recent systematic
review studied the invasive disease potential of different serotypes: among non-PCV-13 serotypes,
only serotype 12F seemed to have a higher disease potential than 19A, which is covered by PCV-13.
Serotypes 8, 24F, and 33F were at the upper end of the invasiveness spectrum [9].

In this study, serotypes included in PCV-20 but not in PCV-13 contributed to 6.9% of the cases,
with the highest rates for serotype 12F, 11A, and 22F. These data are lower than those reported from
other countries because PCV has not yet been introduced to the national immunization program in
Jordan. Based on regional and international data, it is expected that serotypes covered by PCV-20 but
not by PCV-13 will dominate in Jordan if PCV-13 but not PCV-20 is utilized in the national program.
This expectation is supported by a recent meta-analysis on serotypes leading to pediatric IPD
following PCV introduction which revealed that post PCV-13 vaccine introduction, the most
prevalent serotypes causing pediatric IPD were 22F (estimated 5.3% of cases), 12F (4.3%), 33F (4.5%),


https://doi.org/10.20944/preprints202307.0749.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2023 do0i:10.20944/preprints202307.0749.v1

13

15B (3.7%), 10A (3.4%), 8 (2.2%) and 11A (2.0%) [9]. Moreover, surveillance data by the Centers for
Disease Control and Prevention, USA revealed that in 2018, the seven new serotypes covered by PCV-
20 alone accounted for an estimated 37% of IPD in US children <5 years of age [44].

Our results and estimation of the local changes post PCV introduction in Jordan are also
supported by regional data from the KSA pre- and post-vaccination introduction. Isolates from 250
blood and 61 cerebrospinal fluid samples were collected from different regions across KSA. The most
frequently isolated IPD serotypes were 23F, 19F, 6B, 5 and 1 [10]. Over the course of the study and
prior to PCV-13’s introduction, there was a significant rise in serotype 19A (covered by PCV13 but
not PCV?7). There was a notable decrease in serotype 18C over this period, one of the PCV7 serotypes.
PCV-10 and PCV-13 coverage rates in this study period prior to PCV introduction were 80% and 90%,
respectively.

Our study revealed that PCV-10 contributed to 45.32% of reported serotypes, while serotypes
included in PCV-13 contributed to 61.87% of the cases. This is largely attributed to serotype 6A, with
a frequency of 13.60%, and to a lesser extent to 3 and 19A, which contributed 2.95% of cases. Serotypes
contained in existing vaccines continue to cause a substantial burden of IPD, including serotype 19A
(particularly in countries using PCV10 not PCV-13 [12,17]. These data illustrate the limitations of
relying on cross-protection for some serotypes (e.g., serotype 19F for 19A) [13].

The newly developed PCV-15 and PCV-20 provide more coverage of the identified serotypes in
Jordan, with coverage rates of 64.14% and 68.47%, respectively. Data reported by the World Bank
from high-income countries support these findings. Overall, the average coverage of IPD was 10.7%
(min: 0%, max: 51.5%) for PCV10, 37.4% (min: 11.7%, max: 74.7%) for PCV13, 44.5% (min: 15.0%, max:
79.6%) for PCV15, and 66.5% (min: 42.3%, max: 93.1%) for PCV20. A key finding from this analysis
was that a high percentage of IPD cases were caused by the aggregate serotypes not included in
PCV10 and PCV13 but included in PCV15 and PCV20 [47]. Similar data were obtained from Western
Europe [48].

The above findings are of high importance for decision makers in Jordan to consider when
selecting which PCV is to be introduced locally. Coverage of more serotypes will lead to more
protection from Streptococcus pneumoniae, particularly for non-PCV-13 serotypes that are expected to
dominate post PCV-13 introduction.

Assessment of the vaccines’ coverage by the presence of congenital illnesses or chronic illnesses
did not show that these groups did not have serotypes specific to certain vaccines, such as those in
PCV-15 and PCV-20. These findings were confirmed by multiple regression analysis which did not
identify predictors for the coverage of different vaccines. This reveals that PCV-15 or PCV-20,
covering more serotypes, should be applied for all children younger than the age of 5 years and not
be limited to high-risk groups or as an optional choice for NIPs [49].

In summary, the distribution of serotypes of Streptococcus pneumoniae varies between countries
and post PCV introduction. Local data, therefore, are needed to make evidence-based decisions on
vaccines selection and to stimulate future research in the development of new vaccines [50]. The
current efforts to introduce the PCV vaccine in Jordan are supported by our large number of PCR
results but not culture-identified cases, along with our local data on the identified serotypes at
representative sites in Jordan. Such data are of high importance particularly in the presence of several
approved vaccines for NIP evaluation [51-55].

In addition to the above data, evidence-based decisions on PCV introduction should be followed
locally. These decisions include a cost effectiveness analysis, budget impact analysis, an assessment
of the cold chain, training plans, human resource capacity, political commitment to the introduction
and sustainability of the vaccine, and public acceptance of the vaccine.

Our study has some limitations, the first of which is that 27.49% of the serotypes were labelled
as “other serotypes”. The data were not based on cultures and were subject to the availability of
primers and local resources for our project. Samples were stored at -80°C, and the project team will
consider further analysis for the unidentified serotypes. The second limitation of our study is that we
limited our sample to invasive pneumococcal infections at sterile sites. Cases of otitis media,
particularly complicated ones such as perforated ear drums, were excluded. At some sites, cases were
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treated empirically at the emergency department without hospitalization. Efforts were made to
ensure that these sites adhered to the local protocols of admission of cases with lobar pneumonia. On
the other hand, our study has two main advantages; the first one is that it is based on national
representative samples from different regions. The second and main advantage of this study is that
we presented the largest regional data and one of the largest prospective studies worldwide. Because
of the use of molecular techniques (GPRCW), we presented serotypes for 1015 cases, when compared
to 23 cases identified though the culture.

In conclusion, we recommend that the PCV vaccine should be immediately introduced in Jordan
to control the growing burden of Streptococcus pneumoniae. PCV-20 and PCV-15 are the recommended
vaccines of choice, followed by PCV-13. Developing countries need to depend on molecular
techniques in identifying the burden of different infections and to avoid underestimation of this
burden when relying on culture results. This is a major issue in developing countries, particularly in
the presence of antibiotics’” misuse. Finally, countries need to depend on local data in their NIP
evaluation and updating due to variations between countries and regions in the burden of different
infections and in the prevalence of different serotypes of the causative organism.
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