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ABSTRACT
Lower respiratory tract infections (LRTIs) are an important cause of death and bacterial pneumonia is one 
of the most common causes of mortality in South Korea, but there is little data evaluating the epidemiol-
ogy of pediatric LRTI in primary care clinics. We evaluated 1,497 pediatric LRTI cases in a primary care clinic 
over a two-year period from 2015 to 16 for clinical and radiological signs combined with PCR for pathogen 
detection. In addition, a 1,837 vaccine cohort in the clinic from 2014 to 16 was analyzed separately. Fifty- 
two percent of cases presented with fever and 15% of 1,423 X-rayed cases had positive pneumonia 
findings with the grade of fever correlating positively with the proportion of cases with positive chest 
findings. Bacterial identification was possible for 1,376 cases with Streptococcus pneumoniae, Haemophilus 
influenzae, and Mycoplasma pneumoniae most common. A higher proportion of 13-valent pneumococcal 
conjugate vaccinated cases had positive pneumonia findings than 10-valent pneumococcal nontypeable 
Haemophilus influenzae protein D conjugate vaccine (PHiD-CV) vaccinated cases, although similar propor-
tions for each PCV had confirmed bacterial infections. PHiD-CV vaccinated cases with positive pneumonia 
findings had proportionally more single S. pneumoniae infections but less co-infections and less cases with 
H. influenzae infection. The proportions of confirmed bacterial infections in LRTI cases observed in this 
pediatric primary care setting in South Korea is very high, with co-infections most common. S. pneumoniae 
and H. influenzae are the most common as expected but this data also highlights M. pneumoniae as an 
additional important cause of LRTI in primary pediatric care in Korea.
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Introduction

Lower respiratory tract infections (LRTIs) are the leading infec-
tious disease cause of death worldwide, with pneumonia being 
the leading cause of death worldwide for children aged 5 years or 
less.1 While there are a number of infections involving the lower 
respiratory tract, in children, the most common acute LRTIs, 
and those with the greatest clinical relevance, are community- 
acquired pneumonia (CAP), bronchiolitis, and bronchitis.2 In 
developed countries, such as South Korea, where mortality rates 
from pneumonia have reduced over time, pneumonia remains 
a frequent cause of hospitalization and is one of the most 
common causes for primary pediatric clinic visits.3

LRTIs may be caused by bacteria, viruses, fungi and even 
parasites. Prior to antibiotics and vaccines, S. pneumoniae was 
the primary cause, but currently <15% of cases of CAP are due to 
this pathogen.4 While viral etiologies are now more common, 
many patients have bacterial coinfections with viral respiratory 
pathogens complicating treatment outcomes.4, 5 Of particular 
interest is the impact pneumococcal vaccines have had on the 
etiology of LRTIs. Pneumococcal conjugate vaccines (PCVs) 
have been available in South Korea for some time but it was 
only after 10-valent pneumococcal non-typeable Haemophilus 
influenzae protein D conjugated vaccine (PHiD-CV) and 13- 
valent pneumococcal conjugate vaccine (PCV13) replaced 
7-valent pneumococcal conjugate vaccine (PCV7) and both 
PCVs were included into the national immunization program 
in May 2014, that coverage rates have improved to their current 
levels of over 95%.6

While there has published a study of the etiologies of acute 
respiratory infections in children diagnosed in a primary clinic 
focused on antibiotic resistance of S. pneumonia and 
H. influenza in Sweden,7 most of the studies of children’s acute 
respiratory tract infections were focused only on S. pneumonia 
and its antibiotic resistance8 and diagnosed from primary clinics 
and hospitals.9 Bacterial pneumonia is one of the most common 
causes of mortality in South Korea, but there is no study describ-
ing the epidemiology of pediatric LRTI in primary care clinics in 
the country. The objectives of this study are to understand and 
analyze the characteristics and patterns of LRTI after pneumo-
coccal NIP introduction in a primary clinic. As both PCVs are 
used simultaneously in Korea, this also provides an opportunity 
to compare epidemiological differences between PCV13 and 
PHiD-CV in clinical practice as a secondary objective.

Patients and methods

Cases of clinically suspected acute lower respiratory tract infec-
tions (ALRTI) had been collected prospectively in one primary 
care center over a two-year period from January 1, 2015 through 
December 31, 2016. Acute lower respiratory tract infections 
(ALRTI) are defined in the International Classification of 
Diseases as those infections that affect airways below the epiglottis 
and include acute manifestations of laryngitis, tracheitis, bronchi-
tis, bronchiolitis, lung infections, or any combination among 
them. In this study, patients who had symptoms of respiratory 
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infections such as cough or fever with physical signs of wheezing, 
rhonchi, or rale as well as positive or negative chest X-ray findings 
were included. As per Institutional Review Board guidelines in 
South Korea, preexisting laboratory results and clinical findings 
could be used in this study without formal IRB approvals required 
(irb.or.kr). This represented approximately 85% of all ALRTI 
patients visiting the clinic during the study period (ALRTI cohort). 
Children aged under 18 years of age who were diagnosed with 
ALRTI were included in the study conducted at Isaac Pediatric 
Clinic in Sejong City, Korea and stratified according to prior PCV 
receipt. The case definition for patients who were clinically diag-
nosed with ALRTI included those patients having cough, coarse 
breathing sound with abnormal auscultation findings such as 
crackles, rhonchi, and rales with or without fever.

Respiratory specimens (one oropharyngeal and one naso-
pharyngeal swab per case) from all cases included in this study 
were tested with multiplex bacterial PCR with SeeplexⓇ 

PneumoBacter ACE Detection assay V 3.0 (Seegene, Seoul, 
South Korea) which is a qualitative in vitro test for the detec-
tion of 6 common pathogens causing lower respiratory tract 
infections (LRTI): Mycoplasma pneumoniae (MP), 
Chlamydophila pneumoniae (CP), Legionella pneumophila 
(LP), Streptococcus pneumoniae (SP), Haemophilus influenzae 
(HI) and Bordetella pertussis (BP) by applying a dual priming 
oligonucleotide technology (DUO™).10

Chest X-rays were interpreted by a radiologist and cases 
were assessed clinically for signs and symptoms and fever was 
stratified as no fever (<37.5°C), mild fever (37.5-37.9°C), mod-
erate fever (38.0-38.9°C) or high fever (>39.0°C).

As this study started enrolling cases seven months after 
Korean National Immunization Program had started covering 
both high valent pneumococcal conjugate vaccines, most of the 
enrolled cases were not fully vaccinated (3 + 1). That’s why the 
cases who have received at least one dose of PHiD-CV or 
PCV13 were included in the PCV evaluations. Patients receiving 
a mixed schedule of both vaccines (or PCV7) were excluded 
from the analysis by PCV received. To further evaluate the 
impact of pneumococcal conjugate vaccine on ALRTI etiology, 
an additional cohort of children receiving either PHiD-CV or 
PCV13 at the same clinic was also collected and stratified 
according to clinical and laboratory findings (PCV cohort).

Statistical analysis

In the analysis of two groups of cases who received PHiD-CV or 
PCV13 more than one dose, two groups were very different in 
terms of age distribution, statistical comparisons were not con-
ducted. But in a separate analysis among a cohort of 1,837 cases 
vaccinated in the clinic between Jan 2014 and Dec 2016, student 
t-test were used to find a meaningful difference between the two 
groups.

Results

Demographics

During the study period, 1,497 children aged under 18 years 
were diagnosed with ALRTI and included in the study 
(Table 1). The numbers of male and female patients were 813 

(54.3%) and 684 (45.7%). The median age of the cases (<18 
years) was 3.3 years, the mean age was 4.1 years. The median 
age of cases with positive pneumonia findings in their chest 
X-ray was 4.3 years and the mean age was 4.5 years.

Both the median and mean ages were older in cases receiv-
ing PCV13 (2.6 and 2.8 years, respectively) compared to those 
receiving PHiD-CV (1.7 and 2.1 years, respectively). Two hun-
dred cases (13%) were unvaccinated and their median and 
mean ages were substantially older than vaccinated cases (8.6 
and 8.5 years, respectively).

LRTIs occurred all year round during the study period but 
more frequently during late autumn and winter (Figure 1). The 
seasonal distribution of LRTIs with chest X-ray pneumonia 
findings was more pronounced in the winter months.

Clinical findings

Fever
Of the 1,497 cases enrolled, 776 (52%) presented with fever 
over 37.5°C of those, 434 (56%) had moderate fevers (38– 
38.9°C) and 242 (31%) had high fevers (over 39°C) (Figure 2a).

X-Ray
Of the 1,497 cases enrolled, 1,423 had chest X-ray evaluation 
with 215 (15%) assessed as having positive pneumonia findings 
(Figure 2b). Seventy-seven cases (5.1% of all enrolled) were 
assessed through paranasal sinus X-ray (PNS) with 36 (45%) 
assesses as having positive sinusitis findings. Overall, there was 
a higher proportion of pneumonia positive chest findings in 
cases presenting with a fever (19% vs 11% when no fever 
present). The grade of fever correlated positively with the 
proportion of cases with positive chest findings (13% > 18% > 
24%). In contrast, there was little difference in the proportion 
of sinusitis findings between cases with or without fever (44% 
vs 48%, respectively).

PCR
Positive bacterial identification was defined when one of the 
patient’s upper respiratory tract specimens (one throat swab 
plus one nasopharyngeal swab) was positive on multiplex bac-
terial PCR. Positive bacterial PCR results were obtained from 
1,376 cases, of which S. pneumoniae (1,235) was the most 
frequently identified, followed by H. influenzae (1,060), 
M. pneumoniae (109), C. pneumoniaee (18) and B. pertussis 
(3) (Table 2). One hundred and twenty-one (8.1%) ALTRI 
cases were negative by PCR. Less than 30% of the cases pre-
sented with a single bacterial pathogen with S. pneumoniae 
(278) and H. influenzae (124) are the most common single 
pathogens observed. Co-infection with S. pneumoniae and 

Table 1. Acute lower respiratory tract infection cohort age and PCV history.

Age 
(year)

Total 
(n=1,497)

Unvaccinated 
(n=200)

PCV13 
(n=889)

PHiD-CV 
(n=205)

Positive Chest  
X-ray Findings

Median 3.3 8.6 2.6 1.7 4.3
Mean 4.0 8.5 2.8 2.1 4.5
Minimum 0.0 0.3 0.2
Maximum 17.9 8.1 6.3
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Figure 1. Seasonal distribution of ALRTI cases. Number of ALRTI cases by month during 2015–16 in South Korea (white bars) with those with positive pneumonia X-ray 
findings (grey bars) and those identified with M. pneumoniae (black bars).

Figure 2. Clinical and radiological findings among ALRTI cases. (a) Number and proportion of ALRTI cases stratified by the grade of fever. (b) Number of ALRTI cases with 
X-rays performed (grey bars) and the number and proportion of those with positive pneumonia findings (black bars) stratified by grade of fever.
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H. influenzae was observed in 61.4% of cases (845) with 
another 5.1% detected to have S. pneumoniae, H. influenzae 
and M. pneumoniae (70).

Overall, there was little difference in fever symptoms 
between cases with positive bacterial findings compared to 
those negative for bacteria, or between those presenting 
with or without fever among confirmed bacterial cases. 
A trend toward less presentation with fever was apparent 
with single bacterial infections (H. influenzae 44%, 
S. pneumoniae 47%), while co-infection with multiple bac-
teria generally tended to correlate with higher proportions 
of cases presenting with fever (S. pneumoniae, H. influenzae 
and M. pneumoniae (69%), H. influenzae and 
M. pneumoniae (67%), S. pneumoniae and M. pneumoniae 
(60%), S. pneumoniae and H. influenzae (54%). Further 
evaluation of M. pneumoniae cases occurring during out-
breaks in 2015 and 2016 is described later in this 
manuscript.

PCV vaccination comparisons

Vaccination histories were available for all 1,497 cases with 889 
(59%) receiving PCV13, 205 (14%) receiving PHiD-CV and 
205 (7.9%) receiving PCV7, 200 (13%) were unvaccinated 
(Table 1). A small number of cases had received mixed sche-
dules of more than 1 PCV. Only cases receiving at least one 
dose of only PHiD-CV or PCV13 were included in the analyses 
related to PCV receipt, all cases receiving PCV7 or mixed PCV 
schedules were excluded.

Fever
A higher proportion of vaccinated cases presented with fever than 
unvaccinated cases (53% versus 44%, Figure 3a) and this differ-
ence was primarily apparent via differences in moderate fever 
(29.9% versus 23.0%). Comparing PCVs, a higher proportion of 
PHiD-CV vaccinated cases presented with mild and moderate 
fever than PCV13 vaccinated cases (total fever: 60.5% versus 
53.1%, Moderate fever: 35.1% versus 29.4%) although high fever 
was more frequently associated with PCV13 vaccinated cases 

(17.3% versus 15.6% PHiD-CV vaccinated) (Figure 3a). PHiD- 
CV vaccinated cases were generally associated with more fever 
than PCV13 cases when bacterial infections were confirmed.

X-Ray
A lower proportion of vaccinated cases than unvaccinated 
cases had confirmed pneumonia findings (14.5% versus 
19.2%) and sinusitis findings (38.5% versus 60.9%), although 
as mentioned previously, the average age of unvaccinated cases 
was substantially older than vaccinated cases. Comparing 
PCVs, a higher proportion of PCV13 vaccinated cases that 
were X-rayed were confirmed to have positive pneumonia 
findings than PHiD-CV vaccinated cases (15.1% versus 9.0%). 
While 26 cases of PCV13 vaccinated had PNS tests and 10 cases 
had positive sinusitis findings, 3 cases of PHiD-CV vaccinated 
had PNS tests and 2 cases had positive finding—the limited 
number (2) of cases vaccinated with PHiD-CV with positive 
sinusitis findings prevents a valid comparison (Figure 3b).

PCR
While both groups of vaccinated cases were associated with 
a similar proportion of bacterial infections, PHiD-CV vaccinated 
cases had proportionally more S. pneumoniae infections (87.3% 
versus 83.8%) but less H. influenzae (67.3% versus 73.1%) and 
M. pneumoniae (3.9% versus 5.4%) infections (Figure 3c,d). 
Among cases with positive pneumonia findings on X-ray, similar 
proportions of PCV13 or PHiD-CV vaccinated cases had con-
firmed bacterial infections (90.7% versus 88.9%). PHiD-CV vac-
cinated cases with positive pneumonia findings had 
proportionally more single S. pneumoniae infections (38.9% ver-
sus 15.3%) but less co-infections and no cases with H. influenzae 
infection were detected, compared to 12.2% of PCV13 vaccinated 
cases with positive pneumonia findings.

PCV cohort

To reduce confounders between vaccination group compari-
sons, a separate analysis among a cohort of 1,837 cases vacci-
nated in the clinic between January 2014 and December 2016 

Table 2. Relationship between fever and bacterial isolations.

Total No Fever Fever Total Mild Fever Moderate Fever High Fever
n n n % n % n % n %

Total cases 1,497 721 776 52% 100 13% 434 56% 242 31%

Bacteria PCR + 1376 657 719 52% 89 12% 403 56% 227 32%
Bacteria PCR - 121 64 57 47% 11 19% 31 54% 15 26%
SP 278 147 131 47% 18 14% 66 50% 47 36%
HI 124 70 54 44% 10 19% 28 52% 16 30%
SP+HI 845 390 455 54% 54 12% 258 57% 143 31%
SP+HI+MP 70 22 48 69% 4 8% 31 65% 13 27%
SP+HI+MP+CP 1 0 1 100%
SP+HI+CP 8 5 3 38%
SP+HI+BP 2 2 0 0
SP+MP 25 10 15 60% 1 7% 9 60% 5 33%
SP+CP 6 5 1 17%
HI+MP 9 3 6 67%
HI+BP 1 0 1 100%
MP 4 0 4 100% 1 2 1
CP 3 3 0 0 0 0 0

No fever (<37.5°C), mild fever (37.5- 37.9°C), moderate fever (38.0- 38.9°C), high fever (>39.0°C). 
SP, S. pneumoniae; HI, H. influenzae; MP, M. pneumoniae; CP, C. pneumoniae; BP, B. pertussis.

e2048579-4 J. W. Yang and D. S. Jo



was conducted. For clarity, 275 cases of ALRTI were identified 
between January 1st, 2015 and December 31st, 2016 within this 
PCV cohort, which were also included within the 1,497 cases 
included in the ALRTI cohort (Table 3 and Figure 4). This 
separate analysis was included as the number and the age of 
cases was more comparable between PCV groups than the 
ALRTI cohort and thus provided a more robust comparison 
between similar populations.

Within this cohort, 990 cases were vaccinated with PHiD-CV 
versus 847 vaccinated with PCV13. The median ages for PHiD- 
CV vs PCV13 vaccinated cases were 1.2 versus 1.4 years, respec-
tively, while the mean ages were 1.2 versus 1.6 years. There were 
275 cases of LRTI observed of which 110 cases (11.1%) occurred 
in PHiD-CV vaccinated children, versus 161 cases (19.0%) in 
PCV13 vaccinated children (p = .039). There were four LRTI 
cases which had been vaccinated with PHiD-CV and PCV13 
alternatively and these were excluded from the analysis.

As for the larger study cohort, slightly more fever was 
observed in PHiD-CV vaccinated children (64.5% vs 52.8%) 
although the proportion of high fever was quite similar 
(17.3% versus 16.1%). Similar proportions of chest X-rays 
were taken from both groups (96.9% vs 99.1%) although 
a higher proportion of positive pneumonia findings were 
observed in PCV13 vaccinated children (9.9% versus 9.1%). 
Finally, similar proportions of bacteria, either single bacter-
ial infections or co-infections, were observed for both vac-
cine groups.

M. pneumoniae cases

There was a total of 109 cases with M. pneumoniae PCR 
positive. Among them, only 4 cases had M. pneumoniae 
positive only and the other 105 cases had other bacteria co- 
positive.

Figure 3. Clinical, radiological and PCR findings stratified by PCV received. (a) Number and proportion of ALRTI cases stratified by grade of fever and PCV received. (b) 
Number and proportion of chest (CXR) and paranasal sinus (PNS) X-rays performed compared to those with positive pneumonia findings (Pn) and sinusitis findings, 
respectively. (c) Number and proportion of confirmed PCR positive ALRTI cases for the four most common pathogens observed. (d) Further stratification of pathogen 
detection by PCR showing the proportion of overall bacterial positive ALRTI cases, those with S. pneumoniae and H. influenzae co-infection (SP+HI), single infection by 
S. pneumoniae (SP) or H. influenzae (HI) and co-infection by S. pneumoniae, H. influenzae and M. pneumoniae (SP+HI+MP).
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Of interest, all four cases with confirmed single infection 
with M. pneumoniae presented with fever, while all three cases 
with single C. pneumoniae infection had no fever. The 109 
cases with confirmed M. pneumoniae infections were slightly 
older than the overall group with the median age being 5.3 
years and the mean age being 5.9 years and occurred in two 
well differentiated outbreaks, from October 2015 to 
January 2016 and from July to December 2016 (Figure 1). 
Overall, a higher proportion of cases with M. pneumoniae 
infections presented with fever (68%) while 58% had positive 
pneumonia findings in chest X-rays, compared to the overall 
group averages of 52% and 15%, respectively.

Among the 889 LRTI cases vaccinated with PCV13, 48 
(5.4%) had confirmed M. pneumoniae infection compared to 
8 (3.9%) of 205 PHiD-CV vaccinated LRTI cases (p > .05). 
There was little difference observed between vaccinated and 
unvaccinated M. pneumoniae cases in terms of fever, although 
greater variations were observed with PHiD-CV vaccinated 
cases due to the small numbers (eight cases in total) 

(Figure 5a). Proportionally, almost twice as many unvaccinated 
cases (7%, n = 14 out of 200 LRTI cases) presented with 
pneumonia findings compared to vaccinated cases (3.8%, n = 
49 of 1,297 LRTI cases). Within those, a slightly higher propor-
tion of PCV13 vaccinated cases had positive pneumonia find-
ings confirmed radiologically than PHiD-CV vaccinated cases 
(2.8% versus 2.0%).

Comparing the 2015/16 M. pneumoniae outbreak with the 
2016 outbreak, few differences were seen in the presentation of 
fever between vaccinated and unvaccinated cases, although 
slightly higher proportions of confirmed pneumonia findings 
were observed among vaccinated cases in 2016 (Figure 5b).

Discussion

To date, there has been very limited data available regarding 
LRTI etiology in South Korea. Importantly, this study not only 
provides important information regarding the epidemiology of 
bacterial pneumonia, but enables an evaluation of clinical and 

Figure 3. (Continued).
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radiological findings according to which PCV children 
received. This is highly relevant to physicians in South Korea 
as both PCVs are available within a fully reimbursed healthcare 
environment to enable a more objective evaluation of the 
benefits of each vaccine.

Our study observed a very high proportion of LRTI cases 
with confirmed bacterial infection, while a relatively small pro-
portion of LRTI cases presented with X-ray confirmed pneumo-
nia, with an even smaller percentage with sinusitis. Pneumonia 
confirmation was higher in subjects presenting with fever and 
the grade of fever correlated positively with pneumonia findings 
by X-ray. These are logical associations, but there has been little 
empirical evidence to support this previously.

PCR detection enabled bacterial identification in most cases 
with the vast majority of cases associated with co-infection by 
at least two pathogens. As expected, S. pneumoniae and 
H. influenzae were the most frequently isolated in this study, 
both well-recognized causative agents of ALRTI. This is con-
sistent with earlier studies validating the development of the 
current PCR approach.11, 12 A small study to validate this novel 

multiplex PCR assay in 2008 tested 181 nasopharyngeal aspi-
rates collected from pediatric patients with respiratory symp-
toms at Dankook University Hospital. Of the 44.8% of cases 
positive by multiplex PCR, 28.7% were identified as 
S. pneumoniae, 26.0% for H. influenzae and 5.0% for 
M. pneumoniae.11 A follow-up study at the same institution 
evaluated the distribution of bacterial pathogens causing 
respiratory symptoms in different age groups over a 10-year 
period between January 2008 and September 2017.8 Of 1,861 
specimens from 1,664 patients admitted to Dankook 
University Hospital with respiratory symptoms, bacterial 
pneumonia pathogens were identified 68.8% of specimens 
and almost 93% were detected in patients younger than 10 
years. S. pneumoniae was the most common (48.6%) followed 
by H. influenzae (40.1%) while the rate of co-infection was also 
high among these patients (31.1% overall) peaking in 2015 
(54.55%). M. pneumoniae infection also increased in preva-
lence with age.12 An unrelated nationwide prospective multi-
center study in 2009 evaluating the bacterial etiology of CAP in 
over 600 adults in South Korea also identified an etiology in 

Table 3. PCV cohort demographics.

Total cohort 
(n=1,837)

PHiD-CV cohort 
(n=990) PCV13 cohort (n=847)

n % n % n %

ALRTI cases 275 15.0% 110 11.1% 161 19.0%

Male 152 55.3% 61 55.5% 89 55.3%
Median age 1.3 1.2 1.4
Mean age 1.4 1.2 1.6
CXR taken 269 97.8% 109 99.1% 156 96.9%
Pneumonia findings on CXR 27 9.8% 10 9.1% 16 9.9%
No fever 118 42.9% 39 35.5% 76 47.2%
Mild fever 27 9.8% 11 10.0% 16 9.9%
Moderate fever 85 30.9% 43 39.1% 41 25.5%
High fever 45 16.4% 19 17.3% 26 16.1%
Fever total 157 57.1% 71 64.5% 85 52.8%

CXR, Chest X-ray. 
No fever (<37.5°C), mild fever (37.5-37.9°C), moderate fever (38.0-38.9°C), high fever (>39.0°C).

Figure 4. Number and proportion of pathogens detected via PCR in a separate cohort of 1,837 ALRTI cases vaccinated in the clinic between Jan 2014 and Dec 2016 
stratified by PCV received. (p>0.05).
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almost 40% of the patients. The most common pathogen was 
also S. pneumoniae (21.1%), with M. pneumoniae (16.7%) and 
K. pneumoniae (10.6%), the next most common.13

In agreement with these earlier studies, M. pneumoniae was 
the third most frequently identified bacteria in our study, with all 
but four cases representing coinfections with other pathogens. 
Compared to the broader ALRTI cohort, M. pneumoniae cases 
presented as older ages, more frequently with fever, and con-
firmed the seasonality observed in South Korea from Autumn to 
winter. When comparing the two M. pneumoniae outbreaks in 
2015/16 and 2016, few differences were noted in terms of fever 
presentations although slightly higher proportions of confirmed 
pneumonia were noted in the latter outbreak, however a small 
number of cases prevents robust conclusions.

An important advantage of our study is that we were 
able to evaluate the effect of PCV vaccination within our 
ALRTI cohorts. While there were some notable findings 
when comparing PCV groups, the age differences of the 
two groups makes a direct comparison challenging. We 

noted a trend toward more low grade and moderate fever 
in children vaccinated with PHiD-CV although high fever 
was not substantially different between the two groups. 
Anecdotally PCV13 has been associated with slightly higher 
reactogenicity than PHiD-CV, but this may not be reflected 
in terms of febrile responses. Interestingly, a higher propor-
tion of PCV13 vaccinated children presented with positive 
pneumonia findings than PHiD-CV vaccinated children, 
and this difference increased when considering only cases 
with confirmed bacterial infections. Interestingly, among 
these cases with X-ray confirmed pneumonia, less co- 
infections and no cases of H. influenzae were observed in 
the PHiD-CV vaccinated children, perhaps suggesting 
a relationship between H. influenzae (with or without co- 
infections) and pneumonia severity. PHiD-CV vaccinated 
children appeared to have more S. pneumoniae infections 
but less H. influenzae and mycoplasma infections. This is 
potentially consistent with slightly broader serotype cover-
age for PCV13 but with additional protection provided by 

Figure 5. ALRTI cases with confirmed M. pneumoniae infection stratified by PCV received. (a) Number and proportion of ALRTI cases with confirmed M. pneumoniae 
infection stratified by grade of fever. (a) Number and proportion of ALRTI cases with confirmed M. pneumoniae infection comparing years 2015 and 2016.
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PHiD-CV against H. influenzae. When comparing groups 
in the PCV cohort study with less differences in ages 
between groups, differences in bacterial etiology were less 
apparent, although the same trends regarding higher X-ray 
confirmed pneumonia in PCV13 vaccinated children 
despite lower proportions of fever were also observed.

A key strength of this study is the ability to match vaccination 
status with clinical, laboratory and radiological findings provid-
ing robust cohorts for comparative evaluations. It is always 
challenging to make valid comparisons in observational settings 
so reducing confounders through data linkage is critical. 
However, there are also a number of limitations that should be 
addressed. Firstly, although the majority of ARLTI (over 85%) 
cases were enrolled in this prospective research, there is still the 
possibility of selection bias. Additionally, despite the fact that the 
majority of patients visited the clinic the first time after their 
symptoms started, there is a possibility that some of the patients 
could have received antibiotics prescribed from other clinics 
prior to visiting the Isaac clinic. However, there is no record of 
previous antibiotics usage for all included subjects. Thirdly, as 
the focus of this investigation was on bacterial ALRTI pathogens 
and evaluating the potential PCV impact, this study did not 
evaluate respiratory viral infections that could be a substantial 
cause of ARLTI included in these cases. Further, as respiratory 
samples were collected from the upper airway (one throat swab 
plus one nasopharyngeal swab per case) there is possibility that 
the bacteria isolated were not the causing organisms of LRTIs 
but rather were simply carried. This limitation could be reduced 
by using control groups and using quantitative PCR methods, 
but those measures were not available in the plan and execution 
of the study. This can be a limitation of this study; however, in 
order to detect the exact bacteria causing LRTIs a bronchial 
aspirate should be obtained and tested, which is impossible in 
usual health care settings. Lastly, although the condition of most 
of the cases enrolled were improved in the clinic, there was the 
possibility that small numbers of cases were transferred for 
admission and further treatment. Subsequently, not having 
a record of treatment and prognosis of these cases can limit the 
clinical importance of this research.

In conclusion, this study has demonstrated the proportions of 
confirmed bacterial infections in ALRTI cases are very high, with 
co-infections most commonly observed. As expected, 
S. pneumoniae and H. influenzae were the most commonly 
detected but our data also highlights M. pneumoniae as an addi-
tional important cause of ALRTI in South Korea. We have noted 
some differences in mild to moderate fever presentation between 
PCVs but less X-ray confirmed pneumonia was also noted in 
children vaccinated with PHiD-CV. Finally, we observed some 
differences in bacterial etiology depending on which PCV was 
used and the current study suggests PHiD-CV may have a greater 
impact on H. influenzae than PCV13, potentially with implica-
tions for the clinical presentation of pneumonia cases.
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