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ABSTRACT

Background: SARS-CoV-2 is the new virus, and Streptococcus pneumoniae is one of the most important
pathogens affecting humans. However, we do not yet know whether these microorganisms interact. Thus,
we aimed to evaluate the relationship between Streptococcus pneumoniae and SARS-CoV-2 in pediatric
patients.

Methods: This study was conducted retrospectively by means of medical records of pediatric patients
who were tested for SARS-CoV-2 between March 11 and June 04, 2020, in the University of Health
Sciences, Ankara Educating and Training Hospital and Hacettepe University Faculty of Medicine.
Results: We evaluated 829 pediatric patients for S. pneumoniae and SARS-CoV-2 from their nasophar-
yngeal specimen. Of 115 children positive for SARS-CoV-2, 32.2% had a positive S. pneumoniae test,
whereas of 714 children negative for SARS-CoV-2, 14.1% had a positive S. pneumoniae test (p < .01). We
compared patients with positive vs. negative SARS-CoV-2 tests according to S. pneumoniae positivity
There were no statistically significant differences in terms of gender, underlying disease, fever, cough,
leukocytosis, lymphopenia, increased CRP, increased procalcitonin, findings of chest x-ray, severity of
disease, and treatment.

Conclusion: The nasopharyngeal S. pneumoniae carriage rate in patients with COVID-19 was higher than
in non-infected children, while S. pneumoniae carriage did not affect the course of COVID-19 disease.
Pneumococcal vaccination is significant, such that we do not know the outcomes of increased pneumo-
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coccal carriage for the upcoming months of pandemic.

Introduction

With the devastating outbreak of a new infectious disease called
novel coronavirus disease 2019 (COVID-19), people began to inves-
tigate treatment, for which there remains a huge knowledge gap.'
Most studies only focus on the causative virus SAR-coronavirus-2
(SARS-CoV-2), while it is known that many pathogens interact and
that the coinfecting pathogens should also be considered for appro-
priate treatment of patients.” Infection with one pathogen can affect
the severity, infectivity or susceptibility to subsequent infection with
other pathogens and these effects can have profound clinical and
epidemiological results.’” We observed the results of one of the
devastating interactions over the last century, influenza virus with
bacterial pneumonia.* Thus, previous viral pandemics provide les-
sons to be learned for the SARS-CoV-2 pandemic.

The clinical significance of viral/bacterial co-infections has
been a complex issue, particularly among pediatric population. It
is known that the upper respiratory tract is colonized by both
commensals and potential pathogens. However, respiratory
viruses are generally thought to promote bacterial superinfection
by viral disruption of the respiratory epithelial barrier, viral-
induced dysfunction of bacterial phagocytosis by innate immune
cells, virus-mediated bacterial adherence to the upper respiratory

epithelium.>® On the other hand, the presence of bacteria may
promote viral infection in the respiratory tract system by contri-
buting to increased virus production or releasing from infected
epithelial cells.”* Understanding the mechanisms and clinical sig-
nificance of co-infection is important to ensure the best possible
patient care, proper usage of antibiotics.

Many articles have been published related to the epidemiolo-
gical and clinical data of patients with COVID-19, unfortunately,
limited data are available for co-infections for SARS-CoV-2 in
the literature. Wang et al. reported that 5.8% of patients with
COVID-19 infection had other respiratory viral pathogens how-
ever they did not evaluate patients for bacterial pathogens.” In
a recent study, Zhu et al. stated that Streptococcus pneumoniae
was the most common bacteria with the evaluation of patients
using real-time PCR and tested for 39 respiratory pathogens.
Streptococcus pneumoniae is a significant pathogen causing inva-
sive diseases such as sepsis, meningitis, and pneumonia.
However, asymptomatic carriage of pneumococcus in the
upper respiratory tract is common and thought to be the source
of subsequent invasive pneumonia.'” The first question is
whether Streptococcus pneumoniae carriage increases in patients
with COVID-19. Secondly, understanding if the impact of the
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increased carriage because of the risk of pneumococcal invasion
via the interaction of SARS-CoV-2. Under the guidance of these
experiences, we attempted to share the rate and clinical features
of pediatric patients with COVID-19 carrying Streptococcus
pneumoniae in this study.

Material and methods

This study was conducted with medical records of pediatric
patients aged under 18 y, who were tested for SARS-CoV-2
between March 11, and June 04, 2020, in the University of
Health Sciences, Ankara, and Training Hospital and Hacettepe
University Faculty of Medicine. This study was approved both
by the University of Health Science and the Ankara Educating
and Training Hospital Review Board, Ankara, Turkey.

We diagnosed suspected and confirmed COVID-19 cases,
according to national COVID-19 guidelines which are prepared
by Coronavirus Scientific Advisory Board in Turkey. Suspected
cases with positive reverse transcriptase-polymerase chain reac-
tion (RT-PCR) against 2019-nCoV were accepted as confirmed
cases.'' We analyzed only the clinical data of children who had
positive test for SARS-CoV-2 in this study. Nasopharyngeal (NP)
specimens were collected by pediatricians for both S. prneumoniae
and SARS-CoV-2. The children with antibiotic therapy within the
last four weeks were decided to exclude from the study. None of
the patients who were tested for S. pneumoniae received antibiotic
treatment within the last four weeks. S. pneumoniae specific DNA
was determined with a qualitatively multiplex Realtime PCR (RT-
PCR) method that targets LytA gene (Montanide to 4896,
Bosphore respiratory pathogens v4 kit Anatole Geneworks,
Turkey) with 50 thermal cycles. Samples were considered positive
for S. pneumoniae when Cr value was <30.

Turkey implemented a 7-valent pneumococcal conjugate vac-
cine (PCV7) vaccination in the National Immunization Program
(NIP) in 2009. It was changed to 13-valent pneumococcal con-
jugate vaccine (PCV13) with the same 3 + 1 vaccination schedule
(2, 4, 6 months, and a booster at 12 months) in 2011."% It was
modified to a 2 + 1 schedule (3rd dose was removed from the
schedule) in 2019."° All children born in an after 2009 were
properly vaccinated according to their age, with the PCV in use
for the NIP and we checked the vaccination status of children.

Data regarding the demographic and clinical characteristics
of patients were obtained from the hospital medical records of
both hospitals and the records from the Pediatric Infectious
Diseases Committee of the hospitals. In the first months of the
pandemic, all children who had a positive test for SARS-CoV-2
were hospitalized for isolation due to the health care policy of
our hospital. Now, we could evaluate patients who have an
asymptomatic or mild disease in outpatient clinics. Due to the
different health care politics, we thought that separating patients
into two groups as hospitalized and nonhospitalized is not
appropriate. We evaluated the clinical severity of patients.

We categorized the severity of pediatric COVID-19 cases,
based on the clinical characteristics and the results of laboratory
examinations and radiologic imaging, as defined by Dong et al.,"*
as follows: (a) asymptomatic infection included cases with posi-
tive diagnoses but without any clinical or radiological findings;
(b) mild disease included cases with acute upper respiratory tract
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infections but without clinical and radiological pneumonia; (c)
moderate disease included cases with pneumonia and symptoms
of respiratory tract infection; (d) severe disease included cases
with progressive respiratory disease, dyspnea, and central cya-
nosis; and (e) critically ill included cases presented with acute
respiratory distress syndrome or respiratory failure, shock, and
organ dysfunction, including encephalopathy, myocardial
injury, coagulation abnormalities, and acute kidney injury. We
used the experts' consensus statement defined by Dong et al.* to
evaluate chest imaging examination. We evaluated the study
population as native or refugee due to the high refugee popula-
tion from Iraq and Syria in Turkey. The term refugee is defined
by the 1951 Refugee Convention in Geneva.'”

Statistical analysis

Data were evaluated using SPSS version 23.0 (SPSS, Inc.,
Chicago, IL, USA). Descriptive statistics were used to summarize
the primary characteristics of patients, including the median and
minimum-maximum for continuous variables. Frequency dis-
tribution was used for categorical variables. Chi-squared or
Fisher’s exact tests were performed to compare the categorical
variables. A p-value <0.05 was considered significant.

Results

During the study period, total of 1915 NP swaps were obtained
from children for SARS-CoV-2 and 829 of them tested for
S. pneumoniae at the same time. Of 115 children who had
positive SARS-CoV-2, 37 (32.2%) had positive S. pneumoniae
test whereas, of 714 children who had negative SARS-CoV-2,
101 (14.1%) had positive S. pneumoniae test. The difference
between groups was statistically significant (p < .01) (Figure 1).
Patients who had positive SARS-CoV-2 test were classified
according to severity of disease, with the percentages of asymp-
tomatic, mild, moderate, and critical/severe cases determined
to be 23.5% (n = 27), 44.3% (n = 51), 29.6% (n = 34), and 2.6%
(n = 3), respectively. The proportions of pneumococcal car-
riage in asymptomatic, mild, moderate, and severe/critical dis-
ease courses were 33%, 31,4%, 32,4%, and 33%, respectively.
The relationship between NP pneumococcal carriage and the
severity of children is shown in Figure 2.

We compared 115 children with COVID-19 in two groups as
S. pneumoniae positive and negative and the characteristics of
the groups are shown in Table 1. Of 115 children, 61 (50.8%)
children were male, the median age was 9 y (IQR; 3-14). The
median age was 4 y (IQR; 1-11) in children with S. pneumoniae
positive group and 10 (IQR; 4-14) in children S. pneumoniae
negative group. The difference between groups according to
median age was statistically significant (p = .009). Only three
(2.6%) patients had a concurrent viral infection; one had boca-
virus, one had bocavirus and rhinovirus and the other had
parechovirus. All three patients were S. pneumoniae positive.

There was no statistically significant difference in terms of
gender and underlying disease and symptoms including fever
and cough. None of the patients had leukocytosis.
Lymphopenia was present in 5 (13.2%) of patients with
S. pneumoniae positive group and 19 (23.2%) patients in
S. pneumoniae negative group (p = .18). Procalcitonin did not
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Figure 1. The number of NP swaps during the study period.
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Figure 2. The relationship between NP Streptococcus pneumoniae carriage and the severity of children.

increase in any patients. C-reactive protein was increased in
15.6% of patients with S. pneumoniae positive group and 17.1%
patients in S. pneumoniae negative group. Increased LDH was
detected in 50% of children with S. pneumoniae, 24.2% of

children without S. pneumoniae and the difference between
groups was statistically significant (p = .03). All of the children
were evaluated with the chest x-ray and an abnormal chest
x-ray rate was similar between groups. In the thorax CT



Table 1. Demographic and clinical data of patients with COVID-19.
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Total
(n=115) S. pneumonia positive (n = 37) S. pneumonia negative (n = 78) p value

Age, years (median, min-max) 9 (3-14) 4 (1-11) 10 (4-14) 0.009
Male (%) 61 (50.8) 20 (52.6) 41 (50) 0.59
Rate of Refugees, n (%) 31 (26.9) 12 (32.4) 19 (24.4) 0.36
Underlying disease, n (%) 9(7.5) 2(53) 7 (8.5) 0.71
Symptoms, n (%)

Fever 43 (35.8) 15 (39.5) 28 (34.1) 0.63

Cough 43 (35.8) 15 (39.1) 28 (34.1) 0.63
Laboratory findings, n (%)

Leukocytosis 0 0 0 NA

Lymphopenia 24 (20) 5(13.2) 19 (23.2) 0.18

Increased CRP 28/88 (31.8) 5/32 (15.6) 12/70 (17.1) 0.84

Increased Procalcitonin 0/77 (0) 0/24 (0) 0/53 (0) NA

Increased LDH 28/88 (31.8) 13/26 (50) 15/62 (24.2) 0.03

D dimer 7/25 (28) 4/10 (40) 3/15 (20) 0.37
Chest x-ray, n (%) 120 (100)

Abnormal 38 (31.7) 11 (28.9) 27 (32.9) 0.60
Thorax CT, n (%) 30 (40)

Normal 19/30 (15.8) 8/11 (72.7) 11/19 (57.8) 0.46

Abnormal 11/30 (9.2) 3/11 (27.2) 8/19 (42.1)
Severity

Asymptomatic 32 (26.7) 10 (26.3) 22 (26.3) NA

Mild 51 (42.5) 16 (42.1) 31 (42.7)

Moderate 34 (28.3) 11 (28.9) 18 (28)

Severe/Critical 3(2.5) 1(2.6) 2(24)
Antibacterial treatment, n (%) 23 (20) 7 (18.9) 16 (20.5) 0.76
Antiviral treatment, n (%) 2(1.7) 1(2.7) 2(1.3) NA

CRP; C-reactive protein, LDH; Lactate dehydrogenase, CT; Computer tomography,

evaluation, the abnormality rate was higher in patients without
S.pneumoniae. However, all patients who had S.pneumoniae
positivity with abnormal chest x-ray had thorax CT evaluation
whereas, 70.3% of patients in S.pneumoniae negative had.
Streptococcus pneumoniae positivity rate was similar between
groups in each severity type. Antibacterial and antiviral treat-
ment rates were similar in groups. One patient in each group
received hydroxychloroquine and favipiravir as an antiviral
treatment. Sixteen patients (20.5%) in Streptococcus pneumo-
niae negative group and seven patients (18.9%) in Streptococcus
pneumoniae positive group received sulbactam ampicillin or
ceftriaxone with or without combination clarithromycin or
azithromycin.

According to the age distribution, more than half (60%) of
the children under 1 year old were positive for Streptococcus
pneumoniae in NP. The positivity rates were 38.9%, 27.8%,
21.4%, and 26.1% in 1-5 years of age, 6-10 years of age,
11-14 years of age, and 15-18 years of age, respectively. The
NP pneumococcal carriage rate in each age groups was shown
in Figure 3. Pneumococcal positivity rate was 38.7% in refugees
and 29.7% in native population with no statistically difference
between the two populations (p = .36).

Discussion

We report a significant increase in S. pneumoniae carriage in
pediatric patients with COVID-19. The proportion of pneu-
mococcal carriage had no difference between the children
according to the disease course (Figure 2); furthermore, there
was no specific relationship between carriage and outcome.
These findings are consistent with a prior report in patients
with COVID-19” in which S. pneumoniae has been reported as

the most coinfected pathogen in all COVID-19 patients among
all age groups. However, S. pneumoniae has commonly colo-
nized the upper respiratory tract of both 20-50% of healthy
children and 8-30% of healthy adults.'® Although they have the
potential to become pathogenic when the immune function of
pediatric patients with COVID-19 was disrupted, many of
them were considered as co-colonization because of the
absence of any clinical presentation of children with COVID-
19, including otitis media, community-acquired pneumonia,
bacterial meningitis, and sepsis.'> Moreover, generally asymp-
tomatic when colonizing the nasopharynx (lethal synergism-1),
pneumococcus is also not correlated with an increase in inten-
sive care unit hospitalizations and death in the present study
contrarily with the previous reports.>'”

We believe that understanding of co-infection of
S. pneumoniae during influenza pandemics will lead us to
figure out contributors to the pathogenesis of the synergistic
co-infection of S. pneumoniae with COVID-19. During the
20th century, S. pneumoniae was the predominant strain in all
influenza pandemics dated in 1918, 1957, and in the late
1960s.*'® Several more common pathogens in addition to
S.  pneumoniae such as  Hemophilus  influenzae,
Staphylococcus spp. (in particular S. aureus), and other
Streptococcus spp. were also identified during those pan-
demics [14] as in COVID-19 pandemic.2 Bacterial coinfec-
tions particularly caused by S. puneumoniae might play
a considerable role in the outcome of seasonal influenza,
although the coinfection rate was found to be significantly
higher during a pandemic."”'” Throughout all these pan-
demics including COVID-19 as well, co-infections have the
potential to play a crucial role in the disease process, making
it important to consider the effect of the bacterial co-
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Figure 3. The NP pneumococcal carriage rate in each age groups.

pathogens when planning for a pandemic.”>*' Although the
actual mechanism of the synergism seen with coinfection still
is not clear, it has been shown in a mice model that animals
treated with influenza have a decreased pneumococcal pul-
monary clearance.”” In addition, the damage of respiratory
epithelium results in an inability to repair and reproliferate
itself. Therefore, pandemic viral infections might possibly lead
to a high cytotoxic effect on epithelium and contribute to the
increase in the rates of coinfections seen during
pandemics.'®”**** As a result, some aspects of this new
emerging agent are similar to those of influenza: Both SARS-
CoV and influenza preferentially infect type II cells compared
to type I cells.*>*® A large number of viral particles are
released after the propagation of the virus within type II
cells, and the cells undergo apoptosis and die.”” This syner-
gism seen with coinfection caused S. pneumoniae in children
with COVID-19 might partly be explained by the mechanisms
seen in influenza pandemics. The overlapping coinfection
features between the condition observed in patients with
COVID-19 and influenza may be due to partly similar patho-
physiology, both of which the lungs are the primary targets.
Influenza induces the expression of toll-like receptors (TLRs),
which are members of the innate immune system, and this is
resulted in both decreased bacterial clearance and increased
the type I interferon (IFN) response. The induction of type
I IFN might play a crucial role in the pathogenesis of coin-
fection as well as the disease process of influenza when coin-
fected with S.pneumoniae.”®>° Unfortunately, we had no
chance to examine such kind of molecules that have
a possibility to be a mediator of damage associated with
pneumococci. Actually, further studies will have the potential
to shed light on our understanding.

Nasopharyngeal carriage of S. pneumoniae prerequisite for
disease and is the source of pneumococcal spread in the com-
munity. Since children are the main reservoir for pneumococci,
it is reasonable that the peak age for colonization, transmission,

11-14 years

15-18 years

Streptococcus pnemoniae negative

and disease coincides with early childhood®"** as in our study.
Pneumococcal NP carriage rates may differ in various parts of
the world and be caused by ethnic, demographic, and cultural
differences. Poor and crowded living conditions, the hygienic
status of living areas, breastfeeding history, and attendance of
daycare center might also affect the carriage ratio.”*>” When
considered the situation of Turkey in a short period, it is really
difficult to discuss that the increased pneumococcal NP car-
riage in children with COVID-19 might be caused by the
change of those mentioned population dynamics. However,
relatively higher NP carriage of pneumococci in refugee chil-
dren as compared to Turkish children in the present study may
possibly be attributed to this poor societal level.
Pneumococcal conjugate vaccines (PCVs) have a direct
effect on the incidence of pneumococcal disease in vaccinated
individuals and therefore prevent transmission to unvacci-
nated children and susceptible adults, which is the indirect
(herd) protection of PCVs.>®*° Since the lack of available
evidence of a direct vaccine impact on the time, it takes to
clear a colonization episode of pneumococci, the main strategy
of reducing pneumococcal NP colonization should be to pre-
vent the acquisition of new strains.*”*' Before the global vac-
cination with PCVs, the number of deaths among under five
years old caused by pneumococcal pneumonia was estimated
to be 642,000 in 2005 worldwide, which consists of
a considerable proportion of the total number of 1,692,300
fatal cases.*” It was reported in a study from Turkey that
more IPD cases were occurred in children under 5 y of age
(64.2% of all cases) between 2008 and 2014, as well. In 2008,
a vaccine protecting against seven serotypes (PCV7) was intro-
duced into the Turkish Childhood Immunization Programme.
The vaccine was replaced with the 13-valent vaccine (PCV13)
in 2011, which protects against six additional serotypes. The
vaccine is administered at two, four and twelve months of age
and the national uptake of PCV13 was 97% in 2018.** Despite
being vaccinated with PCVs, pneumococcal positivity in NP



suggests the possibility of colonization with non-vaccine ser-
otypes. However, we could not determine the serotypes
because of the PCR technique used in the present study.

One of the limitations of the present study was the lack of
serotype distribution data of S. pneumoniae because of the method
used. Future studies may focus on the pneumococcus serotypes in
patients with COVID-19. Additionally, this will let us understand
the real vaccine coverage of cases in the community. Respiratory
viruses including influenza, respiratory syncytial virus, and
metapneumo virus that affect the pneumococcal carriage are
living with us in the community.** Despite the mentioned limita-
tions, we believe that our data is significant to understand the
increased rate of S. pneumoniae carriage in viral-mentioned dis-
eases in addition to infections caused by SARS-CoV-2.

As a conclusion, although S. pneumoniae carriage did not
affect the course of COVID-19, S. pneumoniae carriage rate in
patients infected with SARS-CoV-2 was higher than non-
infected children. Therefore, pneumococcal vaccination has
become more important than ever during a pandemic caused
by a new pathogen.
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