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ABSTRACT

Streptococcus pneumoniae remains an important
bacterial pathogen, particularly for young chil-
dren in low- and middle-income countries. A
systematic review was conducted of peer-re-
viewed literature from PubMed published as of
May 13, 2020, to identify articles relevant to
invasive pneumococcal disease, pneumonia,
otitis media (OM), nasopharyngeal carriage
(NPC), antimicrobial resistance (AMR), and
vaccination coverage in Egypt, with particular
focus on children B 18 years of age. A total of 16

relevant articles spanning three decades were
included in this review. Among studies
reviewed, S. pneumoniae was the causative agent
of meningitis in 21–30% of cases among hos-
pitalized children between 1983 and 2003. One
study showed that serotypes 6A and 6B pre-
dominated among meningitis cases of pediatric
patients aged\5 years. This review also
revealed that S. pneumoniae was the most com-
monly identified bacterial pathogen of acute
mastoiditis, a severe complication of acute OM,
among children aged 9 months to 11 years. NPC
studies showed that approximately 30% of
Egyptian children were carriers of S. pneumoniae.
AMR, especially to penicillin, continues to be a
growing concern in low- and middle-income
countries, including among Egyptian children.
Several predominant serotypes were identified
to be associated with penicillin resistance, such
as 6B, 1, 19A, 23F, and 6A. Currently available
pneumococcal vaccines (PCVs) such as PCV10
and PCV13 may provide coverage against the
most prevalent circulating serotypes among
Egyptian children. Comprehensive disease
surveillance and immunization programs are
needed to ensure that this vulnerable popula-
tion is sufficiently protected against pneumo-
coccal disease.
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Key Summary Points

Streptococcus pneumoniae remains an
important bacterial pathogen, particularly
for young children in low- and middle-
income countries.

This systematic literature review
summarizes published data regarding
invasive pneumococcal disease,
pneumonia, otitis media, pneumococcal
carriage, antimicrobial resistance, and
pneumococcal vaccination in Egyptian
children aged B 18 years.

Approximately 30% of Egyptian children
are carriers of S. pneumoniae; the pathogen
is a predominant cause of bacterial
meningitis and acute otitis media in
children.

There is a need for comprehensive
pneumococcal disease surveillance and
immunization programs to ensure that
Egyptian children are sufficiently
protected against pneumococcal diseases.

INTRODUCTION

Streptococcus pneumoniae is an opportunistic
human pathogen that poses significant world-
wide public health concern [1, 2]. The bac-
terium is a leading cause of serious, invasive
pneumococcal diseases (IPDs) including pneu-
monia, meningitis, and bacteremia, as well as
less serious ailments such as sinusitis and otitis
media (OM) [1, 2]. Pneumococcal disease is
preceded by bacterial colonization of the
nasopharynx, a primary step in disease patho-
genesis [1, 3]. Once colonized, the bacteria can
then spread contiguously from the nasophar-
ynx to cause OM, a commonly diagnosed
childhood disease, and/or enter the blood-
stream, typically leading to IPD [1, 4]. Children

and infants represent the main reservoirs for the
pathogen, with nasopharyngeal (NP) carriage
(NPC) rates estimated to range between 27 and
85% in this age group [1]. As such, compre-
hensive data on NPC and pneumococcal disease
are prerequisites for understanding the true
burden of disease, which can in turn inform
public health decisions surrounding strategies
to combat the potentially devastating bacterial
pathogen. S. pneumoniae is encapsulated, and
the polysaccharide capsule is crucial for bacte-
rial virulence [1]. Based on differences in
polysaccharide capsule composition,[90 dis-
tinct serotypes of S. pneumoniae have been
identified to date [1]. However, only a few ser-
otypes cause disease, and their distribution can
vary over time, by age group, and by geographic
region [1]. Morbidity and mortality rates
resulting from pneumococcal diseases remain
high, particularly among young children aged
1 month to\5 years, with the pathogen
responsible for an estimated 11% of all deaths
worldwide among this population in 2015 [5].
Notably, the risk and burden of disease are
heightened in certain regions of the world, such
as countries in Africa and Asia [1]. In Africa
specifically, the incidence of pneumococcal
pneumonia in 2015 was 1504 per 100,000
children aged\5 years, resulting in approxi-
mately 137,000 deaths [5]. In Egypt, S. pneu-
moniae is the leading cause of bacterial
meningitis, and pneumonia accounts for 19%
of all deaths in children aged\5 years [6, 7].

Pneumococcal disease is vaccine pre-
ventable, with available vaccines including the
10- and 13-valent pneumococcal conjugate
vaccines (PCVs; PCV10 and PCV13, respec-
tively) and the 23-valent pneumococcal
polysaccharide vaccine (PPSV23) [1, 8]. As a
result of global PCV immunization programs,
large decreases in IPD-associated deaths in
children aged\5 years have been observed:
between 2000 and 2015, global IPD-related
deaths decreased from 735,000 to 294,000 in
this age group [5]. However, pneumococcal
disease burden remains high worldwide [5],
especially in low- and middle-income countries
[1], and the emergence of antibiotic-resistant
strains is a growing global concern, making the
treatment of pneumococcal disease more
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challenging [8]. Thus, the implementation of
PCVs into national immunization programs
represents an important step toward reducing
pneumococcal disease burden and associated
deaths. To that end, continuous surveillance for
epidemiologic shifts in serotype distribution
and antibiotic resistance is crucial to inform
ongoing and future regional vaccination poli-
cies [1, 9].

In Egypt, pneumococcal vaccines are avail-
able but, as of November 2020, are not included
in the national immunization program [10, 11].
The purpose of this systematic literature review
is to summarize available data regarding IPD,
pneumonia, OM, pneumococcal carriage,
antimicrobial resistance (AMR), and pneumo-
coccal vaccination in Egypt, with particular
focus on children aged B 18 years.

METHODS

Protocol and Registration

The protocol for this systematic review was
registered at PROSPERO (#CRD42020168244;
https://www.crd.york.ac.uk/PROSPERO/
display_record.php?RecordID=168244). For this
review, we followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. This article is based on
previously conducted studies and does not
contain any studies with human participants or
animals performed by any of the authors.

Eligibility Criteria

This review focused on studies that contained
epidemiologic data in healthy Egyptian chil-
dren aged B 18 years on either pneumococcal
(1) invasive disease infections, (2) pneumonia
burden, (3) OM burden, (4) NPC, (5) AMR, or (6)
vaccination coverage. For the purposes of this
review, healthy children were defined as those
without underlying or compromising medical
conditions. The following definitions of the
above topics were applied: IPD was considered
isolation of S. pneumoniae from sterile sites [i.e.,
cerebrospinal fluid (CSF) or blood];

pneumococcal pneumonia was defined as
pneumonia caused by S. pneumoniae, with
pneumonia categorized as a clinical pulmonary
infection that had a minimum criteria of the
presence of a new pulmonary infiltrate on chest
radiograph; pneumococcal OM was defined as
isolation of S. pneumoniae from middle ear fluid;
pneumococcal NPC was defined as colonization
of S. pneumoniae in the upper respiratory tract;
and pneumococcal AMR was defined as resis-
tance of pneumococcal carriage or infections as
determined by either laboratory- or clinic-based
methods. For pneumococcal vaccine coverage,
we considered the PPSV23 and PCVs, including
the 7-valent PCV (PCV7), PCV10, and PCV13.

Observational studies [i.e., cross-sectional,
cohort, case–control, or surveillance (prospec-
tive and retrospective)] and randomized con-
trolled trials (RCTs) that contained data specific
to Egypt; healthy children (aged B 18 years), or
S. pneumoniae were included, while narrative
reviews and opinion articles were excluded. In
relation to specific topics, we also excluded
articles without data specific to pneumococcal
NPC or OM for searches on carriage or OM,
respectively; for invasive pneumococcal infec-
tions, data not obtained from a sterile site were
also excluded.

Information Sources

We identified published literature using
PubMed to search MEDLINE on May 13, 2020;
there were no restrictions on language or year of
publication.

Search

Six separate searches related to individual topics
encompassing pneumococcal epidemiology in
healthy Egyptian children were conducted,
including invasive infections, pneumonia, OM,
NPC, AMR, and vaccination coverage. The
search strings used for each topic are outlined in
Table 1.
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Table 1 Search strings

Searcha Search string

Invasive pneumococcal

infections

(‘‘pneumococcal’’ OR ‘‘Streptococcus pneumoniae’’ OR ‘‘S pneumoniae’’) AND (‘‘Invasive’’

OR ‘‘Invasive pneumococcal disease’’ OR ‘‘IPD’’ OR ‘‘Invasive pneumococcal infection’’ OR

‘‘Septicemia’’ OR ‘‘Septicaemia’’ OR ‘‘Meningitis’’ OR ‘‘Bacteremia’’ OR ‘‘Bacteraemia’’)

AND (‘‘epidemiology’’ OR ‘‘burden’’ OR ‘‘incidence’’ OR ‘‘hospitalization’’ OR

‘‘hospitalisation’’ OR ‘‘morbidity’’ OR ‘‘mortality’’ OR ‘‘deaths’’ OR ‘‘fatality’’ OR ‘‘case

fatality’’ OR ‘‘case fatality rate’’ OR ‘‘CFR’’ OR ‘‘prevalence’’ OR ‘‘cases’’ OR ‘‘notification’’

OR ‘‘notification rate’’) AND (‘‘Egypt’’ OR ‘‘Egyptian’’) AND (‘‘children’’ OR ‘‘pediatrics’’

OR ‘‘paediatrics’’ OR ‘‘infants’’ OR ‘‘toddlers’’ OR ‘‘adolescents’’ OR ‘‘teenagers’’)

Pneumococcal pneumonia

burden

(‘‘pneumococcal’’ OR ‘‘Streptococcus pneumoniae’’ OR ‘‘S pneumoniae’’) AND

(‘‘pneumonia’’ OR ‘‘community acquired pneumonia’’ OR ‘‘CAP’’ OR ‘‘epidemiology’’ OR

‘‘burden’’ OR ‘‘incidence’’ OR ‘‘hospitalization’’ OR ‘‘hospitalisation’’ OR ‘‘morbidity’’ OR

‘‘mortality’’ OR ‘‘deaths’’ OR ‘‘fatality’’ OR ‘‘case fatality’’ OR ‘‘case fatality rate’’ OR ‘‘CFR’’

OR ‘‘prevalence’’ OR ‘‘cases’’ OR ‘‘notification’’ OR ‘‘notification rate’’) AND (‘‘Egypt’’ OR

‘‘Egyptian’’) AND (‘‘children’’ OR ‘‘pediatrics’’ OR ‘‘paediatrics’’ OR ‘‘infants’’ OR ‘‘toddlers’’

OR ‘‘adolescents’’ OR ‘‘teenagers’’)

Pneumococcal otitis media

burden

(‘‘pneumococcal’’ OR ‘‘Streptococcus pneumoniae’’ OR ‘‘S pneumoniae’’) AND (‘‘AOM’’ OR

‘‘OM’’ OR ‘‘otitis media’’ OR ‘‘acute otitis media’’) AND (‘‘Egypt’’ OR ‘‘Egyptian’’) AND

(‘‘children’’ OR ‘‘pediatrics’’ OR ‘‘paediatrics’’ OR ‘‘infants’’ OR ‘‘toddlers’’ OR ‘‘adolescents’’

OR ‘‘teenagers’’)

Pneumococcal

nasopharyngeal carriage

(‘‘pneumococcal’’ OR ‘‘Streptococcus pneumoniae’’ OR ‘‘S pneumoniae’’) AND (‘‘Carriage’’

OR ‘‘Colonization’’ OR ‘‘Colonisation’’ OR ‘‘NPC’’ OR ‘‘Nasopharyngeal carriage’’ OR

‘‘Acquisition’’) AND (‘‘Egypt’’ OR ‘‘Egyptian’’) AND (‘‘children’’ OR ‘‘pediatrics’’ OR

‘‘paediatrics’’ OR ‘‘infants’’ OR ‘‘toddlers’’ OR ‘‘adolescents’’ OR ‘‘teenagers’’)

Pneumococcal antimicrobial

resistance

(‘‘pneumococcal’’ OR ‘‘Streptococcus pneumoniae’’ OR ‘‘S pneumoniae’’ OR ‘‘otitis media’’

OR ‘‘acute otitis media’’ OR ‘‘OM’’ OR ‘‘AOM’’ OR ‘‘invasive pneumococcal disease’’ OR

‘‘pneumococcal disease’’ OR ‘‘pneumonia’’ OR ‘‘pneumococcal pneumonia’’) AND

(‘‘Antibiotic resistance’’ OR ‘‘Antimicrobial resistance’’ OR ‘‘Resistance’’ OR ‘‘Antibiotic’’

OR ‘‘Antimicrobial’’ OR ‘‘AMR’’) AND (‘‘Egypt’’ OR ‘‘Egyptian’’) AND (‘‘children’’ OR

‘‘pediatrics’’ OR ‘‘paediatrics’’ OR ‘‘infants’’ OR ‘‘toddlers’’ OR ‘‘adolescents’’ OR

‘‘teenagers’’)

Pneumococcal vaccination

coverage

(‘‘pneumococcal’’ OR ‘‘Streptococcus pneumoniae’’ OR ‘‘S pneumoniae’’ OR ‘‘otitis media’’

OR ‘‘acute otitis media’’ OR ‘‘OM’’ OR ‘‘AOM’’ OR ‘‘invasive pneumococcal disease’’ OR

‘‘pneumococcal disease’’ OR ‘‘pneumonia’’ OR ‘‘pneumococcal pneumonia’’) AND

(‘‘Vaccination’’ OR ‘‘Vaccine’’ OR ‘‘PCV’’ OR ‘‘PCV7’’ OR ‘‘PCV9’’ OR ‘‘PCV10’’ OR

‘‘PCV13’’ OR ‘‘PPSV23’’ OR ‘‘Pneumococcal Conjugate Vaccine’’ OR ‘‘PPV23’’ OR

‘‘Prevenar’’ OR ‘‘Prevnar’’ OR ‘‘Coverage’’ OR ‘‘Uptake’’ OR ‘‘Vaccination rate’’) AND

(‘‘Egypt’’ OR ‘‘Egyptian’’) AND (‘‘children’’ OR ‘‘pediatrics’’ OR ‘‘paediatrics’’ OR ‘‘infants’’

OR ‘‘toddlers’’ OR ‘‘adolescents’’ OR ‘‘teenagers’’

a PubMed search conducted on May 13, 2020
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Study Selection

Titles and abstracts of articles retrieved from
PubMed were screened for eligibility by two
researchers. The first reviewer screened records
for inclusion, and the second reviewer checked
these decisions; reviewers were not blinded to
the other’s decisions. Cases of disagreement
were resolved by discussion between the
reviewers or with the assistance of a third
reviewer. If an abstract or title did not contain
sufficient information to determine eligibility,
the full text of an article was reviewed.

Data Extraction

Data were separately extracted for each of the
six searches into an Excel spreadsheet. Studies
that met eligibility criteria had data extracted by
one reviewer while a second reviewer checked
these decisions. Missing data were not included
and investigators were not contacted to obtain
missing data. All included articles had basic
information collected on article type, study
location, study population (age and size), and
study observation period. Included articles on
invasive pneumococcal infections had data
extracted for sampling site and methodologies
for characterization and serotyping. For pneu-
mococcal pneumonia or OM burden, informa-
tion on diagnostic criteria and serotyping
methodology was also extracted. For pneumo-
coccal NPC articles, we also extracted data on
the sampling site and methodologies for sam-
pling, characterization, and serotyping. For
antimicrobial resistance, information on the
assessment methodology, resistance definitions,
and investigated antimicrobial agent were
obtained. Observational data in the included
studies were assessed for risk of bias or quality
based on the criteria developed by Hayden and
colleagues [12], which included consideration
of potential bias in study sample characteristics,
assessments of study outcomes, and statistical
analyses; additional considerations for risk of
bias included determining that potential con-
founds were identified and that eligibility cri-
teria or measurements were appropriately
applied in the included studies.

Data Synthesis

Extracted data were tabulated with available
evidence described narratively. No quantitative
analyses were performed due to the variation in
the available data.

RESULTS

The number of articles that were identified,
screened, eligible, and included in this review
are summarized in Fig. 1 for each of the six
searches. A total of 107 records were identified
using PubMed and screened, and 25 records
were included in the qualitative analyses. The
search on vaccination uptake identified 19
records, none of which were eligible for inclu-
sion. A summary of the risk of bias assessment is
shown in Fig. 2. Across the five areas of poten-
tial bias, 56.3–75.0% of studies were classified as
‘‘good’’ and 18.8–37.5% as ‘‘moderate.’’ No
studies were classified as ‘‘poor’’ for prognostic
factor measurement and outcome manage-
ment, whereas 6.3–12.5% were classified as
‘‘poor’’ across the remaining factors. Across the
six searches, a total of 16 studies were included.
The majority of studies (9/16, 56.3%) were
conducted in Cairo; two studies (12.5%) were
conducted in Alexandria and two (12.5%) were
conducted at multiple sites across Egypt. Study
sample size ranged from 19 (OM) to 22,018
(IPD, pneumonia, and AMR). Laboratory meth-
ods varied by pneumococcal epidemiology
topic.

IPD Infections

Seven articles on IPD in Egyptian children are
analyzed in this review. Two RCTs conducted
during the 1980s at the Abbassia Fever Hospital
in Cairo evaluated meningitis treatment strate-
gies (Table 2) [13, 14]. The first study compared
the efficacy of ceftriaxone with ampicillin plus
chloramphenicol in 70 children and 30 adults
(age range 5 months to 28 years) with culture-
confirmed meningitis, including 48 patients
with Neisseria meningitidis, 35 with S. pneumo-
niae, and 17 with Haemophilus influenzae [13]. In
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total, 15 pediatric patients (21.4%) died, 7
(46.7%) of whom had pneumococcal meningi-
tis; no significant differences in mortality rates
between the two antibiotic treatment groups
were determined [13]. The second, larger study
compared the outcomes of patients with
meningitis treated with antibiotics plus dex-
amethasone or with antibiotics alone [14]. In
total, 429 patients with meningitis (age range
3 months to 60 years) were included in the final
analysis, 282 of whom were aged B 12 years.
Among these pediatric patients, 67 (23.8%)
were diagnosed with S. pneumoniae infection,
with a case fatality rate (CFR) of 22.4% (15/67).
Among the patients of all ages with pneumo-
coccal meningitis (n = 106), the CFR was sig-
nificantly lower in the antibiotics with
dexamethasone group than in the antibiotics-
alone group (13.5% vs. 40.7%, P\0.002) [14].

Three articles reported hospital-based
prospective surveillance studies conducted in
patients with pediatric meningitis between
1998 and 2003 (Table 2) [15–17]. The first study
was conducted in 12 referral hospitals in Egypt
from May 1998 to December 2000, and assessed
CSF samples from 2047 patients aged\6 years
presenting with suspected meningitis [15]. In
total, 647/2047 patients (32%) had purulent
meningitis, and 228 patients (11%) had culture-
confirmed meningitis. S. pneumoniae was among
the most frequently cultured pathogens,
accounting for 30% of cases among all children
aged\6 years, while in children
aged C 12 months, S. pneumoniae was most
common (23/76, 30%). At 15%, the CFR for
pneumococcal meningitis in children
aged\6 years was lower than that of other
common pathogens, including H influenzae
(27%), N meningitidis (23%), and Mycobacterium
tuberculosis (56%) [15].

The second study, which was also conducted
in multiple hospitals across Egypt, characterized
S. pneumoniae isolates collected from patients of
all ages hospitalized with acute bacterial
meningitis between 1998 and 2003 [16]. Of 205
pneumococcal isolates, 25% were isolated from
patients aged\2 years, 7% from patients aged
2–5 years, 29% from patients aged 6–17 years,
and 39% from patients aged C 18 years. Isolate
serotyping showed that the predominantFi
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pes varied somewhat with patient age, although
serotypes 6A and 6B were prominent in all three
pediatric age groups, and were the most com-
mon isolates in patients aged\2 years (22% of
isolates) and 2–5 years (31% of isolates). Based
on serotyping results, the predicted serotype
coverages of PCV7 and an experimental 11-va-
lent PCV (containing all PCV7 serotypes and
serotypes 1, 5, 3, and 7F) were 49% and 69%,
respectively, in patients aged\2 years and 61%
and 69% in patients aged 2–5 years [16].

The third study investigated potential pre-
dictors of meningitis outcome in children
admitted to Alexandria Fever Hospital during
the seasons of 2002 and 2003 [17]. Meningitis
was diagnosed based on clinical criteria and CSF
analysis/culture. A total of 310 patients aged
3 months to 15 years were included in the
study, with 202 patients (65.2%) with con-
firmed acute bacterial meningitis (S. pneumo-
niae, n = 43) and 108 patients (34.8%) with
aseptic meningitis. Clinical signs were assessed
using the World Health Organization (WHO)
meningitis prognostic scoring system; subse-
quent logistic regression analysis showed that
the risk of poor prognosis (death and epilepsy)
in the studied patients increased significantly
with WHO score C 9 [odds ratio (OR) = 22.7;
95% CI 18.3, 69.2]. Notably, of the 43 patients
with pneumococcal meningitis, 15 (34.9%) had
a WHO prognostic score C 9 [17].

The two most recently published articles also
reported hospital-based surveillance studies
[18, 19]. Draz et al. [18] investigated the inci-
dence of IPD in children aged\5 years admit-
ted to hospitals during 2008–2011 with fever
and a potential clinical diagnosis of meningitis,
pneumonia, or septicemia. Among 22,018
patients admitted with these signs, and for
whom culture was performed, IPD was con-
firmed in four patients all aged\1 year: two
patients with pleural effusion, one patient with
meningitis, and one with septicemia. The IPD
CFR was 75%. It was noted that three of the four
patients with IPD had comorbid congenital
heart disease and/or immunodeficiency, illus-
trating the heightened vulnerability of children
with underlying conditions. Based on the study
results, the annual IPD detection rate was esti-
mated to be 18.2 per 100,000 hospitalized

children aged\5 years. Sadek et al. [19] evalu-
ated children aged B 12 years who presented to
hospitals with fever and convulsions from
December 2012 to November 2013. Of 85
patients enrolled in the study, 69 were
aged B 2 years. CSF samples were collected from
all patients for physical, chemical, and cytologic
analyses. Samples from 23.5% of patients had
elevated white blood cell counts, of which 3.5%
of the samples had counts indicative of acute
bacterial infection, all of which were positive for
S. pneumoniae.

Pneumococcal Pneumonia

Six articles on pneumonia are included in this
qualitative analysis. Of the six included studies,
three studies evaluated pediatric patients pre-
senting to hospitals with CAP [18, 20, 21], two
studies assessed pneumonia in pediatric inten-
sive care patients undergoing mechanical ven-
tilation (MV) [22, 23], and one study
investigated congenital pneumonia in full-term
neonates (Table 3) [24].

A large, prospective surveillance survey con-
ducted in two hospitals in Cairo from Novem-
ber 1991 to April 1993 enrolled 1635 children
aged 2–60 months who presented with clinical
signs of pneumonia that met published WHO
criteria [21]. All enrolled children were hospi-
talized; NP swabs and blood samples were col-
lected from all patients, and pneumonia
severity was categorized according to WHO
guidelines. Overall, 1199/1635 patients (73%)
had S. pneumoniae and/or H influenzae isolated
from NP swab specimens: 961/1635 (59%) had
S. pneumoniae and 884/1635 (54%) had H
influenzae (646 patients had both bacteria iso-
lated). Of the 1635 blood cultures undertaken,
S. pneumoniae was isolated from 52 (3.2%) cul-
tures. Based on the assessed clinical criteria,
47% of patients were diagnosed with uncom-
plicated pneumonia, 45% with severe pneu-
monia, and 7% with very severe disease;
children with very severe disease were more
likely to have a positive blood culture result
than children with severe or uncomplicated
pneumonia (6.4% vs. 3.5%, P = 0.08) [21].
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Two more recent surveillance studies also
assessed S. pneumoniae infections among chil-
dren hospitalized with pneumonia in Cairo
[18, 20]. The first study was conducted at a large
referral pediatric hospital and aimed to charac-
terize the detection rate and outcome of pneu-
mococcal disease in children younger than
5 years [18]. During the study period from Jan-
uary 2008 to December 2011, 22,018 children
were admitted with fever and/or clinical signs
suggestive of pneumonia, meningitis, or sep-
ticemia and had C 1 culture performed. Of
those admitted, eight had culture-confirmed
non-IPD (aged B 1 year, n = 5; aged 1–5 years,
n = 3), seven of whom were diagnosed with
pneumococcal pneumonia. (Of note, three of
the eight patients with non-IPD also had
comorbidities such as congenital heart disease
and/or immune deficiency.) Overall, seven of
the patients with non-IPD survived and one
died. Based on these findings, the CFR of non-
IPD was 12.5%, and the annual detection rate
was estimated to be 36.4/100,000. Additionally,
the annual detection rate of non-IPD in infants
aged\1 year was significantly higher than in
children aged 1–5 years (61.4 vs. 21.6 per
100,000; P\0.001), illustrating the vulnerabil-
ity of younger children in Egypt to pneumo-
coccal infection [18].

El Seify et al. [20] reported findings from a
prospective study in children aged 1–72 months
who were consecutively admitted with CAP to
the pediatric unit of a university hospital in
Cairo between February 2012 and March 2013.
A total of 90 children were included in the
study, all of whom exhibited clinical and radi-
ologic signs of CAP. Based on cultures of col-
lected respiratory specimens and serologic
analysis, an etiologic agent (bacterial, viral, or
mixed) was identified in 59/90 patients (65.5%).
S. pneumoniae was among the five most com-
monly identified pneumonia pathogens (7.8%)
[20].

Two studies evaluated pneumonia in pedi-
atric patients receiving MV. The first study was
conducted during 2010 and assessed the cause
of ventilator-associated pneumonia (VAP) in
critically ill neonates aged 6–18 days [22].
Among 32 patients diagnosed with VAP, non-
bronchoscopic bronchoalveolar lavage (NB-

BAL) culture identified S. pneumoniae in two
patients (6.2% of patients overall). The second
study assessed patients aged 1 month to
12 years who were either admitted to pediatric
intensive care unit (ICU) with severe pneumo-
nia requiring MV or who acquired VAP during
their stay in the unit [23]. From May 2015 to
March 2018, 642 patients were admitted to the
ICU, of whom 85 patients required MV for 96
episodes of pneumonia. Based on the timing of
infection relative to the commencement of MV,
pneumonia was classified as CAP (44.8%), hos-
pital-acquired pneumonia (HAP; 12.5%), or VAP
(42.7%). S. pneumoniae were isolated from the
NB-BAL fluid of only one CAP episode (2.3% of
CAP overall) [23].

A case–control study was performed in full-
term neonates to assess the diagnostic utility of
an antimicrobial peptide (cathelicidin) in con-
genital pneumonia [24]. Conducted in the
neonatal ICU of a Cairo hospital, the study
compared 30 neonates with congenital pneu-
monia (cases) and 30 healthy neonates (con-
trols). The diagnosis of congenital pneumonia
was based on defined clinical signs and associ-
ated radiologic changes; only full-term neo-
nates with a history of premature membrane
rupture, a diagnosis of congenital pneumonia
within 72 h of birth, and a positive blood cul-
ture result were included as cases. Of the 30
included neonates with congenital pneumonia,
S. pneumoniae was identified from 6 (20%) blood
cultures [24].

Pneumococcal OM

The sole article included in the OM qualitative
analysis described a study conducted in chil-
dren aged 9 months to 11 years with acute
mastoiditis who presented to the otolaryngol-
ogy unit of a pediatric hospital in Cairo during
2007 [25]. All 19 patients included in the study
had acute mastoiditis develop as a complication
of acute OM (Table 4). On admission, 12/19
patients who had not commenced antibiotic
therapy had samples of ear discharge submitted
for culture. In these 12 patients, S. pneumoniae
were the most commonly identified bacteria (5/
12), followed by Streptococcus pyogenes (3/12)
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and Staphylococcus aureus (1/12). All isolates
were sensitive to ceftriaxone. Treatment out-
comes over a follow-up period of C 1 year were
reported across all 19 patients: 5 patients
recovered after antibiotic therapy alone; 7
patients were treated with myringotomy in
addition to antibiotics, 4 of whom recovered
without recurrence and 3 subsequently required
mastoidectomy; and 10 patients were treated
with cortical mastoidectomy with myringo-
tomy and antibiotic therapy, all of whom
recovered without recurrence [25]. No associa-
tions between pathogen type and severity of
mastoiditis or treatment outcomes were
reported.

Pneumococcal NPC

Two studies on pneumococcal NPC were inclu-
ded in the review, both performed in children
aged B 5 years and together spanning the per-
iod of late 2012 to early 2014 [10, 26]. One
study was based in Cairo and evaluated NPC in
200 children aged 6 months to 5 years (healthy
or with noninfectious disease) attending out-
patient clinics [10], and the other assessed car-
riage in 600 healthy children aged 2–5 years
attending a hospital in Alexandria (Table 5)
[26]. The prevalence of S. pneumoniae carriage
was comparable between the studies when
measured by bacterial culture, with 31% of all
the Cairo subjects [10] and 29.2% of all the
Alexandria subjects [26] identified as carriers of
S. pneumoniae; among the Alexandria subjects,
higher S. pneumoniae carriage was observed in
children aged\2 years ranging between 37.7%
and 39.4%. Of note, when NPC samples from
the Cairo subjects were assessed by real-time
polymerase chain reaction (PCR), S. pneumoniae
carriage prevalence increased to 56.5% [10].
Differences in serotyping methodology between
studies limited the extent of direct compar-
isons, although there was a clear predominance
of 19F isolates in Cairo and Alexandria carriers
(18.8% and 24.6%, respectively). Serotypes 6A/
6B/(6C/6D) were also commonly carried (20.8%
and 25.1%, respectively), whereas serotype 1
was noticeably more frequent in Cairo carriers
(10.9% vs. 0%) [10, 26]. Serotype 19A was

carried by 5.9% and 1.7% of Cairo and Alexan-
dria subjects, respectively. Based on the ser-
otypes observed in the Cairo study, it was
estimated that the PCV13 and PCV10 vaccines
covered 72.4% and 65.5% of the carried NP
isolates, respectively [10].

Antimicrobial Resistance

Of nine included studies, AMR was investigated
in one study among children with conjunctivi-
tis [27], two that characterized pneumococcal
NPC in children [10, 26], one assessing treat-
ments in children with OM and acute mas-
toiditis [25], two in children with pneumonia
[21, 23], one including children with either
invasive or noninvasive pneumococcal disease
[18], and two that investigated children with
meningitis (Table 6) [15, 16].

Two cross-sectional studies investigated AMR
of S. pneumoniae isolates from NPC in Egyptian
children [10, 26]. The first study was conducted
in healthy children aged 2–60 months who
were sampled between January 2013 and Jan-
uary 2014 [26]. Antimicrobial susceptibility
testing results of 100 isolates showed high levels
of resistance to penicillin, sulfamethoxazole-
trimethoprim, tetracyclines, erythromycin, and
clindamycin. Among the identified serotypes,
the highest frequency of penicillin resistance
was observed in serotypes 9V (100% using
meningitis breakpoints and 25% using non-
meningitis breakpoints) and 19F (74% and
22%). Multidrug-resistance (MDR), which was
defined as resistance to C 3 antimicrobial
groups, was identified in 41% of isolates; ser-
otypes 19F and six predominated among MDR
isolates (41.4% and 26.8%, respectively) [26].
The second NPC study was performed in
Alexandria during the winter seasons of
2012–2013 and 2013–2014 and sampled 200
children aged 6 months to 5 years [10]. S. pneu-
moniae was cultured from the swabs of 62/200
subjects; all isolates were tested for AMR, with
the majority showing resistance to multiple
antibiotics. By disk diffusion, the frequencies of
resistant and intermediate isolates were highest
for sulfamethoxazole-trimethoprim (96.7%),
doxycycline (85.5%), tetracycline (83.9%), and
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us
in
g
di
sk

di
ff
us
io
n
(o
xa
ci
lli
n,

va
nc
om

yc
in
,t
et
ra
cy
cl
in
e,

do
xy
cy
cl
in
e,
cl
in
da
m
yc
in
,e
ry
th
ro
m
yc
in
,

le
vo
flo
xa
ci
n,

ofl
ox
ac
in
,s
ul
fa
m
et
ho
xa
zo
le
-

tr
im

et
ho
pr
im

)
an
d
E
-t
es
t
fo
r
M
IC

s
(p
en
ic
ill
in
,

va
nc
om

yc
in
,c
ef
tr
ia
xo
ne
),
in

ac
co
rd
an
ce

w
it
h

C
L
SI

gu
id
el
in
es

C
ar
ri
ag
e
pr
ev
al
en
ce

S.
pn
eu
m
on
ia
e
cu
ltu

re
d
fr
om

62
/2
00

su
bj
ec
ts

PC
R
sh
ow

ed
11
3/
20
0
su
bj
ec
ts
(5
6.
5%

)
w
er
e

po
si
ti
ve

fo
r
pn

eu
m
oc
oc
ci

Se
ro
ty
pe

id
en
ti
fic
at
io
n

M
os
t
fr
eq
ue
nt
ly
is
ol
at
ed

se
ro
ty
pe
s
w
er
e
6A

/6
B
/

6C
/6
D

(2
0.
8%

),
19
F
(1
8.
8%

),
1
(1
0.
9%

),
34

(7
.9
%
),
an
d
19
A
(5
.9
%
)

R
es
is
ta
nc
e
ra
te
s

M
aj
or
it
y
sh
ow

ed
re
si
st
an
ce

to
m
ul
ti
pl
e
an
ti
bi
ot
ic
s

Fr
eq
ue
nc
y
of

re
si
st
an
t
an
d
in
te
rm

ed
ia
te

is
ol
at
es

w
as

hi
gh
es
t
fo
r
su
lfa
m
et
ho
xa
zo
le
-t
ri
m
et
ho
pr
im

(9
6.
7%

an
d
0%

),
do
xy
cy
cl
in
e
(7
7.
4%

an
d
8.
1%

),

te
tr
ac
yc
lin

e
(7
2.
6%

an
d
11
.3
%
),
an
d
ox
ac
ill
in

(7
2.
6%

an
d
0%

)

Infect Dis Ther
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ud
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n
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et
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do
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gy

O
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co
m
es

re
le
va
nt
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S.

pn
eu
m
on
ia
e
A
M
R

Se
ns
it
iv
it
y
w
as

hi
gh
es
t
to

va
nc
om

yc
in

(1
00
%
),
le
vo
flo
xa
ci
n
(1
00
%
),
ofl
ox
ac
in

(7
2.
5%

),
cl
in
da
m
yc
in

(6
4.
5%

),
an
d

er
yt
hr
om

yc
in

(5
0%

)

M
IC

s
(b
y
E
-t
es
t)
:
pe
ni
ci
lli
n
(3
.2
%

re
si
st
an
t

an
d
54
.8
%

in
te
rm

ed
ia
te
),
ce
ft
ri
ax
on
e
(0
%

an
d
1.
6%

),
va
nc
om

yc
in

(b
ot
h
0%

)

D
ra
z
et

al
.

[1
8]

Su
rv
ei
lla
nc
e,

pr
os
pe
ct
iv
e

C
ai
ro

U
ni
ve
rs
it
y

Sp
ec
ia
liz
ed

Pe
di
at
ri
c
H
os
pi
ta
l

Ja
n
20
08
–D

ec

20
11

C
hi
ld
re
n
ag
ed

\
5
ye
ar
s
ad
m
it
te
d
w
it
h

fe
ve
r;
a
po
ss
ib
le
cl
in
ic
al
di
ag
no
si
s
of

m
en
in
gi
ti
s,
pn

eu
m
on
ia
,o

r
se
pt
ic
em

ia
;

an
d
fo
r
w
ho
m

cu
ltu

re
w
as

pe
rf
or
m
ed

(n
=
22
,0
18
)

S.
pn
eu
m
on
ia
e
is
ol
at
es

w
er
e
te
st
ed

fo
r
A
M
R

us
in
g
di
sk

di
ff
us
io
n
m
et
ho
d,

in
ac
co
rd
an
ce

w
it
h
C
L
SI

gu
id
el
in
es
;
be
nz
yl
pe
ni
ci
lli
n

M
IC

de
te
rm

in
ed

by
E
-t
es
t
(a
nt
ib
io
ti
cs

te
st
ed

in
cl
ud
ed

su
lfa
m
et
ho
xa
zo
le
-

tr
im

et
ho
pr
im

,p
en
ic
ill
in
,v
an
co
m
yc
in
,

ce
ft
ri
ax
on
e,
ox
ac
ill
in
,e
ry
th
ro
m
yc
in
,

te
tr
ac
yc
lin

e,
ci
pr
ofl
ox
ac
in
,c
lin

da
m
yc
in
,

do
xy
cy
cl
in
e)

R
es
is
ta
nc
e
ra
te
s
(I
PD

is
ol
at
es
)

A
ll
4
IP
D

is
ol
at
es
w
er
e
se
ns
it
iv
e
to

ox
ac
ill
in
,

va
nc
om

yc
in
,s
ul
fa
m
et
ho
xa
zo
le
-

tr
im

et
ho
pr
im

,d
ox
yc
yc
lin

e,
cl
in
da
m
yc
in
,

ce
ft
ri
ax
on
e,
an
d
te
tr
ac
yc
lin

e

75
%

w
er
e
re
si
st
an
t
to

ci
pr
ofl
ox
ac
in
,5

0%
to

be
nz
yl
pe
ni
ci
lli
n,

an
d
25
%

to
er
yt
hr
om

yc
in

N
on
e
w
er
e
M
D
R

R
es
is
ta
nc
e
ra
te
s
(n
on
-I
PD

is
ol
at
es
)

A
ll
8
is
ol
at
es

w
er
e
se
ns
it
iv
e
to

va
nc
om

yc
in
,

ce
ft
ri
ax
on
e,
an
d
te
tr
ac
yc
lin

e

M
D
R
w
as

de
fin

ed
as

no
ns
us
ce
pt
ib
ili
ty

to
C

3

an
ti
bi
ot
ic
gr
ou
ps

37
.5
%

w
er
e
re
si
st
an
t
to

su
lfa
m
et
ho
xa
zo
le
-

tr
im

et
ho
pr
im

,3
7.
5%

to
er
yt
hr
om

yc
in
,2
5%

to
be
nz
yl
pe
ni
ci
lli
n,

an
d
25
%

to
ox
ac
ill
in

37
.5
%

w
er
e
M
D
R
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C
ro
ss
-

se
ct
io
na
l

A
le
xa
nd

ri
a

U
ni
ve
rs
it
y

C
hi
ld
re
n’
s

H
os
pi
ta
l,
E
l-

Sh
at
by

Ja
n
20
13
–J
an

20
14

H
ea
lth

y,
as
ym

pt
om

at
ic
ch
ild
re
n
ag
ed

2–
60

m
on
th
s
at
te
nd

in
g
th
e
ho
sp
it
al

(n
=
60
0
sc
re
en
ed
)

A
nt
ib
io
ti
c
su
sc
ep
ti
bi
lit
y
te
st
in
g
w
as
pe
rf
or
m
ed

on
10
0
S.

pn
eu
m
on
ia
e
is
ol
at
es

vi
a
st
an
da
rd

di
sc

di
ff
us
io
n,

di
sc

ap
pr
ox
im

at
io
n
(f
or

cl
in
da
m
yc
in
),
an
d
br
ot
h
m
ic
ro
di
lu
ti
on

(f
or

M
IC

s)

M
D
R
w
as

de
fin

ed
as

re
si
st
an
ce

to
C

3

an
ti
bi
ot
ic
cl
as
se
s
in
cl
ud
ed

in
th
e
st
ud
y

R
es
is
ta
nc
e
ra
te
s

90
%

w
er
e
re
si
st
an
t
to

C
1
an
ti
bi
ot
ic

M
D
R
w
as
ob
se
rv
ed

in
41
%
(i
so
la
te
s
re
si
st
an
t

to
3,

4,
an
d
5
an
ti
bi
ot
ic
gr
ou
ps

w
er
e
15
%
,

14
%
,a
nd

12
%
,r
es
pe
ct
iv
el
y)

H
ig
he
st
re
si
st
an
ce

w
as

to
pe
ni
ci
lli
n
(5
5%

by

m
en
in
gi
ti
s
M
IC

br
ea
k
po
in
ts
),

su
lfa
m
et
ho
xa
zo
le
–t
ri
m
et
ho
pr
im

(5
5%

),

te
tr
ac
yc
lin

es
(4
9%

),
er
yt
hr
om

yc
in

(4
0%

),

cl
in
da
m
yc
in

(2
5%

)

O
f
th
e
70

ox
ac
ill
in
-r
es
is
ta
nt

is
ol
at
es

(b
y
di
sk

di
ff
us
io
n)

th
at

w
er
e
te
st
ed

fo
r
M
IC

U
si
ng

m
en
in
gi
ti
s
br
ea
k
po
in
ts
,1

5/
70

(2
1.
4%

)
w
er
e
se
ns
it
iv
e
to

pe
ni
ci
lli
n
an
d

55
/7
0
(7
8.
6%

)
w
er
e
re
si
st
an
t

U
si
ng

no
nm

en
in
gi
ti
s
br
ea
k
po
in
ts
,5

5/
70

(7
8.
6%

)
w
er
e
se
ns
it
iv
e
to

pe
ni
ci
lli
n,

13
/7
0

(1
8.
6%

)
w
er
e
re
si
st
an
t,
an
d
2/
70

(2
.8
%
)

w
er
e
in
te
rm

ed
ia
te

Se
ro
ty
pe

id
en
ti
fic
at
io
n

Se
ro
ty
pe
s
m
os
t
as
so
ci
at
ed

w
it
h
M
D
R
:
19
F

(4
1.
4%

)
an
d
6
(2
6.
8%

)

Se
ro
ty
pe

9V
sh
ow

ed
th
e
hi
gh
es
t
pe
ni
ci
lli
n

re
si
st
an
ce

ra
te

(1
00
%

re
si
st
an
ce

fo
r

m
en
in
gi
ti
s
br
ea
k
po
in
ts
an
d
25
%

re
si
st
an
ce

fo
r
no
nm

en
in
gi
ti
s
br
ea
k
po
in
ts
),
fo
llo
w
ed

by
se
ro
ty
pe

19
F
(7
4%

an
d
22
%
,

re
sp
ec
ti
ve
ly
),
w
he
re
as

th
e
no
n-
PC

V
13

se
ro
ty
pe

gr
ou
p
sh
ow

ed
th
e
lo
w
es
t
re
si
st
an
ce

ra
te

(3
1%

an
d
9%

,r
es
pe
ct
iv
el
y)
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at
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lo
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O
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S.
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m
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e
A
M
R

E
l-N

aw
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y
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]

C
oh
or
t,

pr
os
pe
ct
iv
e

T
he

PI
C
U

of
a

un
iv
er
si
ty
-

af
fil
ia
te
d
ho
sp
it
al
,

E
gy
pt

M
ay 20

15
–M

ar

20
18

Pa
ti
en
ts
ag
ed

1
m
on
th
s–
12

ye
ar
s

ad
m
it
te
d
to

PI
C
U

w
it
h
se
ve
re

pn
eu
m
on
ia
re
qu
ir
in
g
M
V
an
d

pa
ti
en
ts
in

w
ho
m

V
A
P
de
ve
lo
pe
d

du
ri
ng

th
ei
r
PI
C
U

st
ay

(n
=
85
)

A
nt
ib
io
ti
c
su
sc
ep
ti
bi
lit
y
te
st
in
g
w
as
pe
rf
or
m
ed

by
di
sk

di
ff
us
io
n
us
in
g
C
L
SI

gu
id
el
in
es

R
es
is
ta
nc
e
ra
te
s

S.
pn
eu
m
on
ia
e
w
er
e
is
ol
at
ed

fr
om

on
ly
1

pn
eu
m
on
ia
ep
is
od
e
(C

A
P)
;
th
is
is
ol
at
e
w
as

cl
as
si
fie
d
as

an
ti
bi
ot
ic
su
sc
ep
ti
bl
e

O
st
ro
ff
et

al
.

[2
1]

Su
rv
ei
lla
nc
e,

pr
os
pe
ct
iv
e

A
bb
as
si
a
Fe
ve
r

H
os
pi
ta
l
an
d

E
m
ba
ba

Fe
ve
r

H
os
pi
ta
l,
C
ai
ro

N
ov 19

91
–A

pr

19
93

C
hi
ld
re
n
ag
ed

2–
60

m
on
th
s
w
ho

pr
es
en
te
d
to

th
e
2
ho
sp
it
al
s
an
d
m
et

W
H
O

cl
in
ic
al
cr
it
er
ia
fo
r
pn

eu
m
on
ia

(m
ax
im

um
of

5
pa
ti
en
ts
en
ro
lle
d
da
ily

pe
r
si
te
;
to
ta
l
n
=
16
35
)

A
ll
S.

pn
eu
m
on
ia
e
is
ol
at
es

w
er
e
sc
re
en
ed

by

di
sk

di
ff
us
io
n
fo
r
su
sc
ep
ti
bi
lit
y
to

ox
ac
ill
in
,

co
-t
ri
m
ox
az
ol
e,
er
yt
hr
om

yc
in
,a
nd

ch
lo
ra
m
ph
en
ic
ol

M
IC

s
w
er
e
de
te
rm

in
ed

by
ag
ar

di
lu
ti
on

te
st

(p
en
ic
ill
in

su
bs
ti
tu
te
d
fo
r
ox
ac
ill
in
)
fo
r
m
os
t

sa
m
pl
es

N
P
S.

pn
eu
m
on
ia
e
is
ol
at
es

th
at

di
d
no
t
ha
ve

M
IC

de
te
rm

in
ed

di
re
ct
ly
ha
d
M
IC

es
ti
m
at
ed

ba
se
d
on

te
st
ed

st
ra
in
s
w
it
h

m
at
ch
in
g
in
hi
bi
ti
on

zo
ne
s

R
es
is
ta
nc
e
ra
te
s

A
M
R
by

M
IC

s
fo
r
S.

pn
eu
m
on
ia
e
is
ol
at
es

fr
om

N
P
sa
m
pl
es

Pe
ni
ci
lli
n:

Su
sc
ep
ti
bl
e,
70
.9
%
;

In
te
rm

ed
ia
te
,2

9.
1%

;
R
es
is
ta
nt
,0

%

C
o-
tr
im

ox
az
ol
e:
S,

73
.0
%
;
I,
26
.4
%
;
R
,

0.
6% E
ry
th
ro
m
yc
in
:
S,

93
.9
%
;
I,
3.
6%

;
R
,2

.5
%

C
hl
or
am

ph
en
ic
ol
:
S,

78
.5
%
;
R
,2

1.
5%

A
M
R
by

M
IC

s
fo
r
S.

pn
eu
m
on
ia
e
is
ol
at
es

fr
om

bl
oo
d
sa
m
pl
es

Pe
ni
ci
lli
n:

S,
77
.6
%
;
I,
22
.4
%
;
R
,0

%
;

C
o-
tr
im

ox
az
ol
e:
S,
75
.0
%
;I
,2
5.
0%

;R
,0
%
;

E
ry
th
ro
m
yc
in
:
S,

10
0%

;

C
hl
or
am

ph
en
ic
ol
:
S,

70
.2
%
;
R
,2

9.
7%

O
f
S.

pn
eu
m
on
ia
e
bl
oo
d
is
ol
at
es

w
it
h

in
te
rm

ed
ia
te

su
sc
ep
ti
bi
lit
y
to

pe
ni
ci
lli
n,

36
%

w
er
e
in
te
rm

ed
ia
te
ly
su
sc
ep
ti
bl
e
to

co
-

tr
im

ox
az
ol
e,
an
d
27
%

w
er
e
re
si
st
an
t
to

ch
lo
ra
m
ph
en
ic
ol
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R
C
T

Pe
di
at
ri
c
cl
in
ic
at

K
as
r
E
l-A

in
i

H
os
pi
ta
l,
C
ai
ro

U
ni
ve
rs
it
y

Ju
l
19
83

C
hi
ld
re
n
ag
ed

B
15

ye
ar
s
co
ns
ec
ut
iv
el
y

ad
m
it
te
d
du
ri
ng

Ju
ly
w
it
h
an

ex
te
rn
al

ey
e
in
fe
ct
io
n
(t
ot
al

n
=
24
8;
\

2
ye
ar
s,
n
=
16
5;

2–
6

ye
ar
s
,n

=
62
;
7–

15
ye
ar
s,
n
=
21
)

Fu
si
di
c
ac
id

ey
e
vi
sc
ou
s
dr
op
s
or

ch
lo
ra
m
ph
en
ic
ol

ey
e
dr
op
s
w
er
e
as
si
gn
ed

us
in
g
an

op
en
,r
an
do
m
iz
ed

pr
ot
oc
ol
;
ev
er
y

fif
th

ch
ild

re
ce
iv
in
g
ch
lo
ra
m
ph
en
ic
ol

R
es
is
ta
nc
e
ra
te
s

O
f
24
8
pa
ti
en
ts
w
it
h
co
nj
un

ct
iv
it
is
,2

06

re
ce
iv
ed

fu
si
di
c
ac
id

vi
sc
ou
s
ey
e
dr
op
s
an
d

42
re
ce
iv
ed

ch
lo
ra
m
ph
en
ic
ol

ey
e
dr
op
s

S.
pn
eu
m
on
ia
e,
n
=
20
/1
59

(1
3%

)
of

ba
ct
er
ia
l
is
ol
at
es

16
/1
8
tr
ea
te
d
w
it
h
fu
si
di
c
ac
id

w
er
e

cl
in
ic
al
ly
cl
as
si
fie
d
as

‘‘s
uc
ce
ss
’’
an
d
w
er
e

se
ns
it
iv
e
to

fu
si
di
c
ac
id

by
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vi
tr
o
te
st
in
g

Is
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at
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w
er
e
id
en
ti
fie
d
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d
te
st
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fo
r

su
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lit
y
ag
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t
fu
si
di
c
ac
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an
d

ch
lo
ra
m
ph
en
ic
ol

us
in
g
di
sk

di
ff
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io
n

2/
18

tr
ea
te
d
w
it
h
fu
si
di
c
ac
id

w
er
e
cl
in
ic
al
ly

cl
as
si
fie
d
as

‘‘i
m
pr
ov
em

en
t’’
an
d
w
er
e

re
si
st
an
t
to

fu
si
di
c
ac
id

by
in

vi
tr
o
te
st
in
g

2/
2
tr
ea
te
d
w
it
h
ch
lo
ra
m
ph
en
ic
ol

w
er
e

cl
in
ic
al
ly
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as
si
fie
d
as

‘‘s
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ss
’’
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d
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e
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e
to
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lo
ra
m
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ol

by
in
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o
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g
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oxacillin (72.6%) and lowest for erythromycin
(50.0%), clindamycin (35.5%), ofloxacin
(27.4%), vancomycin (0%), and levofloxacin
(0%). Serotype-specific antibiotic susceptibili-
ties were not reported in this article [10].

A study conducted during 2007 evaluated
the treatment of acute mastoiditis in 19 chil-
dren presenting to a pediatric hospital in Cairo
[25]. Acute mastoiditis is considered a serious
complication of acute OM that can in turn lead
to further severe complications. All patients
included in the study received intravenous cef-
triaxone (20–50 mg/kg body weight) on admis-
sion; this dosage was continued for C 1 week.
Culture of ear discharge was performed for 12
patients; S. pneumoniae was isolated in 5/12
(42%), and all isolates were sensitive to ceftri-
axone [25].

A prospective surveillance study conducted
in two hospitals in Cairo during the early 1990s
enrolled 1635 children aged 2–60 months who
presented with clinical signs of pneumonia [21].
Overall, S. pneumoniae was isolated from
961/1635 NP swabs and 52/1635 blood samples
collected from these patients. Susceptibility
patterns by minimum inhibitory concentration
for the tested antibiotics were found to be sim-
ilar for S. pneumoniae isolates from NP samples
and blood. Susceptibility rates to penicillin of
NP isolates and blood isolates were 70.9% and
77.6%, respectively; to co-trimoxazole, 73.0%
and 75.0%; to erythromycin, 93.9% and 100%;
and to chloramphenicol, 78.5% and 70.2% [21].
Another study characterized the pathogens
associated with severe pneumonia in hospital-
ized Egyptian children [23]. Among 85 hospi-
talized pediatric patients aged 1 month to
12 years with pneumonia requiring MV or in
whom VAP developed during hospitalization
(96 pneumonia episodes in total), S. pneumoniae
was isolated from one NB-BAL specimen. This
isolate was described as antibiotic susceptible
[23].

A surveillance study conducted in a Cairo
pediatric hospital to detect cases of invasive and
noninvasive pneumococcal disease in patients
aged\5 years also investigated antimicrobial
susceptibility of obtained isolates [18]. During
the 4-year study period (2008–2011), four cases
of IPD and eight cases of non-IPD were

confirmed by culture. Of the S. pneumoniae iso-
lates from IPD, all were sensitive to oxacillin,
vancomycin, sulfamethoxazole-trimethoprim,
doxycycline, and clindamycin, while 50% were
resistant to benzyl penicillin, 75% to cipro-
floxacin, and 25% to erythromycin. Of the iso-
lates from non-IPD, all were sensitive to
vancomycin, ceftriaxone, and tetracycline;
37.5% were resistant to sulfamethoxazole-
trimethoprim, 37.5% were resistant to ery-
thromycin, 25% were resistant to benzyl peni-
cillin, and 25% were resistant to oxacillin. None
of the IPD isolates were MDR (defined by the
study as nonsusceptibility to C 3 antibiotic
groups), whereas 37.5% of non-IPD isolates
were MDR. Although isolate numbers were
small, there appeared to be increased frequency
of resistance in the final year of the study, par-
ticularly in the non-IPD isolates (all three MDR
isolates were cultured in 2011) [18].

Two studies characterized AMR in S. pneu-
moniae isolates from pediatric patients with
meningitis treated in infectious disease hospi-
tals participating in sentinel meningitis
surveillance across Egypt [15, 16]. Youssef et al.
[15] investigated the cause of meningitis in
patients aged\6 years who presented with
suspected meningitis between May 1998 and
December 2000; in total, 228/2047 patients had
culture-confirmed meningitis, 68 (30%) of
whom had S. pneumoniae isolated. Results from
AMR testing conducted on 29 of these S. pneu-
moniae isolates showed significant levels of
resistance against oxacillin (62% resistant and
0% intermediate), tetracycline (41% and 21%,
respectively), sulfamethoxazole-trimethoprim
(25% and 14%), chloramphenicol (21% and
0%), and penicillin (E-test; 0% resistant and
52% intermediate), whereas all isolates were
sensitive to ceftriaxone [15]. Wasfy et al. [16]
characterized 205 S. pneumoniae isolates recov-
ered from patients with meningitis of all ages
between 1998 and 2003; 61% of the studied
patients were aged\18 years. Although AMR
rates were mostly reported across all age groups,
it was noted that, in children aged\2 years,
51% of isolates were nonsusceptible to peni-
cillin and 9% were nonsusceptible to ceftriax-
one. Additionally, of the 32 MDR isolates
identified, 50% belonged to three of the

Infect Dis Ther



serotypes that were prominent in pediatric
patients (6A, 6B, and 23F) [16].

DISCUSSION

A comprehensive understanding of S. pneumo-
niae, the illnesses it can cause, and the measures
to prevent disease pathogenesis among young
children in low- and middle-income countries is
critical toward informing public health strate-
gies. Our review summarizes the limited avail-
able evidence on multiple aspects of S.
pneumoniae in Egyptian children, including
invasive disease, pneumonia, OM, NPC, AMR,
and vaccination. A total of 16 relevant articles
spanning three decades of research were inclu-
ded in our review, which together highlight the
concerning role the pneumococcal pathogen
has among healthy Egyptian children, as well as
the necessity for comprehensive, contemporary
surveillance measures to fully capture the
extent of disease burden among this popula-
tion, including prevalent serotypes and disease
dynamics.

Several studies investigating the epidemiol-
ogy of invasive disease among Egyptian chil-
dren identified S. pneumoniae as a predominant
cause of illness. Findings were primarily derived
from hospital-based surveillance studies that
assessed pediatric meningitis. The majority of
studies showed that S. pneumoniae remains a
prevalent cause of meningitis among Egyptian
children, causing 24% of meningitis cases at a
Cairo hospital in 1983 [13], 30% of cases across
12 referral hospitals from 1998 to 2000 [15], and
21% of bacterial meningitis cases among chil-
dren admitted to a single hospital during
2002–2003 [17]. Similarly, studies from neigh-
boring countries, such as Jordan, Kuwait, and
Saudi Arabia, conducted in the 1980s and 1990s
showed that S. pneumoniae was the etiologic
agent in approximately 9–35% of bacterial
meningitis cases in neonates and children
aged\12 years [28–30]. However, contempo-
rary data on the epidemiology of IPD are nee-
ded, especially regarding nationwide
surveillance studies that comprehensively eval-
uate disease incidence, prevalence, and mortal-
ity. Further, our review showed that available

information on prevalent pneumococcal ser-
otypes underlying IPD in Egyptian children is
incredibly limited. Only one identified study
performed isolate serotyping, which deter-
mined that serotypes 6A and 6B predominated
among meningitis cases of pediatric patients
aged\5 years [16]. In contrast, a study from
Israel showed that serotypes 5 and 1 were the
most frequent in children aged between 15 days
and 13 years [31]. Importantly, the predicted
serotype coverage rates of PCV7 and an experi-
mental 11-valent PCV were 61% and 69%,
respectively, among Egyptian children aged
2–5 years [16]. Together, these findings indicate
that S. pneumoniae is an important underlying
cause of invasive disease, primarily when man-
ifesting as meningitis, with currently available
pneumococcal vaccines such as PCV10 and
PCV13 potentially providing coverage against
the most prevalent circulating serotypes.

Our literature review also highlights that S.
pneumoniae is an important cause of pneumonia
and OM among healthy Egyptian children. The
prevalence of S. pneumoniae as a cause of pneu-
monia was variable, which might reflect the
largely single-unit nature of the studies and the
different types of pneumonia investigated (i.e.,
CAP, HAP, and VAP) [18, 20–24]. Regardless, S.
pneumoniae was found to be a relatively com-
mon etiologic agent for pneumonia among
Egyptian children. For instance, a large study in
the early 1990s identified S. pneumoniae in NP
swabs of 59% of children aged 2–60 months
presenting with pneumonia [21]. More recently,
the pneumococcus generally remained a fre-
quent cause of pneumonia, causing B 8% of
CAP episodes in children aged 1–72 months in a
report from 2016 [20, 24]. Further, a study from
2015 estimated the CFR of non-IPD (which
predominantly consisted of pneumococcal
pneumonia cases) as 12.5%, with an annual
detection rate of 61.4 and 21.6 per 100,000
among Egyptian children aged\1 and 1–-
5 years, respectively [18]. However, the gener-
alizability of these findings could be limited by
the small number of patients with non-IPD
involved in the study (n = 8), which included
children with underlying medical conditions.
Additionally, pneumococcal disease detection
methods are not standardized across Egypt,
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which may lead to variability in estimated
incidence rates [32]. Comparatively, a
2001–2005 study in children aged\5 years in
Abu Dhabi, United Arab Emirates, reported the
incidence of non-IPD to be 172.5 per 100,000
individuals [33]. These findings are of major
interest, as pneumonia is a significant public
health concern among Egyptian children
aged\5 years, with 680,000 pneumonia epi-
sodes among this population estimated to have
occurred in 2010, causing approximately 5000
annual deaths [34]. Although only one article
on OM was included in our review, the pneu-
mococcus was the most commonly identified
bacterial pathogen of acute mastoiditis, a severe
complication of acute OM, among children
aged 9 months to 11 years [25]. This result
remains important, as OM is one of the most
common diseases affecting children. Collec-
tively, these data emphasize the burden of
pneumonia and pneumococcal OM among
Egyptian children but also illustrate the need for
additional studies that include national
surveillance data to comprehensively assess the
epidemiology of these diseases among this vul-
nerable population.

While only two articles on pneumococcal
carriage in Egyptian children were identified,
both were relatively recently published articles
that showed approximately 30% of children
were carriers of the pathogen [10, 26]. Using
sensitive molecular versus culture techniques,
carriage rates were higher, reaching 57% among
younger Egyptian children [10]. The observed
carriage rates of approximately 30% are slightly
lower than those reported in other countries in
the region: in Ethiopia, Ghana, and South
Africa, between 40 and 51% of children are
reported to be carriers of S. pneumoniae [35–37].
It is understood that these rates are of utmost
importance, as pneumococcal colonization of
the nasopharynx is an obligatory step in the
progression and development of disease,
including OM and invasive disease, and also
serves as a basis for disease transmission [1, 3].
Further, vaccination strategies also aim to pro-
tect against disease by preventing colonization
of pneumococcal serotypes responsible for dis-
ease [3]. Although pneumococcal vaccines are
not currently included in the Egyptian

immunization program, the studies included in
our review estimated that PCV10 and/or PCV13
would theoretically cover the majority of colo-
nizing pneumococcal serotypes (PCV10 cover-
age, 65.5%; PCV13 coverage, 72.4%) [10, 26].

Our review also summarizes important find-
ings regarding the resistance of pneumococci to
commonly used antimicrobial agents. Antibi-
otic resistance of bacterial pathogens is a grow-
ing concern among the global medical
community, particularly among low- and mid-
dle-income countries, where limited surveil-
lance and general misuse of antibiotic agents
compound their effectiveness [38, 39]. More
recently, WHO designated penicillin-nonsus-
ceptible pneumococci as a global priority
pathogen [40, 41]. In our review, two studies
investigating AMR of pneumococcal meningitis
isolates among Egyptian children identified
heightened resistance rates to penicillin
[15, 16]. Predominant serotypes associated with
penicillin resistance were identified as 6B, 1,
19A, 23F, and 6A, all of which would be covered
by PCV13 [16]. Similarly, high levels of peni-
cillin resistance among isolates from children
aged\15 years have also been reported in Saudi
Arabia, where penicillin resistance was espe-
cially high for serotypes 23F, 6B, and 19F, all of
which are included in PCV13 [42]. For pneu-
mococcal NP isolates from young children from
2013 to 2014, 55% showed resistance to peni-
cillin, with serotypes 9V and 19F most fre-
quently associated with resistance and non-
PCV13 serotypes showing lowest resistance [26].
Additionally concerning are MDR pneumococ-
cal isolates, with the above study showing 90%
of NP isolates were resistant to C 1 antibiotic
and 12% were resistant to 5 different antibiotic
classes; serotype 19F was most commonly asso-
ciated with MDR [26]. Of note, antibiotic use for
pneumococcal disease is not standardized across
Egypt [7]. Taken together, reported pneumo-
coccal antibiotic resistance rates might present
a challenge for the Egyptian medical commu-
nity, with further knowledge to be gained from
national surveillance studies. However, it
remains encouraging that current serotypes
associated with AMR are those covered by cur-
rently available PCVs, suggesting that a pre-
emptive vaccination strategy might prove a
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useful therapeutic alternative to antibiotic use
for pneumococcal disease among Egyptian
children.

Although pneumococcal vaccines are avail-
able in Egypt, these prophylactic agents are not
currently included in the national immuniza-
tion program [10, 11]. According to 2018 WHO
and United Nations Children’s Fund estimates,
approximately 74.0 million infants (55%)
worldwide were unvaccinated against pneumo-
coccal disease, which was largely due to PCV
accessibility issues (i.e., the country had not yet
introduced PCVs or patients could not access
routine immunization services) [43]. Notably, as
of June 2020, PCVs had been included in the
national programs of 146 different countries,
including 60 Global Alliance (formerly the
Global Alliance for Vaccines and Immuniza-
tions) countries and several countries that
neighbor Egypt [43]. Additionally, a study from
2013 reported that the introduction of PCV13
into the Egyptian national immunization pro-
gram would be cost-effective compared with no
vaccination, and could potentially prevent
approximately 42% of pneumococcal-related
deaths in the country [44]. Further, for greater
protection against pneumococcal disease in
children aged C 2 years with comorbidities,
WHO recommends PPSV23 after a primary PCV
vaccination [8, 45]. However, the lack of com-
prehensive data in Egyptian children may stifle
public health decisions regarding immuniza-
tion. A limitation of this review is the limited
number of studies available, particularly for
pneumococcal OM and NPC. Additionally,
diagnostic methods were not consistent across
the included studies, and the sensitivity of each
method may vary [46]. Thus, our review illus-
trates the critical need for improved disease
surveillance and contemporary approaches
toward elucidating the serotypes causing disease
among children throughout Egypt. This exten-
sive understanding can help guide the imple-
mentation of appropriate health strategies
specifically targeted toward the prevention and
treatment of pneumococcal disease among
Egyptian children.

CONCLUSION

Pneumococcal disease represents a significant
public health concern to children in Egypt.
Additional studies that use contemporaneous
and inclusive approaches toward data collection
should provide further clarity regarding the
multifaceted aspects of the disease among this
population. A national strategy toward reducing
disease burden among Egyptian children may
ensure that this vulnerable population is suffi-
ciently protected against the potentially devas-
tating disease.
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