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Abstract. Childhood vaccination with the 13-valent pneumococcal conjugate vaccine (PCV13) was introduced in
Cambodia in January 2015. Baseline data regarding circulating serotypes are scarce. All microbiology laboratories in
Cambodia were contacted for identiﬁcation of stored isolates of Streptococcus pneumoniae from clinical specimens
taken before the introduction of PCV13. Available isolates were serotyped using a multiplex polymerase chain reaction
method. Among 166 identiﬁed isolates available for serotyping from patients with pneumococcal disease, 4% were
isolated from upper respiratory samples and 80% were from lower respiratory samples, and 16% were invasive isolates.
PCV13 serotypes accounted for 60% (95% conﬁdence interval [CI] 52–67) of all isolates; 56% (95% CI 48–64) of
noninvasive and 77% (95% CI 57–89) of invasive isolates. Antibiotic resistance was more common among PCV13
serotypes. This study of clinical S. pneumoniae isolates supports the potential for high reduction in pneumococcal
disease burden and may serve as baseline data for future monitoring of S. pneumoniae serotypes circulation after
implementation of PCV13 childhood vaccination in Cambodia.

strains in children.11,12 Data from other parts of Cambodia
and data in adults, however, are lacking. The aim of the present study was to document the serotype distribution of
S. pneumoniae in Cambodia before the introduction of PCV13
in the national childhood immunization program.

INTRODUCTION
Streptococcus pneumoniae (pneumococci) cause a wide
spectrum of infections, ranging from invasive disease with a
high case-fatality rate to asymptomatic colonization. Despite
available antibiotics, it is estimated that around 800,000 children die every year due to pneumococcal disease, especially
in developing countries where timely access to adequate
health care is limited.1
Pneumococci can be divided into more than 90 different
serotypes, based on differences in their capsular polysaccharides, with varying ability to cause severe disease.2,3 The
distribution of serotypes varies with age and geographical
area, whereas the potential coverage rates of vaccines may
differ by target population.4,5 In high-income countries, the
incidence of invasive pneumococcal disease by included
vaccine types has declined signiﬁcantly with the introduction
of the pneumococcal conjugated vaccine (PCV).6,7 Data from
low-income countries are less robust.8
In Cambodia, lower respiratory infection is estimated to be
the second leading cause of morbidity and mortality.9 A new
vaccination program of newborns including PCV13 (including
serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F)
was launched in 2015.10 Data on the serotype distribution in
Cambodia before the vaccine introduction are scarce. Two
recent studies from a single center in Siem Reap have
assessed the serotype distribution in colonizing and invasive

METHODS
All principal microbiological laboratories in Cambodia
were contacted for identiﬁcation of stored isolates of
S. pneumoniae from specimens taken before January 2015
(i.e., before the introduction of PCV13). Stored strains were
identiﬁed at 1) Institut Pasteur du Cambodge (IPC), Phnom
Penh, as part of the Surveillance and investigation of Epidemics in South-East Asia (SISEA) project, a prospective
study of lower respiratory infections in two provincial hospitals
(Takeo and Kampong Cham provinces),13 as well as from
routine cultures performed from 2006 to 2014; 2) Sihanouk
Hospital Center of Hope (SHCH), Phnom Penh, systematically
collected as part of a microbiological surveillance program
“Surveillance of antimicrobial resistance among consecutive
blood culture isolates in tropical settings,” 2008 through 2014;
3) Naval Medical Research Unit No. 2 (NAMRU 2), Phnom
Penh, as part of a prospective surveillance study “Surveillance
and Etiology of Acute Undifferentiated Febrile Illnesses in
Cambodia” (Kandal, Kampong Speu, Kratie, Ratanakiri, Stung
Treng, and Svay Rieng), 2005–2014. An overview of the origin
of isolates and the participating microbiological laboratories
are listed in Table 1. The laboratories at the following hospitals
were contacted but none of them had any stored pneumococcal isolates from the study time period: National Pediatric Hospital; Kampong Cham; Takeo; Kampot; Battambang;

* Address correspondence to Malin Inghammar, Institut Pasteur du
Cambodge, Phnom Penh, Cambodia, and Section for Infection
Medicine, Department of Clinical Sciences Lund, Lund University,
Lund, Sweden. E-mail: malin.inghammar@med.lu.se
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TABLE 1
Origin of isolates and participating microbiological laboratories
Name of institution

Details

Institut Pasteur du Cambodge,
Phnom Penh

Surveillance and investigation of
Epidemics in South-East Asia project.
Prospective study of low respiratory
infections in two provincial hospitals
(Takeo and Kampong Cham) Ethical
approval No. 048-NECHR.13
Routine cultures

Sihanouk Hospital Center
of Hope, Phnom Penh

Naval Medical Research
Unit No. 2, Phnom Penh

Microbiological Surveillance Study
“Surveillance of antimicrobial
resistance among consecutive blood
culture isolates in tropical settings.”
Ethical approvals No: Ethical approval
Nos. 009-NECHR and 0313-NECHR.
Surveillance and Etiology of Acute
Undifferentiated Febrile Illnesses in
Cambodia (Kandal, Kampong Speu,
Kratie, Ratanakiri, Stung Treng and
Svay Rieng). Ethical approval No:
NAMRU2.2005.0004.

Time period

Number of samples

Blood, pleural ﬂuid, sputum

Specimen

2007–2009

75

Blood, bronchoalveolar
lavage, sputum
Blood, cerebrospinal ﬂuid

2006–2014

58

2008–2014

15

2005–2014

18

Sputum, blood, cerebrospinal
ﬂuid

NECHR = National Ethics Committee in Cambodia.

Siem Reap; Calmette; Khmer Soviet; Kossamak; or Kantha
Bopha.
Information was collected for each contributed sample on
the following: date of culture; type of specimen; patient’s date
of birth; and on clinical diagnosis and antibiotic susceptibility,
if available. All individual information was anonymized before
being analyzed. The study was approved by the National
Ethics Committee in Cambodia (No. 460-NECHR).
Serotyping method. The isolates from the respective participating sites had been processed using standard microbiological procedures at the contributing sites and stored
at −80°C. Antimicrobial susceptibility had been determined by
disk diffusion at the participating laboratories according to the
successive versions of Clinical and Laboratory Standards Institute (CLSI) guideline “Performance Standards for Antimicrobial Susceptibility Testing - Supplement,” CLSI M100-S21
(SHCH, NAMRU 2) and the Antibiogram Committee of the
French Society for Microbiology, CA-SFM/EUCAST (IPC).14
Results for penicillin, ceftriaxone, cotrimoxazole, and erythromycin were reported as susceptible (S), intermediate (I), or
resistant (R). The isolates were typed in the Rodolphe Mérieux
Laboratory of the University of Health Sciences, using a multiplex real-time polymerase chain reaction (PCR) method as
described previously.15 Brieﬂy, DNA was extracted directly
from 100 μL stored isolates using an easyMAG automate
(bioMérieux, Lyon, France) according to the manufacturer’s
recommendation and then typed using a panel of multiplex
PCR, enabling the detection of the 40 most prevalent
S. pneumoniae serotypes worldwide and including an internal
positive control targeting the lytA gene, a gene conserved
among pneumococci. A subset of the isolates from the SHCH
were serotyped using latex agglutination method with Quellung conﬁrmation of ambiguous results at Angkor Hospital for
Children/Cambodia Oxford Medical Research Unit microbiology laboratory.16,17
Data analyses. The pneumococcal serotypes were grouped into PCV13 vaccine types (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, 19F, 23F) and nonvaccine types (all others,
including non-typeable). Groups were compared using a
Wilcoxon Rank Sum test, χ2, or Fisher’s exact test, as

appropriate. The distribution of serotype groups in invasive
isolates (blood, cerebrospinal ﬂuid [CSF], and pleural ﬂuid) and
noninvasive isolates (all other isolates) were compared. In
case of multiple samples per patient and index date, only the
ﬁrst isolate was included. A sensitivity analysis was performed, including only isolates originating from prospective
studies or prospective systematic sample collection (IPCSISEA, NAMRU 2 and SHCH). Analyses were made using
Stata SE, version 13.1 (StataCorp, College Station, TX).
RESULTS
In total, 249 isolates were identiﬁed at the participating institutions: 215 from IPC, 16 from SHCH, and 18 from NAMRU
2. Of these, we were unable to determine the serotype of 79
(32%) isolates because of sample contamination or degradation, four isolates were excluded as they stem from the
same patient and index date, leaving 166 (67%) isolates in the
analysis. Of these, 133 (80%) came from IPC, 15 (9%) from
SHCH, and 18 (11%) from NAMRU 2. The basic characteristics of the isolates are shown in Table 2. Information on sex
was available for 106/166 isolates.
Twenty-six (16%) were invasive isolates (blood, CSF, and
joint ﬂuid); six (4%) were isolated in upper respiratory samples
(ear, eye, and nasopharyngeal swab) and 133 (80%) were from
lower respiratory samples (bronchoalveolar lavage ﬂuid or

TABLE 2
Basic characteristics of the patients
Total number

Age in years, median (range)
Age groups, N (%)
0–15 years
16–65 years
> 65 years
Male sex,* N (%)
Time of sampling, N (%)
Rainy season (May–October)
Dry season (November–April)
* Information on sex was available for 106/166 isolates.

166 (100)

39 (1–84)
36 (22)
101 (61)
29 (17)
55 (52)
79 (48)
87 (52)
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sputum). Table 3 shows the serotype distribution per sample
type.
The serotype distribution is shown in Figure 1. The three
most common serotypes were 19F, 29/166 (17%), 23F, 26/
166 (16%), and 34, 22/166 (13%).
Overall, PCV13 serotypes accounted for 60% (95% conﬁdence interval [CI] 52–67) of the isolates (Table 3). Among noninvasive isolates, the proportion of PCV13 serotypes was 56%
(95% CI 48–64) and among invasive isolates the proportion was
77% (95% CI 57–89) (P = 0.05). The proportion of PCV13 serotypes was similar between age groups: 25 (70%) among 36
isolates from patients £ 15 years of age; 59 (58%) among 101
isolates from patients 16–64 years old; and 15 (52%) among
29 isolates from patients aged 65 years or greater (P = 0.32).
In the sensitivity analyses among 108 isolates systematically
collected as part of surveillance studies (NAMRU 2, SHCH,
IPC-SISEA), the proportion of PCV13 serotypes was 50% (95%
CI 41–60) overall; 42% (95% CI 32–53) and 76% (95% CI
55–89) among noninvasive and invasive isolates, respectively.
Data on antibiotic susceptibility were available for 127–165
of the isolates. Of these, 95/165 (58%) were reported susceptible for penicillin G and 70/165 (42%) were reported
nonsusceptible (intermediate or resistant); 127/137 (77%)
were reported susceptible to amoxicillin, 149/157 (95%) were
reported susceptible to ceftriaxone; 15/164 (9%) were reported susceptible to cotrimoxazole; and 81/165 (49%) were
reported susceptible to erythromycin (Table 4). Thirty-one
percent of the isolates were reported nonsusceptible to three
or more of these antibiotics. Multidrug antibiotic resistance
was more common among PCV13-covered serotypes than
among nonvaccine serotypes, the proportion of PCV13 coverage was 23% among the isolates with no reported resistance to
these antibiotics; 59% among isolates with resistance to one or
two of the antibiotics; and 71% among isolates with resistance to
at least three of the antibiotics (P = 0.006).
DISCUSSION
Data from this retrospective study of clinical pneumococcal
isolates in Cambodia, collected before the introduction of
PCV13 in 2015, suggest that this vaccine potentially covers
around 80% of the invasive isolates and around 60% of the

noninvasive isolates. The range of serotypes and predicted
vaccine coverage is consistent with the two studies previously
published. A survey (2013–2014) reported 63% PCV13 coverage in colonizing isolates in pediatric outpatients (N = 601) in
Cambodia,12 and 88% among invasive isolates (N = 40). A
second study from the same center based on invasive isolates
(N = 50) 2008–2012 predicted 92% PCV13 coverage.11 Furthermore, a review of studies from neighboring countries in
Southeast Asia, including both pediatric and adult data, estimated that PCV13 provides 46–72% coverage for the circulating isolates.18
Interestingly, serotype 34, which is not included in PCV13,
was the third most common serotype. This result contrasts
with that of a colonizing survey of children from Siem Reap,
Cambodia, where the prevalence of serotype 34 was found
low.12 Serotype 34 was not found to play a major role in any of
the 25 studies reviewed of pneumococcal disease in Southeast
Asia. Notably, serotype 34 is believed to be less invasive,3,19 and
the studies reviewed focused mainly on invasive disease. This
could have affected the differences in importance attributed to
serotype 34. Because of the limited sample size, it is not possible
to infer whether the difference is due to a true increased prevalence compared with neighboring countries or due to sampling
variation. Nevertheless, this serotype may become important in
the post-PCV introduction era.
The frequency of antibiotic resistance was high in our
sample set; overall 60% of the isolates were penicillinsusceptible. PCV13-covered serotypes were signiﬁcantly
less susceptible to penicillin, cotrimoxazole and erythromycin,
as compared with the nonvaccine serotypes, whereas there
was no signiﬁcant difference in the frequency of susceptibility
to amoxicillin or ceftriaxone. Furthermore, PCV13-covered
serotypes were more likely to express resistance to more than
one antibiotic class than non-PCV13 serotypes. This ﬁnding
further supports a potential beneﬁt of PCV13, reducing the
incidence of infections caused by penicillin-resistant pneumococci or multidrug-resistant pneumococci.
This study has many limitations. The pre-hospitalization
use of antibiotics is widespread in Cambodia, which explains
why microbiological yield in cultures is generally low.12 Furthermore, we relied on retrospective data on antimicrobial
susceptibility testing collected over a long timeframe and at

TABLE 3
Serotype distribution per specimen
Total number of samples

Blood

Samples included in PCV13* number (%)

21

18 (86)

Cerebrospinal ﬂuid
Joint ﬂuid
Upper respiratory samples‡
Lower respiratory samples§

4
1
6
133

1 (25)
1 (100)
4 (67)
74 (56)

Total

166

99 (60)

* Serotypes included in PCV13—13-valent pneumococcal conjugate vaccine.
† Serotypes included in PCV13 are marked in bold.
‡ Upper respiratory samples: ear, eye, and nasopharyngeal swab.
§ Lower respiratory samples: sputum or bronchoalveolar ﬂuid.

Serotypes (n)†

1 (4), 14 (3), 19A (3), 19F (3), 23A (1), 23F (2), 34 (1),
38 (1), 6AB (1), 7F (1), 9V (1)
18C (1), 24F (2), 34 (1)
23F (1)
11A (1), 14 (1), 19A (2), 19F (1), 23F (1), 35B (1)
10A (1), 11A (2), 12F (1), 13 (4), 14 (4), 15A (2),
15BC (4), 17F (1), 18 (1), 19A (5), 19F (25), 20 (1),
21 (1), 22F (2), 23F (22), 3 (1), 34 (20), 35A (4),
35B (2), 35F (4), 38 (1), 6AB (16), 6C (2), 9V (1),
non-typeable (6)
1 (4), 10A (1), 11A (3), 12F (1), 13 (4), 14 (8), 15A (2),
15BC (4), 17F (1), 18 (1), 18C (1), 19A (10), 19F
(29), 20 (1), 21 (1), 22F (2), 23A (1), 23F (26), 24F
(2), 3 (1), 34 (22), 35A (4), 35B (3), 35F (4), 38 (2),
6AB (17), 6C (2), 7F (1), 9V (6), non-typeable (6)
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FIGURE 1. Serotype distribution of 166 isolates cultured from samples collected from 2006 to 2014 in Cambodia. Serotypes included in 13-valent
pneumococcal conjugate vaccine are shaded in dark. Non-typeable strains are denoted “nt.” This ﬁgure appears in color at www.ajtmh.org.

differences in the targeted age group and geographical areas.
Importantly, the present study is the ﬁrst to include adult data.
It has clearly been demonstrated in high-income countries
that the incidence of invasive pneumococcal disease due to
serotypes included in PCV signiﬁcantly decreased with the
introduction of the vaccine into the childhood vaccination
schedule due to a direct effect in vaccinated children as well as
an indirect herd effect among older age groups.6 However,
after the introduction of the vaccine, an increase of nonvaccine serotypes by either selection or replacement has been
observed in many countries.3 If nonvaccine serotypes carry antibiotic resistance genes, serotype shifting may potentially lead
to an increase of the prevalence of antibiotic-resistant pneumococcal clones.20 For these reasons, pre-vaccination data are
needed to monitor effects of the introduction of PCV. In lowincome settings, data are scarce and accurate prediction is often
hampered by low-quality epidemiological, biological, or clinical
data. Despite the limited study size, our study based on isolates

different centers; despite internal and external quality management at the participating laboratories, we cannot exclude
errors at the time of assessment. Pre-hospitalization antimicrobial use effective against susceptible nonvaccine serotypes could potentially have biased our results toward a higher
proportion of antimicrobial nonsusceptible serotypes. Despite
researchers’ efforts to contact all available microbiological
laboratories in Cambodia, the study size remained small, with
a limited number of invasive isolates. None of the public microbiology laboratories store cultured isolates. We were,
however, able to identify isolates from patients with severe
pneumococcal infections from ﬁve different geographical regions in Cambodia, prospectively and systematically collected as part of well-conducted epidemiological studies on
lower and/or severe respiratory infections. We, therefore, are
conﬁdent that our results may be still generalizable to the
general population. Furthermore, results were very similar to
the two previously published studies from Cambodia, despite

TABLE 4
Antimicrobial susceptibility data of the isolates according to vaccine coverage of serotypes
Overall N (%)

Penicillin G*
Susceptible
Amoxicillin†
Susceptible
Ceftriaxone‡
Susceptible
Cotrimoxazole§
Susceptible
Erythromycin§
Susceptible

PCV13 isolates N (%)

Non-vaccine isolates N (%)

95 (58)

50 (51)

45 (68)

127 (93)

68 (91)

59 (95)

149 (94)

87 (93)

62 (98)

15 (9)

4 (4)

11 (17)

81 (49)

40 (40)

41 (62)

P value

0.02
0.31
0.10
0.005
0.006

PCV13 = 13-valent pneumococcal conjugate vaccine.
* Antibiotic susceptibility testing data were available for 165/166 isolates.
† 157/166 isolates tested.
‡ 164/166 isolates tested.
§ 165/166 isolates tested.
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prospectively collected as part of either epidemiological studies
or routine care, from patients with severe pneumococcal infections of all ages and from ﬁve geographical regions, provides a
good baseline pre-vaccination assessment of the epidemiology
of pneumococcal strains in Cambodia.
In conclusion, our study supports the potential for high reduction in pneumococcal disease burden with the introduction of PCV13 in childhood vaccination program.
Multidrug resistance was higher among strains included in
PCV13, which further supports likely vaccine impact of the
now implemented vaccine program.
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Laboratoire des Pathogènes Émergents, Centre International de
Recherche en Infectiologie, Lyon, France, E-mails: melina.messaoudi@
fondation-merieux.org and ﬂorence.pradel@fondation-merieux.org.
Arnaud Tarantola, Epidemiology and Public Health Unit, Institut
Pasteur du Cambodge, Phnom Penh, Cambodia, E-mail: atarantola@
pasteur-kh.org.
This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES
1. O’Brien KL, Wolfson LJ, Watt JP, Henkle E, Deloria-Knoll M,
McCall N, Lee E, Mulholland K, Levine OS, Cherian T; Hib and
Pneumococcal Global Burden of Disease Study Team, 2009.
Burden of disease caused by Streptococcus pneumoniae in
children younger than 5 years: global estimates. Lancet 374:
893–902.
2. Brueggemann AB, Grifﬁths DT, Meats E, Peto T, Crook DW, Spratt
BG, 2003. Clonal relationships between invasive and carriage
Streptococcus pneumoniae and serotype- and clone-speciﬁc
differences in invasive disease potential. J Infect Dis 187:
1424–1432.
3. Browall S et al., 2014. Clinical manifestations of invasive pneumococcal disease by vaccine and non-vaccine types. Eur
Respir J 44: 1646–1657.
4. Harboe ZB, Benﬁeld TL, Valentiner-Branth P, Hjuler T,
Lambertsen L, Kaltoft M, Krogfelt K, Slotved HC, Christensen
JJ, Konradsen HB, 2010. Temporal trends in invasive pneumococcal disease and pneumococcal serotypes over 7 decades. Clin Infect Dis 50: 329–337.
5. Hausdorff WP, Feikin DR, Klugman KP, 2005. Epidemiological
differences among pneumococcal serotypes. Lancet Infect Dis
5: 83–93.
6. Feikin DR, Kagucia EW, Loo JD, Link-Gelles R, Puhan MA,
Cherian T, Levine OS, Whitney CG, O’Brien KL, Moore MR;
Serotype Replacement Study Group, 2013. Serotype-speciﬁc
changes in invasive pneumococcal disease after pneumococcal conjugate vaccine introduction: a pooled analysis of multiple surveillance sites. PLoS Med 10: e1001517.
7. Huss A, Scott P, Stuck AE, Trotter C, Egger M, 2009. Efﬁcacy of
pneumococcal vaccination in adults: a meta-analysis. CMAJ
180: 48–58.
8. Johnson HL, Deloria-Knoll M, Levine OS, Stoszek SK, Freimanis
Hance L, Reithinger R, Muenz LR, O’Brien KL, 2010. Systematic evaluation of serotypes causing invasive pneumococcal
disease among children under ﬁve: the pneumococcal global
serotype project. PLoS Med 7: pii: e1000348.
9. GBD 2015 Mortality and Causes of Death Collaborators, 2016.
Global, regional, and national life expectancy, all-cause mortality, and cause-speciﬁc mortality for 249 causes of death,
1980–2015: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet 388: 1459–1544.
10. Gavi The Vaccine Alliance, 2017. Country Hub: Cambodia. Available at: http://www.gavi.org/country/cambodia/. Accessed
June 2, 2017.
11. Moore CE et al., 2016. Characterisation of invasive Streptococcus
pneumoniae isolated from Cambodian children between
2007–2012. PLoS One 11: e0159358.

796

INGHAMMAR AND OTHERS

12. Turner P, Turner C, Suy K, Soeng S, Ly S, Miliya T, Goldblatt D,
Day NP, 2015. Pneumococcal infection among children before
introduction of 13-valent pneumococcal conjugate vaccine,
Cambodia. Emerg Infect Dis 21: 2080–2083.
13. Vong S et al., 2013. Acute lower respiratory infections in ³ 5 yearold hospitalized patients in Cambodia, a low-income tropical
country: clinical characteristics and pathogenic etiology. BMC
Infect Dis 13: 97.
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