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World Health Organization 
(WHO) Standard Methods for 
Pneumococcal Carriage Studies

To the Editor––As authors of the cur-
rent World Health Organization (WHO) 
standard methods for pneumococcal car-
riage studies (“WHO guideline”) [1], we 
read with interest the article from Ganaie 
et al entitled “Oral streptococci expressing 
pneumococci-like cross-reactive capsule 
types can affect WHO recommended 
pneumococcal carriage procedure” [2].

Ganaie et al used molecular approaches 
for identification and serotyping of 
Streptococcus pneumoniae (the pneumo-
coccus) from 2400 nasopharyngeal (NP) 
and oropharyngeal (OP) swabs from 
adult participants that were collected sep-
arately but then “combined” for testing. 
Following broth enrichment, DNA ex-
traction, Centers for Disease Control 
and Prevention (CDC) lytA polymerase 
chain reaction (PCR), and a storage pe-
riod, lytA positive broth cultures were 
sub-cultured onto solid media for formal 
identification and characterization of S. 
pneumoniae. Just over 10% (301/2400) of 
NP-OP broth cultures were lytA positive, 
and most were culture-negative: only 20 
“probable pneumococcal-like colonies” 
were recovered from the 244 broth cul-
tures available for downstream analysis. 
In the title and body of the article, the au-
thors repeatedly state that they followed 
the WHO guideline and that their results 

call this standard into question; we refute 
both of these claims.

The WHO guideline was originally 
published in 2003 to provide a set of 
minimum standards to those conducting 
pneumococcal carriage studies globally 
[3]. The guideline was updated in 2013 
with a panel of experts from 15 countries 
who revised the literature and developed 
consensus standard methods accord-
ingly [1]. The 2013 guideline has been 
applied in at least 238 published studies 
from 64 countries including in carriage 
surveys, vaccine trials, disease surveil-
lance, assay development, and vaccine 
impact studies.

Several methods used in Ganaie et al 
are inconsistent with the WHO guide-
line. The guideline does not recommend: 
(i) testing of combined NP-OP swabs, 
(ii) broth culture enrichment, and (iii) 
molecular methods for direct testing of 
samples. A table clarifying the WHO re-
commendations and how they contrast 
with the methods used is included below 
(Table 1). We recognize that researchers 
may conduct additional or alternative 
methods to address specific research 
questions. However, in this case the use of 
NP-OP specimens, and perhaps culture-
based enrichment, led to erroneous con-
clusions regarding the overall suitability 
of the WHO procedure.

Recognizing the limitations of the ex-
isting literature, the 2013 WHO standard 

highlighted research gaps to inform fu-
ture guidelines, including that there was 
scant evidence on the application of mo-
lecular approaches for pneumococcal 
identification and serotyping. Ganaie 
et al provide important data to the ex-
isting body of evidence that indicates 
that the use of molecular methods with 
combined NP-OP swabs leads to erro-
neous results. There are clear challenges 
for accurate pneumococcal identification 
and serotyping, particularly when using 
molecular methods from oropharyngeal 
or combined samples [4–8]. Studies that 
identify and address these challenges 
will be informative for the development 
of any future guideline. However, re-
searchers should have confidence that 
the current WHO guideline, if followed 
correctly, will provide accurate and com-
parable data on pneumococcal carriage.
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Table 1. Key Differences from WHO Guideline for Pneumococcal Carriage Studies

Relevant Section(s) in WHO Guideline [1] Recommendation in WHO Guideline Conducted in Ganaie et al [2]. 

Site of sample NP and OP (collected and analyzed separately); if only one possible 
collect from the NP

Combined NP-OP

Culture-based broth enrichment of naso-
pharyngeal samples

Insufficient evidence to recommend broth enrichment Culture-based enrichment in Lim broth

Identification of pneumococci (culture 
and non-culture based)

Only culture was recommended. The identification algorithm was for 
culture-based methods on pneumococcal isolates

Insufficient evidence to recommend molecular testing, although lytA 
appears most useful target

lytA real-time PCR on DNA extracted 
from combined NP-OP samples

Abbreviations: NP, nasopharyngeal; OP, oropharyngeal; PCR, polymerase chain reaction; WHO, World Health Organization.
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