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Background. Sensitivity of culture for the detection of Streptococcus pneumoniae is limited by prior antibiotic exposure.
Immunochromatographic test (ICT) is highly sensitive and specific for pneumococcal antigen detection in the cerebrospinal fluid
(CSF) of meningitis cases. We determined the specificity and sensitivity of culture, ICT, and polymerase chain reaction (PCR) and
the effect of antibiotic exposure on their performance.

Methods. CSF specimens from suspected meningitis cases admitted to Dhaka Shishu Hospital, Bangladesh, were tested
using culture, ICT and PCR. Additionally, 165 specimens collected from 69 pneumococcal cases after antibiotic treatment were
tested.

Results.  Of 1883 specimens tested, culture detected 9, quantitative PCR (qPCR) detected 184, and ICT detected 207 pneu-
mococcal cases (including all culture and qPCR positives). In comparison to ICT, sensitivity of culture was 4.4% and of qPCR was
90.6%; both were 100% specific. After antibiotic exposure, culture sensitivity plummeted rapidly; conventional PCR and qPCR sen-
sitivity disappeared after day 6 and 20, respectively. ICT detected pneumococcal antigen for >10 weeks.

Conclusions. While culture provides the most information about bacterial characteristics, in high antibiotic exposure settings,
ICT exhibits maximum sensitivity. We recommend culture and ICT as mainstay for pneumococcal diagnosis and surveillance; QPCR

can generate additional molecular data where possible.
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Streptococcus pneumoniae (pneumococcus) is a leading
cause of pneumonia, sepsis, and meningitis in children [1].
In 2015, it was estimated to cause 3.7 million episodes of se-
vere illnesses and 294 000 deaths globally [2]. A large pro-
portion of this burden occurs in low- and middle-income
countries. Introduction of 2 conjugate vaccines (PCV-10
and PCV-13) in routine immunization programs has led
to significant reduction of invasive pneumococcal diseases
in many countries [2-5]. However, these vaccines cover
10 (PCV-10) or 13 (PCV-13) of the 94 known serotypes of
pneumococcus. Bangladesh introduced PCV-10 in its rou-
tine immunization program in 2015. Previous studies from
Bangladesh have reported simultaneous circulation of about
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50 invasive serotypes in the prevaccine era, leading to esti-
mated low serotype coverage of the vaccine [6]; this is likely
the case in other countries of the region also. With advancing
use of pneumococcal vaccines, surveillance data on burden
and diversity of pneumococcal disease are imperative in such
settings.

Accurate detection and adequate characterization of pneu-
mococcus are key to pneumococcal disease surveillance,
but are hampered by a multitude of factors, especially in
resource-constrained settings. A large proportion of pneu-
mococcal disease is pneumonia and as most pneumonia
cases are nonbacteremic, microbiological diagnosis of pneu-
mococcal cases is specifically difficult [7]. Therefore, clin-
ical and epidemiological studies of serious pneumococcal
diseases primarily rely on culture of S. pneumoniae from
blood or cerebrospinal fluid (CSF) samples [6, 8]. In general,
detection of pneumococci by culture can be limited by low
blood volume, contamination, and technical expertise. In ad-
dition, sensitivity of pneumococcal culture is severely lim-
ited by exposure to antibiotics prior to seeking care. A large
majority of all cases in South Asia seek care after antibiotic
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exposure or are administered antibiotics at the hospital be-
fore blood collection or lumbar puncture [6, 8-10]. This
leaves utilization of more sensitive and culture-independent
methods, namely detection of pneumococcal antigen using
immunochromatographic tests (ICT) or pneumococcal DNA
using conventional or quantitative polymerase chain reaction
(cPCR or qPCR, respectively), as the 2 main modes of detec-
tion. These tests do not work well for blood samples but have
been optimized for CSF samples from pneumococcal men-
ingitis cases. A rapid ICT can detect pneumococcal antigen
in the CSF within 15 minutes, making it useful for imme-
diate patient care. However, the currently available rapid test
kit (BinaxNOW) is expensive, and is not able to distinguish
between serotypes, impeding downstream epidemiological
characterization. PCR assays can both detect pneumococcus
and decipher serotypes in most cases, but the technique is
more time and resource intensive, requires technical ex-
pertise, and is not widely available in resource-constrained
settings. ICT cannot determine the antibiotic susceptibility
patterns of pneumococcus; PCR can successfully predict
susceptibility of some antibiotics [11, 12] but culture re-
mains the mainstay for antibiotic susceptibility testing of
pneumococcus.

Several previous studies have shown that sensitivity and
specificity of ICT is >95% [9, 10, 13]. However, no systematic,
head-to-head comparison has been conducted to determine the
impact of duration of illness and prior antibiotic exposure on
culture, ICT, and PCR to inform evidence-based decisions on
what test (or combination of tests) to use when, where, and how.
In this study, we aimed to assess the sensitivity and specificity
of each of these diagnostics in detection of pneumococcus in
Bangladesh, a high-antibiotic-exposure setting, and elucidate
the effect of duration of antibiotic exposure on their sensitivity
of pneumococcal detection.

METHODS

Study Site and Case Selection

All CSF samples used in this study were collected as part of the
Invasive Bacterial Vaccine Preventable Disease surveillance
study supported by the World Health Organization (WHO)
conducted at the Dhaka Shishu Hospital (DSH) [14]. DSH, the
largest pediatric hospital in Bangladesh, provides primary to
tertiary care to children aged 0-18 years. Children admitted to
DSH between January 2014 and June 2018 were enrolled if they
met the WHO-defined meningitis case definition and they had
a CSF specimen collected (Figure 1) [15]. Physicians at DSH
advise lumbar puncture from almost all suspected cases of men-
ingitis. In addition, longitudinal CSF samples (>1 CSF samples/
case, separated by time, during the same disease episode) are
collected from cases, as decrease of baseline white blood cell
count and clinical improvement upon antibiotic therapy are
considered signs of improvement.

Laboratory Methods

All tests were performed in the DSH microbiology laboratory
of the Child Health Research Foundation, which is a high-
performing WHO sentinel site [14]. The laboratory has rou-
tinely participated in external proficiency testing programs
conducted by the United Kingdom National External Quality
Assessment Service, coordinated by WHO, since 2011.

Etiology Detection

All CSF specimens were cultured on blood, chocolate, and
MacConkey agar plates for bacterial growth. Pneumococcal an-
tigen testing was performed on CSF specimens with >10 white
blood cells (WBC)/uL using BinaxNow [10]. All subsequent
longitudinal CSF specimens from pneumococcus-confirmed
cases were simultaneously tested by culture, ICT, qPCR, and
cPCR (targeting the cpsA gene of pneumococcus [16]), irrespec-
tive of the WBC count. Culture-negative and ICT-negative CSF
specimens were subjected to multiplex qPCR for S. pneumoniae
(IytA gene), Haemophilus influenzae (hpd gene), and Neisseria
meningitidis (sodC gene) using protocols described elsewhere
[17]. In addition, ICT-positive CSF specimens were tested by
qPCR (lytA gene).

Antibiotic Assay

CSF samples with >10 WBC/uL were tested for the presence of
antibiotic following a method described earlier [10]. In brief, a
blank disc (product CT998; Oxoid) was placed on a lawn of the
pan-susceptible organism Micrococcus luteus (American Type
Culture Collection 9341). A 10-uL CSF sample was pipetted di-
rectly on the disc before incubating the plate overnight at 37°C.
Any zone of inhibition around the disc was considered positive
for the presence of an antibiotic capable of crossing the blood-
brain barrier.

Data Collection and Statistical Analysis

Data on prior antibiotic exposure and antibiotic treatment after
hospitalization were recorded for each patient by study phys-
icians. We attempted to collect the exact start date of antibiotic
treatment for all pneumococcal-meningitis cases, and from
whom longitudinal samples were collected during their hos-
pital stay. Of the 69 pneumococcal cases that provided longitu-
dinal samples, the exact date could be determined for 30 cases,
while for the remaining 39 cases, the exact date could not be
recalled by the caregivers. For CSF samples that were positive
for the presence of an antibiotic (determined by the antibiotic
assay described above) but for which the exact start date of an-
tibiotic treatment was not available, we extrapolated the start
date based on the cycle threshold (Ct) value of the IytA gene
obtained through qPCR. From the cases with known Ct value
and exact antibiotic start date, a second-degree polynomial
(quadratic) regression model was performed to quantify the re-
lationship between the Ct value of the IytA gene (explanatory
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Figure 1. Selection, characteristics, and pathogens detected in the cerebrospinal fluid samples used in the study. A, Flow diagram of the diagnostic tests used in the study

and results attained. B, The total number of pneumococcus detected using each method.
and 203 samples (1761) included in specificity and sensitivity calculations. Abbreviations

*These positives also include the 9 samples detected by culture. *The total of 1558

- CSF, cerebrospinal fluid; Hi, Haemaphilus influenzae; ICT, immunochromatographic

test; Nmen, Neisseria meningitidis, QNS, quantity not sufficient; gPCR, quantitative polymerase chain reaction; Spn, Streptococcus pneumoniae.

variable) and the days of antibiotic treatment (response vari-
able). We found that there was a statistically significant rela-
tionship between the explanatory variables, Ct value, and (Ct
value)?, and the response variable, days of antibiotic treatment:

F(2, 27) = 26.07, P < .0001, index of goodness of fit = 0.6589.
Combined, these 2 explanatory variables accounted for 65.9%
of the explained variability in days of antibiotic treatment. The
regression equation was as follows:
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Days of antibiotic treatment =18.9573 — 1.65517 x (Ct value)
+0.03819 x (Ct value)”

The above fitted model was used to estimate the days between
the start of antibiotic treatment and the first CSF sample that
was positive for pneumococcus, using the Ct value of the
IytA gene.

Sensitivity and Specificity

Considering that (1) previous studies reported sensitivity of
ICT to be 95%-100% and specificity to be 99%-100% for detec-
tion of pneumococcal meningitis [9, 10, 13]; (2) ICT detected
the largest number of pneumococcal cases in this study and did
not miss any culture- or qPCR-positive case; and (3) ICT did
not yield false-positive results when compared to culture and
qPCR of all bacteria detected in this study, here, all ICT-positive
cases were considered confirmed pneumococcal meningitis
cases. Sensitivity and specificity of culture and qPCR were cal-
culated using ICT as the standard.

Ethical Considerations

All specimens used in this study were collected from patients
as part of routine care at the discretion of the treating phys-
icians. Written consent was obtained from parents or caregivers
of all participants for other aspects of the study, including data
collection and the use of specimens and isolates for additional
laboratory analysis. All protocols were approved by the Ethical
Review Committee of the Bangladesh Institute of Child Health,
Dhaka, Bangladesh.

Table 1. Pathogens Detected in the 1883 Cerebrospinal Fluid Specimens
Tested in The Study and the Method of Detection

Pathogen No. Culture No. Antigen/qPCR Positive,

Detected Positive Culture Negative Total

Streptococcus 9 198 207
pneumoniae

Neisseria 3 36 39
meningitidis

Haemophilus 0 9 €
influenza

Acinetobacter 6 NA 6
spp.

Flavobacterium 7 NA 5
spp.

Escherichia coli 3 NA 3

Salmonella 2 NA 2
spp.

Providentia 1 NA 1
spp.

Pseudomonas 1 NA 1
aeruginosa

Total 32 243 275

RESULTS

Pneumococcal Detection by Culture, ICT, and qPCR

From January 2014 through June 2018, we processed CSF spe-
cimens from 4334 suspected meningitis cases, 1883 of which
contained >10 WBC/uL (Figure 1). Median age of the sus-
pected meningitis cases was 10 months (range, 0-177 months)
and that of patients with >10 WBC/uL in the CSF specimens
was 7 months (range, 0-177 months).

All 1883 specimens were available for bacteriological cul-
ture, and 1859 (98.7%) were available in sufficient quan-
tity for ICT. Bacterial growth was noted in 32 of the 1883
specimens, 9 of which were S. pneumoniae (Table 1). ICT
detected pneumococcal antigen in 207 of 1859 available sam-
ples, 9 of which were also culture positive. Of the remaining
1652 ICT-negative and culture-negative cases, 1558 samples
(96.1%) were available in sufficient quantity to be tested by
multiplex qPCR for pneumococcus, N. meningitidis, and
H. influenzae. No additional pneumococcus was detected,
but 36 N. meningitidis and 9 H. influenzae were recorded
(Table 1). Of the 207 total pneumococcus-positive cases, 203
were available in sufficient quantity for testing by qPCR for
pneumococcus, which was able to detect 184 (90.6%) of the
203 cases. Finally, 1674 of all 1859 specimens were available
for antibiotic assay, and in 1172 (70%) of these specimens,
presence of antibiotic was noted.

Sensitivity and Specificity

In total, 1761 CSF specimens were tested by culture, ICT,
and qPCR simultaneously (Figure 1). Culture detected 9
pneumococcal cases, QPCR detected 185 cases (including 9
culture-positive cases), and ICT detected 207 cases including
cases identified by culture and qPCR. Sensitivity of culture
in detecting pneumococcus was 4.89% (95% confidence in-
terval [CI], 2.26%-9.08%) and 4.43% (95% CI, 2.05%-8.05%)
when qPCR and ICT , respectively, were used as compara-
tors (Table 2). Sensitivity of qPCR assay for the detection
pneumococcal DNA was assessed as 100% (95% CI, 66.37%—
100%) and 90.64% (95% CI, 85.77%-94.27%) when com-
pared to culture and ICT, respectively (Table 2).

Table 2. Sensitivity and Specificity of Bacterial Culture, ICT, and qPCR in
the Detection of Pneumococcus

Test Assay Comparator  Sensitivity, % (95% CI)  Specificity, % (95% CI)

Culture ICT 4.43 (2.05-8.25) 100 (99.76-100)
gPCR ICT 90.64 (85.77-94.27) 100 (99.76-100)
ICT Culture 100 (66.4-100) 100 (99.8-100)
gPCR Culture 100 (66.4-100) 100 (99.8-100)
Culture gPCR 4.89 (2.26-9.08) 100 (99.77-100)
ICT qgPCR 100 (98-100) 100 (99.8-100)

Abbreviations: NA, not applicable (antigen/qPCR tests were done for only S. pneumoniae,
N. meningitidis, and H. influenzae); gPCR, quantitative polymerase chain reaction.

Abbreviations: Cl, confidence interval; ICT, immunochromatographic test; gPCR, quantita-
tive polymerase chain reaction.
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Among the 207 cases of pneumococcal meningitis and 68
nonpneumococcal cases, ICT for pneumococcus was nega-
tive for all 68 nonpneumococcal cases detected by culture or
qPCR, and gPCR for pneumococcus was negative for the 45
nonpneumococcal cases detected by qPCR, indicating 100%
specificity of both ICT and qPCR as pneumococcal diagnostics

(Table 2).

Impact of Antibiotic Exposure on Sensitivity of Pneumococcal Detection
by Culture, ICT, and PCR

Among the 207 pneumococcal meningitis cases, longitudinal
samples (>1 CSF samples/case, separated by time) were available
for 69 cases, collected up to 74 days after initiation of antibiotic

treatment (Figure 2). For 49 cases, 2 longitudinal samples were
available; for 13 cases, 3 longitudinal samples; and for 7 cases, 4
longitudinal samples were available. In total, 165 samples were
available from the 69 cases. Of the 165 samples, 5 were culture
positive, 46 were cPCR positive, 101 were gPCR positive, and all
165 were ICT positive.

The exact date of the start of antimicrobial treatment was known
for 30 children; for the remaining 39 children, antibiotic exposure
was confirmed by testing for presence of antibiotic in the CSF (see
“Methods”), and the treatment start date was estimated based on
the Ct value of IyfA gene from the qPCR (see methods). Sensitivity
of detection of pneumococcal cases by the different diagnostic tests
after antibiotic exposure is illustrated in Figure 3.

Antibiotic

W ICT +ve

® All +ve

A cPCR + qPCR + ICT +ve 4 ¢PCR + ICT +ve

inititation

Patients
oo
<
'

[
Estimated

3. .|
Exact

b bt et et et et et et = NO ND NO NO RO NO ND NO N ND 00
— RO UTOI IO O — N W UTANI NI O O — NI UTINI0 OO
gyt
>+
| ]

>>>>>>>>>>++
L]

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Days after initiation of antibiotic treatment

Figure 2. Time of collection and mode of pneumococcal detection of the 165 longitudinal samples from 69 patients with confirmed pneumococcal meningitis. The exact start
date of antibiotic treatment was known for patients 1-30. The start date was estimated for patients 31-69 using /ytA cycle threshold value (see “Methods”). Abbreviations:

c¢PCR, conventional polymerase chain reaction; ICT, immunochromatographic test; gPCR, quantitative polymerase chain reaction.
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Figure 3. Sensitivity of culture, immunochromatographic test, cPCR, and qPCR
for detection of pneumococcus after antibiotic treatment initiation. Abbreviations:
cPCR, conventional polymerase chain reaction; ICT, immunochromatographic test;
gPCR, quantitative polymerase chain reaction.

Culture

Only 1 of 165 samples was collected 1 day prior to initiation of
antibiotic treatment, and 5 were collected on the day of initiation.
Bacteriological culture yielded growth of pneumococcus in 5 of
these 6 samples. None of the remaining 159 samples, all of which
were collected after antibiotic exposure, were culture positive.

PCR

All samples collected within 2 days of antibiotic exposure were
positive by cPCR (n = 30). By day 3 of antibiotic treatment,
cPCR sensitivity decreased to 95% (39/41; 95% CI, 83.47%-
99.40%), and by day 6 to 73% (46/63; 95% CI, 60.35%-83.43%).
All 102 CSF samples collected after day 6 of treatment were
negative by cPCR. All samples were positive by qPCR up to
8 days after antibiotic initiation (n = 75). Sensitivity of qPCR
decreased to 87% (92/105; 95% CI, 79.76%-93.24%) by day 12,
and to 69% (101/146; 95% CI, 61.01%-76.55%) by day 20. All
19 samples collected after 20 days of treatment were negative.

Immunochromatographic Test

All 165 samples were ICT positive for pneumococcal antigen,
including the specimens collected beyond 20 days and up to
74 days.

DISCUSSION

Use of antibiotics prior to seeking care is widespread in many
low- and middle-income countries, making it difficult to detect

pathogenic bacteria by traditional bacteriological culture [6,
18]. Previous studies have documented that a large proportion
of cases of pneumococcal disease are culture negative [6] in
high antibiotic exposure settings, impeding our knowledge on
(1) burden and epidemiology, (2) trends and patterns of anti-
microbial resistance, and (3) vaccine impact. To close this gap,
it is imperative to find appropriate diagnostic(s) and ensure
their optimal use. Multiple diagnostics are currently available to
detect pneumococcus in the CSF of probable meningitis cases.
However, there is an overall lack of consensus about the per-
formance (sensitivity and/or specificity) of the various diagnos-
tics, and laboratories make different choices depending on their
setting and access. WHO recommends bacterial culture as the
first priority for confirmation and isolation of pneumococcus,
but recognizes the low sensitivity due to potential antibiotic
usage, and therefore also recommends PCR on all suspected
specimens. It also recommends the rapid diagnostic tests, ICT
(BinaxNOW) and latex agglutination [15].

In this study, we conducted a head-to-head comparison of
contemporary diagnostics: culture, cPCR, qPCR, and ICT after
antibiotic exposure. We compared the sensitivity and specificity
of culture, ICT, and qPCR in detection of pneumococcus, using
CSF specimens collected from 4334 suspected meningitis cases
and elucidated the effect of prior antibiotic exposure on the sen-
sitivity of detection of each method using 165 longitudinal CSF
specimens collected from 69 patients during their hospital stay.
We did not include the commercial latex agglutination kit as it
is expensive, has been shown to lack sensitivity, and has a short
shelf life [15, 19].

Bacteriological culture of 1883 meningitis cases with >10
WBC/uL vyielded growth of pneumococcus in 9 samples.
Antibiotic assay of 1674 of these CSF specimens showed that
70% of the cases had antibiotic exposure either prior to seeking
care at the hospital or before the lumbar puncture was per-
formed. qPCR detected 184 cases and did not miss any of the
culture-positive cases. Use of rapid ICT for pneumococcal
antigen yielded 207 cases of pneumococcus and captured all
qPCR- and culture-positive cases. Overall, sensitivity of culture
in detecting pneumococcus was 4.43% (95% CI, 2.05%-8.05%)
and that of qPCR was 90.64% (95% CI, 85.77%-94.27%) when
compared to ICT, respectively. None of the methods yielded any
false-negative results when compared to each other, illustrating
100% specificity of all methods.

Poor yield from CSF culture within 24 hours of prior antibi-
otic exposure may be explained by high susceptibility to peni-
cillin and cephalosporins of circulating pneumococcal strains in
Bangladesh; over 90% of all pneumococcal isolates are estimated
to be susceptible to penicillin and 100% to cephalosporins,
which is the most commonly consumed over-the-counter anti-
biotic in Bangladesh [6, 20-22]. Nonpneumococcal pathogens
were identified in 68 CSF specimens, and no cross-reactivity
of ICT or qPCR for pneumococcus was identified with any of
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the recorded pathogens. In concordance with previous studies,
this confirmed 100% specificity of these diagnostics in precise
detection of pneumococcus with the protocols as used in our
study for CSF specimens [10, 16, 23].

In addition to assessing the overall performance of the diag-
nostics, this study also illustrated the change in sensitivity with
time following antibiotic exposure. This is especially important
in settings like Bangladesh, where patients pay for care out of
their pockets and sick people often do not come to receive treat-
ment in facilities unless the symptoms are severe. Sometimes,
patients come only several days or weeks after manifestation
of symptoms [24, 25]. Longitudinal samples from 69 patients
collected at different time points after initiation of antibiotic
treatment revealed gradual erosion of sensitivity of culture,
cPCR, and qPCR. CSF culture did not yield any positive re-
sults starting from the second day of antibiotic exposure and
cPCR positivity disappeared after day 6. qPCR is more sensi-
tive and was able to detect pneumococcal DNA in many of the
cases until day 20 after initiation of antibiotics, but not beyond
that. ICT is the most sensitive of all methods and could detect
pneumococcal antigen up to 74 days after antibiotic treatment
initiation. It was not possible to pin-point how long pneumo-
coccal antigen remains detectable in CSF by BinaxNow, as ICT
still yielded a positive result at the longest time gap of 74 days,
despite decreasing WBC count. However, another study showed
that BinaxNow can detect pneumococcus for up to 90 days
after the initiation of antibiotic therapy [25]. Such prolonged
duration of antigen positivity may hinder detection of recur-
rent infections and may be explained by the fact that BinaxNow
recognizes fragmented molecules of the C-polysaccharide, such
as teichoic acid, which are produced after antibiotic treatment
and can escape phagocytic clearance mechanisms [26, 27].

The findings of this study should be considered within the
context of some limitations. First, the exact antibiotic and dose
received by the child was not known in many cases due to limi-
tations in caregiver recall. Different antibiotics are likely to have
different effects on the sensitivity of the diagnostics with time.
Second, the time gap between each lumbar puncture varied be-
tween patients as this was completely dependent on the treating
physicians, and only performed when deemed absolutely nec-
essary. However, the large number of longitudinal specimens
(n=165) from 69 confirmed pneumococcal-meningitis pa-
tients collected over a span of 74 days of antibiotic exposure
aided in assessment of changes in sensitivity of the diagnostics
with time.

Each of the diagnostics examined have their own limitations,
and often we may need more than one diagnostic for a compre-
hensive clinical and epidemiological assessment. Pneumococcal
culture can provide data about serotype, antimicrobial resist-
ance patterns, and additional genomic information. However,
with exposure to antibiotics, its sensitivity plummets within
hours, limiting its utility to a narrow timeframe. ICT is an

excellent tool to detect pneumococcus for clinical purposes and
burden studies; it can provide results within minutes, it is the
most sensitive tool, and can detect pneumococcus for weeks
after antibiotic therapy. However, it cannot provide information
about the causative serotype or antibiotic sensitivity; serotype
information is crucial for epidemiological surveillance and to
understand the impact of PCVs on serotype distribution. In
addition, the widely used BinaxNOW test for ICT is expensive
and can only detect pneumococcus; other common meningeal
pathogens, H. influenzae type b, N. meningitidis, and group B
streptococci, need to be additionally tested using latex aggluti-
nation test or PCRs. Hence ICT may be cost prohibitive in some
settings. However, as noted above, latex agglutination tests have
low sensitivity in comparison to other methods [15, 19] and
PCRs are overall less sensitive than ICT, and also cannot gen-
erate data on antibiotic sensitivity. qPCR is more sensitive than
cPCR, but qPCR is also more expensive with respect to capital
equipment, reagents, and technical expertise, and therefore it
may be needed to ship specimens to reference laboratories. In
contrast to ICT, PCRs can discern serotypes for samples with
IytA Ct value <35 [28]. Serotype information is crucial for un-
derstanding the impact of the current vaccines and to monitor
serotype dynamics. We find a tool that can detect pneumococcus
with a sensitivity similar to that of BinaxNow and can discern
serotypes at the same time. A current immunodiagnostic assay
based on multiplex urinary antigen can detect pneumococcal
antigen in the urine and can also distinguish between serotypes
[29]. A new version of this tool, equipped with identification
of 24 serotype-specific antigens along with pneumococcus-
specific C-polysaccharides, showed promising results in iden-
tification of serotype-specific pneumococci in patients with
community-acquired pneumonia [30]. However, this multi-
plexed immunodiagnostic assay awaits validation in identifica-
tion and serotyping of pediatric culture-negative pneumococcal
meningitis cases in settings with high antibiotic exposure.

CONCLUSIONS

Until we find a diagnostic that is rapid, sensitive, and can iden-
tify serotypes and antibiotic susceptibility, we propose that clin-
ical microbiology laboratories or reference laboratories use the
diagnostics in the following order: (1) ICT (for real-time diag-
nosis to inform clinicians and facilitate rational, evidence-based
antibiotic treatment based on existing antibiogram data), along
with (2) culture (to record the antibiotic sensitivity profile and
serotype data, if the organism can be grown) to understand
the burden of pneumococcal meningitis in areas where use of
prior antibiotic is more common. Finally, qPCR can be used for
culture-negative specimens to discern the serotypes for epide-
miological data generation; as this will not be required for clin-
ical diagnosis, qPCRs can be performed in batches to lower cost
or may be shipped to reference laboratories. If culture, ICT, and
qPCR, are conducted optimally, they can aid clinical diagnosis
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and also elucidate the complete picture of pneumococcal dis-
ease in settings with high antibiotic exposures.

Notes

Acknowledgments. We are grateful to Dr ASM Nawshad, Dr
Mohammad Jamal Uddin, and Dr Shampa Saha for clinical and
technical support during the meningitis surveillance in Dhaka
Shishu Hospital; and Md Shafiqul Islam for technical assistance
with building the second degree polynomial regression model.

Supplement sponsorship. This supplement is sponsored
by the World Health Organization and the U. S. Centers for
Disease Control and Prevention.

Financial support. This work was supported by Gavi, the
Vaccine Alliance, through the World Health Organization-
supported Invasive Bacterial Vaccine Preventable Diseases
Study (grant numbers 201588766, 201233523, 201022732,
200749550, 201686542, 202048618, and 202048971 to Dhaka
Shishu Hospital meningitis surveillance) and the Bill and
Melinda Gates Foundation (grant number OPP1096930).

Potential conflicts of interest. All authors: No reported con-
flicts of interest. All authors have submitted the ICMJE Form
for Disclosure of Potential Conflicts of Interest. Conflicts that
the editors consider relevant to the content of the manuscript
have been disclosed.

References

1. O’Brien KL, Wolfson L], Watt JP, etal; Hib and Pneumococcal
Global Burden of Disease Study Team. Burden of disease
caused by Streptococcus pneumoniae in children younger
than 5 years: global estimates. Lancet 2009; 374:893-902.

2. Wahl B, O’'Brien KL, Greenbaum A, et al. Burden of
Streptococcus pneumoniae and Haemophilus influenzae type
b disease in children in the era of conjugate vaccines: global,
regional, and national estimates for 2000-15. Lancet Glob
Health 2018; 6:¢744-57.

3. von Gottberg A, de Gouveia L, Tempia S, et al; GERMS-SA
Investigators. Effects of vaccination on invasive pneu-
mococcal disease in South Africa. N Engl ] Med 2014;
371:1889-99.

4. Waight PA, Andrews NJ, Ladhani SN, Sheppard CL,
Slack MP, Miller E. Effect of the 13-valent pneumococcal
conjugate vaccine on invasive pneumococcal disease in
England and Wales 4 years after its introduction: an obser-
vational cohort study. Lancet Infect Dis 2015; 15:535-43.

5. Whitney CG, Farley MM, Hadler J, et al; Active Bacterial
Core Surveillance of the Emerging Infections Program
Network. Decline in invasive pneumococcal disease after
the introduction of protein-polysaccharide conjugate vac-
cine. N Engl ] Med 2003; 348:1737-46.

6. Saha SK, Hossain B, Islam M, et al; Pneumococcal Study
Group. Epidemiology of invasive pneumococcal disease in

10.

11.

12.

13.

14.

15.

16.

17.

Bangladeshi children before introduction of pneumococcal
conjugate vaccine. Pediatr Infect Dis ] 2016; 35:655-61.

. Feikin DR, Hammitt LL, Murdoch DR, O’Brien KL,

Scott JAG. The enduring challenge of determining pneu-
monia etiology in children: considerations for future re-
search priorities. Clin Infect Dis 2017; 64:188-96.

. Saha SK, Darmstadt GL, Baqui AH, et al. Identification

of serotype in culture negative pneumococcal meningitis
using sequential multiplex PCR: implication for surveil-
lance and vaccine design. PLoS One 2008; 3:e3576.

. Moisi JC, Moore M, Carvalho MDG, et al. Enhanced di-

agnosis of pneumococcal bacteremia using antigen- and
molecular-based tools on blood specimens in Mali and
Thailand: a prospective surveillance study. Am ] Trop Med
Hyg 2016; 94:267-75.

Saha SK, Darmstadt GL, Yamanaka N, et al. Rapid diagnosis
of pneumococcal meningitis: implications for treatment
and measuring disease burden. Pediatr Infect Dis ] 2005;
24:1093-8.

Hasanuzzaman M, Malaker R, Islam M, et al. Detection of
macrolide resistance genes in culture-negative specimens
from Bangladeshi children with invasive pneumococcal
diseases. ] Glob Antimicrob Resist 2017; 8:131-4.
Srinivasan V, du Plessis M, Beall BW, McGee L. Quadriplex
real-time polymerase chain reaction (lytA, mef, erm,
pbp2bwt) for pneumococcal detection and assessment of
antibiotic susceptibility. Diagn Microbiol Infect Dis 2011;
71:453-6.

Samra Z, Shmuely H, Nahum E, Paghis D, Ben-Ari J. Use
of the NOW Streptococcus pneumoniae urinary antigen test
in cerebrospinal fluid for rapid diagnosis of pneumococcal
meningitis. Diagn Microbiol Infect Dis 2003; 45:237-40.
Hasan AZ, Saha S, Saha SK, et al; Pneumococcal and
Rotavirus Surveillance Case Study Group. Using pneu-
mococcal and rotavirus surveillance in vaccine deci-
sion-making: a series of case studies in Bangladesh,
Armenia and the Gambia. Vaccine 2018; 36:4939-43.
World Health Organization. Pneumococcus. Vaccine-
preventable diseases surveillance standards, September
2018.
surveillance/burden/vpd/WHO_SurveillanceVaccinePr
eventable_17_Pneumococcus_R2.pdf?ua=1. Accessed 9
February 2021.

Pai R, Gertz RE, Beall B. Sequential multiplex PCR ap-
proach for determining capsular serotypes of Streptococcus
pneumoniae isolates. ] Clin Microbiol 2006; 44:124-31.
Ouattara M, Whaley MJ, Jenkins LT, et al. Triplex real-time
PCR assay for the detection of Streptococcus pneumoniae,

https://www.who.int/immunization/monitoring

Neisseria meningitidis and Haemophilus influenzae directly
from clinical specimens without extraction of DNA. Diagn
Microbiol Infect Dis 2019; 93:188-90.

S216 « JID 2021:224 (Suppl3) « Hasanuzzaman et al


https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_17_Pneumococcus_R2.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_17_Pneumococcus_R2.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_17_Pneumococcus_R2.pdf?ua=1

18.

19.

20.

21.

22.

23.

24,

Nepal G, Bhatta S. Self-medication with antibiotics in
WHO Southeast Asian region: a systematic review. Cureus
2018; 10:e2428.

Tarafdar K, Rao S, Recco RA, Zaman MM. Lack of sen-
sitivity of the latex agglutination test to detect bacterial
antigen in the cerebrospinal fluid of patients with culture-
negative meningitis. Clin Infect Dis 2001; 33:406-8.
Malaker R, Saha S, Hanif M, et al. Invasive pneumo-
coccal infections in children with nephrotic syndrome in
Bangladesh. Pediatr Infect Dis ] 2019; 38:798-803.

Naziat H, Saha S, Islam M, et al. Epidemiology of otitis
media with otorrhea among Bangladeshi children: base-
line study for future assessment of pneumococcal conjugate
vaccine impact. Pediatr Infect Dis ] 2018; 37:715-21.

Saha SK, Rikitomi N, Ruhulamin M, et al. Antimicrobial
resistance and serotype distribution of Streptococcus
pneumoniae strains causing childhood infections in
Bangladesh, 1993 to 1997. J Clin Microbiol 1999;
37:798-800.

Carvalho Mda G, Tondella ML, McCaustland K, et al.
Evaluation and improvement of real-time PCR assays
targeting IytA, ply, and psaA genes for detection of pneu-
mococcal DNA. ] Clin Microbiol 2007; 45:2460-6.

Saha S, Islam M, Saha S, et al. Designing comprehensive
public health surveillance for enteric fever in endemic
countries: importance of including different healthcare fa-
cilities. J Infect Dis 2018; 218:227-31.

25.

26.

27.

28.

29.

30.

Angoulvant F Lachenaud ], Mariani-Kurkdjian P, et al.
Report of two cases of aseptic meningitis with persistence
of pneumococcal cell wall components in cerebrospinal
fluid after Pneumococcal meningitis. ] Clin Microbiol 2006;
44:4285-7.

Stuertz K, Merx I, Eiffert H, Schmutzhard E, Mader M,
Nau R. Enzyme immunoassay detecting teichoic and
lipoteichoic acids versus cerebrospinal fluid culture
and latex agglutination for diagnosis of Streptococcus
pneumoniae meningitis. ] Clin Microbiol 1998; 36:2346-8.
Fischer H, Tomasz A. Production and release of peptido-
glycan and wall teichoic acid polymers in pneumococci
treated with beta-lactam antibiotics. ] Bacteriol 1984;
157:507-13.

Magomani V, Wolter N, Tempia S, du Plessis M,
de Gouveia L, von Gottberg A. Challenges of using molec-
ular serotyping for surveillance of pneumococcal disease. |
Clin Microbiol 2014; 52:3271-6.

Pride MW, Huijts SM, Wu K, et al. Validation of an
immunodiagnostic assay for detection of 13 Streptococcus
pneumoniae serotype-specific polysaccharides in human
urine. Clin Vaccine Immunol 2012; 19:1131-41.

Kalina WYV, Souza V, Wu K, et al. Qualification and clin-
ical validation of an immunodiagnostic assay for detecting
11 additional Streptococcus pneumoniae serotype-specific
polysaccharides in human urine. Clin Infect Dis 2020;
71:e430-8.

Pneumococcal Detection Postantibiotics « JID 2021:224 (Suppl 3) « S217



