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Abstract The purpose of this investigation was to enhance
the detection of pneumococcal bacteremia cases using the
Binax NOW® immunochromatographic test (ICT) on blood
culture broth as part of surveillance in two rural Thailand
provinces. Blood cultures were collected as clinically
indicated from hospitalized patients. ICT was performed
on broth from culture bottles flagged as positive by BactT/
ALERT® (alarm-positive) but which failed to grow organ-
isms on subculture. During the period May 2005—June
2007, ICT was positive on 43 (24%) of 182 alarm-positive
blood cultures with no growth on subculture. Compared to
pneumococcal bacteremia cases confirmed by culture, cases
detected only by ICT had a longer median time from
culture collection to incubation and a longer median time
from alarm positivity to subculture, and were more likely to
be from patients pretreated with antibiotics. In a subsequent
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surveillance period (July 2007-December 2009), ICT
continued to detect additional pneumococcal cases, but in a
lower proportion of samples (7 of 221, 3.2%). Recently, as
part of a separate study, ICT applied to uninoculated blood
culture broth produced weak-positive results, mandating
caution if testing broth from patient blood cultures. The
antigen testing of blood culture broth appears to enhance the
detection of pneumococcal bacteremia, but a controlled
evaluation is needed.

Introduction

Culture-based detection methods for pneumococcus lack
sensitivity and are often not available in resource-limited
settings. Binax NOW® is a rapid immunochromatographic
test (ICT) to detect pneumococcal antigen in urine (adults)
and cerebrospinal fluid [1]. Binax ICT effectively detected
pneumococcal antigen from blood culture broth in a
laboratory-based study [2], but clinical evaluations are
lacking. As part of pneumonia and bloodstream infection
surveillance, we sought to enhance pneumococcus detection
using the Binax NOW® ICT on blood culture broth from
selected patients hospitalized in Thailand.

Materials and methods

ICT use as part of bloodstream infection surveillance

As part of pneumonia and bloodstream infection surveillance
in 20 hospitals in two rural Thailand provinces (Sa Kaeo and

Nakhon Phanom), blood cultures were collected as clinically
indicated [3]. All cultures were processed in the single
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provincial (i.e., referral) hospital in each province. Cultures
collected at community hospitals were transported at 15-30°C
within 24 h and processed at provincial hospital laboratories
using the BactT/ALERT® 3D system (bioMcérieux); the
results of single patient blood cultures in bottles optimized
for aerobic growth were used for this analysis. Technicians
were available daily from 8 am to midnight. Bottles that
signaled positive growth (alarm-positive) were subcultured
using standard methods [4]. When cultures that alarmed
positive yielded no organism on subculture, broth from the
culture bottle was tested for the presence Streptococcus
pneumoniae antigen by the Binax NOW® ICT following the
manufacturer’s instructions for testing urine [2]. Antibiotic
use before blood culture was determined by measuring the
serum antimicrobial activity using a serum disc assay as
previously described [3, 5]. Briefly, a filter paper disc coated
with 20 pl of patient serum was placed onto a Mueller—
Hinton agar plate inoculated with antibiotic-sensitive S.
aureus (ATCC 9144). After 24 h of incubation at 35-37°C,
growth inhibition around the disc was considered to be
evidence of serum antimicrobial activity.

Statistical analysis

Surveillance data were analyzed for two separate time
periods. The primary data analysis was performed in
January 2008 in preparation for a meeting presentation,
and included blood cultures collected from May 2005
through June 2007. A second analysis was performed
for cultures collected from July 2007 through December
2009. Because the frequency of ICT-positive cases
differed significantly by time period, the results are
presented separately. All analyses were conducted using
SPSS version 17.0.

Testing of uninoculated blood culture broth by ICT

As part of a controlled evaluation of ICT testing of
blood culture broth, we discovered that broth from some
of the uninoculated blood culture bottles gave a faint
positive result by ICT. Because this finding has
implications for the interpretation of our findings, we
present the preliminary data of ICT testing of broth
from uninoculated BactT/ALERT® 3D culture bottles
(bioM¢érieux), as well as broth from Bactec bottles
(Becton Dickinson BD®, Franklin Lakes, NJ, USA).
Before testing, we developed a quantitative scoring
system to grade the strength of positive results as
follows: 1+=test line positive but fainter than the
positive control line; 2+=test line positive with similar
intensity to the control line; 3+: test line positive with
greater intensity than the control line. All ICT results
were interpreted by a single technician (P.S.).
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Results
Surveillance results

Among 24,173 blood cultures collected from May 2005
through June 2007, 2,915 (12%) were alarm-positive and
66 yielded S. pneumoniae; broth from these culture bottles
were all ICT-positive. Of 182 (6%) alarm-positive cultures
that yielded no growth on subculture, 43 (24%) were ICT-
positive for pneumococcus, 39 of which occurred in
Nakhon Phanom province. There was no evidence of
clustering by hospital. A non-systematic sample of broth
specimens from cultures yielding non-pneumococcal
Streptococcus species were tested by ICT, and some
false-positives occurred: viridans (5 of 13 tested), mitis
(7 of 34), and salivarius (1 of 2).

Compared to cases confirmed by pneumococcal
isolation, cases detected only by ICT had a longer
median time from culture collection to incubation and a
longer median time from alarm positivity to subculture
(Table 1). Preculture antibiotic use was more common
among pneumococcal cases detected by ICT alone than
those with pneumococcal isolation. Cases detected by ICT
alone were more likely than culture-confirmed cases to
result from cultures collected at community hospitals (vs.
provincial hospitals), but there was otherwise no apparent
clustering by hospital. No difference was found in the
blood volumes cultured. Among 70 cases with clinical
information available, cases detected only by ICT were
less likely than those with pneumococcal isolation to
require mechanical ventilation and have a fatal outcome.

From July 2007 through December 2009, 39,239 blood
cultures were performed and 111 culture-confirmed pneumo-
coccal bacteremia cases occurred. Of 5,311 alarm-positive
cultures, 365 (6.9%) yielded no growth on subculture, but
only 7 (3.2%) of 221 tested were positive by ICT, and these
cases clustered in time from April through June 2009 in
Nakhon Phanom province only. We saw no evidence of
improved pneumococcal isolation rates or decreases in the
culture processing times during this time period.

ICT on broth from uninoculated blood culture bottles

We tested broth from 15 uninoculated BacT/ALERT®
aerobic culture bottles from five different lots, including
12 pediatric bottles (PF™) optimized for smaller blood
volumes. ICT was positive at 1+ for 11 bottles and 2+ for one
PF bottle. We also tested four BacT/ALERT® MB™ bottles
(two lots) which have broth optimized for mycobacterial
growth, and all were positive (1+). Four BD aerobic bottles
from two different lots, including two pediatric bottles, were
ICT-negative. Two BD bottles optimized for mycobacterial
growth were ICT-positive at 1+.
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Table 1 Characteristics of pneumococcal bacteremia cases detected by culture confirmation (n=66) and those detected only by
immunochromatographic testing (ICT) on the broth of selected blood cultures® (n=43), Thailand

ICT detection only S. pneumoniae isolated

Total cases
Age <5 years

Culture processing times, median, hours
Median age in years (IQR)

Transport time, from culture collection to incubation, median, hours*
Time from incubation to signaling of alarm-positive, median, hours
Time from alarm to subculture, median, hours*
Antibiotic use before culture

Total cases with available data

Serum antimicrobial activity*
Demographic and clinical data

Total with available data®

Male

Documented fever (>38.0°C)

Fever history

Elevated WBC

Cough

Clinical pneumonia®

Supplemental oxygen

Mechanical ventilation*

Death*

43 66°

9 (21) 15 (23)
42 (6, 54) 37.5 (9.0, 56)
7.4 3.9
115 123
1.8 0.56
32 51

9 (27)° 1 (1.5)
30 40

18 (60) 20 (50)
12 (40) 22 (55)
28 (93) 35 (88)
7(23) 20 (50)
25 (83) 31 (78)
27 (90) 34 (85)
12 (40) 22 (55)
0 11 (28)
1 (3.4) 11 (28)

*p-value <0.05; binary variables compared by the Chi-square test and continuous variables by the Mann—Whitney test

# Immunochromatographic testing for pneumococcal antigen was performed on broth from blood cultures that had signaled positive in the BactT/

ALERT automated culture system but yielded no organism on subculture

® Total number of cases differs from the number previously published for the same time period [3], because the results presented here are based on
results from only the standard aerobic culture bottle on which ICT testing was performed. Previous results included two culture bottles

¢ Parentheses show the percentage unless otherwise specified

9 Demographic and clinical data were only available for cases that were also captured by a pneumonia surveillance system in the same hospitals

¢ Clinical pneumonia case definition: evidence of active infection plus signs or symptoms of respiratory tract illness

Discussion

Pneumococcal antigen testing of broth from alarm-positive/
subculture-negative blood cultures identified potential
pneumococcal bacteremia cases that were missed by
standard culture methods. Cases identified only by ICT
differed from culture-confirmed cases in important ways:
longer culture transport times resulting in delayed incubation,
delayed subculture after alarming positive, and higher rates of
preculture antibiotics. ICT cases clustered in Nakhon Phanom
province where distances from community to provincial
hospitals are greater, resulting in longer delays between
culture collection and incubation. These differences are
consistent with the fastidious nature of pneumococcus and
support the observation that cases detected only by ICT were
real. Cases detected by ICT alone were associated with less
severe illness, possibly suggesting a lower bacterial burden or
earlier antimicrobial therapy. However, ICT-positivity in

uninoculated bottles leaves us unsure whether each case was
a true bacteremia case. These findings underscore the
challenges of using blood culture alone to diagnose pneumo-
coccus, especially in resource-limited settings.
Alarm-positive/subculture-negative blood cultures have
been reported at rates of 1-10%, and previous studies have
identified pneumococcus in these specimens by polymerase
chain reaction and latex agglutination [6—8]. Limitations to
the current study include the lack of confirmatory testing,
such as polymerase chain reaction, to rule out false-
positives by ICT and determine specificity. Without the
ability to determine serotypes of cases detected only by
ICT, we could not determine whether the clustering by time
and province was related to a particular serotype(s) that
may have been difficult to culture. Reasons for the decline
in cases confirmed only by ICT in more recent years are not
clear; improvements in pneumococcal isolation or culture
processing do not easily explain these results. There has
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been no change in the culture system (BacT/ALERT®) used
for surveillance over time.

The ICT testing of broth from patient blood cultures is
not a validated approach to confirm pneumococcal disease.
ICT-positivity of uninoculated culture bottles confirms that
false-positive tests can occur and may be common, depending
on the blood culture system. False-positive ICT results
occurred consistently on BactT/ALERT bottles from multiple
lots, arguing against a spurious finding. False-positives did not
occur on broth from aerobic BD® culture bottles, suggesting
that a unique component of the BactT/ALERT broth may be
responsible. Culture broth formulations are proprietary, so we
were unable to explore potential causative agents. While
almost all false-positive results were weakly positive, the
manufacturer’s instructions state that any visible test line
should be considered as positive. Although we did not record
quantitative ICT results (i.e., negative, 1+, 2+) in our
pneumococcal disease surveillance, 65% (28/43) of pneumo-
coccus cases detected only by ICT during the period May
2005—1June 2007 were recorded as “strong positive” by non-
standardized qualitative assessment at the time of testing. The
Binax® ICT has been validated to confirm pneumococcus in
urine from adults and cerebrospinal fluid from all ages of
patients, but not on blood or blood culture broth. A full
evaluation of rapid antigen testing for this clinical application
is underway.
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