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Community-acquired bloodstream infections cause substantial morbidity and mortality worldwide, but microbiology ca-
pacity and surveillance limitations have challenged good descriptions of pathogen distribution in many regions, including
Southeast Asia. Active surveillance for bloodstream infections has been conducted in two rural Thailand provinces for >7
years. Blood specimens were divided into two culture bottles, one optimized for aerobic growth (F bottle) and a second for
enhanced growth of mycobacteria (MB bottle), and processed with the BactT/Alert 3D system. Because the routine use of
MB culture bottles is resource intensive (expensive and requires prolonged incubation), we assessed the added yield of MB

bottles by comparing the proportion of pathogens detected by MB versus that by F bottles from 2005 to 2012. Of 63,066
blood cultures, 7,296 (12%) were positive for at least one pathogen; the most common pathogens were Escherichia coli
(28%), Burkholderia pseudomallei (11%), Klebsiella pneumoniae (9%), and Staphylococcus aureus (6%). Two bottles im-
proved the yield overall, but the added yield attributable to the MB bottles was limited to a few pathogens. In addition to
the detection of mycobacteria and some fungi, MB bottles improved the detection of B. pseudomallei (27% [MB] versus 8%
[F]; P < 0.0001), with added benefit if therapy was initiated prior to the blood culture. The targeted use of MB bottles is
warranted for patients at risk for mycobacterial and fungal infections and for infection with B. pseudomallei, a common

cause of septicemia in Thailand.

ommunity-acquired bloodstream infections cause substantial

morbidity and mortality worldwide, but microbiology capac-
ity and surveillance limitations have challenged good descriptions
of pathogen distribution in many regions, including Southeast
Asia. As part of a collaboration between the Thailand Ministry of
Public Health and the U.S. Centers for Disease Control and Pre-
vention (CDC), we established bloodstream infection surveillance
in 2005 using standardized protocols in two rural Thailand
provinces. In an effort to maximize yield, blood specimens
were inoculated into two culture bottles; one bottle was opti-
mized for aerobic growth (BacT/Alert FA for adults and BacT/
Alert PF for children, with peptone-enriched Trypticase soy
broth supplemented with brain heart infusion solids and acti-
vated charcoal), and the second bottle was optimized for en-
hanced growth of mycobacteria and other fastidious organisms
(BacT/Alert MB, with Middlebrook 7H9 broth with glycerol
and sodium polyanethole sulfonate). The detection system and
method of signaling for a positive culture are the same for the
MB and F bottles, although the MB bottles are incubated longer
(up to 42 days) than the F bottles (maximum of 5 days). Rou-
tine use of MB culture bottles (or comparable bottles in other
blood culture systems) may be indicated in settings with a high
prevalence of HIV or tuberculosis. However, these bottles are
expensive and, with incubation for up to 42 days required for
slow-growing pathogens, can strain the incubator capacity.
The routine use of MB bottles for bloodstream infection sur-
veillance and clinical evaluation therefore warrants further
evaluation. Data on the yield of different blood culture systems
and culture broth formulations in resource-constrained set-

910 jcm.asm.org

Journal of Clinical Microbiology

tings are limited (1, 2). We sought to describe the pathogens
causing bloodstream infections in rural Thailand and to quan-
tify the added overall yield of routinely inoculating blood for
culture into MB bottles and for specific pathogens, including
Burkholderia pseudomallei, the causative agent of melioidosis, a
high-burden disease in Thailand (3).

MATERIALS AND METHODS

Bloodstream infection surveillance. We have conducted enhanced sur-
veillance for bloodstream infections in two rural Thailand provinces since
2005. The Nakhon Phanom province borders Laos in the northeast and is
an area in which B. pseudomallei is highly endemic (3), while Sa Kaeo
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borders Cambodia in the east and has a lower melioidosis burden. Sur-
veillance is conducted in all 12 hospitals in Nakhon Phanom (1 provincial
hospital, 11 community hospitals) and in 8 hospitals in Sa Kaeo (1 pro-
vincial hospital, 7 community hospitals) (4, 5).

Blood was collected from the hospitalized patients at clinician discre-
tion, and collection was encouraged for all patients with pneumonia and
for children less than 5 years of age with suspected sepsis. Nurses aimed to
collect 10 ml of blood for inoculation into the BacT/Alert FA bottle for
patients aged >5 years or 4 ml for inoculation into the BacT/Alert PF
bottle for children =5 years (FA and PF bottles are hereafter referred to as
F bottles) and at least 3 ml for inoculation into the BacT/Alert MB bottle.
When blood volume was insufficient, inoculation into the F bottle was
prioritized. Blood samples collected at community hospitals were trans-
ported at 15°C to 30°C for centralized testing at the provincial hospital
microbiology laboratory within 24 h.

One milliliter of enrichment fluid (bovine serum albumin, sodium
chloride, oleic acid, and saponin in water) was added to each MB bottle
upon receipt in the laboratory, and the F and MB bottles were placed
into the BacT/Alert 3D automated blood culture system (bioMérieux,
USA). The F and MB bottles were incubated at 35°C for up to 5 and 42
days, respectively, or until the instrument signaled a positive result for
growth (i.e., alarm positive). Blood from the positive bottles was re-
moved and subcultured onto sheep blood, chocolate, and MacConkey
agar plates and incubated for 24 to 48 h at 35°C in 5% CO, for the
sheep blood and chocolate agar plates and at normal atmosphere for
the MacConkey agar plates. Gram staining, biochemical tests, and
commercial bacterial identification strips (API strips; bioMérieux,
USA) were used to identify positive bacterial cultures by standard
microbiology procedures (6). Culture bottles that did not signal a
positive result after the specified incubation periods were considered
negative without terminal subculture.

The presence of an antimicrobial agent in a patient’s serum was as-
sessed by coating filter paper with 20 pl of the patient’s serum collected at
the time of blood culture and placing the paper on Mueller-Hinton agar
inoculated with Staphylococcus aureus (strain ATCC 9144) (7). After in-
cubation for 24 h at 35°C, a clear zone around the disc was considered
evidence of serum antimicrobial activity.

Data analysis. This analysis included blood cultures performed
from May 2005 through April 2012. In order to quantify the contribu-
tion of the MB bottles to the detection of blood-borne pathogens, we
limited our analyses to patient blood cultures for which both an F and
an MB bottle had been placed. We did not have multiple cultures or
longitudinal clinical data to confirm whether all organisms were true
pathogens, so we relied on previous assessments (8) to categorize or-
ganisms as likely pathogens or likely contaminants. A patient’s blood
culture was considered positive for a likely pathogen if that organism
was identified in either of the culture bottles and if the organism was
most often a pathogen in prior studies. Common skin and environ-
mental organisms were considered likely contaminants. A list of or-
ganisms considered likely contaminants is given in Table 1. For each
pathogen, we determined the proportion of total positive results that
were confirmed in the MB bottles alone by dividing the number of
cultures for which the organism was isolated from only the MB bottle
by the total number of positive results. To assess whether the added
yield from the MB bottle cultures was attributable to the MB bottle
medium (as opposed to simply the added yield of a second bottle), we
compared the proportion of cultures that were positive in only the
MB bottle to the proportion positive from only the F bottle using
McNemar’s test with Bonferroni’s correction for multiple tests. Start-
ing with an « value of 0.05 and 29 different pathogens for comparison,
the new « value after correction was 0.0017 (0.05/29). Thus, statistical
significance was defined as a P value of =0.0017 (9). We assessed the
time to culture positivity, blood volume cultured, and serum antimi-
crobial activity as potential confounders of the relationship between
pathogen yield and bottle type (10).
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RESULTS

From May 2005 through April 2012, 63,066 blood cultures were
performed with blood inoculated into F and MB culture bottles.
Of those, 11,801 (18.7%) signaled a positive result in the BacT/
Alert instrument for at least one of the two bottles (Table 1).

Of the 11,801 that signaled positive, a presumed pathogen was
isolated from at least 1 of the 2 bottles in 7,296 of the cases (61.8%
[and 12.0% of all blood cultures]). A total 0f 2,859 (24.2%) had no
pathogen but had a contaminant in at least one bottle. Among the
63,066 cases, 793 (1.3%) of the F bottle cultures and 1,023 (1.6%)
of the MB bottles were alarm positive but had no growth (P <
0.0001). Of the 3,796 pathogens isolated in Sa Kaeo and the 3,833
pathogens isolated in Nakhon Phanom, Escherichia coli was most
common pathogen in both provinces (29.1% and 27.9%, respec-
tively, of all pathogens) followed by Klebsiella pneumoniae (8.7%)
and S. aureus (6.7%) in Sa Kaeo and B. pseudomallei (17.1%) and
K. pneumoniae (9.2%) in Nakhon Phanom.

Of 7,629 pathogens isolated from 7,296 patient blood cul-
tures, 4,414 (57.9%) were isolated from both the MB and F
bottles, 1,589 (20.8%) were isolated from only the F bottle, and
1,626 (21.3%) were isolated from only the MB bottle. Several
bacteria, including both Gram-positive (e.g., Streptococcus pyo-
genes and Streptococcus pneumoniae) and Gram-negative (e.g., E.
coli) pathogens, were isolated significantly more often from
only the F bottle than from only the MB bottle (Table 1). My-
cobacteria were isolated exclusively from the MB bottles, and
two fungal species (Penicillium species and Histoplasma capsula-
tum) were more commonly isolated from the MB bottles.
Among nonmycobacterial pathogens, 17.5% were isolated only
from the MB bottles, while 21.8% were isolated only from the F
bottles. The percentages of Gram-positive bacteria detected in
the MB and F bottles were 74% and 89%, respectively. Com-
pared to the F bottles, the MB bottles contained a lower per-
centage of Gram-negative bacteria (81% versus 84%, respec-
tively) but a higher percentage of fungi (84% versus 75%,
respectively). The mean blood volumes cultured were 7.0 ml
(standard deviation [SD], 2.5 ml) in the MB bottles and 9.9 ml
(SD, 0.85 ml) in the F bottles for patients aged >5 years.
Among those aged =5 years, the mean volumes were 3.0 ml
(SD, 1.1 ml) in the MB bottles and 4.1 ml (SD, 1.4 ml) in the F
bottles. Among nonmycobacterial pathogens, the median
times to a positive result were 16 h for the MB bottles and 14 h
for the F bottles. There were 169 positive cultures for which the
MB bottled yield a nonmycobacterial pathogen after 5 days
(corresponding to the maximum incubation period of the F
bottle), of which 47 also had the pathogen detected in the F
bottle.

The only nonmycobacterial bacterium isolated significantly
more commonly in the MB than in the F bottles was B. pseudomal-
lei. Of the 837 blood cultures positive for B. pseudomallei, 222
(26.5%) were positive only in the MB bottle compared to 69
(8.2%) that were positive only in the F bottle; 65.2% were positive
in both bottles. The median (range) times to a positive result for
the detection of B. pseudomallei were 23 h (5 to 327 h) for the MB
bottle and 25 h (2 to 123 h) for the F bottle. Among the B. pseu-
domallei cases detected only in the MB bottle, 78.8% signaled pos-
itive within 2 days, and only 2.3% signaled positive after 5 days,
when the accompanying F bottle would no longer have been in-
cubating. Among the 837 B. pseudomallei cases, 188 (22.5%) were
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TABLE 1 Clinically relevant pathogen identifications by blood culture among patients with blood inoculated into BacT/Alert FA and BacT/Alert

MB bottles in Sa Kaeo and Nakhon Phanom, Thailand, 2005-2012¢

Culture result by bottle:

MB*, F~¢ MB~, F*" MB*, F*
Total no. of
Pathogen® cultures No. % No. % No. % P
Gram positive
Enterococcus species 149 33 22.2 55 36.9 61 40.9 0.0190
Staphylococcus aureus 488 50 10.3 82 16.8 356 73.0 0.0053
Streptococcus agalactiae 117 14 12.0 7 6.0 96 82.1 0.1266
Streptococcus bovis 71 3 4.2 26 36.6 42 59.2 <<0.0001
Streptococcus pneumoniae 200 16 8.0 67 33.5 117 58.5 <0.0001
Streptococcus pyogenes 173 14 8.1 61 35.3 98 56.7 <0.0001
Streptococcus suis 49 2 4.1 27 55.1 20 40.8 <<0.0001
Gram negative
Acinetobacter species 280 65 23.2 89 31.8 126 45.0 0.0531
Brucella species 8 2 25.0 0 0.0 6 75.0 0.1573
Burkholderia pseudomallei 837 222 26.5 69 8.2 546 65.2 <0.0001
Escherichia coli 2,174 294 13.5 423 19.5 1,457 67.0 <0.0001
Enterobacter species 103 13 12.6 26 25.2 64 62.1 0.0374
Haemophilus influenza 27 1 3.7 26 96.3 0 0.0 <0.0001
Klebsiella pneumoniae 683 84 12.3 123 18.0 476 69.7 0.0067
Moraxella catarrhalis 18 6 33.3 10 55.6 2 11.1 0.3173
Pasteurella species 5 0 0.0 2 40.0 3 60.0 0.1573
Proteus species 93 16 17.2 15 16.1 62 66.7 0.8575
Pseudomonas aeruginosa 169 24 14.2 51 30.2 94 55.6 0.0018
Salmonella enterica subsp. enterica 2 0 0.0 0 0.0 2 100.0 1.0000
serovar Paratyphi A
Salmonella species 327 39 11.9 80 24.5 208 63.6 0.0002
Salmonella enterica subsp. enterica 8 0 0.0 1 12.5 7 87.5 0.3173
serovar Typhi
Serratia marcescens 5 0 0.0 3 60.0 2 40.0 0.0833
Acid-fast bacilli
Mycobacterium tuberculosis 199 199 100.0 0 0.0 0 0.0
Nontuberculosous mycobacterium 155 155 100.0 0 0.0 0 0.0
Fungi
Candida species 97 29 29.9 25 25.8 43 443 0.5862
Cryptococcus neoformans 271 28 10.3 42 15.5 201 74.2 0.0943
Histoplasma capsulatum 31 29 93.6 1 3.2 1 3.2 <0.0001
Penicillium species 65 29 44.6 4 6.2 32 49.2 <0.0001
Other pathogens® 825 259 31.4 274 33.2 292 35.4
Total no. of pathogens 7,629 1,626 21.3 1,589 20.8 4,414 57.9 <0.0001
Total no. of nonmycobacterial pathogens 7,275 1,272 17.5 1,589 21.8 4,414 60.7 <0.0001

“ BacT/Alert FA (PF for children <5 years old) and BacT/Alert MB (F and MB) bottles were used. The total no. of blood cultures was 63,066.

b The following organisms were considered likely contaminants and were not included in the analysis: Streptococcus viridans group, Corynebacterium urealyticum, other
Corynebacterium species, other Bacillus species, coagulase-negative Staphylococcus, other Staphylococcus species, and Aerococcus species.

¢+, result for the indicated bottle was positive; —, result for the indicated bottle was negative.

9 McNemar’s test comparing the proportions of each pathogen detected in the MB bottle only to the proportion detected in the F bottle only. With Bonferroni’s multiple test

correction, statistical significance was considered at a P value of <0.0017.

¢ Other pathogens included Aeromonas hydrophila, Aeromonas species, Alcaligenes faecalis, other Alcaligenes species, Aspergillus species, Bacillus cereus, Bordetella bronchiseptica,
Brevundimonas species, Burkholderia cepacia, other Burkholderia species, Citrobacter species, Corynebacterium jeikeium, other Cryptococcus species, other Escherichia species, other
Haemophilus species, other Klebsiella species, Listeria monocytogenes, other Moraxella species, other Neisseria species, Providencia species, other Pseudomonas species, Ralstonia
pickettii, Serratia species, Shigella sonnei, Stenotrophomonas maltophilia, other Streptococcus species, Vibrio cholera, other Vibrio species, unspecified yeast, and mold.

in patients with evidence of prior antibiotic use, determined by the
presence of serum antimicrobial activity (Table 2).

Among all 63,066 patients, 46,666 patients had antibiotic
activity information available, and B. pseudomallei was isolated
from 768 (1.2%) MB bottles and 615 (1.0%) F bottles (P <
0.0001). The difference in B. pseudomallei isolation by bottle
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type was limited to patients with evidence of prior antibiotic
use. Among the 12,091 patients with prior antibiotic use, the
MB bottles were nearly twice as likely as the F bottles to yield B.
pseudomallei (1.47% versus 0.81%, respectively; P < 0.0001;
Table 2). Among the 34,575 patients without prior antibiotic
use, the B. pseudomallei isolation rates were similar between the
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TABLE 2 Pathogen isolation® in BacT/Alert FA and BacT/Alert MB bottles” according to the presence of antimicrobial activity in sera from patients

in Sa Kaeo and Nakhon Phanom, Thailand, 2005-2012

Pathogen yield result for:

ABX“ present (n = 12,091)

ABX®“ not present (n = 34,575)

Difference in yield

Difference in yield

F bottle MB bottle (MB — F) F bottle MB bottle (MB — F)

Pathogen No. % No. % % McNemar’s P No. % No. % % McNemar’s P
Burkholderia pseudomallei® 98 0.81 178 1.47  0.66 <0.0001 295 0.85 311 0.90 0.05 0.1131
Escherichia coli 168 1.39 163 1.35 —0.04 0.5737 1,128 3.26 1,050 3.04 —0.22 0.0002
Klebsiella pneumoniae 59 0.49 52 0.43 —0.06 0.0896 363 1.05 332 0.96 —0.09 0.0068
Salmonella species” 25 0.21 19 0.16 —0.05 0.0143 179 0.52 158 0.46 —0.06 0.0127
Staphylococcus aureus 31 0.26 20 0.17 —0.09 0.0076 261 0.75 245 0.71 —0.04 0.0455
Streptococcus pneumoniae 4 0.03 4 0.03 0.00 1.0000 110 0.32 75 0.22 —0.10 <0.0001
Streptococcus pyogenes 5 0.04 1 0.01 —0.03 0.1025 102 0.30 78 0.23 —0.07 0.0001

Total pathogens 390 3.2 437 3.6 0.04 0.0022 2,438 7.1 2,249 6.5 0.6 <0.0001

@ Selected subset of commonly identified pathogens.

b BacT/Alert FA (PF for children <5 years old) and BacT/Alert MB (F and MB) bottles were used.

¢ ABX, antimicrobial activity.

@ ABX presence was determined by antimicrobial activity in patient sera at the time of blood collection (4).
¢ Numbers in this table are lower than those in Table 1, because antibiotic activity data were not available for all cases.

/ All nontyphoidal Salmonella species.

MB and the F bottles (0.90% versus 0.85%, respectively; P =
0.1131). Serum antimicrobial activity decreased the overall
yield of several pathogens that were more commonly isolated
from the F bottles and obscured the relationship between the

yield and the bottle type (selected pathogens are shown in Ta-
ble 2).

DISCUSSION

Based on 7 years of bloodstream infection surveillance in two rural
Thailand provinces with routine inoculation of blood culture bot-
tles to enhance the detection of mycobacteria and other fastidious
pathogens (MB bottles) in addition to standard aerobic bottles (F
bottles), the most common pathogens were E. coli, B. pseudomal-
lei, K. pneumoniae, and S. aureus. Because only 79% of the overall
pathogen yield was accounted for by a single F bottle (83% of
nonmycobacterial pathogens), we can infer that using two bottles
improved the yield overall. However, any added yield specifically
due to the MB bottles was limited to a few pathogens. In addition
to the detection of mycobacteria and some fungi, the MB bottles
improved the detection of B. pseudomallei detection.

Our data support the conclusion that inoculating two blood
culture bottles improves the pathogen yield over that of just one
bottle, which has been shown previously (1, 11). However, for the
majority of pathogens, the percentage of isolates detected by the
MB bottle was similar to or lower than the percentage of isolates
detected by the F bottle, suggesting that the added yield was not
attributable to properties inherent to the MB bottle and that in-
oculating a second F bottle would have increased the overall yield
at least as much as an MB bottle. F bottles have the added benefit
of being substantially less expensive than MB bottles. Therefore,
for most pathogens, replacement of the MB bottle with a second F
bottle would cut costs and lessen the burden on the laboratory
without hindering (and possibly improving) pathogen detection.
Our findings confirm that MB bottles are necessary for isolating
mycobacteria and likely improve the detection of certain fungi,
such as H. capsulatum and Penicillium species.
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Our findings also support the observation that the isolation of
B. pseudomallei, a common cause of septicemia in Thailand, is
enhanced by the use of MB bottles. This unexpected effect was
limited to patients with evidence of antibiotic receipt before sam-
ple collection; no significant associations between bottle type and
B. pseudomallei yield were found among patients without prior
antibiotic use. We hypothesize that the added B. pseudomallei
yield of the MB bottles is attributable to the presence of saponin in
the enrichment medium added to the MB bottle just prior to in-
oculation and incubation. Saponin is a lytic agent used for the
disruption of red blood cells to release intracellular bacteria like B.
pseudomallei into the culture broth (12, 13). Other studies have
shown that saponin has no effect on bacterial growth (14). How-
ever, it is not clear why the impact of saponin would be limited to
patients pretreated with antibiotics. The MB and F bottles both
contained sodium polyanethol sulfonate to inhibit aminoglyco-
side and polymyxin antibiotics (15).

These results may have important clinical implications in set-
tings where B. pseudomallei is endemic. In Thailand, patients with
suspected sepsis are typically treated with broad-spectrum antibi-
otics but not always with antibiotics that would cover B. pseu-
domallei (i.e., ceftazidime or imipenem). Our findings suggest that
culturing blood in an MB bottle (in addition to an F bottle) may
improve B. pseudomallei isolation in the presence of antibiotic
pretreatment and thereby inform a change to an appropriate an-
tibiotic regimen for patients with melioidosis. Our findings
should be interpreted in the light of some limitations. Although
we found that the pathogen yield was improved with two culture
bottles, we cannot exclude the possibility that this increased yield
was due to the overall increase in the volume of blood cultured
(16) as opposed to inoculation into a second culture bottle. The
retrospective nature of this analysis limited our ability to control
for unmeasured factors that might have confounded the relation-
ship between the bottle type and the pathogen yield, such as pa-
tient clinical characteristics. For example, more severely ill pa-
tients may have been more likely to be pretreated with antibiotics
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and to have higher bacterial loads, possibly explaining the in-
creased B. pseudomallei yield among patients with prior antibiotic
receipt. The lack of prospectively collected clinical information
also may have limited our ability to distinguish true pathogens
from likely contaminants and led to misclassification. Some or-
ganisms categorized as likely contaminants, such as coagulase-
negative staphylococci and viridans group streptococci, can be
true pathogens in certain clinical situations (17, 18). Our analysis
was limited to patients who had blood inoculated into both F and
MB bottles, and these patients may have differed from patients
who only had one culture bottle inoculated, limiting the general-
izability of our findings on the overall pathogen distribution. The
generalizability of some of our findings may also be limited to
Thailand, where pathogen distribution, especially of B. pseu-
domallei, may differ from that in other settings.

Our findings demonstrate the value of two culture bottles and
that, for most pathogens, the F bottle yield is similar to or exceeds
that of the MB bottles. The MB bottle culture was necessary for
detecting mycobacteria (19) and obtaining an improved yield for
B. pseudomallei. Our results support the targeted use of MB bottles
for immunocompromised patients who may be at increased risk
for mycobacteremia and invasive fungal infections and when B.
pseudomallei infection is suspected. Our results and those of Ar-
chibald et al. (20) support the clinical utility of including MB
bottles, not only for the diagnosis of melioidosis in patients al-
ready treated with antibiotics but also in populations with a high
prevalence of undiagnosed HIV.
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