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 Rapid Diagnosis of Community-Acquired Pneumonia Using the Bac T/ Alert 3D System

Malini R. Capoor, Deepthi Nair Department of Microbiology and Medicine, Vardhman Mahaveer
and Pushpa Aggarwal, B. Gupta Medical College & Safdarjung Hospital, New Delhi

We compared BacT/Alert 3D with conventional culture for the diagnosis of community-acquired
pneumonia (CAP). Antimicrobial susceptibility testing of the isolates was performed with the disk
diffusion method, and the minimum inhibitory concentration (MIC) was calculated. Automation was
superior in terms of recovery and time to detect pathogens. The bacterial spectrum in CAP was
Streptococcus  pneumoniae (35.3%) Staphylococcus aureus (23.5%), Klebsiella pneumoniae (20.5%) and
Haemophilus influenzae (8.8%). Three of the 12 S. pneumoniae isolates showed penicillin resistance
on MIC and two showed erythromycin resistance. There were two H.  influenzae strains resistant to
penicillin; these were beta lactamase producers. One-fourth of the S. aureus were oxacillin resistant.
All isolates were sensitive to cefepime by disc diffusion and MIC methods. In the treatment of CAP,
cefotaxime and cefepime are useful drugs when given as empirical therapy against multidrug resistant
strains. The use of automation is vital in CAP, as rapid diagnosis and effective therapy can reduce
mortality.
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Septicemia is the commonest cause of morbidity and
mortality in critically-ill patients. In septicemia, the primary
focus is the respiratory or urinary tract [1]. Acute respiratory
infections (ARI) are foremost among infectious killers
according to the World Health Organization (WHO) [2]. They
cause a million deaths in India annually, of which 10%-15%
are due to community-acquired pneumonia (CAP). The case
fatality rate of bacterial CAP is 50% higher than that of viral
pneumonia, in spite of a high incidence of viral pneumonia.
When the etiological agent of CAP is diagnosed early and
treated aggressively, it is possible to achieve cure  [3,4].

Diagnosis in CAP is established by blood, pleural fluid or
sputum cultures. Sputum yield is <50%, and it is often
contaminated by colonizers [5]. Although, the diagnostic yield
of blood culture in bacteremic CAP is low (10%-30%), the
mortality is high. Therefore, whenever blood culture (BC) is
positive, empirical therapy should be initiated [6]. Emerging
antimicrobial resistance in respiratory pathogens is a global
concern [7].

Automated, continuous-monitoring, blood culture systems
have been developed; they are labor and time saving, have a
lower contamination risk, a reduced incubation period and a
higher isolation rate than conventional systems. The BacT/
Alert 3D (Bio Merieux, France) is a fully automated colorimetric,
blood culture system, which incubates and agitates cultures;
it has membrane sensors for detecting microbial growth based
on CO

2
 and pH changes [8-10]. There are a limited number of

studies that compare BacT / Alert 3D with conventional culture
for the diagnosis of pneumonia, particularly in low-resource

settings [11,12]. We made this study to make such a
comparison in a hospital in India.

Material and Methods

Our study was conducted at the department of
Microbiology, Vardhman Mahaveer Medical College, in
Safdarjung Hospital, a 1,700 bed tertiary care center, for a
period of 10 months (August 2002 to May 2003). One-hundred-
twenty-four cases of CAP attended at the Medicine and
Pediatric department were included in our study. A case was
defined clinically as a patient with fever, purulent cough,
pleuritic chest pain and signs of pulmonary consolidation on
chest x-ray.

Blood, sputum or pleural fluid was collected prior to
initiation of antibiotics. Equal aliquots of 5 mL blood were
collected from cases and aseptically inoculated into BacT/
Alert and brain heart infusion broth (BHIB) bottles. These
were incubated for five and seven days, respectively and were
also subcultured. When the initial BHIB culture was positive,
a Gram’s smear was examined and broth from the vial was
subcultured onto the appropriate media. Using the final
subculture on solid media as the gold standard, false-positive
cases were defined for both methods as those that tested
positive, but were negative on Gram’s stain and final
subculture. Instrument-negative or visual-inspection negative
BHIB cultures that gave growth on final subculture were
categorized as false negatives [9]. The conventional blood
culture, sputum and pleural fluid processing and identification
of all the isolates were performed by standard microbiological
procedures [1].

Antimicrobial susceptibility testing of the isolates was
performed by the Kirby Bauer disc diffusion method, following
NCCLS guidelines [13]. For Gram-positive isolates, the
antimicrobials included amoxycillin / clavulanic acid (20/10
μg), ciprofloxacin (30 μg), cefepime  (30 μg), cefotaxime  (30
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μg), erythromycin (15 μg), penicillin (10 U), vancomycin  (30
μg), penicillin (10 U) and Oxacillin (1μg), where relevant. The
minimum inhibitory concentration (MIC) to cefotaxime,
erythromycin, penicillin and vancomycin was determined
using E strips (AB Biodisk). Beta lactamase production was
tested using a nitrocefin disc. Oxacillin resistance was
confirmed by agar dilution MIC testing for Staphylococcus
aureus. For Gram-negative isolates, the antimicrobials were
amoxycillin/clavulanic acid (20/10 μg), ciprofloxacin (5 μg),
cefepime (10 μg), cefotaxime (30 μg) and amikacin (30 μg). The
screening test for extended-spectrum beta lactamase (ESBL)
was done with the double disc diffusion method, using
cefotaxime (30 μg), ceftriaxone (30 μg), cefoperazone (75 μg),
and augmentin (20/10 μg) discs. The MIC for ciprofloxacin,
cefepime, cefotaxime and amikacin was determined by the agar
dilution method.
                                                                                                                                                                                                                                                                
Results

Patient population and clinical data
One-hundred-twenty-four CAP patients were included in

the study. The median age was four years for pediatric patients
and 48 years for patients from the Medicine department; the
majority (73%) were male. Eighty percent of patients were
hospitalized. Overall mortality was four (3.3%). The various
samples collected were blood in duplicate (124), pleural fluid
(69) and sputum (55).

Comparison of automation and conventional methods
One-hundred-twenty-four compliant pairs of BacT/Alert

3D and BHIB blood culture sets were evaluated. Forty single
isolates were detected in matched pairs. Thirty-four isolates
(27.4%) were classified as clinically significant. Six were
classified as probable contaminants, micrococci (4) and
diphtheroids (2).

Among the 34 clinically-significant single isolates
recovered from matched pairs, 22 (65%) were recovered from
the automated system and six (18%) each were from both
systems and from BHIB alone. The automated system resulted
in 22/124 (18%) true positives, along with 1/124 (0.8%) false
positives and false negatives each. Conventional method
resulted in 6/124 (4.8%) true positives, 11/124 (8.8%) false
positives and 5/124 (4%) false negatives. Contamination was
found in three (2.4%) of the BacT / Alert 3D exams and in 11
(8.8 %) of the conventional cultures. Streptococcus spp.,
Klebsiella pneumoniae, Streptococcus  pneumoniae and
Haemophilus influenzae  were isolated more frequently in the
automated system (Table1). The average time for detection of
pathogens was 16.6 hours (range 11.6 – 40 hrs) by the BacT /
Alert 3D system compared to 48 hours (range 36 – 72 hrs) by
the BHIB method.

Spectrum of CAP
The most-frequently encountered  pathogens were S.

pneumoniae (35.3%) S. aureus (23.5%), K.  pneumoniae
(20.5%), H.  influenzae (8.8%), and Streptococcus group A &
G (5.8% each).

Antimicrobial sensitivity
The antimicrobial sensitivity pattern by disc diffusion of

isolated pathogens is depicted in Table 2; S. pneumoniae was
100% sensitive to penicillin, cefotaxime, cefipime, and
vancomycin, 92% to ciprofloxacin and 75% to erythromycin.
Oxacillin resistance was observed in 2/12 of these isolates.
MIC by E-strip method is depicted in Tables 3 and 4.  Three  of
the 12 S. pneumoniae isolates showed penicillin resistance
(MIC= 0.19, 0.25, 0.38 μg/mL) and erythromycin resistance
was found in two strains (MIC = 1.32 μg/mL).

MIC Testing revealed two of three H. influenzae strains
with MIC to penicillin 16 μg/mL and > 256 μg/mL. Both these
isolates produced beta lactamase. Two of eight S. aureus
strains were oxacillin resistant, with MIC = 64 μg/mL. Out of
seven K. pneumoniae, only one was resistant to cefotaxime
(MIC > 256 μg/mL) and another was an ESBL producer. All the
isolates were sensitive to cefepime (MIC ≥ 2 μg/mL).

Discussion

Community-acquired pneumonia remains a leading
infectious killer. Therefore, expedient etiological diagnosis is
fundamental to guide therapy. Diagnosis based on blood-
culture positivity depends upon the reliability of the method
employed.

Automation had a four-times higher rate of isolation
compared to the conventional blood culture method.  The
time to detection was also decreased (16.6 versus 48 hours).
This is comparable to previously published reports on
septicemic cases [9,12]. The overall bacterial yield in CAP
samples was (27.4%), which is within the range reported by
others (10-30%) [6]. A greater number of S. pneumoniae, K.
pneumoniae, and Streptococcus Group A and G strains were
recovered from the automated system. Differences in medium
composition and incubation conditions account for the
increase in organism retrieval. Bac T/Alert 3D bottles have an
enriched medium containing a lower concentration of sodium
polyanethol sulphate (SPS) (0.02%). The high concentration
of SPS (0.035%) and anticoagulant in BHIB inhibits pathogenic
Neisserriae and Streptococcus spp. [9,10,12].

The false negative BHIB cultures, on final subculture,
yielded S.  pneumoniae (2), H.  influenzae (2), and
Streptococcus Group G (1). This is because fastidious
organisms, low blood volumes and low bacterial counts may
not reach the growth threshold. Only one (0.8%) false negative
culture with the Bac T/Alert 3D system yielded diphtheroids;
thus no pathogen was missed. Likewise fewer false positive
cultures (0.8%) occurred with Bac T/Alert 3D [11]. The false
positive signal is due to high leukocyte counts and the inability
of a particular pathogen to grow under the conditions of

Diagnosis of CAP Using the Bac T/ Alert 3D System
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Table 1. Comparative recovery of pathogens using the Bac T / Alert 3D (B) and Brain Heart Infusion Broth (BHIB) methods.

Table 2. Antimicrobial sensitivity pattern of pathogens by disc diffusion

Table 3. Minimum inhibitory concentration (MIC) by E-strip method for isolates from patients with community-acquired pneumonia
in India

Diagnosis of CAP Using the Bac T/ Alert 3D System

Number of isolates recovered with

Total B only BHIB only B & BHIB

Streptococcus pneumoniae 12 8 3 1
Staphylococcus aureus 8 4 1 3
Klebsiella pneumoniae 7 4 2 1
Haemophilus influenzae 3 2 0 1
Streptococcus Group G 2 2 0 0
Streptococcus Group C 2 2 0 0
Total 34 22 6 6

Organism* N** P E Va Cp Ce Cpe G Ak Ox

Streptococcus 12 12 9 12 11 12 12 9 - 2
pneumoniae
Staphylococcus 8 6 5 8 6 8 8 - -  6
aureus
Klebsiella 7 - - - 7 5 7 7 7 -
pneumoniae
Haemophilus 3 1 0 3 3 3 3 - - -
influenzae
* All Streptococcus group A and G were sensitive to all the antibiotics. **Antibiotics: P: penicillin; E: erythromycin; Va: vancomycin; Cp:
ciprofloxacin; Ce: cefotaxime; Cpe: cefepime; G: gentamicin; Ak: amikacin. N: total no. of isolates.

 S.** pneumoniae H. influenzae S. Group A S. Group St.*** aureus
 N=12 N=3 N=2 N=2 N=8

P E P E P E P E P E Ox

0.016 7 8 0 0 1 2 2 2 6 5 4
0.025 1 0 0 0 0 - - - 0 0 0

0 0.032 0 1 0 0 0 - - - 0 0 0
0.038 1 0 0 0 0 - - - 0 0 0
0.047 1 1 0 0 0 - - - 0 0 0
0.064 0 0 0 0 0 - - - 1 0 2
0.128 0 0 0 0 0 - - - 0 0 0
0.19 1 0 1 0 1 - - - 1 0 0
0.25 1 0 0 0 - - - - 0 0 0
0.38 1 1 0 1 - - - - - 0 0

1 - 1 0 1 - - - - - 0 0
2 - 0 0 1 - - - - - 1 0
4 - 0 0 - - - - - - 0 0
8 - 0 0 -  - - - - - 1 0
16 - 0 1 -  - - - - - 1 0
32 - 1 0 -  - - - -  - 0 0
64 - - 0 - - - - -  -  - 2
128 -  - 0 - - - - - - - -
256 - - 1 - - - - - - - -

Total 13 13 3 3 2 2 2 2 8 8 8

E: erythromycin, P: penicillin, Ox: oxacillin. *interpretation of minimum inhibitory concentration (MIC) as per NCCLS guidelines [13].
**Streptococcus. ***Staphylococcus aureus: two strains were ORSA & all were sensitive to vancomycin (MIC = 0.63-0.5 μg/mL), Cefepime (MIC
= 0.5-2 μg/mL), cefotax (MIC = 0.25-2 μg/mL). Only two isolates were resistant to ciprofloxacin (MIC = 2,4 μg/mL respectively).

MIC*
Breakpoint

(μμμμμg/mL)
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subculture [14]. The greater number (8.8%) of false positive
cultures by the conventional method is attributed to difficulties
in assessing growth indicators during visual examination.

The percentage positivity of pathogens was 35.3% for S.
pneumoniae, followed by S. aureus (23.5%), K.  pneumoniae
(20.5%), and H.  influenzae (8.8%). Prior reports from India
and other countries have documented an incidence of S.
pneumoniae ranging from 18% to 51%, H. influenzae 6% to
58% and S.  aureus 15%-17%. The incidence of H. influenzae
was low and that of the rest of the pathogens was high in our
study. Wide variations in the incidence of pathogens are due
to differences in age group, comorbidities and prevalent
prescribing practices in different areas [3,7,15,16].

Pneumococci were 100% sensitive to cefotaxime, cefepime,
penicillin and vancomycin by disc diffusion screening.
However, E strip MIC testing showed 25% resistance to
penicillin and erythromycin, respectively, and no resistance
to cefotaxime. Multidrug resistance (MDR – resistance to
penicillin and erythromycin) was seen in 2 of 12 pneumococci.
The incidence of penicillin resistance in Asia ranges from 0 to
6% in India to as high as 79.7% in Korea. Fingerprinting
analysis revealed mutations in penicillin-binding protein genes,
thereby confirming spread of pandemic clones into Asian
countries [17-20]. In the United States, MDR S.  pneumoniae
prevalence ranges from 15.3% to 17.6%. This is attributed to
selective antibiotic pressure, easy transmissibility,
asymptomatic colonization and stable virulence. The
therapeutic options left are cefuroxime, and 3rd and 4th

generation cephalosporins, as vancomycin is toxic [21,22].
Despite beta-lactam resistance in pneumococci, treatment
failures in bacterial CAP have not been seen, but continued
surveillance is crucial [23].

Two of three H. influenzae were beta-lactamase positive
and resistant to penicillin. This is a higher frequency than in a
previous Indian study, which reported 23% resistance to

penicillin in nasopharyngeal carriers [19]. This is due to the
fact that these virulent strains were from invasive disease in
this study. Out of eight strains of  S. aureus, two were oxacillin
resistant and two were penicillin resistant. Group A and G
Streptococci were sensitive to all the drugs tested. Out of
seven strains of K. pneumoniae, only one was resistant to
cefotaxime and was an ESBL producer. This is comparable to
previously-published reports on community strains [24,25].
In our study, the bacteria isolated from CAP were 100%
susceptible to cefepime. There are no published reports on 4th

generation cephalosporin MICs from India [18,19]. A single
study from America has shown 96.2 % susceptibility of S.
pneumoniae to cefepime [22].

In CAP, cefotaxime and cefepime are useful drugs for
empirical therapy against MDR strains. The Bac T/Alert
system is reliable, time saving and is cost effective. The use
of automation is vital in CAP, as rapid diagnosis and effective
therapy can considerably reduce mortality.
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