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Introduction: A comparative study was conducted to identify the genus and species of non-fermenting gram-
negative bacilli isolated from blood culture samples using phenotypic methods and the Phoenix method.
Objectives: This study aimed to evaluate the Phoenix system compared to the currently available phenotypic 
process.
Materials and Methods: This descriptive-analytical cross-sectional study evaluated 30 samples collected from 
2019 to 2020 from patients at AL Zahra and Kashani hospitals who required blood cultures. The specimens were 
injected into BACTEC™. Positive cultures identified as non-fermenting gram-negative bacteria by the phenotypic 
method were included in the study and then evaluated using the Phoenix method to determine the genus and 
species of non-fermenting gram-negative bacteria. A comparison was then conducted.
Results: The study identified 30 non-fermenting gram-negative bacteria. The Phoenix method revealed that 78.5% 
of the diagnoses were Acinetobacter, while the phenotypic approach identified 86.7% as Acinetobacter spp.
Conclusion: The present study demonstrated a significant difference between the Phoenix and phenotypic 
methods in identifying the type of bacteria
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Introduction 
The “non-fermenting” group includes gram-
negative bacilli that do not ferment glucose 
and other sugars. They constitute about 
15% of gram-negative bacilli isolated from 
hospitalized patients. Although many non-
fermenting genera are known, 75% of those of 
clinical relevance are Pseudomonas aeruginosa, 
and the majority of the remaining 25% are 
Acinetobacter, Stenotrophomonas maltophilia, 
and Burkholderia cepacia. As a group, they are 
environmental bacteria and are not usually 
considered members of the normal flora of the 
human body, except as colonizers in hospitalized 
patients (1,2).  Gram-negative bacilli include 
Enterobacteriaceae, many of which are normal 
flora in the digestive tract. Gram-negative 
non-fermenting bacilli (such as Pseudomonas 
aeruginosa and A. baumannii) are found in the 
environment and cause human infection when 

Key point 

A comparative study was conducted to evaluate the 
effectiveness of the Phoenix method in identifying 
non-fermenting gram-negative bacilli from blood 
culture samples. The study compared the Phoenix 
system with the phenotypic process currently in use. 
Results showed a significant difference between the 
two methods, with the Phoenix method identifying 
78.5% of the diagnoses as Acinetobacter, while 
the phenotypic approach identified 86.7% as 
Acinetobacter spp.

host defenses are compromised. In laboratory 
diagnosis, unsuccessful and slow diagnosis of 
gram-negative non-fermentative disorders is 
complicated by treatment failure and patient 
death (1,2).

Usually, bacteria are identified by 
morphological and biochemical tests and 
determined by additional specialized tests 
such as antibiotic sensitivity and resistance 
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patterns on solid culture medium. The traditional and 
standard methods of detecting the bacterial cause of 
infection include microscopic observation (such as 
gram staining), phenotypic examination of bacterial 
characteristics, identification of antibodies against 
bacterial structures, and sensitivity determination. 
Antimicrobial (antibiogram) may be time-consuming 
and need more accurate identification and distinguishing 
between bacteria, especially at the species level (3).

With higher certainty, the PhoenixTM method can 
provide faster and more reliable detection of bacteria at the 
genus and species level. In the Phoenix method, various 
commercial kits such as API 20 NE, VITEK 2, and Phoenix 
are used for the routine detection of bacteria. The Phoenix 
system has high sensitivity and automatically identifies 
bacteria quickly and accurately (4-6).

Considering the importance of non-fermenting gram-
negative bacillus bacteria and the risks associated with 
these bacteria, this comparative study of phenotypic 
methods with the BD Phoenix M50 automated 
microbiology system in detecting the genus and species of 
non-fermenting Gram-negative bacilli isolated from blood 
in Al-Zahra (S) and Ayatollah Kashani hospitals in Isfahan 
was conducted.

Objectives
This study evaluated the Phoenix system compared to the 
currently available phenotypic process.

Materials and Methods
Study design
In this descriptive-analytical cross-sectional study, 30 
samples were evaluated from all the patients from AL 
Zahra and Kashani hospitals who needed blood cultures 
(2019 -2020). The samples were cultured in Castaneda and 
BACTEC™ culture medium and then in Eosin-methylene 
blue (EMB) agar culture medium, blood agar, and chocolate 
agar accordingly. In the laboratory for seven days, they 
were checked daily for turbidity, hemolysis, and colony 
formation. Subculture was prepared too. The characteristics 
of the microorganism and the time when the sample 
became positive in each method were recorded separately 

in the laboratory. Each positive result was matched with 
the history and clinical symptoms of the patient, and if it 
fits, it is valuable, and if it does not match, it is considered 
as pollution. Grown colonies are coded for each colony 
after preliminary investigations such as Gram staining, 
movement, and differential tests such as examination of 
triple sugar iron (TSI) medium, squalene, oxidation of 
sugars glucose, lactose, maltose, mannitol, dextrose, and 
sucrose. In oxidative-fermentative (OF) medium, nitrate 
reduction, gelatin, and citrate test were performed. If the 
surface and depth of the TSI medium were red (alkaline/
alkaline), other complementary differential tests such as 
(oxidase, OF and lysine), and deoxyribonuclease (DNase) 
were performed at a temperature of 44 degrees Celsius (to 
determine the genus and species). AP120NE biochemical 
tests were used to confirm the identity of some isolates. 
In addition to using the standard phenotypic method, 
the samples were analyzed by the Phoenix TM method to 
detect non-fermenting gram-negative bacillus bacteria at 
the genus and species level. These methods were compared 
consequently.

Statistical analysis
The chi-square test was conducted to compare and 
find the relationship between the two methods. All the 
investigations are conducted by SPSS version 27. The 
significance level was considered as P <0.05. 

Results 
In this study, 30 bacteria were identified. In the Phoenix 
method, it is observed that 78.5% of the diagnoses were 
Acinetobacter,  while in the phenotypic process, 86.7% 
were Acinetobacter. In the Phoenix method, Acinetobacter 
species 1 (3.5%), A. baumannii 7 (25%), A. baumannii/
calcoaceticus 14 bacteria (50%), Acinetobacter lwoffii/
haemolyticus 1 (3.5%), P. aeruginosa 7 (14.2%) and 
Stenotrophomonas maltophilia 1 (3.5%) were detected; 
however in Phenotypic method 24 (78.5%) Acinetobacter 
and 4 (14.2%) Pseudomonas were seen. All descriptive data 
are shown in Figures 1 and 2. 
As shown in Table 1, a statistically significant difference 
exists between Phoenix and phenotypic methods in 

Table 1. Comparison of phenotypic and sequence methods

Phenotypic
P value*

Acinetobacter Pseudomonas

Phoenix 

Achromobacter species 1 0

<0.001

Acinetobacter baumannii 7 0

Acinetobacter baumannii/calcoaceticus 14 0

Acinetobacter lwoffii/haemolyticus 1 0

Pseudomonas aeruginosa 0 4

Stenotrophomonas maltophilia 1 0

No growth 1 0

No identification 1 0

*Pearson’s chi-square and likelihood ratio.
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Gram-negative bacteria

identifying the type of bacterium (P < 0.001).

Discussion 
In the current healthcare environment, it is increasingly 
essential for rapid and accurate diagnosis of infectious 
diseases. The BD Phoenix™ automated microbiology 
system was introduced into clinical microbiology 
laboratories several years ago and its reliability in 
identifying bacteria from clinical isolates has been well-
established (6). The Phoenix system is currently under 
development at BD Biosciences (7). This study aimed 
to compare the Phoenix™ to the phenotypic method 
detection of non-fermenting gram-negative bacteria. In 
this study, we examined 30 samples, the highest of which 
was A. baumannii/calcoaceticus in the Phoenix method 
and Acinetobacter in the phenotypic process.

The present study is a significant difference between the 
Phoenix and phenotypic methods in examining the type of 
bacteria. Several studies have been conducted to compare 
the BD Phoenix M50 automated microbiology system 
with conventional or commercial methods for identifying 
different groups of essential bacteria. In general, several 
studies have been conducted to compare the BD Phoenix 
M50 automated microbiology system with conventional 

or commercial methods for identifying different groups 
of essential bacteria, which referred to a number of them.

A comparative study of the Phoenix and Vitek 2 method 
on 141 samples showed that the overall performance of the 
Phoenix system was excellent in terms of basic agreement, 
interpretive agreement, and the rate of significant 
interpretive errors (ME) or false positives. The Phoenix 
system showed a slightly higher than expected rate of very 
major error (false sensitivity), although this error rate was 
only 1/4 the frequency observed in the Vitek 2 system. The 
overall agreement for identifying non-fermenting gram-
negative bacteria was similar to that reported by others 
in these reported studies; the performance of the Phoenix 
instrument was compared directly to the conventional-
based identification system (8,9).

A previous study on 741 samples showed that the overall 
identification accuracy for tested gram-negative isolates 
was 98.5% at the genus level and 96.9% at the species level 
(10). Most of the Phoenix detections in this study were 
obtained between 2 and 4 hours, which should have been 
investigated in our study.

Another study on 195 samples  demonstrated the 
efficiency of the BD PhoenixTM automated system for all 
non-fermentative gram-negative organisms (4). All studies 

Figures 1. Frequency and type of microorganism detected by Phoenix.

Figures 2. Frequency and type of microorganism detected by the phenotypic method.
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confirm the results of the present study. Studies comparing 
the Phoenix and phenotype methods in identifying gram-
negative bacteria are very limited, and there is a need for 
further studies in this field.

Conclusion 
The present study showed a significant difference between 
the Phoenix and phenotypic methods in order to determine 
the type of bacteria. Still, more research is needed due to 
the limited studies in this field.

Limitations of the study
The limitation of the study was and limited study 
population. We also suggest that more studies with 
extended follow-up periods should be performed.
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