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ABSTRACT 

Objective: To determine the diagnostic accuracy of in-house biochemical testing for identification of enterococcus 
species isolated from various clinical specimens against gold standard i.e., automated Vitek 2 system. This study 
also includes the antimicrobial susceptibility testing of enterococci against various antimicrobials. 
Study Design: Cross-sectional comparative study. 
Place and Duration of Study: Department of Microbiology, Armed Forces Institute of Pathology, Rawalpindi, 
from Apr 2017 to Mar 2018.  
Methodology: A total of 218 isolates from various clinical specimens suspected to be Enterococcus spp. were 
checked by in-house biochemical testing including bile esculin, 6.5% NaCl and 1% arabinose and results were 
compared with Vitek 2 compact system. The frequencies were determined by both systems and antimicrobial sus-
ceptibility testing was performed by disk diffusion as per clinical and laboratory standards institute guidelines. 
Results: Comparing the results of in-house testing with gold standard i.e., Vitek 2 system, the statistical data was 
calculated. Sensitivity turned out to be 100%, Specificity was found to be 68.75%. Positive and negative predictive 
values were 97.58% and 100% respectively. Accuracy turned out to be 97.71%. 
Conclusion: The in-house biochemical testing can be quite a useful method for identification of enterococci in 
resource-limited settings. However, it requires overight incubation and cannot identify other enterococcal species 
and non-enterococcal species. Vitek 2 is an automated system that is easy-to-handle, provides a rapid and reason-
ably accurate identification of enterococci alongwith accurate AST results. Enterococcal isolates from various 
clinical specimens in our setup showed least resistance to linezolid, followed by teicoplanin and vancomycin. 
Nitrofurantoin and fosfomycin have less than 50% resistance for urinary isolates. 
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INTRODUCTION 

Enterococci are part of the normal intestinal 
flora of humans and animals. They are conside-
red important human pathogens. The genus Ente-
rococcus includes more than 17 species, although 
only a few cause clinical infections in humans. 
Most of the times, these infections are difficult to 
treat because of the high rate of intrinsic and acq-
uired resistance of enterococci to multiple anti-
microbials1,2. Enterococcus faecalis and Enterococcus 
faecium are the most frequently isolated species 
from clinical specimens. About 90-95% of entero-
coccal infections in humans are caused by these 

two species and the remaining 5-10% are caused 
by other members of the genus3. 

The mainstay of the treatment of entero-
coccal infection over the years was penicillin with 
gentamicin due to their synergistic action. By 
1979, resistance to high-level gentamicin was 
reported due to genetically acquired mechanisms. 
Today acquired resistance has rendered many of 
the circulating strains of enterococci resistant to 
other available therapeutic options as well. Pre-
sently many circulating strains are reported to 
have acquired resistance to most of the remaining 
therapeutic options including vancomycin and 
linezolid which are thought to be antibiotics of 
last resort in enterococcal infections4,5. Vancomy-
cin-resistant enterococci (VRE) first appeared in 
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Europe in the late 1980s. Nowadays, six types of 
acquired vancomycin resistance in enterococci 
are known; however, only Van A and to a lesser 
extent Van B are mainly prevalent6. VRE are re-
sistant to most of the commonly used antibiotics, 
providing a selective advantage over other intes-
tinal flora organisms thus posing a major thera-
peutic challenge7.  

The Vitek 2 system is an automated system 
that provides rapid and accurate identification 
and antimicrobial susceptibility testing (AST) 
results for most clinical isolates including entero-
cocci. Biochemical reactions are used for identifi-
cation purpose, and minimum inhibitory concen-
trations (MICs) are determined by applying an 
algorithm to the growth kinetics monitored by 
the Vitek 2 system8-10. 

The objective of this study is to determine 
the diagnostic accuracy of in-house biochemical 
testing for identification of Enterococcus species 
isolated from various clinical specimensagainst 
gold standard i.e., automated Vitek 2 system. 
This study also includes the antimicrobial suscep-
tibility of enterococci against various antimicro-
bials.  

METHODOLOGY 

This cross-sectional comparative was carried 
out at the department of Microbiology, Armed 
Forces Institute of Pathology, Rawalpindi, from 
April 2017 to March 2018.  

A total of 218 isolates from various clinical 
specimens suspected to be Enterococcus spp. (gram 
positive cocci, catalase negative, Lancefield group 
D) were checked by in-house biochemical testing 
and Vitek 2 compact system. 

The in-house tests included a set of 3 
parameters.  

Bile esculin agar [prepared by adding 5.0 
grams of bile esculin agar base to 100 mL distilled 
water, then dispensed in individual bottles (5 mL 
each) in a slanting position to obtain agar with     
a slant] to differentiate group D and non-group D 
streptococci (group D streptococci and enterococci 
(formerly group D streptococci) cause esculin 

hydrolysis and are tolerant to the presence of bile, 
whereas non-group D streptococci do not). This 
provides a way to presumptively identify group 
D streptococci. 

About 6.5% saline broth [prepared by adding 
1.5 grams of nutrient broth and 6.5 grams of 
sodium chloride in 100 mL distilled water, then 
dispensed in individual bottles (5 mL each)] to 
differentiate salt-tolerant enterococci from group 
D streptococci (enterococci cause turbidity in the 
broth because they are salt-tolerant whereas 
group D streptococci do not). 

1% arabinose [prepared by adding 1 gram 
arabinose to 100 mL buffered peptone water, 1 
mL Andrade indicator is added to see for color 
change] to differentiate Enterococcus faecium  (me-
dium turns pink because of arabinose fermenta-
tion) from Enterococcus faecalis (does not ferment 
arabinose). 

The in-house biochemical testing can help 
identify only 2 species of enterococci i.e., E. fae-
calis and E. faecium. The rest of the species cannot 
be identified. So the results of this in-house 
testing were compared with those of Vitek 2 com-
pact, automated ID/AST instrument (bioMerieux 
Diagnostics). The antimicrobial susceptibility tes-
ting for the isolates was also performed against 
various antimicrobials via disk diffusion method, 
as per CLSI guidelines. 

The Vitek 2 system (bioMérieux) is an auto-
mated system that consists of a filling-sealer unit, 
a reader-incubator, a computer control module, a 
data terminal, and a multicopy printer. The sys-
tem detects bacterial growth and metabolic chan-
ges in the microwells of thin plastic cards by 
using a fluorescence-based technology. Different 
microwell cards contain antibiotics or biochemi-
cal substrates. We used the ID-GPC card of the 
Vitek 2 system for identification and the AST-
P516 card of the Vitek 2 system for the antimi-
crobial susceptibility testing of enterococci.  

Each organism suspension was prepared 
from the growth of pure cultures of bacteria culti-
vated for 18 to 24 h on blood agar. The suspen-
sions were prepared in sterile saline (0.45% NaCl) 
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to a turbidity equivalent to that of a 0.5 Mc 
Farland standard. These suspensions were used 
for the inoculation of both cards (ID-GPC and 
AST-P516). The cards were manually situated, as 
were the suspensions, in plastic racks that were 
inserted in the Vitek 2 system's reader-incubator 
module (incubation temperature, 35.5°C). The 
cards were automatically filled by a vacuum de-
vice and were automatically sealed and subjected 
to a kinetic fluorescence measurement every 15 

min. The results were interpreted by the ID-GPC 
database after an incubation period of 4h, and 
final results were obtained automatically after a 
minimum of 4h and a maximum of 15h of incu-
bation. All cards used were automatically discar-
ded in a waste container. The ID-GPC database 
contained data on the following species of Entero-
coccus: E. faecalis, E. faecium, E. durans, E. avium, E. 
hirae, E. casseliflavus, and E. gallinarum. 

Ethics: Institutional Review Board (IRB) of 
Armed Forces Institute of Pathology Rawalpindi 
approved the study. IRB approval certificate 
number: FC-MIC16-4/READ-IRB/17/414. 

RESULTS 

Two hundred and eighteen isolates were 
included in the study, out of which 127 (58.3%) 
samples were from male patients and 91 (41.7%) 
samples were from female patients, with age of 
patients ranging from 13 to 69 years. 

Isolates included in the study were from 
various clinical specimens as shown in table-II. 

Keeping Vitek 2 as gold standard, in-house 
biochemical testing was found to have a good 
diagnostic accuracy for enterococcal identifica-
tion. Out of the total 218 isolates, Vitek 2 reported 
202 as enterococci and 16 as non-enterococci. In-
house biochemical testing reported 207 as entero-

cocci and 11 as non-enterococci. Comparing the 
results of in-house testing with gold standard i.e., 
Vitek 2 system, the statistical data was calculated 
and found as follows: 

Sensitivity: 100% 

Specificity: 68.75% 

Positive predictive value: 97.58% 

Negative predictive value: 100% 

Accuracy: 97.71% 

Antimicrobial susceptibility testing was per-
formed for the enterococcal isolates against var-
ious antimicrobials as per CLSI guidelines, using 
disk diffusion method. The resistance of isolates 
against various antimicrobials is shown in per-
centage in the figure. 

DISCUSSION 

In this study, we determined the diagnostic 
accuracy of in-house biochemical testing for iden-
tification of enterococci isolated from various cli-
nical specimens. The in-house biochemical testing 
used 3 parameters i.e., bile esculin agar, 6.5% sal-
ine broth and 1% arabinose. These three parame-

Table-I: The scheme of in-house biochemical testing for enterococcal identification. 

Biochemical Parameters 
Group D 

Streptococci 

Enterococci 
Non-Group D 
Streptococci 

Enterococcus 
Faecium 

Enterococcus 
Faecalis 

Bile esculin (hydrolysis) Positive Positive Positive Negative 

6.5% NaCl (turbidity) Negative Positive Positive Negative 

1% arabinose (fermentation) Negative Positive Negative Negative 

 

Table-II: Distribution of clinical specimens included 
in study. 

Specimen Number of Samples 

Urine  81 (37.2%) 

Pus 43 (19.3%) 

Pus swab 29 (13.3%) 

Stool 16 (7.4%) 

Blood 15 (6.9%) 

Fluid 10 (4.6%) 

Tissue 9 (4.2%) 

Drain fluid 5 (2.4%) 

Cerebrospinal fluid  4 (1.9%) 

Pleural fluid 4 (1.9%) 

Bile 2 (0.9%) 

Total 218 (100%) 
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ters were used for identification of the 218 isola-
tes suspected to be enterococci on Gram reaction 
and morphology (gram positive cocci), catalase 

non-reactivity, and Lancefield grouping (group 
D).  

Out of the total 218 isolates, the in-house 
biochemical testing reported: 

1. 135 isolates (62%) to be Enterococcus faecium  

2. 72 isolates (33%) to be Enterococcus faecalis.  

3. 11 isolates (5%) to be non-enterococci 

The 218 isolates were identified using the 
automated Vitek 2 system as gold standard along 
with the in-house biochemical identification. 
Vitek 2 system led to identification of 202 isolates 
as seven enterococcal species including E. faecium, 
E. faecalis, E. avium, E. casseliflavus, E. gallinarum, 
E. hirae, E. raffinosus, and 16 isolates turned out to 
be non-enterococci.  

1. Enterococcus faecium : 121 (55.6%) 

2. Enterococcus faecalis : 67 (30.8%) 

3. Enterococcus avium : 8 (3.7%) 

4. Pediococcus pentosaceus : 6 (2.7%) 

5. Aerococcus viridans : 4 (1.8%) 

6. Kocuria kristinae : 3 (1.4%) 

7. Lactococcus garvieae : 3 (1.4%)  

8. Enterococcus casseliflavus : 2 (0.9%) 

9. Enterococcus gallinarum : 2 (0.9%) 

10. Enterococcus hirae : 1 (0.4%) 

11. Enterococcus raffinosus : 1 (0.4%) 

The frequencies of various Enterococcus species 
in our setup thus turned out to be: 

1. Enterococcus faecium : 121 (59.9%) 

2. Enterococcus faecalis : 67 (33.2%) 

3. Enterococcus avium : 8 (3.9%) 

4. Enterococcus casseliflavus : 2 (1%) 

5. Enterococcus gallinarum : 2 (1%) 

6. Enterococcus hirae : 1 (0.5%) 

7. Enterococcus raffinosus : 1 (0.5%) 

The most frequently isolated species in our 
setup was found to be Enterococcus faecium, 
followed by Enterococcus faecalis. Sixteen isolates 
were found to be non-enterococci, however 5 out of 

Table-III: Comparison of results by in-house and Vitek 2 testing. 

In-house Biochemical Testing Vitek 2 System 

Enterococcus faecium 135 (62%) 

Enterococcus faecium 107 (79.4%) 

Enterococcus faecalis 11 (8.2%) 

Enterococcus avium 8 (5.9%) 

Enterococcus casseliflavus 2 (1.5%) 

Aerococcus viridans 1 (0.7%) 

Enterococcus hirae 1 (0.7%) 

Enterococcus raffinosus 1 (0.7%) 

Kocuria kristinae 1 (0.7%) 

Lactococcus garvieae 1 (0.7%) 

Pediococcus pentosaceus 2 (1.5%) 

Enterococcus Faecalis 72 (33%) 

Enterococcus faecalis 56 (77.8%) 

Enterococcus faecium 14 (19.4%) 

Enterococcus gallinarum 2 (2.8%) 

Non-Enterococci 11 (5%) 

Pediococcus pentosaceus 4 (36.3%) 

Aerococcus viridans 3 (27.3%) 

Kocuria kristinae 2 (18.2%) 

Lactococcus garvieae 2 (18.2%) 

 
Vitek 2 

Enterococci (202) Non-Enterococci (16) 

In-house biochemical 
testing 

Enterococci (207) 202 5 

Non-enterococci (11) - 11 

 
 

 



Clinical Specimens Against Vitek 2  Pak Armed Forces Med J 2021; 71 (1): 155-61   
 

159 

these were diagnosed as enterococci by in-house 
biochemical testing. 

Antimicrobial susceptibility testing was 
performed for the enterococcal isolates against 
various antimicrobials as per CLSI guidelines, 
using disk diffusion method. 

Penicillin susceptibility was performed for a 
total of 201 isolates. One hundred forty seven 

(73.1%) were found to be resistant and 54 (26.9%) 
were found to be susceptible. Ampicillin suscep-
tibility was performed for 202 isolates which 
showed 138 (68.3%) isolates to be resistant and   
64 (31.7%) to be susceptible. Thus, comparing the 
susceptibility of penicillin and ampicillin, out of 
the total 147 penicillin resistant isolates, 137 were 
resistant to ampicillin as well, but 10 isolates 
were susceptible to ampicillin; and all of the 54 
isolates susceptible to penicillin were also sus-
ceptible to ampicillin. 93.2% of penicillin resistant 
isolates were resistant to ampicillin as well. A 
study conducted by Grayson et al showed a signi-
ficant increase in resistance to penicillin and am-
picillin during years11. Franz et al carried out a 
study on antibiotic resistance among enterococci 
isolated from food. This study showed that 45.8% 
of E. faecium strains were resistant to penicillin 
whereas none were resistant to ampicillin. In 
contrast, 12.8% of the E. faecalis strains were resis-
tant to penicillin and 2.1% were resistant to 
ampicillin12.  

Vancomycin susceptibility was performed 
for 204 isolates, 128 (62.7%) turned out to be sus-

ceptible and 76 (37.3%) turned out to be resistant 
to vancomycin. Teicoplanin susceptibility was 
performed for 203 isolates, 130 (64%) turned out 
to be susceptible whereas 73 (36%) were found to 
be resistant to teicoplanin. Other than the species 
showing intrinsic resistance to vancomycin beca-
use of van C gene (E. gallinarum, E. casseliflavus)13, 
susceptibility of vancomycin and teicoplanin was 
compared. Out of the total 76 vancomycin resis-
tant enterococci (VRE), 71 (93.4%) were found 
resistant to teicoplanin as well, however 5 (6.6%) 
VRE isolates were found susceptible to teicop-
lanin. All of the vancomycin susceptible isolates 
were found susceptible to teicoplanin. The isola-
tes which show resistance to both vancomycin 
and teicoplanin are likely to have van A gene 
whereas van B gene confers resistance to vanco-
mycin and not to teicoplanin. Thus, van A seems 
to be much more prevalent in our setup than van 
B gene on the basis of susceptibility pattern, how-
ever this study does not include the molecular 
detection of vancomycin resistance genes, so this 
assumption cannot be confirmed. A study by O 
’Driscoll et al showed that certain characteristics 
of VRE like its colonization strategy, persistence 
in the environment, and genome plasticity, make 
it a major nosocomial pathogen worldwide, typi-
cally in immunocompromised14. In a study by 
Matar et al conducted in cancer patients, it was 
seen that VRE fecal colonization was documented 
in 4.7% of patients screened15. 

Linezolid susceptibility was performed for 
204 isolates. One hundred and eighty one (88.7%) 
were susceptible, 22 (10.8%) were resistant and 1 
(0.5%) was intermediate. The results of a study 
conducted by Scheetz et al established an ecolo-
gical link between linezolid consumption and inc-
reasing incidence of enterococci with decreased 
susceptibility to linezolid16. 

Ciprofloxacin susceptibility was performed 
for 198 isolates. One hundred seventy one (86.4%) 
were found to be resistant, 25 (12.6%) were sus-
ceptible and 2 (1%) were intermediate. Levoflo-
xacin susceptibility was performed for 198 isola-
tes. One hundred and sixty four (82.8%) were 
found to be resistant, 31 (15.7%) were susceptible 

 
Figure: Resistance of isolates against various 
antimicrobials. 
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and 3 (1.5%) were intermediate. The susceptibi-
lity of cipro-floxacin and levofloxacin was com-
pared for 195 isolates. Out of the total 170 cipro-
floxacin resistant isolates, 162 (95.3%) were also 
resistant to levofloxacin, 6 (3.5%) were suscepti-
ble to levofloxacin, 2 (1.2%) were found to be int-
ermediate. Twnty five ciprofloxacin susceptible 
isolates were also found to be susceptible to levo-
floxacin. Schouten et al showed that over 90% of 
E. faecalis isolates were susceptible to sparfloxa-
cin, trovafloxacin, and moxifloxacin. The activi-
ties of these towards E. faecium, however, were 
much lower17.  

One hundred and ninety eight isolates were 
tested for nitrofurantoin susceptibility. Ninety 
One (46%) were found susceptible, 86 (43.4%) 
were resistant and 21 (10.6%) were intermediate. 
Zhanel et al tested the activity of nitrofurantoin 
against 300 isolates of E. faecium, E. faecalis, and         
E. gallinarum. No isolates tested were resistant         
to nitrofurantoin, including vancomycin-resistant 
isolates. This study concluded that nitrofurantoin 
may provide effective treatment of urinary tract 
infections caused by VRE18.  

E. faecalis isolates were tested for fosfomycin 
susceptibility. About 58.2% were found suscep-
tible, 41.8% turned out to be resistant (however 
fosfomycin was reported only for the urinary 
isolates). Butcu et al conducted a study that sho-
wed 2.3% of E. faecalis strains to be resistant to 
fosfomycin19. 

Tetracycline susceptibility was performed 
for 199 isolates. One hundred fory nine (74.9%) 
were found to be resistant, 48 (24.1%) were sus-
ceptible and 2 (1%) were intermediate. Doxycy-
cline susceptibility was performed for 198 isola-
tes. Ninety five (48%) were found to be resistant, 
68 (34.3%) were susceptible and 35 (17.7%) were 
intermediate. The susceptibility of tetracycline 
and doxycycline was compared for 196 isolates. 
Out of the total 147 tetracycline resistant isolates, 
95 (63.8%) were also resistant to doxycycline, 35 
(23.5%) were intermediate, and 17 (11.4%) were 
found to be susceptible. All the 47 tetracycline 
susceptible and the 2 tetracycline intermediate 

isolates were found susceptible to doxycycline. 
Reinert et al described antimicrobial susceptibility 
among bacterial isolates associated with hospital 
infections. In this study, tigecycline was found to 
be the only antimicrobial to maintain activity 
against all Gram-positive isolates including E. 
faecium and E. faecalis20. 

One hundred ninety two isolates were tested 
for erythromycin susceptibility. One hundred 
forty eight (77.1%) were found resistant, 34 
(17.7%) were susceptible and 10 (5.2%) were 
intermediate.   

CONCLUSION 

The in-house biochemical testing can 
identify the 2 most frequent enterococcal species 
involved in human enterococcal infections (E. 
faecium and E. faecalis), therefore in resource-
limited settings, can be quite a useful method for 
identification of enterococci. However, it requires 
overight incubation and cannot identify other 
enterococcal species and non-enterococcal species.  

Vitek 2 is an automated system that is easy 
tohandle andprovides a faster (4 to 15 h) and 
reasonably accurate identification of the most 
commonly isolated Enterococcus species along-
with the rarely isolated species and gives accu-
rate AST results. It improves the work flow of the 
clinical microbiology laboratory by significantly 
reducing the handling time. 

Enterococcal isolates from various clinical 
specimens in our setup showed least resistance to 
linezolid, followed by teicoplanin and vancomy-
cin. Nitrofurantoin and fosfomycin have less than 
50% resistance for urinary isolates. 
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