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Background: The process of plate streaking has been automated to improve routine 
workflow of clinical microbiology laboratories. Although there were many evaluation 
reports about the inoculation of various body fluid samples, few evaluations have 
been reported for blood. In this study, we evaluated the performance of automated 
inoculating system, Previ Isola for various routine clinical samples including blood.
Methods: Blood culture, body fluid, and urine samples were collected. All samples 
were inoculated on both sheep blood agar plate (BAP) and MacConkey agar plate 
(MCK) using Previ Isola and manual method. We compared two methods in aspect of 
quality and quantity of cultures, and sample processing time. To ensure objective col-
ony counting, an enumeration reading reference was made through a preliminary 
experiment.
Results: A total of 377 nonduplicate samples (102 blood culture, 203 urine, 72 body 
fluid) were collected and inoculated. The concordance rate of quality was 100%, 
97.0%, and 98.6% in blood, urine, and other body fluids, respectively. In quantitative 
aspect, it was 98.0%, 97.0%, and 95.8%, respectively. The Previ Isola took a little 
longer to inoculate the specimen than manual method, but the hands-on time de-
creased dramatically. The shortened hands-on time using Previ Isola was about 6 min-
utes per 10 samples.
Conclusion: We demonstrated that the Previ Isola showed high concordance with the 
manual method in the inoculation of various body fluids, especially in blood culture 
sample. The use of Previ Isola in clinical microbiology laboratories is expected to save 
considerable time and human resources.
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1  | INTRODUCTION

Identification of microorganisms and antimicrobial susceptibility 
testing are main tasks for a routine clinical microbiology laboratory.1 
Among many analytical steps, culture of microorganisms is essen-
tial for correct identification and antimicrobial susceptibility test.2 
To provide rapid culture results, accurate and fast inoculation of 

specimen should be supported. However, as the amount of spec-
imens has increased, plate streaking for inoculation became time-
consuming and time-limiting step in most clinical microbiology 
laboratories.3 Many skilled technical staff spend a long time for 
inoculation, but it is not enough to handle increased specimens. 
Therefore, many directors of clinical laboratory hope to solve this 
problem through automation.3,4
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Laboratory automation was already introduced many years ago in 
other parts of clinical laboratories such as hematology, chemistry, and 
molecular biology, increasing productivity and quality.4 However, the 
introduction of automation was delayed due to the complexity and 
variety of samples in clinical microbiology laboratories. Over the past 
several years, some automated microbial identification system and 
automated antimicrobial susceptibility testing equipment have been 
adopted in many clinical microbiology laboratories.5,6 Recently, some 
automated plate streaking instruments have been introduced to clin-
ical laboratories.

In fact, the first generation of automated plate streaking equip-
ment was developed in the late 1970s.7 However, it was not suitable 
for routine use until third generation in throughput and accuracy as-
pect. Currently, several automated inoculation instruments, including 
the InoqulA (BD Kiestra), the Previ Isola (bioMérieux), the PreLUD 
(I2A), the Microstreak (LBT Innovations), and the WASP (Copan), are 
being used routinely in clinical microbiology laboratory.

Among these instruments, the Previ Isola system was developed 
for standardization as well as automation of inoculation and streaking 
of plates. With the aid of a circular applicator, a standard amount of 
inoculum is used each time and is pressure-control streaked on agar 
plates. The device can streak 180 plates per hour, guaranteeing a high 
standard of plate processing. The Previ Isola system can be used for 
liquid specimens, and also used for swab systems with transport media 
to improve the diagnosis of aerobes, anaerobes, fastidious bacteria, 
and fungi.8 There are some evaluation reports about the Previ Isola 
system.9-12 Although these reports used various samples such as urine, 
wound, stool, and broncopulmonary specimens, evaluation of blood 
samples is rare.

In this study, we prospectively evaluated the Previ Isola system 
for various routine specimens including blood samples, and compared 
manual method in aspect of quality and quantity of cultures, and sam-
ple processing time.

2  | MATERIALS AND METHODS

2.1 | Preliminary experiment

First, we conducted a preliminary experiment to establish a specific 
enumeration reading reference for the manual method and Previ Isola. 
Serial dilutions of Escherichia.coli reference strain (ATCC® 25922) were 
performed in 0.9% sodium chloride solution to obtain a calibrated 
suspension from 103 to 108 colony-forming units per milliliter (CFU/
mL). These suspensions were either streaked by the manual loop-to-
plate method or by the Previ Isola streaker. Two manual quantita-
tive plate inoculation patterns were performed by a skilled staff with 
10 μL loops in quadrant streaking pattern, or a central single streaking 
throughout the plate followed by a zigzag pattern. Two types of cul-
ture media, BAP (bioMérieux, Craponne, France) made by sheep blood 
agar and MCK (bioMérieux, Craponne, France) made by MacConkey 
agar, were used. A total of six plates were made per dilution and incu-
bated at 37°C in an atmosphere with 5% CO2. Cultures were checked 
and recorded after an 18- and 24-hour incubation period.

2.2 | Inoculation of plates

We prospectively tested in parallel the manual method and Previ Isola 
using various clinical samples received in the clinical microbiology lab-
oratory from August 2015 to February 2016. Blood specimens were 
selected when showing positive signals on the blood culture bottle. 
All specimens except urine were manually inoculated with quadrant 
streaking pattern. Urine specimens were inoculated with a central sin-
gle streaking throughout the plate followed by a zigzag pattern. All 
manual inoculations were carried out by a skilled staff. After manual 
inoculation, all specimens were automatically inoculated using Previ 
Isola. All specimens were inoculated on both BAP and MCK agar 
plates. Four plates were created for each specimen.

2.3 | Colony counting and identification

After incubation at 37°C in 5% CO2, all plates were read at 18 and 
24 hour. Gram-positive strains were counted on the BAP agar plate, 
and gram-negative strains were counted on the MCK agar plate. The 
number of colonies was determined in comparison with the enu-
meration reading reference established by preliminary experiment. 
Colonies were identified according to CLSI procedures by Vitek 2 
(bioMérieux).

2.4 | Comparison of automated specimen 
inoculation with the manual method

We compared the two methods in three aspects, in that, quality and 
quantity of cultures, and sample processing time. The consistency of 
cultured bacterial species was measured for quality comparison. If the 
bacteria were grown in only one method, or if different bacteria were 
found, they were judged to be inconsistent. For quantitative compari-
son, we directly compared the number of colony counts. If there was 
a difference of 1 log according to the reading reference, they were 
judged to be inconsistent. Sample processing time was composed of 
preparation time and streaking time. Preparation time included the 
steps of separating and dispensing the specimen for inoculation. The 
retest time was included in the streaking time.

3  | RESULTS

3.1 | Establishment of enumeration reading 
reference

The preliminary experiments led to the establishment of an enu-
meration reading reference for both Previ Isola and manual inocula-
tion method (Figure 1). It showed the corresponding Previ Isola and 
manually streaked plates of quantified dilutions of E. coli reference 
strain. Six plates were produced per dilution. In BAP and MCK plates 
streaked with Previ Isola, microorganisms grew in a concentric shape 
with distinct difference by concentration (Figure 1A and B). Manually 
streaked plates with quadrant streaking pattern (Figure 1C and D) 
and with a central single streaking throughout the plate followed by 
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a zigzag pattern (Figure 1E and F) also showed significant difference 
according to the concentration.

3.2 | Clinical specimens

A total of 377 nonduplicated clinical samples were tested (Table 1). 
Bacteria were grown in 99 of 102 blood samples. There were 70 
plates in which the gram-positive bacteria were grown and 33 plates in 
which the gram-negative bacteria were grown. Among gram-positive 

bacteria, Staphylococcus epidermidis was most common, found in 25 
plates, followed by Staphylococcus aureus (n = 18), Staphylococcus capi-
tis (n = 6), and Enterococcus faecium (n = 5). Among the gram-negative 
bacteria, Escherichia coli was found most frequently on 15 plates, fol-
lowed by Pseudomonas aeruginosa (n = 4), Acinetobacter baumannii 
(n = 3), Enterobacter cloacae (n = 2). Coinfection of gram-positive and 
gram-negative bacteria was observed in four plates. E. faecium and 
E. coli were found together in two plates, and S. aureus and A. bauman-
nii were found in two other plates. Among the 203 urine inoculated 

F IGURE  1 Enumeration reading reference for the automated and manual method after 24 hours of incubation. Serial dilutions of Escherichia 
coli ATCC 25922 were inoculated by Previ Isola on BAP (A) and MCK (B), by manual with quadrant streaking pattern on BAP (C) and MCK (D), by 
manual with a central single streaking throughout the plate followed by a zigzag pattern on BAP (E) and MCK (F). Units, colony-forming units per 
milliliter (CFU/mL)
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plates, the bacteria grew on 103 plates. There were 74 plates in which 
the gram-positive bacteria were grown, and 37 plates in which the 
gram-negative bacteria were grown. Among gram-positive bacteria, 
Enterococcus faecalis was found most commonly, in 22 plates, fol-
lowed by S. epidermidis (n = 20), Streptococcus agalactiae (n = 11), and 
E. faecium (n = 7). Among the gram-negative bacteria, E. coli was found 
most frequently (n = 21), followed by Klebsiella pneumonia (n = 5) and 
A. baumannii (n = 3). Coinfection of gram-positive and gram-negative 
bacteria was observed in eight plates: S. epidemidis and E. coli, S. epi-
demidis and A. baumannii, S. epidermidis and C. amalonaticus, E. faecalis 
and P. putida, E. faecalis and A. baumannii, E. faecalis and K. pneumo-
niae, S. mitis and E. coli, and S. agalactiae and E. coli. Among the other 
specimens except blood and urine, bacteria were grown in ascitic 
fluid, pleural fluid, bile fluid, and closed pus. Of the 18 ascitic fluid, 
bacteria grew on only two plates, and were S. agalactiae and E. coli, 
respectively. Three of the 14 pleural fluid specimens showed bacterial 
growth. In one of them, S. aureus, a gram-positive bacteria, and A. bau-
mannii, a gram-negative bacteria, were observed together. Seven of 
the 13 bile fluid specimens showed bacterial growth, and all were 
gram-negative. Bacteria were grown in 9 of 10 close pus samples. 
K. pneumoniae, the gram-negative bacteria, was the most common, 
and S. sanguis and K. pneumoniae were grown together in one plate. 
There was no growth on plates with cerebrospinal fluid and pancreatic 
fluid.

3.3 | Comparison of quality

To measure the quality of inoculation of Previ Isola and manual meth-
ods, we identified all cultured bacteria and compared them (Table 1). 

There was no discrepancy in blood samples. Of the 102 blood sam-
ples, three samples showed no growth with both methods. In the re-
maining 99 plates, the same bacteria grew. In urine samples, bacteria 
grew in 103 specimens with Previ Isola, while 101 specimens showed 
bacterial growth with manual method. Six specimens (3.0%) showed 
discrepancy. Three gram-positive bacteria and one gram-negative 
bacterium were grown only on the plates inoculated with Previ Isola. 
On the other hand, two specimens showed growth of S. epidermidis 
only on the plates inoculated with manual method. There was one 
discrepancy (1.4%) in other body fluid samples. S. aureus only grew on 
the plate inoculated with Previ Isola in a pleural fluid specimen.

3.4 | Comparison of quantity

We determined and compared the colony count to analyze the quan-
titative aspect of two methods (Table 2). The colony count was de-
termined based on the enumeration reading reference established in 
the preliminary experiment. There were two specimens (2.0%) show-
ing discrepancy in blood samples. In one specimen, colony count of 
E. avium was 108 CFU/mL with Previ Isola, but 107 CFU/mL with man-
ual method. In the other specimen, colony count of C. jeikeium was 
108 CFU/mL with Previ Isola, but 106 CFU/mL with manual method. 
In urine specimens, six specimens (3.0%) showed discrepancy. In 
two specimens, colony count of E. faecalis was 103 and 104 CFU/mL 
with Previ Isola, but 105 and 102 CFU/mL with manual method, re-
spectively. In other two specimens, colony count of E. faecium was 
106 CFU/mL with Previ Isola, but 107 and 105 CFU/mL with manual 
method, respectively. In other specimen, colony count of E. coli was 
108 CFU/mL with Previ Isola, but 107 CFU/mL with manual method. 

TABLE  1 Characteristics of clinical specimens

Specimen
Number (No. of 
growth plates)

Species

Gram positive (No. of plates) Gram negative (No. of plates)

Blood 102 (99) S. epidermidis (25), S. aureus (18), S. capitis 
(6), E. faecium (5), C. jeikeium (5), 
E. avium,2 E. faecalis (2), S. mitis (2), 
C. striatum, S. haemolyticus, S. hominis, 
S. pyogenes, S. warneri

E. coli (15), P. aeruginosa (4), A. baumannii (3), E. cloacae (2), 
K. pneumonia (2), P. mirabilis (2), P. stutzeri (2), Aeromonas 
spp., C. freundii, S. maltophilia

Urine 203 (103) E. faecalis (22), S. epidermidis (20), 
S. agalactiae (11), E. faecium (7), 
S. haemolyticus (5), C. striatum (3), 
S. sanguis (2), C. jeikeium, E. aerogenes, 
S. anginosus, S. mitis

E. coli (21), K. pneumonia (5), A. baumannii (3), A. junii, 
B. cepacia, C. amalonaticus, C. freundii, C. koseri, P. aeruginosa, 
P. penneri, P. putida

Ascitic fluid 18 (2) S. agalactiae E. coli

Pleural fluid 14 (3) S. aureus (2), Rhodococcus spp. A. baumannii

Bile fluid 13 (7) E. coli (3), K. pneumoniae (2), P. stutzeri (2)

Cerebrospinal 
fluid

11 (0)

Closed pus 10 (9) S. sanguis (2), S. epidermidis, S. aureus K. pneumoniae (4), E. coli (2)

Joint fluid 5 (0)

Pancreatic 
fluid

1 (0)
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In the other specimen, colony count of A. baumannii was 105 CFU/mL 
with Previ Isola, but 107 CFU/mL with manual method. In other body 
fluid specimens, three specimens (4.2%) showed discrepant result. In 
two closed pus specimens, colony count of K. pneumoniae was 106 
and 105 CFU/mL with manual method, but 105 and 104 CFU/mL with 
Previ Isola, respectively. In one pleural fluid specimen, colony count of 
Rodococcus spp. was 106 CFU/mL with Previ Isola, but 105 CFU/mL 
with manual method.

3.5 | Comparison of sample processing time

The inoculation process was divided into preparation and streak-
ing, and the time taken at each step for 10 samples was measured 
(Table 3). In blood, the time taken to transfer the sample from the 
blood culture bottle to the tube using a disposable sterile syringe 
took about 3.8 minutes in both methods. For blood sample streak-
ing, it took 7.3 minutes with Previ Isola and 7 minutes for manual 
method. For the sample preparation, 1.2 minutes was required for the 
Previ Isola and 0.5 minutes for manual method in the case of urine 
specimens. The streaking time was 7.5 minutes with Previ Isola and 

6.8 minutes with manual, respectively. The time required to the prep-
aration of body fluid other than blood and urine was 1.2 minutes for 
manual and 2.4 minute for Previ Isola. Streaking took 8 minutes with 
Previ Isola and 7.6 minutes with manual method. When using Previ 
Isola, hands-on time decreased from 11.1 to 3.8 minutes in blood, 
from 7.3 to 1.2 minutes in urine, and from 8.8 to 2.4 minutes in other 
body fluids, respectively.

4  | DISCUSSION

Automation in clinical microbiology laboratories continues to acceler-
ate the detection of infectious agents. In particular, instruments for 
automatic sample inoculation have been claimed to improve the qual-
ity of colonization and save processing time. In 2008, Glasson et al1 
reported that colony productivity per plate was increased by up to 
44% using MicroStreak instrument (bioMérieux). In 2015, Croxatto 
et al13 reported that the automated InoqulA ((BD Kiestra) inoculation 
significantly saved time on laboratory workloads and laboratory costs. 
Using the Previ Isola system, Kim et al14 assessed the usefulness of 

TABLE  2 Comparative colony counts according to the type of sample and method of sample inoculation

Specimen(n)
Colony count 
(CFU/mL)

No. of plates with Previ Isola No. of plates with Manual
No. of discrepant 
specimens (%)Gram positive Gram negative Gram positive Gram negative

Blood (102) No growth 3 3 2 (1.96)

<103

103

104

105 1 1

106 1

107 5 3 6 3

108 65 29 63 29

Urine (203) No growth 100 102 12 (5.91)

<103 9 9

103 20 6 18 5

104 12 4 13 4

105 15 4 16 3

106 8 2 6 2

107 3 7 4 9

108 7 14 7 13

Other body fluids (72) No growth 51 52 4 (5.56)

<103 1

103 1 1

104 2 1

105 2 1 2 1

106 1 2 1 3

107 1 1

108 3 9 3 9

CFU, colony-forming units.
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body fluids and urine specimens, and Nebbad-Lechani et al11 evalu-
ated for bronchopulmonary specimens.

In this study, we conducted an evaluation of the Previ Isola for var-
ious clinical body fluid samples including blood culture sample. Blood 
culture is considered the standard diagnostic tool for blood stream in-
fections. Many clinical microbiology laboratories now use automated 
blood culture instruments, which are equipped with a fully automated 
closed-loop continuous monitoring system for microbial growth detec-
tion.15-17 Although rapid identification and antimicrobial susceptibility 
testing techniques have been developed for blood culture-positive 
samples through molecular and biochemical technologies, agar plate 
inoculation is still used in many laboratories.18-20 We used 102 culture-
positive blood samples, and demonstrated that the concordance rate 
of quality between Previ Isola and manual method was 100%. Among 
102 samples, no growth was observed in three samples with both 
methods. The blood culture bottle results of these specimens stated 
that no growth, C. sporogenes, and S. pneumoniae were observed from 
these samples, respectively. We inferred that one was a false positive, 
and the other two were due to a very small amount of bacteria.

In addition to blood and urine, we used a variety of clinical body 
fluid samples including ascitic fluid, pleural fluid, bile fluid, cerebrospi-
nal fluid, closed pus, joint fluid, and pancreatic fluid. Especially, various 
bacteria grew in 90% of closed pus specimens, and only gram-negative 
bacterium grew in bile fluid specimens. They showed 98.6% concor-
dance rate in quality.

Colony count reading in routine clinical microbiology laboratories 
cannot completely exclude subjective aspects in terms of quantitative 
analysis. Through preliminary experiment, we were able to maintain 
some objectivity in further evaluation using clinical specimens. After 
incubation, the plates were read at 18 and 24 hours. There was almost 
no difference between the two. The colony counts that were obtained 
using the two methods were in concordance for 96.9% of all tested 
samples. In particular, the concordance rate between two methods 
in blood sample was 98.0%. In the case of two specimens showing 
discrepancies, the plate with Previ Isola has more colony count than 
that with manual method. Maybe it was because of the difference in 
uniformity of sample streaking, so Previ Isola was considered superior. 
The concordance rate between the two methods in urine samples was 
97.0%. In the case of the urine sample, one method did not show su-
periority to the other method. The concordance rate between the two 
methods in other body fluids was 95.8%. In three discrepant speci-
mens, as the same species grew within 1 log difference in quantity, if 
loosen the comparison standards a little more, it could be regarded as 
almost 100% concordant.

To inoculate blood specimens, it is necessary to transfer the 
specimen from the blood culture bottle to a tube using a disposable 
sterilizing syringe. In the case of urine or other body fluid samples, 
the transfer process may be very short or omitted. Because of this, 
the preparation time of blood took longer than that of other speci-
mens in both methods. The Previ Isola took a little longer to streak 
the blood specimen to the plate than manual method. This pattern 
was similarly observed in other specimens. Maybe the reason for 
this is that we retested if an error message appears in Previ Isola, but 
not in the manual method. The urine sample and other body fluid 
specimens had a higher rate of retest than blood. However, the Previ 
Isola does not take longer in all situations. When the amount of 
specimens to be tested at one time was large, it was observed that 
the time of the Previ Isola took less than manual method. We have 
tested an average of 20 specimens at a time. If we tested more quan-
tities at one time, we would have got different results. Not surpris-
ingly, we found that hands-on time was greatly reduced when using 
Previ Isola. Hands-on time for inoculation refers to the time a skilled 
technician actually worked until the inoculated medium has been 
placed in the incubator from the specimen preparation. We could 
save about 6 minutes of hands-on time per 10 samples. Indeed, it is 
expected that considerable time will be saved and resulted saving of 
human resources in clinical microbiology laboratories.

In summary, our study demonstrated that the Previ Isola showed high 
concordance with the manual method in the inoculation of various body 
fluid specimens. In particular, the rate of concordance in blood culture 
specimens, which have been rarely studied, was 100% and 98% in quality 
and quantity, respectively. Also, the use of the Previ Isola could save con-
siderable time and human resources in clinical microbiology laboratories.
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