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n INTRODUCTION

T
he diagnosis of infectious diseases and the
role of the microbiology laboratory are
currently undergoing a complex and fasci-

nating process of change. If managed correctly,
this change could have a positive impact on the
treatment of infectious diseases both clinically
and therapeutically [1-3].
From a strictly analytical point of view, it is
generally accepted that correct handling of all
the pre-analytical factors, the standardization
of procedures, and specific attention to quality
control, guarantee accuracy and compliance
with accepted guidelines and protocols. But ac-
curacy alone does not always ensure a result
that is appropriate for the patient’s clinical con-
dition and it is possible that a physician, despite
having diagnostic services of high analytical
quality available, is not in a position to best in-
terpret and make use of the microbiological re-
sult [4]. In brief, what is “biologically” valid
and accurate is not always useful and relevant
from a clinical point of view.
Therefore, the need for overall efficiency in pro-
viding results is now given the same impor-
tance as accuracy [1, 4]. This means that having
a emerging new ability to produce results in
less time, with the capacity to interpret the re-
sults clinically, will provide true added value of
consultation to the results [4]. In fact, even
though most microbiology laboratories have

generally achieved a high level of analytical
quality, the same cannot be said about the clin-
ical value of the results and the overall effi-
ciency of diagnostic procedures. These proce-
dures are still linked to a very brief interpreta-
tion of the report on the part of the medical mi-
crobiologist and, at times, waiting periods are
too long to really affect the clinical decision [5]. 
To improve the clinical impact of microbiology
results, one of the requirements now emerging
is that of reducing the time needed to provide
validated results. It is universally recognized
that, in order to have a substantial impact on
the choice of appropriate antibiotic treatment,
reduction of overall hospitalization and diag-
nostic costs, and, if possible, reduce the levels of
mortality, it is necessary to provide antibiotic
susceptibility tests in the shortest possible time-
frame [6].
As a result, the challenge facing the microbiolo-
gist has become one of process management in-
stead of pure analysis. A proper project manage-
ment process designed to improve workflow,
and reduce analytical time, and provide the
same high quality results without losing valu-
able time treating the patient, has become essen-
tial. In this way, the microbiological results be-
come more useful in clinical terms. Unfortu-
nately, the situation today, is that most microbi-
ology departments work on the basis of shifts
that do not guarantee coverage of the entire day
or even of the entire week. This creates signifi-
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cant problems regarding response times, be-
cause culture tests cannot be incorporated into a
constant workflow. For example, if a department
is not operational over the weekend, a sample
arriving on Friday may undergo a different
process of analysis and referral time than a sam-
ple that reaches the laboratory on a Monday. In
this regard, a recent multi-center study on the
management of blood cultures in Italy showed
that 66.6% of Italian microbiology services do
not process blood cultures on Sundays [7].
This “historical” viewpoint of management
from a “specimen” or “biological” perspective,
placing more attention on analytic quality
rather than on the needs of the patient and the
time required to produce a “clinically useful”
result, is even now giving way to the need for a
more clinically grounded management outlook.
Currently, there is a need to provide high qual-
ity results, which guide therapy and reduce the
incorrect use of antibiotics thereby shortening
recovery from infectious diseases.
Many microbiology laboratories, however, are
reluctant to adapt to new diagnostic and orga-
nizational scenarios, and hence are sometimes
not in a position to make full use of the advan-
tages of new technologies in terms of shorter
analysis and reporting times. This resistance to
change thus minimizes the impact of these new
technologies on the appropriate choice of tar-
geted antibiotic therapy [3-8].
In practical terms, one can go from reporting
times of about 48 hours for a urine culture, us-
ing manual methods and reporting on paper, to
turn-around-times (TAT) reduced by almost 26
hours, using automated analytic systems con-
nected to an LIS and therefore to the hospital
wards. One can often reduce the turn-around-
time for positive blood cultures, as well as al-
most any other microbiological specimen, thus
significantly influencing not only the TAT, but
the choice of antibiotic treatment and, conse-
quently, the overall clinical management of the
patient [9-10].
In a recent paper Nicolas-Chanoine [11] states
that identification and susceptibility tests will
go from a turn-around-time of 18 hours to ap-
proximately 6 hours in just a few years due to
the introduction of automated systems. Today,
with the availability of this automation, ap-
proximately 80% of positive samples can, ac-
cording to Nicolas-Chanoine, be available on
the day following sampling. This means that
80% of patients could potentially receive tar-
geted treatment the day after sampling. The au-

thor also states that this can only provide a real
advantage if:
1. laboratory work flows are changed;
2. there is a means for transferring the data

and making results available in real time;
3. the clinician uses the data in real time and

takes advantage of this service;
4. laboratory personnel are motivated to work

more in favour of the patient.
At the same time, to highlight the clinical im-
portance of an analytic report produced in
shorter time, Barefanger [12] advocates that
cost, morbidity and mortality are significantly
lower when reports are communicated more
rapidly.
Doern, in a noted study on the clinical impact of
rapid diagnostics in microbiology, showed not
only a statistically significant decrease in mor-
tality rates for patients in a rapid antimicrobial
susceptibility test group, but also that the costs
of hospitalization for patients in this group ver-
sus a traditional test method group, varied sig-
nificantly [6]. The author also states that physi-
cians were able to switch to appropriate antimi-
crobial therapy sooner. The study demonstrates
that the availability of analytical results in re-
duced time is able, by itself, to modify the ther-
apy when necessary, and that this significantly
influences the “total cost” of recovery, particu-
larly in terms of additional analytical requests,
and redundant or inappropriate costs.

n MATERIALS AND METHODS

On the basis of these publications and our ex-
perience with the impact of automation on the
“clinical” management of microbiology labora-
tories, we can say that the change from a “bio-
logical” view to a “clinical” view of microbiol-
ogy, mediated by the advent of new analytical
technology, is substantial in scope [10].
Reorganization of the workflow of the microbi-
ology laboratory that included scheduling per-
sonnel to work shifts covering both the entire
day and the entire week, along with the intro-
duction of automation and extensive computer-
ization (for example, instrument interfacing
and WEB connections) has resulted in improve-
ment in response times and greater efficiency of
diagnostic procedures (Figure 1).
For example, our clinical microbiology labora-
tory in 2002 performed 85,477 diagnostic proce-
dures on a total of 30,436 patients and is subdi-
vided into various specialized sectors:
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1. General and molecular diagnostic bacteriol-
ogy.

2. Antibiotic susceptibility testing and clinical
epidemiology.

3. Mycology diagnostic services.
4. Mycobacteriology diagnostic services.
5. Parasitology diagnostic services.
The Clinical Microbiology Laboratory Depart-
ment employs 1 supervisor, 1 physician, 2 biol-
ogists, and 9 technicians. An example of how
automation enabled us to redistribute the
workload is demonstrated in the fact that, al-
though there was an increase of about 20% per
year in microbiological services between 1999
and 2002, technician times were appreciably re-

duced. It was therefore possible to reallocate
the same workload into differently arranged
shifts ensuring “full-time” coverage of microbi-
ology services, i.e. 12 hours a day and seven
days a week. Our main objective was to elimi-
nate superfluous and redundant work, often
present in microbiology laboratories, and to
produce accurate and more rapid results.
Analytical processes (both before and after the
introduction of automation and computeriza-
tion) for a urine culture and a blood culture,
from the moment the specimen is collected to
the moment the report arrives in the ward, are
indicated in Tables 1 and 2. The difference in
TAT is apparent with the introduction of au-

Before process: 1998
service open Mon./Fri. until 3 p.m.

After process: 2002
service open 12 hours a day, 7 days-a-week
Mon./Frid. until 7 pm, Sat./Sun. until 2 pm

Arrival of sample
to be cultured

Incubation

ID/Susceptibility
results ready

to report

Results entered
into LIS

Availability
of results

Handwriting

18/24h

Handwriting

Hours/day

Time 0

Variable
(70-90%: 18-48h)

Barcode

3/8h

Immediate
transfer

Immediately

Figure 1 - Transformation of the workflow organization following the introduction of automation and com-
puterization.

Table 1 - Turn-around-time (TAT) for urine cultures (comparison of manual methods with paper reporting and
automation with LIS reporting).

Analytical stages Manual method and paper reporting Automation and LIS connection

1. Plating and incubation 18 - 24 hours 18 - 24 hours
2. Reading and interpretation (Mean total for the two stages) (Mean total for the two stages)
3. Identification/antibiotic 18 - 24 hours 3 - 8 hours
susceptibility testing
4. Validation/Reporting 12 - 24 hours 0 hours

Transcription and dispatch of paper LIS transmission immediate
Average minimum/maximum 48 - 72 hours 21 - 32 hours
turn-around-time
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tomation and computerization, compared to
manual methods and to paper reporting used
in the past. It is also evident in Table 2 that it is
now possible to offer the physician not only a
result from the microscopic examination of a
positive blood culture, but also an identification
of the organism isolated in about three hours
after a positive bottle indication.
To highlight the importance of a rapid response

in reporting results of microbiological testing in
the management, diagnosis and outcome of in-
fectious diseases, it is worth referring to a study
where members of The Infectious Disease Society
of America (IDSA) were interviewed and indi-
cated that the most valuable requirement that
emerges for a modern microbiology service, is
that of a rapid turn-around-time for results [2].
Other elements considered to be important

Table 2 - Turn-around-time (TAT) for blood cultures (comparison of manual methods with paper reporting and
automation with LIS reporting).

Analytical stages Manual method and paper reporting Automation and LIS connection

1. Inoculation and incubation 24 - 48 hours 24 - 48 hours
2. Bottles become positive (Average total time for the (Average total time for the
3. Reading and interpretation three stages in 70-90% of cases) three stages in 70-90% of cases)
4. Possible preliminary report Microscopy report Direct identification

of micro-organisms 3 hours
5. Bottle subculturing 18 hours 18 hours
6. Identification/antibiotic 18 – 24 hours 3 - 8 hours
susceptibility test
7. Validation/reporting 12- 24 hours 0 hours

Transcription and dispatch of paper LIS transmission immediate
Average minimum/maximum 72 - 114 hours 48 - 74 hours
turn-around-time (ID/AST directly from 

the bottle: 30 - 56 hours)

Table 3 - Mean response times from time of isolation to identification and antibiotic susceptibility testing. Pe-
riod 2000/2001.

Strains most frequently Number (%) of strains ID/AST method Mean ID/AST response
isolated from hospitalized isolated during times calculated from
patients/outpatients during the two year period the time of culture positivity
the two year period 2000/2001 2000/2001

ID AST

Escherichia coli 5679 (38.4) VITEK 2 3 hours 7 hours
Proteus mirabilis 867 (5.9) VITEK 2 3 hours 7 hours
Pseudomonas aeruginosa 646 (4.4) VITEK 2 3 hours 9 hours
Klebsiella spp. 650 (4.4) VITEK 2 3 hours 7 hours
Other enterobacteria 751(5.1) VITEK 2 3 hours 7 hours
Enterococcus spp. 1614 (10.9) VITEK 2 3 hours 8 hours
Staphylococcus aureus 1005 (6.8) VITEK 2 3 hours 8 hours
Coagulase negative staphylococci 844 (5.7) VITEK 2 3 hours

Total 12,056 (81.6)

Streptococcus pyogenes 1137 (7.7) Slidex S.K./ 0 hours 18 hours
Kirby Bauer 18 hours

Streptococcus agalactiae 999 (6.8) Slidex S.K./ 0 hours
Kirby Bauer 18 hours

Other strains 591 (4.0) API or 18 hours
VITEK 2/

Total 2727 (18.4) Kirby Bauer
or

Total of all strains 14,783 (100) E test
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were receiving results by telephone, placing re-
sults in a computer network and having micro-
biology services available on evenings and
weekends. In the same study, it was shown that
having a microbiologist available to interpret
results is needed to reduce the number of addi-
tional tests, therefore improving the efficiency
of the service and thus the appropriateness of
the requests [2].
Today, it is possible to achieve what Stager sug-
gested in 1992 [13]: regarding automation in a
modern microbiology laboratory, Stager sug-
gests that we should strive for a level of au-
tomation in clinical microbiology, and expect
future generations of equipment to be highly
automated, cost-effective, accurate, reliable, and
flexible, that enable us to provide rapid turn-
around-time. Today, due to the latest genera-
tion of instruments, this is obtainable, perhaps
even becoming necessary, in order to improve
the clinical impact of microbiological results.
Since January 2001, two VITEK 2 instruments
connected to the LIS have been in operation in
our laboratory and have performed most of the
workload (Table 3). The VITEK2 system (bio-
Mérieux, Marcy l’Etoile, France) is a highly au-
tomated diagnostic tool that can be used to
identify many microorganisms and perform in

vitro antibiotic sensitivity testing in much
shorter time periods than were available in the
past [14].
An additional software package, called the Ad-
vanced Expert System (AES), also allows auto-
matic validation of results and detection of re-
sistance mechanisms. The performance of this
software has been discussed previously in the
literature [14]. A small percentage of samples
are still processed manually.
For these samples, identification is performed
with the API system (bioMérieux, Marcy
l’Etoile, France) or with SLIDEX-STREPTO Kit
(bioMérieux, Marcy l’Etoile, France) and antibi-
otic susceptibility testing by the Bauer & Kirby
method or by E-Test (AB Biodisk, Solna, Swe-
den). The reading of the disk diffusion tests is
done by a Videobact system (Bio-Videobact,
Barcelona, Spain) connected to the LIS.
The estimated median times for obtaining an
identification and susceptibility test for most
microorganisms in our laboratory with VITEK
2 are reported in Table 3. As noted, the true an-
alytical advantage of automation consists in ob-
taining identification and susceptibility tests in
reduced time compared with manual methods
and to other systems that are semi-automated.
Taking into consideration the isolates from the

Table 4 - Average response times for blood cultures calculated from the time of positivity based on primary
isolates and method used for ID/AST.

Selection of strains most Number (%) of strains ID/AST method Average ID/AST
frequently isolated in the isolated from blood response times for blood
two year period, 2000/2001, specimens during the cultures based on the
in blood specimens of hospitalised two year period, isolate from the time
patients and outpatients 2000/2001 of culture positivity [Note:

(18+) is the time required
for initial plating of

the isolate]

ID AST

Coagulase negative Staphylococci 270 (36.4) VITEK 2 3 hours (18 +) 8
Escherichia coli 126 (17.0) VITEK 2 3 hours (18 +) 7
Staphylococcus aureus 110 (14.8) VITEK 2 3 hours (18 +) 8
Enterococcus spp. 37 (5.0) VITEK 2 3 hours (18 +) 8
Pseudomonas spp. 25 (0.1) VITEK 2 3 hours (18 +) 9

Total 568 (76.5)

Streptococcus spp. 94 (12.7) API/Kirby Bauer 18 hours (18 +) 18
Other 80 (10.8) API or VITEK 18 hours (18 +) 18

2/Kirby Bauer
Total 174 (23.5)

Total of all strains 742 (100)
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two study years, 2000/2001, and comparing
them to the two specimens most numerically
and clinically significant, i.e. blood and urine
cultures, we have tried to evaluate in Tables 4
and 5 the potential median times necessary to
produce clinically useful results using automa-
tion in our laboratory. These results have been
compared to those obtainable by traditional
methods, keeping in mind also that, in the cal-
culation of final TAT, the reorganization
processes produced in the last four years and
the impact of the use of a management infor-
mation system.

n RESULTS
The results shown in Tables 4 and 5 generally
agree with those reported by Nicolas-Chanoine
[11], which illustrate that, with the use of an au-
tomated instrument and adequate workflow
organization, one can obtain and report an or-
ganism identification and antibiogram with a
median TAT of 8 hours from the time of isola-
tion (Table 4). The organism is often recovered
upon original culture, requiring 18 hours on av-
erage. Occasionally, re-culture is required, re-
quiring an additional 18 hours. Regarding urine
specimens, however, on average, results are

Table 5 - Average response times for urine cultures based on primary isolates in hospitalised patients and out-
patients in 2000/2001 according to the ID/AST method.

Strains most frequently Number (%) of strains ID/AST method Mean ID/AST
isolated during the two year isolated from urine response times in hours
period, 2000/2001, in urine during the two year for urine based on
from hospitalised patients and period, 2000/2001 the isolate [Note: (24+)
outpatients is the time required

for culture positivity]

ID AST

Escherichia coli 5249 (55.2) VITEK 2 (24+) 7 (24+) 7
Enterococcus spp. 1333 (14.0) VITEK 2 (24+) 8 (24+) 8
Proteus spp. 682 (7.2) VITEK 2 (24+) 8 (24+) 8
Klebsiella spp. 495 (5.2) VITEK 2 (24+) 8 (24+) 8
Coagulase negative Staphylococci 310 (3.3) VITEK 2 (24+) 8 (24+) 8
Pseudomonas aeruginosa 205 (2.2) VITEK 2 (24+) 9
Staphylococcus aureus 105 (1.1) VITEK 2 (24+) 8

Total 8379 (88.1)

Streptococcus agalactiae 95 (1.0%) Slidex S.K./Kirby (24+) 0 (24+) 18
Other 1035 (10.9) Bauer (24+) 18 (24+) 18

API or VITEK 2/
Total 1130 (11.9) Kirby Bauer

Total of all strains 9509 (100)

Table 6 - Mean growth times for blood cultures for the most common bacterial strains isolated in the Porde-
none Clinical Microbiology Department using the BacT Alert 3D (bioMérieux).

Strains Average % Average % Average % Average %
isolated in the isolated in 24 h isolated in 48 h isolated in 72 h

day (about 12-24 h)

Coagulase negative 8% 70% 20% 2%
Staphylococci
Enterobacteriaceae: 30% 60% 10% 0%
(E. coli, Proteus spp.,
Klebsiella spp.)
Pseudomonas spp. 0% 60% 32% 8%
Staphylococcus aureus 10% 50% 38% 2%
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available, within 26 hours of specimen collec-
tion (Table 5).

In the case of blood cultures, along with the use
of a direct broth method, it is generally possible
to provide the physician with a reliable mo-
nomicrobial organism identification after only 3
hours of bacterial growth (10) rather than
merely communicating the result of a micro-
scopic examination (Table 2). In this regard, it is
worth emphasizing that, in our laboratory as in
similar situations, the majority of more signifi-
cant bacterial strains are isolated from blood
cultures incubated for 24 to 48 hours from time
of collection (Table 6). Therefore, at positivity,
reliable organism identification can be obtained
within 3 hours, directly from the broth for a ma-
jority of isolates [10].

n DISCUSSION

As previously discussed, it is now possible to
obtain an enhanced clinical impact using micro-
biology reports, by introducing automation, or-
ganizational and management changes, com-
puterization and a revision of work shifts of
technical personnel (Figure 1). In this way, it is
possible to significantly influence the choice of
therapy in light of infective pathology. On the
basis of the epidemiological data, in our micro-
biology department, obtained during the two-
year period, 2000/2001, 14,783 bacterial strains
were isolated from various biological specimens
(Table 3), 742 being isolated from blood cultures
(Table 4). On average, a reliable organism iden-
tification and antibiotic susceptibility result is
now available within 8 hours of organism recov-
ery for the approximately 80% of isolates recov-
ered from blood and tested using an automated
system the rapid VITEK2 system, compared to
the 18 hours, on average, that it requires for the
remaining 20% of bacterial isolates not tested us-
ing automation (Tables 3 and 4). Therefore, cur-
rently with our microbiology service, it is possi-
ble to have a result available for the physician,

via the WEB, by the afternoon following detec-
tion of a positive blood culture bottle, or even
during the same afternoon after organism isola-
tion from other types of specimens.
For urine cultures, during 2000/2001, 9,509 bac-
teria were isolated, and Tables 1 and 5 clearly
show that the use of computerization resulted
in improved turn-around-times when com-
pared to traditional methods. In fact, using an
automated instrument like VITEK 2, it was pos-
sible to report about 90% of positive results
(more than 8,400 strains annually) during the
first afternoon after the collection of a specimen
(with an average time of about 26 hours). This
is in stark contrast to waiting the almost 36
hours necessary to obtain the same result with
manual methods. This way, one saves a com-
plete day, which can actually become 2 days if
one adds the time necessary to guarantee re-
porting on paper and distribution of paper re-
ports to the wards (see Tables 1 and 5).
Therefore, when one considers the acquisition of
a highly automated instrument, one must also
consider the need to change the workflow and
management of the laboratory as suggested by
Nicolas-Chanoine [11]. This process of global
change in the diagnostic philosophy of our mi-
crobiology service, allowed us to guarantee a
shorter TAT, despite the increase in the number
of requests and with the same number of dedi-
cated personnel. This impacted the choice of
therapy, by providing a constant flow of infor-
mation 7 days a week, and guaranteeing a TAT
that only a few years ago seemed unthinkable.
Automation and computerization now allow us
to manage microbiology diagnostics according
to a completely new strategy in which analytical
quality and quality control represent essential el-
ements, along with faster analytical turn-around
times. All these elements form the basis for a
broader project of global quality on which to
base the true clinical impact of a modern ap-
proach to management of microbiology services.

Key words: Automation, Efficiency, Turn-
Around-Time

The diagnosis of infectious diseases and the
role of the microbiology laboratory are cur-
rently undergoing a process of change. The

need for overall efficiency in providing re-
sults is now given the same importance as ac-
curacy. 

SUMMARY
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This means that laboratories must be able to
produce quality results in less time with the
capacity to interpret the results clinically. To
improve the clinical impact of microbiology
results, the new challenge facing the microbi-
ologist has become one of process manage-
ment instead of pure analysis. A proper pro-
ject management process designed to im-
prove workflow, reduce analytical time, and
provide the same high quality results with-
out losing valuable time treating the patient,
has become essential.

Our objective was to study the impact of in-
troducing automation and computerization
into the microbiology laboratory, and the re-
organization of the laboratory workflow, i.e.
scheduling personnel to work shifts covering
both the entire day and the entire week. In
our laboratory, the introduction of automa-
tion and computerization, as well as the reor-
ganization of personnel, thus the workflow
itself, has resulted in an improvement in re-
sponse time and greater efficiency in diag-
nostic procedures.

La diagnostica infettivologica e il ruolo del micro-
biologo in particolare stanno attraversando un
importante processo di trasformazione.
In microbiologia clinica, ormai, la sola accura-
tezza analitica non sempre infatti è in grado di as-
sicurare un risultato appropriato alla condizione
clinica del paziente e può talora accadere che ciò
che è biologicamente valido ed accurato non sem-
pre sia altrettanto utile e rilevante da un punto di
vista clinico. Per migliorare l’impatto del risultato
microbiologico, una delle esigenze gestionali
emergenti consiste nel produrre risultati in tempi
sempre più rapidi. Per questo il microbiologo si
trova di fronte a una sfida nuova, più gestionale
che analitica, un vero e proprio processo di
project management mirato al cambiamento,
che consiste principalmente nel miglioramento dei

flussi di lavoro per fornire risultati che consen-
tano di garantire comunque un livello qualitativo
elevato degli esami senza per questo perdere tempo
prezioso per la salute del paziente, permettendo al
tempo stesso di rendere maggiormente fruibile in
termini clinici il risultato microbiologico.
Attraverso l’esperienza personale, il presente la-
voro intende dimostrare come l’introduzione
estesa dell’automazione e dell’informatica nel la-
boratorio di microbiologia, insieme a un consi-
stente cambiamento dei flussi di lavoro e dell’in-
tera organizzazione gestionale del laboratorio,
consenta di lavorare in maniera continuativa
sfruttando a pieno le più recenti potenzialità ana-
litiche a disposizione e migliorando al tempo
stesso efficienza e impatto clinico del risultato mi-
crobiologico.
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