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History:                                                                                                                                                                 

Laboratories in the United States and Europe have automated the pre-analytical area of 

microbiology with the implementation of plating instruments. The first semi-automated plating 

instrument (the Isoplater, manufactured by Vista Technology, Edmonton, Alberta, Canada) was 

developed 23 years ago. Over the past several years, newer, more sophisticated plating 

instrumentation has been developed, e.g. the Innova (developed by Becton Dickinson), InoqulA 

(developed by BD Kiestra), Walk-Away Specimen Processor (developed by Copan Diagnostics), 

and PREVI Isola (developed by BioMerieux).                                                                                                            

The newer instruments had automated the plating of liquid specimens regardless of the specimen 

container type or size. All of these newer instruments can be interfaced with various laboratory 

information systems that are currently available on the market, and can improve efficiency and 

patient safety in the laboratory setting. Reading of the primary specimen barcode and labeling of 

the plated media with patient identifiers allows for traceability and positive patient identification 

of all specimens. Some instruments are more versatile in that they have added features and 

functionality in addition to plating the primary specimen.    

Need and application:                                                                                                                                      
Automation in medical microbiology is performed by:                                                                                                     

a) Automated machines                                                                                                                                                   

b) Semi-automated machines                                                                                                                                       

It is needed:                                                                                                                                                                  

1. When the volume of load is high and the laboratory is busy.                                                                             

2. When doctors are in need of investigations made only by automated machines                                  

Automation is applied in:                                                                                                                                            

a) Sample preparation, streaking, pipetting, inoculation, colony counting, and staining.                                    

b) Isolation and identification of bacteria                                                                                                                                                                                        

c) Antimicrobial susceptibility testing                                                                                                                      

d) Serology and molecular techniques                                                                                                                      

The working methods of automation are:                                                                                                                      

1. Particle counting                                                                                                                                                              

2. Calorimetry                                                                                                                                                             

3. Light scatter techniques                                                                                                                                          

4. Chromatography                                                                                                                                                          
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5. Electrical conductivity                                                                                                                                                  

6. Electrochemical measurement                                                                                                                                

7. Radio-immunoassay                                                                                                                                                                                          

8. Radiometric measurement 

Drawbacks of automation are:                                                                                                                               

a) Expensive                                                                                                                                                               

b) Remove technician off manual methods                                                                                                                              

c) Prevent lab. students from learning manual techniques                                                                                                  

d) Microbiologists may forget typical properties of microorganisms 

Advantages of automation are:                                                                                                                                            

a) Provides high accuracy results                                                                                                                                   

b) Saves time                                                                                                                                                               

c) Reduce numbers of staff                                                                                                                                         

d) Performance in a shorter time                                                                                                                           

e) Helpful in busy laboratories  

Liquid microbiology:                                                                                                                                                

This is a prerequisite to plating automation. Diagnosis of an infectious disease requires the 

appropriate specimen collection from a clinically relevant site. Adequate specimen collection is 

extremely important to obtain quality results for patient care. Historically, swabs collected have 

were placed in a semisolid transport medium after collection. It is easy for a specimen to become 

trapped in the tip of the swab, thus reducing the amount of organism available for the plated 

media and pathogen recovery. Some culture types may require plating on 5 or more different 

types of media, and a little of it may remain on the swab after being rolled across several plates. 

To improve the recovery of pathogens from the swab sample, Copan Diagnostics Company 

(Brescia, Italy), had introduced the novel nylon flocked ESwab technique in 2006. The ESwab is 

the only liquid based, multi-purpose, collection, transport system currently on the market. 

Perpendicular nylon fibers allow efficient collection and adequate trapping of specimen because 

they possess soft brush-like structures; hence, most of the available specimen attached to the 

flocked swab is eluted in the tube after it comes in contact with the liquid medium. Due to the 

homogenous nature of the specimen in the liquid Amies medium when plated, there is an 

equivalent distribution of the specimen on all plates, no matter how many plates are inoculated 

for a given specimen, contrary to conventional swabs. Because the transport medium is a liquid, 

the ESwab device is used on automated plating instruments. Studies show good viability of 

aerobic, anaerobic, and fastidious bacteria for up to 48 hours at room and refrigerated 

temperatures with the ESwab. The performance of the ESwab compared with other swab systems 

for aerobic bacteria has been well documented. 

Automated Instruments:                                                                                                                                         

The automated instruments used are: the Isoplater, Inoculab, the Innova, the InoqulA, the Walk-

Away Specimen Processor (Wasp), and the PREVI Isola.                                                                                                             

Isoplater:                                                                                                                                                                  

The first semi-automated, streak-only plating instrument developed in 1989, and this device 

continued to be used in many laboratories. The instrument is semi-automated, meaning that the  
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primary specimen must first be applied to the agar plate before placed on the instrument for 

streaking. Because specimens are plated onto the media before placed on the Isoplater, there is 

no requirement for a liquid sample. The streaking is performed with a wire loop and the pattern 

is a spiral streak. This streaking pattern is unique and it is not similar to the 4-quadrant streaking 

pattern that most technologists are familiar with in a clinical laboratory. With time and practice, 

technologists can easily be able to read the spiral streak pattern. The Isoplater cannot be 

interfaced to an LIS, and hence barcodes and patient identification must be applied manually to 

the plates by technologists. 

Inoculab:                                                                                                                                                                        

In 2002, the InocuLAB (formerly made by Dynacon and now by BD) was introduced to the 

market as an instrument that fully automated the plating process for liquid specimens. The 

InocuLAB can decap the specimen container, inoculate the agar plate, and recap the container for 

future storage. So this method adds to increased time savings and standardization in the 

laboratory. The InocuLAB can be programmed with several streaking patterns and a reusable 

wire loop is used for inoculating and streaking the specimen onto the plate. The InocuLAB can 

hold 40 specimens for primary plating. Becton Dickinson (BD) plans to phase out the InocuLAB 

and replace it in the market with Innova and InoqulA.  

Innova:                                                                                                                                                                  

This instrument has been on the market since 2010. The instrument has a specimen capacity of 

200 containers. The instrument contains 6 silos, which accommodate 270 plates and 6 different 

types of media. The instrument is 60 inch x 50 inch and the user only requires access to the front 

of the system. The Innova is similar to the InocuLAB in that a reusable wire loop is used to 

inoculate and streak the plate. Loops are available in various sizes, such as 1mL, 10 mL, and                      

30 mL. To ensure inoculation quality, the Innova includes an agitator/shaker so that the specimen 

is homogenized before delivery to the plate/tube. An internal camera takes a picture of the loop 

to ensure the loop is straight for proper entry into the specimen container. An ultrasonic level 

sensor ensures that there is sufficient volume in the specimen container. If there is no enough 

volume, the container is skipped and flagged so the operator can intervene when the other 

specimens are finished plating. The Innova was the first instrument to have a universal 

capper/decapper that can adjust to various-sized specimen transport containers. For example, the 

decapping/capping mechanism can uncap a urine boric acid tube and then adjust automatically to 

uncap a stool vial after the boric acid tube is recapped. Specimen containers are loaded in 

flexible metal racks, which allow the Innova to be loaded with many different-sized containers at 

the same time. The Innova can also be programmed with various plating protocols that can be 

configured by an end user based on laboratory need. To ensure flexibility, the user can program 

each drawer (a total of 5) with a unique plating protocol or the system can obtain the protocol 

information for each specimen container from the LIS. This is perhaps an important feature for 

smaller to medium-sized laboratories that might only have one plating instrument due to 

specimen volume and require added flexibility. 

Inoqula:                                                                                                                                                                      

In 2012, Kiestra Company (Holland) developed the InoqulA instrument that has a dimension of 

160 inch x 36 inch. The instrument has a capacity of 612 plates and can be loaded with 12  
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different media types. Compared with the other instruments, this system has the largest capacity. 

The system has customizable container racks and a flexible decapper so that different-sized 

containers can be processed by the system. A calibrated pipette is used to inoculate plates, broth 

tubes, and slides according to the sample protocol set by the end user. The instrument has a 

unique streaking technology that uses a magnetic rolling bead to streak the plate using 

customizable patterns (spiral, 4 quadrant, biplate, etc).                                                                                     

The beads can be reused after sterilization or disposed of. The instrument can streak up to 5 

plates at one time with the rolling bead technology, enabling high throughput. So, if a sample 

requires 7 plates to be inoculated, the InoqulA can streak 296 plates per hour. The InoqulA also 

has a manual interactive mode that is designed for specimens that are not suitable for fully 

automated plating, such as tissues, catheter tips, and other non-liquid samples. In this mode, 

plates are automatically selected, barcoded, and streaked, while an operator manually inoculates 

the plates. 

Walk-Away Specimen Processor (Wasp):                                                                                                                                                                         

The Wasp instrument is Copan Diagnostics’ product that performs automated pre-analytical 

specimen processing, including plating and streaking, Gram slide preparation, and broth 

inoculation. The Wasp has a footprint of 43.5 inch x 81.5 inch x 76 inch and accommodates 

loading of up to 378 plates at once. There are 9 silos on the instrument that can accommodate up 

to 9 different types of media and can be loaded while the instrument is operating. The throughput 

of the instrument is approximately 180 bi-plates/hour.                                                                                                          

The instrument has a universal capping/decapping mechanism that allows for the plating of a 

wide variety of specimen types. The bidirectional interface allows for random loading of 

specimen types as the instrument queries the LIS to determine the specific plating protocol 

needed for that specimen type. The Wasp includes a vortexer and a spinner so that the specimen 

is adequately homogenized for even specimen delivery and distribution during inoculation. 

Reusable metal loops are available in 3 sizes: 1mL, 10mL, and 30mL. Each loop device 

comprises 2 individual loops, each of which can process up to 15,000 plates. The loops are 

incinerated between samples and inoculation is driven by specimen barcode. The Wasp 

automatically selects the correct loop size based on the sample-type protocol. The Wasp can use 

2 loops on a single plate simultaneously, for example on a urine culture biplate, thus improving 

the throughput of the instrument.                                                                                                                                    

A variety of streak patterns can be programmed based on user need. For quality control purposes, 

there is a camera that takes a picture of the loop each time an inoculation is made to assure a 

specimen is plated. The overall plating throughput varies depending on the streaking protocol. In 

addition to plating functionality, the Wasp includes a module that prepares a slide for Gram 

stain. The Gram SlidePrep Module (attached to the Wasp, Copan) prepares not only the smear 

but will also ink jet the patient information directly onto the slide. The Wasp contains another 

internal station called the warehouse carousel. This carousel can be loaded, for example, with 

Kirby-Bauer, optochin disks and bacitracin disks, to be planted on either primary or secondary 

plates for susceptibility testing or to aid in organism identification. The Wasp also includes a 

feature that allows inoculation of a mass spectrometer template. Plated media results were 

comparable when Wasp-inoculated plates were evaluated against routine plating methods. 
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Previ Isola: 

The Previ Isola is a bioMerieux’s product for pre-analytical specimen plating. The instrument 

has a footprint of 66.5 inch x 58.7 inch x 35.7 inch and accommodates 150 plates and 5 different 

types of media at once. The Previ Isola has a unique streaking pattern, using a comb mimicking 

16 loops streaking simultaneously, using a greater surface area of the agar that was shown to 

provide improved separation of organisms. The spiral streaking pattern is similar to the Isoplater. 

Single-use, disposable specimen applicators (combs) are required for specimen inoculation of the 

primary specimen; the user also has the option to use 1 applicator per specimen. The throughput 

of the instrument is approximately 180 plates streaked per hour. The system also has the 

capability of streaking a biplate.  

The Previ Isola does not have the capability to decap and recap specimens, so these steps are 

manual. In smaller-volume laboratories, this added step might not have an impact on efficiency 

but the necessary space needed for the decapping instrument might prove an issue for 

laboratories with limited floor space. In larger-volume laboratories, the impact of the lack of the 

capping/decapping functionality needs to be assessed but most likely will have an impact on 

efficiency savings.                                                                                                                                                          

The Previ Isola has the capability of querying the LIS similar to the other systems and can be 

programmed to segregate plates into separate canisters based on the atmospheric conditions 

the plates are to be incubated in. One study that compared the Previ Isola to manual methods 

demonstrated decreased hands-on time and improved efficiency with the Previ Isola. 

 

Digital Microbiology: 

Manufacturers have made progressive steps and have incorporated digital imaging into routine 

bacteriology incubators that have been in use for decades. The next generation of incubators will 

have a digital camera incorporated with an incubator for direct culture plate imaging. This digital 

imaging technology will allow clinical microbiology to develop and expand in ways that many 

would not have imagined. As part of the full automation package, the new incubators can be 

linked to the plating instrument by a conveyor system that moves specimens into the incubators. 

Due to space constraints or workflow considerations, some laboratories may choose to forgo 

the conveyor belt/track systems and transfer plates into the incubators manually. The exact 

location where a plate is placed within the incubator will be determined by the software of the 

specific system. 

The respective software systems can be programmed to take digital images of the media plates at 

operator-defined times and intervals. Digital images of the colony growth on the agar plate are 

taken and stored within the system. When technologists begin work on a culture, they call up 

images of a culture on a computer screen at a workbench and analyze the plates for growth/no 

growth from the screen. The digital technology will allow technologists to observe the plates 

under different lighting conditions and magnify the colonies on the plate for better resolution 

during pathogen work-up. The optics of digital cameras allow better analysis of multiple 

morphotypes of bacteria that might be present in a specific sample The optics in digital 

cameras can observe colony growth on an agar plate that is invisible to the human eye. The Wasp 

system, for example, has a camera that is capable of imaging a colony at 15 megapixels with a 

depth of 1 cm. For white colonies on a dark background, the limit of visualization is   
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approximately 0.1 mm. Earlier recognition of growth could reduce turnaround time. According 

to BD, the European laboratories with Kiestra automation have adjusted their workflows based 

on the generation of results by digital images. Laboratories have moved to working up the 

specimens when the cultures are available for workup and scheduling technologists accordingly. 

As with any new technology, there will be a period of training and a learning curve that 

technologists go through. Productivity will increase gradually over time and as technologists 

become more comfortable with reading cultures digitally. 

Digital microbiology brings clinical laboratories into the twenty-first century. Many institutions 

are already practicing and reaping the benefits of telemedicine. Laboratories that are in offsite 

locations with less-experienced technologists could receive assistance from more-experienced 

technologists when working up cultures. Another future application is that software could be 

programmed to read and discard negative cultures and transfer the results to an LIS for reporting 

without the need for a technologist to observe the plate. If chromogenic agar is used to work up 

specimens in a more timely fashion (where certain organisms turn a specific color on the 

medium), perhaps in the future software could be programmed to read the color of a colony and 

report a positive or negative result on that plate without technologist intervention. 

Other benefits to digital microbiology are quality assurance and the ability to use stored images 

and cases for training purposes. When quality-related issues arise in a laboratory regarding 

cultures, frequently the plates are already discarded. As a result, little can be done to answer 

questions that might have been raised. With digital image collection, laboratory staff has the 

ability to review cultures for quality-assurance purposes that were worked up historically. 

Another advantage of being able to store images is for laboratories to develop a repository of 

unique isolates or challenging cultures for teaching and training purposes. BioMerieux is 

currently working with a laboratory in Berlin, Germany, to determine exactly what set of images 

is most useful to medical technologists. Studies of vary lighting conditions and backgrounds are 

under way so it can be determined which set of images is most useful to technologists on the 

bench. Software developed to supplement digital microbiology will have functionality so 

that multiple cultures on the same patient can be viewed on 1 computer screen. 

This allows a broader-based assessment of all the cultures that are in a laboratory for a 

particular patient. For example, if both urine and blood cultures are growing a Gram negative 

rod, a technologist will be able to look at both cultures at the same time using the software and 

digital technology. This technology will allow a more integrated assessment of the culture work-

up and allow for a more patient-centric process in the microbiology laboratory that is typically 

removed from the bedside. Work-up of microbiological cultures will never be the same. 

 

Total Laboratory Automation (TLA): 

With health care reform comes the increased demand for not only high quality but cost effective 

laboratory services. Automation can result in efficiency and personnel cost savings, can reduce 

repetitive motion injuries, and perhaps can save organizations money in the area of workplace 

safety. TLA occurs when several automation systems for microbiology come together. TLA 

consists of several instrument components:  
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(1) Pre-analytical plating instrumentation                                                                                                                            

(2) Smart incubators containing digital cameras to incubate and photograph growth for analysis.                                                                                                                                                                        

(3) Track or conveyor systems to move plates to and from the plating instruments, incubators, 

and benches.                                                                                                                                                             

(4) Other ancillary equipment for sample work-up. Several schematics of the TLA systems 

manufactured by various vendors. With track systems loading the plates from the automated 

specimen processors, time savings will be realized in that laboratory personnel no longer will 

have to batch the plates in racks and manually place them in an incubator. Additionally, medical 

technologists will be working up cultures from a computer screen, eliminating the need to 

retrieve plates from incubators and manually screen them. Each system will have a unique 

software package that not only allows for digital culture work-up but also connects the various 

automation components that comprise a TLA solution for each vendor.  

Mean time to failure data for track systems and digital incubators are not readily available 

because the instruments will be new to the market. The Kiestra system tracks key performance 

indicators for their instruments, such as system availability, mean time between errors, and 

average time to repair. It is important with this instrumentation to ascertain reliability and mean 

time to failure before deployment in a laboratory setting for routine patient care. Poor reliability 

not only affects productivity in the workplace but also could have a significant negative impact 

on an operation that perhaps reduces personnel secondary to deployment of laboratory 

automation. Patient care could be affected if processing and reading of cultures are delayed 

significantly. Instrument down time can also negatively affect the morale of laboratory 

personnel, which can result in mistrust of the automation in general and toward administration. 

Bactec:                                                                                                                                                                                 
It is a radiometric device, using radioactive carbon source. Applied in culture of blood, T.B, and 

CSF. Detection of bacteria within one hour         

New Bactec:                                                                                                                                                                              

In case ZN smear is positive, mycobacterial growth is observed within a week. Growth of 

mycobacteria other than tuberculosis takes an additional 3 days. Susceptibility testing of 

mycobacteria requires 5-10 days. The system avoids Bactec problems of radiation and false 

positive results.                                                                                                                                                        

Autobac I:                                                                                                                                                                           

It is used for semi quantitative MIC susceptibility testing, giving results within 4-6 hours. Also 

used for identification of gram negative bacilli and screening urine samples for presence  of 

bacteria within 3 hours. Hence urine samples are cultured only  in presence  of bacteria.                                                                                                                                                                             

Microbiology System-2 (MS-2):                                                                                                                 

Quantitative MIC testing within 3-6 hours. Identification of enterobacteria within 5-6 hours.                                                                                                                                    

Auto Microbiology System (AMS):                                                                                                                       

Rapid quantitative MIC susceptibility testing. Identification of enterobacteria. Identification of 

medical fungi Bacterial counts of urine samples.  

BacT/AlerT 3D Culture System:                                                                                                                                   

It is an nonradiometric and safe culture system for culture of aerobic and anaerobic bacteria, 

fungi, mycobacteria. It works by colorimetric detection of CO2 produced by the organisms. The 

results are read at 10-minute intervals from a computer monitor.  
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ELISA (Enzyme–Linked Immunosorbent Assay):                                                                                    

Detection of antibodies and antigens. Diagnosis of viral, bacterial, parasitic, and fungal diseases. 

Easy to operate. Gives rapid, specific    and reliable results.                                                                                                                                                   

Automated electrophoresis system:                                                                                                                         

It is a counterimmunoelectrophoresis. Detection of viral or bacterial antigens and antibodies. 

Specimens examined: CSF, sputum, and serum.                                                

Automatic dispenser:                                                                                                                                                         

To distribute fluids, broth media, reagents & sera into different tubes, plates, and bottles.                                                                                                                                                        

Media Preparation Station:                                                                                                                                

Preparation of media and distribution into plates, tubes or bottles. 

Automatic slide stainer:                                                                                                                                                   

To stain slides and smears for microscopy,  e.g: Gram stain, ZN stain             

Automated colony counter:                                                                                                                                                 

To count bacteria in urine, water, milk, etc. 
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