
Ergonomic Workflow Analysis of the APTIMA COMBO 2® Assays for Chlamydia trachomatis and  
Neisseria gonorrhoeae on the TIGRIS® DTS™ System Compared to Four Semi-Automated Assay Systems. 

R.O. Andres1, A. Vannier2, and Susan Novak2.  Ergonomic Engineering, Pelham, MA1, Kaiser Laboratories, North Hollywood, CA2. 

ABSTRACT

Background: This study is a continuation of ergonomic 
evaluations of nucleic acid amplification tests (NAATs) for 
the detection of Chlamydia trachomatis (CT) and Neisseria 
gonorrhoeae (GC). We report here a pilot study of upper 
limb ergonomic exposures in lab technicians performing 
NAATs for CT and GC comparing the fully automated 
TIGRIS DTS system with four currently available semi-
automated systems. Methods: The APTIMA Combo 2 
assay (Gen-Probe Incorporated) in the semi-automated 
DTS 400 and DTS 1600 systems was compared with 
the same assay on the fully automated TIGRIS DTS 
instrument. These assays were also compared with the 
semi-automated BD ProbeTec instrument (Becton-
Dickinson Company), and the COBAS Amplicor 
instrument (Roche Diagnostics). Video data were collected 
to document assay procedures and to allow assessment 
of body postures during task performance. Results: 
Upper extremity ergonomic exposures using the TIGRIS 
instrument result primarily from setting up for a batch 
run and from cleaning up after the run. In contrast, the 
specimen preparation of the semi-automated assays was 
the most hand-intensive work for the lab technicians. 
The systems were compared by using normalized 
technical actions per specimen processed for the specimen 
preparation steps of the semi-automated assays and 
the initial set-up activities for the TIGRIS DTS. The 
number of technical actions for the upper extremities of 
the lab technician was dramatically decreased using the 
TIGRIS assay by one order of magnitude compared to the 
DTS 1600 system and at least two orders of magnitude 
compared to the other three systems. However, lifting 
of the bulk fluid containers from the lower bay of the 
TIGRIS can expose the lower back of lab technicians to 
biomechanical stresses. Conclusions: The TIGRIS DTS 
instrument decreases the number of upper extremity 
technical actions compared to the semi-automated 
instrument systems by one to two orders of magnitude 
for large batch runs of 1000 specimens. Use of the 
fully automated TIGRIS DTS system represents major 
ergonomic progress for the upper extremities compared to 
currently available CT and GC NAATs.

INTRODUCTION
A sequence of studies investigating the ergonomic issues 
faced by lab technicians performing NAATs using various 
technologies at different laboratories has been undertaken; 
this paper presents results of the investigations completed 
to date. The ergonomic exposures of semi-automated and 
fully automated assays were evaluated to determine if the 
automation offered an additional benefit of decreased 
ergonomic stresses for the lab technician performing 
the assay. As often happens, automation alleviated some 
ergonomic exposures while creating some new exposures.

METHODS

Assays studied:
Semi-automated assays performed by five different lab technicians:

• DTS400=APTIMA COMBO 2 assay on the DTS 400 instrument system  
(Gen-Probe Incorporated)

• DTS1600=APTIMA COMBO 2 assay on the DTS 1600- more automated than DT 
400 (Gen-Probe Incorporated)

• PT=ProbeTec (Becton Dickinson Inc.) 

• CA=COBAS Amplicor (Roche Diagnostic Systems, Inc.)

• TIGRIS= TIGRIS DTS (Gen-Probe Incorporated) 

Video data were collected to document assay procedures and to allow assessment of body 
postures during task performance. Each assay was broken into separate operations (tasks) 
that were further decomposed into sub-tasks (activities). A technical action was defined 
as an action involving upper limb activity, not necessarily corresponding to an individual 
joint motion, but rather to a set of motions involving one or more body segments, to enable 
the operation to be completed. The number of technical actions required for each sub-task 
was determined, and technical actions that involved force exertion or non-neutral upper 
extremity postures were targeted for further analysis.

Ergonomic analysis techniques: 
• OCRA (Occupational Repetitive Action), (Colombini, 1998; Occhipinti, 1998)

• RULA (Rapid Upper Limb Assessment) (McAtamney and Corlett, 1993). 

While a full OCRA Index analysis was not performed, technical actions were tabulated to 
describe upper limb involvement in the respective assays.

The most stressful components of each assay were further studied using RULA. The 
magnitude of posture, muscle use, or force scores indicated what aspects of postures were 
most likely to cause problems. 

RESULTS
The assays were sub-divided into the following procedural blocks: specimen preparation, 
use of the assay instrument to perform the assay, and clean up. Specimen preparation was 
the most time-consuming and exacting component of the procedures. Clean up varied 
depending on the facility, the workspace layout, and individual technician preferences.  
The use of the assay instruments to perform the assay was the least hand-intensive aspect  
of each assay.

Technical actions were documented for each procedural block. Note that each limb was 
assessed separately; technicians were all right hand dominant. A left-handed technician 
would show a different use pattern. 

Technical actions and their distribution amongst tasks were tabulated for the 120 samples 
directly observed with the TIGRIS automated system. The set-up observed was for a 
1000 sample run. Specific tasks (removal of processed racks from the sample carousel 
and replacement with unprocessed racks, and clean-up of the used racks) were repeated 
at intervals throughout the assay process as the TIGRIS instrument completed processing 
samples. The sample carousel only held 180 samples (9 racks of 20 samples each) at one 
time, but the processed trays were cycled out for cleaning and replaced with more samples 
for processing without stopping the run. Figure 1 depicts the observed (set-up) or predicted 
(running samples, clean up) number of technical actions for the respective procedural blocks 
for a run of 1000 specimens.

Figure 1 – Total technical actions predicted for a TIGRIS run of 1000 samples.

Technical actions during specimen preparation were normalized for the number 
of specimens being tested. This figure was derived by dividing the raw number of 
technical actions during specimen preparation by the number of specimens being 
processed. The resulting normalized data (Table 1) were biased by the number of fixed 
technical actions that were part of the specimen preparation process but did not vary 
with the number of specimens (i.e. preparation of controls and reagents to be used 
with all specimens). 

Table 1 – Technical actions for the respective manual assays, a semi-automated assay 
(DTS 1600), and for the automated TIGRIS assay, normalized by the number of 
specimens processed. Results are presented with the left hand on the left, right hand 
on the right (L/ R).

Assay
Specimen  

Preparation or 
Set-Up

Number of  
Specimens

Normalized 
Technical  

Actions

PT 131 / 415 2 65.5 / 207.5

DTS 400 322 / 573 10 32.2 / 57.3

CA 743 / 893 14 53.1 / 63.8

DTS 1600 254 / 1635 199 1.3 / 8.2

TIGRIS 300 / 560 1000 0.3 / 0.56

The fewer specimens processed, the greater the percentage of technical actions that 
were not specimen related, and hence the higher the number of technical actions 
per specimen. However, the decreasing average number of technical actions reflects 
the economies of scale expected when processing larger batches of specimens. 
Obviously, the right hand (dominant hand) was more active than the left hand 
for all assays. Clean up was similar for PT and DTS 400 assays, even though two 
different technicians were assessed in two different areas of the lab. Running the assay 
instrument and clean up were found to be the same for DTS 400 and DTS 1600. 
The actual control and loading of the assay instruments were not drastically different 
between the PT and the DTS 400 assays; the DTS 400 and DTS 1600 assays involved 
keyboard interaction with a PC that was not included in the assessment.
 

The PT assay involved more than minimal force during 
the removal and application of caps on the specimen 
tubes, and when tamping the fluid out of the specimen 
tubes. The DTS 400 assay involved more than minimal 
force when the foil caps on the specimens had to be 
pierced by the pipette tips, when the rubber docking 
collars were applied when reconstituting reagents, 
and when tightening and loosening the clamps on 
the support frame of the vortexing instrument. Both 
assays involved the usage of micropipettes, which 
required moderate to low levels of force except for 
the programmable pipette for the PT assay – which 
required force when the tips were applied and ejected. 
Force was also required to press the buttons on the 
micropipettes and on the manifold for the DTS 400 
and DTS 1600 assays. Finally, swishing swabs for the 
manual assays required some force.

Several tasks were evaluated with RULA (see  
Table 2). This analysis was completed specifically for 
the right arm only (the left would have to be done 
separately). The posture scores were based on the range 
of movement for each body part. From these posture 
scores an upper limb and a neck, trunk, legs combined 
score was taken from tables in the original manuscript 
(McAtamney and Corlett, 1993). Muscle use and force 
scores for the respective regions were next added to 
the posture regional scores to yield composite regional 
scores.  The Grand Score was derived from a matrix of 
composite regional scores. The higher the composite 
score or the Grand Score, the greater the concern for 
the ergonomic exposures.

The following tasks from the PT assay were evaluated 
with RULA: using the programmable pipette to fill 
wells, tamping fluid out of the tubes, and applying/
removing caps from specimen tubes in the tray. The 
DTS 400 assay tasks of piercing the specimen foil 
caps with the micropipette tips, drawing the top of 
the specimen off with the manifold, inserting the ten-
tip cassette into the magnetic target capture base, 
and using the Vortex device were also evaluated with 
RULA. Note that the piercing of caps was avoided with 
the DTS 1600 assay. Since the pipetting and reagent 
mixing were similar between the DTS 400 and the CA 
assays (i.e. there was no special programmable pipette 
as there was for the PT assay), only one task from the 
CA assay was evaluated with RULA: bar-coding and 
operating the control panel to identify samples during 
use of the assay instrument. The technician observed 
used her right hand for both. 

Table 2 - Composite regional scores for the upper limb (the sum of posture, muscle 
use, and force scores) and the grand score for several tasks. The higher the score, the 
greater the concern for the ergonomic exposures.

Assay Task Composite Score Grand Score

All but TIGRIS Swishing swabs 5 4

PT
Programmable

pipette 
5 4

PT Tamping fluid 7 6

PT Apply/remove caps 5 4

DTS 400 Piercing foil caps 5 4

DTS 400, DTS 1600
Draw up specimen 

with manifold
2 3

DTS 400, DTS 1600 Vortex tray 5 4

CA
Bar-coding, control 

panel
5 5

DTS 400, DTS 1600
Inserting ten-tip 
cassette into the 

magnetic base
7 6

TIGRIS
Loading/unloading 
samples in carousel

4 3

The Grand Scores should be used to prioritize tasks for further investigation or 
modifications. The design of the manifold (2-handed operation) for aspiration of 
materials (DTS 400, DTS 1600) made its use less stressful than the programmable 
pipette used for the PT assay. 

DISCUSSION
Certain aspects of specimen preparation were dictated by the assay requirements, 
whereas other aspects were determined by local laboratory protocols and equipment. 
An example of the latter would be the use of the vortexing instrument to agitate a tray 
of samples – other devices that agitate trays of samples may be available that do not 
require as much loosening and tightening of clamps to hold the tray in place. Likewise, 
the cleansing of equipment and surfaces with bleach, water, and then distilled water 
involved the upper limbs and made up a significant portion of the overall assay 
protocols. Some larger laboratories have lab assistants to perform the clean-up activities 
so that the technicians can focus on the assay procedures. 

The fully automated assay exposed the low back of 
lab technicians to biomechanical stresses. While 
only some lab technicians (i.e. the larger ones, 
anthropometrically) would be exposed to back 
compressive forces above the recommended design 
limit, even the small lab technician observed in this 
study mentioned the difficulty of the lifting tasks 
when servicing the lower bay areas. 

A comparison of the assay techniques provided an 
interesting case study of the effects of automation 
on ergonomic stresses for lab technicians running 
these assays. As the degree of semi-automation 
increased the number of upper extremity technical 
actions decreased by an order of magnitude (for a 
200 sample run). For larger laboratories where more 
than 200 samples have to be processed regularly, the 
fully automated instrument potentially decreased 
the number of technical actions by another order of 
magnitude over the semi-automated assays. Use of 
the fully automated TIGRIS DTS system represents 
major ergonomic progress for the upper extremities 
compared to currently available CT and GC 
NAATs.
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