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The objective was to evaluate the ability of the Test-mate ChE
to determine acetylcholinesterase (AChE) activity under field
conditions. To mimic nerve agent exposure, the U.S. Army
Medical Research Institute of Chemical Defense spiked blood
samples with variable amounts of soman. Blinded to the iden­
tity of the samples, the 520th Theater Army Medical Labora­
tory tested the samples during a field training exercise inside
their environmentally controlled mobile facility. The techni­
cians repeated measurements for 6 consecutive days, and on 1
of the days repeated the measurements six times. The techni­
cians accurately identified all of the samples and quantified
the AChEactivity. The major trend was that the Test-mate ChE
is more precise and reproducible for smaller doses of soman.
The results were reliable over all temperatures during the field
exercise. In conclusion, the Test-mate ChE is a reliable field
instrument to determine blood AChE activity.

Introduction

O rganophosphate (OP) chemical warfare agents remain a
threat to the U.S. warflghter.' These toxic compounds

cause symptomsrangingfromheadaches and light-headedness
to comaand death and affectnot onlythe individual warflghter's
health, but also the operation tempo ofthe unit. Consequently,
commandersmust determinequickly whether their warfighters
have been exposed for both timely medical treatment of the
affected and risk management for future operations. Exposure
can be determined by measuring acetylcholinesterase (AChE)
activity. BecauseOPagents such as sarin or soman (GD) inhibit
AChE, exposed personnel will show decreased AChE activity.
One way ofmeasuring AChE activity is by using the Test-mate
ChE kit.

The Test-mate ChE kit is a portable and easy-to-use medical
device that measures blood enzyme erythrocyte cholinesterase
and plasma cholinesterase.All supplies and equipmentforper­
forming 96 tests fit in a rugged, waterproofcase with dimen­
sions of 11 X 7 X 10 inches and weighs 10 lbs. Aphotographof
the device and supplies needed for96 tests are shownin Figure
1.The system requires only 10 f..tL ofblood, whichmay easilybe
obtained froma finger prick.The entire assay can be completed
in less than 4 minutes. It is thereforea promisingdevice to use
in the field for detectingexposure to OPnerve agents.

EQM ResearchInc. (Cincinnati, OH), the manufacturer ofthe
Test-mate ChE, conducted studies that verified their devices
were effective for determining pesticide exposure." However, a
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recent study by Wilson et al. (G.H.Oliveira, J.D. Henderson,
B.W. Wilson. Cholinesterase Measurementswith an Automated
Kit, submitted forpublication) determinedthat different models
ofthe Test-mateChEdidnot producereliable results at different
temperatures. The Wilson study also found that the different
models of the Test-mate ChE were unreliable at lowtempera­
tures (less than 15°C). Both of these studies werenot designed
to evaluate this kit for our intended military use. First, the
manufacturer used a pesticideas their OPcompound, whereas
the U.S. Army is interested in chemicalwarfareagents (Le., GD).
Second, the Wilson study comparedthe results ofdifferent mod­
els. Some models were older and did not use the same algo­
rithms that the newermodelsuse. However, the 520th Theater
Army Medical Laboratory (TAML) procured only the newer
model. In addition,the Wilson study used the instrument under
a variety of temperatures and found that the instrument was
unreliable at lower temperatures. The TAML performs all mea­
surements in a portable laboratory that has an environmental
control unit. Third, the Wilson study used fetal bovine serum
instead of human blood. Nevertheless, the Wilson study high­
lightedpotential concerns such that we determinedthe need to
test the instrument under the likely field conditions that our
units would use. Therefore, we evaluated the Test-mate ChE
withhuman bloodspikedwithan OPnerveagent and measured
AChE activity under monitored real field conditions during a
normal 520th TAML operationalexercise.

Methods

Principal of the Method
The Test-mate ChE is based on the Ellman method." Briefly,

AChE hydrolyzes acetylthiocholine, producinga carboxylic acid
and thiocholine, which reacts with the Ellman reagent (dithio­
nitrobenzoic acid) to form a yellow color, which is measured
spectrophotometrically at 450 nm. The rate ofcolorformation is
proportional to the amount of AChE present. AChE activity is
measured with the addition of a specific inhibitor for plasma
cholinesterase, 10-(a-diethylaminopropionyl)-phenothiazine.4 A
phosphate buffer system maintains a constant pH throughout
the reaction. The device also measures the concentration of
hemoglobin in the sampleand automaticallycalculatesthe quo­
tient (Q) value,whichis a measurement ofthe AChE adjusted by
an internal reagent blank, normalized to 25°C and to the hemo­
globin (Hgb) concentration. Therefore, it is a measure of the
AChE activity per unit ofHgb. Byassuming the average person
has 4.71 UAChE/mLand 15.0gHgb/dL, the Qvalueforagiven
person can also be roughly comparedwith a theoretical popu­
lation mean value of31.4 U/ g and is expressed as Q%.

Samples
The U.S. Army Medical Research Institute of Chemical De­

fense (USAMRICD) provided eight samples of human blood.
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Fig. 1. The Test-mate ChE and supplies needed for 96 tests.

Blood from an informed and consenting volunteer in 1.5-mL
aliquots were placed into eight separate 2.0-mL tubes. These
tubes were labeled 1 through 8 and systematically assigned
levels ofGO. Sixofthe tubeswere spiked withGO and two tubes
were spiked with normal saline. All tubes received 62.0-J.LL ali­
quots and were gently mixed for 6 hours. The tube number,
concentration ofGO in the aliquot, and the fmal concentration
of GO in the blood tube are in Table I and referred to as H for
high(120 nM ofGO). Mfor medium (53 nM ofGO). Lfor low (24
nM ofGO). and C for control (0.0 nM of GO). The 520th TAML
technicians were blindto the level ofagent in the samples. The
samples were storedin a refrigerator at a temperature between
1°C and 5°C for a total timeofapproximately 2 weeks. During
transportation, the samples were stored in a cooler with cold
packs for a total timeofapproximately 30 hours.

Equipment
Three different Test-mate ChE kits were used in the study.

Two of the kits (kits 1 and 2) were used in the field inside the
520th TAML's mobile facility. The third Test-mate ChE (kit 3)
wasused at the USAMRICO to measuretheAChE activity under
laboratory-controlled conditions. The 520th TAML's laboratory
is a collapsible building that canbedeployed viaaircraftorship.
The facility was equipped with an environmental control unit.
Temperature inside the facility was adjusted for the comfort of
personnel. No special effort was made to keepthe temperature
inside the laboratory within a preset range, and all measure­
ments were made under real field conditions within normal
operations ofthe 520thTAML. Temperature and humidity were

TABLEI

CONCENTRATIONS OF GO INALIQUOTS ANO BWOO SAMPLES

Tube

1
2
3
4
5
6
7
8

Concentration of GO
of 62.0-jlL Aliquot in
Normal Saline (jlM)

0.62
1.39
3.12
0.0
0.62
1.39
3.12
0.0

Final Concentration of
GO In Blood Sample

(nM)

24
53

120
0.0

24
53

120
0.0

measured using a Fisher brand Thermo-Humidity meter. All
tests were conducted using the company's lyophilized prepared
mixtures.

Experimental Design
Each vial of blood was gently rotated for several seconds

before each measurement. Each measurement was done ac­
cording to the manufacturer's instructions. In brief, vials ob­
tained from the manufacturer were blanked in the device. A
1O-J.LL portion of blood was added to the manufacturer's vial.
vigorously shaken for 15seconds, and then placed back in the
device. Three drops ofwaterwere added to the reagent to pre­
pare the reagent solution, which was added to the vial and
gently shaken for 5 seconds.Thevial was then placed back into
the device. After the device had incubated and read the sample.
the results were recorded.

The temperature and humidity were monitored inside and
outside the facility and were recorded before eachrun.Although
it mightbeassumedthat humidity will notchange the measure­
ments of the Test-mate ChE kit. this measurement allowed
conclusions to be drawn about the effectiveness ofthe environ­
mentalcontrol unit. Eachrun consisted ofmeasuring the blood
AChE activity for eachofthe eightsamples withbothTest-mate
ChE kits 1 and 2. During the field exercise, kits 1 and 2 were
used for runs on six consecutive days (days 1-6). On day 2, a
total ofsix runs were done on the eightsamples. All measure­
ments in the field were taken duringan actual exercise. Other
activities of520thTAML were notcurtailed. and operators in the
field participated in the other exercise activities. At the end
of the field exercise the blood samples were returned to the
USAMRICO in a coolerwithcold packsand refrigerated at 1°C to
5°C until analysis. The blood AChE activity was measured for
eachsample usingkit3.AtotalofsixAChE measurements were
done for each sample with kit 3. and all measurements were
performed on the same day.

Operators
Three operators performed the measurements. Thesameop­

erator performed all measurements with the same kit. The op­
eratorsin the field were personnel eitherassigned orattachedto
the 520th TAML and would have been the actual personnel
deploying if the measurements had been part of a real-world
deployment. The operator who used kit 2 (02) had the least
experience. Although inexperienced in usingtheTest-mate ChE
kit, operator 1 (01) had over 10more years oflaboratory expe­
rience than the operator of kit 2. The operator who used kit 3
(03) at the USAMRICO was one of the most experienced. has
had years of experience using various methods to measure
AChE activity. and is recognized as an expert in this field.

DataAnalysis
As with any analytical instrument. we are concerned about

the precision and accuracy of the Test-mate ChE. However,
withouta standard measured amount in the blood, it is difficult
to determine accuracy. Therefore, only precision wasevaluated.
Precision takes on two forms. namely repeatability and repro­
ducibility. Repeatability is the precision of the measurements
within a single run orday. Reproducibility is the precision ofthe
measurements across runs or days.
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Fig. 2. Temperature and humidity vs. time.
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Discussion

BecauseWilson et ale (G.H. Oliveira, J.D. Henderson, B.W.
Wilson. Cholinesterase Measurements with an Automated Kit,
submitted for publication) found that different Test-mate ChE
models werenot reliable at 15°C, it is important to stay above
this temperature. The temperature inside the facility was con­
sistentlymaintainedwell above 15°C. Even when the tempera­
ture outside was 13.4°C, the temperature inside was 24.8°C.
Because this study included one run taken at 20.3°C, a good
lower limit for the temperature inside the facility is 20°C. This
should be a lower limit temperature that can be easilymain­
tained and will also allow reliable measurementswith the Test­
mate ChE kit. The difference between the inside and outside
humidityis also a good indication that the environmental con­
trol ofthe facility is adequate.

The first trend that the Test-mate ChE is more precise for
lower dosesofOPwas expected. Forany device that approaches
its limit of sensitivity, the relative variability increases as the
valuesbecome smaller. Sincethe instrument measures the ac-

Q and Q%
Themean,SD, and CV ofmeasurementstaken allin the same

day forall three kits are reportedin Table N. Significant differ­
ences in mean Q and QO;O wereobserved between the three kits
(p < 0.01). In addition, no significant differences between repli­
cates in meanQand Q% wereobserved, and comparison ofeach
kit's CV by dose resulted in no significant differences between
kits.

Themean, SD, and CV formeasurements taken on consecu­
tive days for kits 1 and 2 are reported in Table V. Borderline
significant differences in mean Q and Q% were observed be­
tweenkits 1 and kit 2 (p = 0.06 and p = 0.05, respectively). In
addition, no significant day differences in mean Qand Q% were
observed, implying that the kits had reproducible results. The
AChEO/o vs. dose for all measurements for all three kits are
presented as box-and-whisker-plot format in Figure 3 and the
Q% vs. doseforallmeasurementsforall threekits are presented
in the same formatin Figure 4.

There are three trends in the measurements. TheTest-mate
ChEis moreprecisefor smallerdoses ofOP and the Q and Q%
are more precise than the AChE and AChE%. Both of these
trends are consistentforallthreekits.Thethird trend is that the
more experienced operator tended to have the most precise
results. The most experienced operator, 03, took a total of 48
measurements and did not have a single measurement of
AChE% or QO;O that was outsidethe 5th to 95th percentiles. The
secondmost experienced operator, 01, took a total of88 mea­
surements ofAChE°;b and had onlytwo measurementsoutside
the 5th to 95th percentiles (Fig. 3). 01 did not have a single
measurementofQ0;b outsidethe 5th to 95th percentiles (Fig. 4).
The least experienced operator, 02, took 88 measurements of
AChE% and had three measurements outside the 5th to 95th
percentiles (Fig. 3). Of the 88 measurements of Q%, 02 had
threemeasurementsoutsidethe 5th to 95th percentiles and one
measurementthat wasmorethan 3 timesthe lengthofthe 25th
to 75th percentiles boxaway from the mean (Fig. 4). This trend
can alsobe seen in the SDand CV (Tables II-V).03 had the best
SDand CV valuesforevery doseand 01 generally had better SD
and CV values than 02.
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Results

AChE and AChE%
Themean, SD, and CV ofmeasurementstaken allin the same

day for all three kits are reported in TableII. Significant differ­
ences in mean AChE and AChE% were observed among the
three kits (p< 0.01). In addition, significant differences between
replicates in mean AChE and AChEO/o wereobserved (p < 0.01).
However, comparison of each kit's CV by dose resulted in no
significant differences between kits.

The mean, SD, and CV formeasurements taken on consecu­
tive days for kits 1 and 2 are reported in Table III. Significant
differences in mean AChE and AChEO/o were observed between
kits 1 and kit 2 (p < 0.01). However, no significant day differ­
ences in mean AChE and AChE% wereobserved, implying that
the kits had reproducible results. The major trend in the mea­
surements is that the Test-mateChEis morepreciseand repro­
ducible for smaller doses of OPe This trend is consistent for all
three kits.

Means, SD, and coefficients ofvariation (CV) werecalculated
for all parameters measured.AChE and Q parameters are pre­
sented here. Precision was measured by CV (CV = 100 X SDj
mean) and was compared usinga z test.5 In addition, a repeated
measuresanalysisofvariancewasused to compare AChE and Q
between the kits forboth repeatability and reproducibility. Sta­
tistically significant differences in replicates within a day or
across days wereconsidered a test ofprecision. The analysisof
variancealso compared the kits to determine whether they pro­
duced the same value for each parameter. Statistical signifi­
cancewas defined as p < 0.05.

Temperature and Humidity
The temperature inside the facility during the exercise varied

from a low of 19.8°C to a highof26.8°C. Theactual temperature
extremes during measurements of AChE using the Test-mate
ChEwere21.3°C and 26.8°C. The humidityinside the building
variedfrom a low of31%to a highof58% relative humidity. The
outside temperature during the exercise varied from a low of
10.5°C to a highof23.3°C, and the outsidehumidityvariedfrom
a lowof38% relative humidityto a highof98% relative humidity
(Fig. 2).
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TABLEIT

ACHE AND ACHEO/o REPEATABILI1Y: MULTIPLE RUNSWITHIN DAY (N = 12)

317

Dose

AChE
C
L
M
H

AChE %

C
L
M
H

Kit 1
(Mean ± SD, CV)

3.09 ± 0.08, 2.70/0
1.85 ± 0.13, 7.10/0
0.48 ± 0.05, 9.9%
0.00 ± 0.00, -

65.67 ± 1.87, 2.8%
39.25 ± 2.80, 7.1%
10.17 ± 1.19, 11.70/0
0.00 ± 0.00, -

Kit 2
(Mean ± SD, CV)

2.62 ± 0.08,3.00/0
1.53 ± 0.13, 8.8%
0.31 ± 0.03, 11.2°;6
0.00 ± 0.00, -

55.83 ± 1.64,2.90/0
32.25 ± 2.93, 9.1%

6.42 ± 0.67, 10.4%
0.00 ± 0.00, -

Kit 3
(Mean ± SD, CV)

2.94 ± 0.06, 2.1%

1.77 ± 0.11, 6.1%
0.46 ± 0.04, 7.6%
0.00 ± 0.00, -

62.33 ± 1.30, 2.10/0
37.67 ± 2.42, 6.40/0

9.58 ± 0.79, 8.2%
0.00 ± 0.00, -

TABLEm

ACHE AND ACHEO/o REPRODUCIBILI1Y: MULTIPLE RUNSACROSS
DAYS (N= 5)

Kit 1 Kit 2
Dose (Mean ± SD, CV) (Mean ± SD, CV)

AChE
C 3.07 ± 0.07,2.2% 2.59 ± 0.07, 2.80/0
L 1.83 ± 0.11, 6.2°;6 1.54 ± 0.18, 11.5°;6
M 0.47 ± 0.04,8.3°;6 0.30 ± 0.05, 16.6%
H 0.00 ± 0.00, - 0.00 ± 0.00, -

AChE %
C 65.08 ± 1.56, 2.40/0 55.00 ± 1.54,2.8%

L 38.92 ± 2.27, 5.8% 32.25 ± 2.93, 9.1%

M 10.17 ± 0.94, 9.2% 6.42 ± 0.67, 10.40/0
H 0.00 ± 0.00, - 0.00 ± 0.00, -

tivity of the AChE, the control doses yield the most precise
resultsbecausetheyhad moreAChE that wasnot inhibited. The
low doses should yield more precise results than the medium
doses. Nevertheless, the absolutevaluesat the mediumGD dose
are stillfairly close to eachother, indicating good reproducibility
in this relatively low AChE activity range. The high GD dose
samples showed noAChE activity, and no statistics were deter­
mined. However, every operatorproperly identified all the high
GD samplesas the highest inhibition levels with no activity.

Itwasalsoexpected that the Qand Q% valuesshouldbe more
precise than theAChE and AChE%. Qvaluesare less influenced
by errors. Fora given patient, a deviation in the desiredsample

volume (10 ILL ofblood) would be corrected by the same devia­
tion in Hgb added to the vial. Also, assuming the operator is
fairly efficient in obtaining repeatable samplevolumes, patients
whohaveerythrocyte levels lowered byfluid replacement would
have their erythrocyte AChE levels correctly adjusted by Hgb,

This study reveals the case in point with the normal control
AChEO/o valuebeingapproximately 550/0 to 650/0 withnochemical
warfare agent added as compared with the expected value of
100%. We believe this single blood donor was extraordinarily
low in AChE levels and most likely an outlier in the normal
population. The Q% was a better indicator of inhibition than
AChE%.

It is unclear what causes the third trend. It couldbe argued
that the most experienced operator would produce the most
precise results, but that operator also performed all measure­
ments in the controlled laboratory facilities of the USAMRICD.
Also, the two operators in the field, 01 and 02, had ancillary
duties and worked shifts that were longer than 12 hours. Fa­
tigue couldeasily explain highervariability in their results.

The precision required for an acceptable analytical method
depends upon the criteria necessary to make an appropriate
clinical decision. Generally a CV of 100/0 or less is desiredforan
analytical methodin the rangeofinterest.SincetreatmentofOP
poisoning is based on symptoms and not level ofinhibition, the
Test-mate ChE is only needed to confirm exposure, and the
range of interest is onlythe control samples. The control sam­
ples were distinguished from all other doses. Even though the
Test-mate ChEis not needed to distinguishlow dose from me-

TABLEIV

g AND g% REPEATABILI1Y: MULTIPLE RUNSWITHIN DAY (N = 12)

Kit 1 Kit 2
Dose (Mean ± SD, CV) (Mean ± SD, CV)

g
C 30.07 ± 0.64, 2.1% 29.07 ± 0.60, 2.1%

L 17.83 ± 1.38, 7.7% 16.93 ± 1.47,8.7%

M 4.62 ± 0.44, 9.60/0 3.40 ± 0.38, 11.1°;6
H 0.00 ± 0.00, - 0.00 ± 0.00, -

g0;6

C 95.75 ± 2.09, 2.20/0 92.50 ± 2.02, 2.90/0
L 56.92 ± 4.25, 7.50/0 53.92 ± 4.64, 8.60/0
M 14.83 ± 1.34, 9.00/0 10.83 ± 1.27, 11.7%
H 0.00 ± 0.00, - 0.00 ± 0.00, -

Kit 3
(Mean ± SD, CV)

28.85 ± 0.39, 1.4%
17.46 ± 1.02, 5.90/0
4.37 ± 0.29, 6.7%
0.00 ± 0.00, -

91.83 ± 1.34, 1.40/0
55.58 ± 3.15, 5.7%

13.83 ± 1.03,7.4%

0.00 ± 0.00, -
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Fig. 3. AChe%. The interquartile range (25th-75th percentiles) is represented by
boxes. Whiskers represent the 5th to 95th percentiles. Circles denote values out­
side of the 5th to 95th percentiles and these outliers were also more than 1.5 times
the interquartile range away from the mean. 01 had a total of 2 outliers of 88
measurements. 02 had a total of 3 outliers of 88 measurements. 03 had no outliers
of 48 measurements.

dium doses of OP poisoning, the results for these doses were
distinguished, and the performance was acceptable. Because
the CVs ofall control sampleswere 3% or less, the precision of
the Test-mate ChE is excellent, and the performance of the
instrument is acceptable.

A plausible scenario for Q measurementwould be a soldier
who appears to be confused and disoriented. This warfighter
mightbe a nerveagentcasualtywhohas not developed allofthe
nerve agent poisoning symptoms, or the warfighter might be
suffering from a heat injuryor someother etiology. TheQ mea­
surement is needed to quickly distinguishthe OP casualtyfrom
a heat injury or injury with similar symptoms with a different
etiology. For pesticides, possible exposure is indicated if the
AChE activity is depressed more than 50% •6 If a baseline is
available, possible exposure to pesticides is indicated if the
AChE activity is depressed morethan 700/0 of the baseline.7

Ifa commander suspects that a selected groupofpersonnel,
such as a chemical/biological reconteam,will likely be exposed

TABLEV

Q AND Q% REPRODUCIBILI1Y: MULTIPLE RUNS ACROSS DAYS
(N= 5)

Field Verification ofTest-Mate ChE
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Fig. 4. Q%. The interquartile range (25th-75th percentiles) is represented by
boxes. Whiskers represent the 5th to 95th percentiles. Circles denote values out­
side of the 5th to 95th percentiles and these outliers were also more than 1.5 times
the interquartile range away from the mean. 01 had no outliers of 88 measure­
ments. 02 had a total of 3 outliers of 88 measurements. 03 had no outliers of 48
measurements. Asterisk denotes extremes with a value more than 3 times the
length of the 25th to 75th percentiles box awayfrom the mean. 02 had one extreme.
Oland 3 had no extremes.

Conclusions

The Test-mate ChE is a reliable and useful device for the
measurementofAChE activity in the field environment. The Q
valuewasfound tobe the mostusefulindicator ofAChE activity.
If the temperature inside the laboratory is less than 20°C, the
environmental control unit should be adjusted to bring the
laboratory above 20°C. With this incorporated into the 520th
TAML's standing operating procedure, the Test-mate ChE will
provide the laboratory witha rapid and reliable method to help
identify OP poisoning from nerve agents. If current research
successfully determines the threshold dose of OP nerve agent
poisoning that doesnot produce any signs or symptoms, these

to a nerve agent, the best practice would be to obtain a pre­
exposure baselineQforthosepersonnel. Inthis case,a decrease
in the Q of 700/0 of any individual from their baseline Q would
suggestexposure to OP. Formostwarfighters, a baselineQwill
not be available, and a QO/o valueof 500/0 or less would indicate

2 exposure. It is possible that a warfighter couldbe exposed to OP
3 with Q% value over 50%. Warfighters exhibiting symptoms of

mild OP poisoning with Q% greater than 50% should still be
monitored closely, and medical personnel shouldhaveantidotes
available in case the casualtydevelops moreserioussymptoms.
A complete history of this patient should also be obtained to
determine possible sourcesofOP exposure. Appropriate decon­
tamination actionsshouldbe conducted forthis patient and for
personnel who havecome into contactwith the casualty.

Although this study has shown the Test-mate ChE to be
successful with these doses, future studies should use smaller
dosesofnerve agent. Currently, it is not clearwhatis considered
a low dose. Ongoing research is attempting to determine what
constitutes a low dose of nerve agent as defined as the lowest
dose that doesnot produce any outward sign or symptom.8
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concentrations should be used in future field measurements of
AChE activitywith the Test-mate ChE.
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