Dat e: Decenber 20, 1994

From Director, Center for Biologics Evaluation and Research

Subj ect : Recomendations to Users of Medical Devices That Test for
I nfectious Disease Markers by Enzynme | munoassay (EIA) Test
Syst ens

To: Al Registered Blood Establishments

Thi s menorandum provi des reconmmendati ons to assist users of nedical devices
that test for infectious disease nmarkers by enzynme i mmunoassay (EIA) in
conmplying with the Food, Drug, and Cosnetic Act, the Public Health Service
Act, and all applicable regulations, including those found in 21 CFR Parts
200 and 600. Recommendati ons provi ded address the areas of test equipnent
docunentation, i.e., performance data, installation instructions, validation
procedures, calibration nmethodol ogy, verification and recalibration, precision
and accuracy determi nations, problem detection and correction,

troubl eshooti ng, and preventive naintenance

The attached recommendations are directed to all establishnments engaged in the
col l ection, processing, testing, storage, and distribution of blood and bl ood
products, specifically including blood banks, |aboratories engaged in bl ood
product related testing, plasmapheresis centers, and transfusion services.

The attachnments to this nenorandum provide bl ood establishnments with a brief
listing of necessary information to successfully operate the equi pnent
(Attachnent 1), typical problens they may encounter, and their possible
solutions (Attachment 11). The devel opnent of the reconmendati ons on
validation and the attachments into a checklist format adapted to your
establishnent's particul ar needs should assist you in applying the recently
i ssued Quality Assurance Cuidelines.

Thi s menorandum does not supersede any previous nmenoranda but should be used
in conjunction with the References/Resources listed to obtain the optinmm
benefit of the test system
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l. | nt roducti on

Wth the increased enphasis of blood centers and transfusion services on
preventing transfusion transnitted di seases, blood establishnments need
additional training, quality control, preventive naintenance checks, and

t roubl eshooti ng and problem solving skills to ensure successful operation of
enzyme i nmunoassay test systens.

Manuf acturers of the equi pnment di scussed in these reconmendati ons are required
to docunent specifications as well as installation, validation, calibration,
calibration verification, quality control and preventive nai ntenance
procedures as described in 21 CFR 809.10 (b)(6),(8)(v) and (vi), 21 CFR

820. 100 (a), and 21 CFR 820.152. Frequently, the equi pnent nmanufacturer's
Custoner Service Representative (CSR) or Technical Service Representative
(TSR) will provide much first-hand assistance. However, the bl ood
establ i shnent shoul d ensure that the above docunentation is provided in order
that it can conply with 21 CFR 211.68 and 21 CFR 606. 60

The amount of testing to be done and performance data for the above procedures
depends on the equi prent used and the particular test(s) associated with the
equi pnment. The resources listed in part | X may be hel pful in determ ning
acceptabl e anbunts of testing for perform ng each of the above procedures.

. Equi prment (Devi ce Definitions)

A Sanpler/Sanple ldentifier/Mcropipettor/Dilutor - a nultifunctiona
device that nay identify, dilute and/or aspirate a predetern ned anount
of sanpl e and/or di spense the necessary reagents.

B. M cropl ate washer - a device that adds a predeterni ned amount of wash
solution and aspirates the solution a pre-set nunber of tinmes. The
manuf acturer determ nes the amount of solution and the number of washes
necessary to prepare the sanple for the next stage of the testing
procedure.

C. I ncubators (dry or water) - a device used to bring the sanple/reagent
nm xture to the proper tenperature and naintain it at a pre-set
tenperature for the anpbunt of tinme determni ned necessary for a reaction
to take pl ace.

D. Mcroplate readers (Spectrophotoneter) - device used to neasure the
amount of col or devel opnment in each well (reaction chanber) of the
nmcroplate as conmpared to a standard.

E. Refrigerators, Centrifuges, Rotators & Shakers, and Bal ances -
definition of these instrunents is self-explanatory. Wile not integra
conponents of the EIA test system these
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i nstruments can have significant effects on the outcone of
this testing if they are not functioning properly.

I, Installation

The bl ood establishment should ensure that the manufacturer installs the

equi pnment or provides conplete installation/setup instructions. The
installation/setup instructions shoul d

i ncl ude, when applicable, a linearity check, volunme verification for any

requi red vol unme neasurenents, conparison and confirnmation of

configuration/ paraneter settings, diagnostic comrunication checks for any
interfaced instrunents, testing of sanples for each protocol, and verification
of accuracy of readouts.

V. Speci fications

Specifications are the operating paraneters of the instrument or test system
The devi ce nust be capable of delivering the I evel of perfornance (accuracy,
preci sion) consistent with the requirenents of the test kit package insert.
The bl ood establishnent should ensure that the nmanufacturer provides these
performance specifications in the instrunent Operator's Manual and the

speci fications should address random and systematic (both constant and
proportional) error occurring in both intra-assay and inter-assay runs, the
calibration nethods used, a direct conparison of the nmethod to an established
reference nethod (with total error below that deenmed clinically significant),
the reportabl e range of test results, and, when applicable, results of
linearity studies using, for exanple, National Comrmittee for Cinica
Laboratory Standards (NCCLS) listed in part |X or equival ent guidelines.

V. Val i dati on

Val i dation establishes docunented evidence which provides a high degree of
assurance that a specific process will consistently produce a product neeting
its predeterm ned specifications and quality attributes. The data should be
col l ected using appropriate sanples to support test perfornmance
characteristics of accuracy, precision, sensitivity, and specificity, and when
appl i cabl e, reportable and reference range(s), and any other applicable
performance characteristics. Process validation is perfornmed to evaluate the
performance of a systemwith regard to its effectiveness based on the intended
purpose, such as neeting the test kit nmanufacturer's reagent specifications.

A EQUI PMENT DOCUMENTATI ON

Infectious disease test products are nedical devices. Firnms that
manuf acture and di stribute such devices nmust conply



with regulatory requirenents applicable to these devices. The bl ood
establ i shment shoul d ensure that

manuf acturers provi de an operator/user nmanual that has accurate and
conpl ete instrunment user instructions plus a listing of the required
equi pnment to validate the instrunent. The manual should contain these
itemns:

1) a functional description of the mcroprocessor-controlled test
system i.e., its intended use, the applications and reagents that
have been cleared for use with the device, and a mechanismto
update the manual when new tests are avail abl e;

2) general operating instructions and systemlimtations with
war ni ngs/ cauti ons;

3) a description of the hardware which includes the installation
instructions (even if perforned by the instrunent manufacturer),
all integrated functional conponents, configuration and |inkage of

i ntegrated conponents, environnental and naintenance requirenents,
interface specifications, and all warning/error nessages and their
appropriate corrective action;

4) a description of the software that includes a file/record
structure, field descriptions, user definable database options,
war ni ng/ error nessages and their appropriate corrective action, an
assurance of data accuracy, and software perforned cal cul ations;

5) speci men speci fications (which, although provided in each test kit
package insert, should also be in the operator/user manual), such
as serumor plasma (and type of anticoagul ant used), naxi mum age
at which sanple can be tested, storage and preparation required,
amount needed for testing, and a |list of substances known to
interfere with the test; and

6) change control and problemreporting procedures, docunent contro
process, and custonmer support services.

The bl ood establishnent should provi de adequate staff training and

gui delines for the devel opnent of a test plan that addresses software
control functions, calculations performed by the software, conditions
that trigger alarnms, error and warni ng nessages, data entry nethods,
boundaries, field Iimts and ranges, security procedures and program
overrides, and data storage, transfer, and retrieval. The software
should identify the version and all default paraneters used in running
the test, both at the tine of running the test and on the printout, and
shoul d be validated by the manufacturer for all calculations, "flags"
for limts, and failures.



B. RECOVIVENDATI ONS FOR BLOOD ESTABLI SHVENTS

The user should performthe necessary equi pnment validation to establish
confidence that the device and its ancillary systens are capabl e of
consistently operating within established |imts and tol erances.

SAMPLER/ SAMPLE | DENTI FI ER/ M CROPI PETTOR/ DI LUTOR - can be validated with
calibrated pipet tips which hold the proper volunme or by a gravinetric
nmethod if a bal ance sensitive enough to weigh very small volunes is
avai |l able. Sanple identification can be validated by testing with
barcode controls of known definition.

M CROPLATE WASHER - can be validated by obtai ning an exact neasurenent
of the fluid being dispensed, either fromeach di spensing probe or from
all probes conbined into a calibrated volunetric flask

| NCUBATOR - can be validated with the use of a total immersion
verification thernoneter preferably with 0.2°

tenperature denmarcati ons; however, 1.0° tenperature demarcations are
accept abl e.

M CROPLATE READER ( Spectrophotoneter) - can be validated using the
manuf acturer's instructions, keeping in mnd that an operationa
verification, an alignnment verification, and a linearity test are
necessary.

REFRI GERATORS, CENTRI FUGES, ROTATORS & SHAKERS, and BALANCES - can be
val i dated by well docunented procedures.

VI . Calibration and Calibration Verification

Calibration is the process of testing and adjusting an instrunment, kit, or
test systemto provide a known rel ati onshi p between the nmeasurenent response
and the value of the substance that is being neasured by the test procedure.
Calibration verification is the process used to assure that the calibration of
the instrunment, kit, or test systemrenmins stable throughout the | aboratory's
reportable range for test results. Calibration and recalibration of |ess
conpl ex instrunents can be perfornmed by following the instructions in the
operator's manual. Sone nore conplex instrunments al so have conponents that
can be calibrated and recalibrated by the user, and nmany have troubl eshooting
gui des which are hel pful in correcting mnor instrument problens. The device
or test system manufacturer should provide the necessary calibrators or
specify what calibrators may be used and information on the itens needed to
performthis process.

The bl ood establishment should ensure that the instrunent neets the
requi renents described in 21 CFR 211.68 and 21 CFR 606.60 for calibration.



VIl1. Quality Assurance/Quality Contro

Qual ity assurance consists of the actions, planned and taken, that provide
confidence that all systens and el enents that influence the quality of the
product are worki ng as expected (individually and collectively).

Quality control is a conmponent of quality assurance that includes the
activities and controls used to determ ne the accuracy of the establishnments'
personnel, equi pment, and operations.

Quality control procedures recommended by the Center for Biologics Evaluation

and Research (CBER) for blood establishments are set out in CBER s Draft
Guideline for Quality Assurance in Bl ood Establishnents, dated July 2, 1993

VI11. Preventive Mintenance/ Function Checks

Preventi ve mai ntenance and function checks perfornmed on a regular basis wll
help to ensure that the instrunent will performcorrectly, will have |ess
downtinme, and will reduce other naintenance/repair costs. The bl ood
establ i shnent shoul d ensure that an acceptabl e nmai ntenance and service
schedul e i s provided, which includes cleaning, adjusting, and testing assay
equi pnent .

There should be protocols for maintenance and function checks with
docunentation that calibration verification and quality control will remain
stabl e between the intervals recomended.



I X. Ref er ences/ Resour ces

The followi ng resources nay be obtained fromthe Center for Biologics

Eval uati on and Research, Division of Congressional and Public Affairs, HFM 12,
1401 Rockville Pike, Suite 200N, Rockville, NMD 20852-1448,

FAX (301) 594-1938:

1. Draft CQuidelines for Quality Assurance in Blood Establishnents,
Docket No. 91N- 0450, July 2, 1993.

2. FDA Menorandum Reconmendations for |nplenmentation of
Conputerization in Blood Establishments, April 6, 1988.

3. FDA Menorandum Requirenents for Conputerization of Bl ood
Est abl i shments, Septenber 8, 1989.

4, FDA Menorandum Changes in Equi pment for Processing Bl ood Donor
Sanmpl es, July 21, 1992.

5. Draft Guideline for the Validation of Blood Establishnent Conputer
Systens, Docket No. 93N 0394, Cctober 28, 1993.

The following resource may be obtained fromthe Superintendent of Docunents,
U S. Government Printing Ofice, Mail Stop: SSOP, Washi ngton, DC 20402-9328.

6. Title 21 Code of Federal Regul ations, Parts 200-299, 600-799, and
800- 1299, revised annually and available April 1 of each year.

The follow ng resource may be obtained fromthe Center for Devices and
Radi ol ogi cal Health, Division of Consuner Affairs, HFZ-210, 1901 Chapman
Avenue, Rockville, M 20857 (301) 443-4190.

7. Gui del i ne on General Principles of Process Validation, My, 1987.

The followi ng resource may be obtained fromthe American Association of Blood
Banks, 8101 d enbrook Road, Bethesda, MD 20814-2749, (301) 907-6977.

8. Bl ood Bank/ Transfusi on Servi ce Conputer Systens, prepared by AABB
I nformati on System Conmittee and H MA ad hoc Conmputer Committee,
August 27, 1993.

a) User Validation CGuidelines.
b) Sof tware Manufacturing Process Cuidelines
c) Val i dation Guidelines for Mcroprocessor Controlled Test

I nstrunents.



OTHER USEFUL RESOURCES:

9. Nati onal Committee for Clinical Laboratory Standards. Villanova,

PA.

a) Internal quality control testing: principles and
definitions. Approved Standard. 1990.

b) User conparison of quantitative clinical |aboratory nethods
using patient sanples. Proposed Guideline. 1992

c) Prelim nary Evaluation of Cinical Chem stry Methods.
Tentative Guideline. 1989.

d) Eval uati on of precision performance of clinical chenmistry
devices - second edition. Tentative Cuideline. 1991.

e) How to define, determine and utilize reference intervals in
the clinical |aboratory. Proposed CGuideline. 1991

f) Speci fications for Inmmunol ogi cal Testing for Infectious

Di seases. Proposed Cuideline. 1991

Techni cal questions, information, and comrents nay be directed to the:
Di vi si on of Bl ood Applications, HFM 380
1401 Rockville Pike, Suite 200N
Bet hesda, MD 20852- 1448
Phone: (301) 594-6487 FAX: (301) 594-6431



ATTACHMENT | .

LABELI NG APPLI CABLE TO MEDI CAL DEVI CE MANUFACTURERS
(not to be considered all inclusive)

A Al'l devices, either as individual products or as conponents in a total
system should contain the following in the | abeling section (package
insert) [see 21 CFR 809.10 (b)]:

1. I nt ended use or function.

2. Installation instructions and special requirenents.

3. I ntroduction and Principles of Operation

4, Performance characteristics and specifications.

5. Operator's Control Mnual and operating instructions (which should
i ncl ude a Troubl eshooting Guide).

6. Calibration procedures including materials and/or equipnent to be
used.

7 Operational precautions and |linitations.

8. Hazar ds.

9. Preventive Miintenance Procedures and service information.

10. Interpretation of Data.

11. Quality Control Procedures and Schedul es.

Information contained in the performance section should be froma
statistically significant nunber of sanples tested. Sanple size depends on
the particular application of the device being denpnstrated.

B. Sanpl er/ Sanple ldentifier/Mcropipettor/Dilutor
1. Per formance data should include test results that denonstrate
a) the sanpl er provides correct identification;
b) the mcropipettor processes the correct amount of sanple;
c) the dilutor nmakes the appropriate dilution
d) reproducibility of results; and
e) stability and accuracy in volunes pipetted and dil uted.
2. Specific labeling i nformation should include the follow ng:
a) recomended pi pet tips;
b) instructions for repositioning and changing tips;
c) instructions for verifying that pipet tips were properly
changed,;
d) i nformati on on battery, shelf life, and effects of power
out age;
e) val idation, calibration, and quality control procedures.



M cropl ate Washer

1

1

| ncubat ors

Performance data should include test results denonstrating the

fol | owi ng:

a) t he washer adds the reconmended anmount of wash sol ution;

b) t he washer renmoves all wash solution each wash cycl e;

c) the effects of inproper washing; and

d) t he washer has perforned the appropriate nunber of soaks and
the duration of each.

Specific labeling i nformation should include the follow ng:

a) instructions for repositioning pipet tips;

b) instructions for replacing or correcting a seal between the
pi pet tip and hol der;

c) instructions for primng the washer;

d) schedul es and instructions for changi ng tubi ng and
connect or s;

e) di si nfection procedures;

f) i nstructions for pressure probl ens;

g) instructions for determ ning proper fluid |evel heights and
fluid volune settings;

h) recormended microplates that will be conpatible with the
devi ce; and

i) validation, calibration, and quality control procedures.

Performance data should include test results that denonstrate the

fol | owi ng:

a) the recommended tenperature is that required by the test kit
manuf act urer;

b) the effects on sanples incubated outside of the recomended
range; and

c) the recommended tinme of incubation is that required by the
test kit manufacturer.

Specific labeling i nformation should include the follow ng:

a) procedures for naking mnor adjustnents in tenperature;
b) procedures for detecting and correcting

hot or cold spots; and
c) validation, calibration, and quality control procedures.



M croplate readers (Spectrophotoneters)

1

Performance data should include test results denonstrating the

fol | owi ng:

a) the effects of power surges;

b) the interference effects, if any, of other equipnent;

c) reproducibility of results;

d) stability in maintaining the nmanufacturer's recomended
settings; and

e) t hat wavel ength used is opti nal

Specific labeling i nformation should include the follow ng:

a) wavel ength required for each test that can be perforned

b) linear limts (absorbance range);

c) linearity or accuracy;

d) drift;

e) repeatability;

f) bandwi dt h;

g) a nmethod to prevent and detect the use of the wong
wavel engt h;

h) a nethod to detect incorrect progranm ng;

i) i nformati on on battery - shelf life, effects of power outage
and surges;

i) recormended pl acenent of the device to avoid environnmenta
i nterferences;

k) recormmended procedures for realigning the |ight source;

1) a procedure for daily quality control of the barcode reader;
and

nm validation, calibration, and quality control procedures.
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ATTACHVENT 1 1.
SAMPLE TROUBLESHOOTI NG GUIDE (not to be considered all inclusive)

The purpose of this guide is to assist the blood establishnment in correcting
ni nor problens encountered any tine a device is in use, thus mnimzing
downtinme. This guide should be included in the User's or Operator's nmanual.
It should be prepared and provided by the device nmanufacturer with input from
users. Wth the continuing advances in technology, this guide should be in a
format that facilitates additions, deletions, and corrections.

A list of equipnent, problens associated with each, and the reasons for their
occurrence fol |l ows:

A. Sanpl er/ Sanple |Identifier/M cropipettor/Dilutor
1. I ncorrect anmpunt or no sanple or reagent added or aspirated
a) the pipet tip is incorrectly positioned which in turn can

cause air to be aspirated, thus reducing the anmunt of
sanpl e drawn or causing the incorrect anmpunt of reagent to
be added to the reaction chanber

b) the wrong pipet tips are used (not recomended by the device
manuf acturer or the device manufacturer has not specified
whi ch pipet tips have been found to be conpatible with the
devi ce through parallel testing);

c) the tips are not changed in accordance with the
manuf acturer's instructions (or the manufacturer has failed
to provi de adequate instructions);

d) the tip threshold calibration has not been perforned when
the pipet tip nozzle, tubing syringe, or syringe plunger
wer e changed;

e) there are occasi ons when programrmabl e dilutors do not hold
the program and revert back to an unprogranmed state;

f) the liquid | evel detector is not perform ng properly and
does not signal the nicroprocessor to relay an error
nmessage;

g) there are clogged lines or air bubbles in the system which
have gone undetected; or

h) the Iines have been ni xed and the wong reagent has been
used.

2. M salignnment of pipet tip

a) t he device picks up the pipet tips;

b) the wong tips are used

c) the wrong micropipettor is used
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d) there is a msalignnent of either the pipet tip shaft of the
device or the sanple, dilution or reagent holding rack;

e) the user has failed to verify that the device is operating
properly or has failed to follow SOPs; or
f) the manufacturer has failed to adequately validate this

stage of the process or has not provi ded adequate
i nstructions.

3. Incorrect sanple identification

a) there are undetected errors with the built-in barcode
reader;

b) the sanple tube is incorrectly aligned,;

c) t he barcode has been damaged in sone way;

d) | abel supplier has been changed without verifying that the
| abel s are conpatible with the device

e) the wwong | abel is placed on tube

f) the user fails to quality control the barcode reader each
day of use;

g) the manufacturer fails to thoroughly test the barcode reader
bef ore distribution; or

h) the manufacturer fails to provide adequate quality contro

instructions to the user

4. M ssing sanples
a) the mcropipettor fails to pick up a pipet tip;
b) the mcropipettor fails to aspirate a sanple; or
c) no sanple is put into the sanple well of a reaction cell

M cropl ate Washer

1. Resi dual wash solution in well

a) the pipet tip is not properly positioned and does not dip
far enough into the well;

b) the seal between the pipet tip and the shaft is not
conpl et e;

c) the wrong micropl ates are used;

d) t he washer not properly prined;

e) the user fails to follow the appropriate SOPs;

f) the manufacturer fails to properly test the device before
di stribution;

g) the manufacturer fails to provide adequate instructions for
t he user;

h) t he devi ce does not have an adequate vacuum source;

i) t he vacuum tubing is not of the recomended di aneter and

wal | thickness;
) the Iines have becone cl ogged;
k) the waste container is full
) the line filter is wet or clogged; or

12



nm the reaction tray (mcrowell plate) is not positioned
correctly onto washer.

2. Bacterial/fungal growth in wash reservoir
a) the systemis not used on a regul ar basis;
b) t he tubi ng and connectors are not changed on a regul ar
basi s;
c) the regul arly schedul ed nai ntenance is not perforned,
d) the wash solution is contam nated by inproper handling;
e) t he recommended di sinfectant is not used; or
f) the di sinfectant procedure is not followed.
3. | nadequat e washi ng cycl e/uneven filling of wells
a) the wash solution reservoir is not checked to determ ne that
an adequate anmount of solution is in the reservoir
b) the washer is not properly prinmed before each use
c) salt crystals or particulate matter clog the dispensing tip
d) the pressure is insufficient to deliver the appropriate
amount of wash sol uti on;
e) there is a crinp or blockage in the fill line
f) the volune of wash solution is inadequate due to an

i ncorrect volunme setting or the plate is not properly seated
in the washer;

g) t he proper working height is not used

h) the correct fluid |levels are not maintained; or,

i) the inlet tubing is not the recommended di aneter and wal |
t hi ckness;

i) the plates are used with strip wells that are not properly
seated; or

k) pl ates are used that are not recommended by the

manuf act urer.

| ncubat or s
1. Tenperature fluctuations
a) t he chanber door or lid is opened too often;
b) the tenperature controller is not functioning properly;
c) the device is not located properly, i.e., placed close to
sunlight, heat or air conditioning vents);
d) the water pan (found in sone incubators) dries out; or
e) the device is noved w thout recalibrating
2. Hot spots/cold spots
a) the circulating fan is not working properly; or,
b) the device is noved and the heating el enents are out of
al i gnnment .
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M cropl ate Readers (Spectrophotoneters)

1

Incorrect readings (falsely |owered or el evated)

a)
b)
c)
d)
e)
f)
9)
h)

i)
i)

k)

n)
0)
p)

q)
r)

s)

a particular reagent is omtted

the wrong reagent or the wong anpbunt of reagent is added;
the mcroplate wells have scratches on the bottom

the wong plates or dirty plates are used

the mcroplate wells have been allowed to dry out;

the wrong wavel ength is used;

the device is programmed incorrectly;

the m croprocessor operating the systemfails to use the
correct wavel engt h;

the plate is not seated correctly in the reader;

the bottomexterior of plates contains fingerprints or
noi st ure;

the reader is exposed to excessive dust, vibration, strong
magnetic fields, direct sunlight, draft, excessive noisture
or large tenmperature fluctuations;

the linearity verification and/or drift verification were
not perforned either at all or according to manufacturer's
directions;

resi dual anmounts of diluted Plate Wash Buffer remain in test
wells prior to the addition of Substrate;

the Substrate tablets are not conpletely dissolved;

the Substrate tabl et has been contam nated by noisture or
metal forceps, or is not intact

(< a whole tablet);

the tenperature equilibration of the test conponents is

i nconpl ete;

the reader is not properly warnmed up

the position of the blank well may have been changed and the
wrong val ue was subtracted from each reading; or

results may not have been read within the allowable tine.

Data not transferred

a)

b)
c)
d)
e)

Li ght

the reader and the nicroprocessor have different character
sets;

the baud rates do not match;

the transmt/receive pin configuration is not set properly;
the conmuni cation interface software routines fail; or

t he connection cable is inproperly connected.

beam m sal i gnnent

a)

the device is shipped or noved without the necessary
precauti ons;
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b) the installation or preventive maintenance is perforned; or,
c) the Iight source (lanp) is changed and is not seated
properly or aligned correctly.

4. Incorrect sanple identification
a) the plates are not | oaded properly; or
b) the wrong sanple identification has been entered into the
reader.
Conput er
1. Failure to give error nmessages
a) software section controlling conditions that trigger alarns,
errors, and warni ng nessages has not been thoroughly tested
and validated by the manufacturer.
2. Failure to detect malfunctions

a) functional conmponents of the system (liquid |evel detection
system fluid handling, etc.) or the interface routines have
not been thoroughly tested.
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