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The WHO International External Quality
Assessment Scheme for haematology*
S. M. LEWIS 1

Quality assurance is essential in laboratory medicine; an important component is
external quality assessment in order to ensure that reliable performance is achieved by all
laboratories and that between-laboratory comparability is maintained. In a number of
countries there are national external quality assessment schemes. WHO has established a
programme aimed at encouraging the organization of similar schemes in all countries.
Towards this goal an international external quality assessment scheme has been estab-
lished for each of the specialities of haematology, clinical chemistry, microbiology and
parasitology.

7his paper describes the organization of the international scheme for haematology.
7There are now 62 laboratories taking part in 49 countries. 7hefunctioning ofthe scheme,
the participants' response, and the extent to which the scheme has improved the standard
ofpractice in their laboratories are described.

INTRODUCTION

Clinicians rightly expect that laboratories should
provide reliable and unambiguous reports of the
results of tests which would help them in diagnosis
and in the management of their patients. In this con-
text, reliability means that the measurements should
be reproducible and consistent from day to day as
well as between laboratories so that comparable
results will be obtained for a given test in all labora-
tories. These essential requirements are often not
achieved because the tests may be performed on
instruments that have not been correctly calibrated or
standardized or are defective in some other way (e.g.,
they are not linear in their response); in some cases,
inappropriate or out-of-date reagents may have been

* A French translation of this article will appear in a later issue
of the Bulletin.

1 Director, WHO Collaborating Centre for Quality Assessment
in Haematology, Department of Haematology, Royal Postgraduate
Medical School, Du Cane Road, London W12 OHS, England.

used or the samples may have been diluted inaccur-
ately. In qualitative tests, an error in interpretation
may be due to the technician's lack of taining or
inadequate attention, and sometimes to contamination
of the material being examined. A major cause of
error is the fact that in a busy laboratory, where many
samples are handled in a day, it may not be possible
to pay sufficient attention to every sample in a batch.
The work of the laboratory thus requires careful
supervision and disciplined control. This is the
essence of a programme of quality assurance.

Objectives
There are two separate but complementary com-

ponents in a laboratory quality assurance programme:
internal quality control and external quality assess-
ment. Internal quality control refers to the continual
and immediate check of each test in order to ensure
day-to-day consistency in measurements and to allow
the laboratory worker to decide whether the test
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results are reliable enough to be reported. By con-
trast, external quality assessment (EQA) refers to a
system in which the laboratory results are scrutinized
objectively by an outside agency in order to get a
general impression ofthe standard of laboratory prac-
tice and to achieve between-laboratory comparability
(6). As this assessment is retrospective, a laboratory
cannot be notified until much later about a discrepant
finding, and thus alerted to a problem at the time it
occurs. The main objective of external quality assess-
ment is therefore not to achieve day-to-day consis-
tency but to help establish good laboratory practice. It
is not primarily a system for controlling specific tests;
however, an EQA programme should always include
a comprehensive range of the tests which are under-
taken in the laboratory.

National EQA schemes
The importance of external quality assessment

has been recognized by various authoritative inter-
national associations, including the International
Committee for Standardization in Haematology, the
International Federation of Clinical Chemistry, the
European Committee for Clinical Laboratory Stan-
dards, and various national professional bodies and
government health agencies. National EQA schemes
may be organized centrally or at the district level.
The first national scheme was organized in the early
1960s in the USA by the College of American
Pathologists, and today over 8500 laboratories are
enrolled in that country for haematology and a similar
number for clinical chemistry (3). National schemes
were also established at about the same time in
Canada, Australia, the United Kingdom and several
European countries (4). The number of schemes
available throughout the world is not known but there
are probably schemes of varying size covering at least
some aspects of laboratory practice in about 50-60
countries. The way in which they function differs in
various schemes. In some countries EQA provides
the authorities with information which is the basis for
accreditation or licensing and for imposing legal,
financial or professional sanctions on laboratories
that perform poorly. In other countries, only labora-
tories which take part in an EQA scheme and whose
performance is demonstrably satisfactory have the
right to charge fees or to reclaim from a health
insurance agency for the service provided. In yet
other countries the performance in an EQA scheme
may be used to identify laboratories whose profici-
ency is sufficient to warrant their recognition as
raining centres. But it is accepted by all that EQA is
essentially an educational process for improving lab-
oratory standards.

International coordination
The need for reliable laboratory services has often

been stressed by national delegates at the World
Health Assemblies. In 1987 a resolution was adopted
by the fortieth World Health Assembly concerning
economic support for national health strategies, in
which Member States were urged "to consider regu-
latory measures that will be effective in ... maintain-
ing an acceptable level of quality in the health ser-
vices, public and private" (resolution WHA40.30).
In keeping with this, one of the items included
in WHO's Seventh General Programme of Work
(1984-89) is a project for achieving laboratory
improvement by having national EQA schemes in all
countries. As a first step towards this goal, WHO has
established an international EQA scheme with three
objectives: (a) to identify, in each country, a small
number of laboratories with a high standard of pro-
ficiency which will serve as reference centres; (b) to
encourage these reference centres to be the focus for
developing national EQA schemes; and (c) to coordi-
nate all the national schemes so as to provide har-
monization of laboratory results on a worldwide
level.
The WHO International External Quality Assess-

ment Scheme (IEQAS) is now divided into four
sections: haematology, clinical chemistry, micro-
biology, and parasitology. These are organized indi-
vidually by the directors of the appropriate WHO
International Collaborating Centres for quality
assessment, and the scheme as a whole is coordinated
by the Health Laboratory Technology unit at WHO
headquarters, with the cooperation of the WHO
Regional Offices.

This paper describes the scheme in haematology.

ORGANIZATION OF EEQAS

The IEQAS in haematology was started in January
1978 with 11 members, following a WHO inter-
regional workshop on quality assurance and stan-
dardization in Thailand. Subsequently, others joined
after similar workshops (regional, interregional or
national) which took place in successive years in
Kuala Lumpur, New Delhi, Nairobi, Jakarta and
Beijing. In addition, other laboratories have been
identified by the WHO Regional Offices in consul-
tation with national governments. In a few instances,
haematologists have leamt of the scheme at lectures
during international congresses and they have applied
to join at a personal level; these applications have
been accepted after approval by WHO. There are now
62 participants from 49 countries; it might be noted
that 10 other participants, for one reason or another,
withdrew or failed to return results for the surveys.
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Table 1. Geographical location of participants in the
International External Quality Assessment Scheme for
haematology, by WHO regions'

Africa
Ethiopia
Gambiab
Ghanab
Kenya
Malawi
Mauritius
Nigeria
Sierra Leone
Uganda
Zambia
Zimbabwe

Americas
Argentina
Bahamas
Brazil
Chileb c

Cuba
Dominican Republic
Jamaica
Mexico
Netherlands Antilles
Panama
Paraguay
Saint Christopher
and Nevis

Saint Lucia
Surinam
Tortola

(British Virgin Islands)
Uruguayc

South-East Asia
Indiab
Indonesiab c

Sri Lanka
Thailandd
Nepal

Europe
Czechoslovakia
Israel
italyc
Portugal
Spain c

Federal Republic of
Germanyc

Yugoslavia

Eastem
Mediterranean

Iraq b
Jordan
Pakistan
Saudi Arabiab
Sudan
United Arab Emirates

Westem Pacific
Chinab. c

Fiji

Republic of Koreac
Malaysiab c

' In addition, the organizing laboratory has links with national EQA
schemes in Australia, Belgium, Canada, France, United Kingdom and USA.

b Two members.
NEQAS established.

d Three members.

The present members represent all sixWHO regions,
as listed in Table 1.
The way in which the EQA system functions is as

follows: aliquot samples ofblood or other appropriate
material are sent to all participating laboratories
where the requested tests are performed, and the
results are reported back to the organizer for analysis
and assessment. A general report is then prepared,
giving the consensus values obtained by the partici-
pants as well as the correct result based on tests by
expert referees (see below). In addition, individual
reports are sent to each laboratory with comments on
their performance. The organization of EEQAS has
been based on the United Kingdom national scheme
(UK NEQAS) which has over 550 participants in the
general haematology section; the regular surveys in-
clude a wide range of tests and there are associated
schemes for blood coagulation and blood group serol-
ogy (1). For the blood count, human or equine (horse
or donkey) blood is collected into acid citrate dextrose
(ACD) or citric phosphate dextrose (CPD) anticoagu-

lant. In these preservatives the blood remains stable
for several days at room temperature and for about
3-4 weeks at 4 °C; thus all participants in the United
Kingdom receive and test the specimens well before
the end of their shelf-life. Initially it was planned that
IEQAS members would be part of the NEQAS reg-
istry and that they would receive the same materials
as participants in the United Kingdom. It soon be-
came obvious that a different system was required for
IEQAS because of the time taken for specimens to
reach the overseas participants. International postal
regulations require that the packages must be clearly
marked as containing biological material and they
must be sent by recorded delivery; unfortunately
these parcels often attract undue attention from postal
and customs authorities, resulting in delays, often
under extreme climatic conditions. Attempts have
been made to send the packages through WHO for
regional distribution, but this has not resolved the
problem.
The only solution has been to use much more stable

materials and to restrict the surveys to tests for which
they can be used. At present these include sterile
lysate for haemoglobin; stabilized blood (i.e., fixed
with formaldehyde or glutaraldehyde) for leukocyte
and platelet counts; sterile plasma for vitamin B12,
folate, iron and ferritin assays; blood films for re-
ticulocyte counting; and Romanowsky-stained films
for differential leukocyte counts and blood cell
morphology.
IEQAS surveys are organized at two-monthly inter-

vals. An instruction sheet accompanies the samples.
Because of the uncertainties of the postal system no
closing date is given, but when approximately 60% of
the participants have returned their results an analysis
is undertaken.
For quantitative tests two or more samples are

included in each survey, selected so as to give maxi-
mum information that will help to identify the reason
for any discordant result. Thus the paired samples
might be identical in order to check on imprecision,
or one of the samples might have a known amount of
analyte added for a recovery analysis; the samples
may be at different levels of concentration in order to
check linearity of response or at levels of concen-
tration which are clinically important, e.g., at the
margins of the normal reference range. For the blood
count, equine blood is particularly useful as the red
cells are smaller than normal human red cells, with an
average volume (MCV) of 48 fl (horse) and 58 fl
(donkey), compared with 80 fl in man, thus providing
a model for human abnormality at the level where
microcytic anaemia should be diagnosed in man. In
order to identify specific problems it has been found
useful to combine a set of tests in a comprehensive
package. Thus, for example, tests for haemoglobino-
metry might include duplicate samples of lysed blood
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and a solution of haemiglobincyanide. In this way it is
possible to identify whether errors are due to incor-
rect dilution, a defective reagent or reaction, a defect
in the photometer, or a faulty reference preparation or
working standard. Where whole blood is available,
this too should be included in the haemoglobin pack-
age and any differences in accuracy between this and
the lysed blood specimen will point to errors due to
inadequate mixing of the cell suspension or a reagent
defective in its ability to lyse the sample.

Establishing the true value
In order to assess the performance of individual

participants it is necessary to define a reference point
which is assumed to be the true numerical value in a
quantitative test or the true observation and/or test
interpretation in a qualitative test. The reference
points are based on either the consensus (or "peer")
mean or the results from expert laboratories. For
the consensus mean, the results of all the partici-
pants (or those who have returned their results
by a certain date) are taken into account. Any ob-
vious blunders are deleted, such as a result which
differs by more thaa 100% from the overall mean.
Then the mean (i) and standard deviation (SD) are
calculated by standard statistical procedures and then
recalculated from the residual data after excluding
any outlier results falling outside ± 3SD. This
method of excluding outliers is valid if the standard
deviation is narrow. If it is wide, it is preferable to
trim the data by setting the data in numerical sequence
and deleting an equal number of observations from
both ends (2). When the distribution is skewed (non-
Gaussian) it is better to use the non-parametric
statistics. In this case, the consensus median is taken
rather than the mean and an estimate of the dispersion
is obtained by identifying the central 50% of results
around the median (5).

In general, the consensus mean (or median), cor-
rected as described above, gives the "truth" and the
trimmed SD indicates the acceptable limits. If there
are too few participants (less than 20) for adequate
statistical analysis or if the spread of results is wide
without any build-up of results around the mean or
median, it is necessary to try to establish truth by
means of the results from expert laboratories where
the specimens have been assayed repeatedly by refer-
ence methods, thus establishing both interlaboratory
and intralaboratory precision as well as the standard
deviation of the whole set. The main disadvantage of
this method is that an unnoticed bias in performance
in one laboratory in a small group will disproportion-
ately affect the reference result; enlarging the group
of expert laboratories to compensate for this can
quickly overburden the scheme.

In some IEQAS surveys the consensus obtained in
the UK NEQAS is used when the same material is
tested in both programmes. When the material used
for IEQAS differs from that used by the UK NEQAS,
the referee values of IEQAS material are determined
by the WHO Collaborating Centre at the Royal Post-
graduate Medical School, London, using reference
methods and reference standards in accordance with
the protocols of the International Committee for Stan-
dardization in Haematology. Referee values are
always determined again by the Collaborating Centre
three weeks after the distribution date to check stab-
ility, and as an additional check on the specimens,
the Centers for Disease Control in Atlanta, USA,
receives samples from each survey for assay as an
expert laboratory.
For qualitative procedures, correct results are

similarly based on the UK NEQAS peer consensus
or the results from a group of referees. In some
instances, e.g., for sickle cell disease or G6PD
deficiency, the results which are to be expected in a
qualitative screening test can be confirmed by means
of a quantitative estimation of the same sample. For
morphological haematology the referees may have

Table 2. International External Quality Assessment
Scheme for haematology: example of results from one
participant'

Participant Reference Number: xx)xxb Assessment

Reference Your Deviation
Test valuec Rangec resultsb Indexb

Haemoglobin (g/i):
HICNd (308701) ' 58 55-61 55 -2.1

(308702) 126 120-132 123 -1.0
Lysate (308703) 40 38-42 37 -3.0

(308704) 66 63-69 64 -1.2
White cell
count (x 109/l):

(308705) 8.0 7.4-8.6 7.2 -2.5
(308706) 12.2 11.2-13.2 11.0 -2.4

Platelet count
(x 109/1):

(328721) 133 106-160 92 -3.1
(328722) 105 84-126 70 -3.3

Reticulocyte
count (%):

(338731) 1.0 0.8-1.2 0.7 -1.2
(338732) 2.4 1.8-3.0 2.4 0

' Based on distribution 87WC, May 1987.
b Figures filled in by hand for the individual participant.
' From UK NEQAS.
d HICN: haemiglobincyanide solution.
' Test sample reference numbers are given in parentheses.
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the advantage of knowing the patient's history, sub-
sequent clinical course, family studies, and other
laboratory data from which a diagnosis may have
been made.

Assessment of individual performance
The method used in the UK NEQAS is known as

the Deviation Index (DI) (4). This is a measure of
how a test result (x) differs from the mean (i) or
median (m) value, as a multiple of the trimmed stan-

dard deviation, i.e., after excluding outlying results
as described above. Thus,

x-m x-xDI=
X orx-
SD SD

The main advantage of this procedure is that it allows
results on different samples and parameters to be
readily compared irrespective of the actual quantities
or units. In general, a DI of less than 0.5 is considered
excellent, 0.5-1.0 is good, and 1.0-2.0 is still satis-

Table 3. International External Quality Assessment Scheme for haematology: histograms (indicated by the number
of asterisks) of some participants' results in five tests in one survey

No. of
observationsLysate (g/i): 408603'

42 3
43 1*
44 1*
45 3
46 2 **
47 3
48 4
49 2 **
50 2 **
Reference value: 48 (46_50)C
10 outliers

No. of
White cell count (x 109/l): 408605 observations

13.7 2 **
14.2 1 *
14.7 5 *****
15.2 4 ****
15.7 1 *
16.2 3 ***
16.7 2 **
17.2 1 *
Reference value: 15.1 (14.3-16.7)'
14 outliers

No. of
Platelet count (x 109/1) 428621 observations

HICN' (g/1): 408602'

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
Reference value: 137 (130-144)C
6 outliers

Reticulocytes (%): 438632'

56
66
76
86
96

Reference value: 80 (64-96)C
13 outliers

3 ***
1 *

7 *******

4 ****

2 **

1.0
2.0
3.0
4.0
5.0
6.0
Reference value: 4.5 (2.7-6.3)c

£ Test sample reference number.
b HICN: Heemiglobincyanide.
' Mean value obtained by the reference laboratory and the range for satisfactory performance.

No. of
observations

3 ***

1 *

1 *

3 ***
2 **

3 ***

4 ****

2 **

2 **

2 **
0
1 *

1 *

0
1 *

1 *

1 *

0
0
1 *

No. of
observations

0
10
6 ******

1 *
0
1 *
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factory, whereas if the DI is more than 2.0, it is
important to inquire carefully into possible reasons
for the unsatisfactory performance. When the DI is
greater than 3 every effort must be made to identify
and correct the problem. The procedure works well in
the UK NEQAS where the consensus is derived from
over 500 sets of results which are returned within one
week. It is less easily accomplished in IEQAS be-
cause the considerable delay in receiving the results
makes it difficult to obtain sufficient data to derive a
consensus in a reasonably short time period; more-
over, because there is a spread of results with a large
SD, even laboratories whose results are discrepant
may still be no more than 2SD away from the mean or
median. Accordingly, as described above, reference
values are assigned from the Collaborating Centre
and an acceptable deviation from that value is estab-
lished, taking into account the clinical significance
and technical demands ofthe particular test. Thus, for
haemoglobin the deviation from the mean should be
no greater than 5%, for leukocytes 10%, and for
platelets 25%. As the performance improves, these
divergences should narrow. Thus in the United King-
dom the variance in haemoglobin results is generally
in the order of 2%, and as low as 1.5% with certain
automated cell-counting systems, while in the referee
laboratory it is less than 0.5%.
Each participant receives a result sheet (Table 2)

showing the referee laboratory's results, the accept-
able range, and the results and DI of the individual
participant for each of the tests. Histograms of all
participant results are also displayed (Table 3). An
overall report indicates the reference target values
and the overall participant data on medians and stan-
dard deviations (Table 4). Participants are required to
compare their results with that of the referee and also
their own results with those from the other partici-
pants.
The blood film is perhaps the most important

component of the IEQAS in that correct diagnosis of
morphology and interpretation of blood films is the
basis of sound haematological practice. Participants
are required to carry out the differential count and to
note the presence of any abnormal morphological
features. Subsequently, all participants receive a
report of the referee panel's consensus on the mor-
phological features, together with the diagnosis
(Table 5).

Responses to the IEQAS
When the IEQAS for haematology was started, the

service was at first confined to haemoglobinometry
and led to improvement in the performance of this
important test. Excluding a small number of blun-
ders, the coefficient of variation (CV) fell from about
15% to 5-6%, and the results in surveys now give

Table 4. International External Quality Assessment
Scheme for haematology: comparison between refer-
ence values and participants' data (medians and stan-
dard deviations (SD))'

Reference values
(UK NEGAS) IEQAS results

Mean SD No. Median SD

Heemoglobin (g/dl): b
HICN ' (308601) d 11.3 0.28 29 11.0 0.67

(308602) 8.8 0.22 29 8.5 0.67
Lysate (308603) 13.0 0.33 31 13.0 0.74

(308604) 13.0 0.33 31 12.9 0.96

White cell count (x 109/l):'
(308605) 4.4 0.18 33 4.8 0.44
(308606) 8.4 0.34 33 9.0 0.74

Platelet count (x 109l):f
(328621) 50 5.0 31 64 27.1

Reticulocyte count (%):
(338631) 2.4 0.89 33 1.6 0.89
(338632) 4.5 1.19 33 3.1 1.19

Based on distribution 86WC, May 1986.
b Identical lysate samples.
HICN: haemiglobincyanide solution.

d Test sample reference numbers are given in parentheses.
Fixed pseudo white cells.

f Fixed human sample.

consensus means that are comparable to those in the
UK NEQAS and to the results obtained by referees
(Table 4). There is, however, no reason for comp-
lacency; there are problems with too many partici-
pants who fail to return results or produce unsatis-
factory results which give a DI> 3.0 (Table 6), while
the CV is still considerably greater overall than in the
UK NEQAS where it is 2% or less in the majority of
surveys (4). The staff in the unsatisfactory labora-
tories require training to learn how to cope with their
problems, especially as they may in due course be
appointed as the reference laboratories for their
countries and be faced with the need to give advice to
others. This highlights the need for training courses
and workshops and for visits by participants to the
Collaborating Centre. Conversely, several labora-
tories participating in the IEQAS have been doing
remarkably well and could serve as national reference
laboratories and run national EQA schemes.
Although an important aim of the programme is to

establish national schemes in all countries, only a
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Table 5. International External Quality Assessment
Scheme for haematology: example of a report sent to a
participant on a blood film examinationa

The slides have been examined by a Referee Panel of seven
members. The differential counts given below represent a con-
sensus of their results.
Film 278672 (Y)

Neutrophils
Eosinophils
Basophils
Lymphocytes
Monocytes

80-88%
0-1%
0-1 %
8-14%
3-5%

The red cells showed anisocytosis with macrocytes and large
oval poikilocytes; there were target cells and occasional
schistocytes. There was also a minor population of hypochromic
cells. The white cells showed a polymorph-leukocytosis with a
few hypersegmented neutrophils. The platelet count was normal
but there was platelet anisocytosis with some giant forms.
The diagnosis was liver disease with macrocytic anaemia:

serum folate 1.7 jug/l, serum vitamin B12 1476 ng/l. The bone
marrow showed minor megaloblastic changes and iron utilization
defect with coarse iron deposits in the normoblasts.

I From survey 2786.

laboratories in Indonesia do not participate while
some of the regular participants fail to return their
results; both situations are well known to the organ-
izers of all national schemes. The solution lies in
educating laboratory staff on the importance of par-
ticipation in EQA, getting the cooperation of national
and local professional societies, and receiving sup-
port from the health authorities, possibly in associ-
ation with a licensing system.
The principles, as set out by the WHO Working

Group, state that "EQA is an essential feature of
quality assurance in health laboratories, which in turn
is an essential and increasingly important part of
health care" (6). Obviously, organization of and
participation in an EQA programme requires the ex-
penditure of a certain amount of time and financial
costs but neither the authorities responsible for health
services nor individual physicians responsible for the
care of patients can afford not to have the assurance of
reliable laboratory performance.

small proportion of the 49 countries participating in
the TEQAS have established them (Table 1) and these
are already providing a valuable service. A good
example is the NEQAS in Indonesia, which began as
a direct consequence of the WHO interregional
course in Jakarta in October 1985. This meeting
provided the opportunity to identify an appropriate
national organizer and to prepare a protocol for the
programme. A feasibility study was carried out in
December 1985 with 6 participants who had taken
part in the WHO workshop. This was followed by a
full trial of haemoglobinometry with 70 participants
and, 6 months later, a second survey with 127 par-
ticipants; on this occasion the survey included films
for reticulocyte counting. A consensus mean was de-
rived and the participants' performances were related
to this. At the same time, samples were sent to the
Collaborating Centre in London for reference and the
national organizer's own performance was reassured
by participation in the IEQAS. As the scheme ex-
panded, both in number of participants and range of
tests, the IEQAS organizer had the opportunity to
visit Jakarta again for further discussions of various
technical and organizational aspects. Inevitably there
were problems which required resolution. Thus with
some of the samples in the earlier trials the lysate was
contaminated by fungal infection; a cooperative study
with the Collaborating Centre allowed the cause of
the contamination to be identified and steps were
taken to prevent similar problems in future prep-
arations. Another problem is that a large number of

Table 6. Summary of performance assessment on 51
laboratories that participated in 6 surveys in 1986

Specimen transit time (days):
Minimum
Maximum
Median
Mean

Laboratories retuming results:
No. of
surveys

6
5
4
3
2
0

Deviation index of > 3:
Percentage
of tests

0
1-5
6-10
11-20
21-30
31-40
41-50
51-60
>60

7
66
21
25 (SD 16)

No. of
laboratories

25
14
3
5
2
2

No. of
laboratories

3
6
6

20
6
6
1
0
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