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In 2007 the World Health Organization established an international network of biodosimetry laboratories, the BioDoseNet.
The goal of this network was to support international cooperation and capacity building in the area of biodosimetry around
the world, including harmonisation of protocols and techniques to enable them to provide mutual assistance during a mass cas-
ualty event. In order to assess the progress and success of this network, the results of the second survey conducted in 2015
that assessed the capabilities and capacities of the members of the network, were compared to the similar first survey con-
ducted in 2009. The results of the survey offer a unique cross-section of the global status of biodosimetry capacity and demon-
strate how the BioDoseNet has brought together laboratories from around the world and strengthened the international

capacity for biodosimetry.

INTRODUCTION

There are numerous productive uses of ionising radi-
ation in the world including medical and industrial
applications, however, due to the widespread exist-
ence of radioactive material and radiation emitting
devices, there is also potential for their misuse, lead-
ing to accidental exposures or their use in terrorist
events. In these cases, where no physical dosimetry is
present, it is important to be able to assess the dose
received by individuals in order to provide the
appropriate medical care to mitigate the effect of
exposure.

Biodosimetry can be used in these situations to
provide a dose estimate based on damage to bio-
logical material taken from the potentially exposed
individuals. There are several biodosimetry methods
that can be used; the most widely used being the
dicentric chromosome assay (DCA)!* 2. Although
this assay is highly specific and sensitive for ionising
radiation, it is limited by the time it takes for ana-
lysis. One way to overcome this limitation is through
the establishments of networks that can share the
workload during a mass casualty event. In response
to the recognition of this need for networking, and
in line with the implementation of the International
Health Regulations (IHR)® the World Health
Organization (WHO) established a global biodosime-
try laboratory network in 2007. Shortly thereafter, in
2009, a survey was conducted to assess the baseline
capacities and capabilities of the WHO BioDoseNet
(BDN) which provided information on the state of
emergency cytogenetic biodosimetry capabilities

around the world at that time®.

© Crown copyright 2016.

Since the time of the first BDN survey, there has
been much progress in the field of biodosimetry with
the recognition of new methods®®, the growth of
web-based scoring, the creation of new biodosimetry
laboratories and the formation of new regional
networks®”. In 2015, in preparation for the 4th
Coordination Meeting of the WHO BDN, the sur-
vey was repeated to assess how biodosimetry has
changed over the past six years. The survey was
designed to collect data that could be compared to
the 2009 survey results while including collection of
data indicating how the field has changed. To this
end, there is still a large focus on the DCA but add-
itional information on other assays and statistical
methodologies was also collected.

MATERIALS AND METHODS

The BDN survey was originally developed and con-
ducted in 2009 using a simple MS Word format. In
2015, the survey was further elaborated, as described
below, and an online tool was used for completion
of the questionnaire. The link to the survey was sent
to the list of 67 members of the WHO BDN. As in
the original survey, the questions were organised into
groups that focused on the most important aspects
of a functional cytogenetic biodosimetry laboratory
and infrastructure, including staff, equipment, sup-
plies, capacity, operating procedures from blood
sample collection to dose estimation, communication
with attending physicians, techniques used, Quality
Assurance and Control (QA\QC) compliance, gen-
eral experience and experience with performing
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emergency dosimetry in exercised and actual emer-
gencies. Questions pertinent to international activity
of surveyed laboratories, collaboration and network-
ing, the most pressing needs of the laboratories, con-
tributions to and expectations from the BDN
membership were also included. The main modifica-
tion to the 2009 survey was the addition of more
detailed questions about methods other than the
DCA and questions related to statistical analysis
(see Annex for survey questions).

The total of 62 laboratories from 44 countries
around Europe, Asia, the Americas, Africa and
Australia responded to the survey, representing a
92% response rate. This was an increase from 57 of
65 laboratories from 38 countries responding to the
first survey (87%).

RESULTS AND DISCUSSION

The survey was sent to 67 laboratories that were listed
as members of BDN with 62 responding. The loca-
tions of the respondents are shown in Figure 1.
Although there was an increase in response to the sur-
vey, this actually represents 15 laboratories who
responded to the 2009 who did not respond to the cur-
rent survey while 20 additional laboratories responded.
The 62 laboratories are situated in different types of
institutions, mostly belonging to government (61% of
responders), emergency preparedness organisations

(39%), radiation protection authorities (34%), civilian
research institutes (29%) and universities (26%). Fewer
of the laboratories are part of hospital based institutes
(21%) or the defence sector (13%). Many of the institu-
tions with cytogenetic laboratories belong to more
than one of the categories.

From blood sample to dose estimation

Similar to the 2009 paper, survey questions addressed
all steps involved in the biodosimetry process includ-
ing the organisation of blood sample collection, pack-
aging and shipping from the site of the patient to the
laboratory, through to sample processing and present-
ing the resultant dose estimate. Questions included
requests for information on the procedures in each
laboratory and their capacity for analysis during a
mass casualty event.

Collection and shipment of samples

The survey asked laboratories how the collection of
blood samples for biodosimetry is organised. Almost
all laboratories (90%) had some procedures in place;
many with detailed written protocols. This is a great
improvement from 2009 where fewer (<75%) labora-
tories had protocols in place for sample collection.
Most blood sampling occurs in the laboratory or a
hospital with some laboratories having processes

Biological dosimetry laboratory immediate response capacity, 2015
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Figure 1. Geographical locations of biodosimetry laboratories who responded to the survey. The size of the symbol repre-
sents the weekly scoring capacity of each laboratory.
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established for collection in the field or through their
emergency response organisations during an emer-
gency event. It was also determined from the survey
that, similar to the 2009 survey, the majority of
laboratories have a pre-arranged organised relation-
ship between their laboratory and medical doctors
and that samples collected outside of the laboratory
were often transported by a courier service which
sometimes included air transportation. There are very
specific requirements for shipping biological speci-
mens stipulated by the International Air Transport
Association and described by the WHO!® which
must be carefully followed to maintain the quality of
the blood samples. Guidelines for proper shipping
conditions are described in detail in the 2011 TAEA
Cytogenetic Dosimetry technical report”). There was
a great improvement in the awareness of these regula-
tions which increased from about 74% of the respond-
ing laboratories in 2009 to 89% in this survey. Of
those that were not aware of them, no shipments of
samples by air were occurring. With respect to deal-
ing with international shipments, the laboratories
need to be prepared to receive samples through cus-
toms. Again, there was a large improvement over the
2009 survey results in that the percentage of labora-
tories with predetermined arrangements for dealing
with international shipment and customs increased
from 35 to 52%. Overall, there seemed to be a much
improved preparedness for shipping and receiving
samples, even internationally, with more laboratories
having established protocols and being aware of ship-
ping requirements by air.

Sample processing

When samples are received, depending on the ex-
pertise in the laboratory, one or more of several
assays may be used to determine the dose to the indi-
vidual. When asked how many samples each labora-
tory could score using DCA in triage mode (50 cells/
sample) during a mass casualty event, taking into
account the normal holding of consumables, the
results were actually lower than in 2009. In 2009 it
was reported that about 3900 samples could be pro-
cessed among the 57 responding laboratories (aver-
age of 68/laboratory) as compared to 3000 samples
in 62 laboratories (average of 59/laboratory) reported
in the current survey. There are two main explana-
tions for the decrease since 2009, the first being the
design of the survey. In 2009, the survey was paper
based and had an open field for answering this ques-
tion so that any number could be inserted. In the
current survey, which was conducted online, there
were predefined answers that could be selected with
the greatest number being 100. In the 2009 survey a
few laboratories reported having over 200 and up to
800 sample capacity which would not have been cap-
tured in the current survey. The second possible

explanation for the decrease in the DCA capacity
is that many laboratories have developed alterna-
tive methods so that, even if the DCA capacity
has decreased, the overall biodosimetry capacity
increased. As these data were not collected in the
first survey, it is difficult to compare with this survey.
The results from the current survey are presented in
Figure 2 indicating that all but one laboratory have
some capacity for processing samples for the DCA
while many laboratories have large DCA capacity.
Many also have a significant capacity for processing
samples using the Cytokinesis-Block Micronucleus
(CBMN) assay, however, there are 20 laboratories
reporting no CBMN capacity. For translocation analysis
as measured by Fluorescence In Situ Hybridisation
(FISH), Premature Chromosome Condensation (PCC)
and y-H2AX, few laboratories have these assays es-
tablished as demonstrated by the number of labora-
tories reporting zero capacity. Finally, with Electron
Paramagnetic Resonance (EPR) there are only 4
laboratories that reported having any capacity. If the
capacity for all assays is totalled, the overall sudden-
request capacity is over 10 000 samples. It should be
noted that from the survey it was not clear whether
laboratories could process samples using all assays
simultaneously.

The capacity for providing immediate response
biodosimetry is dependent on the availability of
consumables for each laboratory. Over 80% of the
laboratories responded that it would be easy to restock
consumables in a timely manner. Similar to the 2009
report, most of the laboratories that reported difficulty
with obtaining supplies were in Eastern Europe, how-
ever, there was a change in the reporting from some
Latin-American countries that previously reported
being able to obtain consumables easily but are now
having more difficulty. Only one laboratory that
reported having difficulty obtaining supplies in 2009
now reported that consumables were easily obtained.

Another factor affecting the laboratory capacity is
the availability of human resources. The laboratories
were asked to report on the number of personnel
trained and available for sample culturing, scoring
and data analysis, specifically for the DCA. Figure 3
presents the results of these questions with the data
from both the 2009 and 2015 surveys shown. There
was little difference in the average number of staff
laboratory capable of performing each step of the
DCA process with capacity for culturing remaining
the highest (3.8/laboratory in both surveys), followed
by scoring capacity (3.5/laboratory in both surveys).
There was a slight increase in the capacity for data
analysis from 2.2/laboratory in 2009 to 2.3/labora-
tory in 2015. The main improvement over the past 6
years was that all laboratories have some capability
in all aspects of the process whereas in 2009, there
were a few laboratories that reported no capacity in
each of the steps.
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Figure 3. Number of trained staff in each laboratory for
conducting cell culturing, sample scoring and data analysis
in (A) 2009 and (B) 2015.

Overall capacity

The overall capacity of each laboratory was also
assessed, taking into account all aspects of the ana-
lysis, again focusing on the DCA. The question
asked for the weekly and monthly capacity for sam-
ple analysis when scoring 50 metaphases for each
patient taking into account that some staff would
also be performing the ‘wet work’. This question
was meant to capture the functional throughput cap-
acity of each laboratory for triage biodosimetry that
would be used in a mass casualty situation’s 2.
The results from both surveys are presented in
Figure 4 illustrating the number of laboratories with
different levels of scoring capacity per week and per
month. Although the weekly capacity did not change
significantly (a decrease of 53 to 52 samples/labora-
tory), there was an increase in the monthly capacity,
increasing from an average of 170 to 200 samples/
laboratory. This indicates that the laboratories have
improved their ability to sustain their capacity over a
longer time. This could be due to the increase in use
of semi-automated scoring systems that allows scor-
ing capacity to be maintained while minimising
scorer fatigue. While the increase in the percentage
of laboratories owning an automated metaphase
finder increased only slightly from 60 to 63% over
the past 6 years, there was a greater increase in the
number of systems from 63 to 88 including satellite
scoring systems. Overall, the total international cap-
acity increased slightly from ~3000/week to ~3200/
week while the monthly capacity increased from
~10 000 to ~12 000. While this increase in capacity
is promising, it is still not sufficient to deal with a
very large mass casualty radiological event.

Techniques

As mentioned, there are several techniques besides
the DCA that are becoming more widely used for
biodosimetry. In the order of reported frequency of
use, these include the CBMN assay, FISH, PCC,
yH2AX and EPR (Figure 5). The three most com-
mon of these include FISH for detection of translo-
cations, CBMN assay and PCC, all of which are
described in detail in an IAEA technical report”.

In Figure 5A, the percentage of laboratories which
have working methods for each of the most common
techniques is presented comparing the 2009 and
2015 survey results. In contrast, Figure 5B compares
the percentage of laboratories that have calibration
curves for each of these methods. The DCA remains
the most commonly used assay for biodosimetry
with almost all laboratories reporting well-developed
capability with calibration curves generated. Overall,
there was an increase in the percentage of laborator-
ies performing all of the techniques, the greatest
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Figure 4. Number of samples that can be analysed using
triage quality scoring of 50 spreads per week and per
month in (A) 2009 and (B) 2015.

increases being for the CBMN and yH2AX assays.
Furthermore, the percentage of laboratories having
calibration curves for each technique has also
increased over the past six years. There is still a small
discrepancy between those reporting to have the cap-
acity for an assay and having a calibration curve,
however, this pertained mostly to assays other than
the DCA. Other methods were reported in the sur-
vey including Optically Stimulated Luminescence
(OSL), multi-FISH, gene expression, differential blood
counts, reticulocyte micronucleus assay and nucleo-
plasmic bridges. This is an increase in alternative
methods reported over the previous survey but it
should be noted that few of these have established
calibration curves.

Many laboratories have capabilities for performing
more than one technique as shown in Figure 6.
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Figure 5. The most common techniques used for biodosi-

metry in each laboratory. (A) Percentage of laboratories

with each technique. (B) Percentage of laboratories with
calibration curves for each technique.

While there is a slight increase in the average number
of techniques available per laboratory (2.6/laboratory
in 2009 vs. 2.9/laboratory in 2015), there was a much
larger increase in the average number of techniques
with calibration curves since 2009 (1.9/laboratory in
2009 compared to 2.8/laboratory in 2015). In add-
ition, no laboratories reported having no techniques
and even more importantly, all laboratories reported
having at least one calibration curve.

The comparison between the calibration curves in
the laboratories over the two surveys is shown in
Figure 7. There has been an increase in the percent-
age of laboratories having calibration curves since
2009 over all qualities of radiation with low LET
(Linear Energy Transfer) curves being most preva-
lent (Figure 7A).

Almost all (98%) of laboratories have either a
gamma or X-ray curve as compared to 88% in 2009,
with gamma radiation calibration curves being the

9102 ‘02 AInc uo 139nB Aq /6io'seunolploxopdl//:dny wouy papeojumoq


http://rpd.oxfordjournals.org/

R. C. WILKINS ET AL.

35

== 2009
30 1 == 2015

25 1

20

Percentage of laboratories 3>
with working methods

0 1 2 3 4 5 6
Number of Staff

35

30 1

25 1

20 {

Percentage of laboratories 0
with calibration curves

0 1 2 3 4 5 6
Number of Staff

Figure 6. Number of techniques functioning in each

laboratory. (A) Working methods in place. (B) calibration

curves generated for the technique Types of calibration
curves.

most common (89%). There was an increase in the
percentage of laboratories having two or three cali-
bration curves for different radiation qualities
(Figure 7B). Of those laboratories with three calibra-
tion curves (20%), they all included a gamma, X-ray
and a high LET radiation (neutron or alpha) as
recommended by IAEA®M. Overall there has been
much progress in the development of calibration
curves in BDN laboratories which is an indication
that there is more experience in conducting techni-
ques which should result in more accurate biodosi-
metry worldwide.

Statistics

As discussed in the analysis of our previous survey,
there are two components to the calculation of the
uncertainty on the resultant estimates of individuals’
dose: one from the calibration curve and one from
the Poisson nature of the yield of aberrations, both
of which are clearly outlined in the IAEA technical
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Figure 7. (A) Most common types of calibration curves in
surveyed laboratories. (B) Number of calibration curves per
laboratory.

report’. All laboratories reported employing some
sort of statistical analysis either with software cre-
ated specifically for biodosimetry, other statistical
analysis software or calculated manually. Overall,
78% of the laboratories reported that they used soft-
ware for curve fitting and 80% for dose estimation.
The most common freely available specific software
packages were the ‘Dose Estimate’ software (52% for
curve fitting and 60% for dose estimates) created by
Public Health England"® and CABAS software
(52% for both curve fitting and dose estimates) cre-
ated by Deparas et al'” This is an improvement
since 2009 where 14% of the laboratories reported
having no statistical methods in place, and only 60%
used software for the dose estimations. When asked
whether laboratories had a statistician in the labora-
tory to help analyse complex cases, 55% responded
that they did. There is a clear improvement in statis-
tical analysis methodology since the inception of

9102 ‘02 AInc uo 139nB Aq /6io'seunolploxopdl//:dny wouy papeojumoq


http://rpd.oxfordjournals.org/

AN UPDATE OF THE WHO BIODOSENET: DEVELOPMENTS SINCE ITS INCEPTION

BDN which is likely due to improved communica-
tion and collaboration between the laboratories

Quality assurance and quality control

Quality Assurance and Control (QA/QC) are
important aspects of providing accurate and reliable
biodosimetry''>. Guidelines for QA/QC for biodosi-
metry have been published by the International
Organization for Standardization (ISO) for the
DCA® '? and for the CBMN assay'®. In addition,
a standard for FISH is currently being drafted.
Respondents to the survey were asked whether they
were in QA/QC compliance, whether their QA/QC
procedures were formalised and whether their
laboratory has been nationally accredited. About
half of the respondents indicated that they were QA/
QC compliant with almost 40% being nationally
accredited and 6 laboratories being ISO accredited.
This is an improvement from 26% being QA/QC
compliant and 2 laboratories being ISO accredited
in 2009. About half of the respondents, however, sta-
ted that they were at least following the guidelines of
the ISO standards and the IAEA technical report
without actually having gone through the adminis-
trative processes of acquiring formal accreditation.

Experience with in vivo biodosimetry

Once a laboratory has all procedures in place for
conducting biodosimetry, it is important to gain
some experience with in vivo exposed samples. The
survey asked what type of in vivo exposures had been
studied in each laboratory and whether any acciden-
tal or suspected exposure cases had been analysed.
Ninety-five percent of the laboratories reported hav-
ing some experience with in vivo exposures (80% in
2009) and 71% had experience with accidental or
suspected exposures (65% in 2009). Of the in vivo
studies, most experience was with occupational
(76%), accidental (42%) and medical exposures
(39%), while fewer laboratories had experience with
retrospective dosimetry cases (28%). Since the 2009
survey, some of these cases have been related to
recent accidents in Fukushima'”, Bulgaria“s),
Ecuador, El Salvador, Venezuela and Peru, to name
a few. The experience with in vivo biodosimetry has
been growing over the past six years, providing
laboratories with necessary experience to maintain
and validate their expertise and demonstrating the
need and utility for biodosimetry.

Intercomparisons and exercises

Biodosimetry laboratories devote substantial effort
to setting up procedures, building calibration curves
and ensuring they have a robust QC/QA system. It is
important to continually apply these techniques to
real-life situations or else risk the loss of capability

through inactivity. Many laboratories have active
research programmes that use the biodosimetry tech-
niques but in the case of a purely service laboratory,
there is a risk of losing the expertise if it is not used.
In addition, many laboratories are now becoming
members of networks which require validation that
all laboratories are providing comparable biodosime-
try analysis. Both of these issues can be addressed by
conducting regular exercises and intercomparisons
that will both maintain and validate capabilities
while comparing biodosimetry analysis between
laboratories. These exercises and intercomparisons
form an essential part of maintaining biodosimetry
laboratories in a state of readiness.

The survey addressed the involvement of labora-
tories in intercomparisons and exercises on national,
regional and international levels. The results of this
question are shown in Figure 8 in comparison to the
results from the 2009 survey. Overall, there was an
increase in exercise participation, particularly at the
national and regional levels. At the international
level, a few laboratories participated in a recent
North Atlantic Treaty Organization (NATO) exer-
cise that involved multiple assays''*??. The increase
on the regional level can mostly be attributed to the
formation of the Realising the European Network of
Biodosimetry (RENEB) network which conducted
several exercises over the past few years involving
multiple assays and involved 18 of the responding
laboratories®” 2> ?». As well, the Canadian Network
was expanded to include the USA®. There have
also been several intercomparisons based on scoring
electronically transmitted images shared between
laboratories®®?®. Overall the number of laborator-
ies having performed at least one intercomparison
remained the same as in 2009 but still 17% of labora-
tories that are not participating in any type of inter-
comparison. Many of these laboratories are fairly
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Figure 8. Number of laboratories participating in inter-
comparison exercises.
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new or reside in countries with limited resources
for performing their own exercises. Therefore they
should be encouraged to participate in future inter-
national exercises to validate their biodosimetry cap-
abilities. This could be easily accomplished through
intercomparisons based on scoring electronically
transmitted images, which can be done with minimal
cost while providing training and improving
capabilities.

Networks

As mentioned, many countries and regions are
forming biodosimetry networks. The goal of net-
working is to enhance capacity for performing bio-
dosimetry through standardisation, communication
and intercomparisons so that, if one laboratory
becomes overwhelmed, samples can be sent to
others with confidence that dose estimations will be
comparable® 2.

To gather information on the participation in net-
works, the laboratories were asked whether they par-
ticipate in any networks other than BDN
(Figure 9A). As of 2009, there were already some
well-established national networks with 17 laborator-
ies (30%) reported belonging to existing national
biodosimetry networks. There has been a substantial
drop in national network membership to five labora-
tories (8%) however this has been counterbalanced
by an increase in membership of the European
regional network which increased from three labora-
tories with belonged to the Tripartite Network
(France, Germany and the UK) to 19 laboratories
reporting being members for the newly formed
RENEB®: Y. This demonstrates a tendency of par-
ticipating in the European Regional Network versus
national networks, which may perhaps be explained
by the advantages of international cooperation.
Membership in the Latin-American Biological
Dosimetry Network® has remained stable with six
of their laboratories responding to the survey.
Overall, there was an increase in the percentage of
laboratories belong to at least one network from
58% in 2009 to 66% in the current survey, which is
not surprising with the growing number of inter-
national projects and networks world-wide.

The laboratories were also asked whether they
belong to, or would consider joining either the
WHO-Radiation Emergency Medical Preparedness
and Assistance Network (REMPAN)®? or the
IAEA-Response Assistance Network (RANET)CY,
As shown in Figure 9B, more laboratories have
joined RANET since 2009, which is almost balanced
by the decrease in the number considering joining,
whereas for REMPAN, there is an increase in both
laboratories joining REMPAN and considering join-
ing REMPAN. This may be explained by the fact
that the two agencies’ networks are very different in
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Figure 9. Laboratories whose institution belongs to (A)
specific networks or (B) RANET or REMPAN or is consid-
ering joining RANET or REMPAN.

their nature, roles and the process for joining them.
RANET requires a formal agreement between a
Member State and the IAEA that offers a specific
response capacity in assisting another country in the
case of a nuclear accident or radiological emergency.
Whereas, REMPAN is a semi-formal network with
different levels of membership and the procedure for
joining ranging from a formal relationship (WHO
Collaborating Centers) to an informal relationship
(Liaison Institutes and Observers), with the main
purpose to support national and regional capacities
building, to provide an information platform and to
advise to WHO in case of actual emergencies.
Overall, of the 62 laboratories that responded to
the survey, 41 are members of some sort of network,
but still 21 laboratories remain with no participation
in networks. To address this issue, in 2012, the IAEA
established a Coordinated Research Project entitled
‘Strengthening of “Biological dosimetry” in IAEA
Member States: Improvement of current techniques
and intensification of collaboration and networking
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among the different institutes’ which has been run-
ning since 2012 and will close in 2016. The major
aim of this CRP was to increase preparedness of bio-
logical dosimetry laboratories in ITAEA and Member
States to react to a radiation accident nationally and
in the region. Many of the participants of the CRP
were laboratories that did not previously belong to
any network outside of BDN. As part of this project,
a technical meeting was held in Japan in September,
2015, entitled ‘Future of biodosimetry in Asia:
Promoting a Regional Network’. As eight of the
laboratories identified in this survey as ‘not belong-
ing to a network’ are from the Asia region, this CRP
activity has helped fill this gap by promoting the
development of an Asian Network. These types of
activities highlight the synergy between WHO and
IAEA that can help develop biodosimetry in all
regions and connect laboratories from around the
world.

International activities

Other than international activities already mentioned,
laboratories reported involvement with collaborative
projects, membership on the ISO TC85/SC2/WG18
biological dosimetry committee, involvement with the
NATO, involvement with other European Union
initiatives (e.g. EURADOS, Multibiodose, MELODI,
etc.), exchange programmes for training, involvement
with the recently formed International Association of
Biological and EPR Radiation Dosimetry (IABERD:
http://iaberd.org/) and with many international agen-
cies of emergency response and health effects of radi-
ation (e.g. International Commission on Radiological
Protection, United Nations Scientific Committee on
the Effects of Atomic Radiation, etc.). Overall, 48
(77%) of the laboratories are involved in some type of
international activities, the vast majority of them
through the IAEA and WHO.

Needs of the laboratories

Although many laboratories report being well estab-
lished for biodosimetry, there remain outstanding
requirements. To get a better understanding of these
requirements, the laboratories were asked to describe
their most pressing needs. The responses clearly
identified these to be personnel (32%), automated
analysis systems (30%) and equipment and consum-
ables (19%). Overall, 43% require at least some kind
of equipment or reagents; a decrease from 50% since
2009. There was little change in the requirement for
staff since 2009 and training of staff still remained a
priority. Not surprisingly, the need for more funding
was identified, but only by 11% of the respondents.
Other needs reported included calibration curves
or access to radiation sources, better links and

communication with the emergency response com-
munity and opportunities for intercomparison.

Improvement in BDN

In 2009, when BDN was in its infancy, the members
were asked about their prospects and expectation
from participation in BDN. At that time, laborator-
ies were asking for improvements in emergency
response support, standardisation of techniques, col-
laboration and information exchange. Overall, labora-
tories were hoping to develop better links within the
biodosimetry community.

Now, with the BDN having been active for 8
years, the respondents were asked how the work of
the BDN Secretariat could be improved. The major-
ity of the laboratories either did not respond, stated
that there were no improvements or were very happy
with the work of the secretariat. Similar to the expec-
tations of the BDN stated in 2009, others responded
that they would like the BDN to assist in running
intercomparisons, to improve communication and
interactions between laboratories, and to coordinate
standardisation, training and the establishment of
regional networks. Several of the laboratories stated
that they would like some documentation from the
WHO that would help them justify their activities to
their national authorities.

CONCLUSIONS

In 2007, the WHO developed an international bio-
dosimetry network under the name of BioDoseNet
which comprised of 65 biodosimetry laboratories
from around the world. The goal of the WHO BDN
was to bring together cytogenetic biodosimetry
laboratories to share experience, assist countries in
developing their capacities and capabilities and to
provide a network of laboratories that could provide
assistance in a large scale event. Since then, the
membership has grown slightly to 67 laboratories,
however this represents the combination of some
laboratories closing and others being established.
Based on the responders, there were 15 laboratories
that responded in 2009 and did not respond to the
present survey while there were 20 new laboratories
responding to this survey. Overall, 62 laboratories
responded to the current survey representing a 92%
response rate.

This survey was designed to evaluate how the
BDN has evolved over the last six years and deter-
mine whether the goals of the BDN are being met.
As for capacities and capabilities, based on the
responses received, the total international capacity
for biodosimetry has increased since 2009. This is
due to several factors including continuous cooper-
ation under BDN umbrella, the development of new
regional projects and networks, such as RENEB
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which considerably strengthened biodosimetry through-
out the EU, adoption of new techniques and efforts
toward increasing throughput using automation and
improved communication between laboratories which
has led to information sharing, harmonisation, training
and intercomparisons.

Many of the issues that were identified in 2009
have been addressed. For example, more laboratories
have working techniques along with calibrations
curves for multiple radiation qualities. In addition,
more laboratories have established QA/QC proce-
dures, many more have experience with in vivo cases
and are also participating in intercomparisons.
Freely available statistical packages have also
improved data analysis. These are strong indicators
that biodosimetry laboratories are gaining more
experience in conducting the techniques which will
lead to validation of their capabilities and more con-
fidence in their dose estimates.

There still remain some issues identified in 2009
such as the lack of equipment, funding and training,
however the reporting of these issues has decreased.
Overall there was a strong feeling of satisfaction with
the BDN and a good indication that the links devel-
oped through membership have enabled cooperation
and assistance between laboratories. The results of
this survey have clearly demonstrated the advantages
of international networking and how the WHO has
fostered the strengthening of the links between biodo-
simetry laboratories and supported countries in
implementing THR (2005) through building their
national laboratory capacities for strengthening pre-
paredness for radiological and nuclear emergencies.
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