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Fourteen laboratories from 10 countries participated in an international collaborative study to 
establish a IYHO International Standard for Pkiasmodiunzfal'ciparzkrn DNA nucleic acid 
amplification technology (j?V.T) assays. In all, 20 separate data sets Lvere collected from these 
laboratories. Four samples, AA which was Iyophilised and BB, CC and DD which were liquid 
preparations, were analysed using several different NAT assays. The mean P. faleiparuvrz DNA 
content of each sample was determined from the study. The mean loglo "equivalentsm/ml were 
8.5 1 for sample AA, 8.45 for sample BB, 8.35 for sample CC, and 5.5 1 for sample DD. 
Predictions of the stability of the freeze-dried preparation AA indicate that it is extremely stable 
and suitable for long term use. On the basis of the collaborative study data and the results of the 
stability studies, the freeze-dried material, AA is proposed as the first International Standard for 
P, falciprsruln DNA NAT assays. The code number of AA is 0411 76 and the proposed potency is 
109 Intemational Units per m1 based upon this study. Each vial contains the equivalent of 0.5 ml 
of material, and the content of each vial would be 5 X 10' 1Uiml. 

Introduction 

Each year there are an estimated 300 million acute cases of malaria worldwide, accounting for 
more than one million deaths per year (l). Although most of these cases are found in endemic 
tropical regions of Africa, Asia, Central and South America, cases of imported malaria are 
reported in non-endemic areas. In Europe it has been estimated that there are in excess of 10,000 
cases of imported malaria per year, with around 2000 cases being recorded annually in the 
United Kingdom alone (2). Estimates by the CDC have indicated that there are approximately 
1,324 cases, including 4 fatal cases, of imported malaria annually in the United States in 2004, 
largely due to travellers, immigrants and servicemen returning from malaria endemic regions (3). 

In humans, malaria is caused by infection with five species of Plasmodium (P. falciparu~n, P. 
malarirae, P. ovale and P. vi t~~x),  with P. knowlesi being an uncommon zoonosis in Borneo . P. 
falciparum is responsible for approximately 95% of deaths due to malaria (5). Malaria diagnosis 
has relied upon microscopic analysis of Wrigtit's or Wright-Giemsa stained blood smears to 
detect infection and determine parasite loads (6). Slide interpretation requires considerable 
expertise and is difficult to standardise, particularly at low levels of parasitemia or where mixed 
species infections occur (7). Nucleic acid amplification techniques fMAT) such as PCR are 
becoming increasingly employed in the diagnosis of malaria (8,9), studies have shown that PCR 
can improve sensiti~ity and species discrimination when compared to either microscopy or 
serological methods (4,101. Althou@ numerous PCR methods have been developed for the 
laboratory diagnosis and clinical management of malaria, the reported sensitivities of these 
assays vary widely. These differences may be a result of intrinsic variabil i~ in assay sensitivity 
or are a consequence of calibration using different reference reagents that are poorly 
sandardised. Due to this variability the proposed International Standard will be expressed in 
International Units. These a r b i t r v  units can be used to compare assays or laboratories by the 
response given by the standard. 
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This preparation will be intended for the comparison of the sensitivities of HAT based methods 
for the detection of P. falcipavzlm. It is not subject to requirements for the ~nanufacture and 
control of biological substances. However, the need for this material has been recognised by the 
Expert: Committee on BioIogical Standardization (ECBS) in 2004. 

The first WHO International Standard for NAT assays was established in 1997 for hepatitis C 
virus (HCV) RNA (1 l). This standard was crucial in enabling the introduction of screening of 
blood donations and plasma pools for HCV RR'A by NAT assays. Further WHO International 
Standards for NAT assays have been established for hepatitis B virus (HBV) DNA, HIV-1 RNA, 
pmovims B 19 DNA, hepatitis A virus (HAV) RNA (1 2, 13, 14, 1 5 ) .  These standards have all 
been widely used in the implementation of NAT testing to ensure the safety of blood and plasma 
derived medicinal oroduct with res~ect  to contamination with blood borne viruses. 

Fe\ g%% -& 
Transfusion-transmitted cases of malaria occur and may result in significant morbidity and 
mortality in transfusion recipients, particularly when P.falciparum is implicated. In areas where 
malaria is endemic, transksion transmitted malaria is a particular issue. Whilst in non-endemic 
areas, such as the United Kingdom, donor deferral and serological screening for antibodies to 
malaria in returned travelers help to minimize the risk of transfusion transmission of malaria 
(16). In endemic areas, antibody screening would fail to identify active infections and would 
results in the unnecessary high discard of collected blood units. If NAT based assays for 
Plasmodium spp. are deployed, for example for confirmatory testing, the availability of 
international reference materials would be invaluable in the validation and standardization of 
such methodologies. 

The objectives of this present study were to assess the suitability of a candidate preparation as a 
WI-I0 International Standard for P. Jf;zlc@arum DNA for use in NAT assays and to determine P. 
f a k @ a r m  DNA content of candidate standard. 

In this study, 14 laboratories from 10 countries returned results from assays of four separate 
&g&& K-> 
d 

preparations. These included parasitology laboratories from tropical medicine institutes, 
universities, hospitals, control laboratories, kit manufacturers and other laboratories. Some assays 
were commerciaI assays while others were in-house assays developed by the respective 
laboratories (Appendix 4). Throughout this report, a code number was allocated at random and 
did not necessarily represent the order of the paaicipants described in Appendix 1 to the 
participants, Data sheets and method forms were provided so that all relevant information could 
be recorded. The collaborative study began in April 2005 and concluded in March 2004. 
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Bulk hiIateria1 and Processing: 

Preparation and et~aluation of materials 

Four candidate materials were included in this study. Sample AA was a freeze-dried blood 
preparation from a patient infected with P. faZc+arurn who underwent an exchange blood 
transfusion. Malaria-infected blood removed at exchange transfusion would routinely be 
autoclaved and incinerated. In this instance, permission to use the anonymised waste sample for 
research was obtained from the patient's spouse via the clinical team caring for the patient, which 
was itself independent of this project. The pooled blood used to prepare the standard was 
determined to have an overall parasitemia of approximately 9.8% as determined by light 
microscopy. Local Research Ethical Committee approval was obtained at the London Hospital 
for Tropical Diseases for the collection and subsequent use of this sample. Sample AA was 
stored at -70°C until filling and freeze-drying. Sample BB was a blood sample in vifro cultured 
liquid preparation, of Pfalciparurn 3D7 type strain with a parasitemia of approximately 10% 
(Appendix 2). Sample CC was a liquid preparation of approximately 6.9% parasitemia of 
P.falc@arurn infected blood obtained from an exchange transfusion. Sample DD was a 1 : 1000 
dilution of sample CC in leucodepleted blood. Samples BB, CC and DD were dispensed into 0.5 
m1 aliquots into 2.0 m1 Sarstedt tubes (catalogue no. 72.694.005). All samples tested negative by 
PCR for the following virus markers: HBV, HCV, HAV: HIV-1 and parvovirus B 19. 

Lyophilisation of sample AA 
Sample AA was filled and freeze-dried at BioReliance in Glasgow, Scotland. The material was 
processed as follows: on the day of the fill, the bulk sample was thawed in a water bath at 37°C 
with constant agitation until the sample had just thawed out. Thereafter, the bulk material was 
kept at O°C. A total of 1980 vials u7ere filled with 0.5 m1 of material. The co-efficient of variation 
of the fill volume \xias 2.38%, determined by measuring every thirtieth vial filled. Measurements 
were made for a total of 66 vials. 

The vials were supplied by Adelphi Tubes (catalogue no. VC0002-13C) and were washed 
without detergent prior to sterilisation by oven baking at 1 80°C for 3 hours. Rubber seals 
(Adelphi Tubes catalogue no. FD13) were immersed in 95% ethanol, 5% methanol for a 
minimum of one hour followed by autoclatring. The seals were then placed on top of the filled 
trials before being loaded into the freeze-drier. 

The shelves of the freeze-drier were pre-cooled to -40°C prior to the loading of the vials. The 
temperature was maintained at 40°C for at least 3 hours in the absence of any vacuum. Afier this 
initiaI period, a maximum vacuufn was applied, kvhjlst maintaining shelf temperature at -405C, 
for a period of 90 hours. The condenser temperature was at or below -70°C. After this period the 
temperature was raised from -40°C to +20"f over 20 hours while maintaining maximum 
vacuum. Maximum vacuum was mainlained for a fu&er 2-6 hours at +20°C before the freeze- 
drying chamber was back filled u7i& Nz and the vials sealed within the freeze-drier. A moisture 
trap was positioned betrxreen the N2 and freeze-drier to ensure dryness. X2 gas with less than 
5ppm Oz was used. The vials were removed from the freeze-drier, crim sealed with aluminium R over seals and stored at -20°C. Freezedwing was completed on the 15' of December 2004. 
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Lyophilised vials of sample AA are stored at -20°C with constant temperature monitoring, at the 
National Institute for Biological Slandards and Control (NIBSC). The residual moisture content 
for 041 176 has not been determined due to the potentially infectious nature of these preparations. 
Residual moisture l e \ ~ t s  are usually determined since they can impact upon the stability of 
freeze-dried preparations, data from the stability studies of 041'1 76 indicate that it is extremely 
stable. These stability studies are described below. All malufacturing records are held by 
NIBSC to be available on request by the ECBS. 

Stability Studies 

Stability studies were performed at NIBSC for sample AA. Vials of AA were incubated at -20°C, 
+4"C, +20°C, +37"Cand +45"C. Vials from each temperature were removed after different &g&" 

&g$& intervals and initially stored at -70°C before analysis. In order to provide a "baseline" titre 
against which to compare the stability of the samples incubated at different temperatures, vials of 
AA, stored continuously at -70°C, were analysed in parallel. 

For analysis of the samples for the stability study, 200 p1 volumes of the reconstituted samples 
for AA were extracted using the MagNA Pure LC instrument with software version 3.0 (Roche 
Applied Science). Samples were extracted using the DNA Isolation Kit I (Roche Applied 
Science) according to the manufacturer's instructions. Elution was performed with 100 p1 of 
elution buffer. Real-time PCRs were performed on the LightCycler 2.0 instrument (Roche 
Applied Science, Mannheim. Germany). An in-house assay was performed using primers 
selected from the most conserved regions of the 18 S rRNA gene. The forward primer sequence 
was as follows: 5' CAG ATG TCA GAG GTC AAA TTC TAA GAT T 3'. The reverse primer 
sequence was as follows: 5' TCC CTT AAC TTT CGT TCT TGA TTA ATG 3'.  The sequence 
of the fluorogenic hydrolysis probe was as follows: 5' (FAM) CTG GAG ACG GAC TAC TGC 
GAA AGC ATT TG (TAMM) 3'.  Amplification reactions were performed using the 
LightCycler Faststart DNA Master Hybprobe kit (Roche Applied Science, Mannheim. Germany) 

@g$* 
and 5 p1 of the eluted DNA was used in a 20 pl reaction volume. The concentration of each 

%S& -- primer in the reaction was 0.6 pM and the probe was used at a final concentration of 0.2 pM. The 
amplification conditions were as follows: 95°C for 10 min. then 45 cycles of the following 
sequential steps: 95 "C for 15s. 60 "C for 1 min. Fluorescence data was collected during the 
combined anneaiing/extension step and detected at530 nm. A standard curve was generated using 
serial ten-fold dilutions of a sample with a concentration of 180.000 parasites per p1, as 
determined by Giemsa stained thin film microscopy bp a proficient operator, with independent 
confirmation. 

For the stability studies (Tables 1-4), the titre of the degadation samples for AA at different 
storage temperatures are expressed in terms of parasites per pl. Results of the assays of sample 
ASr stored at elevated temperature are shown in the tables below. The overall geometric means 
( Iog?~)  for the estimated parasites!ul are shown. Also s h o ~ n  is the loss compared to the 
concunently tested -20°C sample. This is displajed as both the logio drop. and as a percentage of 
absolute counts. 
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At the higher temperatures there is clearly some degradation, with a drop of around 0.3 loglo 
after a year at +20°C, and around 0.6 loglo at higher temperatures. There was little observed loss 
at +4"C however, with an appwent increase at 8 months, and a loss of 0.06 loglo at 12 months. 
This data is based on a limited number of vials however, and these differences are within the 
expected assay variabili~. 

If the Arrhenius model for accelerated degradation is applied to this data, a predicted loss per 
year at -20°C of around 20%, or 0. I loglo is obtained. However this is not a precise estimate. This 
prediction does not appear to be consistent with the observed data for the sample stored at +4"C 
which has not shown degradation of the order of that predicted for the -20°C sample. It is not 
clear whether the Arrhenius model, which is based on a simple first order degradation process, is 
appropriate for material of this type. 

Although there is degradation at higher temperatures, there is little observed degradation after 12 
months at +4OC. This initial data does not demonstrate that the material is unfit to senre as a 
standard. However further ongoing monitoring of stability will be required. In particular, it is 
recommended that studies comparing samples stored at -20°C to baseline samples stored at - 
150°C or -70°C are carried out. The implication of the degradation at higher temperature for 
stability at the recommended storage temperature is not clear. 

Studies are in progress to look at the stability of sample AA following reconstitution and storage 
at different temperatures (-20 "C and +4"C). These studies are on-going, and to date, after 4 
weeks incubation of the reconstituted sample AA at +4OC and -20 "C there has been no detectable 
loss of titre when compared to fieeze-dried and freshly reconstituted preparations of AA that 
have been stored at -20 "C (Appendix 6). 

Design of the Study 

Participants were sent four vials of each material. The participants were requested to store 
samples at -70°C on receipt. Participants were requested to re-dissolve the lyophilised 
preparation (AA) in 0.5ml of nuclease -free deionised water immediately before use. The vials 
were to be shaken gently occasionally over a period of 20 minutes to dissolve the contents. The 
liquid preparations (BB, CC: DD) were to be thawed quickly before use. 

Participants were requested to perform four independent assays for P. falc@arum DNA on the 4 
samples on different days, preferably one week apart. A fresh vial of each sample was to be used 
for each independent assay. For each assay dilutions of all it preparations were to be tested at the 
same time so that the P. falciparum DNA content of each preparation could be deternined. 
Pmicipants were requested to prepare dilutions in the sample diluent normally used in their 
assay system. 

For the first assay of the 4 preparations, participants were requested to assay ten-fold dilutions of 
the preparations in order to deternine the P. falciparum DNA end-point of each preparation. For 
the remaining 3 assays it was suggested that participants should half-log dilutions (i.e. 1 :3.3) 
either side of the end point. Data sheets were provided so all results could be recorded. A 
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separate data sheet was used for each assay. A detailed protocol for the study is shown in 
Appendix 3. The types of assays used by the participating laboratories are shown in Appendix 3. 

Statistical &.lethods 

The qualitative end-point assays were analyzed using the Poisson model. as previously described 
for collaborative studies for other NAT slandards (10. 11, 12: 13, 14). All estimates were 
expressed as log10 PCR detectable unitsiml. Overall means were calculated as arithmetic means 
of the logl 0 estimates. 

Potencies relative to sample AA were calculated as the difference in estimated logl 0 detectable 

*g&*$ 
unitsiml. 

ern 
\+&S 

Data Received 

Data were received from 14 laboratories using a variety of assay methods. Laboratories are 
referred to by a code number, allocated at random, and not related to the order of listing in the 
appendix. Where a laboratory performed more than one assay method: the results have been 
analyzed separately, treated as if from separate laboratories, and coded for example laboratories 
1A and 1 B. All raw data is held by NIBSC to be available on request by the ECBS. 

The majority of laboratories used provided data from qualitative end-point dilution assays. Two 
laboratories provided quantitative results. Laboratory 3B provided quantitative results from a 
commercial kit (RealArt Malaria LC PCR kit, Artus, Hamburg, Germany) for a range of dilutions 
for each sample. The results were quoted as copiesipl. Laboratory 5 provided results from an in- 
house quantitative assay, giving results as a mean log10 Par!ml based on two sets of triplicate 
determinations for each sample. 

L?-* Where a laboratory marked a result as uncertain or +!-, it was treated as negative. 
@y 
%G 

Laboratory 1 B did not continue the dilution series for sample AA until negative responses were 
obsen~ed. It was therefore not possible to calculate an estimate of unitsiml for this sample. 

For assays 2-4 Laboratoq 9 only tested single dilutions half a log either side of the end-point 
from assay I ,  rather than a full half-log dilution series. It was still possible to determine estimates 
of detectable unitsiml but they may be less precise than for other laboratories. 

Laboratory 10A & 10B had some positives at very high dilutions. The Poisson model could not 
be fitted with these results, and they were excluded as potential false positives. 

Laboratory 1 1 A & I I B reporled "'dilutions not well executed"' for assay 2, which was therefore 
excluded. It was not possible to obtain an estimate of deteebble unitsiml for sample CC for 1 l A, 
as all remaining results were positives, Some of the remaining results from 11B were also 
inconsistent. 
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Laboratory 14B had some inconsistent negatives at 10'" and 10-l for sample DD in assay 2, 
which were excluded. 

Results & Discussion 

The estimated log10 PCR-detectable unitsiml from the qualitative end-point assays are shown in 
Table 5. They are also shown in histogram form in Figures la-d. Each box represents the 
estimate from one laboratory, and is labeled with the laboratory code number. The overall means, 
range and standard deviation between laboratories is shown in Table 7. 

The agreement between laboratories is similar to that observed in the collaborative study to 
establish the first International Standard for HCV RNA for NAT assays ( l  1). 

@gz 
G5 

The quantitative results from lab 3B are shown in Table 6.  The estimates are shown after 
correcting for the dilution factor of the test sample. Clearly the response of the assay is non-linear 
over the dilution range, with the estimates for sample AA for example varying between 6 log10 
unitsiml and 10 log10 unitsiml, depending on which dilution of the sample was tested. The 
results for lab 3B were quoted as copieslpl, which makes them all substantially higher than the 
estimated unitsiml for all the qualitative assays. This assay was the same assay used qualitatively 
by laboratory 13. 

The quantitative results from lab 5 are shown in Table 7. The estimates for sanlples AA, CC and 
DD are much lower than those from the qualitative assays. The estimate for sample BB is of the 
same order as the qualitative assays, but 4 logs higher than the equivalent estimates of AA and 
CC. This may be due to the fact that this assay is amplifying RNA and not DNA compared to the 
other assays. Sample BB has undergone less freeze-thawing than samples AA, CC and DD. Also 
sample BB has not undergone any other forms of processing such as freeze-drying. These results 
emphasize that this candidate standard is not suitable for RNA assays. 

The potencies of samples BB, CC and DD were calculated relative to sample AA. With no 
assigned unitage for AA, the potencies are simply the difference in estimated log10 unitsiml. A 
value of 0.0 would indicate that the sample is equivalent to sample AA. A value of 11.0 indicates 
a sample has a 10-fold higher number of unitsirnl than sample AA. A value of -1 .0 indicates a 
sample has a 10-fold lower number of unitsiml than sample AA. The calculated values for each 
laboratory are shoxn in Table 8, and in histogram form (for the qualitative assays only) in 
Figures 2. There are no estimates for laboratory 1 B as there was no available estimate of unitsiml 
for sample AA. The overall means, range and standard deviation between laboratories (for the 
qualitative assays only) is shown in Table 10. 

There is reasonable agreement beween the laboratories, but expressing results as relative 
potencies has not Lead to any marked reduction in bett-t-een laboratory variability. 

For the quantitative results from laboratory 33, potencies ryere catculated based on the mean 
estimates from the samples tested at neat and I in 10 dilutions only. The potencies of BB and GC 
relative to AA are in line with the other laboratories, but for sample DD is much lower. 
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For the quantitative results from laboratory 5 ,  the potencies of CC and DD relative to AA are in 
line with the other laboratories. but for sample BB is much higher. 

During this study, the majority of laboratories have utilized NAT assays directed at the P. 
fakiparum 18s rRNA gene. The correlation of gene copy number determined by molecular 
methods and levels of parasitemia evaluated by microscopy are complicated due to the multicopy 
nature of these particular genes. The availability of an International Standard will help to 
reconcile such differences and be valuable in studies performed in different laboratories ~vhere 
results are to be directly compared: for example, in comparison between different vaccine 
studies, where parasite density is utilized as an end-point for evaluation purposes. 

Conclusions 

Based on the coIlaborative study data, the freeze-dried material, AA is proposed as the first 
International Standard for P. fulcipurutn DNA NAT assays. The code number of AA is 0411 76 
and the proposed potency is 1 o9 Intemational Units per m1 based upon the results of the study. 
Each vial contains the equivalent of 0.5 m1 of material, and the content of each vial would be 5 x 
l o8 IU/ml. This standard is not suitable for P. falciparum RNA NAT assays. The Instructions for 
Use for 0411 76 are shown in Appendix 5 ,  Predictions of the stability of the freeze-dried 
preparation AA indicate that it is extremely stable and suitable for long term use. 

Responses from Participants and presentation of the study results at the xlxth meeting of 
SOGAT, in Bern, Switzerland, June 2006 

Responses have been obtained from all 14 participants. All responses have indicated agreement 
with the proposal to assign a mean value based on the estimates calculated in the study. There 
were no disagreements with the proposals from this study at the SOGAT meeting heldin Bern 

6% ( 1  4- 1 5 June 2006). 
%* 



WHOBSIOS.2035 
Page 10 

Table 1: Incubation Profile for Stability Study of AA 

l I l l I 

12 months 2 vials 2 vials 2 vials 2 vials 2 vials 

Incubation Time 

8 months 

Table 2: Geometric Mean Parasitesiul (Loglo) 

1 Months I 

-20°C 

6 vials 

Temperature 

/ Storage / -20°C I +4OC 1 +20°C ( +37"C / +45"C / 

+3OC 

6 vials 

Table 3: Loss relative to -20°C Sample (Loglo drop) 

I Months I 

+20°C 

6 vials 

Temperature 1 

Table 4: Loss relative to -20°C Sample (%) 

+37OC 

6 vials 

+45OC 

6 vials 

( Storage / -20°C 1 +4"C +2OoC / +37"C 1 +4j°C / 
Months Temperature 
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Table 6. Estimated "copiesipl"' (loglo), after correcting for dilution factor, from quantitative 
assay of Laboratory 3B 

I I Sample I 
I 

Dilution / AA 1 BB 1 CC 1 DD 
l I l l 

Neat 1 10.37 1 9.29 / 10.20 1 3.48 

Table 7. Estimated Parlml (loglo) from quantitative assay of Laboratory 5 

Sample 
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Table 8. Overall mean PCR detectable unitsimi (loglo) from end-point assays 

,A<q-- rv%z- *g9: N - Number of laboratory estimates 
SD - Standard Deviation of loglo estimates across laboratories 
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Table 9. Potency relative to sample AA (loglo). 

1 Sample 

l 1 i 

Mean of -0.09 -0.22 -3.04 
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Potency relative to sample AA expressed as loglci unitsiml. A value of 0.0 uould indicate that the 
sample is equivalent to sample AA. A value of -I- l .0 indicates a sample has a 10-fold lzigher 
number of unitsiml than sample AA. A value of -1 .O indicates a sample has a 10-fold lower 
number of unitslrnl than sample AA. 

Potencies for laboratory 3B based on mean results from samples tested at neat and 1 in 10 
dilutions only. 

Table 10. Overall potencies relative to AA (logio) from end-point assays 

/ S a m ~ l e  / N I Mean I Min / Max / Range 

N - Number of laboratory estimates 
SD - Standard Deviation of logto estimates across laboratories 
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Figure la: PCR Detectable Unitsirnl (loglo) for Sample AA 
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Figure 1b: PCR Detectable tlnitsirnl (logio) for Sample BB 
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Figure lc: PCR Detectable Unitsirnf (loglo) for Sample CC 
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Figure Id: PCR Detectable Unitsirnl (logio) for Sample DD 
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Figure 2a: Potency Relative to Sample tZA of Sample BB (loglo) 
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Figure 26: Potency Relative to Sample AA of Sample CC (loglo) 
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Figure 2c: Potenq Relative to Sample AA of Sample DD (logio) 
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Appendix 2 

P falciparum (3D7 clone) used for the preparation of sample BB, was cultured by Clare Su-ales 
atthe London School of Hygiene and Tropical Medicine, in January 2005. Parasites were 
propagated using the foflosving medium: 

RPM1 1640 (Invitrogen # S  1800-035) prepared from 10.44 g powder with the addition of 50 mgiL 
hypoxmthine (ri" H-9636),5.94 g Hepes, (# 4034), 2g NaHC03 (# S5761), 1.96 g glucose (jS G- 
7528). The final fomulation of the medium included I O% AB serum (pooled from a batch of l0  
units, aliquoted and stored at -20°C until use) and gentamycin at a final concentration of 
0.04mgiml. Type 0 negative red blood cells were obtained from the Blood Transfusion Service, 
North London, with a Haematocrit of 2.5%. 
Synchronisation was achieved using 60% percoll (Sigma) and gassed with 4% COz, 3% 02, Bal 
N2 (BOC). Parasites were propagated to 10% ring forms and %?ere subsequently centrifuged at 
500g for 10 mins and supematant removed, followed by re-suspension to 30% HC in complete 
medium to give 70 m1 stored at -80 'C until dispensed for the preparation of sample BB. 
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Appendix 3: Collaborative study for the characterization of an Intemational Standard for 
P1asnaodizkrnfaleipurz~;n nucleic acid amp1 ification assays 

COLLABORATIVE STUDY FOR THE CHARACTERIZATION OF AN 
INTIEmATIONAL STANDAm FOR Plasmodium falciparum NUCLEIC ACID 

AMPLIFICATION ASSAYS. 

Objectives: 

1. To assess the suiubility of candidate preparations as an International Standard for 
Plasn.todiurnfalciparzcm DNA for use in nucleic acid amplification techniques (FJAT). 

G$3 
wad 2. To determine the parasite content of the candidate standard. 

Materials: 

Four separate samples shall be sent out to participants to analyse in this study. Sample AA is a 
iyophilised standard with a parasite concentration of approximately 10%. Sample BB is 
preparation of cultured parasites in red-blood cells at a concentration of 10% parasitemia. Sample 
CC is a liquid preparation of Plffsmodiur~ falciparurn infected blood at a parasiternia of 6.9%. 
Sample DD is a liquid preparation of spiked aliquot of sample CC in leuco-depleted blood. The 
parasetemia concentration of this sample is 0.0069%. 

CAUTION 

THESE PWPARTIONS AR?3 NOT FOR ADMINISTMTION TO HUMANS. 

The preparations contain Plasmodium falciparum. The preparations are considered 
infectious material and should be regarded as potentially hazardous to health. They should 
be used and discarded according to your own laboratov safety procedures. Care should be 
exercised in opening vials to avoid cuts. 

Design of the Study: 

Participants wit1 be sent 4 vials of each material. AI1 samples should be stored at -7O6C on 
receipt. The lyophilised preparations should be re-dissoftxed in 0.5ml of deionised nuclease-free 
water immediately before use. The water should be delivered to the vial rx-ith a lml sterile, 
disposable syringe fitted with an appropriate sterile. disposable needle (08.mm X 25mm is 
suitable). The vial shouId be shaken gently over a period of 20 min to dissolve the contents. The 
liquid preparations may be thawed quickly in a water bath at 37°C or at room temperature. 

Paticipants are requested to perform four independent assays for Plasmodium falcl;garzam of the 
4 samples on different days. preferably one week apart. A fresh vial of each material should be 



WWOiBSf06.2035 
Page 30 

used for each independent assay, For each assay, dilutions of a11 4 candidate materials should be 
tested at the same time so that the Plasnzodiurnfalc@arum DNA content of each preparation can 
be determined. Participants should prepare dilutions in the sample diluent nomally used in their 
assay system. 

For the first assay of the 4 candidate materials, participants should assay ten-fold dilutions of the 
preparations in order to determine the Ptasrnodium fatciparzlm DNA end-point of each 
preparation. 

In the remaining 3 assays, half-log dilutions (i.e. 1 :3.3 dilutions) on either side of the end-point 
should be assayed. 

Results: 

Data sheets are provided so that all relevant information can be recorded. A separate data sheet 
should be completed for each assay. 
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Resutt forms for the PlasmoLaTium faleirtarum DNA Collaborative Study 

Assay 1: 
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Result forms for the Plasmodium falciparum DNA Collaborative Study 

Dilution I Positivc,%egative 1 Comments 
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Result f o m s  for the Plasvnodiurn fa1ci~urui.t~ DNA CoIIaborative Study 

Assav 3: 
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Kesulr for~ns  for thc I ' l~~snrc~tl i lrnl  fuIc.ipirr~lc/rl DN:I Collaborati\ c. Stud\ 

Assav 4: 

[ Sample Dilution / Positive/l\iegative / Comments 1 
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%%ethod Form Plasmorlium fafcirtarurn Cotlaboratire Study 

Investigator: Institute: 

Type of Institute (Control Authority, Manufacturer, Diagnostic Laboratorp, Kit 
Manufacturer, Other laboratoq (please specify)): 

Qualitative assays 
In-house developed PCR 
Commercial assay: Version: Batch: 

Quantitative assays 
In-house quantitative assay 
Commercial quantitative assay: Version: Batch: 

Protocol for Plasmodiccmfalciparum DNA isolation from samples 

Indicate reference if the method has been published: 

Journal : Volume: Year: Pages: 

Volume used for extraction: 
Volume of final elute: 
Indicate to which category the method belongs and specify the reagents 
Chaotropic agent (e.g. guanidium isothiocyanate, urea, LiCI): 
Chaotropic agent with phenoI/chloroform extraction: 
Chaotropic agent with absorption to silica or ion exchange resin: 
Proteinase K digestion and phenolichloroform extraction: 
Commercially available method: Manufacturer: 
Name of the method: Batch: 

Other in house developed methods, please describe briefly: 

Sample diluent used: 
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Amrriification arotocol 

Volume of amplification reaction: 
Volume of template in amplification reaction: 
Indicate reference if the method has been published: 

Journal: Volume: 

The amplification procedure can be categorized as: 
Single round PCR 
Nested PCR 
Other procedure, describe briefly: 

Year Pages: 

Genomic region amplified and copy number if known: 

Describe primer sequences applied, please give the exact sequences in A, T, G and C 
First round PCR primer: Forward: 

Reverse: 

Nested PCR: Forward (outer): 
Reverse (outer): 
Fonvard (inner): 
Reverse (inner) : 

Characteristics of the PCR-protocol: 
DNA polymerase used: Manufacturer: 

Thermal cycler manufacturer: 
No. of cycles lSt round: No. of cycles 2nd round: 

Protocol for detection of amplification products 

Amplification products have been detected by: 
Gel electrophoresis foltowed by ethidiurn bromide staining and UV-visualisation 
Gel electropkoresis followed by nylon or ni&o-cellulose filters and hybridisation with a radio- 
active labelled probe 
Gel slectrophoresis followed by blotting on nylon or nitro-celtulose filters and hybridisation with 
an enzyme-labelled or chemituminescent probe 
Li'sing fluorescent, chemilurninescent or enzyme labelled primers andor probes 
Oligomer-hybridisation (liquid hybridisation) followed b!~ separation of hybridised probe- 
amplification pmduct and non-hybridised probe on gels 
Dot-blot analysis on filters by radioactive probe detection 
Dot-blot analysis on filters by enzyme labelled or chemiluminescent probe detection 
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Other method, describe briefly or give literature reference: 

In the case of hybridisation describe the probe and associated labels used 

For oligorners, please give the exact sequences in A, T, C, and G. 
Probe sequences: 

Ouaiitv assurance 

Is an internal control used to account for inhibition or loss of nucleic acid? Yes No 
Please describe details of the internal control if used: 

Please give exact sequence in A, T5 G, and C. 

Are weak positive samples included in each run for monitoring sensitivity? 
Are negative samples included in each run for monitoring specificity? 

No of controls per test run: positive control: 
negative control: 

Are isolation, amplification and detection performed in separate areas? Yes No 
Is a metl-tod for pre~rention of PCR cary-over used? Yes No 
If yes describe the method: 
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Appendix 4: Assays Used 

Diseases I I 
Westmead Hospital 
St. Ceorge's, University of 

/ UMC St Radboud 1 In-house Real-Time NASBA 

In-house nested PCR 
In-house Real-Time PCR 

London 
University of Brescia 
Banc de Sang i Teixits 
Universita degli Studi di 
Parrna 

In-house nested PCR, In-house Real-Time PCR 
In-house Real-Time PCR 
In-house nested PCR, In house Real-Time PCR 
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Appendix 5: Instructions for Use for 1'' '11-7-10 International Standard for Plasrnodium 
falcp~avum DKPL Nucleic Acid Amplification Techniques 

lS' WHO International Standard for PIasmodiumfaIciparillnz DNA Nucleic Acid 
Amplification Techniques 

NIBSC code 031176 

Version 1.0 23rd May 2006 

1. INTRODUCTION 

The W O  International Standard for Plasmodium falciparum DNA nucleic acid amplification 
technology @AT) assays consists of a freeze-dried whole blood preparation collected from a 
patient by exchange transfusion. The standard has been lyophilized in 0.5 m1 aliquots and stored 
at -20°C. The material was calibrated in an intemational collaborative study involving 14 
laboratories. The standard has been tested by PCR and found negative for the following blood 
borne viruses: hepatitis C virus, hepatitis B virus, hepatitis A virus, HIV-l and parvovirus B19. 

2. UNITAGE 

This material has been assigned a unitage of 5 x 10' intemational Units (IU) per vial. 

Uncertainty: the assigned unitage does not carry an uncerlainty associated with its calibration. 
The uncertainty may therefore be considered to be the variance of the vial content and was 
determined to be +/- 2.38%. 

3. CONTENTS 

Each vial contains 0.5 ml of lyophilized rvhole blood infected with PZhsmodiumfalciparu~;~~. 

4. CAUTION 

THIS PREPARATION IS NOT FOR ADhfINISTUTION TO HUMANS. 

The preparation contains material of human origin, which has been tested and found negative for. 
The slandard has been tested by PCR and found negative for the following blood borne viruses: 
hepatitis G virus, hepatitis B virus, hepatitis A virus, HIV-I and panrovims 319. 

As with all materials of biological origin, this preparation should be regarded as potentially 
hazardous to health. It should be used and discrarded according to your own laboratory's safety 
procedures. Such safety procedures probably will include the wearing of protective gloves and 
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avoiding the generation of aerosols. Care should be exercised in opening ampoules or vials, to 
avoid cuts. 

5, DIECTIONS FOR OPENIIb'G THE CRIMP VIALS 

Vials have a 'Rip-up' circular cap. Either on the cap or the coliar of the vial, there is an indication 
of the point at which to lever off the cap. This exposes an area of the stopper through which 
reconstitution and u-ithdrawal of the preparation can be made using a hypodermic needle and 
syringe. If use of a pipette is preferred, then fblly remove the metal collar using, for example, 
forceps, taking care to avoid cuts by wearing appropriate gloves. Remove the stopper for access. 

The material is supplied lyophilized and before use should be reconstituted in 0.5 m1 of sterile 
nuclease-free water. The reconstituted material has a final concentration of 1 X 10' IU/ml. If all 
the reconstituted material is not used immediately, laboratories may aliquot the remaining 
material into suitable volumes which should be stored at -70°C. 

7. STABILITY 

It is the policy of W O  not to assign an expiry date to their international reference materials. 
They remain valid with the assigned potency and status until withdrawn or amended. 

Reference materials are held at NIBSC within assured, temperature-controlled storage facilities. 
Reference Materials should be stored on receipt as indicated on the label. Once reconstituted, 
diluted or aliquoted, users should determine the stability of the material according to their own 
method of preparation, storage and use. 

NIBSC follows the policy of WHO with respect to its reference materials. 

Users who have data supporting any deterioration in the characteristics of any reference 
preparation are encouraged to contact NIBSC. 

8. CITATION 

In all publications including data sheets in which this material is referenced, it is important that 
the WHO status of the preparationt specified by the title of the preparation, the n m e  and address 
of the WHO International Laboratory for Biological Standards at NIBSG and the NIBSC code 
number are cited and cited correctly. 

9. PRODUCT LIABILITY 

Information emanating from NIBSC is given after the exercise of all reasonable care and skill in 
its compilation, preparation and issue, but is provided without Iiabiliq in its application and use. 
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This product is intended for use as a laboratory standard or reference material. It is the 
responsibility of the user to ensure that he,'she has the necessary technical skills to detemine the 
appropriateness of this product for the proposed application. Results obtained from this product 
are likely to be dependent on conditions of use and the variability of materials beyond the control 
of EIBSC. 

NIBSC accepts no liability whatsoever for any loss or damage arising from the use of this 
product, tvhether loss of profits, or indirect or consequential loss or otherwise, including. but not 
limited to, personal injury other than as caused by the negligence of NIBSC. In particular, 
NIBSC accepts no liability whatsoever for:- 

(i) results obtained from this product; andor 
(ii) non-delivery of goods or for damages in transit. 

In the event of any replacement of goods following loss or damage a customer accepts as a 
condition of receipt of a replacement product, acceptance of the fact that the replacement is not to 
be construed as an admission of liability on NIBSC's behalf. 
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10. RmTERIAL SAFETY SHEET 
l l .  

_Inhalation Seek medical advice - contains Plasmodium falcipavum 
Ingestion Seek medical advice - contains Plasmodiumfalciparui~ 
Contact with eyes Wash thoroughly with water. Seek medical advice - contains P. falciparum 

Contact with skin Wash thoroughly with water. Seek medical advice - contains P. falciparum 

Action on Spillage and Method of Disposal 

Spillage of ampoule contents should be taken up with absorbent material wetted with an 
appropriate disinfectant. Rinse area with an appropriate disinfectant followed by water. 

Absorbent materials used to treat spillage should be treated as biological waste. 
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Appendix 6: Initial data from stability studies of reconstituted vial of the proposed International 
Standard. Loss relative (%) to -20°C sample' 
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Appendix 7: Comments made by participants of the coIIaborative study, 

--- - - - 


