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A field trial to evaluate the performance of a point-of-care diagnostic for screening G6PD deficiency
in a falciparum and vivax malaria endemic area of Western Cambodia
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Introduction Results

Aim
Evaluating the third generation of a new

e Cambodia is moving towards malaria

. 1. Demographic characteristics (Table 1):
elimination

938 venous blood samples collected from individuals living in six villages

Performance of the CareStart™ G6PD
deficiency screening test:

Reference range of G6PD enzymatic activity by gender:

 Primaquine .re.mams thg only available drug mexpen.swe an.d heat-stablg point-of-care in Pailin province. All were Khmer ethnic group. The male/female ratio Reference values Total Female Male Adjusted male The distributions of GEPD enzymatic activity of

capable of killing P. falciparum mature (POC) diagnostic for screening G6PD . Number of cases 938 186 155 210 Y Y
_ , ! , was 452/486 (0.93) and age ranged from 18 to 75 years old (median=35 our samoling population according to the

gametocytes and P. vivax hypnozoites deficiency (CareStart G6PD kit), developed by vear). The detection of malaria parasite carriers was positive for 28/750 Mean (95% Cl) U/g Hb 11.48 (11.17-11.79) 11.78 (11.39-12.18) 11.15 (10.68-11.62) 12.23 pling pop 8_ _

e Screening patients for Glucose-6- AccessBio CEO (New Jersey, USA) 3 7<y. b yi ) I s (24/750. 3 2% D 4.76 4.42 5.08 4.00 results of the CareStart™ G6PD deficiency RDT

(3.7%). P. vivax was the most prevalent species (24/750, 3.2%). Median (95% Cl) U/gHb  11.8 (11.5-12.0) 11.9 (11.5-12.3)  11.65(11.4-12.0)  12.0(11.7-12.4) test and the fluorescence spot test are given in

Phosphate Dehydrogenase (G6PD) , , IQR 10.0-13.7 9.8-14.0 10.1-13.4 10.6-13.6
deficiency in the community remains Table 1. Demographical and hematological Range 0.3.45.9 0.5.49 03.475 L9t Table 2.

characteristics

critical for a safe and successful roll-out of Objective : : .. :
. — Based on the adjusted median 100% G6PD activity was estimated to 12.0 Ul/g and cre - pe
primaquine To assess the sensitivity and specificity of this patients’ charactertstics Total Figure 1a Juste ; - ACHVITY : /8 The sensitivity (probability that the
N 938 cut-off values according to the WHO classification were defined as followed: 10%, . e .
e G6PD rapid diagnostic tests (RDTs) are new G6PD screening tests under field N qualitative test classifies individuals as
. _ = Median age in years (IQR) 35 (24-48) Females 1.2 Ul/g; 20%, 2.4 Ul/g; 30%, 3.6 Ul/g and 60%, 7.2 Ul/g - .
needed alongside malaria RDTs conditions when compared to the gold Sex ratio (% female) 52 G6PD-deficient [white background
. : cr No. Individuals with T°> 37.5°C (%) 19 (2.0) g o
* Comprehensive assessments to test their standard (quantitative assay) and the MalaraiNo. of Trtmonptaz | Table 2 — color/non-fluorescent spot] in individuals
R : : : . individuals i s . L.
feasibility and pelrlformances under flre]ld fluorescent spot test (qualitative assay); found posiive 2:&; Cutoff value (% and UI/g) <10% <20% <30% <40% <50% <60% >60% defined as G6PD-deficient by the
iti i i i i y Y <1.2 <2.4 <3.6 <4.8 <6.0 <7.2 7.2 . .
conditions are still required prior to their Median WBC -x10%/mm (1QR) 71(5782) No. of samples with GGPD activity < to the uantitative assay and the selected cut o
56 12 6 15 18 26 805
wide-scale implementation Median RBC - x10°/mm? (IQR) 4.2 (3.9-4.6) cutoff value (%) ™ o
T T T T No. of individuals classified as VGIUE) Of the CareStart G6PD def|C|ency
Median haemoglobin in g/dL (95% Cl) 11.5 (10.6-12.3) 0 2 4 6 8 10 12 14 16 18 20 2;;;;;:;3 30 32 34 36 38 40 42 44 46 48 50 deficient/intermediate 56 12 6 10 5 3 2
= o No. of individuals classified as ; , : , N 203 RDT test and the fluorescent spot test to
normal .« . .
Hb E - homozygous 1 - % % % % 2% % 5.9% detect <30% enzyme activity (equivalent
Haemoglobin _Hb E - heterozygous 18 16 Figure 1b Sensitivity (95% Cl) (1:30.6-100%) (1904(1).7-100%) (1:50.1-100%) ?;;14—98.1%) (8;4.27—89.7%) ?591?8—67.6%) 551.8-67.6%) Y Y ( 9 o
electrophoresis  Heterozygous E - a-thalassaemia 10 14 Specificity (95% C 95.7% 97.0% 97.7% 98.8% 99.4% 100% 100% tO <3.6 U/g ) were fOU nd tO be 100/0.
profile (%) e B B o Pl e p Fluorescent  Specificity (95% Cl) (94.1-96.9%) (95.6-98.0%) (96.5-98.6%)  (97.8-99.4%) (98.6-99.8%)  (99.5-100%) (99.5-100%)
hal = ; a Males SPOLTESt  positive Predictive Value  59.6% 72.3% 78.7% 89.4% 94.7% 100% 100%
a't aassaemia 2 E . (0] . (0] . (0] . (0] . (o] (o] (0]
3 5 10 (95% ClI) (49.0-69.6%) (62.1-81.1%) (69.1-86.5%) (81.3-94.8%) (88.0-98.2%) (96.1-100%) (96.1-100%) H T 71H
. o i : _Prthalassaemia ! T e Negative Predictive Value  100% 100% 100% 99.4% 97.9% 92.6% 92.6% The SpECIfICIty (p robabili ty that the
CrOSS'SeCt|OnaI Survey Conducted in Six Data Ana|ySIS Median G6PD activity in _Ullf HI:(IQR) I 11.7(10.(;)—13.6) g . (95%'0) ' ' (99.6-100%) (99.6-100%) (99.6-100%) (98.6-99.8%) (96.6-98.7%) (90.6-94.2%) (90.6-94.2%) qualltatlve tESt CIGSSIerS IndIVIdUG/S as
malaria endemic villages in Pailin Province in Data entered and verified using Microsoft s : ; Positive Likehood Ratio R ) B ©° 1) '
. _g ® g . G6PD Classes (%) - (10.1-60%001: normal) 52 ) Negative Likehood Ratio 0 0 0 0.06 0.17 0.4(0.33- 0.4 G6PD_n0rmal [purple baCkground
Cambodia (see map) in May-June 2013. Excel® software, and was analyzed using 'V((6°-1-15‘f% of ""I;ma') 80.6 i -  __ (0.02-0.13)  (0.11-026)  0.49) (0.33-0.49) color/fluorescent spot] in individuals
V (>150% of norma 5.2 0 TTT T T T T TTTTTT] .
Epilnfo 6.04® software (CDC, Atlanta, USA), 2678 30 32 3 30 38 0 a2 e deficient/intermediate >0 e ° ° > 3 °
Sfata@’ version 12, and Ii/ledCaIc® version ) = ormal ol cesseAEE o 0 0 ° b 23 76 defined as G6PD-normal by the
) norma . .
e g s, 1161 software (MedCalc, Mariakerke G6PD enzymatic activity ) Do S G| dUONIItative assay and the selected cut off
‘‘‘‘‘ | u ] Oung’ n= , ce ’ ’ . .0- % M- % = % .9-97.5% .6-88.9% 6% .7-67.6% ..
= \ Bar Yakha, n=80; Belgium). P-values < 0.05 were used to * Ranged from 0.3 to 45.9 Ul/g Figure 2 specificity (95% CI) 95.0% 96.3% (07.0% 98.0% 98.6% 99.2% (98.3- 99.2% value) of the CareStart™ G6PD deficiency
| g 0 0 O 0 0 0 0 0
= , . o i CareStart (93.4-96.3%) (94.8-97.5%) (95.6-98.0%)  (96.8-98.8%) (97.5-99.2%) 99.7%) (98.3-99.7%)
| " (K)rhacl:ahab, n_ggb8 indicate statistically significa nt differences. (F|gure 1a and 1b) Figure 2 oiﬁnlqale G6PD RDT Positive Predictive Value 56.0% 68.0% 74.0% 83.0% 88.0% | 94.0%)(87.4- ?4.0% | RDT test was found to be 97%.
_d | reus, n= ; Y . 100 5 A Male (95% CI) (45.7-65.9%) (57.9-77.0%) (64.3-82.3%)  (74.2-89.8%) (80.0-93.6%) 97.8% 87.4-97.8%
L“';- "'J - Pang Ro Luem, n=247 * No Slgnlflcant dlfference was . Negative Predictive Value 100% 100% 100% 99.3% 97.7% 92.5% (90.5- 92.5%
\ 4 e _ . s A (95% Cl) (99.6-100%) (99.6-100%) (99.6-100%) (98.5-99.7%) (96.5-98.6%) 94.2%) (90.5-94.2%)
\ e rey MangKol, n=219. Laboratory Testing observed Eetweegienﬂer is Bd s —— £ GEPD defic The performances of the CareStart™ G6PD
bk i - P=0.19), but trend for decrease 10 Q p revaience o ericiency: -
e The validity of the tests used in the study ( ) H 5. P - defic | # . . . deficiency RDT test and the fluorescent
o A | were monitored by the use of at least three was observed from the youngest £ = '!' Severe deficiency (Classes | and Il, enzyme activity <10%): 56/938 (6.0%)

,.
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levels of G-6-PDH controls (Deficient,
Intermediate and Normal) for each run. To
minimize the impact of heterozygosity on the

to the oldest: <15 years,

median=12.9 Ul/g; 15-20 years,

G6PD enzyme activity (U/g Hg)

12.6 Ul/g; 21-30 years, 11.6 Ul/g

-
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Moderate to mild deficiency (Class Ill, enzyme activity: 10%-60%): 77/938 (8.2%)
Very mild to no enzyme deficiency (enzyme activity: 60%-100%): 370/938 (39.4%)

Class V (enzyme activity > 150%): 49/938 (5.2%)

Males were more frequently severely deficient (10.6% vs. 1.6%, OR=7.1, P<10-6)

spot test were not significantly different
between gender (data not shown).

1 ‘ f definition of G6PD activity, and following the and >31 years, 11.4 Ul/g (P=0.001)  ot-—————"——
- ”; YL recent guidelines proposed by the G6PD (Figure 2) Age group while females were more frequently moderate-mildly deficient (12.1% vs. 4.0%,
sttt 7 =l working group?, the adjusted median value of OR=3.3, P<10-4).
A total of 938 individuals were enrolled in the  G6PD activity for the entire male population Interpretation of the Test Result
study. was calculated for which males with severe = : § D. . d I .
G6PD deficiency (activity less than 10% [ | I _ ISCUSSION ana conciusions
Sample §ize _ normal) were excluded. = 2 -y = = Better performance compared to the previous generation of operational challenges and programmatic usefulness of the
CaI_CUI?t'On was based on the primary . _ |T[ this RDT where sensitivity was low (68%) and therefore the tests when implemented by health workers in the field.
objective but was dep.endent on th? number Ethical review , , " risk of false “normal” status unacceptably high.? In parallel, more clinical data on the optimal and safe
of RDT,S (n=1000) available for testing and Cambodian National Ethics Committee for Dﬁ i =] The evaluation of this test “outside of the laboratory” primaquine doses for malaria elimination are needed
assurpmg e.m .ov.erall G6PD prevalenc.e of 15%.  Health Resea.rch (NEHCR) and _ ,{;—;ﬁ showed its capability of detecting reliably G6PD deficient urgently in order to improve the development of the next
Des?'t,e this limiting factor, .the relative , Centers for Dlseasg Control and Prevention. et/ @ @ individuals with enzyme activity levels <30% Ul/g comparable  generation of tests which will aim at providing a reliable and
pr.ec?|5|on that c.:c?u.ld oe achlev.e.d .assummg d There was no conflict of interest. - == d to the fluorescent spot test. safe “go vs. no-go” answer to using primaquine in routine
minimum sensitivity and specificity of 30% Normal Deficiency To accelerate the roll out of G6PD RDT use and primaquine in  practice.

was considered to be acceptable (2%).
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