C ——— s — e e e e T e e e e T e I el e R el

- == = (Cost effectiveness of LAMP Test for Molecular Diagnosisof 1=~

—

= .' = Human Schistosomes Joint. |
B Ve - 1Brittany Pulkkila, “Chummy Sikasunge, 2James Mwansa and 'Nilanjan Lodh & Annual s |

Meeting
Bl College of Health Sciences Ry IDepartment of Clinical Laboratory Science, College of Health Sciences, Marquette University, Milwaukee, WI, United States -

| Clinical Laboratory Science | . . . . . : ——
= ‘Department of Para-clinical Studies, University of Zambia, Lusaka, Zambia —_— .

SUniversity Teaching Hospital, University of Zambia, Lusaka, Zambia

— — - - — — - - — — - - — — - - — — - - — — - - — — - - — — - - — — - - — — - - —— — - - —— — - - - — - - - — - - - —— — - - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — - - —— — -

— ABSTRACT — 3 MATERIALS and METHODS § CONCLUSIONS —
| Schistosomiasis in Africa is an ongoing public health problem which in recent timeshas B2 . Urine samples were collected from school children aged 9-13 | Qe = - |+ LAMP amplification was achieved for both species of ==
attracted a major campaign to control the disease. It is caused by two major species, . .. _ | = = = == hist for DNA extracted by f Jiff ¢ thod
-~ | Schistosoma mansoni and S. haematobium, which often cause concurrent infectionsinthe years from the Chongwe and S|aV0nga districts of Zambia after S2 S3 S4S5 S6 lS1 S2 S3  S4 S5 S6 S1 52 83 5455 So MR SCNIStOSOme T1or EXracted Dy tour arfrerent metnodas. —
_ | human population. Due to control efforts, the issue of diagnostic sensitivity has become — 3 one round of MDA..® —— ———
= TSN - — . : : : : = Y i 0 it —_——
ol n e ssesmentofpogan fectveres and e Vorid el F & Urine samples were filtered through filer paper, drid, sealed i | Qiagen and LP extraction oth detected 100% o positve [
] TP T ' : : ' INTections, put Qlagen extraction IS more cost eftective than :
~ | and sensitivity. To address that, we have evaluated the amplification of S. mansoniandS. || Individual plastic bags with a desiccant, and shipped to U.S.A. —= Qiag ——
~ | haematobium by loop-mediated isothermal amplification (LAMP) from field-collected ] : - - - - T TP =, : : e ——
| filtered urine samples collected from school children in Zambia. We have used four DNA ~ |© Table 1: Information O.f samples used in t_h_IS St.Udy' The igentification == DNA eXtraCt'F)n_ by LP Is the faStest compared to other three ——
extraction techniques (Qiagen, LAMP-PURE (LP), Chelex, and heating) to determine their | of samples was determined by PCR amplification. | methods, but It Is the most expensive. |
Impact on LAMP sensitivity and specificity along with cost analysis and person-time = Combination # of samples — === ===
— !nvol\{ement for _each approac_h. Qiagen and LP extraction both detected all positive === f _ —— | D] ~ | < Chelex extraction is slower and simpler than LP and detected ——
~ | infections, but Qiagen extraction is more cost-effective than LP. DNA extraction by LPis = S. mansoni +/ S. haematobium + 8 Se— [ | —= A L . . —
| the fastest (average 20 min.) compared to the other three methods, although it is the most | : : S - : —— —— 20% more positive infection than heating. =
o . Y . . S. mansoni -/ S. haematobium - 7
| expensive including amplification ($9.35 compared to $4.90 for heating extraction and : _ : : :
| amplification). Chelex extraction is slower and simpler than LP and detected 20% more | S. mansoni + / S. haematobium - 8 -~ | Figure 5: LAMP results after adding SYBR Green Immediately after & .. Exyraction by heating is also very fast, inexpensive and =
| positive infection than heating. Heating extraction is very fast, inexpensive, and simpleto = ‘ _ - | amplification compared against gel electrophoresis picture for — - e
- | perform. However, LAMP amplification for heating-extracted samples resulted in false- = S. mansoni -/ S. haematobium + 7 -~ | amplification of cell-free repeat DNA for Schistosoma mansoni. Four —— arguabl_y the simplest to perform. Hovv_ever, LAMP perforr_ned =
negatives, possibly indicating the presence of inhibitor(s). We have demonstrated the Total 30 : : - on heating-extracted samples resulted in many false-negative
L . . . . ota different DNA extraction methods were compared for six samples and e L
- sensitivity, cost-effectiveness and time requirement of LAMP for detection of dual E— Se— o _ D T —— results, poss|b|y |nd|cat|ng the presence of LAMP |nh|b|tor(s), —
~ | schistosome parasites from field collected urine samples. LAMP can be used as a point-of- | == positive and negative amplification had been highlighted. — —
| care (POC) test for surveillance and assessing success of control intervention in Zambiaas |~ = = ——— _ _ _ R —— ——
part of their ongoing local schistosomiasis control program. Table 2: Time requirement for DNA extraction for individual sample
= [ ————— ~ | and cluster of samples by four different filter-based and non-filter-based | —
___:__:;;.;,__‘*__:;:.;,__.h__:;:.;,__..*__:;:.;,__..*__:‘_:‘.;,__‘*_::.;,__‘*_::.;,__‘*_::.;,__:‘::_: :‘:__:‘:;‘: methods. :5::_._ :5_;‘:'
— = _T_ = DNA extraction Filter based/ Overall DNA yield Individual sample Cumulative time Amplification = = = =
'B A CKG R OUND type non-filter based (concentration) extraction time® requiremlen; (15 time
: samples
—— = = ‘-—_‘ Qiagen QIAamp kit~ Filter based  0.39ng/ul — 282ng/ul 43min. 1hr 25min. + 12hrs 2hr 32min. = ‘-—_‘ LAMP in ‘-—:—”
~| = Schistosomiasis is caused by blood R— == Bl | i e it e wae| primary ==
parasites called schistosomes. S | | | | | health care
— N At Ieast 230 mllllon people are ; = == Heating Non-filter based = 124ng/ul — 939ng/ul 30min. 2hr 9min. 2hr 32min. — Clinic =
— currently infected?!, mostly in sub- — = Chelex | Non-filter based | 106ng/ul —559ng/pl 28min. 2hr 15min. 2br32min. | =
| Sah aran AfrlCa — = $ = Includes Erepa;ratiotllll, extrzllctionl, ;vait and quan;iﬂ;l:atlion timec.l = = .
. * = Loop-mediated isothermal amplification — purified ultra-rapid extraction.
~ | < The most common species are = = : e - _ _ = e
— Schistosoma mansoni and S o — -~ <« LAMP-PURE requires the shortest time for extraction of asingle | | ———
5 haematobium.?! L Q:I:E’g’ff:po?‘f;.:ﬁ == -~ | sample. = S
% Children bear the highest infection | W i e DNA < Extraction by heating Is fastest for a cluster of samples. _ _ _ |
= ' :— prevalence and |ntenS|ty and Su_ﬂ:er elggavg?oggn:églesil’dn < ' = ' :——_ ., == - QUANTIFICATION ' :—_‘ oL Qlagen extractlon takes the Iongest due to the Overnlght Walt ' :—_‘ FIgUI’e b: Advantages Of LAMP In a POlnt'Of'Care Settlng :—_‘j”
== . Divans ' —— F using NanoDrop ~ | period = S——————————————————.——————— e
- | fromdelayed physical and — . == - Y
== cognitive development as a result - - | Table 3: LAMP amplification frequency for four different DNA == —
~ | ofinfection. by == A — | extractions for Schistosoma mansoni and S. haematobium. == REFERENCES ——
~ | < Afield-usable diagnostic test Is © sl proucon == 2 AMPLIFICATION —— — — ———
: : another type of motile ' \ ' ' i i '
B needed to monltor dlsease AN . B ) by LAMP = Schistosome species Qiagen QIAamp kit LAMP-PURE Chelex Heating = lCO“ey CG; BUStmde AI—; Secor WE1 ng CH (2014) Human S
~ | prevalence, especially after Mass || e — — | schistosomiasis. The Lancet 383(9936): 2253-2264. ——
—_— Drug Admlnlstratlon (M DA) IN a Copyighi @ Pearsen Edueation, Ine. pupisning as Benfarmin Clamings: :_-'i--—_-v i‘:“—"‘-:‘ P Positive 28 (93.3%) 28 (93.3%) 22 (73.3%) 21 (70%) ;‘:.—::; ZHOteZ PJ, FenWICkA (2009) SChIStOSOmlaSIS In AfrlCa An Emerglng i.—::i:
resource-limited environment. ~ 'Figure 1:S. mansoni life cycle. | CONEIRMATION | Negative 2 (6.7%) 2 (6.7%) 8 (26.7%) 9 (30%) | Tragedy in Our New Global Health Decade. PLoS Negl Trop Dis 3(9): |
- |+ Loop-mediated isothermal amplification (LAMP) has beenused | AL : e _— 7 56.7%) . 27 00%) oy | €485, ==
- | for the diagnosis of malaria, tuberculosis, and other infectious — ol “ts'”gh . = o o - | 3Koukounari A, Gabrielli AF, Touré S, Bosqué-Oliva E, Zhang Y, Sellin B, =
. . . - . - - -y = — —— Negative 13 (43.3% 9 (30% % % — - - - . - =
diseases and Is a highly sensitive, specific, and rapid isothermal — y gel e1eClropnoresis - SE— 2 —— ) ( _) _ . - et al. (2007) Schistosoma haematobium Infection and Morbidity Before |
- test. — - |+ LAMPamplification for QlAamp and LP is consistent with PCR =1 34 After Large-Scale Administration of Praziquantel in Burkina —
| < Using a strand displacement mechanism, LAMP can amplify DNA | VISUAL IZATION — for both S. mansoni and S. haematobium. | | Faso.JIS 196(5):659-669. | =
~ | fragments at a constant temperature independent of expensive == by addition of ~ + LAMP amplification is lower for Chelex and heating for S. | “Parida M, Sannarangaiah S, Dash PK, Rao PVL, Morita K. (2008) Loop |
equipment - fluorescent mansoni and produced false-positives for S. haematobium. mediated isothermal amplification (LAMP): a new generation of
~ | < There is a lack of data regarding LAMP’s cost-effectiveness, time | SYBR Green dye | Table 4: Cost analysis for four DNA extractions and LAMP | Innovative gene amplification technique; PETSPECLIVeS In clinical —
~ | requirement from extraction to detection, and amplification == | amplification. Calculations are done based on single and multiple = dla?nOSIS of infectious dIIS<eaS€S. Re\r/] |\/|eCdVIr 18_(?'407'421' =
efficiency for different DNA extraction methods. Figure 3: LAMP amplification workflow. samples and also includes the cost of plastic supplies. Hessler MJ, Cyrs A, Krenzke SC, Mahmoud E5, Stkasunge ¢, Mwansa J
—— -~ | | DNA extraction | Extraction cost/ LAMP test cost/ Total for one Total for 30 — et al " (2017) DeteCtlon Of duo__SChIStOS(_)me |nfeCt|0n from fl Ite red urine ¢ —
— — - — - — - — - — - — - I | Dot Priver T — —— types sample sample sample samples . samples from school children in Zambia after MDA. PLoS ONE 12(12):}
— .:. -T-,::“:f.'~ rgatctgaate cgaccaaccg gatctgaatco .. ,'-,:.‘“:f.:j Qiagen QIAamp $4.00 $3.90 $7.90 $237.00 5“:.:; fﬁ?iﬁ:
= O'B ECTIVE = gr gt;gzgtt;g ggtggttggg gt;gzgtt;g g.gi;g;gi;g; i’;gigiggii igiiigiiii - kit e e0189400. -
: ] cgaccaaccg ttctatgaaa atcegttgtat ttttaaaatt gqttggtggaa gtgcctgttt LAMP-PURE $5.45 $3.90 $9.35 $280.50 = - — — - — — _
= : : : : : — gctggttgge aagatacttt tagcaacata aaaattttaa caaccacctt cacggacaaa — —_— =
IR Detect S. mansoni and S. haematobium infection via LAMP - — ctccgaaacc actggacgga gagagogtgg cgcaatatct ccggaatggt tggtcgtatc ——— Chelex $2.60 $3.90 $6.50 $195.00 ——— ——
=— lification from DNA extracted by four extraction — gaggetttgg tgacctgect ctotegeace || gegttataga ggecttacea accageatag e = ===
a'mp I- ICa Ion O ] eX- a'C ) y u - gocgttaatat 3: gttgtgaaaa ttgtttcata ttattggtga c 3: - Heating $100 $390 $490 $14700 - ACKNOWLEDGEMENTS |
== techniques from a single urine specimen. = e S—Chaar‘ftafi‘;tm FEREELIAL | CRIERSSEE G 8 — — ——
| < Statistically evaluate sensitivity, specificity, cost effectiveness, | S — | Heating is the least expensive extraction method (extractionand | < Thrasher Research Fund Early Career Award. e
~— | and time requirement for LAMP amplification for four ~ | Figure 4: S. mansoni (left) and S. haematobium (right) cell-free repeat £ amplification), followed by Chelex. - | < 2018 American Society for Microbiology Undergraduate ——

different DNA extraction methods. DNAs. % LP extraction and amplification is the most expensive.

Research Fellowship (ASM-URF) program.



