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How Parasitologists Work (ed) 



Can Parasitology Use Next 
Generation Sequencing ? 

Genomes are larger 

Most parasites cannot be cultured 
                primary specimens 

Some genomes are very AT rich 
 P. falciparum 80% 

Eucaryotes   
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P. falciparum 
Targeted Next 
Generation 
Sequencing for 
Drug Resistance  
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What is NYS Doing Currently to  
Test for Malaria Infections? 

STOP 
NGS Drug Resistance 

Mutations 

Ct <35 Ct >35 

Multiplex Real-Time 
PCR 

DNA Extraction 

Blood Sample 
Received  

 

+ 
Report 
species if 
possible 

+ 

-
  

Report species 

  

Report specimen negative 

-
  Report 

Giemsa 
negative  

Giemsa stain 

(if slide sent) 



P. falciparum NGS Workflow 

Qubit, Dilute and 
Submit for NGS 

AMPure XP Clean-Up 
& Pool Amplicons 

Agarose Gel 
Electrophoresis 

Conventional PCR 

NGS Genotyping 

6 gene targets 

Sequence  Bioinformatic Pipeline 

Pooled amplicons 
sent for sequencing 

Send Data to LIMS 

Send Report to 
Provider 



Gene  Amplicon 
Length (bp) Resistance Mutations Drug(s) 

Pfcrt 3109 
M74I, N75E, K76T, 
A220S, Q271E, N326S, 
I356T, R371I  

Chloroquine  

Pfdhfr 2067 A16V, N51I, C59R, 
S108N/T, I164L  Proguanil, Pyrimethamine  

Pfdhps 2817 
S436A/F, A437G, 
K/G540E , A581G, 
A613S/T  

Sulfadoxine  

Pfmdr1 4155 N86Y, Y184F, S1034C, 
N1042D, D1246Y  Amodiaquine, Lumefantrine, Quinine  

Pfcytb 937 I258M, Y268S/C/N  Atovaquone  

Pfk13 2120 
F446I, N458Y, M476I, 
Y493H, R539T, I543T, 
P553L, R561H, C580Y  

Artemisinin  



Example Report 



Nigeria - 63 

Ghana  - 41 

Ivory Coast  - 33 

Guinea- 32 

Countries with less than 10 samples 

Combine the drug resistance 
sequences with epidemiologic data 

• travel 
• prophylaxis 
• treatment 

Majority of Malaria is Coming From West Africa 



Gene  % Mutant Drug(s) 

PfCrt 30 Chloroquine  

PfDhfr 95 Proguanil, 
Pyrimethamine  

PfDhps 98 Sulfadoxine  

PfMdr1 63 
Amodiaquine, 
Lumefantrine, 
Quinine  

PfCytb 0 Atovaquone  

PfK13 0 Artemisinin  

In 2018 and the first half of 
2019 254 P. falciparum 
specimens were collected 
from patients who travelled 
to 30 different countries.   

Percentage of Drug Resistance Mutations  

WHO recommendation 
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Cyclospora NGS 
Genotyping 
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Foodborne Outbreaks of Cyclosporiasis 
2013 – Salad mix and cilantro – 631 cases 

2014 – Cilantro in Texas – 304 cases 

2015 – Unknown vehicle & cilantro – 546 cases  

2016 – Unknown vehicle – 384 cases 

2017 – Unknown vehicle – 1,065 cases 



Foodborne Outbreaks of Cyclosporiasis 
2018 – Multiple Outbreaks– 2,299 cases 

Prepackaged vegetable trays (broccoli, cauliflower, and carrots) 

Salads at a fast food chain salads (carrots, romaine, spinach,  
                                          kale, and varietal red leaf lettuce) 

2 clusters associated with basil 

Multiple clusters associated with cilantro 

2019 – Multistate basil outbreak - 1,696 cases 



What is NYS doing currently  
for Cyclospora? 

STOP NGS Genotyping 

Ct <35 Ct >35 

Real-Time PCR 

DNA Extraction 

Sample Received  
(in non-formalin based 

preservative) 

+ 
Report Positive 

- 
Modified Acid-Fast 

Microscopy 

+ 

- 
Report Positive 

  

Report Negative 



Cyclospora NGS Workflow 

Qubit, Dilute and 
Submit for NGS 

AMPure XP Clean-Up 
& Pool Amplicons 

Agarose Gel 
Electrophoresis 

Conventional PCR 

NGS Genotyping 

Currently 8  gene targets 

Sequence  
Share sequence to 

CDC for 
Bioinformatics 

Pooled amplicons sent for library prep and sequencing 



Dark grey – 2018 
 
Light Grey/White – 2019 
 
Colors - Outbreaks 

Dendogram of Cyclospora Samples 



Cases linked to basil 
consumption in 
upstate NY 

Genotyping Links Cases Without Epi Data 



Potluck event in Vermont 

The Unlucky Potluck 



Benefit of Cyclospora Genotyping 

 Distinguish travel related cases from foodborne illness 
 

 Link cases to help focus identification of the food vehicle 
 

 Reduce the number of cases by identifying the source faster 
 

 Link the contaminated food, or contaminated water where the food 
was grown, to cases 
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NGS 
Universal Parasite 
Diagnosis (UPDx) 
Metagenomic Sequencing of 
Primary Samples 



16S Metagenomic Sequencing Library 
Preparation for MiSeq 

x 
18S 

18S 
x 

Target the gene of interest 
 
 Common primer sequence for all 

parasites 
 

 Primers don’t recognize human, 
plant, bacteria, yeast,  
 

 Different between primers to 
distinguish parasites 
 



Universal Parasite Diagnostics (UPDx)   

Double Digest with 
Restriction Enzyme 

Agarose Gel 

Send for Sequencing 

18S PCR 

DNA Extraction 

 

Primary Sample 
Received  

 

Digest with 
Restriction Enzyme 

Nested 18S PCR 

X 

X 
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UPDx Utilized on Parasitology  
Mystery Samples!  



• UPDx 18S Primers 

Worm reportedly sucked up in a straw at a fast food restaurant and similar 
ones found in the ice and a floor drain 



Eisenia sp.  - “redworm”, a species of earthworm adapted to decaying organic material 



Larvae found in Breast Milk 



And the larvae are from…..  Yeast? 



Deep Sequencing Reveals Megaselia scalaris 

“thrive predominately in moist unsanitary 
vicinities such as dumpsters, trash containers, 
rotting meat, vegetable remains, public 
washrooms, homes, and sewer pipes” 

coffin fly, scuttle fly 

16, 184 reads 

https://en.wikipedia.org/wiki/File:Megaselia_scalaris.jpg


UPDx Metagenomic Sequencing  
for Complex Samples 

Can we do deep sequencing on blood specimens to detect Babesia, Plasmodium sp. 
Trypanosoma cruzi, Leishmania sp., filarids….? 

What about something even more complex like a stool sample? 
 

  inherently variable  
 
  plant, yeast (etc.) DNA present in addition to human DNA 

 
  PCR inhibitors  

 



Parasitology Lab 

Thank you 

Wadsworth - Advanced Genomics 
Technology Center  

CDC Malaria Group 

CDC Cyclospora Group Kim Mergen, Brooke Clemons, Noel Espina, 
Allen Teal 

Erasmus Schneider 
Matt Shudt 
Melissa Leisner 

Eldin Talundzic 
 

Yvonne Qvarnstrom 
Joel Barratt 

Funding from the CDC  - Epidemiology and Laboratory Capacity  
Advanced Molecular Detection and Parasitology Sections 



Middle East 

West Africa 

Caribbean & S. America 

Southern Africa  

East Africa  

Central Africa  

Europe 

Cladogram using Approximate Likelihood Algorithm  
for P. falciparum Samples 



NGS performed by Advanced Genomics 
Technology Center   

 
• NexteraXT library kit - half volume reactions, with 2.5uL amplicon pool @ 

0.2ng/ul 
• Sequenced on a Miseq using a 300 cycle v2 sequencing kit (150bp paired ends) - 

nano, micro or standard flowcell 
• Loaded onto Miseq at 7-8pM, avg lib size ~420 
• Samples included in runs with other organisms - bacterial whole genomes, viral 

samples, 1% PhiX spike-in 
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