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Study Design
• Biomphalaria sudanica snails were exposed to larvae of either 

line of parasite (NMRI or UNMK), or sham exposed (control), 

and gene expression was measured at 8, 24, or 72 hours post 

exposure

• mRNA levels of TLR, FREP2, GRN, and Actin (housekeeping 

gene) were determined using qPCR.

• Delta CT (∆CT) values (relative gene expression compared to 

Actin) were determined for each candidate immune locus.

• Nonparametric Wilcoxon tests were performed to determine 

significant differences (when P<0.05) in ∆CT between 

exposure groups and timepoints. 

Target genes Forward Primer Sequence (5’-
3’)

Reverse Primer Sequence (5’-
3’)

Actin (Control) GAACATAGCTTCTGGACATCTG GAACATAGCTTCTGGACATCTG

TLR GTCCGTCAGGTCGTTGTACTTA CAGGAGAGCTTGAGGGTCTATC

GRN TGAAAGTGTCGTATGTCCTGG CATCCATAGTCCCCAGATTGC

FREP2 TATGGCTACAAGTCTGTACC ACTCTGATAGTTTCGGATGC

Figure 1. FREP2 expression showing bimodal expression at 8, 24, 

and, 72-hour time points

Figure 2. GRN (A) and TLR (B) 

expression at three time points (8, 24 

and 72 hours) in Biomphalaria sudanica

snails after being exposed to 

Schistosoma mansoni that are 

susceptible (KK) or resistant (KN) to 

infection or in B. sudanica not exposed 

to S. mansoni (KC) but placed under 

same experimental conditions. **** = 

0.00001 ≥ p >0.0001, *** = 0.001 ≥ p 

>0.0001, ** = 0.01 ≥ p >0.001, * = 0.05 

≥ p >0.01. p-values were adjusted by 

the Bonferroni correction, which 

counteracts the multiple comparisons. 
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• When comparing gene 

expression within groups 

across timepoints (Figure 3A), 

there was a significant 

decrease in GRN expression 

in KC snails from 8 and 24 

hours to 72 hours post-

exposure whilst the 

expression of GRN 

significantly increased in 

susceptible (KK) snails from 

8 and 24 hours to 72 hours 

post exposure.

• TLR expression remained constant throughout all time points in susceptible snails (KK) (Figure 3B). There was decreased 

expression in both control snails (KC) and resistant (KN) snails at 72 hours compared to 8 and 24 hours (Figure 3B).

KK: KEMRI snail exposed to UNMKenya parasite (susceptible)

KN: KEMRI snail exposed to NMRI parasite (resistant)

KC: KEMRI snail sham exposed to parasite (control)

Time since exposure

8 hours 24 hours 72 hours

KK 18 18 18

KN 9 6 9

KC 7 7 8

Table 2. Number of snails in each exposure group.
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Table 1. Forward and reverse primer sequences for 

qPCR of four target genes in Biomphalaria sudanica

Summary
• At 8 hours, GRN expression in resistant and 

susceptible snails was significantly lower 

than in sham-exposed snails

• At 72 hours, GRN expression was 

significantly increased in susceptible snails 

compared to control and resistant snails

• At 72 hours, TLR expression was 

significantly lower for sham-exposed and 

resistant snails compared to susceptible 

snails

• FREP2 primers were not specific enough and 

thus were not a reliable measure for target 

gene expression. We are developing new 

primers for this gene.

• Comparatively higher TLR/GRN expression in 

susceptible snails at 72 hours suggests these 

genes may not confer resistance to S. 

mansoni infection but are potentially triggered 

following recognition of the UNMK parasite.

Schistosomes may evade the immune 

response in other ways.

• Testing of additional genes is needed to 

better understand what gives B. sudanica

resistance to the NMRI parasite line since this 

appears to differ from genes isolated in B. 

glabrata.

• RNAi could be used to further determine the 

role of these genes in the infection process.

• Gene expression differences between 

B.glabrata and B. sudanica indicate 

importance of studying resistance in individual 

snail vectors species.

DiscussionIntroduction
Schistosomiasis is a neglected tropical disease, infecting 

more than 200 million people in the tropics and sub-tropics 

(1). Schistosoma mansoni is a parasitic flatworm causing 

human intestinal schistosomiasis in Africa and South 

America, transmitted by its vector snail host of the genus 

Biomphalaria (2). Previous research has identified genes 

involved in resistance of a South American snail vector, B. 

glabrata, to S. mansoni. However, the mechanisms by which 

African species of Biomphalaria resist infections to this 

parasite remains unknown, even though 90% of human 

transmission occurs in Africa (3,4). Better understanding of 

these genes could illuminate future strategies to reduce the 

high disease burden of this population.

Objectives

To gain a better understanding about mechanisms of 

resistance in the African schistosome vector, B. sudanica, by 

measuring expression of three candidate immune genes: (1) 

toll-like receptor (TLR) (2) fibrinogen related protein 2 

(FREP2), (3) granulin (GRN), after challenging with one of 

three conditions:

1. Parasite line they are resistant to (NMRI)

2. Parasite line they are susceptible to (UNMK)

3. Sham exposure

Sample Size FREP2 Technical Issues

Gene (GRN and TLR) Expression at Various Timepoints

Gene (GRN and TLR) Expression After Exposures

• GRN expression in KC (control) at 8 hours was significantly higher (p< 0.05) than in both infection combinations (KK and KN) 

(Figure 2A). At 72 hours, GRN expression in KK (susceptible) was significantly higher than in KC (control) and KK (resistant).

• No difference was observed in TLR expression between experimental groups at both 24 and 48-hour timepoints (Figure 2B). 

However, the expression of TLR was higher at 72 hours post exposure in KK (susceptible) than in KC and KN.

FREP2 gene showed 

bimodal expression at 

all time points. Further 

analysis indicated two 

isoforms of this gene 

were detected. (Figure 

1). 

Primers will need to be 

redesigned. 

Results

We studied 3 genes based on previous research on immune 

defense of B. glabrata to schistosomes. Toll-like receptor 

(TLR) has been shown to help prevent infections of S. 

mansoni (5). Granulin (GRN) is a growth factor used in 

the production of haemocytes which are produced 

to kill parasitic worms (3,6). Fibrinogen related

protein 2 (FREP2) functions in

recognition and activation of the immune

response after parasitic infection (7,8).


