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Cryptosporidiosis is a diarrhoeal disease caused by the eukaryotic parasite, 
Cryptosporidium. Once thought to be a disease limited to immunocompromised patients, 
cryptosporidiosis is now recognized as one of the leading causes of morbidity and 
mortality in children. There is no vaccine for Cryptosporidium and the only available 
treatment, nitazoxanide, is no better than placebo in the immunocompromised and 
malnourished. Despite this massive impact of cryptosporidiosis on public health, 
fundamental Cryptosporidium research is severely lacking. I joined the Francis Crick 
Institute in January 2020 to develop a research program focused on Cryptosporidium 
host-pathogen interactions, in the hope that a better understanding of disease 
pathogenesis will lead to new treatments.   
  
My postdoctoral work with Boris Striepen at the University of Pennsylvania centred on 
creating and developing the tools to study cryptosporidiosis. In 2015, we adapted 
CRISPR-driven homologous recombination to genetically manipulate Cryptosporidium 
parasites. This advancement allowed us to begin to probe parasite biology, yet in vivo 
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experiments were limited to a handful of immunocompromised mouse models. To 
overcome this restriction, in 2017 we isolated a natural mouse pathogen, Cryptosporidium 
tyzzeri. This strain is the first reported lab strain of C. tyzzeri, although infections have 
been reported in both the Old World and New World mice. Cryptosporidium tyzzeri is able 
to infect a wide range of immunocompetent laboratory mouse strains and using CRISPR 
we can genetically manipulate the parasite. In summary, we now have a powerful mouse 
model for human cryptosporidiosis where both host and parasite are genetically tractable.  
  
In the short-term, we are leveraging the mouse model to explore how the host immune 
system recognises and responds to Cryptosporidium.  What pro-inflammatory cytokines 
impact cryptosporidiosis, and how do they function? What signals or pathogen-associated 
molecular patterns are being detected and by which host cell receptors? Healthy adult 
mice infected with C. tyzzeri control the infection in roughly a month and demonstrate a 
robust immunity to re-infection. This is similar to what is seen in human cryptosporidiosis; 
children growing up areas with widespread cryptosporidiosis show robust immunity by the 
age of 2 and healthy adults from endemic areas rarely show infection. What cells mediate 
the protective immunity seen upon rechallenge, and how do they prevent reinfection? 
How does malnutrition affect this acquired immunity? In the short term, we are also 
investigating how Cryptosporidium subverts the immune system and manipulates infected 
host cells. After invading a host cell, Cryptosporidium represses apoptosis pathways while 
the parasite steals nutrients, nucleotides, and amino acids to aid in its own development 
and replication. Cryptosporidium, like other intracellular parasites, likely secretes 
hundreds of proteins into the host cell to exert this influence, yet as of this writing there 
are no candidate proteins identified. My group is currently characterising the function and 
secretion mechanism of several gene families that are host cell secreted and will likely 
prove to be critical for parasite virulence.   
  
In the long term, we will develop forward genetic screens using Cryptosporidium tyzzeri. 
Unlike most parasites, Cryptosporidium are able to complete their full sexual cycle within 
a single infected host. Using genetically labelled strains we can easily and rapidly select 
for recombinant parasite progeny from infected mice. Cryptosporidium also have a very 
small genome, around 9Mb, slightly larger than that of your average bacteria. Put simply: 
Cryptosporidium tyzzeri are perfectly suited for genetic screens. Parasites can be crossed 
within mice, put through phenotypic selection, then genotyped to identify corresponding 
loci. We are particularly interested in the genetic loci associated with virulence, however, 
this approach is applicable to a wide range of research goals including the identification of 
drug targets. 
 



 

Research outputs 

Sateriale A, Gullicksrud JA, Engiles JB, MacLeoD B, Kugler E, Brodski IE, Shin S, 
Hunter CA, Striepen B. (2021) The intestinal parasite Cryptosporidium is controlled 
by an enterocyte intrinsic inflammasome that depends on NLRP6. PNAS 118 (2) 
e2007807118. DOI: 10.1073/pnas.2007807118 
The mechanisms of innate recognition are crucial to differentiating between pathogen and 
commensal organism and then mount an appropriate inflammatory response. In this 
publication we lay some of the initial groundwork for host cell recognition of a 
Cryptosporidium infection. In it, we present a working model of innate recognition of 
Cryptosporidium infection through an NLRP6-dependent and enterocyte intrinsic 
inflammasome that leads to the release of IL-18 required for parasite control.  
  
Sateriale A, Šlapeta J, Baptista R, Engiles J, Gullicksrud JA, Herbert GT, Brooks C, 
Kugler E, Kissinger J, Hunter CA, Striepen B. (2019) A genetically tractable, natural 
mouse model of cryptosporidiosis offers insight into host protective immunity. Cell 
Host Microbe, 26:135-146. DOI: 10.1016/j.chom.2019.05.006 
While experimental studies in humans and animals support the development of resistance 
to cryptosporidium infection, we do not understand the mechanisms that underlie 
protective immunity. Here, we derive an in vivo model of Cryptosporidium infection in 
immunocompetent laboratory mice by isolating parasites from naturally infected wild mice. 
Mice that controlled a live infection were resistant to secondary challenge and vaccination 
with attenuated parasites provided protection equal to live infection. Importantly, both 
parasite and host are genetically tractable and this in vivo model, which will facilitate 
mechanistic investigation and rational vaccine design.   
  
Tandel J, English E, Sateriale A, Gullicksrud J, Beiting D, Sullivan MC, Pinkston B, 
Striepen B. (2019) Lifecycle progression and sexual development of the 
apicomplexan parasite Cryptosporidium parvum. Nat Microbiol 4, 2226–2236. DOI: 
10.1038/s41564-019-0539-x 
Parasite transmission occurs through ingestion of oocysts, through either direct contact or 
consumption of contaminated water or food. Oocysts are meiotic spores and the product 
of parasite sex. Cryptosporidium has a single-host life cycle in which both asexual and 
sexual processes occur in the intestine of infected hosts. Here, we genetically engineered 
strains of Cryptosporidium to make life cycle progression and parasite sex tractable. Our 
findings suggest obligate developmental progression towards sex in Cryptosporidium, 
which has important implications for the treatment and prevention of the infection.  
  
Manjunatha UH, Vinayak S, Zambriski JA, Chao A, Sy T, Noble C, Bonamy G, 
Kondreddi R, Zhou B, Gedeck P, Brooks C, Herbert G, Sateriale A, Tandel J, Noh S, 
Lakshminarayana S, Lim S, Goodman L, Bodenreider C, Feng G, Lijun Z, Blasco F, 
Wagner J, Leong J, Striepen B, Diagana, T. (2017) A Cryptosporidium PI(4)K 
inhibitor is a drug candidate for cryptosporidiosis. Nature 546, 376–380. DOI: 
10.1038/nature22337 
For Cryptosporidium, there is neither a vaccine nor an effective treatment. Here we 
establish a drug discovery process built on scalable phenotypic assays and mouse 
models that take advantage of transgenic parasites. Screening a library of compounds 
with anti-parasitic activity, we identify pyrazolopyridines as potent inhibitors of 
Cryptosporidium infection. Since this publication, the lead compound KDU731 has moved 
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into clinical trials and represents the leading novel treatment candidate for 
cryptosporidiosis.  
Vinayak S*, Pawlowic MC*, Sateriale A*, Brooks CF, Studstill CJ, Bar-Peled Y, 
Cipriano MJ, Striepen B. (2015) Genetic manipulation of the diarrhoeal pathogen 
Cryptosporidium parvum. Nature 523, 477–480. DOI: 10.1038/nature14651 
Here we describe an experimental framework to genetically modify Cryptosporidium 
parasites using the (CRISPR)/Cas9 system. We derive reporter parasites suitable for in 
vitro and in vivo drug screening, and then evaluate the basis of drug susceptibility by gene 
knockout. This paper represents a landmark for the field, laying the foundation for basic 
research on this previously genetically intractable parasite. This research was highlighted 
in Nature, Nature Reviews Genetics, Trends in Parasitology, and picked up by several 
news outlets, including National Public Radio.  
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