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Abstract 26 

Identification of Cryptosporidium oocyst is essential in ensuring water quality fit for human use, 27 

consumption, and recreation. This communication proposes the supplemental analysis of substrate-28 

associated biofilms, in particular, freshwater sponges in improving case finding of waterborne-protozoan 29 

pathogens (WBPP) in environmental aquatic samples. In this study, a small portion of a mature 30 

freshwater sponge under the Genus Radiospongilla was subjected to microscopic and molecular analysis 31 

to identify the presence of Cryptosporidium. Microscopic screening with modified Kinyoun’s staining 32 

(MK) and microscopic confirmation using direct antibody fluorescent testing (IFT) returned with 33 

Cryptosporidium spp. positive findings. Molecular investigation resulted in the confirmation of 34 

Cryptosporidium hominis upon sequencing of PCR products and phylogenetic analysis. This is the first 35 

report of a pathogenic protozoan, C. hominis isolated from a freshwater sponge. The results of this study 36 

provide evidence of the value of expanding water quality assessment strategies to the analysis of 37 

substrate-associated biofilms and sponges in improving case finding of WBPP in natural aquatic 38 

environments. 39 

40 
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1. Introduction43 

Biofilms are widely-distributed in natural environments, grey-structures, and within biological 44 

systems like the oral cavity and digestive tract. This field of study has permeated a plethora of scientific 45 
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disciplines as it offers valuable information for understanding deeper the interactions of a wide 46 

spectrum of microbes in pure and multi-species community (Sivadon et al., 2019).  47 

Sponges are the most ancient multicellular animals (basal Metazoa) in existence and filter water through 48 

its aquiferous system to acquire oxygen and nutrition from its environment. To date, sponge research 49 

includes biodiversity (Jakhalekar and Ghate, 2016), anatomic plasticity (Lavrov and Kosevich, 2016), 50 

microbial community interactions (He et al., 2014; Webster et al., 2004), antimicrobials (Laport et al., 51 

2009; Tasdemir et al., 2007), inhibitory substances (Loaëc et al., 2017), and antiprotozoal compounds 52 

(Orhan et al., 2010). 53 

Cryptosporidium remains to be the second leading cause of morbidity and mortality due to infantile 54 

diarrhea next to rotavirus worldwide (Parashar et al., 2003; Checkley et al., 2015) and ranks first in 55 

parasitic protozoan causing waterborne (Karanis et al., 2007; Baldursson and Karanis, 2011; Efstratiou et 56 

al., 2018) and foodborne outbreaks (Ahmed and Karanis, 2018; Ryan et al., 2018). 57 

Efforts of the authors in the current study to establish the freshwater distribution of Cryptosporidium 58 

and other waterborne-protozoan pathogens (WBPP) in the Philippines by analyzing surface water (SW), 59 

sediments (BW), as well as substrate-associated biofilms (SAB), led to this novel finding. Upon survey of 60 

an aquaculture perimeter, a sponge was observed growing on the fishnet which house Nile tilapia 61 

Oreochromis niloticus. This sponge serves as food for the fingerlings and was collected as a substitute for 62 

SAB. 63 

The aim of this study was to assess the sponge biomass for the potential presence of Cryptosporidium 64 

and elect freshwater sponges as potential biological reservoirs in the survey of pathogenic oocysts in 65 

natural aquatic environments.  66 

 67 
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2. Materials and methods 68 

Lake Buhi (Fig. 1b) is located in the Bicol province of Southern Luzon, Philippines and is a major source of 69 

freshwater fish in the region where the world’s smallest edible fish known as Sinarapan Mistichtys 70 

luzonensis is endemic. One mature sponge sample (Fig. 1c and d) labeled B1A5 SAB was harvested from 71 

a fishnet from coordinates 13°27'29.7"N 123°30'55.4"E, washed with sterile distilled water to remove 72 

non-adherent cells, a pinkie-sized portion of which was placed in a sterile conical tube with 50 mL sterile 73 

distilled water and processed within 24 hours. The 50 mL sponge suspension was vortexed for one 74 

minute to disrupt the biomass and liberate adherent cells and left to stand for five minutes to allow 75 

heavier debris to settle after which ten mL supernatant was aspirated, and centrifuged at 1500 x g for 15 76 

minutes (US EPA, 2005). Eight mL supernatant was discarded while the remaining two mL with pellet 77 

was disturbed into a suspension, 25 µL of which was prepared into 1 X 1 cm diameter smears on sterile 78 

glass slides. Smears were screened for Cryptosporidium oocysts with Modified Kinyoun’s Acid-Fast 79 

staining (MK), and additional microscopic confirmation was performed using Direct Antibody fluorescent 80 

testing (IFT) with Aqua-GloTM G/C Direct Comprehensive Kit (Waterborne Inc. USA, 2010). DNA 81 

extraction of pellet suspension and C. parvum oocysts (P102C, Waterborne Inc., USA) was performed 82 

using Macherey Nagel NucleospinTM following the manufacturer’s protocol with slight modifications. 83 

Polymerase chain reaction was performed using 18s rRNA primers for Cryptosporidium following 84 

protocols from Pagoso and Rivera (2017) with slight modifications. Amplicons were visualized on a 1.5% 85 

agarose gel stained with ethidium bromide and sent to commercial sequencing company (Macrogen 86 

South Korea). Sequences were aligned using Clustal W of Bioedit with a careful visual inspection of gaps 87 

and ambiguous sequences and was deposited in GenBank. Phylogenetic and molecular evolutionary 88 

analyses were conducted using Mega version 7 (Kumar et al., 2016) which was based on the best tree 89 

model with bootstrap set at 1000 replicates.     90 

 91 
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3. Results and discussions 92 

Identification of freshwater sponge sample (Fig. 1c and d) was based on macroscopic morphology, 93 

qualifying the mature sponge sample under the genus Radiospongilla as being large sponges with finger-94 

like surface projections, widely distributed in the Indian sub-continent, Sri Lanka, Indonesia, and the 95 

Philippines (Jakhalekar and Ghate, 2016). MK staining was positive for Cryptosporidium spp. oocysts (Fig. 96 

2a and b), which fits morphologic descriptions and size of 4-6 µm (CDC DPDx Cryptosporidiosis). Further 97 

microscopic confirmation using IFT also returned positive results where oocysts exhibited apple-green 98 

fluorescence, with oocysts size and morphology representative of Cryptosporidium (Fig. 2c and d). The 99 

relatively easy visualization of oocysts in this low volume of sample through MK and IFT staining are 100 

clear indications of high contamination of the sponge sample with Cryptosporidium oocysts. 101 

PCR results showed banding in the 350 bp region when compared to a 1 kb ladder with the band being 102 

aligned with C. parvum positive control (Fig. 2e). Phylogenetic analysis suggested through maximum 103 

likelihood that isolate B1A5 SAB is C. hominis and was provided with GenBank accession number 104 

MK989995 (Figure 3).   105 

Environmental distribution of Cryptosporidium spp. have been reported in watersheds (Masangkay et 106 

al., 2016), sediments (Kong et al., 2017), and in tap water (Watanabe et al., 2005). In humans, C. parvum 107 

and C. hominis have been linked to outbreaks (Horne et al., 2017) and were recently reported in 108 

freshwater bivalves for human consumption in the Philippines (Pagoso and Rivera, 2017). C. viatorum 109 

and C. meleagridis although less commonly isolated, have been detected in immunocompromised 110 

individuals (Wesolowska, et al., 2016; Adamu et al., 2014).  111 

The biofilm matrix has been reported to associate a variety of unicellular species (Dopheide et al., 2009; 112 

Puzon et al., 2009; Chang et al., 2010; Valster et al., 2009; Wey et al., 2012). To date, although in vitro 113 

culture of Pseudomonas aeruginosa in an aquatic biofilm system has been demonstrated to facilitate the 114 
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progression of C. parvum oocyst to several developmental stages (Koh et al., 2013), there is no existing 115 

report on the natural-association of Cryptosporidium to environmental biofilms. Similarly, sponges can 116 

act as biological indicators of water pollution (Kallok, 2017), but just the same, no evidence for the 117 

natural-association of Cryptosporidium has been presented. 118 

Temporal accumulation of Cryptosporidium oocysts in a mature sponge can be facilitated by the 119 

filtration of large volumes of water through its aquiferous system (Lavrov and Kosevich, 2016). In 120 

addition, calcium, which is essential for the germination of sponges (Ostrom and Simpson, 1978) can 121 

facilitate enhanced interactions between particles (Luo et al., 2016) and surfaces and the outer wall of 122 

Cryptosporidium oocysts through divalent cation bridging mechanism (Sarkhosh et al., 2019). The Lake 123 

Buhi results returned 20% (1/5) MK and 20% (1/5) IFT positivity from 50 mL SW and BW samples, 124 

respectively (Masangkay, unpublished data). These observations complement the Cryptosporidium 125 

positive microscopy results from our mature sponge sample. Further, PCR banding in the 350 bp region 126 

of both B1A5 SAB and C. parvum DNA isolates provided molecular confirmation of the isolation of 127 

Cryptosporidium spp. (Pagoso and Rivera, 2017), which upon sequencing and phylogenetic analysis (Fig. 128 

3) was found to be C. hominis and was allocated with GenBank accession number MK989995.  129 

Sponges have been elected in the analysis of genetic material through trapped DNA from the 130 

surrounding environment (Pennisi, 2019), this is valuable in that even in cases of degenerated oocysts; 131 

sponges may still be able to provide evidence of Cryptosporidium association through molecular testing. 132 

These sponge-associated oocysts are provided with UV light protection by the sponge biomass whereby 133 

viability can be maintained for longer periods thereby increasing the potential for both human and 134 

zoonotic infections (DiCesare et al., 2012) and is a potential hazard to Lake Buhi’s residents, fishermen, 135 

and tourists. Results of the study show that freshwater sponges could be utilized as bioindicators of the 136 

microbiological quality of natural water resources. The findings of this research provide evidence-based 137 
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rationale to expand water quality assessment strategies to testing SAB and sponges whenever 138 

applicable in addition to SW and BW analysis in improving WBPP detection. 139 

 140 

 141 

4. Conclusions 142 

 This short communication provides the first report of the presence of Cryptosporidium 143 

hominis in a freshwater sponge.  144 

 Biofilms, and in this case, a mature sponge has the potential to act as a biological 145 

reservoir for harmful protozoan species with outbreak potential.  146 

 Expanding water quality assessment strategies to biofilms and sponges may improve the 147 

determination of water resource quality and facilitate the formulation of the necessary 148 

interventions in the prevention of the spread of waterborne protozoan pathogens. 149 

 150 

Acknowledgments 151 

 This study was financially supported by The Walailak University Graduate Studies Research Fund 152 

Contract No. 24/2562. Thank you to Dr. Henry Stibbs and Molly Rowe of Waterborne Inc. for the IFT kit, 153 

Dr. Abhishek Mukherjee for the sponge identification, the laboratory technicians of the Department of 154 

Medical Technology, Far Eastern University-Manila for the technical assistance, and Mr. Harry Esmaya of 155 

Howell Medical Supplies for the fluorescence Microscope facility.   156 

 157 

Competing interests 158 



 

8 
 

 The authors declare no competing interests 159 

  160 



 

9 
 

References  161 

Adamu, H., Petros, B., Zhang, G., Kassa, H., Amer, S., Ye, J., Feng, Y., Xiao, L., 2014. Distribution and 162 

clinical manifestations of Cryptosporidium species and subtypes in HIV/AIDS patients in Ethiopia. PLoS 163 

Negl Trop Dis. 8(4):e2831. DOI: 10.1371/journal.pntd.0002831. 164 

Ahmed, S.A., Guerrero Flórez, M., Karanis, P., 2018. The impact of water crises and climate changes on 165 

the transmission of protozoan parasites in Africa. Pathog Glob Health. 112(6):281-293. doi: 166 

10.1080/20477724.2018.1523778. 167 

Baldursson, S., Karanis, P., 2011. Waterborne transmission of protozoan parasites: review of worldwide 168 

outbreaks - an update 2004-2010. Water Res. 45(20):6603-14. DOI: 10.1016/j.watres.2011.10.013. 169 

CDC DPDx Cryptosporidiosis. https://www.cdc.gov/dpdx/cryptosporidiosis/index.html. 170 

Chang, C.W., Wu, Y.C., Ming, K.W., 2010. Evaluation of real-time PCR methods for quantification of 171 

Acanthamoeba in anthropogenic water and biofilms. J Appl Microbiol. 109(3):799–807. 172 

Checkley, W., White, A.C. Jr., Jaganath, D., Arrowood, M.J., Chalmers, R.M., Chen, X.M., Fayer, R., 173 

Griffiths, J.K., Guerrant, R.L., Hedstrom, L., Huston, C.D., Kotloff, K.L., Kang, G., Mead, J.R., Miller, M., 174 

Petri, W.A. Jr., Priest, J.W., Roos, D.S., Striepen, B., Thompson, R.C., Ward, H.D., Van Voorhis, W.A., Xiao, 175 

L., Zhu, G., Houpt, E.R., 2015. A review of the global burden, novel diagnostics, therapeutics, and vaccine 176 

targets for Cryptosporidium. Lancet Infect Dis. 15(1):85–94. DOI: 10.1016/S1473-3099(14)70772-8. 177 

DiCesare, E.A., Hargreaves, B.R., Jellison, K.L., 2012. Biofilms reduce solar disinfection of 178 

Cryptosporidium parvum oocysts. Appl Environ Microbiol. 78(12):4522–5. DOI: 10.1128/AEM.08019-11. 179 

Dopheide, A., Lear, G., Stott, R., Lewis, G., 2009. Relative diversity and community structure of ciliates in 180 

stream biofilms according to molecular and microscopy methods. Appl Environ Microbiol. 75(16):5261–181 

72. 182 



 

10 
 

Efstratiou, A., Ongerth, J.E., Karanis, P., 2017. Waterborne transmission of protozoan parasites: Review 183 

of worldwide outbreaks - An update 2011-2016. Wat Res. 114:14-22. DOI: 184 

10.1016/j.watres.2017.01.036. 185 

He, L., Liu, F., Karuppiah, V., Ren, Y., Li, Z., 2014. Comparisons of the fungal and protistan communities 186 

among different marine sponge holobionts by pyrosequencing. Microb Ecol. 67(4):951-61. DOI: 187 

10.1007/s00248-014-0393-6. 188 

Horne, S., Sibal, B., Sibal, N., Green, H.K., 2017. Cryptosporidium outbreaks: identification, diagnosis, and 189 

management. Br J Gen Pract. 67(662):425-426. DOI: 10.3399/bjgp17X692501. 190 

Jakhalekar, S., Ghate, H., 2016. Taxonomy of freshwater sponges of Maharashtra, India, with illustrated 191 

descriptions and notes on ecology and habitats (Porifera: Spongillida: Spongillidae). Zootaxa. 192 

4173(6):501-529. DOI: 10.11646/zootaxa.4173.6.1. 193 

Kallok, M., 2017. Diving for aliens. https://www.dnr.state.mn.us/mcvmagazine/issues/2017/jul-194 

aug/freshwater-sponges.html. 195 

Karanis, P., Kourenti, C., Smith, C., 2007. Waterborne transmission of protozoan parasites: a worldwide 196 

review of outbreaks and lessons learnt. J Wat Health. 5(1):1-38. 197 

Koh, W., Clode, P.L., Monis, P., Thompson, R.C., 2013. Multiplication of the waterborne pathogen 198 

Cryptosporidium parvum in an aquatic biofilm system. Parasit Vectors. 6:270. doi: 10.1186/1756-3305-6-199 

270. 200 

Kong, Y., Lu, P., Yuan, T., Niu, J., Li, Z., Yang, B., 2017. Cryptosporidium contamination and attributed 201 

risks in Yunlong Lake in Xuzhou, China. Can J Infect Dis Med Microbiol. 4819594. DOI: 202 

10.1155/2017/4819594. 203 



 

11 
 

Kumar, S., Strecher, G., Tamura, K., 2016. MEGA7: Molecular evolutionary genetics analysis version 7.0 204 

for bigger datasets. Mol Biol Evolut. 33:1870-1874. 205 

Laport, M.S., Santos, O.C., Muricy, G., 2009. Marine sponges: potential sources of new antimicrobial 206 

drugs. Curr Pharm Biotechnol. 10(1):86-105. 207 

Lavrov, A.I., Kosevich, A.I., 2016. Sponge cell reaggregation: Cellular structure and morphogenetic 208 

potencies of multicellular aggregates. J Exp Zool A Ecol Genet Physiol. 325(2):158-77. Doi: 209 

10.1002/jez.2006. 210 

Loaëc, N., Attanasio, E., Villiers, B., Durieu, E., Tahtouh, T., Cam, M., Davis, R.A., Alencar, A., Roué, M., 211 

Bourguet-Kondracki, M.L., Proksch, P., Limanton, E., Guiheneuf, S., Carreaux, F., Bazureau, J.P., Klautau 212 

M., Meijer, L., 2017. Marine-derived 2-aminoimidazolone alkaloids. Leucettamine B-related poly-213 

androcarpamines inhibit mammalian and protozoan DYRK & CLK kinases. Mar Drugs. 15(10). pii: E316. 214 

DOI: 10.3390/md15100316. 215 

Luo, X., Jedlicka, S., Jellison, K., 2016. Pseudo-second-order calcium-mediated Cryptosporidium parvum 216 

oocyst attachment to environmental biofilms. Appl Environ Microbiol. 83(1). pii: e02339-16. DOI: 217 

10.1128/AEM.02339-16. 218 

Masangkay, F., Milanez, G., Chua, N., Angulo, F., Aquino, P., Calucin, D., Urtal, G., 2016. Water-borne 219 

coccidian in Philippine water sheds: a national inceptive study. Asian J. Biol. Life Sci. 5(2):112-119. 220 

Orhan, I., Sener, B., Kaiser, M., Brun, R., Tasdemir, D., 2010. Inhibitory activity of marine sponge-derived 221 

natural products against parasitic protozoa. Mar Drugs. 8(1):47-58. DOI: 10.3390/md8010047. 222 

Ostrom, K.M., Simpson, T.L., 1978. Calcium and the release from dormancy of freshwater sponge 223 

gemmules. Develop Biol. 64,332-338. 224 



 

12 
 

P102C. Oocysts of Cryptosporidium parvum. http://waterborneinc.com/p102-oocysts-of-225 

cryptosporidium-parvum. 226 

Pagoso, E., Rivera, W., 2017. Cryptosporidium species from common edible bivalves in Manila Bay, 227 

Philippines. Mar Pollut Bull. 119(1):31-39. DOI: 10.1016/j.marpolbul.2017.03.005. 228 

Parashar, U.D., Hummelman, E.G., Bresee, J.S., Miller, M.A., Glass, R.I., 2003. Global illness and deaths 229 

caused by rotavirus disease in children. Emerg Infect Dis. 9(5): 565–572. DOI: 10.3201/eid0905.020562. 230 

Pennisi, E., 2019. Networks of sponges could capture DNA to track ocean health. Sci. 231 

DOI:10.1126/science.aay2394. 232 

Puzon, G.J., Lancaster. J., Wylie, J.T., Plumb, J.J., 2009. Rapid detection of Naegleria fowleri in water 233 

distribution pipeline biofilms and drinking water samples. Environ Sci Technol. 43(17):6691–6. 234 

Ryan, U., Hijjawi, N., Xiao, L., 2018. Foodborne cryptosporidiosis. Int J Parasitol. 48(1):1-12. DOI: 235 

10.1016/j.ijpara.2017.09.004. 236 

Sarkhosh, T., Zhang, X.F., Jellison, K.L., Jedlicka, S.S., 2019. Calcium-mediated biophysical binding of 237 

Cryptosporidium parvum oocysts to surfaces is sensitive to oocyst age. Appl Environ Microbiol. pii: 238 

AEM.00816-19. DOI: 10.1128/AEM.00816-19.  239 

Sivadon, P., Barnier, C., Urios, L., Grimaud, R., 2019. Biofilm formation as a microbial strategy to 240 

assimilate particulate substrates. Environ Microbiol. Rep. DOI: 10.1111/1758-2229.12785. 241 

Tasdemir, D., Topaloglu, B., Perozzo, R., Brun, R., O'Neill, R., Carballeira, N.M., Zhang, X., Tonge, P.J., 242 

Linden, A., Rüedi, P., 2007. Marine natural products from the Turkish sponge Agelas oroides that inhibit 243 

the enoyl reductases from Plasmodium falciparum, Mycobacterium tuberculosis and Escherichia coli. 244 

Bioorg Med Chem. 15(21):6834-45. 245 



 

13 
 

US EPA, 2005. Method 1623: Cryptosporidium and Giardia in water by filtration/IMS/FA (PDF), 246 

December 2005 Update (EPA 821-R-05-002). Office of Water 4603. U.S. Environmental Protection 247 

Agency, Washington. http://www.epa.gov/microbes/1623de05.pdf. 248 

Valster, R.M., Wullings, B.A., Bakker, G., Smidt, H., Van Der Kooij, D., 2009. Free-living protozoa in two 249 

unchlorinated drinking water supplies, identified by phylogenic analysis of 18S rRNA gene sequences. 250 

Appl Environ Microbiol. 75(14):4736–46. 251 

Watanabe, Y., Kimura, K., Yang, C.H., Ooi, H.K., 2005. Detection of Cryptosporidium sp. oocyst and 252 

Giardia sp. cyst in faucet water samples from cattle and goat farms in Taiwan. J Vet Med Sci. 253 

67(12):1285-7. 254 

Waterborne Inc. USA., 2010. Catalog Nr: A100FLK Aqua-Glo TM G/C Direct comprehensive kit 255 

fluorescein-labelled monoclonal antibody reagent for simultaneous direct immunofluorescence 256 

detection of Giardia cysts and Cryptosporidium oocysts in water samples. Waterborne, Inc., clinical and 257 

environmental parasitology products, 6045 Hurst Street, New Orleans, LA 70118 USA. 258 

Webster, N.S., Negri, A.P., Munro, M.M., Battershill, C.N., 2004. Diverse microbial communities inhabit 259 

antarctic sponges.  Environ Microbiol. 6(3):288-300. 260 

Wesołowska, M., Szostakowska, B., Kicia, M., Sak, B., Kvac, M., Knysz, B., 2016. Cryptosporidium 261 

meleagridis infection: the first report in Poland of its occurrence in an HIV-positive woman. Ann 262 

Parasitol. 62(3):239-241. DOI: 10.17420/ap6203.58. 263 

Wey, J.K., Jürgens, K., Weiterea, M., 2012. Seasonal and successional influences on bacterial community 264 

composition exceed that of protozoan grazing in river biofilms. Appl Environ Microbiol. 78(6):2013–24. 265 

 266 

 267 



 

14 
 

 268 



 

 

Fig. 1. Geographic representation and pictures of sampling site and sample matrix. a Map of the 

Philippines, b Lake Buhi, c mature sponge growing on a fishnet, d submerged shot of collected sponge 

sample with distinct finger-like surface projections.  

 

 

Fig. 2. Cryptosporidium hominis oocysts from a mature sponge. a to d different individual oocysts from 

MK and IFT stained smears, a and b MK positive 1000X magnification, c and d IFT positive 400X 

magnification, Scale bars at 5 µm, e PCR positive result of B1A5 SAB and C. parvum positive control with 

1kb ladder 
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Fig. 3. The phylogenetic tree shows possible relationships with reference sequences of Cryptosporidium 

spp. to B1A5 SAB isolate (GenBank accession number MK989995) from the freshwater sponge in the 

fishnet of Lake Buhi, Bicol, Philippines. Bootstrap showing 1000 replicates. The tree was rooted using 

Eimeria truttae as outgroup. 

 


