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Abstract. Cryptosporidium and Giardia are often underreported and underdiagnosed intestinal parasites that cause 

a severe impact on health care systems all over the globe. The burden of these infections is carried by developing 

countries, explained by the association of these parasites with poverty and the safety of drinking water. Giardia 

intestinalis, C. hominis and C. parvum are among the most important agents causing diarrheal syndromes, especially 

in vulnerable demographics such as children under 5 years of age. Multiple routes of transmission, ranging from the 

faecal-oral route to direct contact with infected hosts or sexual behaviour related transmission, a low infective dose, 

resistance to the external environment and common disinfection methods explain the capability of these organisms 

to cause an increased number of outbreaks worldwide. The severity of diarrhoeal disease caused by Giardia ranges 

from often asymptomatic to mild or chronic forms of disease, with a multitude of possible complications like IBS 

and chronic fatigue syndrome. Cryptosporidium is an important cause of diarrheal syndrome in both 

immunocompetent and immunocompromised hosts. HIV patients are especially at risk for prolonged and more 

severe forms of cryptosporidiosis with possible extraintestinal complications. The reliance on microscopic analysis 

of stool samples in wet mounts or modified acid-fast stains in many developing countries is just one piece of the 

puzzle explaining the underdiagnosis of infections caused by these pathogens. 
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Crysptosporidium și Giardia – o privire de ansamblu 

 

Rezumat. Crysptosporidium și Giardia sunt două specii de paraziți intestinali frecvent subraportați și 

subdiagnosticați, care au un impact sever asupra sistemelor de sănătate la nivel global. Povara infecțiilor 

produse de acești patogeni este purtată în special de țările în curs de dezvoltare, fapt explicat prin prisma 

asocierii acestor paraziți cu condițiile socio-economice scăzute și siguranța apei potabile. Giardia intestinalis, C. 

hominis și C. parvum sunt printre cei mai importanți agenți etiologici ai sindroamelor diareice, în special în cadrul 

grupurilor vulnerabile precum copii cu vârstă sub 5 ani. Capacitatea acestor organisme de a determina un număr 

mare de epidemii la nivel global se explică prin numeroase caracteristici precum: rute multiple de transmise, 

variind de la calea fecal-orală la contact direct sau chiar transmitere pe cale sexuală, doza infectantă mică, 

rezistența la mediul extern și la dezinfectanți uzuali. Severitatea sindromului diareic produs de Giardia variază 
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de la cel mai frecvent asimptomatic până la o patologie ușoară sau cu caracter cronic, cu multiple complicații 

posibile precum sindromul colonului iritabil sau sindromul de oboseală cronică. Cryptosporidium este un agent 

etiologic important al sindroamelor diareice, atât la gazde imunocompetente, cât si la gazde imunodeprimate. 

Pacienții cu patologie HIV prezintă un risc crescut pentru forme de boală cu durată lungă și severitate crescută, 

cu posibile complicații extraintestinale. Utilizarea pe scară largă a microscopiei, din materiile fecale prin 

preparate native sau colorație Ziehl-Neelsen modificată, pentru diagnosticul acestor patologii rezprezintă doar o 

parte a explicației pentru subdiagnosticarea infecțiilor produse de acești patogeni. 

 

Cuvinte cheie: Cryptosporidium; Giardia; Protozoare; Vedere de ansamblu. 
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Background 
 
Parasitic infections are a common occurrence 
worldwide, posing significant challenges for 
health care systems. With over 3 billion people 
reported by the WHO (World Health 
Organisation) as infected with one or more 
parasites, these pathogens are the cause of 
significant morbidity and mortality (Bahk et al., 
2018). 
 
In the landscape of parasitic infections, a 
special place is taken by two pathogens: 
Giardia and Cryptosporidium. Along with 
rotavirus, Giardia intestinalis, Cryptosporidium 
parvum and C. hominis are the most important 
pathogens to cause diarrheal disease 
worldwide with the most vulnerable age group 
being children under 5 years of age (Lanata et 
al., 2013). The significance of these two disease 
causing agents is reflected by their inclusion 
since 2004 in the WHO Neglected Disease 
Initiative. The burden of these infections is 
more significant in low income countries as 
they are directly related to the safety of 
drinking water and poverty (Savioli et al., 
2006). 
 
Giardia and Cryptosporidium are two of the 
most widespread parasites across the globe. 
These pathogens are considered endemic 
worldwide, accounting for 280 million 
symptomatic cases of diarrheal disease in the 
case of Giardia and 8.6 million cases of 
foodborne illness in the case of 
Cryptosporidium, with significant economic 
repercussions (Ankarklev et al., 2010; Ryan et 
al., 2018). 

From a public health perspective, the 
importance of these parasites is evident due to 
the large number of foodborne infections, 
accounting in the USA for an estimated 57,616 
(90% [CI] 12,060–166,771) infections in the 
case of Cryptosporidium and 76,840 (90% [CI] 
51,148–109,739) infections in the case of 
Giardia, out of the total 9.4 million episodes of 
foodborne illness (90% [CI] 6.6–12.7 million). 
Under-reporting and under-diagnosing are 
significant challenges and the real number of 
infections may be several magnitudes higher 
(Scallan et al., 2011). 
 
The aim of this study is to provide a summary 
of the most important characteristics of human 
infections caused by Giardia and 
Cryptosporidium and to provide an overview of 
the disease burden of these two pathogens. 
 
Cryptosporidium: General description  
 
Cryptosporidium is a genus of Apicomplexan 
protozoa containing over 30 distinct species. 
Parasites from the genus Cryptosporidium 
infect a wide range of hosts, from animals to 
humans. The most significant species for 
human infection are C. hominis and C. parvum, 
causing cryptosporidiosis with the ability to 
infect both immunocompromised and 
immunocompetent hosts. While C. hominis is 
adapted to human hosts, C. parvum is mainly 
adapted to animal hosts exhibiting zoonotic 
potential. The infective stage is represented by 
the highly resilient oocysts which are 
eliminated by infected hosts into the 
environment. The main route of transmission 
is represented by the faecal-oral route, 
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especially regarding water-borne transmission 
(Šlapeta, 2017). Parasites from the genus 
Cryptosporidium do not multiply in the external 
environment and their life cycle encompasses 
multiple morphologic forms and both an 
asexual (schizogony and sporogony) and a 
sexual multiplication (gamogony) cycle. 
Infected hosts eliminate thick walled oocysts 
into the environment where the infective cycle 
is completed through the faecal-oral route. 
Thin walled oocysts are also produced, but 
their main role is believed to be in 
autoinfection. Recent findings suggest that the 
progression towards sexual multiplication is 
mandatory in Cryptosporidium, presenting this 
mechanism as a potential novel therapeutic 
target (Wang et al., 2017; Tandel et al., 2019). 
 
Cryptosporidium is a major cause of diarrheal 
syndromes in both immunocompetent and 
immunocompromised hosts. Furthermore, this 
parasite is a major cause of chronic diarrhoea 
in AIDS patients and an important cause for 
diarrhoea in children, linked with childhood 
malnutrition and premature death. The burden 
of this infection on the paediatric population is 
evident from the high number of cases and 
from the association with malnutrition and 
growth deficits even in the cases of 
asymptomatic infection. Diagnosis is mainly 
based on the analysis of stool samples through 
different procedures ranging from microscopy 
to nucleic acid based methods with varying 
degrees of sensitivity and specificity. The gold 
standard for cryptosporidiosis diagnosis is 
considered to be immunofluorescence 
microscopy but in many parts of the world 
traditional microscopy with a modified acid-
fast stain is still being used. Other antigen 
detection methods exist as well including 
enzyme linked immunoassays and 
immunochromatographic assays. PCR can also 
be used, the majority of commercially available 
test kits targeting the amplification of 18S 
rRNA gene. Although available, serological 
methods are only used in research settings and 
for epidemiological purposes. The treatment 
for cryptosporidiosis is considered to be 
suboptimal and available agents include 
Nitazoxanide, Paromomycin, Azithromycin, 
Rifaximin, Rifabutin, HIV protease inhibitors. In 
the case management of HIV patients, the main 
goal should be the optimisation of 

antiretroviral therapy. Cryptosporidiosis 
seems to be underdiagnosed in both developed 
countries and developing countries. It is 
estimated that in the USA only 1% of 
cryptosporidiosis cases are diagnosed. On a 
global level, prevalence estimates in 
immunocompetent hosts range from 1% to 5-
10%, in developed countries and developing 
ones respectively (Checkley et al., 2015). 
 
The clinical manifestations of cryptosporidiosis 
have a wide range of severity according to 
multiple factors related to the host (age, 
nutritional status, immune status) and the 
parasite (species and genetic subtype). In HIV 
patients the infection can range from 
asymptomatic to self-limiting diarrheal disease, 
chronic diarrhoea or even extraintestinal 
infection (pancreatitis, cholangitis, 
cholecystitis, respiratory infection). The main 
factor influencing the extent of the disease is 
the CD4+ Lymphocyte count. Patients that have 
a CD4+ count value <50-100 cells/μL are 
considered to be at higher risk for 
extraintestinal infection or chronic diarrhoea 
associated with severe dehydration, weight 
loss, malnutrition, extended hospitalisation 
and increased mortality. A recent review 
estimated the overall prevalence of 
Cryptosporidium infection in HIV patients at 
approximately 8.69% while observing that the 
burden of disease has increased in this patient 
demographic over the past decades (Wang et 
al., 2018). 
 
Although present in both high income 
countries and in low income countries, the 
majority of the burden of cryptosporidiosis is 
taken by developing countries. Identified risk 
factors share similarities but are different for 
the two types of settings. For high income 
countries, the major risk factors for 
cryptosporidiosis are ingestion of 
contaminated water or food, contact with 
infected humans or animals, recreational 
contact with infected water and travel to 
endemic areas for cryptosporidiosis. In the 
case of developing countries crowded living 
conditions, contact with infected animals and 
open defecation are the most closely linked to 
cryptosporidiosis (Bouzid et al., 2018). 
Transmission of Cryptosporidium spp. may be 
zoonotic or anthroponotic mainly involving the 
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faecal-oral route through the ingestion of 
contaminated water or food. Other routes of 
transmission exist as well, such as direct 
contact with infected animals, through infested 
recreational water, airborne transmission and 
sexual behaviour related transmission -
involving the oral-anal route (Hellard et al., 
2003; Leitch and He, 2012). 
 
The largest number of human cryptosporidium 
infections is produced by five species of 
Cryptosporidium including C. hominis, C. 
parvum, C. meleagridis, C. felis and C. canis, of 
which C. hominis and C. parvum account for 
over 90% of infections. A limited number of 
other species is also recovered occasionaly 
from human hosts including C. muris, C. suis, C. 
andersoni and C. cervine. The spread of human 
cases of cryptosporidiosis for C. hominis and C. 
parvum is subject to a great degree of 
variability regarding geographical, seasonal 
and age-related distribution. Regarding the 
geographical variation in distribution, in 
European countries both species are common 
in humans, while in the Middle East C. parvum 
is the most frequent species recovered. For the 
rest of the world, C. hominis is usually the most 
frequent species found in human infections. 
With regard to the seasonal variance, C. 
parvum is more prevalent in spring as opposed 
to C. hominis which was found more frequently 
in autumn. The age-related distribution was 
found to favour C. hominis in children and C. 
parvum in adults in the Netherlands and to 
favour infants, females aged 15-44, travellers 
for C. hominis in the UK. At the genetic subtype 
level, C. parvum and C. hominis present a 
geographical variance. In the case of C. parvum, 
the most common IIa subtypes found in cattle 
in Europe, North America and Australia are 
also the most common subtypes recovered 
from human infections with the subtype 
IIaA15G2R1 being the most common in 
Portugal, Slovenia, Netherlands and 
IIaA18G3R1 being the most dominant in 
Ireland. For C. hominis, a greater genetic 
diversity is observed in developing countries 
(multiple subtype families Ia, Ib, Id, Ie and 
multiple subtypes within the families Ia and Id) 
compared to industrialised countries where 
much less genetic diversity is observed (in 
Australia and European countries the most 
prevalent subtype found is Ib subtype family, 

with the IbA10G2 subtype being the 
commonest) (Xiao, 2010). 
Another factor contributing to the importance 
of Cryptosporidium spp. in human infections is 
the correlation with different types of 
neoplastic lesions (colorectal and liver cancer). 
Infection with C. parvum leads to an alteration 
in the gene expression profile of the host with 
the involvement of multiple proto-oncogenes 
(bcl2 and c-Myc), pro-inflammatory cascades, 
cytoskeletal dynamics and the involvement of 
the p53 signalling pathway (Jain et al., 2019). 
 
Giardia: General description 
 
Giardia intestinalis is a flagellated protozoan 
that requires no intermediate hosts to 
complete its simple life cycle. This parasite has 
two morphologic forms, trophozoite and cyst. 
The cyst of Giardia provides resistance to the 
external environment and represents the 
infective form, eliminated through the faeces of 
the infected host. Transmission of giardiasis 
can be realised through multiple routes 
including the faecal-oral route (through 
contaminated food and water), direct contact 
with infected humans or animals (human to 
human and zoonotic transmission) and sexual 
transmission. Giardiasis is a diarrhoeal disease 
with the most frequently reported symptoms 
of this infection being diarrhoea, nausea, 
vomiting, weight loss. This infection usually 
manifests itself as asymptomatic, but mild 
forms of disease or chronic disease are 
possible. Although rare, chronic giardiasis may 
lead to a number of complications like chronic 
fatigue syndrome, irritable bowel syndrome or 
food allergies. Multiple methods of diagnosis 
are accepted for giardiasis ranging from direct 
microscopical examination from faecal 
samples, fluorescence microscopy, direct 
fluorescence antibody test, enzyme linked 
immunoassays to nucleic acid coupled 
methods. Several drugs can be used for the 
treatment of giardiasis including 
metronidazole and tinidazole (Koehler et al., 
2014; Escobedo et al., 2014; Einarsson et al., 
2016; Squire and Ryan, 2017). 
 
Giardia infections have a global distribution 
but they are more frequent in developing 
countries as opposed to industrialised ones. 
While the prevalence of giardiasis in low 



Sci Parasitol 21(1-2):18-24, April 2020 
ISSN 1582-1366 

REVIEW ARTICLE 

 

 

22 

income countries is estimated at 4-43%, high 
income countries present much fewer cases of 
infection at an estimated prevalence of 1-7% 
(Waldram et al., 2017). 
 
At the genus level, Giardia does not exhibit host 
specificity with possible hosts including 
multiple species of mammals ranging from 
humans to farm animals (mainly pigs and 
ruminants), wild animals (elks, deer etc.) and 
pets (cats and dogs). Host specificity and 
adaptation is exhibited at the genotype and 
subtype levels, this being the main factor that 
decreases the chance of zoonotic transmission. 
Multiple major genetic groups of Giardia have 
been identified until now, with only some of 
them exhibiting zoonotic transmission 
potential. Of the eight identified genetic 
assemblages (noted A-H), A and B are 
considered to exhibit zoonotic potential, being 
capable to infect both human and animal hosts. 
The remaining genetic groups (C-H) are 
considered to be adapted only to animal hosts, 
but in spite of this isolates from groups C 
through F have been recovered from human 
faecal samples. The role of this genetic groups 
in human infection is not yet clear. Within 
assemblages A and B there is significant 
diversity in the host species in which these 
pathogens are recovered. Assemblage A has 
been recovered from livestock (sheep, goats, 
pigs, cattle etc.), wild animals and pets (cats, 
dogs etc), while assemblage B is usually 
recovered infrequently from livestock, 
companion animals and wild animals – with 
the notable exception of beavers and muskrats 
(Sprong et al., 2009; Feng and Xiao, 2011; Ryan 
and Cacciò, 2013). Furthermore, assemblages A 
and B have been classified into sub-
assemblages with the sub-assemblage A1 being 
recovered from both humans and animals, AII 
being predominantly found in humans, AIII 
being predominantly found in animals and 
BIII/ BIV being detected in a wide range of 
hosts: humans, wild animals and pets (Pipiková 
et al., 2018). 
 
Giardia and Cryptosporidium outbreaks 
 
Outbreaks determined by Giardia and 
Cryptosporidium are favoured by multiple 
aspects including the low infective dose and 
the resilience cysts and oocysts in the 

environment. Giardia and Cryptosporidium are 
highly infective, the infective dose being under 
10 cysts and oocysts (Ortega and Adam, 1997). 
Giardia cysts and Cryptosporidium oocysts are 
highly resistant in the external environment, 
where they can survive for prolonged periods 
of time. Resistance of this structures is also 
present to common disinfection methods. 
Giardia cysts show a variable resistance to 
chlorine-based disinfection and sensibility 
even to small doses of UV exposure while 
Cryptosporidium oocysts are highly resistant 
even to high doses of chlorine and moderately 
resistant to higher doses of UV exposure 
(Adeyemo et al., 2019). 
 
Cryptosporidium has been the cause of multiple 
water and foodborne outbreaks worldwide. 
One of the biggest outbreaks related to 
Cryptosporidium took place in 1993, in 
Milwaukee USA, affecting over 400,000 
patients. This outbreak has been categorised as 
a waterborne outbreak, the cause being 
attributed to the failure of the filtration 
systems at the local water treatment plants 
(MacKenzie et al., 1994). The CDC reported 444 
cryptosporidiosis outbreaks in 40 states from 
the USA in the timeframe 2009-2017, with a 
total of 7465 cases resulting from these 
outbreaks. The source of the outbreak has been 
identified in most cases, resulting in multiple 
routes of transmission. Recreational water 
exposure has been identified as the most 
prevalent route of transmission including 156 
outbreaks (35.1% from total outbreaks) with 
4232 cases (56.7% from total cases) 
developing from these outbreaks. Other 
important routes of transmission have also 
been reported including contact with cattle (65 
outbreaks, 14.6% of total outbreaks) and 
person-to-person contact in specific child care 
settings (57 outbreaks, 12.8% of total 
outbreaks). A total of 22 reported outbreaks in 
this timeframe were foodborne, the majority 
being caused by unpasteurised milk (9 
outbreaks) and unpasteurised apple cider (4 
outbreaks). From the total reported cases, in 
63 outbreaks (14.2%) the mode of 
transmission remained unknown. Noteworthy 
is the increase in the overall number of 
reported outbreaks with an average of 12.8% 
per year (95% [CI] = 7.6%–18.0%). A seasonal 
trend has been observed for the reported 
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timeframe, the overall number of outbreaks 
peaking in the summer months of July-August 
(Gharpure et al., 2019). 
 
Giardia also plays a significant role in 
waterborne and foodborne outbreaks 
worldwide, with the majority of outbreaks 
being waterborne. The CDC described 242 
outbreaks in the timeframe 1971-2011, with an 
estimated affected 41000 patients. Of the 
reported outbreaks, waterborne and 
foodborne outbreaks accounted for 90.5% of 
the total transmission routes (74.6% for 
waterborne and 15.7% for foodborne 
transmission), with the larger part of water 
related outbreaks being linked to drinking 
water. Although not as frequent, human-to-
human and animal contact were also identified, 
accounting for 2.5% and 1.2% of the total 
outbreaks (Adam et al., 2016). Regarding 
foodborne outbreaks, the WHO reported an 
estimated 28.2 million cases of foodborne 
infections determined by Giardia in 2010. The 
estimates regarding Giardia infections in the 
USA involving foodborne transmission vary in 
the limits of 7-15% of total giardiasis cases. 
The US reported 38 foodborne outbreaks until 
now, with fresh produce being the most 
frequently accountable for the spread of 
infection. However, in the majority of cases, the 
source of infection could not be identified. It is 
believed that Giardia cases are underreported, 
fact that holds true especially in developing 
countries where problems exist with the 
identification and research of outbreaks (Ryan 
et al., 2019). 
 
Concluding remarks 
 
Giardia and Cryptosporidium are two often 
neglected and underdiagnosed parasites that 
pose significant public health challenges across 
the globe. Even though a significant number of 
cases are reported in developed countries, the 
disease burden caused by these infectious 
agents is more important in low income 
settings. 
 
Among the main characteristics that define the 
importance of these pathogens for human 
health are the global distribution, multiple and 
variate modes of transmission, low infective 
dose and resistance of the (oo)cysts in the 

environment and to commonly used 
disinfection methods. The outbreak causing 
potential of Giardia and Cryptosporidium can be 
explained through the aforementioned 
characteristics and involve them in a large 
number of water and foodborne outbreaks. 
 
Specific population groups are at higher risk of 
infection with these parasites, especially HIV 
patients and children under 5 years of age. 
Furthermore, these vulnerable groups are at 
higher risks for health complications in the 
case of HIV patients and malnutrition and 
growth retardation in the case of the paediatric 
population. 
 
Further evidence-based improvement in 
diagnosis and treatment of cryptosporidiosis 
and giardiasis is required in order better 
identify infections and outbreaks and to 
mitigate the public health burden of these 
parasites. 
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