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Cryptosporidium spp. infection is highly prevalent in Estonian and worldwide on herd level. 

Most infected group is young neonatal calves who also shed oocysts from early age. 

Cryptosporidium spp. can cause severe enteritis, diarrhea, and increased mortality along with 

economical losses. This thesis focuses on the dynamics of Cryptosporidium spp. infection on 

one Estonian dairy farm, the inflammatory response of the neonatal calf, and if and how the 

acute phase proteins (APP) associate with Cryptosporidium spp. infection. During infection, 

the innate immune system acute-phase response (APR) is activated and as a result APPs are 

produced. The inflammatory response in calves was assessed by measuring the major cattle 

APP of cattle, serum amyloid A (SAA) and haptoglobin (Hp). From the study group of calves 

(n=55), serum (n=264) and fecal (n=220) samples were taken from one Estonian dairy farm 

at 7, 10, 14 and 21- days of age. Oocyst groups were formed retrospectively, where G0 group 

had no oocysts, G1 1-10.000 oocysts and G2 over 10.000 oocysts. Majority of calves at 14-

day of age belonged to the group G2. Mean SAA concentration peaked at the 7-day old 

calves, from where it steadily declined. Mean Hp concentration peaked at day ten and during 

that time majority of the calves (70.9%) belonged to the G2 group. The result could indicate 

that high numbers of Cryptosporidium spp. oocysts could influence the calves’ immune 

system and promote APR that is more pronounced in Hp than in SAA. 
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Algloom krüptosporiidi nakkus on Eestis ja kogu maailmas karja tasandil väga levinud. 

Enamasti on nakatunud noored vasikad, kes eritavad ootsüste juba varases eas. 

Cryptosporidium liigid võivad põhjustada ägedat enteriiti, kõhulahtisust ja suurenenud 

suremust koos majandusliku kahjuga. See lõputöö keskendub krüptosporiidi liikide 

infektsioonidünaamikale ühes Eesti piimafarmis, vastsündinud vasika põletikuvastusele 

ning kas ja kuidas seostuvad akuutse faasi valgud krüptosporiidi liikide infektsiooniga. 

Nakatumise ajal aktiveeritakse kaasasündinud immuunsüsteemi akuutse faasi vastus ja selle 

tulemusena toodetakse akuutse faasi valke. Vasikatel hinnati põletikulist vastust veiste 

peamiste akuutse faasi valkude, seerumi amüloid A (SAA) ja haptoglobiini (Hp) 

mõõtmisega. Ühes Eesti piimafarmis koguti seerumi- (n=264) ja roojaproove (n=220) 

vasikatelt (n=55) vanuses 7, 10, 14 ja 21 päeva. Ootsüstide rühmad moodustati 

retrospektiivselt, kus G0 rühmas ootsüste ei leitud, G1 leiti 1–10 000 ootsüsti ja G2 üle 10 

000 ootsüsti. Enamus 14-päevastest vasikatest kuulus rühma G2. Keskmine SAA 

kontsentratsioon saavutas haripunkti 7-päeva juures, seejärel langes pidevalt. Keskmine Hp 

kontsentratsioon saavutas haripunkti kümnendal päeval ja sel ajal kuulus suurem osa 

vasikatest G2 rühma. Tulemus võib viidata sellele, et krütosporiidi liikide ootsüstid võivad 

mõjutada vasikate immuunsüsteemi ja soodustada akuutse faasi vastust, mis on rohkem 

väljendunud Hp-s kui SAA-s. 

Märksõnad: akuutse faase valgi, Cryptosporidium spp. haptoglobiini, seerumi amüloid A 
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INTRODUCTION 
 

Cryptosporidium spp. is a protozoan parasite, and its species can have variety of hosts such as 

mammals, reptiles, birds, and fish. It also has a zoonotic potential as it can infect humans 

(Leitch and He, 2011). First Cryptosporidium infection together with other enteropathogens 

were reported in 1970s in adult cattle however ten years later it was found that Cryptosporidium 

alone, had caused an outbreak of neonatal diarrhea (Tzipori et al., 1980; de Graaf et al., 1999).  

The disease caused by Cryptosporidium spp. is called cryptosporidiosis and it is now 

recognized as an endemic disease that affects cattle worldwide and is a common cause for 

neonatal enteritis in calves (Cho et al., 2014)). Fecal oocyst excretion can start as early as calf 

being three days of age (Garro et al., 2016), meaning that calves are susceptible for infection 

during or short time after birth, transmission route being horizontal. Sporulated oocysts in feces 

contain four sporozoites, which is the infective stage of Cryptosporidium spp. (de Graaf et al., 

1999). Infection in neonatal calf’s is prevalent between ages 1 and 3 weeks of life, the 

symptoms vary from mild watery diarrhea, inappetence and depression to even death (Silverlås 

et al., 2013). 

The acute phase response (APR) happens when there is damage to tissues or interaction of 

infectious agent, which triggers immunological complexes organisms in order to maintain 

homeostasis in the organism. The acute phase proteins (APP) serum amyloid A (SAA) and 

haptoglobin (Hp) are part of innate immunity and during APR they increase or decrease making 

them valid biomarkers for injury or disease in ruminants (Ceciliani et al., 2012). After birth, 

the neonate calf goes through rapid growth and development and is exposed to environmental 

foreign antigens and microbes, The factors that can have an effect in concentrations of APP 

can be different in adult cattle compared to neonates. Newborn calves can have elevated APP 

after birth naturally and may not be related to a disease.  (Orro et al., 2008; Ceciliani et al., 

2012; Tóthová et al., 2013). This APR early in the neonate’s life could affect future growth of 

the animal and thus having negative financial implications (Pourjafar et al., 2011; Seppä-

Lassila et al., 2017).  
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1. LITERATURE REVIEW 
 

1.1 Background 
 

The parasite was first identified in 1907 by Edward Tyzzer who discovered a protozoan parasite 

strain in the gastric glands of laboratory mice and named this new finding as Cryptosporidium 

muris (Tyzzer, 1907). It was named Cryptosporidium because of the absence of sporocysts 

within the oocysts which is a characteristic of other coccidia (Tzipori and Widmer, 2008). In 

cattle the parasite was first reported by Panciera et al. (1971) who compared the 

histopathological findings of an 8-month-old calf presenting clinical symptoms compatible 

with cryptosporidiosis to samples from infected turkey and guinea pig. In humans it was 

discovered in 1976 (Bones et al., 2019). Experimental infections were studied in rodents where 

researchers could find more information about how Cryptosporidium spp. reacted to 

antiparasitic drugs and disinfectants. Epidemiological studies were done to assess the 

seriousness of cryptosporidiosis and they found that it can cause economically serious 

outbreaks of neonatal diarrhea and sporadic cases of acute gastroenteritis in humans (Tzipori 

and Widmer, 2008) 

There are currently 28 different known species of Cryptosporidium, but most commonly the 

ones causing cryptosporidiosis are C. hominis in humans and C. parvum in calves and in 

humans that are in contact with farm animals (Gerace et al., 2019). There are followed by C. 

meleagridids and C. bailey, which are associated with respiratory diseases in birds, C. 

cuniculus which can infect rabbits, C. felis, and C. canis which are species specific for felines 

and canines.  

Infection is transmitted via oocysts and through fecal-oral route with variable degrees of 

gastrointestinal problems (Chalmers and Katzer, 2013). Approximately 90% of human 

infections of cryptosporidiosis come from C. parvum and C. hominis species (Bouzid et al., 

2013). C. parvum is the dominant species in pre-weaned calves aged 1-3 weeks that shed 

oocysts in their feces (Bouzid et al., 2013).  

1.2 Life cycle 
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As Robertson et al. (1992) describes the life cycle of Cryptosporidium is completed within a 

single host meaning it is a monoxenous organism. Shed oocysts are resistant to temperature 

changes and disinfectants but can be inactivated by dry conditions. Oocysts can remain 

infective for several months in cool, moist climates. After the infective oocysts are ingested by 

the host, low pH and body temperature allows the oocyst to go through excystation and four 

sporozoites are released (Figure 1a). These sporozoites adhere to the epithelial cells of the 

ileum at the ileocecal junction and penetrate host cells and develop into trophozoites (Figure 

1b). They form parasitophorous vacuole by invading and engulfing cells at the site (Figure 1 

c) (Thomson et al., 2017). Cryptosporidium has a unique feature compared to other similar 

organisms by having a feeder organelle structure which separates the cell and parasite 

cytoplasm, this structure makes it possible for the parasite to have all the required nutrients 

from the host and still be protected from the hosts immune response and gut conditions. The 

parasite begins asexual reproduction and develops into a type I meront to form merozoites 

(Figure 1a and e) which can immediately re-infect the host by invading more epithelial cells 

and starting the asexual reproduction again or they can release merozoites to develop into a 

type II meront (Figure 1f) (Robertson et al., 1992; Thomson et al., 2017) . 

As Thomson et al., (2017) describes it, type II meronts release four merozoites that start the 

sexual reproduction cycle. These merozoites invade host cells and differentiate into 

macrogamonts or microgamonts (Figure 1g and h). Microgamonts develop multiple nuclei and 

release microgametes that will penetrate and fertilize the macrogamete producing a zygote 

(Figure 1i). Meiosis occurs and the zygote differentiates into four sporozoites as the oocyst 

develops and is released from the lumen. The sporozoites are released directly into the lumen 

either from thin-walled oocysts that re-infect the host or other option is that they are contained 

in thick-walled oocysts which are shed in feces and are immediately infective for other 

hosts(Figure 1j and I) (Thomson et al., 2017). 

 



 

 

9 

 

Figure 1. Cryptosporidium spp. life cycle. After excysting from oocysts in the lumen of the 

intestine (a), sporozoites (b) penetrate host cells and develop into trophozoites (c) within 

mucosal epithelium. Trophozoites undergo asexual division (merogony) (d and e) to form 

merozoites. After being released from type I meronts, the invasive merozoites enter adjacent 

host cells to form additional type I meronts or to form type II meronts (f). Type II meronts do 

enter host cells to form the sexual stages, microgamonts (g) and macrogamonts (h). Most of 

the zygotes (i) formed after the fertilization of the microgamont by the microgametes (released 

from the microgamont) develop into environmentally resistant, thick-walled oocysts (j) that 

undergo sporogony to form sporulated oocysts (k) containing four sporozoites. A small number 

of zygotes do not form a thick, two-layered oocyst wall; they have only a unit membrane 

surrounding the four sporozoites. These thin-walled oocysts (l) represent autoinfective life 

cycle forms that can maintain the parasite in the host without repeated oral exposure to the 

thick-walled oocysts present in the environment (Bouzid et al., 2013) 

One of the reasons why Cryptosporidium is such a successful parasite, is because it can produce 

thin-walled oocyst which enables auto-infection of the host meaning short period of time to 

produce new oocysts. Thick-walled oocysts are environmentally resistant and are a significant 

factor in the epidemiology of bovine cryptosporidiosis (Thomson et al., 2017). 
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1.3 Transmission 
 

Cryptosporidium oocysts are transmitted from infected host to susceptible host usually by 

fecal-oral route. Other routes of transmission can be person-to-person from direct or indirect 

contact, animal-to-animal, animal-to-person, or person-to-animal (Fayer et al., 2000; Bouzid 

et al., 2013). Infection can also happen indirectly through environmental factors by consuming 

contaminated food or water (Leav et al., 2003; Thomson et al., 2017). 

Infection rates in humans usually follow bovine cases, with human cases peaking in mid-

summer and bovine cases peaking in late winter to early spring during calving (Brankston et 

al., 2018). Outbreaks of Cryptosporidium can involve veterinary students and researchers who 

are in contact with infected young calves, also petting zoos and farm visits can increase the risk 

of outbreaks (Gormley et al.., 2011).  

Infection of Cryptosporidium can happen in immunocompetent children and adults through 

inhalation of oocysts, this type of infection usually results in respiratory symptoms with mild 

diarrhea(Bouzid et al., 2013; Sponseller et al., 2014). As Cryptosporidium oocysts are resistant 

to environmental factors as they can survive for several months in cool and moist conditions 

Due to the small size of the oocysts, it is difficult to eliminate the pathogen from its source and 

therefore large number of people and animals can become infected (de Graaf et al., 1999). The 

current strategy to control the Cryptosporidium oocysts in the water sources include prevention 

of contamination, physical removal of the organism and chemical or physical disinfection, 

these measures do not however eliminate all the oocysts but reduce their overall number (Harp 

and Goff, 1998). Cattle and especially young calves are thought to be the most common 

reservoir for the parasite by shedding high numbers of oocysts, also, communal houses and 

overcrowding can rapidly spread the infection (de Graaf et al., 1999; Leav et al., 2003; Bouzid 

et al., 2013).  

1.4 Epidemiology 
 

1.4.1 Epidemiology in cattle 

 

Four main species of Cryptosporidium found on cattle are: C. parvum, C. bovis, C. ryanae and 

C. andersoni (Bouzid et al., 2013). Bovine cryptosporidiosis infections have been found 

worldwide making it major cause of calf enteritis. The prevalence of this parasite in calves 

varies greatly but study done in United States by Harp and Goff (1998) they found out that 
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22.4% of tested farms had a positive infection of Cryptosporidium parvum. The frequency of 

the infection was highest at neonatal calves aged 1 to 3 weeks of age. Another study done in 

the United States was done by Santín et al. (2008) where they took fecal samples from livestock 

and wild mammals from 1992 to 1997 and study consisted of total of 806 animals and having 

a combined long-term site Cryptosporidium prevalence of 21.7% while highest occurrence was 

in calves. There is a positive association between age of the calf and oocysts shedding, older 

cows shed fewer amounts of oocysts this can be due to acquired immunity (Wyatt, 2000). 

Study done by Santoro et al. (2019) they described the prevalence of Cryptosporidium spp. in 

Estonian calves. They took fecal samples from 53 farms and 35 had (66.0%) at least one 

positive result for C. parvum, C. bovis or C. ryanae. Most of the DNA of the Cryptosporidium 

parvum was found in calves younger than 28 days. Björkman et al., (2003) did a study in 

Sweden where C. parvum was found either alone or together with Giardia intestinalis in 16% 

of diarrheic calves compared to 5% of clinically healthy calves. Also, epidemiological study 

done in Spain by Quilez et al., (1996) concluded that Cryptosporidium spp. infection 

prevalence in neonatal calves was 44.4% in calves of 3-4 days of age. The infection rates 

peaked at 6–15 days of age to 76.7%. They also argued that asymptomatic calves shed only 

few oocysts as all diarrheic calves shed moderate amounts of oocysts. The relationship between 

clinical symptoms and diarrhea is also supported in a study done by Lassen et al. (2009) in 

Estonia where there was positive correlation between young age of the calf, clinical symptoms 

of diarrhea, and the presence of Cryptosporidium spp oocysts. 

1.4.2 Epidemiology in humans 

 

In the European Union, the notification rate for cryptosporidiosis in 2018 was 4.4 confirmed 

cases per 100 000 population. United Kingdom accounted for 41% of all confirmed cases of 

cryptosporidiosis. Most cases were reported in April. Children aged 0–4 years had the highest 

notification rate of 15.8 cases per 100 000 population (ECDC, 2021). 

Cryptosporidium can cause zoonotic infections in humans. Particularly in low-income 

countries that have poor sanitation system can be affected more severely (Checkley et al., 

2015). Children under 4 years of age and elders along with people with immunocompetent 

condition usually suffer only self-limiting diarrhea but cryptosporidiosis is still second most 

common cause of infant diarrhea and death in Africa and Asia (Kotloff et al., 2013). In Estonia 

there were 134 reported cases of cryptosporidiosis from years 1991 to 2016, these numbers 

however don’t include veterinary students which are known to have disease outbreaks, 
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prolonged period of contact with diarrheal calves was found out to increase the odds of 

contracting cryptosporidiosis by 10- fold in one week period (Benschop et al., 2017; Plutzer et 

al., 2018). Also, in Denmark outbreak of cryptosporidiosis was found to be through veterinary 

educational laboratory work where veterinary students performed fetotomy exercises on 

diarrheal calf (Thomas-Lopez et al., 2020). 

1.5 Symptoms 

 

The parasite infects the small intestine of the calves (Klein et al., 2008). Neonatal calves that 

have cryptosporidiosis most commonly exhibit symptoms of profuse watery diarrhea, 

inappetence, lethargy and dehydration. The onset of diarrhea usually starts 3-4 days after 

ingestion of the oocysts and the duration of the disease lasts 1-2 weeks and its usually self-

limiting (Thomson et al., 2017). Cryptosporidium parvum invades epithelial cells in the small 

intestine distally and there it causes destruction of epithelial cells which results in decrease in 

enzymatic action and reduces the absorptive surface leading to maldigestion and malabsorption 

that is followed by osmotic diarrhea(de Graaf et al., 1999). In more severe cases even death 

may occur, where mortality rate can vary in 7-21-day-old calves from 3.8 to 14% (Delafosse 

et al., 2015). In a study done by Niine et al. (2019) the mortality rate was 14.6% and diarrhea 

was the main cause of death. Calves aged 8-14 days were found to be a risk factor for shedding 

Cryptosporidium oocysts (Santoro et al., 2019). Shedding of oocysts is not always diarrhea 

related; asymptomatic calves can also shed large numbers of oocysts. These shed oocysts are 

immediately infective to another host that is susceptible. The infective dose can be as few as 

nine oocysts in humans, ingestion of 30 oocysts caused cryptosporidiosis in 20% of people, in 

higher amounts over 300 oocysts 88% became infected (DuPont et al., 1995). In neonate calves 

that were experimentally infected with Cryptosporidium parvum only 17 oocysts were needed 

to cause clinical signs of diarrhea and oocysts shedding (DuPont et al., 1995; Zambriski et al., 

2013). 

Humans experience similar symptoms of cryptosporidiosis as calves, where there can be 

asymptomatic or diarrheal patients. The mortality rate in humans in very low and usually 

limited to immunocompromised patients with AIDS (Becker et al., 2015). 

1.6 Diagnostic methods 

 

Cryptosporidiosis symptoms can be similar to other causes of gastroenteritis. Definitive 

diagnosis is done in a laboratory through a fecal sample evaluation. Currently there are different 
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methods for oocysts detection such as: molecular methods, enzyme immunoassays, 

immunochromatographic lateral flow assays, acid-fast or fluorescent stains and fecal smears 

(Chalmers and Katzer, 2013). Microscopic evaluation of Cryptosporidium oocysts is a 

common method, but it can be difficult to distinguish them from other fecal components due 

to their small size and similar shape and size to yeasts and algae. Staining the sample is 

recommended because otherwise oocysts can be more easily missed. In light microscopy 

oocysts are seen as smooth, colorless, and spherical or slightly ovoid bodies, with size ranging 

from 3 to 8 μm. With staining acid-fast Ziehl-Neelsen method is used to get better results and 

its widely used, oocyst appears as red spherules against the pale green background on the slide 

(Khurana and Chaudhary, 2018). Polymerase chain reaction (PCR) -based procedures are 

useful in diagnosis and detection of Cryptosporidium oocysts and it can differentiate different 

species from each other (Elliot et al., 1999; Thompson et al., 2016). 

1.7 Prevention and treatment 

 

Cryptosporidiosis is a difficult disease to control due to environmentally resistant oocysts, low 

infective dose, and high amounts of excreted sporulated oocysts which results in fast 

transmissions to susceptible hosts (Fayer et al., 1996). Currently there are only few treatment 

options to help bovine cryptosporidiosis on top of symptomatic treatment. As diarrhea in calves 

can lead to dehydration, acidosis, hypoglycemia, and cause problems in electrolyte balance 

these can be addressed with properly planned fluid therapy (Koch et al., 2008). There have 

been studies that have found that prophylactical use of halofuginone lactate (HL), delays the 

shedding of the oocysts and improves overall survival rate of the calves having positive 

therapeutic effect (Niine et al., 2018). Halofuginone lactates mechanism of action is unknown, 

but it influences the merozoite and sporozoite stage of the Cryptosporidium parasite (Naciri et 

al., 1993). It does however have limitations as it cannot be used in animals that have already 

been diarrheal for over 24 hours. Prophylactically used it should be given within 28h of birth 

or within 24h of the start of the symptoms. The duration of treatment should be seven 

consecutive days (Trotz-Williams et al., 2011; Niine et al., 2018). 

Farm management practices are in key when trying to control Cryptosporidium spp. infections. 

Frequent removal of feces helps to reduce the environmental contamination load in calving 

areas, for Cryptosporidium hydrogen peroxide disinfectant can be used along with steam 

cleaning. Oocysts are susceptible to extreme temperatures from -20 to 60 °C, thorough cleaning 
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with hot water followed by drying can be effective (Harp and Goff, 1998; Thomson et al., 

2017). 

Currently there is no vaccine available to Cryptosporidium infection for cattle or humans. 

Experimental studies have been done with some success but in field setting these effects were 

not found (Harp et al., 1996). As the Cryptosporidium infection occurs at neonate calves first 

weeks of life the attempt to immunize during this period might not be provide enough time for 

immune system to have protective response. Attempts have been made to immunize pregnant 

cows to produce antibodies against the parasite that can be passed to the calves in the colostrum. 

In a study by Perryman et al. (1999) they found that immunization of cattle with characterized 

recombinant protein may protect the calf from diarrhea and reduce oocysts shedding, but no 

commercial vaccine has become available. As for other medications there has been studies 

about dexoquinate, which resulted in limited or no reduction of oocysts excretion. For 

Nitrazoxanide which is used for treating human cryptosporiosis and licenced by the United 

States Food and Drug Administration and it has shown to reduce the oocyst shedding duration 

and severity of diarrhea, but it’s not currently licensed for use in cattle (Ollivett et al., 2009; 

Sparks et al., 2015). In recent studies also novel bumped kinase inhibitors have shown potential 

on treating cryptosporidiosis, but the results were inconclusive where in on study there was no 

difference between control groups but in another one mild alleviating symptoms were seen 

(Lendner et al., 2015). 

1.8 Acute phase response 
 

In a healthy organism the body is trying to maintain itself in homeostasis and it is constantly 

adapting and changing to noxious external stimuli from the environment and thus termed acute 

phase response (Koj, 1996). The feedback mechanisms that control this equilibrium is under 

mechanisms involving hormones and enzymes that aim to remove the cause of disturbance and 

promote the healing process (Kushner, 1993). This balance can be disturbed by infections, 

neoplasms, parasitic infestations, or trauma eliciting a local reaction which causes acute 

inflammation, systemic and metabolic changes can also occur and can cause neurological, 

endocrine, and metabolic alterations as seen in Figure 2 (Kushner and Rzewnicki, 1994; Koj, 

1996). Homeostatic control of affected animal includes elevated production of 

adrenocorticotrophic hormone and glucocorticoids, activation of the complement cascade and 

blood coagulation system, decreased serum concentrations of calcium, zinc, and copper 

(Pyörälä, 2000). The reactions that happen during APR are part of the non-specific immune 
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system and it’s the first line of defense against invading pathogens, this provides time for the 

more specialized immune response to be initiated (Fearon et al., 1996).  

 

 

 

Figure 2. Acute phase response cascade. Lipopolysaccharide (LPS) (Cray et al., 2009) 

These changes include vasodilation, coagulation, and the migration of white blood cells like 

neutrophils, monocytes, and lymphocytes at the site of the injury resulting in modification of 

the vascular tone by dilation and leakage of the blood vessels resulting to the signs of 

inflammation such as redness, swelling, heat and pain (Kushner, 1982; Baumann and Gauldie, 

1994).  

Cells such as macrophages, mast cells, dendritic cells, leukocytes, T-lymphocytes, endothelial 

cells and fibroblasts that are part of the immune system respond to the inflammation by 
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producing cytokines such as tumor necrosis factor α (TNF α) and interleukin- 6 (IL6), this 

results in increased hepatic production of APPs (Baumann and Gauldie, 1994; Koj, 1996).  

1.9 Acute phase proteins 
 

1.9.1 Acute phase proteins in cattle 

 

Acute phase proteins (APP) are markers of inflammation, infection, or trauma in cattle. In cattle 

the immune system response presence is done by assessing serum amyloid A and haptoglobin 

(Petersen et al., 2004; Ceciliani et al., 2012a). These proteins are synthesized in the liver or in 

peripheral tissues in response to pro-inflammatory cytokines (Horadagoda et al., 1999). APPs 

are used when making diagnosis, prognosis and assessing therapy response as the circulating 

concentration change during APR (Orro et al., 2008). Major APPs are SAA and Hp and 

moderate APPs are e α1-acid glycoprotein (AGP), lipopolysaccharide binding protein (LBP), 

ceruloplasmin and fibrinogen (Horadagoda et al., 1999; Ceciliani et al., 2012; Petersen et al., 

2004). The downside is that these proteins lack specificity among different species meaning 

they can’t be used as a primary diagnostic test for a particular disease, however APPs can be 

used to detect subclinical diseases as it demonstrates a presence of infection. During the 

inflammatory response APP serum concentration can increase drastically and it can stay 

elevated long after the inflammatory event has passed making them good biomarkers for 

assessing inflammatory reaction presence (Vandevyver et al., 2014; Niine, 2019; Petersen et 

al., 2004; Ceron et al., 2005). APR can be major, moderate, or minor. Classification of acute 

phase reactions is influenced by the change in APP concentration: 10-100-fold elevation is 

considered major; a 2-10-fold elevation is considered moderate; and a less than 2-fold elevation 

is considered minor (Cerón et al., 2005). Albumin is a negative APP biomarker meaning the 

concentration falls rather than increases during an infection or disease event (Petersen et al., 

2004). APPs also have scavenging activities, as they bind metabolites that are released from 

the cellular degradation, by doing so they can return to host metabolic processes rather than be 

taken up by the pathogen (Wagener et al., 2002). In calves the concentration of APPs can be 

affected by the adaptation to physiological processes that happen during growth and 

development. Therefore, age of the animal can be influencing factor in APP concentration 

differences in adult cattle and young calves. In adult cattle higher APP concentration could 

indicate an inflammatory process but in calves that might not be the case (Tóthová et al., 2013). 

Factors in neonatal calves that can affect the concentration levels of APPs include fetal 

synthesis of APPs, birth trauma which can stimulate APP production, intake of colostrum 
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containing APPs or their stimulants as it contains inflammatory mediators such as cytokines 

(Orro et al., 2008). 

Study done by Seppä-Lassila et al. (2017) assessed the health and growth of beef calves to 

acute phase response. Clinical diagnosis of respiratory tract disease, diarrhea and umbilical 

disease was set for 107 calves, but the increased levels of APP were not disease or pathogen 

associated. However, the calves that had elevated SAA concentration at 16-days of age had 

overall lower long-term growth. 

1.9.2 Serum amyloid A 

 

SAA is part of acute phase proteins which is primarily synthesized in the liver and their 

concentrations increase rapidly in response to infection, inflammation, and trauma (Karreman 

et al., 2000). SAA is a small hydrophobic protein that is present in serum and associated with 

high density lipoprotein (Tóthová et al., 2013). During APR, the hepatically derived SAA 

protein concentration can increase as much as 1000- fold in the sera as the normal reference 

range is 80-200mg/L (Seppä-Lassila et al., 2017). Lower values in healthy control group cattle 

were observed in a study done by Guzelbektes et al. (2010) with average concentration of SAA 

being 12mg/L (range 3-43 mg/L). Extrahepatic production of SAA can occur in mammary 

glands which is termed mammary-derived SAA3 (M-SAA3), and it is present in bovine 

colostrum (Larson et al., 2005). SAA has cytokine- like properties and it can bind to the surface 

of gram-negative bacteria also being chemotactic to different cell types and this causes 

opsonization of the bacteria and increase the speed of phagocytosis (Eklund et al., 2012; Niine, 

2019).  

The function of SAA is to transport cholesterol from tissue to hepatocytes, opsonization, it also 

recruits T-lymphocytes, monocytes, and neutrophils to the site of infection and inhibits 

neutrophil myeloperoxidase release and migration to the tissues (Tóthová et al., 2013).  

Bovine SAA is elevated more in acute than chronic inflammatory cases, SAA concentration in 

neonate calves are at low levels but increases to its peak concentration in the first to second 

week of life (Tóthová et al., 2013; Seppä-Lassila et al., 2017). (Study done by Orro et al. (2008) 

found that SAA concentration was highest at the age of seven days, and then started to decrease 

at day ten. Two calves who had problems with birth had the highest SAA serum concentrations 

in the group. The Hp serum concentration was highest at 10 days of age and lowest at 21-days 

but remained more stable compared to SAA concentration. Tóthová et al. (2012) did a similar 
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study where they assessed clinically healthy calves SAA and Hp concentration among other 

APPs during the first six months of their lives. They found that SAA concentration was highest 

at the age of 30 days followed by gradual decline concentrations to age five months. Hp was 

also evaluated and changes in serum concentrations were less pronounced during the first three 

months of life than in SAA (Tóthová et al., 2012).  

1.9.3 Haptoglobin 

 

Haptoglobin (Hp) is a glycoprotein that is part of APP. The main function of Hp is to bind free 

hemoglobin in the blood, it has a peroxidase activity, and it prevents oxidative damage to 

tissues (Tóthová et al., 2013). Hp prevents loss of iron by combining with free hemoglobin in 

the blood, this helps restrict the availability of iron that is required for bacterial growth and 

because of that Hp is considered bacteriostatic. Experimentally induced or naturally occurring 

inflammations, trauma and infections has shown to increase Hp levels in serum and plasma 

(Petersen et al., 2004). In healthy cattle the Hp concentration is below 200 mg/L (reference 

range 100-200mg/L), but it can increase to above 2g/L after infection (di Filippo et al., 2019; 

Seppä-Lassila et al., 2013). Study done by Skinner et al. (1991) found that when Hp 

concentration was more than 200mg/L it indicates mild infection, above 400mg/L could 

indicate severe infection and range of 1-2g/L is typically associated with pathological 

conditions, concluding that Hp can be used clinically to measure the occurrence of enteritis in 

cattle. Elevations of haptoglobin has found to be diagnostic and prognostic factor in mastitis, 

enteritis, peritonitis, pneumonia, and endometritis (Petersen et al., 2004). With 

Cryptosporidium parvum infections there is a positive correlation between Hp concentration 

and oocyst count in ruminants (Dinler et al., 2017). Also, Pourjafar et al. (2011) found in their 

study that concentrations of haptoglobin increased drastically in diarrheic calves compared to 

healthy animals and together with SAA could be used as a reliable indicator of severity of 

diarrhea. Schroedl et al., (2003) evaluated the Hp concentration in neonatal calves and found 

that serum concentration didn’t differ between samples taken at birth, one day of age and at 10 

days of age, this study however did not consider possible Cryptosporidium infections or 

diarrheic calves.  
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2. AIMS OF THE STUDY 
 

The main aims of this study were: 

1) What are the dynamics of Cryptosporidium spp. infection calves during the first three 

weeks of life at one Estonian dairy farm? 

2) What are the dynamics of acute phase proteins in calves during the first three weeks 

of life at one Estonian dairy farm? 

3) Are there any associations between Cryptosporidium spp. and acute phase proteins? 

 

Our hypothesis was that Cryptosporidium spp. infection can trigger inflammatory response in 

calves and influence the acute phase proteins. 
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3. MATERIALS AND METHODS 
 

3.1 Sampling 
 

The study was conducted in accordance with the permit No. 166 issued by the Animal Testing 

License Committee of the Ministry of Rural Affairs. The sample collection took place in a 

large-scale dairy farm in South-East Estonia. At the time of sampling, there were approximately 

800 dairy cows in the farm. All female calves born in the farm between October 2018 and 

March 2019 were included in the study. Both serum and fecal samples were collected from 

calves (n=55) at birth and at 1, 7, 10, 14 and 21 days of age. From the serum samples (n=220) 

SAA and Hp concentrations were measured, and fecal samples (n=264) were analyzed for the 

presence of Cryptosporidium spp. oocysts. Blood samples were collected from the jugular vein 

using a sterile 18G needle. Samples were stored in + 4°C and centrifugation of the samples was 

done within 48h from sample collection, at 3000 relative centrifugal force for 10 minutes, after 

which the serum was separated. The serum sample were stored in a freezer of -20 °C for further 

analysis. Fecal samples were collected in a plastic cup, samples were stored in a cool container 

and kept maximum of 48h until analysis. Fecal samples were analyzed for the presence of 

Cryptosporidium spp. oocysts by using immunofluorescence staining. Depending on the 

oocysts presence the results were categorized into groups: group 0 (G0) = no oocysts, group 1 

(G1) = 1-10.000 oocysts per gram and group 2 (G2) = over 10.000 oocysts per gram of feces. 

3.2 Laboratory methods 
 

Cryptosporidium spp. oocysts in fecal samples were detected using the immunofluorescent 

staining method (Crypto/Giardia Cel, Cellabs Pty Ltd., Sydney, Australia). A commercial 

sandwich enzyme-linked immunosorbent assay (ELISA) kit (Phase SAA multispecies kit, 

Tridelta Development Ltd., Dublin, Ireland) was used to analyze the SAA concentrations in 

the serum samples. The concentration of Hp in the serum was measured using a hemoglobin 

binding assay method that is described by Makimura and Suzuki (1982), with an alteration 

using tetramethylbenzidine (0.06 mg/ml) as a substrate and using microtitration plates 

(Alsemgeest et al., 1994). All the SAA and Hp results were read with ELISA 

spectrophotometer (Magellan Sunrise™, Tecan Group Ltd., Männedorf, Switzerland) by using 

optical density of 450nm. 
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3.3 Statistical analysis 
 

Descriptive statistics and linear regression models were used to study inflammation markers in 

in the study group of calves. Data from Hp and SAA were analyzed as inverse and logarithmical 

change, respectively. Calf was included as a random factor, and for modelling correlation of 

repeated sampling of the same individual isotropic spatial exponential covariance structure was 

used. SAA and Hp concentrations and positive findings of Cryptosporidium spp. oocysts in the 

fecal samples were used as outcome variables in these models. The level of a significant result 

was P≤0.05. Statistical analyses were performed using Stata IC 15 (StataCorp LP, Texas, 

USA). Microsoft Excel for Mac version 16.35 (Microsoft, Redmond, Washington, USA) was 

used for data management. 

  



 

 

22 

 

4. RESULTS 
 

Altogether 264 fecal samples were analyzed for the presence of Cryptosporidium spp. oocyst 

by using immunofluorescence staining. In G0 the number of calves was stable from ages seven 

to 10 days, after that number decreased from 28 (50.9%) to 4 (7.3%) in the 14-day age group. 

The most notable change can is seen in the Figure 3, was in the G2 group, as the starting point 

in 7-day olds it had only 2 (3.6%) calves and to compare that to the 14-day olds where the 

number was elevated to concern majority of the calves as 39 (70.9%). In the whole study group, 

there was only one calf out of 55 that did not have any oocysts in their feces during the study 

period. 

 

Figure 3. Cryptosporidium spp. oocysts groups, G0 (no oocysts), G1 (1-10.000 oocysts), G2 

(over 10.000 oocysts) per gram of feces, and the number of calves in those groups. Total 

number of calves was 55. 

In total 220 serum samples were collected. Mean SAA concentration was measured and 

analyzed on its relation to the oocyst groups (Figure 4). In the G0 group SAA value went over 

the reference range 80-200mg/L one time at 14-day old calves’ concentration being 218.4mg/L. 

Apart from this the values in G1 and G2 groups, were steady and fluctuations were modest or 

in a declining trend. Statistical significance was found at day 14 in groups G1 and G2 (p=0.033 

and 0.021, respectively). 
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Figure 4. Mean serum amyloid A (SAA) concentration and how it relates to the oocyst groups, 

G0 (no oocysts), G1 (1-10,000 oocysts), G2 (over 10,000 oocysts) per gram of feces and the 

age of the calf (N=55). 

Mean haptoglobin concentration in serum is shown in Figure 5, and how it relates to the oocyst 

groups. Haptoglobin reference range is 100-200mg/L and there were three values that went 

over that range, this happens in groups G0 and G2. G1 group had a Hp concentration of 

198.9mg/L at the starting point and at day 21 122.2mg/L was statistically significant (p=0.029) 

meaning that Hp was negatively associated with cryptosporidium oocyte group 1. In G0 the 

Hp concentration starts from 131.9mg/L and peaks at 266.5mg/L at the 14-day old calves. In 

G2 the highest concentration is 329.7mg/L at 10-day old calves from which it declines within 

reference range. 
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Figure 5. Mean haptoglobin (Hp) concentration in different ages of calves and how it relates 

to oocyst groups G0 (no oocysts), G1 (1-10,000 oocysts), G2 (over 10,000 oocysts), per gram 

of feces. 

Mean values of both serum SAA and Hp were analyzed as shown in Figure 6. At seven-day 

old calves both Hp and SAA had similar concentrations of 157.7mg/L and 160.6mg/L, 

respectively. However, Hp concentration elevated to a peak concentration of 224.4mg/L in 10-

day old calves from where it started to decline again. In SAA there was steady decline in 

concentration throughout the study period. 
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Figure 6. Mean haptoglobin (Hp) and serum amyloid A (SAA) concentrations related to the 

age of the calf (n=55). 

More detailed analyze of the oocyst count per gram in feces (OPG) in the oocyst groups G1 

and G2 is shown in Table 1. The mean value in G1 group remains stable but in G2 the OPG 

increased substantially. The peak count is at day 14 where there were over five million oocysts 

with the highest value of 34 million. 

Table 1. Oocyst count (oocysts per gram (OPG)) in oocyst groups G0 (no oocysts), G1 (1-

10.000 oocysts), G2 (over 10.000 oocysts) and compared to the age of the calf (n=55). 

Age 

(days) 

G1 

(n) 

G1 mean 

OPG 

(Min-max) 

G2 

(n) 

G2 mean 

OPG 

(Min-max) 

7 22 1295 

(500–7500) 

2 79.000 

(36.000–122.000) 

10 11 2682 

(500–7500) 

16 2.048.750 

(11.500–11.000.000) 

14 12 2542 

(500–8500) 

39 5.953.577 

(13.500–34.000.000) 

21 24 2021 

(500–8500) 

12 1.265.792 

(16.000–14.000.000) 
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5. DISCUSSION 
 

One of the aims of this study was to describe the dynamics of Cryptosporidium spp. infection 

in calves during the first three weeks of life. Only one calf remained free of Cryptosporidium 

oocysts for the duration of the study. The majority of calves (70.9%) belonged to the G2 oocyst 

group by the 14th day of life. The number of oocysts were calculated and compared to the age 

of the calf. The figures seen in Table 1 showed that young neonatal calves acquire large 

numbers of oocysts early on, with mean value being over five million OPG. The oocyst 

shedding can be depended on the number of oocysts ingested; however, only low infective dose 

is needed for the infection. Young calves can start to shed large numbers of oocysts early on 

from seven day of life forward (Santoro et al. 2019; Niine, 2019; Zambriski et al.,2013). 

The dynamics of APP during the first three weeks of life showed that SAA concentration 

declined throughout the duration of the study period. The calf’s oocyst group did not seem to 

have correlation with higher SAA concentrations, as there were lower SAA in oocyst groups 1 

and 2 in seven to 14-day old calves. The only calves that went over the SAA reference range 

of 80-200mg/L, were the G0 group at day 10 of age and this could be counted as a mild acute 

reaction and might not be related to pathology or a disease but age-related changes (Seppä-

Lassila et al., 2013; Tóthová et al., 2013; Orro et al., 2008). Study by Orro et al. (2008) also 

found the SAA concentration was highest in the first week of life. Results from Niine (2019) 

partly supported the hypothesis of this thesis as there was a positive correlation between having 

more than median level of OPG and higher SAA and Hp concentrations in dairy calves. Study 

done by Peetsalu et al. (2022) found that SAA concentration was elevated for two weeks after 

birth and then declined, for Hp the peak concentrations was in week two. In this same study 

they found negative association with colostrum SAA and serum SAA concentration during the 

first week of life which supports findings in this thesis as SAA was highest in the day seven 

samples. Also, negative association was found between APPs in the second week of life and 

weight gain (Peetsalu et al., 2022). Study done by Niine et al. (2018) found that in calves that 

were not treated with HL, or the treatment was done incorrectly the mortality rate was 66.7%, 

most notified causes of death were because of diarrhea. Among the calves studied in this thesis 

there were no mortalities, and one reason could be due to a smaller sample size or differences 

in severity of disease. Also, if samples would have been taken from different farms, analyzes 

could be done to assess the different variables such as housing, feeding, hygiene on would they 

have an effect to the mortality rate.  
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In this study group the peak Hp concentration were in 10-day old calves and during that time 

most of the calves belonged to the G2 oocyst group. This might indicate that high numbers of 

Cryptosporidium spp. oocysts could influence the calves’ immune system and promote APR 

(Dinler et al., 2017; Poujafar et al., 2011). However, there was also a steady rise in Hp 

concentration in the G0 group from seven-day olds to 14-day olds and its peak value were 

above the reference range of 100-200mg/L also in day 21. This can be a mild inflammatory 

reaction without oocyst infection (Skinner et al., 1991). 

Based on the results Cryptosporidium spp. infection caused more pronounced elevation in Hp 

than in SAA, so there is association between the parasite and especially Hp. Also, high number 

of oocysts present in calves can trigger the APR as presented in Figure 5. The results show that 

during the first three weeks of life calves Cryptosporidium spp. infective dose multiplied fast 

and high OPG count is related to the presence of clinical symptoms such as diarrhea (Niine, 

2019).  

This study did not include specific identification between different Cryptosporidium species, 

but most common species in calves in Estonia are C. parvum, C. bovis and C. ryanae (Santoro 

et al., 2019). As in this study all infections were categorized as Cryptosporidium spp. it might 

have been interesting to see if there would have been differences in APPs between 

Cryptosporidium species. However, analyzing APPs and comparing that to the different 

species could have given more unreliable results as the sample sizes between each species 

would have been smaller.  

One of the strengths of this study was that all the samples were taken from one farm. In that 

way the housing conditions and feeding remained same for all the calves for the whole study 

period. By comparing results from multiple different farms could give more information about 

the prevalence of Cryptosporidium infections but, it is already known to be highly prevalent in 

young calves in Estonia and worldwide (Santoro et al., 2019; Harp and Goff, 1997; Santín et 

al., 2008; EDCD, 2018). Although, including more farms in the study could have produced 

more variations in APPs concentrations. One of the limitations in this study is the available 

number of studies done related to the topic that directly analyze the APPs related to 

Cryptosporidium spp. infection and especially how it could affect the calf long-term. Longest 

follow up has been in a study done by Seppä-Lassila et al. (2017) where elevated SAA in 

neonatal calf was negatively related to growth rate during 200-day period. This study was 

however done in beef cattle.  
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Hypothesis in this thesis was that Cryptosporidium spp. infection can trigger inflammatory 

response in calves and influence the acute phase proteins. This was partially correct as Hp 

concentration reacted by elevation, but declining concentration were seen in SAA. 
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CONCLUSIONS 
 

This study found that calves with high numbers of Cryptosporidium spp. oocysts can cause 

inflammation reaction and activate the APR. SAA did not correlate with the presence of 

infection with Cryptosporidium spp. as it had declining trend throughout the study period. Hp 

concentration however was highest on day 10 and could be associated with the high numbers 

of Cryptosporidium spp. oocysts. This could indicate that Hp can be used to evaluate the 

Cryptosporidium spp. presence in young calves. Future studies could be done in dairy cattle to 

evaluate the long-term effects of the changes in the APP concentrations and Cryptosporidium 

spp. infection. 
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