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The effect of colostrum on calves’ health status was intensively studied, while the role of transition milk was left underestimated.
The common practice is to feed calves with an adequate amount of colostrum immediately after calving and soon after feeding
calves are weaned from dams. In this research, calves were not weaned from dams for at least 2 weeks receiving both colostrum and
transition milk on demand. Thus, we have recreated natural feeding conditions for calves’ development. We used a stratified
sample method to test whether the size of the dairy cattle farms, breed, parity number, season of calving, and length of the dry
period affect the likelihood of calves’ infection with Cryptosporidium spp. considering these factors influence both colostrum and
transition milk quality. The main results showed that 26.1% of calves were positive for the presence of Cryptosporidium spp.
oocysts. The presence of clinical signs of diarrhea was recorded in 15% of the positive animals. Regression analysis showed that
multiparous cows decrease the chance of calves to have Cryptosporidium spp. by 82%-89%, while cows calved on small farms
decrease the chance of calves to have Cryptosporidium spp. by 80%. We suggest that primiparous cows are spending inner
resources primarily on their maturation, thereby leaving the prerequisites for the infection of their offspring, while intense farming
just increases the chance of unprotected calves to obtain infections.

1. Introduction

Colostrum is an exceptionally complex secretion that con-
tains more than 250 various active chemical compounds [1].
For example, it contains major nutrients (fat, lactose, pro-
teins, minerals, and vitamins) and various growth factors
[2, 3] and immune factors (live maternal immune cells,
antimicrobial, antiviral, and antifungal matter) [4]. Because
immunoglobulin G (IgG) is the predominant antibody
present in cow colostrum and because calves are born
without protective antibodies and must consume colostrum
immediately after birth, immunoglobulins are the best-
studied components of cow colostrum [5, 6]. The ingestion
of an adequate volume of high-quality colostrum is one of
the most important factors influencing the health and

survival of dairy calves because it provides passive trans-
mission of immunity from cow to calf. Although, IgG is
reported as a protective substance [7] against various
pathogens (Yersinia enterocolitica, Campylobacter jejuni,
Escherichia coli, Klebsiella pneumoniae, Serratia marcescens,
Salmonella typhimurium, Staphylococcus, Streptococcus, and
Cryptosporidium), Derbakova et al. [8] have not recorded a
relationship between the level of IgG in bovine colostrum
and the likelihood of Cryptosporidium spp. infection in
calves. Cryptosporidium is a microscopic parasite that causes
neonatal diarrhea in calves, resulting in a substantial eco-
nomic loss to animal husbandry [9].

Because, in addition to IgG, there are many other factors
in colostrum that may potentially influence infection with
Cryptosporidium spp. [10], it seems reasonable to evaluate
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factors that affect the quality of colostrum and their rela-
tionship to Cryptosporidium spp. infection. Moreover, the
quality of colostrum depends on many factors such as cow
age [11], breed [12, 13], parity number [13], calendar season
[14], and length of dry period [15, 16]. Soon after colostrum
secretion, cows produce transition milk for 1-2 days whose
properties are lower than colostrum but higher than mature
milk [17, 18]. However, Kargar et al. [19] suggest that ex-
tended transition milk feeding for 3 weeks improves growth
performance and reduces the susceptibility to diarrhea in
calves.

In light of this, this study aimed to test the association
between Cryptosporidium spp. infection in calves and such
factors as the size of the dairy cattle farms, breed, parity
number, season of calving, and length of the dry period. The
research objects were calves not weaned from dams for at
least 2 weeks receiving both colostrum and transition milk
on demand.

2. Materials and Methods

2.1. Sample Collection and Examination. Because many dairy
cattle farms separate calves from cows soon after birth, we
calculated the required minimum sample size for regression
analysis with multiple factors according to Green’s [20]
recommendation: 90 calves was the minimum sample size
needed for this study. A stratified random sampling method
was used to collect the data. The fecal samples were collected
by veterinarians from the rectums of calves between De-
cember 2018 and December 2020. All coprological samples
were exanimated on the collection day. Laboratory exami-
nations were conducted in the Laboratory of Parasitology,
Institute of Food and Environmental Hygiene, Faculty of
Veterinary Medicine, Latvia University of Life Sciences and
Technologies.

Totally, fecal samples were obtained from 153 calves.
Fecal samples were collected from 15 + 2 day old calves who
received colostrum of ~2.5L within the first 4 hours of life
(supervised or assisted where necessary), ~4 L within the first
12 hours of life and then continued receiving transition milk
within 2 weeks. Samples were collected in disposable
polyethylene packages and stored in a transportable cooler
during transport to the laboratory until examined. To detect
oocysts of Cryptosporidium spp. in feces, the flotation
method was used according to Fujino et al. [21]. Slides were
stained using the modified Ziehl-Neelsen method [22]. All
procedures performed in studies involving animals were in
accordance with the ethical standards. The study was ap-
proved by the Animal Welfare and Ethical Council of the
Faculty of Veterinary Medicine, Latvia University of Life
Sciences and Technologies, and complied with current laws
in Latvia.

2.2. Questionnaire. Before fecal samples of calves were
collected, the dairy farm owner was asked to fill in the
anonymous questionnaire. The questionnaire did not con-
tain questions about personal data, as this information was
not collected in any other form. There were the following
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questions with classified answers: (1) size of dairy cattle farm:
small (<10 cows), medium (11-50 cows), and large farm
(>50 cows); (2) cow breed; (3) parity number: 1, 2, and >3;
(4) calendar season of calving: winter (December, January,
and February), spring (March, April, and May), summer
(June, July, and August), and autumn (September, October,
and November); (5) dry period length: <45, 46-64, and >65
days. The obtained data was used to build regression model.

2.3. Statistical Analysis. Generalized linear mixed modelling
was conducted to determine whether explanatory variables
(size of dairy cattle farm, breed, parity number, calendar
season of calving, and dry period length) are related to the
probability of occurring calves’ infection with Cryptospo-
ridium spp. where farm identification number (“FarmID”)
was set as a random effects variable. Akaike’s information
criteria (AIC) were used to evaluate which model better fits
the data. The prevalence of parasites was calculated as the
percentage of hosts infected by Cryptosporidium spp. Sta-
tistical data analysis was conducted using Jamovi version
2.0.0 [23].

3. Results

Out of all the fecal samples analyzed, 26.1% of calves were
positive for the presence of Cryptosporidium spp. oocysts.
The presence of clinical signs of diarrhea was recorded in
15% of the positive animals. The proportion of categories of
explanatory variables was summarized and visualized in
Figure 1. Generalized linear mixed modelling revealed a
statistically ~significant effect of parity (X°(2)=15.83
p<0.001) and farm size (X*(2)=8.68 p =0.013) on the
likelihood of Cryptosporidium spp. infection in calf. The
second cow calving significantly predicted the chance of
infection of Cryptosporidium spp. (B=-1.723, z=-3.073,
p =0.002, OR=0.18). This indicates that cows having their
second calving decrease calves’ chances of having Crypto-
sporidium spp. by 0.18 times (or by 82%) on average, 95% CI
[0.05-0.54] compared to cows having their first calving. The
third cow calving significantly predicted the chance to occur
infection of Cryptosporidium spp. (B=-2.181, z=-3.71,
Pp<0.001, OR=0.11). This indicates that cows having their
third calving decrease calves’ chances of having Crypto-
sporidium spp. by 0.11 times (or by 89%) on average, 95% CI
[0.03-0.36] compared to cows having their first calving. The
small farm size significantly predicted the likelihood of
Cryptosporidium spp. infection (B=-1.624, z=-2.843,
p =0.004, OR =0.20). This indicates that cows having their
calving on small farms decrease calves’ chances of having
Cryptosporidium spp. by 0.20 times (or by 80%) on average,
95% CI [0.06-0.60] compared to large farm size. Other
factors did not show significant effect on the chance to occur
infection of Cryptosporidium spp. in calves.

4, Discussion

The main results showed that the parity number, as well as
farm size markedly affect the chance of calves having
Cryptosporidium spp. infection even, they immediately
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FiGure 1: The proportion of categories of explanatory variables describing examined fecal samples of calves.

received colostrum and were fed by transition milk within
two weeks, whereas cow breed, calendar season, and dry
period length have no effect.

Our result of Cryptosporidium oocyst shedding (prev-
alence =26.1%) is slightly higher than the reported result
from neighboring Estonia (average prevalence =23%) [24].
They also show that prevalence is markedly higher (52.03%)
for calves aged between 8 and 14 days; however, nothing is
known about intake of colostrum and transition milk by
calves, suggesting that young animals are more susceptible to
Cryptosporidium spp.

Although farm size cannot directly influence colostrum
or transitional milk quality, there are many indirect factors
that distinguish between large and small farms. For example,
farm management differs between small and large farms.
Usually, large farms work as a business by employing
professionals to keep animals in perfect conditions to receive
the maximum outcome, whereas small farms belong to
families that keep animals where some specialists such as
veterinarians are outsourced. Therefore, animals receive
different conditions of keeping. For example, in large farms,
cows have a regimented dry period length, whereas in small
farms, the dry period may be set individually depending on
cow health, behavior, and other factors. On small farms,
calves are born mostly in the winter and spring seasons,
whereas on large farms calves are born throughout the whole
year. Results of this research show that in large farms calves
have higher probability to have Cryptosporidium spp. in-
fection compared to small farms. It may be explained by the
high animal density kept in one place, since an increase in
the number of hosts affects the probability for parasite
transmission stages to contact new hosts. We suggest that
the high density of hosts and the specificity of large farm
management play a significant role in parasite transmission.
For example, Mennerat et al. [25] have also discussed in
detail the evolutionary implications for parasites in the
frame of intense farming.

Parity numbers have been suggested to influence co-
lostrum composition. For example, Morill et al. [13] found
that with increasing parity number, the IgG concentration
increased, and somatic cell count (SCC) decreased. Gulli-
ksen et al. [26] suggest that older cows, being exposed to
antigens for a longer time during their life than younger
cows, produce colostrum with higher antibody levels;
however, this is not always the case [27, 28]. Colostrum is the
essential source of minerals (Ca, P, Mg, Na, Fe, Zn, Cu, and
Mn) for newborn calves. Its concentration is significantly
higher within the first hours after parturition and markedly
differs between primiparous and multiparous cows [29]. The
parity number also influences the mineral status of newborn
calves. For example, Kume and Tanabe [29] showed that the
hematocrit (Hct) and hemoglobin (Hb) of newborn calves
increased as the parity number increased, and they suggested
that the low Hb of primiparous cows is related to the high Fe
demands of growing cows. Also, parity number is negatively
associated with the cow gestation period and positively
associated with the amount of milk production and calf birth
weight [30].

The quality of colostrum may vary between different cow
breeds [31, 32]; however, no evidence of a breed effect on
infection with Cryptosporidium spp. Our study also showed
no relationship between Cryptosporidium spp. infection and
cow breed. Perhaps this is because there is no obvious
difference in defensiveness against pathogens between many
breeds of cows [33].

Seasonal variation in infectious disease transmission
plays an important role, for example, high ambient tem-
perature and high rainfall is associated with the risk of
Cryptosporidium infection [34]. However, we did not find
the effect of seasonality on the likelihood of Cryptosporidium
spp. infection in calves. We suggest that the conditions of
keeping animals on farms are the key to the lack of such a
relationship. Perhaps, animals become infected in calves’
pens rather than in pasture fields where ambient factor



fluctuation is common and cyclic. In addition, oocyst ro-
bustness plays an important role in infection by eliminating
the negative impact of the environment on the survival of the
pathogen [35], which leads to year-round infection re-
gardless of the changing seasons.

The length of the dry period influences the following
properties: the amount of milk and colostrum production,
IgG concentrations in colostrum, the risk of mastitis,
postpartum metabolic disorders of the cow, ruminal flora
development of the cow, and the energy balance of the cow
[15, 16, 36-38]. There is no evidence of the effect of dry
period length on the health status of calves [39], although
colostrum from cows with a short dry period has a lower IgG
concentration compared with colostrum from cows having a
long dry period [15]. We did not find a relationship between
the length of the dry period and the likelihood of Crypto-
sporidium infection. However, we do not exclude that our
result was influenced by the fact that 69% of dams had ~8-
week dry period. In Latvia, farmers rarely shorten or extend
the dry period of the cow.

5. Conclusion

In conclusion, evidence of parity relation to IgG, somatic cell
count, source of minerals in colostrum, produced amount of
mature milk, calves’ birth weight, hematocrit and hemo-
globin of newborn calves [13, 26, 29, 30], as well as the
chance of calves having Cryptosporidium spp. infection
seems to indicate that primiparous cows are spending inner
resources primarily on their maturation, thereby leaving the
prerequisites for the infection of their offspring, while in-
tense farming just increases the chance of unprotected calves
to obtain infection.
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The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

References

[1] K. Puppel, M. Golebiewski, G. Grodkowski et al., “Compo-
sition and factors affecting quality of bovine colostrum: a
review,” Animals, vol. 9, no. 12, p. 1070, 2019.

[2] L. Elfstrand, H. Lindmark-Mansson, M. Paulsson, L. Nyberg,
and B. Akesson, “Immunoglobulins, growth factors and
growth hormone in bovine colostrum and the effects of
processing,” International Dairy Journal, vol. 12, no. 11,
pp. 879-887, 2002.

[3] B. A. McGrath, P. F. Fox, P. L. H. McSweeney, and A. L. Kelly,
“Composition and properties of bovine colostrum: a review,”
Dairy Science & Technology, vol. 96, no. 2, pp. 133-158, 2016.

[4] S. Christiansen, M. Guo, and D. Kjelden, “Chemical com-
position and nutrient profile of low molecular weight fraction
of bovine colostrum,” International Dairy Journal, vol. 20,
no. 9, pp. 630-636, 2010.

Veterinary Medicine International

[5] K. Stelwagen, E. Carpenter, B. Haigh, A. Hodgkinson, and
T. T. Wheeler, “Immune components of bovine colostrum
and milk1,” Journal of Animal Science, vol. 87, no. suppl_13,
pp. 3-9, 2009.

[6] W. L. Hurley and P. K. Theil, “Perspectives on immuno-
globulins in colostrum and milk,” Nutrients, vol. 3, no. 4,
pp. 442-474, 2011.

[7] L. H. Ulfman, J. H. W. Leusen, H. F. J. Savelkoul, . O. Warner,
and R. J. J. van Neerven, “Effect of bovine immunoglobulins
on immune function, allergy, and infection,” Frontiers in
Nutrition, vol. 5, p. 52, 2018.

[8] A. Derbakova, M. Zolovs, D. Keidane, and 7. éteingolde,
“Effect of immunoglobulin G concentration in dairy cow
colostrum and calf blood serum on Cryptosporidium spp.
invasion in calves,” January-2020, vol. 13, no. 1, pp. 165-169,
2020.

[9] D. C. De Graaf, E. Vanopdenbosch, L. M. Ortega-Mora,
H. Abbassi, and J. E. Peeters, “A review of the importance of
cryptosporidiosis in farm animals,” International Journal for
Pamsitology, vol. 29, no. 8, pp. 1269-1287, 1999.

[10] L. Zhang, S. Boeren, J. A. Hageman, T. van Hooijdonk,
J. Vervoort, and K. Hettinga, “Bovine milk proteome in the
first 9 days: protein interactions in maturation of the immune
and digestive system of the newborn,” PLoS One, vol. 10,
Article ID e0116710, 2015.

[11] M. Conneely, D. P. Berry, R. Sayers et al., “Factors associated
with the concentration of immunoglobulin G in the colostrum
of dairy cows,” Animal, vol. 7, no. 11, pp. 1824-1832, 2013.

[12] L. D. Muller and D. K. Ellinger, “Colostral immunoglobulin
concentrations among breeds of dairy cattle,” Journal of Dairy
Science, vol. 64, no. 8, pp. 1727-1730, 1981.

[13] K. M. Morrill, E. Conrad, A. Lago, J. Campbell, J. Quigley, and
H. Tyler, “Nationwide evaluation of quality and composition
of colostrum on dairy farms in the United States,” Journal of
Dairy Science, vol. 95, no. 7, pp. 3997-4005, 2012.

[14] A. Nardone, N. Lacetera, U. Bernabucci, and B. Ronchi,
“Composition of colostrum from dairy heifers exposed to high
air temperatures during late pregnancy and the early post-
partum period,” Journal of Dairy Science, vol. 80, no. 5,
pp. 838-844, 1997.

[15] R.R. Rastani, R. R. Grummer, S.J. Bertics et al., “Reducing dry
period length to simplify feeding transition cows: milk pro-
duction, energy balance, and metabolic profiles,” Journal of
Dairy Science, vol. 88, no. 3, pp. 1004-1014, 2005.

[16] E. L. Annen, R. J. Collier, M. A. McGuire, J. L. Vicini,
J. M. Ballam, and M. J. Lormore, “Effect of modified dry
period lengths and bovine somatotropin on yield and com-
position of milk from dairy cows,” Journal of Dairy Science,
vol. 87, no. 11, pp. 3746-3761, 2004.

[17] E. M. Quinn, T. F. O’Callaghan, J. T. Tobin et al., “Changes to
the oligosaccharide profile of bovine milk at the onset of
lactation,” Dairy, vol. 1, no. 3, pp. 284-296, 2020.

[18] T. F. O’Callaghan, M. O’Donovan, J. P. Murphy et al.,
“Evolution of the bovine milk fatty acid profile - from co-
lostrum to milk five days post parturition,” International
Dairy Journal, vol. 104, Article ID 104655, 2020.

[19] S. Kargar, M. Bahadori-Moghaddam, S. M. Ghoreishi et al,
“Extended transition milk feeding for 3 weeks improves growth
performance and reduces the susceptibility to diarrhea in new-
born female Holstein calves,” Animal: An International Journal of
Animal Bioscience, vol. 15, no. 3, Article ID 100151, 2021.

[20] S. B. Green, “How many subjects does it take to do a re-
gression analysis?” Multivariate Behavioral Research, vol. 26,
no. 3, pp. 499-510, 1991.



Veterinary Medicine International

[21] T. Fujino, T. Matsuo, M. Okada, and T. Matsui, “Detection of
a small number of Cryptosporidium parvum oocysts by sugar
flotation and sugar centrifugation methods,” Journal of
Veterinary Medical Science, vol. 68, pp. 1191-1193, 2016.

[22] S. A. Henriksen and J. F. L. Pohlenz, “Staining of crypto-

sporidia by a modified Ziehl-Neelsen,” Acta Veterinaria

Scandinavica, vol. 22, no. 3-4, pp. 594-596, 1981.

“The jamovi project 2021,” 2021, https://www.jamovi.org/.

A. Santoro, E. Dorbek-Kolin, J. Jeremejeva et al., “Molecular

epidemiology of Cryptosporidiumspp. in calves in Estonia:

high prevalence of Cryptosporidium parvumshedding and 10

subtypes identified,” Parasitology, vol. 146, no. 2, pp. 261-267,

2018.

[25] A. Mennerat, F. Nilsen, D. Ebert, and A. Skorping, “Intensive

farming: evolutionary implications for parasites and patho-

gens,” Evolutionary Biology, vol. 37, no. 2-3, pp. 59-67, 2010.

S. M. Gulliksen, K. I. Lie, L. Selvered, and O. @steras, “Risk

Factors Associated with colostrum quality in Norwegian dairy

cows,” Journal of Dairy Science, vol. 91, no. 2, pp. 704-712,

2008.

J. D. Quigley, K. R. Martin, H. H. Dowlen, L. B. Wallis, and

K. Lamar, “Immunoglobulin concentration, specific gravity,

and nitrogen fractions of colostrum from Jersey cattle,”

Journal of Dairy Science, vol. 77, no. 1, pp. 264-269, 1994.

[28] J. W. Tyler, B. J. Steevens, D. E. Hostetler, J. M. Holle, and
J. L. Denbigh, “Colostral immunoglobulin concentrations in
Holstein and Guernsey cows,” American Journal of Veterinary
Research, vol. 60, pp. 1136-1139, 1999.

[29] S.-I. Kume and S. Tanabe, “Effect of parity on colostral
mineral concentrations of Holstein cows and value of co-
lostrum as a mineral source for newborn calves,” Journal of
Dairy Science, vol. 76, no. 6, pp. 1654-1660, 1993.

[30] A. I Hoka, M. Gicheru, and S. Otieno, “Effect of cow parity

and calf characteristics on milk production and reproduction

of friesian dairy cows,” Journal of Natural Sciences Research,

vol. 9, pp. 41-46, 2019.

S. Tsuji, Y. Hirata, F. Mukai, and S. Ohtagaki, “Comparison of

lactoferrin content in colostrum between different cattle

breeds,” Journal of Dairy Science, vol. 73, no. 1, pp. 125-128,

1990.

[32] E. C. Kessler, R. M. Bruckmaier, and J. J. Gross, “Colostrum
composition and immunoglobulin G content in dairy and
dual-purpose cattle breeds,” Journal of Animal Science, vol. 98,
p. skaa237, 2020.

[33] B. M. Murphy, M. J. Drennan, F. P. O’Mara, and B. Earley,

“Cow serum and colostrum immunoglobulin (IgG1) con-

centration of five suckler cow breed types and subsequent

immune status of their calves,” Irish Journal of Agricultural &

Food Research, vol. 44, pp. 205-213, 2005.

J. S.Jagai, D. A. Castronovo, J. Monchak, and E. N. Naumova,

“Seasonality of cryptosporidiosis: a meta-analysis approach,”

Environmental Research, vol. 109, no. 4, pp. 465-478, 2009.

L.J. Robertson, A. T. Campbell, and H. V. Smith, “Survival of

Cryptosporidium parvum oocysts under various environ-

mental pressures,” Applied and Environmental Microbiology,

vol. 58, no. 11, pp. 3494-3500, 1992.

[36] S. J. Bertics, R. R. Grummer, C. Cadorniga-Valino, and

E. E. Stoddard, “Effect of prepartum dry matter intake on liver

triglyceride concentration and early lactation,” Journal of

Dairy Science, vol. 75, no. 7, pp. 1914-1922, 1992.

R.J. Collier, E. L. Annen-Dawson, and A. Pezeshki, “Effects of

continuous lactation and short dry periods on mammary

function and animal health,” Animal, vol. 6, no. 3,

pp. 403-414, 2012.

[23
[24

[26

[27

[31

(34

[35

[37

[38] R. D. Watters, J. N. Guenther, A. E. Brickner et al., “Effects of
dry period length on milk production and health of dairy
cattle,” Journal of Dairy Science, vol. 91, no. 7, pp. 2595-2603,
2008.

[39] E. Andrée O’Hara, R. Bage, U. Emanuelson, and K. Holtenius,
“Effects of dry period length on metabolic status, fertility,
udder health, and colostrum production in 2 cow breeds,”
Journal of Dairy Science, vol. 102, pp. 595-606, 2018.


https://www.jamovi.org/

