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Introduction

Calf worldwide pre-weaning mortality rate is about 10% 
[24], with respiratory disease syndrome and diarrhea being 
responsible for more than 80% of mortality from birth to 
weaning [15]. For the latter, several strains of Escherichia coli, 
coronavirus, rotavirus and Cryptosporidium parvum are the 
most important causes of infectious neonatal diarrhea [10]. 

Rotavirus and C. parvum are the most frequently isolated 
enteropathogens in fecal samples from young calves [17].

C. parvum is a protozoan parasite that causes 
malabsorptive diarrhea to young calves through epithelial cell 
loss and villous atrophy [10]. Oocysts excretion culminates at 
7-21 days of age, but can begin from as early as three days 
old in experimentally infected calves [8, 6]. Diarrhea usually 
occurs three to five days post infection [8, 6]. Diagnosis is 
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RÉSUMÉ

Association entre transfert passif d’immunoglobulines et données 
hématologiques chez les veaux Holstein infectés par Cryptosporidium 
spp. 

Cryptosporidium spp. est un pathogène majeur de la diarrhée néonatale 
des veaux. L’ objectif de la présente étude était d’évaluer l’association de 
l’infection par Cryptosporidium spp. avec le transfert passif d’immunité et 
plusieurs analytes hématologiques chez les veaux néonatals Holstein, avec 
des mesures répétées pour chaque veau. Cinquante-huit veaux de trois 
fermes laitières ont été inclus dans l’étude. Les échantillons fécaux, pour 
détecter des oocystes de Cryptosporidium spp. et des échantillons de sang 
pour la détermination de la concentration totale de protéines (pour évaluer 
l’état d’immunité passive) et une mesure complète du dénombrement 
sanguin ont été obtenues chez chaque veau à 2, 4, 6, 15 et 30 jours après 
la naissance. Vingt-et-un des 58 (36,2%) veaux ont été infectés au moins 
un jour d’échantillonnage. Les veaux infectés ont commencé à excréter des 
oocystes dès le jour 2 et 4. Une association entre des valeurs plus élevées 
de protéines totales (TP) et l’infection à Cryptosporidium a été observée. 
Veaux excrétant des oocystes de Cryptosporidium spp. à la journée 
d’échantillonnage 6 présentaient une concentration TP significativement 
plus élevée aux jours d’échantillonnage 2 et 4 (P=0,017 et 0,034, 
respectivement). De plus, les veaux infectés à Cryptosporidium spp. aux 
jours d’échantillonnage 2 et 4 présentaient des taux d’hémoglobine (HGB) 
significativement plus faibles au jour 2 (P=0,023 et 0,04, respectivement). 
L’infection à Cryptosporidium était également significativement associée 
à une augmentation de la concentration en fibrinogène (FIBR), ainsi que 
dans le nombre de neutrophiles et d’éosinophiles. Les présents résultats 
suggèrent qu’un transfert passif adéquat des immunoglobulines ne protège 
pas contre la cryptosporidiose. Enfin, un faible HGB chez les nouveau-nés 
peut prédisposer à Cryptosporidium spp. infection. 
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usually confirmed by detecting Cryptosporidium spp. oocysts 
or antigens in feces. 

Several studies have investigated the relationship of 
some routine management factors with the risk for C. 
parvum induced diarrhea [26, 27, 22, 7], but failed to find 
any significant effect of colostrum feeding management and 
passive transfer of immunoglobulins on cryptosporidiosis. 
Although, it has been well documented that successful 
passive transfer of maternal antibodies has a positive impact 
on pre-weaned mortality, as well as on long-term health 
and performance of calves [5], the role of passive immunity 
against cryptosporidiosis has not been proven. 

Passive transfer of immunity in calves may be assessed 
directly, measuring serum IgG by ELISA or radial 
immunodiffusion [9], and indirectly, measuring serum total 
proteins (TP) by refractometry [30]. The latter is an easy to 
perform and a reliable screening test for the diagnosis of 
failure of passive transfer [4, 16]. Failure of passive transfer of 
immunity in calf-level is evident when serum total proteins 
concentration is <55 g/L, in calves up to one week old [28, 29, 
32], whereas in herd-level when >20% of the sampled calves 
have TP<55 g/L [16]. 

Moreover, knowledge regarding the hematologic profile 
and the associations of Cryptosporidium spp. infection and 
neonatal hematology is scarce. Several hematologic analytes, 
such as white blood cell count, fibrinogen and hemoglobin 
concentration, are important indicators of either an ongoing 
inflammatory process or an increased susceptibility to 
infections and impaired future performance [13].

Therefore, the aim of this study was to investigate any 
possible association of passive transfer of immunoglobulins, 
indirectly measured by serum TP concentration, with 
Cryptosporidium spp. infection, as well as the associations 
of several hematologic analytes with Cryptosporidium spp. 
infected dairy calves, with repeated measurements form each 
calf.

Materials and Methods

Fifty-eight Holstein calves of three dairy farms (A = 20, B 
= 20 and C = 18, respectively) were enrolled in the study. All 
58 calves were daily monitored from birth up to 30 days old. 
Disease and death events, when occurred, were recorded for 
each calf. Each calf was sampled at five different time points: 
2, 4, 6, 15 and 30 days of age. Α clinical examination was 
performed prior to each sampling. Blood and fecal specimens 
were obtained from each calf within one to two hours after 
the morning feeding (with colostrum, milk or milk replacer) 
(09.00 – 11.0 am).

BLOOD SAMPLING

One blood specimen was drawn from the jugular vein 
from each calf using 21¼ G disposable needles, into 10 

mL sterile glass vacuum tubes without anticoagulant (BD 
Vacutainer®; Plymouth, UK), at 2, 4 and 6 days of ageto assess 
TP. Specimens were placed in a cooler immediately after 
collection and kept refrigerated at 4 0C in the Diagnostic 
Laboratory. After clotting, serum was separated by a 
low speed centrifugation (1600 g for 15 min). Serum TP 
concentration was determined using a desktop refractometer 
(ATAGO Τ2-ΝΕ CLINICAL, Atago Ltd, Tokyo, Japan), 
according to manufacturers’ instructions. Serum TP values 
were grouped in two classes: 1) TP ≥55 g/L and 2) TP <55 
g/L. Calf and herd-level FPT were based on sampling day 2 
TP concentration.

Two additional blood specimens were collected from 
each calf by jugular venipuncture, at 2, 4, 6, 15 and 30 days 
of age. The first into a 3 mL sterile vacuum plastic tube 
containing K3-EDTA as anticoagulant (Vacuette®, Greiner 
Bio-One International GmbH, Kremsmünster, Austria) 
for hematology analysis and the second one into a specific 
vacuum tube (BD Vacutainer Buff. Na Citrate, BD, Franklin 
Lakes NJ, USA) for plasma fibrinogen (FIBR) analysis. 

A complete blood count {red blood cell count (RBC), 
hemoglobin concentration (HGB), hematocrit (HCT), mean 
corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concentration 
(MCHC), red cell distribution width (RDW), white blood cell 
count (WBC), differential white blood cells percentages and 
counts [neutrophil (NEUT), lymphocyte (LYMP), monocyte 
(MONO), eosinophil (EOS), basophil (BAS) and large 
unstained cells (LUC)], platelet count (PLT), plateletcrit, 
mean platelet volume (MPV) and platelet distribution width 
(PDW)} was determined with ADVIA 120 hematology 
analyzer (ADVIA 120 Hematology System, Siemens 
Healthcare GmbH, Deerfield, USA). Air-dried Giemsa-
stained (Giemsa’s azur eosin methylene blue solution, Merck 
KGaA, Darmstadt, Germany) blood smears were examined 
for visual corroboration of the complete blood count (CBC) 
results and evaluation of RBC, WBC and PLT morphology.

Plasma FIBR was measured with IDEXX QBC 
VetAutoread Hematology Analyzer (IDEXX Laboratories 
Inc., Westbrook, Maine, USA). Before measurement, the 
FIBR tubes were centrifuged for five minutes at IDEXX QBC 
VetCentrifuge (IDEXX Laboratories Inc., Westbrook, Maine, 
USA).

FECAL SAMPLING

Fecal excretion of Cryptosporidium spp. oocysts was 
also evaluated for each calf at 2, 4, 6, 15 and 30 days of age. 
Fecal specimens were collected individually directly from 
the rectum of calves into plastic gloves, kept in a cooler 
and processed within one-two days after collection at the 
Laboratory of Parasitology and Parasitic Diseases, in the 
Faculty of Veterinary Medicine of the Aristotle University 
of Thessaloniki. Each specimen was sieved through a wire 
mesh screen with an aperture of 0.15 mm and concentrated 
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by means of centrifugation. Smears of the sediment were 
stained according to the acid-fast Ziehl-Nielsen technique 
[12]. Fecal smears were microscopically examined under 
100x magnification for identification of Cryptosporidium 
spp. oocysts. Infection intensity of each specimen was semi-
quantitatively evaluated according to the average number of 
oocysts in 10 randomly selected fields.

Fecal specimens were grouped in two categories, 
depending on whether the examined smears were positive 
(Crypto-positive) or negative (Crypto-negative) for 
Cryptosporidium spp. oocysts. Additionally, fecal specimens 
were grouped in four classes, according to the intensity of 
infection, as follows: 1) negative: 0 oocysts per field, 2) low: 
1 oocyst per field, 3) medium: 2-10 oocysts per field and 4) 
high: >10 oocysts per field. Furthermore, calves were grouped 
in two additional classes according to whether they were 
diagnosed with concurrent diarrhea and Cryptosporidium 
spp. infection (diarrheic/infected) or not (non-diarrheic/
non-infected), at least in one sampling day from birth up to 
30 days of age.

STATISTICAL ANALYSIS

The non-parametric Mann-Witney and Kruskal-Wallis 
tests were used to assess the relationship of TP concentration 
and various hematology analytes with Cryptosporidium spp. 
oocysts infection. Within test, pairwise comparisons were 
automatically calculated where a decision for rejecting the 
null hypothesis was made. Additionally, the chi-square test 

was used to determine the relationship of TP classes with the 
two different categories of Cryptosporidium spp. infection 
(Crypto-positive and Crypto-negative). The statistical 
analysis was performed using the IBM SPSS Statistics V.22 
software package (SPSS Inc., Chicago, IL, USA).

Results

MORBIDITY AND MORTALITY

Ten (farm A: 3, farm B: 3 and farm C: 4) out of the 58 
enrolled calves died during the period of study, resulting in a 
30-days mortality rate of 17.2%. Thirty calves had at least one 
disease event recorded during the 30-days period. Details for 
the morbidity and mortality are provided in Table I.

PASSIVE TRANSFER OF IMMUNITY

Herd-level FPT was evident in two out of the three farms, 
as >20% of calves in each farm had TP <55 g/L at day 2 (Table 
II). At calf-level, 21/58 (36.2%), 23/58 (41.1%) and 30/58 
(57.7%) calves had TP <55 g/L at days 2, 4 and 6, respectively. 
Nine and 13 calves (24.3% and 35.1%, respectively) with 
adequate passive transfer (TP ≥55 g/L) at day 2, were found 
with TP <55 g/L at days 4 and 6, respectively. Medians and 
min–max intervals for TP concentrations were 58.0 (29.0-
86.0), 56.0 (31.0-81.0) and 51.0 (31.0-81.0) for days 2, 4 and 
6 respectively. 

Morbidity Mortality

Diarrhea Respiratory 
disease

Diarrhea / 
Respiratory 

diseasea
(n) (n)

Farm A (n = 20) 9 3 0 12/20 3/20
Farm B (n = 20) 8 0 1 9/20 3/20
Farm C (n = 18) 6 1 2 9/18 4/18

Total 23/58 4/58 3/58 30/58 10/58
aNumber of calves suffering concurrently from diarrhea and respiratory disease 

Table I: Calves’ morbidity and mortality encountered during the 30-days period of study.

Sampling day 2 Sampling day 4 Sampling day 6
(n) (n) (n)

Farm A 8/20 8/20 8/18
Farm B 4/20 8/20 11/18
Farm C 9/18 7/16 11/16
Total 21/58 23/56 30/52

Table II: Calves (n) with serum total proteins <55 g/L at sampling days 2, 4, and 6 in the 3 studied farms.
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CRYPTOSPORIDIUM SPP. INFECTION

Twenty-one of the 58 calves (36.2%) were found infected 
with Cryptosporidium spp. at least once in the first month of 
their life (Table III). Within herd incidence ranged from 30 to 
44.5%. All 21 infected calves began excreting oocysts from as 
early as day 2 or day 4. In particular, 15/21 (71.4%) and 6/21 
(28.6%) of infected calves began excreting Cryptosporidium 
spp. oocysts from the age of 2 and 4 days, respectively. 
Eighteen out of 21 infected calves developed diarrhea, while 
two heavily infected (>10 oocysts per field) calves at day 2 
died. More than half of infected calves (12/21) were at least 

once identified as highly infected during the 30-day period 
of the study.

TP & CRYPTOSPORIDIUM SPP. INFECTION

There was no difference in serum TP concentration 
between different categories and among intensity classes of 
Cryptosporidium spp. infection for 2 and 4 days old calves. On 
the other hand, Crypto-positive calves at sampling day 6 had 
significantly higher TP at days 2 and 4 (P=0.017 and 0.034, 
respectively) and higher mean first week TP concentration 
(sampling days 2, 4 and 6) (P=0.026), than Crypto-negative 
ones (Table IV). In particular, heavily infected calves (>10 

Sampling day Cryptosporidium infection intensitya n

Day 2

negative 43/58
low 4/58

medium 4/58
high 7/58

Day 4

negative 38/56
low 6/56

medium 7/56
high 5/56

Day 6

negative 37/52
low 4/52

medium 4/52
high 7//52

Day 15

negative 37/48
low 2/48

medium 3/48
high 3/48

Day 30

negative 45/48
low 0/48

medium 2/48
high 1/48

aClasses of Cryptosporidium infection intensity: Negative = 0 oocysts/field
     Low = 1 oocyst/field   
     Medium = 2-10 oocysts/field
     High = >10 oocysts/field

Table III: Cryptosporidium spp. infection intensity of calves per sampling day.

Total proteins (g/L)
Sampling days Infected at day 6 Non-infected at day 6

Day 2
Median 66.0x 56.0y

(Min – Max) (29.0 – 86.0) (38.0 – 76.0)

Day 4
Median 60.0x 54.0y

(Min – Max) (46.0 – 79.0) (31.0 – 81.0)

Day 6
Median 55.0x 51.0y

(Min – Max) (33.0 – 81.0) (31.0 – 81.0)
x,y Medians with different superscripts within the same row differ significantly (P<0.05).

Table IV: Descriptive statistics for serum total proteins concentration at sampling days 2, 4 and 6, of Cryptosporidium spp. infected at sampling day 6 calves.
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oocysts per field) at day 6 had significantly higher TP at 
day 2 than non-infected ones (P=0.022). Similarly, Crypto-
positive calves at sampling day 15 had higher, although not 
significant, day 2 TP concentration than Crypto-negative 
ones (P=0.053). Moreover, the proportion of calves with TP 
≥55 g/L at day 4 (40%) found infected with Cryptosporidium 
spp. at day 6 was significantly higher (P=0.038) than that of 
calves with TP <55 g/L at day 4 (14.3%).

FIBR & CRYPTOSPORIDIUM SPP. INFECTION

Crypto-positive calves at sampling days 2 and 4 
had significantly higher FIBR concentrations at days 2 
(P=0.005 and 0.029, respectively) and 4 (P=0.049 and 0.003, 
respectively). Higher day 2 FIBR concentrations were found in 
medium infected calves at day 2 and in heavily infected calves 
at day 4, compared with non-infected ones (P=0.032 and 
0.006, respectively). Similarly, Crypto-positive calves at days 
6 and 15 had significantly higher FIBR at days 2 (P=0.005), 
4 (P=0.001) and 6 (P=0.005), and at days 2 (P=0.012), 4 
(P<0.001), 6 (P=0.010) and 15 (P=0.040), respectively (Table 

V). Heavily infected at day 15 calves had significantly higher 
day 15 FIBR than those non-infected (P=0.032). Additionally, 
diarrheic/infected calves had significantly higher FIBR 
values at days 2 and 4 than non-diarrheic/non-infected ones 
(P=0.016 and 0.002, respectively).

HGB, HCT & CRYPTOSPORIDIUM SPP. INFECTION

Crypto-positive calves at days 2 and 4 had significantly 
lower HGB at day 2 than negative ones (medians: 83.0 vs. 
99.0 g/L, and 90.0 vs. 107.0 g/L, respectively, P=0.023 and 
0.04, respectively). Moreover, Crypto-positive at day 6 calves 
had significantly lower HGB concentration at day 2 (P=0.030) 
(Table V), and lower HCT at day 4 in comparison with 
Crypto-negative animals (medians: 25.8 vs. 27.3, P=0.028). 
Generally, calves infected with Cryptosporidium spp. at least 
once during their first 30 days of age, had significantly lower 
HGB at day 2 (medians: 85.0 vs. 102.0 g/L, P=0.014).

Analyte Sampling days Infected at day 6 Non-infected at day 6

FIBR
(10-2g/L)

Day 2
Median 620x 517y

(Min – Max) (405 – 1288) (275 – 789)

Day 4
Median 665x 511y

(Min – Max) (318 – 1008) (308 – 789)

Day 6
Median 643x 480y

(Min – Max) (369 – 884) (283 – 892)

HGB
(g/L)

Day 2
Median 81.0x 98.0y

(Min – Max) (58.0 – 130.0) (57.0 – 132.0)

Day 4
Median 118.0 105.0

(Min – Max) (65.0 – 136.0) (71.0 – 137.0)

Day 6
Median 99.0 94.5

(Min – Max) (54.0 – 133.0) (58.0 – 137.0)

NEUT
(107/L)

Day 2
Median 478.3x 363.0y

(Min – Max) (120.0 – 905.0) (148.0 – 663.0)

Day 4
Median 429.6x 333.1y

(Min – Max) (300.0 – 641.0) (73.0 – 531.0)

Day 6
Median 422.3 468.7

(Min – Max) (264.0 – 557.0) (264.0 – 915.0)

EOS
(107/L)

Day 2
Median 5.00 4.35

(Min – Max) (1.0 – 39.0) (1.0 – 16.0)

Day 4
Median 5.10x 4.00y

(Min – Max) (1.0 – 19.0) (1.0 – 15.0)

Day 6
Median 6.50 6.55

(Min – Max) (1.0 – 17.0) (1.0 – 22.0)
x,y Medians with different superscripts within the same row differ significantly (P<0.05).

Table V: Fibrinogen (FIBR) and hemoglobin (HGB) concentration, neutrophil (NEUT) and eosinophil (EOS) counts at sampling days 2, 4 and 6, of 
Cryptosporidium spp. infected at sampling day 6 calves.



Revue  Méd. Vét., 2017, 168, 4-6, 108-115

PASSIVE TRANSFER OF IMMUNITY, HEMATOLOGY AND CRYPTOSPORIDIUM INFECTION IN CALVES 113

WBC, DIFFERENTIAL LEUCOCYTE COUNT & 
CRYPTOSPORIDIUM SPP. INFECTION

Cryptosporidium spp. infected calves at sampling days 
2, 4 and day 6 had significantly more EOS at day 4 than 
non-infected ones (P=0.020, 0.015 and 0.023, respectively). 
Crypto-positive calves at days 4 and 6 had significantly more 
NEUT at day 4 (P=0.035 and 0.008, respectively). Those found 
infected at day 6 had significantly more NEUT at day 2 as well 
(P=0.031) and those infected at day 15 had a significantly 
higher NEUT percentage and lower LYMP percentage at day 
4 (P=0.038 and 0.05, respectively) (Table V). 

No significant difference was observed for the other 
hematologic analytes studied, between infected and non-
infected calves. Moreover, examination of blood smears 
revealed no remarkable findings regarding to the morphology 
of blood cells.

Discussion

Herd-level FPT was diagnosed in two of the three farms 
of the present study, whereas the other farm was borderline, 
as the percentage of calves with TP <55 g/L was 20%. In a 
recent large scale study [21], the prevalence of FPT (using 
the 55 g/L threshold) in Northern Greek Holstein farms 
was 26 % and 53 %, among calves and herds, respectively. 
Interestingly, a significant percentage of calves with adequate 
passive transfer of immunoglobulins at sampling day 2 had 
TP concentrations less than 55 g/L, which is the cut-off for 
inadequate passive transfer [16], at days 4 and 6. Since it is 
recommended to sample calves less than a week old for a 
herd-level diagnosis of FPT [16], a calf-level fluctuation of 
serum TP concentrations through age may be a confounding 
factor that should be taken into consideration. 

FPT was an important predisposing factor for the high 
disease incidence (51.7%) and mortality rate (17%) observed 
in the present study. Diarrhea was the dominant disease 
event recorded in the 30-days period of study, followed by 
respiratory disease. This is in agreement with references and 
the overall documented opinion that diarrhea is the main 
health problem in pre-weaned dairy calves, followed by 
respiratory disease syndrome [33, 17]. 

Trotz-Williams et al. [26] reported that Cryptosporidium 
parvum infection prevalence in Canadian dairy herds with 
a history of cryptosporidiosis was 5% in calves under one 
week of age and 53% in 7-14 days old calves. Interestingly, 
in the present study all calves excreting oocysts at least in 
one sampling day in the 30-days period were infected from as 
early as two or four days old. This finding suggests that calves 
were probably challenged with a dense parasitic population 
immediately after birth. 

Treating cryptosporidiosis is troublesome and 
implementation of preventive and/or control protocols is 
crucial. Basic biosecurity measures could block the fecal-
oral route of disease transmission [1, 15]. Moreover, the 

identification of infected calves as early as day 2 could be 
useful in the control of cryptosporidiosis by isolating and 
treating early infected calves. 

To our knowledge, there is limited data on the 
relationship between the immunity status of neonatal calves 
and cryptosporidiosis. Wang et al. [31] found antibodies 
against C. parvum in serum and feces of one day old calves 
that were passively transferred via colostrum. However, 
Trotz-Williams et al. [26], Delafosse et al. [7] and Meganck et 
al. [18] reported that passive immunity and Cryptosporidium 
shedding were not significantly associated. 

In our study, calves with adequate serum TP concentration 
were more likely to be diagnosed with Cryptosporidium 
infection. Day 6 infected calves had significantly higher 
day 2, day 4 and mean first week TP values compared with 
negative ones. This positive relationship between TP values 
and Cryptosporidium spp. infection is unexpected and a 
sound explanation cannot be provided. A larger scale field 
study, specifically designed to shed more light into this 
finding would be necessary.

Defining sufficient colostrum quality and the consequent 
passive transfer of immunity is based on colostral and serum 
IgG concentration, respectively. However, the protective 
role of IgG against C. parvum is not considered important 
[26], as the immune response is primarily cell-mediated 
[22]. Colostrum is also a source of various immune cells and 
components that provide a passive transfer of cell-mediated 
immunity to newborn calves, with a notable bactericidal and 
phagocytic activity [5]. An evaluation of colostrum quality 
based on these contents as well, may be useful in determining 
status of protection against C. parvum diarrhea in newborn 
calves.

Infected calves had significantly higher FIBR values 
than negative ones, even from the second day of life. 
However, this rise could, also, be due to other contagious 
causes of diarrhea (E. coli, rotavirus and coronavirus) 
or to a mixed infection. According to some researchers, 
hyperfibrinogenemia is considered more reliable than the 
neutrophil count in detecting inflammation [34]. Plasma 
fibrinogen concentration in neonatal calves is thought to be 
low (160*10-2±130*10-2 g/L) and only after three weeks of 
age rises to adult intervals (300*10-2-700*10-2 g/L) [34]. This 
was not the case in our findings, as even non-infected and 
clinically healthy calves had higher than the above reference 
intervals (479.3*10-2, 501.2*10-2 and 499.4*10-2 g/L at days 
2, 4 and 6, respectively). Dehydration may increase plasma 
proteins and fibrinogen concentration. However, a hydration 
loss of up to 6% cannot be clinically assessed. 

Anemia in calves is associated with listlessness and 
reduction in feed intake and weight gain [2, 3], making them 
more vulnerable to infections.. Cryptosporidium infection 
was associated with lower HGB and HCT values at sampling 



Revue  Méd. Vét., 2017, 168, 4-6, 108-115

SIACHOS (N.) AND COLLABORATORS114

days 2 and 4. Mean HGB concentration of infected calves, 
although low, lies within reference intervals reported for 
adult cows (84–120 g/L; 80–150 g/L) [34, 14]. Examination 
of blood smears revealed no remarkable findings regarding 
to the morphology of blood cells.

Low HGB values are often related to micromineral 
deficiencies, mainly iron as a principal component of heme’s 
molecule. Iron deficiency can occur in neonatal calves, as the 
daily requirements of the calf are much higher than the intake 
from milk [20]. Iron deficiency suppresses cell-mediated 
immune responses [25] and has been associated with greater 
morbidity and mortality of calves [19]. However, since iron 
or other microminerals were not measured in our study, the 
lower HGB values found in Cryptosporidium spp. infected 
calves cannot be definitely attributed to their deficiency.

Differences in white blood cell type counts between 
infected and non-infected calves were observed from as 
early as day 4, later though than FIBR rise. In particular, 
Cryptosporidium infection was associated with increased 
NEUT and EOS. Neutrophils are the first line of defense 
against invading pathogens as key part of the innate 
immunity and the dominant WBC in the young ruminant 
[13]. NEUT count may have increased as a result of damaged 
epithelial cells in the intestinal lumen, due to the cytotoxic 
or apoptotic, mainly, effect of the parasite, or due to a mixed 
infection with other enteropathogens. However, since no 
further examination was performed for other contagious 
causes of diarrhea (E. coli, rotavirus and coronavirus), this 
observation cannot be attributed solely to Cryptosporidium 
infection. Moreover, it is known that EOS increases due to 
the immune response to the parasitic inflammatory process 
[13]. The above are the most plausible explanations for 
the associations of NEUT and EOS with Cryptosporidium 
infection found in the present study.

To conclude, Cryptosporidium spp. infection was 
associated with higher serum TP concentration, suggesting 
that passive transfer of immunity is less important for 
cryptosporidiosis prevention, unlike other infectious causes 
of diarrhea. Cryptosporidium spp. oocysts were detected 
in fecal smears even from two days old calves. Low HGB 
concentration in newborn calves may be a predisposing factor 
for Cryptosporidium infection. Finally, Cryptosporidium 
infection was associated with early elevation of FIBR 
concentration and increase of NEUT and EOS count.

References

1. -  BARRINGTON G.M., GAY J.M., EVERMANN J.F. : 
Biosecurity for neonatal gastrointestinal diseases. Vet. 
Clin. North. Am. Food Anim. Pract., 2002, 18, 7-34. 

2. -  BLAXTER K.L., SARMAN G.A.M., MACDONALD 
A.M. : Iron-deficiency anemia in calves. Br. J. Nutr., 
1957, 11, 234–246. 

3. -  BREMNER I., DALGARNO A.C. : Iron metabolism 
in the veal calf. 2. Iron requirements and the effect of 

copper supplementation. Br. J. Nutr., 1973, 30, 61–76. 
4. -  CALLOWAY C.D., TYLER J.W., TESSMAN R.K., 

HOSTETLER D., HOLLE J. : Comparison of 
refractometers and test endpoints in the measurement 
of serum protein concentration to assess passive transfer 
status in calves. J. Am. Vet. Med. Assoc., 2002, 221, 1605-
1608. 

5. -  CORTESE V.S. : Neonatal immunology. Vet. Clin. North. 
Am. Food Anim. Pract., 2009, 25, 221-227. 

6. -  DE GRAAF D.C., VANOPDENBOSCH E., ORTEGA-
MORA L.M., ABASSI H., PEETERS J.E. : A review of 
the importance of cryptosporidiosis in farm animals. 
Int. J. Parasitol., 1999, 29, 1269–1287. 

7. -  DELAFOSSE A., CHARTIER C., DUPUY 
M.C., DUMOULIN M., PORS I., PARAUD C. : 
Cryptosporidium parvum infection and associated risk 
factors in dairy calves in western France. Prev. Vet. Med., 
2015, 118, 406-412. 

8. -  FAYER R., GASBARRE L., PASQUALI P., CANALS 
A., ALMERIA S., ZARLENGA D. : Cryptosporidium 
parvum infection in bovine neonates: dynamic clinical, 
parasitic and immunologic patterns. Int. J. Parasitol., 
1998, 28, 49-56. 

9. -  FILTEAU V., BOUCHARD E., FECTEAU G., DUTIL 
L., DUTREMBLAY D. : Health status and risk factors 
associated with failure of passive transfer of immunity 
in newborn beef calves in Quebec. Can. Vet. J., 2003, 
44, 907-913.

10. -  FOSTER D.M., SMITH G.W. : Pathophysiology of 
diarrhea in calves. Vet. Clin. North. Am. Food Anim. 
Pract., 2009, 25, 13-36. 

11. -  GODDEN S. : Colostrum management for dairy calves. 
Vet. Clin. North. Am. Food Anim. Pract., 2008, 24, 19–39. 

12. -  HENRIKSEN S.A., POHLENZ J.F.. Staining of 
cryptosporidia by a modified Ziehl-Neelsen technique. 
Acta Vet. Scand., 1980, 22, 594-596.

13. -  JONES M.L., ALISON R.W. : Evaluation of the Ruminant 
Complete Blood Cell Count. Vet. Clin. North. Am. Food 
Anim. Pract., 2007, 23, 377-402. 

14. -  LATIMER K.S., MAHAFFEY E.D., PRASSE K.W. : In: 
Duncan’s and Prasse’s Veterinary Laboratory Medicine: 
Clinical Pathology – 5th ed., Blackwell Publishing, Iowa, 
USA, 2011.

15. -  MAUNSELL F., DONOVAN A.G. : Biosecurity and Risk 
Management for Dairy Replacements. Vet. Clin. North. 
Am. Food Anim. Pract., 2008, 24, 155-190.

16. -  MCGUIRK S., COLLINS M. : Managing the production, 
storage, and delivery of colostrum. Vet. Clin. North. Am. 
Food Anim. Pract., 2004, 20, 593-603. 

17. -  MEGANCK V., HOFLACK G., OPSOMER G. : 
Advances in prevention and therapy of neonatal dairy 
calf diarrhoea: a systematical review with emphasis on 
colostrum management and fluid therapy. Acta Vet. 
Scand., 2014, 56, 75. 

18. -  MEGANCK V., HOFLACK G., PIEPERS S., OPSOMER 
G. : Evaluation of a protocol to reduce the incidence of 
neonatal calf diarrhoea on dairy herds. Prev. Vet. Med., 
2015, 118, 64-70. 



Revue  Méd. Vét., 2017, 168, 4-6, 108-115

PASSIVE TRANSFER OF IMMUNITY, HEMATOLOGY AND CRYPTOSPORIDIUM INFECTION IN CALVES 115

19. -  MOLLERBERG L., MORENO-LOPEZ J. : The response 
of normal and iron anemic calves to nasal infection with 
an attenuated strain of parainfluenza-3 virus. Acta Vet. 
Scand., 1975, 16, 186–196. 

20. -  NRC. : In: Nutrient Requirements of Dairy Cattle – 7th 
rev. ed., National Academy, Washington DC, USA, 2001.

21. -  PANOUSIS N., KRITSEPI-KONSTANTINOU M., 
KALAITZAKIS E., GIADINIS N., VALERGAKIS 
G.E. : Prevalence of failure of passive transfer of 
immunoglobulins in Holstein calves in Northern Greece 
and association with management practices. J. Hellenic 
Vet. Med. Soc., 2013, 64, 193-200. 

22. -  RIGGS M.W. : Recent advances in cryptosporidiosis: the 
immune response. Microbes Infect., 2002, 4, 1067–1080. 

23. -  SILVERLÅS C., EMANUELSON U., DE VERDIER 
K., BJÖRKMAN C. : Prevalence and associated 
management factors of Cryptosporidium shedding in 
50 Swedish dairy herds. Prev. Vet. Med., 2009, 90, 242-
253. 

24. -  SMITH G.F. : Preface. In: Bovine neonatology. Vet. Clin. 
North. Am. Food Anim. Pract., 2009, 25, xi-xii. 

25. -  TIZZARD I.R. : In: Veterinary Immunology – 9th ed., 
Elsevier Saunders, Missouri, USA, 2013.

26. -  TROTZ-WILLIAMS L.A., MARTIN S.W., LESLIE K.E., 
DUFFIELD T., NYDAM D.V., PEREGRINE A.S. : Calf-
level risk factors for neonatal diarrhea and shedding of 
Cryptosporidium parvum in Ontario dairy calves. Prev. 
Vet. Med., 2007, 82, 12-28. 

27. -  TROTZ-WILLIAMS L.A., MARTIN S.W., LESLIE 
K.E., DUFFIELD T., NYDAM D.V., PEREGRINE A.S. : 
Association between management practices and within-
herd prevalence of Cryptosporidium parvum shedding 
on dairy farms in southern Ontario. Prev. Vet. Med., 
2008, 83, 11-23. 

28. -  TYLER J.W., HANCOCK D.D., PARISH S.M., REA 
D.E., BESSER T.E., SANDERS S.G., WILSON L.K. : 
Evaluation of 3 assays for failure of passive transfer in 
calves. J. Vet. Intern. Med., 1996, 10, 304-307. 

29. -  TYLER J.W., HANCOCK D.D., WILSON L., MULLER 
F., KRYTENBERG D., BRADISH S. : Effect of passive 
transfer status and vaccination with Escherichia coli 
(J5) on mortality in comingled dairy calves. J. Vet. 
Intern. Med., 1999, 13, 36-39. 

30. -  WALLACE M.M., JARVIE B.D., PERKINS N.R., LESLIE 
K.E. : A comparison of serum harvesting methods and 
type of refractometer for determining total solids to 
estimate failure of passive transfer in calves. Can. Vet. J., 
2006, 47, 573-575. 

31. -  WANG H.F., SWAIN J.B., BESSER T.E., JASMER D., 
WYATT C.R. : Detection of antibodies to a recombinant 
Cryptosporidium parvum p23 in serum and feces from 
neonatal calves. J. Parasitol., 2003, 89, 918-923. 

32. -  WEAVER D.M., TYLER J.W., VANMETRE D.C., 
HOSTETLER D.E., BARRINGTON G.M. : Passive 
transfer of colostral immunoglobulins in calves. J. Vet. 
Intern. Med., 2000, 14, 569-577.

33. -  WINDEYER M.C., LESLIE K.E., GODDEN S.M., 
HODGINS D.C., LISSEMORE K.D., LEBLANC S.J. 
: Factors associated with morbidity, mortality, and 
growth of dairy heifer calves up to 3 months of age. Prev. 
Vet. Med., 2014, 113, 231–240. 

34. -  WOOD D., QUIROZ-ROCHA G.F. :Normal 
Hematology of Cattle. In: Schalm’s veterinary hematology 
– 6th ed., Pages 829-834, Blackwell Publishing, Iowa, 
USA, 2010.


