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B Zoyvotnto pedviong e EAMITOUS HETUPOPAS UVOGOGPULPIVAY GE
pooyovg @uAng Holstein otn Boperwo EALGO0 KoL 6VGYETION TG NE
OLOYEPLOTIKA TPOTVTTO,

Mavovong N.!, Kprreénn-Kevetavtivov M.2, Kelaitlaxng E.!, Tadivng N.', Bakepyaxng I'.E?
'KAwvikn Hopoywyikav Zowv, Kipviatpikn Xyols, Apiototéleio Havemotiuio Ocaoolovikng, Osooolovikn
Mayvootié Epyactipio, Kenviazpikiy Xyoln, Apiototéleio Hovemotiuio Osooolovikng, Osooalovikn

SEpyactiipio Zwoteyviog, Krnviozpixiy Xyolr, Apiototédero Hovemotiuio Osoooiovikng, Ocooalovikny

ABSTRACT. Objectives of the present study were to estimate prevalence of failure of passive transfer of immunoglobulins
in dairy calves in Northern Greece and to investigate factors potentially associated with it. Four hundred and thirty seven
clinically healthy calves in 30 farms were included in the study. Age of calves was 18 h to 7 d. Animals were blood sampled
and serum total protein concentrations were measured by a refractometer. Two thresholds of total protein concentration were
used: 5.2 or 5.5 g dL'. At calflevel, an animal was considered to have failure of passive transfer of immunoblobulins when
total protein concentrations were lower than the above thresholds. At herd level, a herd was considered to have failure of
passive transfer of immunoglobulins when >20% of sampled calves had total protein concentration was <5.2 or <5.5 g dL".
Moreover, data on health management on the farm were collected in a purpose-built questionnaire. At 5.2 g dL"!, 20% of
the calves and 40% of the herds were considered to have failure of passive transfer of immunoglobulins; when the 5.5 g dL"!
threshold was used, respective prevalences were 26% and 53%. At herd level, mean blood serum total protein concentration
tended to be positively affected by a short interval between birth and first colostrum meal, by maintenance of a stock of
frozen colostrum and by establishment of a close-up group of dry cows. At calf level, the same factors had a statistically
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significant positive effect on blood serum total protein concentration. Moreover, quantity of colostrum received by calves
and colostrum condition were also positively related with blood serum total protein concentration. In conclusion, failure
of passive transfer of immunoglobulins is a common problem in Holstein calves in Northern Greece. Increased prevalence
of the problem implies that increased efforts and management practices need to be applied to ensure the adequate transfer
of maternal immunoglobulins to newborn calves. Also, it becomes obvious from all the above findings that many farmers
are not well informed for management practices that have to implement to ensure adequate amounts of immunoglobulins to
newborn calves. Hence, dissemination of knowledge concerning best management practices for achieving adequate passive
immunity is considered to be of significant importance.

Keywords: colostrum, dairy calves, Greece, immunoglobulins, management practices, passive immunity, total proteins.

MEPIAHYH. H napodoa £pguva amockonovce ot SlEpevvNoT TG GLYXVOTNTOS ELPAVIONG EAAMTOVG TOONTIKAG LETOPOPAS
avoGooQuIpIVOV o€ pnocyovg otn Bopeia EALGSo kol 6t cuoyétion] g pe mhavoig mapdyovteg Kivouvov. ZvAlEyOnkav
delypoto aipotog amd 437 kAwikd vyleic pooyovs, nhkioc >18 wpodv puéypt 7 nuepov, ce 30 ekTpo@ég, oTa omoio
mpocdlopiotnke pe SOLAGILETPO 1| CLYKEVIPWGT OAK®V TPMOTEIVAOV 6TO 0pd TOV aipoToc. XTn HEAETN XPNOLUOTOONKaY
0o dwapopetikd opa: 5,2 kat 5,5 g dL. "Evag pooyog Bewpndnke oti gixe éAdetym emapkovs modntikng avooiog otov n
GLYKEVIPMOOT OAK®V TPOTEVOV NTAV KPOTEPT OO TO TOPUTAVE® Opte. Mia ektpor| OempnOnke nog avtipetdmle TpoPAnpa
eEAMMTONG TN TIKNG HETAPOPAS avocoopalptvdv O6tav >20% omd Tovg HOGYOVSG GTOVG OTolovg elye yivel detypatoinyia, giyxe
GUYKEVIPMGELG OMKOV TpoTeivdv <52 1| <5,5 g dL'. EmmAéov, dedopéva yio to akorovbodpeva tpdTuma dloyeiptong e
VYElOG OTNV EKTPOPT] GLYKEVIPOONKOV GE GYETIKO EPOTNUATOAIYIO, HEG® GUVEVTELENG LE TOVG KTNVOTpOPovs. Me Opto to 5,2
g dL, 20% tov pooywv kat 40% Tmv eKTpoe@dv Topovciocay eI TabnTiKh LETAPOPE AVOCOCPULPVAY, EVD pE Opto To 5,5
g dL! 1o avtictoya supiuato ftav 26% kot 53%. Xe eninedo eKTpo@ng, N HECT GLYKEVIPMOT OMKOV TPOTEIVOV ETEWVE VO
emnpeaotel Oeticd omd TV EyKaipr Yopynon TPOTOYUAOKTOG, amd TN Sl0TNPNOoT KATEYLYUEVOV amodeudTOv TpmTOYAAUKTOG
Kot amd v vmoapén Eexwplotg opddag ayelddwv otTig televtaiss 3 efdopnadec g Enpdg meptddov. e aTopKd Eminedo,
ol TOPUmTAv® TOPAyovTeg glyay oNUOVTIKY OETIKN ETIOPAOT GTN GLYKEVTIP®GT TOV OAK®OV TPOTEIVAOV. AKOun, 1 TocOTNTO
TOV YOPNYOVUEVOL TPOTOYGAOKTOG KOl T VYIEWN TOV KATAGTOON Topovsiacay OETIK GUGYETION HE TN GLYKEVIPMGY] TOV
OAMKMV TPOTEIVAOV. ZVUTEPACHOTIKA, 1| EAMTNG TOONTIKY HETAPOPA AVOGOGOUIPIVAV 6g HOGYovug PLANG Holstein givar cuyvn
o115 ekTpoéc g B. EALGSac. Elvar epepovég amd ta amoteAéopato e EpEVVaS MG TOAAOT KTvoTpdpol dev gival cmotd
EVNUEPOUEVOL Y10 TO, SIUXEIPLOTIKA TPOTVTO. TOV TPEMEL VOL EPOPLOGTOVV DOTE VO SIULGPOAMOTEL 1 EXAPKNG TAONTIKY LETAPOPA.
OVOGOGPAPIVAV GTOVG HOGYOVG. UG €K TOVTOV, KPIVETOL 11{TEPO CTUOVTIKN 1] LETOPOPA YVAOTNG TPOG TOVG KINVOTPOPOVG
GYETIKA [LE TNV EQOPLOYN TV 0pODV SOYEPIOTIKOV TPOTHTMV Kol EVEPYEIDOV TTOL B 0dnyNnoovv oty eAdtT®on 1 eEAAEYN TOVL
TPOPANLATOS.

Aéeig svpeTnpiocng: avococparpives, dtuyelplotikd tpdtumo, EALGSa, EA ey mabnTikng ovociag, LOoyol, OMKES TPOTEIVEG,
TPOTHYOAL.

INTRODUCTION al., 2008). Therefore, it is important to ensure that dairy
calves receive an adequate quantity of good-quality
(high IgG1) colostrum within the first hours of life, in
order to facilitate optimal passive transfer of maternal
Ig from dam to calf (Morin et al., 1997; Jaster, 2005).

Passive transfer of immunoglobulins in calves
may be assessed by several methods, among these

direct measurement of serum IgG by ELISA or radial

I n ruminants, failure of passive transfer of immu-
noglobulins from the dam to the newborn animal
predisposes neonates to various diseases (Weaver et
al., 2000). There is a recognized association between
calf morbidity/mortality and reduced maternal immu-
noglobulin transfer to neonatal calves (Paré et al.,

1993; Donovan et al., 1998; Virtala et al., 1999). Poor
performance, as well as increased morbidity/mortality
in calves result in higher production costs and reduced
profitability for the dairy industry (Trotz-Williams et

immunodiffusion (Filteau et al., 2003) and estima-
tion of serum IgG concentration by measuring blood
serum total protein concentration using refractom-
etry (Wallace et al., 2006). The last method has been
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reported to be a reliable screening test for diagnosis
of failure of passive transfer in calves (Calloway et
al., 2002, McGuirk and Collins, 2004). Blood serum
total protein concentration >5.2 g dL"' in healthy,
well-hydrated calves or >5.5 g dL"' in clinically ill
calves is considered a measure of adequate passive
transfer of immunoglobulins (McBeath et al., 1971;
Tyler et al., 1996; Tyler et al., 1999; Weaver et al.,
2000).

Although importance of colostrum has been
appreciated for almost 100 years (Crowther and
Raistrick, 1916), failure of transfer of immunoglob-
ulins is a common problem amongst dairy calves
(Davidson et al., 1981; Hancock, 1985; Besser et al.,
1991; Tyler et al., 1998). In the USA, ~35% of dairy
calves are estimated with failure of passive transfer
of immunoglobulins (Stott et al., 1979; Brignole
and Stott, 1980), a fact that makes the problem of
great significance for cattle farmers. To date, sev-
eral reports have been published on factors associ-
ated with the acquisition of passive immunity in new-
born calves in the United States (Besser et al., 1991;
Perino et al., 1995; Quigley et al., 2001) or Canada
(Filteau et al., 2003).

Information regarding failure of passive transfer
of immunoglobulins in Greece is limited. Objectives
of the present study were to estimate prevalence
of failure of passive transfer of immunoglobulins
in Holstein dairy calves in Northern Greece and to
investigate factors potentially associated with it.

MATERIALS AND METHODS
Farms, samplings and techniques

A cross-sectional study was conducted in 30
dairy farms in Northern Greece. Four hundred and
thirty seven (437) Holstein calves, varied from 12
to 22 calves from each farm, were overall enrolled.
Each herd was visited once by the same author (EK)
between January and May, 2009.

On each visit, clinical examination was per-
formed on each calf and animals found unhealthy
were not included in the study. A blood sample was
collected from all calves aged 18 hours (which had
received colostrum >6 hours earlier) to 7 days at the
time of the visit. Samples were collected within 30
min to 2 h after a colostrum or milk meal.

Blood samples were collected from the jugu-
lar vein, by using 21% G disposable needles, into
10 mL plain glass vacuum tubes (BD Vacutainer®;
Plymouth, United Kingdom) with no anticoagu-
lant. Samples were placed in a cooler immediately
after collection and refrigerated at 4 °C. Serum was
separated by low speed centrifugation (1600 g for 15
min) within 24 hours after collection. Total protein
concentration was determined with a desktop refrac-
tometer (ATAGO T2-NE CLINICAL, Atago Ltd,
Tokyo, Japan), in accordance with manufacturers’
instructions.

Data management

During the study, two different serum total pro-
tein thresholds were employed to evaluate potential
failure of passive transfer of immunoglobulins: 5.2 or
5.5 g dL''. At calf level, an animal was considered to
have failure of passive transfer of immunoglobulins,
when blood serum total protein concentration was
<5.2 or <5.5 g dL!. At herd level, a herd was consid-
ered to have problems with failure of passive transfer
of immunoglobulins, when >20% of calves sampled
had serum total proteins <5.2 or <5.5 g dL!, as used
for individual calves.

Data on colostrum and dry cow management
were collected completing a purpose-built question-
naire, by means of interviews and observations by
the above author (EK). The following data were
included: mode of colostrum administration, quan-
tity of colostrum received by calves, interval between
birth and first colostrum meal, administration of
colostrum from heifers, maintenance of a stock of
frozen colostrum, administration of a colostrum sup-
plement, colostrum administrator, colostrum condi-
tions, equipment condition, interval between birth
and second colostrum meal, establishment of a close-
up group of dry cows and duration of dry period.
Based on above information, farms were allocated
in a cluster as per model description below and all
calves on that farm were included in the farm cluster.

To estimate the effect of each of the above fac-
tors on mean total protein concentration (both at herd
and calf level) and on classifying calves in a failure
of passive transfer of immunoglobulins or not by
using the above two thresholds (5.2 or 5.5 g dL.).

A general linear model (univariate analysis
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of variance) was used in SPSS 21.0. Factors were
included in the model as categorical variables, as fol-
lows: (a) mode of colostrum administration (binary,
hand-feeding or sucking), (b) quantity of colostrum
received by calves (binary, <1.5 L or >1.5 L), (¢)
interval between birth and first colostrum meal (1:
<2.5 h, 2: 2.5-5 h or 3: >5 h), (d) administration
of colostrum from heifers (binary, yes or no), (e)
maintenance of a stock of frozen colostrum (binary,
yes or no), (f) administration of a colostrum supple-
ment (binary, yes or no), (g) colostrum administrator
(binary, farmer or worker), (h) colostrum condition
(1: good, 2: moderate or 3: bad), (i) equipment con-
dition (1: good, 2: moderate or 3: bad), (j) interval
between birth and second colostrum meal (binary,
<12 h or >12 h), (k) establishment of a close-up
group of dry cows (binary, yes or no) and (1) duration
of dry period (1: <45 d, 2: 45-60 d or 3: >60 d).
Significance level was set at P<0.05.

RESULTS

Using blood serum total protein concentration of
5.2 g dL! as threshold, 87 of 437 calves (20%) and
12 of 30 (40%) herds were found to have failure of
passive transfer of immunoglobulins. When the 5.5 g
dL"! threshold was used, prevalence of failure of pas-
sive transfer of immunoglobulins increased to 26%
and 53%, respectively.

Total protein concentrations of calves ranged
from 4.0 to 8.4 g dL! (mean: 6.21 g dL'; median:
6.18 g dL"). In each farm, number of calves with
total concentration <5.2 g dL! ranged from 0 (4
farms) to 8 (1 farm) calves; when the threshold of
5.5 g dL! was used, the respective number was 0 (2
farms) to 10 (1 farm) calves (Table 1).

Associations of management practices and
prevalence of failure of passive transfer of immu-
noglobulins were as follows. At farm level, mean
blood serum total protein concentration tended to
be positively affected by a short interval between
birth and first colostrum meal, by maintenance of a
stock of frozen colostrum and by establishment of a
close-up group of dry cows (P = 0.082, P = 0.054,
P = 0.086, respectively; R*= 0.878). At calf level,
the same factors had a statistically significant posi-
tive effect on blood serum total protein concentra-

tion (P = 0.001, P = 0.001, P = 0.006, respectively;
R?>= 0.980). Moreover, quantity of colostrum
received by calves and colostrum condition were also
positively related with blood serum total protein con-
centration (P = 0.072, P = 0.068, respectively). Short
interval between birth and first colostrum meal and
maintenance of a stock of frozen colostrum also had
a significant positive effect on calves with no failure
of passive transfer of immunoglobulins when either
threshold (5.2 g dL! or 5.5 g dL') was employed
(P = 0.027, P = 0.049, respectively; R*= 0.960 or
P=0.024, P =0.026, respectively; R*= 0.949).

DISCUSSION

Failure of passive transfer of immunoglobu-
lins in dairy herds puts calves at increased risk for
development of various diseases. Even clinically
healthy animals, in which failure of passive transfer
of immunoglobulins was noted, can shed increased
numbers of pathogens (McGuirk, 2010). Calves with
severe failure (blood serum concentration of total
proteins <4.5 g dL') were found to be around 10
times more likely to die in the first 100 days of life
than were calves with blood serum concentration of
total proteins >5.5 g dL"' or <6 g dL' (Tyler et al.,
1999). Moreover, the potential long-term effects
should not be overlooked. Average daily gain was
lower and post-weaning mortality rate was higher
in dairy heifers with failure of passive transfer of
immunoglobulins at calthood (Robison et al., 1988).
Also, such heifers had lower mature equivalent milk
production during the 1st lactation (DeNise et al.,
1989).

Herd-based assessment of passive immunity is
different than testing individual calves and focuses
on the proportion of calves with reduced immu-
noglobulin blood concentration. Accurate conclu-
sions require a discriminating test, an appropriate
sample size and a suitable population of calves to test
(McGuirk and Collins, 2004).

Measurement of blood total protein concen-
tration is practical and well-priced and has been
validated for estimating passive immunity at herd
level (McBeath et al., 1971; Tyler et al., 1996; 1999;
Weaver et al., 2000). Immediacy of results permits
practitioners to provide feedback to farmers and
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Table 1. Detailed results of calves sampled for failure of passive transfer of immunoglobulins in 30 dairy farms in Northern Greece; two
thresholds were employed for blood serum total proteins concentrations to indicate the problem: <5.2 g dL! or <5.5 g dL"!.

o No of calves sampled No of calves with blood serum totalll No of calves with blood serum tot?l
proteins concentration <5.2 g dL” proteins concentration <5.5 g dL”

1 13 2 2
2 13 4 5
3 12 7 8
4 15 2 3
5 15 2 3
6 14 1 3
7 14 3 3
8 13 2 2
9 16 4 6
10 15 4 6
11 14 1 1
12 13 2 2
13 17 6 9
14 18 8 10
15 14 0 1
16 14 7 8
17 15 1 2
18 12 2 2
19 13 2 4
20 11 0 0
21 12 4 4
22 13 1 2
23 13 0 0
24 22 0 1
25 16 2 3
26 15 2 4
27 13 3 3
28 21 6 7
29 16 6 6
30 15 3 5
otal 437 87 115
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make clinical decisions regarding necessity of tar-
geted intervention in individual calves, as well as
in management practices leading to the problem at
herd-level (Tyler et al., 1996).

Measurement of serum total protein by a refrac-
tometer for indirect serum immunoglobulin concen-
tration estimation was first proposed by McBeath and
co-workers in 1971. They demonstrated that blood
serum protein measurement by a refractometer had
good correlation with blood serum immunoglobulin
concentration measured by radial immunodiffusion.
In another study, it was shown that a blood serum
protein concentration of 5.2 g dL"!' was equivalent to
IgG concentration of 1,000 mg dL"'; a cut-off point
of 5.5 g dL" may be preferable in clinically ill calves
(Tyler et al., 1999); on healthy, adequately hydrated
calves, blood serum total protein of >5.2 g dL' is
associated with adequate passive transfer (Tyler et
al., 1996).

A sample size of 12 calves provides adequate
confidence level in the results. In a small herd, test
results can be delayed until 12 calves would have
been tested. Using an established cut-point of 5.5 g
dL" blood serum protein concentration, the propor-
tion of calves below the cut-point determines the
adequacy of passive transfer of immunoglobulins.
An alarm level is set at 20%; however, if the result is
around that, more calves should be tested, in order to
increase power of the procedure. Herd-based testing
for failure of passive transfer of immunoglobulins
serves as the basis for troubleshooting calf health
problems (McGuirk and Collins, 2004).

Prevalence of failure of passive transfer of
immunoglobulins in the USA was found to be >40%
(USDA, 1993), although later it declined. In a large-
scale study conducted in 2007, 1816 healthy dairy
calves from 394 dairy operations in 17 states were
sampled; the results showed that 19% of the calves
had failure of passive transfer of immunoglobulins.
Moreover, 41% of those farms had at least one calf
with failure of passive transfer of immunoglobulins
(Beam et al., 2009). In general, similar findings have
also been reported from Canada (Filteau et al., 2003;
Trotz-Williams et al., 2008). Results of the present
study indicate that situation in Greece is similar to
that reported elsewhere.

This high prevalence of FPT encountered in

farms in Northern Greece appears to be due to mana-
gerial deficiencies concerning colostrum compo-
sition, collection, handling, storage and feeding.
Nevertheless, there were farms with good manage-
ment practices, as shown by detection of no calves
with failure of passive transfer of immunoglobulins
in some of them.

The results of the questionnaire indicate that
mean total protein concentrations were positively
affected by short interval between birth and first
colostrum meal, by maintenance of a stock of fro-
zen colostrum and by establishment of a close-up
group of dry cows, as well as, to a lesser degree, by
quantity of colostrum received by calves and good
colostrum condition and are in accord with results of
previous studies reported in the literature (Weaver et
al., 2000; Morin et al., 2001; McGuirk and Collins,
2004). In dairy cattle, the variability in colostrum
immunoglobulin concentration and volume requires
that 3 to 4 L (depending on the breed) of colostrum
be given to assure that an adequate immunoglobu-
lin mass is received by the newborns (Besser et al.,
1991; Tyler et al., 1999).

Calves, which had received >1.5 L of colostrum
per meal, had higher total protein concentrations and
better status. Also, calves which received two meals
within 12 h after birth, had higher total protein con-
centrations. Hence, in order to decrease prevalence of
failure of passive transfer of immunoglobulins and to
improve calf immunity, it was suggested to farmers
to adjust colostrum feeding plan accordingly, i.e. to
administer a larger quantity at an earlier stage.

Mean total protein concentrations were also pos-
itively affected by formation of a close-up group of
dry cows. In farms where dry cows were divided into
two groups (for earlier or later expected calving),
higher total protein concentrations, and thus better
passive immunity status in calves, were recorded.
That way cows would be fed in an improved way,
which is better suited to their needs, hence produce a
higher quality colostrum. Moreover, one can suggest
that application of such practices indicates improved
overall management in the farm, which again is asso-
ciated with improved colostrum quality.

Finally, good conditions of colostrum and
equipment also has been found to have a positive
effect on reducing prevalence of failure of passive
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transfer of immunoglobulins to calves. Taking into
account the present results, farmers were advised to
improve general hygiene conditions in the farms and
were also informed regarding the beneficial effects of
maintaining a stock of frozen or refrigerated colos-
trum available for administration to calves in need.

CONCLUDING REMARKS

In conclusion, failure of passive transfer of
immunoglobulins is a common problem in Holstein
calves in Northern Greece. Increased prevalence of
the problem implies that increased efforts and man-
agement practices need to be applied to ensure the

adequate transfer of maternal immunoglobulins to
newborn calves. Also, it becomes obvious from all
the above findings that many farmers are not well
informed for management practices that have to
implement to ensure adequate amounts of immuno-
globulins to newborn calves. Hence, dissemination
of knowledge concerning best management practices
for achieving adequate passive immunity is consid-
ered to be of significant importance.
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