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Abstract: This study was designed to investigate associations between transfer of passive immunity, selected illness-
es (diarrhoea, pneumonia, and fatigue anorexia syndrome-FAS) and growth performance [body weight (BW) and aver-
age daily gain (ADG)] in preweaned lambs. A total of 347 lambs were blood sampled at 24+1 h of age after birth and
the serum IgG concentration for each lamb was measured after colostrum intake using a commercial ELISA kit. Lambs
were weighed on a scale immediately after birth (before colostrum intake) and reweighed on day 28 (end of neonatal
period) and day 84 (age of weaning). Lambs ADG was calculated from 0 to 28 d of life, from 29 to 84d of life, and from
0 to 84 d of life. Growth performance (BW and ADG) of lambs with diarrhoea and FAS in the neonatal period and with
pneumonia in the postneonatal period was significantly lower than that of healthy lambs of the same period (P<0.05).
BW of lambs with serum IgG concentration at 24™ hour after the birth (SIgGC-24)<600 mg/dL and <1000 mg/ml was
significantly lower on days 28 and 84 than that of lambs with SIgGC-24 >600 mg/dL and >1000 mg/ml (P<0.001). Simi-
larly, the ADG of lambs with SIgGC-24 <600 mg/dL and <1000 mg/ml was significantly lower on days from 0-28, 29-84
and 0-84 of age than those of lambs with SIgGC-24 >600 mg/dL and >1000 mg/ml (P<0.001). In conclusion, our find-
ings show that low serum IgG concentration in lambs, as well as the presence of pneumonia, diarrhea and FAS, reduc-
es growth performance in pre-weaning lambs.
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Siitten Kesilmis Kuzularda Biiyiime Performansi, Pasif Bagisiklik ve Saglik Arasindaki lligki

Oz: Bu galismanin amaci, siitten kesim dénemi kuzularda pasif bagisiklik transferi ile bazi hastaliklar (ishal, pnémoni,
fatigue anoreksi sendromu-FAS) ve biyume performansi [vicut agirligi (BW) ve ortalama gunluk agilik artisi (ADG)]
arasindaki iliskiyi arastirmaktir. Toplam olarak 347 kuzudan kolostrum alinimindan ya da dogumdan sonra 24+1 saat
kan ornekleri toplanmis ve her bir kuzu igin serum IgG konsantrasyonu ticari bir ELISA kiti kullanilarak olgulmustir.
Kuzular dogumdan hemen sonra (kolostrum alimindan 6nce) tartilmisg ve 28. giinde (neonatal dénemin sonunda) ve
84. giinde (sltten kesim yasi) tekrar tartilmigtir. Kuzularin ADG'si yagsamin 0 ila 28. glinleri arasinda, yagsamin 29 ila
84. glnleri arasinda ve yasamin 0 ila 84. gunleri arasinda hesaplanmigtir. Neonatal donemde ishalli ve FAS tanili ve
postneonatal dénemde pnémonili kuzularin buyime performansi (BW ve ADG) ayni donemdeki saglikh kuzulara gore
onemli dlgiide dusuk bulundu (P<0.05). Dogumdan sonraki 24. saatte serum IgG konsantrasyonu (SIgGC-24) <600
mg/dL ve <1000 mg/ml olan kuzularin canli agirliklari 28. ve 84. glnlerde SIgGC-24 >600 mg/dL ve >1000 mg/ml olan
kuzulardan énemli 6lglide daha diiglikti (P <0.001). Benzer sekilde, SIgGC-24 <600 mg/dL ve <1000 mg/ml olan kuzu-
larin gunlik canli agirhk artisinin 0-28, 29-84 ve 0-84 yas gunlerinde SIgGC-24 >600 mg/dL ve >1000 mg/ml olan
kuzulardan 6nemli 6lgide daha dusuktiu (P<0.001). Sonug olarak, bulgularimiz dusuk serum IgG konsantrasyonunu ile
birlikte pndmoni, ishal ve FAS bulunmasi kuzularda siitten kesim dncesi bliyiime performansini azaltmaktadir.

Anahtar kelimeler: Blyime performansi, IgG esik degerleri, kuzu, saglik

Introduction monia, and FAS in preweaning lambs cause signifi-

cant economic losses every year due to high mortali-
Neonatal diseases are the most common problem in ty rate, decreased growth performance and treatment
animal husbandry. Diseases such as diarrhea, pneu- expenses (Gokge et al., 2014; Kenyon et al., 2019).

Preweaning colostrum management is an important
predictor of lamb health and growth performance and
should be assessed regularly. The first step in in-
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creasing farm yield and profitability is to ensure ade-
quate passive ftransfer (Elsohaby et al., 2019).
Growth in the preweaning period is influenced by
many different factors, including passive colostral
immunity, disease, nutrition, management practices,
and environmental conditions.

The syndesmochorial structure of the ovine placenta
does not allow transfer of maternal immunoglobulins
to the fetus during pregnancy. Therefore, the lamb is
a gammaglobulinemic at birth and dependent on pas-
sive transfer of IgG from maternal colostrum within
the first hours of life. The transfer of maternal anti-
bodies is critical for protection of new born lambs as
their immune systems is not yet fully competent. The
passive transfer of colostral immunity occurs through
the absorbtion of colostral Ig by pinocytosis in the
small intestinal epithelium (Kozyr et al., 2019). New-
born lambs absorb colostral IgG during the first 24
hours after birth; after which the absorption capacity
decreases over time as the digestive system ma-
tures. Therefore, the 24th hour after birth is the best
time to determine the passive immune status in the
lamb sera (Alves et al., 2015). Studies suggest that
adequate 1gG absorption is associated with reduced
morbidity due to infection and therefore reduced use
of antibiotics, and improved growth performance
(Aydogdu et al., 2018; Agenbag et al., 2021; Johnson
et al., 2022). Thus, determination of serum IgG con-
centrations in new born lamb is essential in order to
take appropriate measures to reduce morbidity, mor-
tality and improve growth performance (Vatankhah,
2013; Santiago et al., 2020). However, to date, there
has been little research into developing strategies for
optimizing passive immunity transfer in lambs, espe-
cially in Turkey.

Low serum IgG concentration absorbed from colos-
trum is defined as failure of passive transfer (FPT)
(Tsiligianni et al., 2012; Hernandez-Castellano et al.,
2014; Gokee et al., 2021a). FPT has been associated
with many neonatal ruminant diseases, including the
respiratory system, diarrhea, septicemia, and om-
phalophlebitis (Herndon et al., 2011). FPT also in-
creases the duration of illness, contagiousness, or
pathogen shedding, and reduces growth in prewean-
ing lambs (first few months of life) (Massimini et al.,
2006; Andres et al., 2007; Turquino et al., 2011, At-
kinson et al., 2017, Bond, 2020). Recommended best
practices to prevent FPT include feeding a minimum
of 50 ml/kg of colostrum within 6 h of lambing in a
total of 150-290 ml/kg in 18-24 h, to have sufficient
passive immunity (Aydogdu et al., 2018).

There is no internationally accepted threshold value
for FPT in lambs. For this reason, studies to date
have generally used two different thresholds of IgG
<600 and <1000 mg/dl at 24 hours after birth, indicat-
ing inadequate passive transfer (Gilbert et al., 1988;
Britti et al., 2005; Gokge et al., 2019). Poor health
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and growth in young lambs can have lasting effects
on their development and future production. Improv-
ing growth performance also motivates producers.
The effect of diseases such as pneumonia and diar-
rhoea on the growth performance of lambs is not well
understood. This may be due to the length of time
required for disease detection, health examination
and observation.

This study was designed to determine the relation-
ship between the transfer of passive immunity (24" h
postpartum IgG concentration) and growth perfor-
mance (weight gain-WG and average daily gain-
ADG) in preweaned dairy lambs in relation to select-
ed diseases, as there seems to be a lack of
knowledge about it.

Materials and Methods

The study protocol was authorized by the Institutional
Ethics Committee for the Care and Use of Animals,
Kafkas University (KAU-HADYEK, 2008-23).

Animals

The details of the study design are given elsewhere
(Gokce et al., 2013). Briefly, a longitudinal observa-
tional study was designed in which 347 Akkaraman
crossbred lambs from two neighbouring farms with
similar management practices and feeding regimes
in Kars, Turkey, agreed to participate. All ewes
were housed as set out by management procedures
of the farms. Ewes were not given any drugs or
other substances during gestation or parturition.
Flock management was typical of the region, with
lambs being born in winter (December to February)
or spring (March to May) and was supervised by
stockmen during the entire lambing period and
lambs were allowed to suckle colostrum on their
own within 24 hours of birth. Lambs and their dams
were housed in individual pens for up to seven
days, after which the lambs were, then moved to
group pens, allowed to suckle twice a day (morning
and evening), fed hay only for three weeks after the
first week of life, and straw and commercial growth
feed (Bayramoglu AS, Tirkiye) in addition to hay for
three months. The lambs were intensively reared.

Daily weight gain

The study included only lambs that were regarded as
healthy after birth. Plastic ear tags were placed on
each ear of the lambs shortly after birth. The lambs
were weighed at birth before colostrum intake
(n=347) using a scale [CASIA DB2-150 kg (+30 g)]
and then let to naturally suckle their dams. The lambs
were not given any vaccinations, drugs or other sub-
stances during the study period. The lambs were
weighed again on day 28 (at the end of the neonatal
period, n=291) and day 84 (weaning time, n=290)
using the same scale. Lambs ADG was calculated
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from 0O to 28 d of life, from 29 to 84d of life, and from
0 to 84 d of life as previously reported (Elsohaby et
al., 2019).

Blood sampling

All lambs were blood sampled at 24+1 h after birth,
provided they had received colostrum, by jugular vein
puncture into an 85 mL clot-activated tube (BD
Vacutainer, BD, Franklin Lakes, NJ). Serum was ob-
tained following centrifugation at 4000 rpm for 30
minutes and stored at -20°C until analyses.

IgG assays

A commercially available ELISA test (Bio-X Competi-
tive ELISA Kit for Ovine blood serum IgG Assay-BIO
K 350, Bio-X Diagnostics, Belgium) was used to
measure serum IgG concentrations in lambs. The
test was performed and interpreted according to the
manufacturer's instructions.

Clinical examination

Routine clinical examinations of lambs were under-
took to determine clinical problems (diarrhea, pneu-
monia, suspected septicemia, fatigue-anorexia syn-
drome, other or unknown) in neonatal lambs based
on case definition as previously described (Gokge
and Erdogan, 2009). Lamb health was monitored on
daily visits during the neonatal period (0-28 days) and
every two days after neonatal period until weaning.

Statistical analysis

Data was entered on to a database (Microsoft ac-
cess). The distribution of the data was tested for con-
formity to a normal distribution by the Shapiro-Wilk
test. Mean + SE (standard error) values for serum
IgG concentrations and growth performance (ADG
and WG) was calculated. The results of clinical ex-
amination were categorized in term of health as
healthy and sick and life period as the neonatal (first
four weeks of life) and postneonatal (the period from
5 to 12 weeks after birth). An independent two-
sample t-test was used to compare SIgGC-24 and in
different categories of health status in both periods.
In addition, the same test was used to compare
growth performance (ADG and WG) and different
categories of health status such as diarrhea and
pneumonia in neonatal and postneonatal periods. An
independent two-sample t- test was used to compare
the growth performance (ADG and WG) of the lambs
in neonatal and postneonatal period according to the
post-colostral (24™ hour after birth) IgG cut-off point
(<600 versus >600 and <1000 versus >1000 mg/dl)
(Gilbert et al., 1988; Britti et al., 2005; Gokge et al.,
2019). Correlations between growth performance and
SlgGC-24 for selected diseases were determined
using Pearson correlation test. Lambs that died, sold
or not measured between the two periods were ex-
cluded from the growth performance analyses. P
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value <0.05 was considered as significant.
Results
Health status

The morbidity and mortality rates in the neonatal peri-
od were 17.3% (60/347) and 3.7% (13/347) respec-
tively. The proportions of diarrhoea, pneumonia, sus-
pected septicaemia and fatigue anorexia syndrome
(FAS) in neonatal lambs were 9.2% (32/347), 1.7%
(6/347), 3.2% (11/347) and 3.2% (11/347) respective-
ly. Of the deaths in this period, 10 lambs died of sus-
pected of septicemia and 9 in the first week of life.

The proportions of sick and dead lambs in the post
neonatal period were 32.4% (108/333) and 4.5%
(15/333) respectively. Most common postneonatal
health problems were diarrhoea (18.6%, 62/333),
pneumonia (7.5%, 25/333), suspected septicemia
(1.2%, 4/333) and others/unknown causes (5.1%,
17/333).

Growth performance and IgG concentrations

The serum IgG concentration at 24 hours after birth
(SIgGC-24) ranged from 8 to 5302 mg/mL
(21994£1160). The mean live body weight measured
at birth, 28 and 84 days after birth was 4.06+0.646 g
(2.260 to 5.900 g), 9.281+1.164 g (5.800 to 14.020 g)
and 20.789+4.057 g (11.850 to 29.800 g), respective-
ly. Mean ADG for 0-28, 29-84 and 0-84 days were
0.184+0.047 g/d (0.103 to 0.449 g/d), 0.210+0.044 g/
d (0.105 to 0.449g/d), and 0.247+0.048 g/d (0.141 to
0.355 g/d), respectively.

A comparison of growth performance in relation to
the health status of pre-weaned lambs is shown in
Table 1. Growth performance (BW and ADG) of
lambs with diarrhoea and FAS in the neonatal period
and with pneumonia in the postneonatal period was
significantly lower than that of healthy lambs of the
same period (P<0.05).

Changes in growth performance at different serum
IgG thresholds are shown in Figure 1. The BW of
lambs with SIgGC-24 <600 mg/dL was significantly
lower (P<0.001) at 28 and 84 days of age (5.91 kg
and 14.26 kg, respectively) than that of lambs with
SlgGC-24 >600 mg/dL (8.91 kg and 20.53 kg, re-
spectively) (Figure 1A). Similarly, lambs with SIgGC-
24 <600 mg/dL had significantly lower ADG from
days 0-28, 29-84 and 0-84 of age (0.07 g, 0.16 g and
0.17 g, respectively) than lambs with SIgGC-24 >600
mg/dL on the same days (0.18 g, 0.21 g and 0.24 g,
respectively) (P<0.001) (Figure 1B).

Lambs with SIgGC-24 <1000 mg/dL had significantly
lower BW on days 28 and 84 (7.14 kg and 16.19 kg,
respectively) than those with SIgGC-24 >1000 mg/
dLon the same days (8.98 kg and 20.72 kg, respec-
tively), (P<0.001) (Figure 1C). Similarly, lambs with
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Table 1. Growth performance of pre-weaned lambs in relation to health status

Period*

Neonatal (first 4 weeks after birth)

Postneonatal (5-12 weeks after birth)

Clinical ADG (g/day) BW (kg) ADG (g/day) BW (kg)
Diagnosis (Mean * SE) (Mean * SE) (Mean * SE) (Mean * SE)
Diarhoea 0.137£0.01 (n=30) 7.7£0.39 (n=30) 0.173+0.007 (n=60) 9.73+0.41 (n=60)
P<0.001 P=0.002 P<0.001 P<0.001
Pneumonia 0.113£0.03 (n=6) 6.77+0.89 (n=6) 0.182+0.009 (n=20) 10.22+0.55 (n=20)
P=0.126 P=0.126 P=0.018 P=0.018
FAS 0.133+0.02 (n=9) 7.03+0.76 (n=9) None None
P=0.048 P=0.049
Other None None 0.193+0.006 (n=12) 10.8410.35 (n=12)
P=0.326 P=0.359
Healthy (n) 0.178+0.003 9.09+0.11 0.28+0.003 12.15+£0.19
(n=272) (n=272) (n=213) (n=213)

Mean + SE (standart error), n= number of lambs, None: no cases, ADG=Average Daily Gain, BW=Body
Weight, FAS =Fatigue-Anorexia Syndrome (Mismothering, hypotermia and starvation), significantly different
from healthy lambs. * Exclusion of lambs unavailable (death, sale, not measured) between neonatal and post-

neonatal period accounts for the difference in numbers.

SIgGC-24 <1000 mg/dL was significantly lower the
ADG on days from 0-28, 29-84 and 0-84 age (0.13 g,
0.16 g and 0.19 g, respectively) than those with
SlgGC-24 >1000 mg/dL (0.18 g, 0.21 g and 0.25 g,
respectively), (P<0.001) (Figure 1D).
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Figure 1: Box plots illustrating variability in (A, C)
body weight (BW) at 28 days and weaning age; aver-
age daily gain (ADG) from 0 to 28, 29 to 84, and 0 to
84 days of life (B, D) in Akkaraman lambs with ade-
quate transfer of passive immunity (IgG>600 and
[gG>1000 mg/dL) and failure of transfer of passive
immunity (IgG<600 and IgG<1000 mg/dL).
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Discussion and Conclusion

Growth performance and morbidity rates have been
shown to be suitable indicators for assessing lamb
health and welfare at flock level. Growth performance
reflects appropriate nutrition and feeding strategies
for lambs, but it can be affected if lambs are sick or
stressed. Colostrum management is also an im-
portant predictor of health and growth performance
and should be assessed early in life. Passive transfer
of colostral immunity (PTCI) may better reflect health
and flock management, whereas FPT requires moni-
toring of individuals that may require additional treat-
ment and preventive measures (Gokge et al., 2019).
In addition to the implications for infections, lambs
with sufficient colostral immunoglobulins may develop
a more efficient metabolic system and achieve nor-
mal growth, in contrast to lambs with FPT who have
reduced feed intake (Massimini et al., 2007).

The present study evaluated passive immunity and
diseases on growth performance of pre-weaned
lambs. Studies to date have reported that there is no
single threshold value of IgG indicating FPT in lambs
(Gilbert et al., 1988; Britti et al., 2005; Gokge et al.,
2019). Therefore, two different previously suggested
values threshold (serum IgG <600 mg/mL and <1000
mg/mL) were used in our study.

Despite the ambiguity of the results, studies, espe-
cially in calves (Caldow et al., 1988), disclosed a pos-
itive association between sufficient colostral immunity
and growth performance (Atkinson et al., 2017; Al
and Sayed-Ahmed, 2020), while FPT together with
diseases reduced growth performance (Gokce et al.,
2013; Windeyer et al., 2014). This was the case in
our study where FPT and concurrent disease were
associated with poor growth performance in pre-
weaned lambs. Poor growth performance is to be
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expected as FPT causes an inability to overcome
infections (diarrhoea, pneumonia), resulting in dis-
ease onset, which consequently leads to reduced
intestinal nutrient utilization and feed intake, thus
depriving the animal of nutrients required for growth
and immunity. This may explain the reduced growth
performance of lambs with FPT compared to those
with adequate PTCI in our study. Similar associations
were reported by reseracher in calves and lambs
(Elsohaby et al., 2019; Pesca et al., 2020). Studies
also reported local protective action of colostrum in
the intestine (Nocek et al., 1984) and enhanced
growth through morphological changes and functional
maturation of the gastrointestinal tracts of neonates
(Gascoigne and Davies, 2019; Elsohaby et al., 2019;
Bond, 2020). Since colostrum is known to contain
many substances (lymphocytes, cytokines, lactofer-
rin, acute phase proteins, growth factors, fat, lactose,
vitamins, minerals, carnitine, antioxidant, enzymes,
etc.) in addition to immunoglobulins (Mastellone et
al., 2011; Hernandez-Castellano et al, 2014, Hede-
gaard and Heegaard, 2016; Ahmadi et al., 2016;
Gokge et al., 2021a; Gokge et al., 2021b; Agenbag et
al., 2021; Gokge et al., 2022), it is possible that colos-
trum could have influenced the growth response or
the immune and metabolic systems of the Akkara-
man lambs in this study

In conclusion, our results indicate that low serum IgG
concentration in lambs reduces growth performance
in preweaning lambs, as well as pneumonia, diar-
rhoea and FAS. It may also suggest that appropriate
colostrum management may help to maintain health
and growth performance, thus improving productivity
and profitability of preweaning lambs on sheep farms.
However, further studies are needed to better under-
stand the relationship between growth performance,
disease and FPT.
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