
 

 

 

ESTONIAN UNIVERSITY OF LIFE SCIENCES  

Institute of Veterinary Medicine and Animal Sciences 

 

 

Johanna Häkämies 

 

NEONATAL LAMBS SERUM CONCENTRATION OF 

HAPTOGLOBIN AND ITS POSSIBLE ASSOCIATION WITH 

WEIGHT GAIN DURING FIRST MONTHS OF LIFE 

 

LAMBATALLEDE NEONATAALPERIOODI HAPTOGLOBIINI 

KONTSENSTRATSIOON SEERUMIS JA SELLE VÕIMALIK 

SEOS MASSI-IIBEGA ESIMESTEL ELUKUUDEL  

 

 

Final Thesis  

Curriculum in Veterinary Medicine 

 

Supervisor: Teaching assistant Tarmo Niine, DVM  

 

 

 

Tartu 2019 



ABSTRACT 

Estonian University of Life Sciences 

Kreutzwaldi 1, 51014, Tartu Estonia 

Abstract of Final Thesis 

Author: Johanna Häkämies Curriculum: Veterinary Medicine 

Title: Neonatal Lambs Serum Concentration of Haptoglobin and its Possible Association 

with Weight Gain During First Months of Life 

Pages: 36 Figures: 5 Tables: 3 Appendixes: 1 

Chair: Chair of Clinical Veterinary Medicine 

Field of research and (CERC S) code: 3. Health, 3.2 Veterinary Medicine 

B750 Veterinary medicine, surgery, physiology, pathology, clinical studies 

Supervisor: Tarmo Niine, DVM 

Place and year: Tartu 2019 

Neonatal period is a critical stage in lamb’s life as it adapts to extrauterine-life. At that 

period, lamb is more susceptible to perinatal diseases, which can lead to higher morbidity 

and mortality rate during the first few days of life. Acute phase response can be activated by 

either infectious disease, inflammation, trauma, stress or neoplasia. The present study was 

set out to investigate relation of neonate lambs acute phase protein haptoglobin serum 

concentration in first weeks of life and average daily weight gain over first months of life. 

Serum samples were collected from 202 lambs in four consecutive weeks during the first 

weeks of lamb’s life at an organic sheep farm in Southern Estonia during spring 2015. 

Weight measurement was done during summer period approximately 3-5 months of age in 

a small island near Western Estonian. The serum samples were analysed by measuring the 

concentration of haptoglobin using haemoglobin binding assay. For assessing association 

between haptoglobin concentration and average daily weight gain, mixed linear regression 

models were constructed. 

In current study, we found negative association between serum concentration of 

haptoglobin from two-week-old lambs and average daily weight gain of three and five 

months of age. Negative association was also found between serum haptoglobin 

concentration in one-week-old lambs and average daily weight gain of three months old 

lambs. 

Keywords: haptoglobin, lambs, weight gain, acute phase response, organic farming 
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Neonataalperiood on kriitiline aeg lambatalle elus, mil ta kohaneb ekstrauteriinse 

keskonnaga. Sel perioodil on lambatall vastuvõtlikum perinataalsetele haigustele ja need 

võivad põhjustada sagedasemat haigestumist ja suuremat suremust. Ägeda järgu  vastus 

(acute phase response) võib käivituda nakkushaiguste, põletikuprotsesside, trauma, stressi 

või neoplaasiate korral. Käesolevas uuringu eesmärgiks oli uurida võimaliku seost 

esimeste elunädalate ägeda järgu valgu haptoglobiini seerumi kontsentratsiooni ja 

esimeste elukuude keskmise päevase massi-iibe vahel. 

Seerumi proovid koguti talledelt 2015.a kevadel Lõuna-Eesti mahepidamisega 

lambafarmist. Proovide kogumine toimus neljal järjestikusel nädalal, ühe nädalase 

välbaga. 

Loomade täiendav kaalumine toimus suvel, ligikaudu 3-5 kuu vanuselt, väikesel Lääne-

Eesti ranniku lähedal asuval saarel. Seerumiproovides määrati haptoglobiini 

kontsentratsioon kasutades haptoglobiini seondumis reaktsiooni hemoglobiiniga. 

Uurimaks seoseid haptoglobiini ja keskmise päevase massi-iibe vahel koostati 

regressioonimudelid. 

Käesolevas uuringus leiti negatiivne seos teise elunädala haptoglobiini seerumi 

kontsentratsiooni ja keskmise päevase massi-iibega kolme kuni viie kuuselt.  Samuti leiti 

negatiivne seos esimese elunädala seerumi haptoglobiini kontsentratsiooni ja keskmise 

päevase massi-iibega kolme kuu vanustel lambatalledel. 

Märksõnad: haptoglobiin, talled, massi-iive, ägeda järgu vastus, mahetootmine 
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INTRODUCTION 

 

Neonatal period is the most vulnerable period in lamb’s life as it adapts to extrauterine-life 

(Piccione et al. 2007; Dwyer 2008). Neonate lamb is more susceptible to perinatal diseases, 

which can lead to higher morbidity and mortality rate (Nowak and Poindron 2006; Piccione 

et al. 2007). Lambs lack immunoglobulins in serum at birth and are therefore more 

susceptible to infectious diseases before ingestion of adequate amount of colostrum (Dwyer 

2008).  

In response to infection, inflammation, trauma or stress lamb’s immune system’s acute phase 

response (APR) can be triggered in aim to maintain body homeostasis, minimize tissue 

damage and promote healing (Cray et al. 2009). APR is a complex and non-specific part of 

the systemic innate immune response (Ceciliani et al. 2012). During APR acute phase 

proteins (APP) are synthesized by the hepatocytes of the liver or by peripheral tissues (Cray 

et al. 2009; Ceciliani et al. 2012). The APPs during APR are different between domestic 

animals. Haptoglobin (Hp) and serum amyloid A (SAA) are the major APPs in sheep (Cray 

et al. 2009). Elevated Hp concertation can be detected in acute phase and in subclinical 

disease (El-Deeb and Elmoslemany 2016). 

The daily weight gain of the lamb depends on genetic factors, environment and their 

interaction (Bathaei and Leroy 1994; Muir et al. 2000; Souza et al. 2016). Lower than target 

average daily weight gain (ADWG) might be caused by parasites, poor ewe condition that 

affects milk production or feed consumption, or competition for access of pasture grass 

between ewes and other lambs (Muir et al. 2000; Genever and Laws 2014).  

Aim of the present study was to investigate if the APR (measured through Hp) in the first 

weeks of life have significant association with the ADWG in first months of life.  
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1. LITERATURE REVIEW 

 

1.1. Neonatal period of lamb 

 

Neonatal period, the first weeks of life, is a critical stage in lamb’s life as it adapts to 

extrauterine-life (Piccione et al. 2007). During this adaptive period maturation of 

thermoregulatory, cardiovascular, respiratory and metabolic homeostatic mechanisms are 

taking place (Piccione et al. 2007). At that period, lamb is more susceptible to perinatal 

diseases, which can lead to higher morbidity and mortality rate during the first few days of 

life (Nowak and Poindron 2006; Piccione et al. 2007). The lamb is prone to hypothermia, 

hunger, infectious diseases, injury and pain from the birth process and distress from maternal 

separation (Dwyer 2008). Neonate lambs lack immunoglobulins in serum at birth since 

immunoglobulins doesn’t pass through placenta and are therefore more susceptible to 

infectious diseases before ingestion adequate amount of colostrum (Dwyer 2008). In 

addition quality of milk, suckling frequency, management and stress during feeding and 

weaning can influence to immune status of the lamb (Hernández-Castellano et al. 2015). If 

lambs are fed colostrum artificially, by giving 8g of immunoglobulin G (IgG)/kg of body 

weight divided equally to three meals 2, 14 and 24 hours after birth, one can reach similar 

and ever higher IgG concentration in blood than lambs in natural condition during first days 

after birth (Hernández-Castellano et al. 2015). 

Mortality rate remains approximately 15-25% in intensive and extensive systems worldwide, 

whereof nearly half of deaths occur on the first day of life (Nowak and Poindron 2006; 

Dwyer 2008). Causes of the mortality seems to vary between management systems: indoor 

lambing system have higher risks with infectious diseases, whereas outdoor systems lambs 

are more susceptible to exposure or starvation (Dwyer 2008). Trauma or hypoxia 

experienced during delivery can have secondary negative effects to early adaptation period 

(Dwyer 2003). Lambs with lower birth weight have higher mortality risk due to fewer body 

reserves, which in turn increases risk for hypothermia and starvation (Dwyer 2008). Heavier 
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lambs are more likely to suffer from dystocia (Dwyer 2008). Significant part of farmer’s 

economical costs originates from supporting lambs from birth to weaning, thus minimising 

mortality and maximizing growth rate is important for the economic success of the farm 

(Genever and Laws 2014). 

 

1.2. Acute phase response 

 

APR is a complex and non-specific part of the systemic innate immune response to infection, 

inflammation, trauma, stress or neoplasia (Ceciliani et al. 2012). It includes a great variety 

of physiological, biochemical, behavioural and nutritional changes (Tothova et al. 2014). 

APR is triggered when innate immune response involved cells, macrophages and monocytes, 

produce and release pro-inflammatory cytokines, mainly interleukin 1β (IL1β), tumour 

necrosis factor α (TNFα) and interleukin 6 (IL6), at the inflammation site (Ceciliani et al. 

2012; Tothova et al. 2014). These cytokines activate a cascade of local and systemic 

inflammatory responses, from which one of the most important metabolic change is the 

production of a group of proteins, called APPs (Tothova et al. 2014). Aim of the APR is to 

maintain body homeostasis, minimize tissue damage and promote healing (Cray et al. 2009).  

 

1.2.1. Acute phase proteins in domestic animals 

 

In domestic animals the APPs during APR varies between species. APPs are either under- 

or overproduced during APR (Ceciliani et al. 2012). They are synthesized by the hepatocytes 

of the liver or by traumatized peripheral tissues (Petersen 2004; Cray et al. 2009; Ceciliani 

et al. 2012). They regulate inflammation in different stages, opsonize pathogens and remove 

potentially toxic substances from circulation (Ceciliani et al. 2012). APPs can be divided 

either to positive or negative APPs depending on their concentration changes in blood during 

APR. Positive APP concentration increases and negative APP concentration decreases in 

circulation during APR (Pérez et al. 2002). APPs are classified also by their magnitude of 

increase during APR to major, moderate or minor APPs (Cray et al. 2009). Major APPs 
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increase 10- to 1000-fold within the first 48 h after triggering and have often a rapid decline. 

Moderate APPs increase 2- to 10-fold and minor APPs only slightly by the magnitude of the 

triggering. Moderate and minor APPs also decrease more slowly than major ones. APPs 

concentration changes in blood during APR makes them useful for detection of inflammation 

and infection in veterinary medicine (Orro et al. 2008). Association between APP 

concentration in serum and severity of the disease has been shown and can be used as a 

marker of herd health in large animals (Cray et al. 2009). It could be also useful marker 

while detecting location of the disease in the production environment, e.g. in age groups 

(Petersen et al. 2004). 

 

1.2.2. Acute phase proteins in ruminants 

 

In cattle main APPs are haptoglobin (Hp) and serum amyloid A (SAA) (Tothova et al. 2014) 

(Table 1). Several studies have shown Hp to be clinically useful for assessing occurrence 

and severity of numerous diseases in cattle (Eckersall 2000). SAA have an important role in 

platelet activation, inhibition of fever and phagocyte oxidative bursts and in reverse transport 

of cholesterol from tissue to hepatocytes (Petersen et al. 2004). Other ruminants positive 

APPs are fibrinogen, ceruloplasmin, alpha-1 acid glycoprotein, alpha-1 antitrypsin and 

lactoferrin. Negative APPs are albumin, transferrin and transthyretin (Eckersall 2000). 

According to study by (González et al. 2008) Hp, SAA, albumin, fibrinogen and acid soluble 

glycoprotein can be used as indicators of inflammation or infection in goats. 
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Table 1. Category and function of acute phase protein in ruminants (Petersen 2004; Ceciliani 

et al. 2012; Tothova et al. 2014) 

Acute phase protein Category Function 

Haptoglobin (Hp) Major Binds haemoglobin 

Serum Amyloid A (SAA) Major Platelet activation 

Fever inhibition 

Phagocyte oxidative bursts 

Binds cholesterol 

Fibrinogen Moderate Form fibrin of blood clot 

Ceruloplasmin Moderate/minor Binds iron 

α1 Acid glycoprotein Moderate Plasma transport protein 

Lactoferrin Minor Mammary gland derived 

APP 

α1 Antitrypsin Minor Protease inhibitor 

Albumin Negative Binds fatty acid and 

bilirubin 

Transferrin Negative Binds iron 

 

1.2.3. Acute phase proteins in sheep 

 

Hp and SAA are the major APPs in sheep (Cray et al. 2009). They can increase up to 1000-

fold during APR (Eckersall et al. 2007). α1 Acid glycoprotein is a moderate APP and is 

associated more with chronic inflammations (Murata et al. 2004; Eckersall et al. 2007). It 

can increase several times from its normal base value in plasma during APR (Eckersall et al. 

2007). Albumin is considered to be a negative APP as it’s concentration decreases in serum 

(Ceciliani et al., 2012). Most of the studies on APPs role in sheep have been focused on the 

reaction after bacterial infections and several inflammatory stimuli, whereas studies on the 

APR in parasitic infections are still quite limited (Dinler et al. 2017). 
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1.2.4. Acute phase proteins in neonatal period 

 

Production of APPs during infection in neonates seems to help them to protect themselves 

against pathogenic infections (Alkim et al. 2017). Physical stress or trauma during 

parturition may cause increased production of APPs (Marchini et al. 2000; Orro et al. 2008). 

Colostrum intake can also trigger the production of APPs in neonates which may be caused 

by inflammatory mediators present in colostrum and APPs may transfer directly to neonate 

from the colostrum (McDonald et al. 2001; Orro et al. 2008).  

A study of healthy kids Alkim et al. (2017) suggest that APR might also be a part of 

physiological adaptation period, without any related disease. In that study SAA 

concentration started to increase after birth and decreased gradually during neonatal period. 

Highest concentrations were measured at day 7. However, there was no significant change 

in serum Hp concentration, which may be due to different kinetic characteristics and 

haemolysis of foetal red blood cells which can affect the synthesis and catabolism of Hp.  

In calves elevated Hp levels during first week of life was associated with increased risk of 

mortality in the first 4 months (Murray et al. 2014). Increase of Hp by 1g/L in serum during 

the first week of life increased the odds to be treated against any disease by 7.6 times. 

Concentration of Hp was higher in listless calves with higher rectal temperature in the first 

week of life and calves with higher serum Hp had significantly higher health scores through 

sampling period until age of 4 months. 

In a study of lambs (Kilpi 2015) high SAA concentrations in the first week of life seemed to 

have negative association with weight gain of lamb in rearing period up to few months of 

age. 

 

1.3. Haptoglobin 

 

Hp is a haemoglobin (Hb) binding protein (Murata et al. 2004). Molecular mass of bovine 

purified Hp macromolecule is 1000 – 2000 kDa. It is composed of a 20 kDa α-chain peptide 

and a 35 kDa β-chain glycopeptide linked with disulphide bonds (Morimatsu et al. 1991). 



12 
 

Hp reduces pro-inflammatory and pro-oxidative stress during intravascular haemolysis by 

binding free haemoglobin and iron released by erythrocytes (Morimatsu et al. 1991; Murata 

et al. 2004; Petersen 2004). Hp and Hb form a large stable complex which is unable to pass 

the glomerular filter in kidney (Schaer et al. 2014). Complexes are removed from circulation 

by Kupffer cells in the liver (Graversen et al. 2002). Hp also enhances angiogenesis, has 

chaperone activity and bacteriostatic effect by binding iron with free haemoglobin (Ceciliani 

et al. 2012). Hp concentration increase in serum can be also followed by decrease serum 

concentration of free Hb (Petersen et al. 2004). In most species Hp is considered to be 

clinically useful parameter for detection of inflammation or infection (Petersen et al. 2004), 

because it is not detected in serum of healthy ruminants and there is no age related increase 

in serum Hp concentration in sheep (Morimatsu et al. 1991; Dinler et al. 2017).  

 

1.3.1. Haptoglobin and sheep  

 

Elevated Hp concentration can be detected both, in acute phase of the disease and during 

subclinical phase of the disease (El-Deeb and Elmoslemany 2016). According to Dinler et 

al. (2017), mean serum Hp concentration is around of 0.2 g/l in healthy lambs at the day 

of parturition. Elevated Hp serum concentrations are not seen in healthy sheep (Dinler et al. 

2017). In a study of pneumonic pasteurellosis in sheep (El-Deeb and Elmoslemany 2016) 

Hp indicates to be major response to infection by increasing its concentration 34 folds 

compared to healthy sheep. Bastos et al. (2013) suggested also significant increase of Hp 

concentration in a study of caseous lymphadenitis in sheep as did Pfeffer and Rogers (1989) 

on the small study in relation of Hp and pulmonary damage. In a study of Dinler et al. (2017), 

where lambs were infected experimentally with Cryptosporidium parvum, serum Hp and 

oocyst count had moderate positive correlation post-inoculation and were significantly 

higher compared with the group of healthy lambs. Studies mentioned above suggest the 

value of Hp as a diagnostic biomarker during infection or inflammation in sheep. 

 

1.4. Daily weight gain 
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The daily weight gain of the lamb depends on genetic factors, environment and their 

interactions and it is one of the most important measures in meat production (Bathaei and 

Leroy 1994; Muir et al. 2000; Souza et al. 2016). Also breed affects growth rate, feed 

conversion, age of slaughter and carcass characteristics (Souza et al. 2016).  

Genever and Laws (2014) suggests that target ADWG should be greater than 250 g until the 

age of 56 days (8 weeks) for a lamb with the average birth weight of 4 kg. However, in a 

study of Polish low-land local sheep breed ADWG was 200 g until age of 100 days with a 

birth weight of 5,12 kg (Kuźnicka and Rant 2013). Nevertheless, in a high-performance lamb 

production system ADWG was 292 g/d for a twin lamb and 343 g/d for a single lamb to 105 

days of age (Muir et al. 2000).  

Lower than target ADWG might be caused by parasites, poor ewe condition that affects milk 

production or feed consumption, or competition of pasture grass between ewes and other 

lambs (Muir et al. 2000; Genever and Laws 2014). Ewe’s milk is the main nutrient source 

of the lamb during the first several weeks of life and if its production is insufficient it might 

affect lamb’s health, development and growth (Godfrey et al. 1997). From the age of 8 weeks 

onward energy intake from grass surpasses what is gained by ewe’s milk consumption 

(Genever and Laws 2014). In poor or limited feed conditions it is likely that lamb’s growth 

rate is restricted (Muir et al. 2000). Singletons ADWG seems to be higher than twin lamb 

(Bathaei and Leroy 1994; Muir et al. 2000) and males ADWG higher than females (Bathaei 

and Leroy 1994). According to Norouzian (2015) weaning age of the lamb also has an 

influence on ADWG until the age of 16 weeks (112 days). Jacobson et al. (2016) found from 

eight Australian farms that lambs infected with Cryptosporidium parvum and Giardia 

parasites had lower live and hot carcass weight at the approximate age of 84, 133 and 203 

days compared to healthy lambs –although, they could not exclude that lambs had already 

restricted growth being more susceptible to parasite infection.  

 

1.4.1. Haptoglobin and daily weight gain 

 

Several studies have been carried out on the association between ADWG and Hp in domestic 

ruminants. According to study by Murray et al. (2014), calves elevated Hp levels during first 

week of life did not have significant association with daily weight gain but was associated 
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with increased risk of mortality in the first 4 months. Whereas Lassen et al. (2015) found 

that elevated Hp concentration in calves during Eimeria zuernii infection has a negative 

association with daily weight gain. Elevated serum Hp levels and reduced daily weight gain 

has been also associated in beef calves at weaning (Arthington et al. 2005). In pigs, Eurell 

et al. (1992) and Hiss and Sauerwein (2003) found that ADWG and Hp were strongly 

associated. Authors were able to use serum Hp concentrations from 7 weeks of age forward 

to differentiate between pigs with higher or lower weight gain up to age of 13 weeks.  

In sheep Niine et al. (2018) found a significant association between the lamb’s ADWG at 

122 days of age and serum Hp ad SAA concentration measured at the second week of life. 

On the other hand, in the study of Peetsalu et al. (2019) there were no significant association 

between weight gain and serum Hp level measured in first weeks of life, and they assumed 

that increase in serum Hp would be more environmental than managemental condition. 
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2. AIMS OF THE STUDY 

 

Aim of the present study was to investigate if the acute phase response (measured through 

Hp) in the first weeks of life is associated with average daily weight gain (ADWG) in first 

months of life. 
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3. MATERIALS AND METHODS 

 

3.1. Animals 

 

Samples and data for the study were collected from April 2015 to September 2015. Study 

animals were housed as a single herd in a free-range barn with access to outside grazing field 

in organic farm at Karula National Park in Southern Estonia. In total 202 mixed breed lambs 

were included to the study of which 133 were females and 69 males. Lambs were born 

between 6th of April and 2nd of May in 2015. 95 lambs were excluded from study because 

they were sent to slaughter before the first weight measurement at the islet. Lambs were 

transported to a small island in the Baltic Sea near the Western Estonian coast in early 

summer 2015. The weight of the lambs was measured on July 21, September 3 and 21 when 

lambs were approximately 3-5 months of age. 

 

3.2. Serum samples 

 

Blood samples were collected once per week for four consecutive weeks, during the first 

weeks of lambs’ life in April and May 2015. Blood samples were collected by jugular 

venipuncture to a 9 ml sterile plastic test tubes using an 18 G needle. Lambs were weighted 

using digital scale. The samples were transported in two hours at room temperature to 

laboratory. Blood samples were centrifuged at 3013 RCF for 10 minutes to separate the 

serum and stored at -20oC until further analysis. Serum samples were stored in two identical 

series. Lambs ear tag and sample number were marked on each sample tube. 
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3.3. Analysis of haptoglobin 

 

Concentration of serum Hp was determined by using the haemoglobin binding assay 

according to study of Makimura and Suzuki (1982) with a modification by using 

tetramethylbenzine (0,06 mg/ml) as a substrate (Orro et al. 2008). One negative standard 

solution containing NaCl and six positive standard solutions were created from range 0,06 

to 1,16 g/L by using pooled and lyophilized aliquots of bovine acute phase serum (Orro et 

al. 2008). Known bovine plasma Hp concentration were used based on the European 

Comission Concerted Action Project (reference number QLK5-1999-0153) to calibrate the 

assay. Hemolyzed samples were detected by visual examination and removed from the study 

to prevent influence of the hemolysis to the results. Five µl of serum sample was mixed with 

100 µl of diluted cyanomethemoglobin (30mg/100ml) and was kept at room temperature for 

10 minutes. Reaction was stopped using 2,5 ml of 0,9% NaCl solution. 20 µl of sample with 

cyanomethemoglobin were transferred to the plate’s wells’ in series of three. 200 µl of 

tetramethylbenzine substrate were added to every well. A mixture of serum sample and 

cyanomethemoglobin solution was incubated with tetramethylbenzine in a thermostat at 

37°C for one hour. After incubation 50 µl of 200mM H2O2 substrate were added to every 

well and allowed to stand in a dark for 15 minutes. Reaction was stopped using 50 µl of 

H2SO4. Optical density of the solution was measured with spectrophotometer with a 

wavelength of 450 using 630 nm as a reference.  

The intra-assay and inter-assay coefficients of variations for HP were ˂13% and ˂10 %, 

respectively. 

 

3.4. Statistical analysis 

 

For assessing possible association between ADWG and Hp multilevel mixed-effects linear 

regression models were constructed. In total nine models were made, three from each weight 

measuring point according the age of the lamb (blood sample taken 1st (13.4.2015), 2nd 

(20.4.2015) and 3rd (27.4.2015) week of life). Four models where there was significant 

association between ADWG and Hp are presented here as Figures 2 to 5. Five models (blood 
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sample taken 3rd week of life and weighing 21th of July, blood sample taken 1st and 3rd week 

of life and weighing 3rd of September, and blood sample taken 1st and 3rd of life and weighing 

21st of September) are not presented here because there was no significant association found 

between ADWG and Hp. 

In the models, lambs were included as a random factor. Outcome variable was ADWG and 

explanatory variables were Hp, age, lambs’ gender, number of siblings (singleton, twin or 

triplet) and ewes age. Level of significance (p-value) was set < 0.05. Statistical analysis was 

done using Stata 14.1 (StataCorp LP, Texas, USA) and Microsoft Excel 2016 (Microsoft, 

Redmond, USA). 
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4. RESULTS 

 

4.1. Weighing 

 

The first weight measurement was done to 202 lambs in the farm at the average age of 4 

days (SD +/- 2,2 d). Second weighing was done on 21st of July. Average age from the 

measured 201 lambs was 95 days (SD ± 6,6 d). Third weight measurement was done to 199 

lambs on 3rd of September at the average age of 139 days (SD ± 6,6 d). The fourth 

measurement was done on 185 lambs on 21st of September at the average age of 157 days 

(SD ±7 d). Average weights are represented in the Table 2 and the average daily weight 

gains in Table 3. 

 

Table 2. Average weight of lambs (kg) with standard deviation. (n = no. of lambs) 

  Date 

 1st measurement* 21.7.2015 

(n = 201) 

3.9.2015 

(n = 199) 

23.9.2015 

(n = 185) 

Males 4,73 (± 1,18) 23,43 (± 5,01) 31,70 (± 5,51) 35,05 (± 5,38) 

Females 4,63 (± 1,11) 23,70 (± 4,82) 31,28 (± 5,49) 33,15 (± 5,35) 

Total 4,67 (± 1,13) 23,60 ± 4,87) 31,42 (±5,48) 33,81 (± 5,42) 

* Average age of the lambs were 4 days (± 2,2) 
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Table 3 Average daily weight gain (g/day) with standard deviation. (n = no. of lambs) 

  Date  

 21.7.2015 

(n = 201) 

3.9.2015 

(n = 199) 

23.9.2015 

(n = 185) 

Males 198,3 (± 46,3) 188,6 (± 54,0) 181,0 (±61,6) 

Females 199,2 (± 42,5) 188,9 (± 39,0) 160,2 (± 70,4) 

Total 198,9 (± 43,5) 188,8 (± 45,0) 167,3 (± 68,1) 

 

4.2. Haptoglobin 

 

Serum Hp concentration increased during first week of life, having the highest individual 

value around 6,5 g/l at day 9 (Figure 1). Thereafter concentration declines until day 14 of 

age and slightly rises again till day 16 of age before it declines again.  
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Figure 1. Local polynomial smooth plot of serum haptoglobin concentration (red line) the 

first 21 days of life. Individual measurements marked as dots and dashed line represents 

confidence interval (95%). 

 

4.3. Average daily weight gain and haptoglobin  

 

Hp measured at first week of life was significantly negatively associated with ADWG at 95 

days of age (p = 0.004) (Figure 2). Being a twin (p <0.001) and/or triplet (p = 0.001) was 

negatively associated with ADWG, while being born from ewe older than 2 years was 

positively associated with ADWG (p <0.05).  
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confidence intervals (CI) at different levels are presented as horizontal bars. Point estimates 

for different variables are displayed on top of the bars. 

* Average age at 21st of July 

1 Hp measured at first week of life 

2 Compared to female lambs group (n = 129) 

3 Compared to singletons group (n = 79) 

4 Compared to ewes lambing in first year of life (n = 6) 

 

Hp measured at second week of life was significantly negatively associated with ADWG at 

95 days of age (p = 0.005) (Figure 3). Being a twin (p <0.001) and/or triplet (p = 0.001) was 

negatively associated with ADWG, while being born from ewe older than 2 years was 

positively associated with ADWG (p < 0.05). 

 

 

Figure 3. Association of ADWG measured at 21st of July (average age 95 days) (n = 195) 

and haptoglobin (Hp), presented as linear regression model coefficient plot. Model 
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confidence intervals (CI) at different levels are presented as horizontal bars. Point estimates 

for different variables are displayed on top of the bars. 

* Average age at 21st of July (n = 195) 

1 Hp measured at second week of life 

2 Compared to female lambs group (n = 129) 

3 Compared to singletons group (n = 79) 

4 Compared to ewes lambing in first year of life (n = 6) 

 

 

Hp measured at second week of life was significantly negatively associated with ADWG at 

139 days of age (p = 0.003) (Figure 4). Being a twin (p <0.001) and/or triplet (p = 0.002) 

was negatively associated with ADWG, while being born from ewe older than one year was 

positively associated with ADWG (p <0.05). 
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Figure 4. Association of ADWG measured at 3rd of September (average age 139 days) (n = 

174) and haptoglobin (Hp), presented as linear regression model coefficient plot. Model 

confidence intervals (CI) at different levels are presented as horizontal bars. Point estimates 

for different variables are displayed on top of the bars. 

* Average age at 3rd of September (n = 174) 

1 Hp measured at second week of life 

2 Compared to female lambs group (n = 118) 

3 Compared to singletons group (n = 65) 

4 Compared to ewes lambing in first year of life (n = 7) 

 

Hp measured at second week of life was significantly negatively associated with ADWG at 

157 days of age (p = 0.003) (Figure 5). Being a twin (p <0.001) and/or triplet (p = 0.006) 

was negatively associated with ADWG, while being born from ewe older than one year was 

positively associated with ADWG (p <0.05). 
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Figure 5. Association of ADWG measured at 21st of September (average age 157 days) (n 

= 161) and haptoglobin (Hp), presented as linear regression model coefficient plot. Model 

confidence intervals (CI) at different levels are presented as horizontal bars. Point estimates 

for different variables are displayed on top of the bars. 

* Average age at 3rd of September (n = 161) 

1 Hp measured at second week of life 

2 Compared to female lambs group (n = 107) 

3 Compared to singletons group (n = 57) 

4 Compared to ewes lambing in first year of life group (n = 6) 
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5. DISCUSSION 

 

5.1. Weight gain 

 

Several studies have found that average daily weight gain in sheep depends on genetic 

factors, environment and their interactions (Bathaei and Leroy 1994; Muir et al. 2000; Souza 

et al. 2016). In the present study, the ADWG was 198,9g (SD ± 43,5) until the age of 95 

days. In comparison as in study of Kuźnicka and Rant (2013) ADWG of Polish low-land 

sheep was 200g until age of 100 days. In a high-performance lamb production system 

ADWG was 292 g for a twin lamb and 343 g for a single lamb up to 105 days of age (Muir 

et al. 2000). Based on this comparison to earlier studies seems that lambs ADWG in this 

study was in the same level with Polish low-land sheep, but lower than in high-performance 

sheep. Another reason why growth rate was lower in current study, might be that it was an 

organic farm, thus farmer was only able to use organic grain as a supplementary feed. It is 

also likely that due to lack of access to fresh pastures in first months of life, the growth rate 

was lower, because the vegetative period had not started yet. 

In our study, we found that being born not as singleton had significant negative association 

with ADWG. In detail, singleton lambs seemed to have higher ADWG than twins or triplets. 

Kuźnicka and Rant (2013) also found that being a singleton or twin had significant effect on 

growth rate, where singleton lambs had higher growth rate than twins, probably due to 

increased availability of milk. In a study by Muir et al. (2000) six weeks old twin lamb had 

to obtain around third of their energy requirements by grazing pasture, whereas in singletons 

only 15%. At this early age, it is unlikely that the rumen functions are fully developed and 

that might have had significant influence on growth rate, because it is unlikely that lamb can 

fully utilize energy from grazing (Baldwin et al. 2004).   

It seems that lambs born from ewe’s who lambed first time had significant disadvantage in 

case of growth rate and never quite cached up to lambs with multiparous ewe’s, which is 
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most likely caused by lower level of milk production in first parity ewes compared to 

multiparous ewes (Bathaei and Leroy 1994; Ghafouri-Kesbi and Gholizadeh 2017).  

There seemed to be difference in the ADWG between males and females at the age of 5 

months (181 g/d (±61,6) and 160,2 g/d (± 70,4) respectively). Several studies suggest similar 

trend (Bathaei and Leroy 1994; Ghafouri-Kesbi and Gholizadeh 2017) and it could be 

explained by the differences between sex hormones, as testosterone has a positive effect on 

growth of the males whereas oestrogen limits growth of the long bones in females (Ghafouri-

Kesbi and Gholizadeh 2017). 

 

5.2. Haptoglobin 

 

In the present study lamb’s serum Hp concentration increased during first week of life, being 

the highest at the end of first week – start of second week of life. Thereafter concentration 

declined until day 14 of age and slightly rose again till day 16 of age and thereafter declined 

again (Figure 1). According to Jacobsen et al. (2004) increase in Hp concentration begins 

12–24 h post challenge and has a peak of 72–120 h. In a study of Dinler et al. (2017), where 

lambs were infected experimentally with Cryptosporidium parvum, serum Hp and oocyst 

count had moderate positive correlation post-inoculation and were significantly higher 

compared with the group of healthy lambs. Hp concentration of infected lambs decreased to 

pre-inoculation values by day 20 and no age-related increase in Hp concentration of healthy 

lambs were detected from birth to age of 20 days.  

Because Hp serum concentration has been found strongly correlate with severity of the 

disease Murata et al. (2004) then it could provide valuable information to the farmer of the 

individual or herd health situation and it could be used as for monitoring possible treatment 

efficacy (Dinler et al. 2017). Hp seems to be more valuable than SAA to assess C. parvum 

infection in lambs due SAA time changing pattern (Dinler et al. 2017).  

We speculate that in the present study reasons for detectable acute phase response, measured 

by increased serum Hp concentration, could have been induced by different factors such as 

infectious diseases, inflammation or other environmental stressors affecting in the end 
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neonate’s immune system development and growth rate. In some of the lambs 

Cryptosporidium and Giardia infections were diagnosed (personal communication). 

 

5.3. ADWG and Hp 

 

To best of our knowledge, there are only few studies carried out about the relationship 

between ADWG and Hp in domestic ruminants (Arthington et al. 2005; Lassen et al. 2015; 

Dinler et al. 2017; Niine et al. 2018; Peetsalu et al. 2019). In the present study there was a 

negative association found between ADWG and Hp. Lambs’ higher serum Hp concentration 

during second week of life seemed to have negative impact on ADWG throughout the weight 

measuring period (Figures 3, 4, and 5). Negative association was also detected between 

increased Hp concentration during first week of life and ADWG at the age of 95 days (Figure 

2). This agrees with three previous studies related to Hp (Lassen et al. 2015; Dinler et al. 

2017; Niine et al. 2018).  In a recent study of sheep Niine et al. (2018) found that there was 

a significant association between the lamb’s ADWG at 122 days of age and serum Hp and 

SAA concentration measured at the second week of life. Lassen et al. (2015) found in a study 

of calves that elevated Hp concentration in calves during E. zuernii infection had a negative 

association with average daily weight gain. According to Arthington et al. (2005) in a study 

of beef calves elevated serum Hp level and reduced average daily weight gain had significant 

negative association during weaning process. However, in a study where lambs were 

experimentally infected with C. parvum there was no significant association between 

ADWG and Hp in infected and control group (Dinler et al. 2017), also Peetsalu et al. (2019) 

found no significant association between lamb’s ADWG and serum Hp. Based on these 

results we can speculate that association between Hp and ADWG still needs more research. 

Increased serum Hp concentration of the lambs in this study suggests that there was an active 

APR, which refers to immune response. The reason could be either an active parasitic, 

bacterial or viral infection and/or other unspecified source of inflammation, or other 

environmental stressors that affected the future growth rate. Results of this study encourages 

to investigate relationship of the ADWG, Hp and causes of APR in neonatal lambs in future.  
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6. CONCLUSIONS 

 

In conclusion, this study found significant negative association between daily weight gain 

during first months of life and serum haptoglobin concentration during the second week of 

life. Association was also found between daily weight gain of three months and haptoglobin 

concentration during first week of life. These findings support our hypothesis.  

According the results of this study it is important especially in the first two weeks of lamb’s 

life to provide as hospitable environment as possible to achieve best weight gain. For a 

veterinarian serum haptoglobin concentration could function as a marker of acute phase 

response and provide valuable information of lamb’s and herd health as whole in order to 

improve living environment and future performance. 
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SUMMARY 

 

Neonatal lambs serum concentration of haptoglobin of and association with weight 

gain during first months on life 

 

The present study was set out to study relationship between daily weight gain over the first 

five months of age and acute phase protein haptoglobin serum concentration during firsts 

weeks of life in neonatal lambs. 

Collection of blood samples and measuring of weight was performed from April to 

September 2015 in a Southern-Estonia organic sheep farm. First weight measurement and 

blood samples collection were done in total of 202 lambs, second weight measurement from 

201 lambs, third from 199 lambs and fourth from 185 lambs. Serum Hp concentration was 

determined using haemoglobin binding assay and optical density measured with 

spectrophotometer. Weight was measured using a digital scale. 

Lambs serum haptoglobin concentration increased during first week of life. Thereafter 

concentration slowly declined until day 14 of age and slightly raised again till day 16 of age 

and thereafter declined again. Lambs serum haptoglobin concentration in second week of 

life had negative association with average daily weight gain throughout the study. Serum 

haptoglobin concentration in first week of life had negative association with average daily 

weight gain at three months of age. 

In conclusion, higher serum haptoglobin concentrations in first weeks of lamb’s life seem to 

be associated with lower growth rate at three to five months of age.  

Keywords: haptoglobin, lambs, weight gain, acute phase response, organic farming  
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