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examined for general clinical symptoms, serum was tested for vitamin D3 levels, and
Keywords: whole blood was tested for a complete blood count. Lambs with low serum vitamin D3
\C/E‘t‘;ﬁ?ﬁ'g;egyﬁciency 17.77+1.07 ng/ml displayed various symptoms such as; decreased body condition score,
Najdi lambs reduced weight gain 28.5%, signs of rickets 7.5%, lameness 42.5%, loss of appetite
Musculoskeletal disorders 53.7%, poor hair coat condition 52.5%, joint enlargement 27.5%, bending of large bone
CBC 33.7%, recumbency 12.5%, diarrhea 25%, pale mucous membrane 58.7%, congested
Correspondence: mucous membrane 31.2%, nasal_ dischafg.e 68.7%, Iacrir_na}tion 40%, coughing 65%
W.M. Saleh dyspnea 26.2% and decrease ruminal motility. However, clinically healthy lambs exhibit

wessam.mohammed@uobasrah.edi.ig high 89.75+7.06 ng/ml serum vitamin D3 levels. Lambs with low serum vitamin D3 levels
showed significant increases in body temperature 39.36+0.07 °C, respiratory rate
39.02+1.86 breath/m, and heart rate 89.22+1.74 beat/m compared to lambs with high
serum vitamin D3 levels. Furthermore, hematological parameters in lambs with low serum
vitamin D3 levels differed markedly from those with high serum vitamin D3 levels based
on complete blood count analysis. In conclusion, this study proves that musculoskeletal
disorders and other clinical and hematological illnesses are associated with the down-
regulation of vitamin D3 concentration in Najdi lambs.
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Introductions vitamin D is involved in this association by acting on
inflammatory cytokines (4-6). The broad functions of

As a fat-soluble vitamin, vitamin D is primarily vitamin D are now better understood, and the discovery has
involved in intestinal absorption of calcium and phosphorus provided the non-skeletal consequences of vitamin D
with a role in calcium/phosphorus hemostasis, bone deficiency that most tissues in the body contain vitamin D
formation, and immune modulation (1,2). More evidence, receptors (7). A vitamin D deficiency is caused by
particularly in extraskeletal functions, suggests that vitamin insufficient UVB exposure and inadequate vitamin D
D plays a role in iron homeostasis and erythropoiesis (2,3). supplementation in feed, resulting in poor appetite, growth,
It has been shown that vitamin D is associated with osteomalacia, and osteodystrophy in advance (8). Vitamin
inflammatory cytokines and the antimicrobial peptide D deficiency causes several non-skeletal disorders,
hepcidin in several observational studies of healthy and including inflammatory reactions, neoplastic,
diseased populations. Other in vitro studies suggest that cardiovascular disorders, autoimmune diseases, poor weight
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gain, reduced reproductive efficiency, bending of large
bones, and enlargement of joints, among others (9,10).
Despite the critical physiological rule of vitamin D3, little
research has been done evaluating vitamin D status in Iraqi
livestock, mainly sheep, since their production in Basra
faces many problems, such as infections (11-15) or
nutritional disorders (16,17), or adaptation and survival
issues (18,19).

However, a previous related study was the first to assess
vitamin D3 status in growing Najdi lambs bred in Basra
province and evaluated the effectiveness of therapy for
vitamin D3 deficiency. Therefore, the current study was
designed to assess the effect of vitamin D3 deficiency on
the clinical and hematological parameters in growing Najdi
lambs bred in Basra, Iraq.

Materials and methods

Ethical approval

The Institutional Animal Care and Use Committee
approved the experiment at the University of Basrah, Iraq,
according to its rules and guidelines in 2019.

Experiment design

In the current study, 100 Najdi lambs (a primary
domesticated sheep breed native to the Najd region of Saudi
Arabia) were used between November and December 2019,
aged between three to twelve months old, from different
farms located south of Basra province, lraq. Various
enclosed flocks of Najd sheep were used, housed in semi-
enclosed pens where water and good fodder were provided
as desired without grazing facilities. 80 lambs out of 100
examined were found to have suspected symptoms of
vitamin D deficiency, including decreased body condition
scores, reduced weight gain, considerable bone bending,
and mainly lameness, among the other signs (Group A).
Twenty clinically healthy sheep of the same age group were
categorized as controls (Group B).

Clinical examination

Clinical examinations of the hair coat, skin, mucous
membranes, body temperature, and superficial lymph nodes
and reviews of the musculoskeletal, digestive, respiratory,
and cardiovascular systems were commonly performed on
suspected Najdi lambs.

Rumen motility

The rumen motility was measured in the study as Saleh
et al. (17) described. This study used the mean rumen
contraction per minute as a scoring system and three
ruminal movement levels: 1. Normal motility, around one
to two solid movements/minute; 2. Weak motility is around
one or less than one weak movement/minute; and 3. No
ruminal movement.
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The body condition scoring (BCS)

Applying BCS is the more accessible and beneficial
score to describe the amount of muscle and fat in sheep,
and it was determined using a numerical scale ranging from
1 [very thin] to 5 [very fat] based on the amount of muscle
and fat deposition around the loin region (16,20,21). If the
sheep scored between BCS 1 and BCS 2, they may receive
a half score of 1.5.

Hair coat condition score (HCS)

For all lambs in the present study, the quality of the
wool was used as an indicator of health status (animal
welfare). Two primary factors were taken into account
when scoring the condition. When the hair is homogenous,
addressed to the body, and shiny, it is considered Normal.
When the hair is longer than the standard, matted, uneven,
or scarified rough, it is regarded as Poor/Rough (16,22).

Blood sample collection

Five millilitres of blood were collected aseptically from
the jugular vein according to Jackson et al. (23) and then
separated into two different tubes to conduct biochemistry
and CBC testing. One millilitre of blood was put in a tube
with anticoagulant (EDTA) for CBC analysis, while four
millilitres were placed in a plain tube. Ten minutes were
spent centrifuging the clotted blood at 1500 rounds per
minute (rpm) or left overnight for clotting; serum was
collected and placed at -20 centigrade until vitamin D3
evaluation.

Estimation of lamb serum vitamin D3 levels

Serum vitamin D3 levels of Najdi lambs were assessed
using the Biotin double antibody sandwich technique
ELISA kit (Bioassay Technology/China). All the
procedures were done according to the manufacturer's
instructions.

Complete blood count (CBC)

An automatic blood analyzer (SYSMIX®, JAPAN) was
used to analyze EDTA blood samples for CBC. The
parameters examined were red blood cell counts,
hemoglobin concentration, packed cell volume, mean
corpuscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, and total and
differential white blood cell counts.

Statistical analysis

A pair student's t-test and Microsoft Excel software
were applied to evaluate whether the results differed, and
determination of the significant statistical differences was
done at P<0.05 using JMP®11 NC: SAS Institute Inc.
software Version 11 and Microsoft Excel.
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Results concentrations than in lambs with high serum vitamin D3
concentrations (Table 2).
Determination of serum Vitamin D3 concentration

As shown in table 1, there was a statistically significant Clinical signs and symptoms of vitamin D3-deficient
difference between lambs suspected of vitamin D3 Najdi lambs

deficiency (group A) and healthy lambs (group B). When examining lambs suspected of deficiencies in

vitamin D3, several clinical manifestations were noted,

Table 1: Values of serum vitamin D3 in suspected deficient including a decreased body condition score and ruminal

and control Najdi lambs motility (Figures 1 and 2), a decreased weight gain, signs of

rickets, lameness, loss of appetite, poor hair coat condition,

Groups No. of animal Mean + St. (ng/ml) enlargement of joints, bending of large bones (Figures 3

A 80 17.7+£1.07 and 4), recumbency (Figure 5), diarrhea, pale mucous

B 20 89.75+7.06 membrane, congested mucous membrane, nasal discharge,

lacrimation, coughing, dyspnea and decreased ruminal

Evaluation of vital signs motility. The results of clinical signs and symptoms are

Vital signs (body temperature, respiration rate, and heart listed in table 3 for animals suspected of vitamin D3

rate) were higher in lambs with low serum vitamin D3 deficiency.

Table 2: Results of vital signs in both vitamin D3-deficient and normal lambs

Groups No. Body temperature (C°) Respiration (breaths/minute) Heartbeats (beats/minute)

Group A 80 39.36+0.07 a 39.02+1.86 a 89.22+1.74 a
Group B 20 39.02+£0.09 b 27.69£1.72 b 83.31+1.87 b

3.00 -

8

Score (1-5)
Ly
=

8

Group A Group B

Figure 1: Body condition scores in both vitamin D3-
deficient and normal lambs.
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Group A Group B Figure 3: A ten-month-old male sheep of the Najdi breed
_ N S had a deficiency of vitamin D3, showing marked
Figure 2: Rumen motility (movement/min.) in vitamin D3- enlargement of joints and bending of metacarpus bone (left)
deficient and normal lambs. with poor hair and body conditions.
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Figure 4: A vitamin D3 deficient eight-month-old male
sheep of Najdi breed had marked enlargement of joints and

Table 3: Signs/symptoms recorded in lambs with suspected
vitamin D3 deficiency

Signs/symptoms Animal number (%)

Weight gain 22 (27.5)
Signs of rickets 6 (7.5%)
Lameness 34 (42.5%)
Loss of appetite 43 (53.7%)

Hair coat condition
Joint enlargement
Bending of large bone

42 (52.5%)
22 (27.5%)
27 (33.7%)

Recumbency 10 (12.5%)
Diarrhea 20 (25%)
Normal mucous membrane 8 (10%)

Pale mucous membrane
Congested mucous membrane
Nasal discharge

47 (58.7%)
25 (31.2%)
55 (68.7%)

A ’ . . Lacrimation 32 (40%)
metatarsus bone (right) bending with poor hair and body Coughing 52 (65%)
conditions. Dyspnea 21 (26.2%)

Figure 5: A 3-month-old female lamb of the Najdi breed
had a deficiency of vitamin D3, showing marked
depression, poor body and hair condition, and recumbency.

Evaluation of complete blood count

Interestingly, as shown in table 4, a significant decrease
in most hemogram values was observed in lambs with
lower serum concentrations of vitamin D3 compared to
lambs with high serum levels of vitamin D3. Nevertheless,
MCHC values were non-significantly decreased in lambs
with lower serum levels of vitamin D3. The number of
platelets in lambs with low vitamin D3 was significantly
higher than in control lambs.

Additionally, detailed leukogram counts of the control
and vitamin D3 deficient Najdi lambs are shown in table 5.
All leukogram values except eosinophil were markedly
higher in lambs with lower serum levels of vitamin D3 than
other lambs with higher serum levels of vitamin D3.

Table 4: Hemogram values in vitamin D3-deficient and normal lambs

Mean + St.

Groups —REex1o5ul Hblg/dl PCV/% MCV/FI MCH/pg _ MCHClgidl _ PLT*107uL
A 4.70+0.24° 8.76+0.16°  19.91+1.06° 39.97+0.35°  18.38+0.91°  48.22+2.45% 453.57+20.092
B 5.69+0.472 10.32+0.26*  23.47+0.45* 41.41+0.45*  19.86+1.51? 47.75+3.42 334.69+38.57"
Table 5: Leukogram values in vitamin D3-deficient and normal lambs
Grouns Mean (*103/pL) + St.

P Total WBC Neutrophils Lymphocytes Monocytes Eosinophils Basophils
A 10.64+0.35% 0.53+0.06% 7.77+0.29° 0.9+0.102 0.02+0.10% 1.48+0.10°
B 9.02+0.83" 0.39+0.09° 6.33+0.62° 0.56+0.12° 0.02+0.01* 1.33+0.29°
Discussion Twenty Najdi sheep with good body condition scores and

The current study examined vitamin D3 deficiency and
blood parameters of Najdi lambs from Basra province.

typical vital signs were selected as the control group; these
lambs normally had higher circulatory concentrations of
vitamin D3. Previous studies reported that healthy calves
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and lambs without musculoskeletal disorders have higher
levels of vitamin D3 in their blood (24-26). The present
study confirmed this finding. Nevertheless, in the current
study, vitamin D3 concentrations were dramatically
decreased in another group of lambs that showed various
signs of illness, along with musculoskeletal disorders.
When serum levels of vitamin D3 fall below 25 nmol/l (10
ng/ml), vitamin D deficiency occurs, affecting main vitamin
D functions such as calcium/phosphorus metabolism and
hemostasis (27,28). Since most lambs in this study had
serum vitamin D3 levels above ten ng/ml, they did not
show severe signs of rickets. However, this study presents
the first evidence that serum vitamin D3 concentration
decline is closely related to the severity of skeletomuscular
illness, combined with poor body and hair condition scores
recorded in Najdi lambs bred in Basra province, Iraq. There
were remarkable variations in serum vitamin D3
concentrations among Najdi sheep, even though the
nutritional and environmental conditions were similar. This
may be due to varying nutritional behavior, liver or kidney
dysfunction, or genetics. Najdi lambs with lower vitamin
D3 concentrations may have been born from vitamin D-
deficient ewes, as maternal and neonatal plasma vitamin D2
and vitamin D3 have a significant correlation (8), and fetal
vitamin D status may be affected in pregnancy by poor
nutrition and decreased vitamin D, leading to chronic
diseases later in life (29).

Najdi sheep in the current study showed diverse clinical
manifestations due to a sharp decline in serum vitamin D3
concentration, including loss of appetite, reduced ruminal
movement, reduced productivity, reduced weight gain,
lameness, joint enlargement, bending of large bones, and
decreased osteomalacia and osteodystrophy. Several
relevant previous studies (8,10,30-33) have confirmed that
vitamin D3 deficiency is associated with a wide range of
musculoskeletal and non-musculoskeletal health problems,
including clinical rickets, osteomalacia, and osteodystrophy
in adults, lameness, bending of large bones, reduced
reproductive effectiveness, poor weight gain, diminished
appetite, and reduced productivity. Although the study was
conducted in the winter season, our results revealed that
lambs with low circulatory vitamin D3 concentrations
displayed elevated body temperatures, respiratory rates, and
pulse rates, along with respiratory signs such as nasal
discharge, congested mucous membranes, coughing, and
dyspnea. Interestingly, this study found that Najdi lambs
with lower blood levels of vitamin D3 were more
susceptible to disease and may not be well adapted to their
environment. Despite this, there is evidence that the lower
circulatory concentration of vitamin D suppresses Najdi
lambs' immunity since vitamin D regulates the innate and
adaptive immune systems (34). According to a previous
study, the body temperature, pulse rate, and respiratory rate
of lambs with vitamin D deficiency were within normal
ranges (31).
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An accurate and rapid diagnosis of medical disorders
begins with a complete blood count (CBC). A wide range
of illnesses can be diagnosed or differentiated based on an
accurate interpretation of the CBC supported by clinical
examination and other diagnostic tests (35,36). As a result
of the current study, significant differences were observed
in hematological parameters among control and lambs that
have declined vitamin D3 concentrations. Our findings
suggest that vitamin D3 deficiency was responsible for the
changes in hematological parameters in lambs, which
affected feed consumption and made lambs more prone to
infection, as most of the vitamin D3 deficient Najdi sheep
showed respiratory symptoms. In addition, the elevation of
the total white bleed cells in lambs with low vitamin D3
levels may reflect vitamin D3's potential role in immunity.
Sim et al. (4) report that vitamin D deficiency is associated
with an increased risk and prevalence of anemia and
vitamin D supports erythropoiesis, which protects against
anemia (37). Moreover, serum vitamin D levels have been
shown to modulate systemic cytokine production and white
blood cell production (4,38).

Conclusions

In addition to causing various musculoskeletal and other
serious illnesses, vitamin D3 deficiency also causes
immunosuppression in the lambs, making them susceptible
to infection. Moreover, using the complete blood count to
indicate health status can help determine how vitamin D3
deficiency impacts lambs and support accurate therapy.

Acknowledgments

Many thanks and gratitude to the Najdi lambs farmers in
Basra province, Iraq, for providing all facilities for using
their animals in this study. We want to thank the
technicians in the laboratory of clinical
pathology/department of Internal and Preventive Medicine/
College of Veterinary Medicine/ University of Basrah for
invaluable assistance and support in completing the
laboratory work.

Conflict of interest
There is no conflict of interest.

References

1. DelLuca HF. Overview of general physiologic features and functions
of vitamin D. Am J Clin Nutr. 2004;80(6):1689S-96S. DOI:
10.1093/ajcn/80.6.1689S

2. Alabada HK, Saleh WM. Vitamin D effectiveness and pathology in
humans and domestic animals. Multidiscip Rev. 2020;3:2020010.
DOI: 10.29327/multi.2020010

3. Al-Khashab EM, Al-Hashemi HM, Hussein AA. Effect of aspartame
in bone formation of young female rats. Iragi J Vet. Sci.
2023;37(4):847-52. DOI: 10.33899/ijvs.2023.138355.2793



https://doi.org/10.1093/ajcn/80.6.1689S
https://doi.org/10.29327/multi.2020010
https://doi.org/10.33899/ijvs.2023.138355.2793

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Iragi Journal of Veterinary Sciences, Vol. 37, Supplement 111, 2023 (89-95)
Proceedings of the 7th (2nd International) Scientific Conference, College of Veterinary Medicine, University of Al-Qadisiyah

Sim JJ, Lac PT, Liu IL, Meguerditchian SO, Kumar VA, Kujubu DA,
Rasgon SA. Vitamin D deficiency and anemia: A cross-sectional
study. Ann Hematol. 2010;89(5):447-52. DOI: 10.1007/s00277-009-
0850-3

Zittermann A, Jungvogel A, Prokop S, Kuhn J, Dreier J, Fuchs U,
Schulz U, Gummert JF, Borgermann J. Vitamin D deficiency is an
independent predictor of anemia in end-stage heart failure. Clin Res
Cardiol. 2011;100(9):781-8. DOI: 10.1007/s00394-018-1806-y
Zughaier SM, Alvarez JA, Sloan JH, Konrad RJ, Tangpricha V. The
role of vitamin D in regulating the iron-hepcidin-ferroportin axis in
monocytes. J Clin Transl Endocrinol. 2014;1(1):19-25. DOI:
10.1016/j.jcte.2014.01.003

Holick MF. Vitamin D in health and disease: Vitamin D for health and
in chronic kidney disease. Semin Dial. 2005;18(4):266-275). DOI:
10.1111/j.1525-139X.2005.18402.x

Constable PD, Hinchcliff KW, Done SH, Gruenberg W. A textbook of
the diseases of cattle, horses, sheep, pigs, and goats. 11" ed. USA:
Saunders Elsevier; 2017. 2217-9 p.

Holick MF. Sunlight and vitamin D for bone health and prevention of
autoimmune diseases, cancers, and cardiovascular disease. Am J Clin
Nutr. 2004;80(6):1678S-88S. DOI: 10.1093/ajcn/80.6.1678S
Radostits OM, Gay CC, Hinchcliff KW, Constable PD. A textbook of
the diseases of cattle, horses, sheep, pigs and goats. Veterinary
medicine. USA: Saunders Elsevier; 2007. 2045-50 p.

Saleh WM, Lafta MH, Abdulrazag AW, Habib HN, Naeem LA.
Bacteriological and histopathological evaluation of infectious
lymphadenitis caused by pseudomonas aeruginosa in Awasi sheep.

Adv Anim Vet Sci. 2019;7(5):378-82. DOl:
10.17582/journal.aavs/2019/7.5.378.382
Albayati HH, Jassem GA. Traditional, histopathological and

molecular diagnosis of sarcocytosis in slaughtered sheep in Al-
Diwaniyah province, Irag. Iragi J Vet Sci. 2023;37(4):871-5.
DOI: 10.33899/ijvs.2023.138763.2835

Klaif SF, Abid AJ, Al-Fatlawi MA, Ali MJ. Major-surface-protein-4-
gene-based detection of Anaplasma marginale isolated from sheep in
Al-Diwaniyah province, Irag. Iragi J Vet Sci. 2022;36(1):85-88.
DOI: 33899/ijvs.2021.129230.1635

Mostafa ES, Alhayali NS, Suleiman EG. Pathological and molecular
study of ovine diaphragms naturally infected by Sarcosystis spp. Iraqi
J Vet Sci. 2021 Jul 24;35(4):749-55. DOl:
10.33899/1JVvS.2021.128327.1570

Alfatlawi MA, Ismail YK, Ali MJ, Karawan AC, Ibadi IN. Molecular
differentiation  of Thysaniezia (Helictometra) giardi and Moniezia
species based on 18s rRNA gene in small ruminants. Iraqgi J Vet Sci.
2021;35(1):105-108. DOI: 10.33899/1JVS.2020.126407.1313

Saleh WM. Clinical and hematological profiles due to cases of
minerals deficiency in local ewes at Basra, Irag. Adv Anim Vet Sci.
2019;7(4):315-20. DOI: 10.17582/journal.aavs/2019/7.4.315.320
Saleh WM, lbrahim AA, ALhamed TA, Habib HN, Naeem RM,
Alabada HK, Abdulrasool AM. Efficacy of oral administration of a
reliable AD3E treatment on vitamin D3 deficiency in Najdi sheep.
IOP Conf Ser Mater Sci Eng. 2020;928(6):062028. DOI:
10.1088/1757-899X/928/6/062028

Ali MA, Kadhim AH, Al-Thuwaini TM. Genetic variants of the bone
morphogenetic protein gene and its association with estrogen and
progesterone levels with litter size in Awassi ewes. Iragi J Vet Sci.
2022;36(4):1017-22. DOI: 10.33899/1JVS.2022.132903.2143
Al-Thuwaini TM. The relationship of hematological parameters with
adaptation and reproduction in sheep; A review study. Iraqgi J Vet Sci.
2021;35(3):575-580. DOI: 10.33899/1JVS.2020.127253.1490
Villaguiran M, Gipson TA, Merkel RC, Goetsch AL, Sahlu T. Body
condition scores in goats. Am Inst Goat Res Langston Univ. 2004:1—
8. [available at

Phythian CJ, Hughes D, Michalopoulou E, Cripps PJ, Duncan JS.
Reliability of body condition scoring of sheep for cross-farm
assessments. Small Rumin Res. 2012;104(1-3):156-62. DOI:
10.1016/j.smallrumres.2011.10.001

94

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Battini M, Barbieri S, Fioni L, Mattiello S. Feasibility and validity of
animal-based indicators for on-farm welfare assessment of thermal
stress in dairy goats. Int J Biometeorol. 2016;60(2):289-96. [available
at]

Jackson ML. Veterinary clinical pathology: An introduction. USA:
John Wiley & Sons; 2013.18 p. [available at

Horst RL, Littledike ET. Comparison of plasma concentrations of
vitamin D and its metabolites in young and aged domestic animals.
Comp Biochem Physiol B Comp Biochem. 1982;73(3):485-9.
DOI: 10.1016/0305-0491(82)90064-5

Handel I, Watt KA, Pilkington JG, Pemberton JM, Macrae A, Scott P,
McNeilly TN, Berry JL, Clements DN, Nussey DH, Mellanby RJ.
Vitamin D status predicts reproductive fitness in a wild sheep
population. Sci Rep. 2016;6(1):1-1. DOI: 10.1038/srep18986

Nelson CD, Lippolis JD, Reinhardt TA, Sacco RE, Powell JL,
Drewnoski ME, O’Neil M, Beitz DC, Weiss WP. Vitamin D status of
dairy cattle: Outcomes of current practices in the dairy industry. J
Dairy Sci. 2016;99(12):10150-60. DOI: 10.3168/jds.2016-11727
Norman AW. Vitamin D nutrition is at a crossroads. Public Health
Nutr. 2011;14(4):744-5. DOI: 10.1017/S1368980011000280

Weber GM, Witschi AK, Wenk C, Martens H. Effects of dietary 25-
hydroxycholecalciferol and cholecalciferol on blood vitamin D and
mineral status, bone turnover, milk composition, and reproductive
performance of sows. J Anim Sci. 2014;92(3):899-909.
DOI: 10.2527/jas.2013-7209

Cleal JK, Hargreaves MR, Poore KR, Tang JC, Fraser WD, Hanson
MA, Green LR. Reduced fetal vitamin D status by maternal
undernutrition during discrete gestational windows in sheep. J Dev
Orig Health Dis. 2017;8(3):370-81. DOI:
10.1017/S2040174417000149

Bonniwell MA, Smith BS, Spence JA, Wright H, Ferguson DA.
Rickets associated with vitamin D deficiency in young sheep. Vet
Rec. 1988;122(16):386-8. DOI: 10.1136/vr.122.16.386

Van Saun RJ. Vitamin D-responsive rickets in neonatal lambs. Can
Vet J. 2004;45(10):841. [available at

Thompson KG, Dittmer KE, Blair HT, Fairley RA, Sim DF. An
outbreak of rickets in Corriedale sheep: Evidence for a genetic
aetiology. N Z Vet J. 2007;55(3):137-42. DOI:
10.1080/00480169.2007.36757

Dittmer KE, Thompson KG, Blair HT. Pathology of inherited rickets
in Corriedale sheep. J Comp Pathol. 2009;141(2-3):147-55. DOI:
10.1016/j.jcpa.2009.04.005

O’Brien MA, Jackson MW. Vitamin D and the immune system:
Beyond rickets. Vet J. 2012;194(1):27-33. DOI:
10.1016/j.tvjl.2012.05.022

Dias IR, Viegas CA, Silva AM, Pereira HF, Sousa CP, Carvalho PP,
Cabrita AS, Fontes PJ, Silva SR, Azevedo JM. Haematological and
biochemical parameters in Churra-da-Terra-Quente ewes from the
northeast of Portugal. Arq Bras Med Vet Zootec. 2010;62:265-72.
DOI: 10.1590/S0102-09352010000200004

Polizopoulou ZS. Haematological tests in sheep health management.
Small Rumin Res. 2010;92(1-3):88-91. DOI:
10.1016/j.smallrumres.2010.04.015

Smith EM, Tangpricha V. Vitamin D and anemia: Insights into an
emerging association. Curr Opin Endocrinol Diabetes Obes.
2015;22(6):432. DOI: 10.1097/MED.0000000000000199

Icardi A, Paoletti E, De Nicola L, Mazzaferro S, Russo R, Cozzolino
M. Renal anaemia and EPO hyporesponsiveness associated with
vitamin D deficiency: the potential role of inflammation. Nephrol Dial
Transplant. 2013;28(7):1672-9. DOI: 10.1093/ndt/gft021



https://doi.org/10.1007/s00277-009-0850-3
https://doi.org/10.1007/s00277-009-0850-3
https://doi.org/10.1007/s00394-018-1806-y
https://doi.org/10.1016/j.jcte.2014.01.003
https://doi.org/10.1111/j.1525-139X.2005.18402.x
https://doi.org/10.1093/ajcn/80.6.1678S
http://dx.doi.org/10.17582/journal.aavs/2019/7.5.378.382
https://doi.org/10.33899/ijvs.2023.138763.2835
https://dx.doi.org/10.33899/ijvs.2021.129230.1635
https://doi.org/10.33899/ijvs.2021.128327.1570
https://doi.org/10.33899/ijvs.2020.126407.1313
http://dx.doi.org/10.17582/journal.aavs/2019/7.4.315.320
https://doi.org/10.1088/1757-899x/928/6/062028
https://doi.org/10.33899/ijvs.2022.132903.2143
https://doi.org/10.33899/ijvs.2020.127253.1490
https://www.vetinst.no/fagomrader/dyrevelferd/dyrevelferdsprotokoller/_/attachment/download/cc3d1297-ac9a-4f30-b1fb-6808454c0de7:3e1a54bbcc04483c6732bd2e6ac052913defbf9a/Body_condition_scores_in_goats_Langston_University.pdf
https://doi.org/10.1016/j.smallrumres.2011.10.001
https://link.springer.com/article/10.1007/s00484-015-1025-7
https://link.springer.com/article/10.1007/s00484-015-1025-7
file:///C:/Users/ACER/Desktop/IJVS/page%20designer/Finished/1.%09https:/books.google.iq/books%3fhl=en&lr=&id=5wINWQVbB0cC&oi=fnd&pg=PT5&dq=Veterinary+clinical+pathology:+an+introduction&ots=FvLVsji1zD&sig=iKFd66GLacu2dwBGhgssbgOQfVs&redir_esc=y%23v=onepage&q=Veterinary%2520clinical%2520pathology%253A%2520an%2520introduction&f=false
https://doi.org/10.1016/0305-0491(82)90064-5
https://doi.org/10.1038/srep18986
https://doi.org/10.3168/jds.2016-11727
https://doi.org/10.1017/S1368980011000280
http://dx.doi.org/10.2527/jas.2013-7209
https://doi.org/10.1017/S2040174417000149
https://doi.org/10.1136/vr.122.16.386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC545989/
https://doi.org/10.1080/00480169.2007.36757
https://doi.org/10.1016/j.jcpa.2009.04.005
https://doi.org/10.1016/j.tvjl.2012.05.022
https://doi.org/10.1590/S0102-09352010000200004
https://doi.org/10.1016/j.smallrumres.2010.04.015
https://doi.org/10.1097%2FMED.0000000000000199
https://doi.org/10.1093/ndt/gft021

Iragi Journal of Veterinary Sciences, Vol. 37, Supplement 111, 2023 (89-95)
Proceedings of the 7th (2nd International) Scientific Conference, College of Veterinary Medicine, University of Al-Qadisiyah

ol (bl cauall Als day (alisl ¢Jie ddlide (al e
dagal) (jlagd (/8Y,0 & jall (JV,0 LN Sl YA 0 (55l
el ZYV,0 Jialadll PENSRY o/oY,0 il dagdd (JoY,V
Csnd Y0 Jle¥) JNY,0 2@l YT,V 5 sl alsall
JXNY Adalad) dsel glaal oAy dlladl el
o) Gacag 770 Jlaadls 7€+ el JTAY il @l ) )
2 Uy e Al dleall Wl i K 3K e (mladsly /YT, Y
Al (Y 0 Gaalidy dygall Cladlall Lk Gl gl @ ekl
il @l GMaall @elil (e /o al e sl Y, THASL VO
5ol dan (A5 paS Gl aall (BT 0 ualid (e Aiaddial)
VATEYS, Y el Jaees ddysie dan 0,0 VAT, YT auall
Bjlie o/ A ), VEEALYY Qlill Gl Jarag ca /ol
e 3l ¥ ualid e Alle dus e g iad S GOlaally
Laddiall il gisall I3 Ml 3 3 seall el cudlis) celld
e @it A Glaall ge bsale JSG diadll (8 Y2 (alid (1
pdl dlaad Jalas e ol aall (& Vo cpalid e ddle Gl gl
sl o Se Sl 4 DU o2 ad lidl) (- Jals)
e..ﬂ\ u'a\)A\} ‘g):}).uﬂ\ Ub\)“y\ oe Siad 4:\:\5@\ g\eL'aﬂ\
Apaill GSleall 8 ¥ Gualid 58 5 paliaily ddasije s AY)

95

gﬁ P omalid alll 4 gaally Ay ) zeaSall
doaadl) caal)

s svﬁu.'nw.\éb <Yaalad) JalS jaua “CJL«A e pla g
'AU e G g ) 35350 L ) ) Tasd) ) daa)

3 _pall daala ‘Lﬁ)L‘é:‘S‘ bl A< “;‘1\3}3\) @LL\S\ alall t)ﬁ‘
Al gaall (A de) ) A ae Al gal) 3558 Cladd and’ b jad)
Ada bl il A cadglly dalall g il sl

é\)ﬂ\ 63)4..\3\ ‘3)..4,\&\

AaDAL

¥ Omelid (il 3 seall g A5 padl ol L A0 Al ol Caad

Sa) 53l Goead) (A o il Sl Ay 5
Vo phatily el Laaal Sleal) JMiely pald (o 2 ppans
T2 Ol Ol gie LR &y el &y pull al e Y e
o/ alogsili Vo VEIV,VY Y 0 i (e (il (5 siase



