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Perfor mance of Pre-Weaned Dairy Calvesunder Hot Arid Environment:
Effects of Immunoglobulins and Age on Diseases and Mortality
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Abstract: Problem statement: A high mortality rate (crude mortality 43.6%) ofepweaned dairy
calves resulted in unavailability of replacemenifdrs in Kuwait. Dairy producers resorted to
import pregnant heifers for herd replacement. Bhigly was undertaken to investigate the effects of
dam vaccination and age, serum Immunoglobulin @ig)disease syndromes and mortality in pre-
weaned calvesApproach: Late pregnant Holstein Friesian dairy cows andfehngi of five
commercial dairy operations were divided into twerds: Treatment (T) vaccinated using Lactovac
againstRotavirus, Coronavirus and Escherichia coli and Control (C) unvaccinated herds. Total of
1,088 newborn calves of above herds were also etivils T and C for studies from their birth to
weaning at 90 days. Calves weighed at birth, fddstaum, serum proteins and Ig (IgG, IgM and IgA)
were determined; disease syndromes, morbidity amdalfity rates were investigateResults. Mean
birth weight (34.25+SE 0.21 kg) of calves did ndfed significantly (p<0.01) between treatments.
Crude mortality rates differed significantly (p<@)Qanging from 2.83-22.83% in calves among herds.
Highly significant differences were observed indigsses of blood serum of calves: IgG (F 3.47
p<0.010), IgM (F 3.52 p<0.009) and IgA (F 3.66 ®B8R). The effects of Ig levels on calf morbidity
rates were significant (p<0.05) on three diseaselrgynes: pneumonia, diarrhea and pneumo-enteritis.
Vaccination of pregnant dams and oral administnatd antibodies to newborn calves reduced calf
morbidity and mortality rates. Major disease synaies were pneumo-enteritis (34.6%) and pneumonia
(33.8%). Younger calves were greatly affected bgs¢hdiseaseLonclusion: Inadequate levels of
passive immunity of young calves were commonly ébimKuwait’s farms. This study demonstrated the
importance of passive immunity of calves by ensyadequate levels of serum Ig and protein levels.
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INTRODUCTION reported a mean death loss of 8.4+SD 0.4% of pre-
weaned heifefs". Silva et al.”® found that mortality
Kuwait's total dairy cattle of 27,000 in 33 rate in twin birth was higher (28.2%) than singletb
commercial farms are managed under intensive syste(7.2%) in USA. They reported that prenatal early
(zero grazing). Crude mortality rate of pre-weanedembryonic loss was up to 40%, later embryo lossoup
calves ranged from 10-90% (mean 43.6%) in some 020% and abortion 5%. The most common cause of
the dairy farms of Kuwait due to acute diarrhea,disease and death of calves in Kuwait's dairy hevads
dehydration, septicemia, enteritis and pneunithia  diarrhea followed by pneumoffid. Losinger and
arid environment of Kuwait. Heinrich$'¥ found that pre-weaned calf death loss was
Updated data of the magnitude of calf losses due t9.4%. Previously, a number of researchers had found
morbidity and mortality of commercial operations fo that management, feeding and environmental factors
many countries are scarce, yet these statisticsitatdor ~ were associated with calf mortalft§\.
viable dairy enterprises. Recently, Ortiz-Pelaeal ' The beneficial effects of dam vaccination for pass
assessed calf mortality rates in Great Britain fmohd  transfer of antibodies to the newborn calves thinoting
regional differences with a mean of 12%. Earlier,colostrum feeding were obser{@t The effectiveness of
United States National Dairy Heifer Evaluation atj the passive transfer of Ig depends on the volume of
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colostrum given to the calves and concentratiotgah received colostrum at a level of 10-15% of theidyo
the colostrui”. Timing of colostrum administration and weight within the first eight hrs of birth, not bmyd 24
immune status of calves were found to be closdatae h and transferred to the clean calf rearing uilietails

to morbidity and mortality rates in young cake¥! of dam information, sex of calves and treatment
Suh et al.” observed that serum levels of Ig classesprovided were record&d.

(lgG, IgM and IgA) reached its peak 24 h aftertbirt . ]

calves and remained constant till 8 d of age. @reb/’)  Age group of calves: Five age groups included were O-
found that there was a dynamic change of seruneiprot 7, 8-14, 15-30, 31-60 and 61-90 day for examinimgy t
in new born calves that could reflect the passivedisease occurrences. Only one occurrence of aftgueci
immunity status. The objectives of this study wese Syndrome in a defined time period was considered fo
examine the effects of dam vaccination, dam relateg@lculation of an incidence rate; any second othéir

factors and serum Ig levels on mortality and mdtpid occurrences of the same syndrome in a time period
of pre-weaned calves. were ignored. Total number of calves at risk was

derived from the following: Calf-day totals (withhe
calf-day representing the presence of a calf faay).

A calf no longer contributed to calf days whereit the

) ) ) calf group-either through death or by attaining #uye
Study Io.catlon a_nq climate: The dairy farms were  of 90 day (no calves were recorded as having belen s
located in Sulaibiya, a Government assigned,aregjyring the study). The mean number of calves ptesen
25 km northwest of Kuwait city. Summer months arebeing the average of the number present at the
June, July, August and part of September. Summesieginning of an age period and the number pregent a
season is mostly dry, Relative Humidity (RH) notthe end of the age perid®”.In calculating risk rates
exceeding 30%, with extremely hot temperatureshe denominators were taken as the number of calves
exceeding 48°C. After last part of July, tempemtur that either died or survived for the entire 90 gayiod.
reaches 50°C for 1-2 weeks with dry air. RH incesas . .

after mid August and September reaching over 90vgBiochemical siudies. About 10 mL blood samples
Temperatures start to decrease by the end of Augu¥fere collected from 24-36 h old calves into tubes,
reaching 40-43°C during the first half of September&llowed to coagulate, clear serum was obtained by
Autumn season extends over October to November an(aen}nfugatlon at 1,508 g for 15 min and stored at
temperature decreases to 30°C throughout Octolukr an/0°C. Total serum protein concentration was
20°C in November. Winter season extends fromgztf?;r:t'gadeterbgPR_r'\elféag?rge;igle f)?eorfjlrg g /fggt?:l
December to February and part of March. In thiseea ﬁmd reflective index scale of 1.33-1.360 from Atalm

temperature reach(is as .lOW as -4°C and .h'g Ltd., Japan). Serum IgG, IgM and IgA concentrations
temperatures 10-19°C at night and day respectlverWere determined by the Radial Immuno Diffusion

Spring season covers part of March, April and May(RID) methodt-23!
with temperatures reaching 20-3¢€ '

MATERIALSAND METHODS

Disease diagnosis. The calves found to be off feed,
Calving area: Separate maternity faciliies were coughing, elevated temperatures, diarrhea and other
provided to cows which were due for calving, allowi ailments were identified, isolated and administered
5 cows with space of 20 7of area/cow. Clean desert intravenous electrolyt€ Data of disease occurrence,
sands were used as bedding materials. clinical symptoms, disease suspicion, recoverieafhts

and post-mortem findings were collected.
Experimental calves. Five commercial dairy herds
representing 2 |arge' 2 medium and 3 small farnre we Calf management criteria: Criteria for Scoring the calf
used. A total of 1,150 late pregnant Holstein Faies Management and housing, hygiene, feeding data to
dairy cows and heifers were divided into two groups assess the overall performance of the calves on the
each of the five farms. Treatment (T) herd wassurveyed farms were develop
vaccinated using Lactovac againfotavirus,
Coronavirus and Escherichia coli and Control herds Data analysis: Data were analyzed according to Ross
(C) remained unvaccinated. Total 1,088 newbornesalv and Payné®. Chi-square was used to test for
obtained from both T and C of ages from birth todifferences in proportions of calves that died @arev
weaning at 90 day were under investigation. Calveglinically affected by a specified syndrome.
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RESULTS

Mortality rates: The true mortality rates for calves

pneumo-enteritis at the age of 1-7 day compared to
other age groups due to low serum concentratiomd! of
classes of Ig.

ranged from 2.83 and 15.87% (Table 1). Herd 3 had

exceptionally low mortality rates showing high qgtal

management of young calves. A total of 961 calves
were weaned representing 88.32% of the total calves

born in both sexes. It is quite clear (Fig. 1) thiad
calving rate increased sharply in August, reachang
peak in October thereafter, declined quite shaiply
November. Overall ratio of male-to-female calveswa
1:1 (Table 2). However, herd-wise ratios were dligh
different than the overall ratio, as was expected.

Effect of dam vaccination: Selected factors affecting
the mortality of calves were investigated by
dichotomizing these factors, using the chi-squast. t
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Fig. 1: Seasonality of calving

Table 1: Numbers of births, deaths and calves wkhgéerds

Birth weights of calves and dam parity had no

AR . Herd No.

significant effect on calf mortality (Table 3).

Vaccination of pregnant dams and administratiomgof Parameter 1 2 3 4 5

to newborn calves r_egulted in a 5|_gn|f|cant reducti - aorq size Small Large Small Large  Medium Total

(p<0.05) of calf morbidity and mortality rates. At start of period 0.00 000  0.00 0.00 0.00 0.00
Births 52.00 363.00 120.00 323.00 230.00 1088.00
Deaths 7.00 35.00 3.00 60.00 22.00 127.00

i H H Weaned at 45.00 328.00 117.00 263.00 208.00 961.00

Serum proteins ar_1d |m.mu.nogllobul|n of calf SErUM oo period

deleted: A farm-wise distribution of the concentration Calf-days 3,969.00 25,307.00 9,527.00 23,649.0B4B500 78,300.00
90 day mortality 15.87 12.44 2.83 22.83 12.49 14.59

of total serum proteins of 776 samples are shown i

Ithte (%)

Table 4. Mean total serum protein concentratiomgean

between 4.47 and 5.26 g dLHowever, serum protein
concentration was as low as 2.4 gdand as high as
9.2 g dL*. Relatively low values of all classes of Ig

& Total Herd size (No. of cattle of all categorieshe herds No. 1-5);
1: Small: 215, 2: Large: 600, 3: Small: 250, 4: dear 550, 5:
Medium: 450

Table 2: Distribution of calves by sex and paritglam by herd

were observed indicating fairly low passive immunit

. . Herd No.
status in young calves. Ig classes of five farms ar
given in Table 5 showing the herd differences weresex 1 2 3 4 5 Total
quite clear and had statistical significance (pSp.0 Male 25 185 59 158 117 544
Female 27 178 61 165 113 544
Total 52 363 120 323 230 1088

Immunoglobulin and morbidity: Significant effects Dam parity
of Ig levels (p<0.05) on morbidity rates were obser No datd 0 11 ! 0 96 108

: . . 50 321 118 305 134 928
for three disease syndromes: Pneumonia, diarrhda ap 0 5 1 5 0 11
pneumo-enteritis and five age groups 0-7, 8-14305- 3 2 26 0 13 0 41
31-60 and 61-90 day of calves (Table 6). The resultTotal 52 363 120 323 230 1088
indicate significantly high incidences of pneumoaial ~  Complete records of dam parity were unavailable
Table 3: Effects of dam parity and vaccination athbweight of calves

Dam parity Dam vaccinated Birth weight

------------------------------------------------- Total categorxMean >mean
Fate 1 >1 Total No Yes 133 43.24 Kg 34.25 Kg Total
Died 110.0 8.0 118.0 46.0 87.0 133.0 61.0 66.0 127
Survived 816.0 44.0 860.0 311.0 633.0 944.0 445.0 69.04 914
Total 926.0 52.0 978.0 357.0 720.0 1077.0 506.0 535 1041
Proportions 113 15.4 12.2 12.8 12.2 12.3 11.9 12.3

& No significant difference
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Table 4: Summary of serum Ig (mgdLand total protein concentrations

Antibody class all farms No. of observations Range Mean SE
Overall serum Ig classes

IgG 123 390-10,000 2,897.3 199.2
IgM 193 44-940 163.1 8.9
IgA 116 30-540 87.1 7.2
Far m wise serum protein concentrations (mg dL ™)

Farm no.

1 15 3.0-7.0 4.78 0.27
2 284 3.4-9.2 5.26 0.06
3 84 2.6-4.5 4.54 0.11
4 278 3.0-8.2 5.03 0.54
5 115 2.4-6.4 4.47 0.07
Total 776 2.4-9.2 497 0.03

Table 5: Serum immunoglobulin concentrations (mg)daf calves by dairy herd (Mean + SE)
Dairy herd number

Antibody

class 1 2 3 4 5 Total Total (%)
19G 1,310.0+#311.0 (5) 3,385.9+354.9 (49) 4,094.042,9 (13) 2,477.6+217.0 (36)  2,074.2+#199.9 (20) 892,3+199.2 (123) 92.06
IgM 110.7+9.0 (35) 172.3+12.9 (79) 227.9+43.2 (20) 166.1+18.1 (52) 110.7+9.0 (35) 163.1+8.9 (193) 5.18
IgA 52.4+7.2 (5) 94.4+12.2 (47) 159.4+47.1 (10) 8aRB.3 (36) 54.2+4.0 (18) 87.0+7.2 (116) 2.76
Total 1473.1 3,652.60 4,482 27225 2,239.1 3147.4 00.aD

SE: Standard Error, () in parentheses: Numberbskrvations. Means with different superscript (achbd) of each row are significantly
different. IgG at g0.01, IgM at g0.09 and IgA g0.08

Table 6: Statistically significant differences beam morbidity rates by immunoglobulin class and grgep

Immunoglobulin Age group  jHAncidence (%) Rincidence (%) Significance 1P,

class Syndrome (d) at low Ig levels at high kgls level (%) risk difference

IgM Pneumonia 61-90 12.60 4.9 1.9 7.700
Pneumo-enteritis 1-7 34.30 12.9 0.2 21.400
Pneumo-enteritis 61-90 9.14 1.0 0.1 8.140

IgA Pneumonia 61-90 23.10 2.7 0.0 20.400
Pneumo-enteritis 1-7 36.10 13.3 3.5 22.800
Pneumo-enteritis 61-90 13.50 1.0 0.0 12.500

19G Pneumonia 15-30 31.10 11.9 2.5 19.200
Pneumo-enteritis 1-7 50.00 7.8 0.0 42.200
Pneumo-enteritis 61-90 9.00 2.1 4.1 6.900

DISCUSSION survivals of young -calves. Our present studies

confirmed above findings. Pre-weaned calves exposed

Herd Size and Housing. The number of calves borrio an extremely hot (45-48°C) weather in summer and
in different farms were in the order of farmmmhers  cool (-4°C) night in winter in Kuwait, were found t
2 = 363>4 = 323>5 = 230>2 = 120>1 = 52, thehave performed significantly better in hutches than
corresponding total dairy herd sizes were 600, 850,  conventional confined housifg.
250 and 215 respectively. Dairy herd sizes had no
significant effect on calf mortality rates. Low theg  Calving pattern: Uniform patterns of the calving rates
and housing scores were associated with a higlwvere not applicable to all farms of Kuwait (Fig. 1)
mortality rate in calves. (Sqgi-squared statisticg f because of the differences in the introduction of
feeding 11.15, p=0.0008 and for housih§.16, pregnant heifers to the herds by importation from
p = 0.0000) (Table not presented). Recently, it wasbroad. However, the findings are very valuabletlier
observed that mortality rates in pre-weaned calveselection process of heifers for breeding and mgari
were reduced and daily live weight gain of Holsteinpurposes. These findings are consistent with the
Friesian calves increased significantly when theyav  previous studies carried from the years 1998-3800
housed in open environment with well ventilatedf cal
hutches compared to confinement crate holng Sex of calves and dam parity: The vast majority of
Quigleyet al.”"* found that timely colostrum feeding calves (85%) in the study were the first parityférei
and naturally ventilated calf housing had a sigaift dams (Table 2). The present findings are consistent
positive impact on feed intake, growth rate andwith several studies carried out by KBdy*! This was
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presumably a function of the very short productife

good indicator of the immunity status of calves.

of dairy cows (average 2.3 lactations) in Kuwait. However, other classes of Ig i.e., IgM and IgA also

Introduction of new pregnant heifers to the hemsnf
abroad is a general practice in Kuwait; therefthese
dam parity results were expected.

Serum immunoglobulins and proteins: In our studies,

served as indicators of the rates of entero-pneiamon
and pneumonia in calves. Similar findings were
reported by Ro%”.

CONCLUSION

three types of antibodies that identify and destroy

disease causing organisms in calves were determined Vaccination of dams and administration of
(Table 4). Lang” found that major Ig classes IgG, IgM colostrum to calves resulted in reduction of calf
and IgA represented 85-90, 5-10 and 5-10% of tted to morbidity and mortality rates. This study demortsita

Ig in the colostrum. Our studies showed that 925183
and 2.76% of the total Ig were represented by Ig@,
and IgA respectively (Table 5) in serum. In ourdstu

significance of ensuring on time colostrum feeding
newborn calves for obtaining adequate levels ofall
classes (1gG, IgM and IgA) in their serum.

the calves which had not received any colostrurhiwit

12 h of birth, it was unlikely that they would bbklato
absorb antibodies for achieving adequate passive
immunity%.

Present study showed that variations between dairpéu

farms in passive immunity status of calves werdequi
large (Table 5). On average, 50% of the total cahaxd

an acceptable levels of IgG in serum. Twenty five
percent of the total calves had Partial Failuré®a$sive
Transfer (PFPT) of IgG and the remaining 25% ha
Failure of Passive Transfer (FPT) of IgG in cal{Esble
not presented). In earlier publications, surveycoted

by several researchers correlated the percentagelof
and dying calves with their IgG concentrations and
indicated amounts below 800 mg/100 mL were Failure

of Passive Transfer (FPT) and 800-1600 mg/100 mLl.

were partial failure of passive transfer of antiesd
(PFPTY3. Recommended concentration of total IgG in
calf serum was above 1600 mg 4t?.

Due to uncertainty in intake of maternal colostrum
naturally and risk of transmission of diseases fitbm

dams to calves, collection and hand feeding ofeeith 2.

fresh or stored (frozen) colostrum was highly
recommended by USDA's National Animal Health
Monitoring System (NAHMS) as the cow colostrum is
the only source of antibodies for newborn cdiVemn

our studies new born calves were separated froin the

dams immediately and fed colostrum by hand.3

However, in case of night delivery of cows, delay i
feeding colostrum to calves might have resulted in
inadequate passive immunity status as revealed from
lower levels of IgG in serum. Farm 3 calves hachhig
concentration of all classes of Ig and lower mdstal

rate in calves (Table 1 and 5). Serum protein Evel+

below 5 g d* are considered to be an indicative of
inadequate immunity status of cal?&s

Immunoglobulin and morbidity: It was found that a
low concentration of IgG in serum was shown to be a
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