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Neonatal and preweaning lamb mortality constrains flock productivity, particularly in low-resource 

production systems where maternal milk availability may be limited. This study evaluated early-life 

feeding and management strategies on preweaning survival in 96 newborn ½ Dorper × ½ Jamuna 

River Basin lambs randomly allocated to four groups (n=24/group): natural suckling (control), natural 

suckling plus milk replacer supplementation, exclusive artificial rearing with milk replacer, and natu-

ral suckling with oxytocin-treated dams. Lambs were followed from birth to 60 days of age, and mor-

tality was evaluated using time-to-event methods. Crude mortality differed among groups (P=0.0008). 

Survival to 60 days was the highest in lambs receiving milk replacer supplementation alongside ma-

ternal suckling (95.8%) and in those suckling from oxytocin-treated dams (91.7%) compared with 

controls (83.3%). Lambs reared exclusively on milk replacer had the lowest survival (50.0%), corre-

sponding to threefold higher crude mortality than the naturally suckled control group (50.0% vs 

16.7%). In Cox regression, exclusive artificial rearing was associated with a higher mortality hazard 

than natural suckling (HR = 3.71; 95% CI: 1.20–11.54; P=0.023), whereas supplementation and oxy-

tocin-assisted suckling were not significantly associated with altered mortality risk. Under the man-

agement conditions of this study, artificial rearing without continued maternal suckling was associat-

ed with increased preweaning mortality risk. Strategies that maintain maternal suckling, with or with-

out supplementation or assisted milk letdown, were associated with comparatively higher survival. 

Key words: lamb survival, milk replacer, oxytocin, preweaning mortality, sheep produc-

tion, survival analysis 

INTRODUCTION 

Lamb survival during the neonatal and 

preweaning periods is a critical determi-

nant of flock productivity and long-term 

sustainability. Early-life mortality remains 
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a major challenge in sheep production 

systems, particularly in developing coun-

tries. In ruminants, the epitheliochorial 

placenta prevents prenatal transfer of ma-

ternal immunoglobulins, leaving newborn 

lambs immunologically naïve at birth 

(Borghesi et al., 2014; Demis et al., 

2020). Consequently, adequate colostrum 

intake and early nutrition are essential for 

survival. However, nutritional limitations, 

suboptimal management practices, and 

poor maternal performance – such as in-

sufficient milk supply, maternal rejection, 

or early maternal death – can severely 

compromise lamb survivability. Mortality 

risk is highest during the first weeks of 

life, when lambs are physiologically im-

mature and highly dependent on maternal 

care (Magalhães et al., 2016). 

Sheep production is an important 

component of livestock production in 

Bangladesh, where the national sheep 

population was estimated at 3.981 million 

during 2024–2025 (DLS, 2024). Neonatal 

and preweaning mortality remains a prac-

tical constraint in this sector. Dorper × 

indigenous crossbreeding may improve 

preweaning growth, whereas Jamuna Riv-

er Basin sheep retain reproductive value 

but have comparatively lower daily weight 

gain than coastal breeds (Ahmed et al., 

2018; Athifa et al., 2022; Mony et al., 

2022; Tesema et al., 2023). 

Locally available breeds and cross-

breds may also have limited lactation per-

formance, and lamb losses are commonly 

linked with infectious disease, parasitism, 

orphaning, insufficient milk availability, 

and inadequate maternal care (Hassan & 

Talukder, 2011; Sultana et al., 2011; Paul 

et al., 2020; Hossain et al., 2023). Milk 

replacers are therefore used as a support 

strategy, but outcomes under artificial 

rearing depend on colostrum management, 

hygiene, husbandry, and the ability to pre-

serve early-life maternal support, not only 

on nutrient composition (Urbano et al., 

2017). 

An alternative strategy to improving 

lamb survival involves enhancing mater-

nal milk availability. Oxytocin is a key 

hormone regulating milk ejection through 

stimulation of myoepithelial cell contrac-

tion in the mammary gland (Fernandez et 

al., 1995). Exogenous oxytocin admin-

istration has been shown to increase milk 

yield, lactation persistence, and milk 

availability in ewes (Alkass & Merkhan, 

2012; Abbas et al., 2014; Nezamidoust et 

al., 2015). Improving milk letdown 

through hormonal intervention may there-

fore represent a practical approach to re-

duce lamb mortality, particularly in low-

producing ewes. 

Despite the recognised importance of 

early-life feeding and maternal manage-

ment on lamb survival, few studies have 

quantified mortality risk using time-to-

event analytical approaches. Such meth-

ods allow for more precise estimation of 

survival probabilities and hazard rates 

during the high-risk preweaning period.  

Nevertheless, the effectiveness of ex-

clusive milk replacer feeding, particularly 

vitamin B12–fortified formulas, in reduc-

ing mortality under field conditions re-

mains inconsistent. Therefore, the objec-

tive of the present study was to compare 

early-life feeding and maternal manage-

ment strategies – including milk replacer 

supplementation, exclusive artificial rear-

ing, and oxytocin-assisted suckling – on 

preweaning lamb survival using time-to-

event analysis. The study aimed to quanti-

fy differences in mortality risk under field 

conditions rather than to evaluate specific 

nutritional mechanisms. 
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MATERIALS AND METHODS 

Study area and experimental period 

The study was conducted at the Sheep 

Research Farm (SRF) and the Reproduc-

tion Laboratory, Department of Surgery 

and Obstetrics, Bangladesh Agricultural 

University, Mymensingh, Bangladesh 

(24.73°N, 90.44°E). The experimental pe-

riod extended from mid-June to early Sep-

tember 2025. During this period, ambient 

temperatures ranged from 16.46 to 29.13 

°C, and cumulative rainfall varied be-

tween 340 and 530 mm. 

Animals and experimental design 

A total of 96 newborn crossbred lambs (½ 

Dorper × ½ Jamuna River Basin) were 

enrolled at birth following clinically nor-

mal parturition. Lambs from dystocic de-

liveries, stillbirths, or major congenital 

abnormalities were not included. Lambs 

were randomly allocated into four exper-

imental groups (n=24 per group) using 

simple randomisation procedures immedi-

ately after parturition. All lambs received 

supervised colostrum directly from their 

dams within the first hours of life and 

were provided with standard neonatal 

care, including navel disinfection and rou-

tine health monitoring. 

The experimental groups were defined 

as follows: 

• Group A (control): Natural suckling 

without intervention; 

• Group B: Natural suckling with milk 

replacer supplementation; 

• Group C: Artificial rearing with milk 

replacer following initial colostrum 

intake; 

• Group D: Natural suckling with oxyto-

cin administration to dams. 

Lambs were followed prospectively 

from birth until 60 days of age. At birth, 

lambs were weighed using a calibrated 

digital scale, and sex, litter size, dam pari-

ty, and parturition type were recorded. 

Ewes ranged from parity 1 to 4, and both 

single- and twin-born lambs were includ-

ed. The overall mean birth weight was 2.6 

± 0.3 kg (range: 2.0–3.0 kg), with no sta-

tistically significant differences among 

groups (P>0.05). Lamb sex distribution 

was balanced across groups (male:female 

ratio approximately 1:1). Because all en-

rolled lambs were from normal births and 

the total number of mortality events was 

limited, parturition type and litter size 

were treated as baseline descriptors rather 

than retained as additional covariates in 

the final Cox model. 

Milk replacer feeding protocol  

The milk replacer used was a commercial-

ly available lamb and kid milk replacer 

(MaxCare Lamb & Kid Milk Replacer; 

Maxu Animal Health, Australia). The 

product contained approximately 25% cru-

de protein and 27% crude fat, along with 

standard vitamin and mineral supplemen-

tation as specified by the manufacturer. 

The replacer was prepared at a con-

centration of 200 g powder per liter of 

warm water (38–40 °C). Lambs in Groups 

B and C received milk replacer by nipple 

bottle in three daily feedings, with the 

target daily allowance adjusted according 

to body weight and appetite. In Group C, 

lambs received one supervised colostrum 

intake directly from the dam after birth 

and were then separated from the dam and 

reared under artificial feeding conditions. 

Feeding equipment was cleaned between 

feedings, and total daily intake was moni-

tored throughout the preweaning period. 

Lambs in Groups A, B, and D remained 

with their dams and suckled ad libitum. 

Maternal milk intake was not directly 

measured; however, lamb growth perfor-
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mance and clinical monitoring were used 

as indirect indicators of milk sufficiency. 

Oxytocin injection. Dams in Group D 

received 2 IU oxytocin (0.2 mL Otocin® 

Vet Injection; Oxytocin BP, 10 IU/mL; 

Shinil Pharma, Bangladesh) by intramus-

cular injection once daily after confirmed 

morning lamb suckling. The post-suckling 

timing was used to confirm dam-lamb 

acceptance and spontaneous teat seeking 

before intervention, while supporting sub-

sequent milk letdown and residual milk 

removal during continued ad libitum suck-

ling. The dose and schedule were adapted 

from the protocol of Zamiri et al. (2001). 

Survival monitoring and data collection 

Lambs were monitored from birth until 60 

days of age. The primary outcome varia-

ble was time-to-death (in days) during the 

preweaning period. Mortality events were 

recorded along with the corresponding 

survival time. Lambs that survived until 

60 days of age were treated as right-

censored observations in the survival 

analysis. Causes of preweaning mortality 

were classified based on clinical signs, 

necropsy findings, and farm records. In 

the exclusive milk replacer group, most 

deaths were associated with parasitic in-

festation and diarrhoea, whereas in natu-

rally suckled groups, mortalities were 

primarily attributed to hypothermia, mild 

infections, or undetermined causes. 

Ethics approval and consent to participate 

All animal-related experimental proce-

dures were reviewed and approved by the 

Animal Welfare and Experimentation 

Ethics Committee (AWEEC) of Bangla-

desh Agricultural University (BAU), 

Mymensingh, Bangladesh (Approval No. 

AWEEC/BAU/2025(2)/42(a); 20 Decem-

ber 2024). The study was conducted in 

accordance with the institutional guide-

lines for the care and use of animals in 

research and complied with internationally 

accepted principles of animal welfare. All 

management practices, handling, sam-

pling, and interventions were performed 

by trained personnel with due considera-

tion to minimise pain, stress, and discom-

fort to the animals throughout the study 

period. 

Animal welfare, monitoring, and humane 

endpoints 

All lambs were monitored at least twice 

daily throughout the study period by 

trained farm personnel and veterinarians 

for general health status, behaviour, milk 

intake, hydration status, and signs of ill-

ness or distress. Humane endpoints were 

predefined to minimise pain, distress, and 

unnecessary suffering. Lambs exhibiting 

severe clinical signs including persistent 

diarrhoea unresponsive to treatment, se-

vere dehydration, inability to suckle, 

recumbency, marked lethargy, hypother-

mia, or rapid weight loss were identified 

as animals at risk and received appropriate 

supportive care following standard veteri-

nary practices. 

No experimental procedures were de-

signed to intentionally induce mortality. 

Death was not used as an experimental 

endpoint, and no animals were euthanised 

for the purpose of data collection. All 

mortalities occurred due to naturally oc-

curring disease or management-related 

complications typical of preweaning 

lambs under field conditions. 

Statistical analysis 

Survival analysis framework. Survival 

analysis was used to account for both the 

timing of mortality events and right-

censoring.  denoted the survival time (in 

days) of a lamb. The survival function S(t) 

was defined as: 
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𝑆(𝑡) = 𝑃(𝑇 > 𝑡)  

representing the probability that a 

lamb survives beyond time t. 

Kaplan-Meier estimation. Non-

parametric estimates of the survival func-

tion were obtained using the Kaplan-

Meier (KM) estimator. For ordered event 

times 𝑡1 < 𝑡2 ∙∙∙∙∙∙< 𝑡𝑛  , the KM estimator 

is given by: 

𝑆 (𝑡) =   1 −
𝑑𝑖

𝑛𝑖
 

𝑡𝑖≤𝑡

 

 
Where Ŝ(t)  denotes the Kaplan-Meier 

estimates of the survival function at time t; 

ti represents the ordered times at which 

deaths occur;  di is the number of deaths at 

time ti;  and ni is the number of lambs at 

risk immediately prior to ti. 

Survival curves were generated for 

each experimental group and compared 

using the log-rank test to assess the null 

hypothesis of equal survival distributions 

across experimental groups. 

Cox proportional hazards model. To 

quantify mortality risk associated with 

feeding and management interventions, a 

Cox proportional hazards regression mod-

el was fitted: 

ℎ 𝑡|𝑋 = ℎ0 𝑡 𝑒𝑥𝑝 𝛽𝑋   

where h(t|X) is the hazard at time t , 

ho(t) is the unspecified baseline hazard, 

X represents explanatory variable (exper-

imental groups), and β represent the re-

gression coefficients. The control group 

(Group A) served as the reference catego-

ry. Results were expressed as hazard rati-

os (HRs) with 95% confidence intervals. 

Model diagnostics and visualisation. 

The proportional hazards assumption was 

assessed using Schoenfeld residuals. Un-

der this assumption, residuals are ex-

pected to be independent of time. Global 

and covariate-specific tests were conduct-

ed using the cox.zph() function in R. Birth 

weight, sex, litter size, dam parity, and 

parturition type were reviewed descrip-

tively for baseline balance. The final Cox 

model included experimental group as the 

primary explanatory variable because the 

number of mortality events was small rela-

tive to the number of possible covariates, 

and adding multiple baseline variables 

would have produced unstable estimates. 

Results were interpreted with this limita-

tion in mind. All analyses were performed 

using R version 4.5.1 (R Core Team, 

2025), with significance set at P<0.05. 

RESULTS  

During the 60-day preweaning period, 

crude mortality  exhibited significant vari-

ation across the four experimental groups 

(P=0.0008, Fisher's exact test with Monte 

Carlo simulation). The highest mortality 

was observed in Group C (exclusive milk 

replacer), reaching 50.00% (12/24), which 

was threefold higher than the Group A 

control mortality of 16.67% (4/24). Group 

B (4.17%; 1/24) and Group D (8.33%; 

2/24) demonstrated the lowest mortality 

rates (Table 1). Kaplan-Meier survival 

analysis confirmed that these differences 

were not merely endpoint-related but re-

flected distinct survival trajectories 

throughout the study period (log-rank test: 

χ2=18.2, df=3, P=0.0004). 

The cumulative risk of mortality was 

further characterised using Nelson-Aalen 

cumulative hazard curves (Fig. 1). Group 

C exhibited a sharp, early divergence from 

the other cohorts, characterised by a steep 

increase in the cumulative hazard func-

tion. This indicates a concentrated period 

of high mortality risk shortly after the 

initiation of the exclusive milk replacer 

protocol. Conversely, the control group 

(Group A) maintained the most stable 

survival profile. While Groups B and D 

experienced minor hazard increases, their 
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trajectories remained statistically closer to 

the control than to the high-risk profile of 

Group C. 

Cox proportional hazards regression, 

with the naturally suckled group (Group 

A) as the reference category, identified 

exclusive milk replacer feeding as the 

only intervention associated with a signif-

icantly increased mortality risk. Lambs in 

Group C exhibited a higher estimated 

hazard of death compared with the control 

group (HR=3.71; 95% CI: 1.20–11.54; 

P=0.023). However, the relatively wide 

confidence interval reflects the limited 

number of mortality events and should be 

interpreted with caution. No statistically 

significant differences in mortality risk 

were observed for Group B (natural suck-

ling plus milk replacer supplementation) 

or Group D (natural suckling with oxyto-

cin-assisted milk letdown in dams). 

Table 1. Crude mortality of lambs across early-life feeding and management groups (A: natural 

suckling; B: natural suckling + milk replacer; C: milk replacer only; D: natural suckling with oxyto-

cin-treated dams) during the 60-day preweaning period  

Group n Mean birth 

weight (kg) 

Sex (male: 

female) 

Mortality, 

number (%) 

95% CI Main causes of death 

A 24 2.6 ± 0.3 12:12   4 (16.7%) [4.7, 37.4] Hypothermia,  

mild infections 

B 24 2.6 ± 0.3 13:11   1 (4.2%) [0.1, 21.1] Mild diarrhoea 

C 24 2.6 ± 0.3 12:12 12 (50.0%) [29.1, 70.9] Parasitic infestation, 

diarrhoea 

D 24 2.6 ± 0.3 13:11   2 (8.3%) [1.0, 27.0] Mild infections,  

hypothermia 

 
Fig. 1. Nelson-Aalen cumulative hazard estimates for lamb mortality by treatment group  

(A: natural suckling; B: natural suckling + milk replacer; C: milk replacer only; D: natural  

suckling with oxytocin-treated dams) during the 60-day preweaning period.  

Shaded bands indicate 95% confidence intervals. 



Md Abu Saif, Md. Nazmul Islam, Md. Junaid Ferdous, A. K. M. Anisur Rahman & F. Y. Bari  

BJVM, ××, No × 7 

Fig. 2 summarises these findings, sho-

wing that only Group C had a hazard ratio 

significantly greater than unity, whereas 

the confidence intervals for Groups B and 

D overlapped the reference line, indicat-

ing no detectable difference in mortality 

risk relative to the control. 

The survivability status among groups 

and the R code for analysis are presented 

as supplementary file 1 and supplementary 

file 2, respectively. 

DISCUSSION 

The present study evaluated how early-life 

feeding and maternal management strate-

gies were associated with preweaning 

survival in crossbred lambs under field 

conditions. Clear differences in survival 

patterns were observed among groups 

during the 60-day follow-up period. 

Lambs reared exclusively on milk replacer 

had a higher hazard of mortality than nat-

urally suckled controls. In contrast, lambs 

that received milk replacer supplementa-

tion alongside maternal suckling, as well 

as those suckling from oxytocin-treated 

dams, showed survival rates comparable 

to or numerically higher than the control 

group. These findings highlight the im-

portance of maternal support during the 

neonatal period. 

Time-to-event methods provide a 

stronger basis for evaluating preweaning 

lamb mortality than end-point compari-

sons because they incorporate the timing 

of deaths and appropriately handle right-

censoring among lambs that remain alive 

at the end of follow-up. Kaplan-Meier 

curves are widely used in lamb studies to 

visualise survival probabilities from birth 

to weaning and to highlight critical early-

life windows when deaths are most likely 

to occur (Piwczyński et al., 2010). Cox 

proportional hazards regression comple-

ments this by quantifying how interven-

 
Fig. 2. Forest plot of hazard ratios (HR) and 95% confidence intervals from the Cox proportional 

hazards model for lamb mortality by treatment group, using Group A as the reference. 

 

https://bjvm.trakia-uni.bg/Supplementary_File_1_(Survival_lamb).csv
https://bjvm.trakia-uni.bg/Supplementary_File_2_(R_code_for_analysis)_edited.Rmd
https://bjvm.trakia-uni.bg/Supplementary_File_2_(R_code_for_analysis)_edited.Rmd
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tions shift the instantaneous risk of death 

over time through hazard ratios (Gaur et 

al., 2022).  

The higher mortality observed in the 

exclusively milk-replacer-fed group 

should be interpreted in the context of its 

very short dam-contact period. Although 

all Group C lambs received one super-

vised colostrum intake before separation, 

a single intake may not ensure adequate 

passive transfer in every lamb because the 

volume consumed, colostral immuno-

globulin concentration, and suckling vig-

our can vary substantially among dam-

lamb pairs. Early separation may also re-

duce maternal warming, grooming, behav-

ioural stimulation, and opportunities for 

repeated suckling. In this study, most 

deaths in the exclusive group were associ-

ated with diarrhoea and parasitic infesta-

tion, suggesting that reduced passive im-

mune protection and management-related 

infectious exposure likely interacted. The 

increased hazard should therefore be 

viewed as an outcome of the artificial 

rearing system as a whole, rather than as a 

direct effect of milk replacer composition 

alone. Similar variation between artificial 

and natural rearing systems has been re-

ported in other production settings 

(Turquino et al., 2011; Belanche et al., 

2019; McCoard et al., 2021). 

The absence of a detectable survival 

disadvantage in the oxytocin-supported 

group (Group D) indicates that interven-

tions that preserve maternal suckling 

while improving milk ejection can main-

tain survivability comparable to controls. 

Exogenous oxytocin has been associated 

with increased average daily and total 

milk yield and may support lactation per-

formance through more complete removal 

of residual milk, thereby improving milk 

availability to offspring (Nezamidoust et 

al., 2015). Because inadequate milk trans-

fer is a recognised contributor to early-life 

mortality risk, improving the reliability of 

milk delivery is a plausible pathway for 

supporting survival during the highest-risk 

neonatal window (Dwyer, 2014). Oxyto-

cin is also linked to maternal behaviour 

around parturition and lactation, with im-

plications for acceptance and nurturing 

behaviors that indirectly influence neona-

tal survival through improved dam-lamb 

interactions and suckling success (Dwyer, 

2014). At the same time, responses can 

vary by ewe genotype, parity, and envi-

ronment, and thus oxytocin should be 

framed as a targeted management tool that 

requires context-specific optimization 

rather than a universal solution (Bochini 

et al., 2014; Dwyer, 2014). 

These findings emphasise that artifi-

cial rearing protocols should protect the 

early passive-immunity window before 

maternal separation. For future experi-

mental designs, lambs assigned to artifi-

cial feeding should receive repeated, 

measured colostrum feedings or remain 

with their dams for at least the first 24 

hours of life, followed where possible by 

verification of passive transfer status. 

Such a design would allow later mortality 

differences to be attributed more confi-

dently to the artificial feeding regimen 

itself rather than to insufficient early co-

lostrum exposure. 

Several limitations should be consid-

ered when interpreting these findings. 

First, the sample size was relatively small 

(24 lambs per group), and only 19 mor-

tality events occurred during follow-up. 

This limited the precision of hazard ratio 

estimates and prevented stable multivaria-

ble adjustment for all biologically relevant 

factors, including litter size, dam parity, 

sex, and birth weight. Second, although 

only normal births were enrolled and 

dystocic births were not included, both 
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single- and twin-born lambs were present; 

residual confounding by litter-related 

physiology therefore cannot be fully ex-

cluded. Third, the analysis focused on all-

cause mortality rather than cause-specific 

hazards. Although this approach avoids 

bias arising from imperfect cause-of-death 

classification under field conditions, it 

limits inference regarding specific mor-

tality pathways (Hinch & Brien, 2014). 

Farm-level heterogeneity represents a 

further challenge, as variation in manage-

ment intensity, hygiene, microclimate, and 

staff practices may confound observed 

associations if not fully accounted for 

(Van Rompaye et al., 2012; Orihara et al., 

2023). Despite these limitations, the study 

demonstrates that meaningful differences 

in survival patterns can be detected under 

field conditions using time-to-event meth-

ods. 

Future research should incorporate 

larger sample sizes, multivariable-adjus-

ted survival models, and direct measure-

ments of milk yield, colostrum quality, 

serum IgG or total protein, and passive 

transfer status. Multi-farm studies would 

also strengthen external validity and help 

distinguish nutritional effects from broad-

er management influences. Overall, the 

findings indicate that maintaining mater-

nal suckling during early life is associated 

with improved survival under the condi-

tions studied. Artificial rearing systems 

require careful colostrum management, 

hygiene, and environmental control to 

minimise infectious and environmental 

risks. 

CONCLUSIONS 

Early-life feeding and maternal manage-

ment were associated with differences in 

preweaning lamb survival in this study. 

Lambs reared exclusively under artificial 

feeding showed a higher mortality hazard 

than naturally suckled controls. In con-

trast, lambs that maintained maternal con-

tact had better survival outcomes. This 

included those receiving supplementation 

and those suckling from oxytocin-treated 

dams. 

The results underline the importance 

of maternal support during the neonatal 

period. They also indicate that artificial 

rearing systems require careful manage-

ment and should not rely on a single co-

lostrum intake before early separation. 

Survival in such systems depends on ade-

quate passive transfer, hygiene, thermal 

support, and overall husbandry practices, 

not only on milk replacer formulation. 
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