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Background: Neonatal mortality is a significant multifactorial problem that affects flock
productivity. Different infectious and non-infectious factors have been attributed to lamb losses. The
objective of the present study was to identify the major causes of neonatal mortality.

Methods: In a 3-months period, 114 Lacaune breed lambs died of which 52 animals were lost with
clinical signs of infection. Heart and lung samples were collected and transmitted to the laboratory.
Microbiological cultures following biochemical tests were conducted to identify bacterial infection of
the lambs.

Results: A total of 52 out of 114 lambs (45.6%) were infected with bacteria. The bacteria including
Escherichia coli (30.8%), Proteus mirabilis (19.2%), Pasteurella multocida (1.5%), Corynebacterium
pseudotuberculosis (7.7%), Mannheimia haemolytica (3.9%), Staphylococcus epidermidis (1.9%) were
isolated. The role of the identified pathogens was more significant in lamb death compared to non-
infection causes. Diarrhea was the most infectious disease followed by septicemia and pneumonia.
Escherichia coli was isolated significantly more than other bacterial agents (30.8%).

Conclusion: The present findings showed Escherichia coli as the most common pathogen leading
to lamb losses in the first two weeks of life. The hygienic practice which encompasses both environment
and milking equipment, periodical flaming, and providing dry and clean bedding can dramatically
decrease the infection among newborn animals. Reduction of the birth density and avoiding
synchronization until the expert and labor capacity has reached the optimal level are necessary actions
to reduce infectious diseases.
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Introduction

Neonatal mortality is a significant multifactorial
problem which affects a flock productivity (1, 2)
and has serious constraints to profitability of small
ruminant’s farms. Iran has a very strong
production potential to provide food security from
sheep and goat meat, though this opportunity has
not been fully achieved. High neonatal loss
especially in extensive rearing systems is directly
associated with this defect since the production
level is defined as the number of lambs per ewes in
a flock (3).

The highest mortality rate is usually close to the
time of birth, especially within the first 3 days (4)
and it has been estimated to occur in the range of
8% to 30% worldwide (5). In a retrospective study
during 2015-2016 in Ethiopia, annual birth-to-
weaning losses were reported alarmingly high
which ranged from 14.9-33.5% in lambs, and
17.6-24% in kids (6). As a result, the factors
affecting lambs health during this period should be
determined to apply appropriate control programs
based on the common causes of death.

Different infectious and non-infectious factors
have been attributed to lambs and kids losses
worldwide. However, depending on the region and
environmental risk factors, predominant causes,
and their prevalence may be different (1, 7). In
addition, the interaction of factors such as
management practices, the environment, infectious
agents, and the animal condition determines
neonatal survival in a region (8).

Feeding insufficient colostrum, starvation, cold
stress, dystocia, and mismothering are some of the
non-infectious factors which significantly increase
lamb mortality (9). Diarrhea and pneumonia are
the major consequences of defects in both animal
husbandry and infectious diseases which lead to
pre-weaning mortality (6, 8). Diarrhea is the most
devastating disease in newborn animals under 21
days of age which is accompanied by enteritis,
abdominal pain, and an increase in fecal fluidity
(10). It is reported that in Mexico one of the two
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main causes of mortality in goat kids is diarrhea
(11). In addition, growth retardation in lambs and
kids that have recovered from the disease and the
costs of treatment are the other economic losses
due to diarrhea (12). Major microbial agents that
have been isolated in neonatal diarrhea and
pneumonia include E. coli, Salmonella spp.,
Pasteurella spp., Klebsiella spp., Staphylococcus,
Streptococcus, and Pseudomonas spp. (13).

Reduction in lambs losses can be accomplished
through the detection of major causes and the
establishment of specific preventive measures
based on the laboratory findings. In addition to
pathogens identification, the influence of non-
infectious factors and other conditions such as
environment, gender, age, and breed on neonatal
mortality should be further assessed. Non-
indigenous breeds such as Lacaune are usually
kept in intensive rearing systems, and in some
cases, they have different requirements than native
breeds which are more adapted to the local
conditions. Since there is a lack of information
about the newly entered breeds in Iran, the aim of
this study was to evaluate the major causes of
lambs mortality in the Lacaune breed that have
been imported in large numbers to Iran.

Materials and Methods
Study Setting and Sample Collection

In an intensive sheep-rearing farm in a 3-month
period, the causes of death were evaluated in 114
Lacaune lambs from birth to the age of weaning.
The clinical signs of infection were visible in 52
lambs before death. The history, age and sex of
each lamb were recorded. The animals were
necropsied and heart and lung samples were
aseptically collected. Then the specimens were
packaged with ice packs and transmitted to the
laboratory.
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Bacterial Isolation and ldentification

The samples were dissected using a sterile loop
initially streaked on general microbiological media
including blood agar and MacConkey agar. Then,
the cultured plates were incubated at 37 °C for 48
hours. The colonies which were grown in the
media were morphologically examined and stained
by the gram staining method. According to the
bacteria observed under a light microscope, the
shape of colonies and their growth on MacConkey
agar were assessed by differential media and
biochemical tests. According to suspected colonies
on the general media, the bacteria were further
assessed by the biochemical media including
Nitrate, Eosin Methylene Blue, TSI, Urea, and
SIM. Moreover, the colonies were examined using
IMVIC, catalase, oxidase, and coagulase tests.

Statistical analysis

The effects of age, sex and infectious agents on
lamb mortality were analyzed using spss version
21. Chi-square and one-way ANOVA statistical
tests were performed and p<0.05 was considered
significant.

Result

A total of 52 out of 114 lambs (45.6%) were
infected with bacteria including Escherichia coli
(30.8%), Proteus mirabilis (19.2%), Pasteurella
multocida (1.5%), Corynebacterium
pseudotuberculosis (7.7%), Mannheimia
haemolytica (3.9%), Staphylococcus epidermidis
(1.9%), and finally while the signs of diarrhea and
septicemia were visible before death, in 25% of 52
samples no bacteria were isolated.

Diarrhea was the sign of 31 animals before the
death of which E. coli, Proteus mirabilis,
Pasteurella, and Corynebacterium were isolated
from 14, 8, 2 and 2 lambs respectively. Septicemia
was the sign of 11 animals before death and E. coli,
Pasteurella, Mannheimia, Corynebacterium, and
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Proteus mirabilis were isolated from 2, 1, 1, 1, and
1 lambs respectively. Pneumonia was visible in 10
animals before the death of which Pasteurella,
Mannheimia, Corynebacterium, Staphylococcus
epidermidis, and Proteus mirabilis were isolated
from 3,1, 1, 1, and 1 lambs respectively. The rest
of the lambs died due to non-infectious causes and
trauma was more predominant (Table 1).

According to Table 1, infection agents were
significantly the most causes of lamb mortality
(p<0.05), and Escherichia coli was isolated
significantly more than other bacterial agents
(p<0.05) (Table 2 and Figure 1).

The average age of the dead lambs was 21.5
days. Among 52 infected lambs, 22 (42.3%) were
female and 30 (57.7%) were male. The average age
of death in female lambs was 22.8 days and for
males was 20.5 days. There wasn’t a significant
difference in the sex of the dead lambs.

According to Figure 2, the highest number of
deaths is related to the age range of fewer than 15
days with 10 animals (46.1%) which was
significant (p<0.05). Moreover, the most mortality
rate was seen in the first month of life (78.8%). In
the age of fewer than 15 days, the most isolated
agent was Escherichia coli, which was detected in
10 lambs was equal to 19.2% of all the infectious
deaths and 41.7% of deaths in the first two weeks
of lambs' life

Discussion

In the current study, bacterial and non-infectious
causes of 114 new-born deaths from birth to the age
of weaning were assessed which showed the
highest frequency of bacterial infection (Table 2).
This result was in agreement with the study
conducted in nomadic flocks of Isfahan province in
2014, in which 45.03% of lamb mortality was
related to infectious diseases (14). Another eight-
year investigation (2002-2010) in India showed that
infectious agents were significantly the most
important causes of lamb death (3). Holmgy and
Wage in 2017 and Shiels et al., in 2022 also found
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infectious pathogens among the most important
causes of neonatal mortality (36% and 16%
respectively) (5, 15).

It is evident that in intensive rearing systems like

the studied flock in which lambing takes place
indoors, the main lamb losses occur following
infectious diseases and dystocia is the second cause
of production inefficiency (5). Overcrowded closed
pens, especially during lambing time, the lead
transmission of pathogens easier. In such flocks,
diarrhea and pneumonia jeopardize animals’ health
in situations where proper ventilation is not
established (16).
In intensive flocks as the lambing process and
individual lamb health are usually monitored
closely, non-infection causes of neonatal mortality
such as starvation are detected earlier and
appropriate health care is taken to reduce the risk of
death (17). While for ewes lambing outdoors, the
major causes of lamb mortality are hypothermia,
starvation, and predation (18). In the current study,
the lambs were separated from the ewes
immediately after birth and received a milk
replacer, so there were very few cases of starvation
and subsequent hypoglycemia and hypothermia (7
cases). According to the study of Refshauge et al.
in 2016, half of neonatal mortality in traditional
rearing practices was related to mismothering and
starvation (19). In another retrospective study in
2021, among lambs belonging to traditional
smallholders, malnutrition was the most common
cause of lamb mortality (20). Colostrum
consumption is crucial immediately after birth.
Adequate consumption of colostrum increases the
chance of survival before weaning (21).

Intensive flocks use warm boxes which prevent
the death of hypothermic lambs. While in
extensively grazed flocks and nomadic rearing
systems, newborn animals are exposed to wind and
cold weather during lambing season which
increases the risk of high mortality. Al-khaza et al.
in 2019 indicated harsh climatic conditions in
different parts of Jordan, adversely affected the
performance and health of the newborn animals
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(16). Other non-infectious causes of lamb loss such
as umbilical diseases, trauma, and congenital
abnormalities have less morbidity and mortality in
small ruminant flocks (20). We also found no
significant differences in the incidence of the
assessed non-infectious factors (Table 1).

The present study indicated the importance of the
control of infections specifically in intensive
rearing systems. Gastrointestinal diseases are the
most common infection cause of death (22). Based
on the current results, diarrhea was more prevalent
(59.6%) followed by septicemia (21.2%) and
pneumonia (19.2%). Aklilu et al. in 2013 in
Ethiopia, found diarrhea responsible for 60% of
neonatal problems (23). In the study by Hadgu et
al. in 2021, 24% of the causes of lamb’s mortality
were related to diarrhea and 21.3% were due to
respiratory problems (20). The role of bacteria in
the development of intestinal problems in lambs is
well known. Among the bacteria, Escherichia coli,
Salmonella, and Clostridium are the dominant
pathogens (22). We isolated Escherichia coli and
Proteus mirabilis from 30.8% and 19.2% of lambs
respectively which suffered diarrhea before death.
Numerous infection agents are responsible for
newborn diarrhea and E. coli is the commonest one
(24). In a similar study that evaluated the frequency
of bacterial infection in diarrheic lambs, E. coli,
Klebsiella, Enterobacter, Citrobacter, Proteus,
Serratia and Morganella morganii  were
respectively isolated as the members of
Enterobacteriaceae (25).

Escherichia coli is the most harmful organism in
the first two weeks of birth. Since the immune
system of lambs has not been developed (26). In our
study, the highest number of deaths occurred at the
age of fewer than 15 days (46.1%) (Figure 2) and
the difference was significant (p<0.05). Moreover,
during this period E. coli was the most common
agent and was isolated from 10 lambs. In agreement
with our results, Snigdha et al. in 2022 reported that
the highest incidence of diarrhea caused by
Escherichia coli (35%) was between 0 and 14 days
old lambs (26). Another study conducted in
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Ethiopia in 2013, found lambs less than 1 month
significantly more susceptible to diarrhea and E.
coli was isolated from 84% of the diarrheic animals
(23).

We examined the causes of death in the Lacaune
breed that have a considerable population among
imported sheep to Iran. It is evident that high-
yielding non-indigenous sheep breeds are more
sensitive to E. coli infection. On the other hand,
most of those breeds are kept in intensive rearing
systems, so unclean lamb houses, lack of proper
environmental and milk equipment hygiene have
more effects on the health of such animals (23).
Escherichia coli was also isolated from 18.2% of
the septicemic lambs and septicemia was the
second cause of neonatal mortality. Low-weight
lambs and lambs born from weak ewes are
considered at higher risk for septicemia (27). In
intensive rearing systems, lambs with lower birth
weight are removed so they usually are not
calculated in the lambs’ mortality rate. Since they
are born weaker than other lambs and are more
sensitive to diseases than others.

Among the non-infectious factors, we found that
17.5% of lambs’ death occurred among lower-
weight animals. Finally, pneumonia was the third
cause of death in our study and Pasteurella was
isolated as the most common pathogen from the
specimens. Histopathological findings of a study in
2016 in the US, revealed pasteurellosis as the most
predominant cause of pneumonia in younger lambs
and Mycoplasmosis was typically more
predominant in older lambs (28). Although like the
present findings Babu et al., in 2019 isolated E.coli,
Pasteurella and Mannheimia from the lungs
belonged to lamb losses cases, in contrary, the
frequency of the bacteria was different from the
current results. In a way that E. coli was isolated
from 46.51% of samples while Pasteurella
multocida was the least frequent bacteria (9.3%)
(29).

Respiratory diseases in lambs may depress the
health statues of the animals for years (30).
Mannheimia haemolytica is frequently isolated
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from infected lungs of dead lambs (31), though in
our study Pasteurella was more prevalent. Other
bacteria like Corynebacterium are less frequently
isolated in pneumonic lambs (32) and in our study,
only 10% of the cases were due to the less common
agents.

In the present study, respiratory signs were
observed in older lambs compared to diarrheic
animals and the average age of pneumonic lams
was 38 days old. Similarly, in a study in 2019 in
Spain, the first respiratory symptoms started when
the average age of lambs was 32 days old (33).
Accordingly, it is necessary to know the times of
the lamb’s life when they are more susceptible to
each disease so that the breeder can prepare to deal
with them at different periods.

We found no significant differences between
female and male lamb mortality which was in
accordance with the study of Swarnkar et al., in
2019 in India. The authors indicated the factor
which affects the probability of lambs’ death was
age (27). In contrast, another study in 2019 in
Jordan showed higher mortality in male lambs (16).
Bangar et al. in 2016 in India, also found the risk of
male lambs’ death was higher than females (34).
Factors such as higher susceptibility of males to
diseases, higher probability of dystocia in ewes
giving birth to male lambs, and poor health care and
monitoring of males have all been considered as the
causes of this difference between the two sexes
(16).

The success of any breeding system depends
upon the rate of survival of offspring. A three
percentage reduction in lamb mortality is defined as
100.000 more living animals each year and it means
a more efficient flock (15). In the current research,
we emphasized infectious pathogens and E.coli had
a high contribution to lamb losses in Lacaune
breeds that were reared in intensive conditions.
Several studies have shown the bacterium is an
indicator of sheep house hygiene, so the lower the
level of hygiene, the greater the disease and death
caused by E. coli (10, 23, 25, 29).
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Table 1. The evaluated causes of lambs mortality.

The cause of death Infectious Respiratory Starvation Low weight lambs Physical Total

causes acidosis (less than 2.5 kg) trauma

The percentage of

lambs mortality
52 (45.6%) 14 (12.3%) 7 (6.1%) 20 (17.5%) 21 (18.4%) 114

Table 2. Frequency of the isolated bacteria and the average age of the infected lambs.

Cumulative
Isolated bacteria Frequency Percentage frequency Average of the age
percentage (1)
Escherichia coli 16 30.8 30.8 18
Proteus mirabilis 10 19.2 50 16
Pasteurella multocida 6 115 61.5 38
Corynebacterium
pseudotuberculosis 4 [ 69.2 30
Mannheimia
. 2 3.9 73.1 20
haemolytica
Staphylococcus
. - 1 1.9 75 17
epidermidis
Negative 13 25 100 20
Total 52 100 21
J Med Bacteriol. Vol. 11, No. 5, 6 (2023): pp.8-16 jmb.tums.ac.ir
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Pathogens that are a threat to lamb health can be
eliminated by the implication of appropriate health
plans and efficient management (10). Due to the
seasonal estrus of sheep and the density of intensive
rearing systems, one of the management practices
is to avoid synchronizing and intensive lambing
until the working capacity and expertise of the
flocks have their optimal situation. In the studied
flock the sampling time was in the middle of births
and the births were planned consecutively and
densely. It caused the fatigue of the staff and
decreased the accuracy in the process of milking,
monitoring, and the lambs’ health care.

Conclusion

Expanding the lambing time throughout the year
improves the level of hygiene and dramatically
reduces the incidence of E. coli infection which is
directly related to environmental contamination.
Disinfection of the pen of pregnant ewes waiting
for parturition, cleaning of teats and equipment,
feeding sufficient colostrum, and timely change of
bedding are among the measures that reduce E.coli
infection. Finally, the authors recommend
evaluating other factors that have higher risks for
neonatal survival since safe passage through the
neonatal period needs an appropriate management
system.
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