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Abstract Diarrhea is one of the most frequent diseases of neo-
natal calves in dairy herds. The aim of this study was to eval-
uate the effects of neonatal diarrhea and other conditions on
subsequent first lactation milk production and reproductive per-
formance of heifer calves up to the first calving. Seven hundred
heifer calves (350 with and 350 without the history of diarrhea
in first month of life) were monitored from birth until a year
after calving. For each heifer, birth season, birth weight, ease of
birth and occurrence of diseases from birth to the end of first
lactation were recorded as independent variables. Interval from
birth to first service, interval from birth to conception, interval
from birth to first calving and 305-days milk yield in the first
lactation were recorded as dependent variables. Effects of ex-
planatory variables on productive and reproductive indices
were evaluated by survival analysis and general linear model.
Heifers with the history of diarrhea during the first month of
their lives showed lower daily hazard of conception [Hazard
ratio: 0.85 (95%CI: 0.73–0.99)] and calving [Hazard ratio: 0.84
(95%CI: 0.72–0.98)] than those of healthy heifers. Subsequent
reproductive performance of heifer calves was also associated
with birth season and ease of birth. Further, heifer calves born
with birth weight of below 35 kg produced an average of 518
and 506 l less milk in their first lactation compared to calves
with a birth weight 40–45 (p = 0.013) and greater than 45 kg
(P = 0.033), respectively. These findings showed that

occurrence of neonatal diarrhea and other neonatal parameters
are associated with harmful effects on subsequent production
and reproductive performance.

Keywords Diarrhea . Heifer calf . Reproduction .Milk
production

Introduction

The main goal in dairy farms is more milk sold and the rearing
of heifer for replacement and sale, all of which affect herd
profitability (Grohn and Rajala-Schultz 2000). So, farmers try
to optimise production and reproductive performance. Raising
dairy heifers is one of the most important aspects of whole farm
management that can affect these issues. Rearing dairy heifers
is characterized as a long-duration, high-cost period that creates
a gap in capturing a return on investment. The total cost of
rearing young dairy cattle was estimated as 1019$ to 1567€
per successfully reared heifer in different conutries (Gabler
et al. 2000; Mourits et al. 2000; Nor et al. 2012). Several man-
agement strategies have been proposed and tested to minimize
costs associated with raising dairy heifers and to reduce the
duration before first calving (Zanton and Heinrichs 2005).
Events happening during rearing period can affect growth rate,
maturity and subsequent production and reproduction perfor-
mance. Identification of these events is important for appropri-
ate production and reproduction. Also, it can be used to make
more logical decisions about the selection of young stock for
replacement (Mourits et al. 2000). Calfhood diseases are an
example of problematic events that have a major impact on
the economic efficacy of dairy farms, due to the direct costs
of calf losses, treatment and the long term effects on perfor-
mance (Correa et al. 1988; Heinrichs and Heinrichs 2011;
Lorenz et al. 2011). Pneumonia and diarrhea especially during
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the first months of life are the most frequent and important
health issues, which affect growth rate of rearing calves and
potentially later productive and reproductive performance
(Virtala et al. 1996; Donovan et al. 1998; Van der
Fels-Klerx et al. 2002). It has been shown that heifers
with a calfhood history of being treated for diseases like diar-
rhea were more likely to calve later than healthy heifers
(Waltner-Toews et al. 1986). Also, heifers with the history of
mild diarrhea during their first 3 months of life produced
344 kg lower 305-days milk than those with no history of
diarrhea (Svensson and Hultgren 2008).

In many countries neonatal calf diarrhea is one of the most
prevalent diseases during the early months after birth (Cho
and Yoon 2014; Wymann et al. 2006; Azizzadeh et al.
2012). Incidence risk of calf diarrhea is about 22 cases per
100 animal-months at risk in Iranian dairy herds (Azizzadeh
2012). Information on the effects of neonatal calf diarrhea on
later productivity of dairy heifers is scarce. Controlling for the
effects of birth season, birth weight, ease of birth and occur-
rence of other diseases, the objective of this study was to
determine the effect of calf diarrhea during the first month of
life on subsequent first lactation milk production and repro-
ductive performance of dairy heifers up to the first calving.

Materials and methods

This was a retrospective cohort study. Data for this study were
derived from a dairy farm located in Tehran province, Iran.
The farm was a large commercial herd that housed about 1200
adult dairy cows and 500 young stock. The herd was com-
prised of Holstein-Friesian cattle that calve throughout the
year and re-bred using artificial insemination. Cows were
housed in open-shed barns and milked three times daily.
Animals were fed on a total mixed ration. Diets were based
primarily on corn silage, alfalfa hay and some concentrates. In
the study herd mean parity was 2.5 and average 305-
day milk production was 9500 l per cow. Estrus detec-
tion was carried out by farm staff according to a
planned observation schedule. Cull cows were replaced
by homebred replacement reared heifers. Diagnosis of preg-
nancy was carried out using ultrasonography between 30 and
35 days after breeding.

Calves which were born in the herd were separated
from the cow immediately after birth and housed in a
single pen for the first three months of life. Pasteurized
milk, water and milk replacer were provided from the first day
of their life.

The farm was equipped with a computerised system to
record herd and individual animal event details. Recording
of the health problems, production and reproduction indices
were supervised by a full time on-staff veterinarian and a part
time reproduction specialist.

From 1360 dairy calves which were born duringMarch 2010
to March 2012, 350 calves diagnosed as diarrheic by the veter-
inarian during the first month of their life and treated (fluid
therapy and antimicrobial and anti-inflammatory therapy) for
3 days or more. All of these heifer calves categorised as exposed
group. Among other dairy calves with no record of treatment for
diarrhea during the first month of their life, 350 matched calves
selected as control group. The two groups were matched on
calendar month and year of birth.

Heifer calves were monitored from birth until a year after
calving. For each heifer, birth season, birth weight, ease of
birth, occurrence of diseases (diarrhea, pneumonia and other
diseases which were diagnosed by veterinarian) during the
first month of their lives and from the first month to the end
of following period were recorded as independent variables.
Interval from birth to first service (days), interval from birth to
conception (days), interval from birth to first calving (days)
and 305-daymilk yield in the first lactation were considered as
dependant variables. Birth season was coded as a categorical
variable with four categories: autumn (September to
November); winter (December to February); spring (March
to May); and summer (June to August). Birth weight was
coded as a categorical variable with three categories: under
35, 35–40, 40–45 and more than 45 Kg. Ease of birth was
coded as a categorical variable with three categories: normal
(delivery of calf requiring no assistance), mild dystocia
(calving event that required intervention by one person
without the use of mechanical assistance) and severe dystocia
(calving event that required the assistance of 2 or more people
or when mechanical extraction was used or surgical proce-
dures were assigned).

Disease occurrence during the first month of their lives and
from the first month to the end of following period (based on
veterinarian reports) was categorised into two levels: absent
and present.

Statistical analysis

To evaluate the effects of independent variables on interval
from birth to first service (days), interval from birth to con-
ception (days) and interval from birth to first calving (days),
survival (time-event) analysis was used. The association be-
tween each explanatory variable and time intervals was tested
using the log rank test. Kaplan-Meier survival curves for each
level of an explanatory variable were plotted and the homo-
geneity of the curves between levels tested using the log rank
statistic. Explanatory variables that showed an association
with dependent variables at p < 0.20, were selected for inclu-
sion in the multivariate analysis. A Cox proportional hazard
model was used to quantify the effect of each of the prescribed
explanatory variables on intervals. To select those explanatory
variables that best explained the intervals a backward stepwise
approach was used. The significance of each explanatory
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variable in the model was tested using the Wald test.
Explanatory variables that were not statistically significant
were removed from the model one at a time, beginning
with the least significant, until the estimated regression
coefficients for all retained variables were significant at an
alpha level of <0.05.

The effects of explanatory variables on first lactation 305-
days milk yield were evaluated by a general linear model. A
backward stepwise approach as mentioned in the cox model
was performed to select the explanatory variables that were
significantly correlated with milk yield.

All analyses were carried out using Stata Statistical
Software, release 10.0 (Stata Corporation, College Station,
Texas, USA).

Results

Interval from birth to first service, birth to first conception and
birth to first calving in 700 dairy heifers with respect to dif-
ferent levels of independent variables are presented as median,
first and third quartile in Table 1. Cox proportional hazard
model showed that heifers with history of diarrhea at the first
month of their lives had on average lower daily hazard of
conception [Hazard ratio: 0.85 (95%CI: 0.73–0.99)] and calv-
ing [Hazard ratio: 0.84 (95% CI: 0.72–0.98)] than those with-
out the history of diarrhea, resulted in 7 days longer interval of
birth to conception and 10 days longer birth to first calving for
heifers with history of diarrhea at the first month of their lives
(P < 0.05; Table 1).

Subsequent reproductive performance of heifer calves was
also associated with birth season and ease of birth. Heifers that
were born in the summer had a median of 25 days less interval
from birth to first service, 20 days less birth to conception and
20 days less birth to first calving compared to heifers that were
born in the spring. Also, on average, interval of birth to first
service, birth to conception and birth to first calving for cows
born with dystocia were shorter than those born normally.
Heifers calves that were born with severe dystocia had
a median of 7 days less interval from birth to first
service, 19 days less birth to conception and 20 days less birth
to first calving compared to heifers that were born normally
(P < 0.05; Table 1).

Three hundred and five-day milk yield with respect to dif-
ferent levels of independent variables are described by
mean ± standard deviation in Table 2. Evaluation of factors
influencing milk yield in the first lactation period using gen-
eral linear model showed that higher birth weight resulted in
successively higher 305-days milk production at first lacta-
tion; calves which were born with a low birth weight (under
35 kg) gave 518 and 506 kg lower 305-days milk than those
born with birth weight of 40–45 (P = 0.013) and more than
45 kg (p = 0.033), respectively (Table 2).

Discussion

Our data originated from only one herd and therefore results
might be not representative for a larger population of herds,
but it provided useful insights into factors influencing subse-
quent productive and reproductive performance of heifer calves.
The results of the present study showed that neonatal calf diar-
rhea and some characteristics of heifer calves like ease of birth,
birth season and birth weight can influence their future produc-
tive and reproductive performance, in the first lactation. Effects
of neonatal diarrhea on birth to conception and birth to first
calving was in agreement with findings of Waltner-Toews
et al. (1986) who reported that heifers with a calfhood history
of being treated for diarrheawere 2.86 timesmore likely to calve
after 900 days of age than other calves. Also, slight effects of
calfhood occurrences of respiratory and digestive disease on age
at first calving reported by Rossini (2004). Increase in time from
birth to conception and age at first calving in heifer calves that
experience neonatal diarrhea might be due to their lower growth
during the rearing period. Neonatal health affects weight and
height gain (Wittum et al. 1994; Virtala et al. 1996; Van der
Fels-Klerx et al. 2002). Wittum et al. (1994) found that diarrhea
during the neonatal period resulted in a 10.7 kg reduction in
weaning weight. Moreover, Donovan et al. (1998) predicted a
depression in 180 days weight gain of 9.1 kg for heifer calves
which were treated for neonatal diarrhea. Poorly grown animals
require more services to conceive, calve later and subsequently
perform less effectively (Wathes et al. 2008).

Results of the present study showed that heifers that were
born in the spring had longer birth to first service, birth to
conception and birth to first calving intervals compared to
those born in other seasons especially the summer. In the study
herd, 13–15 months heifers are prepared for their first service
of breeding. So, the first service of breeding for calves born in
spring is likely in summer. Mean (minimum, maximum) tem-
perature in our study area was 26.5 °C (14, 43) associated with
summer (Iran Meteorological Organization 2014) and it is
established that hot weather suppresses the behavioural signs
and duration of estrus (Bearden et al. 2004).

Calves that experience dystocia at birth showed better re-
productive performance than those born normally. Calves
born with dystocia were heavier. The average birth weight
for calves born with severe dystocia, mild dystocia and those
born normally were 43.5, 42 and 40.6 Kg, respectively.
Heavier calves have potential for more weight gain during
the prepubertal period (Martin et al. 1962; Mioc et al. 2011),
so, they will be eligible for breeding earlier.

We did not find any significant relationship between the
occurrence of diarrhea during first month of life and milk
production in the first lactation. Our finding is in agreement
with Rossini (2004) and Warnick et al. (1995), while it con-
trasts to results obtained by Svensson and Hultgren (2008)
who reported that animals that contractedmild diarrhea during
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their first 3 months of life had lower 305-days milk yield than
animals without diarrhea. Conflicting results in the literature
might be explained by different study periods of recording
diseases beside differences in management of diseases. In
Iran most of larger dairy farms as well as the study herd had
a full time on-staff veterinarian and relatively high numbers of
farm staff relative to herd size. So, occurrence of diseases will
be diagnosed and treated in early stage.

Our finding showed that birth weight is positively
associated with first lactation 305-days milk yield. It
might be explained by more weight gain of high birth weight
calves during the prepubertal period (Martin et al. 1962; Mioc
et al. 2011). Zanton and Heinrichs (2005) concluded that in-
creasing prepubertal gains up to 799 g per day and body
weight at calving within the range of 477 to 550 kg tended
to increase first-lactation milk production similar to other

Table 2 Mean and standard
deviation for 305 days milk yield
in 700 dairy cows with respect to
different levels of independent
variables and the results of final
general linear model

Independent variables Levels N Average of Milk
yield (kg)± SDa

P*

Birth season

Spring 70 10,692 ± 1851 -

Summer 225 10,792 ± 1668 -

Fall 254 10,924 ± 1466 -

Winter 119 10,702 ± 1417 -

Birth weight (Kg)

Under35 71 10,415 ± 1699 Ref

35–40 236 10,762 ± 1619 0.098

40–45 253 10,933 ± 1527 0.013

More than 45 108 10,921 ± 1450 0.033

Ease of birth

Normal 340 10,712 ± 1547 -

Mild dystocia 266 10,961 ± 1557 -

Severe dystocia 62 10,758 ± 1734 -

Diarrhea during the first month

Present 332 10,828 ± 1538 -

Absent 336 10,803 ± 1606 -

Pneumonia during the first month

Present 14 10,450 ± 1233 -

Absent 654 10,824 ± 1578 -

Other disease during the first month

Present 83 10,946 ± 1507 -

Absent 585 10,797 ± 1581 -

Disease from first month to end of following period

Present 289 10,726 ± 1509 -

Absent 379 10,884 ± 1616 -

First calving season

Spring 80 10,840 ± 1458 -

Summer 156 10,873 ± 1600 -

Fall 284 10,887 ± 1582 -

Winter 148 10,606 ± 1577 -

Calving type

Normal 359 10,889 ± 1535 -

Mild dystocia 184 10,815 ± 1606 -

Severe dystocia 42 11,016 ± 1694 -

Stillbirth 58 10,782 ± 1337 -

Abortion 25 9508 ± 1644 -

a Standard deviation
* P-value presented for those independent variables that retained in the final model
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investigators (Heinrichs 1993; Hultgren et al. 2007; Heinrichs
and Heinrichs 2011).

In summary, our study suggests that calfhood diarrhea and
some individual characteristics of heifer calves is associated
with lowered productive and reproductive performance during
the first lactation period. It must be considered in dairy farm
management and selecting replacement heifer calves.
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