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Summary: We analyzed data collected in the National Swine
Survey to find the management variables that may affect
preweaning piglet mortality. We also considered other recently
reported significant facility variables in our models to expand
and unite the two independent investigations. We found that
techniques (all-in–all-out and cleaning between groups) which
should reduce the exposure of suckling piglets to the pathogens
of older or previous inhabitants to be more strongly associated
with reduced preweaning mortality than methods to increase im-
munity or reduce parasites.

tudies spanning several decades and numerous countries have
shown that, in the absence of specific management intervention,
the preweaning mortality rate of domestic piglets is typically

20% or higher. The death of one or two piglets per litter is far too
common to be viewed as abnormal.1 Biological factors that contribute
to high death losses in neonatal pigs include:

• low initial body weight,
• lack of substantial energy stores within piglets,
• poor body temperature regulation,
• lack of hair coat or other insulation,
• large surface area:body mass ratio, and
• strong competition among litter mates for colostrum and milk.1,2

For our purposes, preweaning mortality includes only those liveborn
piglets that die before weaning. This is in contrast to some conven-
tions that also include stillborn piglets in the preweaning mortality cat-
egory.

Preweaning piglet death loss is a major inefficiency in pork produc-
tion and results in lost profit opportunities for producers.3,4 Conse-
quently, preweaning mortality is an area where there is the potential
for significant improvement in many operations. The number of pigs-
weaned-per-sow-per-year is a commonly cited measure of breeding
herd productivity, and preweaning mortality is one of its principal de-
terminants (Figure 1).5 Increasing pigs-weaned-per-sow-per-year
helps to maximize profits as it decreases production costs per pig by
expanding the number of pigs to share fixed costs.3,6 Decreasing
preweaning mortality may be a way to realize a significant improve-
ment in pigs-weaned-per-litter, especially if the initial preweaning

mortality rate is average or high.

Many authors have expounded on management practices to be ad-
dressed when attempting to reduce preweaning death losses.3,7,8 Strat-
egies usually considered include sanitation in the farrowing house,
adequate colostrum intake soon after birth, preventing chilling-starva-
tion-overlaying complex, fostering, birth weight, and ensuring optimal
sow condition, to name a few. Herds can attain a preweaning mortality
rate of less than 10% with good management and adequate farrowing
facility design.9

Yeske, et al., have identified risk factors associated with preweaning
mortality that could be attributed to facilities and facility manage-
ment.10 Our objective was to expand that analysis by examining addi-
tional management variables that could influence preweaning mortal-
ity. The variables we added included:

• sow prefarrowing management,
• sow farrowing management,
• piglet management,
• farrowing house management, and
• use of computer-generated records.

Methods

Survey

We used data from the National Animal Health Monitoring System’s
(NAHMS) National Swine Survey. The study design for the NAHMS
Swine Survey has been previously described.11,12 Briefly, each pro-
ducer participating in the NAHMS Swine Survey provided information
about their sow and preweaning piglet management, facilities, and
equipment used, and recorded farrowing information on diary cards
for a 3-month period.

A total of 712 producers from 18 states, representing 84% of United
States swine operations and 95% of the hogs, completed the entire
monitoring phase. We limited our investigation to the management
practices of the 585 farms with total confinement facilities. We chose
facilities to be our unit of analysis because many of these farms had
more than one total confinement facility and with some of the data col-
lected at the facility level. Because some farms had multiple facilities,
total confinement facilities numbered 750. However, some of these fa-
cilities had so few monitored cohort litters that their resulting
preweaning mortality could be very high (100%) or low (no death
loss). It is unlikely that such extremes accurately reflect a facility’s
long-term performance. To reduce the variation associated with facili-
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ties with few monitored litters, we excluded from analysis those facili-
ties with fewer than five monitored litters, thus reducing the number
of facilities in the analyses to 703 (19,732 cohort litters) (Figure 2).

Statistical analysis

We modeled preweaning mortality as a function of management vari-
ables using square root of death incidence rate as our measure of
mortality. Death incidence rate measures the number of suckling pig-
lets that die per 1000 piglet days at risk up to 21 days of life. Death in-
cidence rate ranged from 0 to 46 piglets per 1000 piglet days with a
median value of 7.36. Its distribution was not normal with skewness of
5.88 and kurtosis of 10.65. To improve normality we took the square
root of death incidence rate. This transformed distribution of mortal-
ity approached normality with a skewness of 0.86 and kurtosis of
2.83.

The management variables we selected for analysis were procedures
that are generally regarded as being associated with preventing illness
and death in neonatal piglets. The variables investigated were:

• vaccinating gestating females in the prefarrowing period;

• treating gestating females against internal and external parasites in
the prefarrowing period;

• washing sows on their entry to the farrowing house (percent
washed);

• injecting sows with oxytocin during farrowing (percent injected);
• type of animal flow in farrowing house (continuous or all-in–all-

out [AIAO]);
• sharing the farrowing unit with other activities;
• extent and regularity of cleaning and disinfecting procedures;
• length of vacancy of unit between farrowing groups;
• cross-fostering of piglets among litters;
• administering supplemental iron to newborns;
• administering supplemental milk to piglets (percent fed); and
• using a computerized record-keeping system for breeding herd

management.

To determine which variables were most associated with preweaning
mortality we used a three-step or model process. For the first step
(Model I), we regressed each management variable independently on
the square root of death incidence rate using the least-squares regres-
sion procedure (PROC REG).13 Management variables with P-values
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Figure 1

Preweaning deaths are an important factor in determining how many piglets are weaned per sow per year. Source: Dr.
Gary Dial.30
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Demographics of the 703 facilities studied. Location was divided into three regions: “Cornbelt”—Illinois, Indiana, Iowa,
Michigan, Minnesota, Nebraska, Ohio, and Wisconsin—75% of farms; “Southeastern”—Alabama, Georgia, Maryland, North
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50–99 sows (19%), 100–199 sows (33%), and 200 or more sows (36%).
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< .1 from the first step, along with farm size and region of country
were placed into a forward step-wise multivariate model (Model II).
Farm size and region were forced into the solution; management vari-
ables entered if their P-values were < .1. The third step added to
Model II the facility and facility management variables that Yeske, et
al.,10 found significant in their univariate analysis of preweaning mor-
tality. Once again a forward stepwise procedure was performed to de-
termine the variables that had the most impact on mortality (Model
III).

As confounders, both farm size and region were forced into the re-
gression equations. Farm size categories are based on the number of
sows in the herd. The categories are:

• 0–49 head,
• 50–99 head,
• 100–199 head, and
• 200+ head.

The 18 states that participated in the National Swine Survey were di-
vided into three geographic regions, which are referred to as the
Cornbelt, Southeastern, and Western.

The facility variables considered from Yeske, et al.,10 included flooring
type, piglet heat source, farrowing crate construction, and source of
sow drinking water.

To transform the coefficients from the regression model into meaning-
ful numbers (i.e., back to deaths per 1000 piglet days), we used the
following formula:

D = (I + E)2 – I2

where D = difference in death rate per 1000 piglet days, I = model
intercept, and E = estimate of variable coefficient.

Results

The average preweaning mortality for the 703 facilities studied was
15.8%, with a death incidence rate of 8.5 per 1000 piglet days. Using
computerized records, washing sows before farrowing, fostering pig-
lets among litters, and managing facilities AIAO were the management
variables statistically associated (P < 0.10) with lower preweaning
mortality in the univariate analysis (Table 1). The two most significant
management variables (P < 0.01) were use of AIAO and washing sows
before farrowing. Facilities managed AIAO experienced 1.6 fewer pig-
let deaths per 1000 piglet days than facilities managed in a continu-
ous-flow fashion. Every percentage point increase in the percentage of
sows washed before farrowing reduced mortality by 0.01 piglet per
1000 piglet days. Other management variables tending to reduce mor-
tality, but which were not statistically significant, included oxytocin in-
jections, deworming and mange treatments, and vaccinations for
transmissible gastroenteritis (TGE), rotavirus, and erysipelas.

When combined in a multivariate analysis (Model II), the only man-
agement variables that were statistically significant at the P < .1 level
were use of AIAO and washing the sow before farrowing (Table 2).
Computerized record keeping and piglet fostering did not enter the

model. Both record keeping and fostering are highly associated with
the other variables in the model. Over 60% of the largest farms
(> 200 sows) used computerized records while less than 10% of the
smallest farms (< 50 sows) did. Use of computerized farm records
was also greater in those that practice AIAO, and by those who washed
their sows. Similarly, as farm size increased so did fostering intensity;
fostering intensity was greater among those farms that practiced AIAO
farrowing.

Both AIAO and sow washing remained statistically significant when the
facility and facility management variables from Yeske, et al., were
added (Model III, Table 2). In addition, supplemental piglet heat, idle
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Table 1
Impact of selected management variables on prewean-

ing piglet mortality—Univariate analysis (Model I)

* represents change in number of piglet deaths per
1000 piglet days at risk for the given variable.
† continuous variables (percentage treated or fostered);
n represents number of facilities.
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Table 2
Impact of selected variables on preweaning piglet mortality—Multivariate analysis (Models II and III)

* variables listed in order they entered the model with farm size and region being forced in.
† represents change in number of piglet deaths per 1000 piglet days at risk for the given variable.

time between farrowings, farrowing pen floor type, and cleaning in-
tensity were also statistically associated with preweaning piglet mortal-
ity. The first variable to enter in this stepwise model was AIAO. The dif-
ference in mortality from AIAO and continuous flow was almost 1.3
piglets deaths per 1000 piglet days.

Methods for facility washing entered as the second most important
variable. Pressure washing and disinfecting, the most popular form of
cleaning, reduced mortality by almost two piglets per 1000 piglet days
compared to not cleaning between farrowings. Other forms of clean-
ing were equally as effective as pressure washing with disinfection.

Third in importance was the source of supplemental piglet heat. Fa-
cilities using heat lamps or radiant heaters experienced two piglet
deaths per 1000 piglet days fewer than facilities using heated mats or
floors.

Next to enter the model was idle time between farrowings (i.e., keep-
ing the facility vacant for more than 2 days), which reduced piglet
mortality by 1.2 piglets per 1000 piglet days. Floor type was the fifth
group of variables to enter the model. Wire floors and coated wire
floors were superior to those of wood or concrete with piglet savings
of at least 1.2 piglets per 1000 piglet days. Sow washing was the last
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variable to enter and each percentage point in the percentage of sows
washed was associated with a 0.01 piglet decline in mortality per 1000
piglet days.

For all three models, farms with 100–199 sows had the highest death
incidence rate while farms with 200 or more sows had the lowest
death incidence rate. These differences, however, were not statistically
significant (P < 0.10). The southeast region had lower death inci-
dence rates than the Cornbelt, and for Models I and II the differences
were statistically significant.

Discussion

Farrowing facility management

In a farrowing facility, limiting or preventing the exposure of the new
group of piglets to the pathogens of their predecessors seems to be
one of the most important factors when attempting to control
preweaning mortality. In all three of our models, preweaning mortality
was significantly lower in facilities using AIAO flow when compared to
continuous flow. When considered in the stepwise model with the
management and facility variables found by Yeske, et al., to be associ-
ated with significantly lower preweaning, four of the six most impor-
tant factors (AIAO, facility washing, long idle time, washing sows) re-
duce exposure of the piglets to pathogens.

Sow flow

With regard to the routine operations of the farrowing facility, produc-
ers in the National Swine Survey were asked to characterize their op-
eration as either continuous farrowing or AIAO. With continuous far-
rowing, while an individual pen or crate may be empty, the farrowing
room or house is always occupied. In the case of AIAO, the unit is
filled within a 1- to 2-day period and is entirely vacated after weaning
until the next group of gestating females to farrow enters. All-in–all-
out pig flow makes it feasible to thoroughly clean and disinfect the fa-
cility to a degree not possible if some animals remained in the unit.
All-in–all-out also eliminates disease transmission from older piglets
to younger piglets as there is no contact among them.14 A recommen-
dation is that there should be no more than 2 weeks’ age difference
among the piglets in a given airspace in the farrowing and nursery
stages.15 All-in–all-out, in addition to reducing disease transmission
within the herd, allows the herd to make more efficient use of labor
with most sows farrowing in a short time span. Fostering is enhanced
as the piglets are nearly the same age. It’s possible that the perfor-
mance improvement associated with AIAO may be in part a function of
several other procedures that AIAO makes possible. The AIAO system
does require more labor for cleaning for the short period of time be-
tween groups. It also dictates attention to the breeding schedule, and
facility use and off-schedule farrowings/weanings can be problems.
All-in–all-out pig flow was used in 60% of the studied facilities and of
the variables we considered, it was the most important one related to
preweaning mortality.

Sharing the farrowing unit with other activities

Producers were asked whether the farrowing building was used exclu-
sively for farrowing or whether it housed any other farm activity, but
we did not ask the nature of the co-located activity. We speculated that
a multipurpose building might compromise biosecurity, bringing
more traffic and visitors or increasing the chance of disease through
exposure to older pigs. The presence of other activities may indicate
that the facility was not originally designed as a farrowing facility, or it
could indicate a lack of dedication to raising hogs; using a modern
confinement farrowing unit, typically the most expensive facility on a
per-animal-space basis, for a secondary farm enterprise could be diffi-
cult to justify from the standpoint of cost. Managers in the survey indi-
cated that 82% of the farrowing facilities were used exclusively for far-
rowing. Although conventional wisdom would give preference to
exclusive use for farrowing, we could not identify any effect on
preweaning mortality from sharing the facility.

Cleaning and disinfection

We investigated the frequency and the regimes for cleaning and disin-
fecting to explore the associations of the various methods with
preweaning mortality in our management model because Yeske, et al.,
found it to be significant in their analysis.10 Because residual organic
material inactivates many commonly used disinfecting agents, the use
of a high pressure-type washing unit facilitates the physical removal of
debris necessary for the disinfectant to be used effectively.16 In itself,
complete cleaning reportedly removes 95% of the contamination and
permits disinfectants to more easily penetrate and kill remaining mi-
croorganisms.17 It would seem that the thoroughness and regularity of
the cleaning and disinfecting are important factors in managing the
farrowing unit to control infectious diseases. Producers were asked to
characterize their cleaning procedures with respect to using water at
normal pressure, high pressure, with and without a disinfectant. They
were also asked whether the farrowing facilities were cleaned between
every group, to give an indication of the regularity of the cleaning. The
frequency of cleaning is a separate variable to test the importance of
cleaning after every farrowing. Our analysis shows that cleaning, re-
gardless of the technique used, is important in controlling preweaning
mortality.

Period of vacancy

Allowing the farrowing unit to stand idle for 3 or more days between
farrowing was identified by Yeske, et. al., as associated with lowering
preweaning mortality.10 The length of time that the farrowing unit
stands vacant between farrowing groups may affect the number of
pathogens surviving in the environment to perpetuate disease prob-
lems. To maximize facility use, many managers schedule groups
tightly, allowing very little time empty. In some cases one farrowing
group may be weaned, the facility cleaned and disinfected, and refilled
with the next group of sows within the same day. A common recom-
mendation is to allow the unit to dry after cleaning and disinfecting
before moving in the next group of sows. An unknown factor is the
ambient temperature within the unit at the time it is vacant. An in-
crease in the ambient temperature increases the activity of most disin-
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fectants18 and shortens the survival of many pathogens in the environ-
ment.19 It is possible that a 2-day vacancy in the summer may be more
effective than a week in the cold of winter.

From the aspect of breaking the disease cycle, it also seems that the
significance of the time vacant would decrease as the effectiveness of
cleaning and disinfecting increased. It would be logical to find the
longer vacancy (> 2 days) to be associated with reduced preweaning
mortality.

Managing gestating females

Washing the sow with mild soap and water when she is moved to the
farrowing house physically removes debris that may be carried on the
sow from the gestation area. Soil and fecal material adhered to the
sow may contain ova of internal parasites (such as ascarid ova) and
bacteria or their spores (Clostridium perfringens) which would con-
taminate the farrowing environment and be the source of piglet infec-
tion. The benefits of cleaning the farrowing house, prefarrowing
deworming, and antibiotic therapy would be partially negated if the
sows brought in the contamination on their skin. Thirty-nine percent
of the sows included in this study were washed at the time they were
placed in the farrowing house. While this variable was the last of the
six variables to enter Model III, we found sow washing to be associ-
ated with lowered preweaning mortality in all three models.

Prefarrowing vaccination

In the 703 confinement facilities, an average of 31% of the pregnant
females were routinely vaccinated using a product to prevent Escheri-
chia coli scours in piglets (Table3). The other frequently used vac-
cines in gestating sows included transmissible gastroenteritis (TGE),
C. perfringens, and rotavirus.20 Vaccinating against erysipelas was fre-
quently practiced but may not affect preweaning mortality because
nursing pigs are seldom affected.21 The common use of erysipelas vac-
cine prefarrowing may be largely a function of its inclusion in numer-
ous multivalent vaccines.

The benefits of using either TGE vaccine and rotavirus vaccine varies
greatly from farm to farm. The value of TGE vaccinations has been
questioned in herds where the dams have not been exposed to the
field virus.22 The protection provided by rotavirus vaccines has not
been consistent.23 While we found the use of these vaccines tend to re-
duce mortality, the difference was not significant for either.

We did not attempt to correlate vaccine use with the presence of the
disease on the farm. It would seem that if the vaccine is used to com-
bat an existing disease problem, the potential to reduce preweaning
mortality would be greater than when a vaccine is administered as de-
fense against a problem not currently existing in the herd. The survey
did not question producers on their rationale for vaccine use, but did
ask producers to report diseases in their herds. We can speculate that
some producers may have under-reported disease problems, because
Ott found that producer-reporting of diseases increased with the so-
phistication of their record keeping system;24 more than 60% of the
703 facilities did not use computerized records.

Prefarrowing parasite treatments

Routine treatments to rid pregnant sows/gilts of internal and external
parasites in the last 2 weeks before the expected farrowing date were
also recorded in the National Swine Survey. It is a common practice to
treat the sows in late gestation to minimize contamination of the far-
rowing crate, the habitat of the piglet. In this way, piglets remain es-
sentially free of internal and external parasites as long as they are kept
in clean facilities in the farrowing house and nursery. The routine
prefarrowing treatment of sows against internal parasites was re-
ported in 40% of the 703 facilities studied while measures against ex-
ternal parasites were used in 34% (Table 3). We found the difference
in preweaning mortality between treated and untreated sows/gilts was
not significant in any of the three models.

Oxytocin injections during farrowing

For 27% of the sows in this study, oxytocin was routinely administered
in conjunction with farrowing. Prolonged periods of labor beyond the
normal 2–4 hours have been shown to increase the number of still-
born and weak piglets delivered.25,26 To minimize the duration of labor
and to correct uterine inertia, oxytocin injections are often recom-
mended in the course of delivery and immediately following to aid in
the expulsion of piglets and fetal membranes. Oxytocin may also be
used to initiate letdown in cases where milk flow is inadequate to sus-

Table 3

The average facility prevalence of the management
practices in the 703 confinement farrowing facilities

studied
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tain the piglets. Injections of oxytocin did not significantly alter the
preweaning mortality in our analysis.

Piglet management

Fostering

The size and number of piglets produced in a given litter can vary con-
siderably. Balancing the number of piglets with the ability of the sow to
feed them is a way to reduce the number of piglets suffering from in-
adequate milk intake. Fostering is also used to reduce the size varia-
tion of piglets within the litter. The variation of piglet size within the lit-
ter has been reported to be a cause for high mortality among the
smaller piglets as the smaller piglets are often not able to compete
with larger littermates for teats.27 Most fostering is done in the first 24
hours after birth. In our univariate analysis (Model I), preweaning
mortality was significantly lower where fostering was used. Fostering
failed to significantly affect preweaning mortality in either multivariate
analysis.

Supplemental iron

Newborn piglets reared away from dirt frequently develop anemia be-
cause the growth demands for dietary iron are not met by sow’s milk.
While the use of injectable iron is regarded as more satisfactory than
oral preparations,28 the use of either was considered a positive re-
sponse in the National Swine Survey. It is likely that many farms used a
combination of routes because injectable iron was in short supply or
unavailable in many regions of the nation during part of the survey pe-
riod.29 Administering supplemental iron is the most commonly prac-
ticed procedure we found in variables studied with 97% of the piglets
receiving iron as a routine procedure. With only 3% of the piglets not
receiving supplemental iron, we failed to show any significant differ-
ence in preweaning mortality among those receiving supplemental
iron and those that didn’t.

Feeding supplemental milk

Supplemental milk can be offered to nursing piglets as a way of meet-
ing the nutritional requirements of the litter when the sow is not pro-
ducing sufficient milk. This process should reduce the number of pig-
lets affected by malnutrition or starvation. A disadvantage of
supplemental feeding of milk is that pigs ingesting milk replacer do
not have the benefit of immunoglobulin A (IgA) protection against
pathogens in the gastrointestinal tract as do piglets consuming sow’s
milk. Six percent of the piglets received supplemental milk and we
were unable to detect any difference in piglet mortality.

Record-keeping method (management ability)

While the keeping of records in and of itself would not be expected to
reduce preweaning mortality, the sophistication of records system can
be used as a proxy for managerial attention to detail. Also, analyzing
and evaluating accurate records provides producers with information
that enhances decision making that can result in lower preweaning
mortality. We categorized those producers who use either a computer-
based or bureau-based record system as having an advanced record-

keeping system. Producers indicating their records were kept only in
a diary or on a calendar did not qualify as having advanced records.

Farm size and region

Because of regional differences in climate, feed supplies, markets,
and other intrinsic factors, producers often believe that they have an
advantage or disadvantage related to the region of the country in
which they operate. Likewise, producers often hold the size of the
farm responsible for their ability or inability to achieve economy of
scale and production efficiency. To determine whether location or
farm size were related to preweaning mortality, these two variables
were forced into the regression in Model II and Model III as they did
not enter on their own merit. We were unable to demonstrate any sig-
nificant difference in preweaning mortality related to either farm size
or region of the country although we did find that a higher percentage
of large farms used computerized records and made more frequent
use of fostering than did the small farms.

Implications

• Minimizing exposure of suckling piglets to pathogens would be an
integral part of controlling preweaning mortality, with the keystone
being AIAO.

• We found no significant reduction in preweaning piglet mortality
associated with certain practices commonly regarded to be part of
good management practices, namely prefarrowing vaccination and
deworming/delousing, supplemental milk, and iron.

• Fostering and use of advanced records were significant (P < 0.1)
only in the independent regression, failing significance in both the
multivariate analysis with farm size and region forced-in (Model II)
and when considered with the facility variables (Model III). Some
of the variables may be associated with measures of production ef-
ficiency other than preweaning mortality and deserve more study in
themselves.

• While there is generally room for further reduction of preweaning
mortality, the amount of benefit for the cost incurred is the limiting
factor and varies from farm to farm.
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