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Summary

This study examined the association be-
tween hemoglobin (Hb) concentrations
in sows and the number of stillborn
pigs. Based on late gestation Hb concen-
trations, the number of prepartum and
intrapartum stillborn pigs was greater
(P <.001) in the anemic sows than in the
nonanemic Sows.
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Resumen - Concentraciones de hemo-
globina en gestacion tardia en cerdas:
Predictor de lechones nacidos muertos

Este estudio examind la asociacion en-
tre las concentraciones de hemoglobina
(Hb) en cerdas y el nimero de lechones
nacidos muertos. Con base en las con-
centraciones de Hb en gestacidn tardia,
el nimero de lechones nacidos muertos
antes del parto e intraparto fue mayor
(P<.001) en las cerdas anémicas que en
las no anémicas.

Résumé - Concentrations d’hémoglobine
en fin de gestation chez les truies: Pré-
dicteur pour les porcelets mort-nés

Cette étude a examiné l'association entre
les concentrations d’hémoglobine (Hb)
chez les truies et le nombre de porcs
mort-nés. Sur la base des concentrations
de Hb en fin de gestation, le nombre de
porcs mort-nés prépartum et intrapar-
tum était plus élevé (P < .001) chez les
truies anémiques que chez les truies non
anémiques.

easurements of hemoglobin
M (Hb) concentrations are used to

determine if sows are anemic.
The normal Hb range in sows is 10 to 16
g/dL and less than 10 g/dL is indicative
of anemia.! Anemia is prevalent during
early lactation and Hb levels begin to
trend upwards in late lactation.? Fur-
thermore, parity also contributes to the
occurrence of anemic sows; anemia is
more common as parity increases.? A re-
cent study demonstrated that the prob-
ability of stillbirths was negatively as-
sociated with sow Hb concentrations.* A
stillborn piglet refers to a fetus that dies
in utero prior to or during farrowing.
Piglets that die after the birth process
are simply dead piglets. This associa-
tion between Hb concentrations and
the number of stillborn piglets required
further investigation in commercial sow
farms. Therefore, the primary objec-
tive of this study was to determine the

relationship between sow Hb concentra-
tions and the number of stillborn piglets
and postpartum dead piglets.

Materials and methods

Five sow farms (3000-4000 sows/farm)
were included in this study. Each farm
was Pork Quality Assurance Plus certi-
fied and an Institutional Animal Care
and Use Committee protocol was not re-
quired. Sows (n = 390, 45-128 sows/farm)
from varying parities were selected on
each farm. Blood samples were collected
in late gestation (> 112 days) and within
12 h after farrowing for Hb determina-
tions. Blood was obtained from an ear
vein with a 20-gauge needle, loaded into
a 10 pL microcuvette, and processed in
a HemoCue Hb 201.%° This instrument
was factory calibrated against the Inter-
national Council for Standardization in
Haematology reference method for Hb
concentration and did not need further

calibration. Litter demographics (num-
ber of live born, stillborn, and mum-
mies) also were recorded for each sow.
Deceased piglets were dissected and
lung flotation tests were performed.®

The Hb concentrations and litter charac-
teristics were analyzed with an analysis
of variance with the main effect being
anemia. The effect of farm and par-

ity category were analyzed in a similar
fashion. Means were compared with
Tukey’s test (Statistix, Version 10, Ana-
lytical Software). A generalized linear
model with negative binomial distribu-
tion (to account for over dispersion of
data) was fitted in SAS 9.4 (SAS Institute
Inc) to analyze the effect of late gestation
Hb (LGHB) concentrations on number
of stillborn piglets. The other variables
of interest were parity, farm, piglets
born alive, and number of mummified
fetuses.
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Results

Although one study used values less
than 10.0 g/dL to classify anemia,! the
study used sows in mid gestation. Us-
ing 10.3 g/dL as the Hb reference value
for anemia in sows prior to farrowing
as previously described,* 210 sows were
classified as anemic in late gestation.
The remaining 180 sows were consid-
ered nonanemic. The descriptive sta-
tistics for these two groups of sows are
shown in Table 1. The number of pre-
partum and intrapartum stillborn pig-
lets was greater (P < .001) in the anemic
sows than in the nonanemic sows. The
number of postpartum dead pigs and
mummies per litter did not differ be-
tween the two classifications of sows.

The post farrowing Hb (PFHB) concen-
trations and number of pigs born alive,
stillborn pigs, and postpartum dead

pigs differed among farms (Table 2). In
contrast, the LGHB concentrations were
similar among farms. The LGHB concen-
trations were less (P =.008) in parity >3
sows than in parity 1 or 2 sows (Table 3).
Over 79% of older parity (> 4) sows were
anemic following farrowing.

The multivariate analysis (Table 4)
showed that LGHB concentrations, farm,
and number of mummies were signifi-
cant factors in the number of stillborn
pigs. The estimate for the LGHB concen-
tration was -0.30 and the exponential
was 0.74. Thus, if a sow with 10 g/dL has
two prepartum and intrapartum still-
born pigs, and if one could increase the
LGHB concentration to 11 g/dL, the sow
would be expected to have 2 x 0.74 = 1.48
stillborn piglets.

Discussion

An early study found that sows in herds
with a high rate of stillbirths were found
to have 25% to 50% reduction in Hb con-
centrations.” Similarly, a recent study
reported that the probability of still-
births was negatively associated with
the sow Hb concentrations.* Therefore,
the results of the present study support
findings in earlier reports that LGHB
concentrations were associated with the
occurrence of stillborn piglets. The pre-
cise mechanism to explain the relation-
ship between sow anemia and stillbirths
is speculative; however, iron deficiency

may contribute to impaired uterine con-
tractions at farrowing.* The low LGHB
concentrations are likely due to the in-
crease in plasma volume in sows, and at
least in part, to the transfer of iron from
the dam to the fetuses through the ma-
ternal uteroferrin-transferrin-ferritin
pathway.%®

Considering the relationship between
LGHB concentrations and their ability to
be used as a predictor for stillborn pigs,
intervention with iron supplementa-
tion could be considered at this time. If
SOws were not anemic, it was apparent
that iron treatment of pregnant sows did
not improve sow and piglet hematology
or stillbirth rate.!9 Additional studies
are warranted to determine the time
and concentration of iron that would

be needed to counteract the deficiency.
Based on the present results, this would
vary with parity, farm, and from sow

to sow. It should be noted that the pres-
ent study demonstrated farm-to-farm
variability, and this must be considered
when interpreting the results or rec-
ommending corrective actions. Thus,
the severity of the anemia and farm

Table 1: Mean (SEM) hemoglobin (Hb) concentrations and litter parameters for anemic (n = 210) and nonanemic (n = 180)

sows*

Variable Anemic sows Nonanemic sows
Late gestation Hb, g/dL 9.3 (0.05)? 11.1 (0.05)°
Post farrowing Hb, g/dL 9.5 (0.09)? 9.9 (0.09)°
Pigs born alive, No. 13.7 (0.2)2 12.9 (0.24)b
Prepartum and intrapartum stillborn/litter 0.8 (0.1)2 0.4 (0.07)P
Postpartum dead/litter 0.2 (0.03) 0.3 (0.06)
Mummies/litter 0.4 (0.06) 0.3 (0.04)

* Anemia classification is based on Hb concentrations in late gestation.
a,b Within row, differing superscripts denote values that differ by P <.01.

Table 2: Mean (SEM) hemoglobin concentrations, number born alive, and stillbirths in five farms

Prepartuml intrapartum Postpartum
Farm Sows, No. | LGHB, g/dL | PFHB, g/dL stillborns, No. dead pigs, No. | Pigs born alive, No.
1 81 10.2 (0.12) 9.0 (0.12)¢ 0.43 (0.12)3b 0.07 (0.03)P 14.0 (0.33)2b
2 70 9.9 (0.13) 9.6 (0.16)P 0.86 (0.14)2 0.10 (0.04)P 12.8 (0.28)P
3 128 10.1 (0.11) | 10.2 (0.12)2 0.87 (0.13)2 0.27 (0.08)2b 12.9 (0.27)°
4 66 10.2 (0.12) | 9.4 (0.14)bc 0.29 (0.10)° 0.12 (0.05)° 14.5 (0.23)2
5 45 10.3(0.14) | 9.9 (0.15)2b 0.49 (0.16)2b 0.56 (0.15)2 12.5 (0.69)°

ab.cwithin column, values with different superscripts differ P <.05.
LGHB = Late gestation hemoglobin concentrations; PFHB = Post farrowing hemoglobin concentrations.
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Table 3: Percentage of anemic sows and mean (SEM) hemoglobin concentrations in various parities of sows

Parity category* Sows, No. LGHB, g/dL Anemic sows, % PFHB, g/dL Anemic sows, %
1 52 10.8 (0.14)2 25.0 10.0 (0.17)2 57.7
2 80 10.5 (0.11)2 46.3 9.8 (0.15)2 68.8
3 171 9.9 (0.09)° 62.0 9.7 (0.12)2b 70.2
4 87 9.9 (0.12)° 62.1 9.3 (0.12)° 79.3

* Category 1= parity 1; Category 2 = parity 2; Category 3 = parities 3 and 4; Category 4 = greater than &4t" parity.
ab Wwithin column, values with different superscripts differ P <.01
LGHB = Late gestation hemoglobin concentrations; PFHB = Post farrowing hemoglobin concentrations.

Table 4: Multivariate analysis of the late gestation Hb (LGHB) concentrations and other variables that contribute to

stillborn pigs*

Analysis of maximum likelihood parameter estimates

Parameter df | Estimate | Standard error Wald 95% confidence limits Wald chi-square Pr > ChiSq
Intercept 1 1.87 0.93 0.05 3.70 4.04 0.04
LGHB 1 -0.31 0.09 -0.46 -0.14 12.85 0.00
Farm 1 1 0.21 0.39 -0.56 0.98 0.29 0.59
Farm 2 1 0.76 0.38 0.01 1.50 3.93 0.05
Farm 3 1 0.89 0.36 0.18 1.61 6.01 0.01
Farm &4 1 -0.09 0.44 -0.94 0.77 0.04 0.84
Farm 5 0 0.00 0.00 0.00 0.00
Mummies 1 0.38 0.12 0.14 0.62 9.27 0.00
Dispersion 1 1.63 0.33 1.09 2.43
LR statistics for type 3 analysis

Source df Chi-Square Pr > ChiSq

LGHB 1 12.87 0.0003

Farm 4 16.22 0.0027

Mummies 1 10.16 0.0014

* The estimate for LGHB = -0.30 and the exponential = 0.74. The negative binomial dispersion parameter was estimated by maximum

likelihood.
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differences likely would dictate the
timing and treatment of sows. In our
modern sow facilities, it is unlikely that
individual sows would be tested, and
thus, alternative approaches must be
considered.

Implications
Under the conditions of this study:

« Anemia in late gestation predis-
poses sows to increased pre- and
intrapartum stillborn pigs.

- Sows with parity > 3 tend to have
lower Hb concentrations than
younger Sows.

. Treatment, prevention, and as-
sessment of late gestation anemia
require additional studies.

Acknowledgments

The authors acknowledge the coopera-
tion of the management and personnel
at the five participating sow farms. The
financial support from Jimmy Heisel
and Pharmacosmos, Inc was greatly
appreciated.

Conflict of Interest
None reported.

Disclaimer

Scientific manuscripts published in the
Journal of Swine Health and Production
are peer reviewed. However, informa-
tion on medications, feed, and man-
agement techniques may be specific to
the research or commercial situation
presented in the manuscript. It is the
responsibility of the reader to use infor-
mation responsibly and in accordance
with the rules and regulations governing
research or the practice of veterinary
medicine in their country or region.

References

1. Bhattarai S, Framstad T, Nielsen JP.
Hematologic reference intervals of Dan-
ish sows at mid-gestation. Acta Vet Scand.
2019;61:16. doi:10.1186/s13028-019-0451-7

2. Castevens K, Ferreira JB, Gillespie T,
Olsen C, Nielsen JP, Almond G. Assess-
ment of hemoglobin concentration in re-
lation to sow reproductive stage and par-
ity. J Swine Health Prod. 2020;28(5):254-257.

3. Normand V, Perrin H, Auvigne V, Rob-
ert N, Laval A. Anaemia in the sow: A co-
hort study to assess factors with an im-
pact on haemoglobin concentration, and
the influence of haemoglobin concentra-
tion on the reproductive performance.
Vet Rec. 2012;171:350-354.

4. Bhattarai S, Framstad T, Nielsen JP.
Association between sow and piglet blood
hemoglobin concentrations and still-
birth risk. Acta Vet Scand. 2019;61(1):61.
doi:10.1186/s13028-019-0496-77

5. Kutter APN, Mauch JY, Riond B, Mar-
tin-Jurado O, Spielmann N, Weiss M,
Bettschart-Wolfensberger R. Evaluation
of two devices for point-of-care testing of
haemoglobin in neonatal pigs. Lab Anim.
2012;46:65-70.

6. Bhattarai S, Framstad T, Nielsen JP.
Stillbirths in relation to sow hema-
tological parameters at farrowing:

A cohort study. J Swine Health Prod.
2018;26:215-222.

7. Moore RW, Redmond HE, Livings-
ton CW. Iron deficiency anemia as a
cause of stillbirths in swine. J Am Vet
Med Assoc. 1965;147(7):746-748.

8. Ducsay CA, Buhi WC, Bazer FW, Rob-
erts RM, Combs GE. Role of uteroferrin
in placental iron transport: Effect of ma-
ternal iron treatment on fetal iron and
uteroferrin content and neonatal hemo-
globin. J Anim Sci. 1984;59:1303-1308.

9. Mahan DC, Vallet JL. Vitamin and
mineral transfer during fetal develop-
ment and the early postnatal period in
pigs. J Anim Sci. 1997;75:2731-2738.

10. Bhattarai S, Framstad T, Nielsen JP.
Iron treatment of pregnant sows in a
Danish herd without iron deficiency
anemia did not improve sow and pig-
let hematology or stillbirth rate. Acta
Vet Scand. 2019;61(1):60. doi:10.1186/

$13028-019-0497-6

Journal of Swine Health and Production — Volume 29, Number 4

203



