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RESUMEN

EFECTOS DEL ESTRES POR CALOR EN UTERO EN VACAS HOLSTEIN SOBRE SU
SUBSECUENTE DESEMPENO PRODUCTIVO Y REPRODUCTIVO

MARIA INES CHAVEZ VAZQUEZ
Doctor en Ciencias en Produccién Agropecuaria

UNIVERSIDAD AUTONOMA AGRARIA ANTONIO NARRO

Dr. Miguel Angel Mellado Bosque
Director de tesis

El objetivo fue determinar como afecta el estrés térmico en el utero en el subsecuente
desempeiio reproductivo y produccion de leche en vaquillas Holstein El estudio incluy6 4976
vaquillas Holstein. Las vaquillas nacidas de vacas que no experimentaron estrés por calor
tres meses antes del parto, pero con un indice de temperatura humedad; THI> 83 al momento
del parto, fueron mayores (p <0.05) al primer parto (743 + 67 vs.729 + 55 dias) que las
novillas gestadas bajo condiciones maternas de estrés por calor. Un aumento de dos veces (p
<0.01) en la tasa de prefiez ocurri6 en vaquillas gestadas en condiciones maternas sin estrés
por calor durante dos o tres meses antes del parto y ausencia de estrés por calor en el parto,
en comparacion con novillas gestadas en condiciones maternas sin estrés por calor. La
mediana de dias para quedar gestantes fue mayor (140 dias) para las novillas cuyas madres
estuvieron expuestas a THI> 83 al momento del parto que para las novillas cuyas madres
estuvieron expuestas a THI<76 o 76-83 (117 y 114 d) al momento del parto. Estos datos
mostraron que el estrés por calor en el utero durante los tltimos tres meses de gestacion afecta
negativamente al rendimiento reproductivo de novillas Holstein. En otro estudio (n= 5278
vaquillas) no se presentaron diferencia entre las novillas con y sin estrés térmico en el ttero.
Las vaquillas sin estrés térmico produjeron 170 kg mas leche (P< 0.05) a 305 d en
comparacion con las expuestas a hipertermia en el Utero. Las vaquillas sin estrés térmico
durante la gestacion produjeron 0.7 kg mas leche/dia. La duracion de la produccion de leche
fue mayor (P< 0.05) en vaquillas nacidas de madres sin estrés térmico (73.5 + 2.4%)
comparadas con las expuestas a hipertermia (73.5 £ 2.4%). Se concluy6 que la producciéon

de leche fue alterada y la persistencia de la lactancia entre las novillas con estrés en el ttero

vi



en comparacion con las novillas sin estrés. Sin embargo, estos efectos fueron menos
pronunciados en las siguientes lactaciones; asi, los efectos del estrés térmico en el utero sobre

la produccion de leche no fueron més allé del impacto inmediato en la primera lactancia.

Palabras clave: Tasa de concepcion; Servicios por concepcion; Edad a primer parto;

Produccion acumulada; Estrés por calor; Duracion de la lactancia.
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ABSTRACT

EFFECTS OF HEAT STRESS IN UTERO OF FIRST CALVING HOLSTEIN COWS ON
MILK YIELD AND REPRODUCTIVE PERFORMANCE.

MARIA INES CHAVEZ VAZQUEZ
Doctor of Science in Agricultural Production

AUTONOMOUS AGRARIAN UNIVERSITY ANTONIO NARRO

Dr. Miguel Angel Mellado Bosque
Thesis’s director
The objective was to determine how heat stress affects reproductive performance, milk
production and its duration in Holstein heifers gestated under a hot environment. The study
included 4,976 heifers. Cows at first calving without heat stress (ITH > 83) calved later (p
<0.05) (743 £ 67 vs. 729 + 55 d) than those with heat stress. Heifers gestated in conditions
without heat stress, the pregnancy rate increased twice more compared to those exposed, the
pregnancy rate (all services) was higher for heifers with heat stress (p <0.05) (66.7 vs 51,
1%). The median for the heifers to become pregnant, the mothers were exposed to stress at
the time of calving ITH> 83 was greater than 140 d, with ITH <76 or 76 to 83 it was 114 and
117 d. The second study included 5,278 cows, with an average lactation of 451 d (SD = 81),
it did not have differentiation from heifers with and without heat stress. Heifers without heat
stress produced 170 kg more milk (P <0.05) at 305 d compared to those exposed. Heifers
without heat stress during gestation produced 0.7 kg more milk / day. The duration of milk
production was greater (P <0.05) in heifers born to dams without heat stress (73.5 + 2.4%)
compared to those exposed (73.5 = 2.4%). It was concluded that milk production and
lactation length in first calving heifers that experienced heat stress in utero is affected by

hyperthermia in utero.

Keywords: Conception rate; Services per pregnancy; Age at first calving; Cumulative milk

yield / Extended lactations / In utero heat stress / Lactation length / Lactation persistency
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L INTRODUCCION

El clima es el factor ecoldégico mas importante que determina el crecimiento, desarrollo y
productividad de los animales domésticos (Herbut et al., 2919). Los cambios climaticos
impactan la viabilidad econdmica de los sistemas de produccion ganadera en todo el mundo,
a través de una variedad de rutas (Baumgard et al., 2012). Estos incluyen cambios en la
disponibilidad y calidad de los alimentos, cambios en las poblaciones de plagas y patégenos,
alteracion de la inmunidad e impactos directos e indirectos en el rendimiento animal, como
el crecimiento, la reproduccion y la lactancia. La falta de acondicionamiento previo
(aclimatacion) al cambio repentino del clima a menudo resulta en pérdidas catastroficas en
la industria ganadera nacional (Collier et al., 2019). El aumento global en la temperatura
también influird en los patdogenos y las enfermedades (Campos et al., 2017).

Se espera que la poblacion humana aumente de 7.200 a 9.600 millones para 2050 (FAO,
2013). Esto representa un aumento de la poblacion del 33%, pero a medida que aumenta el
nivel de vida mundial, la demanda de productos agricolas aumentara aproximadamente 70%
en el mismo periodo. Los productos pecuarios son un producto agricola importante para la
seguridad alimentaria mundial porque proporcionan el 17% de consumo de kilocalorias y
33% del consumo mundial de proteinas (Rosegrant et al., 2009). El sector ganadero
contribuye a el sustento de mil millones de la poblacién mas pobre del mundo y emplea a
cerca de 1.1 mil millones de personas. Existe una demanda creciente de productos pecuarios
y se considera la "revolucidon ganadera" debido a su rapido crecimiento en los paises en
desarrollo (Thornton, 2010; Wright et al., 2012). Se espera que la produccion mundial de
leche aumente de 664 millones de toneladas (cifras de 2006) a 1077 millones de toneladas
(para 2050), y la produccion de carne se duplicara de 258 a 455 millones toneladas.

A nivel mundial el cambio climatico afecta econdémicamente los sistemas de produccion sin
importar las fronteras geograficas ya que no solo afecta a las regiones tropicales o
subtropicales sino también las regiones templadas (Collier et al., 2017; Rahman et al., 2018).
El medio ambiente confortable para el ganado lechero fluctiia entre 5 y 25 ° C, la cual es
considerada como zona termo neutral (ZTN) ya que el animal tiene un gasto minimo
fisioldgico y una maxima productividad para mantener su temperatura corporal (Kadzere et

al., 2002; Aggarwal y Upadhyay, 2013).



El estrés por calor afecta negativamente la rentabilidad de las granjas lecheras en los Estados
Unidos (Sejian et al., 2012). De acuerdo a St-Pierre et al. (2003), el clima calido reduce la
produccion de leche, y las pérdidas econdmicas totales estimadas durante el verano para la
industria lactea de EE. UU. superan los $ 897 millones de ddlares anuales, dicha disminucién
de leche es un fendomeno comun que registra una reduccion entre 30 y 40% (Nienaber y Hahn,
2007; Pragna et al., 2016). En Florida y Texas, las pérdidas economicas por vaca lactante se
han estimado en $ 337 y $ 383 USD / vaca por afio, respectivamente.

Los animales que son expuestos a temperaturas elevadas reducen el apetito, disminuyen la
tasa de crecimiento, la produccion de leche y carne, reducen su rendimiento reproductivo y
son mas susceptibles a enfermarse (Dahl, 2018; Rahman et al., 2018). El aument6 en la
temperatura corporal central reducira la produccion de leche, los porcentajes de proteina de
la leche, las grasas, los solidos y la lactosa (Pragna et al., 2016). Por unidad de aumento del
indice de temperatura y humedad (THI) superior a 72, se registré en vacas lecheras una
reduccion de 0.2 kg en el rendimiento de la leche (Pragna et al., 2016).

El estrés lo podemos definir como un evento o condicion externa propia del medio ambiente
que provoca un efecto sobre un sistema bioldgico. Existen diversos factores que provocan
estrés tales como la temperatura ambiental, el manejo, el ruido, los contaminantes

ambientales, las enfermedades, etc. (Collier et al., 2017).

II. HIPOTESIS Y OBJETIVO GENERAL

Hipotesis
Las vacas Holstein que sufren estrés por calor en su vida uterina en el ultimo tercio de la
gestacion, podrian presentar una disminucion en la produccion de leche, un aumento en la
ocurrencia de enfermedades y una menor eficiencia reproductiva, en comparacion con vacas
que no experimentaron estrés térmico en el utero.
Objetivo general
El objetivo general de esta investigacion fue determinar los efectos que causa el estrés por
calor en el ttero y como éste afecta en el desempefio reproductivo, y en la produccion de
leche en vaquillas Holstein gestadas bajo condiciones de estrés térmico en un ambiente

caluroso.



III. REVISION DE LITERATURA
Es probable que la produccion ganadera se vea afectada negativamente por el cambio
climatico, la competencia por la tierra, el agua y la seguridad alimentaria en el momento en
que mas se necesita (Thornton, 2010). El cambio climatico global es causado principalmente
por emisiones de gases de efecto invernadero (GEI) que resultan en el calentamiento de la
atmosfera. El sector ganadero contribuye con el 14.5% de las emisiones globales de GEI
(Gerber et al., 2013) y, por lo tanto, puede aumentar el calentamiento de la tierra, la
contaminacion del aire y del agua y disminucion de la biodiversidad (Reynolds et al., 2010;
Thornton y Gerber, 2010). Al mismo tiempo, el cambio climatico afectara la produccion
ganadera a través de competencia por los recursos naturales, cantidad y calidad de los
alimentos, enfermedades del ganado, estrés por calor y pérdida de biodiversidad (Grossi et

al., 2019).

3.1 Estrés térmico

El impacto térmico del medio ambiente sobre los animales es consecuencia de la
combinacion e interaccion del animal con las variables climaticas (temperatura del aire,
humedad, velocidad del aire, temperatura de las superficies de contacto, radiacion solar,
disponibilidad de agua y conductividad térmica) (Church, 1988). Un aumento del estrés por
calor (THI >72) trae como consecuencia un aumento en la tasa respiratoria y en la
temperatura corporal de las vacas y aqui es cuando la vaca lechera empieza a bajar su
productividad (Baumgard et al., 2006; Ahmed et al., 2017), ademas de sufrir alteraciones en
los marcadores de estrés oxidativo, asi como cambios a nivel sanguineo de glucosa, sodio,
potasio y cloro (Jeelani et al., 2019).

El estrés térmico se activa cuando las condiciones ambientales superan el nivel critico
superior o inferior en la temperatura de los animales de la granja que requieren un aumento
en el metabolismo para hacer frente al estrés, generando una respuesta a un factor que
involucra cambios de comportamiento, metabolicos y fisiologicos en diferentes niveles
(Bernabucci et al., 2010; Collier et al., 2019). Los animales sometidos a estrés térmico

presentan temperaturas rectales elevadas, cambios en la frecuencia cardiaca y respiratoria,



ademas de modificaciones en el volumen de hematocrito y nimero de globulos rojos

(Cardoso et al., 2015; Fabris et al., 2017).

Todos los procesos de la vida al igual que los eventos fisioldgicos gastan energia, pues ésta
es necesaria para que un animal viva y se mantenga, por lo cual el medio ambiente repercute
en los animales mediante el intercambio de ella, ya que si el animal recibe mas energia de la
que libera aumentard su temperatura corporal y posiblemente muera. Por el contrario, si
pierde mas energia de la que recibe se enfriara y no sobrevivira, por lo que es necesario un
ambiente compatible con sus requerimientos fisiologicos de energia, debido a que el ganado
regula su temperatura corporal a partir de 38 °C (Carroll et al., 2012; Collier y Gebremedhin,
2015).

El ganado lechero tiene una tasa metabolica alta lo que incrementa los mecanismos de
termorregulacion para poder mantener su temperatura corporal y estd influenciado por la
edad, la especie, el consumo de alimento, la composicion de la dieta, la produccion de leche,
el estado fisioldgico, el alojamiento, la condicion del corral, aislamiento del tejido (piel y
grasa), pelo y el comportamiento animal (Aggarwal y Upadhyay, 2013).

Los mamiferos y las aves poseen una estrategia térmica para mantener una temperatura
corporal por encima de la temperatura ambiente que les permita disipar el calor a través de
cuatro mecanismos: la conduccion, la conveccion, la evaporacion y la radiacion, como rutas
sensibles de perdida de calor dado que si éstas se pierden la ruta final/unica restante de
pérdida de calor seria la evaporacion (sudoracion y jadeo) que requieren de un gradiente de
presion de vapor por lo cual la humedad relativa es un factor importante que controla la tasa
de pérdida de calor por evaporacion (Habeeb et al., 2018; Collier et al., 2019).

La activacion de la respuesta aguda al estrés es iniciada por receptores térmicos ubicados
en la piel, por los cuales las vias aferentes trasmiten informacion hacia el sistema nervioso
central incluyendo el tdlamo y el hipotdlamo con la finalidad de poder responder a los
cambios del medio ambiente (Collier y Gebremedhin, 2015).

Por lo tanto, en lo que se refiere al ganado bovino lechero en época de verano, es importante
el proporcionar sombras, ventiladores o rociadores con la finalidad de disminuir el estrés por
calor, ademas de hacer modificaciones en la dieta para que éstas puedan desafiar las

condiciones climaticas (Mader, 2003; Bernabucci et al., 2014).



3.2. El periodo seco y el estrés por calor

El periodo seco es un estado no lactante que se inicia de seis a ocho semanas antes del parto
y se caracteriza por fases de involucion de la glandula mamaria a través de muerte celular
programada (apoptosis) y redesarrollo a través de la division y crecimiento celular
(proliferacion celular) (Zhao et al.,, 2019). El proposito de este periodo es promover
el recambio de células epiteliales mamarias (MEC), donde las células epiteliales senescentes
se reemplazan con células completamente funcionales en preparacion para la siguiente
lactancia. En el tejido mamario, el estrés por calor altera la sintesis de proteinas MEC, altera
la organizacion de los filamentos de queratina y actina y regula a la baja los genes
involucrados en el crecimiento celular y la ramificacion ductal mientras promueve la
expresion de genes involucrados en respuestas apoptdticas, fagociticas y de supervivencia
celular (Senn et al., 2019).

Dreiling et al. (1991), report6 que en ovejas gestantes disminuyo 20-30 % el flujo sanguineo
uterino por cada 1 °C que se elevaba la temperatura ambiental, lo que provoca cambios en el
metabolismo fetal, lo cual conduce a un retraso en el crecimiento y desarrollo, ademas de una
reduccion del 60 y 100 % de las hormonas oxitocina y antidiurética, respectivamente.
Durante los tltimos dos meses de gestacion, el feto crece al ritmo mas rapido y se acumula
aproximadamente 60% de su peso al nacer. Los terneros nacidos de madres que sufrieron
estrés por calor cuando se secaron son mas livianos desde el nacimiento hasta el afio de edad
y tienen una funcién inmunoldgica comprometida. Ademads, estas terneras (es decir, novillas)
producen menos leche durante su primera lactancia en relacién con vaquillas nacidas de
madres enfriadas durante el periodo seco (Skibiel et al., 2018).

Las vacas que se encuentran en el periodo seco, producen menos calor metabolico en
comparacion con las vacas lecheras lactantes y, por lo tanto, tedricamente son menos
susceptibles al estrés por calor (Collier et al., 2017). El estrés por calor durante el periodo
seco reduce la produccion de leche en la siguiente lactancia (Tao et al., 2011; Tao et al.,
2012; Fabris et al., 2017).

La exposicion de las vacas al enfriamiento durante el periodo seco aumenta la produccion de
leche en relacion con los animales expuestos al estrés por calor (do Amaral et al., 2009).
Aunque las vacas son vulnerables al estrés por calor durante la lactancia, el estrés por calor

ambiental durante el periodo seco también afecta adversamente la fisiologia de la vaca y la



produccion de leche en la lactancia subsiguiente (Skibiel et al., 2018). Similar a las vacas
lactantes, el estrés por calor durante el periodo seco disminuye el consumo de materia seca
(Adin et al., 2009; do Amaral et al., 2009; Yue et al., 2020). Como resultado de la energia
reducida por el bajo consumo de alimento, las vacas secas estresadas por calor tienen menor
ganancia de peso corporal y gestacion tardia en comparacion con las que no sufren estrés por
calor (Fabris et al., 2017).

El estrés por calor materno durante el periodo seco afecta a la descendencia. En comparacion
con los de vacas con enfriamiento, los terneros nacidos de vacas secas con estrés por calor,
tienen una funcion inmunologica pasiva y mediada por células deteriorada (Tao et al., 2012;
Monteiro et al., 2014) y metabolismo alterado durante el periodo previo al destete (Tao et
al., 2014; Monteiro et al., 2016). Ademas, Monteiro et al. (2013), informaron que el estrés
por calor materno durante el periodo seco redujo la produccién de leche de las vaquillas
durante la primera lactancia.

El enfriamiento durante el periodo seco puede aumentar la produccion de leche como lo hace
durante la lactancia. Los resultados indican un posible beneficio de enfriar las vacas secas
incluso bajo estrés por calor leve (Wolfenson et al., 1988). El enfriamiento también mejora
el crecimiento mamario durante el periodo seco y mejora el rendimiento de la lactancia
después del parto (Tao et al., 2013).

El desarrollo de la glandula mamaria durante el periodo seco se ve afectado por el estrés por
calor principalmente en lo que se refiere a la involucion de ésta y su desarrollo, esto tiene
importancia ya que al iniciar la lactancia la capacidad de la glandula mamaria para sintetizar
y almacenar leche dependera del numero de células mamarias y su actividad secretora, debido
a que estds vacas tienen menos alvéolos comparadas con vacas sujetas a sistemas de
enfriamiento, lo que podria conducir a que la glandula mamaria sea menos productiva, y por

ende, tenga menor produccion de leche (Tao et al., 2011; Laporta et al., 2020).

El enfriamiento antes del parto mejora el estado inmunolégico de las vacas en transicion y la
evidencia sugiere que la sefializacion alterada de prolactina en las células inmunes media los
efectos del estrés por calor en la funcidon inmunologica (Bagath et al., 2019). El estrés por
calor de la gestacion tardia compromete el desarrollo de la placenta, lo que resulta en hipoxia

fetal, desnutricion y, finalmente, retraso del crecimiento fetal (Tao y Dahl, 2013) ademas, se



ven alterados los metabolitos sanguineos, asi como la captacion de insulina (Monteiro et al.,
2016).

Por otro lado, Lopez et al. (2017), reportd que los terneros que son expuestos a estrés por
calor reducen el consumo de alimento concentrado en la etapa de lactancia lo que conlleva a
bajo peso al destete y esto tiene repercusiones en el crecimiento posterior. Ademas, dicho
estudio proporciona informacion sobre la importancia del enfriamiento de las vacas secas,
con la finalidad de prevenir el nacimiento de terneros livianos por causa del estrés por calor

(Lopez et al., 2017).

3.3. Sintesis y secrecion de hormonas

Los aminodcidos son la base para la sintesis de hormonas de bajo peso molecular, por
ejemplo, tirosina o fenilalanina, siendo precursor de la sintesis de hormonas como epinefrina,
norepinefrina, dopamina y tiroides (Guoyao, 2009). Por otro lado, en el metabolismo de la
glucosa y acidos grasos, la insulina tiene un papel importante ya que su secrecion y respuesta
en los fetos de corderos y ovejas se ven alterados durante la gestacion (Tao et al., 2014).
Las hormonas tiroideas triyodotironina (T3) y tiroxina (T4) juegan un papel importante en la
regulacion de la termogénesis ya que son un indicador para evaluar la termo-tolerancia en los
animales de la granja, al encontrarse reducidas en animales que experimentan estrés por calor,
efecto que puede atribuirse a la disminucion a nivel eje hipotdlamo-pituitario-tiroideo al
disminuir la producciéon de la hormona liberadora de tirotropina (TRH), que limita el
metabolismo basal (Sejian et al., 2018).

La disminucion del sustrato y hormonas y el aumento de la temperatura corporal inhibe la
actividad enzimadtica, que disminuyen el metabolismo y consecuentemente perjudican la
produccion de leche, el crecimiento corporal y la reproduccion. Ademas, la escasez de
energia, de los sustratos y de la hormona triyodotironina (T3) pueden ser responsables de la
depresion en la produccion y composicion de la leche (Habeeb et al., 2018).

La hormona prolactina (PRL) es primordial para la mamogénesis y lactogénesis en el ganado
(Tucker, 2000), la perturbacion de la funcion de la PRL durante el periodo seco puede afectar
la produccién de leche futura. De hecho, la sefializaciéon de PRL alterada inducida por un

fotoperiodo variable afecta el desarrollo de la glandula mamaria durante el periodo seco



(Wall et al., 2005) y la posterior produccion de leche (Auchtung et al., 2005) y tiene efectos

negativos en lo que concierne a la reproduccién (Noordhuizenn y Bonnefoy, 2015).

El estrés por calor durante el final de la gestacion reduce la secrecion placentaria de sulfato
de estrona, que mejora el crecimiento mamario. El estrés por calor puede atenuar la
involucion mamaria a través de la secrecion reducida de sulfato de estrona y el aumento de
la concentracion de PRL en la sangre en el periodo seco temprano (Tao et al., 2018).

Las vacas que experimentan estrés por calor tienen una reduccion del tamafio de la placenta,
y, por ende, el peso de la cria se ve disminuido por la reduccion de las hormonas placentarias
como el sulfato de estrona, lactogeno placentario, y glucoproteina asociada a la prefiez,
ademas de una menor ingesta de alimento como otra posible causa de éste (Dahl et al., 2016).
De igual manera el retraso en el crecimiento de las ovejas se atribuye a una disminucion en
la actividad de las hormonas tiroideas, asi como, baja secrecion de progesterona y del

lactégeno placentario por causa del estrés térmico (Bell et al., 1989).

3.4. Fisiologia del rumen e ingesta de alimento

El aumento de la temperatura ambiental tiene un efecto negativo directo sobre el centro del
apetito del hipotalamo ocasionando la disminucion en la ingesta de alimento. El consumo de
alimento en vacas Holstein comienza a disminuir a una temperatura ambiental de 25-26 °C
en vacas lactantes y se reduce mas rapidamente por encima de los 30 °C en condiciones
climaticas templadas y a 40 °C puede haber una disminucion de hasta un 40%, en las cabras
lecheras puede llegar hasta un 22-35% y 8-10% en novillas bufalo. El estrés por calor a largo
plazo disminuyd la produccion de leche en un 17.2% y la ingesta de materia seca en un 12.6%
en vacas lecheras, lo que indica que el estrés por calor a largo plazo provocé una disminucién
mas severa en la produccion de leche y la ingesta de alimento que el estrés por calor de corto

plazo (Hou et al., 2021).

Reducir la ingesta de alimento es una forma de disminuir la produccion de calor en ambientes
calidos, asi como, el incremento de calor de la alimentacion es una fuente importante de

produccién de calor en los rumiantes. Como resultado, los animales experimentan una etapa



de balance energético negativo (NEB), y en consecuencia pérdida de peso y baja condicion
corporal (Das et al., 2016; Noordhuizen y Bonnefoy, 2015).

La causa principal de la disminucion de la produccion de leche se debe, en primer lugar, a
que las vacas disminuyen el consumo de materia seca, lo cual trae como resultado una
disminucion de la productividad lactea (Baumgard et al., 2011; Dahl et al., 2016), ya que se
disminuye la rumia, la produccion de saliva, la masticacion y la fermentacion del alimento,
todo esto a causa del jadeo elevado, producto del estrés por calor (Pawar et al., 2018; Liu et
al., 2019). Sin embargo, esta disminucion representa solo el 35% de la baja en la produccion
de leche, el resto pudiera atribuirse a los NEFA basales del metabolismo postabsortivo
(Rhoads et al., 2009). West (2003), report6 una reduccion en la ingesta de materia seca de
0.85 kg por cada 1 °C en la temperatura ambiental por encima de la ZTN de una vaca, que
representa el 36% de la disminucion de la produccion de leche.

Por otro lado, esta disminuciéon de consumo reduce la concentracion de acidos grasos de
cadena corta (AGCC) en el rumen encontrandose elevado el butirato y disminuido el acetato
como respuesta a las altas temperaturas (Tajima et al., 2007), lo cual podria traer como
consecuencia disminucidn en la proteina de la leche y la grasa a causa del estrés por calor
(Gao et al., 2017). Sin embargo, Xie et al. (2016), reportd que existe resistencia a la insulina
por el bajo consumo de alimento debido al impacto que tiene el estrés térmico, pero la
sefalizacion en el higado y en el musculo esquelético permanecieron sin cambios en su
estudio.

Otro factor es la hipercetonemia que afecta negativamente la produccion de leche en mayor
proporcioén en vacas multiparas que primiparas, lo cual es razonable porque las vacas de
primera lactancia no tienen el estado NEB de la lactancia previa como factor de riesgo
potencial, y en promedio tienen una mejor condicion corporal y producen menos leche que
vacas multiparas (Benedet et al., 2019).

Los 4cidos grasos monoinsaturados aumentaron con la hipercetonemia. La disminucién de la
sintesis de Novo de acidos grasos en la leche podria sugerir una glandula mamaria menos
activa metabolicamente, mientras que el incremento de 4cidos grasos de cadena larga y
acidos grasos insaturados podria estar relacionada con una mayor fermentacion ruminal
acidogena debido a una menor ingesta de materia seca y una mayor velocidad de paso

(Benedet et al., 2019).
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Debido al metabolismo sistémico alterado, se prevé que el estrés por calor influya en la
disponibilidad de nutrientes y la absorcion de la glandula mamaria. La absorcion mamaria de
nutrientes estd determinada por la diferencia de concentracion arteriovenosa de nutrientes y
el flujo sanguineo mamario (Pacheco-Rios et al., 2001; Chaiyabutr, 2012), y la explicacion
de los efectos del estrés por calor en ambos factores es fundamental para comprender la
absorcion de nutrientes mamarios. El flujo de sangre a la glindula mamaria bovina juega un
papel clave en el suministro de nutrientes adecuados para apoyar la sintesis de leche (Tao et

al., 2018).

3.5. El crecimiento fetal y la placenta

El crecimiento y desarrollo fetal pueden verse afectados por los cambios en el medio
ambiente, asi como la susceptibilidad a enfermedades en la vida futura de las crias, por lo
que es importante la deteccion de nutrientes placentarios ya que esta informacion permite
conocer las vias de sefializacion en relacion a la secrecion de hormonas, la transferencia de
nutrientes placentarios y oxigenantes (Dimasuay et al., 2016). Limesand et al. (2004), en un
estudio realizado en ovejas concluyd que hubo una reduccion en el GLUT 8 el cual ha

disminuido la capacidad de transporte de la glucosa placentaria e hipoglucemia fetal.

Por otro lado, Macko et al. (2013), reportd que elevaciones en la norepinefrina plasmatica
fetal suprime las concentraciones de insulina lo que provoca una respuesta compensatoria
con la secrecion de células b (islotes pancreaticos) presentes antes de la induccidon del
desarrollo intrauterino.

En un estudio realizado por Regnault et al. (2002), se encontré que en ovejas existe una
disminucion del flujo sanguineo de la arteria aorta y umbilical lo que trae como consecuencia
una disminucién del peso de la placenta, asi como su desarrollo y por ende deficiencias en
cuanto a la funcion de ésta trayendo como consecuencia fallas en el crecimiento del feto por
causa del estrés térmico.

El estrés por calor que experimentan las crias durante la gestacion provoca efectos en ésta en

lo que concierne a la respuesta a la insulina, provocando una reduccion en la ingesta y el
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crecimiento del ternero y alterando los metabolitos sanguineos y elevando la captacion de

glucosa no dependiente de insulina (O'Brien et al., 2010; Monteiro et al., 2016).

Las crias nacidas de vacas que son expuestas a estrés por calor durante la gestacion (periodo
seco), tienen menor peso al nacer 12.4 % (4.6 kg) y al destete 10.4 % (7.1 kg), asi como baja
inmunidad pasiva comparados con los que son nacidos de vacas que son provistas de
enfriamiento, por lo cual se ve comprometida la supervivencia y la produccion de leche de
estas terneras hasta la primera lactancia (Noordhuizen y Bonnefoy, 2015; Habeeb et al.,

2018; Monteiro et al., 2016; Tao et al., 2012; Dahl et al., 2019; Ouellet et al., 2020).

3.6. La reproduccion y el estrés por calor

El estrés térmico afecta de manera negativa la tasa de concepcion en el ganado lechero, ya
que ésta se reduce del 31 % al 12 % cuando el ITH esta en 73 o mas unidades calor tanto
antes como después de que se inseminan (Schiiller et al., 2014; De Rensis et al., 2015;
Mellado et al., 2016). La duracion prolongada del foliculo preovulatorio dominante se debe
a que emerge de manera temprana por efectos del estrés por calor, lo que trac como
consecuencia disminucion en la tasa de fertilidad, debido a que se reduce la capacidad
esteroidogénica del foliculo, por una menor actividad de la aromatasa en las células de la
granulosa y las bajas concentraciones de estradiol en el foliculo dominante (De Rensis y
Scaramuzzi, 2003; Wolfenson y Roth, 2018).

En corderos el estrés térmico afecta el estro, la produccion de embriones y el peso al nacer
de los cabritos, tamafio y funcion de la placenta y la tasa de crecimiento fetal, sin embargo,
factores como la nutricion o el entorno fisico juegan un papel importante (Sejian et al., 2012).
El estrés por calor provoca efectos negativos como bajos niveles de estradiol y trae como
consecuencia la duracion del celo, provocando anestro o bien originando una ovulacion
silenciosa, asi como un menor nimero de montas, por otro lado, la baja liberacion de LH
durante el pico preovulatorio, trae como resultado alteraciones en la ovulacién, maduracion
de ovocitos o en ambos, que se formen quistes ovaricos, ademas de falla del funcionamiento

luteo tales como baja en la produccidon y secrecion de progesterona, mala calidad de los
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ovocitos, pérdidas embrionarias y fetales tempranas, bajo flujo sanguineo uterino (De Rensis
etal., 2015; Roth, 2015; Roth, 2017; Lees et al., 2019).

La tasa de prefiez se ve altamente afectada por el estrés por calor en vacas cuando la
temperatura alcanza los 30 °C y en las vaquillas la tasa de concepcion se ve reducida cuando
éstas alcanzan los 35 °C, por otro lado, las vaquillas requirieron 1.5 servicios por concepcion

compradas con 2.3 en las vacas lactantes (Sejian et al., 2012; Habeeb et al., 2018).

Las cerdas para disipar el calor por las temperaturas elevadas redireccionan el flujo de sangre
de la glandula mamaria hacia la piel, lo que trae como consecuencia baja produccion de leche
y por ende un crecimiento disminuido en los lechones, ademas de celos reducidos en los 15
dias posteriores al destete, como consecuencia de una baja ingesta de alimento por causa del

estrés térmico (Baumgard et al., 2015).

3.7. La produccion de leche y el estrés térmico

En vacas con mayor mérito genético para la produccion de leche, la lipdlisis puede ser mayor
debido a un aumento de la respuesta a la estimulacion f-adrenérgica, aumento de la actividad
de la lipasa sensible a hormonas (LIPE), y una lipogénesis disminuida en comparacién con
los animales de mérito genético promedio. Debido a una lipolisis mas rapida, generalmente
las vacas lecheras de alta produccion tienen una condicion corporal moderada (> 2.5 y <3.0)
al comienzo del periodo de transicion, que en consecuencia hard que tengan una menor
movilizacion de las reservas corporales y la concentracion de NEFA y BHBA (Acido
betahidroxibutirico) (Tao et al., 2012; Baumgard et al., 2015; Barletta et al., 2017; Tao et al.,
2018).

Las vacas con una produccion mayor son mas propensas al estrés por calor ya que generan
mas calor metabolico (Kadzere et al., 2002; Bernabucci et al., 2010). Las vacas multiparas
son mas sensibles al estrés por calor o ITH elevado, lo que trae como consecuencia una
produccion menor hasta de 1 kg de leche por dia y una disminucién en cuanto a la exhibicion
del celo (Collier et al., 2006; Bernabucci et al., 2014; Cowley et al., 2015; Liu et al., 2019).
Las vaquillas hijas de vacas que son expuestas a estrés por calor en la gestacion presentaron

alvéolos mamarios mas pequefios y menos células epiteliales secretoras comparadas con las
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que recibian enfriamiento, lo que puede contribuir a un menor rendimiento en la producciéon
lactea hasta por tres lactancias (Wheelock et al., 2010; Dahl et al., 2019; Tao et al., 2019;
Laporta et al., 2020).

3.8. Salud de las vacas

Otro indicador encontrado en las vacas que experimentan estrés térmico es la alta incidencia
de mastitis clinica y subclinica, ya que se tomd como referencia el conteo de células
somaticas para ver la salud de la ubre (Lambertz et al., 2014; Gantner et al., 2017; Roth y
Wolfenson, 2016; Hamel et al., 2021), ademas de mayor incidencia en la retencion de
membranas fetales, enfermedades respiratorias (Thompson et al., 2014) y laminitis (Cook et
al., 2007; Sander et al., 2009). Las vacas que son expuestas a un ITH >78 presentaron un
aumento en patogenos como Staphylococcus aureus y Escherichia coli, ademas de una

disminucion en la grasa de la leche y la proteina (Vitali et al., 2016; Dahl, 2018).

3.9. Inmunidad en los terneros

El sistema inmunologico tiene como funcién proteger a los individuos de los efectos
ambientales y factores de estrés que estos pudieran experimentar, estd constituido por los
globulos blancos, los globulos rojos, la hemoglobina, plaquetas, concentracion de glucosa 'y
proteinas en sangre que pueden alterarse por el estrés térmico (Das et al., 2016).

El estrés térmico afecta la inmunidad en los terneros y su crecimiento posterior, ya que los
animales que nacen de madres que experimentan estrés por calor presentan menor inmunidad
pasiva como consecuencia de un aumento en la produccion de cortisol a nivel eje HPA
(Hipotalamo — Pituitaria - Adrenales) axis, inhibiendo la produccién de citocinas, lo que trae
como consecuencia un aumento en la ocurrencia de enfermedades en los animales, debido a
la baja absorcion de IgG (Tao et al., 2012; Monteiro et al., 2014;; Thompson et al., 2014;
Laporta et al., 2017; Bagath et al., 2019).
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5.1 In utero heat stress effects on cows’ cumulative milk yield
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The objective of this study was to determine whether in utero heat stress (IUHS) affects milk vield
and lactation traits in Holstein cows in a hot environment. A total of 5278 cows with three consecutive
lactations were used. Temperature-humidity index (THI) classes were defined as <76, 76-83 and =83
units. Average lactation length for first-lactation heifers was 415 days (SD=81) with no difference
between IUHS heifers and non-IUHS heifers. First-calving heifers born to cows not exposed to heat
stress (HS) during delivery produced 170 more kg of milk (P<0.05) in 305-d lactations than heifers
whose dams suffered HS (adjusted for the effects of THI one, two and three months previous to
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calving). Total milk vield for the first lactation was 12477+2828 kg with no effect of THI at any stage
of gestation. Heifers not exposed to IUHS at the day of delivery produced 0.7 more kg of milk daily
compared to IUHS heifers at the day of delivery. Milk yield persistence was greater (P<0.05) in first-
calving heifers born to dams suffering heat stress at calving (73.5+2.4%) compared to heifers born
to HS cows at calving (72.942.3%). IUHS at any stage of pregnancy did not influence subsequent
cumulative total milk yield (37574+5845; across THI). It was concluded that there was evidence
for altered milk yield and lactation persistence among IUHS first-calving heifers compared to non-
IUHS heifers. However, these effects were less pronounced in subsequent lactations; thus, the IUHS
effects on milk production did not go beyond the immediate impact in the first lactation.

KEY WORDS: cumulative milk yield / extended lactations / in utero heat stress /
lactation length / lactation persistency
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Maternal exposure to continuous high ambient temperatures during the last months
of pregnancy has a direct impact on fetal development. During this period of rapid fetal
growth, heat stress (HS) negatively affects both placental development and function
[Limesand ez al. 2018], which is reflected in lighter calves at calving [Tao and Dahl
2013, Lopez er al. 2017]. HS leads to reduced placental mass and function [de Vrijer ez
al. 2004, Macko ef al. 2013], which results in the development and progressive decline
mn fetal glucose and oxygen concentrations over the final third of gestation when fetal
growth rate is at a maximum [Limesand ez a/. 2018, Rozance et al. 2018].

Mechanisms explaining placental and fetal growth constraints include the
redistribution of blood to the body surface and reduced perfusion of the placental
vascular bed [Dreiling er a/. 1991, McCrabb et al. 1993]. Reduced placental function
and mass increases vascular resistance in the placenta due to a reduction of angiogenesis
by an abnormal expression of vascular endothelial growth factor and its receptors and
placental growth factor [Regnault ef al. 2002, Hagen et a/. 2005]. This reduces glucose
transport across the placenta [Thureen er a/. 1992] by lower abundance of facilitated
glucose transporters [Limesand ef a/. 2004, Wallace ef al. 2005], slows growth of fetuses
and alters their endocrine and metabolic profiles [Limesand er a/. 2018].

Additionally, relative to calves born to cooled cows, calves from non-cooled dry
cows present slower msulin clearance after msulin challenges [Monteiro ez al. 2016a],
while both passive and cell-mediated immune function of calves is also impaired by
prenatal heat stress [Tao er al. 2019]. Thus, placental nutrient provision plays an
mportant role in modulating maternal-fetal resource allocation, thereby affecting not
only fetal growth, but altering the life-long health of the offspring [Fouden er al. 2006,
Dimasuay ef al. 2016].

Although evidence exists for epigenetic mediation of intergenerational effects in
offspring from heat-stressed dams [Sinclair er a/. 2016], it seems that prenatal heat
stress undergoes adaptations in endocrinology, metabolism and organ functions, which
alter the developmental programming and may have long-lasting effects throughout
life. Pronounced interest is currently observed in the potential role of epigenetics in
underlying the long-term effects of prenatal stress on the development of the fetus and
these epigenetic changes in the fetus after prenatal stress have been documented in
animal models [Jensen Pena ez a/. 2012]. This point is particularly important in dairy
cattle, as in utero heat stress (IUHS) seems to alter the mammary gland microstructure
and cellular processes during the cow’s first lactation [Skibiel et a/. 2018].

Although there is evidence that prenatal heat stress alters growth, the immune
systems and metabolism of calves [Tao er a/. 2012, Monteiro er al. 2016a], as well
as milk production up to and through the first lactation of offspring [Monteiro er al.
2016Db], and reproductive performance [Dahl ef a/. 2016], there is limited research,
as yet, linking prenatal heat stress to milk yield in subsequent lactations of offspring.
Additionally, studies that investigated the effects of ITUHS on milk yield used only one
lactation; therefore, it would be convenient to assess if hyperthermia during the fetal
life affects subsequent milk vields during various lactations. Thus, this study aimed
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to establish whether the temperature-humidity index (THI) experienced by dams at
calving, one, two or three months previous to parturition could have carryover effects
on the heifer’s future milk production when considering multiple lactations.

Material and methods

The research protocol was reviewed and approved by the Institutional Animal
Care and Use Committee at the Autonomous Agrarian University Antonio Narro.

Farm and cows management

Data were collected from one large commercial dairy farm (2800 cows) located
in northeastern Mexico (25°N; 1120 m above sea level). Average annual temperature
1s 23.7°C and THI ranges from 70.1 to 89.8 units. Cows were housed in open dry-
lot pens (161.5 m/cow) with shades (14.6 m/cow) in the center of each pen oriented
north-south. Shade dimensions were 121.9 m long by 9.1 m wide by 4.0 m high.
All animals had ad libifum access to feed and water and they were fed a total mixed
ration balanced to meet or exceed nufrient requirements for prepartum Holstein
cows weighing 650 kg (NRC 2001). Cows were fed two times daily a mixed ration
with approximately 50% concentrate and approximately 5% leavings were removed
immediately before each morning feeding.

Cows were inseminated after 50 days postpartum. Heifers and cows were observed
for estrus three times a day, for approximately 30 min. Estrus detection was secured
with the aid of pedometers and Al was conducted after visual observation of estrous
behavior following the a.m. - p.m. guideline. Commercial sexed (for heifers) and non-
sexed (pluriparous cows) frozen-thawed semen from multiple sires from the USA
was used across all months of the year. Pregnancy was detected by palpation of the
uterus per rectum about 45 days post-insemination. Services per pregnancy were 4.5,
consequently lactation length was far beyond the traditional 10-11 months (>400 days).

Data collection

A retrospective study was conducted using 5278 cows with three consecutive
lactations (from 2015 to 2019). Information was obtained from the farm software and
consisted of birth date, calving dates, parity, date of dry-off, 305-d milk yield, days in
milk and total milk yield. Cows became eligible for the study when they completed
three consecutive lactations, regardless of reproductive difficulties which lead to
extended lactations in many of the cows. Additional criteria for inclusion of cows in
the study were that they had not initiated their lactation with abortion or hormonal
treatment. Cows were dried off 60 d before expected parturition or when milk yield
reached 20 kg/day. Milk vield was measured electronically at each milking using the
Dairy Comp 305 software (Valley Agricultural Software, Tulare, CA) for each cow.

For the duration of the study, meteorological data were obtained from a climatic
station located 3 km away from the dairy operation. Maximum temperatures and
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relative humidity were used to calculate the temperature-humidity index (THI: highest
daily temperature in degrees Celsius; RH refers to maximum relative humidity) for
each day using the following equation [Mader 2003 ]:

THI =[0.8 x temperature] + [[% RH/100] x [temperature — 14.4]] + 46.4

THI classes were defined as <76, 76-83 and >83 units. These cut-off values were
based on THI values associated with changes in rectal temperature. For example,
cows subjected to THI <76 show normothermia, whereas cows exposed to THI = 76
— 83 present rectal temperature =40°C and animals exposed to THI >83 present rectal
temperature >40.5°C [Dikmen and Hansen 2009, Jeelani ef a/. 2019].

Statistical analyses

Milk production traits were analysed according to a completely randomized
design with cow as the experimental unit. The statistical model ncluded fixed effects
of THI categories, with cow as a random effect. THI at calving, during the ninth,
eighth and seventh month of pregnancy were included in the model, so that adjusted
weather effects for particular months of gestation were calculated controlling for
THI at different months of pregnancy. The computations were performed using the
MIXED procedure of the SAS package programmes (SAS Institute Inc., Cary, N.C.)

Milk trait means were compared using the probability of a statistical difference
(PDIFF option of SAS). The occurrence of extended lactations was analysed using the
PROC GENMOD of SAS. Statistical differences were considered significant at P<(.05.

Results and discussion

First-lactation milk yield data of Holstein heifers experiencing heat stress at
delivery and previous to delivery (in utero) are summarized in Table 1. Average
lactation length for first lactation heifers was 415 days (SD=81) with no difference
between groups for THI groups. These lactation lengths are far above the traditional
305 days in milk for cows with a 12-13 month calving interval and were caused by the
prolonged warm weather in the study site, which provokes a high number of services
per pregnancy and consequently a prolonged days open period. Thus, these results
suggested that maternal HS during pregnancy does not negatively affect offspring
lactation length.

First-calving heifers born to cows not exposed to HS during delivery produced
170 kg more (P<0.05) milk in 305-d lactation than heifers, whose dams suffered HS
at calving (adjusted for the effects of THI one, two and three months previous to
calving). Likewise, compared with heifers born to cows exposed to HS during the
eight-month of pregnancy, 305-d milk yield was higher (P<0.05) in heifers from dams
not suffering HS or under HS two months before parturition (adjusted for THI at
calving, one and three months before delivery). These results suggest a direct effect
of TUHS on lactational physiology i first-lactation heifers and a carryover effect of
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Table 1. The effect of temperature-humidity index (THI) in first-lactation Holstein heifers born to cows
exposed fo heat stress at calving or one to three months prior to parfurition Values are means

(standard deviations in parenthesis)

THI THI THI THI
Variables at calving one month two months three months
before calving  before calving  before calving

Lactation length 1% lact (days)

THI <76 412 (83) 410 (77) 413 (77) 416 (84)

THI 76-83 416 (82) 415 (85) 414 (34) 413 (80)

THI =83 418 (79) 419 (79) 417 (81) 417 (82)
305-d milk yield (kg)

THI <76 98507 (983) 9815 (1046) 08037 (1004) 9760 (1066)

THI 76-83 0680° (1090) 9768 (1031) 9707°(1102) 9790 (1028)

THI >83 0803%(1191) 9823 (1165) 98507 (1158) 9835 (1148)
Total milk yield 1% lact (kg)

THI <76 12433 (2805) 12307 (2705) 12469 (2873) 12550 (2944)

THI 76-83 12437 (2983) 12495 (2959) 12409 (2792) 12429 (2824)

THI >83 12568 (2749) 12517 (2745) 12533 (2788) 12483 (2743)
Milk/day in 305-d lact (kg)

THI <76 323 (3.2) 32.1(3.5) 32.1°(3.3) 31.9(3.5)

THI 76-83 31.6° (3.6) 31.9(3.4) 31.8°(3.6) 32.0(34)

THI >83 32.1* (3.9) 32.2(3.9) 32.2°(3.8) 32.2(3.8)
Persistence 305-d milk yield (%)

THI <76 73.5° (2.4) 73.4%(2.7) 73.4% (2.4) 73.1(2.3)

THI 76-83 72.9°(2.3) 73.3%(2.6) 73.0°(2.3) 733(2.4)

THI >83 73.0° (2.3) 73.1°(2.3) 73.2°(2.4) 73.3(2.4)

lact=lactation.
®Within variables. means in the same column differ significantly at P<0.05.

TUHS on the calf’s future milk performance. The present results are in line with results
of Monteiro er al. [2016b] and Laporta ez al. [2018], who observed that heifers born to
late gestation HS cows had lower milk yields during their first lactations compared to
heifers not suffering from TUHS.

This reduced milk yield of IUHS heifers during late pregnancy occurs because as
cows undergo thermal stress in late gestation, so do the fefuses that must maintain core
temperatures by adjusting blood flow and nutrient utilisation to limit heat production.
This hyperthermia decreases the alveolar area of mammary glands of lactating heifers
[Skibiel er al. 2018]. Given the positive association between the luminal area of
mammary alveoli and the quantity of mammary secretory epithelial cells they possess,
the lower the alveoli area, the lower the milk synthesis and storage, which appears to
reduce milk production observed in IUHT cows. Another possible explanation for the
reduced milk yield in IUHS heifers is related to epigenetic effects, because maternal HS
during the dry period alters DNA methylation of the mammary gland during their first
lactation [Skibiel et al. 2018, Reynolds ef al. 2019]; therefore, these epigenetic marks
due to IUHS may contribute to the reduced performance of the offspring in their adult
life. Further, TUHS heifers have a lower percent of proliferating mammary cells [Skibiel
et al. 2018] and present altered endocrine systems through early life that are consistent
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with metabolic adaptations to accumulate energy in peripheral tissues and reduce lean
growth. For instance, calves born to HS-dams present greater blood insulin in the first
week of life relative to those born to cooled dams [Tao and Dahl 2013b]. Additionally,
adiposity in puberty is related to subsequent milk vield [Silva er al. 2002]; therefore,
the potentially greater accretion of fat in calves from HS dams could predispose those
calves to alterations in mammary growth and reduced milk yield.

Due to the long lactations of first-calving heifers, total milk yield for the first
lactation was 12477 kg (SD=2828) with no effect of IUHS at any stage of gestation.
Heifers not exposed to IUHS at the day of delivery produced 0.7 more kg/day of
milk compared to heifers exposed to IUHS at the day of calving. Surprisingly. daily
milk vields of heifers suffering from severe IUHS at calving were not affected. These
results were also found in animals exposed to IUHS two months previous to calving.
Milk yield persistence was greater (P<<0.05) in first-calving heifers born to dams not
suffering from heat stress at calving, and one and two months before calving compared
to IUHS heifers at calving and one or two months before calving.

For greater milk production and efficiency it is desirable to have cows with
high lactation persistency. In the present study, [UHS heifers presented a marginal,
but significant reduction in lactation persistence. These results further suggest that
IUHS alters mammary growth throughout postnatal life and possibly restrict the
maintenance of the number and activity of milk-secreting cells and increased cell
death via apoptosis with advancing lactation, which ultimately reduced lactation
persistence in IUHS cows.

None of the milk variables were affected by IUHS during the seventh month of
pregnancy. In developmental programming, the timing and duration of stressors will
influence particular responses [Reynolds er a/. 2019]. Hence, the windows to TUHS
reflected in subsequent milk yield seem to be active during the eighth and ninth month
of pregnancy. Growth of bovine fetuses follows an exponential frend with the maximal
rate of body weight gain by 7.6 months [Prior and Laster 1979]. Thus, biological
changes in the mother during the most active growth of the fetus were mvolved in
fetal programming induced by prenatal stress, which altered subsequent milk yield of
offspring.

Maternal HS exposure during calving as well as at one, two or three months before
calving did not influence subsequent cumulative days in milk, total milk yield (sum
of three lactations), and percentage of extended lactations (>500 days) during three
consecutive lactations (Tab. 2). This is contrary to observations of Laporta ez al. [2018].
who reported that granddaughters born to late gestation heat-stressed dams produced
less energy-corrected milk in their second lactation compared with granddaughters
born to cows without heat stress during the dry period. This discrepancy appears to be
due to the extended lactations practiced in the present study, prolonging the cumulative
days in milk and milk yield, which completely compensated for the milk reduction by
TUHS, by the additional milk yield per lactation. The reduction in milk yield in TUHS
cows likely resulted from irregular mammary morphology as a result of alterations
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Table 2. The effect of temperature-humidity index (THI) experienced by first-calf Holstein heifers at delivery
and previous to delivery (in utero) on the subsequent cumulative total milk yield (kg) during three
consecutive lactations. Values are means (standard deviations in parenthesis)

THI THI THI THI
Variables at calving one month two months three months
before calving  before calving  before calving

Days in milk, sum 3 lact (days)

THI <76 1249 (191) 1243 (1870 1250 (193) 1254 (197)

THI 76-83 1248 (199) 1254 (201) 1250 (197) 1249 (194)

THI =83 1259 (196) 1257 (189) 1257 (192) 1255 (192)
Total milk yield, sumn 3 lact (kg)

THI <76 37497 (5751) 37357 (5681) 37524 (5804) 37632 (5937)

THI 76-83 37449 (5987) 37655 (6022) 37512 (5919) 37407 (5844)

THI =83 37772 (5879) 37639 (5734) 37712 (5760) 37626 (5781)
Lactations >500 d (%)}

THI <76 12(272/2337)  11(134/1248)  12(137/1196) 13 (167/1305)

THI 76-83 13 (204/1557)  13(326/2544)  12(309/2523) 11 (256/2248)

THI >83 11(157/1384)  12(173/1486) 12 (187/1559) 12 (210/1725)

lact = lactation.

"Walues in parenthesis are number of cows with extended lactations/total.
in the development of the fetal mammary gland [Skibiel ef a/. 2018]. However, the
extended lactations of cows in the present study possibly stimulated more renewal of
mammary epithelial cells throughout lactation. which would result in higher secretory
activity. This is so because the absence of pregnancy during lactation suppresses
secretion of estrogens, thus increasing milk yield and preventing the increased
mammary epithelial cells loss [Herve ef al. 2016].

Conclusion

These data provide compelling support for the view that prenatal heat stress,
particularly during the eighth and ninth months of pregnancy, can have long-lasting
effects on milk yield at maturity of in utero heat-stressed heifers. However, the extent
of this milk loss due to late gestation heat stress 1s less prononunced and disappears
over three consecutive lactations. Thus, under the present conditions of exposure to
heat stress for most of the year, the reduced milk yield caused by in utero heat stress
may be completely compensated by improved health and the adoption of extended
lactations, which would increase cow longevity and cumulative milk yield.
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Abstract

Aim of study: To determine the reproductive performance of heifers gestated under maternal conditions of heat stress in late gestation.

Area of study: Northern Mexico (25° 32" N, 103° 237 W).

Marerial and methods: The study mncluded reproductive records of 4976 first-calf Holstein heifers i a hot environment.

Main results: Heifers born to cows experiencing no heat stress three months before parturition but with a THI =83 at calving were older
(p<0.05) at first calving (743 £ 67 vs. 729 + 55 days) than heifers gestated under maternal conditions of heat stress. A two-fold increase
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under maternal conditions of no heat stress during delivery, compared with heifers gestated under maternal conditions of heat stress (66.7
vs. 51.1%). Median days for getting pregnant was higher (140 d) for heifers whose dams were exposed to THI 83 at calving than heifers
whose mothers were exposed to <76 or 76-83 (117 and 114 d) at calving.

Research highlights: These data suggest that in utero heat stress during the last three months of gestation negatively affects the
reproductive performance of first-calf Holstein heifers.
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Introduction

High body temperature during late pregnancy causes
distresses in the infrauterine environment, which can in-
duce functional alterations in the fetus that could persist
at maturity (Skibiel ef al., 2018). A positive consequence
of maternal heat stress during late gestation on calf func-
tion during postnatal life is the enhancement thermo-to-
lerance at maturity by increasing the ability to dissipate
body heat which reduces their core body temperature,
which is reflected in lower sweating rate and rectal tem-

perature when exposed to high ambient temperatures
(Ahmed et al., 2017).

However, other potential physiological proces-
ses which alter fetal programming in cows born from
heat-stressed cows have a detrimental effect on producti-
ve and reproductive response in dairy cows. Lower body
weight at 12 months of age has been observed m utero
heat-stressed cows. although no difference in this trait
at maturity was detected, but the productive life of these
cows in the herd was reduced (Monteiro et al., 2016).
Also. maternal heat stress in late gestation depress birth
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weight of calf at parturition and hampers mammary grow-
th and the absorption of IgG. which lower serum IgG con-
centration in young calves (Tao et al., 2012, Tao & Dahl.
2013: Monteiro et al., 2014: Laporta ef al., 2017).

While the negative effects of in utero heat stress on birth
weight, weaning weight, passive immune transfer and milk
yield in dairy cattle have been well documented. informa-
tion on the exposure of developing fetuses to heat stress in
utero in late gestation on subsequent reproductive perfor-
mance in dairy cattle is incomplete. Likewise, the stages of
pregnancy in which heat stress has the most adverse effects
on fetuses have not been well established. Therefore. this
study was carried out to determine if bovine fetal exposu-
re to heat stress during the last three months of pregnancy
negatively alters the subsequent reproductive performance
of these animals. It was hypothesized that first-calf heifers
born to cows exposed to heat stress during late gestation
would decrease reproductive performance by increasing
age at first calving. decreasing pregnancy rate. and requi-
ring greater services per pregnancy.

Material and methods
Animal management and facilities

The experimental procedures and animal care con-
ditions were approved by the Ethics Committee of the
Research Department of the Autonomous Agrarian
University Antonio Narro. This study included 4976

first-lactation Holstein heifers from a large commercial
dairy operation in a hot arid environment (26° N, eleva-
tion 1140 m. mean annual rainfall 230 mm. mean annual
temperature 23.7 °C). The dairy operation consisted of
approximately 3000 lactating Holstein cows housed in
open-dirt pens equipped with a fixed metal framework
shade in the center of pens that provided 4 m? of shade
per cow. Shades also covered feed alleys. The study took
place from 2015 to 2018.

All diets were offered as total mixed rations (49%
torage and 51% concentrate: DM basis) and were ser-
ved at 07:00 and 14:00 h. Feed was offered calculating
35 g refusals for each kg offered. Diets were formulated
to meet the net energy requirements (1.62 Mcal’kg net
energy of lactation and 18% crude protein) for lactating
Holstein cows weighing 650 kg and producing 42 kg of
milk containing 35 g/kg of fat and 30 g/kg of protein
when consuming 24 kg/d of DM (NRC. 2001). Cows in
this study were born to dams not exposed to heat stress
(temperature-humidity index, THI <76). exposed to mo-
derate heat stress (THI 76-83). or exposed to high heat
stress (THI =83) during one, two or three months before
delivery and at parturition.
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The THI value of 76 was chosen because it was dee-
med as the upper critical temperature, as hyperthermia
(based on increased rectal temperature) would be expec-
ted at THI above this value (Dikmen & Hansen. 2009).
Kaufinan ef a/. (2018) found that THI of 76.4 practica-
1y did not alter rectal temperature of Holstein cows. It is
worth mentioning that the upper critical THI used in the
current study is higher than values of 72 for dairy cows in
Georgia and 74 for cows in Arizona (Bohmanova er al.,
2007), although these values derived from studies relating
THI with losses in milk production.

Reproductive management

All cows in this herd were vaccinated against diseases
impairing fertility. such as brucellosis (Brucella aboritus
strain RB351 vaccine). infectious bovine rhinotracheitis.
bovine respiratory syncytial virus, bovine viral diarrhea.
para-influenza. Campvlobacter fetus and leptospirosis
(S-serovars). Herd veterinarians examined fresh cows to
identify and treat cows with postpartum infection and in-
flammation in the reproductive tract such as retamed pla-
centa. metritis, and clinical endometritis.

Cows became eligible for artificial insemination (AI)
after 50 days postpartum. Technicians kept trying to achie-
ve pregnancy until 360 days in milk or when milk yield
dropped below 25 kg/d: this practice leads to more than
12 services per cow in some animals. and consequently
to extended lactations (>500 days). First-calf heifers not

pregnant around 200 post-partum and with more than 3
services were submitted for fixed-time artificial insemina-
tion (FTAI) using the Ovsynch protocol.

Nonpregnant first-calve heifers were observed for es-
trus three times a day. for approximately 30 min. Estrus
detection was reinforced with the aid of pedometers, and
AT was conducted based on visual observation of estrous
behavior, according to the a.m. - p.m. guideline. Commer-
cial non-sexed frozen-thawed semen from multiple sires
was used across all months of the year. Pregnancy was
detected by palpation of the uterus per rectum about 45
days post-Al

Data collection

Data from reproductive examinations and Al were co-
llected by the herd veterinarians during daily herd health
revision for cows included in this study. For each ani-
mal. the following variables were recorded: age at first
calving (AFC), occurrence of dystocia (prolonged assis-
ted extraction). retained fetal membranes (retained fe-
tal membranes for more than 24 h). occurrence of twin
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pregnancies. metritis, premature calves (<265 days, as
determined by AT records) and fetal losses (expulsion of a
fetus or presence of extraembryonic membranes and va-
ginal discharges; return to service after being confirmed
pregnant). Also. pregnancy rate at first service, pregnancy
rate to all services, and time from calving to pregnancy
were recorded. Cows experiencing calving-related disor-
ders were appropriately treated by the herd veterinarians,
so that they were healthy by the time the first breeding
postpartum occurred. Body condition scores (BCS) were
determined at calving using the scoring system suggested
by Edmonson ef al. (1989).

Additional variables were THL the day dams delive-
red the first-calf heifers included in the study. THI one.
two or three months before calves were bormn. Climatic
data were obtained from a meteorological station situa-
ted 3 km away from the dairy operation for the duration
of the study. Information recorded was daily maximum
temperatures (mercury thermometer under full shade) and
relative humidity. The following equation was used for
calculation of THI (highest daily temperature i Celsius
degrees; RH refers to maxiumum relative humidity: Mader
et al. 2006):

THI = (0.8 * temperature) + (%RH/100) = (tem-
perature - 14.4)] + 46.4

Statistical analyses

To analyze the combined effect of maximum ambient
temperature and humidity contributing to pregnancy (bi-
nary outcome). fetal losses. twin births. premature bir-
ths and dystocic parturition. a logistic regression model
of SAS (SAS Inst. Inc.. Cary. NC, USA) was used. The
model included the following potentially explanatory va-
riables of interest: THI when first-calf heifers were born,
THI one. two or three months before the first-calf heifers
were born and one-way interactions. Interactions were
only retained if significant at the 0.15 level. The SAS
model included fixed effects of THI groups with first-calf
heifers within the THI groups as a random effect. Cova-
riates used in the model included BCS at calving and year
of breeding.

AFC was analyzed using the MIXED procedure of
SAS. The model included the main effects of THI at va-
rious stages of fetal life and one-way interactions: year and
BCS at calving were included as covariates. The number
of services per pregnancy was evaluated by the bivariate
Wilcoxon rank-sum test (non-parametric: proc nparlway
of SAS). The effect of THI at various periods in late
gestation on the interval from calving to pregnancy was
analyzed using survival plots generated by Kaplan-Meier
survival analysis performed with Statgraphics Centurion
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version XVII software (Statgraphics Technol., Inc.. The
Plains, Virginia). The final models were assessed for co-
llinearity using the variance inflation factor (VIF option)
in SAS; collinearity did not exist. Statistical significance
was set at p<<0.05.

Results

The percentage of fetal losses (16%). twining rate
(0.7%). dystocic parturition (10%). and premature cal-
ves (5%) were not affected (p=0.10) by the THI prevai-
ling during the last three months of the uterine life of
first-calf heifers included in this study. THI when calves
were born affected (p<0.05) AFC of these first-calf hei-
ters. THI one, two, or three months previous to delivery
did not affect this trait. There was a THI at parturition
by THI one month before calving interaction (p<0.05).
When heat stress was moderate or high for two months
previous to parturition. the age at first calving was shor-
ter (p<0.05) in cows born to dams not exposed to heat
stress the day of parturition (Table 1). Likewise. heifers
born to cows not exposed (THI <76) or exposed to seve-
re heat stress (THI>83) three months before parturition
but with no heat stress at parturition of their dams pre-
sented shorter AFC than heifers whose mothers expe-
rienced mild or severe heat stress at parturition.

Pregnancy rates at first service are summarized in
Table 2. Pregnancy rate at first service was severely de-
pressed (p=0.05) in first-calf heifers born to dams ex-
posed to moderate (THI 76-83) heat stress one month
before calving and severe heat stress (THI >83) the day
of parturition. Regardless of the magnitude of heat stress
exposure of dams in late gestation. first-calf heifers born
to dams exposed to heat stress the day of calving presen-
ted a marked reduction in first-service pregnancy rates
compared with heifers born to dams not exposed to se-
vere heat stress. There was a THI at calving of dams by
THI one month before calving interaction (p<0.05).

Pregnancy rates to all services are summarized in Ta-
ble 3. THI at calving and during the first, second. and
third month before parturition of dams affected (p<0.01)
this reproductive variable. THI at calving of dams » THI
one month before calving was an interaction term signi-
ficantly associated with pregnancy rates to all services.
Overall. across THI one. two or three months before cal-
ving of dams. pregnancy rate was depressed (p<0.05)
when parturition of their dams coincided with severe
heat stress.

The number of services per pregnancy confirmed at d
45 after the last AT was smaller in first-calf heifers from
dams experiencing moderate and severe heat stress one.
two and three months before calving and THI 76-83 at

June 2020 = Volume 18 = Issue 2 = e0404
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Table 1. The effect of the temperature-humidity index (THI) experienced by first-calf Holstein
heifers at delivery and previous to delivery (in utero) on the subsequent age at first calving in
a hot environment (mean annual temperature 23.7 °C).

Variable THI 1-month before delivery
<76 76-83 =83
THI at delivery <76 732£55 737 £61 740 = 68
THI at delivery 76-83 737 £ 56 740 £ 60 740 = 62
THI at delivery =83 73764 746 £ 66 741 =62

THI 2-months before delivery

=76 76-83 =83
THI at delivery <76 732+58 736 £57¢ 733570
THI at delivery 76-83 736 £57 738 £63® 745+ 63°
THI at delivery >83 739 = 64 745 = 65° 741 = 61°

THI 3-months before delivery

<76 76-83 =>83
THI at delivery <76 729 + 55° 735+ 59 735+ 58°

THI at delivery 76-83
THI at delivery =83

735 = 56 737+ 58 747 + 65°
T43 £ 67° 742 £ 62 742 £ 62

WITHI at parturition * THI one month before calving interaction (p<0.05). *Within
groups. values in columns with different superscript letters differ (p<0.05).

Table 2. Pregnancy rate at first service of first-calf Holstein heifers gestated under maternal conditions of
no heat stress (temperature-humidity index: THI<76), moderate heat stress (THI 76-83). or severe heat
stress (THI>83) at delivery and one, two or three months before calving in a hot environment.

Variable

THI 1-month before delivery

THI st delivery <76 [1]

THI at delivery 76-83
THI at delivery =83

<7 76-83 =83
149/1130 (13.2)  37/343 (10.8)°  9/105 (8.6
46/477 (9.6)°  118/909 (13.0)  73/651 (11.2)°
10/85 (11.8)° 28/416 (6.7)°  71/360 (8.3)°

THI 2-months before delivery

THI at delivery <7
THI at delivery 76-83
THI at delivery >83

<76 76-83 >83
99/840 (11.8)*  61/437 (14.0)*  35/301 (11.6)
104/874 (11.97°  57/449 (127 76/714 (10.6)F

13/233 (5.6)°  48/520 (9.23)°  48/608 (7.9

THI 3-months before delivery

THI at delivery <76
THI at delivery 76-83
THI at delivery =83

<7 76-83 >33
51/386 (13.2)°  77/693 (11.1)a  67/499 (13.4)
87/780 (1.2 75/567 (13.2)a  75/690 (10.9)
18/300 (6.0% 57/597 (9.6)b  34/464 (7.3}

WTHI at calving of dams » THI one month before calving interaction (p<0.05). ®Within groups.
values in columns with different superscript letters differ (p<<0.05).
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Table 3. Pregnancy rate to all services of first-calf Holstein heifers gestated under maternal conditions of
no heat stress (temperature-humidity index; THI<76). moderate heat stress (THI 76-83). or severe heat
stress (THI >83) at delivery and one. two or three months before calving in a hot environment.

Variable THI 1-month before delivery
<76 76-83 =83
THI at delivery <76 787/1130 (69.7F  223/343 (65.0 42/105 (40.07
THI at delivery 76-83 202/477 (61.2)°  565/909 (62.2)*  378/651 (58.1)°
THI at delivery =83 30/85(35.3) 212/416 (51.0)>  453/860 (52.7)°
THI 2-months before delivery
<76 76-83 =83
THI at delivery <7 585/840 (69.6)°  292/437 (66.8)* 175/301 (58.1)
THI at delivery 76-83 293/ 581 (66.5)  260/449 (57.9)*  394/714(55.2)
THI at delivery =83 103/233 (44.2)°  276/520(53.1)°  316/608 (52.0)
THI 3-months before delivery
<76 76-83 =83
THI at delivery <7 290/386 (75.1)*  480/693 (63.3)*  182/499 (56.5)
THI at delivery 76-83 537/780 (68.9)°  335/567 (59.1)*  363/690 (52.6)
THI at delivery =83 158/300 (52.7)°  317/597 (53.1)F  220/464 (47.4)°

MTHI at calving of dams * THI one month before calving interaction (p<<0.05). **Values in rows with
difterent superscript letters differ (p<0.03).

Table 4. Services per conception in first-calf Holstein heifers gestated under maternal
conditions of no heat stress (temperature-humidity index; THI<76) moderate heat
stress (THI 76-83) or severe heat stress (THI>83) at delivery and one. two or three
months before calving in a hot environment.

Variable THI 1-month before delivery
<76 76-83 =83
THI at delivery <76 4.6+3.3° 54x37°  47£3.8
THI at delivery 76-83 45+£3.1° 42x31° 42+£3.3°
THI at delivery =83 3.3+£3.0° 46=x3.1° 50zx3.6
THI 2-months before delivery
<76 76-83 >83
THI at delivery <76 48+34 48+34 50x3T7
THI at delivery 76-83 43+3.1 43+35 42+3.1°
THI at delivery =83 47+3.2 48+35 49x34
THI 3-months before delivery
<7 76-83 =83
THI at delivery <76 47x35% 5034 45+3.5°
THI at delivery 76-83 43£3.1° 41=x32° 42233
THI at delivery =83 5.0+3.3" 48+35 46+34°

»Values in rows with different superscript letters differ (p<0.05).
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Figure 1. Kaplan-Meier survival curves for the proportion of first-calf heifers gestated under maternal conditions of heat stress in
late gestation. Days open were lower for heifers whose dams were exposed to THI <76 and those born at 76-83 and >83 three months

before calving (p<<0.001; Wilcoxon test). Median days for getting pregnant were 117, 114, and 140 for heifers whose dams were
exposed to THI <76, 76-83, and >83 at calving, respectively. Median days for getting pregnant were 115, 115, and 120 for heifers
whose dams were exposed to THI <76, 76-83. and >83 one month before calving, respectively. Median days for getting pregnant
was 114, 119 and 117 for heifers whose dams were exposed to THI <76, 76-83 and >83 two months before calving. respectively.
Median days for getting pregnant were 115. 117, and 117 for heifers whose dams were exposed to THI of <76, 76-83, and >83 three

months before calving. respectively.

calving (Table 4). For first-calf heifers born to dams ex-
posed to different THI categories at birth, one, two and
three months before calving. the median days open for
heifers undergoing severe heat stress in urero was larger
(»=0.05) than that of heifers exposed to moderate or no
heat stress 7 urero (Fig. 1).

Discussion

The prevalence of fetal losses in the present study co-
rresponds well with literature reports in hot environments
(Pontes ef al., 2015; Mellado et al., 2016). but it is much
higher than the 4.8-9.8%% reported for Holstein heifers in
temperate climates (Ettema & Santos, 2004; Bach. 2011).
This reproductive disorder was not affected by the expo-
sure of dams to heat stress at parturition or various periods
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before calving. The same was true for twining rate, dysto-
cic parturition, and premature calves. Thus, there was no
evidence of the negative effects of maternal heat stress on
these periparturient disorders on offspring. Dystocia, pre-
mature deliveries. stillbirths. and abortions, are linked. in
part. to endocrine changes in late pregnancy which impair
pregnanecies (Kindahl ez a/., 2002: Sandman er a/., 2003);
thus. these results do not support the view that in wutero
heat stress altered hormones related to calves delivery.
An important finding of this study was that in urero
heat stress was associated with an increase in the AFC
of heifers. This response seems to be linked to the fact
that in wrero heat-stressed calves are lighter at birth com-
pared to non-heat stressed animals (Tao et al, 2012:
Monteiro et al., 2014). Additionally. these lighter cal-
ves bormn from heat-stressed cows in late pregnancy do
not have any compensatory growth before puberty. as
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they remained smaller and lighter up to one year of age
(Monteiro ef al., 2016). Thus, heifers suffering heat stress
in urero apparently do not achieve rapid growth rates due
to reduced fetal secretion of insulin-like growth factor-I.
prolactin, and msulin (Guo er af., 2016). which did not
enable them to achieve breeding size earlier. lessening
AFC which increases costs of raising replacement heifers
(Davis Rincker ef al., 2011).

Overall, first-service pregnancy rate was very low in
first-calf Holstein heifers (10.9%) in this hot environment,
but is in line with values observed in dairy operations in
this hot environment (Flores ef al., 2019). In temperate
and tropical zones the percentage success at first service
in dairy cattle has ranged between 26.7% and 49.6% in
previous studies (Tillard e a/., 2008: Fodor et al., 2018).
which is much higher than the figure found in the present
study, even when careful attention was given to reproduc-
tive management. This poor response is due to chronic
heat stress suffered by cows in this zone which causes
impaired fertilization (Sartori ef al., 2002; Moghaddam &
Karimi, 2009). oocyte quality (Hansen. 2009: Souza-Cé-
cares ef al., 2019). sperm viability and hampers embi-
yonic development (Sakatani e7 al., 2015; Wolfenson &
Roth, 2019).

First-calf heifers born to cows with moderate (THI
76-83) and severe (THI =83) heat stress. one. two or
three months before calving and severe heat stress at
calving consistently presented a marked reduction in
pregnancy rate at first service. The rise of internal body
temperature in high-milk yielding dairy cows subjec-
ted to heat stress (Wolfenson & Roth. 2019) causes a
hyperthermic uterine environment which seems to in-
fluence the phenotypic variation of offspring mediated
by epigenetic modifications regulating gene expression
(Skibiel ef al., 2018). Thus, heat stress in late pregnant
Holstein cows seems to produce indirect developmental
and post-natal effects in bovine offspring. adversely im-
pacting reproduction function as evidenced by a noticea-
ble reduction in pregnancy rate at first service. Reports
suggest that epigenetic mechanisms are the link between
early-life environment and fitness later in life (Gabory ef
al., 2011: Jammes e al., 2011); however, the underlying
mechanisms involved in the association between the
uterine environment of developing fetuses and postnatal
reproductive function remain unclear.

In general, regardless of THI in the last trimester of
gestation, pregnancy rate to all services was reduced in
first-calf heifers gestated under maternal conditions of
heat stress compared to heifers gestated with no heat
stress in late gestation. The associations between late
gestational exposure to heat stress and subsequent heifer
reproductive function are complex and have yet to be elu-
cidated but could be attributed, in part. to the fact that
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late-gestation heat stress compromises placental growth
due to reductions in secretion of progesterone and pla-
cental lactogen (Bell er al., 1989). which leads to fetal
malnutrition, hypoxia, and fetal growth retardation (Tao
& Dahl. 2013). Additionally. heat stress during late gesta-
tion depresses cell proliferation in tissues, thereby redu-
cing cell number and restricting tissue growth (Harding
& Johnson, 1995: Fowden ef al, 1998). In utero heat
stress also reduces immune function and alters systemic
metabolism (Flouris ef al., 2009; Tao ef al., 2012). Thus,
in utero acute heat-stressed calves probably presented al-
terations m their reproductive organs which was reflec-
ted in lower reproductive capacity in adulthood. Insults
during late gestation alter cell proliferation and program
their morphology in postnatal life. which seems to contri-
bute to the reduced reproductive performance of in utero
heat-stressed heifers (Skibiel ef al., 2018).

Services per pregnancy in the present study were extre-
mely high (4.6 = 3.4; Table 4). This value was far higher
than the 2.7 services per conception in Holstein herds in
southeastern United States (Norman ef al., 2009). but is
close to the mean number of services per pregnancy = 6
(Flores ef al., 2019) typical of dairy herds in this zone.
To put this value into perspective. services per pregnancy

for the whole herd (only pregnant cows) was 6.7 = 3.4,
High ambient temperature for the most of the year was
responsible for the impaired reproduction in this dairy
herd (Mellado ef al., 2013). The present study provides no
clear evidence that services per pregnancies were reduced
in first-calf heifers gestated under maternal conditions of
heat stress (THI >83) compared to heifers born to dams
not exposed to heat stress in late pregnancy. Therefore,
measurement of ambient and humidity during late preg-
nancy in Holstein dams do not help to predict services per
pregnancy in their first-calf offspring under the manage-
ment and ambient conditions of the present study.
However. the calving-to-conception interval was
longer in first-calf heifers gestated under maternal con-
ditions of heat stress compared to heifers gestated with
no heat stress the last trimester of pregnancy. It is wor-
th mentioning that. the effect of in urero heat stress on
calving-to-conception interval was not adjusted for milk
yield and this variable could have an important impact
on this variable. Given that animals in this dairy opera-
tion received adequate diets throughout lactation, defi-
cient dietary protein or energy early in lactations were
not responsible for this response. Intervals from calving
to first ovulation neither seemed to be involved in this
response as most first-calf heifers presented behavio-
ral estrus repeatedly before getting pregnant. Thus. the
greater struggle to become pregnant in first-calf heifers
born to cows exposed to heat stress in late pregnancy
apparently derive from induced structural and functional
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changes of the reproductive tract or disruption of the
endocrine systems controlling the reproductive organs
in the fetus that apparently persisted through adulthood
(Skibiel er af., 2018), and possibly hindered the produc-
tion of viable ovum. its fertilization and implantation in
the uterus.

These data support the hypothesis that exposure of
high-milk producing dairy cows to heat stress during
the third trimester of pregnancy and at calving is ne-
gatively associated with reproductive function of their
first-calf heifers, but the causes of this fertility depres-
sion are unclear. Thus, intervention strategies for mini-
mizing the duration and degree of heat stress at the end
of gestation could result in offspring with enhanced re-
productive ability.
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VI. CONCLUSION GENERAL

En conclusion, estos datos indican que el estrés por calor en el utero durante los ultimos tres
meses de gestacion afecta de manera negativa el desempefio reproductivo de las vaquillas
Holstein de primer parto; ademas, se encontr6 evidencia sobre la reduccion de la produccion
de leche y la duracion de la lactancia entre las vaquillas de primer parto que experimentaron
estrés por calor en utero.

Sin embargo, estos efectos fueron menos pronunciados en las siguientes lactancias, por lo
que los efectos sobre la produccion de leche no fueron mas alla del impacto inmediato en la

primera lactancia.



