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Abstract

Mannheimia hemolytica (Mh) and Pasteurella multocida (Pm) strains obtained from bovine nasal discharge of clini-
cally affected by respiratory tract disease calves, were isolated and characterized to estimate the isolation frequency in
a dairy complex in the state of Hidalgo, Mexico, over a period of five months by means of a trans-sectional descripti-
ve study. Strains were isolated and typified through selective media and biochemical tests. Chi-square or Fisher’s sta-
tistical tests were applied, as well as odds ratio calculation and logistic regression analysis to evaluate the association
of some variables on Mh and Pm isolation. Of the 239 calves younger than 1 year of age researched, in 84 (35.14%)
Mh or Pm was isolated, 67 (28.03%) of them with Mh and 17 (7.11%) with Pm, in eight calves (3.10%) both microor-
ganisms were isolated. Potential risk factors such as housing, treatment and vaccination were evaluated. The frequency
of Mh isolates was higher than the Pm in calf accommodations individual housing or in group housing (P < 0.05); simi-
larly, the frequency of Mh and Pm isolates together were higher in not vaccinated against infectious bovine rhinotrachei-
tis (OR = 2.93, P < 0.05), bovine viral diarrhea (OR = 4.26, P < 0.05), parainfluenza 3 (OR = 2.68, P < 0.05), bovine
syncytial virus (OR = 2.36, P < 0.05) and mannheimiosis (OR = 1.97, P < 0.05). Calves housed in the stables and no
vaccination against bovine viral diarrhea, were the variables that remained in the logistic regression model. Mh got the
highest isolation rate in calf accommodations individual housing or in group housing, as well as in outdoors housing.
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Resumen

Se determiné la frecuencia de Mannheimia haemolytica (Mh) y Pasteurella multocida (Pm) obtenidas de exudado nasal
de becerras afectadas por enfermedad respiratoria, en un complejo lechero del estado de Hidalgo, México, evaluadas
durante 5 meses en un estudio descriptivo transversal. El aislamiento e identificacion se hizo mediante procedimien-
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tos selectivos y pruebas bioquimicas. Se evalu6 la asociacion de algunas variables con el aislamiento de Mh y Pm,
mediante Ji cuadrada o Fisher, el céalculo de la razé6n de momios y el andlisis de regresién logistica. De 239 becerras
menores de un afno, estudiadas, en 84 (35.14%) se aisl6 Mh o Pm, de ellas, 67 (28.03%) con Mh y 17 (7.11%) con
Pm; en 8 becerras (3.10%) se aislaron ambos microorganismos. Se evaluaron posibles factores de riesgo: alojamien-
to, tratamiento y vacunacion. La frecuencia de aislamientos de Mh fue mayor que la de Pm en becerras alojadas en
becerreras o en corrales (P < 0.05), o que estaban en becerreras a la intemperie (P < 0.05), similarmente, la frecuen-
cia de Mh y Pm juntas, fue mayor en becerras no vacunadas contra rinotraqueitis infecciosa bovina (RM = 2.93, P <
0.05), diarrea viral bovina (RM = 4.26, P < 0.05), parainfluenza 3PI3 (RM = 2.68, P < 0.05), virus respiratorio sincitial
bovino (RM = 2.36, P < 0.05) y mannheimiosis (RM = 1.97, P < 0.05). Las variables que permanecieron en el modelo
de regresion fueron alojar las becerras en los establos y la no vacunacion contra diarrea viral bovina. Mh presenté la
mayor tasa de aislamientos en becerras alojadas tanto en becerreras individuales como en corrales o a la intemperie.

Palabras clave: M. HaemoLyTica, P. muLtocipA, EXUDADO NASAL, BECERRAS, BOVINOS.

Introduction

attle production in Mexico is an important

source of animal protein, since cow’s milk

constitutes 98% of the country’s consumption.
Additionally, milk and meat of this species represents
67% of the total agricultural products for domestic
consumption.'

Cattle production is efficiently affected by several
factors, such as infectious diseases, and among them,
respiratory problems represent worldwide economic
losses.? Bovine respiratory disease complex is a multi-
factorial process, where by loss of animal internal bal-
ance, lung colonization by infectious agents such as vi-
ruses and bacteria are favoured, as well as by synergism
between both, causing pneumonia, and in severe cases,
animal death. The environmental factors that favour
respiratory tract disease onsets are the following: sharp
temperature changes, high relative humidity, overpop-
ulation and inadequate air system facilities, as well as
dietary changes, stress animal management, animals of
different ages, immunologic stages and social hierar-
chies. The main clinical signs that sick bovines show
are: breathing rate increase, cough, nasal and ocular
discharge, fever and loss of appetite, among others.*®

Pasteurella multocida and Mannheimia haemolytica are
microorganisms frequently isolated from pneumonic
processes of domestic ruminants, the most common
one is the first one, which causes in both cases, bovine
pasteurellosis or shipping fever that is generally a fa-
tal respiratory tract disease, characterized by severe
fibrinous pleuropneumonia, mainly affecting animals
younger than one year of age recently transported, or
calves one to five months of age.*

P. multocida and M. haemolytica are normal flora of
the upper respiratory tract, which under certain im-
munosupressive conditions behave as opportunists
and may invade the lower respiratory tract; prolonged
periods of stress are an important factor, which are
associated with an increase of plasma cortisol levels,
causing decreased leukocyte function. %12

Although bovine respiratory tract diseases are an

Introduccion

a producciéon de bovinos en México es una
importante fuente de proteina de origen animal,
ya que la leche de origen bovino constituye
98% del total que se consume en el pais. Ademads, la
leche y la carne de esta especie representan 67% de la
totalidad de los productos pecuarios para consumo.'
La produccién bovina se ve afectada en su eficien-
cia por diversos factores, entre los que se encuentran
las enfermedades infecciosas, y de ellas, los problemas
respiratorios son causa importante de pérdida econo-
mica en el mundo.? El complejo respiratorio bovino
es de origen multifactorial, donde al perderse el equi-
librio interno del animal, se favorece la colonizacién
pulmonar por agentes infecciosos como virus y bac-
terias, asi como por el sinergismo entre ambos, pro-
duciéndose una neumonia, y en casos muy severos, la
muerte del animal. Entre los factores ambientales que
favorecen la aparicion de enfermedades respiratorias
se encuentran: cambios bruscos de temperatura, ele-
vada humedad relativa, hacinamiento, y ventilacion
inadecuada de las instalaciones, asi como cambios en
la alimentacién, estrés por manejo zootécnico de los
animales, mezcla de animales de diferentes edades,
estados inmunolégicos y jerarquias sociales. Los prin-
cipales signos clinicos que presentan los bovinos en-
fermos son: aumento en la frecuencia respiratoria, tos,
descarga nasal y ocular, fiebre y pérdida del apetito,
entre otras.*®
Pasteurella multocida y Mannheimia haemolytica son
microorganismos aislados frecuentemente de los pro-
cesos neumonicos de los rumiantes domésticos, el mas
comun es el primero, que causa en ambos casos, la pas-
teurelosis bovina o fiebre de embarque, la cual es una
enfermedad respiratoria generalmente fatal que se ca-
racteriza por una pleuroneumonia fibrinosa grave, y
que afecta principalmente a animales menores de un
ano recientemente transportados, o a becerros de 1 a
5 meses de edad.*®
P. multocida y M. haemolytica son flora normal del
aparato respiratorio superior, que bajo ciertas condi-



important cause of economic losses in the country,
few are the studies that show its recent situation and
economic impact, as well as the frequency with which
M. haemolytica and P. multocida are isolated from ani-
mals with pneumonia, mainly bovines; therefore, the
aim of the study was to determine the frequency of
M. haemolytica and P. multocida isolates obtained from
calves younger than one year of age with clinical signs
of respiratory tract disease, in a dairy complex in the
state of Hidalgo, which represents an important dairy
bovine production center in that region.

Spatial and temporal localization

The field phase was carried out for five months in a
dairy complex in Tizayuca, Hidalgo, counting with 126
productive units (PU), of which 108 PU make use of
the services of the Coordinacion de Servicios Medico
Veterinarios (CSMV), each PU has an average of 200
bovines. The laboratory phase was carried out at the
Departamento de Microbiologia e Inmunologia of the
Facultad de Medicina Veterinaria y Zootecnia of the
UNAM and at the CENID-Microbiologia of the Insti-
tuto Nacional de Investigaciones Forestales Agricolasy
Pecuarias (INIFAP).

Material and methods

Sample collection, handling
and preservation

Sterile swabs were used to obtain nasal samples from
all calves younger than one year of age, with clinical
signs of respiratory tract disease (n = 239), present
during the study; afterwards, each swab was placed in
Amies Transport Medium with charcoal and was refri-
gerated at 4°C until processed.

Gender-related data were obtained from each ani-
mal sampling, housing type, chemotherapeutic treat-
ment and vaccination against bovine viral diarrhea
(BVD), infectious bovine rhinotracheitis (IBR), para-
influenza-3 virus (PI3), bovine respiratory syncytial vi-
rus (BRSV) and bovine mannheimiosis.

Sample analysis

Isolation and identification of M. haemolytica and P.
multocida was carried out in blood agar boxes at 7%,
from nasal discharge swabs, by pure culture isolation
method. Blood agar was incubated for 24 hours at
37°C.

Colonies with M. haemolytica and P. multocida mor-
phological characteristics were Gram stained; Gram-

ciones de inmunosupresion se comportan como opor-
tunistas y pueden invadir el tracto respiratorio inferior;
un factor importante son los periodos prolongados de
estrés, los cuales se asocian con una elevacion del cor-
tisol en el plasma, lo que origina un decremento en la
funcién leucocitaria.®!'*!2

A pesar de que las enfermedades respiratorias en
bovinos son una importante causa de pérdidas econo-
micas en el pais, son pocos los estudios que indiquen
su situacion actual y su impacto econémico, asi como
la frecuencia con que M. haemolytica y P. multocida se
aislan en animales con neumonias, particularmente
en bovinos; por tal motivo, el objetivo del estudio fue
determinar la frecuencia de aislamientos de M. hae-
molytica y P. multocida en becerras menores de un ano
con signos clinicos de enfermedad respiratoria, en un
complejo lechero en el estado de Hidalgo, que repre-
senta un importante centro de producciéon de leche de
bovino en esa region.

Ubicacién espacial y temporal

La fase de campo se realiz6 durante 5 meses en un
complejo lechero ubicado en Tizayuca, Hidalgo, el
cual cuenta con 126 unidades productivas (UP), de las
cuales 108 UP utilizan los servicios de la Coordinacion
de Servicios Médicos Veterinarios (CSMV), cada UP
tiene, en promedio, 200 bovinos. La fase de laborato-
rio se realiz6 en el Departamento de Microbiologia e
Inmunologia de la Facultad de Medicina Veterinaria y
Zootecnia de la UNAM y en el CENID-Microbiologia
del Instituto Nacional de Investigaciones Forestales
Agricolas y Pecuarias (INIFAP).

Material y métodos

Obtenciébn, manejo y conservacion
de la muestra

Mediante hisopos estériles se obtuvieron muestras de
la cavidad nasal de todas la becerras menores de un
ano, con signos clinicos de enfermedad respiratoria
(n = 239), presentes durante el periodo de estudio,
posteriormente cada hisopo se coloc6 en un medio de
transporte Amies adicionado con carbén activado y se
refriger6 a 4°C hasta su procesamiento.

De cada animal muestreado se obtuvieron datos
relacionados con sexo, tipo de alojamiento, adminis-
tracion de quimioterapéuticos y vacunaciéon contra
diarrea viral bovina (DVB), rinotraqueitis infecciosa
bovina (IBR), virus de parainfluenza 3 (PI3), virus
respiratorio sincitial bovino (VRSB) y mannheimiosis
bovina.
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negative, rod-shaped bacteria were selected for bio-
chemical tests (indole, oxidase, citrate and urea pro-
duction), as well as use of the micromethod API 20E*
for their definitive identification.!'®!

Statistical analysis

Frequency of M. haemolytica and P. multocida isolates
was analyzed in animals, together or separately, by
descriptive statistics according to housing, chemo-
therapeutic treatment and vaccination. With the
objective to assess possible risk factors regarding
isolation of said microorganisms, odds ratio was
calculated and its statistical association by means of
chi-square or Fisher’s exact test. A multivariant analysis
by logistic regression was carried out, considering
only those variables that resulted significant in the
univariable analysis.

Results

During the study period, 239 calves younger than one
year were evaluated.

M. haemolytica or P. multocida was isolated in 35.14%
(84/239) of the calves, M. haemolyticain 28% (67/239)
and P. multocida in 7.1% (17/239), it was possible to
isolate both microorganisms in 3.1% (8/239).

Of the aforementioned animals, 184 (76.98%) were
in group housing and 55 (23%) in individual housing;
of the latter, 5 (9%) were indoors and 50 (90.9%) out-
doors (Table 1).

There was no statistical difference in the frequency
of P. multocida and M. haemolytica isolates together be-
tween calves in group or individual housing (P > 0.05).
However, the percentage of animals with M. haemolytica
was higher than with P. multocida in calves in individual
or group housing (P < 0.05) (Table 1).

Evaluating the calves in individual outdoor or in-
door housing, there was only frequency difference be-
tween M. haemolytica isolates and P. mullocida, in the
outdoor ones (P < 0.05) (Table 1).

Regarding the chemotherapeutic treatment, there
was no frequency difference in M. haemolytica or
Pmultocida isolates between calves that did receive it
(n = 105) and the ones who did not receive it (n =
134); however, in animals with or without treatment,
frequency of M. haemolytica isolates was higher (P <
0.05) (Table 1).

In respect of vaccination, a significant difference
was found in M. haemolytica and P. multocida isolated
together, in animals that had not received vaccines
against IBR (54.4%), BVD (62.9%), PI3 (51.3%),
BRSV (49.3%) and mannheimiosis (42.9%), in con-
trast to the ones vaccinated (P < 0.05) (Table 2).

Analisis de las muestras

El aislamiento e identificacion de M. haemolytica y
P. multocida se realizé en cajas de agar sangre al 7%, a
partir del hisopo con secreciéon nasal, por el método
de aislamiento en cultivo puro. El agar sangre se incu-
b6 por 24 horas a 37°C.

A las colonias con morfologia caracteristica de
M. haemolytica o P. multocida se les realizé tincion de
Gram; se seleccionaron las Gram negativas de forma
cocobacilar para hacerles pruebas bioquimicas (pro-
duccién de indol, oxidasa, citrato y urea), asi como la
aplicacion del micrométodo API 20E* para su identifi-
cacion definitiva.!®!*

Analisis estadistico

En los animales se analizaron las frecuencias de ais-
lamientos de M. haemolytica y P. multocida, juntas y de
manera separada, mediante estadistica descriptiva de
acuerdo con alojamiento, administraciéon de quimiote-
rapéuticos y aplicacion de vacunas. A fin de estimar po-
sibles factores de riesgo con respecto al aislamiento de
dichos microorganismos, se calcularon las razones de
momios y su asociacion estadistica mediante la prueba
de Ji cuadrada o Fisher. Se realiz6 un andlisis multiva-
riado mediante una regresion logistica, considerando
s6lo aquellas variables que resultaron significativas al
andlisis univariado.

Resultados

Durante el periodo de estudio se evaluaron 239 bece-
rras menores de un ano.

En 35.14% de las becerras (84/239) se aislo M.
haemolytica o P. multocida; en 28% de ellas (67/239),
M. haemolytica, y en 7.1% (17/239), P. multocida; en
3.1% (8/239) se pudo aislar ambos microorganismos.

De los animales estudiados, 184 (76.98%) se aloja-
ban en corrales y 55 (23%) en corraletas o becerreras
individuales; de estos ultimos, 5 (9%) estaban dentro
de edificios y 50 (90.9%) a la intemperie (Cuadro 1).

No se encontr6 diferencia estadistica en la fre-
cuencia de aislamiento de P. multociday M. haemolytica
juntas entre las becerras que se alojaban en corrales o
en becerreras (P > 0.05). Sin embargo, fue mayor el
porcentaje de animales con M. haemolytica que con P.
multocida en las que estaban en becerreras o en corra-
les (P <0.05) (Cuadro 1).

Al evaluar a las que estaban en becerreras, segun si
éstas se encontraban a la intemperie o dentro de edifi-
cios, solo hubo diferencia entre las frecuencias de ais-

*BioMerieux, Durham, NC Estados Unidos de América.



A logistic regression was carried out with variables,
with a maximum error of 0.10 in the univariable anal-
yses such as: rearing calves in the stable (P = 0.023,
vaccinated animals against IBR (P = 0.0003), BVD (P
= 0.0002), PI3 (P = 0.0004), BRSV (P = 0.0036) and
mannheimiosis (P = 0.036); from them, only two re-
mained in the model (keep the calves in the stables
and no vaccination against BVD) (Table 3).

Discussion

Regarding the animals, 94.57% were 15 days to one
year of age, this coincides with the described by Curtis
et al.,”® Sivula et al'® and Virtala et al.,'” who found that
bovine respiratory diseases are generally observed in
six weeks to six months old calves, since their immuno-
logic system is developing, are weaned or confined to
other areas with animals of different ages, subjecting
them to stress conditions and making them more sus-
ceptible.

The percentage of M. haemolytica and P. multocida
isolates in this study (35.14%) was lower to the report
ed by Storz et al.,' who found in Texas, United States
of America, Pasteurella spp isolates in 65.3% of recently
transported calves, the same as De Rosa et al.,’* who
found in Mississippi, United States of America, Pasteu-
rella spp isolates in 95% of the animals wherefrom na-
sal and intratracheal exudate was obtained. Likewise,
it was lower than in Pijoan et al.? study, wherefrom 100
samples of animal lungs with history of pneumonia,
found 54% of Pasteurella spp isolates in Tijuana, Baja
California. However, the isolation rate in this study is
higher than the reported by Allan et al.,* who found

lamiento de M. haemolytica con respecto a P. multocida
en las que se encontraban a la intemperie (P < 0.05)
(Cuadro 1).

Con respecto a la aplicaciéon de tratamiento, no
se encontro diferencia en la frecuencia de aislamien-
tos de M. haemolytica o P. multocida entre las becerras
que lo recibieron (n = 105) y las que no lo recibieron
(n = 134); sin embargo, tanto en animales con trata-
miento como sin tratamiento fue mayor la frecuencia
de aislamientos de M. haemolytica (P < 0.05) (Cuadrol).

En cuanto a la vacunacioén, se encontré una dife-
rencia significativa en los aislamientos de M. haemolyti-
cay P. multocida juntas en animales que no habian re-
cibido vacunas contra IBR (54.4%), DVB (62.9%), P13
(51.3%), VRSB (49.3%) y mannheimiosis (42.9%), en
comparacioéon con los que si vacunaron (P <0.05) (Cua-
dro 2).

Se realiz6 una regresion logistica con variables
cuyo error maximo fue de 0.10 en los analisis uni-
variados como: la crianza de becerros en el propio
establo (P = 0.023), animales vacunados contra IBR
(P = 0.0003), DVB (p = 0.0002), PI3 (p = 0.0004),
VRSB (P = 0.0036) y mannheimiosis (p = 0.036); de
ellas, s6lo dos permanecieron en el modelo (mante-
ner a los becerros en los establos y la no vacunacion
contra DVB) (Cuadro 3).

Discusion

De los animales, 94.57% tenian de 15 dias de nacidos
hasta un ano de vida, esto coincide con lo descrito por
Curtis et al.,'® Sivula et al.'® y Virtala et al.,'” quienes en-
contraron que las enfermedades respiratorias en bo-

CUADRO 1

Frecuencia de aislamientos de M. haemolytica (Mh) o P. multocida (Pm) en becerras
segun tipo de alojamiento y tratamiento con quimioterapéuticos. Tizayuca, Hidalgo

Frequency of M. haemolytica (Mh) or P. multocida (Pm) isolates obtained from calves
according to their type of housing and chemotherapeutic treatment. Tizayuca, Hidalgo

Condition Mh o Pm Mh Pm Total
No. % No. % No. %

Calves 19 34.5 15° 27.3 4> 7.3 55
Stables 65 35.3 522 28.3 13° 7.1 184
Outdoor calves 17 34 RES 28 3 6 50
Indoor calves 2 40 e 20 1 20 5

With treatment 36 34.28 S 29.5 D’ 4.76 105
Without treatment 48 35.82 .36 26.86 12° 8.95 134

n*" Different letters in the same line indicate significant difference (P < 0.05).
.,nn Different letters in the same column indicate significant difference (P < 0.05).

Vet. Méx., 43 (1) 2012 5



CUADRO 2

Factores asociados con aislamientos de M. haemolytica (Mh) y P. multocida (Pm)
en becerras, segun tipo de alojamiento, tratamiento con quimioterapéuticos
y vacunacion contra diferentes agentes. Tizayuca, Hidalgo

Factors associated with M. haemolytica (Mh) and P. multocida (Pm) isolates
obtained from calves according to type of housing, chemotherapeutic treatment
and vaccination against different agents. Tizayuca, Hidalgo

Mh o Pm Mh Pm
Associated factors OR OR OR
(CI95%) P (CI 95 %) P (CI95%) P
Stables / calves 0.97 0.915 0.95 0.886 1.03 0.572
Outdoor calves / Indoor calves 0.77 0.560 1.56 0.580 0.26 0.320
Treatment YES/NO 0.93 0.805 1.14 0.649 0.51 0.210
(chemotherapy)
Vaccination NO/YES (IBR) 2.93 0.0004
Vaccination NO/YES(BVD) 4.26 0.0006
Vaccination NO/YES (PI3) 2.68 0.0008
Vaccination NO/YES (BSV) 2.36 0.0034
Vaccination NO/YES (Mh Al) 1.97 0.0169

OR = Odds ratio and confidence interval at 95%; P = significant difference (P < 0.05) by chi-square and Fisher’s tests.

CUADRO §

Regresion logistica con posibles factores de riesgo para el aislamiento de M. haemolytica
y P. multocida en becerras con signos clinicos de enfermedad respiratoria. Tizayuca, Hidalgo, México

Logistic regression with possible risk factors for M. haemolytica and P. multocida isolates
obtained from calves with clinical signs of respiratory disease. Tizayuca, Hidalgo, Mexico

Variables OR CI 95% Coefficient P
Vaccination
BVD 3.09 1.08 - 8.87 1.1291 0.036
IBR 1.19 0.17-8.12 0.1697 0.8628
M. haemolytica 1.72 0.79-3.75 0.5437 0.1705
PI3 3134491.71 0.0->1.0" 14.958 0.968
BRSV 0.00 0.0 ->1.0%2 -15.1977 0.9675
reifgéafvfgllz‘gjlﬁfr 4 3.49 1.07-11.35 1.2489 0.0382
Constant -2.0933 0.0005

OR = Odds ratio; CI 95 % = Confidence interval at 95 %; P = significant difference (P < 0.05).

16% of Pasteurella spp obtained by nasopharyngeal
exudate.

Likewise, the percentage of P. multocida isolates
(7.9%) is lower to the found in the lungs of calves by
Martinez et al?' in the Havana, Cuba (36.2%), and by
Pijoan et al® in Baja California, Mexico (28.3%); it
is also found below the described by Allen et @l in
calves that had been recently transported to Ontario,

vinos se presentan, por lo general, en becerros de 6
semanas a 6 meses de edad, ya que su sistema inmuno-
l6gico se estd desarrollando, son destetados o confina-
dos a otras areas con animales de diferentes edades, lo
que los somete a una situacion de estrés y los hace mas
susceptibles.

El porcentaje de aislamientos de M. haemolytica y
P. multocida en este estudio (35.14%) fue menor a lo



Canada, where they were able to isolate 69.5% from
nasal discharge and 67.8% from bronchoalveolar la-
vage.

However, in regard to M. haemolytica isolates,
the percentage found in this study (28%) is higher
than the reported by Allen et al** in nasal discharge
(15.25%) and bronchoalveolar lavage (13.55%), and
to the found by Pijoan e al.? in lungs of calves with his-
tory of pneumonia (12%); however, it is lower to the
reported by Allan ef ¢l.*° in nasal swabs from apparent-
ly healthy and clinically sick with pneumonia bovines
(77.7%), and by Frank and Smith,? who isolated 48%
of this microorganism from bovine nasal discharge
during their transportation. Barbour et al** isolated
47.1% of M. haemolytica and they were unable to isolate
P. multocida from calves.

The lower percentages of M. haemolytica and
P muliocida found in vaccinated animals against
IBR (29.78%), BVD (30.47%), PI3 (29.6%), BRSV
(30.33%) and mannheimiosis (30.90%), are not exclu-
sively attributed to the protection conferred by the vac-
cine used. This effect observed could have been mis-
taken for other variables not evaluated, as is the case of
some management or preventive medicine practices,
among others.

The results of this study corroborate the association
of M. haemolytica and P. multocida with respiratory prob-
lems in calves.

It is necessary to continue the study on these two
microorganisms that participate in cattle pneumonia,
in order to completely clarify the pathogenicity mech-
anisms that they use and its real effect on national pro-
duction.
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