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Aim: Examination of lung tissue of bovine neonates deceased due to dystocia and characterisation of
the lesion to improve reanimation protocols. Materials & Methods: Lung tissue samples from 37
calves, which died intra partum or up to 24 hours post natum were routinely processed for histopa-
thological examination. Haematoxylin and eosin stain and Periodic acid Schiff’s reagent were used as
staining methods. Parenchyma with bronchioles and alveoli as well as the interstitium of bronchioles
and alveoli were examined for signs of cell death, pneumonia, as well as the presence of corpuscular
and amorphous elements. Results: Dystelectasis, congestion, meconium, amniotic fluid, hyaline
membranes and the infiltration of inflammatory cells in the airways and/or the alveoli could be
shown. A dependency between the migration of leukocytes and the occurrence of corpuscular and
amorphous elements in relation to the location in the lungs could be identified. Clinical significance:
These findings could be used to improve reanimation and neonatal treatment protocols. Based on the
findings a non-steroidal anti-inflammatory treatment could be considered.

Key words: acidosis, foetal distress hypoxia, meconium, neonates

INTRODUCTION

Dystocia induced hypoxia is the leading possibly death (Alonso-Spilsbury et al,.

cause of death amongst neonates, due
mainly to respiratory distress (Dsterds et
al., 2007; Zerbe et al., 2008; Bleul, 2009;
Silva et al. 2009; Dutra & Banchero,
2011, Szenci, 2012, Edwards et al.,
2013). In cattle the peri-natum mortality
varies between 2-10% internationally
(Mee et al. 2008). A prolonged birth
causes pathologic hypoxia with ensuing
organ damage leading to unthriftiness and

2005; Taverne, 2008, Dutra & Banchero,
2011, Szenci, 2012, Bleul & Gotz, 2013,
Martz, 2017). This sustained perinatal hy-
poxia causes a shift from an aerobic to an
anaerobic metabolism, leading to systemic
acidosis and finally cellular deterioration.
As Bleul & Gotz (2013) showed in their
work with calves, the longer parturition
took the higher lactic acid was and the
lower the blood pH. Further, tissue dam-



age can be attributed to an overproduction
of free radicals followed by oxidative
stress and increased secretion of pro-
inflammatory cytokines (Alonso-Alconada
et al., 2012; Mokra & Calkovska, 2013;
Martz 2017). For a successful adaptation
to extra-uterine life it is essential that the
lungs of the neonate are able to perform
sufficient gas exchange. One of the con-
sequences of foetal hypoxia is the aspira-
tion of meconium contaminated amniotic
fluid causing airway obstruction, aeration
problems, impaired gas exchange, atelec-
tasis or dystelectasis, pulmonary inflam-
mation and surfactant dysfunction, result-
ing in meconium aspiration syndrome
(MAS) and/or neonatal respiratory dis-
tress syndrome (nRDS) (Vidyasagar &
Zagariya, 2008; Mokra & Mokry, 2011;
Swarnam et al. 2012). Histological ex-
amination of lungs from neonates that
experienced respiratory distress due to
prolonged labour show squamous epithe-
lial cells, meconium and inflammation as
demonstrated by Lopez & Bildfell (1992)
in their work with calves. Zagariya et al.
(2000) were able to show in a model with
rabbit pups that meconium triggers an
increased polymorph-nuclear neutrophils
(PMN) response of the lung tissue. In-
trapulmonary PMN accumulation gravely
increases the expression of pro-
inflammatory ~ chemotactic  cytokines,
phospholipase A, and levels of PGE,,
exacerbating inflammatory reactions of
lung tissue and having a deleterious effect
on alveolar cells (Zagariya et al, 2000;
Vidyasagar & Zagariya, 2008; Mokra &
Mokry, 2011). These inflammatory reac-
tions cause increased vascular permeabil-
ity leading to pulmonary edema and pro-
teinaceous exudative liquid to accumulate
in the alveoli (Vidyasagar & Zagariya,
2008). During foetal life the lungs are a
non-essential organ and are therefore ex-
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cluded from the blood redistribution

which occurs during extended labour,

exposing them sooner and longer to an
anaerobic metabolism (Martines-Burnes et

al. 2002; Szenci, 2012).

The aim of this study was to examine
histologically the alterations in lung tissue
of bovine neonates born dead or deceased
within 24 hours of birth which experi-
enced dystocia:

e To assess what pathomorphological
alterations to lung tissue can be
observed;

e To identify if the distribution of
these alterations is clustered in
specific areas of the lung or if they
are found diffusely throughout the
lung samples.

Furthermore, to use these findings to
create improved resuscitation and first
response protocols for newborn calves.

MATERIAL AND METHODS

All owners were informed and gave their
consent before calves were included in the
study. Organ tissue samples (n=148) were
taken from 37 neonates which died intra
partum or up to 24 hours post natum (p.n.)
caused by nRDS and/or MAS, from cows
presented in the clinic due to dystocia. In
order to ensure the cells did not suc-
cumbed to the natural process of post
mortem autolysis, the organs were ex-
tracted immediately after the foetus was
delivered. The lung samples were always
taken from approximately the same four
location (left cranial & caudal lobs and
right cranial & caudal lobs) and of ap-
proximately the same size to support con-
sistency. Neonates with apparent macro-
scopic malformation as well as animals
that showed signs of advanced autolysis
due to prolonged intra uterine death were
excluded. The tissue samples were fixed
in buffered formalin, washed with a buffer
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solution, dehydrated with alcohol and then
embedded in paraffin blocks. The paraffin
blocks were cut into four micrometer thick
slices and analysed using a light micro-
scope. The hoematoxylin and eosin
(H&E) stained tissue slides were exam-
ined for signs of foetal dystelectasis, pul-
monary injury, and the presence of cor-
puscular and amorphous elements and
cellular infiltration in the interstitium and
lumen of the bronchioles and alveoli. To
better visualise meconium and amniotic
fluid, a second batch of tissue sections
were dyed using a Periodic acid Schiff’s
(PAS) reaction and counterstained with
haematoxylin. Images of the evaluated
elements were captured with a digital
camera attached to the light microscope
and stored on a computer. The histopa-
thological alterations were examined, first
at a 20 times magnification to ascertain
the extent of the dystelectasis and measure
the examined area. Then the samples were
evaluated closer with a 100, 200 and 400
times magnification to better visualise
cellular alterations. This was done using a
standardized protocol for the H&E stain-
ing and a second time with a modified
protocol for the PAS reaction (Castro-
Ikeda et al., 1998, Staribratova & Belove-
jdov, 2001; Najera et al., 2006; Zagariya
et al., 2010). In the H&E stain the fre-
quency and severity of the variables were
scored either on a scale from 0 to 3; 0
representing no alterations and 3 sever
alterations or binomially; 0 meaning not
present and 1 meaning present (Martinez-
Burnes et al., 2002). Qualitative parame-
ters were displayed in two dimensional
frequency tables according to location.
The statistical significance of differences
between locations was verified with the
exact Friedman-test using the program
StatXact (Cytel Studio, 2010). Addition-
ally, a two dimensional analysis of asso-
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ciation between the appearance of leuko-
cytes and the occurrence of corpuscular
and amorphous elements was carried. Two
dimensional frequency tables were gener-
ated and their relationship was tested with
the exact-Wilcoxon-Mann-Whitney test
also using the StatXact (Cytel Studio,
2010) software. In the assessment of the
statistical significances a level of signifi-
cance of a=0.05 related to each target vari-
able was used, all P-values < 0.05 were
interpreted as statistically significant.

RESULTS

It was possible to show alterations which
could lead to lung damage and consequen-
tially unthrifty new born claves. In the
H&E analyses following alterations were
found. All of the animals displayed signs
of fetal dystelectasis, with a significant
association (P=0.008) between the occur-
rence and its distribution. Pulmonary inju-
ries were depicted in varying degrees in
all calve lungs. All calves (37, 100%)
showed signs of cell debris in both their
bronchiolar and alveolar lumen. In the
bronchioles of 31 (83.8%) and the alveoli
of 35 (94.6%) calves keratin could be
displayed. Meconium was present in the
bronchioles of 24 (64.9%) and in the al-
veoli of 33 (89.2%) of the examined
calves. Amniotic fluid was exhibited in
the bronchiolar lumen of 35 (94.6%) and
in the alveoli lumen of all the neonates.
Hyaline membranes could be depicted in
the bronchioles of 23 (62.2%) and in the
alveoli of 35 (95.6%) of the calves. In the
alveolar lumen a significant relationship
(P=0.04) between the occurrence and dis-
tribution of hyaline membranes could be
shown. The migration of leukocytes into
the lumen of bronchioles and alveoli
could be demonstrated in 33 (89.2%) and
37 (100%) of the neonates respectively.
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Leukocytes were found in the bronchiolar
interstitium of 23 (62.2%) and in the alve-
oli septa of all the animals. In the PAS
analysis the bronchiolar lumen of 32
(86.5%) and alveolar lumen of 37 (100%)
neonates showed signs of amniotic fluid.
Meconium was found in the bronchiolar
lumen of 10 (27%) and in the alveolar
lumen of 31 (83.8%) of the animals. A
statistical significance between the differ-
ent lung locations could not be found. In
the two-dimensional analysis of depend-
ency between the appearance of inflam-
matory cells and the occurrence of cor-
puscular and amorphous elements in rela-
tionship to the location in the lungs, it
could be shown that in the bronchioles, a
relationship existed between the occur-
rence of leukocytes and meconium
(P=0.05), leukocytes and  keratin
(P=0.03), PMN and meconium (P=0.04)
and PMN and cell debris (P=0.05). In the
alveoli there was a dependency between
the incidence of leukocytes and meconium
(P=0.02), leukocytes and amniotic fluid
(P=0.04) and PMN and keratin (P=0.04).

DISCUSSION

This is one of a few comparative studies
with alterations in lung tissue of neonatal
bovines, who died due to a nRDS or
MAS, examined histologically in several
locations. The caudal lung lobes were
significantly more often dystelectatic then
the cranial lobes. Linke et al (2013)
showed that thrifty calves had a better
aeration of the dorsal than the ventral lung
segments. Describing just the opposite to
the findings of this study, this in turn
could speak for the pathology of our find-
ings. Lopez & Bildfell (1992) and Eigen-
mann (1984) both discussed, in their work
with calves, the presence of atelectasis,
but did not extrapolate on the location of
the poorly ventilated lung segments. Hya-
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line membranes were found significantly
less frequently in the cranial lobes. This
could be attributed to an increased distur-
bance in the microcirculation and perme-
ability in the caudle lung lobes caused by
the dystelectasis. In Schoon’s (1989) work
all animals displayed signs of dysfunc-
tional microcirculation and permeability
in varying degrees depending on gesta-
tional age and death p.n.. Dystelectasis in
relationship to its location was statistically
significant, the lack of statistical signifi-
cance for the other parameters could be
due to their disseminated distribution. A
significant association between the ap-
pearance of inflammation (leukocytes and
PMN) and meconium becomes apparent
in both the bronchioles and alveoli. In the
bronchioles the left cranial and the right
caudal lung lobes showed a significant
association. In the alveoli the left caudal
lobe did. In 34% of the calves examined
by Lopez & Bildfell (1992) meconium
was present. They were further able to
show that 22 of the analysed calves who
displayed meconium and/or SEC were
positive for signs of inflammation. With
the presence of meconium there was a 1.5
higher chance of finding sings of inflam-
mation. Tyler et al. (1978) showed that
meconium aspiration increases the alveo-
lar septa infiltration with PMN as well as
the influx of hyaline material. The asso-
ciation between meconium and the pres-
ence of PMN speaks for cytokine and
chemokine activation. This is in accor-
dance with Swarnam et al. (2012) and
Mokra & Calkovska (2013) who have
shown that meconium can be detrimental
to lung tissue, due to its chemotactic
properties. Homberg (2015) showed that
calves whose meconium was stained had a
prolonged time to sternal recumbence (T-
SE) and a reduced milk uptake. Therefore,
it should be reiterated that neonates
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stained with meconium at birth should be
given extra attention. The increased mi-
gration of leukocytes into the lungs which
could be shown in all calves leads to the
conclusion that neonates that are born
following dystocia should not only be
closely monitored concerning their acid-
base status but an anti-inflammatory
treatment should be considered. The in-
flux of PMN into the lung tissue and lu-
men is a consistent feature with MAS
(Korhonen et al. 2003). Meconium plays a
major role in interstitial pneumonia in the
peri-natal phase as already discussed by
Tyler et al. (1978) in the 1970s. Me-
conium also causes the inactivation of
surfactant a major part of nRDS and MAS
(Swarnam et al., 2012; Mokra & Calk-
ovska, 2013).

Another problem that arises in the re-
animation of unthrifty neonates is the
pathological metabolic/respiratory acido-
sis. The most commonly used buffer in
veterinary neonatology is sodium bicar-
bonate, but due to its work mechanism it
is an inappropriate choice (Bleul, 2009).
When treating neonates born after dysto-
cia an alternative buffer to sodium bicar-
bonate, such as carbicarb, should be used
to balance the acidosis. Since it can be
concluded that the migration of leukocytes
is increased in calves experiencing dysto-
cia, a non-steroidal anti-inflammatory
drug (NSAIDs) could be considered as
part of future treatment regimens. There is
a need for further work in this area, as
there are no studies addressing how new-
borns react and/or metabolise NSAIDs.
Until this is done, NSAIDs should be im-
plemented with caution.
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