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Abstract
Opportunistic bacteria and fungi are commonly reported causes of bovine abortion in a small percentage of fetal losses of 
infectious etiology in cattle. The objective of this study was to characterize the pathological and etiological findings in fetuses 
aborted due to secondary bacterial and fungal infections submitted for postmortem examination between 2004 and 2019 in 
the State of Rio Grande do Sul, Brazil. Nineteen cases of bacterial etiology and five cases of fungal etiology were assessed. 
In cases of bacterial etiology, gross changes were uncommon and two different microscopic patterns were observed: (1) pri-
mary bronchopneumonia with occasional dissemination in cases of Staphylococcus sp., Streptococcus sp., and Mannheimia 
haemolytica infections; and (2) systemic disease with sepsis in cases of Escherichia coli and Listeria sp. infections. Asper-
gillus sp. was the main fungal agent identified, and cases of mycotic abortion were characterized by placentitis, dermatitis, 
and pneumonia. Fetal membranes were available for examination in less than half of the submissions (11/24), and placental 
lesions were observed in all cases. This study reaffirms the importance of postmortem examinations in the determination 
of causes of fetal loss in cattle and highlights pathological findings commonly observed in fetuses aborted due to sporadic 
bacterial and fungal agents.
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Introduction

Reproductive diseases, including embryonic and fetal losses, 
represent major economic limitations in livestock systems 
worldwide [1–3]. Bovine abortion has been associated with 
a plethora of infectious and non-infectious agents, and the 
task of reaching a final diagnosis in these cases is commonly 
challenging [4]. Studies compiling causes of abortion in cat-
tle indicate that diagnostic rates are highly variable. Nev-
ertheless, a final diagnosis is commonly made in around 
30–55% of postmortem submissions and most are repre-
sented by infectious etiologies [5–9].

Among infectious causes, numerous bacterial agents have 
been associated with cattle abortion [10] and are classified 
as primary reproductive pathogens and secondary or oppor-
tunistic agents [4]. The first group is represented by bacte-
ria known to lead to primary reproductive disorders such 
as abortion, and include Brucella abortus, Leptospira sp., 
Campylobacter sp., and Chlamydophila sp. [4]. The second 
group is comprised mainly of bacterial agents commonly 
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found in the environment or colonizing the skin, mucous 
membranes, and gastrointestinal tract of cattle, which under 
certain circumstances, e.g., hematogenous spread in the 
dam, may cause placentitis or fetal dissemination, leading to 
abortion [4]. Common opportunistic bacterial agents include 
Staphylococcus aureus, Trueperella pyogenes, and Bacillus 
sp. [7, 10–12]. Likewise, fungal agents, including Aspergil-
lus fumigatus, are occasionally described in association with 
cases of sporadic abortion in cattle [13].

Even though secondary or opportunist bacterial and fun-
gal agents are not major causes of fetal loss in cattle, they 
are often documented in retrospective studies as relatively 
common causes of bovine abortion [6–8] and may account 
for around 25% of fetal losses of infectious etiology in the 
species [7]. This represents a significant number of submis-
sions that are handled by veterinary pathologists and diag-
nosticians and need to be differentiated from other causes 
of abortion in cattle, including primary reproductive patho-
gens. However, systematic studies thoroughly compiling and 
describing the pathological findings associated with abor-
tions linked to these agents are scant.

Even though several approaches have been used to diag-
nose and study reproductive diseases in livestock, the post-
mortem examination of aborted fetuses remains an important 
tool for this purpose, allowing the observation of patho-
logical changes and collection of samples for confirmatory 
ancillary testing. Therefore, the objective of this study is to 
retrospectively characterize the pathological and etiological 
findings of cases of bovine abortion due to sporadic/oppor-
tunistic bacterial and fungal agents, diagnosed in the State 
of Rio Grande do Sul, Brazil.

Material and methods

Case selection

A retrospective search was performed at the database of the 
Veterinary Pathology Laboratory of the Universidade Fed-
eral do Rio Grande do Sul (UFRGS), Brazil. Cases of bovine 
abortion associated with sporadic bacterial and fungal agents 
diagnosed from 2004 to 2019 were compiled.

Fetuses met the criteria to be included if (i) opportunist 
bacterial or fungal agents were isolated in pure or nearly 
pure culture from fetal tissues or the placenta; (ii) fetal tis-
sues or the placenta presented microscopic findings consist-
ent with a bacterial or fungal infection, including suppura-
tive lesions associated or not with intralesional agents; and 
(iii) no other abortifacient agent could be retrieved from the 
case at the time of the postmortem examination. Although 
Listeria monocytogenes is commonly classified as a primary 
reproductive agent, we included abortion cases due to this 
agent because infections leading to fetal loss are rarely seen 

in our diagnostic routine. Exceptions to the first criterion 
were made in cases of mycotic abortion in which culture 
was not available, but etiology identification was possible 
with immunohistochemistry (IHC) against Aspergillus sp.

Fetuses that met the following criteria were excluded 
from the study: (i) cases of abortion associated with pri-
mary reproductive pathogens, such as Brucella abortus, 
Campylobacter sp., Coxiella burnetii, and Leptospira sp.; 
(ii) cases presenting histopathological findings indicative of 
a bacterial etiology, in which no significant growth occurred 
or culture results were not available; (iii) cases with gross 
or microscopic lesions consistent with a fungal etiology, in 
which culture results were not available and IHC against 
Aspergillus sp. was negative; (iv) severely autolyzed aborted 
fetuses and calves that died in the neonatal period but were 
referred as aborted fetuses; (v) and cases lacking sufficient 
tissue to perform re-evaluations.

Case information and pathological evaluation

Postmortem examination reports and corresponding pho-
tographic files were reviewed in the selected cases. Com-
piled case information included breed, sex, and gestational 
age estimated through the measurement of crown-rump 
length [14] or through reproductive records, when avail-
able. Compiled information also included the presence of 
placenta with the referred submission, gross lesions, and 
complementary diagnostic results documented in the post-
mortem examination reports. Since only formalin-fixed 
paraffin-embedded (FFPE) tissue blocks were available in 
most cases, all investigations were conducted using histo-
pathology, histochemistry, and/or IHC. FFPE tissue blocks 
were searched in the archives of the Veterinary Pathology 
Laboratory of UFRGS. Histological c. (3–4 μm thick) were 
prepared, routinely stained by hematoxylin and eosin (HE), 
and reassessed.

Microscopic findings were classified according to their 
distribution in the different organs, and inflammatory 
lesions were characterized and subjectively graded as mild, 
moderate, and severe. In addition to that, the presence and 
morphology of bacterial and fungal agents were recorded. 
Available sections of the gastrointestinal tract (forestomachs, 
abomasum, small and large intestine) were searched for 
evidence of bacterial or fungal colonization. When neces-
sary, Grocott methenamine silver (GMS) and Brown-Hopps 
stains were employed in tissue sections to evidence fungi 
and Gram-positive bacteria, respectively.

Microbiology

Bacteriology and mycology results available in the postmor-
tem examination reports were used to determine the etiologi-
cal agent involved in each case. Standard bacterial culture 

2252 Brazilian Journal of Microbiology (2022) 53:2251–2262



1 3

was routinely conducted in all fetuses with fresh samples 
of lung, abomasum content, placenta (when available), and 
any additional organ showing gross changes at postmortem 
examination. Tissues were inoculated on 5% sheep blood 
agar plates (Mueller Hinton, Kasvi®, Brazil) and MacCo-
nkey agar (Kasvi®, Brazil) and incubated at 37 °C for 72 h. 
Identification of bacterial isolates was based on culture, 
morphotinctorial, and biochemical features. When gross and 
microscopic changes were consistent with mycotic abortion, 
fresh samples of skin, placenta, abomasum content, and lung 
were inoculated on Sabouraud dextrose agar and incubated 
at 25–30 °C [15].

Immunohistochemistry

IHC was conducted using rabbit polyclonal antibodies to 
characterize pathogen tissue distribution in cases of abortions 
due to E. coli (1:200 dilution; ViroStat®, Westbrook, Maine, 
USA) and L. monocytogenes (1:200 dilution; BD®, Franklin 
Lakes, New Jersey, USA), previously diagnosed by bacterial 
culture. The occurrence of Aspergillus sp. infection in cases 
of mycotic abortion was confirmed with IHC against Aspergil-
lus sp. (1:80 dilution; antibody mouse anti-Aspergillus spp., 
Bio-rad®, Hercules, California, USA) when the infection was 
inferred by fungal culture or presumed by fungi morphology 
at histopathology (cases with no fungal culture available). In 
these cases, IHC positive results were considered diagnostic 
of Aspergillus sp. infection, even when fungal culture was 
absent. Additionally, sections from all selected cases were 
submitted for IHC anti-B. abortus (1:20 dilution; polyclonal 
antibody, rabbit anti-B. abortus, non-commercial) [16].

For each case, one slide was selected from organs pre-
senting visible bacteria/fungi and associated inflammatory 
changes on histopathology. Sections of cases of E. coli mas-
titis, L. monocytogenes meningoencephalitis, Aspergillus 
fumigatus pneumonia, and B. abortus bronchopneumonia 
were used as positive control sections. Primary antibodies 
were replaced by Universal Negative Control Serum (Bio-
care medical, Concord, California, USA) in the negative 
control sections. Antigen retrieval was carried out in micro-
wave oven for 5 min. for E. coli, with citrate buffer (pH 
6.0) in a heating chamber (40 min./96 °C) with Tris EDTA 
buffer (pH 9.0) for Aspergillus spp., with proteinase K for 
10 min. for B. abortus, and was not performed for Listeria 
monocytogenes. In all cases, amplification was performed 
with MACH 4: Universal HRP-Polymer (Biocare medical, 
Concord, California, USA). The reaction was detected with 
3′-diaminobenzidine chromogen (Dako, Glostrup, Denmark) 
(IHC anti-E. coli, anti-Aspergillus spp., and anti-L. mono-
cytogenes), and with 3-amino-9-ethylcarbazole chromogen 
(AEC; Sigma, St. Louis, MO, USA) (IHC anti-B. abortus). 
Slides were counterstained with Harris’ hematoxylin.

Additional tests

Results of additional tests aiming to rule out the involve-
ment of important abortigenic agents were retrieved from 
the postmortem examination reports. Tissue sections of thy-
mus and brain from all fetuses submitted between 2004 and 
2013 were tested for bovine viral diarrhea virus (BVDV) 
through IHC as previously described [17], and fresh samples 
of thymus and spleen of fetuses submitted between 2014 
and 2019 were tested for BVDV through PCR [18]. Direct 
fluorescent antibody test (FAT) for Leptospira sp. was per-
formed in imprint preparations of kidney from fetuses sub-
mitted between 2004 and 2014 [19], and fresh samples of 
liver and kidney from fetuses submitted between 2015 and 
2019 were tested for Leptospira sp. through PCR [20]. IHC 
anti-Neospora caninum was performed in tissue sections of 
fetuses presenting microscopic lesions suggestive of proto-
zoal infection, including non-suppurative encephalitis, myo-
carditis, and myositis, as previously described [21].

Results

The screening process resulted in a total of 24 cases which 
met the inclusion criteria, consisting of 19 cases of sporadic/
opportunistic bacterial infections (cases 1–19) and 5 cases 
of fungal infections (cases 20–24). Diagnosed agents were 
Staphylococcus sp. (8/24), Escherichia coli (5/24), Listeria 
sp. (3/24), Streptococcus sp. (2/24), Mannheimia haemo-
lytica (1/24), Aspergillus sp. (4/24), and Geotrichum can-
didum (1/24). Information of individual cases of bacterial 
abortion and Aspergillus sp. abortion are shown in Tables 1 
and 2, respectively. The placenta was referred for examina-
tion in 11/24 cases, and placental microscopic lesions were 
observed in all cases. All included cases were negative for 
B. abortus (IHC), BVDV (IHC or PCR) and Leptospira sp. 
(IFA or PCR), and none of the cases showed microscopic 
lesions that warranted IHC anti-N. caninum.

Bacterial infections

Staphylococcus sp.

Gross lesions were observed in only one case of Staphylo-
coccus infection (fetus 7). These changes were characterized 
by moderate fibrin deposition covering the visceral pleura 
in the lung cranioventral region (Fig. 1a), and this case has 
been published elsewhere [22]. Microscopic lesions were 
observed primarily in the lungs in all cases of Staphylococ-
cus sp. and Staphylococcus aureus-associated abortions. 
These changes were multifocal and ranged from mild to 
severe. Histological patterns were classified as suppurative 
bronchopneumonia (3/8), necrosuppurative and fibrinous 
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bronchopneumonia (4/8), and alveolar exudation and throm-
bosis with minimal inflammation (1/8). Other pulmonary 
changes included fibrinous pleuritis (3/8), thickening of the 
interlobular septa by fibrin exudation and edema (3/8), and 
thrombosis (3/8). Coccoid bacterial aggregates were seen 
amidst lung lesions in seven cases, and these aggregates 
were abundant (5/8) (Fig. 1b and c) or rare (2/8).

The placenta was available for examination in only two 
cases, both of which presented multifocal fibrinosuppu-
rative placentitis associated with necrosis and bacterial 

cocci (Fig. 1d). Brown-Hopps stain revealed that cocci 
observed in the lungs (Fig. 1c) and placenta (Fig. 1e) 
were Gram-positive. Sections of the gastrointestinal tract 
were available for reassessment in 7/8 cases, and bacteria 
were seen in the lumen or adhered to the mucosa without 
associated inflammatory changes in four fetuses (Fig. 1f). 
Microscopic lesions seen in other organs included throm-
bosis in the thymus, thrombosis in the epicardium, and 
multifocal necrosuppurative hepatitis (one case each).

Table 1   Bacterial isolates, case information, and main pathological findings in cases of sporadic bacterial abortion in cattle

M, male; F, female; mo, months (gestational age estimated through the crown-rump length or through farmers’ reproductive records); NI, not 
informed; -, no gross lesion observed; *case published elsewhere [22]

Fetus no Bacterial isolate Gesta-
tional age 
(mo)

Sex Breed Gross lesions Main microscopic findings

1 Staphylococcus sp. NI NI NI - Necrosuppurative and fibrinous bron-
chopneumonia

2 Staphylococcus aureus 8 F Holstein - Suppurative bronchopneumonia. 
Necrosuppurative and fibrinous 
placentitis

3 Staphylococcus sp. 6 M NI - Necrosuppurative and fibrinous bron-
chopneumonia

4 Staphylococcus sp. 3 M NI - Necrosuppurative and fibrinous bron-
chopneumonia. Necrosuppurative 
placentitis

5 Staphylococcus aureus 6 M Holstein - Suppurative bronchopneumonia
6 Staphylococcus aureus 6 M Crossbred - Suppurative bronchopneumonia
7* Staphylococcus aureus 6 M Crossbred Fibrin deposition in the lung cranio-

ventral region
Necrosuppurative and fibrinous bron-

chopneumonia and pleuritis
8 Staphylococcus aureus 5 F Angus - Alveolar exudation and thrombosis 

with minimal inflammation
9 Streptococcus sp. NI NI NI - Fibrinosuppurative bronchopneumonia
10 Streptococcus sp. 7 F Holstein Multifocal, firm, white areas in the 

lung cranioventral region
Necrosuppurative and fibrinous bron-

chopneumonia and pleuritis
11 Mannhemia haemolytica 6 F Angus - Suppurative bronchopneumonia
12 Escherichia coli 5 F Angus - Multifocal hepatic necrosis. Multifocal 

necrosuppurative placentitis
13 Escherichia coli 5 M Holstein - Systemic disease with septicemia
14 Escherichia coli 3 M Angus - Necrosuppurative placentitis. Multifo-

cal hepatic necrosis. Bacteria inside 
airways and blood vessels with 
minimal inflammation

15 Escherichia coli 6 F NI - Systemic disease with septicemia
16 Escherichia coli 6 F Holstein - Necrosuppurative placentitis
17 Listeria monocytogenes 8 M Braford - Necrosuppurative placentitis with large 

amounts of intravascular bacteria
18 Listeria monocytogenes NI M Braford - Systemic disease with septicemia. 

Suppurative bronchopneumonia
19 Listeria sp. 7 M Hereford Marked placental thickening and 

deposition of white, friable, and 
dull material

Necrosuppurative placentitis with large 
amounts of intravascular bacteria. 
Fibrinosuppurative bronchopneu-
monia
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Table 2   Case information and diagnostic techniques used in cases of bovine abortion due to Aspergillus infection

NI, not informed; M, male; IHC, immunohistochemistry; mo, months; gestational age estimated through the crown-rump length. *All cases were 
positive for Aspergillus spp. IHC

Fetus no* Fungal isolate or IHC Gestational age 
(mo)

Sex Breed Gross lesions Main microscopic findings

20 Aspergillus fumigatus NI M Holstein Raised areas in the skin. Placental 
thickening and reddening with 
deposition of yellow material

Hyperkeratosis and intraepidermal pustules. 
Necrosuppurative and fibrinous placentitis

21 Aspergillus sp. 4 NI NI Placental thickening and redden-
ing with deposition of yellow 
material

Necrosuppurative and fibrinous placentitis

22 Aspergillus sp. 7 M Holstein Raised areas in the skin. Placen-
tal thickening and reddening 
with deposition of yellow 
material

Necrosuppurative dermatitis and folliculitis, 
and intradermal pustules. Necrosuppurative 
and fibrinous placentitis

23 Aspergillus fumigatus 9 M Jersey Raised areas in the skin. 
Placental thickening and 
reddening with deposition of 
yellow material. Adventitial 
placentation

Suppurative dermatitis and folliculitis. 
Necrosuppurative and fibrinous placen-
titis

Fig. 1   Bovine fetuses, Staphy-
lococcus aureus-associated 
abortions. a At the opening 
of the thoracic cavity, moder-
ate amount of fibrin is seen 
covering the visceral pleura 
of the cranioventral area of 
the lung. b Lung, suppurative 
pneumonia associated with 
moderate fibrin deposition and 
numerous coccoid bacterial 
aggregates, HE, bar, 180 μm. c 
Lung, numerous Gram-positive 
cocci aggregates are observed, 
Brown-Hopps stain, bar, 
180 μm. d Placenta, chorionic 
epithelium showing necrosis, 
fibrin deposition, and numerous 
cocci, HE, bar, 90 μm. e Pla-
centa, numerous Gram-positive 
cocci are observed colonizing 
the surface of the chorionic 
epithelium. Brown-Hopps stain, 
bar, 180 μm. f Abomasum, 
numerous cocci are seen in the 
abomasal lumen and adhered to 
the mucosa, HE, 90 μm
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Streptococcus sp. and Mannheimia haemolytica

The lung was the primarily affected organ in these cases. 
Gross changes were observed in only one case of Strep-
tococcus sp. abortion (fetus 10), and lesions consisted of 
multifocal to coalescing, firm, and white areas (0.2–4 cm in 
diameter) in the cranioventral region of the lung (Fig. 2a). 
Microscopically, these foci were represented by large num-
bers of Gram-positive coccoid bacterial aggregates sur-
rounded by moderate inflammatory infiltrate of neutrophils, 
fibrin deposition, and necrosis (Fig. 2b–c). Marked fibrin 
deposition was also observed in the visceral pleura. The sec-
ond case of Streptococcus sp. associated abortion presented 
mild, multifocal fibrinosuppurative bronchopneumonia with 
rare Gram-positive cocci and marked expansion of interlobu-
lar septa by edema, fibrin deposition, and congestion.

The abortion associated with Mannheimia haemolytica 
was characterized by marked, multifocal suppurative bron-
chopneumonia associated with large numbers of rod-shaped 
bacteria inside bronchioles, bronchi, and alveolar spaces 
(Fig. 2d). The placenta was not available for evaluation in 
any of these cases. Bacteria were not observed in the lumen 
or adhered to the mucosa of the gastrointestinal tract in any 
of the cases.

Escherichia coli

No gross changes were recorded in cases of E. coli-asso-
ciated abortions. Histologic lesions were observed in two 

or more organs in 4/5 fetuses. Microscopic findings were 
characterized by large amounts of free bacterial rods occa-
sionally associated with mild necrosis, mild inflammatory 
infiltrate of neutrophils, and mild fibrin deposition. Most 
commonly, numerous bacterial aggregates were seen freely 
in the interstitial space and inside blood vessels with mini-
mal inflammatory or necrotic changes (Fig. 3a). Affected 
organs included the lung (3/5), liver (2/5), kidney (2/5), 
heart (2/5), skeletal muscle (2/5), brain (2/5), eyelid (1/5), 
spleen (1/5), and thymus (1/5).

Bacterial aggregates were found in the lumen and adhered 
to the mucosa of the gastrointestinal tract in 2/3 cases (sec-
tions unavailable in two cases). The placenta was available 
for evaluation in 3/5 calves. These three cases showed mul-
tifocal, mild to severe necrosuppurative placentitis associ-
ated with fibrin deposition, deposition of necrotic debris 
(Fig. 3b), and rare (2/3) to numerous (1/3) rod-shaped bac-
terial aggregates. IHC was positive in 5/5 cases. Immuno-
labeling evidenced numerous E. coli in the interstitial space 
and inside blood vessels in the lungs and kidney (fetus 15), 
in the heart (fetus 13), and adhered to the chorionic epithe-
lium and amidst necrotic areas in the placenta (fetus 12, 14, 
and 16) (Fig. 3b, inset).

Listeria sp.

Gross changes were observed solely in the placenta of one 
fetus, and these were represented by diffuse, severe thick-
ening of cotyledons and intercotiledonary regions due to 

Fig. 2   Bovine fetuses, abortions 
due to opportunistic bacterial 
agents. Abortion due to Strep-
tococcus sp. infection (a, b, c). 
a At the opening of the thoracic 
cavity, firm, multifocal to coa-
lescing, white areas (0.2–4 cm 
in diameter) are seen in the 
cranioventral region of the lung. 
b Lung, severe necrosuppurative 
and fibrinous bronchopneumo-
nia associated with numerous 
coccoid bacterial aggregates, 
HE, 360 μm, C which are 
Gram-positive cocci, Brown-
Hopps stain, bar, 240 μm. d 
Abortion due to Mannheimia 
haemolytica infection. Lung, 
numerous bacterial rods are 
observed filling a bronchiole, 
and some adjacent alveolar 
spaces, HE, bar 120 μm
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marked deposition of friable, dull, and yellow material 
(fetus 19). The placenta was available for analysis in 2/3 
fetuses, both of which showed similar histologic lesions 
characterized as moderate (fetus 17) to marked (fetus 19), 
multifocal necrosuppurative placentitis (Fig. 3c) associated 
with large numbers of small, Gram-positive bacterial rods 
amidst necrotic areas, adhered to the remaining chorionic 
epithelium, and inside chorionic blood vessels (Fig. 3d). In 
one case, lesions were restricted to the placenta (fetus 17). 
In the second case, additional findings included multifocal, 

moderate fibrinosuppurative bronchopneumonia (Fig. 3e) 
associated with numerous small, Gram-positive bacterial 
rods and few bacteria in the intestinal lumen (fetus 19). The 
third case, in which placenta was unavailable for examina-
tion (fetus 18), presented similar, small Gram-positive bac-
terial rod aggregates nearly occluding blood vessels in the 
brain, liver, spleen, thymus, lung, skeletal muscle, eyelid, 
forestomaches, abomasum, and small and large intestine. 
Additionally, mild, multifocal suppurative bronchopneumo-
nia associated with numerous bacterial rods filling alveolar 

Fig. 3   Bovine fetuses, abortions due to opportunistic/sporadic bac-
terial agents. Abortions due to Escherichia coli infection (a–b). a 
Heart, numerous bacterial rods are observed filling the lumen of a 
blood vessel HE, bar 120 μm. b Placenta, marked necrosuppurative 
placentitis, HE, bar 240. Inset: placenta, marked immunolabeling 
for E. coli adhered to the surface of the remaining chorionic epithe-
lium, IHC, bar, 240 μm. Abortions due to Listeria sp. infection (c, d, 
e, f). c Placenta, marked necrosis, inflammatory infiltrate of neutro-
phils, and deposition of debris are observed affecting chorionic villi, 

HE, bar 360 μm. d Placenta, chorioallantois blood vessel, numerous 
bacterial rods are seen in the lumen and invading the endothelium 
and vessel wall, HE, bar 240  μm. Inset: placenta, numerous Gram-
positive rods are observed inside blood vessels of the chorioallantois, 
Brown-Hopps stain, bar, 240 μm. e Lung, mild, diffuse inflammatory 
infiltrate of neutrophils and multifocal moderate fibrin deposition are 
observed, HE, bar 240  μm. f Placenta, marked immunolabeling for 
Listeria monocytogenes adhered to the surface of the remaining cho-
rionic epithelium and inside blood vessels, IHC, bar, 240 μm
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spaces, bronchioles, and bronchi were seen. In this case, 
bacteria were also observed invading the mucosa of the 
small and large intestine, in association with vasculitis and 
thrombosis in the submucosa. IHC yielded positive results 
in the three cases. Immunolabeling confirmed Listeria sp. 
aggregates inside blood vessels in the brain (fetus 18) and 
chorionic blood vessels of the placenta (fetuses 17 and 19) 
(Fig. 3f). In cases 17 and 19, IHC also labeled large numbers 
of Listeria sp. amidst areas of inflammation and necrosis in 
the placenta and adhered to the remaining chorionic epithe-
lium (Fig. 3f).

Fungal infections

Four cases of Aspergillus sp. or Aspergillus fumigatus (cases 
20–23) and one case of Geotrichum candidum (case 24) 
infections were assessed. This latter fetus presented derma-
titis and pneumonia, and detailed pathological and etiologi-
cal features of this case have been published elsewhere [23] 
and will not be addressed here. The etiological diagnosis of 
Aspergillus sp. associated abortion was made through fungal 
culture and IHC (cases 20 and 23) or only through positive 
IHC immunolabeling (cases 21 and 22) (Table 2).

Gross lesions were restricted to the skin and placenta in 
cases of Aspergillus sp. abortion. The placenta was avail-
able for examination in all four cases, and gross changes 
were observed in all of them. The cotyledons and, often, the 
intercotiledonary regions were moderately to severely thick-
ened, reddened, and showed deposition of friable, dull, and 
yellow material. In one case (case 23), small cotyledon-like 
structures were observed in the intercotiledonary regions 
in the chorioallantois (adventitial placentation) (Fig. 4a). 
This particular fetus was reported to be nine months of ges-
tation according to the farmer’s record; however, the fetus 
seemed smaller, had very sparse haircoat, and crown-rump 
measurement was consistent with seven months of gestation. 
Cutaneous lesions (fetuses 20, 22, and 23) were represented 
by irregular, multifocal to coalescing, raised, round to oval, 
white to grey areas (1–4 cm) located predominantly in the 
head, neck, trunk, and fore and hind limbs (Fig. 4b).

Microscopic placental changes were observed in all cases 
of Aspergillus sp. associated abortion (4/4). Changes were 
characterized by severe, multifocal to coalescing necrosup-
purative and fibrinous placentitis, which effaced the super-
ficial chorionic epithelium and frequently extended to the 
deep layers of the chorioallantois. Fungal hyphae were seen 
in all cases, sometimes amidst inflammatory changes and 
frequently presenting angioinvasion (Fig. 4c). Moderate-to-
severe fibrinoid necrosis of blood vessel walls and throm-
bosis (Fig. 4d) were seen in all cases. Additional changes 
included marked edema in the intercotiledonary regions and 
multifocal areas of hemorrhage.

In the skin, microscopic lesions in cases of Aspergillus 
sp. abortion were represented by marked suppurative or 
necrosuppurative dermatitis, folliculitis, and vasculitis, as 
well as hyperkeratosis and intraepidermal pustules. Lesion 
severity and predominant histological pattern varied among 
cases, and among skin sections of the same fetus. In some 
cases, histological findings included marked dilatation 
of hair follicles, which were filled with large numbers of 
neutrophils, fewer macrophages, lymphocytes, and plasma 
cells, as well as necrotic debris (Fig. 4e). Sometimes, hair 
follicles were ruptured, and inflammation extended to the 
adjacent dermis (Fig. 4f). In other cases, skin lesions were 
more superficial and characterized by intracorneal pustules, 
moderate-to-severe hyperkeratosis, and superficial dermatitis 
and perifolliculitis.

Aspergillus sp. hyphae were seen in all cases amidst 
lesions. Fungal hyphae presented amphophilic to basophilic 
staining on HE slides (Fig. 4c), and these structures were 
strongly positive on GMS (Fig. 4f, inset). Hyphae were 
3–6 μm wide, commonly showed dichotomous branching at 
acute angles (45°) and septation.

In the lung, microscopic changes were observed in 3/4 
cases of Aspergillus sp. infection. Lesions consisted of 
multifocal areas of moderate neutrophilic and histiocytic 
bronchopneumonia, often forming small nodules. Fungal 
hyphae were observed in the lungs of two fetuses. Additional 
findings included moderate, multifocal necrotic hepatitis in 
one case (fetus 23). Sections of the gastrointestinal tract 
were available for examination in 2/4 cases, none of which 
showed microscopic changes. IHC anti-Aspergillus sp. was 
positive in all cases, showing moderate, multifocal labeling 
of fungal hyphae in the skin (fetus 23) and placenta (fetuses 
20, 21, 22, and 23) (Fig. 4C, inset), amidst areas of inflam-
mation and necrosis.

Discussion

The pregnant uterus and fetal membranes show increased 
susceptibility to colonization by numerous infectious agents. 
Several factors are believed to be associated with this suscep-
tibility, including fetus isolation from the maternal immune 
system, elevated temperatures, and slow local inflammatory 
response [24]. Hematogenous spread seems to be the most 
common route of infection of the fetomaternal interface in 
cattle, while ascending infections are uncommon in this spe-
cies [24]. The colonization of fetal membranes may occur 
as a result of an episode of bacteremia or fungal systemic 
infections, leading to placentitis, impairment of blood and 
nutrient supply to the fetus, and dissemination to the amni-
otic fluid [25]. After colonizing the placenta, microorgan-
isms may gain entry to the fetus by two routes [4]. The first 
occurs after microorganisms spread to the amniotic fluid, 
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where fungal or bacterial agents may be inhaled, ingested, 
or colonize the skin of the fetus [25]. A second route occurs 
in specific infections, for instance Listeria monocytogenes 
and Salmonella spp., in which after colonizing the placenta, 
microorganisms enter the fetus through the umbilical cord 
circulation, leading to systemic lesions [4].

Fungi and certain bacteria observed in this study, such 
as Staphylococcus sp., Streptococcus sp., and Mannhe-
imia haemolytica, may have gained access to the fetus 

predominantly through the first route [4, 25]. This is cor-
roborated by the fact that bronchopneumonia was a major 
and a consistent finding in most of these fetuses, especially 
in cases involving the mentioned bacteria above, and der-
matitis was a common finding in cases of mycotic abortion. 
Nevertheless, some fetuses presented mild changes in other 
organs, which could indicate that systemic dissemination 
may occur with disease progression, as previously reported 
[7]. As previously mentioned, Listeria monocytogenes is 

Fig. 4   Bovine fetuses, abortions due to Aspergillus sp. infection. a 
Placenta, the cotyledons are markedly thickened and irregular, and 
show deposition of yellow and dull material. Numerous, small, cot-
yledon-like structures are observed in the intercotiledonary regions 
(adventitial placentation). b Multifocal, irregular, raised, round to 
oval, white to gray areas (1–3  cm in diameter), are observed in the 
skin of the head and neck. c Placenta, large numbers of basophilic 
fungal hyphae are observed in the stroma of the chorioallantois, fre-
quently invading the walls of blood vessels, HE, bar, 240 μm. Inset: 
multifocal immunolabeling for Aspegillus sp. hyphae is observed in 
the placenta, IHC, bar, 240 μm. D Placenta, blood vessels of the cho-

rioallantois show marked fibrinoid necrosis and thrombosis. Also, 
severe inflammatory infiltrate of neutrophils is observed in the adja-
cent placental tissue, HE, bar, 240 μm. e Skin, hair follicles are mark-
edly dilated and filled predominantly with neutrophils and necrotic 
debris. Also, multifocal intraepidermal pustules and diffuse hyper-
keratosis are observed, HE, bar, 360 μm. f Skin, hair follicles are rup-
tured, and marked inflammatory infiltrate composed predominantly 
by neutrophils, associated with deposition of fibrin and necrotic 
debris are seen in the dermis, HE, bar, 240 μm. Inset: numerous fun-
gal hyphae are observed inside hair follicles and in the adjacent der-
mis, GMS, bar, 240 μm
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believed to enter the fetus through the bloodstream after 
placental colonization, leading to a systemic and septicemic 
disease in the fetus [4], as observed in the reported cases. In 
Brazil, the main clinical presentation of bovine listeriosis is 
the neurologic form [26], and cases of fetal loss attributed 
to this disease have rarely been documented [27]. There-
fore, this study brings supporting evidence to corroborate 
the occurrence of L. monocytogenes as a cause of fetal loss 
in Brazilian cattle.

Cases of E. coli infection herein observed seem to dif-
fer from cases of Staphylococcus sp, Streptococcus sp., 
and Manhemia hemolytica infections. For E. coli infection, 
even though pneumonia and gastrointestinal tract coloniza-
tion were present in some cases, the main finding consisted 
of large numbers of bacteria in several organs, frequently 
inside blood vessels and without a significant inflammatory 
response. Even though previous studies have documented 
the occurrence of cattle abortions due to E. coli infection 
[5, 9], the role of this bacterium in bovine fetal loss seems 
controversial [5]. Nevertheless, herein we were able to 
determine E. coli tissue colonization, vascular dissemina-
tion, and sometimes associated inflammatory changes by HE 
and IHC, which corroborates the participation of E. coli in 
certain cases of sporadic bovine abortion.

Placental lesions were consistently observed in our cases, 
reinforcing the importance of submitting and evaluating fetal 
membranes in order to increase diagnostic accuracy, mainly 
in cases where a bacterial or fungal etiology is suspected, 
since abortions may occur in the absence of significant 
lesions in fetal tissues [28]. Placental lesions were especially 
severe in cases of mycotic abortion, with marked vascular 
lesions, which agrees with the literature [13]. One particu-
lar case of fungal abortion had adventitial placentation, and 
the corresponding fetus seemed smaller than the expected 
according to the gestational age reported by the owner. 
Adventitial placentation is a compensatory mechanism that 
occurs in cases of placental insufficiency in cattle [29] that 
may occur as a result of inadequate number of caruncles 
(congenital) or more commonly due to placental inflamma-
tion [29]. In the case reported, fungal placentitis may have 
led to placental insufficiency, resulting in inadequate fetal 
supply and underdevelopment, leading ultimately to adven-
titial placentation as a compensatory mechanism.

Gross changes were not common in cases of opportunist 
bacterial infections, highlighting the importance of stand-
ard sampling for microbiological culture and histopathol-
ogy during postmortem examinations in fetuses. In contrast, 
fungal infections led to typical macroscopic lesions in most 
cases, predominantly in the placenta and in the skin, which 
agrees with the scientific literature [13, 24]. Even though 
microbiological culture is crucial for the diagnosis of bacte-
rial/fungal abortion, the simple identification of opportunis-
tic agents from the placenta or fetal tissues is not considered 

of diagnostic value, since several of them may represent 
environmental contamination after fetal expulsion or cervix 
opening [5]. Therefore, the association of microbiological 
results with the observation of pathological findings and 
exclusion of other important abortigenic agents, as con-
ducted in this study, appears to be an appropriate approach 
when dealing with this type of submission [5].

Another interesting finding of this study was the obser-
vation of bacterial agents in the lumen and adhered to or 
invading the mucosa of the gastrointestinal tract of some 
examined fetuses. Although this event is known to occur in 
aborted fetuses [24], these pathological findings seem to be 
commonly overlooked in the postmortem diagnostic routine. 
Colonization of the gastrointestinal tract is believed to be 
associated with ingestion of amniotic fluid containing bac-
teria or fungi after placental dissemination [24] and explains 
why abomasum contents are commonly sampled to perform 
microbiological cultures. Therefore, the search for bacteria 
in histological sections of the gastrointestinal tract may rep-
resent a useful complementary tool in the diagnostic routine 
of aborted fetuses.

Main limitations of this study include the small number 
of cases assessed and inherent shortcomings associated with 
retrospective studies (e.g., variability and change in proce-
dures conducted in different years by different profession-
als and dependence on the quality of previous postmortem 
records). Additional limitations include shortcomings that 
are intrinsic to studies on causes of abortion through post-
mortem examinations (e.g., autolysis, insufficient or incom-
plete submissions, multiplicity of possible etiologies, and 
constant need for complementary tests).

In conclusion, the postmortem examination of bovine 
fetuses is a fundamental tool in the diagnostic approach of 
fetal losses. Abortions due to opportunist bacterial and fun-
gal agents commonly show typical gross and/or histological 
features that, when taken in conjunction with complemen-
tary ancillary testing (e.g., bacterial and fungal cultures, and 
IHC), allow the determination of such agents as causes of 
abortion. This work highlights the importance of complete 
submissions, especially the placenta, to increase the likeli-
hood of reaching a final diagnosis. Also, we point out the 
importance of evaluating the gastrointestinal tract in aborted 
fetuses, organs that are commonly overlooked in this type of 
submission and may yield important complementary infor-
mation to the pathological diagnosis.
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