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ABSTRACT.- Bello TS, Portilho FVR, Motta LSM, Motta RG, Nardi Jinior G, Possebon FS,
Souto RJC, Afonso JAB, Paz PJrL, Ribeiro MG. Mass spectrometry-based identification
reveals the complexity of microorganisms involved in umbilical infections in lambs
clinically scored. Pesquisa Veterindria Brasileira 46:¢07754, 2026. Departamento de Producdo
Animal e Medicina Veterinaria Preventiva, Faculdade de Medicina Veterinaria e Zootecnia,
Universidade Estadual Paulista “Jilio de Mesquita Filho”, Rua Prof. Walter Mauricio Correa
s/n, Botucatu, SP 18618-681, Brazil. E-mail: thais.bello@unesp.br

We investigated the microbiological etiology of umbilical infections in clinically scored
lambs. A total of 128 lambs showing signs of umbilical infection and 41 showing no umbilical
signs were sampled. All microorganisms were identified by mass spectrometry (MALDI-
TOF MS), and the in vitro antimicrobial susceptibility/resistance patterns of bacteria were
assessed. Among the diseased animals and those without umbilical signs, 214 and 116
species of microorganisms (bacteria and yeasts) were identified, respectively. Escherichia
coli (11.21%) was the most prevalent microorganism and showed a significant association
(p = 0.0039) with moderate (score 2) and severe (score 3) scores for umbilical infection. In
lambs without clinical signs of umbilical infection, a predominance of Desemzia incerta was
observed. Diseased lambs that exhibited clinical complications showed a high mortality rate
(58%). Additionally, a significant association (p < 0.001) was observed between moderate
and severe scores and poor prognosis. Bacterial multidrug resistance was observed in 20%
(36/182) of isolates. To our knowledge, some bacteria were identified for the first time as
primary agents of umbilical infections in lambs, and clinical scoring was applied for the
first time in newborn lambs with omphalopathies. Our findings reveal a high complexity of
microorganisms in umbilical infections in lambs, identified by mass spectrometry, with a
predominance of E. coli in cases of moderate to severe severity scores, and an association
between clinical complications and high mortality.

INDEX TERMS: Infectious omphalopathies, sheep, etiology, multidrug-resistant bacteria, MALDI-TOF MS.

RESUMO.- [Espectrometria de massas revela complexidade
de micro-organismos isolados em infec¢ées umbilicais
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clinica.] A etiologia microbiana das infec¢des umbilicais em
cordeiros, com avaliacdo dos escores de gravidade clinica, foi
investigada em 128 animais com sinais de infec¢do umbilical
e 41 aparentemente sadios. Todos os microrganismos foram
identificados por espectrometria de massas (MALDI-TOF MS),
assim como foi investigado o perfil in vitro de sensibilidade/
resisténcia aos antimicrobianos dos isolados bacterianos. Nos
animais com e sem infec¢do umbilical foram identificadas 214
e 116 espécies de microrganismos (bactérias e leveduras),
respectivamente. Escherichia coli (11,21%) foi o microrganismo
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mais prevalente e mostrou associagdo significante (p = 0,0039)
com escores moderados (escore 2) e graves (escore 3) para
infeccdo umbilical. Em cordeiros sem sinais clinicos de
infeccdo umbilical observou-se o predominio de Desemzia
incerta. Cordeiros com infeccdo umbilical que apresentaram
complicacdes clinicas apresentaram elevada mortalidade (58%).
Foi observada ainda associa¢do significante (p < 0,001) entre
escores de gravidade clinica moderado e grave e progndstico
desfavoravel. A multirresisténcia bacteriana foi observada em
20% (36/182) dos isolados. Na literatura consultada, certas
bactérias foram identificadas pela primeira vez como agentes
primarios de infec¢ées umbilicais em cordeiros, bem como
escores de gravidade clinica foram adotados pioneiramente
em cordeiros neonatos com onfalopatias. O presente estudo
revelou alta complexidade de microrganismos nas infec¢oes
umbilicais em cordeiros indetificados por espectrometria
de massas, com predominio de E. coli nos casos moderados
e graves e alta taxa de mortalidade nas infec¢des umbilicais
com complicagdes clinicas.

TERMOS DE INDEXAGAO: Onfalopatias infecciosas, ovelha, etiologia,
bactérias multidroga resistentes, MALDI-TOF MS.

INTRODUCTION

Infectious diseases in domestic ruminants are the main causes
of morbidity, mortality, and losses for farmers during the
first three months of life (Tora et al. 2021, Ismail & Muhaffel
2022, Mee 2023). Umbilical infections in lambs have been
associated with severe complications of bacterial dissemination
(e.g., arthritis, abscesses in organs, pneumonia, and sepsis),
and a high mortality rate estimated between 6% and 31.3%
(Holmgy etal. 2012, Sato etal. 2021, Smistad etal. 2021, Van
Camp etal. 2022).

The inadequate transfer of passive immunity by colostrum,
improper umbilical antisepsis postpartum, and high organic
matter (feces) in the environment are considered risk factors
for mortality in lambs related to infectious diseases, including
umbilical infections (Binns et al. 2002, Giadinis et al. 2009, Wieland
etal. 2017, Barry et al. 2022, Tufekci & Sejian 2023, Farooq et
al. 2024), particularly in tropical areas (Hordofa et al. 2021).

Umbilical infections in domestic ruminants have a highly
complex etiology, with bacteria being the predominant agent,
particularly enterobacteria (e.g., Escherichia coli and Klebsiella
pneumoniae), staphylococci, streptococci, and actinomycetes
species (e.g., Trueperella pyogenes) (Rutherford et al. 2014,
Ribeiro etal. 2015, Martins et al. 2023). The microorganisms
infect the umbilical cord through direct contact with the
environment via dirt, organic matter, soil, feces, and common-
use utensils (Windeyer et al. 2014, Van Camp et al. 2022), or
through the microbiota of the umbilical region (Quinn et al.
2011, Constable et al. 2017).

Edema, congestion, and discomfort upon palpation, with
or without purulent discharge, are the most common clinical
signs of umbilical infections in domestic ruminants (Steerforth
& Van Winden 2018, Van Camp et al. 2022). In calves, umbilical
infection severity has been scored as follows: 1 (mild), 2
(moderate), and 3 (severe) (Steerforth & Van Winden 2018).
Nonetheless, alack of severity scores identification has been
reported for umbilical infections in lambs.

The routine diagnosis of umbilical infections in lambs is
based on clinical and epidemiological findings, microbiological
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culture, and in vitro antimicrobial susceptibility patterns
(Underwood et al. 2015, Steerforth & Van Winden 2018).
However, the diagnosis of the microorganisms identified in
umbilical infections in lambs at the species level has usually
been based on conventional phenotypic tests (Rutherford
et al. 2014, Ribeiro et al. 2015). Also, a lack of molecular
identification of etiological agents has been observed.

The treatment approaches for umbilical infections in
lambs have been based on broad-spectrum antimicrobials,
particularly beta-lactam derivatives, fluoroquinolones,
aminoglycosides, sulfonamides, and tetracyclines, including
drugs available for intravenous administration (Scottetal. 2011,
Underwood et al. 2015). Additionally, the use of nonsteroidal
anti-inflammatory drugs (e.g., meloxicam) and fluid therapy
is recommended in cases of systemic complications related
to sepsis (Wieland et al. 2017).

Considering this scenario, we investigated the etiology of
umbilical infection in lambs diagnosed by mass spectrometry,
the clinical severity scores of umbilical infections, the occurrence
of in vitro multidrug-resistant isolates, and the outcomes of
cases with clinical complications.

MATERIALS AND METHODS

Ethical approval. This study was carried out following the Ethics
Committee on Animal Use (CEUA) guidelines of the “Faculdade de
Medicina Veterindria e Zootecnia” (School of Veterinary Medicine
and Animal Sciences - FMVZ), “Universidade Estadual Paulista
‘Jtlio de Mesquita Filho™ (Unesp), Botucatu/SP, Brazil (protocol
number 0260/2022).

Animals and sampling. A sampling of 128 lambs of various breeds
(e.g., Dorper, Texel, Santa Inés, and crossbred) with umbilical infections
was collected from the states of Sdo Paulo (Southeast), Parana (South),
and Pernambuco (Northeast), Brazil. Additionally, 41 lambs without
apparent clinical signs of umbilical infection were also conveniently
collected in the states of Sdo Paulo and Parana, Brazil. The sampled
lambs with signs of umbilical infection were, on average, 6.5 (1-30)
daysold (1-7 days, 84/122,69%; 8-30 days, 38/122, 31%). Of these,
54% (68/126) were female, and 46% (58/126) were male. Among
those lambs without apparent clinical signs of umbilical infection,
54% (22/41) were female, and 46% (19/41) were male.

The sample size was calculated to estimate the prevalence
associated with a margin of error. The prevalence (4%) was based on
a previous study (Gokee & Erdogan 2009) and was associated with
a95% confidence interval and a margin of error of + 5%. Based on
this, at least 60 lambs with umbilical infections should be included
in the study. Lambs without clinical signs of umbilical disease were
collected by convenience sampling from the same farms where
diseased lambs were sampled.

Farms and flocks were eligible for lamb sampling if they met the
following criteria: 1) maternity pens, 2) absence of antimicrobial
treatment seven days before umbilical sampling, 3) animals no older
than 60 days of life with an umbilical infection, and 4) lambs within
one day of age without apparent clinical signs of umbilical infection.

All the animals included in this study were bred under similar
conditions of nutrition, management, sanitary procedures (including
vaccines and the use of anthelmintic drugs), and facilities on farms.

The lambs were manually restrained, and samples were collected
using disposable gloves and sterile swabs after rigorous antisepsis
(70% alcohol and 2% iodine) of the external region of the umbilical
cord. The swabs were fully inserted into the navel without touching
the external region, immediately placed into Stuart transport media
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(Absorve™, Hangzhou, China), and kept refrigerated (4-8 °C) for
further microbiological procedures. All umbilical samples were
collected by trained veterinarians, who could also identify the
clinical severity scores.

Clinical severity scores and complications of umbilical
infections. Clinical severity scores (CSS) of umbilical infections
used in the sampled lambs were adapted from Steerforth & Van
Winden (2018) for calves. Score 0 (normal): umbilical structures
involuting, absence of pain, swelling, or any other signs of infection
or inflammation, lambs without apparent clinical umbilical infection.
Score 1 (mild umbilical infection): pain on palpation, higher local
temperature, hardening and/or swelling of the umbilical cord
(thickness greater than a pencil or 6 mm), absence of other clinical
signs. Score 2 (moderate umbilical infection): presence of pus and
increased thickness of the umbilical cord (> 6 mm). Score 3 (severe
umbilical infection): clinical signs found in score 2 plus increased
rectal temperature (40 °C), systemic signs (fever, lethargy, apathy,
tachycardia, respiratory distress, lack of appetite/anorexia), or the
presence of a hernia.

Data on probable complications of umbilical infections (i.e.,
arthritis, pneumonia, sepsis) and their outcomes (death or recovery)
were also assessed up to six months after umbilical sampling.

Bacteriological and fungal cultures. Umbilical samples were
cultured under aerobic conditions in bovine blood agar (5%)
(Ox0id®, Sdo Paulo, Brazil) and MacConkey agar (Oxoid®, Sao Paulo,
Brazil) and incubated for 72 hours at 37 °C. The samples were also
cultured in Sabouraud-dextrose agar media supplemented with
0.5% chloramphenicol (Ox0id®, Sdo Paulo, Brazil), incubated at
37 °C, and evaluated for 72 hours. Simultaneously, the samples
were cultured under anaerobic conditions in bovine blood agar
(5%) (Ox0id®, Sao Paulo, Brazil) and in brain heart infusion (BHI)
(Oxo0id®, Sao Paulo, Brazil) and incubated for 120 hours at 37 °C.
The microorganisms were preliminarily identified phenotypically
(Quinn et al. 2011) and kept under refrigeration (4-8 °C) until
further mass spectrometry analysis.

Filamentous fungi were identified based on the macromorphological
structures of the colonies isolated on Sabouraud-dextrose agar;
micromorphological analysis via microscopy of microculture slides on
potato-dextrose agar; and phenotypic tests, including fermentation
and assimilation of substrates. Species identification was based on
taxonomic keys (Liu 2011, Petrini & Petrini 2013).

Umbilical infections were defined as = 5 colony-forming units
(CFUs) (Martins et al. 2023).

Mass spectrometry-based identification. All bacterial and yeast
isolates were subjected to matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS) analysis on a
Bruker Autoflex (Bruker Daltonik™, Bremen, Germany) equipment
under 337 nm nitrogen laser conditions using FlexControl 3.3
software (Bruker Daltonik™, Bremen, Germany). The spectra were
analyzed between 2,000 and 20,000 m/z using MALDI Biotyper 2.0
software (Bruker Daltonik™, Bremen, Germany) with default settings,
and identification at the genus and species levels was considered =
1.7 and 2 2.0, respectively (Gongalves et al. 2014). All results that
returned as “not identified” were subjected to one retest.

In vitro antimicrobial susceptibility testing. The bacterial
isolates were subjected to in vitro antimicrobial susceptibility
testing using the disk diffusion method. Readings were carried out
in accordance with the recommendations of the Clinical Laboratory
Standards Institute (CLSI) guidelines (CLSI 2024).

Nine drugs belonging to six different antimicrobial groups,
represented by drugs used in therapeutic approaches for lambs

were tested as follows: (1) aminoglycosides (gentamicin 10 pg), (2)
amphenicols (florfenicol 30 pg), (3) beta-lactams and derivatives
(ampicillin 10 pg, amoxicillin with clavulanic acid 30 pg, ceftiofur
30 pug), (4) fluoroquinolones (enrofloxacin 5 pg, marbofloxacin 5 pg),
(5) sulfonamides (trimethoprim/sulfamethoxazole 25 pg), and (6)
tetracyclines (tetracycline 30 pg) (Constable etal. 2017, Altan et al.
2019, Lianou & Fthenakis 2022).

Bacteria were considered multidrug-resistant when isolates
exhibited resistance to = 3 antimicrobials from different classes
(Magiorakos et al. 2012).

Statistical analysis. The associations between the occurrence
of different agents and the clinical severity scores of umbilical
infections were evaluated using the Kruskal-Wallis test, which
compared the medians of clinical severity scores within each
group or pathogen, with particular attention to case severity. The
groups or microorganisms of special interest were subdivided as
follows: non-Escherichia coli enteric bacteria, E. coli, Pseudomonas
spp., enterococci, staphylococci, streptococci, actinomycetes, and
miscellaneous. Dunn’s post hoc test was performed for statistically
significant combinations. The statistical significance of the percentage
among severity scores was evaluated with a one-way chi-square
test. Fisher’s exact test with the Bonferroni correction was used to
evaluate the death rate between the scores. Statistical differences
were considered when p-values < 0.05.

RESULTS

Microorganisms. Among the 128 animals sampled,
44.5% (57/128) had mild umbilical infection (score 1), 35%
(45/128) had moderate umbilical infection (score 2),and 20.5%
(26/128) had severe umbilical infection (score 3). In addition
to umbilical infection signs, 16.5% (21/128) of the lambs
had diarrhea, 15% (19/128) had pneumonia, 8.5% (11/128)
had septicemic signs (fever, tachycardia, respiratory distress,
dyspnea), and 7% (9/128) had polyarthritis. Furthermore,
60 animals (60/128, 47%) had clinical signs compatible
with complications of umbilical infections (i.e., pneumonia,
arthritis, sepsis), and 58% (35/60) of them progressed to
death. The p-value for the score distribution was 0.0033. The
death rates among different scores were statistically different:
5.26% (3/57) for score 1, 26.66% (12/45) for score 2, and
76.92% (20/26) for score 3 (p < 0.001).

Isolation of bacteria and fungi (yeasts). A total of 214
microorganisms (among bacteria and yeasts) were isolated
from 128 umbilical infection samples (Table 1).

The main microorganisms identified by mass spectrometry
in diseased umbilical samples were enterobacteria and other
Gram-negative bacteria: Escherichia coli (24/214, 11.21%),
Serratia marcescens (8/214, 3.74%), Raoultella terrigena
(7/214, 3.27%), Aeromonas hydrophila (6/214, 2.80%),
Pseudomonas koreensis (6/214, 2.80%), Enterobacter kobei
(6/214,2.80%), and Hafnia alvei (5/214, 2.34%). Among all
theisolates, 12.62% (27/214) were not identified by MALDI-
TOF MS (Table 1).

Among the 128 diseased lambs, 59 umbilical samples had
isolation of microorganisms in pure cultures, and the most
common bacteria were E. coli (6/59, 10.17%), S. marcescens
(4/59, 6.78%), P. koreensis (3/59, 5.08%), and Providencia
rettgeri (3/59, 5.08%) (Table 2).

In 69 diseased umbilical samples (69/128, 53.9%),
combined infections were observed, with the isolation of 57
different microorganism associations. The most common
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Table 1. Prevalence of microorganisms isolated from
umbilical infections of 128 lambs identified by mass
spectrometry* (2022-2023)

Microorganism N %

Escherichia coli 24 11.21
Serratia marcescens 8 3.74
Enterococcus faecium 7 3.27
Raoultella terrigena 7 3.27
Aeromonas hydrophila 6 2.80
Pseudomonas koreensis 6 2.80
Enterobacter kobei 6 2.80
Hafnia alvei 5 2.34
Klebsiella oxytoca 5 2.34
Pseudomonas sp. 5 2.34
Enterococcus faecalis 4 1.87
Providencia rettgeri 4 1.87
Pseudomonas rhodesiae 4 1.87
Staphylococcus sciuri 4 1.87
Candida krusei 3 1.40
Enterobacter xiangfangensis 3 1.40
Enterococcus casseliflavus 3 1.40
Pseudomonas corrugata 3 1.40
Pseudomonas extremorientalis 3 1.40
Pseudomonas mendocina 3 1.40
Pseudomonas stutzeri 3 1.40
Rahnella aquatilis 3 1.40
Acinetobacter lwoffii 2 0.93
Enterobacter asburiae 2 0.93
Massilia oculi 2 0.93
Pantoea sp. 2 0.93
Proteus mirabilis 2 0.93
Pseudomonas oleovorans 2 0.93
Pseudomonas chlororaphis 2 0.93
Pseudomonas jessenii 2 0.93
Cellulosimicrobium cellulans 2 0.93
Enterococcus hirae 2 0.93
Pseudomonas putida 2 0.93
Streptococcus dysgalactiae 2 0.93
Others** 44 24.30
Not identified 27 12.62
TOTAL 214 100

* MALDI-TOF (MS) = Matrix-assisted laser desorption ionization time-of-
flight mass spectrometry; N = number of isolates; % = frequency of isolates; **
Achromobacter mucicolens (n = 1), Acinetobacter radioresistens (n = 1), Aerococcus
viridans (n = 1), Aeromonas jandaei (n = 1), Aeromonas veronii (n = 1), Arthrobacter
arilaitensis (n = 1), Arthrobacter gandavensis (n = 1), Arthrobacter globiformis
(n = 1), Arthrobacter koreensis (n = 1), Bacillus cereus (n = 1), Bacillus sp. (n = 1),
Bordetella petrii (n = 1), Citrobacter koseri (n = 1), Diutina catenulata (n = 1),
Enterobacter cancerogenus (n = 1), Enterobacter cloacae (n = 1), Enterococcus
gallinarum (n = 1), Enterococcus gilvus (n = 1), Escherichia hermannii (n = 1),
Escherichia vulneris (n = 1), Exiguobacterium mexicanum (n = 1), Klebsiella
aerogenes (n = 1), Kluyvera ascorbata (n = 1), Kluyvera cryocrescens (n = 1),
Leclercia adecarboxylata (n = 1), Lelliottia amnigena (n = 1), Oceanobacillus
profundus (n = 1), Proteus hauseri (n=1), Proteus penneri (n = 1), Proteus vulgaris
(n = 1), Pseudomonas azotoformans (n = 1), Pseudomonas brassicacearum (n = 1),
Pseudomonas flavescens (n = 1), Pseudomonas gessardii (n = 1), Pseudomonas
graminis (n = 1), Pseudomonas synxantha (n = 1), Pseudomonas trivialis (n = 1),
Pseudomonas umsongensis (n = 1), Salmonella sp. (n = 1), Siccibacter turicensis
(n = 1), Staphylococcus equorum (n = 1), Staphylococcus xylosus (n = 1),
Streptococcus salivarius (n = 1), Wickerhamomyces anomalus (n = 1).
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associations were represented by Enterococcus faecium + E.
coli (4/69, 5.8%), H. alvei + Klebsiella oxytoca (2/69, 2.9%),
and Pseudomonas sp. + Candida krusei (2/69, 2.9%) (Table 3).

Amongall 128 diseased umbilical samples, 3.9% (5/128)
were negative for microbial isolation.

Scores of clinical severity. Among all lambs with umbilical
infections, 44% (56/128),35% (45/128),and 21% (27/128)
presented mild (score 1), moderate (score 2), and severe
(score 3) scores of clinical severity, respectively.

Among Gram-negative bacteria, a predominance of E.
coli and Pseudomonas spp. was observed. Among infections
caused by E. coli, 17% (4/24) presented mild clinical score
severity, 50% (12/24) presented moderate scores, and 33%
(8/24) presented severe scores. In turn, among infections
caused by Pseudomonas spp., 43.2% (19/44) revealed mild
clinical score severity, 34.1% (15/44) had moderate scores,
and 22.7% (10/44) had severe scores.

Table 2. Isolation of microorganisms in pure culture in 128
neonatal lambs with omphalopathies, identified by mass
spectrometry* (2022-2023)

Microorganism N %
Escherichia coli 6 10.17
Serratia marcescens 4 6.78
Pseudomonas koreensis 3 5.08
Providencia rettgeri 3 5.08
Enterobacter asburiae 2 3.39
Pseudomonas mendocina 2 3.39
Pseudomonas oleovorans 2 3.39
Pseudomonas rhodesiae 2 3.39
Pseudomonas sp. 2 3.39
Pseudomonas stutzeri 2 3.39
Aeromonas hydrophila 1 1.69
Aeromonas veronii 1 1.69
Arthrobacter globiformis 1 1.69
Bacillus sp. 1 1.69
Enterobacter kobei 1 1.69
Enterobacter xiangfangensis 1 1.69
Enterococcus casseliflavus 1 1.69
Enterococcus faecalis 1 1.69
Enterococcus gallinarum 1 1.69
Enterococcus hirae 1 1.69
Escherichia vulneralis 1 1.69
Pantoea sp. 1 1.69
Proteus mirabilis 1 1.69
Pseudomonas chlororaphis 1 1.69
Pseudomonas corrugata 1 1.69
Pseudomonas graminis 1 1.69
Pseudomonas jessenii 1 1.69
Pseudomonas umsongensis 1 1.69
Raoultella terrigena 1 1.69
Salmonella sp. 1 1.69
Not identified 6 10.17
Negative sample 5 8.47
TOTAL 59 100

* MALDI-TOF MS = Matrix-assisted laser desorption ionization time-of-
flight mass spectrometry; N = number of isolates.
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Table 3. Prevalence of microorganisms isolated in
combined infections in 128 lambs with omphalopathies
identified by mass spectrometry* (2022-2023)

Microorganisms N %
Enterococcus faecium + Escherichia coli 4 58
Hafnia alvei + Klebsiella oxytoca 2 29
Pseudomonas sp. + Candida krusei 2 29
E. coli + Not identified 2 29
Aeromonas hydrophila + Not identified 2 29
Achromobacter mucicolens + E. faecium + Staphylococcus 1 145
sciuri + Wickerhamomyces anomalus
Acinetobacter Iwoffii + Not identified 1 145
A. lwoffii + Acinetobacter radioresistens + Not identified 1 145
Aerococcus viridans + E. coli + Diutina catenulata 1 145
A. hydrophila + Kluyvera ascorbata 1 145
A. hydrophila + Enterococcus faecalis + E. faecium 1 145
A. hydrophila + E. coli 1 145
Aeromonas jandaei + Not identified 1 145
Arthrobacter arilaitensis + Not identified 1 145
Arthrobacter gandavensis + Pseudomonas stutzeri 1 145
Arthrobacter koreensis + Bacillus cereus + Enterococcus 1 145
casseliflavus + Not identified
Bordetella petrii + Cellulosimicrobium cellulans + S. sciuri 1 145
Cellulosimicrobium cellulans + Not identified 1 145
Citrobacter koseri + E. coli 1 145
Enterobacter cancerogenus + Klebsiella aerogenes 1 145
Enterobacter cloacae + S. sciuri 1 145
Enterobacter kobei + E. casseliflavus + Pseudomonas 1 145
chlororaphis
E. kobei + E. faecalis + Staphylococcus equorum 1 145
E. kobei + Leclercia adecarboxylata + Pseudomonas corrugata 1  1.45
Other associations** 38 55.05
TOTAL 69 100

* MALDI-TOF MS = Matrix-assisted laser desorption ionization time-of-flight
mass spectrometry; N=numberofassociations, % =frequency of associations;
** Enterobacter kobei + not identified (n = 1), E. kobei + P. corrugata (n = 1),
Enterobacter xiangfangensis + H. alvei + K. oxytoca (n = 1), E. xiangfangensis
+ Pseudomonas rhodesiae + Raoultella terrigena (n = 1), E. faecalis + Serratia
marcescens + not identified (n = 1), E. faecium + Oceanobacillus profundus +
not identified (n = 1), Enterococcus gilvus + Exiguobacterium mexicanum +
Kluyvera cryocrescens (n = 1), Enterococcus hirae + Pseudomonas putida +
not identified (n = 1), Escherichia hermannii + E. coli (n = 1), E. coli + Proteus
penneri (n=1), E. coli + Pseudomonas aeruginosa (n = 1), E. coli + Pseudomonas
brassicacearum (n = 1), E. coli + Pseudomonas flavescens (n = 1), E. coli + P
koreensis (n = 1), E. coli + Pseudomonas koreensis + R. terrigena (n = 1), E. coli
+ Siccibacter turicensis (n = 1), E. coli + Streptococcus dysgalactiae (n = 1),
H. alvei + not identified (n = 1), H. alvei + R. terrigena (n = 1), K. oxytoca +
Pantoea sp. + S. marcescens (n = 1), K. oxytoca + P. koreensis (n = 1), Lelliottia
amnigena + Pseudomonas sp. (n = 1), Massilia oculi + not identified (n = 1),
M. oculi + S. sciuri + C. krusei + not identified (n = 1), Proteus hauseri + S.
marcescens (n = 1), Proteus mirabilis + S. marcescens (n = 1), Proteus vulgaris
+ R terrigena (n = 1), Providencia rettgeri + R. terrigena (n = 1), Pseudomonas
azotoformans + Rahnella aquatilis (n = 1), Pseudomonas extremorientalis + R.
aquatilis (n = 1), P. extremorientalis + R. terrigena + not identified (n = 1), P
extremorientalis + P. rhodesiae + R. aqualitis (n = 1), Pseudomonas gessardii
+ not identified (n = 1), Pseudomonas jessenii + Pseudomonas mendocina
(n = 1), Pseudomonas putida + Streptococcus salivarius (n = 1), Pseudomonas
synxantha + Pseudomonas trivialis (n = 1), Staphylococcus xylosus + not
identified (n = 1), Streptococcus dysgalactiae + not identified (n = 1).

In 41 lambs without apparent signs of umbilical infections,
116 microorganisms were identified using mass spectrometry
(Table 4). Among these animals, the main microorganisms
isolated were Desemzia incerta (14/116, 12.1%), Pantoea
sp. (8/116, 6.9%), Pantoea agglomerans (5/116, 4.3%), P.
koreensis (4/116, 3.4%), Pseudomonas stutzeri (4/116, 3.4%),
Serratia fonticola (4/116, 3.4%) and Staphylococcus succinus
(4/116, 3.4%).

Awide range of microorganisms was identified in association
with 41 lambs without apparent signs of umbilical infection
(Table S1), where 36 different microorganism associations
were found. Among these animals, only one (1/41, 2.4%) was
negative for microbial isolation.

Strict anaerobic bacteria (e.g., Clostridium sp.) were
not isolated from umbilical infections or from apparently

Table 4. Prevalence of microorganisms isolated from
41 lambs without apparent signs of umbilical infections,
identified by mass spectrometry* (2022-2023)

Microorganism N %
Desemzia incerta 14 12.1
Pantoea sp. 8 6.9
Pantoea agglomerans 5 4.3
Pseudomonas koreensis 4 3.4
Pseudomonas stutzeri 4 3.4
Serratia fonticola 4 3.4
Staphylococcus succinus 4 3.4
Escherichia coli 3 2.6
Nocardiopsis dassonvillei 3 2.6
Pseudomonas chlororaphis 3 2.6
Pseudomonas flavescens 3 2.6
Acinetobacter Iwoffii 2 1.7
Aeromonas hydrophila 2 1.7
Enterobacter kobei 2 1.7
Exiguobacterium mexicanum 2 1.7
Proteus penneri 2 1.7
Providencia rettgeri 2 1.7
Pseudomonas azotoformans 2 1.7
Pseudomonas fulva 2 1.7
Pseudomonas sp. 2 1.7
Serratia marcescens 2 1.7
Staphylococcus aureus 2 1.7
Staphylococcus xylosus 2 1.7
Others** 25 21.6
Not identified 12 10.3
TOTAL 116 100

*MALDI-TOF MS = Matrix-assisted laser desorption ionization time-of-flight
mass spectrometry; N = number of isolates, % = frequency of isolates; **
Aerococcus viridans (n = 1), Arthrobacter gandavensis (n = 1), Arthrobacter
koreensis (n = 1), Bacillus megaterium (n = 1), Citrobacter braakii (n = 1),
Curtobacterium sp. (n = 1), Enterococcus faecium (n = 1), Exiguobacterium
sp. (n = 1), Kerstersia gyiorum (n = 1), Klebsiella pneumoniae (n = 1),
Klebsiella variicola (n = 1), Lactococcus garvieae (n = 1), Paenibacillus
provencensis (n = 1), Pantoea ananatis (n = 1), Planococcus glaciei (n = 1),
Proteus vulgaris (n = 1), Pseudomonas corrugata (n = 1), Pseudomonas
fluorescens (n = 1), Pseudomonas jessenii (n = 1), Pseudomonas protegens
(n = 1), Pseudomonas straminea (n = 1), Pseudomonas vancouverensis
(n = 1), Serratia liquefaciens (n = 1), Serratia nematodiphila (n = 1),
Solibacillus silvestris (n = 1).
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healthy animal samples. Filamentous fungi were isolated
from 13 umbilical infection samples as follows: Aspergillus
sp. (5/13, 38.5%), Aspergillus niger (1/13, 7.7%), Aspergillus
clavatus (1/13,7.7%), Mucor sp. (1/13, 7.7%), and Geotrichum
sp. (1/13,7.7%). Four filamentous fungi were not identified
(4/13,30.7%).

In vitro antimicrobial susceptibility testing. Table 5
summarizes the in vitro antimicrobial susceptibility
profiles of the main families of bacteria identified in lambs
with umbilical infections. For the enterobacterial group,
marbofloxacin (77/87, 88%), gentamicin (67/87, 77%),
and sulfamethoxazole/trimethoprim (66/87, 76%) were
the most effective drugs. In contrast, the isolates presented
high resistance rates to ampicillin (66/87, 75%), amoxicillin/
clavulanicacid (43/87,49.5%), and florfenicol (41/87,47%).

Marbofloxacin was the most effective drug against
Pseudomonas spp. (42/44, 95.45%), whereas these isolates
were resistant mainly to sulfamethoxazole/trimethoprim
(20/44, 45%).

Among the enterococcus strains, amoxicillin/clavulanic
acid was the most effective drug (13/17, 76%), whereas
the isolates presented a high resistance rate to enrofloxacin
(13/17, 76%).

Marbofloxacin (6/6, 100%), ceftiofur (5/6, 83%), and
gentamicin (5/6, 83%) were the most effective drugs for the
staphylococcal group. Conversely, despite the small number
of staphylococci tested, the isolates were resistant mainly to
ampicillin (3/6, 50%).

Streptococci showed 100% (3/3) susceptibility to
amoxicillin/clavulanic acid and ceftiofur, whereas 67%
(2/3) of this bacterial group were resistant to enrofloxacin,
despite the small number of tested streptococci. Bacterial
multidrug resistance was observed in 20% (36/182) of the
isolates from umbilical infection samples. The most common
multidrug-resistant species were E. coli (10/24, 41%), E.
faecium (5/7, 71%), and S. marcescens (2/8, 25%). Among
the 36 multidrug-resistant isolates, 27 (27/36, 75%) were
Gram-negative bacteria.

Table 5. In vitro antimicrobial susceptibility profile (disc diffusion method) in 182 bacteria isolated from umbilical
infections of 128 lambs

Families (NCBI 2024)

Enterobacteriaceae® . Aerococcaceae™
- 5 Aeromonadaceae N
Erwiniaceae . G . K Enterococcaceae
. c Alcaligenaceae Bacillaceae . 5
Hafniaceae Oxalob " Moraxellaceae’ Staphvl L Micrococcaceae
Class Antimicrobial agent Morganellaceae® xalobacteraceae (n=3) taphylococcaceae Promicromonosporaceae”
L & Pseudomonadaceae' n=9)
Yersiniaceae (n=56) Streptococcaceae®
(n=87) - (n=27)
S I R S I R S I R S I R S I R
%) (%) (W) (B (%) (W (%) (W) (%) (W) () (%) () (W) (%)
Aminoglycosides Gentamicin® 77 14 9 875 35 9 6667 0 3333 778 111 111 - - -
Amphenicols Florfenicol® 31 22 47 - - - 100 0 0 - - - 22 15 63
Cephalosporins Ceftiofur® 33 48 19 - - - 0 67 33 66.7 0 333 222 7.4 70.4
Fluorquinolones Enrofloxacin® 39 50 11 55 36 9 334 333 333 111 778 111 185 185 63
Marbofloxacin® 88 1 11 9286 3.57 3.57 - - - 778 111 111 37 222 518
Beta-lactams ~ Amoxicillin/clavulanic ~ 49.5 1 9 - - - 67 0 33 77.8 0 222 85 0 15
acid®
Ampicilin? 23 2 75 - - - 67 0 33 445 222 333 592 75 33.3
Sulfonamides Sulfamethoxazole/ 76 5 19 55 20 25 - - - 55.6 222 222 222 0 77.8
trimethoprim
Tetracyclines Tetracycline® 64 3 33 - - - 33 0 67 66.7 0 333 555 148 297

S = Susceptible, I = intermediate, R = resistant;” Citrobacter koseri (n = 1), Enterobacter asburiae (n = 2), Enterobacter cancerogenus (n = 1), Enterobacter
cloacae (n = 1), Enterobacter kobei (n = 6), Enterobacter xiangfangensis (n = 3), Escherichia coli (n = 24), Escherichia hermannii (n = 1), Escherichia vulneris
(n = 1), Klebsiella aerogenes (n = 1), Klebsiella oxytoca (n = 5), Kluyvera ascorbata (n = 1), Kluyvera cryocrescens (n = 1), Leclercia adecarboxylata (n = 1),
Lelliottia amnigena (n = 1), Raoultella terrigena (n = 7), Salmonella sp. (n = 1), Siccibacter turicensis (n = 1); ® Pantoea sp. (n = 2); ¢ Hafnia alvei (n = 5); ©
Providencia rettgeri (n=4), Proteus hauseri (n = 1), Proteus mirabilis (n = 2), Proteus penneri (n = 1), Proteus vulgaris (n = 2); ® Rahnella aquatilis (n = 3),
Serratia marcescens (n = 8); ¥ Achromobacter mucicolens (n = 1), Bordetella petrii (n = 1); ¢ Aeromonas hydrophila (n = 6), Aeromonas jandaei (n = 1),
Aeromonas veronii (n = 1); " Massilia oculi (n = 2);' Pseudomonas aeruginosa (n = 1), Pseudomonas azotoformans (n = 1), Pseudomonas brassicacearum (n = 1),
Pseudomonas chlororaphis (n = 2), Pseudomonas corrugata (n = 3), Pseudomonas extremorientalis (n = 3), Pseudomonas flavescens (n = 1), Pseudomonas
gessardii (n = 1), Pseudomonas graminis (n = 1), Pseudomonas jessenii (n = 2), Pseudomonas koreensis (n = 6), Pseudomonas mendocina (n = 3), Pseudomonas
oleovorans (n = 2), Pseudomonas putida (n = 2), Pseudomonas rhodesiae (n = 4), Pseudomonas sp. (n = 5), Pseudomonas stutzeri (n = 3), Pseudomonas
synxantha (n = 1), Pseudomonas trivialis (n = 1), Pseudomonas umsongensis (n = 1); ! Acinetobacter Iwoffii (n = 2), Acinetobacter radioresistens (n = 1); ¥
Bacillus sp. (n = 1), Exiguobacterium mexicanum (n = 1), Oceanobacillus profundus (n = 1); ' Staphylococcus equorum (n = 1), Staphylococcus sciuri (n = 4),
Staphylococcus xylosus (n = 1); M Aerococcus viridans (n = 1); N Enterococcus casseliflavus (n = 2), Enterococcus faecalis (n = 4), Enterococcus faecium (n = 7),
Enterococcus gallinarum (n = 1), Enterococcus gilvus (n = 1), Enterococcus hirae (n = 2); ° Arthrobacter arilaitensis (n = 1), Arthrobacter gandavensis (n = 1),
Arthrobacter globiformis (n = 1), Arthrobacter koreensis (n = 1); * Cellulosimicrobium cellulans (n = 2); ® Streptococcus dysgalactiae (n = 2), Streptococcus
salivarius (n = 1); *Breakpoints for livestock (horses) (CLSI 2024), ® breakpoints for livestock (swine) (CLSI 2024), “breakpoints for companion animals
(dogs) (CLSI 2024), ‘breakpoints for livestock (cattle) (CLSI 2024), ¢ breakpoints for humans (CLSI 2024).
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Among the microorganisms isolated from lambs without
apparent signs of umbilical infections, gentamicin (26/26,100%)
and marbofloxacin (26/26, 100%) were the most effective
drugs for Pseudomonas spp. Gentamicin (8/8, 100%) and
marbofloxacin (8/8, 100%) were the most effective drugs in
the staphylococcal group, whereas the isolates showed higher
resistance to sulfamethoxazole/trimethoprim (3/8, 37.5%).
For the enterobacterial group, gentamicin (31/32, 97%),
florfenicol (30/32, 94%), and marbofloxacin (30/32, 94%)
were highly effective. In the miscellaneous group, tetracycline
(33/35, 94%), amoxicillin/clavulanic acid (32/35, 91%),
ampicillin (32/35, 91%), and florfenicol (32/35,91%) were
the most effective drugs, while the isolates showed high
resistance to enrofloxacin (18/35, 51%). The prevalence of
multidrug resistance among bacteria isolated from lambs
without apparent umbilical signs was 5.9% (6/101).

Statistical analysis. A significant difference (p = 0.0039)
was observed between the isolation of E. coli and moderate
and severe clinical scores. In pairwise comparisons, the
median CSS scores were higher for the E. coli group than for
other specific groups of microorganisms studied.

DISCUSSION

Umbilical infections in domestic ruminants possess a
multifactorial etiology, although they predominantly have
an infectious origin (Fordyce et al. 2018, Palm et al. 2022,
Martins etal. 2023). The disease has been related to significant
economic impacts, particularly due to systemic complications
(Windeyer et al. 2014, Fordyce et al. 2018, Tora et al. 2021).
These infections occur via an ascending route, secondary to
contact of the navel with the environment, or from the own
navel microbiota (Windeyer etal. 2014, Constable etal. 2017,
Fordyce etal. 2018). The high prevalence of umbilical infections
in newborn lambs is likely related to the impaired immunity
of the animals due to the low ingestion or poor quality of
colostrum and inadequate antisepsis of the umbilical cord
in the first days after birth (Giadinis et al. 2009, Gunn et al.
2015, Ratanapob et al. 2020).

In the current study, the high bacterial complexity
was identified in diseased lambs, with a predominance
of the enterobacteria group, particularly Escherichia coli.
Enterobacteria constitute the main isolated group of
microorganisms in animals with umbilical infection, in pure
culture or association. The predominance of enterobacteria
and other Gram-negative pathogens infecting the umbilical
cord of lambs in the present study is consistent with similar
studies conducted on calves in Colombia (Cardona et al.
2011), Iran (Faradonbeh & Faradonbeh 2016), and Brazil
(Martins et al. 2023). This finding can be attributed to the
high exposure of the navel in the first days postpartum to
environmental pathogens (i.e., soil, feces, organic matter,
and water), especially E. coli (Quinn et al. 2011, Steerforth
& Van Windem 2018).

E. coliis characterized by high versatility and adaptability
to different biomes, possesses high genetic diversity, clonal
variety, complexity of virulence factors, and resistance to
conventional antimicrobials (Jang et al. 2017, Denamur et
al. 2021). Pathogenic E. coli is classically subdivided into
enteric and extraenteric (ExPEC), and presents a wide
variety of virulence factors, including toxins, fimbriae/
adhesins, invasines, iron-uptake systems (siderophores), and

mechanisms of serum resistance (Jang etal. 2017, Sarowska et
al. 2019, Denamur et al. 2021). In this context, a recent study
in Brazil investigated virulence genes related to EXPEC from
E. coliisolated from calves with umbilical infections and their
association with the clinical severity scores of the cases, and
revealed a predominance of serum resistance genes (traT
and ompT) and a high frequency of severe cases (score 3).
However, the specific gene profile assigned to the disease
was not identified (Martins et al. 2023).

The purpose of standardizing clinical severity scores for
cases of umbilical infections in calves has been proposed
over the last two decades (Steerforth & Van Winden 2018,
Martins et al. 2023). In turn, no studies have investigated the
severity scores of umbilical infections in lambs, a fact that
may be considered a main motivation of the present study.
In this regard, we adapted, for the first time, the clinical
severity scoring of umbilical infections in bovine calves for
use in lambs, and a significant difference (p = 0.0039) was
found between the isolation of E. coli and moderate and
severe clinical scores.

Lipopolysaccharides (LPS) are major components of the
external membrane of Gram-negative bacteria, including E.
coli. The lipid A fraction of LPS is liberated with the death
of E. coli by the immune response of hosts. The liberation of
lipid A increases vascular permeability and activates strong
inflammatory precursors, such as tumoral necrosis factor (TNF)
and interleukins (which increase leucocyte chemotaxis), which
induce fever, respiratory distress, high cardiac rate, decubitus,
and death, caused by sepsis and endotoxic shock (Schukken et
al. 2012). In fact, the complexity of the inflammatory effects
caused by E. coli’s LPS is probably related to the higher scores
of clinical severities (2 and 3) observed in the present study
in diseased lambs.

Enterobacter, Hafnia, Klebsiella, Serratia, Providencia,
Proteus, and Pantoea species represented other enteric
Gram-negative bacteria found in the diseased lambs studied.
This finding reinforces the etiological complexity and impact
of enteric bacteria, which have an environmental origin, as
primary agents of umbilical infections in lambs (Faradonbeh &
Faradonbeh 2016). Similarly to calves, enterobacterial species
are likely acquired through high exposure of the umbilical
area of lambs to organic matter, feces, soil, dirt, water, and
from contaminated utensils in the immediate environment
of the animals (Martins et al. 2023).

Pseudomonas species are well-known opportunistic
bacteria associated with a wide range of clinical infections in
domestic animals, e.g., genitourinary, pulmonary, umbilical,
bone, ear canal, and enteric disorders (Quinn et al. 2011).
This microorganism is widely distributed in animal farm
environments (Quinn et al. 2011), favoring opportunistic
infections, which are mainly associated with watery biomes
(Schauer et al. 2021), including umbilical infections in
ruminants (Cardona et al. 2011, Faradonbeh & Faradonbeh
2016, Schauer etal. 2021). In this study, over 20 Pseudomonas
species were identified in diseased lambs, some of which
were probably described for the first time as primary agents
related to umbilical infections in lambs (e.g., Pseudomonas
azotoformans, Pseudomonas brassicacearum, Pseudomonas
corrugata, Pseudomonas extremorientalis, and Pseudomonas
stutzeri). This finding could be attributed to the use of the mass
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spectrometry technique for diagnosis, which presents a high
ability to distinguish bacterial species (Gongalves etal. 2014).

Staphylococci and streptococci are classified as a complex
group of Gram-positive cocci that inhabit the skin, conjunctiva,
and mucous membranes of animals and humans and are
related to a variety of purulent clinical manifestations (Quinn
etal. 2011, McCulloch & Mamizuca 2015). Previous studies
with neonatal lambs (Rutherford et al. 2014, Smistad et al.
2020) and calves (Cardona et al. 2011, Martins et al. 2023)
described staphylococci and streptococci species as frequent
pathogens in umbilical infections. Conversely, in the present
study, Staphylococcus and Streptococcus species were isolated
at low frequencies. These discrepancies in the frequency of
umbilical infections could be attributed to the differences
in the management practices adopted, especially regarding
antisepsis procedures for the umbilical cord in the first days
of life (Faradonbeh & Faradonbeh 2016, Salci et al. 2017,
Steerforth & Van Winden 2018). Despite the low frequency,
the isolation of staphylococci and streptococci species as
primary agents of umbilical infections in lambs emphasizes
the need for preventive/control measures against infectious
omphalopathies on farms studied, particularly antisepsis
approaches involving the umbilical cord (Martins et al. 2023),
owing to the presence of these microorganisms in the skin
and mucous membranes (Quinn et al. 2011), including the
umbilical region of domestic ruminants (Martins et al. 2023).

Enterococcus species were other Gram-positive bacteria
found in the sampled lambs. This bacterial group inhabits the
digestive tract of animals and humans and is also present in the
environment of farms (Quinn etal. 2011), causing opportunistic
infections, including omphalopathies in calves (Martins et al.
2023). The identification of different Enterococcus species
in diseased lambs reinforces the etiological complexity of
umbilical disorders in domestic ruminants.

Rutherford etal. (2014), Ribeiro etal. (2015), and Constable
et al. (2017) referred to Trueperella pyogenes as a frequent
pathogen in umbilical infections of neonatal ruminants in the
United Kingdom, Brazil, and the USA, respectively. However,
in the present study, T pyogenes was not isolated, which could
be credited to the variations in husbandry practices, housing
conditions, control of flies, and antisepsis approaches of the
navel on the farms studied.

Even though fungal/yeast isolation was presented at low
frequency and in coinfections with bacteria, it should also be
considered in diagnostic approaches as a primary cause of
umbilical infections in lambs, owing to the presence of these
microorganisms in the farm environment (Quinn etal. 2011).

Most studies on the etiology of umbilical infections in lambs
(Holmgy et al. 2012, Faradonbeh & Faradonbeh 2016) have
been based on conventional methods involving phenotypic
identification of the microorganisms (Giadinis et al. 2009,
Ribeiro et al. 2015). Nonetheless, in the present study, the
pathogens were identified at the species level using a molecular
method based on mass spectrometry. The MALDI-TOF MS
technique enables reliable identification of microorganisms
in the current study, due to the high discrimination power to
distinguish bacteria and yeasts at the species level (Tsuchida
et al. 2020). In this regard, to our knowledge, many species
of bacteria were identified for the first time in the current
study as agents of umbilical infections of neonatal lambs,
e.g., Raoultella terrigena, Rahnella aquatilis, Massilia oculi,
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Achromobacter mucicolens, Acinetobacter radioresistens,
Arthrobacter globiformis, Arthrobacter gandavensis, Kluyvera
ascorbata, Kluyvera cryocrescens, Leclercia adecarboxylata,
Siccibacter turicensis, Oceanobacillus profundus, and
Wickerhamomyces anomalus.

Among all animals studied, 3.9% of samples from clinical
cases of umbilical infections were negative, which could be
attributed to agents that need special conditions of isolation
or aseptic inflammation, i.e., caused by trauma or parasites,
which were not investigated in the present study (Constable
etal. 2017).

In relation to lambs without apparent signs of umbilical
infections, a predominance of Gram-positive bacteria was
identified (Wei et al. 2023). Desemzia incerta was the most
frequent microorganism isolated from animals without apparent
signs of umbilical infection. It has been isolated from meat,
fish, and dairy products (Batt & Tortorello 2014) and from
the oral cavity of humans (Adhikari et al. 2017). Nonetheless,
the lack of reports identifying D. incerta in sheep limits the
evaluation of the impact of this bacterium on the microbiota
of the umbilical cord of neonatal lambs.

For enterobacteria and Pseudomonas species isolated
from diseased lambs, marbofloxacin exhibited high efficacy,
whereas for Streptococcus, Staphylococcus, and Enterococcus
species, gentamicin, amoxicillin/clavulanic acid, and ceftiofur
showed moderate efficacy. These findings indicate that, in
general, these antimicrobials may be considered options for
the treatment of umbilical infections in lambs in the studied
region.

In general, bacteria isolated from umbilical infections
in lambs showed > 30% in vitro resistance to ampicillin,
tetracycline, and sulfamethoxazole/trimethoprim. This result
is expected because these drugs have been used in therapeutic
approaches for domestic ruminants for more than 40 years,
which may increase the selective pressure on multidrug-resistant
isolates (Giguere etal. 2010). In addition, approximately 20%
of the bacterial isolates were multidrug resistant, mainly the
Gram-negative ones, which is considered a global emerging
issue in animals and humans (WHO 2022, Donkor et al.
2023), reinforcing the need for proper antimicrobial use in
therapeutic approaches in domestic animals, including the
adoption of previous in vitro antimicrobial susceptibility tests
prior to treatment procedures (Giguére et al. 2010).

Among all diseased lambs, data on outcomes were available
for 47% of the animals, and many developed severe clinical
signs (i.e., pneumonia, arthritis, sepsis). Subsequently, they
died, probably due to complications secondary to umbilical
infections (Dunne 2021). The high mortality related to
umbilical infections in lambs is consistent with the findings
of a similar study in Morocco (Chaarani et al. 1991). In this
regard, a significant association (p < 0.001) was observed
between moderate and severe scores of umbilical infections
among lambs sampled, indicating that these high-severity
scores are related to poor prognosis or fatal outcomes.

Considering the economic losses to farmers related to
umbilical infections and the high mortality of neonatal lambs
(Windeyer etal. 2014, Toraetal. 2021), it is necessary to adopt
measures for control/prevention of the disease on the farms
studied, especially adequate umbilical antisepsis of neonatal
lambs and proper colostrum intake in the first hours of life
(Windeyer et al. 2014, Faradonbeh & Faradonbeh 2016,
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Rajamohan et al. 2025). In addition, preventive measures
should be focused on the environment of lambs, e.g., daily
feces and organic matter removal (avoiding excess humidity
in pens), and providing a clean and dry place in husbandry,
owing to the high occurrence of enterobacteria and other
Gram-negative bacteria that inhabit the farm environment,
which represent a high risk of diseases to the lambs, including
umbilical infections.

The convenience sampling of apparently healthy lambs, the
lack of outcome/complication data, the missing information
on the age and gender of some animals, the use of phenotypic
methods for fungal identification, and the non-investigation of
the virulence factors in the E. coli isolates may be considered
limitations of the current study.

CONCLUSIONS

A great complexity of bacterial species was identified
by mass spectrometry in neonatal lambs with umbilical
infections. Escherichia coli was the predominant agent in
diseased neonatal lambs and was significantly associated
with moderate and severe clinical severity scores. Likewise,
a great complexity of bacteria was also found in the newborn
lambs, without apparent umbilical signs. Additionally, 20% of
bacteria isolated from umbilical infections were multidrug-
resistant, indicating the need for rational use of antimicrobials
in treating approaches to this disease. High mortality (58%)
was observed in lambs with clinical complications of umbilical
infections, highlighting the losses of the disease on farms.

This study contributes to molecular identification of the
etiology, clinical severity scoring, and in vitro antimicrobial
profile of umbilical infections in lambs, as well as microbiota
identification of the umbilical cord of apparently healthy lambs.
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