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A colibacilose aviaria é uma doenca infecciosa causada pelo agente Escherichia coli, que
ocasiona elevada morbidade e diminuicdo de produtividade. Com a proibicdo da utilizacdo de
antibidticos na producdo animal, a utilizacdo de extratos vegetais com propriedades
antimicrobianas, vem se destacando, em especial, a curcumina, principio ativo da planta
Curcuma longa, que ja possui efeito antimicrobiano, acdo antioxidante e anti-inflamatoria
comprovados. Desta forma, o objetivo foi determinar os impactos da doenga na produgéo
avicola e os efeitos da utilizagdo da curcumina via dieta. Para isso, foram realizados trés
experimentos distintos. No experimento 1, foram utilizadas galinhas poedeiras com infecgéo
natural por E. coli, divididas em grupo controle (sem sinais clinicos) e infectados (com
diarréia e apaticas), com 40% de postura diaria, sendo o agente infeccioso isolado de
amostras fecais e tecido (ovario, figado e peritdnio), submetido ao teste de suscetibilidade
antimicrobiana e instaurado o tratamento com norfloxacina por trés dias. Antes do
tratamento, as aves do grupo infectados apresentavam niveis elevados de lipoperoxidacao
(LPO), superoxido dismutase (SOD), glutationa peroxidase (GPx), creatina quinase (CK) e
piruvato quinase (PK). Apds o tratamento, os niveis de LPO permaneceram mais altos em
aves com doenca clinica, enquanto SOD e GPx néo diferiram entre 0s grupos, ja a producao
elevou-se para 90%. Experimento 2, utilizamos 36 galinhas poedeiras com colibacilose,
divididas em grupo controle (aves alimentadas com racdo basal) e grupo curcumina (aves
alimentadas com racdo basal + 200 mg de curcumina/kg/racéo). Fezes e ovos apresentaram
menor contagem bacteriana total, coliformes totais e E. coli quando administrado a
curcumina aos 21 e 42 dias. Em ovos frescos, a luminosidade e a intensidade de amarelo da
gema foram maiores para grupo curcumina, bem como para ovos armazenados: maior
densidade especifica, altura do albimen, menor pH da gema, menores niveis de peroxidacao
lipidica e maior capacidade antioxidante total, indicando melhor qualidade dos ovos.
Também para o grupo curcumina foi observada menor contagem total de leucdcitos,
neutrofilos e linfocitos, menores niveis de proteina total, fosfatase alcalina e alanina
aminotransferase, garantindo melhor saude dos animais pelo efeito anti-inflamatério e
antioxidante obtido. No experimento 3, utilizamos vinte matrizes de corte juvenis, divididas
em dois grupos: grupo infectado intraperitonealmente (1 mL contendo 1,5 x 108 UFC de E.
coli) e grupo controle (aves ndo infectadas). Apds 10 dias da infeccdo, houve menor
crescimento e ganho de peso das aves infectadas, com desenvolvimento de pericardite,
congestdo hepatica e infiltrados inflamatorios periportais moderados com predominancia de



neutrofilos, nimero maior de leucdcitos totais, linfocitos, heterdfilos e mondcitos, bem como
niveis significativamente mais altos de proteinas e globulinas enquanto que os valores de
albumina diminuiram no mesmo periodo. Para biomarcadores oxidativos séricos, niveis de
peroxidacdo lipidica (TBARS) e radicais livres (ROS) foram significativamente maiores,
assim como a atividade da glutationa S-transferase (GST) durante o mesmo periodo para
grupo infectado. Os niveis de radicais livres e de tidis proteicos a nivel hepatico foram
significativamente maiores nas aves infectadas, bem como atividade de catalase e superdxido
dismutase. No baco, apenas a atividade Glutationa S-Transferase foi significativamente
maior no grupo infectado, ao contrério do cérebro, onde a atividade de superoxido dismutase,
niveis de radicais livres e de tidis ndo protéicos foram significativamente maiores nas aves
infectadas do que no grupo controle. A atividade da acetilcolinesterase (AChE) no cortex
cerebral foi menor no grupo infectado do que no controle; houve um aumento na atividade de
nucleosideo trifosfato difosfohidrolase (NTPDase), 5'-nucleotidase e adenosina desaminase
(ADA), possivelmente indicando maior hidrolise de adenosina trifosfato (ATP) (P <0,001),
adenosina difosfato (ADP) (P <0,01) e adenosina monofosfato (AMP) (P <0,01), seguidos
por aumento da desaminacdo da adenosina (P <0,001). Apesar disso, nenhum animal
apresentou sinais clinicos da doenca durante todo periodo experimental. Diante disso,
concluimos que a infecgdo por E. coli em aves de producdo causa estresse oxidativo nos
animais, diminui significativamente producdo e afeta as enzimas responsaveis pela
neurotransmissdo e imunomodulacdo, como acetilcolina, adenosina trifosfato e adenosina
desaminase. A curcumina possui efeito antimicrobiano atuando no controle da infecgéo,
melhora a qualidade microbioldgica e fisico-quimica de ovos, bem como a salude dos aimais
pelo seu efeito antioxidante e anti-inflamatorio, sendo um aditivo natural com alto potencial
para utilizacdo na alimentacdo de aves.

Palavras-chave: aditivos naturais, avicultura, curcumina, colibacilose, comportamento
animal, estresse oxidativo, producéo animal.
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Curcumin is an herbal component with several biological properties, and we highlight here the thermal stability,
antioxidant and anti-inflammatory activity. We determined whether curcumin supplementation in the diets of
laying hens under cold stress and naturally infected with Escherichia coli would control infection, and would have

5\1];.)otperox1danon positive effects on overall health, as well as egg production and quality. We allocated 36 chickens that had been
mter . . . . . . . Py
Turmeric naturally infected with E. coli into two groups, with six replicates and three chickens per repetition: control group

and curcumin group (200 mg curcumin/kg). The experimental period lasted 42 days, and fecal, blood and egg
samples were collected at 1, 21 and 42 days We found that feces and eggs had lower total bacterial counts, E. coli
counts and total coliform counts in the curcumin group at 21 and 42 days. In fresh eggs, the brightness and
yellow intensity (b+) were significantly higher in the curcumin group. In stored eggs, higher specific gravity,
albumen height and lower yolk pH were observed in the curcumin group. Fresh eggs collected and stored on day
42 showed lower levels of lipid peroxidation in the curcumin group, while the total antioxidant capacity in the
stored eggs was significantly higher in the curcumin group. The curcumin group showed lower total leukocyte
counts as a result of lower numbers of neutrophils and lymphocytes, as well as lower levels of total protein,
alkaline phosphatase and alanine aminotransferase. Lower serum lipoperoxidation at 42 days was observed in
the curcumin group, probably because of the higher activity of glutathione peroxidase and glutathione trans-
ferase in other words, because of antioxidant stimulation. Taken together, our findings suggest that curcumin
supplementation in laying hens under cold stress and with colibacillosis has positive effects on infection control
because of antioxidant stimulation.

1. Introduction curcumin that is extracted from Curcuma longa, commoly known as

turmeric. Curcumin has antimicrobial (Sarkar and Mukhopadhyay,

Avian colibacillosis, caused by Escherichia coli, is one of the major
causes of losses in the poultry industry, affecting the entire production
chain. Control of colibacillosis has become complicated because of
recent difficulties with prohibition of antibiotics in animal feed. In
response natural alternatives with antimicrobial properties are being
sought to maintain levels of production and quality of products (Yesil-
bag et al., 2013). In particular, there has been a sharp rise in studies of
phytogens, essential oils, herbal components and extracts that are added
to poultry feed, particularly those that can improve bird performance
and egg quality (Botsoglou et al.,, 2012). Of particular interest is

* Corresponding author.
E-mail address: aleksandro_ss@yahoo.com.br (A.S. Da Silva).
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2016) and antioxidant properties (Akinyemi et al., 2017), as well as
activities as a growth promoter and animal performance enhancer
(Dono, 2013). Some years ago, curcumin was considered a feed additive
and was released for wide use in animal feed (Rajput et al., 2013);
nevertheless, there remains a lack of studies of the positive and negative
effects of curcumin in animals.

Curcumin’s ability to prevent intestinal colonization of pathogenic
bacteria is a most desirable property in animal production since it pro-
motes an imbalance in the microbiota, mainly against experimentally
inoculated bacteria (Nascimento et al., 2019). In addition to its
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This study aimed to determine whether the addition of Ilex paraguariensis residue to the basal diet of laying hens
improves bird health, production, fatty acids, egg quality, and transfer of chlorogenic acids to the egg. One
hundred twenty birds of the Hy-line lineage were used, divided into five groups with six replicates and four birds
per replicate, as follows: TO (control group, without IPPR supplementation), T0.5 (basal diet plus 0.5% of IPPR),
T1 (basal diet plus 1% IPPR), T1.5 (basal diet plus 1.5% IPPR), and T2 (basal diet plus 2% IPPR), for two
consecutive cycles of 21 days each. The productive performance of the birds, physicochemical composition of
eggs, fatty acid profile, the concentration of chlorogenic acids in eggs, leukocyte count, serum biochemistry,
oxidant and antioxidant status, total bacterial count in eggs, and feces were evaluated at 21 and 42 days of the
experiment. The addition of IPPR to the birds’ diet no-change eggs production and feed conversion. In the egg
yolks of birds that consumed IPPR, there were chlorogenic acids. There was a reduction in the total bacterial
count in the feces and eggshells of the birds that received 2% of the IPPR. IPPR intake also reflected a reduction
in total saturated fatty acid levels and increased monounsaturated fatty acids. These findings suggest that IPPR is
a compelling alternative for laying hens; however, its ingestion also has negative effects that are discussed in
below. Chlorogenic acids in the egg are desirable, as these phenolics have nutraceutical effects in humans.

1. Introduction

In the 21st century, the use of herbal medicines in industrial poultry
farming has advanced primarily due to these products’ antioxidant and
antibacterial activities (Kungel et al., 2018). Ilex paraguariensis (IP),
known as yerba mate, is native to South America, where it is widely
consumed in infusions such as chimarrao, mate tea, and terere (Fayad
et al., 2020). The consumption of yerba mate and its various components
provide benefits such as neuroprotective activity (Cittadini et al., 2015),
and antimicrobial, anti-inflammatory, antioxidant (Burris et al., 2015;
Kungel et al., 2018), anti-obesity, and microbiota modulation (Wang

et al., 2019). The primary bioactive substances found in I. paraguariensis
are chlorogenic acids, present in the order of 10% (on a dry basis) in
leaves (Meinhart et al., 2017) and plant residue (Lorini et al., 2021;
Frizon et al., 2015), in addition to saponins present in leaves (Petroselli
et al., 2019) and plant residue (Lorini et al., 2021), methylxanthines
present in leaves and stems (Meinhart et al., 2019) and carotenoids
present in leaves (Silveira et al., 2016).

In addition to the high concentration of phenolic compounds present
in L. paraguariensis, the plant possesses essential micronutrients such as
magnesium, manganese, potassium, calcium, vitamins, and essential
amino acids (Rossi and Lozano, 2020). Incorporating neglected and

* Corresponding author at: Graduate Program of Animal Science, Universidade do Estado de Santa Catarina, Chapeco, SC, Brazil.
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this problem in poultry, antibiotics are used in the feed, because E. coli is component of the intestinal microbiota
of birds. However, because of the changing dietary habits of the human population that seeks out healthier foods
without antimicrobial residues, there have been many studies of alternatives to replace conventional antimi-
crobials as performance enhancers. Thus, the objective of the present study was to determine whether daily
consumption of a homeopathic product (immune stimulator) by broilers stimulates immune responses and
thereby minimizes the negative effects of experimental E. coli infection. We used 320 1-day-old Cobb 500 chicks,
distributed in two groups with eight repetitions each, and 20 birds per repetition: control (CG) and homeopathy
(HG). HG birds consumed doses of 0.02 mL/bird/day (1-7 d) via water, 0.01 ml/bird (8-21 d), 0.02 ml/bird
(22-28 d), 0.01 mL/bird (29-35 d), and 0.02 mL/bird (35-45 d), as recommended by the manufacturer. At day
22 of the birds’ life, the two groups were divided into four subgroups, with four repetitions per subgroup. On day
22, birds in CG1 and HG1 groups were infected intraperitoneally with 0.5 mL of inoculum containing 1.0 x 10°
CFU of E. coli/mL. During the experimental period, data were collected for analysis of performance. On days 21
and 45 of age, we collected blood and feces. During the first 21 days of the experiment, we found that birds that
consumed the immunostimulator had lower neutrophil counts and higher levels of globulins, however without
significant difference between groups in terms of performance. Uninfected birds that consumed the homeopathic
product in the water had less feed conversion (HG2) between days 1-35 and 1 to 45 compared to the other
treatments. Mortality was higher in groups experimentally infected with E. coli (HG1 and CG1) from 22 to 35
days of life. There were greater numbers of lymphocytes in the HG2 group on day 45 than in CG1 and CG2; while
numbers of neutrophils were lower at 42 days in birds of groups HG1 and HG2 than in CG1. Lower total bacterial
counts, total coliforms and E. coli were observed in the feces of birds in the HG2 group compared to the other
groups. Taken together, these findings suggest that inclusion of homeopathic product in the water of broilers had
positive effects on the modulation of the immune response and on feed conversion in birds not challenged with
E. coli. But the preventive protocol used in this study was not able to minimize the negative effects caused by the
experimental E. coli intraperitoneal infection in broilers, featuring a substantial infectious challenge.

1. Introduction Escherichia coli that is present in the gastrointestinal tract of humans and
animals. E. coli is a part of the intestinal microbiota, and in cases of
Poultry colibacillosis is caused by the gram-negative bacterium imbalance, it can act as an opportunistic microorganism [1]. There are
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ABSTRACT

Escherichia coli is a bacterium normally found in the gastrointestinal tract of domestic animals that can usually
control the infection. Nevertheless, some factors (high exposure, stress conditions, animal category, among
others) can favor the exacerbation of E. coli infection and cause of disease. Because it is a zoonotic bacterium, it is
important to control the infection, avoiding contamination of home interiors in the case of pets. There are
various forms of treatment for E. coli; nevertheless, there are few options for prevention. In the present study, we
evaluated homeopathy. Thus, the objective of this study was to determine whether administration of a pro-
phylactic homeopathic in water would minimize the negative effects of E. coli infection, as well as reducing
bacterial counts in the feces of a experimental model. Forty mice were divided into four experimental groups
(n = 10/group). Groups NC (negative control) and PC (positive control) were not treated; in group T1, the
animals received 0.002 mL/day/animal of the homeopathic in water, and animals in group T2 0.004 mL/day/
animal. The experiment lasted 54 days, and on the 31st day, mice of T1, T2 and PC groups were infected orally a
0.2 mL inoculum of 1.5 x 108 CFU of E. coli. Euthanasia and sample collection were performed on the 40th and
54th days of the experiment (n = 5/group/time point). Blood, liver, spleen, intestine, and feces samples were
collected from the final portion of the intestine. There was no significant difference in animal weight between
groups at the end of the experiment. Neutrophil count was lower in PC group animals on day 40, while on day
54, the counts were lower in T2 and PC. Lymphocyte counts were lower only in the PC group than in the NC
group on day 54. Globulins were lower in the NC and PC groups than in T1 and T2 on day 40, remaining lower
the PC group and higher in T1 on day 54; levels of immunoglobulin IgG and IgM were higher in groups T1 and
T2, which differed from PC and NC. TNF-a levels were higher in the T1 and T2 groups at 40 and 54 days. INF-y
levels were higher in T1, T2, and PC compared to NC on day 40, remaining higher than NC in groups T1 and T2
on day 54. Total bacterial count, total coliforms and E. coli counts were lower in group T1 and higher in NC and
PC on days 40 and 54, when they were lower for T1 and T2. Histologically, no lesions were observed in extra-
intestinal tissues; however the height of intestinal crypts in the PC group was smaller than the others on day 40.
On day 54, villi and crypts of all infected groups were larger in T1 and T2 than in NC; sizes in the PC group were
higher than those of all other groups. These data suggest that the homeopathic agent in the drinking water
improved health of the mice.

1. Introduction

disease [1,2]. In dogs, the most common extra-intestinal infections are
urinary tract infections and pyometra [1,3], as well as meningoence-

Escherichia coli is a commensal bacillus of the gastrointestinal tract phalitis and sepsis [4]. In addition to damage to the infected animal
in healthy humans, birds and mammals; however, in immunologically itself, there is risk of zoonotic transmission to humans as well. Studies
compromised hosts, E. coli can cause intestinal or extra-intestinal demonstrating identical pathogenic strains in dog feces and human
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ABSTRACT

The objective of this study was to determine whether curcumin and a commercial microencapsulated phytogenic
supplement containing thymol, cinnamaldehyde and carvacrol in broiler chicken feed would improve health and
meat quality (fatty acid profile), as well as to determine the coccidiostatic and bactericidal potential of the
additives. The broiler chickens were divided into five groups: NC — negative control feed; PC — positive control;
CU — with 50 mg/kg of curcumin, PHY - 100 mg/kg phytogenic; and PHY + CU, a combination of both additives
at 50 mg/kg (curcumin) and 100 mg/kg (phytogenic). We observed significantly higher levels of total proteins
associated with increased circulating globulins, as well as lower levels of uric acid, cholesterol and triglycerides
in the PHY + CU group than in the NC. There were significantly fewer oocysts in birds supplemented with
additives in the NC group on day 21; on day 35, the NC, PHY and PHY + CU groups had significantly lower
counts than the PC and CU groups; however, at 44 days, the lowest counts were in PC group. The bacterial counts
were significantly lower on day 21 in all groups that received additives than those of the control group; however,
at 44 days, the bacterial and Escherichia coli counts in these groups were significantly higher than those of the
control. Curcumin with or without phytogenic agent improved meat quality, with increased antioxidant levels
and reduction of lipid peroxidation. There were significantly lower total saturated fatty acid levels and sig-
nificantly greater monounsaturated/polyunsaturated fatty acid levels in broilers that consumed additives in-
dividually and in combination. The combination of additives significantly increased the crypt/villus ratio, a
marker of improved intestinal health and performance. Additives potentiated their individual effects, suggesting
they can replace conventional growth promoters without compromising health, intestinal mucosa or meat

quality.

1. Introduction

bacterial resistance [2]. Among the leading causes of poor performance
in poultry farming are gastrointestinal problems caused by Eimeria spp.,

Feed supplements and additives are used to control pathogens, Salmonella spp., Clostridium spp. and Escherichia coli, that are controlled
improve zootechnical indexes, maximize feed efficiency and increase using antimicrobial and coccidiostatic agents added to the feed. Most of
animal production [1]. Nevertheless, antibiotics and coccidiostatics these drugs are being banned for use in production systems, as has been
may cause undesirable effects, including tissue bioaccumulation and the case in the European Union since 2006 [3]. As a result, natural
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The aim of this study was to determine the effects of the inclusion of yellow strawberry guava leaf extract (SGLE)
as an additive in laying diets on productive performance, immunity, metabolism, and antioxidant response of
semi-heavy laying hens (Isa Brown), as well its effects on egg quality. Five treatments with different SGLE levels
(0.0, 0.05, 0.10, 0.15, and 0.20/kg feed), five repetitions per treatment, and three birds per repetition were used.
The addition of increasing levels of SGLE linearly reduced total bacterial count (TBC) in feces. The number of
total leukocytes was lower in the blood of chickens that consumed SGLE due to the lower number of heterophiles,
eosinophils and lymphocytes. The inclusion of SGLE in the diet stimulated the activity of glutathione S-trans-
ferase and reduced serum lipid peroxidation (LPO) levels. A linear effect in the fresh eggs of the chickens that
consumed SGLE was observed, that is, we recorded lower TBC and Escherichia coli counts in the shells, as well as
greater total antioxidant capacity (ACAP) in the yolk. In eggs stored for four weeks, we founder lower albumen
pH and lower LPO of yolks when the birds consumed SGLE, associated with greater specific gravity of the egg and
ACAP levels of the yolks. The conclusion of this study was that the inclusion of SGLE produced better quality
eggs, characterized by internal oxidative stability and less bacterial contamination in the shell, both of which
desirable effects from the standpoint of the consumer.

1. Introduction

Raising laying hens requires efficient strategies for maintaining egg
production. Because of advances in genetic improvement, nutrition and
health control, birds now show better feed conversion, faster meta-
bolism, and greater longevity. Nevertheless, the increase in the pro-
duction of layers hens, associated with the challenge of production
systems, can trigger metabolic diseases and may impair immune re-
sponses (Da Silva et al., 2013). In these situations, pathogenic micro-
organisms may harm the birds. In laying hen production, antibiotics are
only used for the treatment of sick animals, because their residues
remain in the egg; for this reason, it is desirable to use natural additives
with antimicrobial properties to include in the diet as prophylactics.

Another challenge for laying poultry is the deterioration of eggs

during storage. Eggs are usually stored at room temperature, often in
environments with high thermal amplitudes throughout the day. It is
known that high temperature reduces the shelf life of foods such as eggs.
On the other hand, dietary addition of additives with antioxidant
properties can minimize these negative effects (Galli et al., 2018). For
this reason, several investigators have tested natural alternatives, aim-
ing to reduce the challenge to birds and to increase the useful life of their
eggs (Alves, 2017).

Among the options for additives are herbal extracts, of which
strawberry guava (Psidium cattleianum Sabine) may be an option. Yellow
strawberry guava belongs to the Myrtaceae family and to the genus
Psidium, a genus that has about 100 species, including fruit-producing
species, as well as species used for ornamentation or for the produc-
tion of wood. Another characteristic of the family is its medicinal
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RESEARCH ARTICLE
Abstract

The aim of the study was to determine whether the addition of vegetable biocholine (VB) in laying hens feed
minimises the effects of daily intake of aflatoxin B, (AFB,). We allocated Hy-line Brown line laying hens into four
groups with four replications/group and four birds/repetition. The treatments were as follows: Afla0Bio0: basal feed
without aflatoxin and VB (natural contamination: 0.026 mg AFB, /kg), Afla0Bio800, basal feed supplementation of
800 mg VB/kg (natural contamination: 0.024 mg AFB, /kg); Afla2.5Bio0, basal feed contaminated experimentally
with aflatoxin (2.51 mg/kg); Afla2.5Bio800, basal feed contaminated with aflatoxin (2.50 mg/kg) and supplemented
with 800 mg VB/kg. The experiment took place over a period of 42 days, divided into two cycles of 21 days each.
Significance was indicated by P<0.05. The inclusion of aflatoxin reduced egg production after 42 days of consumption
of contaminated feed. VB supplementation in the tested dose was insufficient to minimise the negative effects of
the toxin on the laying rate. There was a lower percentage of yolk in Afla2Bio0 than in Afla0Bio0, and a higher
percentage of albumen and specific gravity in Afla2.5Bio0 than in Afla0Bio0. Ingestion of aflatoxin in the feed increased
lipoperoxidation (LPO) and decreased antioxidant capacity in the egg yolk; however, when VB was added, LPO was
similar to the control. Lower total bacterial count (TBC) in the eggshell was observed when the birds consumed VB,
as well as higher TBC in the eggshell of the birds was challenged with aflatoxin. In the blood of birds that consumed
aflatoxin (Afla2.5Bio0) there was an increase in the activity of alkaline phosphatase and a reduction in the activities
of glutathione S-transferase and glutathione peroxidase (GPx). In the birds that consumed VB without aflatoxin
challenge, we observed that there was a stimulation of GPx activity. We conclude that the consumption of VB had
positive effects on the health of the laying hens and improved the quality of the eggs.

Keywords: poultry farming, aflatoxin, choline, laying hens, eggs

1. Introduction

The presence of mycotoxins in grains and feed and the
intake of these foods by farm animals has a substantial
impact on health and the economy. In laying poultry,
aflatoxin is the causative agent of mycotoxicosis, toxic to
birds by virtue of its carcinogenic, teratogenic, mutagenic,
and immunosuppressive properties (Migliorini et al. 2017).

Even in countries with advanced grain production and
storage systems, there is great difficulty in controlling
mycotoxins, evidenced by the fact that 25% of the world’s
grains are contaminated with aflatoxin (Bunzen and Haese,
2006).

Aflatoxin B,(AFB,) is produced by fungi of the genus
Aspergillus, which naturally develop in food products,

ISSN 1875-0710 print, ISSN 1875-0796 online, DOI 10.3920/WMJ2020.2592
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ARTICLE INFO ABSTRACT

Keywords: Improving the health and immunity of pets is a concern of the guardians, while maintaining the health of the
Pefs o animals directly impacts the owners’ health and public health. The objective of this study was to produce a dog
oxidative imbalance feed containing a microencapsulated phytogenic blend, as well as determine the impact of the additive on animal

?;:Eifimbial health and its intestinal microbiota. The composition included microencapsulated thymol, carvacrol, and cin-
Essentiatlyoils namaldehyde, at 300 mg/kg of feed. Ten male beagle dogs were divided into two groups, identified as follows:
Nutrition the control group (C; ingested the feed without the additive) and the treated group (T; consumed feed containing

the phytogenic blend). The dogs received 300 g of feed/day divided into two meals. Greater neutrophil counts in
group T and lymphocyte counts were observed at the end of the experiment, as well as levels of a2-globulins and
y-globulin, while 1 and 2-globulins levels were lower in group T. Serum nitrogen oxide levels were higher in
group T. Levels of reactive oxygen species were lower in group T at days 30 and 45, unlike activity of glutathione
peroxidase that was higher. We found less bacterial contamination in the feces of dogs in group T, i.e., total
bacterial count, total coliform counts, and counts of Salmonella and Escherichia coli were lower on days 30 and 45.
Phytogenic blend intake reduces bacterial counts in stool and improves antioxidant/oxidative status and immune
responses.

professionals are necessary to avoid zoonosis, most of which occurs
through fecal contamination [5], in addition to measures that reduce the

1. Introduction

The close contact between pets and humans has been redefining
social and even legal concepts. Indeed, dog-human families may be
regarded as “multispecies” [1]. Consequently, promoting the health and
well-being of animals has become a challenge for owners. The close
relationship with pets intensified in large urban centers, while simul-
taneously there is greater animal fecal contamination in cities [2] with a
consequent risk of infection to humans. Dogs serve as reservoirs for
Salmonella spp., Clostridium spp. Campylobacter spp. and Escherichia coli,
all of which possess documented zoonotic potential [3,4]. In this
context, recommendations by veterinarians and other public health

* Corresponding author.
E-mail address: aleksandro_ss@yahoo.com.br (A.S. da Silva).
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pathogenic burden in animal feces.

Essential oils are aromatic compounds from plants, herbs, and spices
that protect the plants from bacteria and insects [6]. These compounds
have been incorporated into animal feed because of their antimicrobial,
antioxidant, and digestive properties [7,8]. Special extracts and essen-
tial oils have been shown to increase total antioxidant capacity and
decrease oxidative stress markers such as malondialdehyde, which
reflect less cell damage and a lower degree of immune activation [8].
They are touted as potential alternatives to antibiotics and are associ-
ated with fewer side-effects [9]. Phytogenic containing carvacrol and
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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to determine whether the addition of microencapsulated organic acids
ACldlﬁer_S to replace conventional performance enhancers gives rise to adequate zootechnical performance,
Fatty acids quality of chicken meat and animal health. We used 640 birds, divided into four groups with eight
Antimicrobial

repetitions per group (n = 20), as follows: 1) negative control (NC): only basal feed; 2) positive
control (PC): basal feed with antibiotics and coccidiostatic agents; 3) dose recommended by the
manufacturer of organic acid according to the age of the birds (OA-R: days 1-21 — 3.0 kg/Ton;
days 22-33 - 2.0 kg/Ton; days 34-42 — 1.0 kg/Ton); 4) test dose of organic acid (OA-T: days 1-21
- 2.2 kg/Ton; days 22-33 — 1.5 kg/Ton; days 34-42 — 0.75 kg/Ton). Zootechnical performance
was measured on days 7, 21 and 42. Excreta were collected for parasitological analysis and total
bacterial count on days 21 and 42. Blood samples were collected at 42 days of age for
biochemical, hematological, and enzymatic analyses. At 42 days, eight birds per treatment were
euthanized for meat quality analysis and fatty acid profile measurement. Birds supplemented with
organic acids showed a production efficiency index equal to that of the PC (P < 0.05). There were
lower total bacterial counts in the OA—T group than in the NC and PC (P < 0.001) at 42 days. The
lowest excretion of oocysts was found in the PC, followed by the OA—T group compared to the
NC (P < 0.001) at 42 days. A higher villus:crypt relationship was observed in birds in the OA—T
group than in the PC (P < 0.01). There were lower levels of total saturated fatty acids in samples
from birds belonging to NC and OA—T (P < 0.01) than in PC; levels of polyunsaturated fatty acids
were higher in OA—R than in PC (P < 0.01). We conclude that the addition of the tested mol-
ecules maintains the productive efficiency index, while adding coccidiostatic and antimicrobial
activity, in addition to reducing the proportion of saturated fatty acids and increasing the pro-
portion of polyunsaturated fatty acids in the meat.

Coccidiostatic
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RESUMO

DETECCAO E IDENTIFICACAO MOLECULAR DE ESPECIES DE
SARCOCYSTIS EM TECIDOS DE ANIMAIS E SUA IMPORTANCIA PARA
SEGURANCA ALIMENTAR E SAUDE ANIMAL

AUTOR: Gilneia da Rosa
ORIENTADORA: Fernanda Silveira Flores Vogel

O género Sarcocystis apresenta distribui¢do mundial, ciclo heteroxeno, com trés espécies
conhecidamente zoonoticas: Sarcocystis suihominis, Sarcocystis heydorn e Sarcocystis
hominis, enquanto que Sarcocystis bertrami € relatado causando intoxica¢do alimentar
em humanos que consomem carne crua de cavalos. No Brasil, se tornou comum o
consumo de carne de javalis, fauna exotica invasora com caga legalizada como forma de
controlar sua superabundancia, esses animais além de atuarem como hospedeiros
intermediarios de S. suihominis e S. miescheriana podem albergar demais espécies ainda
nao documentadas. Adicionalmente nao € tipico no Brasil o consumo de carne de cavalos,
porém, o pais ¢ exportador dessa proteina aos paises consumidores asiaticos e europeus.
No entanto, dados de identificacao e ocorréncia de Sarcocystis spp. que infectam esses
animais sdo escassos. Dessa forma no artigo 1 investigamos a presenca de Sarcocystis
spp. em 108 amostras de tecidos de 24 cavalos do estado do Rio Grande do Sul. Cistos
teciduais microscopicos foram observados em trés amostras de lingua e esofago de dois
animais. Amostras de DNA dos cistos e de todos os tecidos foram submetidas a Nested-
PCR amplificando a regido 18SrRNA e os produtos obtidos submetidos ao Polimorfismo
de Comprimento de Fragmentos de Restrigdo (RFLP) utilizando enzimas Ddel e Hpall.
DNA de Sarcocystis spp. foi detectado em 67,6% (73/108) das amostras e em 91,7%
(22/24) dos animais amostrados. Os tecidos com maior frequéncia de deteccdo foram:
diafragma 92,3% (12/13), musculo gluteo 77,2% (17/22) e esofago 66,7% (4/6). No
RFLP, Sarcocystis spp. foi detectado em 21 tecidos de 11/22 equinos, € os cistos,
identificados por sequenciamento de nucleotideos como S. Bertrami. S. neurona foi
detectado em 11 amostras de 7/22 animais, com coinfec¢ao em 5/22 casos. Essa alta taxa
de detec¢dao indica a circulagdo preocupante do protozodrio, especialmente de S.
Bertrami, encontrado em todos os tecidos. Posteriormente, no artigo 2, na busca por
espécies zoonoticas e diante da importancia do consumo de carne de javalis no Brasil, um
segundo estudo foi conduzido, considerando também suinos criados extensivamente.
Nesse foram avaliadas molecularmente 210 amostras, deste total, 67 foram positivas para
Sarcocystis spp., representando 31,9% do total de amostras. Deste total 55 (82,1%) foram
identificadas por PCR-RFLP, utilizando a enzima Sspl, como S. miescheriana e 8 (11,9%)
como S. suihominis. Além disso, como contaminantes S. cruzi e S. hominis foram
detectados em 3% das amostras de embutidos. Todas as espécies foram confirmadas por
sequenciamento de nucleotideos. No artigo 3, como citado anteriormente, javalis podem
atuar como possiveis hospedeiros de espécies ainda ndo documentadas circulando em seu
organismo. Assim, descrevemos a detec¢do molecular de Sarcocystis neurona em tecidos
de javalis abatidos na fronteira Brasil Uruguai. Foram utilizadas 79 amostras de DNA
submetidas a reagdes de Nested-PCR com amplificacdo da regido 18SrRNA e posterior
PCR-RFLP com as enzimas Ddel e Hpall, 32 amostras foram positivas correspondendo
a 40,51% do total avaliado, a confirmagdo também foi realizada com amplificacdo da
regido ITS1 e sequenciamento. Entretanto, sdo necessarios mais estudos sobre o papel



desses animais como possiveis hospedeiros e fatores de risco para transmissdo aos
animais domésticos.

Palavras-chave: PCR-RFLP. S. bertrami. S. miescheriana. S. suihominis. Sus scrofa.



Veterinary Parasitology: Regional Studies and Reports 47 (2024) 100973

Contents lists available at ScienceDirect
Veterinary Parasitology: Regional Studies and Reports

journal homepage: www.elsevier.com/locate/vprsr

Original Article ' :.)

Check for

Sarcocystis in horses from Rio Grande do Sul, Brazil: Molecular |t
identification of Sarcocystis bertrami and Sarcocystis neurona in
muscle tissues

Gilneia da Rosa ?, Gabriela de Freitas Daudt?®, Isac Junior Roman?,
Juliana Felipetto Cargnelutti ® Luis Antonio Sangioni °, Mariana Martins Flores “, Fernanda
Silveira Flores Vogel

@ Laboratoério de Doengas Parasitarias (LADOPAR), Departamento de Medicina Veterindria Preventiva, Centro de Ciéncias Rurais, Universidade Federal de Santa Maria,
Av. Roraima, n° 1000, Prédio 63D, Bairro Camobi, Santa Maria, Rio Grande do Sul CEP 97105-900, Brazil
b Laboratério de Bacteriologia (LABAC), Departamento de Medicina Veterindria Preventiva, Centro de Ciencias Rurais, Universidade Federal de Santa Maria (UFSM),
Av. Roraima, n° 1000, Prédio 63D, Bairro Camobi, Santa Maria, Rio Grande do Sul CEP 97105-900, Brazil
¢ Laboratorio de Patologia Veterindria (LPV), Departamento de Patologia, Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul CEP 97105-900, Brazil

ARTICLE INFO ABSTRACT

Keywords: Horses are intermediate hosts of Sarcocystis spp. capable of forming cysts in their musculature. This study aimed
Horse meat to detect sarcocysts and investigate the presence of nucleic acids from Sarcocystis spp. in samples of striated
Protozoa

muscles from horses in the State of Rio Grande do Sul, Brazil, necropsied at the Veterinary Pathology Laboratory
of the Federal University of Santa Maria. A total of 108 samples were collected from 24 horses and examined
through direct examination. Microscopic tissue cysts were observed in three samples: tongue (2) and esophagus
(1) from two animals. Extractions were performed on the found cysts and tissues, even though sarcocystosis
detection was not present. DNA samples were subjected to Nested-PCR using Tg18s primers, and the amplified
products were subjected to Restriction Fragment Length Polymorphism (RFLP) using Ddel and Hpall enzymes.
DNA belonging to Sarcocystis spp. was amplified in tissues from 91.7% (22/24) of the equines, and 67.6% (73/
108) of the samples tested positive in the Nested-PCR reaction. The tissues with the highest detection frequency
were: diaphragm 92.3% (12/13), gluteal muscle 77.2% (17/22), and esophagus 66.7% (4/6). In RFLP, Sarcocystis
spp. was detected in 21 tissues from 11/22 equines, and cysts, identified through nucleotide sequencing, were
determined to be S. bertrami. S. neurona was identified in 11 samples from 7/22 animals, with co-infection
detected in 5/22 cases. The high detection rate indicates a concerning circulation of the protozoan, particu-
larly the zoonotic S. bertrami found in all tissues, which are commonly exported for human consumption.

Sarcocystis bertrami
Sarcocystis spp.

of tissue cysts containing bradyzoites in the musculature of intermediate
hosts (Gunn and Fraher, 1992; Rosenthal, 2021).
Horses are believed to be intermediate hosts for three members of the

1. Introduction

Protozoa of the genus Sarcocystis spp. exhibit a global distribution

due to a wide range of hosts that can be infected by at least one of their
species, including vertebrates, birds, reptiles, fish, and mammals (Lev-
ine, 1986; Dubey et al., 2015a, 2015b). Members of this genus, within
the Apicomplexa subphylum, have a two-host life cycle. While the sex-
ual cycle occurs in the intestinal epithelial cells of the definitive host, the
asexual cycle occurs in the endothelial cells of blood vessels, and after
several generations of asexual replication, it culminates in the formation

* Corresponding author.

Sarcocystis genus (S. bertrami, S. equicanis, and S. fayeri) capable of
forming cysts in their muscle tissue (Gunn and Fraher, 1992; Levine,
1986). Mature sarcocysts of S. bertrami, S. equicanis, and S. fayeri have
been described in these animals, and all these species have dogs as their
definitive hosts (Fayer and Dubey, 1982). Despite the importance of
Sarcocystis neurona as the etiological agent of equine protozoal mye-
loencephalitis, horses are considered aberrant/final hosts of this species,
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ARTICLE INFO ABSTRACT

Keywords:

PCR-RFLP

S. miescheriana

S. suihominis

Sus scrofa

Sus scrofa domesticus
Zoonosis

Sarcocystis spp. are protozoan parasites that form cysts in the organs and musculature of various animal species.
The species Sarcocystis miescheriana and Sarcocystis suihominis are pathogenic to pigs and wild boars (Sus scrofa),
acting as intermediate hosts, while humans are the definitive host for S. suihominis. To date, there have been no
reports of the identification of these coccidian species in Sus scrofa in Brazil. Therefore, in this study, we con-
ducted the first molecular identification of Sarcocystis species using PCR-RFLP and sequencing. A total of 210
samples were analyzed, of this total, 67 tested positive for Sarcocystis spp., representing 31.9% of the total
samples assessed. Out of the total positive samples, 55 (82.1%) were identified as S. miescheriana and 8 (11.9%)
as S. suithominis, a zoonotic species. Additionally, other species related to bovines, such as S. cruzi and zoonotic
S. hominis, were detected in 3.0% of the samples, serving as contaminants in the pork products. The presence of
S. suithominis in swine and wild boar samples is concerning due to the zoonotic risk and potential environmental
contamination, as humans act as definitive hosts, also for the presence of S. hominis as a bovine contaminant in
pork sausages. Furthermore, we confirmed the efficacy of the PCR-RFLP technique as a reliable tool for the
identification of Sarcocystis species, demonstrating its potential use in laboratories for molecular diagnosis and
rapid identification of these parasites, aiming to protect public health and ensure food safety.

1. Introduction

undercooked meat or meat products containing protozoan cysts (Fayer
et al., 2015; Rosenthal, 2021).

The genus Sarcocystis, belonging to the phylum Apicomplexa, en-
compasses over 200 known species with a global distribution. This
protozoan circulates among mammals, marsupials, birds, and reptiles,
exhibiting an obligatory predator-prey life cycle (Lindsay and Dubey,
2020), with infections generally being mild and asymptomatic, pri-
marily restricted to the gastrointestinal tract in the definitive host
(Lindsay and Dubey, 2020; Rosenthal, 2021).

To date, three species, Sarcocystis hominis, Sarcocystis heydorni, and
Sarcocystis suihominis, have been characterized as zoonotic, with humans
serving as definitive hosts and bovines as intermediate hosts for the first
two species, while pigs or wild boars act as intermediate hosts for the
third species. Infection occurs through the consumption of raw or

* Corresponding author.
E-mail address: fernanda.vogel@ufsm.br (F.S.F. Vogel).
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Other species of Sarcocystis are also of significant importance due to
their pathogenicity in production animals. In ruminants, Sarcocystis
cruzi, which has members of the Canidae family as definitive hosts, is the
most pathogenic species (Lindsay and Dubey, 2020). In acute infections,
it results in weight loss, fever, abortion, and anemia (Lopes et al., 2005;
Nakasato et al., 2008), infecting up to 100% of adult cattle in some
countries (Ferreira et al., 2018; Ghaffari et al., 2022).

In swine and wild boars, S. miescheriana, which also has canids as
definitive hosts (Moré et al., 2016), is the most reported species. In wild
boars, its high prevalence is facilitated by continuous transmission in a
sylvatic cycle between these animals and wild canids. In domestic pigs, it
is due to water and food contamination by sporocysts released in the
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Abstract

Sarcocystis neurona, owing to its clinical importance in domestic animals, is currently one of the most studied agents, pre-
senting a wide range of intermediate hosts that have not yet been described, mainly in wild fauna. Thus, the aim of this study
was to describe the detection and molecular detection of S. neurona by amplification of the 18S rRNA region in the tissues
of wild boars killed by boar control program in border Brazil Uruguay. A total of 79 samples of DNA from wild boar tissues
from the LADOPAR/UFSM sampling bank were used, with Nested-PCR reactions being performed for amplification of the
18S rRNA region and the expected final product of 290 bp. Subsequently, the positive samples were subjected to restriction
fragment length polymorphism (RFLP) technique with the restriction enzymes Ddel and HPAII. A second semi-Nested
reaction was performed to obtain a larger sequence of nucleotides with amplification of the 18S region and the expected
final product of 500 bp for S. neurona and Nested amplification ITS1 with product final of 367 pb. In 32 samples, it was
possible to detect S. neurona both by nested Nested-PCR reaction and RFLP, and the presence of the agent was confirmed
by sequencing, corresponding to 40.51% of the total tissues evaluated. This is the first report of the occurrence of this spe-
cies of Sarcocystis in wild boars, and further studies evaluating the role of these animals as intermediate hosts, and in the
epidemiology of this protozoan are necessary, as well as verifying the risk factors for infection.

Keywords Intermediate hosts - Molecular detection - Sarcocystis neurona - Wild boars

Introduction
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fernanda.vogel @ufsm.br

Considered as the main causative agent of Equine Proto-
zoal Myeloencephalitis (EPM) and responsible for sig-
nificant mortality in marine animals (Burgess et al. 2020),
S. neurona is currently one of the most studied protozoal
agents. Transmitted by opossums, Didelphis virginiana in
North America (Fenger et al. 1995) and D. albiventris in
South America (Dubey et al. 2001a), has as intermediate
hosts domestic cats (Hammerschmitt et al. 2020) sea otters,
armadillos, raccoons and horses (Dubey et al. 2001a; Bur-
gess et al. 2020).

However, its occurrence in several other animal species
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acting as intermediate or aberrant hosts remains to be inves-
tigated (Dubey et al. 2015a). In general, Sarcocystis spp.
are relatively specific hosts in their life cycle, however, this
specificity has been questioned in recent years with improve-
ments in molecular diagnostic techniques, done by polymer-
ase chain reaction (PCR) and Fragment Length Polymor-
phism technique of Restriction (PCR—RFLP) (Tanhauser
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Abstract

The aim of this study was to determine the presence of deoxyribonucleic acid (DNA) from Toxoplasma gondii, Sarcocystis
spp. and Neospora caninum, in tissues of wild boars slaughtered in southern Brazil. Atotal of 156 samples were collected
from different organs of 25 wild boars, and DNA from at least one of the protozoa investigated was detected in 79
samples. To differentiate between infectious agents, restriction fragment length polymorphism was performed using
the restriction enzymes Ddel and Hpall. For N. caninum, conventional PCR was performed with specific primers. The
DNA of at least one of the studied pathogens was detected in each animal: 26.58% for T. gondlii, 68.36% for Sarcocystis
spp. and 5.06% for N. caninum. Coinfection between T. gondii and Sarcocystis spp. occurred in 14 animals, between T.
gondiiand N. caninum in only one male animal, between Sarcocystis spp. and N. caninum in a female, while co-infection
with the three agents was equally observed in only one male animal. Considering the high frequency of detection and
its zoonotic risk, especially T. gondii, it appears that wild boars can be potential sources of transmission of infectious
agents and the adoption of monitoring measures in these populations should be prioritized.

Keywords: Apicomplexa, neosporosis, PCR-RFLP, 18S rRNA, sarcocystosis, Sus scrofa, toxoplasmosis.

Resumo

O objetivo deste estudo foi determinar a presenca de acido desoxirribonucléico (DNA) de Toxoplasma gondii,
Sarcocystis spp. e Neospora caninum, em tecidos de javalis abatidos no sul do Brasil. Foram coletadas 156 amostras
de diferentes 6rgdos de 25 javalis, sendo detectado o DNA de pelo menos um dos protozoarios pesquisados em
79 amostras. Para diferenciar entre os agentes infecciosos, o polimorfismo do comprimento do fragmento de
restricao, foi realizado usando-se as enzimas de restricdo Ddel e Hpall. Para N. caninum, a PCR convencional foi
realizada com “primers” especificos. O DNA de pelo menos um dos patégenos estudados foi detectado em cada
animal: 26,58% para T. gondii, 68,36% para Sarcocystis spp. e 5,06% para N. caninum. Coinfec¢do entre T. gondii e
Sarcocystis spp. ocorreu em 14 animais; entre T. gondii e N. caninum em apenas um animal macho; entre Sarcocystis
spp. e N. caninum em uma fémea, enquanto a coinfec¢do com os trés agentes foi observada igualmente em apenas
um animal macho. Considerando-se a alta frequéncia de detecg¢do e seu risco zoonatico, especialmente T. gondii,
constata-se que os javalis podem ser potenciais fontes de transmissdo de agentes infecciosos, e a adog¢do de
medidas de monitoramento nessas popula¢8es devem ser priorizadas.

Palavras-chave: Apicomplexa, neosporose, PCR-RFLP, 18S rRNA, sarcocistose, Sus scrofa, toxoplasmose.
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ARTICLE INFO ABSTRACT

Keywords: Due to the proximity of humans to the countryside and the progressive increase in populations of invasive
Tr}’PaHOS?m.iaSiS species, such as wild boars (Sus scrofa), the risk of disease spread is also exacerbated, some of which are zoonoses
Leishmaniasis caused by protozoa. In the present study, 75 tissue/organ samples from 25 wild boars obtained from authorized
Molecular detection hunting in th . £ Ri 1 I . . h ¢

Swine unting in the northern region of Rio Grande do Sul were evaluated to investigate the presence of Trypanosoma
One health spp. using conventional PCR with specific primers and amplification of the ITS1 region for Leishmania spp.

detection and species differentiation, multiplex PCR with kDNA minicircle amplification was performed. Try-
panosoma spp. DNA was detected in 11 out of 25 hearts, representing 44% of the culled animals. Regarding the
detection of Leishmania DNA, L. infantum was detected in one spleen sample, accounting for 4%, and L. ama-
zonensis in one liver sample from the same animal, also representing 4% (1/25) of the samples. It is important to
note that this wild boar, with detection for both L. amazonensis and L. infantum, also had Trypanosoma spp. DNA
detected in a heart sample, indicating the potential of this species to have multiple infections with these agents.
Furthermore, this is the first reported case of multiple infection in a wild boar with these agents. Therefore, the
results obtained reinforce the risk posed by invasive species, especially wild boars, as potential sources of in-
fectious agent dissemination and their role as possible reservoirs for numerous diseases.

Poly-infection

1. Introduction

In recent years, there has been an increase in the wild boar popula-
tion in Brazil, mainly in Rio Grande do Sul, causing economic losses and
damage to the local ecosystem (Ibama, 2020). According to Massei et al.
(2015), the wild boar population has also been gradually increasing in
other regions of the world, and such an increase can be considered a risk
to human and animal health, since this invasive species is a potential
reservoir and spreader of diseases (Miller et al., 2017). Therefore, wild
boars (Sus scrofa) may be involved in the cycle and dissemination of
several zoonoses and, due to their phylogenetic proximity to domestic
pigs (Sus scrofa domesticus), they deserve increased attention regarding

* Corresponding authors.

the transmission of microorganisms of importance in animal and human
health. (Machado, 2019).

Some microorganisms are of great relevance, both for animal and
human health, with Trypanosoma spp. and Leishmania spp. being
considered parasites of reemerging diseases (Pedroso and Rocha, 2009;
Sinan, 2008). According to the form of transmission, Trypanosomas are
divided into the Stercoraria section and the Salivaria section, with the
first being considered the contaminating form, which occurs through the
vector’s feces deposited near the bite. The second section acts in an
inoculative way, through mechanical transmission during the bite
(Hoare, 1964).

Still within the Trypanosomatidae family, the transmission form in
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Abstract

Canine visceral leishmaniasis (CVL) is a parasitic disease caused by the protozoan Leishmania infantum. Neurological
infection occurs due to the parasite's ability to cross the blood—brain barrier. It is known that dogs can remain infected with
a subclinical infection for life, potentially acting as reservoirs for L. infantum when bitten by sandflies. In this context, the
objective of this study was to evaluate the occurrence of Leishmania spp. in the brains of dogs from the metropolitan region
of Rio Grande do Sul, Brazil, without a history of neurological disease but residing in an endemic area for L. infantum. A total
of 200 samples, from 2022 to 2023, were evaluated using conventional Polymerase Chain Reaction (PCR) with the primers
Leishmini-F GGKAGGGGCGTTCTGC and Leishmini-R STATWTTACACCAACCCC, aiming to amplify a product of 120
base pairs for Leishmania spp. To identify the species, a multiplex PCR was used, differentiating L. braziliensis (127 bp),
L. amazonensis (100 bp), and L. infantum (60 bp), with the molecular target being the conserved region of the kinetoplast
DNA (kDNA) minicircle, specific to Leishmania spp. Of the 200 samples evaluated, 26.5% (53/200) tested positive in the
conventional PCR reaction for Leishmania spp., with the PCR multiplex the only species detected was Leishmania infantum.
The average age of the positive animals was 5.08 years, with 47.2% being females and 52.8% being males; among these,
mixed-breed dogs were the most predominant, representing 43.4% of the total. Clinical signs varied: hepatomegaly in two
dogs, pronounced neutrophilic hepatitis in one, splenomegaly in one with lymphoid hyperplasia, and glomerulonephritis
and nephritis in two animals. Mild anemia and thrombocytopenia were found in eight, with pale mucous membranes in
three, and diffuse alveolar edema in one case. Notable pathological findings included suspected distemper in one animal
and lymphoplasmacytic meningitis in another. Histopathological findings revealed alveolar edema and acute renal failure. A
third dog exhibited bilateral hydrocephalus and diffuse edema in the brain. Additional changes, such as mild inflammatory
infiltrate and slight vacuolar degeneration, were observed in 11.3% of the analyzed brains. There was no clinical suspicion
of leishmaniasis in any of the studied cases. Therefore, the detection of L. infantum DNA in the brains of dogs suggests that
animals with subclinical infection may play a crucial role in the spread of leishmaniasis, and infection by Leishmania spp.
should be considered as a differential diagnosis for neurological disease in endemic areas for the protozoan.

Keywords Brain - Neurological diseases - L. infantum - Multiplex PCR - Protozoa
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ARTICLE INFO ABSTRACT

Keywords:
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In this context, we evaluated the photodynamic effects of four cationic tetra-(pyridyl)porphyrins against Vaccinia
virus Western Reserve (VACV WR) and Monkeypox virus (MPXV). The porphyrins were initially analyzed for
cytotoxicity to Vero cells by MTT assay and the maximal non-cytotoxic concentrations were used in virucidal
assays. For virucidal assays, VACV-WR (107.5 TCID50/mL) and MPXV suspensions (106.97 TCID50/mL) were
incubated with porphyrins, exposed (or not) to white light conditions at 45 min. Aliquots of virus suspensions
were collected and quantitated, comparing the titers with those of virus suspensions not exposed to porphyrins
and/or to light. Porphyrins 4-PtTPyP, 3-HoTMeP and 4-H,TMeP exhibited light-dependent activity and
completely inactivated VACV-WR and MPXV after 5, 30 and 45 min of light exposure, respectively. In contrast,
derivative 3-PtTPyP inactivated the viruses even in the absence of white light exposure, a light-independent
virucidal activity. Virucidal assays were performed in the presence/absence of ROS scavengers. Ascorbic acid
(AA) was the only capable of completely inhibiting photodynamic inactivation by the three porphyrins. This
indicates a type II photodynamic mechanism by singlet oxygen (*03). These results demonstrated photodynamic
inactivation of poxviruses by tetra-cationic porphyrins, supporting their potential use - especially 4-PtTPyP - for
virus inactivation in many applications. These results also pave the way for testing porphyrin in PDT of poxvirus-
induced cutaneous lesions. In addition, our data validated the use of VACV as a in vitro model for targeted MPXV
virucidal testing.

1. Introduction offers a number of potential applications. These include the treatment of
cutaneous lesions caused by epitheliotropic viruses, such herpes simplex
virus (HSV) (Felber et al., 1973), human papillomavirus (HPV) (Hu

et al., 2018) and vaccinia virus (Orthopoxvirus vaccinia, VACV) (Basso

Photodynamic inactivation (PDI) has emerged as a promising anti-
viral strategy, especially in the context of newly identified viruses that

pose ongoing threats to human and animal health (Wiehe et al., 2019).
This scenario is further complex by the difficulty in identifying effective
antiviral drugs, the emergence of drug-induced viral resistance and the
biological damage caused by conventional chemical virucides (Irwin
et al., 2016). PDI, either alone or in combination with antiviral drugs,

* Corresponding author.

et al., 2019).

Porphyrins are photoactive compounds that absorb and transfer light
energy to oxygen molecules, generating reactive oxygen species (ROS)
and singlet oxygen (102) (Abrahamse and Hamblin, 2016). Once
generated, ROS may alter biological molecules and cellular processes,

** Corresponding author. Setor de Virologia, Departamento de Medicina Veterinaria Preventiva, Universidade Federal de Santa Maria, Brazil.
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