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Summary

Salmonellosis, an infection caused by Salmonella bacteria, is a worldwide public health problem due
to the consumption of contaminated food or water. This disease is also associated with keeping
reptiles as pets or consuming them for food or medicinal purposes. Salmonella has been found in
many species of reptiles such as snakes, lizards, crocodiles and turtles. Symptoms of Salmonella
infection include diarrhea, stomach cramps, fever, nausea, vomiting, chills, headache, among others.
The infection can spread from the intestines to the bloodstream and other parts of the body causing
sepsis, septic arthritis, meningitis, myocarditis and even death. There are cases of infection in many
countries of the world by contact with reptiles, such as snakes, and by consumption of dried
rattlesnake meat in the form of snake powder capsules. In Mexico there has been a belief since pre-
Columbian times that rattlesnakes help cure many diseases. This belief is maintained today and
people with serious illnesses such as cancer or AIDS, take them looking for a miraculous cure for




their ailments. The sale of rattlesnake products is widespread throughout the country. However,
most of this sale is illegal and it has been estimated that more than 90,000 rattlesnakes are illegally
removed from the wild each year. Most of the seizures by PROFEPA are of rattlesnake parts or
derivatives such as dried bodies and capsules. Possibly thousands or tens of thousands of people are
being infected with salmonella from the consumption of rattlesnake capsules in Mexico.

Introduction

Salmonellosis, an infection caused by Salmonella bacteria, is a major public health problem
worldwide (Popa & Papa, 2021). Although often associated with contaminated food and water, this
infectious disease can also be linked to non-traditional sources, such as keeping reptiles as pets or
consumption for food or medicinal purposes (Marin et al., 2021; Magnino et al., 2009; Mermin et
al.,, 2004). An estimated 74,000 cases or 6% of human salmonellosis cases in the U.S. can be
attributed to direct or indirect contact with reptiles (Pees et al., 2023; Mermin et al., 2004). This
bacterial infection, caused by Salmonella enterica, is often associated with reptiles such as snakes,
turtles, crocodiles and lizards (Marin et al., 2021; Ebani et al., 2005; Ward, 2000). Reptiles are natural
carriers of Salmonella in their intestinal tracts, which they can shed in their feces, posing a risk of
transmission to humans (Mermin et al, 2004; Ward, 2000; Schroéter et al., 2004). Since Salmonella is
excreted through feces, it can contaminate the skin, oral cavity and terraria of reptiles, causing
infections to humans handling reptiles or terraria (Marin et al., 2021).

Salmonella enterica bacteria
have been found in dozens of reptile
species such as: rattlesnakes, boa
constrictors, corn snakes, California king
snakes, ball pythons, reticulated
pythons, bearded dragons, leopard
geckos, green iguanas, chameleons,
monitor lizards, crocodiles, Japanese
turtles, red-bellied turtles, map turtles,
Mediterranean turtles, Russian turtles,
black-headed turtles, among many
others (Marin et al., 2021; Cohen et al.,
1980; Waterman et al., 1990; Ackman et
al., 1995; Mermin et al., 1997). A higher
prevalence of Salmonella has been
documented in snakes and lizards than in
turtles (Marin et al., 2021; Dec et al., 2022; Whitten et al., 2015; S et al., 2001).
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Salmonella infections associated with reptiles are more likely to be invasive, result in
hospitalization, and affect infants more frequently than other Salmonella infections (Mermin et al.,
2004). In New York alone, ten of twelve cases of reptile-owning patients were 6 months of age or
younger, so reptiles may be unsuitable pets for households with infants (Ackman et al., 1995). A
study in Germany found that 65% of cases of salmonellosis in children could be related to reptile
ownership in the home (Pees, et al., 2013). Mermin et al. (1997) reported 32 cases of salmonellosis




associated with iguanas and observed that 26 (81%) were children under one year of age. Eleven
patients (34%) were hospitalized for 2 to 21 days and one patient died.

Rattlesnake meat capsules

Rattlesnake meat capsules are part of an alternative health trend, which some consider that
they offer various health benefits, such as boosting the immune system, improving skin health,
providing anti-inflammatory properties, among others (Promagal, 2024; Debate, 2022). However,
there are no scientific studies that demonstrate healing properties from the consumption of
rattlesnake meat or capsules. These products are mainly marketed as natural supplements made
from dehydrated and pulverized rattlesnake meat. However, the production process of these
capsules is not regulated, raising significant concerns about their safety and the possibility of
contamination. During the process of slaughtering, dehydrating and grinding the meat into powder,
there is a significant risk of bacterial contamination. Unlike cooking, which can eliminate bacteria,
the dehydration process is insufficient to eliminate all traces of salmonella or other bacteria.

What is salmonellosis?

Salmonellosis is an infection caused by Salmonella bacteria, which usually reside in the
intestines of animals and humans. An infection occurs when a person ingests the bacteria, which
may be present in contaminated food, water or contact with infected animals. The most common
symptoms are diarrhea, fever, abdominal cramps, and vomiting (Mayo Clinic, 2022; Kurtz et al.,
2017). In severe cases, salmonellosis can lead to hospitalization and, in rare cases, can be fatal (Mayo
Clinic, 2022; Kurtz et al., 2017).

Symptoms of salmonelosis

The incubation period (the time between exposure and illness) can be 6 hours to 6 days.
Often, people who have Salmonella infection think they have stomach flu. Possible signs and
symptoms of Salmonella infection include
diarrhea, stomach (abdominal) cramps, fever,
nausea, vomiting, chills, headache, blood in the
stool, among others (Mayo Clinic, 2022; Kurtz et al,
2017).

Signs and symptoms of Salmonella
infection usually last from a few days to a week.
Diarrhea may last up to 10 days, but it may take
several months before the intestines return to
normal stool output (Mayo Clinic, 2022).

In some cases, the infection can spread
from the intestines to the bloodstream and then
to other parts of the body leading to sepsis, septic
arthritis, meningitis, myocarditis, and even death
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systems, young children, and the elderly are at particular risk for serious complications (Mayo Clinic,
2022; Kurtz et al, 2017). For example, in Texas, U.S.A. "...a patient with metastatic carcinoma and a
history of rattlesnake meat ingestion developed recurrent Salmonella arizona bacteremia and
reactivation of tuberculosis after receiving corticosteroids and radiation therapy" (Cortes et al,
1992). In India, there was the death of a three-month-old infant who contracted salmonella
(Salmonella enterica arizonae) related to the work of the father who handled snakes (Mahajan et
al., 2003)

Cases in the world

In Belgium, "...in 2008, three cases of infection by Salmonella enterica subspecies arizonae,
associated with exposure to snakes. Two infants, both girls, aged one month and two months, and a
57-year-old man receiving renal dialysis had to be hospitalized."(Bertrand et al, 2008).

In Finland, "...during the period 2005-2008, three cases of salmonellosis (S. enterica and S.
enterica subspecies diarizonae) associated with pet snake ownership were reported: a 50-year-old
woman, a seven-month-old girl and a 10-month-old boy."(Bertrand et al, 2008).

In France, "...two cases in 2005 and one in 2006. All patients were young children aged eight
months, three and four years, respectively. They were infected by a multidrug-resistant strain of S.
enterica serovar Typhimurium. The first two cases had been in contact with a snake and an iguana,
and the third by consumption of turtle."(Bertrand et al, 2008).

In Germany from 2006 to 2008,
13 cases of salmonella infection
associated with snake keeping were
reported. Eight of the cases involved
infants between 2 and 16 months of
age (Bertrand et al, 2008).

In Ireland, two cases are
reported from 2006 to 2007 of infants
1 to 6 months of age infected with
Salmonella enterica arizonae. Their
parents keep snakes as pets (Bertrand
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In the Netherlands between
2000 and 2007, an estimated 103 cases could be related to reptiles or amphibians, presumably
through direct or indirect contact (Bertrand et al, 2008).

In Oakland, California in 1982 "...a 61-year-old Hispanic woman who had been receiving
palliative chemotherapy for an adenocarcinoma was hospitalized, with abdominal discomfort,
rigors, fever, and a neutropenia. Her daughter had administered snake capsules to her mother daily.
Blood cultures on admission detected Arizonae hinshawii (= Salmonella enterica arizonae) Since
cancer patients are often severely immunosuppressed, neutropenic and cachectic, they are at high




risk for infection. Their infections are usually severe and often fatal. However, these patients are
known to consume high-risk foods and drugs, such as raw rattlesnake powder."(Marzouk et al., 1983)

In Chicago, lllinois, "...a 25-year-old Mexican male presented to the emergency department
on October 16, 1988, with a history of nausea, vomiting, and fever and developed a Salmonella
arizonae infection. He had been diagnosed with AIDS and Kaposi's sarcoma 4 months prior to
admission. The patient admitted to ingesting rattlesnake powder and dried rattlesnake meat
purchased in Michoacdn, Mexico as medication to "cure AIDS."(Babu et al., 1990)

In Texas, "...a case of infective endocarditis occurred as a result of bacteremia caused by
multiple Salmonella species. It was discovered that the patient reqularly consumed dried rattlesnake
meat preparations, a fairly common product in the desert region of Chihuahua."(Mishra et al., 2021).

In Los Angeles, California "...six Mexicans with underlying illnesses (including AIDS) were
treated with infection due to Salmonella arizona. The infection was caused by consumption of
rattlesnake powder capsules that all had purchased in pharmacies."(Bhatt et al., 1989).

In Los Angeles, California, "...three Hispanic patients developed extragastrointestinal
Salmonella arizona infection associated with ingestion of rattlesnake capsules. All patients had
underlying chronic medical illnesses, including acquired immunodeficiency syndrome, systemic lupus
erythematosus, and congestive heart failure. Rattlesnake capsules were obtained from both local
pharmacies and patients. Salmonella arizona, as well as other enteric organisms, grew in cultures
obtained from all capsules tested. We postulate that rattlesnake capsules may be frequently ingested
by Hispanics with chronic diseases and serve as a vehicle for severe S. arizona infection."(Riley et

al., 1988)

In Los Angeles, California "...a questionnaire was administered to
22 Latino patients who had contracted salmonella. Eighteen (82 percent)
of the 22 Latino cases from 1986 and 1987 who were questioned reported
ingesting snake capsules. In this investigation, most of the Salmonella
arizona cases had underlying illnesses such as acquired immune
deficiency syndrome (AIDS), diabetes, arthritis, or cancer. The capsules
were obtained primarily from Tijuana, Mexico, and from pharmacies in
Los Angeles, California, in Latino neighborhoods. Despite publicity and
attempts to remove the capsules from sale in California, cases of
Salmonella arizona associated with ingestion of snake capsules continue
to occur." (Waterman et al., 1990).

In Mexico, "We have seen 11 patients in whom Salmonella
arizona infection was documented. Six had systemic lupus erythematosus
and dermatomyositis and five developed septic arthritis. A history of
ingestion of desiccated rattlesnake as a "natural” remedy in capsule or powder
form was obtained. Patients often think that if natural or folk remedies are not
helpful they are not harmful either and are therefore safe and worth trying. We disprove this belief
and draw attention to the dangers of one such remedy: the desiccated rattlesnake, especially when
ingested by patients with connective tissue diseases who may be immunosuppressed."(Kraus et al.,
1991).
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The Problem in Mexico

Studies have been conducted on the prevalence of salmonella and other bacteria in snake
specimens in captivity (Rodriguez, 1996), but also in the field. In Chihuahua, Mexico, a field study
was conducted on rattlesnake species and enterobacteria were found as Citrobacter sp., C. freundii,
Enterobacter aerogenes, Escherichia coli, Klebsiella sp., Proteus sp., P. mirabilis, P. vulgaris,
Salmonella sp., Shigella sp. Pseudomonas sp. was also reported. 88.88% of the fresh rattlesnake
meat samples showed Salmonella enterica arizonae and Salmonella group or Slashline (Gatica &
Lépez, 2011).

Madrquez et al. (1991) conducted a study in six cities in Mexico to evaluate the presence of
microorganisms in rattlesnake powder capsules. They found that all the samples were significantly
contaminated with gram-negative coliform bacteria: Salmonella arizona and Salmonella from the B,
E4 y G, Escherichia coli, Klebsiella pneumoniae, Enterobacter agglomerans, and Enterobacter
cloacae. Eighty-one percent of the capsules were contaminated with Salmonella sp., the most
frequent being Salmonella arizona. "Contamination probably came from both snake meat and fecal
contamination during domestic preparation of the powder to produce the capsules"(Marquez et al.
1991)

Rattlesnakes have been used in Mexico since pre-Columbian times as food, medicine,
offerings for the dead, religious and magical rites, jewelry, pets, etc. (Mazzetto, 2022; Sahagun, 1992,
Elizalde, 2018, Hernandez, 1888, de la Garza, 1984). Many species of rattlesnakes were known to
the Aztecs, who called them Tecutlacozauhqui, and a 16th century chronicler said: "...the fat of this
rattlesnake is medicinal for gout, it is smeared and relieves pain. The skin is medicinal against fever,
the skin is ground, mixed in water and the sick person drinks it..." (Sahagun, 1992).

: h ot — Snakes are one of the main reptiles used in
‘b Mexico, which in the cosmovision have acquired a

.‘0 ca‘ca&et magical-religious value that has conferred healing
“\ = properties on them (Avila et al., 2018). The belief
i & that rattlesnakes were useful for many ailments

5 3 : . prevailed after the conquest. This is because during

colonial times there were no doctors for the

indigenous or poor populations in rural areas, even

the newly arrived doctors from Spain had no real

medicines or cures for anything, they only treated

Spaniards or their children born in Mexico and used

local herbs and animal parts to treat patients

(Gomez & Frenck, 2020). The only physicians

available to most Mexicans were barbers/pseudo-

physicians and priests who even used spells to treat

patients (Gomez & Frenck, 2020). This did not

change much after independence in 1821 and by

~________________ thetime of the revolution in 1910, more than 70%
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Colocia, 2010) and yet 86% of physicians were concentrated in Mexico City (Tapia, 2003). Thus, the
Mexican population had to continue using any remedy, herb or animal part within their reach to
treat any disease for centuries until modern times.

Health services have increased dramatically in rural areas, but the belief that rattlesnake
parts can cure all kinds of health problems continues, even among urban dwellers (Cantu & Sanchez,
2024). Torres & Sawyer (2004) state ". . for centuries, rattlesnakes were eaten to prevent any number
of conditions and diseases, including arthritis and rheumatism. In Mexico and other Latin American
countries, rattlesnake meat is sold in capsule form to treat impotence and rheumatism even to treat
cancer. Rattlesnake meat is also dried, ground and sprinkled on open wounds and sores to heal them,
and a rattlesnake ointment is also made and applied to aches and pains. Rattlesnake oil is used to
stop gossip”. It is easy to find in markets, stores and online platforms selling goods for natural/health,
esoteric or witchcraft purposes of all kinds of stuffed rattlesnake bodies, capsules, ointments, soaps,
etc. (Cantu & Sanchez, 2024). Some products claim to have a permit from the Ministry of Health on
their labels, but none have information on a permit from the Ministry of Environment that is
mandatory (SEMARNAT, 2024). The legal origin of the specimens, parts and/or derivatives of wildlife
must be accredited with the mark showing that they have been subject to sustainable harvesting
and the authorized harvesting quota, or the remittance note or invoice, in accordance with Article
51 of the General Wildlife Law and Articles 53 and 54 of the Regulations of the General Wildlife Law
(SEMARNAT, 2024a).

The Federal Attorney's Office for Environmental Protection (PROFEPA) seized rattlesnake
parts and derivatives during the period 2000-2023 and the majority (1,225) were whole carcasses.

Las pildoras de vibora de cascabel ayudan a estimular el sistema inmuno-
légico, permitiéndole luchar contra enfermedades como el SIDA y la
diabetes, e incluso puede detener el crecimiento de tumores “cancerosos”™
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La v
prop |e
an er

as’ que
no sana

de cascabel contlenﬂ
s curativas. . QIée n e
as e ut izada para curar
ilenen ante empo que

éQué es lo que cura la vibora de
cascabel?

Las pastillas de vibora de cascabel s
suelen UTILIZAR como remedio para

BENEFICIOS

* Estimulante sexual
* Manchas de la piel
* Acné

* Alergias

* Anemia

* Anginas

* Asma

* Artritis

* Calculos biliares

* Calculos renales

* Dolores cronicos
* Desinflamatorio

* Analgésico

* Cancer

varias afecciones, como el cancer y la
infeccion por el VIH. Estas pastillas
estdn compuestas de came deshidrata-
da v pulverizada de vibora de casca-
bel en forma de pastilla.

Contenido Neto: 50 Capsulas

Photo: Informacién falsa y engafiosa Mercado




The rattlesnakes are dissected and usually have the rattlesnake's rattle attached so that
anyone can identify them as belonging to a rattlesnake (PROFEPA, 2023). Also, 1,051 rattlesnake
powder capsules were seized (PROFEPA, 2023). The seizures occurred in 30 of the 32 states of the
Mexican Republic, only Campeche and Tabasco were missing.

In 2024, it was estimated that the annual illegal traffic of rattlesnakes in Mexico was 91,833
specimens (Cantu & Sanchez, 2024). On the other hand, SEMARNAT authorized the capture of only
104 snakes from the wild since 2010 (SEMARNAT, 2023, 2024 a). This means that the vast majority
of rattlesnake products for sale, if not all, are illegal.

Taking into account that the illegal traffic of rattlesnakes is more than 90 thousand each year,
and that 80% of the snake capsules are infected with salmonella and other bacteria, it means that
thousands or even tens of thousands of people are at risk of being infected with salmonellosis or
other bacterial diseases. Worst of all, the people who consume them are not healthy people. On the
contrary, these are people suffering from serious illnesses who are looking for an easy solution to
their ailments and who only aggravate their situation by eating products contaminated with
salmonella and other bacteria.

Conclusion

Rattlesnake tablets offer no health benefits; on the contrary, they present a high risk of
salmonellosis. It is crucial that consumers are aware of the potential dangers and take the necessary
precautions to ensure their safety. Institutions must play a role in monitoring and enforcing
compliance to prevent contamination and protect public health.

contamination and protect public health. We therefore recommend:

- The Ministry of Health should make it mandatory for patients who are admitted with symptoms of
salmonellosis to answer if they ingested rattlesnake products or if they had contact with reptiles in
order to have an adequate record of the morbidity situation in Mexico in relation to these species.

- The Procuraduria Federal del Consumidor (PROFECO) should verify all products that are sold and
claim to be made with rattlesnake products, to see if they comply with health and environmental
standards.

- The Procuraduria Federal de Proteccidn al Ambiente (PROFEPA) should secure any rattlesnake
species, its parts or derivatives and sanction whoever is selling them.

- Information campaigns should be carried out nationwide to inform the population of the problems
faced by rattlesnake species, the threats involved in the consumption of their parts and derivatives,
the environmental regulations that protect these species, and the actions that the public should take
to protect themselves and to denounce the illegal sale of these products.
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