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Dissertation Summary

Prevalence of Toxoplasma gondii in commensal pest rodents at the

National Zoological Garden in South Africa

by
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Supervisor: Prof. Darshana Morar-Leather

Co-workers: Ms Refilwe Bokaba, Ms. Madeli de Bruin and Mr. Christian Lewis
Degree: MSc (Global One Health)

Department: Veterinary Tropical Diseases

Toxoplasmosisis a zoonotic disease caused by the ubiquitous Apicomplexan
protozoa Toxoplasma gondii (T. gondii). The overall epidemiology of T. gondii in Southern Africa
is understudied. Although a few studies have documented its circulation in humans, domestic
animals, and wild animals, these studies were limited in species diversity and geographical
location. Rodents are intermediate hosts and are recognised as key reservoir hosts for T. gondii.
Rodents play an important role in the maintenance and transmission of the parasite as they are
preyed on by cats, the definitive hosts. Toxoplasma gondii infection rates in the local rodent
population may reflect infection rates in cats. The aim of this study was to determine the
prevalence of T. gondii in pest rodents within the South African National Biodiversity Institute
National Zoological Garden (SANBI NZG). Furthermore, an attempt was made to confirm the
presence of T. gondii DNA in the various rodents’ tissues (brain, tongue, muscle, diaphragm, and
heart) using quantitative polymerase chain reaction (QPCR). A total of 138 sera were tested for
T. gondii antibodies using a commercial latex agglutination test. A cut-off titre = 64 was used to
distinguish between positive and negative cases. Ten samples were positive for T. gondii
antibodies, bringing the overall prevalence to 7.25% (95%, Cl= 3.53 — 12.92). Using the
generalised linear model, there was a statistically significant (p<0.00432) positive correlation
between presence of T. gondii antibodies and rodent body weight. No T. gondii DNA amplification
was observed on the tissue samples from the ten T. gondii antibody positive rodents. The results
of this study provide baseline knowledge about the role of rodents in the epidemiology of T. gondii

natural infections, particularly in the human-wildlife interface.
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Chapter 1: Introduction and Literature review

1.1. Etiological agent and a brief history

In 1908, Charles Nicolle and Louis Manceaux found an unknown protozoan parasite in the tissue
of a common gundi (Ctenodactylus gundi) at the Pasteur Institute in Tunis, North Africa (Dubey,
2021; Nicolle & Manceaux, 1909). Nicolle originally misidentified the protozoan as a piroplasm,
then Leishmania, but realised shortly after that the protozoan was a new organism, and he named
it Toxoplasma gondii (Dubey, 2021; Nicolle & Manceaux, 1908). The genus name Toxoplasma
was derived from the Greek word “Toxo”, meaning bow or arc, owing to the crescent shape of the
organism, and “plasma”, meaning life or cell. The second part of the name, “gondii”, is a misnomer
of the word gundi, the species where the protozoan was first found (Dubey, 2021; Nicolle &
Manceaux, 1909). In the same year, in Sao Paulo, Brazil, Alfonso Splendore reported finding the
same protozoan organism in the tissues of a rabbit (Innes, 2010; Splendore, 1908). Following a
growing interest in the study of Toxoplasma gondii (T. gondii) by several researchers, in 1937,
Sabin and Olitsky obtained the first T. gondii isolate from an animal, while the first viable isolate
from humans was obtained by Wolf et al., (1939). Sabin then demonstrated that T. gondii isolates
in humans and non-human animals were identical (Dubey, 2008). Over the following years,
research on T. gondii revealed more information about the protozoan, such as; pathogenesis,
transmission patterns, life cycle, and genetic diversity. Toxoplasmosis, a disease caused by the
intracellular parasite, T. gondii, affects mainly terrestrial and aquatic mammalian and avian hosts
(Dubey, 2021). It is currently the only organism in the genus Toxoplasma and belongs to the large
phylum Apicomplexa, which includes other intracellular parasites such as Plasmodium, Eimeria,

Cryptosporidium, Neospora and Theileria (Dubey, 2020).
1.2. The life cycle of Toxoplasma gondii

Members of the Felidae family, both domesticated and non-domesticated cats, are the only known
definitive hosts for T. gondii (Figure 1) (Attias et al., 2020). The sexual cycle of T. gondii occurs
exclusively in the intestinal epithelium of the definitive hosts with subsequent excretion of
unsporulated oocysts in faeces (Attias et al., 2020). The life cycle of T. gondii involves three
infective forms; tachyzoites, bradyzoites, and sporozoites (Dubey, 2021). Tachyzoites, also
known as the proliferative or feeding form, can infect all cell types. This form of the parasite
multiplies quickly and is usually the hallmark of an acute infection (Dubey, 2021; Attias et al.,
2020). Tachyzoites subsequently differentiate into bradyzoites, which are encysted in tissues,
forming tissue cysts that have a high affinity for muscle and neural tissues. The bradyzoite form
multiplies slowly, usually characteristic of more chronic infection (Dubey, 2021, Attias et al., 2020).
Sporozoites are the products of the sexual cycle of T. gondii in cats and are released within the
oocysts, in the cat’s faeces. (Attias et al., 2020; Dubey, 2020). In a recent study by Di Genova et
al., (2019), the sexual development of T. gondii was artificially induced in laboratory mice.This

was achieved by supplementing linoleic acid in the diet and inhibiting the activity of murine-delta-
1
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6-desaturase in mice intestines (Hares et al., 2021; Di Genova et al., 2019). Cats are the only
known mammal that lack delta-6-desaturase activity in their small intestines. In other mammals,
delta-6-desaturase enzyme plays a role in converting linoleic acid to arachidonic acid. The build-
up of linoleic acid, from the diet, in cats’ small intestine is believed to act as a positive signal for
T. gondii sexual development (Di Genova et al. 2019). All other mammals and avian species are

intermediate hosts as the asexual phase of T. gondii occurs in them (Attias et al., 2020).

Definitive host, felids

Unsporulated oocysts
passed in faeces

7N\
®
Ingested cysts &k__/)/
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Figure 1: Life cycle of Toxoplasma gondii (Figure adapted from Almeria & Dubey, 2021)



1.3. Toxoplasma gondii in the definitive host

Felids can be infected by carnivorism of infected mammals, especially rodents and birds, or by
ingesting sporulated oocysts from another feline. Although not common, transplacental and
transmammary infection from a parasitaemic queen is possible (Cohen et al., 2016). Another
potential source of infection is the consumption of unpasteurised milk or milk products by felines
(Stelzer et al., 2019). After ingesting sporulated oocysts or tissue cysts from infected intermediate
hosts, the infective forms i.e., bradyzoites and sporozoites, are released in the intestinal
epithelium and enter enterocytes. The encysted bradyzoites are released from tissue cysts, while
the sporozoites are released from the oocysts. Following the asexual and sexual reproductive
cycle inside the definitive host, many unsporulated oocysts are passed in the feline faeces
(Dubey, 2020). The unsporulated oocysts are transformed into a highly infectious sporulated form
after being passed by the feline host. These sporulated oocysts contaminate the environment and
remain infective for months or years (Dian et al., 2023; Barros et al., 2018)

1.4. Toxoplasma gondii in the intermediate host

All avian and mammal species can act as intermediate hosts for T. gondii. Infections with T. gondii
can occur by via many pathways, the main routes of transmission are; eating undercooked or raw
meat infested with tissue cysts, ingestion of food or water contaminated with T. gondii cysts,
congenital or transplacental transmission from infected mother to child and, in humans, blood
transfusions and organ transplantation of infected organs poses another potential source of
transmission (Almeria & Dubey, 2021; Attias et al., 2020). All intermediate hosts are essentially

dead-end hosts as they are unable to shed oocysts (Denk et al., 2022).
1.5. Toxoplasma gondii in humans.

It is estimated that at least one-third of the human population have chronic T. gondii infections
(Almeria & Dubey, 2021). Regional seroprevalence ranges from 0.5% to 87.7%, with African
countries having the highest average seroprevalence at 61.4%, Oceania at 38.5%, South America
at 31.2%, Europe at 29.6%, United States of America (USA)/Canada at 17.5% and Asia at 16.4%
(Molan et al., 2019). Toxoplasma gondii has been reported to be one of the most important food-
and water-borne parasites affecting both animals and humans (Almeria & Dubey, 2021). It is also
recognised as one of the deadliest foodborne pathogens in the USA, with fatalities estimated at
almost 400 per year (Almeria & Dubey, 2021; Jones et al., 2014). The disease burden of T. gondii
infections, expressed in disability-adjusted life years (DALYS), is ranked high in both the USA and
Netherlands (Almeria & Dubey, 2021).

Immunocompetent individuals infected with T. gondii are generally asymptomatic (Almeria &
Dubey, 2021). Congenitally infected foetuses, neonates, and immunocompromised individuals
(including HIV patients, chronic corticosteroid users, haematologic malignancies and transplant

recipients) can develop severe toxoplasmosis with possible fatal outcomes (Almeria & Dubey
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2021; Weiss & Dubey 2009).Toxoplasma gondii infections in humans causes various clinical
symptoms, from a mild self-limiting illness to severe congenital infections and various
neuropsychiatric disorders (Milne et al., 2020; El Bissati et al., 2018). Congenital toxoplasmosis
occurs due to seronegative pregnant women acquiring a new infection during pregnancy. The
severity of the clinical disease of the foetus depends on the time of infection in utero. Infections
during weeks 10 to 24 of pregnancy result in highly severe clinical manifestations, while infections
during weeks 26 to 40 result in subclinical disease, which often manifests or relapses later in life
(Weiss & Dubey, 2009). Subclinical neonates that do not receive treatment tend to suffer from
recurrent retinal disease and cognitive decline (McLeod et al., 2014). Congenital toxoplasmosis
can present with subtle mild symptoms, or it can present with quite severe symptoms, including
hydrocephalus, microcephalus, motor/tone abnormalities, central nervous system calcification,
epilepsy, pneumonia, strabismus, premature births, sepsis, rash, petechia, blood and blood
chemistry abnormalities, chorioretinitis, microphthalmia, retinal scar and many other
manifestations (McLeod et al., 2014; Weiss & Dubey, 2009). Appropriate treatment of diagnosed
pregnant women and neonates can change the course and severity of the clinical signs.
Differential diagnoses for congenital toxoplasmosis include infections from rubella virus, syphilis
bacteria, herpes simplex virus and cytomegalovirus (Weiss & Dubey, 2009).

Another clinical manifestation is ocular toxoplasmosis, and it is one of the most common causes
of posterior uveitis (Kohler et al., 2023). Ocular toxoplasmosis can result from both congenitally
acquired and postnatal acquired infections, with ocular disease being the most common
manifestation of congenitally acquired infections. (Kohler et al., 2023; Hill & Dubey, 2002).
Besides posterior uveitis, other lesions associated with ocular toxoplasmosis include; necrotising

retinitis, retinochoroiditis, retinal vasculitis, and vitritis (Fabiani et al., 2022).
1.6. Toxoplasma gondii in rodents

Rodentia are the largest and most diverse order in the class Mammalia, accounting for over 40%
of all mammals. Rodents are very well adapted and inhabit every corner of the continent except
for Antarctica (Delaney et al., 2018). Rodents can harbour an excess of 85 zoonotic pathogens.
Several zoonotic diseases, including yersiniosis, leptospirosis, salmonellosis, toxoplasmosis, and
hantavirus disease, have been associated with rodents, mainly rats and mice (Hardgrove et al.,
2021; Han et al., 2015). A study in South Africa found the following endoparasites of public health
importance in free-roaming rodents; Gangylonema sp, Trypanosoma lewisi, Hymenolepsis
diminuta, Angiostrongylus cantonensis, T. gondii, Moniliformis moniliformis, Calodium hepaticum,

and Hymenolepsis nana (Archer et al., 2017).

Rodents are intermediate hosts for T. gondii and are recognised as key reservoir hosts for T.
gondii. They play an important role in the maintenance and transmission of the parasite as they
are preyed on by the definitive hosts of T. gondii (Dubey et al., 2021; Joachim et al., 2020). A

study in a low cat density region detected T. gondii DNA in two out of six rodent foetuses,

4
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confirming congenital transmission and suggesting that the parasite can be maintained in rodent
populations without the definitive host (Thomasson et al., 2011). Toxoplasma gondii infection
rates in the local rodent population may reflect infection rates in the local cat population. (Hill &
Dubey, 2002). Interestingly, rodents infected with T. gondii have been reported to have altered
behaviour; they lose their fear of cats and thus are more likely to be eaten, encouraging the cat-

rodent cycle of the parasite (Webster, 2001).

The global seroprevalence for T. gondii in rodents has been calculated at 6% (Joachim et al.,
2020). Two separate studies conducted in Durban, a coastal city in KwaZulu Natal, South Africa,
found seroprevalence rates of 4% and 11.2% (Archer et al., 2017; Taylor et al., 2008). A recent
study in Nigeria found a prevalence of up to 76.2% in wild rodents using nested PCR (Ode et al.,
2022).

1.7. Toxoplasma gondii in zoo animals

Zoos present quite a unigue environment in that there is a dense co-habitation of species, coupled
with overlapping close human interactions between the staff that work at the zoo and the public
who visit the zoo (Hardgrove et al.,, 2021). Disease dynamics in these institutions can be
extrapolated to other areas with an increased likelihood of close animal-human interaction.
Toxoplasmosis should be considered a significant cause of sporadic animal deaths in zoos. The
disease has been recognised as an essential threat to the conservation efforts of some
endangered species (Denk et al., 2022; Liu et al., 2022). Toxoplasma gondii seroprevalence of
close to 40% has been reported in animals from Taipei Zoo, one of the largest Zoos in Taiwan
(Liu et al., 2022). A review study by Hardgrove et al., (2021) seroprevalence of up to 40% in wild
rodents found in Zoos. Clinical toxoplasmosis in zoos is precipitated by the inherited stress of
captivity, proximity to captive felids, and the common occurrence of feral cats and rodents in zoos,
allowing the disease to circulate and progress within zoos (Dubey, 2022; Loyd & Hernandez,
2019).

Among zoo animals, new-world non-human primates, Prosimians, Australian marsupials, and
Pallas’ cats have been reported to be highly susceptible to the disease, whilst old-world monkeys,
rats, cattle, and horses are resistant to infections (Denk et al., 2022; Dubey, 2022; Parameswaran
et al., 2009). Other zoo collection species where toxoplasmosis was detected include members
of the families; Camelidae, Atelidae, Cebidae, Callitrichidae, Indriidae, Mustelidae,
Musophaginae, Potoroidae, Dasyuridae, Pitheciidae, Lorisidae, Macropodidae, Tarsiidae,
Ailuridae and Lemuridae. (Hensel et al., 2023; Yang et al., 2023; Denk et al., 2022;). Given the
nature of the parasite’s life cycle, pest rodents and feral cat control significantly influence the
spread of infections (Denk et al., 2022). Unfortunately, T. gondii infections in animals in zoos do
not only affect the captive animals but pose a potential risk of exposure of zoo keepers and the

public to T. gondii oocysts (Dubey, 2022; De Camps et al., 2008).



1.8. Toxoplasma gondii genetic diversity

The majority of T. gondii strains can be grouped into three clonal lineages, namely type I, I, and
Il (Howe & David Sibley, 1995; Su et al., 2002). Other rare strains are occasionally encountered
and are classified as sexual recombinant strains, atypical or exotic strains (Ajzenberg et al., 2004).
A fourth clonal lineage, referred to as type XlI, is the latest to be described and is commonly found
in wildlife in North America (Khan et al., 2011). The predominant clonal lineages at the DNA
sequence level are genetically similar, demonstrating only 1 to 2% differences, but these strains
show strong phenotypic variations. There is no evidence that the various strains have different
host preferences or species boundaries. There is also no substantial evidence that the various
strains have geographical boundaries even though they can be found at a high prevalence in
certain regions, (Ajzenberg et al., 2004; Su et al., 2002). Comparisons of strains from domestic
populations versus strains from wild populations suggest more sexual recombinants in the wild
populations, while domestic population strains remain largely clonal (Ajzenberg et al., 2004).
Clonal type Il strain is reported to be the most prevalent in humans and animals (Howe & David
Sibley, 1995; Su et al., 2012). A study by Hammond-Aryee et al., (2016) revealed that type Il was
the predominant genotype in both animals and humans from Cape Town, South Africa (Du Plooy
et al., 2023)

In experimental conditions, infections of clonal lineage type | strains were fatal to mice, while
those of clonal lineage type Il and lll were less severe (Dubremetz & Lebrun, 2012), suggesting
that clonal lineage type | strains were more virulent. This is further supported by reports that type
| strains are the most frequently isolated strains in severe congenital toxoplasmaosis and recurrent
ocular toxoplasmosis in humans (Khan et al., 2005). Currently, the association between disease
severity and type of the strain shows variable patterns and is believed to be a result of multiple
factors, including genotype and the innate genetic resistance specific to the host species (Galal,
et al., 2019 Brennan et al.,, 2016). The strains that cause non-lethal chronic infections are

expected to persist in a population and are most likely to be found in high prevalence
1.9. Toxoplasma gondii infection diagnosis

The clinical signs for toxoplasmosis are non-specific, and there are no pathognomonic lesions for
a definitive diagnosis (Hill & Dubey, 2002). Diagnosis can be achieved through microscopy,

serological, or molecular methods (Dubey, 2021).

Histological methods involve direct visualisation of the T. gondii parasitic stages through
microscopy. While highly specific, this method tends to have low sensitivity, as they rely on the
sampled material having at least one of the three infective stages of the parasite present at the

time of testing (Liyanage et al., 2021).

Serological assays
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Multiple serological methods have been developed for the diagnosis of Toxoplasmosis. These
tests detect the immunological footprint i.e., antibodies and antigens of T. gondii. Toxoplasma
gondii antibodies can be found in; whole blood, serum, plasma, milk, body fluids, and meat juice.

Various serologic assays are used to detect the different classes of T. gondii antibodies.

Sabin-Feldman Dye Test

This test was developed in 1948 and it revolutionised the diagnosis of T. gondii as it was the first
test that could differentiate specific antibodies to T. gondii. The Sabin-Feldman dye test (SFDT)
differentiates acute and latent infections (Liu et al., 2015; Reiter-Owona et al., 1999; Beverley &
Beattie, 1952). The SFDT is one of the most reliable laboratory tests, with high specificity and
sensitivity, except in ruminant and chicken sera. The test is often used in reference laboratories
for testing T. gondii antibodies in humans (Reiter-Owona et al., 1999). The SFDT is performed by
incubating live tachyzoites with the test serum and an accessory factor (human serum
component), and adding Methylene blue, to the mixture. The tachyzoites that are not affected by
the antibody are stained with Methylene blue uniformly, the tachyzoites affected by the antibody
appear as “ghost” cells as they do not take up the Methylene blue dye. The SFDT is a relatively
expensive test to perform, requires high level of expertise to operate and makes use of live virulent
organisms that pose a potential risk to laboratory staff (de Vries & Volpe, 2018; Dubey, 2021).

Indirect Fluorescent Antibody Test

The Indirect fluorescent antibody test (IFAT) is a relatively complicated test, with low sensitivity
and high specificity (Shaapan et al., 2008). Killed T. gondii tachyzoites are mixed with serum,
fluorescent-labelled anti-species IgG is added in the mixture to enhance detection of the antibody.
The test’s major drawbacks include; the need of a fluorescent microscope to view the results, use
of species-specific conjugates and possibility of cross reaction with antinuclear antibodies and
rheumatoid factor (Dubey, 2021).

Indirect Haemagglutination Test (IHAT)

Although the IHAT is very simple and inexpensive, it has limited use in clinical diagnosis of
toxoplasmosis (Dubey, 2021; Ybafiez et al., 2020). The test has a relative specificity of up to
100%, and a sensitivity of about 70% and thus, typically used in epidemiological surveys
(Fernandes et al., 2019). Multiple variations of the test have been developed but the basis of how
the test works is the same; red blood cells are coated with T. gondii tachyzoites antigen, and
agglutination occurs if anti-T. gondii antibodies are introduced (Liu et al., 2015; Ybafiez et al.,
2020). The disadvantages of this test are that it often misses acute infections as it detects
antibodies much later than the DT. Furthermore, it often fails to diagnose congenital infections
(Dubey, 2021).

Modified agglutination test (MAT)

This test that is relatively simple to perform and accurate, often utilised for both laboratory

diagnosis and epidemiological studies (Liu et al., 2015). It is also a favourable test as no special
7
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instruments, conjugates or reagents are necessary (Dubey, 2021). The MAT detects only 1gG
antibodies and as such, may provide false negative results during early stages of acute infections
(Dubey, 2021). To eliminate non-specific IgM or IgM-like substances the test sera is treated with
2-mercaptoethanol. The basis of the test is that formalin or acetone fixed T. gondii tachyzoites
and diluted test sera are mixed in microtitre plates, a thin layer of agglutination will be seen in
positive serum samples, whereas a compact pellet of precipitated tachyzoites at the bottom of the

plate will be seen in negative serum samples (Liu et al., 2015).

Enzyme linked immunosorbent assay (ELISA)

The ELISA remains one of the most used immunoassays for the detection of T. gondii antibodies
(Liyanage et al., 2021). Different types of ELISAs have been developed, but they all operate on
the basis that antigen-antibody reactions are detected and amplified using a secondary covalently
bonded enzyme-antibody molecules. A positive result (presence of antigen) is characterised by a
colour change which can be read and quantified by a plate reader (Pettipher et al., 2005).

Latex agglutination Test (LAT)

The LAT is one of the indirect detection methods used for toxoplasmosis diagnosis in both
humans and animals. It is a relatively simple test to perform that does not require species
conjugates. The LAT utilises latex particles coated with soluble T. gondii antigens to demonstrate
the presence of IgM and IgG antibodies. A positive test is characterised by an obvious
agglutination observation when the antigen-coated latex particles and a positive serum are
combined (de Barros et al., 2022; Liu et al., 2015).

Molecular assays

Molecular methods detect the parasites’ nucleic acid. These techniques are routinely used in
combination with either microscopic or serological methods. The most widely used techniques

include conventional PCR, real-time PCR and Loop-mediated isothermal amplification (LAMP).
Conventional PCR

The technique works by specifically amplifying the parasite’s DNA segments in a relatively short
time. PCR targets that are routinely used for T. gondii detection include; the B1 gene, the 529 bp
repeat element and the internal transcribed spacer (ITS-1) or 18S rDNA sequences (Liu et al.,
2015).

Real-time PCR

Real time PCR also known as quantitative PCR (qPCR) can amplify relatively low concentrations
(picograms-nanograms) of target DNA. In addition to primers, this technique utilises probes or
intercalating dyes to measure the quantity of the amplification product at each cycle. The
guantification of the starting DNA and amplification product is made possible by comparing it with
a standard of known concentration (Liu et al., 2015). As it is a closed tube system, gPCR

minimises the risk of contamination (Liu et al., 2015).



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Loop-mediated isothermal amplification (LAMP)

A DNA amplification technigue performed under isothermal conditions i.e., in a water bath or heat
block. The technique utilises four primers that recognise six distinct regions of the target DNA.
Several LAMP assays have been developed for the diagnosis of T. gondii in veterinary samples,
medical samples, and water samples. Majority of these assays T. gondii SAG1, SAG 2, GRAL,
B1, 529-bp repetitive element, oocyst wall protein (OWP) genes, and 18S rRNA (Liu et al., 2015).

1.10. Justification

According to management at the NZG, the facility has an established population of feral cats
roaming between and within enclosures on the premises. The only population control measure
currently in place, is sterilising all feral adult cats, if caught in routinely laid out traps. Once
sterilised, a cat is taken back to the vicinity where it was caught. The rationale behind this control
measure is to keep the feral cat numbers constant. As cats are highly territorial animals, only a
certain number can co-exist within a certain proximity of each other. It is believed that constantly
removing feral cats from the zoological garden would attract more feral cats from surrounding

areas, whereby the animals keep returning.

According to the NZG, pest rodent populations are abundant, especially rats that roam freely
across the grounds of the zoo. This abundance is likely promoted by accessibility to food/feed
within the enclosures as well as ineffective pest control methods. The current control measure
for these pests includes but is not limited to, the use of toxin-baited stations, which seems
ineffective at eradicating the infestation. Given that a few species, such as kangaroo, ring-tailed
lemur, and brown lemurs (unpublished data, Centre for Wildlife heath medical records), have
been diagnosed with disseminated toxoplasmosis, the investigator wishes to establish the
prevalence of T. gondii in pest rodents within this facility. Toxoplasma gondii strains and
genotypes circulating within a rodent population may, in part, represent strains that will be
transmitted to predators (mainly cats), contaminate the environment, and eventually result in
transmission to humans. Understanding the role of rodents as reservoirs and studying the
prevalence of T. gondii strain patterns in rodents may assist us in further understanding the
epidemiology, risk, and control of T. gondii in humans and Zoo animal populations (Galal et al.,
2019). This study intends to provide baseline knowledge about the role of rodents in the

epidemiology of T. gondii natural infections, particularly in the wildlife-human interface.
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Chapter 2: Materials and Methods

2.1. Study area

The South African National Biodiversity Institute National Zoological Garden (SANBI NZG) is
located centrally within the City of Tshwane Metropolitan Municipality in the Gauteng Province of
South Africa (Figure 2). The 85-hectare zoological garden hosts approximately 209 mammal
species, 202 bird species, 190 fish species, four invertebrate species, and seven amphibian
species. The Apies River flows through the NZG property, separating it into two distinct areas;
low-lying flat areas near the city’s central business district (CBD) and rocky, hilly terrain areas.

Nearby establishments include schools, shopping centres, taxi ranks, houses, and residential

apartments.
N
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Figure 2: The above map shows the area where the NZG (Red dot) is located within South Africa
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2.2. Study animals

The minimum number (n) of rodents sampled was guided by a study conducted by Joachim et al
(2020), wherein the global seroprevalence for T. gondii in rodents was averaged at 6%. Two
additional studies conducted in Durban, a coastal city in KwaZulu-Natal (KZN) province, South
Africa, found a seroprevalence of 4% and 11.2% in Cato Crest and eThekwini Metropolitan area,
respectively (Archer et al., 2017; Taylor et al.,, 2008). Based on these findings, a disease
prevalence of approximately 10% (with a 95% level of confidence and 5% desired absolute
precision) was expected from the current study. The formula below was used to calculate the
minimum number of rodents required for this study (Thrusfield et al., 2018). A total of 138 rodents

were sampled.
P = expected prevalence
d = desired absolute precision

n = required sample size

1.962P(1 — P)
T
_1.96%2%0.1(1-0.1)
n= 0.052
n = 138,2976

A minimum 138 rodents to be sampled to find at least the expected prevalence of 10%, given

that we would like to achieve a 95% level of confidence and 5% desired absolute precision.
2.3. Animal sampling

The trapping of rodents was carried out from January 2023 until March 2023. These months fall
within the summer-autumn seasons in the Southern Hemisphere. Rodents were trapped using
Tomahawk! live traps (model 102XL), designed for humanely capturing smaller mammals. The
traps were placed in close proximity to where clinical toxoplasmosis cases have been previously
diagnosed (Centre for Wildlife Health medical records) and where rodents have been frequently
seen. Table 1 below summarises all the trap sites and animal enclosures in the vicinity of the trap

site.

! Tomahawk live traps. 6151 U.S. Hwy 51. Hazelhurst, WI 54531.
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Table 1: Trap sites numbers and animal species associated with the trap site

Trap site no. Animals/enclosures closest to trap site
1 Various hospital patients, including birds and carnivores
2 Chimpanzees (Pan troglodytes) enclosure
3 Parrots and macaw enclosures
4 Drills (Mandrillus leucophaeus), Patas monkeys (Erythrocebus patas), Lion-tailed macaques

(Macaca silenus) and leopard (Panthera pardus) enclosure

5 Ring-tailed lemurs (Lemur catta) enclosure

6 Buff-cheeked gibbons (Nomascus gabriellae) enclosure

7 Ring-tailed lemurs (Lemur catta) enclosure

8 Western-lowland gorillas (Gorilla gorilla gorilla) enclosure

9 Lions (Panthera leo) and Tigers (Panthera tigris) enclosure

10 Black-tufted marmoset (Callithrix penicillate), Linne’s two-toed sloth (Choloepus didactylus),
Ring-tailed lemurs (Lemur catta) enclosures

1 Buff-cheeked gibbons (Nomascus gabriellae), Red-capped mangabey (Cercocebus torquatus)
enclosures

12 Lar gibbons (Hylobates lar) enclosure

13 Common brown lemur (Eulemur fulvis) enclosure

14 Okapi (Okapia johnstoni), Sable antelope (Hippotragus niger), and Nyala (Tragelaphus angasii)
enclosures

15 Capybara (Hydrochoerus hydrochaeris), Black-necked swan (Cygnus melancoryphus)
enclosures

Figure 3 below shows the NZG’s enclosure layout with the trap site numbers highlighted (in red).

Traps were left in the predetermined locations for at least four nights in a row before having been
relocated to a new site if no signs of rodent activity, such as faecal droppings, displacement of
the trap were seen. Number of traps placed per night ranged from 2 to 8, and was dependent on
the area/enclosure of focus for that period. Different baits (e.g., peanut butter, peanuts, oats,
shredded chicken, eggs, fruit, and vegetables) were trialled with varying degrees of success.
Fourteen neonates found in nests during the demolition of certain enclosures for renovation
purposes were also included in this study. Each rodent’s sex, age group, weight, and species
identification were recorded. The sex of the rodents, identified by the investigator, was based on
the appearance of the external genitalia. The 14 neonates, approximately 10% of the sample
population, were unsexed. The age group was based on the length, weight, and appearance of
the rodent. The weight was gauged using a Richter scale? W113, x 0.005 kg scale. The principal
investigator carried out rodent species identification based on the rodent’'s physical
characteristics, such as specimen size, coat colour, length of the tail, and size and shape of ears,

eyes, and head. All the rodents trapped overnight were collected in the morning and were

2 Richter Scale Company (PTY) Ltd, Pretoria, South Africa.

12



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

translocated to the hospital for euthanasia and sampling. The rodents were placed in an air-tight
gas induction chamber connected to an anaesthetic machine with a high-flow isoflurane
vaporiser. The Isoflurane was turned on at 5% with an Oxygen flow rate of 1 litre/min. Once the
animal was anaesthetised, it was removed from the chamber and transferred to a 250 mm x 360
mm zip lock sealing bag with an isoflurane-infused cotton wool ball. The highly concentrated
isoflurane euthanased the rodent swiftly. Blood collection via cardiocentesis was performed
immediately after the rodent was euthanased. The euthanased rodent was removed from the bag,
and a necropsy (tissue sampling) was performed. The euthanasia process, rodent dissection, and
tissue sample collection were carried out in a BSL2+ biosafety cabinet. Tissue samples collected
during necropsies included tongue, heart, diaphragm, muscle, and brain tissues and were stored
in 1.5 ml screw-top cryotubes, and kept frozen at -20°C for further analysis. Whole blood was
collected from the rodent into a 1.5 ml micro centrifuge (eppendorf) tube. The eppendorf tube was
left upright, on a sample tray, in the fridge overnight. The samples were then centrifuged at 3200
x rpm for 10 min, following which the sera were decanted into a 2 ml screw-top cryotube for long-

term storage at -20°C for further analysis.
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2.4. Serological assay

For this study, the serological assay used to detect T. gondii antibodies was a commercially
available latex agglutination test (LAT), Toxoreagent RST701, Mast Group LTD?3. The assay was
performed according to the manufacturer’s instructions. Briefly, the assay was performed as
follows; 25 pL diluent was first introduced to each well of a U-shaped bottom 96-microwell plate,
then 1:8 diluted sera was introduced and double-diluted serially from 1:16 to 1:2048 dilutions.
After that, 25 uL of T. gondii antigen-coated latex reagent was added to each well. The microwell
plate was incubated overnight before the agglutination patterns were evaluated. Positive and
negative controls were included in each plate. Results were interpreted as negative if a small and
distinct circular sediment was formed at the bottom centre of the well. Positive results were
recorded if varying degrees of agglutination at the bottom of the well were observed. Toxoplasma
gondii positive cases were selected at cut-off titre 2 64, as was done in previous rodent studies
by Buddhirongawatr et al. (2016) and Jittapalapong et al. (2011).

2.5. Tissue nucleic acid extraction

Approximately 50 mg of each tissue was diced using a scalpel blade. Nucleic acid extraction was
performed using the Roche* High pure PCR template preparation kit. The extractions were
performed according to the manufacturer’s instructions. Briefly, tissue lysis buffer and proteinase
K were added to 50 mg of diced tissue in a microcentrifuge tube. The mixture was incubated until
the tissue was completely digested. A binding buffer was added with subsequent incubation, after
which isopropanol was mixed, followed by the removal of insoluble tissue particles using a pipette.
After centrifugation and a series of washes, the DNA was eluted and stored at -20°C for later
analysis. An estimation of nucleic acid concentration and purity of 16 randomly selected samples
was deduced by direct spectrophotometric measurement using a Trinean Xpose™
spectrophotometer. The selected sample's purity average ratio was 1.77, and the average
concentration was 88.59 ng/ul.

2.6. Toxoplasma gondii DNA detection

Molecular detection of T. gondii DNA in different tissues of T. gondii antibody positive animals
was performed using a quantitative PCR (qPCR). The gPCR was performed as described by
Kasper et al. (2009). The gPCR amplified an 81-base pair (bp) fragment of the 529-bp repeat
element of unknown function in the T. gondii genome. The repeat element was amplified utilising
a forward primer: ToxoRE f, reverse primer: ToxoRE r, and a TagMan probe: ToxoRE p. The

nucleotide sequences of the primers and probe is displayed in Table 2 below.

3 Mast diagnhostica GmbH, Germany.

4 Roche Diagnostics GmbH. Sandhofer Strasse 116. 68305. Mannheim. Germany
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Table 2: Primers and probe nucleotide sequences

Reagent name Nucleotide sequence
ToxoRE f 5-CACAGAAGGGACAGAAGT-3
ToxoRE r 5-CAGTCCTGATATCTCTCCTCCAAGA-3’

Tagman probe: ToxoRE p | FAM-5-CTACAGACGCGATGCC-3-BMN-MGB*

*FAM is a 6-carboxyfluorescein, and BMN-MGB is a non-fluorescent quencher (BMN-Q535) attached to a
minor groove binder

The optimised reaction mixture composed of 2.5 pl of DNA template (sample DNA), 0.2 uM
ToxoRE f, 0.2 yM ToxoRE r, 0.1 yM ToxoRE p, 12.5 yl TagMan Universal Master-mix and 8.5 pl
PCR grade water to bring the final reaction volume to 25 ul. All reactions were mixed in a
MicroAmp™ fast optical 96-well reaction plate and the PCR was run in the StepOnePlus™ real-
time PCR system?®. The run set-up for the PCR machine is described in Table 3 below. Negative

and positive controls (pure Toxoplasma gondii DNA) were included in the reaction plate.

Table 3: Run set-up for the qPCR machine
Holding stage Cycling stage
(No of cycles = 45)
Stage 1 | Stage 2 | Stage 1 | Stage 2 | Stage 3

Temperature | 50 °C 95 °C 95 °C 62 °C 68 °C
Time 2 min 10 min 15 sec 15 sec 20 sec

Samples were identified as positive if C; value was determined between cycle 1-39. Negative
samples had undetermined C; value.

2.7. Statistical analysis

All data, including date of trapping, trap site location, rodent species, weight, sex, amount of blood
collected, amount of serum collected, and tissue types collected were recorded in a Microsoft
excel sheet. Data analysis was conducted using R (R version 4.1.2, 2021), R studio (Rstudio
team, 2021) and the epiR package. The statistical analysis was done using the generalised linear
model (GLM) to analyse the relationship between seroprevalence and the three other variables;
weight, age, and sex. Generalised linear model incorporates ANOVA, ANCOVA, MANOVA,
MANCOVA, ordinary linear regression, t-test, and F-test. Values of p <0.05 were considered

significant.
2.8 Ethics approval and biosecurity

Approval to perform this project was granted by the Research Ethics Committee and the Animal

Ethics Committee of the University of Pretoria, reference: REC 106-22 (Appendix IV and Il

5> Applied Biosystems, Randburg, South Africa.
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respectively). Approval to perform this project at SANBI NZG was granted by the SANBI animal
research ethics and scientific committee of SANBI, reference: SANBI/RES/P2022/17.

Section 20 approval under the Animal Diseases Act was also obtained, reference 12/11/1/1/18
(2570 AC)
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Chapter 3: Results

3.1. Captured Rodents

A summary of the total number of rodents caught at each trapping site within the zoological garden
is provided in Table 4 below. The best trapping outcomes were achieved when food that was
normally fed to the exhibition animals close to the traps was offered as bait. The number of rodents
caught on a particular day at each site depended on the following factors, but are not limited to
them; weather conditions such as rain, or even the displacement of traps, whether intentional or
accidental. The maximum number of rodents trapped, a total of 29, was at site 1, followed by 26
rodents at site 10. No rodents were trapped at sites 2, 9, and 14, although there was evidence of
rodent activity near the traps around sites 2 and 14. There was no evidence of rodent activity

around the traps at site 9.

Table 4: Total number of rodents sampled from each trap site over the sampling period and total number of
positives rodents per site.

Trap site no. | Total No. of rodents sampled | Positive rodents per site

1 29 4
2 0 0
3 17 2
4 14 0
5 6 0
6 5 0
7 0 0
8 2 0
9 0 0
10 26 2
11 13 2
12 13 0
13 7 0
14 0 0
15 6 0
Total 138 10

3.2. Toxoplasma gondii antibodies in sampled rodents

\Ten of the 138 sera tested positive for T. gondii antibodies, bringing the overall seroprevalence
to 7.25% (95%, Cl= 3.53 — 12.92).

The specimens that tested positive were distributed throughout the various trap sites as follows;

Four from site 1, two from site 3, two from site 10, and two from site 11.
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3.2.1. Rodent age group distribution

The most prevalent age group of the sampled population was adults, 96 individuals, accounting
for approximately 70% of the sample population, followed by 28 juveniles (~20%), and 14
newborns (~10%) (Figure 4A). Nine adults and one juvenile tested positive for T. gondii antibodies

(Figure 4B). None of the newborn samples tested positive.

Age group distribution Age group of T. gondii

W Adults mJuveniles mNewborns pOSItIVE rOdentS

H Adult ®Juvenile

Figure 4: (A) Pie chart depicting the proportion of the rodents’ age groups recorded throughout the study period.
(B) Age group proportion of T. gondii positive rodents

Using GLM on R studio, the intercept had p-value of 1.17e1°, adult group with p-value 0.998,
juvenile age group with p-value 0.335, and newborn age group with p-value 0.993

3.2.2. Rodent gender proportion

From the sampled rodent population, 73 individuals (~53%) were female, and 51 (~37%) were
males. (Figure 5A). Upon further analysis of the sampled rodent population, it was found that 15
of the juveniles were female, and only 12 were male. A total of 58 of the adult rodents were female,
while the remaining 39 were male. Of the ten rodents that had T. gondii antibodies, seven were

male and the remaining three were female (Figure 5B)

Rodent sex proportion Sex of T. gondii positive

B Male mFemale mUnknown rodents

H Male ®Female

19



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

W YUNIBESITHI YA PRETORIA

Figure 5: (A) Pie chart depicting the proportion of the rodents’ sex recorded throughout the study period. (B) T.
gondii antibody positive rodents sex proportion.

The female sex was chosen as the intercept with p-value of 9.17e, and the male sex with p-
value of 0.0671.

3.2.3. Weights of rodents

Rodents of varying sizes were trapped and sampled. The recorded weights ranged from a
minimum of 5 g and a maximum of 475 g. The average weight of the rodents was 150,4 g, with
the first, second, and third quartiles at 70 g, 160 g, and 200 g, respectively. Six of the T. gondii
antibody positive rodents were within the weight range 205-300 g. Two were within weight range
105-200 g, and one rodent in each of the 5-100 g and 405-500 g weight ranges (Figure 6).

Weight of seropositive rodents vs total sampled

rodents
70
60
v 50
=
3 40
2
5 30
o
Z 20
10
0 . — e —
5-100 105-200 205-300 305-400 405-500

Weight categories (g)

H Total sampled rodents H Total seropositive rodents

Figure 6: The weights of T. gondii antibody positive rodents in relation to the weight of all sampled rodents

Using GLM on R studio, the intercept had a p-value of 1.9e%’, and the weight of the rodent had a
p-value of 0.00432.
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3.3. Toxoplasma gondii DNA detection results

The gPCR was performed on all 52 samples (five tissues from each of the ten T. gondii antibody
positive rodents and positive & negative controls). Significant amplification of Toxoplasma DNA
was observed on the positive control, with a determined C; value of 28.98. No parasite DNA

amplification was observed on all the test samples and the negative control (figure 7).
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Figure 7: gPCR amplification plot of all T. gondii antibody positive tissues.
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Chapter 4: Discussion

Ten of the 138 rodents caught within zoo grounds had antibodies to T. gondii, bringing the
prevalence to 7.25%. This prevalence coincides with the global rodent seroprevalence of 6%, as
Joachim et al. (2020) reported in their systematic review and meta-analysis study (Joachim et al.,
2020). Previous studies in rodents reported prevalence of 4% in Cato Crest, and 11.2% in
eThekwini Metropolitan area (Archer et al., 2017; Taylor et al., 2008). A possible explanation for
the relatively low prevalence in the current study is that the rodent traps were placed inside
enclosures and night rooms to select rodents that interact closely with the zoo animals. This may
have inadvertently been selected for rodents from areas where feral cats have no access; hence

there may have been little to no environmental contamination by feline faecal-origin oocysts.

Eating unwashed vegetables and fruits has been identified as a risk factor for acquiring T. gondii
infections in humans. A study by de Camps et al., (2008) showed a reduced risk of T. gondii
infections in zoos that wash vegetables and fruits (De Camps et al., 2008). In this study, the
participating zoo washed fruits and vegetables before offering them to animals, and because the
pest rodents feed on food offered to exhibition animals, by extrapolation, rodent infections from

oocysts contaminated fruit and vegetables will also be limited.

Another important source of infection for zoo collection animals, especially carnivorous species,
is consumption of meat infected with T. gondii tissue cysts. As this meat also forms part of pest
rodents’ diet, it is a potential source of infections for pest rodents (Tidy et al., 2017). However,
because the zoo in the present study almost exclusively feeds meat that has been frozen for
prolonged periods, a procedure that is known to decrease infective tissue cysts (Cano-Terriza et
al., 2020; Dubey, 1988), chances that rodents are infected this way are reduced. It must be noted
that infection through ingestion of tissue cysts in the pest rodents remains one of the implicated

methods of infection for the diagnosed primate’s clinical cases in this zoo.

In the present study population, nine (90%) positive cases were adults, with the remaining 1 (10%)
being a juvenile. The mean weight of the positive cases was calculated at 237.5 g. Using the
generalised linear model, there was a statistically significant (P<0.00432) positive correlation
between T. gondii antibody presence and weight. These findings are similar to findings by Ayral
et al., (2015), who found a positive correlation between testing positive for T. gondii and host body

mass, further suggesting the detection of postnatal acquired infections.

The negative results (no amplification of T. gondii DNA) from the qPCR should be interpreted
cautiously. The occurrence of infected tissues that were undetected by gPCR cannot be entirely
ruled out. The tissues where DNA was extracted were minimal (with a maximum weight of
approximately 50 mg). Given that the parasite distribution in tissue may be random and non-
homogenous, coupled with the possibility of the low parasite density in tissues, it is possible that

the parasite was present in the unexamined parts of the tissues (Peris et al., 2023). Galal et al.,
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(2019) also demonstrated the poor correlation between serological results and DNA detection in
small mammals. The investigator recommends screening the same samples with a highly specific

test such as MAT to verify the results found.

This study assessed the proportion of the pest rodent population with T. gondii antibodies by
serological methods and confirmation of the presence of T. gondii by molecular methods.
Previous studies that have estimated the seroprevalence of T. gondii in rodents mainly focused
on rodent populations located exclusively in the wild or residential areas. The current study,
however, focused on rodents in a captive animal facility, the SANBI National Zoological Garden
in Pretoria, South Africa, where there is constant human-animal interaction. Zoological Gardens
present a closed, animal-dense environment where rodents can be predated upon by feral felids,
captive felids, and other mammals such as primates. This study provides baseline data to assess
the effect of rodents on T. gondii circulation in such an environment. Because rodents are preyed
upon by the definitive hosts, these rodents can be a source of T. gondii infections for felids.
Therefore, they can be an important indicator of environmental contamination by oocysts and an
indicator of infection risk for felids (Gil et al., 2023).

4.1. Research limitations

This study confirmed the circulation of T. gondii within the rodent populations roaming within the
National Zoological Garden. Despite the relatively low prevalence results, the author emphasises
that this presents largely postnatal acquired infections. It would be worthwhile to perform T. gondii
DNA detection methods, such as PCR, on all collected samples. This is because it is well known
that viable T. gondii has been isolated from seronegative individuals in rats (Dubey et al., 2021).
Congenitally infected rats have little to no immunological response and therefore test negative on
serology (Dubey et al., 2021). The samples collected from this study will be ideal for studying the

proportion of congenital infection in various age groups, from neonates to adults, were collected.
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Chapter 5: Conclusion

This study found a low level of postnatal acquired T. gondii infections within the zoo pest rodent
population. Such a low level of infection is unlikely to amplify the circulation of T. gondii within the
z00. Despite the low level of infection, this study confirmed the presence of T. gondii in the rodent
population, and because of the natural habits of rodents, such as rapid proliferation and access
to outdoor and indoor enclosures, it is imperative that strict outbreak prevention measures are

maintained.
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This letter serves to inform you that your resubmitted research proposal titled “Seroprevalence and genetic
characterisation of Toxoplasma gondii in feral rodents in a zoological garden in South Africa” is approved
by the SANBI NZG Animal Research Ethics and Scientific Committee (ARESC).

The following provisos should be taken into consideration:

1. Inform the ARESC of completion or termination (with reason) of your research.

2. Submission of an annual progress report in November of each year. Failure to submit a progress
report may result in approval to be withdrawn.
Submission of a written request for any extension or modification of the research project.

4. SANBI should be acknowledged in all reports, scientific publications, and conference contributions.

IMPORTANT: It is your responsibility to ensure compliance with Section 20 of the Animal Diseases Act
1984 (Act 35 of 84) that applies to “investigation, experiment or research” or any other relevant permits.
For any adverse event during the research, you need to complete the adverse event form and submit it

within 3 working days.

The research proposal has been registered on the database as P2022/17. Please use this project number

in all future correspondence.
Thank you for making use of SANBI NZG as a research platform.
Yours sincerely

Y

Prof Antoinette Kotze
Chairperson: SANBI NZG Animal Research Ethics & Scientific Committee
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Appendix II: DALRRD Section 20 Approval
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iculture, land reform ———
rural development
Department. 2030
Agriculture, Land Refarm and Rural Development
REPUBLIC OF SOUTH AFRICA

Directorate Animal Health, Department of Agriculture, Land Reform and Rural Development Private Bag X138, Pretoria 0001
Enquiries: Ms Mama Laing * Tel: +27 12 319 7532 + E-mail: Marmnal @dalrrd.gov.za Website: www.dalmd.gov.za
Reference: 12/11/1/1/18 (2570 AC)

Dr Ndidzulafhi Terrence Thovhakale
SANBI National Zoological Gardens
Pretoria

E-mail: sean.terrence@yahoo.com ; darshana.morar@up.ac.za

Dear Dr Thovhakale,

RE: PERMISSION TO DO RESEARCH IN TERMS OF SECTION 20 OF THE ANIMAL DISEASES
ACT, 1984 (ACT NO 35 OF 1984)

Your application dated 21 July 2022 requesting permission under Section 20 of the Animal Disease
Act, 1984 (Act No. 35 of 1984) to perform a research project or study, refers. | am pleased to inform
you that permission is hereby granted to perform the following study, with the following conditions:

Conditions:
1. This permission does not relieve the researcher of any responsibility which may be placed on
him by any other Act of the Republic of South Africa;
2. The research project is approved as per the application form dated 21 July 2022 and the

correspondence thereafter. Written permission from the Director: Animal Health must be
obtained prior to any deviation from the conditions approved for this research project under
this Section 20 permit. Please apply in writing to Marnal @dalrrd.gov.za;

3. Ethics approval must be obtained prior to the start of the study;

4. The study must be conducted in compliance with the Veterinary and Para-Veterinary
Professions Act 1982 (Act No. 19 of 82);

5. An on-site audit by the Directorate: Animal Health Laboratory Inspection Team has been
scheduled for the SANBI National Zoclogical Gardens, Pretoria, in 2023. Failure to have the
facilities audited or should any major non-compliances be found during the audit, will
immediately result in this Section 20 approval becoming nil and void. Note that the approvals
contained within this permit may be subject to change, depending on the findings of the audit;

6. Rodents (as per the species list provided) may be captured in the SANBI National Zoological
Gardens, Pretoria, for use in this study;

7. It is the responsibility of the researcher and relevant laboratory or facility managers to ensure

Departmeant of Agricullure, Land Reform and Rural Development-Depariement van Landbou, Grondhervarming en Landelike Ontwikkeling Muhasho wa zwa Vhubimi,
Mbuedzedzo ya Mavu na Mveledziso ya Mahayani, - ubnyange Wezolimo, Izinguguko Kwezomhlaba Mokuthuthukiswa Kwezindawo Zasemakhaya - Ndzawulo ya
Vurimi, Antswisowa Misava na Mhluvalaso wa Matikoxikaya: Litiko Letekuiima, Tingucuko Kutemblaba Melutfutfukiswa Kwetindzawo Tasemaphandeni [Umkyango
wazokulima, ukuBuyiselwa kweMarha nokuThuthukisws kweeNdawe zemakhaya Kgoro ya Temo, Peakanyolaswa ya Maga le Tihabello ya Dinega- magae ' Lefapha
la Temethuo, Kabobaoljha ya Naha le Tihaoollo ya Dibaka tsa Mahae < Lefapha la Temethue, Pusetsodinaga le Tihabolole ya Metsemagae « 1Sebe lezoLlima,

uBuyekezo kvemiHlaba noPhublizclamaPhandle
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SUBJECT: PERMISSION TO DO RESEARCH IN TERMS OF SECTION 20 OF THE ANIMAL DISEASES ACT, 1984 (ACT
NC. 35 OF 1884) 12/11/1/%/8 (2631KL)

10.

11.

12.

13.

14,

15.

that the human safety aspects of this research project are adequately addressed;

Rodents may be euthanised in the Centre for Wildlife Health animal clinic. Serum, muscle,
tongue, heart and diaphragm samples may be collected from the rodents, as per the SOP
provided, under a biosafety cabinet class Il in the DNA extraction Laboratory (NZG 20002742)
of the NZG;

Serum samples may be serologically tested for Toxoplasma gondii antibodies under a
biosafety cabinet class Il in the DNA extraction Laboratory (NZG 20002742) of the NZG;

DNA may be extracted (from the samples listed above) in the DNA extraction Laboratory
{NZG 20002742) of the NZG and sent to the Research and Training Laboratories (2-44, 2-46,
2-51, 2-58) of the Department of Veterinary Tropical Diseases, University of Pretoria for
molecular analyses of Toxoplasma gondii and for redent identification;

Samples must be packaged and transported in accordance with the National Road Traffic Act,
1996 (Act No. 93 of 1996);

All potentially infectious waste from the research project must be removed and disposed of by
a waste disposal company registered to remove biohazardous waste;

Muscle, tongue, heart and diaphragm samples that tested positive for Toxoplasmosis may be
stored under access control in the -20°C freezers of the SANBI NZG biobank;

Samples or material may not be outsourced or used for further/ other research without prior
written approval from the Director: Animal Health;

If required, an application for an extension must be made by the responsible researcher at

least one month prior to the expiry of this Section 20 permit. Please apply in writing to
Marnal @dairrd.gov.za;

16. Records must be kept for five years for auditing purposes.

Title of researchistudy: “Seroprevalence and genetic characteristic of Toxoplasma gondii in rodents
captured at the NZG Pretoria South Africa”

Researcher: Dr Ndidzulafhi Terrence Thovhakale

Institution: Centre for Wildlife Health, SANBI National Zooclogical Gardens, Pretoria in collaboration
with Department of Veterinary Tropical Diseases, Faculty of Veterinary Science, University of Pretoria
Permit Expiry Date: June 2024

Our ref Number: 12/11/1/1/18 (2570 AC)

Your ref: -

Kind regards,

DR MPHO MQ‘
DIRECTOR: ANIMAL HEALTH

Date:

072 -12-05

N ge 2
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Appendix IlI: UP AEC Approval
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YUNIBESITHI YA PRETORIA Faculty of Veterinary Science

Animal Ethics Committee
6 December 2022

Approval Certificate with Conditions
New Application

AEC Reference No.: REC106-22

Title: Seroprevalence and genetic characterisation of Toxoplasma gondii in feral
rodents in a zoological garden in South Africa

Researcher: Dr NT Thovhakale

Student's Supervisor: Dr D Morar-Leather

Dear Dr NT Thovhakale,

The New Application as supported by documents received between 2022-08-12 and 2022-11-22 for your research,
was approved by the Animal Ethics Committee on its quorate meeting of 2022-11-22.

Please note the following about your conditional ethics approval: Applicant to report back on ALL species/numbers caught as
an annual renewal report (not just the one’s sampled and euthanized) excel document to be provided.

1.

The use of species is approved:

Species Number
Rodents - Various 138
Samples Number
Rodents - Blood (Samples from live animals) 138
Rodents - brain (Samples from live animals) 138
Rodents - diaphragm (Samples from live animals) 138
Rodents - heart (Samples from live animals) 138
Rodents - muscle tissue (Samples from live animals) 138
Rodents - spleen (Samples from live animals) 138
Rodents - tongue (Samples from live animals) 138

Ethics Approval is valid for 1 year and needs to be renewed annually by 2023-12-06.

Please remember to use your protocol number (REC106-22) on any documents or correspondence with the
AEC regarding your research.

Please note that the AEC may ask further questions, seek additional information, require further modification,
monitor the conduct of your research, or suspend or withdraw ethics approval.

All incidents must be reported by the PI by email to Ms Marleze Rheeder (AEC Coordinator) within 3 days,
and must be subsequently submitted electronically on the application system within 14 days.

The committee also requests that you record major procedures undertaken during your study for own-
archiving, using any available digital recording system that captures in adequate quality, as it may be required if
the committee needs to evaluate a complaint. However, if the committee has monitored the procedure
previously or if it is generally can be considered routine, such recording will not be required.

Ethics approval is subject to the following:
* The ethics approval is conditional on the research being conducted as stipulated by the details of all

documents submitted to the Committee. In the event that a further need arises to change who the
investigators are, the methods or any other aspect, such changes must be submitted as an Amendment for

Room 6-13, Arnold Theiler Building, Onderstepoort Fakulteit Veeartsenykunde
Private Bag X04, Onderstepoort 0110, South Africa Lefapha la Diseanse tSa Bongakadiruiwa
Tel #27 12 529 8424

Fax +27 12 529 8321

Email: marleze.rheeder@up.ac.za
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approval by the Committee.

We wish you the best with your research.

Yours sincerely

owﬁfﬂ

Prof A Tordiffe
DEPUTY CHAIRMAN: UP-Animal Ethics Committee

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA
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Appendix IV: UP REC Approval
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Ethics Reference No
Protocol Title

Principal Investigator
Supervisors

Faculty of Veterinary Science

Research Ethics Committee 12 September 2022

CONDITIONALLY APPROVAL

REC106-22

Seroprevalence and genetic characterisation of Toxoplasma gondii in feral
rodents in a zoological garden in South Africa

Dr NT Thovhakale

Dr D Morar-Leather

Dear Dr NT Thovhakale,

We are pleased to inform you that your submission has been conditionally approved by the Faculty of Veterinary
Sciences Research Ethics committee, subject to other relevant approvals.

Please note the following about your ethics approval:

1.

2.

3.

Please use your reference number (REC106-22) on any documents or correspondence with the Research
Ethics Committee regarding your research.

Please note that the Research Ethics Committee may ask further questions, seek additional information,
require further modification, monitor the conduct of your research, or suspend or withdraw ethics approval.
Please note that ethical approval is granted for the duration of the research as stipulated in the original
application for post graduate studies (e.g. Honours studies: 1 year, Masters studies: two years, and PhD
studies: three years) and should be extended when the approval period lapses.

The digital archiving of data is a requirement of the University of Pretoria. The data should be accessible in the
event of an enquiry or further analysis of the data.

Ethics approval is subject to the following:

1.

The ethics approval is conditional on the research being conducted as stipulated by the details of all documents
submitted to the Committee. In the event that a further need arises to change who the investigators are, the
methods or any other aspect, such changes must be submitted as an Amendment for approval by the
Committee.

Applications using Animals: FVS ethics recommendation does not imply that AEC approval is granted. The
application has been pre-screened and recommended for review by the AEC. Research may not proceed until
AEC approval is granted.

Conditionally approved (pending obtaining ALL other relevant approvals).

We wish you the best with your research.

Yours sincerely
"

&tlﬂ (ST N

PROF M. OOSTHUIZEN
Chairperson: Research Ethics Committee

00

CF VETERIMARY EOLSCATION

Room 8-, Amold Theiler Building

University of Pretoria, Faculty of Veterinary Science
Private Bag XD4, Onderstepoort, 0110, South Africa
Tel +27 {0)12 528 3380

Email marie. watson-kriski@up.acza

WWW . LD S0 73

Faculty of Veterinary Science
Fakulteit Veeartsenykunde
Lefapha la Disaense tSa Bongakadiruiwa
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