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General Information

The genus Trypanosoma (class of Kinetoplastida), includes single-celled flagellates that are
present as parasites in the most varied vertebrates, from fish to mammals, whereby only a few
species infect humans [1].

T. brucei includes three subspecies: The subspecies Trypanosoma brucei brucei, which is
pathogenic to animals, the human pathogenic subspecies Trypanosoma brucei gambiense
(group 1 and group 2) [2] and Trypanosoma brucei rhodesiense. T. b. brucei is a diploid
organism with a 26 Mbp genome. In addition to 11 classic chromosomes, intermediate and
mini-chromosomes are present, coding for variable surface glycoproteins (VSG) [3, 4].

Transmissionoccurs mainly from a bite by infected flies of the genus Glossina, known as tsetse
flies. In addition to the main mode of transmission via the tsetse fly, infections through sexual
contact or contaminated blood products, oral transmission and mechanical transmissions
through blood-sucking organisms, needle stick injuries and medical instruments have been
described [5, 14]. All three subspecies of Trypanosoma brucei exist naturally and exclusively
in Africa, south of the Sahara in the range of tsetse flies, the so-called tsetse belt.

T. b. brucei triggers nagana disease in cattle, pigs and camels, but also in wild animals that
serve as natural reservoirs; as a rule, humans are not infected by this trypanosome subspecies.
In contrast, aside from animals, T. b. gambiense and T. b. rhodesiense can also infect humans
and cause African sleeping sickness (Human African Trypanosomosis, HAT) [1, 5]. The
infection is accompanied by excessive immune dysfunction and immune pathology that result
from a persistent inflammatory immune reaction by the host [1]. Following an initial haemolytic
phase with symptoms of strong headaches, lymph node swelling (Winterbottom sign),
sleeplessness and rash, the parasite penetrates the central nervous system through the
bloodstream and leads to advancing neurological disturbances in the meningoencephalitis
phase. Without therapy, this leads to death in nearly 100% of cases [5]. With T. b. gambiense,
ilness can run for months or years; with T. b. rhodesiense the course is more acute (under
nine months).

The parasites that live extracellularly feed by the endocytosis of components of the bodily fluids
of the host. The life cycle is complex and includes various pleomorphic forms of life in the
respective host animals: The bite of an infected tsetse fly leads to metacyclic, non-replicating,
infectious trypanomastigote parasites in the saliva reaching the mammalian host tissue, where
they transform and multiply in intermediate cells spaces into slender trypomastigotes. From
there the cells also reach the bloodstream. In the further course of the infection the cels
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transform into short, squat trypomastigotes, which are infectious for tsetse flies. The parasite
cells are taken up with the blood when a tsetse fly bites an infected mammal. These transform
into procyclic, replicating trypomastigotes in the midgut of the fly. The procyclic trypomastigotes
multiply in the intestine of the fly, transform into epimastigotes and migrate into the salivary
glands, where they multiply further. There, new metacyclic, trypomastogote cells ultimately
arise and these are infectious for mammalian hosts. The reproduction cycle in the flies lasts
about three weeks [1].

The interaction between host and parasite is very complex. With a frequent change in the
expression of more than 100 different VSG genes, the parasite changes its cell surface
periodically and thus escapes the specific immune response of the hostimmune system, which
would lead to complement-mediated lysis of the parasite [5, 6].

Trypanosome lytic factors 1 and 2 (TLF1 and TLF2) of human serum, which, among others,
contains the haptoglobin related protein (HPR) and apolipoprotein L1 (ApoL1), are responsible
for the natural resistance of humans to exclusively animal-pathogenic trypanosomes [1]. The
lipoprotein complex binds to the haptoglobin/hemoglobin receptor on the surface of the
trypanosomes and is taken up by endocytosis. ApolL1 then forms pores in the lysosomal- and
mitochrondrial membranes of the trypanosomes, which leads to their lysis [7].

However, the three T. brucei subspecies are not distinguished morphologically but rather in
their configuration with virulence-associated factors that determine the host-specificity and the
course of the infection. In contrast to T. b. brucei, T. b. gambiense and T. b. rhodesiense
express proteins that inhibit TLF1 and TLF2. In T. b. rhodesiense there is a serum resistance
associated (SRA) gene that codes for a shortened VSG. This binds ApoL1 and, through its
neutralisation, prevents the lysis [8]. There is no SRA gene in the genome of T. b. gambiense.
T. b. gambiense uses various mechanisms that convey resistance to lysis. [2]. The resistance
of Group 1 T. b. gambiense is based on a point mutation in the TLF1 receptor and a diminished
expression of the receptor, so that the uptake of TLF1 is reduced. Additionally, there isa T. b.
gambiense-specific glycoprotein (TgsGP), a receptor-like, shortened VSG that reduces
membrane fluidity and thus prevents the lysis. Increased activity of cysteine proteases in the
digestive vacuoles of parasites additionally accelerates the degradation of ApoL [9-11]. The
resistance of Group 2 T. b. gambiense can be attributed to various mechanisms that have still
not been extensively researched. However, genes similar to TgsGP have been identified [2].

T. b. rhodesiense as a rule leads to an acutely progressing HAT, as a result of which patients
often die within a few months [12]. Cattle and wild animals such as antelopes are the main
reservoir. The nagana disease is triggered by T. b. rhodesiense in these animals [13].
Infections with T. b. gambiense, by contrast, are characterized by long latency and a chronic
progression over a number of years [14]. T. b. gambiense is responsible for more than 97% of
human trypanosome infections. The human is the main reservoir. If untreated, the infection
ends in death in most cases [15]. The existing therapies are unsatisfactory based on their
toxicity or deficiency of CNS (central nervous system)access [16]. There is neither an effective
vaccination nor a medicinal prophylaxis for T. b. rhodesiense or T. b. gambiense.

According to annex Il of guideline 2000/54/EG on protecting an employee from hazard from
substances while working, dated September 18, 2000, T. b. rhodesiense is assigned to risk
group 3** and T. b. gambiense to risk group 2. In the technical regulations for biological
substances 464 classification of parasites, T. b. gambiense as well as T. b. rhodesiense are
assigned to risk group 3**, with the recommendation that "when working with epimastigote
forms in culture and trypomastigote forms in a vertebrate host [...] the protective measures of
protection class 2 together with the measures additionally listed in annex 1 of the TRBA 100
are to be applied” [17].
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Recommendation

According to § 5 para. 1 GenTSV in conjunction with the criteria in annex | GenTSV,

Trypanosoma brucei gambienseis and Trypanosoma brucei rhodesiense as a donor and
recipient organism for genetic engineering operations are assigned risk group 3**.

Genetic engineering operations with T. b. gambiense and T. b. rhodesiense as donor and/or
recipient organisms are to be carried out in protection class 3 insofar as work is being done
with vectors, in this case blood sucking insects, or infectious stages of the parasite. With
genetic engineering operations without vectors or without infectious stages of the parasite, the
classification can take place in protection class 2, insofar as there is no transfer of nucleic acid
sections that increase the hazard potential of the above named recipient organisms.

Reasoning

If untreated, infections with T. b. gambiense and T. b. rhodesiense have a deadly progression
in nearly all cases for humans and for susceptible animals. A prophylaxis or vaccination is not
available. Transmissionis also possible by mechanical means, for example through accidental
self-inoculation. T. b. gambiense and T. b. rhodesiense are differentiated only by the type of
resistance to human serum and by the time frame in which the infection leads to death.

The parasites feature a complex life cycle with various parasite stages. Analogous to the
position statement by the German Central Committee on Biological Safety (ZKBS) in the
"Classification of Parasites Leishmania brasiliensis, Leishmania donovani, Plasmodium
falciparum and Trypanosoma brucei rhodesiense as recipient organisms in genetic
engineering operations® (Ref. 6790-10-70, June 2001), the classification can therefore be
differentiated. Determinative thereby is whether an infectious stage of the parasite is present
or not.
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