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Fig. 38. — Essential oil specimens — ylang-ylang and ginger — from the collection of Julius von Wiesner,
AWH10001943, AWH10025802.
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Other Renowned Contacts of Henri van Heurck

H. van Heurck also was in contact with Bernardin, whom he described as a distinguished
naturalist and philologist. He also obtained (though only a very limited number) products from
von Martius’ collection. These included bark of Esenbeckia febrifuga, acting as quinine, and
roots of Smilax species, known as “salsaparilla”.

Post-van Heurck Era

Following van Heurck’s passing in 1909, his extensive collection was transferred to the city
of Antwerp for the mere sum of one hundred and twenty-five thousand Belgian francs (Aer-
nouts & Frison, 1959). Over the course of more than fifty years, these collections found tem-
porary homes in various locations in Antwerp, sometimes being utilized and at other times
remaining idle. Edward Frison greatly admired van Heurck and comprehended the immense
value of his collections. He dedicated decades of effort to ensure their conservation. After much
wandering the city council gave the collections on long-term loan to the “Koninklijke
Maatschappij voor Dierkunde van Antwerpen” (KMDA).

In 1985, the association for “Antwerps Wetenschappelijk en Industrieel Erfgoed (AWIE)”
was founded under the chairmanship of Karel Van Camp with the aim of repurposing the pat-
rimony of van Heurck and Frison, among others. In 2004, transfers of books, microscopes and
other equipment and microscopic wood preparations to the Central Library of Antwerp and the
Museum of History of Sciences of Ghent University were arranged.

The important transfer of van Heurck’s herbarium, diatom collection and botanical museum,
and of Frison’s wood collection (all material from the Antwerp Herbarium, AWH) to the former
National Botanic Garden in Meise was regulated in the 1990s. In 2014, this AWH material
became a permanent loan to the newly-structured Meise Botanic Garden. Subsequently, Frison’s
wood collection and microscopic sections were transferred from Antwerp to Meise in 2020,
2022 and 2025.

Karel Edward Frison (Meerhout, 1888 — Antwerp, 1973)

Despite his limited acquaintance with van Heurck, Edward Frison held him in high esteem.
He valued, studied and took care of his collections. He was particularly fascinated by micro-
scopic research, first on algae, foodstuffs, drugs (from the van Heurck collection), paper, fibres,
and later wood (Frison, 1944). He became an expert in microscopy and microphotography,
essential to the identification of commercial wood species. His personal collection reached up
to about thirty thousand microscopic specimens, mostly wood sections, about one thousand
eight hundred wood samples, various microscopes and a library. It was sold to the city of Ant-
werp for six hundred thousand Belgian francs in 1977 (Van Camp et al., 2004).

Frison’s wood collections are housed in Meise Botanic Garden. Some of these have a corner
removed that served for micrographic research. Frison’s wood samples with “Terv” numbers
are among the earliest “TW”-numbers in the xylarium of the Africa Museum in Tervuren.
Examples include African rosewood (Guibourtia demeusei) (Terv31 = Tw31) and tchitola (Pri-
oria oxyphylla) (Terv47 = Tw47) from expeditions in Congo dating back to 1910 and 1912.

105352_PRAOS_3_2_2025_BW.indd 385 23/02/26 14.45



— 386 —

Apart from the collections of 1866 and 1930, discussed earlier, Frison’s collection also con-
tains wood samples from Bogor. The wooden case is now labelled with: “Collectie van hout-
monsters uit Ned. Oost- en West-Indié. Afdeeling Handelsmuseum van het Koloniaal Instituut”
and contains wood samples with the original (and informative) label and stamp of the “Bosch-
bouwproefstation Buitenzorg”. The Macassar ebony (Diospyros sp.) stands out as the darkest-
coloured specimen in this series (fig. 39).

The provenances of Frison’s wood samples also outline the collectors, institutions, com-
panies and societies at that time. For instance, incense cedar (Calocedrus decurrens) is a sam-
ple from the only Belgian and no longer existing pencil factory “Crayons Gilbert” in Hasticre.

AFD: HANDELEMUBEUM
KOLONIAAL INSTITUUT

mohbouwproafatntlion

504

Bultonzorg.

gaptroopt abbonhout
LI AR AT LA A LA LA
(Maonoanr ohony)

Dioapyros npec.

Fig. 39. — Macassar ebony and other wood samples from the collection of Edward Frison, AWH10090213.
Epilogue

In 1873, the “Société botanique de France* planned an extraordinary session with several
excursions in Belgium. The members visited botanical gardens, museums and nurseries. Plan-
chon reported enthusiastically and was full of praise for the visit to the State Botanic Garden
in Brussels and to the Commercial-Industrial Museum in Melle as well as to the Botanical
Museum of van Heurck in Antwerp (Planchon, 1873b). Overviewing the three collections in
Meise Botanic Garden one hundred and fifty years later, we find ourselves sharing the same
opinion. The combined knowledge and dedicated efforts of all the contributors have led to a
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collection that testifies to every possible use of (mainly) plants at the time. Interestingly, the
search for resources then runs a parallel with today’s technologies and ongoing searches for
diverse applications, while historical collections like the Meise Botanic Garden economic bot-
any collection still serve as a source of innovation (Stauffer & Roguet, 2012; Decq et al., 2019,
2021; De Paepe, Genbrugge & Stoftelen, 2023).

The economic botany collection at Meise Botanic Garden remains largely hidden from pub-
lic view, with the exception of a selection of wood specimens displayed in the WOODIlab
(including touch screens with background information on the specimens), and a number of
specimens in jars on display in a permanent exhibition on the history of Meise Botanic Garden
in Bouchout Castle. Additional portions of the collection can be seen in the herbarium rooms,
but only through guided tours. As part of the planned renovations of the collection building,
scheduled for 2028-2030, a permanent exhibit will be created to showcase the rich collections
from the herbarium, library, and archives, and to highlight the related research activities. This
exhibit will guide visitors along the paths of historical botanists during their explorations of
remote regions around the world, unveiling the rich history, current endeavours, and future
directions of research and collections at the Botanic Garden.

Understanding the content, as well as the historical, political and cultural context of the
economic botany collection at Meise Botanic Garden is a crucial first step. Specimen data from
this collection are already present in the collection management system of Meise Botanic Gar-
den, and basic information can be accessed through our institutional portal (https://www.
botanicalcollections.be) and the Global Biodiversity Information Facility (GBIF) (Meise
Botanic Garden, 2024). The next step will be to include high-resolution images of the spec-
imens, include data on their uses, conduct provenance research for specimens that have not yet
been re-examined, and recognize traditional knowledge wherever possible.
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SumMAaRY. — Many infectious diseases suffer from post-treatment clinical reactivation. The ontogeny
of such treatment failure may relate to features of the pathogen, host and drug. Besides drug resistance,
tissue or cellular niches that escape drug activity have gained increasing awareness for the last couple of
years. Evidence has also emerged for pathogen dormancy and persistence in combination with hiding in
such sanctuary niches. Protozoans such as Trypanosoma, Toxoplasma and Plasmodium are liable to treat-
ment failure resulting from infection of tissues such as the adipose, central nervous system and liver
respectively. Several bacteria, most notably Mycobacterium, Staphylococcus and Salmonella, are known
to form persisters that are drug tolerant and that can reside in multiple sanctuary niches. This review will
focus on the tissues and host cells reported to provide sanctuary underlying treatment failure and subse-
quent relapse, whereby visceral leishmaniasis will be elaborated as a disease that is prone to relapse of
multifactorial origin.

TREFWOORDEN. — Infectie; Behandelingsfalen; Leishmania; Leishmaniase; Weefselniches; Dorman-
tie.

SAMENVATTING. — Ulitdagingen bij de behandeling van microbiéle infecties: sanctuaire niches, persis-
tentie en recidief. — Meerdere infectieziekten vertonen klinische reactivatie na behandeling. De oorsprong
van dergelijk behandelingsfalen kan samenhangen met eigenschappen van het pathogeen, de gastheer en
het gebruikte geneesmiddel. Naast geneesmiddelresistentie is er de afgelopen jaren toenemende aandacht
voor weefsel- of cellulaire niches die aan de werking van geneesmiddelen ontsnappen. Bovendien is er
toenemend bewijs dat ziekteverwekkers in een dormante toestand kunnen overleven, vaak in combinatie
met het zich verschuilen in bepaalde niches. Protozoa zoals Trypanosoma, Toxoplasma en Plasmodium
zijn gevoelig voor behandelingsfalen doordat zij respectievelijk vetweefsel, het centrale zenuwstelsel en
de lever kunnen infecteren. Van verschillende bacterién, meer bepaald Mycobacterium, Staphylococcus en
Salmonella, is bekend dat zij persistercellen vormen die tolerant zijn voor geneesmiddelen en kunnen
overleven in meerdere beschermende niches. Deze review richt zich op de weefsels en gastheercellen
waarvan is aangetoond dat zij een bescherming bieden aan het pathogeen. Viscerale leishmaniase wordt
daarbij uitgelicht als een ziekte die bijzonder vatbaar is voor behandelingsfalen en herval.
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» Largely overlooked niches such as stem cells in the bone marrow have been shown to con-
stitute a hospitable reservoir for pathogens ranging from bacteria to parasites.

* Our research has uncovered that visceral leishmaniasis persists after treatment whereby
parasites find sanctuary in a hematopoietic stem cell niche and by transitioning through a
quiescent state.

» Important arguments are provided for innovation in the drug discovery and R&D pipeline
to incorporate sanctuary niches and pathogen quiescence to overcome the risk of relapse.

Introduction:
The Ontogeny of Treatment Failure

A notorious challenge for a plethora of major microbial diseases is the establishment of an
effective curative treatment. Challenges are even more prominent in tropical settings where
access to proper health care and logistics for drug availability are more limited. Over the past
decade, an important impact of environmental changes has also been noted, where global
warming has resulted in the expansion of especially vector-transmitted diseases to new geo-
graphical areas (Rocklov & Dubrow, 2020). For many infectious organisms an alarming rate
of drug resistance (Allué-Guardia, Garcia & Torrelles, 2021; Menard & Dondorp, 2017; Ponte-
Sucre et al., 2017; Radha, Murugesan & Rupali, 2020), treatment failure and disease relapse
are being reported (Nascimento et al., 2019; Shao et al., 2021; Naylor-Leyland et al., 2022).
Although drug resistance and treatment failure can be related, these concepts cannot be inter-
changed. Drug resistance can be acquired by the pathogen due to a variety of mechanisms,
involving the emergence of genetic and/or metabolic alterations, which give rise to an attenu-
ated response to the drug (Ghosh, Saran & Saha, 2020; Hendrickx et al., 2014). In fact, in
broad and general terms, drug resistance is a decrease of compound efficacy against a pathogen
population that was previously susceptible, consequently leading to the need for higher drug
exposure or even complete clinical drug ineffectiveness at the maximal safe or tolerated drug
dose (Capela, Moreira & Lopes, 2019; Hazlehurst & Hacker, 2009). Treatment failure, on the
other hand, can be the result of numerous factors, situated at the level of the drug itself, the
host or the pathogen. Drug-associated factors include subtherapeutic exposure due to pharma-
cokinetic properties or poor pharmaceutical quality of the medication. Particularly important
pharmacokinetic properties in the context of treatment failure are tissue distribution and the
elimination half-life of the compounds (Rijal et al., 2013; Dorlo et al., 2014; Castro et al.,
2017; Dorlo, Huitema, Beijnen & de Vries, 2012; Kip et al., 2021). For example, the plasma
half-life for the antileishmanial drugs miltefosine (MIL) and AmBisome both exceed five days
(Sundar & Chakravarty, 2010; Sundar, Jha, Thakur, Sinha & Bhattacharya, 2007), causing them
to linger on in the body at subtherapeutic concentrations for weeks after treatment which may,
apart from treatment failure, trigger the emergence of resistance. Besides pharmacokinetics,
drug quality is another major contributor to treatment failure. The shelf life of many drugs
depends on proper storage, which may require a cold supply chain to the patient, which may
not be straightforward in tropical countries (Sunyoto et al., 2019; Pambudi, Sarifudin, Gandidi
& Romadhon, 2022). In some regions, drugs requiring a cold chain are therefore substituted
by drugs with less optimal profiles (Sundar et al., 2011). Moreover, due to both cost and lim-
ited drug availability, patients in developing countries are more likely to be treated with coun-
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terfeit medications that fail in terms of efficacy and may favour resistance development (Glass,
2014; Akpobolokemi, Martinez-Nufiez & Raimi-Abraham, 2022).

Host factors include e.g. immunity, nutritional status or compliance. An effective immune
response is often required to support treatment; therefore patients with immunodeficiencies can
be particularly hard to cure. A notoriously challenging co-infection is leishmaniasis with human
immunodeficiency virus (HIV). In general, HIV co-infection is associated with higher initial
treatment failure and relapse rates due to immune exhaustion and chronic immune stimulation
(Nissapatorn & Sawangjaroen, 2011; Zheng et al., 2020; Shikanai-Yasuda et al., 2021). Natural
heterogeneity in host immune responses can also influence the potency of a drug (Aruleba,
Carter, Brombacher & Hurdayal, 2020). For example, MIL has been used successfully to treat
leishmaniasis in India, whereas its efficacy in Africa is lower (Ritmeijer et al., 2006) and failed
during a clinical trial in Brazil. Besides host genetic factors, pathogen genetics in different
geographical areas are implicated as well, as the 40 % relapse rate in Brazil was associated
with the absence of the “MIL sensitivity locus” (Carnielli et al., 2018). Other pathogen factors
influencing treatment failure include the intrinsic virulence, which can affect the induced host
immune response and can result in elevated pathogen burdens that require higher drug doses
(Porco, Lloyd-Smith, Gross & Galvani, 2005). Microorganisms can also reside in tissues inac-
cessible to drugs, or within cells exhibiting unique properties aiding in the escape from drug
exposure or the immune response (Barrett, Kyle, Sibley, Radke & Tarleton, 2019; Silva Pereira,
Trindade, De Niz & Figueiredo, 2019). The adaptive characteristics of pathogens also allow
them to transform from a metabolically active state into a quiescent or persistent form that is
more impervious to treatment (Khlebodarova & Likhoshvai, 2018).

Sanctuary Sites and Persisters

For many infectious diseases, the ontogeny of treatment failure is not straightforward and is
most likely multifactorial. Without the need of genetic or phenotypic changes, pathogens can
exploit particular tissue or cellular tropism to survive and escape treatment or immunity
(Sanchez-Valdez, Padilla, Wang, Orr & Tarleton, 2018; Zhang, 2014). The body comprises
several potential niches ranging from specialized tissues (fig. 1) to specific cells or cellular
compartments that differ in accessibility for immune responses and therapeutic agents. Host
cells and tissues can as a result underlie (re)colonization of the host and relapse (Dirkx et al.,
2022; Sarathy & Dartois, 2020; Silva-Filho et al., 2020). This phenomenon of sanctuary sites
or niches has been described for a range of pathogens across the microbiological spectrum
(Barrett et al., 2019).

The advantage for a pathogen to exhibit a certain tissue tropism can relate to the character-
istics of the tissue, the constituting cells or the subcellular compartment. In addition, tissue or
cellular tropism can change over the course of infection, e.g. differing between the acute and
chronic stage of the disease. For example, acute Toxoplasma gondii infections are associated
with infection of a broad range of nucleated cells, while chronic infections persist in tissue cysts
that establish in skeletal/smooth muscle cells and long-lived cells (neurons) of the central nerv-
ous system, known to be poorly accessible for many pharmaceutical agents (Dogga et al., 2022).

It has been understood that treatment failure can also derive from pathogens that survive
treatment without selection of inheritable genetic alterations. Such organisms exhibit pheno-
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Central Nervous System

Toxoplasma gondii
Trypanosoma brucei
Lungs ) ) Heart
Mycobacterium tuberculosis Trypanosoma cruzi
Liver Sp|een
Plasmodium vivax Brucellg abortus
Salmonella sp.
skin )
Borrelia burgdorferi Intestines
Mycobacterium leprae Trypanosoma cruzi
Staphylococcus aureus
Leishmania donovani Adipose tissue
Trypanosoma cruzi/brucei
Bone marrow Rickettsia prowazekii
Brucella abortus
Mycobacterium tuberculosis Bone
Salmonella sp. Staphylococcus aureus

Leishmania infantum/donovani
Plasmodium vivax Skeletal muscle

Toxoplasma gondii

Fig. 1. — Tissue niches of specific pathogens linked to treatment failure. Neuronal and skeletal muscle cells
are niches for Toxoplasma gondii (Remington & Cavanaugh, 1965; Li, Severance, Viscidi, Yolken & Xiao, 2019;
Swierzy et al., 2014; Dunay, Gajurel, Dhakal, Liesenfeld & Montoya, 2018). African trypanosomes invade the
central nervous system, which represents a challenge for effective drug treatment across the blood-brain barrier
(Mogk et al., 2017; Jennings, Whitelaw, Holmes, Chizyuka & Urquhart, 1979). In the adipose tissues, Trypano-
soma cruzi/brucei (Combs et al., 2005; Ferreira et al., 2011; Trindade et al., 2022, 2016) and Rickettsia prowaze-
kii (Bechah, Paddock, Capo, Mege & Raoult, 2010) can persist. Brucella abortus and Salmonella typhimurium use
the spleen as a reservoir (Goenka, Guirnalda, Black & Baldwin, 2012; Castro-Eguiluz et al., 2009; Souwer et al.,
2012). Plasmodium vivax resides in the hepatocytes of the liver and causes recrudescence of malaria (Shanks &
White, 2013; Markus, 2012; Mikolajczak et al., 2015). Persistent skin infections with the Lyme spirochete, Bor-
relia burgdorferi, have been linked to relapse (Rudenko, Golovchenko, Kybicova & Vancova, 2019; Cabello,
Godfrey, Bugrysheva & Newman, 2017; Middelveen et al., 2018; Sapi et al., 2019). Mycobacterium leprae is
known for persisting in the skin (Hartanto et al., 2022), as is Staphylococcus aureus (Yee et al., 2019). Leishmania
donovani parasites can persist in the skin and cause post-kala-azar dermal leishmaniasis (Zijlstra, 2019). The lungs
are a notorious niche for Mycobacterium tuberculosis persistence (Pandey & Sassetti, 2008). The bone marrow is
a niche for many pathogens, including monocytes for Brucella abortus (Gutiérrez-Jiménez et al., 2018; Pappas,
Akritidis, Bosilkovski & Tsianos, 2005), stem cells for Mycobacterium tuberculosis (Das et al., 2013; Tornack et
al., 2017; Delgobo et al., 2019; Belay et al., 2021), Leishmania infantum/donovani (Dirkx et al., 2022), and Plas-
modium vivax (Obaldia III et al., 2018), and possibly macrophages for Salmonella typhimurium (Gasem et al.,
2003; Nix, Altschuler, Henson & Detweiler, 2007; Ahmad, Khan, Roshan & Bhutta, 2011). The figure was created
using SmartServier.
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typic diversity, e.g. encompassing quiescent or dormant forms that can persist after treatment
(Barrett et al., 2019). These pathogens are mostly metabolically inactive, slow growing or have
other specific changes that differ from the active pathogen. These changes are also reversible.

PROPERTIES OF SANCTUARY TISSUES AND CELLULAR NICHES

Some biological tissue properties related to treatment are, for instance, the low perfusion
rate of adipose tissue (Silva Pereira ef al., 2019) and bone marrow (Mu et al., 2018). Likewise,
certain tissues are largely privileged from the systemic circulation as they are governed by
barriers such as the blood-brain (Krasemann et al., 2022), the blood-cerebrospinal fluid (CSF)
(Zheng, Song, & Zhang, 2011) or the blood-testis barrier (Cheng & Mruk, 2012). Some other
tissues provide an immune-privileged niche, such as the eyes (Benhar, London & Schwartz,
2012) and hair follicles (Gueirard et al., 2010). Characteristics of compounds themselves can
also determine success or failure depending on the targeted tissue, e.g. hydrophilic drugs do
not effectively permeate adipose tissue (Souto et al., 2022).

Intrinsic properties of stem cells may also provide opportunities for the pathogen to evade
immune responses and drug action. For example, mesenchymal stem cells do not normally
express major histocompatibility complex (MHC) class II on their cell surface and their MHC
class I molecules are functionally inactive, i.e. these molecules do not trigger effector functions
of cytotoxic T lymphocytes (Lopes, Daifalla, Das, Dias da Silva & Campos-Neto, 2016). Fur-
thermore, stem cells have been described to express high levels of drug efflux pumps that could
contribute to low drug exposure (Ng & Alexander, 2017). During visceral leishmaniasis (VL)
infection, substantially-decreased levels of Nos2 gene expression and of both nitric oxide (NO)
and reactive oxygen species (ROS) were demonstrated in infected long-term haematopoietic
stem cells (LT-HSC), creating a more hospitable environment for parasite multiplication and
survival (Dirkx et al., 2022). Other cells withdraw from cell cycle progression and trigger dif-
ferentiation of the pathogen to a quiescent stage, such as the skeletal muscle cells during
T. gondii infection (Swierzy & Liider, 2015). Adipocytes are an excellent niche and well-known
reservoir for Trypanosoma cruzi, the causative agent of Chagas disease, as these cells are rich
in nutrients and secrete the anti-inflammatory adipokine adiponectin (Rajala & Scherer, 2003;
Chandran, Phillips, Ciaraldi & Henry, 2003; Nagajyothi & Weiss, 2019). During Mycobacte-
rium tuberculosis (Mtb) infection, monocytes are differentiated to longer-lived foamy macro-
phages characterized by the presence of lipid-containing bodies, which afford dormant Mzb
bacilli access to host cholesterol, required for persistence (Pandey & Sassetti, 2008; Mayito et
al., 2019).

Some pathogens adopt intracellular invasion strategies in non-phagocytic cellular niches to
persist. For example, 7. cruzi is able to invade various host cells by fusion of lysosomes at the
site of invasion (Andrews, 1993; Batista, Najera, Meneghelli & Bahia, 2020; Fernandes &
Andrews, 2012). Hereby, the parasite takes advantage of the parasite-induced membrane dam-
age to enter the cells, stimulating lysosomal exocytosis pathways to repair the membrane
(Batista et al., 2020; Fernandes et al., 2011). T. cruzi is known to escape rapidly from the
vacuole into the cytoplasm as a favourable environment to differentiate and replicate (Ferri &
Edreira, 2021).
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Adipose Tissue

The adipose tissue has been infamous to serve as a site of refuge, as it is less accessible to
chemical compounds due to the low perfusion rate. For example, Combs et al. (2005) demon-
strated significant numbers of 7. cruzi in the adipocytes of mice during a chronic infection.
Further research also revealed persistence of this parasite in adipose tissue of chronic Chagas
disease patients (Ferreira et al., 2011). Benznidazole and nifurtimox are the current first-line
drugs for acute 7. cruzi infection, but have been ineffective during the chronic stage (Zaki et
al., 2020; Morillo et al., 2015; Santos et al., 2016), which may in part result from a decreased
efficacy in adipose tissue. In fact, both drugs need to reach the parasite and undergo enzyme-
mediated activation to have cytotoxic effects (Wilkinson, Taylor, Horn, Kelly, & Cheeseman,
2008). Currently an effort is undertaken to develop nanocarriers for effective delivery, such as
lipid nanovesicles for better permeability of certain tissues (Arraa, Seremeta, Bedogni, Okulik,
& Salomon, 2019). T. brucei, an extracellular parasite causing sleeping sickness, has a tran-
scriptionally distinct “adipose tissue form” (ATF) that is described as slow-growing and qui-
escent, therefore possibly responsible for recrudescence of the disease (Trindade et al., 2016,
2022).

In addition to trypanosomes, it has been documented that Rickettsia prowazekii, a bacterium
transmitted by body lice that causes epidemic typhus, can reside in this tissue after treatment.
This suggests that adipose and adipocytes play important roles in the occurrence of Brill-
Zinsser disease, the recrudescent manifestation of epidemic typhus (Bechah ef al., 2010).

Skin

Persistent infections with the Lyme spirochete, Borrelia burgdorferi, have been demonstrated
in patients who have been treated with the proper antibiotics, yet regain symptoms after allevi-
ating drug pressure (Rudenko et al., 2019; Cabello et al., 2017; Middelveen et al., 2018; Sapi
et al., 2019). Mycobacterium leprae 1s notorious for persisting in the skin. As such, multiple
relapses after multidrug treatment have been reported (Hartanto et al., 2022). Other bacterial
persisters in the skin include Staphylococcus aureus, where it was shown that persisters have
an increased infectivity, causing more severe lesions (Yee ef al., 2019) and a tolerance to anti-
biotic treatment, linking the persister phenotype to chronic and relapsing S. aureus infections
(Conlon, 2014). A specific dermal complication that can develop after the protozoan Leish-
mania donovani infection is known as post-kala-azar dermal leishmaniasis (PKDL), in which
the parasites persist in the skin after treatment, causing a highly transmissible condition with
self-healing lesions that usually disappear within a year (Zijlstra, 2019).

Liver

The liver can be colonized by dormant or hypnozoite stages of Plasmodium vivax, a causa-
tive agent of malaria. These are less susceptible to antimalarial therapies and can be reactivated
(Shanks & White, 2013). Hypnozoites appear responsible for relapse of P vivax-mediated
malaria even years after initial infection (Markus, 2012), although studies in human liver chim-
eric mice suggest that hypnozoites may actually not be fully metabolically inactive (Mikol-
ajczak et al., 2015). Studies on treatment efficacy of chloroquine and primaquine have doc-
umented P. vivax relapse rates varying from 8 % (Rajgor ef al., 2014) to 38 % (Kim et al.,
2012). To prevent relapse of vivax malaria, an additional fourteen-day primaquine (0.5-0.75 mg/
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kg per day) cure is recommended, targeting the hypnozoite stages (Galappaththy, Tharyan &
Kirubakaran, 2013; Rishikesh & Saravu, 2016). However, individuals with specific CYP2D6
polymorphic alleles fail to metabolize primaquine and experience treatment failure (de Pina-
Costa et al., 2021). Likewise, primaquine can cause hemolysis in individuals with a genetic
enzyme deficiency (G6PD), requiring downward adjustment of the treatment dosage (Rishikesh
& Saravu, 2016).

Central Nervous System

There has long been evidence that the cyst form of 7. gondii can reside and persist in neuronal
cells (Remington & Cavanaugh, 1965). T. gondii cysts reside in the brain for extensive periods
and this process requires a continuous immune response to prevent the parasite’s reactivation
(Li et al., 2019). Especially in HIV-infected patients cerebral toxoplasmosis is a life-threatening
condition that requires prompt diagnosis and treatment (Dian, Ganiem & Ekawardhani, 2023).

African trypanosomes are notorious for crossing the blood-brain and blood-CSF barriers,
causing typical deregulation of the sleep-wake cycles (Mogk et al., 2017). This reservoir in the
central nervous system has been described as a source of relapse for decades (Jennings et al.,
1979), requiring drugs that can cross the blood-brain barrier such as fexinidazole and eflor-
nithine (Bernhard, Kaiser, Burri & Maiser, 2022; Kuemmerle et al., 2021).

Skeletal Muscle

Infection of skeletal muscle by 7. gondii triggers differentiation from the highly replicative
tachyzoites to dormant bradyzoites and tissue cyst formation, both being crucial for parasite per-
sistence in muscle tissue (Swierzy et al., 2014). A current limitation is that therapies are effective
against tachyzoites but not against bradyzoites, due to its dormant phenotype (Dunay et al., 2018).

Spleen

In the spleen, the presence of Brucella abortus was detected in splenic B lymphocytes which
protect the bacteria against bactericidal agents. Especially the marginal zone B cells seems to
be the preferred target (Goenka et al., 2012). Similar conclusions could be drawn for Salmo-
nella typhimurium where the presence of the bacteria was confirmed in splenic B cells. Data
demonstrated that all precursors as well as plasma cells were infected with the bacterium
(Castro-Eguiluz et al., 2009). Additionally, Salmonella-specific B cells were shown to act both
as a survival niche and a reservoir for reinfection (Souwer et al., 2012).

Lungs

One of the most notorious persistent diseases of the lung is tuberculosis. A hallmark of
tuberculosis is the ability of the causative agent, Mtb, to persist for decades despite a vigorous
host immune response. Although the immune response eftectively controls the replication of
bacteria, they are able to resist eradication, resulting in chronic tuberculosis, characterized by
slowly-replicating bacteria and progressive immunopathology (Pandey & Sassetti, 2008). These
slow or sometimes non-replicating bacteria exhibit extreme tolerance to many first- and sec-
ond-line Mtb drugs (Sarathy et al., 2018).
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Heart

Chagas cardiomyopathy is the most common infectious cause of heart failure, whereby a
cardiac parasite burden is a hallmark of chronic infection (Venturini et al., 2023). Dormancy
in the mammalian infection cycle of 7. cruzi is key to the failure of current drug treatments.
Although other factors, including the differential tissue tropism of parasite strains and tissue
distribution of potential drugs, certainly also impact treatment outcomes, only dormancy has
been definitively linked (Sanchez-Valdez et al., 2018).

Gastrointestinal Tract

A study by Lewis et al. (2014) identified the gastrointestinal tract as the primary site of
parasite persistence for long-term 7. cruzi infection, associated with conditions such as megae-
sophagus and megacolon.

Bone and Bone Marrow

Long-term intracellular infection of bone cells, i.e. osteoblasts, osteoclasts and osteocytes,
by S. aureus has been described as a mechanism for infection persistence and recurrence fol-
lowing long periods of dormancy (Libraty, Patkar & Torres, 2012; Masters et al., 2022). The
bone marrow has also been increasingly understood as a pivotal sanctuary niche. For instance,
it was observed by Gutiérrez-Jiménez et al. (2018) that B. abortus persists in the bone marrow
and particularly resides in monocytes which are most likely the source of relapse in approx-
imately 10 % of brucellosis patients (Pappas ef al., 2005). There is also evidence of persistence
of Salmonella in the bone marrow (Gasem et al., 2003), presumably inside haemophagocytic
macrophages (Nix et al., 2007), responsible for relapse rates of 5 to 20 % (Ahmad et al., 2011).

A lot of effort has been done in describing the role of the bone marrow during tuberculosis.
In fact, the bone marrow was identified as an antibiotic-protective niche where Mtb can infect
CD271+CD45-mesenchymal stem cells (MSC) and long-term haematopoietic stem cells (LT-
HSC) (Das et al.,2013; Tornack et al., 2017; Delgobo et al., 2019; Belay et al., 2021). Impor-
tantly, it was demonstrated that even after prolonged treatment, the bacterium remained present
in CD271+MSC, linking these observations with the occurrence of relapse (Beamer, Major,
Das & Campos-Neto, 2014; Berry et al., 2010). Unexpectedly, the haematopoietic niche of the
bone marrow has also been discovered as a reservoir for P. vivax. Here, proliferation of malaria
parasites occurs as well as gametocyte development (Obaldia et al., 2018).

PROPERTIES OF PERSISTERS

The largest body of evidence and mechanistic information for persistence has been obtained
for bacterial pathogens. Actually, bacterial persistence was first reported eighty years ago for
staphylococcal infections treated with penicillin (Bigger, 1944). Nevertheless, the underlying
mechanisms of persistence in general remain an enigma. Classically accepted features of per-
sisters are that they comprise only a subpopulation, with a dormant phenotype that endows the
pathogen a multidrug tolerance that is non-inheritable and reversible (Jung, Ryu & Kim, 2019).

The central dogma entails that bacteria can alternate between planktonic growth and forma-
tion of persisters that often reside in biofilms. Persisters refer to genetically drug susceptible,
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quiescent (non-growing or slow-growing) organisms that survive exposure to a given cidal drug
and have the capacity to regrow under highly specific conditions (Zhang, 2014). The term
‘persisters’ refers to a heterogeneous group, whereby some types are formed in response to
external triggers, while others switch phenotype in the absence thereof (Balaban, Merrin, Chait,
Kowalik & Leibler, 2004). External triggers include drugs, starvation, heat, acidic pH and
oxidative stress (Leung & Lévesque, 2012; Wu, Vuli¢, Keren & Lewis, 2012). Several complex
mechanisms have been proposed to lay at the basis of bacterial persistence. Toxin/antitoxin
(TA) systems are often mutated in high-persistence genetic screens and overexpression of these
toxins often increases the frequency of persisters in a population (Ronneau & Helaine, 2019;
Moyed & Bertrand, 1983). The TA system has been observed to contribute to persister forma-
tion for Mtb (Keren, Minami, Rubin & Lewis, 2011) and S. typhimurium (Helaine et al., 2014).
Others include reduced metabolism, energy production, protein and nucleic acid synthesis,
DNA repair and protection, protein degradation, transporters/efflux systems, and transcriptional
regulators (reviewed in Cui, Xu, Zhang & Zhang, 2016; Harms, Maisonneuve & Gerdes, 2016).
Several studies have been conducted, for instance in S. aureus, to elucidate the transcriptional
alterations associated with persisters, where several stress responses were activated, including
the stringent response, cell wall stress, SOS response (a complex response to DNA damage)
and heat shock response (Peyrusson et al., 2020). Recent evidence also suggests a major role
of epigenetic regulations, such as DNA methylation, which stably alter gene expression without
modifying genomic sequences (Riber & Hansen, 2021).

For parasites, information about mechanisms of persistence is very scarce, due to its rel-
atively recent discovery. The main limitation hindering the study of persister cells in any dis-
ease is the very low frequency of occurrence (Khlebodarova & Likhoshvai, 2018). A recurrent
feature of protozoan persisters is the decrease in metabolic activity. Studies have shown that
DNA replication, general transcription and protein synthesis are decreased in Plasmodium spp.
and 7. gondii persisters (Barrett ef al., 2019).

Visceral Leishmaniasis: An Example of the Multifactorial Origin of Treatment Failure

For VL, post-treatment relapse rates are described for all currently used drugs. Relapse rates
of up to 7 % for AmBisome (Salih ef al., 2014), 20 % for MIL (Rijal ef al., 2013) and 38 % for
antimonials (Berbert ez al., 2018) have been reported over the past decade. Even combination
therapy, e.g. with antimonials and paromomycin, showed a relapse rate of 6 % (Atia et al., 2015).
Relapse rates for VL are also increasing considerably. In South Sudan, relapse as a proportion
of all VL cases increased by 6.5 % per annum, from 5.2 % during 2001-2003 to 14.4 % during
2016-2018 (Naylor-Leyland et al., 2022). Moreover, VL relapse patients have a high chance of
relapsing again, e.g. a recent study in Sudan using AmBisome revealed that 10 % of relapse
patients underwent new relapse episodes (Salih et al., 2014). Notably, an increased infectivity
associated with relapse has already been shown for MIL and antimonial treatment in the Indian
subcontinent (Ouakad ef al., 2011; Vanaerschot et al., 2010; Rai ef al., 2013), suggesting that the
selected phenotype may pose an additional threat to leishmaniasis control programmes.

The current VL treatments do not accomplish sterile cure and display severe limitations such
as toxicity, high production cost, decreased efficacy, difficulty in administration, and most
importantly the emergence of resistance (Alves et al., 2018; Hirve et al., 2017; Monge-Maillo,
Norman, Cruz, Alvar & Lopez-Vélez, 2014; Singh, Singh, Chakravarty & Sundar, 2016;
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Fig. 2. — Discovery of the stem cell niche linked to relapse during visceral leishmaniasis (Dirkx
et al., 2022). In the bone marrow relapse niche of VL-infected animals, stem cells harbour very high
numbers of parasites and display decreased oxidative stress levels, which makes them more tolerant
to antileishmanial drugs. These infected stem cells express a unique transcriptional signature, defined
as StemLeish. Long-term haematopoietic stem cells (LT-HSC), mesenchymal stem cells (MSC),
short-term haematopoietic stem cells (ST-HSC), multipotent progenitors (MPP), common myeloid
progenitor (CMP), granulocyte-monocyte progenitor (GMP), monocyte (Mon), macrophage (M),
nitrogen oxide (NO), reactive oxygen species (ROS).
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Frézard, Demicheli & Ribeiro, 2009; Reveiz, Maia-Elkhoury, Nicholls, Romero & Yadon,
2013). The acquisition of such resistance mechanisms can be associated with either (i) decreased
drug uptake, (ii) increased drug efflux, (iii) enzymatic drug inactivation, (iv) improved cellular
mechanisms to deal with drug-induced stress of cell damage, and/or (v) changes in the expres-
sion, abundance or drug-binding affinity of the primary therapeutic target (Ponte-Sucre ef al.,
2017). For MIL it has been shown that MIL-resistant Leishmania strains show reduced fitness;
however, exposing this phenotype to MIL treatment restores their infectivity, proving that their
fitness is drug dependent, which emphasizes the risk of MIL treatment in sustaining infections
with resistant parasites (Bulté et al., 2021; Eberhardt ez al., 2019).

We recently demonstrated the importance of the bone marrow as a sanctuary niche for a
persistent VL infection and post-treatment relapse. In fact, the bone marrow was identified as
a sanctuary site from which the host can be recolonized (fig. 2). In this tissue, LT-HSC (Lin-
Scal+ cKit+ CD48- CD150+) were found to be a hospitable cellular niche (fig. 2, top left) with
low oxidative stress levels and harbouring enormous parasite burdens, which make them more
tolerant to antileishmanial drug action (fig. 2, bottom left). Infected LT-HSC express a unique
transcriptional signature, termed ‘StemLeish’, defined by upregulated TNF/NF-kB and RGS1/
TGF-B/SMAD/SKIL signaling, and a downregulated oxidative burst (fig. 2, bottom right).
Cross-species analyses demonstrated significant overlap with human VL and HIV co-infected
blood transcriptomes (Dirkx et al., 2022).

For LT-HSC, a decreased treatment response could not be linked to drug efflux and is likely
related to the observed extreme high parasite burdens. Other mechanisms of the LT-HSC niche
can play a role such as drug distribution to the bone marrow (Mu et al., 2018). In general, the
bone marrow contains at least two different types of niche based on location, e.g. periosteal or
perivascular. The former provides a hypoxic environment with differential sensitivity to therapy
(Pajonk & Vlashi, 2013). Zhao et al. (2019) showed that HSCs can be functionally distin-
guished into reserve HSCs and primed HSCs based on their response to chemotherapy, and
which is linked to their different position in the bone marrow niche and distance to the blood
vessel. The LT-HSC are specifically in close proximity of capillary fenestrations, enabling
drugs that pass through these fenestrations to directly encounter LT-HSC (Mu et al., 2018).
Drugs with favourable pharmacokinetic properties to target the bone marrow would potentially
be more effective in targeting the LT-HSC burdens and preventing persistence and post-treat-
ment relapse. Artificial culture systems have suggested the occurrence of Leishmania quies-
cence after treatment with antimonials or upon exposure to experimental stress conditions (Jara
et al., 2019, 2022), associated with a downregulated synthesis of ATP, ribosomal components,
proteins and alterations in membrane lipids (Jara et al., 2017, 2019). Recently, we discovered
in situ acquisition of quiescence in parasites infecting LT-HSC and described its downstream
effects on parasite biology: increased survival under drug pressure, increased infectivity and
high transmissibility (Dirkx et al., 2024). The occurrence of resistance, sanctuary niches and
quiescence underscores the multifactorial origin of treatment failure during leishmaniasis.

Conclusion
Significant gaps remain in our understanding of host-pathogen interactions, pathophysiology,

and the implications for treatment and establishment of appropriate tests-of-cure (Silva-Filho
et al., 2020). The functional consequences of tissue or cellular tropism as well as pathogen
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quiescence or persistence remain poorly studied, despite the association with important aspects
of the disease, including transmission, treatment failure, relapse and clinical outcome. In fact,
it is reasonable to suspect that slowly-replicating or transiently-arrested microbial pathogens
have a selective advantage under immune and drug pressure and play a role in sustaining
chronic infections in asymptomatic individuals and pre-relapse patients. Innovative detection
methods are therefore needed, not only to provide proper treatment and enable accurate post-
treatment follow-up, but also to tackle the dissemination of infection. Highly specific biomark-
ers and new host-directed therapeutic targets may serve these purposes. Besides focusing on
the host, there is an unmet need for drugs that act against quiescent pathogens within their
cellular niches. For this, transcriptional profiling can uncover potential drivers of quiescence
and provide targets for novel combination therapies. Additionally, due to the many links
between relapse niches and dormant phenotypes for several pathogens, the currently available
genetic toolbox to study host and pathogen genes will offer unprecedented insights in the univ-
ersal problem of quiescence across the microorganism spectrum.
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APPENDIX

Abbreviations in alphabetic order

Written in full Abbreviation
Adipose tissue form ATF
Brucella abortus B. abortus
Cerebrospinal fluid CSF
Cytochrome P450 2D6 CYP2D6
Glucose-6-phosphate dehydrogenase G6PD
Human Immunodeficiency Virus HIV
Leishmania donovani L. donovani
Long-term haematopoietic stem cell LT-HSC
Major histocompatibility complex MHC
Mesenchymal stem cells MSC
Miltefosine MIL
Mycobacterium tuberculosis Mtb
Nifurtimox Eflornithine Combination Therapy NECT
Nitric oxide NO
Plasmodium vivax P, vivax
Post-kala-azar dermal leishmaniasis PKDL
Reactive oxygen species ROS

Salmonella typhimurium

S. typhimurium

Staphylococcus aureus S. aureus
Toxin/antitoxin TA
Toxoplasma gondii T. gondii
Trypanosoma brucei T. brucei
Trypanosoma cruzi T cruzi
Visceral leishmaniasis VL
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SummARY. — Cocoa (Theobroma cacao L.) is a tropical cash crop that provides income to 4.5 million
farming families worldwide. In Ivory Coast, the world’s largest cocoa producer (38 % of global cocoa
supplies), 82 % of cocoa farmers do not earn a living income, which is the net income a household
would need to earn to enable all members of the household to afford a decent standard of living. In the
present paper, we explore how the cocoa sustainability initiatives of two Belgian cocoa value chain
actors (Oxfam Fair Trade Belgium and Galler SA) attempt to close the gap between current cocoa far-
ming income and a living income. They do that through (7) cocoa productivity improving initiatives; (if)
paying cocoa premium prices; and (7ii) farm income diversification. We highlight the opportunities as
well as risks and challenges of the specific actions undertaken in both cases and conclude that relying
on one strategy alone is unlikely to significantly contribute to closing the living income gap.

TREFWOORDEN. — Ivoorkust; Kinderarbeid; Ontbossing; Certificering; Biologische landbouw; Leef-
baar inkomen.

SAMENVATTING. — Bittere chocolade: de moeizame weg naar een leefbaar inkomen voor West-Afri-
kaanse cacaoboeren. — Cacao (Theobroma cacao L.) is een tropisch handelsgewas dat wereldwijd
inkomsten biedt aan 4,5 miljoen landbouwgezinnen. In Ivoorkust, dat 38 % van alle cacao op aarde
produceert, verdient 82 % van de cacaoboeren geen leefbaar inkomen, wat het netto-inkomen is dat een
huishouden nodig heeft om alle leden een fatsoenlijke levensstandaard te kunnen bieden. In dit artikel
onderzoeken we hoe de duurzaamheidsinitiatieven van twee Belgische actoren in de cacaowaardeketen
(Oxfam Fair Trade Belgium en Galler SA) de kloof tussen het huidige inkomen van cacaoboeren en een
leefbaar inkomen trachten te verkleinen. Zij doen dit via (7) initiatieven om de productiviteit van cacao
te verbeteren; (if) het betalen van cacaopremies; en (iii) diversificatie van het landbouwinkomen. We
belichten bij beide initiatieven zowel de kansen als de risico’s en uitdagingen van de specificke acties
en concluderen dat één strategie op zichzelf waarschijnlijk niet significant zal bijdragen aan het dichten
van de kloof naar een leefbaar inkomen.

1. Introduction

Cocoa (Theobroma cacao L.) is the tropical cash crop from which chocolate is made. In
2022, global cocoa dry bean production amounted to 5.88 million tonnes that were produced
on 11.9 million hectares of land. Around two thirds (63 %) of that volume were produced in
West Africa (38 %, 19 %, 5 % and 5 % of global cocoa were produced in Ivory Coast, Ghana,
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on 25 January 2023 and submitted to peer review. Final version, approved by the reviewers, received on
19 August 2024.
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Nigeria and Cameroon, respectively). Outside Africa, major cocoa procuring countries include
Indonesia (13 % of world production), Ecuador (6 % of world production) and Brazil (5 % of
world production) (FAOSTAT, 2024).

Despite the fast emergence of cocoa industry-led efforts such as sustainability or fair trade
certification schemes, cocoa production continues to be linked to deforestation and poverty
(Higonnet, Bellantonio & Hurowitz, 2017; True Price, 2018). Cocoa is a smallholder crop,
particularly in West Africa. In all cocoa production areas, it is produced by around 4.5 million
farming families, most of which live in (extreme) poverty. Van Vliet, Slingerland, Waarts &
Giller (2021) reported that in Ivory Coast, 40 % of cocoa farmers live in extreme poverty,
according to World Bank definitions.

Increasing consumer demand for sustainable chocolate products as well as pressure from
some European governments (Krauss & Barrientos, 2021) have triggered the cocoa industry and
civil society to take initiatives to improve livelihoods of cocoa growing families. In the present
paper, we analyse the historical context of cocoa farmer poverty in Ivory Coast, the world’s
largest cocoa supplier, and critically and qualitatively assess cocoa sustainability strategies that
can be taken by actors in the cocoa supply chain which specifically aims at improving income
of cocoa farmers above a living income threshold. We do this using two cocoa cases of Belgian
actors in the Ivorian cocoa value chain. The research question is whether the latter strategies
have a potential to close the prevailing living income gap in the Ivorian cocoa sector and
whether relying on one strategy alone is sufficient. Given the considerable size of the present-
day living income gap in the Ivorian cocoa sector, we hypothesize this is not the case.

2. The Origins of Cocoa Smallholder Poverty

For many decades, Ivory Coast was a popular immigration country for foreign non-citizens
from ECOWAS countries including Mali, Burkina Faso and Liberia (Pailey, Kandilige, Shilue
& Zongo, 2017). As a result, the Ivorian cocoa sector could continuously rely on young work-
ers who were hired from the abundant market of migrant labour (Ruf, 1987). At the same time,
cocoa has historically expanded in Ivory Coast by shifting cocoa cultivation to recently defor-
ested or degraded forest areas (Clough, Faust & Tscharntke, 2009), where cocoa tree growth,
development and production was initially largely supported by the highly fertile tropical forest
soils and shade provided by remaining forest trees. These advantages can be considered as
labour (Ruf, Schroth & Doffangui, 2015) and forest rents (Odijie, 2016; Ruf & Langon, 2004;
Ruf & Schroth, 2004), respectively, and allow for cocoa production at a relatively low cost. As
a result, cocoa growers could obtain a profit margin (albeit small) at low cocoa sale prices.
Apart from soil fertility, forest rent, also defined as the difference in cost between planting
cocoa in tropical forests compared to replanting cocoa on existing agricultural fields or fallow
land, is also derived from differences in costs or efforts required for maintenance, weeding,
soil fertility and disease management, which are linked to microclimatic differences between
forests and replanted sites. Also, the prevalence of pests and diseases, which contributes to
production costs and yields, differ between forest plantations and replanted sites (Odijie, 2016).

Over the past twenty-five years, the cocoa world market prices (FOB) have been very vol-
atile and fluctuated around US$ 2,500 per tonne of dry cocoa beans. Because of inflation, this
implies a de facto decreasing price for cocoa growers. Forest and labour rents furthermore did
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not encourage agronomic innovations in Ivorian cocoa production. Such innovations (agrofor-
estry, integrated soil fertility management, improved cocoa varieties, integrated pest and dis-
ease management strategies) are badly needed to sustain cocoa production levels once the
forest rent has been depleted. Low cocoa prices and therefore small cocoa profit margins,
prevent cocoa growers from implementing these innovations, leading to cocoa production col-
lapses after twenty years. New forest rents are then obtained by moving cocoa production into
newly-deforested areas, a process which Clough et al. (2009) described as the cocoa boom-
and-bust cycle.

Continuous low cocoa prices are the main driver of cocoa farmer poverty. In Ivory Coast,
cocoa is exclusively produced by smallholders, most of them own less than 5 ha of cropland
(3 ha on average). For these smallholders and their families, cocoa is the main source of income
on which they depend for their livelihood. In Ivory Coast, at the beginning of each cocoa season,
the cocoa farmgate price is set by the government through the Coffee and Cocoa Council (Con-
seil du Café-Cacao — CCC). This price is influenced by global market prices, production costs,
and negotiations with industry stakeholders. The aim is to ensure a fair income for farmers while
maintaining competitiveness in the global market (Gilbert & Varangis, 2003). Nevertheless,
82 % of Ivorian cocoa farmers do not earn a living income (Fountain & Huetz-Adams, 2020),
which is the net income a household would need to earn to enable all members of the household
to afford a decent standard of living. Elements of a decent standard of living include food, water,
housing, education, health care, transport, clothing, and other essential needs including provision
for unexpected events (Anker, 2011; Veldhuyzen, 2019). It is estimated that under current aver-
age cocoa productivity levels in Ivory Coast (460 kg of dry cocoa beans per ha in 2020)
(FAOSTAT, 2024), the cocoa farmgate price should increase to US$ 3,160 per tonne of cocoa
for Ivorian cocoa farmers to earn a living income, which is more than double the guaranteed
farmgate price of US$ 1,247 per tonne that Ivorian farmers received in the main cocoa crop
season of 2021-2022 (Christensen, 2022). In 2024, cocoa prices sharply increased well above
this price (up to US$ 10,000 per tonne) because of extreme drought caused by the El Nifio
weather phenomenon (Tabe-Ojong, Adetumi Guedegbe & Glauber, 2024). However, Ivorian
cocoa farmers benefit little from these sharp price increases as the CCC set the cocoa farmgate
price at just US$ 2,498 per tonne of cocoa (http://www.conseilcafecacao.ci).

Poverty in cocoa farming communities entails lack of quality education and health care.
Poverty, absence of, or low access to good affordable schools and inadequate local infrastruc-
ture are the root causes of child labour that, despite cocoa company promises to reduce the
worst forms of child labour, remains a major issue in the cocoa sector (Fountain & Huetz
Adams, 2020). Nearly one fifth of Ivorian children aged five-seventeen are exposed to multiple
forms of hazardous work, such as working with dangerous tools or harmful pesticides (UNICEF,
2018).

The cocoa boom-and-bust cycle is responsible for massive deforestation in Ivory Coast. The
Ivorian primary rainforest, covering fifteen million hectares in 1960, has shrunk today to just
three million hectares, into the Ivorian rainforest (Verdeaux & Alpha, 2004). According to
Riano et al. (2016), cocoa is responsible for between 20-23 % of historic deforestation in Ivory
Coast. Analysis of spatial data further shows that deforestation in Ivory Coast continues to date.
Between 2019 and 2020, sixty-eight thousand hectares of primary forest (i.e. 2.2 % of the
remaining forest) were lost in Ivory Coast. Around one fifth of the latter deforestation took
place in the so-called protected forest areas (foréts classées) (Despretz, 2020). Deforestation
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leads to loss of biodiversity, habitats and ecosystem services (such as pollination), which
together with the depletion of the forest rent, threaten cocoa production in Ivory Coast and
therefore will hamper cocoa yield and profit improvements in the future.

Climate change will likely decrease climatic suitability of most cocoa-growing regions,
mostly because of reduced or irregular rainfall. Areas most likely to retain high suitability are
in the proximity of forest reserves where future precipitation will probably remain sufficiently
high (Bunn, Lundy, Léderach & Castro, 2017). This means that deforestation and climate
change are mutually reinforcing stressors in cocoa production.

To conclude with, the poor institutional environment in which Ivorian cocoa farmers operate,
is an important factor preventing them to escape from poverty. Most Ivorian farmers are mem-
bers of a cocoa cooperative which usually groups up to several hundreds of cocoa farmers and
which aim at empowering cocoa farmers and facilitating their access to extension services and
capacity-building initiatives. However, Ivorian cocoa farmers generally distrust their cooper-
atives. According to Ruf, Uribe Leitz, Gboko & Carimentrand (2019), Ivorian cocoa cooper-
atives should be considered as private companies that act in the interest of their own adminis-
tration and that of cocoa traders, rather than that of their members. They lack adherence to
cooperative values such as collectivism and participative management, particularly of coop-
erative revenues and expenditures (Ruf ef al., 2019).

3. Reversing the Trend
3.1. THIRD-PARTY CERTIFICATION

Civil society organizations were the first responders to cocoa sustainability problems. Fair-
trade-certified cocoa guarantees a minimum cocoa price to cocoa growers and adds a premium
price to that. The first fairtrade chocolate was labelled in 1994. Fairtrade cocoa is currently
governed by Fairtrade International [1]". Since 2018, the international sustainability certifiers
UTZ and Rainforest Alliance (RA) have merged into one organization (RA). It addresses defor-
estation, climate change, systemic poverty, and social inequity problems in agricultural com-
modities, including cocoa [2]. Unlike Fairtrade International, UTZ/RA does not guarantee a
minimum cocoa price but pays a premium to cocoa growers who comply with a broad set of
sustainability criteria.

Organic agriculture is a century-old agricultural practice attempting at increasing sustainabil-
ity of agricultural production. The main elements of organic agriculture are the exclusion of
chemical fertilizers and pesticides (Shi-ming & Sauerborn, 2006). For a company to market
cocoa beans as ‘organic’ on the European market, it must comply with European organic legis-
lation, which includes regulations for production, processing and trade (CBI, 2022). The volume
share of organic chocolate sold in Belgium was just 1 % in 2019 but had doubled since 2016
(Vandenhaute, Gellynck, Vanhove & Boeckx, 2020). Roughly twenty thousand tons of organic
certified beans were imported in 2018, with Dominican Republic as main country of origin
(Timmermans & Van Bellegem, 2019). According to the Netherlands Ministry of Foreign Affairs
(CBI, 2022), organic premium prices can be as high as 300 USDS$ per ton of organic cocoa.

* Numbers in brackets [ ] refer to the notes, p. 436.
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3.2. VOLUNTARY SUSTAINABILITY STANDARDS

Depleting forest rent, concomitant deforestation and accelerating climate change effects have
urged also cocoa companies to act and try to reverse the unsustainability trend in the cocoa
sector. Cocoa production collapse in West Africa would drive cocoa growers deeper into pov-
erty and would increase cocoa (consumer) prices because of market shortages, as was illus-
trated by the sharp cocoa world market price increases in 2024 (see § 4.2.). Since the mid-
2000s, cocoa trading and processing companies have therefore taken several voluntary
sustainability initiatives in the form of self-regulatory corporate social responsibility (CSR)
programmes (Ingram, van Rijn, Waarts & Gilhuis, 2018). Among the main cocoa traders and
processors, they include (non-exhaustive list) Cargill Cocoa Promise, ADM’s Socially and
Environmentally Responsible Agricultural Practices (SERAP), Barry-Callebaut’s Cocoa Hori-
zons and OLAM’s Grow Cocoa initiatives. Chocolate-producing companies’ CSR programmes
include Nestlé’s Cocoa Plan, Mars’ Sustainable Cocoa, Ferrero’s Farming Values, Hershey’s
Cocoa Link, Mondelez’ Cocoa Life Initiatives and Tony Chocolonely’s Tony’s Open Chain of
some large chocolate companies. These initiatives mostly offer packages of interventions or
services (such as organizing farmers into groups, training, credit, tools and farm inputs such
as fertilizers, agrochemicals and cocoa seedlings) to farmers and their organizations to secure
supplies of cocoa beans of specific quality, produced in specific, often traceable, environmen-
tal and social conditions (Ingram et al., 2018). Apart from an evaluation of the Cocoa Chal-
lenge Fund (IDH, financed by Cargill, Barry Callebaut and the Beyond Beans Foundation),
which found no impact on cocoa yield or income of the investments in fertilizers, enabled by
that fund (IDH, 2021), the impact of these corporate cocoa sustainability programmes has to
our knowledge not been scientifically assessed.

In addition to the latter corporate cocoa sustainability initiatives, multi-stakeholder platforms
have been set up around cocoa sustainability, which include both companies and civil society
organizations. They include the Cocoa and Forest Initiatives (CFI) in Ghana and Ivory Coast,
the Cameroonian Feuille de Route pour un Cacao sans Déforestation and the International
Cocoa Initiative (ICI) [3], founded in 2002 following the Harkin-Engel Protocol, an inter-
national agreement aimed at ending the worst forms of child labour in the cocoa supply chain.
In 2015, the governments of Denmark, France, Germany, the Netherlands, Norway and the UK
signed the Amsterdam Declaration to support private-sector and public initiatives aiming at
eliminating deforestation from agricultural commodity chains.

3.3. SUSTAINABLE SOURCING LEGISLATION

Over the past few years, actors in the cocoa sector have urged for legislation at the European
(EU) level to leverage cocoa sustainability and to create a level playing field within a support-
ive enabling environment for cocoa supply chain actors. Since 2019, the Cocoa Coalition, an
informal group of cocoa and chocolate companies, certification organizations, NGOs and the
earlier mentioned International Cocoa Initiative, has been advocating the development of rel-
evant EU policy measures, including human rights due diligence legislation and bilateral agree-
ments between the European Union and cocoa-producing countries (Cocoa Initiative, 2022).

In 2023, the European Parliament and the European Council adopted the “Regulation for
Deforestation-free products”, whereas on 13 June 2024 they adopted Directive (EU) 2024/1760
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on “Corporate Sustainability Due Diligence” (CSDDD). Both were designed to improve cor-
porate governance practices and increase corporate responsibility in relation to human rights
and environmental risks and improve access to remedy for those affected by adverse impacts
of commodities globally sourced and imported to the EU (EC, 2024). Even though the CSDDD
requires member states and the European Commission to develop accompanying measures
geared at companies, especially SMEs, and other cocoa supply chain stakeholders (EC, 2024),
there is a risk that, instead of addressing sustainability issues within their current supply chains,
cocoa companies disengage from their buyers and shift cocoa sourcing to areas where e.g.
deforestation or child labour are less prevalent. Furthermore, companies may cascade compli-
ance requirements without adequate support for cost and risk management (Hylander, Hyrske-
Fischer, Gauttier & Vieira, 2014).

3.4. SUSTAINABLE COCOA PARTNERSHIPS

Since 2014, in Europe, multi-stakeholder platforms, such as the International Cocoa Initiat-
ive (see § 3.2.), have also been set up at national level. Such Initiatives on Sustainable Cocoa
(ISCO’s) have been established in Germany (GISCO [4]), Switzerland (SWISSCO [5]), Bel-
gium (Beyond Chocolate, since 2018 [6]), the Netherlands (DISCO, since 2020 [7]) and France
(Initiative frangaise pour un Cacao durable, since 2021) [8].

Although each platform operates independently, often the same multinational companies and
civil society organizations are members of the national platforms. As these platforms share
most of their objectives, namely to (i) contribute to a living income for cocoa farmers and their
families; (i7) halt cocoa-related deforestation and promote sustainable reforestation and bio-
diversity; (iii) end child labour and forced labour in the cocoa value chain; and (iv) enhance
the transparency in the cocoa value chain (Kakaoforum, 2022), in 2021 they signed a MoU to
better align and to bundle efforts [9].

4. The Difficult Road to a Living Income

Cocoa sustainability is multifaceted and requires actions to reduce cocoa farmer poverty,
improve cocoa labour conditions and halt deforestation and other environmental harm, all of
which are mutually influencing one another. In what follows, we will exclusively focus on the
strategies cocoa farmers, their associations, companies, civil society organizations and scien-
tists, alone, or in collaboration with each another, can deploy to close the living income gap
(i.e., the income differential between their actual income and a living income) of cocoa farm-
ing families, as there is a wide acceptance among these actors that extreme poverty is the root
cause of sustainability problems in the cocoa sector.

In this assessment, we make the simple assumption that a cocoa farmer income is determined
by (i) the cocoa price; (if) cocoa farm output (consisting of cocoa yield per ha multiplied by
cocoa farm size in ha, which determine cocoa farm turnover); (iii) cocoa production costs
which need to be subtracted from the latter turnover to obtain cocoa net income; and finally
(iv) additional on- and off-farm income (fig. 1). We further assume that intervening on cocoa
price, cocoa yield and production costs as well as on on- and off-farm income (or on a com-
bination of the latter factors), may significantly contribute to closing the cocoa farmer house-
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hold living income gap. Many Ivorian cocoa smallholders operate on a scale of just 2-3 ha.
Eighty percent of Ivorian cocoa farms are smaller than 5 ha (Suh & Molua, 2022). Land scar-
city, tenure issues, land-use competition and low means for investment severely restrict land-
use increase. We will therefore not further consider land size as a factor on which external,
non-governmental stakeholders like companies or NGOs have leverage to boost cocoa farm
income.

Cocoa farmer income

Cocoa acreage

____________________________ - —_— - ——
i , r I
I Cocoa net income ! I |
I : !
gesremmssanrannaaas prmssrsrssssrsisssREsssnnns 1 I
I : : I I
: Cocoa farm output : | l
Fy : : : I | Additional on- |
| Cocoa yield : I and |
1 Cocoa price X : _ Cocoa production | + | ‘ |
I : X : costs | off-farm income |
| H | |
I |
[ | | I
[ | : [
| I |

Fig. 1. — Simplified cocoa farmer income model.

We take two Belgian cocoa sustainability initiatives as case studies to show how an NGO
(first case) and a private company (second case) take actions on each of the latter three com-
ponents of cocoa farming income to close the living income gap of a group of Ivorian cocoa
farming families.

The first case is the “Bite-to-Fight” project of Oxfam Fair Trade Belgium (hereafter called
the Oxfam case), which is performed in collaboration with the cocoa farmer cooperative CPR-
Canaan which gathers cocoa farmers from around Daloa (Haut-Sassandra region, Ivory Coast).
The second case includes two projects of the Belgian chocolate company Galler SA (i.e., the
People, Planet and Cocoa Project, financed by the King Baudouin Foundation, and the Virtuous
Beans Project, financed by the Belgian Beyond Chocolate Initiative; see § 3.4.) (hereafter
called the Galler case). The latter case is a collaboration between Galler SA, the chocolate SME
Zoto, the Trade for Development Centre of the Belgian Development Cooperation Enabel, the
Faculty of Gembloux Agro-Bio Tech (University of Liége) and the Yeyasso cocoa farmer
cooperative of Man (Tonkpi region, Ivory Coast). Cocoa production in the Tonkpi region
started to develop around 1920 (Plas, 2020), whereas in the Haut-Sassandra region cocoa was
introduced in 1940 (Oszwald, Bigot & Brou Yao, 2003). However, in the latter region, cocoa
production rapidly expanded from the 1960s onwards, whereas in the Tonkpi region, cocoa
production has more recently expanded. It is therefore possible that farmers in the Galler pro-
ject in the Tonki region still benefit from some remaining forest rent, which may result in a
higher effect of the project interventions and thus in higher cocoa yields and consequently
higher cocoa income compared to farmers in the Oxfam case. Data are lacking to check this
hypothesis.
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Projects in both cases aim at improving the ecological and socio-economic sustainability of
cocoa farming in the intervention areas in Ivory Coast. In both cases similar project activities
are performed. However, in their activities, the Oxfam project emphasizes farmer agricultural
guidance and organizational capacity building, whereas the Galler projects predominantly focus
on transitioning cocoa farming to agroforestry and organic cocoa production systems as well
as on farm income diversification. Moreover, the Oxfam project directly intervenes on the
cocoa price by paying cocoa farmers a living income premium price on top of the Fairtrade
Minimum Price and Fairtrade Premium Price (see further in § 4.2.).

We assess the activities that are performed by one or several case projects. These activities
include (7) agroforestry, soil management and agricultural practices to boost cocoa productivity;
(if) price premiums improving cocoa payments to farmers; and (iii) poultry farming, horticul-
ture, staple crop production, apiculture and savings and credit schemes as a strategy to boost
non-cocoa income by Ivorian cocoa farmers.

4.1. Cocoa PropuUCTIVITY ENHANCING ACTIVITIES

A study by van Vliet et al. (2021) among Ivorian and Ghanian cocoa farmers revealed that
when cocoa yields would double (i.e. increase from the current 300 to 600 kg of dry cocoa per
ha per year), and taking into account the increased production costs to achieve such yields, the
share of households that earn a net income below the extreme poverty line would reduce to
just 2 and 4 % and those living below the “living income benchmark” to 25 and 32 % in Ghana
and Ivory Coast, respectively. In what follows, we will present and discuss the interventions
made by the Oxfam and Galler projects aiming at improving yield. We focus on agroforestry,
soil management and other agricultural practices.

4.1.1. Agroforestry

Despite earlier efforts of companies and NGOs to promote agroforestry systems in Ivory
Coast, most Ivorian cocoa farmers produce cocoa in full sun systems, with some old remaining
forest trees (e.g., Ceiba pentandra or Terminalia spp.) dispersed here and there in the cocoa
plots. Agroforestry has numerous agro-ecological benefits to cocoa trees that are produced in
low-input agroecosystems such as those in Ivory Coast.

Cocoa agroforestry systems (7) reduce air and soil temperatures as well as wind speed (Beer,
1998); (ii) reduce fruit abortion, resulting from soil N addition through leguminous shade trees
(Bos, Steffan-Dewenter & Tscharntke, 2007); (i) protect cocoa pods and trees against windborne
spores of fungal diseases (Rice & Greenberg, 2000); (iv) improve buffering of high humidity
levels and soil moisture availability (Beer, 1998; Schwendenmann et al., 2010); (v) improve light
regulation and tree nutritional status (Isaac, Timmer & Quashie-Sam, 2007); (vi) reduce excessive
vegetative growth (flushing) (Beer, 1998); (vii) reduce nutritional imbalances and tree dieback
(Beer, 1998; Wessel & Gerritsma, 1997); (viii) suppress weed growth (Rice & Greenberg, 2000);
(ix) increase overall insect biodiversity, which improves yield through natural control of pest
populations and increased pollination services (Asare, 2006; Daghela Bisseleua, Missoup &
Vidal, 2009; Bos et al., 2007; Sperber, Nakayama, Valverde & de Siqueira Neves, 2004; Zuidema,
Leftfelaar, Gerritsma, Mommer & Niels, 2005); and (x) improve soil fertility, and reduce and
prevent soil erosion (Beer, 1998; Duguma, Gockowski & Bakala, 2001; Schroth, Lehmann, do
Rosario Lobato Rodrigues, Barros & Macédo, 2001; Rice & Greenberg, 2000).
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Agroforestry enhances soil exploration by the trees’ root system and the associated mycor-
rhizas. It also fosters litter fall and proliferation of soil organisms (fauna and microbes, including
pest and disease antagonists) (Vanhove, Vanhoudt & Van Damme, 2016), thus creating a soil with
more favourable structure, and adequate organic matter and nutrient availability (Schroth &
Krauss, 2006). In addition to the agro-ecological benefits of shade trees, possible lower per yield
of cocoa in agroforestry systems can be compensated by additional income from selling fruits
from shade trees such as bananas (Musa sp.), citrus (Citrus sp.), avocado (Persea americana),
coconut palm (Cocos nucifera) (Feintrenie, Ollivier & Enjalric, 2010; Kan Koko, Snoeck, Leka-
dou & Assiri, 2013; Osei-Bonsu, Opoku-Ameyaw, Amoah & Oppong, 2002) or other, local and
often underutilized fruit tree species (Asare, Afari-Sefa, Osei-Owusu & Pabi, 2014; Daghela
Bisseleua et al., 2009; Sonwa et al., 2007; Vaast & Somarriba, 2014).

Because of these benefits, both
the Oxfam and Galler projects have
a strong agroforestry component. In
2021, in the Oxfam project five
thousand four hundred and forty-
two shade tree plants were distrib-
uted to fifty-one cocoa farmers.
They were raised in nurseries
(fig. 2) under guidance of Foncier
Foresterie Agriculture (FOA), a
local forestry partner. Between 2019
and 2021, the Galler People, Planet
and Cocoa Project raised and dis-
tributed fifty thousand trees to cocoa
farmers in the region of Man. Spe-
cies planted included Beilschmiedia

Fig. 2. — Shade tree nurseries in Man (People, Planet and Cocoa
mannii (Kplé), Ricinodendron heu- Project — Galler case).

delotii (Akpi), Terminalia superba

(Fraké), Terminalia ivorensis (Framiré), Garcinia kola (Petit cola), Irvingia gabonensis and
Citrus x sinensis (Orange), Cedrela odorata and Acacia mangium. B. mannii was exclusively
distributed in the Galler case, whereas C. odorata and A. mangium were only distributed in the
Oxfam case. All other species were used in both cases.

Despite the numerous benefits of cocoa agroforestry in Ivorian cocoa systems and despite
private and public sector efforts such as those in our case studies, to promote shade tree plant-
ing, 90 % of cocoa in Ivory Coast is still produced under light or no shade (Sanial, 2018).
Obstacles for agroforestry adoption by Ivorian cocoa smallholders that were identified in the
case studies include (i) perceived competition between cocoa and shade trees; (i7) shade tree
planting preferences on the plantation borders; (iii) preference of timber tree species (which
are cut down after ten to fifteen years); and (iv) lack of follow-up on shade tree development
after seedling distribution to cocoa farmers.

Given the long period required for agroforestry systems to mature, and the difficulties for
shade trees to grow above the cocoa canopy in standing cocoa plantations, it is strongly recom-
mended that shade tree planting projects extend their activities beyond shade tree seedling
growing in nurseries and seedling distribution to cocoa farmers. Shade trees require protection
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from weeds, drought, pests, and diseases. Furthermore, cocoa trees around shade trees should
be pruned for successful shade tree growth and development. In both case studies, agroforestry
follow-up activities are adequately performed. In the long run, these projects could consider
incentives (e.g., premiums; see § 4.2.) for cocoa farmers not to cut down shade trees. At the
same time, as current cocoa genotypes in Ivory Coast have been bred for full-sun systems, it
is important to breed new genetic cocoa material that is adapted to shaded agroforestry systems
with low light intensities. This is crucial to close the yield gap between monocultures and
agroforestry systems, and to further promote the adoption of the latter (Armengot, Picucci,
Milz, Hansen & Schneider, 2023).

600 4.1.2. Soil Management

500 Notwithstanding soils on which
200 W cocoa is grown are highly variable
300 in physical and chemical properties,
200 they are generally characterized by
100 poor fertility (particularly lacking
0 ot O~ h Oy~ ooy~ phosphorus), acidity and low
R R exchange capacity of clay minerals.

A A A A A A NN NN A . N .
It is widely accepted (van Vliet &

Fig. 3. — West-African cocoa dry bean yield (kg hat) (1960- Giller, 2017) that in addition to age-
2020) (source: FAOSTAT). ing cocoa trees and lack of good

agricultural practices, poor soil fer-
tility explains to a large extent why current average West-African cocoa yield (460 kg of dry
cocoa beans per ha in 2020 [10]) (fig. 3) is far below the theoretical level of three tons of dry
cocoa beans per ha that was obtained in controlled, experimental conditions (Goenaga, Guil-
tinan, Maximova, Seguine & Irizarry, 2015).

Cocoa smallholders have limited options to improve soil fertility. In Cameroon, it was found
that just 33 % of cocoa farmers apply mineral fertilizers, whereas compost and manure were
applied by even less farmers (16 % and 13 %, respectively). Farmers were mostly restricted
by poor access to fertilizers, organic material to produce compost or to manure (Kenfack
Essougong et al., 2020). Improving soil fertility in cocoa farms should make long-lasting
changes in soil structure and composition, most importantly improving soil organic matter
contents as a strategy to improve soil water retention and mineral exchange capacities. The
establishment of agroforestry systems is the best strategy to achieve these goals (see § 4.1.1.)
(Wartenberg, Blaser, Roshetko, Van Noordwijk & Six, 2020).

Apart from agroforestry, the studied cases have developed other soil fertility improvement
alternatives such as (i) compost production and application, and (if) poultry farming, aiming at
organic fertilizer production (apart from additional income from poultry meat and eggs, see
§ 4.3.). In the Oxfam case, compost was produced by forty smallholders. Compost heaps were
2mx 2 mx 1.5 m (height) and consisted of organic material including leaves, hay, rice straw,
sawdust, chopped branches and chopped maize stalks (fig. 4). Nitrogen sources such as weeds
or plant residues from gardens, fresh or dry manure, or digested sewage sludge were also
added. Compost can significantly contribute to improving cocoa farm soils’ physicochemical
composition. However, the largest bottleneck of compost production for Ivorian cocoa farmers
is the limited supply of organic matter. It is unsure whether the small compost quantities
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applied (6 m*® per 2 to 3 ha
farm) can significantly improve
soil fertility. Moreover, if com-
posting is done inappropriately,
it might contribute to the rapid
spread of black pod disease
(Phytophthora spp.) (Ampon-
sah-Doku, Daymond, Robin-
son, Atuah & Sizmur, 2022).
Barriers to poultry farming
(Galler case) include the invest-
ment needed for chicken cage

construction, labour and [ PN = 2
chicken feed that mostly needs _ . .

b hased Fig. 4. — Compost heap construction in Cailloux village (Daloa, Ivory
to be purchased. Coast) (Oxfam case).

4.1.3. Other Agricultural Practices

Good agricultural practices (GAP) in cocoa cultivation have frequently been reported for
more than seventy years (Thirion, 1950; Lery, 1954; Williams, 1975; Lass, 1985; Huijsmans,
2020). These practices, which are expected to obtain optimum cocoa yield, include (i) pruning,
including tree formation, maintenance pruning (shaping the tree and allowing air flow through
the cocoa canopy to optimize photosynthesis and to prevent pests and diseases), and phyto-
sanitary pruning (removal of diseased branches and pods); (i7) (integrated) pest and disease
management, including the reasonable use of chemical or biological pesticides and aforemen-
tioned pruning practices; (iii) composting of diseased plant parts (to prevent spore spreading
of fungal diseases); (iv) weeding; (v) soil fertility management, including fertilizer application,
composting and re-introduction of crop residues (empty pod shells) or other organic (waste)
material to the field (see § 4.1.2.); (vi) shade tree planting (see § 4.1.1.); and (vii) cocoa (re-)
planting, including variety choice and planting density.

Despite decades of training and extension programmes by companies and NGOs, GAP adop-
tion rates, particularly those of pruning (Obeng Adomaa, Vellema, Slingerland & Asare, 2021),
are very low in West Africa (Asare, Afari-Sefa, Muilerman & Anim-Kwapong, 2018). The rea-
sons for this remain unclear. It may be that the amount of time and capital that need to be
invested in GAP outweigh the expected cocoa yield and thus income improvements. Furthermore,
it may be that GAP benefits are acknowledged but that they are perceived only to occur in the
long term. Cocoa farmers may prefer to allocate time and money to investments with shorter-term
benefits. According to Huijsmans (2020), GAP adoption is significantly improved through train-
ing. However, she did not find a positive effect of GAP adoption on cocoa yield, which may be
linked to the short evaluation period (three years) or other yield-limiting factors such as low-
yielding cocoa genotypes or severe soil infertility that cannot be quickly solved by short-term
GAP applications. Obeng Adomaa et al. (2021) underscored the need for context-specific diag-
noses and adaptations, which are often lacking in NGO and company GAP training sessions.

Training is a core element of the Oxfam and Galler cases. In the Oxfam case, training is
organized through four “Farmer Field Schools” (FFS), each providing training to a cooperative
subsection of twenty-five farmers. Trainings take place in a plot where the trainer, in a par-
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ticipatory way, teaches good agricultural as well as good environmental practices. The training
methodology is based on a manual published by the German Development Agency GIZ
(Dohmen, Helberg & Asiedu, 2016). FFS sessions are held fortnightly and are provided by a
trainer (the same for each subsection) and a coach (one per subsection). Moreover, in each FFS,
there is a “farming practices” as well as a “best practices” plot. The “farming practices” plot
is managed by a cocoa farmer according to his own choice, whereas in the “best practices”
plot, appropriate GAP are implemented by the trainer and the coach. During training, cocoa
tree production as well as phytosanitary problems are compared between both plots. Moreover,
to encourage cocoa growers to carry out GAP, participating farmers receive an agricultural kit
consisting of a machete, a pair of boots, a file and a rack.

In addition to training, the coaches pay monthly visits to the cocoa farmers to discuss their indi-
vidual cocoa agricultural problems, barriers to adopting the GAP and the possibilities to overcome
them. Specific focus has been on guiding farmers in correctly putting compost heaps in place on
their plantations as well as providing access to organic fertilizers (based on chicken manure) and
biopesticides, based on Neem (A4zadirachta indica) seed oil. Furthermore, each subsection has self-
help teams, which consist of several (mostly young) cocoa growers who step in when certain GAP
(particularly weeding) cannot be performed by a farmer (e.g., because the farmer is incapable of
doing the laborious tasks due to high age or illness). The idea behind this approach is that cocoa
farms have very particular phytosanitary and other agronomic problems that consequently require
solutions tailored to these specific situations. The impact of the latter strategy on cocoa yield, envi-
ronmental sustainability and cocoa farming income remains to be evaluated.

4.2. CocoA PREMIUMS

Cocoa prices — determined by global future markets — are too low for cocoa farmers to
obtain a living income with the current cocoa production levels (see § 1). Cocoa buyers there-
fore often provide premiums as an incentive for cocoa farmers and traders to improve social,
ecological or both sustainability aspects of their cocoa growing and trading activities.

In the Oxfam case, a Fairtrade Minimum Price (FMP) is used that is determined by Fairtrade
International for Ivory Coast and Ghana. The FMP is then compared to the reference price for
these countries. The difference (called differential) is paid to cocoa farmers (unless the reference
price is higher than the FMP) together with a cocoa premium. Before 2019, the reference price
was too often higher than the FMP (fig. 5). As a result, in October 2019, Fairtrade International
raised its FMP from US$ 2,000 to US$ 2,400 per tonne (FOB), marking a 20 % increase. Since
1 April 2024, Fairtrade International has set the cocoa premium at US$ 240 per tonne (Guima-
raes, 2024). Since 2023, cocoa prices have significantly increased with spikes exceeding
US$ 10,000 per tonne of cocoa, mainly because of global cocoa drought-induced shortages
caused by the El Niflo weather phenomenon (Tabe-Ojong et al., 2024). For a cocoa farmer to
receive the FMP differential and the Fairtrade premium, farmers, workers, traders and other
stakeholders in the Fairtrade cocoa value chain must comply with minimum social, economic
and environmental requirements (with focus on working conditions) plus progress requirements
that encourage continuous improvement of cocoa farmer well-being (Vandenhaute et al., 2020).
Moreover, farmers participating in Oxfam’s “Bite-to-Fight” project receive an additional Living
Income Premium of US$ 1,068 on top of the guaranteed FMP and Fairtrade Premium Price.
This means that since April 2024, farmers in the latter project receive a price of US$ 3,708 (US$
2,400 FMP + US$ 240 Fairtrade Premium + 1,068 US$ Living Income Premium).
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While Fairtrade offers cocoa farmers a minimum price and a fixed premium, Rainforest
Alliance operates without explicitly protecting farmers from unfortunate market developments
and focuses on environmental issues (Vandenhaute et al., 2020).

The Virtuous Beans Project in the Galler case aims at improving cocoa quality as well as cocoa
farming income through a transition to organic cocoa. It requires complete elimination of chemical
pesticides from cocoa cultivation in the project area and the adoption of organic farming practices,
including alternative non-chemical strategies to control pests and diseases. The latter can be done
through phytosanitary pruning, composting of diseased plant parts as well as the application of
organic pesticides such as neem (Azadirachta indica) oil. In areas with high pest and disease
incidence, the sudden elimination of chemical pesticides may cause a drop in cocoa production.
This is particularly the case for cocoa areas infested by the mirids Distantiella theobroma and
Sahlbergella singularis whose sap-sucking nymphs and adults feed on young cocoa shoots and
pods (Babin ef al., 2010). Mirids occur more abundantly in so-called “mirid pockets”, i.e. sunny
patches in cocoa plantations, which frequently occur in degraded, unshaded plantations (Anikwe
& Otuonye, 2015). Agroforestry practices may reduce mirid populations in West-African cocoa
systems (Babin et al., 2010; Gidoin et al., 2014; Daghela Bisseleua, Fotio, Yede, Missoup & Vidal,
2013). In Bolivia, Schneider et al. (2017) showed that the cocoa yield gap between organic and
conventional systems was 47 %, but that this gap was closed to just 16 % in agroforestry systems.
However, transforming a full-sun cocoa plantation to a mature agroforestry system requires sev-
eral years. A sudden turn towards organic cocoa farming thus entails risks of (temporary) produc-
tion decreases.

To date, the impact of the transition to organic production on cocoa yield and profit of the cocoa
farmers involved in the Galler case has been slightly negative (- 1 %). According to Galler, this
is mostly due to inadequate replacement of chemical pesticides by biopesticides. Moreover, the
premium price cocoa farmers will receive for organically-labelled cocoa remains to be determined.
As is the case in the Oxfam project, all cocoa beans produced in the Galler case are Fairtrade-
certified. On top of an organic price premium, the Yeyasso producers will therefore also obtain a
Fairtrade price premium. Total organic cocoa output as well as (premium) price will determine
the income that farmers in the Galler case will derive from organic cocoa.

Cocoa companies could think of other premium prices or other financial incentives that
reward cocoa sustainability activities which are not yet covered by organic or fairtrade stand-
ards. They may include premiums paid for cocoa trees that are adequately pruned, where black
pod disease (Phytophthora sp.) is below certain thresholds or where other GAP have resulted
in objectively verifiable sustainability results, or a premium price paid per cocoa shade tree
that has reached a certain height or diameter at breast height (DBH).

So far, recent policy changes in Ivory Coast and Ghana have had the largest impact on the
farmgate price that cocoa farmers receive for their cocoa beans. In 2019, both countries intro-
duced the “Living Income Differential” (LID) policy which has made it compulsory for cocoa
buyers to pay a premium of US$ 400 per tonne of cocoa on top of the FOB price. The LID
also introduces a new price stabilization fund to improve farmgate price stability across harvest
seasons (Boysen, Ferrari, Nechifor & Tillie, 2023). However, soon after the LID policy came
into force, it was feared that cocoa buyers would start to source their cocoa from non-LID
origins (ICCO, 2021). So far, in Ivory Coast the LID has not led to substantially higher cocoa
farmgate prices.
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To close the living income gap at current cocoa yield and in absence of significant alternative
on- and off-farm income, cocoa farmgate prices should reach at least US$ 3,160 per tonne (see
§ 2). When cocoa farmgate prices are low (in the Ivorian cocoa sector, the current farmgate
price of US$ 2,500 per tonne is a record high), premiums will not close the living income gap
by themselves, also because a certain increase in cocoa farmgate prices will cause a proportion-
ally larger chocolate product price increase to the consumers. It is therefore recommended that
cocoa farmers not solely rely on premiums, but also improve their cocoa yield (§ 4.1.) and
diversify their income resources (§ 4.3.).

4.3. ADDITIONAL FARMER INCOME

In both the Oxfam and Galler cases, alternative farmer income activities are actively prom-
oted and supported. They include (i) poultry farming; (i7) horticultural crop production; (iii)
cash crop production; (iv) beekeeping; and (v) savings and credit schemes. Although these
activities all have income-generating capacities, they also have a few risks and challenges,
including absence of value chains for the latter products and the risk of driving cocoa farmers’
efforts away from cocoa GAP. More specific opportunities and risks of alternative income-
generating activities are summarized in table 1.

Table 1

Opportunities and risks of cocoa farmer alternative income-generating activities promoted and supported in the
Oxfam (O) and Galler (G) cases

Case Description

Opportunities

Risks and challenges

G

The Virtuous Beans Project sup-
ports several poultry farms cen-
tralized across different farmer
groups in the Yeyasso cooper-
ative.

Threefold income: from chicken
meat, eggs and manure.

Manure is an important input for
cocoa soil management (see
§4.1.2).

High investment and labour for
chicken cage construction.

Feed that mostly needs to be
purchased.

Absence of buyers of chicken pro-
ducts (certainly if they lack
purchase power).

A horticultural project was
attempted on 2 ha where the
women from cocoa farming
families cultivated tomatoes
(Solanum lycopersicum), egg-
plants (Solanum melongena),
watermelons (Citrullus lanatus)
and okra (Abelmoschus esculen-
tus). The project was financed by
the Saving and Credits Systems
(SCS) (see below).

Contribution of horticultural pro-
duce to food security (particularly
micronutrient supply).

Sensitivity of horticultural crops
to pests and diseases.

Seasonality of the crops; i.e.
during the main rainy season
(April-July).

Top-down approach; the initiative
did not come from the women
themselves; lack of ownership
causes neglect of the crops.

Market chains need to be organi-
zed.
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G, O | Similar to the horticultural pro- | Cassava is a high-value cash | Top-down approach; the initiative
ject, in both cases, a plot (around | crop. did not come from the women
1 ha) of cassava (Manihot escu- . themselves; lack of ownership
lente) was planted by a group of Transformatlon of cassava tubers causes neglect of the crop.
women. Other cash erop projects | I €assava flour can further add
. ) P projes value. Market chains need to be organi-
included the production of rice
; . zed.
(Oryza glaberrima) and maize
(Zea mays).
G, O | Fifty beehives (wooden boxes) | Each beehive can produce up to | Current insecticide use threatens
have been installed in six cocoa | 10 L of honey per year, which can | bee populations.
farms in the Oxfam case. | be sold at € 4.5 to € 6 per L. L . .
. o . Beekeeping is technical and requi-
Beekeeping activities (cleaning, . .
- : Access to organic markets if | res adequate and careful manage-
priming with wax, honey harves- . . . -
. . - honey is produced in an ‘organic’ | ment.
ting, beehive relocation, etc.) are .
performed by eight people. cocoa landscape (i.e. where no Beehives are pre-financed by the
Cashew (A4nacardium occiden- pesticides are used). project; there is a risk of non-
tale) (Oxfam case) trees or cof- reimbu;sement of honey; yields
fee (Coffea canephora) (Galler are below expected levels.
case) (often intercropped with
cocoa) are the main pollen and
nectar sources (fig. 6).
G, O | In the Galler case, eight Saving | Financial autonomy of women is | Training in entrepreneurship is

and Credits Systems (SCS) have
been established for women,
whereas in the Oxfam case
three female (fig. 7) and two
male SCS were formed. They
aim at improving financial auto-
nomy of the cocoa farming fam-
ilies. SCS members make regu-
lar savings, which are then given
as a loan to small-scale econo-
mic initiatives such as horticultu-
ral plots, food processing (e.g.,
machines to transform fermented
cassava into attiéké granulates)
or marketing equipment (e.g.,
tricycles, facilitating transport of
produce to the market) (see
above).

improving.

SCS act as a leverage for the
local economy.

required.

Successful commercial projects
require market access.

Loans might not be paid back if
the projects fail.
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Fig. 6. — Apiculture project in the Oxfam case (Daloa). Beehive preparation training session (left) and cashew
trees (4. occidentale) intercropped with cocoa as a pollen and nectar supplier to the apiculture.

Fig. 7. — Gathering of one of the women Savings and
Credit groups at Daloa (Oxfam case).
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5. Conclusions

Ivorian cocoa supplies 38 % of the global chocolate market. However, Ivorian cocoa farmers
are mostly poor. Around 40 % of Ivorian cocoa producers live in extreme poverty and 82 %
of them do not earn a living income. If cocoa farmers were to rely on the cocoa price alone,
the currently paid farmgate price should reach at least US$ 2,500 per tonne to enable living
incomes. Even when cocoa world market prices surge, as has been the case since 2024, Ivorian
farmers receive a price below a living income price because of Ivorian cocoa price policies.

In the present paper, we have dealt with three strategies that can contribute to close the liv-
ing income gap of Ivorian cocoa farming families: (i) cocoa productivity; (if) cocoa premiums;
and (iii) non-cocoa farm income.

The projects developed by Oxfam and Galler which are studied in the present paper make
use of all three strategies. The opportunities as well as risks and challenges of the specific
actions undertaken in both cases have been identified. Although the latter actions in both cases
remain to be quantified and evaluated and will mostly carry out their full impact after a few
years, research (van Vliet ef al., 2021) has revealed that relying on one strategy alone is
unlikely to significantly contribute to closing the living income gap. The diversification of the
living income strategies applied in both cases may therefore inspire other cocoa traders, man-
ufacturers, governmental and civil society organizations that aim at eradicating Ivorian cocoa
farmer poverty.

[8] https://www.deforestationimportee.ecologie.gouv.fr/
[9] https://www.idhsustainabletrade.com/uploaded/2021/06/ISCO-Alignment-Collaboration.pdf
[10] https://www.fao.org/faostat/

NOTES
[1] https://www.fairtrade.net/product/cocoa
[2] https://www.rainforest-alliance.org/commodity/cocoa/
[3] https://www.cocoainitiative.org/
[4] https://www.kakaoforum.de/
[5] https://www.kakaoplattform.ch/
[6] https://www.idhsustainabletrade.com/initiative/beyondchocolate/
[7] https://www.idhsustainabletrade.com/initiative/dutch-initiative-on-sustainable-cocoa-disco/
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Alfredo Lopez Austin

(Ciudad Juarez, Mexique, 12 mars 1936 — Mexico, 15 octobre 2021)

Alfredo Lopez Austin était I’'un des plus grands spécia-
listes des cultures mésoaméricaines de sa génération. Appré-
cié de tous, tant pour ses travaux que ses qualités humaines,
il nous a quittés a I’age de quatre-vingt-cinq ans, au terme
d’une carriere bien remplie. Il fut durant prés de cinquante ans
chercheur a I’Instituto de Investigaciones Antropologicas de
la Universidad Nacional Autonoma de México (UNAM) et
professeur a la faculté de philosophie et lettres de la méme
université. Il avait accédé a I’éméritat en 2000.

Alfredo Lopez Austin fut attiré dés son plus jeune age par
les sciences sociales, 1’histoire et la philosophie. 11 s’intéres-
sait en particulier aux questions liées au fait religieux et aux
©  hitps://www.razon.com.mx/cultura/ cultures indigénes du Mexique. Sa famille le poussa toutefois
muere-estudioso-cultura-mesoamericana- & se lancer dans des études de droit, qu’il effectua a la Uni-
alfredo-lopez-austin-455658 versidad Auténoma de Nuevo Ledn (1954-1955), puis a la
UNAM (1956-1959). 1l exerga ensuite la fonction d’avocat durant trois ans, dans sa ville natale
de Ciudad Juarez. Cependant, il avait mis a profit son passage a la UNAM pour suivre aussi,
en tant qu’auditeur, des cours de philosophie, d’histoire et de langue nahuatl, dans le cadre
desquels il fit connaissance avec I’éminent mexicaniste qu’était Miguel Leon-Portilla.

A P’invitation de ce dernier, il finit par suivre sa vocation et, renongant a sa carriére d’avocat,
il s’installa @ Mexico pour devenir chercheur a 1’Instituto de Investigaciones Historicas de la
UNAM. Il occupa le poste de 1965 a 1976, en paralléle aux études d’histoire qu’il entreprit a
la faculté de philosophie et lettres. Son mémoire de maestria, soutenu en 1972 et publi¢ I’année
suivante, Hombre-Dios. religion y politica en el mundo nahuatl, constituait déja un jalon
important de ses recherches [1]°. Il y développait, au départ de la figure de «I’homme-dieu»
Topiltzin Quetzalcoatl, une série de thémes centraux dans la pensée mésoaméricaine. Il entama
ensuite un doctorat, passant a 1’ Instituto de Investigaciones Antropologicas en 1976. Sa these,
soutenue en 1980 et intitulée Cuerpo humano e ideologia: las concepciones de los antiguos
nahuas, sera publiée la méme année [2]. Aujourd’hui encore, elle demeure une ceuvre de réfé-
rence pour les mexicanistes.

Alfredo Lopez Austin a montré, tout au long de sa carriére, un intérét particulier pour les
mythes mésoaméricains, anciens comme modernes. Redéfinissant le mythe dans le contexte
des cultures mésoaméricaines, il effectuera des liens incessants entre le matériel ethnographique
collecté aupres des peuples indigenes actuels depuis le début du XX¢ siecle et la mythologie
préhispanique telle qu’elle fut transcrite dans les sources du XVI° siecle. Il y consacra de nom-

* Les chiffres entre crochets [ ] renvoient aux notes et références, p. 444.
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breuses pages, dans une série de publications débutant essentiellement avec son monumental
Los mitos del tlacuache: caminos de la mitologia mesoamericana, paru en 1990 [3]. C’est par
intérét partagé sur ces thématiques qu’Alfredo Lopez Austin fit la connaissance de Michel
Graulich (1944-2015), qui était alors professeur a I’Université libre de Bruxelles, directeur
d’études a I’Ecole pratique des Hautes Etudes a Paris et membre titulaire de I’ ARSOM. Au-dela
de la collaboration scientifique, ce fut le début d’une longue et sincére amiti¢ entre les deux
hommes. En 2000-2001, Michel Graulich invita Alfredo Lopez Austin a intervenir dans le
séminaire qu’il dispensait a Paris sur les religions en Mésoamérique. La série de conférences
qu’il prononga a cette occasion marqua profondément les étudiants mésoaméricanistes qui y
assistérent, et dont celle qui écrit ces lignes faisait partie. Par les liens ainsi noués avec Michel
Graulich et la recherche franco-belge sur la Mésoamérique, se créerent des échanges réguliers
et ¢’est ainsi qu’Alfredo Lopez Austin fut élu membre correspondant de ’ARSOM.

Alfredo Lopez Austin poursuivit ses travaux avec enthousiasme apres son accession a I’émé-
ritat; le jour méme de sa mort, il écrivait encore. Il fut également 1’auteur de nombreux écrits
de divulgation scientifique autour de ses thémes de prédilection, parus notamment sous la
forme de numéros thématiques de la revue Arqueologia Mexicana [4]. Enfin, avec son collégue
andiniste Luis Millones, il s’était aussi lancé dans une série d’études comparatistes entre la
Mésoamérique et les cultures andines [5].

Conséquence logique d’une brillante carriére internationale, Alfredo Lopez Austin a été
récompensé de prix prestigieux, parmi lesquels on peut retenir 1’fichiko Prize for Cultural
Studies de I Institute for Intercultural & Transdisciplinary Studies de Tokyo (1993), la médaille
et le diplome du Sénat de I’Université de Varsovie (2008) et la Henry B. Nicholson Medal for
Excellence in Mesoamerican Studies de 1’Université de Harvard (2011). Ces marques de recon-
naissance ont bien entendu fait plaisir au chercheur mais, avant tout, il se disait heureux d’avoir
pu faire ce qu’il aimait. Par-dessus tout, Alfredo Lopez Austin restera 1’'un des plus grands
chercheurs de sa génération, doublé d’un étre humain d’une générosité infinie. Ses analyses de
la mythologie mésoaméricaine ont profondément marqué le parcours de nombreux chercheurs
actuels.

Sylvie PEPERSTRAETE
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Paul GIGASE

(Antwerp, 9 June 1930 — Antwerp, 30 June 2021)

Introduction

The tropical medicine community, on the one hand,
remembers Paul Gigase as a dedicated professor and head of
the Laboratory of Pathologic Anatomy at the Institute of
Tropical Medicine (ITM) in Antwerp. From 1955 to 2002, he
lived in or travelled to sub-Saharan Africa and Asia while
studying various infectious and parasitic diseases in the field
and in the laboratory. He was instrumental in moving the
ITM out of the colonial era, and was for many years on the
boards of the Belgian Tropical Medical Fund (FOMETRO)
and of Médecins Sans Frontieres.

For palaeontologists worldwide, on the other hand, Paul
Gigase was a gifted amateur palacontologist, who collaborated for more than fifty years with
renowned scientists in this field and donated numerous key fossils to the Royal Belgian Insti-
tute of Natural Sciences. Who was this multifaceted scientist, deeply Belgian, flawlessly mul-
tilingual, committed to tropical diseases and humanitarian causes but also passionate about
fossils and evolution?

The First Twenty-Five Years: Development of a Sensitivity to Humanitarian Causes
(1930-1955)

Paul Louis Joséphine Gigase was born on 9 June 1930 as the only child in a middle-class
family in Antwerp. His parents rented in the city centre an old house, on the first floor of which
they ran an optical store and a repair workshop for second-hand microscopes and other optical
devices. From an early age, Paul became thus familiar with microscopes and things invisible
to the naked eye, but through a friend of his father’s, also with fossils. He received most of his
primary and secondary education at the Jesuit school of Onze-Lieve-Vrouwecollege where les-
sons were taught in Dutch but French was prominent in the classroom and playground. As most
children in his school and social class, he became and remained perfectly bilingual.

On the first day of the Second World War, 10 May 1940, his father was recruited as a reser-
vist in the Belgian army, more specifically at the Hopital militaire de Réserve 60, situated in
Blankenberge. Ten days later, the unit was evacuated to France during the night when the
German army reached the Belgian coast. As many others, the entire Gigase family joined the
fleeing troops. For three months, Paul — just ten years old — and his parents travelled across
France in a convoy of army trucks. In July, the unit was disbanded and the Gigase family
returned home.
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The occupied city of Antwerp was heavily bombarded throughout the war. For many nights,
the Gigase family would seek refuge in a small coal cellar while Allied bombers flew over the
city. One afternoon, on 5 April 1943, Paul was searching fossils at the sandy Wilrijkse Plein
when the sirens went off. American and British aircraft bombed from high altitude the suburb
of Mortsel, where vast repair shops of the Luftwaftfe were located. Unfortunately, the bombs
missed their targets and destroyed the nearby village centre, including several schools. In a few
minutes, nine hundred and sixty-three civilians, including over two hundred and fifty school-
children, were killed; thousands more were severely injured. Paul, who was only twelve years
old, was deeply affected by the sight of trucks loaded with dead and maimed people.

Paul, however, remained fond of palacontology, continuing to collect fossils during his youth
and throughout his life. Although he could have had a splendid career in this field, his parents
convinced him to pursue a more respectable and secure medical vocation. In 1948, Paul started
his studies at the Catholic University of Leuven in the French section (UCLouvain). When he
was in his third year, his father obtained a position at the Institut pour la Recherche scientifique
en Afrique centrale (IRSAC). In September 1951, Paul’s parents left Antwerp for the Congo
(then Belgian Congo), where his father handled the ordering and maintenance of scientific
equipment at the IRSAC research centre Lwiro, near Lake Kivu in East Congo. Paul travelled
to Congo for the first time in the summer of 1952 to visit his parents and was impressed by
the tropical surroundings and the medical challenges he observed.

The Colonial Doctor in Kivu (1955-1961)

Paul Gigase obtained his medical degree from the UCLouvain in June 1955. In December
of the same year, he left for Congo as a young “colonial doctor” for the Fondation médicale
de I’Universitée de Louvain pour I’Afrique centrale (FOMULAC), which ran a hospital in
Katana along Lake Kivu, around 40 km north of Bukavu (fig. 1). He lived only 7 km away
from the IRSAC where his father worked. Recruited for a term of three years, he was in charge
of the ward for adult men as well as the radiology and laboratory departments. Apart from
practising medicine and managing the wards, he lectured at the adjoining school for nurses and
medical assistants. The hospital provided medical care to a population of about one hundred
thousand people, belonging to the Bashi and Bahavu ethnic groups. The local language was
Shi (or Mashi), but most locals also spoke Swahili, in which Paul managed quite well.

The Katana hospital complex was located on top of a hill with a splendid view of Lake Kivu.
This “hospital for Africans” included separate wards for women and men, a maternity ward
and a newly-built paediatric ward. It was equipped with facilities for laparoscopy, physiother-
apy, radiology, electrocardiography, laboratory diagnosis and emergency care. The nursing staff
consisted of a dozen Belgian nuns and locally trained auxiliary staff. The laboratory was basic,
but samples could be sent weekly to the provincial laboratory in Bukavu. Special attention was
paid to the numerous, often advanced cases of tuberculosis. Paul quickly developed a keen
interest and knowledge of laboratory diagnosis.

Near the shore at the foot of the hill stood the “hospital for Europeans” with about ten rooms,
a small operating theatre and a delivery room. The Europeans’ houses and the nuns’ convent
were idyllically located on the slope of the hill.
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Fig. 1. — The hospital of Katana in the 1950s.

In 1958, Paul met there Michelle Rémy, a young French lady who was looking after the three
children of baron Michel de Mévius in the mission of the White Fathers, north of Katana. In
March 1959, back in Antwerp after Paul’s first term in Congo, Michelle Rémy became Michelle
Gigase. That same year, the young couple returned to Congo for a new term of three years.
This time Paul’s mission was to record and study cancer cases in the area of Katana. He
retained his status as a colonial physician, but was seconded to a cancer registry project funded
by the USA National Cancer Institute, led by Prof. Maisin from the UCLouvain, and Dr Clem-
mesen from Copenhagen, who was famous for his pioneering research on the relationship
between tobacco and lung cancer. Supported by a grant from the James Coffin Memorial Fund,
Paul first made a tour of several months to visit established cancer registries in London, Shef-
field, Copenhagen, Oslo, Amsterdam, Cape Town, Johannesburg, and Kampala. His new field
mission started in September 1959 in Katana, where soon after his first child Yves was born.
Paul recruited a field crew and obtained an off-road van to visit the rural sites. In early 1960
the cancer registry work finally took off.
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On 30 June 1960, however, only six months later, Congo suddenly gained independence after
a series of chaotic and unforeseen events. Wholly unprepared and undermined by Belgian and
international interests, the country quickly sank into unrest, violence and uprisings. In order to
squash revolts of the garrisons in Stanleyville (now Kisangani) and Bukavu, the Congolese
government sent troops via Usumbura (now Bujumbura) in Ruanda-Urundi, still Belgian ter-
ritory at that time. In the night of 31 December, the Congolese troops attacked the rebels in
Bukavu and fights broke out all over the area. The remaining Europeans were forced to flee;
Paul, pregnant Michelle and toddler Yves escaped from Katana on 16 January 1961. After a
hazardous trip through several roadblocks, they reached the UN camp in Bukavu from which
they sailed with British soldiers in a small motorboat to Cyangugu, on the Rwandan shore of
Lake Kivu. From there, they travelled by road to Usumbura where a few weeks later, their
second son Pierre was born. Early in March, Michelle and the children returned to Belgium;
Paul stayed on for a while in the hope of pacification, but as no such relief came in sight he
too returned to Belgium on 13 April 1961.

Professor and Researcher at the Institute of Tropical Medicine, Antwerp (1963-1995)

Back in Belgium, Paul Gigase obtained a modest stipend from the Institut belge pour
[’Encouragement de la Recherche scientifique outre-mer — Belgisch Instituut ter Bevordering
van het Wetenschappelijk Onderzoek Overzee (IBERSOM-BIBWOO). This institute was spe-
cially created for the reintegration of the colonial scientists who found themselves suddenly
unemployed after the events in Congo. Under the wings of Prof. Maisin, Paul started his train-
ing in laboratory medicine and pathological anatomy at the UCLouvain. Based on his tropical
experience and research, Paul received his accreditation as a clinical biologist and anatomical
pathologist after only two years, instead of the regular four years.

In 1963, he started at the Institute of Tropical Medicine (ITM) in Antwerp as a researcher
and teacher of tropical pathological anatomy. Given his knowledge of cancer epidemiology, he
was also contracted by the World Health Organization (WHO) for a mission in Uganda to study
Burkitt’s lymphoma, which had just been described by Dr Denis P. Burkitt, a surgeon in Kam-
pala. This mission took him on a three-month trip to Geneva and fifteen African countries.

In 1964, Paul was appointed lecturer at the ITM, in charge of the pathological anatomy
laboratory. For the next thirty years, he would examine countless biopsies from all over the
world, acquiring a truly unique mastery of tropical pathology. In the meantime, he initiated
experimental research lines, among others on schistosomiasis and trypanosomiasis, while
remaining interested in Kaposi’s sarcoma, Burkitt’s lymphoma and other “tropical” cancers.
His clinical and research topics further extended to leishmaniasis, blastomycosis, oesophago-
stomiasis, rhinosporidiosis and other tropical diseases. He was gradually entrusted with ever
larger and more important parts of the tropical medicine teaching curriculum, and in 1972, he
was promoted to associate professor. Meanwhile, he also set up a small private laboratory of
anatomical pathology, in order to supplement the modest academic stipends at the I[TM.

However, Paul remained very committed to health development and medical research in the
tropics, coordinating various field projects on behalf of the Belgian Development Cooperation
and other agencies. From 1974 to 1979, for instance, he travelled ten times to Cameroon for a
project of upgrading a nursing school in Ayos, a small rainforest town located east of Yaoundé.
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Paul also became increasingly involved in the academic and administrative management of
the ITM, supporting the efforts of the then director Prof. Pieter Janssens to redefine the role and
position of the post-colonial institution. Upon the latter’s retirement in 1975, Paul was widely
considered as the prime candidate for his succession. His modest reply was: “I would become
extremely unhappy in a role for which I was not made”. The position was filled by Prof. Luc
Eyckmans, under whom Paul remained a driving force for renewal and progress at the ITM. In
1976, he was appointed full professor and chair of tropical and geographic pathology.

As his laboratory expanded, Paul recruited younger assistants, with a keen eye on talent and
new tropical health priorities such as schistosomiasis. This water-borne disease, transmitted by
freshwater snails, expanded quickly in the 1970s due to the development of hydrological infra-
structure such as hydroelectric dams and agricultural irrigation systems. Between 1975 and
1995, schistosomiasis was the main research topic of his department, both in the laboratory
and in the field (fig. 2). He sent a young pathologist, Erik van Marck, for two years to Salva-
dor Bahia in Brazil to be trained in experimental schistosomiasis research. Erik Van Marck
became associate professor and research leader at the ITM laboratory, later moving on to the
University of Antwerp as professor and head of anatomical pathology at the Faculty of Med-
icine, where he eventually became dean. At the ITM, he was joined by Luc Kestens and Guido
van Ham, who further developed and exploited an ingenuous mouse model of immuno-
pathological liver fibrosis in schistosomiasis. Both of them later became professors and unit or
department heads of, respectively, immunology and virology at the ITM. Noticing the shift
from snail control to mass chemotherapy for the fight against schistosomiasis in the field, Paul
recruited in 1979 another young medical doctor, Bruno Gryseels (present co-author of this in
memoriam), rather than a biologist, to run novel research and control programmes in Congo
(Maniema, Kinshasa), Burundi (Rusizi Plain) and elsewhere. Bruno Gryseels later became
associate professor of parasitology at the University of Leiden (Netherlands) and ultimately
director of the ITM (1995-2019). Apart from his own legacy, Paul had thus important impact
on science, tropical health and the ITM through his trainees.

In the 1990s, HIV/AIDS became a predominant focus for the ITM under the leadership of
Peter Piot, Guido van der Groen, Bob Colebunders and others. Paul realized better than anyone
that this new and frightening pandemic required all available resources and that immunopatho-
logy was a crucial component of the clinical management and research of HIV/AIDS. He
reoriented his research laboratory almost entirely towards HIV/AIDS and integrated his group in
the multidisciplinary HIV/AIDS team of the ITM, one of the world’s pioneering groups at that
time. Once again, Paul was instrumental to move this urgent priority to the forefront of ITM’s
priorities, which was not evident in the early years of HIV/AIDS. At the same time, he was a
key agent in the development of new postgraduate curricula, focusing on research and disease
control of AIDS as well as tropical diseases, besides the well-established master courses in pri-
mary health care.

In conlusion, the impact of Paul Gigase on the post-colonial development of the ITM cannot
be overestimated. Besides his scientific rigour and consistent rationality, his gentle leadership
style and great communication skills — including a good sense of humour — were a core part
of his intellectual authority. The pleasant team spirit in his laboratory, located in the iconic “cor-
ner building” of ITM, was a privilege to enjoy. Paul was genuinely interested in the personal lives
of all his collaborators, and on several occasions provided discrete but effective assistance in
times of need. Every year, he invited his entire team to a cosy family dinner with Michelle and
their children — joined meanwhile by young Patrick and little Elizabeth — at his home in Wilrijk.
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Fig. 2. — Paul Gigase behind the microscope at the laboratory of pathological anatomy at the ITM (around
1988). © ITM

Over the course of his long tenure, Paul travelled extensively to meetings, conferences and
field projects all over the world, either for the ITM or on behalf of other organizations such as
the Belgian Development Cooperation Agency, the World Health Organization, Médecins Sans
Frontieres (MSF) and so on. He was a member of numerous selection, examination and review
committees for a variety of organizations and institutions (fig. 3). As a key member of the staff
selection board for the Belgian Cooperation Agency, he influenced the fate of many projects
and, not least, the lives of many coopérants and their families.

Commitment to Health beyond Research

The political and cultural developments of the 1970s led Paul Gigase to reflect more broadly
on society and health. He joined the progressive Groupe d’Etude pour une Réforme de la
Meédecine (GERM), an influential think tank including three hundred members about the reform
of health systems in Belgium and across the world. He once remarked that “...often medicine
reflects society and is largely a commercial system with patients who consume medicine like
others consume candy”. However, he was often critical of the theoretical, sometimes dogmatic
views of would-be reformers.

In 1980, Paul Gigase took over the courses on tropical and international health at the Faculty
of Medicine of Ghent University, where he became full professor (part-time) in 1989.
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Fig. 3. — Paul Gigase delivering diplomas of advanced training in Bujumbura, Burundi (around 1985). © ITM

Paul was an outstanding, popular and well-prepared professor; his marvellous lecture notes
still form a basis for the recently-developed “Wikitropica” of the ITM. He followed up and
assisted many students in their further career, assisting wherever he could. He was elected to
the board of directors of MSF in 1988 and served as vice-president in 1991-1992. He visited
many MSF projects in sometimes very dire conditions, e.g. in Khmer territory in Cambodia,
Liberia in civil war, the Ceausescu orphanages in Romania, the Somali refugee camps in east-
ern Kenya. His last mission for MSF, in September 1994, brought him back to Maputo (Mozam-
bique), where he had performed his very first international mission for the WHO in 1964.

In 1995, Paul Gigase retired from the ITM and from Ghent University, but continued his
other commitments. He became managing director of the Fonds médical tropical (FOMETRO)
of the Belgian Development Agency, founded in 1961 to provide assistance to the Belgian
doctors in Congo, especially to the national programme for the control of sleeping sickness
(fig. 4). The continuation, modernization and nationalization of this vast logistical operation
were vital to prevent the resurgence of this once devastating scourge, but ever more difficult
as the bilateral relations between Congo and Belgium deteriorated. Paul travelled to most
provinces where the programme was active, and steered the Belgian input gradually towards
integration in the Congolese Ministry of Health. By 2009, FOMETRO could be dissolved and
the control programme integrated in the regular structures of the Ministry of Health. Today, the
Programme national pour la Lutte contre la Trypanosomiase africaine humaine (PNLTHA) is
close to eradicating the disease in Congo, with support from the Belgian Agency for Interna-
tional Cooperation, the Bill and Melinda Gates Foundation, WHO and the ITM.
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Fig. 4. — Paul Gigase observing the screening of sleeping sickness in Karawa hospital, North Equator Prov-
ince, RD Congo (1995). © ITM

Paul Gigase was elected as an associate member of the Section of Natural and Medical Sci-
ences of the Royal Academy for Overseas Sciences (RAOS) in 1990 before becoming fellow
member in 1994. In 2010 he organized a congress entitled “FOMETRO: un demi-si¢cle d’as-
sistance médicale. Passé et avenir de la coopération médicale belge en Afrique centrale”, which
traced the remarkable history of this institution.

In September 1998, the King of Belgium elevated Paul to the prestigious rank of Grootoffi-
cier in de Leopoldsorde.

Palaeontology: A Second Life

Paul Gigase started collecting fossils in 1941, at a very young age. Among the most common
species of fossil gastropod shells he found in Antwerp, he realized that the shell of one spec-
imen was spiralled in the opposite direction to all others. At first, he thought it was because
the snail was fossil and thus different from extant gastropods. His father took him to a fossil
collector and that day Paul, only 11 years old, learned that his specimen was a rare case of
levorotary snail (turning in counter clockwise direction from the apex) instead of dextrorota-
tory. His passion for palacontology was definitely awakened and would remain with him for
the rest of his life.

During the war, travelling by bicycle, Paul collected numerous other fossils in different areas
in and around Antwerp, such as the Oligocene Boom Clay Formation, from which he brought
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back a remarkable collection, including vertebrates. After Belgium’s liberation in September
1944, the situation in Antwerp became even more hazardous. The German army launched
thousands of V1 and V2 bombs on the city, a supply port for the Allied forces. Nevertheless,
little Paul was still looking for fossils in the ditches of the old fortifications, which now form
the Antwerp ring road. But as insecurity increased day by day, the Gigase family moved to
Brussels from October 1944 until April 1945. Paul’s passion was the strongest and he went
searching for fossils at the Heysel stadium, where the Germans had dug trenches into the mid-
dle Eocene fossiliferous sands.

It is noteworthy that Paul’s passion for fossils led him to join the Belgian Society of Geology
as early as 1949, four decades before joining RAOS. In the second and third years of his
medical studies, Paul attended the palacontology courses for zoologists and mining engineers
as a free student.

After his return from Congo, Paul continued to collect fossils in the Oligo-Mio-Pliocene
deposits of the Antwerp area and expanded his prospections during family holidays, such as in
the Palacozoic of Boussu-en-Fagne and in the Jurassic and Cretaceous of Villers-sur-Mer in
1966. He passed on his passion to his children, particularly to his son Pierre (Lambert &
Gigase, 2007).

Paul Gigase gradually built up an important collection of vertebrate fossils of great interest
to palaeontologists, part of which was beautifully displayed in his family home. He collab-
orated with the Royal Belgian Institute of Natural Sciences (RBINS) from the 1970s onwards
and until two years before his death, he worked among others with Thierry Smith (present first
author of this in memoriam). He was also a member of the Belgische Vereniging voor Paleon-
tologie, an association of amateur palacontologists founded in 1977.

In 1983, Paul contributed to his first palaeontology paper, describing a vertebral column of
a pterosaur he acquired from the early Cretaceous Santana Formation in Brazil (Wellnhofer et
al., 1983). The specimen included, at that time, the best preserved and most complete known
notarium, a structure of fused vertebrae that helps brace the chest against the forces generated
by the wings.

In 1989, Paul carried out a very important excavation with Richard Smith, another amateur
palaeontologist, in the famous fossil site of Dormaal. The two passionate collectors became
close friends and built up collections that were highly complementary to those of the RBINS,
compiled and studied among others by the famous palaeontologists Louis Dollo and Pierre
Teilhard de Chardin (Dollo, 1923; Teilhard de Chardin, 1927). In Dormaal, Paul found out
numerous specimens of Teilhardina, the oldest-known primate. Among them was the only jaw
of Teilhardina that had already lost its first premolar, the earliest evolutionary sign of face
reduction in haplorrhine primates (Morse et al., 2019).

The important scientific contributions of Paul Gigase to palacontology were acknowledged
by many researchers and even left him with a series of eponyms in his honour such as Rachio-
soma gigasei, a Cretaceous echinoderm (Geys, 1983), Diacodexis gigasei, the oldest artiodac-
tyl (Smith et al., 1996), Lusitanops gigasei, a Pliocene marine gastropod (Marquet, 1998), and
Brabocetus gigaseorum, a Pliocene porpoise (Colpaert ef al., 2015). The last research work of
Paul was in palaeontology, including papers on the earliest primate Teilhardina belgica (Morse
et al., 2019) and on Saniwa orsmaelensis, the oldest varanid lizard (Augé et al., 2022).
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Conclusion

We will remember Paul Gigase as a generous but self-effacing source of superb knowledge,
warm friendship and critical rationality, with huge legacies in several fields. He led a busy and
productive triple life as a physician, a palaeontologist and, first and foremost, a loving family
man and friend. He authored or co-authored one hundred scientific papers in the domains of
tropical medicine and palaeontology. He trained numerous young physicians and researchers
in tropical medicine and had, often behind the scenes, an immeasurable impact on the evolution
of the ITM, FOMETRO, MSF and other organizations. From his early days as a colonial doc-
tor in Kivu to his later contributions to global health, including his academic tenure at the I[TM,
Paul’s life and work were driven by a genuine commitment to humanitarian causes, scientific
rationality and societal progress. Our Academy can be proud to have counted him among its
members.
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