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ABSTRACT

The cause of hypoglycaemiain African trypanosomiasis remains unresolved.
We found that infected mice show normal carbohydrate digestion, intestinal
glucose absorption, and tissue glucose uptake, but a profound reduction of host
glucose production via gluconeogenesis. Liver transcriptomics uncovered
coordinated repression of gluconeogenic pathways alongside inflammatory
activation. Infection of Rag2™ mice showed that adaptive immunity contributes
only minimally to suppression of host gluconeogenesis. In contrast, therapeutic
parasite clearance completely restored host glycaemia and gluconeogenesis
despite persistentimmune activation. These results demonstrate that live parasites
directly repress gluconeogenesis in vivo. Using a co-culture assay, we showed that
T. brucei is sufficient to directly repress gluconeogenic gene expression in primary
hepatocytes in vitro. Finally, we found that providing glycerol in drinking water to
infected animals stimulated gluconeogenesis, elevated glycaemia, and improved
survival without impacting parasitaemia. This study reveals a previously
unrecognised pathogenic strategy in which a eukaryotic parasite directly
suppresses host gluconeogenesis.

INTRODUCTION

Infectious diseases impose significant metabolic challenges on hosts,
requiring adaptive changes to maintain energy balance while simultaneously
combating pathogens (1-4). These adaptations often involve mobilising dietary and
endogenous energy reserves, such as glycogen in the liver (5,6) and triglycerides in
white adipose tissue (7,8), to ensure a continuous supply of essential energy
substrates like glucose and lipids for an appropriate immune response (9-12).
However, pathogens exploit these resources for their own survival, creating a
metabolic tug-of-war that shapes disease outcomes. For example, bloodstream
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forms of Trypanosoma brucei predominantly rely on glucose as a carbon source
(13,14) and retain the ability to metabolise alternative substrates such as glycerol
(15,16). Similarly, Plasmodium spp. depend on host haemoglobin for amino acids
(17), while Leishmania spp. utilize lipid-derived nutrients from host macrophages
(18). These interactions reflect competing metabolic priorities between host and
pathogen, where resource allocation decisions critically determine infection
outcomes.

Glucoseis afundamentalenergy substrate for essential metabolic activities,
serving as the primary fuel for ATP production via glycolysis and oxidative
phosphorylation. Yet, it also provides a carbon skeleton for biosynthesis and redox
balance in critical host tissues/organs, such as the immune, brain or muscle cells.
Normal blood glucose level is maintained through a balance between exogenous
carbohydrate ingestion and digestion in the gut, glucose absorption via the small
intestine, storage of excess circulating glucose (in organs such as the liver, muscle,
and adipose tissues), and endogenous production of glucose from organs like the
liver and the kidney to prevent hypoglycaemia during fasting or starvation (19-22).

Glucose is produced endogenously from the hydrolysis of glycogen stores in
the liver via glycogenolysis (22). In prolonged fasting or starvation, and after
glycogen depletion, gluconeogenesis is activated to maintain blood glucose levels
(22). Gluconeogenesis utilises non-carbohydrate precursors, including lactate,
pyruvate, glycerol, and amino acids, to produce glucose. This pathway is
energetically costly and occurs primarily in the liver and the kidneys (23).
Gluconeogenic precursors are converted to glucose via pathway-specific enzymes:
phosphoenolpyruvate carboxykinase (Pck1), fructo-1,6-bisphosphatase-1 (Fbp1),
and glucose-6-phosphatase (G6pc). Gluconeogenesis is hormonally regulated:
insulin suppresses it, while glucagon and glucocorticoids activate it (24,25).

In many infectious diseases, gluconeogenesis itself becomes a target of host
metabolic reprogramming. In sepsis and malaria, labile heme released from the
host’s red blood cell lysis inhibits gluconeogenesis in the liver, contributing to
hypoglycaemia (26,27). In Tuberculosis, type |l immune response represses both the
expression of key gluconeogenic genes and hepatic gluconeogenesis (28).
Together, these findings demonstrate that the suppression of gluconeogenesisis a
recurring feature of host responses to infection, although the underlying
mechanisms vary across pathogens.

In infections by Trypanosomes, decreased blood glucose level
(hypoglycaemia) is a commonly reported symptom (5,29-31). While hypoglycaemia
can be life-threatening, its aetiology, the mechanism(s) of its induction, and
relevance to host survival in African Trypanosomiasis, are poorly understood. Here,
we sought to disentangle the contribution of T. brucei’s glucose consumption and
host immunometabolic reprogramming to hypoglycaemia in African
trypanosomiasis. We showthat the adaptive immune-mediated response is
necessary but not sufficient toimpair T. brucei-associated suppression of
gluconeogenesis. Consistently, the presence of parasites is necessary in vivo and
sufficient in vitro to directly suppress hepatocyte gluconeogenesis. Providing
glycerol, a gluconeogenic precursor, to T. brucei-infected mice enhances
glycaemia and prolongs survival without altering parasitemia, demonstrating that
infection-induced hypoglycaemia arises primarily from host metabolic suppression



rather than parasite glucose consumption. Enhancing endogenous glucose
production improves host fithess independently of pathogen control, revealing a
novel mechanism of disease tolerance in African trypanosomiasis.

RESULTS

Endogenous glucose production is impaired in infected mice

Hypoglycaemia has been observed in humans and mice infected with T.
brucei (31,32). We therefore seek to better understand the dynamics of glycaemia
in mice infected with T. brucei. We assessed glycaemia in the fed state (when mice
had access to food ad libitum) as infection progressed (Figure 1A). We found thatin
infected mice, glycaemia progressively declined with infection, reaching its lowest
level on day 7 post-infection (Figure 1A). Food intake of infected mice also
decreased gradually (Figure 1B), potentially contributing to the observed
hypoglycaemia early in infection (Figure 1A). However, glycaemia remained
significantly lower after day 7 post-infection (Figure 1A), despite restored food
intake (Figure 1B) (p<0.001).

To mitigate the effect of discrepant food intake on glycaemia, we measured
glycaemia in fasting conditions. For that, mice were fasted for either 6 hours or
overnight before assessing glycaemia (Figure 1C). After acute fasting (6 h), infected
mice showed significantly lower glycaemia than uninfected mice on days 7
(p<0.0001), 14 (p<0.0001), and 21 (p<0.0001) post-infection. After an overnight fast,
infected mice also showed significantly lower glycaemia than uninfected mice on
days 7 (p<0.0001), 14 (p<0.001), and 21 (p<0.05) post-infection. These observations
show that infection disrupts baseline glucose homeostasis independently of
anorexia, with the defect becoming more evident during prolonged fasting.

In the mammalian host, dysregulation of glycaemia could result from
disruption in at least one of these layers of glucose regulation: 1. digestion and
absorption in the intestine, 2. glucose uptake by organs, or 3. endogenous glucose
production by gluconeogenesis. To test if digestion and absorption were affected,
we performed a sucrose tolerance test (Figure 1D, Supplementary Figure 1B). We
administered sucrose orally to fasted mice (uninfected and infected) and
monitored the rate of change in blood glucose for 120 min, measured as a
percentage of baseline fasting glucose (Figure 1D, Supplementary Figure 1B). We
tested mice infected for 7, 14, or 21 days post-infection, a proxy for early, mid, and
late stages of the disease, respectively. Non-infected mice show a sharp increase
in glycaemia that peaks in the first 15 minutes, which gradually reduces due to
insulin secretion and uptake by tissues (33). Infection had no impact on blood
glucose dynamics in response to a bolus of sucrose (Figure 1D, Supplementary
Figure 1B), indicating that glucose digestion and absorption in the intestine are not
impaired during T. brucej infection.

Next, we assessed whether the glucose uptake by organs was compromised
in infected mice at the same disease stages. Glucose was administered
intraperitoneally to infected and uninfected fasted mice, and the rate of change in
blood glucose was monitored, as described above. Infected mice exhibited a higher
peak glycemic response (30min) relative to baseline glucose (statistically
significant, p<0.05 on days 7 post-infection), suggesting a faster rate of glucose



absorption into the bloodstream in infected mice on day 7 (Figure 1E,
Supplementary Figure 1C). However, glucose clearance rates (measured from 30-
120 min) were comparable to uninfected controls (Figure 1E, Supplementary Figure
1C). These results indicate that glucose clearance is not compromised at any stage
of infection.

Finally, to assess the capacity of infected mice to produce glucose from
gluconeogenic precursors (such as pyruvate and glycerol), we administered
pyruvate or glycerol intraperitoneally to infected and uninfected fasted mice and
assessed the rate of change in blood glucose as described above. Infection with T.
brucei had no impact on the rate of change in glycaemia on day 7 post-infection in
response to pyruvate or glycerol administration (Figure 1F & G). However, a
significant decrease in the rate of glucose production on days 14 (p<0.01) and 21
(p<0.0001) post-infection was observed in response to pyruvate. A similar result
was observed when we administered glycerol on days 14 (p<0.01) and 21 (p<0.001)
post-infection (Figure 1G, Supplementary Figure 1E). The results suggest that
infected animals are unable to produce normal levels of glucose via
gluconeogenesis from these substrates.

Collectively, these results demonstrate that T. brucei-infected mice
maintain normal intestinal carbohydrate digestion, absorption, and glucose
clearance, but exhibit a marked defect in endogenous glucose production via
gluconeogenesis.

Figure 1: Endogenous glucose production is impaired in mice infected with T. brucei
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Figure 1: Endogenous glucose production is impaired in mice infected with
Trypanosoma brucei. A. Dynamics of blood glucose in the fed state in uninfected
and mice infected with T. brucei. n = 10 uninfected and n = 8 infected mice were



examined over 2 independent experiment. B. Food intake of uninfected and mice
infected with T. brucei. C. Acute (6h) and overnight fasting blood glucose levels of
uninfected mice and mice infected with T. brucei for 7, 14, & 21 days. n = 11 each
for uninfected and infected mice on day 7 and 14 post-infection, and n = 9 for
infected mice on day 21 post-infection, examined over 2 independent experiments.
D. Percentage change from basal blood glucose during the sucrose tolerance test
for uninfected mice and mice infected with T. bruceij for 7, 14, & 21 days. n = 6
uninfected and n =6 infected mice onday 7, n =7 uninfected and n =9 infected mice
on day 14, and n = 6 uninfected and n = 6 infected mice on day 21 post-infection,
examined over 2 independent experiment. E. Percentage change from basal blood
glucose during glucose tolerance test for uninfected mice and mice infected with T.
bruceifor 7, 14, & 21 days. n = 6 uninfected and n = 6 infected miceonday 7,n=6
uninfected and n =8 infected mice on day 14, and n =8 uninfected and n =8 infected
mice on day 21 post-infection, examined over 2 independent experiments. F.
Percentage change from basal blood glucose during the pyruvate tolerance test for
uninfected mice and mice infected with T. brucej for 7, 14, & 21 days. n = 6
uninfected and n =6 infected mice on day 7, n =6 uninfected and n = 8 infected mice
on day 14, and n = 6 uninfected and n = 6 infected mice on day 21 post-infection,
examined over 2 independent experiments. G. Percentage change from basal blood
glucose during glycerol tolerance test for uninfected mice and mice infected with T.
bruceifor 7, 14, & 21 days. n = 8 uninfected and n = 8 infected miceonday 7,n=6
uninfected and n =6 infected mice on day 14, and n =6 uninfected and n=5 infected
mice on day 21 post-infection were examined over 2 independent experiment. Error
bars represent the S.E.M. *P<0.05, **P<0.01, ****P <(0.0001. Statistical source
data contain additional parameters.

Endogenous glucose production is impaired despite adequate availability of
gluconeogenic substrates

Gluconeogenesis requires non-carbohydrate precursors such as lactate,
pyruvate, and glycerol (20). Given the decrease in endogenous glucose production
in infected mice, we hypothesised that reduced gluconeogenesis could be due to
lower levels of these precursors during a T. brucei infection. To test this, we
quantified the levels of lactate, pyruvate and glycerol. The blood levels of lactate
were significantly elevated on days 14, 21, and 28 (p<0.01, p<0.05, p<0.05,
respectively) post-infection relative to blood lactate levels in uninfected mice
(Figure 2A). This effect has been reported previously and attributed to the parasites’
high glycolytic rate (29). On the other hand, however, no significant changes were
observed in the levels of pyruvate or glycerol (Figure 2B-C). These observations
show that the decrease in endogenous glucose production in the infected mice is
not a result of low levels of gluconeogenic precursors.

In addition to substrate availability, gluconeogenesis is also regulated by
hormones: glucagon stimulates gluconeogenesis, while insulin inhibits it (24,34).
We hypothesised that reduced gluconeogenesis could be due to lower levels of
glucagon or higher levels of insulin during infection. Quantification of serum levels
of insulin and glucagon showed that glucagon availability increased progressively
with infection and rose to significant levels on days 21 (p<0.01) and 28 (p<0.01)
post-infection (Figure 2D), while no change was observed in the levels of insulin



(Figure 2E). These results show that reduced gluconeogenesis in infected animals
is not due to a decrease in the levels of glucagon nor an increase in the levels of
insulin. In fact, the increase in glucagon, which in normal conditions would promote
gluconeogenesis, mightrepresent a failed attempt by the host to boost endogenous
glucose production.

These results indicate that the impairment in gluconeogenesis in T. brucei-
infected mice is not due to substrate limitation, nor disruption in the secretion of
major hormones involved in the regulation of gluconeogenesis.

Figure 2: Endogenous glucose production is impaired despite adequate availability of gluconeogenic

substrates
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Figure 2: Endogenous glucose production is impaired despite adequate
availability of gluconeogenic substrates. A. Blood lactate levels in uninfected
and T. brucei-infected mice. n = 4 uninfected and n = 4 infected mice. B. Serum
pyruvate levels in uninfected and T. brucei-infected mice. n = 8 for uninfected and
infected mice on days 5, 7, 14 and 28, and n = 6 for infected mice on days 3 and 21
examined over 2 independent experiments. C. Serum glycerol levels in uninfected
and T. brucei-infected mice. n = 4 for uninfected and infected mice on days 3, 14,
21 and 28, and n =7 forinfected mice on days 5 and 7, examined over 2 independent
experiments. D. Serum glucagon levels in uninfected and T. brucei-infected mice. n
=4 foruninfected and infected mice ondays 3, 5, 7, 14, and 21, and n = 3 for infected
mice on days 28. E. Serum insulin levels in uninfected and T. brucei-infected mice.
n = 8 for uninfected and infected mice on examined over 2 independent
experiments. Error bars represent the S.E.M. *P<0.05, **P <0.01, ****P < 0.0001.
Statistical source data contain additional parameters.

Liver transcriptome reveals upregulation of inflammatory genes and
downregulation of metabolic genes

As the liver controls systemic glucose homeostasis, including
gluconeogenesis, we hypothesised that this organ may be affected during infection.
We performed mRNA sequencing throughout infection (days 0, 6, 10, and 22 post-
infection) to identify infection-induced perturbations in gene expression programs.

Multidimensional scaling (MDS) of hepatic transcriptomes demonstrated a
clear response to infection, starting from day 6 post-infection (dimension 1, 50%
variance) (Figure 3A). There was also a clear temporal distinction throughout
infection, as transcriptomes from days 10 and 22 post-infection, not only clustered
together and away from days 6, but also repositioned closer to uninfected controls
along dimension 2. This suggests a stable infection-associated transcriptional state
by day 10 that persisted through chronic infection (Figure 3A).



Differential gene expression analysis of the liver transcriptomes at day 6
post-infection and uninfected revealed 742 significantly upregulated and 152
downregulated genes (log, FC =1, adj. p-value < 0.05) (Supplementary File 1). By day
10 post-infection, 633 genes were significantly upregulated, and 167 genes were
downregulated relative to the uninfected mice. At the later stage of infection, day
22, 730 genes were significantly upregulated, and 117 genes were downregulated
(Figure 3B).

To better dissect the temporal evolution of the hepatic transcriptional
response to infection, we visualised the relative deviation of gene expression across
these time points (day 6, 10, and 22 postinfection) using a radial deviation plot
(Figure 3C). This revealed a temporal progression in hepatic gene expression
during T. bruceiinfection, with distinct spatial patterns reflecting both the
magnitude and timing of transcriptional changes. While the majority of differentially
expressed genes are common between days 6, 10, and 22 post-infection (with
similar effect sizes and statistical significance), and are therefore centrally located
in the graph, there are differences in the expression profiles of the liver at specific
stage of disease. These include genes that are exclusively differentially regulated at
day 6 post-infection, such as albumin (Alb) and solute carrier family 2 (facilitated
glucose transporter) member 2 (Slc2a2), indicating early transient suppression of
hepatocyte metabolic functions. Genes exclusively regulated at day 10 post-
infection include glutathione S-transferase alpha 2 and 4 (Gsta2/4) and HECT
domain E3 ubiquitin protein ligase 2 (Hectd2o0s), suggesting progressive repression
of oxidative stress responses. Genes more strongly regulated at day 22 post-
infection include the upregulated immune effectors CXCL13 and tumour necrosis
factor receptor superfamily member 17 (Tnfrsf17). Lysozyme M, also involved in
chronic inflammation, is upregulated at all time points post-infection; however, the
largest effect size (log, FC = 2.85) is observed at day 22. Notably, metabolic genes,
such as cysteine sulfinic acid decarboxylase (Csad), become once again strongly
downregulated, despite a partial recovery in expression at day 10 post-infection,
revealing host failure to recover hepatic homeostasis.

Overall, GO term enrichment analysis of the differentially expressed genes
of infected liver at all stages of disease revealed a general upregulation in genes
associated with immune and inflammatory processes, including the toll-like
receptor signalling pathway, innate immune response, cytokine-mediated
signalling, B cell receptor signalling, and leukocyte chemotaxis (Figure 3D). These
findings indicate robust activation of both innate and adaptive immune pathways in
the infected liver. On the other hand, downregulated genes were overwhelmingly
associated with metabolic functions and a broad spectrum of oxidoreductase and
monooxygenase activities, including heme binding (Figure 3D).

To test if genes encoding for the gluconeogenesis pathway are
transcriptionally downregulated, we performed gene set enrichment analysis
(GSEA), which evaluates whether predefined groups of functionally related genes
show coordinated shifts in expression across experimental conditions. Applied to
the gluconeogenesis gene set, GSEA revealed a clear negative enrichment in
infected livers (Figure 3E), indicating that gluconeogenesis as a pathway is broadly
and consistently suppressed during T. brucei infection.



Together, these data reveal that T. brucei infection causes significant

transcriptional reprogramming of the liver,

characterised by a strong and

continuous immune activation and suppression of key metabolic processes,
including the gluconeogenesis pathway.
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infected with 7. bruceireveals

upregulation of inflammatory genes and downregulation of metabolic genes. A.
MDS plot of liver transcriptomes comparing uninfected mice and T. brucei-infected
mice atdays 6, 10, and 22 post-infection. Axes represent the leading log fold change
of dimensions 1 or 2, with explained variance indicated in brackets. n = 3 each of
uninfected and day 6 infected mice, and n =4 each of day 10 and 22 infected mice.
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B. MA plot showing differential expression in the liver of mice infected with T. brucei
for 6 (A), 10 (B), or 22 (C) days post-infection compared to uninfected controls,
expressed as Log, fold change and Log, average transcript counts per million
transcripts. Red and blue indicate up- and downregulation compared to uninfected
mice, respectively. C. Polar plot of differential gene expression across days 6, 10,
22 post-infection relative to uninfected. Each point represents a gene significantly
differentially expressed in at least one time point (adjusted p < 0.05). The plotisin
polar coordinates, with three fixed axes corresponding to day 6 (0°), day 10 (120°),
and day 22 (240°). The angle of each point indicates the timepoint(s) driving the
deviation in expression: points align toward the axis of the timepoint with the
strongest deviation, or between axes if multiple timepoints contribute. The radius
represents the overall magnitude of deviation between timepoints, calculated as
the Euclidean distance of the weighted relative deviations (weighted by -log;g
adjusted p-value) and displayed on a logarithmic scale. Colour indicates the
average log, fold change across timepoints (red = upregulated, blue =
downregulated). Dashed grey lines mark the timepoint axes, and the top 15 genes
by radius are labelled. D. Bubble chart displaying significantly enriched Gene
Ontology (GO) terms (FDR < 0.05) inT. brucei-infected versus uninfected liver
samples (all timepoints combined). Bubble size represents the number of
differentially expressed genes contributing to each GO term. Bubble order
represents fold enrichment as shown in the horizontal axis. Bubbles are colour-
coded according to the FDR value. E. Gene Set Enrichment Analysis (GSEA) of
gluconeogenesis-associated genes in the liver of infected mice on day 6 post-
infection.

Gluconeogenesis is downregulated in the liver, kidney, and isolated
hepatocytes of infected mice

Our comprehensive, whole-liver transcriptomic analysis revealed
widespread downregulation of metabolic genes, including those involved in
gluconeogenesis. While multiple cell types might contribute to this phenotype, the
expression of gluconeogenic genes is largely attributed to the hepatocytes. Given
that bulk liver RNA reflects a mixture of parenchymal and non-parenchymal cells,
we hypothesise that the observed transcriptional repression of gluconeogenesis
might originate specifically from hepatocytes; next, we directly measured
gluconeogenic gene expression in whole liver and in purified hepatocytes to
determine whether this defect is hepatocyte-intrinsic.

To test this, we collected and performed RT-qPCR on livers of uninfected
mice and mice infected for 3, 5, 7, 14, 21, and 28 days to evaluate the levels of the
gluconeogenic genes, G6pc (glucose-6-phosphatase), and Pck1
(phosphoenolpyruvate carboxykinase) (Figure 4 B-C). We observed no significant
change in the expression of G6pc or Pck1 during the early phase of infection (up to
day 5 and day 7 post-infection, respectively), but both genes showed a marked
decrease from day 7 onward (G6pc) and day 14 onward (Pck1) (Figure 4B-C). Linear
regression analysis revealed a strong negative association between time post-
infection and the expression of both genes (G6pc, slope = -0.0438, R*> = 0.6977, p =
0.0002; Pck1, slope = -0.0475, R*> = 0.6510, p = 0.0005), indicating a progressive



decline in hepatic gluconeogenic capacity over the course of infection (Figure 4B-
C).

To determine whether these whole-liver expression changes reflected
hepatocyte-specific effects rather than contributions from non-parenchymal cells
(such as resident and infiltrated immune cells), we isolated hepatocytes from
uninfected and infected mice at day 14 post-infection and performed targeted RT-
gPCR analysis. We confirmed that the suppression of gluconeogenic enzymes was
indeed hepatocyte-autonomous, with infected hepatocytes showing significant
reductions in G6pc (P<0.05) and Pck1 (p<0.05) compared to hepatocytes from
uninfected mice (Figure 4D). This hepatocyte-specific repression supports an
intrinsic reprogramming of the liver's metabolism.

The kidney has been shown to compensate for the impaired capacity of the
liver to produce glucose in some disease contexts (35). To assess whether this is
the case in T. brucei infection, we quantified the transcript levels of the
gluconeogenic genes G6pc and Pck1 in the kidney. Like the liver, renal G6pc levels
decrease as infection progresses. A linear regression analysis revealed a significant
negative relationship between time post-infection and renal G6pc (slope =-0.0195,
R?>=0.410, p =0.0137), indicating a modest but consistent reduction in G6pc levels
as infection progressed (Figure 4E). Renal Pck1 expression remained unchanged in
mice infected for up to 7 days. However, its expression decreased on the
subsequent days. In addition, there is a significant negative correlation between
renal Pck1 expression and time post-infection (slope = -0.0240, R® = 0.6541, p =
0.0005), indicating a progressive decline in expression over time (Figure 4F).

Taken together, these results demonstrate that T. brucei infection causes
profound and progressive suppression of hepatic gluconeogenesis through
coordinated transcriptional repression of the major gluconeogenic genes, without
compensatory activation of renal gluconeogenic pathways.
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Figure 4: Gluconeogenesis is downregulated in liver, kidney and isolated hepatocytes of infected mice.
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Figure 4: Gluconeogenesis is impaired in infected hepatocytes.
A. Schematic, gluconeogenesis pathway showing various steps involved in the
conversion of lactate, pyruvate, amino acids, and glycerol to glucose and the
enzymes involved in catalysing the irreversible steps. B. RT-qPCR quantification
and the linear regression analysis of the gluconeogenic gene, G6pc, in the liver from
uninfected (Ul) mice and mice infected with T. bruceifor 3, 5, 7, 14, 21, and 28 days.
n=4each of uninfected and infected mice. D. RT-qPCR quantification and the linear
regression analysis of the gluconeogenic gene, Pck1, in the liver from uninfected
(Ul) mice and mice infected with T. brucei for 3, 5, 7, 14, 21, and 28 days. n =4 each
of uninfected and infected mice. D. RT-gPCR quantification of gluconeogenic
genes, G6pc and Pck1in hepatocytes collected from the liver of uninfected mice
and mice infected (for 14 days) with T. brucei. n =4 each of uninfected and infected
mice. E. RT-gPCR quantification and the linear regression analysis of the
gluconeogenic gene, G6pc, in the kidney from uninfected (Ul) mice and mice
infected with T. brucei for 3, 5, 7, 14, 21, and 28 days. n = 4 each of uninfected and
infected mice except infected days 14, 21, & 28 (n = 3). F. RT-gPCR quantification
and the linear regression analysis of the gluconeogenic gene, Pck1, in the kidney
from uninfected (Ul) mice and mice infected with T. brucei for 3,5, 7, 14, 21, and 28
days. n =4 each of uninfected and infected mice exceptinfected day 14, 21, & 28 (n
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= 3). Error bars representthe S.E.M. *P < 0.05, **P < 0.01, ****P < 0.0001. Statistical
source data contain additional parameters.

Adaptive immunity selectively constrains gluconeogenesis

Our results showed that endogenous glucose production in infected mice is
functionally impaired in the mid and late stages of infection with T. brucei. The
proinflammatory immune response characteristic of these stages is driven largely
by the adaptive immune compartment and could drive the observed impairmentin
hepatic glucose production, as observed in tuberculosis (28).

To understand the contribution of the adaptive immune response, we used
Rag2 knock-out mice (Rag2”), which lack mature B and T lymphocytes. We followed
infection for 14 days and found no difference in blood glucose levels between Rag2
~and WT mice in the fed state (Figure 5A) despite sustained hyperparasitamia in the
Rag2”’-mice (Figure 5B). Although blood glucose levels in Rag2™~ mice tended to be
slightly higher after acute fasting (6 h), this difference was not statistically
significant, and glucose levels were similar to those of infected wild-type mice after
prolonged (overnight) fasting (Figure 5C). Next, we performed glycerol and pyruvate
tolerance tests to assess gluconeogenesis in these mice (Figure 5 D&E). As shown
in Figure 5D, infected Rag2”’- mice have a significantly (p<0.01) higher glycaemic
response to glycerol administration relative to the infected WT mice (Figure 5D).
However, no differences were observed between infected WT and infected Rag2”-in
the glycaemic response to pyruvate (Figure 5E). The contrasting response to
glycerol and pyruvate may indicate that the adaptive immunity selectively
constrains the glycerol>glucose arm of gluconeogenesis, while the
mitochondrial/pyruvate-dependent branch is comparably suppressed in both
genotypes.

In summary, these findings suggest that while the adaptive immune
response contributes to the repression of gluconeogenesis, it is not sufficient on its
own to account for the full metabolic impairment observed during infection,
indicating that other mechanisms likely play a dominantrole.
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Figure 5: Adaptive immune response selectively constrains gluconeogenesis
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Figure 5: Adaptive immune response selectively constrains gluconeogenesis.
A. Dynamics of blood glucose levels in the fed state for WT and Rag2” mice infected
with T. brucei. n = 7 WT and n = 8 Rag2’” mice examined over 2 independent
experiments. B. Parasitaemia in WT and Rag2KO mice infected with T. brucei. n=6
each of WT and Rag2” infected mice. C. Acute (6h) and overnight fasting blood
glucose levels of WT uninfected, and WT and Rag2KO mice infected with T. brucei.
n = 6 infected mice, and n = 10 each of WT and Rag2” infected mice examined over
2 independent experiment. D. Change in blood glucose during glycerol tolerance
test in WT uninfected, and WT and Rag2KO mice infected with T. brucei. n = 6 WT
uninfected, and n = 8 each of WT and Rag2” infected mice, examined over 2
independent experiment. G. Change in blood glucose during the pyruvate tolerance
test in WT uninfected, and WT and Rag2” mice infected with T. brucei. n = 6 WT
uninfected, and n = 8 each of WT and Rag2” infected mice examined over 2
independent experiments. Error bars represent the S.E.M. *P<0.05, **P<0.01,
****P < 0.0001. Statistical source data contain additional parameters.

T. brucei is sufficient to inhibit gluconeogenesis

Given the modest and only partial contribution of adaptive immunity
to the repression of gluconeogenesis, we hypothesised that T. brucei directly
inhibits hepatic glucose production. To test this, infected mice were treated
intravenously with the anti-trypanosomal drug, melarsoprol or its vehicle at day 14
post-infection (Figure 6A). We predict that a few days after melarsoprol treatment,
parasite load should sharply decrease while immune response should remain
active within a few days after treatment. This setting would allow us to delineate the
role of the parasites in regulating gluconeogenesis from the proinflammatory
immune response associated with the infection.
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Parasitemia was undetectable after treatment, confirming effective parasite
clearance in the blood (Figure 6B). To determine whether adaptive immune
activation persisted after parasite elimination, we quantified circulating CD4" and
CD8* Tcells, as well as effector/effector memory T cell (Tem) subsets, on day 14 (pre-
treatment) and day 18 (four days post-treatment). The ratio of cell frequencies
between these two time points showed no significant change (Figure 6C;
Supplementary Figure 3B-C), indicating that adaptive immunity remained active
despite parasite clearance.

We next assessed the impact of parasite elimination on systemic glucose
regulation. Following melarsoprol administration, fed-state glycaemia
progressively increased, reaching significantly higher levels than in untreated
infected mice on days 15-18 post-infection (Figure 6D). By day 18, both acute (6 h)
and overnight fasting blood glucose levels in melarsoprol-treated mice had
returned to similar levels as those observed in uninfected controls (Figure 6E).
Melarsoprol-treated infected animals displayed a similar glycemic response to
glycerol and pyruvate as observed in uninfected mice, a significantly higher
glycemic response compared to untreated infected mice (Figure 6F).

These findings indicate that the presence of live parasites is necessary for
the maintenance of hypoglycaemia and suppression of hepatic glucose production
in vivo. Together with the Rag2™~ data, we show that while the adaptive immune
response contributes modestly to metabolic repression, the presence of parasites
exerts a more dominant, parasite-intrinsic control over hepatic gluconeogenesis,
establishing the parasite as the central determinant of infection-induced
hypoglycaemia.

Figure 6: T. brucei is suficient to inhibit gluconeogenesis
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Figure 6: T. brucei is sufficient to inhibit gluconeogenesis. A. Schematic showing
how Parasitaemiaininfected WT mice was cleared using the antitrypanosome drug,
melarsoprol. B. Parasitaemia in infected mice treated with or without melarsoprol.
n = 6 infected and n = 8 infected and treated with melarsoprol. C. Ratio of CD4+ &
CD8+ T cell and of effector/effector memory (Tem) CD4+ & CD8+ T cell frequencies
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in uninfected and infected mice, treated with or without melarsoprol on day 18 vs
day 14 post-infection. n = 3 uninfected mice, and n = 4 mice each for uninfected
mice treated with melarsoprol, infected mice, and infected mice treated with
melarsoprol. D. Dynamics of blood glucose in the fed state for uninfected and
infected WT mice treated with or without melarsoprol. n = 8 uninfected mice, n =6
infected mice, and n = 8 infected mice treated with melarsoprol. E. Acute (6h) and
overnight fasting blood glucose levels of uninfected and infected mice treated with
or without melarsoprol. n = 8 mice each of uninfected, infected, and infected mice
treated with melarsoprol. F. Glycerol tolerance and pyruvate tolerance tests in
infected mice treated with or without melarsoprol. n = 8 infected and n = 8 infected
and treated with melarsoprol. Error bars represent the S.E.M. *P <0.05, **P < 0.01,
****P < 0.0001. Statistical source data contain additional parameters.

T. brucei directly suppresses glucose production in hepatocytes

To determine whether T. brucei directly modulates glucose production in
hepatocytes, we co-cultured primary hepatocytes isolated from uninfected wild-
type mice with live parasites (Figure 7A). After 12 hours of co-incubation,
hepatocytes exposed to T. brucei showed a marked reduction in the expression of
key gluconeogenic enzymes, G6pc and Pck1, relative to unexposed controls (Figure
7B). Consistently, hepatocytes co-cultured with parasites exhibited a significant
decrease in glucose output (Figure 7C), confirming functional inhibition of
gluconeogenesis.

Together, these data demonstrate that T. brucei directly acts on hepatocytes
to repress the expression of gluconeogenic genes and glucose production.

Figure 7: T. brucei directly suppresses glucose production in hepatocytes
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Figure 7: T. brucei directly suppresses glucose production in hepatocytes. A.
Schematic showing the hepatocyte-T. brucei co-culture for assessment of glucose
production in the hepatocytes. B. RT-qPCR quantification of gluconeogenic genes,
G6pc and Pck1, in primary hepatocytes cultured with or without 7. brucei. n=3 each
for hepatocytes cultured with or without T. brucei. C. Glucose output from primary
hepatocytes pre-cultured with or without T. brucei. n = 4 each for hepatocytes
cultured with or without T. brucei. Error bars represent the S.E.M. *P<0.05,
**P<0.01, ****P <0.0001. Statistical source data contain additional parameters.
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Stimulating endogenous glucose production prolongs host survival

Because T. brucei infection profoundly suppresses hepatic
gluconeogenesis, we hypothesised that restoring endogenous glucose production
could ameliorate infection-induced hypoglycaemia and improve host survival. To
test this, we supplemented the drinking water of infected mice with 5% glycerol, a
direct gluconeogenic substrate. In naive wild-type mice, glycerol supplementation
did not alter feeding behaviour or fed-state glycaemia (Figure 8 A&B). Similarly,
infected mice receiving glycerol-supplemented water consumed comparable
amounts of food as untreated controls (Figure 8C).

Remarkably, glycerol supplementation in infected mice led to a sustained
elevation in fed-state blood glucose during chronic stages of infection (Figure 8D).
After overnight fasting, glycerol-treated mice also maintained significantly higher
glycaemiaondays 14 (p<0.01),21(p<0.01),and 28 (p <0.05) post-infection (Figure
8E), confirming that the increased blood glucose resulted from enhanced
endogenous glucose production stimulated by glycerol. Despite this metabolic
improvement, glycerol supplementation did not alter parasitemia (Figure 8F),
indicating that the effect was independent of parasite burden. Notably, glycerol-
treated mice survived significantly longer, with mean survival extending from ~35 to
45 days (p <0.01; Figure 8G).

In contrast, direct glucose supplementation (3% in drinking water) failed to
increase blood glucose levels or improve survival (Supplementary Figure 3A-D),
suggesting that exogenous glucose is either rapidly consumed or metabolically
inaccessible during infection.

Together, these results demonstrate that stimulating gluconeogenesis
through glycerol supplementation is sufficient to sustain systemic glycaemia and
enhance host survival without affecting parasite load. This identifies impaired
endogenous glucose production as a key driver of host vulnerability during T. brucei
infection and highlights hepatic metabolic resilience as a critical determinant of
disease tolerance.
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Figure 8: Stimulating gluconeogenesis prolongs host survival
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Figure 8: Stimulating gluconeogenesis prolongs host survival. A. Food intake of
naive WT mice supplemented with or without glycerol. B. Dynamics of blood
glucose levels in the fed state of naive WT mice supplemented with or without
glycerol. n = 4 each for uninfected mice supplemented with or without glycerol. C.
Food intake of infected WT mice supplemented with or without glycerol. D.
Dynamics of blood glucose levels in the fed state of infected WT mice
supplemented with or without glycerol. n =14 each for infected mice supplemented
with or without glycerol across 3 independent experiments. E. Overnight fasting
blood glucose levels of infected WT mice supplemented with or without glycerol on
day 14, 21, and 28 post-infection. n = 8 each for infected mice supplemented with
or without glycerol across 2 independent experiments. F. Parasitaemia of infected
WT mice supplemented with or without glycerol on selected days post-infection. n
= 14 each for infected mice supplemented with or without glycerol across 3
independent experiments. G. Survival curves of infected WT mice supplemented
with or without glycerol. n =16 each for infected mice supplemented with or without
glycerol across 3 independent experiments. Error bars represent the S.E.M.
*P<0.05, **P<0.01, ****P <0.0001. Statistical source data contain additional
parameters.

DISCUSSION

This study reveals that T. brucei infection profoundly impairs hepatic
gluconeogenesis through a direct, parasite-driven suppression of host glucose
production. Hypoglycaemia, a symptom reported in studies on Trypanosoma-
infected hosts (5,29-31) has long been attributed to parasite glucose consumption.
However, our data demonstrate that systemic hypoglycaemia instead emerges
from an active inhibition of hepatic glucose synthesis, mostly mediated by the
presence of the parasite.
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Rethinking the Metabolic Pathology of African Trypanosomiasis

Because bloodstream-form Trypanosoma bruceirelies heavily on glycolysis,
itconsumes glucose rapidly, and it can metabolise alternative carbon sources such
as glycerol under restrictive conditions (13-15). It has seemed intuitive to attribute
host hypoglycaemia directly to parasite competition for nutrient uptake. However,
several conceptual and comparative considerations make glucose competition an
inadequate explanation for hypoglycaemia. First, the scale of parasite biomass
relative to total host glucose turnover is insufficient to drive systemic depletion (37),
immune cells, skeletal muscle, and hepatocytes dominate endogenous glucose
utilisation far beyond the metabolic demand of parasitaemia. Second, pathogens
in other infections, such as M. tuberculosis, use glucose but overwhelmingly
prioritise lipids and cholesterol in vivo, yet still induce hypoglycaemia through
mechanisms that centre on hepatic metabolic reprogramming rather than
substrate consumption (28). Third, viruses lack autonomous metabolism
altogether, but some viruses can still impose profound suppression of
gluconeogenesis (38). Collectively, these examples highlight a conceptual
precedent: systemic hypoglycaemia is largely a host metabolic phenotype, not a
reflection of pathogen carbon usage. Our finding that the hyper-parasitemia
observed in RAG2” mice does not exacerbate hypoglycemia supports the
conclusion that hypoglycemia is not correlated to parasite levels. Therefore African
trypanosomiasis follows the paradigm of other infections, in which hypolglycemia
is a host metabolic phenotype.

Parasites Supress Gluconeogenesis Causing Hypoglycaemia

In this work, we revealed that the central carbohydrate metabolic defect in
African trypanosomiasis is a supression of hepatic gluconeogenesis. This
conclusion emerged after ruling out dietary, intestinal, hormonal, and substrate
availability explanations that commonly contribute to hypoglycaemia. We found a
marked repression of gluconeogenic gene expression alongside functional failure
of the liver to adequately convert classic precursors into glucose. Supression of
gluconeogenesis is neither unique to trypanosomiasis nor unexpected in
inflammatory disease. In diseases such as tuberculosis, sepsis, and malaria,
gluconeogenesis is also constrained (26-28,36). Such suppression has
implications for tolerance and nutritional immunity.

InaT. bruceiinfection, suppression of gluconeogenesis is mainly driven by a
parasite-dependent mechanism. Hepatocyte-parasite co-culture demonstrates
that T. brucei itself is sufficient to repress gluconeogenic gene expression and
glucose output. Conversely, clearance of parasites in vivo restores
gluconeogenesis despite persistent immune activation, indicating that parasite
presence and not inflammation determines the metabolic state.

The discovery that T. brucei is a direct architect of host metabolic
landscapes is conceptually novel. Although infections reshape host metabolic
pathways, including affecting hepatic glucose output (26,27,36,44), this effect is
usually driven by the host. In tuberculosis, sepsis, and malaria, repression of
gluconeogenesis is driven by proinflammatory immune responses or the release of
labile heme from the lysis of red blood cells. In these diseases the host reduces
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endogenous glucose availability to limit pathogen access to key metabolites or
modulate immune activity (39).

Suppression of host glucose production likely confers a selective advantage
to T. brucei. It may reduce energetically costly immune responses, shift energy
balance toward parasite-compatible states, or preserve alternative substrates
such as glycerol that the parasite can exploit. It may also rewire host hormonal or
metabolic circuits in ways that reduce resistance and enhance parasite
persistence.

Enhancing Gluconeogenesis as a Tolerance Mechanism

The capacity to restore endogenous glucose production without altering
parasite burden illuminates gluconeogenesis as a central determinant of disease
tolerance (45). Supporting gluconeogenic flux through glycerol supplementation
rather than supplying exogenous glucose sustains glycaemia because it bypasses
insulin-mediated clearance and directly fuels hepatic glucose synthesis. This
occurs because glycerol is a poor insulin secretagogue. Pancreatic B-cells lack
sufficient glycerol kinase to metabolise glycerol for ATP generation, and glycerol
infusion does not measurably elevate plasma insulin in vivo (46-48). In contrast,
glucose supplementation provokes a rapid insulin surge, suppresses hepatic
glucose production, and accelerates peripheral glucose disposal (49). Thus,
glycerol uniquely elevates glycaemia without triggering counter-regulatory
hormonal responses that would otherwise negate its benefit. This distinction
underscores the physiological relevance of gluconeogenesis as the primary buffer
against infection-induced hypoglycaemia and that supporting hepatic glucose
production improves host survival even in the face of ongoing parasite replication.

Conclusion

Together, these findings provide a new conceptual model for the metabolic
pathology of African trypanosomiasis. Hypoglycaemia stems from a parasite-
driven, hepatocyte-intrinsic repression of gluconeogenesis. It does not stem from
not from glucose consumption by the parasite nor from factors released during the
adaptive immune response. This metabolic blockade compromises systemic
energy homeostasis, shapes disease progression, and determines host survival. By
showing that the liver’s capacity to produce glucose governs tolerance to infection,
this work highlights hepatic metabolic resilience as a fundamental axis of host
defence and identifies gluconeogenesis as a promising target for adjunctive
therapeutic strategies in systemic parasitic disease.
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MATERIALS AND METHODS

Experimental Animals

8-10 week old male wild-type C57BL/6J mice were procured from Charles
River Laboratories (France) and housed in a specific pathogen-free (SPF) barrier
facility at the Gulbenkian Institute for Molecular Medicine (GIMM), Lisbon, Portugal.
The genetically modified mice used are the Rag2”- (IMSR_JAX:008449). The Mice
were maintained under controlled environmental conditions with a 12-hour
light/dark cycle, temperature set at 21-22°C, and humidity maintained at 45-65%,
with unrestricted access to food and water unless otherwise specified. All
experimental procedures were approved by the Orgao Responsavel pelo Bem-estar
Animal (ORBEA) of GIMM and the Direcgcao Geral de Alimentagcao e Veterinaria
(DGAV) (licenses 018889/2016 and 017549/2021), in accordance with European
Directive 2010/63/EU on the protection of animals used for scientific purposes.

Parasite Infection and Monitoring

Mice were infected intraperitoneally (i.p.) with 2000 T. brucei brucei
AnTat1.18 90-13 parasites suspended in 100 pL of HMI11 medium (ref). Uninfected
mice were injected with 100 pL of HMI11 |.P. Parasitemia was monitored by
collecting tail blood samples and quantifying parasite numbers using the Neubauer
hemocytometer under a phase-contrast microscope. For terminal experiments,
mice were euthanised at specific timepoints post-infection by CO; narcosis, blood
was collected via cardiac puncture, and organs were perfused transcardially with
10mL of phosphate buffer saline (PBS).

Glucose and Metabolic Tolerance Tests

Sucrose Tolerance Test (STT): to assess sucrose digestion and glucose
absorption and clearance, mice were fasted for 6h during the light phase and were
gavaged with 2 g/kg body weight of sucrose (Sigma-Aldrich, S9378-1KG), and blood
glucose levels were measured via tail puncture at 0, 15, 30, 60, and 120 min using
an Accu-Chek glucometer (Roche, Germany).

Intraperitoneal Glucose Tolerance Test (IPGTT): to assess glucose tolerance
and clearance, mice were fasted for 6h during the light phase and were
administered 1 g/Kg glucose (Sigma, G8270-1KG) intraperitoneally (i.p.), with
glycaemia monitored at the same time points as in STT.

Pyruvate Tolerance Test (PTT): To assess pyruvate-mediated
gluconeogenesis, mice were fasted overnight and were administered 2 g/Kg body
weight sodium pyruvate (Sigma, P2256-100G) i.p., and glycaemia levels were
recorded at the same time as in STT.

Glycerol Tolerance Test (GTT): To assess glycerol-mediated
gluconeogenesis, mice were i.p. injected with 1 g/Kg glycerol (Abcam, ab285399),
and glycaemia was monitored over time as in STT.

Biochemical Analysis

Blood glucose and lactate were measured from blood collected by vial tail
puncture from infected and uninfected mice fasted for 4 h using the Accu-Chek
glucometer and Accutrend Plus (Roche, Germany), respectively. Blood collected
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via cardiac puncture after CO; narcosis was centrifuged to collect serum. Pyruvate
(Abcam, ab65342) and glycerol (Sigma, MAK117) levels were quantified using
colourimetric assays. Insulin (ALPCO, 80-INSMSU-E10) and glucagon (R&D
Systems, DGCGO) levels were measured by ELISA.

mRNA Sequencing

Following mouse euthanasia and perfusion, as described above, livers were
collected from uninfected and infected mice at days 6, 10, and 22 post-infection,
flash-frozen in liquid nitrogen, and stored at -80°C. Approximately 100mg of tissue
was submerged in TmL TRIzol with zirconia beads and mechanically homogenised
in a bead beater. Subsequently, total RNA was extracted according to TRIlzol
manufacturer’s protocol (supplier?). RNA concentration was quantified by Qubit HS
RNA (Invitrogen UK), and integrity was assessed first by gel electrophoresis on a
1.5% agarose gel, run for 45 minutes at 100V, and subsequently in the Agilent 4200
TapeStation (Agilent, UK), at the DeepSeq Facility of the University of Nottingham.
RNA with RIN values above 7.0 was used to prepare cDNA libraries using the
Lexogen QuantSeq 3~ FWD library kit (Lexogen, UK) and sequenced as single-end
75bp reads multiplexed on a single lane of the Illumina NextSeq 500 platform, using
the NextSeq 500 High Output v2.5 75 Cycle Kit (Illumina, UK).

Transcriptomic analysis

Sequencing quality was assessed with FastQCv. 0.11.5 (50) before and after
trimming with BBDuck v. 35.92 (51). Reads shorter than 20 base pairs and those
aligning to the T. brucei TREU 927 genome (52) were discarded. Remaining reads
were aligned to the mouse reference genome (GRCm38/mm10) using STAR (53).
Mapping output files were processed with SAMtools v. 0.6.0 (54), and read counts
were estimated with HTSeq-countv. 0.11.2 (55). Only uniquely mapping reads were
considered. Differential expression analysis was performed in R, using edgeR (56)
and limma-voom (57). Genes with less than 10 reads were ignored, and
differentially expressed genes were defined as those with an absolute log, fold
change = 1 and an adjusted p-value < 0.05. Gene Ontology (GO) enrichment
analysis was performed with PANTHER version 19.0 (58) for GO-Slim Biological
Process with Fisher’s exact test and Bonferroni correction. Gene set enrichment
analysis was conducted with GSEA version 4.3.3 (59).

Real-Time Quantitative PCR (RT-qPCR)

To confirm some of the differentially expressed genes from the total liver
RNA-seq, livers from uninfected and infected mice on days 3, 5, 7, 14, 21, and 28
postinfection was collected from perfused mice and snap-frozen in liquid nitrogen.
RNA were extracted from the tissues using the NZYTech total RNA isolation kit
(NZYTech, MB13402). cDNA was synthesized from total RNA using the Xpert cDNA
synthesis kit (GRiSP, GK80.0100). RT-gPCR was performed on a QuantStudio Real-
Time PCR System (Applied Biosystems, USA) with SYBR Green Master Mix (GRIiSP,
GE20.5100). Relative expression levels were normalized to GAPDH and analyzed
using the “2Ct method. Primer sequences are listed in Supplementary File 2.
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Flow cytometry

Longitudinal characterization of circulating immune cells was performed
using 10 pyL of peripheral blood collected from the mouse tail vein into PBS
containing 10 U/mL heparin. Following two consecutive 5-minute incubations in
ammonium-chloride—-potassium (ACK) lysis buffer to remove erythrocytes, cells
were washed with PBS supplemented with 2% fetal bovine serum (PBS/2% FBS).
Samples were then incubated with Fc block (eBioscience, Thermo Fisher Scientific)
for 10 minutes at 4-8 °C to prevent nonspecific Fc receptor binding. Surface staining
was performed for 20 minutes at 4-8 °C using a fixable viability dye (eFluor 780,
eBioscience, Thermo Fisher Scientific), to exclude dead cells, as well as the
following fluorochrome-conjugated anti-mouse monoclonal antibodies (BioLegend
or BD Biosciences): CD45 Alexa Fluor 700 (clone 30-F11), CD19 Brilliant Violet 570
(clone 6D5), TCRB PE-Cy7 (clone H57-597), CD4 BD Horizon BUV805 (clone RM4-
5), CD8a BD Horizon BUV496 (clone 53-6.7), CD62L Brilliant Violet 510 (clone MEL-
14), and CD44 Brilliant Violet 785 (clone IM7). Stained cells were resuspended in
PBS/2% FBS, acquired on a Cytek Aurora spectral cytometer (Cytek Biosciences),
and analyzed using FlowJo v10 (BD). Gating strategy for CD4+ T cells, CD8+ T cells,
and effector/effector memory (Tem) CD4+ and CD8+ T cell subsets are shown in
Supplementary Figure 3A.

Parasite clearance

On day 14 post infection, infected and uninfected mice were treated
intravenously with 5 mg/Kg body weight of melarsoprol (Aventis, France).
Melarsoprol was diluted in sterile propylene glycol (26% of final solution) (Sigma,
W294004-1KG-K) and PBS (70% of final solution).

Primary hepatocyte Isolation

Primary Primary hepatocytes were isolated from adult C57BL/6 mice using a
Liberase Blendzyme 3 recombinant collagenase (Roche Diagnostics) perfusion
method (60). Mice were anaesthetized with ketamine (100 mg/kg) and xylazine (10
mg/kg) and positioned supine for surgery. After laparotomy, the inferior vena cava
was exposed and cannulated for in situ liver perfusion using a peristaltic pump. The
liver was first perfused with a perfusion buffer composed of Hank’s balanced salt
solution (HBSS; without Ca®**, Mg®*, and phenol red) (Gibco, 14175-095)
supplemented with 0.5 mM EDTA and 25 mM hepes to remove blood and chelate
divalent cations. This was followed by perfusion with a digestion buffer containing
HBSS (with Ca**, Mg>*, and phenol red) (Gibco, 24020-117) supplemented with
hepes (25 mM), and 40 pg/mL liberase (Roche) to enzymatically dissociate
hepatocytes. After complete perfusion, the liver was excised, transferred to a dish
containing digestion buffer, gently disaggregated, and filtered through a 100 um cell
strainer into a 50 mL tube. The suspension was centrifuged at 30 x g for 3 min at
room temperature (RT), and the supernatant discarded. The pellet was
resuspended in 25 mL digestion buffer without liberase and centrifuged through 25
mL Percoll (Sigma, P4937) at 70 x g for 10 min at RT to enrich for viable hepatocytes.
The resulting pellet was resuspended in Primary Hepatocyte Culture Medium
(PHCM) consisting of William’s E medium (with phenol red) (Gibco, 11514466)
supplemented with 1% L-glutamine, 1% penicillin-streptomycin, and 4% fetal
bovine serum (FBS). The hepatocyte suspension was filtered again through a 100
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pm strainer, centrifuged (30 x g, 3 min, RT), and the final pellet resuspended in
PHCM. Cells were counted and plated on collagen-coated 12-well plates at a
density of 3 x 10° cells per well, then incubated at 37 °C with 5% CO,. After 3 h of
attachment, the medium was replaced with PHCM supplemented with 0.1%
gentamicin and 0.3% fungizone. Cells were maintained for approximately 18-24 h
to allow complete adhesion prior to experimental treatments.

Hepatocyte-parasite co-culture

After complete adhesion (~12 h) of primary hepatocytes, the culture medium
was replaced with a mixed medium composed of 50% Primary Hepatocyte Culture
Medium (PHCM) and 50% parasite culture medium (HMI-11). Hepatocytes were
then incubated in this medium with or without bloodstream-form T. brucei at a
density of 1 x 10° or 1 x 10” parasites/mL for 12 h at 37 °C and 5% CO,. Following
co-culture, the medium was aspirated, and the wells were gently washed twice with
Dulbecco’s Modified Eagle Medium (DMEM) without glucose to remove residual
parasites and substrate. Hepatocytes were then incubated in fresh DMEM (without
glucose) for 2 h to assess endogenous glucose production. At the end of the
incubation, the culture supernatant was collected, clarified by centrifugation (300
x g 5 min), and the glucose concentration was quantified colourimetrically using
the Glucose Assay Kit (Abcam, ab65333) according to the manufacturer’s
instructions.

Glucose and glycerol supplementation

The drinking water of mice was supplemented with either 3% (w/v) D-glucose
(Sigma, G8270-1KG) or 5% (v/v) glycerol (Abcam, ab285399). Supplementation
began on the day of infection and continued throughout the experimental period.
The solutions were freshly prepared and replaced every 48 h to prevent microbial
growth and ensure consistent substrate availability.

Statistical Analysis

Transcriptomic data were analysed in R as described in the corresponding
section. The remaining data were analysed using GraphPad Prism 9. Normality was
assessed with the Shapiro-Wilk test. For comparisons between two groups,
unpaired two-tailed Student’s t-tests were used. For multiple comparisons, one-
way or two-way ANOVA with Bonferroni post-hoc correction was applied. Survival
analysis was performed using the Kaplan-Meier method with log-rank tests. Data
are presented as mean * SEM, with significance defined as p <0.05.
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SUPPLEMENTAL FIGURES

Supplementary figure 1: Endogenous glucose production is impaired in mice infected with

T. brucei
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Supplementary Figure 1: Endogenous glucose production is impaired in mice
infected with T. brucei. A. Dynamics of parasitaemia in WT mice infected with T.
brucei. B. Change in blood glucose during the sucrose tolerance test in uninfected
and infected WT mice. n = 6 uninfected and n = 6 infected mice onday 7, n =7
uninfected and n=9infected mice onday 14, and n =6 uninfected and n =6 infected
mice on day 21 post-infection, examined over 2 independent experiments. C.
Change in blood glucose during glucose tolerance test in uninfected and infected
WT mice. n = 6 uninfected and n = 6 infected mice on day 7, n = 6 uninfected and n
= 8 infected mice on day 14, and n = 8 uninfected and n = 8 infected mice on day 21
post-infection, examined over 2 independent experiments. D. Change in blood
glucose during the pyruvate tolerance test in uninfected and infected WT mice. n =
6 uninfected and n = 6 infected mice on day 7, n = 6 uninfected and n = 8 infected
mice on day 14, and n = 6 uninfected and n = 6 infected mice on day 21 post-
infection, examined over 2 independent experiments. E. Change in blood glucose
during the glycerol tolerance test in uninfected and infected WT mice. n = 6
uninfected and n =6 infected mice on day 14, and n =6 uninfected and n=5 infected
mice on day 21 post-infection examined over 2 independent experiments. Error bars
represent the S.E.M. *P <0.05, **P<0.01, ****P <0.0001. Statistical source data
contain additional parameters.
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Supplementary Figure 2: Persistent imune activation despite parasite clearance
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Supplementary Figure 2: Persistent immune activation despite parasite
clearance. A. Flow cytometry gating strategy used to analyze CD4+ and CD8+ T
cells, as well as effector/effector memory (Tem) CD4+ and CD8+ T cell subsets, in
peripheral blood from uninfected or T. brucei-infected mice, treated or not with
melarsoprol on day 15, and analyzed on days 14 and 18 post-infection B.
Representative dot plots of circulating CD4+ and CD8+ T cells in experimental
groups, gated within af T cells, as defined in A. C. Representative dot plots of
effector/effector memory (Tem) CD4+ and CD8+ T cell subsets in experimental
groups, gated within CD4+ or CD8+ aB T cells, as defined in A.

Supplementary Figure 3: Glucose supplementation have no impact on host survival
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Supplementary Figure 3: Glucose supplementation has no impact on host
survival. A. Food intake dynamics of infected WT mice supplemented with or
without glucose. B. Blood glucose dynamics in infected WT mice supplemented
with or without glucose. n = 7 for infected mice and n = 6 for infected mice
supplemented with glucose. C. Parasitaemia in infected WT mice supplemented
with or without glucose. n = 7 for infected mice and n = 6 for infected mice
supplemented with glucose. D. Survival curves of infected WT mice supplemented
with or without glucose. n = 7 for infected mice and n = 6 for infected mice
supplemented with glucose. Error bars represent the S.E.M. *P <0.05, **P < 0.01,
****P < 0.0001. Statistical source data contain additional parameters.
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