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Introduction: Human African Trypanosomiasis (HAT) is a Neglected Tropical Disease
targeted for elimination by 2030. Control efforts have reduced prevalence, but
diagnostic challenges for field surveillance persist. Rapid Diagnostic Test kits (RDTs),
used as frontline diagnostic tools for field surveillance, are often based on Variant
Surface Glycoproteins (VSGs), which undergo constant mutations and exhibit
considerable geographical diversity. Some VSGs are absent in Cameroon and
Nigerian trypanosome strains/isolates.

Method: This study evaluated the reliability of HAT RDTs using human and animal
blood samples from Nigeria. Seropositive samples from ELISA and CATT were
tested with Abbott Bioline HAT 2.0 RDT.

Result: All ELISA and CATT seropositive human samples tested negative on the
RDT, whereas two seropositive animal samples were positive on the RDT. The
animal samples were positive on the test line 1, which is the ISG 65. This implies
that the RDT kit was unable to detect seropositive samples from Nigeria, and
therefore raises concerns about the reliability/suitability of this RDT for HAT field
surveillance in Nigeria.

Conclusion: This study emphasizes the importance of incorporating diverse
Trypanosoma strains into RDT development and ensuring validation across all
endemic areas for effective field surveillance and disease control.
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Introduction

Human African Trypanosomiasis (HAT), also known as
sleeping sickness, is caused by two subspecies of Trypanosoma
brucei: Trypanosoma brucei gambiense (Tbg), which causes gHAT
in West and Central Africa, and Trypanosoma brucei rhodesiense
(Tbr), which causes rHAT in East and Southern Africa. The parasite
is transmitted by tsetse flies of the Glossina species (1). gHAT is
characterized by a long incubation period (up to several years),
chronic/intermittent fever and low parasitemia in the early stage;
and severe neurological symptoms in the advanced stages. Some
infected people remain asymptomatic (2). These features
complicate early diagnosis and treatment (3). HAT primarily
affects vulnerable populations in remote and underserved areas
with limited access to healthcare infrastructure (4). Despite
successful control efforts leading to reduced prevalence, disease
detection is still challenging due to inadequate diagnostic tools,
especially in rural regions where advanced diagnostic techniques are
inaccessible. This is particularly important as the WHO and health
authorities work toward the Neglected Tropical Disease (NTD)
roadmap, which targets the elimination of these NTDs by 2030.

Although, HAT is considered endemic in Nigeria, the World
Health Organization (WHO) database shows no reported case since
2012, except for a case diagnosed in the United Kingdom in a
Nigerian traveler in 2016 (3). This lack of reported cases does not
indicate the absence of disease, as it is unlikely that only one patient
was infected in a country of over 200 million people by the vector
that transmits the disease. Moreover, in the same period, several
researchers have published evidence of HAT infections from
different parts of the country, but were not captured in the WHO
database/reports (2, 5). This raises concerns regarding local
surveillance, diagnostic capacity and disease reporting. Odebunmi
et al,, 2024 highlighted the possibility of cryptic or silent infections,
with the prevalence of HAT in Nigeria at 3.6%, emphasizing the
limitations in diagnostic tools availability and efficacy, as well as
irregular field surveillance, are likely contributors to an
underestimation of the true disease burden in the country (6).

Field surveillance of HAT is hindered by limited availability of
field diagnostic tools, and low sensitivity/specificity of available
serologic assays. These challenges can result in false negatives and a
false sense of low or no disease prevalence, further truncating
control efforts. Rapid Diagnostic Tests (RDTs) have been
integrated into surveillance programs to enhance disease
detection (7). Recent multicountry evaluations have raised
additional concerns regarding the reliability of current diagnostic
tools in low-prevalence and geographically diverse settings. For
instance, studies by Tablado Alonso et al. (9) and N’Djetchi et al. (8)
have demonstrated inconsistencies in the performance of rapid
diagnostic tests (RDTs), particularly in regions where local parasite

Abbreviations: NTD, Neglected Tropical Disease; CATT, Card Agglutination
Test for Trypanosomiasis; ELISA, Enzyme Linked Immunosorbent Assay; HAT,
Human African Trypanosomiasis; RDT, Rapid Diagnostic Test; VSG, Variant
Surface Glycoprotein; ISG, Invariant Surface Glycoprotein; VAT, Variable
Antigen Type.
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strains differ from those used in assay development (8, 9). These
findings underscore the critical need for context-specific validation
of serological assays before widespread deployment. Its sensitivity
and specificity, which are crucial for accurate diagnosis, vary across
regions due to differences in parasite strains and geographic
locations (8, 9). While these RDT Kkits offer practical solutions for
field use, concerns persist about their reliability, especially in some
low-prevalence settings with atypical isolates and Variant Surface
Glycoprotein (VSG) patterns.

The Card Agglutination Test for Trypanosomiasis (CATT) is a
widely used tool for field screening due to its simplicity and quick
turnaround (10). It detects antibodies against the variant surface
glycoprotein (VSG) Litat 1.3. However, this antigen is absent in
some T. b. gambiense strains, including those found in countries like
Cameroon and Nigeria (11, 12). This limits the test’s effective use in
disease monitoring due to concerns for false negatives in these areas.

The Abbott Bioline HAT 2.0 RDT was developed as an
improvement over earlier versions and detects antibodies using two
recombinant antigens: invariant surface glycoprotein (ISG) 65 and
VSG LiTat 1.5 (7). While it offers advantages such as affordability and
field applicability, sensitivity and specificity remain an issue,
particularly in malaria-endemic regions like Nigeria (7-9).

In alignment with the 2030 NTD roadmap, the WHO has
prioritized the elimination of HAT transmission (zero cases), with
emphasis on early case detection, improved diagnostic accuracy,
and integration of tools suited for field surveillance (13). This
includes expanding the use of RDTs and strengthening their
reliability through localized validation. Therefore, understanding
how RDTs perform in field conditions in Nigeria is not only
relevant for national policy but is also essential for achieving
global elimination targets.

Method
Ethical approval

Ethical approvals for the study were obtained from Enugu State
Ministry of Health Research Ethics Committee (Ref No: MH/MSD/
REC21/782), and the University of Nigeria, Nsukka Institutional
Animal Care and Use Committee (IACUC). Informed consent was
obtained from all human participants before sample collection.

Sample collection, storage and transport
conditions

Blood samples were collected in EDTA-coated sample bottles
from hospital diagnostic laboratories (for human samples) and
abattoirs (for animal samples) from two states in Southern
Nigeria (Delta and Enugu States). After collection, samples were
transported in ice packs (2-8 °C) to the laboratory. Upon arrival, all
samples were processed within few hours. Serum was extracted by
centrifugation at 3000 rpm for 10 minutes and aliquoted into sterile,
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labeled vials. Serum samples not analyzed immediately were stored
at 4 °C to preserve sample integrity.

Inclusion and exclusion criteria

Only samples that tested positive on both ELISA (1:200 serum
dilution) and CATT (1:64) dilution were selected for subsequent
evaluation with the RDT kit. The use of higher dilution levels was to
minimize false-positive results and enhance specificity (14). Samples
that failed to meet these criteria were excluded from RDT testing.

Test reproducibility and quality control

To ensure the reliability of results, each serologic test; ELISA,
CATT, and RDT, was performed strictly according to standard
protocol or manufacturer’s instructions. ELISA and CATT tests
were performed in duplicates at each dilution rate, with appropriate
controls. Standardized positive and negative controls supplied with
the kits were included in every batch of ELISA and CATT assays to
monitor test performance. Additionally, all test results were
independently reviewed by trained laboratory personnel to
minimize observer bias and ensure accurate interpretation.

Sample screening

The serum samples were first screened for HAT with ELISA
using plates coated with native antigens. The samples that tested
positive on ELISA at 1:40 and 1:200 serum dilution were then
screened with CATT kit (obtained from the Institute of Tropical
Medicine, Belgium) at 1:4, 1:8, 1:16, 1:32, 1:64 serum dilutions. Due
to low availability of RDT kits, 11 human samples and 5 animal
samples that tested positive on both ELISA (1:200 dilution) and
CATT (1:64 dilution) following the flowchart (Figure 1) were
further tested with the RDT kit (Abbott Bioline HAT 2.0), which
was obtained from the Federal Ministry of Health.

10.3389/fitd.2025.1638558

Results

182 human sera and 91 animal sera were screened on ELISA at
1:40 and 1:200. 60 human sera and 26 animal sera were ELISA-
positive and were subsequently screened on CATT at 1:4 and 1:8
serum dilution. A strong agglutination was observed with CATT at
these serum dilutions for 27 human and 8 animal ELISA-positive
samples (Figure 2). These samples were also consistently positive at
1:16, 1:32 and 1:64 serum dilution of CATT test. 11 out of the 27
human sera and 5 out of the 8 animal sera positive on both ELISA
(1:200) and CATT (1:64) were selected and screened using the RDT
kits. However, none of the human samples was positive on the RDT,
but 2 of the animal samples (both from pigs) were positive on the
RDT kit at Test Line 1 (Figure 3). Test line 1 represents the
Invariant Surface Glycoprotein antigen (ISG 65) component of
the RDT kit. A summary of the samples tested and the results from
all serologic tests done is shown in Table 1.

Discussion

The WHO HAT epidemiological database shows that only one
case was reported from Nigeria in 2016 in the last decade. This case
was diagnosed in 2016 from a Nigerian visiting the United Kingdom
(3), hence raising questions regarding HAT diagnosis and reporting in
Nigeria. There is very little or no HAT surveillance or epidemiological
data from Nigeria due to a complex combination of several factors,
including the lack of appropriate diagnostic tools, inefficient disease
reporting protocols, and little/no surveillance activities by health
authorities. This study observed the inadequacies in the
performance of the Abbott Bioline HAT 2.0 Rapid Diagnostic Test
(RDT) in field conditions in Nigeria, using samples previously
identified as seropositive by ELISA and CATT.

ELISA 1:40 and 1:200

Positive

CATT 1:4 and 1:8

Positive

CATT 1:16, 1:32 &

Positive

1:64

Negative

Samples Excluded

w‘gatlve

Samples Excluded

Negative

Samples Excluded

Rapid Diagnostic Test

FIGURE 1

Flowchart showing the sample analysis methodology. Image showing the flowchart of the methological approach for the serologic assays.
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HUMAN SAMPLES
1:8 dilution

H2

ANIMAL SAMPLES
1:16 dilution

A70b

FIGURE 2

A146b

A179%b

A197b

A217b

Representative positive results of CATT for ELISA-positive human and animal samples showing agglutination of the CATT antigen in the test serum.
Samples showed strong agglutination (positive) up to 1:64 serum dilution. Alt text: Images of CATT assays of ELISA-positive serum samples showing

agglutination (positive results) in all human and animal samples.

Interpretation of findings

The observed failure of the RDT kit to detect any of the ELISA/
CATT seropositive human samples whereas it was able to detect two
seropositive animal samples is both surprising and unexpected. This
raises important concerns regarding the sensitivity and specificity of
the RDT in this geographic location, suggesting potential limitations
in its sensitivity and diagnostic reliability for Human African
Trypanosomiasis in Nigeria. It has been demonstrated that
Trypanosoma brucei gambiense VSGs and immune-reactivity tests
are clearly correlated with geographical origin, and Nigerian samples
have exhibited variable responses to immunologic/serologic tests as
the targeted Variable Antigen Type (VAT) for these serologic tests are
known to be absent in isolates from certain geographical locations
such as Nigeria and Cameroon (11, 12). It is becoming apparent that
variations in local strains, as indicated by the genetic diversity of
Trypanosoma species across different geographical regions, may
compromise the effectiveness of serologic tests generally, including
RDTs (11). These serologic tools, which were developed and validated
elsewhere, may not reliably detect Nigeria’s local parasite strains,
thereby increasing the risk of false negatives (7-9). This RDT kit has
previously been shown to perform poorly with unreliable results in
passive surveillance studies in Nigeria (15). However, it is still being
used for case detection and surveillance by the health authorities. This
could contribute largely to the failure to detect cases in Nigeria,
leading to the misleading prevalence reports/data recorded by WHO
for policy implementation (6). Hence, there is a need to take into
consideration the geographic diversity of Trypanosoma strains in the
development of diagnostic tools.

Frontiers in Tropical Diseases

Specificity and sensitivity

The RDT Kkits are specifically intended for use in the diagnosis of
human Trypanosoma brucei gambiense infections, and are being used
by the Federal Ministry of Health for HAT surveillance in Nigeria,
though with variable results in different regions (16). The usual
concern for HAT RDTs in many endemic areas is the occurrence of
false positive reactions (low specificity), which are believed to be
associated with cross-reacting antibodies in malaria co-endemic areas
(7, 17). In high-prevalence settings, a test with low specificity will
produce more false positives. Hence, increasing specificity ensures that
positive results are more likely to be true cases. This improves the
positive predictive value (PPV) which is the likelihood that a person
who tests positive actually has the disease. It is widely believed that
RDTs using recombinant antigens have higher specificity than those
with native antigens (9, 18). Hence, the use of recombinant antigens in
the Abbot Bioline HAT 2.0 RDT kit was supposed to improve
specificity from previous RDTs. However, the findings in this report
show that this may compromise sensitivity in some cases, especially in
low-prevalence settings where a higher sensitivity is more desirable to
ensure that all positive cases are detected. This is particularly
important when disease elimination is targeted, as is the case for
HAT. Nigeria has low HAT prevalence, and the use of a low-sensitive
surveillance tool like this RDT kit portends great dangers for false
negatives, thereby increasing the risk of missed infections, continued
disease transmission, and the possibility of disease/epidemic re-
emergence. This is in addition to the well-established absence of
some VATSs used in HAT serologic tests like RDTs in isolates from
certain geographical locations such as Nigeria and Cameroon (11, 12).
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FIGURE 3

Representative results of Abbott HAT 2.0 RDT Kit for human and animal samples that were positive on ELISA and CATT assays. Arrow indicates
positive result at test line 1. Test Line 1 = ISG 65; Test Line 2 = VSG LiTat 1.5. Alt text: Images of HAT RDT kit assays of seropositive human and
animal samples showing positive result on test line 1 for only 2 of the animal samples and no positive human sample.

While indigenous researchers have reported HAT case detection in
Nigeria using several serologic, molecular, and biological means (2, 19,
20), these reports are hardly validated by the health authorities for
appropriate disease reporting. This is because WHO largely relies on a
particular serologic test (trypanolysis) for the validation of detected
cases before official acceptance for reporting, despite the identified
drawbacks of these serologic tests with regards to VSG and VAT
geographical variability (10, 14). It is interesting to note that even the
WHO-recorded case of 2016 was also negative in a trypanolysis test (3).
Although these serologic tests have been acclaimed to be specific for the

Frontiers in Tropical Diseases

detection of human infection by T. brucei gambiense, Ilboudo et al.,
2022 had demonstrated using pigs that the VATSs used in the
trypanolysis test is not specific for Tbg infection (14). Similarly,
Matovu et al. (18) reported that serological tests designed for
gambiense HAT can detect antibodies in cattle, further supporting
the possibility of cross-reactivity or non-specific binding in animal
hosts (18). The positive test results in animal samples obtained in this
study raises important questions about the specificity of these
diagnostic tools. One may argue that it is possible these positive
animal samples were infected with Tbg. But the question remains as
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TABLE 1 Summary of test results for human and animal samples using different serologic assays.

ELISA

CATT

Abbott Bioline

Location in

eGP (1:200) (upto 1:64) HAT20RDTKIT  Nigeria Slptets G

H2 + + - Delta State Human 38 M
H50 + + - Delta State Human 25

H58 + + - Delta State Human 45 F
He4 + + - Delta State Human 21 F
H80 + + - Delta State Human 68 F
HI1 + + - Delta State Human 60 F
H122 + + - Delta State Human 38 M
H230b + + - Enugu State Human 15-30 F
H398b + + - Enugu State Human 31-45 M
H410b + + - Enugu State Human 16-30 F
H525b + + - Enugu State Human 45-60 M
A70b + + - Enugu State Goat >2yrs M
Al46b + + - Enugu State Pig >2yrs M
A179b + + + Enugu State Pig <lyr M
A197b + + + Enugu State Pig <lyr F
A217b + + - Enugu State Goat >2yrs F

All human and animal samples tested negative on Abbott Bioline HAT 2.0 RDT KIT except for two animal samples, A179b and A197b.

+ = Positive; - = Negative.

to why the RDT kit is not detecting the human samples that were also
positive on ELISA and CATT like the animal samples. On the other
hand, the animal samples were positive in the invariant surface
glycoprotein (ISG) test line of the RDT (test line 1), and it is possible
that this antigen is not specific to human or Tbg infection. It is also
possible that the RDT was detecting ISG from other animal
trypanosomes in the animal samples. However, these RDTs were
designed to specifically detect Tbg infection in human samples. This
particularly highlights the need to investigate the specificity of antigens
used in these serologic tests for human Trypanosoma infections (14).

Implications

The use of this RDT for HAT surveillance may significantly
underestimate the burden of HAT in Nigeria because failure to
detect seropositive human samples and the detection of animal
samples in this study location indicates significant shortcomings in
the sensitivity and specificity of the RDT kit. Hence, there is a need
to validate diagnostic tools in various geographical regions before
field deployment. Although this study used a small number of
samples with the RDT kit, the observations are consistent with the
results previously reported that indicated the unreliability of the
RDT kit in passive HAT surveillance in Nigeria (15).
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Conclusion

The findings of this study highlight critical limitations in the
performance of the Abbott Bioline HAT 2.0 RDT in field conditions
in Nigeria. To address these gaps, we recommend that locally
tailored validation studies be conducted before the deployment of
any HAT RDTs. Such studies should assess diagnostic performance
in field settings, considering the diverse epidemiological profiles
within endemic regions. In addition, combining serological tests
like ELISA and CATT with molecular techniques such as PCR could
enhance diagnostic accuracy, particularly in areas with suspected
silent or low-level transmission. Furthermore, HAT surveillance
programs must be strengthened through structured training,
diagnostic quality assurance, and the integration of context-
specific diagnostic algorithms, to guide evidence-based policies
and support the 2030 HAT elimination targets.
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