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Abstract: Chagas disease (CD) is caused by the parasite Trrypanosoma cruzi, and it is endemic in Central, South America, Mexico and the
South of the United States. It is an important cause of early mortality and morbidity, and it is associated with poverty and stigma. A third of
the cases evolve into chronic cardiomyopathy and gastrointestinal disease. The infection is transmitted vertically and by blood/organ
donation and can reactivate with immunosuppression. Case identification requires awareness and screening programmes targeting the
population at risk (women in reproductive age, donors, immunocompromised patients). Treatment with benznidazole or nifurtimox is most
effective in the acute phase and prevents progression to chronic phase when given to children. Treating women antenatally reduces but does
not eliminate vertical transmission. Treatment is poorly tolerated, contraindicated during pregnancy, and has little effect modifying the
disease in the chronic phase. Screening is easily performed with serology. Migration has brought the disease outside of the endemic
countries, where the transmission continues vertically and via blood and tissue/organ donations. There are more than 32 million migrants
from Latin America living in non-endemic countries. However, the infection is massively underdiagnosed in this setting due to the lack of
awareness by patients, health authorities and professionals. Blood and tissue donation screening policies have significantly reduced
transmission in endemic countries but are not universally established in the non-endemic setting. Antenatal screening is not commonly
done. Other challenges include difficulties accessing and retaining patients in the healthcare system and lack of specific funding for the
interventions. Any strategy must be accompanied by education and awareness campaigns directed to patients, professionals and policy
makers. The involvement of patients and their communities is central and key for success and must be sought early and actively. This review
proposes strategies to address challenges faced by non-endemic countries.
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Introduction

Chagas disease (CD) or American trypanosomiasis is a neglected parasitic disease associated with significant mortality
and morbidity that includes long-term disability, social stigma and a mental health toll. Perceived as a disease of the very
poor, this infection, once limited to rural areas of Latin America (LA), has now spread via migration to non-endemic
areas and countries, where transmission is maintained via non-vectorial routes. The lack of individual and institutional
awareness, particularly in non-endemic countries, contributes to the perpetuation of the cycle by failing to identify
individuals with the disease or at risk of acquisition, and treatment and prevention opportunities. This review aims, with
a specific focus on non-endemic countries, to 1) summarise the current knowledge in epidemiology, diagnostics,
treatment and prevention strategies in CD; 2) propose strategies to implement screening and treatment programmes;
and 3) identify common challenges.
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Methods

Non-systematic literature review of relevant papers, textbooks and grey literature (policy documents, available local and
national guidelines, social media and websites of patient and public organisations working with CD). The authors also
describe their own experience treating patients with CD and implementing a screening and treatment programme in
London, as members of the UK Chagas Hub.'

Epidemiology

Cause, Pathogenesis and Mechanisms of Transmission

CD is caused by the hemoflagellate protozoan Trypanosoma cruzi which is transmitted in endemic areas by species of
night-active, blood-sucking triatomine insects (Triatoma, Panstrongylus, and Rhodnius) that live in roofs and wall cracks
of houses and peridomestic structures. The flagellate or infective forms of the parasite (trypomastigote) are carried in the
host’s blood and acquired by the vector insect during a blood meal; the parasite then develops in the insect’s midgut into
epimastigote and later into the metacyclic trypomastigote forms that are excreted with the faeces. These are introduced to
the host via breaks in the skin (following or not a bite) or mucosal membranes and invade host cells where they divide
intracellularly to form nests of non-flagellated amastigote forms. These may remain quiescent inside the cells but may
also revert to trypomastigote and be released to the bloodstream, from where they can either infect other cells or be
acquired by the insect vector, closing the cycle.” T. cruzi infects a broad range of domestic and wild mammals that
maintain the domestic and sylvatic lifecycles.>* Trypanosoma cruzi responsible for CD can be grouped into seven
discrete typing units (DTUs), genetic lineages, Tcl to TcVI® and Tcbat® . TeI-TcVI parasites, traditionally associated with
CD, have diverse ecological niches in endemic areas and associations between parasite lineage and clinical presentation
are not clearly defined.” Tcbat, a lineage recently found in a human case in Ecuador,® is very closely related to the Tcl
clade; however, its clinical significance is unknown.

Transmission involves the acquisition of infective forms of the parasite from either the insect vector directly
(vectorial) or from blood or tissues (non-vectorial). Vector-borne transmission occurs in endemic areas via contamination
with insect faeces of bites of areas of exposed broken skin or mucosal surfaces, typically by rubbing the skin or the eye
after an unnoticed night bite or defecation on or close to the conjunctiva. Oral transmission is also possible via
contamination of food or drinks by the vector faeces, and it may cause outbreaks.’ Non-vectorial routes of transmission
include maternal-fetal, via blood transfusions, solid organ or bone marrow transplant.

Maternal—fetal (congenital) transmission refers to the transmission during pregnancy and delivery, and occurs mainly
via the transplacental route after the first trimester and perinatally via contact with infected blood from the mother."’
Vertical transmission is a broader theoretical concept that also includes post-natal transmission and refers to the
transgenerational perpetuation of the infection through undiagnosed, chronically infected asymptomatic women of child-
bearing age who can transmit the infection with each pregnancy. Transmission is similar for babies delivered vaginally
and via cesarean section, suggesting that the majority of transmission occurs before labor. A chronically infected woman
can potentially transmit the parasite with each pregnancy. Treatment of women before or between pregnancies reduces —
but does not eliminate - the risk of transmission.

Maternal parasitaemia is the key determinant for congenital transmission and seems to occur when the maternal
parasitaemia reaches a critical threshold of 10 parasites/mL."® The risk of congenital infection can be very high in those
situations associated with high parasite load, for example, acute infection (54%), reactivated chronic infection during
pregnancy or in patients with non-controlled HIV co-infection (up to 100% in the latter).'” Mothers in endemic areas are
continuously exposed to re-infection and display higher parasitacmia levels. High parasitaemias are associated with
invasion of the placenta by 7. cruzi, causing disfunction by severe inflammation and necrosis. The level of parasitaemia is
also inversely related to the production of pro-inflammatory cytokines, mainly IFN-y, and T-cell response, both reduced
in transmitting mothers. Chronically infected, non-transmitting mothers have strong inflammatory response, shown as
high levels of IFN-y and low parasitaemia, resulting in placentitis that is able to prevent infection, as opposed to

transmitting mothers (low IFN-y, high parasitaemia). This partially explains why, despite the relative immunosuppression

26 hetps: Research and Reports in Tropical Medicine 2022:13

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Suérez et al

that occurs naturally during pregnancy, most chronically infected mothers (95% of them) will have no or low degree
parasitaemia and are less likely to transmit the parasite to their foetuses.
The rate of congenital 7. cruzi infection (redefined to account for multiple births as congenitally infected infants

1011 occurs on average in 5% of pregnancies in endemic

divided by the number of infants born to infected mothers)
countries,'® but varies substantially depending on factors mentioned in the paragraph above and the specific geographical
area. This route of transmission is responsible for nearly 9000 cases of infection in endemic countries each year.'® It also
perpetuates transmission and accounts for the vast majority of new infections in non-endemic countries or areas where
the vector has been eliminated. Although the congenital transmission rate is on average lower in non-endemic countries
(2.7%),"" it may be increased depending on the characteristics of the specific migrant population. For example,
congenital rates for at-risk migrant women have been reported to be 4% in Bergamo (Italy)'? and 13.8% in Murcia
(Spain),’® both areas with a high proportion of migrants from Bolivia, one of the countries in LA with the highest
prevalence of CD. Chronically infected mothers treated before the pregnancy with benznidazole have been reported not
to transmit the parasite.'*'> However, transmission from mothers previously treated is possible if reinfection occurs from
repeated exposure or if treatment fails. Post-natal transmission of 7. cruzi in a viable form able to produce infection via
breastfeeding is considered very unlikely.'”

The transmission rate associated with blood transfusion of one infected unit is 10 to 25%.'® The seroprevalence in
blood donors in non-endemic countries is determined by the particularities of the migrant population and the success of
the blood screening programmes, ranging from 0.004% (1:27,500) of unselected blood donations in the United States'® to
0.6% (1:160 of at-risk donors from LA) in Catalonia (Spain),'” and is above 10% for the very high-risk group of donors
from Bolivia.'”'® In the UK, where a universal screening programme exists, the seroprevalence is approximately 0.01%
(1:10,000) of at-risk donors."”

In non-endemic areas, transmission via the congenital, blood transfusion, solid organ and bone marrow transplant
routes has been well documented.”® However, many of those transmissions reported were diagnosed in immunocom-
promised patients who developed symptoms. Most of the infections in immunocompetent patients are likely to be

asymptomatic and to go unnoticed given the lack of awareness and of robust screening programmes.

Prevalence

Distribution in Endemic Countries

The infection by 7. cruzi is endemic where the vector exists, in the Americas, from the South of the USA (human cases have
been reported in Texas and Louisiana) to the North of Chile and Argentina.’ Globally, there are 75 million people at risk of
CD.?! Only in LA, there are 60 million at risk, 6 million cases and it results in 12,000 to 20,000 deaths per year.>** The
prevalence is not homogeneous and depends on the specific region and population characteristics. Based on estimates done in
2010, Argentina and Brazil had the highest absolute numbers of people infected. In hyperendemic areas, such as the Bolivian
Chaco, the force of infection is about 4% new infections per year, and nearly 100% of the population older than 30 years are
seropositive.® It is not straightforward to extrapolate the individual risk of infection directly from the country of origin, and
all LA countries should be considered at-risk of infection by 7. cruzi. WHO estimates of country —specific prevalence and

incidence data have been published.”%**

Prevalence in Non-Endemic Countries

Human migration has brought the disease outside the endemic areas by chronically infected, asymptomatic adults, who
can transmit the disease via non-vectorial routes. In 2017, 32 out of 38 million of international migrants from the LA and
Caribbean region were living outside of their area of birth, mostly in North America (26 million) and Europe
(5 million),>>*® mainly in Spain. Estimates suggest a significant number of cases of chronic infection by 7. cruzi in
the United States (more than 300,000),>” Europe (80,000 to 120,000)*** and the Western Pacific region (4000 in Japan°
and 2000 in Australia and New Zealand).>' An estimated 186,000 LA people were living in the UK by 2010, of which
113,500 lived in London.** Even presuming a conservative median point prevalence estimate of 4%,>> the disease is
massively underdiagnosed in non-endemic countries, up to in 96% of the cases in a European-wide study using data from
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2009.® Only a handful of cases had been diagnosed in Japan between 1994 and 2014.>° A specialist, London-based
clinic treated only 60 cases in a 23-year-long series.>*

Estimating the true prevalence of CD in non-endemic areas is challenging for many reasons: (1) in many countries,
“Latin American” is not recognised as a separate ethnic group, making it difficult, if not impossible, to have an accurate
register of people at risk of infection, (2) the high mobility of the LA migratory population, (3) at-risk migrants may not
be registered with the health care systems due to issues/fears around legal/immigration status, (4) social stigma, cultural
beliefs and practices around health care (eg, preference for private health care) may prevent patients from seeking help,
(5) lack of awareness by patients but also by governments, health systems and professionals.

The infection rates in non-endemic countries depend not only on the country of origin but also on the particular
socioeconomic, housing circumstances and exposures before migrating. The actual prevalence of infection in the migrant
population in the country of destination may be higher than that of the endemic country.*> For example, migrants from
rural areas, from highly endemic countries/regions (eg, El Chaco region in Bolivia, El Salvador, and Guatemala) have
higher prevalence rates than their country average. The absolute number of infected people is expected to be high in those
areas/countries attracting high numbers of migrants from countries with the highest absolute number of infected people
(Argentina, Brazil and Mexico).*® The relative frequency of each form of non-vectorial transmission form also depends
on the characteristics of the migrating population. For instance, the predominant migration of women from Bolivia and
other LA countries has an impact in estimating the relevance of congenital transmission in the countries of destination.

Clinical Features and Clinical Diagnosis
Understanding the life cycle of 7' cruzi and the pathogenesis of the disease, initially described in 1908,” > has allowed
clinicians to differentiate the two stages of the disease: the acute and the chronic phase.

Acute Phase

Most cases in the acute phase are asymptomatic or pauci-symptomatic, and it is only 10% of cases that develop more
specific symptoms in a clinical syndrome that tends to unfold within weeks. At this stage, the invasive trypomastigotes
form can be detected in peripheral blood (peaking parasitaemia at 30 days following infection).

The signs and symptoms of the vector-transmitted acute form appear after an incubation period of 7-30 days. The
incubation period can be dramatically shorter in orally transmitted infections, caused by direct ingestion of viable
parasites in food and beverages (contaminated with triatomine faeces)*° or extend to months when the transmission takes
place by organ or blood transfusion. The most severe presentations of acute CD are seen in cases related to the oral route
(higher parasitic load).

Occasionally, a specific oedematous skin lesion (namely chagoma) can be observed at the portal of entry, in areas of
thin skin, where the triatomine insect has taken a blood meal. In 1934, Romafia (and Mazza) described their homon-
ymous pathognomonic sign of unilateral non-pitting palpebral oedema with conjunctivitis and generalized face oedema.
Oedema, secondary to the blockage of lymphatic vessels, is the primary lesion, where the replicating form of the parasite,
the amastigote, multiplies and progresses to invade the reticuloendothelial system. Regional lymphadenopathy becomes
apparent followed by liver and splenic enlargement that can be palpable on physical examination. Non-specific and
general symptoms of the acute phase include tachycardia, anorexia, malaise, vomiting, myalgia, and headache.

The parasitic preference/tropism for mesenchymal cells targets the adipose (lypochagomas), reticuloendothelial,
myocardial and neuroglial tissues. The tissue inflammatory response is a key feature of this phase. An acute and severe
myocarditis (myocyte invasion and necrosis) can occur, and meningoencephalitis can be life-threatening, especially in the
immunocompromised host.

Chronic Phase

Untreated, the acute phase is followed in 70% of cases by an indeterminate phase (chronic asymptomatic infection) that
can be lifelong, whilst 30% evolve — within 10 to 30 years — into a chronic symptomatic form affecting the heart (20—
30% of infections), the gastrointestinal tract (15-20%) and, more rarely, the peripheral nervous system (sensory
polyneuropathy, less than 5%).*' Cardiac myocardiopathy is the most common manifestation of the chronic symptomatic
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form of the disease. A combination of factors, including the parasitic load, parasite lineage, and the host immune
response to the initial stages of the disease and subsequent tissue damage play a role in the pathogenesis of the chronic
form. Although not consistent,** some of the parasite lineages have been associated with specific clinical manifestations
of the disease (for example, Tcl with cardiomyopathy in regions north to the Amazon; Tcll, IV, VI with megaoesophagus

and megacolon in Central Brazil and the Southern Cone region).****

Chronic Indeterminate Form

The indeterminate form is the commonest presentation of CD. It is characterized by an unremarkable physical examina-
tion, normal electrocardiogram (ECQG) tracing and gastrointestinal studies in asymptomatic but serologically positive
individuals. However, there is potential for disease progression and reactivation in cases of immunosuppression
(immunosuppressive therapy, HIV-infected individuals and transplant recipients) hence the recommendation for clinical
and laboratory follow-up.

Chronic Symptomatic Forms

Cardiac Manifestations of CD

A good cardiovascular history is an essential part of assessing a patient with suspected or confirmed CD. Cardiac
involvement is the most common form of the disease, it is present in up to 45% of chronically infected patients, and
includes thromboembolism, conduction abnormalities, arrhythmias, and heart failure due to dilated cardiomyopathy.

Some patients develop a characteristic apical left ventricle aneurysm that predisposes to thromboembolic events and stroke.

Atrial and ventricular arrhythmias classically involving the sinus node are well described in CD. They often
present in combination with other cardiac manifestations following fibrotic changes in the cardiac conduction system.
The most common findings found in the 12-lead electrocardiogram are left anterior fascicular block, right bundle
branch block and ST-T wave changes. Patients may describe palpitations, dizziness or syncope. Sudden death
accounts for the highest cause of overall mortality in CD (55-66%) and it is mainly secondary to ventricular
tachyarrhythmia.*’

Chagas cardiomyopathy affects 20-40% of patients with chronic CD. The pathophysiology that underlies CD is
thought to comprise a combination of factors including direct parasitic damage, immune mediated inflammation and
neural denervation of the myocardial fibers. Destroyed fibers are substituted by fibrosis with progression to
hypertrophic myopathy. Dilatation occurs when the extent of fibrosis no longer allows for efficient compensatory
hypertrophy.*®*” Overall systolic dysfunction is a poor prognostic indicator and reflects end-stage Chagasic
cardiomyopathy.

Ischaemic brain changes are commonly seen in these patients as a consequence of hypoxaemia, acute changes in brain
blood supply secondary to cardiac arrhythmias and thromboembolism.

The most common initial cardiac manifestations found are left and right bundle branch blocks and left wall segmental
motion abnormalities.” Echocardiogram and 12 lead-ECG are routinely used in the initial assessment and follow-up of
these patients, bearing in mind that ECG abnormalities increase with age due to other pathologies.*®*’ More recently, the
use of cardiac-MRI has been found to be very useful to identify and characterize myocardial fibrosis, but it is expensive
and its use is not widespread. A chest X-ray may detect cardiomegaly and also dilated oesophagus and exclude other
potential causes for the symptoms.

Gastrointestinal Manifestations of Chronic Chagas Disease
Mega-visceral syndromes are caused by denervation of the enteric nervous system that appear years after the acute
infection and include:

1) Megacolon: the commonest form, mainly affecting the sigmoid colon and rectum, causes symptoms from
constipation to severe dysmotility, faccal impaction and bowel ischemia,

2) Megaoesophagus: esophageal dysmotility such as achalasia is classic features of CD. Patients may refer odyno-
phagia, dysphagia, reflux, and secondary cough and regurgitation,
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3) Chagasic enteropathy is the least common presentation of megaviscera (megaduodenum, megajejunum) and is
mostly invariably linked to megaesophagus or megacolon. Dyspeptic syndrome, altered absorption and bacterial
overgrowth may occur.”

About 10% of asymptomatic patients with chronic CD have radiological gastrointestinal abnormalities. Some groups
recommend contrast-based radiological studies (barium enema, oesophagogram) even for asymptomatic patients,”’ while
others only advise so if symptoms are present (authors” practice at the Hospital for Tropical Diseases in London). Other studies
such as manometry and endoscopy are used to classify and address cases that present with gastrointestinal symptoms. Even in
geographical areas with high prevalence of gastrointestinal forms of the disease, cardiac myocardiopathy is more common, so

the relevant investigations to investigate cardiac disease must always be performed simultaneously.

Congenital Infection

T. cruzi infection/transmission is defined by detection in babies of (1) 7. cruzi parasites at birth or (2) specific antibodies
that are not of maternal origin from month eight onwards. The term congenital Chagas disease is usually reserved for
symptomatic/clinical infections.

T. cruzi cannot infect the foetus before 12 weeks of gestation and so is not linked to developmental malformations. The
prevalences of miscarriages, stillbirth and prematurity are similar or slightly increased in pregnancies of women chronically
infected by T cruzi, but may be under-reported. Premature rupture of membranes is frequent and characteristic. Most 7. cruzi
infections in live births are asymptomatic (in some series, up to 100%). Symptoms of the disease may present until several
weeks following birth and include non-specific features (fever, splenomegaly, oedema, anasarca, skin lesions, purpura,
jaundice, anaemia, thrombocytopenia) that overlap with other congenital infectious syndromes. Some characteristic, but
less common symptoms, seen more often in the context of high maternal parasitaemia are meningoencephalitis/neurological
disorders and myocarditis.'® The mortality of congenital infection can be very high in severe cases or in impoverished areas of
endemic countries but it probably strongly depends on the socio-economic structure of the country and the quality of the
antenatal and postnatal care. As an example, the mortality dropped from 13% to 2% in a specific area in Bolivia between 1992
and 2001, coinciding with a parallel decrease in poverty®>. In non-endemic countries, neonatal death has been anecdotally
documented, but it may be under-diagnosed.

If left untreated, a third of cases of congenital 7. cruzi infection will enter the chronic phase of infection within the
first year of life. Of those, a third will develop a symptomatic form of the disease and will be at risk of a premature death
and severe disability. Anti-parasitic treatment (benznidazole or nifurtimox) is indicated as soon as congenital infection by
T. cruzi has been diagnosed. The treatment is well tolerated in children and achieves cure (negativization of serology and
parasitaemia, if initially detected) in over 90% of cases treated within the first year of life.'*>* Cure rates decline rapidly
with further delays in treatment (as low as 20% when started at one year of age or older in a recent study conducted in
Spain).>> Antiparasitic treatment is contraindicated during pregnancy, but diagnosed mothers should be treated after
delivery to minimise transmission in future pregnancies. It is important to note that, even when treated in the chronic

phase, vertical transmission can still occur during pregnancy.

Laboratory Diagnosis of Chagas Disease in the Non-Endemic Setting
Diagnostic Algorithms

In the non-endemic setting, most referrals for laboratory diagnosis of CD are for adult migrants from LA who will likely
be in the indeterminate or chronic stage of infection. However, acute cases may arise in neonates born to seropositive
mothers (congenital transmission), seropositive individuals who require immunosuppressive therapy (reactivation),
immunocompromised recipients of organs from seropositive donors (transplantation transmission) and laboratory work-
ers (accidental transmission) or returning travellers (vectorial or oral transmission).

The laboratory diagnosis of 7. cruzi infection in non-endemic areas is usually performed in reference laboratories.
Diagnostic algorithms for acute and indeterminate/chronic disease may differ between centres, but use combinations of
microscopy, PCR and serology.
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Laboratory Diagnosis of Acute Chagas Disease

At the peak of acute infection, characteristic flagellated extracellular trypomastigote forms of the parasite will be present
in peripheral blood. On entering the indeterminate/chronic phase of the infection, however, parasitaemia becomes
extremely low and intermittent, as trypomastigotes invade nucleated cells in tissues.

Samples required for diagnosing suspected acute cases are as follows: unfixed thick and methanol-fixed thin blood
films made fresh from whole blood (minimum of 2 each) and 8—10mL (adults) or 1-2mL (babies) of EDTA blood. For
neonates, both cord blood and venous blood should be submitted where possible. EDTA blood should be fresh and must
not be frozen before sending. Blood films should be made from blood within 6 hours of taking.

Both microscopy and PCR are performed: diagnosis can be made by direct demonstration of the parasite by light
microscopy of thick blood films or buffy coats or by detection of 7. cruzi DNA by PCR. Serology is not helpful in the
acute stage (see below).

In non-endemic settings, referrals for laboratory diagnosis of acute CD are made for:

Diagnosing Congenital Infection in Babies Born to Seropositive Mothers
Blood films and PCR should be performed on neonatal cord and venous blood. Venous blood is preferred, as false
positives may occur with cord blood samples.

If the PCR is positive at birth but the blood films are negative, another PCR is performed 4 weeks later to confirm the
diagnosis.

If the initial PCR result is negative, PCR testing should be repeated at one month. If still negative, it should be
repeated again at three months, or at any time if the baby becomes unwell.

Serology is not indicated at less than 9 months of age because results will be confounded by transplacentally
transferred maternal IgG. If previous microscopy and PCR results were negative, serology should be used to exclude
infection in babies at 9 months of age.>’

Basile et al described a useful algorithm for congenital Chagas disease screening,’> and reviewed recommendations
for the management of congenital infection have also been published recently.’*

Monitoring for Reactivation in Inmunocompromised Chagas Seropositive Individuals

Serology is not indicated in this context because results will be confounded by existing antibodies. The recommendations
are to monitor for clinical signs of reactivation and to perform microscopy and PCR on peripheral blood, unfixed tissue,
and cerebrospinal fluid (CSF) as clinically indicated.

Monitoring for Reactivation in Chagas Seropositive Transplant Recipients
Serial serology is not indicated here.

Serial quantitative PCR on peripheral blood should be performed following the transplant weekly in months one and
two, every two weeks in months three and four, once a month in months five and six, and then based on the clinical
picture.'”

Diagnosing Acute Infection in Travellers Returning from Endemic Regions with Suggestive Signs and Symptoms
Blood films and PCR should be performed on venous blood. Baseline serology is required, with repeat samples at 6 to 8
weeks and at 6 months to check for late seroconversion, unless another explanation for the acute illness has been found.

Laboratory Diagnosis in Indeterminate/Chronic Chagas Disease
Serology is used for primary diagnosis in the indeterminate or chronic stage. In immunocompetent individuals,
parasitaemia will likely be extremely low and intermittent, so microscopy is not sufficiently sensitive. Parasitaemia
may be detectable using molecular methods targeting highly multi-copy targets; however, positivity may be intermittent
in an individual patient.

In untreated seropositive individuals, PCR should also be requested to detect and establish the level of parasitemia,
particularly relevant in pregnant women, for whom detectable DNA carries an increased risk of mother-to-child

10,57,58

transmission, and for individuals undergoing immunosuppressive treatments, for whom DNA levels assessed
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through PCR can be used to monitor response to treatment. The levels of parasitaemia can vary in the chronic stage in
individual patients and that parasitaemia cannot always be used for monitoring purposes.

Samples required for the diagnosis of CD in the indeterminate or chronic stage are serum and a large volume (8—
10mL) of EDTA blood. EDTA blood should be fresh and must not be frozen before sending.

Laboratory Diagnostic Methods

Microscopy

To diagnose acute CD, thin blood films stained with Giemsa at pH 7.2 and thick blood films stained with rapid Field or
Giemsa stain are examined at x500-1000 magnification under oil immersion. Diagnosis is confirmed if characteristic
T. cruzi trypomastigotes are seen on blood films. Diagnostic features include a prominent nucleus and a large kinetoplast;
the undulating flagellum can be seen in thin films.

Parasites may not be detectable by microscopy in the early and late stages of the acute phase due to low starting
parasitaemia (early infection) or because trypomastigotes disappear from the blood following the development of an
immune response (late acute and chronic stages).

Other microscopy-based approaches involve examination of stained fixed films from the buffy coat layer for
trypomastigotes or to look for live, motile parasites in a direct wet preparation or using standard (microhematocrit) or
fluorescent (QBC) capillary technologies.>*

Serology

Where chronic 7. cruzi infection is suspected, PAHO recommends using two serological tests with antigens that detect
different antibodies against 7. cruzi, for example ELISA or indirect fluorescent antibody test, with the addition of a third
test if there are conflicting results.® For population studies, the use of an ELISA or immunochromatographic test is
recommended.

PCR
Molecular PCR-based methods targeting highly multi-copy kinetoplast (kDNA) and nuclear genome (nuclear satellite
DNA) sequences have been developed.®>®" For review, see Schijman et al and others.*>*> These methods are able to
detect very low numbers of parasites in the peripheral blood of acute and congenital infections and also in some
indeterminate/chronic stage CD patients. Diagnosis is confirmed if 7. cruzi DNA is detected by PCR. However, as PCR
sensitivities are in the range of one parasite per 10mL of blood, negative PCR tests do not exclude 7. cruzi infection.
Additionally, the sensitivity of molecular methods for the diagnosis of 7. cruzi is complicated by the existence of
genetic subtypes (lineages, Tcl — TcVI), which differ in the copy number of PCR targets and DNA sequence resulting in
up to a 10-fold difference in assay sensitivity, thus making quantitation difficult.®

LAMP

A loop-mediated isothermal amplification (LAMP) assay has been developed for the detection of 7. cruzi DNA® and has
recently been evaluated on a range of materials from congenital and other acute cases, reporting an overall 93%
sensitivity and 100% specificity.® The assay is not sufficiently sensitive for use in chronic CD, where much lower
parasitaemias are found, but may be applicable to laboratories in hospitals with maternity clinics serving large numbers
of migrants from LA.

Rapid Diagnostic Tests

These tests, based on the immunochromatographic detection of antibodies or antigens, can be done on a small blood
sample obtained via fingerprick, do not need cold chain and have a quick turnaround (within 1 hour). Their performance
is generally very good in endemic areas where the pre-test probability is high (pooled sensitivity of 97% and specificity
of 99%),7-°% but varies between geographical areas. Positive results need to be confirmed with two positive conventional
tests.®” Initially developed to facilitate testing in endemic areas, they have been successfully used in non-endemic
countries, as a point-of-care test in screening events designed to attract people at risk (Elkheir, poster communication in
ECCMID 2022).
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Management of Chagas Disease

Overview

The care of individuals with CD entails consideration of anti-parasitic drug therapy and management of end-organ
disease and starts with staging of the condition as determinate or indeterminate. There is an evolving sentiment towards
the expansion of the patient groups which may be offered anti-parasitic therapy driven by accumulating supportive
parasitological data (rather than strong clinical data) and the near-future promise of better-tolerated, shorter courses of
therapy.

Detection and Management of End-Organ Disease

As outlined above, notwithstanding case reports of involvement of other organ systems, the principal clinical conse-
quences of 7. cruzi infection in the otherwise immunocompetent host are cardiac and gastrointestinal diseases. In the
absence of clinical, radiological or ECG manifestations of end-organ damage, the disease is classified as indeterminate.
An unanswered question in the newly diagnosed, asymptomatic individual is how far the investigation should go to
warrant designation as indeterminate. A 12-lead resting ECG and a chest radiograph are mandatory (for detection of
conduction defects and dilated cardiomyopathy), and in our practice, all patients undergo echocardiography. Investigation
of the gastrointestinal tract and 24-hour Holter ECG monitoring is generally reserved for patients reporting symptoms.

Follow-Up for Indeterminate Disease

Once a designation of indeterminate CD is made (asymptomatic with normal chest radiograph, ECG and echocardio-
gram), individuals enter a programme of annual clinical, ECG and T. cruzi PCR review, the goals of which are to identify
early development of determinate disease, to optimise management and to detect the appearance of circulating 7. cruzi
DNA, which would be an indication for anti-parasitic (re)treatment.

Follow-Up for Determinate Disease

If cardiac conduction defects, dysrhythmias, structural myocardial abnormalities (including aneurysm) or thromboembo-
lism are detected — whether symptomatic or not — cardiological review and management are advised. In general,
management of each follows the same approach as other conditions leading to dilated cardiomyopathy and electro-
physiological perturbance, though Chagas cardiomyopathy tends to be progressive.”

Overt gastrointestinal involvement is less frequent than cardiac disease, with which it often co-exists, though
investigation with imaging, manometry and endoscopy is driven by symptoms so subclinical involvement may be under-
recognised. The most common manifestations of megaoesophagus and megacolon contribute to morbidity but rarely
confer significant mortality risk. Optimal management has not been clearly established. Megaoesophagus is not
reversible, so the aim is to reduce lower oesophageal sphincter (cardiac) pressure for which nitrates and nifedipine
may be useful if tolerated, whilst, as for achalasia from other aetiologies, success in ameliorating symptoms is reported
following endoscopic balloon dilatation or (laparoscopic) Heller myotomy.”' Colonic disease is also not reversible, so
symptom management entails behavioural approaches to regulate bowel habit and use of laxatives and enemas as
required. If complicated by volvulus or nutritional compromise, surgical options include resection of sigmoid colon
with or without preservation of the rectum.

Anti-Parasitic Therapy
Two agents with activity against 7. cruzi are available: benznidazole and nifurtimox. There is limited evidence to suggest
that for efficacy or tolerability, there is much to choose between them, though benznidazole is currently easier to access.
Both nifurtimox and benznidazole have significant and frequent side effects (nifurtimox causes nausea, vomiting and
neurological disorders; benznidazole, hypersensitivity reactions with rash and fevers) that often lead to discontinuation of
the treatment.”

A standing controversy relates to the capacity for effective anti-parasitic therapy to influence the natural history of
established 7. cruzi infection. Benznidazole has been clearly demonstrated in the randomised controlled “BENEFIT” trial
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to clear PCR-detectable 7. cruzi DNA from the circulation of treated adults with determinate cardiac disease,’’ albeit
a little less effectively than in earlier studies of subjects with indeterminate disease. Disappointingly, however, in this trial
population, which included a significant proportion of patients with established advanced cardiac disease, this para-
sitological response did not translate into measurable clinical impact upon cardiac disease progression or mortality, in
contrast to previous observational data.

Patient groups in whom effectiveness and clinically important outcomes have been established and for whom anti-
parasitic treatment is now recommended are as follows: (1) infants and children with congenital infection, (2) girls and
non-pregnant women of child-bearing age (to prevent vertical transmission), and (3) individuals with acute 7. cruzi
infection.” Despite the low certainty of evidence, anti-parasitic treatment is also now recommended for (4) patients with
indeterminate disease and may be of particular benefit to those at highest risk of reactivation disease (transplantation,
HIV, and immunosuppressive therapy).

Conversely, the lack of a demonstrable impact upon established disease despite parasitological clearance has led to
PAHO not recommending treatment for patients with determinate disease, though with the caveat that there may be
instances in which patients and their physicians may choose to do so.

Though conventionally anti-parasitic treatment has required 60—90 days of therapy, there is strong evidence in support
of non-inferior, sustained parasitological responses to shorter regimens.”* Since most adverse reactions occur beyond two
weeks, the 14-day course of benznidazole holds particular appeal. The lower cost and higher completion rate of such
a regimen may further swing the weight of opinion behind treating for those with determinate disease who are T cruzi
DNA PCR-positive, even without conclusive demonstration of clinical benefit.

Approaches to Case Detection and Prevention

Rationale

Early diagnosis is difficult outside screening programs in both endemic and non-endemic areas as it is mostly an
asymptomatic infection that goes unnoticed. As pointed out previously in this review, treatment of infection by 7. cruzi is
highly successful in cases of congenital transmission that are diagnosed early, and very difficult once it becomes chronic.
Therefore, identifying the risk factors and the main opportunities for transmission in order to prevent infection in the first
place is extremely important. Outside of endemic areas, congenital infection is, by large, the main determinant of
ongoing transmission and must be addressed. Screening programmes or rejection of blood/tissue from donors at risk are
pretty well established, but the diagnosis of reactivation in immunocompromised patients is still anecdotal. Blood
screening by serology is simple and inexpensive.

The population at risk of CD to target in any prevention strategy needs to be defined in a way that is pragmatic and
integrates seamlessly with any existing policies. This is of particular importance in non-endemic countries, where
screening for CD may be seen as a not cost-effective, low-priority intervention by policymakers. For instance, early
detection of congenital transmission may be more easily done by performing serology on all pregnant women attending
the antenatal clinic that were born in LA or to mothers born in LA, than by doing a detailed risk-assessment to identify
high-risk exposures.

Common barriers encountered in non-endemic countries have been very well described recently?® and include
difficulties to identify the at-risk population as those born in LA may not be registered as a separate ethnic group,
lack of awareness of the disease by health providers, logistic problems to access those migrants that are undocumented or
that do not use the public health system, and difficulties with follow-up of cases given patients mobility (migration to
other country or city). Case identification and prevention strategies for the main target groups are described, with
a specific focus on the non-endemic setting. For the purposes of case detection strategies in non-endemic countries in this
section, the at-risk population is defined here as those born in LA or to mothers born in LA. Vector control strategies are
not reviewed, as they are not relevant outside of endemic areas.

The success of any strategy aimed to improve case detection and prevention eventually depends on the appropriate
integration in existing healthcare systems, the acceptance by the population being targeted and the appropriate response
of relevant policy makers. This is why strategies must be seen as part of wider programs. The implementation of new
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strategies to improve case detection and the evaluation of their success must happen in real-world conditions, in order to
take into account and identify— rather than control for — variables that may have an influence on their success. In this
sense, implementation research can provide a very useful framework. Methods typically used in implementation research
are more likely to be appropriate when designing or evaluating the outcome of interventions in CD and may include
pragmatic, effectiveness trials, quality improvement studies and qualitative and mixed methods.”

It is not possible to emphasize enough how important the context is. The population at risk, their communities and
their circumstances must be seen as central and essential elements of any intervention or change in policy, and should be
involved in all the stages. For example, starting from scratch a new community-based screening campaign is virtually
impossible without collaborating and liaising with LA cultural organisations, charities or community groups that can
enormously help with reaching the intended population in a culturally appropriate manner. Table 1 outlines the most
important steps to take into account when implementing Chagas disease control programs in non-endemic countries.

Antenatal/Congenital Transmission
Ideally, at-risk women of childbearing age or young girls should be screened with serology before pregnancy and treated
if positive, to prevent maternal—fetal transmission (treatment is contraindicated during pregnancy).

Table | Strategy for Non-Endemic Countries

|. Estimation of the approximate population at risk, taken from
o Official sources, if country of origin or “Latin American” is available
o Unofficial sources (contact Latin American groups and associations, social media, country-specific diplomatic representatives like Embassies and
Consulates, research studies, immigration data)
2. Estimation of case burden
® From local/national case reports/series/laboratory data and informal communication within networks
3. Establish a collaborative network with
® Health professionals across primary and secondary care involved in patients’ diagnostic, referral pathways or treatment of condition or
complications (eg, cardiology, gastroenterology specialists)
® Involvement of primary care and antenatal care professionals (main point of contacts of the population at risk)
® Researchers
® Patients and public, to offer peer-support and establish connections with local communities
4. Identify potential collaborations within the Latin American communities
o Contact with influent, community-based groups who can help to increase awareness, identify opportunities to roll out patient-centered,
community-based screening campaigns and disseminate information and materials (eg, music, community, sports events, virtual/on-line
gatherings)
® Explore preferred means of communication of the local Latin American communities as they may differ from those of the country (radio, local
newspapers, text/rapid messaging groups, etc)
5. Define priorities
o DIAGNOSTIC PATHWAY
Can primary and secondary care health care providers easily request T. cruzi serology? — if not, review and optimise the pathway/
set up a pathway if it does not exist: the test should be easy to request from primary care and antenatal clinics, “with a click”, without having to
fill complicated referral forms or call the laboratory.
e REFERRAL AND MANAGEMENT PATHWAY
oSet up a centralised referral clinic for evaluation and management of patients
oWrite up guidance for referral/management, identify secondary care specialists for referrals
o SCREENING
oAre blood donors screened? — contact blood and tissue banks
oAre women in child-bearing age/pregnant women screened? — contact antenatal clinics
oAre immunosuppressed patients screened? — contact transplant, HIV, oncology specialists
6.Educate, train, communicate, increase awareness, advocate
o Organise awareness/information campaigns — target primary, antenatal care and patients and public

® Produce data at a local and national level, use data to influence policymakers
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The most commonly used approach is the screening with serology of at-risk pregnant women, aiming to diagnose
infection in the newborn and, if present, offer treatment, which is highly successful in young children. This should be
followed by (1) treatment of the seropositive mothers following delivery, (2) screening of other children from previous
pregnancies, and (3) screening of the mother’s siblings.

Antenatal screening is a clear recommendation from the PAHO and the WHO, also in non-endemic countries.'**®
Pre-conception antiparasitic therapy is a highly effective intervention to minimise the risk of vertical transmission.
However, screening programmes exist only at local (hospital) and regional level in some countries (Italy, Spain,
Switzerland, UK) but are absent in many others (Canada and the US, Japan, Australia and New Zealand). To our
knowledge, there are no established screening programmes at a national level in any non-endemic country.

The implementation of antenatal screening programs requires the engagement from professionals (by training sessions
directed to midwives, obstetricians, general practitioners) and mothers (eg, talks directed to mothers, in the relevant
native Language, run in antenatal clinics or baby-mum groups), optimisation of the screening test request processes
(electronic prescribing, implementation of country of birth-based algorithms to screen new patients). It may be necessary
to do seroprevalence studies or estimate the population at risk and to do cost-effective analysis before deciding which
areas to target for antenatal testing, particularly if screening of 7. cruzi is not part of the current policy. High-level
conversations with stakeholders (Public Health agencies, relevant professional Colleges — Obstetricians, Midwives) may

also be necessary to influence policy.

Immunocompromised Patients

Detecting cases of infection by 7 cruzi in this setting requires a high level of clinical suspicion, awareness of the variety
of clinical presentations and prospective laboratory monitoring, as there is little guidance out of endemic countries.
Guidance from different solid organ transplant societies in non-endemic countries recommends regular monitoring
following transplant.”*7® Patients with HIV at risk of CD should have screening serology, as recommended by guidelines
in endemic countries.”” The first and the most difficult step to implement these recommendations in non-endemic
countries is to increase awareness amongst the relevant professionals (by training/educative sessions, case reports, etc).
Country of birth-based criteria can easily be incorporated in fever and pre-transplant screening algorithms. The typical

scenarios to consider are as follows:

1) Transplant-related infection following the transplant of an organ from an infected donor, described in 19% of
kidney”® and 29% of liver recipients.”* These patients may present with severe, disseminated acute infection
including fulminant myocarditis, and the incubation period can be very prolonged, from 23 to 420 days;”
treatment is effective if done promptly.

2) Reactivation of 7. cruzi infection in chronically infected patients following immunosuppression for transplant, seen
typically in 20-60% or heart transplant recipients,”” and also reported with other transplants although less
commonly. The range of presentation is broad, from only parasitological evidence of reactivation (positive PCR
in peripheral blood) without symptoms to disseminated infection with skin lesions, myocarditis or, less commonly,
central nervous system (CNS) symptoms. It may mimic rejection, and it is typically not curable, even despite anti-
parasitic treatment.

3) Reactivation in HIV-coinfected individuals is associated with declining CD4 count and has been described in 21 to
35% of co-infected individuals in endemic areas.*”’® It presents characteristically with CNS infection, mimicking
other opportunistic infections like toxoplasmosis, and it may also cause skin symptoms and myocarditis.

4) Reactivation in patients with rheumatologic conditions has been described (6 out of 58 patients in a prospective
cohort study in Argentina)®® and associated with prednisolone doses higher than 20 mg/day.

Travellers
Identifying cases in travellers requires education of health care providers and patients to identify potential exposures during

the travel and clinical suspicion, being also mindful that oral transmission is possible during travel to endemic areas.
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Blood, Tissue and Organ Donors/Donations

The American Association of Blood Banks states that 7. cruzi parasites persist and remain in whole blood at 4°C for at
least 18 days. They survive in red cell components at 4°C for days to weeks; for up to 5 days in platelets under normal
storage conditions; and for 24 hours or less in frozen plasma components.®'

The risk of acquiring T cruzi infection after transfusion of an infected unit is estimated to be 10 to 25%.'¢

Serological screening of blood donations is practised extensively in endemic Latin American countries. The health
policies to control CD, including blood screening, in European countries have been recently reviewed.”®

The UK National Health Service Blood and Transplant introduced a blood donor screening programme in 1998, the
first non-endemic country to do so."”

Tissue and organ donors are also risk-assessed, and the UK Advisory Committee on Microbiological Safety of Blood,
Tissues, Organs and Cells (SaBTO) recommends discretionary 7. cruzi antibody screening of donors with identified risk
factors for American trypanosomiasis. Those with a history of CD are permanently deferred from donation.

The current UK blood donor selection guidelines for 7. cruzi are as follows.

Obligatory exclusion criteria. Must not donate if:

(a) Born in South America or Central America (including Southern Mexico),

(b) Mother was born in South America or Central America (including Southern Mexico),

(c) Has had a transfusion in South America or Central America (including Southern Mexico),

(d) Has lived and/or worked in rural subsistence farming communities in these countries for a continuous period of
four weeks or more.

Discretionary: If at least four months following the date of last exposure (or if transfused prior to 1980) and a validated
test for 7. cruzi antibody is negative, donation can be accepted.

For blood bank screening, PAHO>® recommends the use of highly sensitive ELISA kits or chemiluminescent
microparticle immunoassay (CMIA) tests.

Public Health Campaigns, Global and Local Collaborations and Awareness
Initiatives

Public health, no-shame, information and awareness campaigns, involving patients and the public, are essential in both
endemic and non-endemic areas, in order to (1) normalise the diagnosis and remove the stigma, (2) encourage screening
of the asymptomatic population at risk, and (3) educate the public and the professionals about the disease, prevention and
treatment options.

The Pan American Health Organisation (PAHO)** and World Health Organisation (WHO)**** published in 2009 and
2010 their strategy and roadmaps for control and elimination of CD. The legislation and practices to prevent transmission
in Europe were first described in the 2009 WHO report and reviewed recently.®>*® However, as described elsewhere in
this review, they have not been fully implemented.

In non-endemic countries, official public health initiatives are virtually non-existent, and awareness and screening
campaigns are organised by organisations rather, often at regional/local level. A number of not-for-profit, patient-
centered organisations exist in many endemic and some non-endemic countries that offer information and peer support.
Many of these are also part of Findechagas, an international federation that offers resources and links between the
different country-level organisations.®” The Global Chagas Coalition is a multi-disciplinary collaborative group of
institutions, funders, researchers, patients and health practitioners that focuses on advocacy, raising awareness of
policymakers and mobilisation of resources.*® Coinciding with the 110th anniversary since the discovery of CD, the
WHO approved the creation of the World Chagas Disease Day in 2019 with the aim of increasing its visibility.
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