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Summary 
 

Although some infectious diseases have declined in the last decade as part of the 

epidemiological transition in developing countries, gastrointestinal parasitic 

infections and HIV have a high impact due to socioeconomic factors. In addition, 

people with HIV are vulnerable to opportunistic parasitic infections, which 

perpetuate a cycle of malnutrition and immunosuppression, a context favored by 

diagnostic methods that fail to accurately identify certain infections such as 

coccidia. 

Our proposal aimed to determine the prevalence of intestinal parasites in adults 

with HIV, including identifying the most burdensome species and associated 

factors, testing the validity and effectiveness of routinely applied diagnostic 

methods for detecting these infections in people living with HIV/AIDS, and mapping 

the distribution of parasitic infections in this population. 

To determine the prevalence of the disease, we conducted a retrospective study 

using historical data from the regional reference laboratory (LABIMED) between 

2011 and 2015, finding high rates of prevalence. However, the limited number of 

variables collected by this entity on the clinical monitoring of patients places some 

limitations on the study's conclusions. Using the findings from this study, we 

adapted the variables for a prospective cross-sectional design, which also examined 

the relationship between the disease and other factors. 

The retrospective analysis found a clear predominance of protozoa in fecal samples 

processed in the reference laboratory, with a 33.2% infection rate in 2011, the 



 

xi 
 

highest prevalence observed, and a 24.6% rate in 2014, the lowest during the 

period. The most prevalent pathogen species were Giardia lamblia and Entamoeba 

histolytica/dispar, with non-pathogenic species like Blastocystis hominis and 

Entamoeba coli also identified. One of the limitations of the study was that data on 

immune status were not available since they were not collected at LABIMED and 

were not linked to the parasitology laboratory. 

In the cross-sectional study, 57.9% of recruited patients had undetectable viral 

loads, and 98% currently received ART, with most being administered 

Tenofovir/Lamivudin/Efavirenz (TDF/3TC/EFV). The study found a 33.0% 

prevalence of intestinal parasites, more evident in rural areas (37%), with Giardia 

lamblia and Entamoeba histolytica/dispar being the most common pathogenic 

species identified. Multiparasitism was reported in 7.8% of the cases, and the study 

found 55.4% of cases with parasitic infection attributed to pathogenic agents.  

The study concludes by highlighting the need for tailored interventions to address 

the prevalence of intestinal parasitic infections among HIV-positive individuals in 

developing countries, where various factors such as poor sanitation and insufficient 

health system coverage contribute to the epidemiological context. 

In addition, the low performance of the methods currently used has been 

established, generating an important sub-diagnosis that conditions in the 

deterioration of the patient, generating greater immunosuppression in the long 

term. 

However, common protozoa such as Blastocystis spp. are more frequently 

associated with asymptomatic infections or the condition of a healthy carrier. It has 
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the potential to cause diseases classified as opportunistic, especially in 

immunosuppressed people, and there is controversy regarding its pathogenicity.  

In turn, using more specific methods we found species such as Microsporidium spp. 

(8.9%), I. Belli (3.4%) and Cryptosporidium spp. (0.8%) that were not previously 

reported to generate subdiagnosis. 

The prevalence of intestinal parasitic infections found in our study provides 

compelling evidence for the need to reduce underdiagnoses and implement 

additional laboratory tests with higher diagnostic accuracy for adult patients with 

HIV to address these infections in Bolivia.  

The comparison of different staining methods allowed us to evaluate the 

comparative performance that later, together with additional methods such as 

Immunochromatography and concentration techniques, allowed us to develop a 

protocol for the detection of intestinal parasites in people with HIV to be applied in 

the national context.  

Due to the various factors identified and the differences in disease distribution in 

different regions, tailored actions must be developed for each location to control 

the disease.  

The epidemiological surveillance system should be adapted, using a monitoring 

strategy that incorporates complementary detection methods and ensures 

accurate diagnosis while limiting the damage. 

These interventions can be developed as part of health promotion within the 

framework of tertiary prevention to limit harm. 
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Our results are currently being used to generate interventions that promote self-

care in people with HIV, as well as diagnostic and therapeutic protocols. Non-

governmental organizations and the Ministry of Health, through the national HIV 

control program, are collaborating to develop policies that will have a significant 

impact in developing countries, where the epidemiological context is influenced by 

various factors, such as poor sanitation, and low levels of education, malnutrition, 

inadequate coverage of the health system, and other comorbidities. 
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Résumé 
 

Bien que certaines maladies infectieuses aient reculé au cours de la dernière 

décennie dans le cadre de la transition épidémiologique dans les pays en 

développement, les infections parasitaires gastro-intestinales et le VIH ont un 

impact élevé en raison de facteurs socio-économiques. De plus, les personnes 

séropositives sont vulnérables aux infections parasitaires opportunistes qui 

perpétuent un cycle de malnutrition et d'immunosuppression, un contexte favorisé 

par des méthodes de diagnostic qui n'identifient pas avec précision certaines 

infections comme les coccidies. 

Notre travail de thèses visait à déterminer la prévalence des parasites intestinaux 

chez les adultes séropositifs, notamment en identifiant les espèces les plus nuisibles 

et les facteurs associés, en testant la validité et l'efficacité des méthodes 

diagnostiques appliquées en routine pour détecter ces infections chez les 

personnes vivant avec le VIH/SIDA et en cartographiant la distribution des 

infections parasitaires dans cette population. 

Pour déterminer la prévalence de la maladie, nous avons mené une étude 

rétrospective en utilisant les données historiques du laboratoire régional de 

référence (LABIMED) entre 2011 et 2015, et nous avons constaté des taux élevés 

de prévalence. Cependant, le nombre limité de variables collectées par cette entité 

sur le suivi clinique des patients impose certaines limites aux conclusions de l'étude. 

À partir des résultats de cette étude, nous avons adapté les variables pour une 
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étude transversale prospective, qui a également examiné la relation entre la 

maladie et d'autres facteurs. 

L'analyse rétrospective a révélé une nette prédominance des protozoaires dans les 

échantillons fécaux traités par le laboratoire de référence, avec un taux d'infection 

de 33,2 % en 2011, la prévalence la plus élevée observée, et un taux de 24,6 % en 

2014, le plus bas de la période. Les espèces pathogènes les plus répandues étaient 

Giardia lamblia et Entamoeba histolytica/dispar, des espèces non pathogènes 

comme Blastocystis hominis et Entamoeba coli ayant également été identifiées. 

Dans l'étude transversale, 57,9 % des patients recrutés avaient une charge virale 

indétectable et 98 % recevaient un traitement antirétroviral, la plupart d'entre eux 

étant traités au Tenofovir/Lamivudin/Efavirenz (TDF/3TC/EFV). L'étude a révélé 

une prévalence de 33 % de parasites intestinaux, plus évidente dans les zones 

rurales (37 %), Giardia lamblia et Entamoeba histolytica/dispar étant les espèces 

pathogènes les plus fréquemment identifiées. Le multiparasitisme a été signalé 

dans 7,8 % des cas, et l'étude a permis d'attribuer 55,4 % des cas d'infection 

parasitaire à des agents pathogènes. L'étude conclut en soulignant la nécessité 

d'interventions adaptées pour lutter contre la prévalence des infections 

parasitaires intestinales chez les personnes séropositives dans les pays en 

développement, où divers facteurs tels qu'un mauvais assainissement et une 

couverture insuffisante du système de santé contribuent au contexte 

épidémiologique. 

En outre, la faible performance des méthodes actuellement utilisées a été établie, 

générant un sous-diagnostic important qui conditionne la détérioration du patient, 

générant une plus grande immunosuppression à long terme. 
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Cependant, les protozoaires communs tels que Blastocystis spp. sont plus 

fréquemment associés à des infections asymptomatiques ou à l'état de porteur 

sain. Ils ont le potentiel de provoquer des maladies classées comme opportunistes, 

en particulier chez les personnes immunodéprimées, et leur pathogénicité fait 

l'objet d'une controverse.  

Par ailleurs, en utilisant des méthodes plus spécifiques, nous avons trouvé des 

espèces telles que Microsporidium spp. (8,9 %), I. belli (3,4 %) et Cryptosporidium 

spp. (0,8 %) qui n'avaient pas été signalées auparavant et qui généraient des sous-

diagnostics. 

La prévalence des infections parasitaires intestinales constatée dans notre étude 

fournit des preuves irréfutables de la nécessité de réduire les sous-diagnostics et 

de mettre en œuvre des tests de laboratoire supplémentaires avec une plus grande 

précision diagnostique pour les patients adultes séropositifs afin de lutter contre 

ces infections en Bolivie.  

La comparaison de différentes méthodes de coloration nous a permis d'évaluer les 

performances comparatives qui, plus tard, avec d'autres méthodes telles que 

l'immunochromatographie et les techniques de concentration, nous ont permis de 

développer un protocole pour la détection des parasites intestinaux chez les 

personnes séropositives qui peut être applique dans le contexte national.  

En raison des divers facteurs identifiés et des différences de distribution de la 

maladie dans les différentes régions, des actions adaptées doivent être 

développées pour chaque région afin de contrôler la maladie.  
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Le système de surveillance épidémiologique doit être adapté, en utilisant une 

stratégie de suivi qui incorpore des méthodes de détection complémentaires et 

assure un diagnostic précis tout en limitant les dommages. 

Ces interventions peuvent être développées dans le cadre de la promotion de la 

santé et de la prévention tertiaire pour limiter les dommages. 

Nos résultats sont actuellement utilisés pour générer des interventions visant à 

promouvoir l'autosoin chez les personnes séropositives, ainsi que des protocoles 

diagnostiques et thérapeutiques. Des organisations non gouvernementales et le 

Ministère de la Santé, par le biais du programme national de lutte contre le VIH, 

collaborent pour développer des politiques qui auront un impact significatif dans 

les pays en développement, où le contexte épidémiologique est influencé par 

divers facteurs, tels que le manque d'hygiène et le manque de salubrité. 
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Chapter 1 Introduction 

1.1 Intestinal Parasitic disease burden 
 

The global burden of intestinal parasitic infections is a significant public health 

problem. These infections affect more than two billion people worldwide. [1] 

More than four billion people are at risk of soil-transmitted helminthiasis (STH), 

those are the most common infections worldwide. Soil-transmitted helminths have 

multiple negative impacts on the nutritional status impairing nutrient absorption in 

the intestines and can compete with the host for the intake of vital nutrients. 

Additionally, some of these parasitic infections lead to reduced appetite and overall 

nutritional intake, which negatively impacts physical well-being, causing diarrhea 

and dysentery. [1-3] 

Intestinal protozoa are also considered a public health problem, E. histolytica and 

G. lamblia represent a high burden of disease globally, particularly E. 

histolytica/dispar, which has a high prevalence, affecting 10% of the world's 

population and, in some countries, this percentage can be as high as 50%. [4] 

The Conference on the Control of Communicable Diseases has reported that enteric 

pathogens, mainly protozoa, were isolated in 40.9% of diarrhea cases on average 

in developed countries. [5]  

In addition, the global burden of intestinal parasitosis is increasing due to a lack of 

basic sanitation, lack of access to safe drinking water, and lack of knowledge about 

methods of prevention and treatment of these infections. These infections are 
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preventable and treatable but require prevention and treatment measures to 

reduce their impact significantly through mass deworming, promotion of healthy 

habits, hygiene, environmental sanitation, and adequate provision of drinking 

water. The burden of intestinal parasitosis varies based on the geographic location 

and age of the population and tends to affect more people living in rural or low-

income areas. [3] 

Different indicators should be used to measure the impact of parasitic infections, 

such as disability-adjusted life years (DALYs), as a measure of disease burden and 

provide a comparative indication of the public health importance of the disease. 

Intestinal parasitic infections are associated with a DALY of 5 266 000 worldwide.[6]  

In various settings, the incidence of these diseases in the general population is 

much lower than in the immunocompromised population, in some studies even 

double that of immunocompetent individuals (42.06% vs. 17.79%). [7] With a 

tendency to chronicity and greater severity. Therefore, early and timely diagnosis 

is necessary. 

1.1.1 Amoebiasis 
 

Almost six species within the genus Entamoeba have been described in humans, 

including E. histolytica, dispar, moshkovskii, poleki, coli, and hartmanii. Among 

these, E. histolytica is the only species that has typically been described as 

pathogenic, but cases have been documented associating other species with 

diseases produced in immunocompromised individuals, reporting gastrointestinal 
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disorders in patients infected with E. polecki and E. dispar, and even with mixed E. 

dispar-E. moshkovskii infection. [8] 

Even with these considerations, Entamoeba histolytica infections are responsible 

for millions of symptomatic infections and about 55,000 deaths annually 

worldwide. [9-11]  

In addition, these species represent an obvious diagnostic problem as a 

confounding factor using light microscopy-based methods, due to their similar 

morphology. 

Diagnosis is difficult because the pathogenic species E. histolytica is 

morphologically identical to the nonpathogenic species E. dispar and E. 

moshkovskii; therefore, microscopy is generally considered insufficient for the 

differentiation of these species, requiring sophisticate tools (antigen detection or 

molecular technology). However, especially in developing countries, where 

molecular detection methods are unavailable or accessible only for research 

purposes, their availability is limited in clinical care settings, where technical 

difficulties and costs make these detection methods inaccessible. [12] 

The CDC recommends the use of methods that maximize cyst recovery, formalin 

fixatives of stool samples, or others that concentrate the sample before 

microscopic examination. [13] 
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1.1.2 Giardiasis 
 

Giardia intestinalis is a common cause of parasitic diarrhea, with prevalences 

ranging from 2 to 7% in developed countries and from 20 to 30% in most developing 

countries worldwide according to WHO targets for 2030. [14] 

The symptoms of giardiasis can be variable, but they mainly present as acute or 

chronic diarrhea associated with abdominal pain, nausea, and poor absorption of 

nutrients resulting in steatorrhea and weight loss.  

The standard method for diagnosing giardiasis has historically consisted of 

identifying cysts in fecal samples by microscopy. Although this method is rapid and 

affordable, it is not sensitive due to the occasional excretion of Giardia lamblia cysts 

in feces and/or the presence of small numbers of cysts, thus generating a 

subsequent sub-diagnostic. [15] 

Feces can be examined directly as fresh smears, methods that can optimize their 

detection are preferred by keeping the samples preserved in formalin or polyvinyl 

alcohol and stained with iodine, trichrome, hematoxylin, or after formalin-ethyl 

acetate concentration.  

PCR detection is increasingly used for Giardia identification in developed countries 

as it offers improved sensitivity and specificity compared to microscopy and 

immunology-based detection methods. [16]  

In Bolivia, immunochromatography is available but with limited accessibility due to 

cost and limited disposition.  



Chapter 1: General Introduction 

 

7 
 

1.1.3 Cryptosporidiosis 
 

Cryptosporidium is a pathogenic protozoan, a major cause of diarrheal diseases in 

humans worldwide and is included in the World Health Organization’s Neglected 

Diseases Initiative. [17,18] 

Cryptosporidium species infecting humans is classified as two species, C. parvum 

(infecting mammals, including humans) and Cryptosporidium hominis (infecting 

primarily humans) however the differentiation of these two species is not possible 

using routine stains.  

The impact of Cryptosporidium parasite on causing diarrhea around the globe is not 

fully established, particularly in individuals with weakened immune systems. In this 

population, intestinal cryptosporidiosis can lead to a persistent and severe 

condition with long-term health problems and high costs. Unfortunately, there is 

no clear evidence of effective treatments for this disease. [17] This infection is of 

particular concern as it is one of the leading causes of chronic diarrhea and death 

in patients with HIV/AIDS. Additionally, the presence of cryptosporidiosis can also 

indicate a weakened immune system. Microscopy, the current diagnostic mainstay, 

is considered suboptimal. Immunoassays has proven to be more sensitive methods 

of detecting these organisms in stool samples. Some of these commercial tests can 

be used to identify quickly both Giardia cysts and Cryptosporidium oocysts in the 

same test but are not currently available in Bolivia.  

Molecular methods, particularly PCR, are gaining ground in terms of their diagnostic 

capacity but are not available in low-resource settings. [19] 
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Among the common Cryptosporidium species in humans, C. parvum is responsible 

for the majority of zoonotic infections in industrialized countries, but the role of 

zoonotic transmission in the epidemiology of cryptosporidiosis in developing 

countries remains unclear. [20] 

1.1.4 Cyclosporiasis 
 

Cyclospora cayetanensis is a type of coccidian parasite that can be transmitted 

directly through fecal-oral contact in humans. This parasite is found worldwide and 

is a significant cause of food-related outbreaks of gastrointestinal illness in several 

developed nations. The most vulnerable populations include children, individuals 

from foreign countries, and immunocompromised patients in areas where the 

parasite is common. However, in industrialized nations, Cyclospora cayetanensis 

has been known to affect people of all ages. [21] 

C. cayetanensis is host specific and is the only species of this genus found in 

humans. The clinic is characterized by persistent diarrhea, more than 2 weeks 

duration, flatulence, abdominal cramps, constipation, and fatigue.  

Detection of this parasite is often difficult by standard laboratory procedures, 

because the pathogen is very small, and measurement of oocysts is important to 

differentiate this species from Cryptosporidium oocysts; therefore, the laboratory 

should be notified when this diagnosis is suspected. [21,22] 

Various techniques more precise than microscopy for the identification of 

Cyclospora have been developed. These include detection based on 

spectrophotometry, reverse transcriptase PCR in combination with agarose gel 
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electrophoresis, and other molecular biology tests, such as nested PCR. Again, in 

low-income settings, it is difficult to standardize laboratory techniques for the 

identification of this organism. Modern tools such PCR are expensive and subjects 

of contamination due to peccary laboratory conditions limiting their use in the 

clinical area. This underline the necessity to develop highly sensitive, faster and 

economic tests for the detection of this protozoan. [22,23]  

1.1.5 Blastocystosis 
 

Those are the most common enteric protozoa isolated from patients with diarrhea 

in most developed countries. Blastocystis hominis is considered a saprophyte, and 

refers to approximately 10 different genetically different populations that are all 

morphologically identical and cannot be distinguished by microscopy alone.  

The diagnosis of infection with Blastocystis spp. it is generally based on the 

detection by microscopy of the vacuolar, granular, amebic, or cystic form in stool 

samples, using wet mount smears, iodine staining, trichrome staining, or iron-

hematoxylin staining.  

Various molecular techniques with increased sensitivity (PCR) have been 

developed. Advances in sequence analysis of Blastocystis-specific PCR products and 

subtype-specific PCR primers have led to progress in identifying various subtypes. 

[24] 

The role in causing gastrointestinal symptoms and pathology remains uncertain, 

and the clinical characteristics of the disease that have been attributed to 

Blastocystis spp. include nausea, anorexia, abdominal pain, flatulence, and acute or 
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chronic diarrhea. Its clinical implication and role in immunosuppressed patients are 

under discussion.  [25,26] 

Metronidazole is the suggested drug of choice for these infectious agents. 

Cotrimoxazole, nitazoxanide, and a combination of paromomycin and 

metronidazole have also been used. These treatments are used for their broad 

spectrum of action and their adequate safety profile. [27] 

1.1.6 Strongyloidiasis 
 

Strongyloides stercoralis, a soil-transmitted nematode, is also a neglected tropical 

helminthiasis endemic in tropical and subtropical settings, where sanitary and 

hygiene conditions are poor. However, the worldwide prevalence of S. stercoralis 

is heterogeneously distributed and the current estimation of infection remains 

underestimated due to the use of the inadequate diagnostic method. 

Strongyloidiasis has been estimated to affect over 600 million people worldwide. 

[28,29] 

Strongyloides stercoralis is transmitted when larvae present in the soil penetrate a 

person's skin, usually by direct contact. These larvae can also penetrate the 

intestinal wall and re-enter the host's bloodstream, or be excreted in human feces 

and become new larvae in the soil, which can perpetuate the cycle of infection.  

In addition to transmission by direct contact with soil, other methods of 

transmission have been described, such as mother-to-child transmission during 

childbirth, transmission by organ transplantation, and sexual transmission in men 

who have sex with men.  
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Autoinfection, in which larvae generated in the host re-infect the host, leads to a 

state of chronic asymptomatic infection often with eosinophilia, while 

hyperinfection syndrome may develop when patients develop 

immunosuppression, due to drugs such as corticosteroids or following solid organ 

transplantation.  

Strongyloidiasis can be diagnosed by direct visualization but is made difficult by the 

scant presence of the parasite in feces, larvae in feces or other body fluids, or by 

serology. [29] 

1.1.7 Microsporidiosis 
 

Microsporidia are a type of intracellular pathogens. Approximately 220 different 

types or genera and about 1,700 species of microsporidia are known, the 

classification of which is based mainly on their unique ultrastructural features, 

developmental process, host-parasite connection and molecular analysis. [30] 

Intestinal infection by microsporidia includes species such as Enterocytozoon 

bieneusi, Encephalitozoon intestinalis, E. hellem, and E. cuniculi; of these E. bieneusi 

and E. intestinalis are species of microsporidia that cause more frequently enteric 

disease. Parasites, historically classified as spore-forming protozoa, are now 

classified as fungi. [30,31] 

Intestinal microsporidiosis was first identified in AIDS patients, with E. bieneusi 

being the most common species, they are an important cause of opportunistic 

infections in HIV / AIDS and immunosuppressed patients.  
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The diagnosis of these agents is particularly difficult and is frequently based on the 

microscopic detection of spores in stool samples, which detects special fluorescent 

or trichrome stains to detect spores. However, detection and species 

determination can be difficult due to their small size, which requires reliable 

immunological diagnoses to complement the findings and increase the 

performance of diagnostic tests using molecular methods such as PCR or 

histochemistry when sporadic shedding is suspected. 

Modified trichrome staining (MTS) and nested polymerase chain reaction (nested 

PCR) methods were used for the diagnosis of common intestinal microsporidia in 

fecal samples of patients with HIV/AIDS. [31] 

1.1.8 Soil-transmitted helminths (STHs) 
 

The three primary types of parasitic worms that infect humans through the soil are 

roundworms, whipworms, and hookworms. These infections remain one of the 

most significant neglected tropical diseases due to their impact on health, with 

nearly one billion people worldwide still infected with at least one species.[32] 

The most common soil-transmitted helminths (STHs), Ascaris lumbricoides, 

Trichuris trichiura, and hookworm, affect particularly poor populations and 

developing countries, causing impaired childhood growth, cognitive damage, and 

malnutrition. [14,32,33] 

Global estimates report reveals that more than 800 million people are affected by 

STHs. In Latin America, a total of 234 million people are affected by STHs, although 
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this number may be an underestimate as some countries such as Bolivia have not 

been included in the analysis owing to a lack of data. [33] 

Currently, it is estimated that 800 million people worldwide are likely infected with 

A. lumbricoides, 451 million with hookworm and 435 million with T. trichiura. It has 

long been recognized that helminths polyparasitism is a common feature of human 

infections in helminths-endemic regions. These regions are also known to have a 

higher prevalence of intestinal protozoan infections, malaria, tuberculosis (TB), and 

HIV. [32] 

Helminths polyparasitism and co-infection with major diseases are common in 

tropical regions. There are many factors that contribute to this phenomenon, 

including interactions between different species at the parasite community level 

within the host, and environmental factors at the host community level.  

These factors can help explain why there is a positive relationship between 

different pathogens. However, there is still a need for new frameworks that can 

take into account these different factors at multiple levels to better understand 

how the parasite communities are structured and how they can be controlled. 

1.2 Transmission modes of intestinal parasitic diseases 
 

Examination of host-parasite interactions is crucial to understanding parasitic 

infections and how they adapt to their host, their study can help identify solutions 

for the prevention and treatment of parasitic diseases while exploring host-parasite 

communication. 
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Water-borne diseases (WBDs) are infectious illnesses, including those caused by 

bacterial, viral, and parasitic organisms, and are transmitted to humans through 

exposure to contaminated water in areas with inadequate sanitation, hygiene, and 

limited access to safe drinking water. [5,34] 

The impact of water resources on the spread of enteric protozoa is significant, 

particularly when there is a risk of contamination of the water supply. Despite 

continued efforts to improve sanitation infrastructure, water quality, and 

environmental protection laws, leading to reduced pathogen levels in public water 

supplies, waterborne disease outbreaks have become a major concern for public 

health in developing countries.  

The transmission of enteric protozoa through food is also possible but not as 

prevalent in developed areas. Cryptosporidium, C. cayetanensis, and Giardia are the 

leading enteric protozoa associated with foodborne infections, with approximately 

10% of Cryptosporidium infections thought to be caused by this mode of 

transmission. [34,35] 

Among the soil-transmitted helminths (STH) requires a passage through the soil to 

be infective. The modes of transmission can be divided into those that infect by the 

fecal-oral route, Ascaris lumbricoides, Trichuris trichiura, and those that infect by 

cutaneous penetration, hookworms (Ancylostoma duodenale and Necator 

americanus) and Strongyloides stercoralis. In Bolivia, recent surveys documented a 

dramatic decrease in the prevalence of STH infections as compared with the 1980s 

after thirty years of preventive chemotherapy, the World Health Organization 

(WHO) has now recommended discontinuing this intervention. [36] 
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Several studies have reported cases of parasitic, bacterial, and viral outbreaks 

worldwide related to sexual transmission, particularly among men who have sex 

with men (MSM). This has led to the recognition of several intestinal protozoa 

infections previously limited to tropical regions as sexually transmitted infections 

(STIs). [37,38] 

1.3 Situation in emerging countries 
 

These conditions cause a significant proportion of morbidity and mortality, 

primarily affecting people in developing countries. Additionally, they can also lead 

to major outbreaks in these regions. Notably, the WHO disclosed that diarrheal 

disease still affected more individuals than any other health condition, even in 

areas with high-income countries. [14] 

Changes in the frequency, amount, duration, and intensity of precipitation may be 

the result of the impact of climate change on environmental conditions. This effect 

could be especially significant in emerging countries, where there is a prevalent risk 

of water borne diseases. As a consequence, the transmission and emergence of 

such illnesses could be increased. [5] 

However, a vast number of diarrheal pathologies in developing countries, especially 

in children, are still attributed to an unknown etiology, constantly because the 

detection procedures, such as microscopy are applied despite their low sensitivity, 

specificity, and predictive values. 
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The most prevalent parasitic infections in low-resource settings correspond mostly 

to protozoan infections, among the most frequent are Giardia intestinalis, 

Entamoeba spp., Cryptosporidium spp., and Cyclospora cayetanensis. [14,38]  

However common protozoa such as Blastocystis spp., and Dientamoeba fragilis are 

more frequently associated with asymptomatic infections or the healthy carrier 

condition. [39-40] Both have the potential to cause diseases classified as 

opportunistic in immunosuppressed, Blastocystis spp. has a relatively high 

prevalence in developed settings, but there is controversy regarding its 

pathogenicity. [40] 

The persistence of gastrointestinal symptoms should be taken into account when 

identifying these carriers and assessing the need for treatment, especially in the 

pediatric population, in which growth retardation in weight and height may be 

associated with these infections, and special consideration should be given to the 

immunocompromised population. [41,42] 

In emerging countries, opportunistic infections continue to be common causes of 

morbidity and mortality in PLWHA, which include those caused by parasitic 

infections and are frequently linked to chronic illnesses, poor adherence to ART, 

malnutrition, and the "wasting syndrome." Enteric infections are a major cause of 

diarrheal disease mainly in HIV/AIDS-infected patients. Among these, intestinal 

parasitic infections are common cause of morbidity and mortality in this population 

worldwide. [43,44] 
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1.4 HIV Issue 

1.4.1 Characterization of the epidemic 

Molecular epidemiology and phylogenetic analysis have become standard 

techniques to characterize HIV-1 transmission networks and reconstruct their 

origin and spread.  

These approaches have the potential to identify population subgroups at risk, 

identify sub-epidemics, and inform prevention and intervention strategies aimed at 

mitigating the spread of the virus. [45,46] 

PAHO and UNAIDS have categorized the HIV/AIDS epidemic into three levels: 

incipient or low-level, concentrated, and generalized. This classification is based on 

the prevalence of HIV in specific populations, such as pregnant women in urban 

areas and groups with higher-risk behaviors or those considered vulnerable, 

including commercial sex workers (CSWs), men who have sex with men (MSM), and 

injection drug users. [47] 

1.4.2 Global situation and trends 
 

The epidemiological and programmatic data of the HIV pandemic across nearly four 

decades show that over 80 million people have been affected by HIV-related causes 

and more than 40 million have died, with estimates ranging between 33.6 and 48.6 

million. In 2021 alone, approximately 650,000 people died due to HIV, 

demonstrating a clear reduction in the public health response against the infection 

and disruption of HIV services caused by the COVID-19 pandemic. [47] (Figure 1) 
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The influence of this pandemic has caused an increase in the number of cases 

worldwide, especially in Latin America, where almost 4,000 people become 

infected every day. If this situation persists, an estimated 1.2 million new infections 

will occur by 2025, surpassing the 95-95-95 goals.  

 

Figure 1: Summary of the Global HIV epidemic, 2021 
Source: World Health Organization (WHO updated July 2022).  

https://www.who.int/teams/global-hiv-hepatitis-and-stis-

programmes/hiv/strategic-information/hiv-data-and-statistics 

1.4.3 Global response to HIV, AIDS control 

UNAIDS Strategy / 95-95-95  
 

Globally, HIV/AIDS control policies are being pursued as per the UNAIDS strategy 

for 2030, which is commonly referred to as 95-95-95. The strategy's objective is to 

https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/strategic-information/hiv-data-and-statistics
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/strategic-information/hiv-data-and-statistics
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ensure that 95% of all individuals who have contracted HIV will know their serology 

status that 95% of diagnosed HIV-infected individuals will receive effective 

antiretroviral therapy (ART) and that 95% of those undergoing ART treatment will 

have suppressed viral loads. [48] 

The treatment cascade, designed to monitor the progress of the HIV epidemic and 

evaluate the outcomes of policies applied to struggle with the epidemic, will be 

critical to assess the achievement of the objectives set forth by UNAIDS as part of 

the global strategy. [49] (Figure 2) 

 

Figure 2: Continuum of Care Cascade / Analysis to Quantify Progress and 

Gaps to Achieve 90-90-90 Goals (hypothetical data) 
Source: World Health Organization 2019  

Various methods and sources of information were utilized to determine each 

aspect of the treatment cascade. For instance, the World Health Organization 
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(WHO) has introduced a guide for utilizing the data in the cascade to identify gaps 

in HIV and medical services and enhance programs. [49]  

The report of UNAIDS in 2021 shows remarkable gains across the HIV testing and 

treatment cascade globally, founding that 84% of people living with HIV knew their 

HIV status, 73% were on antiretroviral therapy and 66% are virally suppressed. In 

Latin America and the Caribbean treatment, coverage reached 69%. [50] (Figure 3)  

 

Figure 3: GLOBAL DATA UNAIDS / Continuum of Care Cascade, Progress and 

Gaps to Achieve 90-90-90 Goals 
Source: UNAIDS 2021 DATA REFERENCE 2021 

To conduct this analysis, the coverage and quality of healthcare services offered 

should be taken into account, which is deficient in various emerging countries. In 

Latin American countries, healthcare is predominantly provided in urban areas, 
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which has resulted in numerous HIV-positive individuals being uninformed of their 

status and having opportunistic infections as their initial symptom of the disease. 

Certain individuals infected with HIV know about their illness but are unable to 

obtain antiretroviral therapy (ART) due to cultural, psychosocial, and financial 

constraints. Certain HIV patients are recommended ART but do not respond well to 

the treatment due to reasons such as non-adherence, unfavorable 

pharmacokinetics, and idiosyncratic biological factors that make them predisposed 

to drug-induced toxicity, causing adverse drug reactions. However, the cause of 

why only certain individuals are affected by drug-induced toxicity is still unclear, 

and many cases of drug-induced hepatotoxicity are eventually labeled as 

compound specific and idiosyncratic. [51] 

Between 2010 and 2019, new infections increased by 21% in Latin America but 

declined by 29% in the Caribbean. The COVID-19 pandemic has accentuated the 

weaknesses in health systems, including financial, technical, and human resources. 

The socio-economic impact has been severe for key populations and threatens the 

sustainability of national responses. [52] 

The goal of ending the AIDS epidemic is ambitious and requires global health and 

development efforts, as well as adequate resources. Without these measures, it 

may be difficult to attain the desired outcomes.  

Three specific goals have been identified to ensure that 95% of all people living with 

HIV know their serological status, receive antiretroviral therapy, and achieve viral 

suppression. Furthermore, strategies must be developed to improve treatment 
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adherence to overcome the challenges imposed by the COVID-19 pandemic and 

safeguard progress toward the desired objective. [47,53] 

Providing HIV treatment to all those in need is crucial for making tangible progress 

in combating the epidemic. To advance with a clear direction and accountability, a 

final goal is necessary to unite diverse stakeholders in an effort toward ending the 

HIV epidemic. [48,50,52] 

The COVID-19 pandemic, is an opportune moment to implement a new approach 

and establish new goals for HIV treatment.  

1.4.4 Status report on HIV treatment scale-up  
 

The World Health Organization (WHO) reported that in low- and middle-income 

countries, almost 25 million individuals were receiving antiretroviral treatment 

(ART) by the end of 2020. The number of individuals receiving treatment grew on 

average by 1.6 million per year between 2017 and 2020, which indicates the 

effectiveness of the test and start initiative. The global target is to have 34 million 

people on treatment by 2025. [47]  

There have been considerable obstacles to expanding treatment and meeting the 

UNAIDS objective of eradicating the AIDS epidemic. Although treatment coverage 

for adults and children has been increasing, there are significant gaps in coverage 

across different regions. It is estimated that more than 22 million people worldwide 

who are living with HIV are not receiving treatment, and in some countries, the 

individuals who do receive treatment tend to be the most accessible.  [47,53] 
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A careful analysis shows significant disparities in access to HIV treatment between 

different regions or districts in the same country, indicating unequal treatment for 

people in some parts of the country. 

Treatment coverage for HIV in 2021 on the African continent varied from 41% in 

Eastern and Southern Africa to 19% in North Africa. In regions outside Africa, 

limited or no progress has been made since 2020 in reducing AIDS-related deaths 

in countries across the Middle East, Eastern Europe, Central Asia, and parts of Asia.  

This is primarily due to persistently insufficient treatment coverage, underscoring 

the need for more significant and sustained efforts to expand treatment coverage 

and address the obstacles that constrain access to treatment. [47,53]  

1.4.5 Access to treatment and access to usual care 
 

A status report on HIV treatment  

To reach the global target of 34 million people on treatment by 2025, the number 

of people receiving antiretroviral therapy must increase by at least 1.3 million each 

year. [48,50] 

Continued gains were made in 2021 across the 95–95–95 targets. In 2021, 85% of 

people living with HIV globally knew their HIV status, 75% of people living with HIV 

received antiretroviral therapy (representing 88% of those who knew their HIV-

positive status), and 68% of people living with HIV achieved HIV viral suppression 

(representing 92% of people on treatment). Progress towards the 95–95–95 targets 

is apparent across all regions. In most regions, the largest gaps in the service 



Chapter 1: General Introduction 

 

24 
 

cascade are in the first two 95s: knowledge of HIV status and being on treatment. 

Continued gains were made in 2021 across the 95–95–95 targets.[41]  

Latin America has made little progress in reducing new HIV infections in the region, 

with the number increasing by 5% in 2021. Reporting 2.2 million people in the 

region (1.5 million–2.8 million) were living with HIV. Among those living with HIV in 

2021, 82% knew their HIV status, 69% were accessing treatment (85% of those who 

knew their HIV status) 63% were virally suppressed (91% of those on treatment). 

[50]  

1.4.6 HIV Natural History 
  

Based on genetic homology, HIV is classified into two predominant strains, HIV-1 

and HIV-2, along with circulating recombinant forms (CRFs). HIV-1 is the most 

common and pathogenic strain, classified into three main groups: M (main or 

principal), O (outlier), and N (not M not O). Group M has the highest prevalence, 

with at least nine subtypes. HIV infection results in a wide range of initial clinical 

manifestations, making it challenging to diagnose early. [54-56] 

The clinical spectrum includes primary infection as an acute retroviral syndrome, 

infection with early symptoms, later asymptomatic chronic infection, and advanced 

immunodeficiency, which can lead to opportunistic infections and pathologies 

associated with chronic HIV infection. [43]  

Acute retroviral syndrome, the initial clinical manifestation of HIV infection, is 

challenging to detect due to its non-specific symptoms. This often leads to a 
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prolonged latency period during which many patients are unaware that are infected 

and can transmit the disease.  

Asymptomatic HIV-infected persons suffer from a chronic, progressive disease, and 

viral replication continues in the body of untreated individuals, resulting in a 

gradual decline in cell-mediated immunity. This decrease is related to an increased 

susceptibility to opportunistic diseases and AIDS-related illnesses. [57] 

HIV depresses the immune system, mainly by infecting CD4+ T lymphocytes, cells 

that organize the primary immune response. Without treatment, the natural 

clinical course of HIV infection varies widely, with some HIV-positive people having 

a high CD4 cell count and suppressed viral load, while others present with very low 

CD4 counts and a high viral load, even when asymptomatic. [57] 

The mechanism behind the decline of CD4+ T cells in HIV infection has been 

extensively researched, and the role of virus replication in this process is becoming 

increasingly evident, among other factors that contribute to HIV-mediated immune 

activation. Patients with lower RNA viral loads often exhibit higher CD4+ T-cell 

counts, suggesting the involvement of viral replication. HIV-2 infection is 

characterized by lower and often undetectable viral loads, leading to an attenuated 

infection that progresses more slowly to AIDS. [58] 

The advanced stage of HIV infection is called Acquired Immunodeficiency Syndrome 

(AIDS). [41,42] The progression of HIV infection is accompanied by great complexity 

due to the intricate interplay between the pathogen and the host, leading to 

varying clinical manifestations and ultimately, the onset of AIDS. [57] 
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According to the time of progression, people with HIV can be classified into 

different groups: 

 Slow progressors, representing at least 5-10%, take 10 years or more to 

develop AIDS, and in some cases may even remain asymptomatic for more 

than 20 years. However, gradual progression occurs, with the loss of CD4+ 

T lymphocytes, leading to the development of AIDS eventually.  

 Typical progressors, which make up to 80% of HIV-infected people, develop 

a latency period of 7 to 10 years.  

 Rapid progressors, accounting for approximately 10-15%, progress to AIDS 

in 3 years or less.  

Elite controllers make up a small group of HIV-infected patients who show an 

undetectable HIV viral load and normal blood CD4+ counts without progression. A 

multifactorial hypothesis suggests that host defense response, viral characteristics, 

and environmental factors may contribute to the variation observed in the natural 

course of HIV infection. [58] 

Despite this evidence, there is still uncertainty about the factors that determine this 

variation, factors that contribute to the absence of long-term progression and viral 

control in HIV-infected individuals may differ between the virus and the host. 

According to the World Health Organization (WHO), early initiation of ART reduces 

the risk of HIV transmission, AIDS-related illnesses, and death. Furthermore, 

evidence has demonstrated the clinical benefits of early ART, including improved 

survival rates, immune function, and quality of life. [59] 
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Ongoing research efforts should prioritize identifying the host factors causally 

related to these phenotypes. A comprehensive understanding of viral, host, and 

environmental factors in the natural course of HIV infection is essential in 

developing effective interventions that are tailored to the needs of HIV-infected 

individuals. [60]                                         

The idiosyncratic characteristics of the host actively participate in the established 

natural selection for viral variants, through the expression of various receptors and 

co-receptors where the target cells and the virus interact. [61] 

1.5 Risk factors for HIV infection 

1.5.1 Host factors 
 

Certain behaviors and factors can increase the risk of infection, such as engaging in 

unprotected sexual intercourse, having another Sexual transmitted infection (STI), 

receiving blood transfusions, or experiencing accidents with contaminated needles, 

particularly among healthcare personnel. Intravenous drug use is also a significant 

risk factor in certain contexts. [62,63] 

In Latin America, sexual transmission remains the most common way of 

transmission of HIV. 

 

1.5.2 Genetic factors 
 

Host factors, such as polymorphisms in genes encoding chemokines and cell 

receptors that prevent viral entry into cells, have been extensively studied. 
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Evidence suggests that the presence of certain polymorphisms can decrease the 

risk of AIDS progression in many HIV carriers.  

Heterozygous polymorphisms exhibit a significant reduction in the risk of 

progressing to AIDS, with a delay in progression ranging from two to four years. 

These effects may be associated with race, as some of the described 

polymorphisms are common in Caucasians, while others appear to be protective in 

African women. One significant factor is a series of polymorphisms in the 

chemokine receptors and co-receptors of the CD4 molecule. [58] 

Specific deletions in the encoding genes result in an incomplete protein that cannot 

reach the cell surface, thus limiting the potential for infection by preventing the 

entry of the virus into the cell. These deletions are not uniformly distributed among 

the world population. [58,64,65] 

Allelic variation in cytokine genes that inhibit co-receptor expression has been 

identified as important in the progression of AIDS. In multicenter studies that focus 

on the natural history of AIDS, heterozygous receptor expression is associated with 

reduced CD4+ cell counts and progression to AIDS. However, this effect disappears 

when baseline viral load is taken into account. [64] 

Other genetic factors associated with the Major Histocompatibility Complex (MHC) 

are also linked to variability in the progression to AIDS, with some increasing the 

risk of a rapid progression.  

Large cohort studies have shown that there is an association with slower 

progression when the major histocompatibility complex (class I) alleles are 

heterozygous. On the other hand, evidence suggests that having a higher number 

of homozygous alleles is associated with a worse prognosis. [66] 
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1.5.3 Viral factors 
 

Viral aspects, including quasi-species development from numerous mutations and 

evading the immune system, contribute to variability in tropism and pathogenicity. 

In HIV-infected patients, differences in progression have been observed in those 

with viruses containing deleted genes. [67]  

Studies have identified an association between recombinant strains of HIV and 

rapid progression to AIDS, particularly in Africa. [68] However, despite this finding, 

global and regional HIV infection rates do not seem to be significantly impacted, 

and bodies such as the WHO and UNAIDS do not issue alerts regarding these 

variants. When subjected to antiretroviral treatment, these variants have a similar 

efficacy profile.  

 

1.6 Pathological process 
 

While there have been continuous advances in our understanding of the 

pathophysiology of HIV infection, the specific mechanisms of virulence and 

pathogenicity of this disease require further investigation. [69,70] Therefore, a 

broader understanding of the pathogenesis of this infection is essential to establish 

control strategies and comprehend relevant manifestations such as primary 

infection, variations in progression to AIDS, and especially viral determinants in 

pathogenicity.  

Viral replication is the cardinal event in the disease progression. HIV infection 

results in the high and constant production of new virions and the subsequent 
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destruction of CD4+ lymphocytes, known as the cytopathic effect. This effect is 

compensated for several years until the reserves are depleted, resulting in acquired 

immunodeficiency. Although there are several postulates on the specific 

mechanisms that trigger this effect, more research is needed to shed light on the 

topic. [70]  

An explanation of the viral cytopathic effect exposes the loss of osmotic regulation 

and mechanical effect destroying the host cell, this could be explained by the 

massive exocytosis of thousands of virions. Another postulate describes the 

accumulation of harmful molecules, such as non-integrated viral RNA. [67] 

Apoptosis or programmed cell death is also postulated, caused, or stimulated by 

viral replication and consequent susceptibility to certain mediators resulting in 

autoimmune cell destruction. [70] 

1.7 Preclinical stage 
 

Acute HIV infection, in general, manifests itself within 2 to 4 weeks after contact 

with an infected person, due to the non-specificity of its clinical presentation the 

vast majority of patients in this phase results unapparent. During this phase, most 

of those infected have non-specific flu-like symptoms such as fever, headache, and 

rash. Therefore, in most cases, HIV is not considered a differential diagnosis, a 

frequent situation in emerging countries. Establishing early diagnostic 

interventions is important, as a person can experience significant health benefits 

starting ART during this phase. [71,72] 
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1.8 Chronic HIV infection  
 

Currently, HIV infection is considered a chronic pathology that persists despite ART, 

making it desirable to find ways to reduce the burden of chronic infection. Even 

though periods of remission have been described with therapeutics such as stem-

cell transplantation. Therapeutic strategies in this regard, such as latency reversal 

agents and immunomodulatory agents, and other immunotherapies, should be 

evaluated based on the evidence. [69]  

During this stage, viral replication continues, and the immune system gradually 

weakens. While certain individuals can progress several years without showing 

symptoms, others may present symptoms and worsening of the immune function 

only a few years after primary infection.  

Chronic HIV infection generally progresses to AIDS in a period that can vary from 2 

to 10 years or more. Currently, individuals receiving ART can remain in this stage 

for several decades. Even though transmission during this stage remains possible, 

the risk is considerably reduced when receiving ART as prescribed and maintaining 

an undetectable viral load while engaging in sexual intercourse. [71-73] 
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CHAPTER 2:  
 

2.1 Overview of parasitic infections and HIV 
 

The specific burden of parasitic diseases in people with HIV is significant and has 

become a major public health problem worldwide, especially in developing 

countries with high rates of HIV and limited healthcare infrastructure.  

Some of the parasites that can cause infections in people with HIV include: 

 Toxoplasmosis, this parasite can cause an infection that can affect the brain 

and other organs in people with HIV. Cerebral toxoplasmosis is a common 

complication in HIV patients with a low CD4 cell count and may be one of 

the first opportunistic infections to appear in these patients. [74,75] 

 Leishmaniasis, transmitted by mosquito bites, is an infection that can affect 

the skin, mucous membranes, and other organs. In people with HIV, may 

result severe and require prolonged treatment, is a common complication 

in HIV patients with a low CD4 cell count, frequency of the disease varies 

according to the geographic region and the immune status of the patient. 

[76] 

 Chagas disease, transmitted by the bite of Triatomas insects, can cause a 

multisystem disease. In people with HIV, Chagas disease can be more 

severe and can affect the heart and digestive system. HIV-Chagas co-

infection is an endemic problem in Latin America, and more effort is 

needed to detect and treat Chagas disease in HIV patients.[77] 
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 Malaria, transmitted by mosquito bites, and people with HIV are at 

increased risk of developing severe malaria. HIV-malaria co-infection 

remains a major problem.[78] 

The specific burden of parasitic diseases in people with HIV is higher than in the 

general population due to the suppression of the immune system that occurs in 

people with HIV. Co-infection with parasitic diseases can also worsen the health of 

people with HIV and increase the risk of complications. [74-78] 

Prevention of parasitic diseases in people with HIV includes maintaining good 

hygiene, education about safe food and water practices, treatment of parasitic 

infections with appropriate medications, and antiretroviral therapy including Pre-

exposure prophylaxis (PrEP) to prevent HIV infections. In addition, early detection 

and treatment of parasitic diseases in people with HIV are essential to improve their 

quality of life and reduce mortality.[79-81] 

Intestinal parasitic infections (IPIs) are a major public health concern worldwide, 

particularly in developing countries with poor sanitation and hygiene practices. 

These infections are caused by a variety of parasites, including protozoa and 

helminths, and can lead to a range of symptoms such as diarrhea, abdominal pain, 

and malnutrition. [82] 

The co-infection of IPIs and HIV has become a significant issue, particularly in areas 

with a high prevalence of both conditions. HIV-positive individuals are more 

susceptible to IPIs and may experience more severe symptoms, leading to 

increased morbidity and mortality. This is because HIV weakens the immune 

system, making individuals more vulnerable to infections. [11-23] 
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Some of the common IPIs that affect HIV-positive individuals include 

Cryptosporidium, Giardia, Strongyloides, and Entamoeba histolytica. These 

parasites can cause chronic diarrhea, weight loss, malabsorption, and other 

gastrointestinal symptoms, which can lead to malnutrition and wasting syndrome. 

To manage and prevent co-infection of IPIs and HIV, it is essential to implement 

strategies that improve sanitation and hygiene practices, provide appropriate 

treatment and care for individuals with HIV and IPIs, and increase awareness and 

education about these conditions. This includes regular screening and monitoring 

for IPIs in HIV-positive individuals, as well as providing access to antiretroviral 

therapy and medications to treat IPIs. 

Despite the substantial shift in the global epidemiological profile in recent decades, 

known as the epidemiological transition. Parasitic diseases continue to contribute 

considerably to the infectious disease burden worldwide.  

The incidence and severity of these diseases may be higher in immunosuppressed 

patients and their pathogenicity may be uncertain. Many self-limiting and sporadic 

intestinal parasites have now become opportunistic parasites causing 

uncontrollable life-threatening diarrhea among people living with HIV/AIDS. [11-

32] 

Various enteric protozoa cause zoonotic diseases transmitted from animals to 

humans (anthropozoonosis) and are associated with poor sanitary conditions, 

becoming an emerging issue of public health. As humans move further into wildlife 

domains, parasitic diseases can pose a serious threat to wildlife, which in turn can 

act as reservoirs and/or amplifiers of emerging and re-emerging diseases. [9,83] 
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Enteric protozoan species are associated with gastrointestinal and diarrheal 

pathologies in humans, and some of these agents cause serious illness, especially 

in immunosuppressed populations. [35,84] 

Intestinal parasites, especially coccidian parasites, cause gastrointestinal symptoms 

such as severe diarrhea which increases morbidity and mortality rates in PLWHA.  

Co-infection of IPIs and HIV is a significant health issue that requires a multifaceted 

approach to prevent and manage. Improved sanitation and hygiene practices, 

regular screening and monitoring, and appropriate treatment and care can help 

reduce the burden of these conditions on individuals and communities affected by 

HIV. 

2.2. Intestinal parasitic infections in PLWHA  
 

The advanced and severe phase of HIV infection, known as acquired 

immunodeficiency syndrome (AIDS), results in a weakened immune system that is 

unable to combat opportunistic infections, as well as HIV-related diseases. 

Currently, individuals with HIV are diagnosed with AIDS when their CD4+ cell count 

is less than 200/mm3, or when certain opportunistic infections are detected.[43,84] 

These situations increase the risk of infection by intestinal parasites, which are 

considered to play an important role, especially with the progression of 

immunosuppression, establishing chronic and relapsing diseases that are 

underdiagnosed and subsequently generating a cycle that leads to malnutrition, 

higher levels of immunosuppression, and new opportunistic infections. [43,44]  
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Immunosuppression facilitates opportunistic parasitic infections, leading to more 

severe clinical symptoms and a higher prevalence of parasites. Both opportunistic 

and non-opportunistic are commonly found in HIV-infected patients. However, 

opportunistic intestinal parasites, such as Cryptosporidium parvum, Isospora belli, 

Microsporidia spp., and Strongyloides stercoralis, are significantly more frequent in 

HIV patients with low immunity and diarrheal symptoms. Also, Blastocystis hominis 

and some of the non-pathogenic Entamoeba can cause OI in HIV-infected patients 

with immunosuppression. [85]. (Figure 4) 

 

 Figure 4: Conceptual framework of parasitic infections (IO) in PLWHA 
Source: Own elaboration 

Diarrhea is characterized by the abnormal passage of unformed or liquid stools at 

an increased frequency. It is classified as acute if it lasts for less than 2 weeks, 

persistent if it continues for 2-4 weeks, and chronic if it lasts for more than 4 weeks. 

Intestinal parasites are a common cause of severe chronic diarrhea in HIV-positive 
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patients, and some types of parasites are more prevalent in this group of patients. 

[86,87]  

Common types of intestinal parasites that infect HIV patients are Entamoeba 

histolytica, Giardia lamblia, and Cryptosporidium parvum [86]. In addition, 

Microsporidium spp., Cystoisospora (Isospora) belli, and Strongyloides stercoralis, 

among other parasites, are also known to infect HIV patients. The rate of infection 

with these parasites is higher in HIV patients with a CD4 count below 200 cells/μL 

[88]. 

Opportunistic parasites, such as Cryptosporidium parvum, Isospora belli, and 

Microsporidium spp. are often associated with persistent diarrhea in PLWHA. 

However, these parasites can also frequently present asymptomatically. [84,88] 

Coccidia parasites cause gastrointestinal symptoms such as severe chronic diarrhea 

which increases morbidity and mortality rates in PLWHA. Many self-limiting and 

sporadic intestinal parasites have now become opportunistic parasites causing 

uncontrollable life-threatening diarrhea among the population with AIDS. [43,86] 

The etiological agents vary from one patient to another according to the 

immunological status of the patients, the geographical distribution from one 

country to another, and in addition, the endemicity and seasonal variation of 

enteric pathogens must be considered.[87,88] 
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Chapter 3. HIV and parasitic infections in Bolivia: 
 

3.1 General context of Plurinational state of Bolivia  
 

The Plurinational State of Bolivia, located in the central region of South America, is 

administratively organized into nine autonomous departments, but with some 

dependence on the central government, which is located in the city of La Paz. Its 

constitutional capital is Sucre, the headquarters of the judicial body; its total area 

is 1,098,581 km2 with 12,186,079 inhabitants (estimation for 2023), and the density 

of 10.36 inhabitants/km² estimated for 2019, reaching 26.2 in the Cochabamba 

department, geographical area of study location. 

The country is divided into four geographic regions: 

The Andean Region covers a third of the territory and is home to approximately 

40% of the Bolivian population (2023 est.), occupies an area of 142,815.53 km², and 

is comprised of the Andes Mountains. It has a cold and dry climate during most of 

the year. The highest peaks in the country are found in these regions.  

The Amazon Region is one of the largest continuous forest ecosystems in the world. 

The region is home to numerous native ecosystems and cultures. The Bolivian 

Amazon is considered one of the most pristine and well-preserved areas in South 

America. It constitutes 40% of the national territory, 1 comprises the departments 

of Pando, Beni, and the north of the departments of La Paz, Cochabamba, and Santa 

Cruz. (Figure 5) 
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Figure 5: Geographic regions of Bolivia / Cochabamba 
Source: Bolivia Country Document - Disaster Preparation Program of the European 

Commission (2017) 

The urban population represents 84.1% of the total population, according to INE 

estimates for 2023. Most of the country's population is concentrated in the 

departments of Santa Cruz, Cochabamba, and La Paz, which gather more than 70% 

of the Bolivian population. Women represent 54%. The population pyramid of 2020 

showed a predominantly young population with a median age of 24.6 years. (Figure 
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6.)

 

Figure 6: Bolivia: distribution of the population by age groups, 2020 
Source: www.CIA.gov 

Bolivia ranks at or near the bottom among Latin American countries in several areas 

of health and development, including poverty, education, fertility, malnutrition, 

mortality, and life expectancy. Bolivia income inequality is the highest in Latin 

America and one of the highest in the world. Public education is of poor quality, 

and educational opportunities are among the most unevenly distributed in Latin 

America. 

Cochabamba is one of the nine departments that make up the Plurinational State 

of Bolivia and is the third most economically important in Bolivia. (Figure 7) 
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Figure 7: Political division of Bolivia / Geographic regions of Bolivia (Nine 

Departments) 
Source: Bolivia Country Document - Disaster Preparation Program of the European 

Commission (2017) 

Capital of the homonymous department and the Cercado province. It has a 

population of 2,117.112 inhabitants in the metropolitan area according to the 

estimation of the National Institute of Statistics (INE) by 2023.  

3.2 Sanitary conditions, water and food security 
 

The provision of safe water and sanitation services is vital to reducing the burden 

of disease, and investment in water and sanitation interventions has numerous 

benefits. Despite this, specific data on the hygienic-sanitary quality of food in 

Bolivia is not available, government and Bolivian organizations have made efforts 
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to improve food safety and hygiene standards in the country. In addition, initiatives 

regarding food safety and hygiene best practices have been implemented. 

In Bolivia, it must be emphasized that the appropriate conditions for services such 

as drinking water and alimentary security are distributed unequally among urban 

and rural areas, in the latter these conditions practically do not exist, and 

geographical conditions make access to these services greatly difficult. (Figure 8) 

 

Figure 8: People using at least basic drinking water services (% of the 

population) - South America / Distribution of water, Sanitation, and 

Hygiene- 2017 
Source: WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply, 

Sanitation and Hygiene (washdata.org). 

The previous figure shows how People using at least basic drinking water services 

(% of the population) varies by country in South America. The shade of the country 

corresponds to the magnitude of the indicator. The darker the shade, the higher 

the value. The country with the highest value in the region is Chile, with a value of 
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100.00. The country with the lowest value in the region is Peru, with a value of 

93.14. Bolivia reaches 93.9, according to Joint Monitoring Programme (JMP) for 

Water Supply, Sanitation and Hygiene (washdata.org). 

3.2.1 Health system organization in Bolivia 
 

The Bolivian health system is organized into two large sectors: public and private 

but long, and short-term social security, NGOs, the church as well as traditional 

medicine are also described. The public sector includes the Ministry of Health and 

Sports (MSD) and the social security subsector. The MSD establishes four 

management areas: (Figure 9). 

1) National, corresponding to the MSD itself. 

2) Departmental, corresponding to the Departmental Health Service (SEDES), 

dependent on the government 

3) Municipal, corresponding to the Local Health Directory (DILOS), and  

4) local, corresponding to the health establishment in its area of influence at 

an operational level. The private sector is made up of insurance companies 

and private health service providers for and without profit. 

According to the Constitution of Bolivia, all persons have the right to free public 

health insurance. Bolivia is one of the few countries in the region implementing a 

universal health coverage model, focusing on the right to health care. The Bolivian 

government set out to provide free universal coverage to 50% of the population, 

doubling previous coverage rates. However, by 2020 only 30.6% of the population 
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had access to the benefits of this insurance through the social subsector, according 

to WHO only four out of ten people in Bolivia access health services. 

 

Figure 9: Health System Organization in Bolivia 
 (Source: Own elaboration) 

The Ministry of Health and Sports (MSD) serves less than half of the total population 

through the public subsector. The social security subsector is made up of 

Compulsory Social Security for people belonging to the formal economy sector, 

short-term (health services), and long-term insurance (which is the responsibility of 

the Pension Fund Administrators). The private sector offers services for 10% of the 

population and functions primarily based on direct pocket payments. Around 30% 

of the population does not have more access to health care services than that 

offered by traditional medicine, directly charged to their income.  
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The financing of the health sector uses its resources for current expenditure and 

depends on external resources (donations, credits) for health investment projects. 

The public subsector is financed based on public funds allocated to municipalities 

in terms of per capita allocations (20% of the central government's tax revenues) 

and uses the infrastructure of the MSD.  

The social security subsector is financed with contributions provided by employers 

and workers in the formal sector and with state re-courses when the latter 

functions as an employer (education, health, public companies, decentralized 

institutions, and ministries) and has its establishments and personnel.  

The private sector is divided into for-profit organizations (private insurance and 

services, clinics) and non-profit organizations (NGOs and services provided by the 

Church).  

Bolivia has feeble health indicators. Although its infant mortality has declined in 

recent years - from 46 per 1000 live births in 2003 it decreased to 22.3 in 2023 - it 

is still high in the region and is above the Latin American average.  

The same applies to mortality in children under five, which in 2021 reached a figure 

of 27 per 1000 live births. Deaths in children under five are mostly due to 

preventable diseases. One of the most serious problems is chronic malnutrition, 

which affects a quarter of the preschool population. The prevalence of this problem 

is even greater in children living in rural areas (37%).  

The maternal mortality ratio amounted to 161 deaths/100.000 live births in 2020, 

which is, the second-highest rate in the Latin American region. There are still large 
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differences in access to this type of service between different socioeconomic 

groups and different ethnicities.  

Life expectancy at birth has been increasing. According to INE estimates, in 2008 it 

was 72.5 years (71 years for men and 74 years for women). These facts, however, 

are much lower than those of the other Andean countries.  

However, non-communicable diseases concentrate an increasing percentage of 

deaths in the country. Among the latter, neurological disorders and digestive 

illnesses stand out, and infectious diseases such as HIV and enteric infections 

continue to represent a high burden. 

3.2.2 Special Health system organization in the context of HIV 
 

Regarding HIV care, the health system is concentrated in the public sector and 

urban areas, despite the existence of patient care and follow-up services, the lack 

of specialized laboratory tests both for confirming the infection and for monitoring 

the immune status and detecting opportunistic diseases. 

These services refer patients to the public health system, which is also the only 

instance responsible for the distribution of antiretroviral treatment, in this way the 

private health system is forced to register their patients and perform their 

laboratories and diagnostic tests in the public system limiting their attention to 

patient monitoring and comprehensive services such as physiotherapy, dentistry, 

psychological and nutritional counseling, thus complementing services that are not 

offered by the public sector. (Figure 10) 
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Figure 10: HIV-related health system organization in Bolivia 
 (Source: Own elaboration) 

 

3.3 Characteristics of the Intestinal parasitic infections in Bolivia 
 

Parasitic infections, including intestinal parasitosis, are considered endemic in 

Bolivia and affect both children and adults. There is a lack of national data on the 

prevalence of parasitic infections in Bolivia, and there is no national data available.  

The statistical information available is limited due to insufficient research and 

surveillance in this area. 
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This situation has prompted the World Health Organization (WHO) to recommend 

further research in this area. 

In Bolivia, preventive chemotherapy (PC) based on the biannual administration of 

a single dose of mebendazole to the school-age children was applied since 1985 

and has achieved results documenting a dramatic decrease in the prevalence of 

hookworm, A. lumbricoides and T. trichiura, Based on these findings, and following 

WHO recommendations, in 2016, they discontinued the delivery of PC and started 

a surveillance program through annual cross-sectional parasitological surveys in 

sentinel sites. [36,90] 

The prevalence of infection by common soil-transmitted helminths (STH), Ascaris 

lumbricoides, Trichuris trichiura, and hookworm infection is among the highest in 

Latin America. However, in Bolivia, the spatial distribution and burden of soil-

transmitted helminths infections are poorly documented.[90,93,95] 

It is estimated that almost 38.0% of the Bolivian population is infected with some 

generous A. lumbricoides, T. trichiura, and hookworm, respectively. Assuming 

independence from the three infections, 48.4% of the population is infected with 

any soil-transmitted helminths. [92] 

Empirical-based estimates, according to treatment recommendations by the WHO, 

suggest a total of 2.9 million annualized treatments for the control of STH in Bolivia. 

[92-94] 

A study carried out with the general population in Cochabamba in 2015 identified 

the most common parasites as Blastocystis hominis, with a rate of 44.5%; Giardia 
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lamblia, with a rate of 10.6%; and Entamoeba histolytica/dispar at 8,1 %, and were 

classified as pathogenic intestinal protozoa. [95] 

Previous studies' findings demonstrate intestinal parasitic infection rates are higher 

in lowland Bolivia than in high-altitude areas. Protozoan infection was shown to be 

high in both lowlands and high-altitude areas. Therefore, we should pay the same 

attention to helminths and protozoan infections. [90] 

3. 4 Availability and accessibility of diagnostic  
 

Although complex laboratory techniques have been developed to allow better 

identification of these infections, such as immunological and molecular tests, 

availability and accessibility in the context of emerging countries should be 

evaluated.  

Bolivia's overall health infrastructure and resources are limited, which directly 

affects the availability and accessibility of diagnostic tools and treatments for 

parasitic infections.  

In the context of PLWHA care in Bolivia and through a global fund grant, only direct 

microscopic examinations of stool samples for the presence of intestinal parasites 

are available. Performed through a protocol of care and should be performed at 

least once a year during routine follow-up controls. Access to other diagnostic 

methods is limited by cost and availability and can only be accessed in private 

laboratories or research processes. 

Microscopic examination is a frequently used diagnostic method for detecting 

intestinal parasites, but it has limitations that must be carefully considered to 
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achieve accurate diagnosis and treatment of infections. These limitations include 

low sensitivity, and low specificity.  

Additionally, technical expertise is required for the application of microscopic 

examination, and well-trained and experienced laboratory technicians are 

necessary to correctly interpret and identify the results.  

Precise diagnosis by microscopic examination requires appropriate collection, 

processing, and storage of specimens. Unfortunately, the substandard laboratory 

conditions in Bolivia restrict this aspect. 

This technique is limited in detecting certain agents such as Coccidia and 

Cryptosporidium sp. due to low sensitivity and specificity. Thus, various other 

techniques, including immunochromatography, special staining, and molecular 

biology, are needed to provide an accurate diagnosis and avoid sub-diagnosis. 

These techniques cannot be performed in low-resource settings, so their 

availability is limited. [89] 

 

3.5 Characteristics of the Intestinal parasitic infections in 

PLWHA in Bolivia 
 

There are no studies in Bolivia on intestinal parasite infection in people with HIV. 

We highlight the lack of effective surveillance systems related to the care and 

monitoring of HIV patients in Bolivia, and more specifically on opportunistic 

infections such intestinal parasites, these are some of the reasons why it may be 
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difficult to find updated information on these infections in some geographical areas 

of the Latin American context.  

3.6 Characteristics of HIV infections in Bolivia 
 

In the region of the Americas, and in Bolivia antiretroviral therapy is widely available 

in the context of patients with a confirmed diagnosis recruited by the public health 

system. [52-53] In addition, these patients receive medical services that are 

available in a complementary manner in the public and private sectors, some 

benefits not available in the public domain can be found at the private level in Non-

Governmental Organizations (NGOs).  

This complementarity seeks comprehensive health care. Despite the existence of a 

private care system for PLWHA, in Bolivia by law, all patients diagnosed with HIV 

must confirm their diagnosis, be monitored, and receive ART in the public system. 

The data referring to the cascade of the continuum of care in Bolivia for 2022 

consider an estimated 28,000 patients, 26.245 (93%) patients with confirmed 

diagnoses, 16.411 (59%) with ART, and 12.156 (43%) with suppressed viral load. 

(Figure 11) 
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Figure 11: Continuum of Care Cascade, Progress and Gaps to Achieve 90-90-

90 Goals – Bolivia 2022 
Source: HIV program monitoring and evaluation system (SIMONE) 

http://simone10.vih.org.bo:8082/ContinuoAtencion.aspx 

The data corresponding to Cochabamba, considering the periods in which the 

interventions described in our research were carried out estimated 3,928 patients 

with confirmed diagnoses 1.847 (47%) with ART, and 554 (14%) with suppressed 

viral load, the update for 2022 is also shown below. (Figure 12) 

Although there is an estimate of the PLWHA population of approximately 3535 

patients, about 500 patients performed periodic controls every 3 months in 2017, 

this was a criterion to limit the sample size because after this period the same 

patients were received again saturating the sampling process. 

http://simone10.vih.org.bo:8082/ContinuoAtencion.aspx
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Figure 12: Continuum of Care Cascade, Progress and Gaps to Achieve 90-90-

90 Goals – Cochabamba 2017 and 2022. 
Source: HIV program monitoring and evaluation system (SIMONE) 

http://simone10.vih.org.bo:8082/ContinuoAtencion.aspx 

http://simone10.vih.org.bo:8082/ContinuoAtencion.aspx
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3.7 Epidemiology of HIV in Bolivia 
 

By the end of 2020, UNAIDS had estimated that 25,000 people in Bolivia would be 

living with HIV/AIDS. The departments most affected and with the highest 

notification of cases in the country, especially at the expense of their capital cities, 

are Santa Cruz, Cochabamba and La Paz. The predominant route of transmission is 

sexual with more than 90%. [47] 

The prevalence of HIV is low in Bolivia, with only 0.3% (2021 est.) concentrated in 

the population between 15 and 49 years of age. HIV/AIDS is currently a public 

health problem due to the constant and continuous spread of the disease. Early 

detection of infection is a priority public health strategy for targeting and 

distributing prevention messages, and early and opportune treatment of the 

disease. In Bolivia, about 12% of the total number of people notified at the time of 

diagnosis are in the AIDS phase, with late detection of the disease.  

In Bolivia the HIV / AIDS epidemic is of a concentrated type, with prevalences above 

5% in vulnerable populations, mainly in MSM population groups. The cumulative 

cases of HIV / AIDS reported in the country between January 1984 and 2021 amount 

to 29.577, with an estimated national underreporting greater than 10%. 

The ratio of reported HIV/AIDS cases for men to women is greater than 2. Although 

a feminization of the epidemic can be assumed, since the male to female ratio has 

decreased considerably in recent years, at the beginning of the epidemic it was 9: 

1. It is important to highlight that the offer of rapid HIV tests to women pregnant 

women and CSW is higher than that made for men. [96] 
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The prevalence of HIV in the MSM population reported in Bolivia by 2021 is close 

to 15%, and the highest prevalence in MSM is observed in the Department of Santa 

Cruz. The prevalence in CSW reported through the Departmental Centers for 

Surveillance and Reference of STI/AIDS (CDVIR) and other epidemiological 

surveillance studies carried out in the country is less than 1%, according to the 

National Program report in 2021. (Figure 13)    

 

Figure 13: General summary of the epidemic on cases reported between 

1984 and March 2021 (Bolivia) 
Source: National HIV / AIDS / STI Control Program  

Short information is available on the impact of HIV/AIDS on certain population 

groups, but it is estimated that HIV is reaching groups that have not been taken into 

account by national policy, such as the street population, clients of the CSW, and 

the rural population (estimated prevalence: 0.2%, 3.5%, and 0.05%, respectively), 
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and has reached all socioeconomic levels, covers all ages, and has speared the rural 

environment. [96].  

Over the course of 2011 to 2021, there has been a perceptible increase in the 

number of new asymptomatic HIV and AIDS cases. (Figure 14) This trend contrasts 

with reports from other countries in the region, which have recorded a decline in 

the number of new cases.  

 

 

Figure 14: Notified cases of HIV/AIDS 2011 – March2021, incidence to 2021 

(Bolivia) 
Source: National HIV / AIDS / STI Control Program 

The rate of AIDS infections increased in Bolivia by 22%, according to the global 

annual report in 2021 by the Joint United Nations Program on HIV / AIDS (UNAIDS). 

Positioning the country as the second with the highest rate of infections after Chile 

(34%). [47] 
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Despite this, according to the National Program report in 2021, life expectancy in 

Bolivia for PLWHA increased from 5 to 20 years in the last decade, due to anti-

retroviral therapy (ART).  

HIV prevalence is concentrated in this main axis of the country, with a higher 

incidence in Santa Cruz (45.4%), followed by La Paz (21.5%) and Cochabamba 

(19.3%), the graph to the right shows the concentration in the urban area. (Figure 

15) 

 

 

Figure 15: Distribution of reported cases of HIV / AIDS by Department (%), 

accumulated to 2018 (Bolivia) 
Source: National HIV / AIDS / STI Control Program 

Healthcare resources for managing all aspects of HIV, including prevention, 

epidemiological surveillance, diagnosis, healthcare, and therapy, are concentrated 
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in the urban areas of Bolivia's "Trunk axis," highlighted in red in the graph, where 

the highest prevalence rates are reported. These resources are largely funded by 

international cooperation, with up to 90% subsidization from the resources. 

3.7.2 Sociocultural context in connection with HIV in Bolivia 
 

Bolivia is a multiethnic and multicultural country with scarce resources. Migratory 

processes, combined with social factors such as excessive alcohol consumption, a 

lack of awareness and knowledge regarding HIV/AIDS prevention and transmission, 

high rates of violence and prejudice, and false beliefs on the subject, facilitate the 

rapid transmission of STIs and HIV in the country. 

There is limited information on the processes and dynamics of sexuality and its 

determinants among a certain vulnerable population in rural migrant areas, which 

will make it possible to design appropriate prevention and care strategies aimed at 

reducing the rate of STIs and HIV/AIDS. Studies conducted in migrant communities 

and Quechua-speaking municipalities in the department of Chuquisaca show that a 

significant segment of the population is unaware of HIV/AIDS/STIs and how to 

prevent them. Condom use is low and the population frequently engages in risky 

sexual practices. [97] 

3.7.3 Antiretroviral therapy (ART) in Bolivia.  
 

Latin American governments have committed to ending the AIDS epidemic by 2030. 

This commitment is in line with the Political Declaration on HIV and AIDS approved 

by the United Nations General Assembly in June 2016 and, more recently, specific 

goals have been set in Latin America for 2030. [53,62] 
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During the period 2000 to 2020, the number of people accessing antiretroviral 

therapy in Bolivia has increased significantly in response to UNAIDS global strategy, 

reaching 12,438 patients by March/2021. [96] (Figure 16) 

 

Figure 16: Continuum of care in HIV, General summary of the epidemic on 

cases reported between 1984 and March 2021 (Bolivia) 
Source: National HIV / AIDS / STI Control Program 

For 2021 Bolivia is one of the Countries whose national standard recommends: 

TDF+3TC as the basis of the first line scheme, with the addition of dolutegravir (DTV) 

as the first recommendation and Efavirenz (EFV) as an alternative. (Figure 17) 
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Figure 17: Recommended First-line regimen for ART in Bolivia (2021). 
Source: Own elaboration based on the ANTIRRETROVIRAL THERAPY GUIDE FOR 

ADULTS (UPDATE 2020 /2021) 

Access to PrEP through public health services is almost nil in the region. Only Brazil 

has it available in some health centers. In other countries, for now, it is available 

through phase four clinical studies or feasibility studies. In some, it can be accessed 

by buying it in private pharmacies. Such is the case of Bolivia, its approximate cost 

is 100 Euros, which represents a clear limitation to access.  

The main barrier currently facing PrEP in Latin America is the regulation of its 

prescription. Both tenofovir and emtricitabine are authorized in the Latin American 

markets for the treatment of HIV infection -and many countries have included them 

in their first-line regimens-, but they still do not have authorization for their 

prophylactic use. 
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3.7.4 Testing and treatment 
 

Although it is understood that at the level of Latin America, the information is 

deficient and the national reports overestimate some data for political purposes 

Bolivia is not the exception. The cascade of HIV testing and treatment in Bolivia is 

reported in the progress report of the 90-90-90 strategy with an advance of 75% in 

the first 90, with a gap that estimates consider that it could cover only 50% of the 

cases nationwide, the second 90 reaches 36% coverage, and the third goal of this 

strategy would reach 23% by 2018.  (Figure 18). 

 

Figure 18: Scope of compliance with the 90-90-90 UNAIDS strategy by 

Bolivia by 2018 
Source: UNAIDS DATA 2018
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Chapter 4: Gut Immunology  
 

4.1. Immunologic control in gut 
 

The gastrointestinal tract serves various functions: including nutrient digestion and 

absorption, immune-hormonal response, and acting as a protective barrier 

excluding potentially harmful agents. 

To preserve health, the immune system must maintain a fragile balance that allows 

the elimination of foreign pathogens without triggering immune disorders, such as 

allergies or autoimmune diseases. [100] 

The intestinal tract is inhabited by a variety of microorganisms that undertake 

essential functions for the host's physiology. The human gastrointestinal tract 

contains a diverse range of microorganisms such as bacteria, fungi, viruses, and 

parasites that interact with each other and with the immune system. 

The relationship between the host and these microorganisms is one of 

interdependence and is regulated by the host's immune system. The intestinal tract 

is rich in immune cells, and lymphoid structures known as Peyer's patches maintain 

the microbial load, while also offering protection against microbial invasions.  

The intestinal epithelium and antigen-presenting cells facilitate communication 

between the microbiota and the immune system, resulting in the activation of 

innate and adaptive immune responses. This interaction between the host and the 

microbial community is pivotal in regulating the physiology of the intestinal 

mucosa. [101] 

Numerous studies support the notion that the microbiome plays a vital role in 

regulating the immune system, specifically by influencing neurons that are 

responsible for gut function. As a result, this can modulate the activity of CD4+ 

helper T cells, called intestinal regulatory T cells, whose primary role is to prevent 

immune activation that could cause peripheral autoimmunity. [102] 
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Adaptive immunity generates B lymphocytes that develop antibodies, cytotoxic T 

lymphocytes that destroy infected host cells, and helper T lymphocytes that result 

in producing memory B and T lymphocytes, providing long-term protection against 

future infections caused by the same antigen-carrying pathogen. 

The gut microbiota has a critical role in maintaining the host's immune balance, 

especially by regulating immune homeostasis. Several factors such as age and 

gender impact the gut microbiota, which can then impact the development of 

autoimmune diseases. It has also been observed that the gut microbiota has a role 

in initiating extraintestinal diseases by causing the movement of immune cells from 

the gut. [101] 

4.2 Microbiota relationship with diseases  
 

The microbiota has been extensively investigated for its direct impact on various 

systems such as pulmonary, mucosal, and gastrointestinal. With the discovery of 

the direct impact of the lung microbiota on lung disease, there has been a surge of 

interest in exploring the role of the intestinal microbiota in lung disease and its 

association with other conditions such as autoimmune and degenerative diseases.  

Altered microbial composition and function, known as "dysbiosis," has been linked 

to autoimmune disorders like rheumatoid arthritis, multiple sclerosis, and 

autoimmune liver disease. In animal models, the impact of certain changes to the 

microbiome on host autoimmunity has been investigated. One way in which the 

microbiota can affect the host is by inducing epigenetic changes in host cells. [101-

104] 
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Associations of host disease with dysbiosis have been described, including reduced 

microbial diversity. Innate immunity is involved in microbiota-dependent 

autoimmunity, adaptive immunity, and autoimmune diseases; several studies have 

described the crucial role of microbial metabolites in the host immune response.  

The cellular response to infection has long been linked to the occurrence of 

autoimmune diseases, key innate cellular components in the line of defense against 

infectious diseases are recognized as integral players in the interaction between 

the host immune system and the intestinal microbiota, immunoglobulin A 

constitutes a regulated link between the intestinal microbiota and host immunity. 

[100]  

Dysbiosis induced by parasitic infections can have an impact on the host's 

susceptibility to infection and inflammatory response. The intestinal microbiota can 

affect the pathogenicity of some parasites through bacteria-parasite interactions 

and by producing necessary metabolites and creating an environment that 

supports parasite proliferation and growth. Additionally, immunoregulatory factors 

can indirectly affect changes in the gut microbiota composition. 

In parasitic infections, the intestinal microbiota can undergo significant changes 

and may impact the magnitude of the inflammatory response within the central 

nervous system by altering bacterial metabolite production. [103] 

The therapeutic effectiveness of probiotics in combating dysbiosis associated with 

certain diseases may rely on specific microbiota composition. Research suggests 

that an increase in particular bacterial phyla within the gut microbiota can lessen 

the severity of diseases related to fungal, helminths, protozoan, or bacterial 

infections.. [105] 
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In the therapeutic context, antiparasitic medications, probiotics, and fecal 

transplants have been assessed for their effectiveness against various infections 

caused by protozoa like Giardia Lamblia, Cryptosporidium parvum, and nematodes 

like Toxocara canis and Strongyloides. [106-107] 

Gaining a deeper understanding of the interaction between hosts and microbes, as 

well as identifying the underlying molecules produced by the microbiota that 

impact the immune system and disease progression, could lead to more 

personalized interventions and therapies for immune disorders based on microbial 

molecules. 

4.3 Gut Microbiome Alterations during HIV Infection 
 

Changes in the composition of the microbiome during HIV infection may be caused 

by several factors, such as the loss of effective innate and adaptive immune 

responses and a significant decrease in the CD4+ T cell subsets that regulate 

intestinal bacteria and restrict microbial translocation. HIV infection-related 

damage to the intestinal mucosa is characterized by early disruption of the 

epithelial barrier and depletion of CD4+ T-cells, leading to the translocation of 

microbial products throughout the body. Gut-associated lymphoid tissues (GALT) 

constitute the primary site of HIV transmission, replication, seeding, and viral CD4+ 

T-cell depletion, resulting in chronic and persistent immune activation. [106]  

Microbial products that enter the body through the intestinal barrier can disrupt 

the proper cellular response to fight viral infections and lead to inflammation in the 

gut. To promote intestinal healing and maintain gut health in patients undergoing 

antiretroviral therapy, it is critical to understand how the gut microbiota interacts 
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with HIV infection. Even with antiretroviral treatment, the translocation of 

microbial products from the gut to the rest of the body can lead to ongoing immune 

activation. 

4.4 Gut microbiota and malnutrition 
 

The intestinal microbiota provides essential capabilities for the fermentation of 

non-digestible substrates, such as dietary fibers and endogenous intestinal mucus. 

This fermentation favors the growth of specialized microbes that produce short-

chain fatty acids. In addition, other specific products of the gut microbiota have 

been directly implicated in human health outcomes, we are entering an era where 

we can increasingly modify health through food and measure the effects through 

our microbes or metabolites. 

The disrupted healthy, mature intestinal anaerobic microbiota, can cause 

malabsorption and make the intestine vulnerable to pathogenic invasion. Even with 

therapy and a special diet to combat infection, it may still be difficult to fully restore 

this microbiota. Future research should pay attention to the specific 

microorganisms and nutrients needed to restore healthy and balanced microbiota. 

Food and water security and breastfeeding, critical factors for the maturation of 

healthy gut microbiota, have been identified as protective factors against 

malnutrition.  

Metagenomic research has exposed distinct modifications in the gut microbiota 

which are related to ineffective treatment, and the overall changes in the gut 

microbiota are related to inadequate response to treatment, despite proper 

nourishment. [107] 
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4.5 Interactions between parasitic infections and HIV on Gut 

microbiota  
  
Infections by various pathogens, such as intestinal parasites, may alter the diversity 

of the intestinal microbiota and influence the structure and metabolism of 

intestinal epithelial cells generating an interaction of effects in case of coexistence 

of these pathologies. However, the interaction between intestinal microbiota and 

intestinal epithelial cells during infection remains unclear. [108]  

Human immunodeficiency virus (HIV) infection can cause changes in the intestinal 

microbiota, associated with persistent inflammation during HIV infection, which in 

turn can trigger immune activation and chronic inflammation. Since the 

gastrointestinal tract is a major site of viral replication, HIV-induced loss of T-helper 

cells in the gut can damage intestinal barriers and weaken intestinal immunity, 

resulting in alterations known as intestinal dysbiosis. [110]  

Additionally, antiretroviral therapy affects the diversity of the gut microbiota, and 

current research has yielded mixed results on this topic. In a recent study, the active 

fraction of microbiota richness was found to be reduced in patients receiving ART 

compared to those not receiving treatment, as well as in healthy controls. [109,110]  
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Chapter 5: Thesis objectives  
 

5.1 Research questions  
 

a) Establish the magnitude of intestinal parasitism and its risk factors in 

PLWHA at Cochabamba - Bolivia.  

b) Identify the intestinal parasitic species with the highest disease burden in 

PLWHA in in this geographical context.  

c) Determine the factors associated with intestinal parasitic infections in 

PLWHA. 

 

Objectives and methods of the research   
 

5.2 Overall objective  
 

Determine the magnitude and characteristics of intestinal parasitic infections in 

PLWHA, establishing the factors associated with these infection, to develop 

therapeutic strategies focused on the prevention and control of this type of 

infections at different levels, determining guidelines to implement control 

programs and increase the quality of life of people living with HIV (PLWHA) in 

Cochabamba-Bolivia. 
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5.3 Specific objectives 
 

  

1. To establish the magnitude and type of intestinal parasitic 

infections in PLWHA, through the identification of the species with 

the highest disease burden. 

2. Establish the validity and performance of the diagnostic methods 

routinely used to detect these infections in Bolivia. 

3. Ascertain the associated factors related with intestinal parasitic 

infections in PLWHA in Bolivia. 
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Chapter 6: Materials and methods  
 

 6. 1 Methods 
 

6.1.1 Approximation to the incidence and prevalence 
 

To establish the magnitude and characteristics of intestinal parasitosis in PLWHA, 

and adequately describe the associated factors related to these infections, different 

methodologies have been developed to address the object of study. 

In the first instance, an approximation of the prevalence has been made using the 

databases of the Reference laboratory in the city of Cochabamba LABIMED, The 

percentage of the target population that can be founded in LABIMED vary according 

the number of patients that realize at least one routine control by year in CDVIR, 

an estimation based on the database of the System for Monitoring and evaluation 

in the National Program for HIV control (SIMONE) established a range from 60 to 

70%. 

These public nature centers serve as key care facilities that provide regular 

laboratory monitoring for patients in both the public and private sectors, 

particularly for those living with HIV/AIDS (PLWHA) who undergo monthly clinical 

evaluations.  

However, given the challenges associated with geographic access in some regions 

of Cochabamba, patients may be evaluated no more than once every three months. 

As a standard practice, health professionals at these centers maintain regular 

contact with patients to schedule laboratory monitoring tests, which may include 
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direct microbiological tests for the detection of intestinal parasites, as well as blood 

tests to assess kidney and liver function, immunological tests (such as the CD3/CD4 

ratio, CD4 and CD8 T lymphocyte cell counts), and viral load testing. 

Generally, funding from the Global Fund for Malaria, tuberculosis, and HIV has 

subsidized these procedures. However, over recent years, the subsidy from this 

organization has decreased, resulting in a reduction in the frequency of laboratory 

monitoring tests for patients. For example, coproparasitological examinations were 

previously conducted every three months, but now they are only conducted upon 

the request of the treating physician and not as a routine practice. Similarly, the 

frequency of T/CD4 lymphocyte count and viral load tests has also decreased to 

only once a year. 

In this context, the database of the reference laboratory for PLWHA in Cochabamba 

(LABIMED) has been used, which consists of two laboratories located in different 

infrastructures and with independent databases. There have been many problems 

collecting this information, and the reports of the patients were not in digital 

format, resorting to the paper records of each patient in the medical history. 

6.1.2 Materials and methods study 1 (Retrospective data) 

 

The official data from the National HIV/AIDS Program (SIMONE) reports an 

estimated 3,535 notified cases of accumulated HIV in 2016 that have been retained 

in Cochabamba, understanding that LABIMED as a reference laboratory 

concentrates an estimated percentage of at least 60% of this population. 

In the context of the control and monitoring of PLWHA in Bolivia, all patients 

registered in the National HIV/AIDS Control Program (PNC/VS) are regularly 
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monitored by laboratory tests that are routinely performed by different 

laboratories within LABIMED.  

The parasitology laboratory only performs direct microscopy tests, while the 

immunology laboratory focuses on flow cytometry counts and viral load tests. As 

these databases were not linked, immunological variables were not taken into 

account in the analysis. However, this was addressed in subsequent interventions, 

and modifications were introduced. 

We will emphasize that methods such as specific staining for the detection of 

parasites such as Cryptosporidium, and Microsporidia are not routinely performed, 

since the National Program does not subsidize them. 

The study was conducted in Cochabamba according to an analytical design carried 

out based on the reports of the reference laboratory in the city of Cochabamba 

(LABIMED) on HIV-infected outpatients followed in the CDVIR, who performed 

routine laboratory tests from January 2011 to December 2015, considering only 

one sample per patient-year, and reporting pathogens preferentially in 

polyparasitism cases. 

A retrospective analysis was carried out founded on the macroscopic and 

microscopic identification of parasitic elements present in the stool, using direct 

parasitological methods.  

The lack of an information management system was the main limitation of this 

process. Selection criteria were to be a patient with confirmed HIV infection, who 

is followed and treated at the HIV reference center, and to be at least 18 years of 

age.  
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Records that did not have complete data were excluded; but the numbers were 

low: 6 (1.9%) in 2011, 5 (1%) in 2012, 10 (1.9%) in 2013, 8 (1.4%) in 2014, and 10 

(1.6%) in 2015.  

Once these difficulties were resolved due to the limited information with few 

clinical variables reported in the laboratories, it was possible to carry out a 

retrospective study covering 5 years evaluating fecal samples corresponding to 

2510 patients with confirmed HIV in the period described.  

Polyparasitism was defined as at least two different species identified in one stool 

sample. 

Data were collected on a specially designed spreadsheet, based on the paperback 

reports of the parasitology laboratory, which was transferred for statistical analysis 

to SPSS 24.0.  

Characteristics of study participants were reported as mean, range, and percentage 

as appropriate. The χ2 test or Fisher's exact p-value was used for all categorical 

variables. The frequency of parasitic infections was computed for grouped data 

according to sex, age, and the consistency of the stool sample.  

Logistic regression was proposed for the analysis. Subsequently in this process, 

collinearity and possible interactions between study variables were evaluated, 

eliminating variables that did not contribute to the model. A multivariate model 

was established using the likelihood ratio test, with variables showing an 

association p<0.05 being considered significant, and a 95% confidence interval (CI) 

was applied. As patients could be evaluated over several years, separate models 

were developed for each year, and the process was also carried out for the entire 

period (2011 to 2015), eliminating collinearity. (Figure 19)  
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Figure 19: Retrospective study design / Intestinal parasitic infections in 

HIV/AIDS Patients. 
Source: Own elaboration 

Ethical approval was obtained prior to the beginning of this study from the Ethics 

Committees of the Department of Cochabamba-Bolivia and the Universidad Mayor 

de San Simón, Institute of Biomedical Research (IIBISMED/UMSS). Code: CB-2016-

015. 

6.1.3 Materials and methods 2 (Cross-sectional study) 
 

The approach to the patients was established within the framework of routine 

controls in the CDVIR, with the consensus of the departmental health service 

(SEDES) to involve the medical staff in the study and also organized meetings with 

the civilian population of PLWHA in associations and mutual aid groups.  
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The CDVIR conducts clinical and laboratory checks on patients at minimum intervals 

every three months, with more frequent checks as necessary depending on the 

patient's clinical state. Our cross-sectional study considered this periodicity in 

establishing an outreach strategy for patients undergoing checks at the CDVIR. 

The sampling process considered all consecutive patients who attended the CDVIR 

and met the criteria to be admitted to the study. Excluding patients with recent 

gastrointestinal processes or in current treatment with antibiotics, in addition to 

suffering from any chronic decompensated health problem.  

After approximately 3 months (From December 2017 to March 2018), the 

saturation of this process was reached and no more potential patients were found 

to be recruited. 

From December 2017 to March 2018, all consecutive patients with confirmed HIV 

infection who consulted at CDVIR were enrolled in the cross-sectional study 

designed based on the findings of the previous retrospective study. In the 

recruitment process of the study, all consecutive patients were enrolled and 

responded to the nutritional and immunological survey, reaching 510 patients in 

this period, a significant sample of patients concerning the total number of PLWHA 

estimated in Cochabamba (N=3,535 PLWHA).  

Stool samples have been analyzed by several methods, including direct observation 

methods, specific staining; immunochromatography, and molecular techniques 

such as Polymerase Chain Reaction (PCR). (Figure 20) 
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Figure 20: Cross sectional study design / intestinal parasitic infections in 

HIV/AIDS Patients (n=510) 
Source: Own elaboration 

 

Only 503 recruited patients provided fecal specimens under appropriate 

conditions.  

Once the sample was obtained was treated in suitable preservation media and 

distributed in four aliquots, the first of which was examined by the parasitology 

laboratory, and direct microscopic observation was carried out.  

Routinely, another aliquot was processed for concentration techniques, and 

specific stains (modified Ziehl Neelsen, Kinyou, trichromic Diddier modified and 

Giemsa). 
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Microbiological tests were performed by two observers (Parasitologists) separately, 

as standard procedures in this reference laboratory, and in two other laboratories 

with a subsequent reading of the plates to establish adequate quality control. 

Another aliquot was analyzed by the Immunochromatography technique, only 

available for Cryptosporidium spp., Giardia intestinalis, and amoeba spp. carrying 

out quality control by establishing a second reading with a different brand of 

diagnostic kit, and also performing a concordance analysis. 

Finally, the fourth aliquot was sent to storage under appropriate conditions (-20) 

degrees Celsius while waiting for the home molecular biology methods, reserved 

for the identification of the most prevalent strains of microsporidium (E. Bieneusi, 

E. Intestinalis, E. Cuniculi and E. Hellem). 

Molecular diagnostic methods considered only the application of conventional PCR, 

which was evaluated with 50 random samples, including 30 patient samples that 

tested positive for microsporidium spp. by Diddier staining and modified Kinyou 

staining.  

All samples processed by PCR were negative in this process driving us to evaluate 

the application of the method. Quality controls between staining techniques 

showed an adequate concordance, with a Kappa index of 99%.  

Therefore, the PCR technique was not available until after the publication of the 

results of this study. Due to the lack of resources and the impossibility of obtaining 

control strains for these microsporidium species. Only control strains of E. Bieneusi 

and E. Intestinalis were obtained. 
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Data were analyzed by the t-test (student), chi-square, one-way ANOVA, and the 

Fisher’s exact test when appropriate. Multivariate logistic analysis was used to 

evaluate the association between parasitic infection and clinical and socio-

epidemiological characteristics. The magnitude of association between variables 

was estimated by the odds ratio (OR) with a 95% confidence interval (95% CI). The 

level of significance was set at p < 0.05. 

A signed informed consent was obtained from each participant enrolled in the 

study, the study protocol was approved by the Commission d’éthique biomédicale 

hospitalo-facultaire de l’UCLouvain. (CEHF) Cliniques Universitaires Saint-Luc, 

Bruxelles, Belgium. In addition to the UMSS Ethics and Research Committee in 

Bolivia, being approved by both instances before its implementation. 

A computerized information system based on CsPro software was developed to 

unify the databases of the parasitology and immunology laboratories at LABIMED. 

BMI was used to assess nutritional status, and unintentional weight loss during the 

last year was also evaluated. Both situations were considered for analysis because 

in individuals living with HIV/AIDS, any progressive and unintentional weight loss is 

considered a wasting syndrome. 

In order to establish the appropriate therapy for each patient with a pathogenic 

parasitic infection identified during the study at the CDVIR, a laboratory follow-up 

protocol was established for 2 weeks. Free treatment was prescribed based on 

broad-spectrum antiparasitic drugs that were dosed by the treating physician at the 

CDVIR. 
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6.1.4 Recruitment of study population  
 

During the study period, all consecutive patients monitored at the CDVIR were 

enrolled in the cross-sectional study. After their consent, a questionnaire was 

administered to each participant by the research team who had been specifically 

trained for this task and who also clarified all the study objectives and the patients 

doubts.  

At the time of clinical controls in the reference center (CDVIR), patients were 

referred to the LABIMED for collecting the stool sample and to maintain optimal 

conditions for laboratory analysis.  

The study participants were adult patients aged over 18 years old of both genders, 

with HIV-confirmed infection, who had not used anthelmintic in the previous three 

months and were followed up at the center for reference of HIV/AIDS (CDVIR) 

where the study was conducted.  

Professional counseling was offered to all participants before parasitological 

testing, and a stool sample was collected from each participant and used for four 

different intestinal parasite testing. All diagnostic results were kept strictly 

confidential and deworming treatments were proposed to all participants found to 

be infected with any pathogen parasite. (Albendazole, Nitazoxanide). 

6.1.5 Laboratory procedures  
 

Parasitological diagnostic tests were performed on each fresh stool sample and 

processed in parallel using the following methods: 

a) Direct observation of fresh feces  
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b) Concentration method (modified Ritchie)  

c) Immunochromatography  

d) Specific stains (Modified Ziehl–Neelsen/Kinyoun, modified Diddier and 

Giemsa)   

e) Molecular biology methods, for technical feasibility reasons, these 

techniques could not be performed in the study. 

Stool samples were analyzed by direct microscopy with physiological saline and 

iodine, and after that concentration methods were applied (i.e., formalin ether or 

formalin-ethyl acetate), the spontaneous sedimentation allowed the detection of 

helminths eggs and larvae, as well as protozoan cysts and also S. stercoralis and 

hookworm larvae.   

The Ritchie technique was used on concentrate samples to prepare fecal smears, 

coupled with 3 different stains. Modified Ziehl Neelsen technique (Kinyoun), 

modified Diddier technique and Giemsa were used to identify Cryptosporidium 

spp., I. belli, and C. cayetanensis. (Coccidian and microsporidium sp.).  

Three slides of each sample were prepared and examined by two analysts. When 

no parasites and/ or commensals were found in the sample, two additional slides 

were prepared to confirm the result. 

A colored chromatographic immunoassay was developed for the simultaneous 

qualitative detection of Cryptosporidium, Giardia (α1-giardin and/or CWP1), 

Entamoeba (histolytica and/or dispar) in stool samples with the ability to detect 

Giardia trophozoites and cysts. 
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Chapter 7: Main Results  
 

7.1 Intestinal Parasitic Infections in Adult Living with HIV in 

Cochabamba, Bolivia: Retrospective Analysis  
 

The CDVIR laboratory received a total of 2,510 fecal samples between the years 

2011 and 2015, from patients with a confirmed HIV diagnosis who underwent 

laboratory tests. The number of samples assessed each year during this period 

varied between 313 and 620. (Figure 21) 

 

Figure 21: Intestinal parasitic infections in PLWHA in Cochabamba-Bolivia 

study population in retrospective analysis. 
Source: Own elaboration 

The analysis of the data was performed each year separately for several reasons. 

The first reason was the variability of the population, which increased with new 

patients diagnosed and recruited each year and that decreased due to loss to follow 

up and death. The second reason was that some patients were considered for 

several years in the follow-up framework.  
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The global distribution of patients attending LABIMED was predominantly male, 

with a men/women ratio close to the 1.7. This ratio does not vary during the entire 

study period. The age distributions showed a greater proportion of people in age 

over 40 years and was homogeneous across the years. Liquid feces occurred at a 

frequency of up to 48% in 2011 and remained close to 40% across the years. (Table 

1) 

  2011 2012 2013 2014 2015   

  (n=313) (n=493) (n=520) (n=564) (n=620) P 
Value 

Characteristic             
sex           0.37 
Man –no. (%) 197 

(62.9) 
316 

(64.1) 
329 

(63.3) 
334 

(59.2) 
400 

(64.5) 
 

Men/Women Ratio 1.69 1.78 1.72 1.45 1.82  
Age-yr-no. (%) 36±12 37±12 37±12 38±13 37±13 0.67* 
<30 116 

(37.1) 
160 

(32.5) 
162 

(31.2) 
157 

(27.8) 
193 

(31.1) 
 

30 – 39 89 
(28.4) 

155 
(31.4) 

163 
(31.3) 

180 
(31.9) 

196 
(31.6) 

 

≥40 108 
(34.5) 

178 
(36.1) 

195 
(37.5) 

227 
(40.2) 

231 
(37.3) 

 

Aspect of feces  
(Liquid)-no. (%) 

     <0.001 

Yes 151 
(48.2) 

210 
(42.6) 

188 
(36.2) 

222 
(39.4) 

292 
(47.1) 

 

Lienteric feces-no. (%)      0.002 
yes 28(8.9) 24(4.9) 37(7.1) 44(7.8) 70(11.3)  
 a*ANOVA F test, no.: number 

Table 1. Characteristics of all participants by year 

Twelve types of parasite genera were identified. The proportion of parasitic 

infection, defined as positive for at least one intestinal parasite, was 33.2%, the 

highest in 2011, and the lowest in 2014, with a prevalence of 24.5%. The highest 

polyparasitism rate was detected in 2011, at 9.9%, and the lowest in 2015 (7.3%). 

(Table 2) 
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Taking into account the entire study period, polyparasitism was present in 60% of 

patients with an identified pathogen (OR=7.13 CI 95% 4.96-10.23). 

Outcomes /Year 2011 2012 2013 2014 2015 

Parasite Infection – n 
(%) 

(n=313) (n=493) (n=520) (n=564) (n=620) 

Any 104 
(33.2) 

142 
(28.8) 

158 
(30.4) 

139 
(24.6) 

168 
(27.1) 

Without infection 209(66.8) 351(71.2) 362(69.6) 425(75.4) 452(72.9) 
Pathogens 27(26.0%) 32(22.5%) 43(27.2%) 59(42.4%) 50(29.8%) 
Polyparasitism 31 (9.9) 41 (8.3) 40 (7.7) 48 (8.5) 45 (7.3) 
Parasites species – n 
(%) 

     

Pathogens      
Giardia lamblia 15 (4.8) 15 (3.0) 26 (5.0) 37 (6.6) 30 (4.8) 
Entamoeba 
histolytica/dispar 

9 (2.9) 11 (2.2) 13 (2.5) 17 (3.0) 16 (2.6) 

Strongyloides 
stercoralis 

1 (0.3) 4 (0.8) 1 (0.2) 3 (0.5) 4 (0.6) 

Trychomona hominis 1 (0.3) 1 (0.2) 3 (0.6) 2 (0.4) 0 
Isospora belli 1 (0.3) 0 0 0 0 
Taenia spp. 0 1 (0.2) 0 0 0 
Non-pathogens      
Blastocystis hominis 32 (10.2) 47 (9.5) 66 (12.7) 56 (9.9) 44 (7.1) 
Entamoeba coli 38 (12.1) 47 (9.5) 38 (7.3) 21 (3.7) 59 (9.5) 
Hymenolepis nana 3 (1.0) 9 (1.8) 4 (0.8) 2 (0.4) 8 (1.3) 
Chilomastix mesnili 4 (1.3) 5 (1.0) 4 (0.8) 1 (0.2) 4 (0.6) 
Entamoeba hartmanni 0 2 (0.4) 3 (0.6) 0 (0.0) 1 (0.2) 
Iodoameba butschili 0 0 0 0 2 (0.3) 

Table 2. Prevalence of Intestinal parasitic infections by year in adult patients of a 
reference laboratory (LABIMED), Cochabamba-Bolivia 

Throughout the course of the study period, there was a clear predominance of 

parasites classified as protozoa in fecal samples processed in the reference 

laboratory. The most prevalent pathogen species in order of frequency were 

Giardia Lamblia and Entamoeba histolytica/dispar. Among non-pathogenic species 

Blastocystis hominis, Entamoeba coli. The most frequently detected parasite was B. 
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hominis, reaching 12.7%, the highest rates in 2013 and decreasing to 7.1% in 2015. 

(Table 2) 

The prevalence of parasite infections, and polyparasitism according to age, sex and 

stool consistence is presented in (Table 3, part 1-5), within each year. 

 PARASITE INFECTION 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
2011 
(n=313) 
 
 

Sex    0.53 
 F 36/116(31.0) 1  
 M 68/197(34.5) 1.17(0.71-1.91)  
Age    0.11 
 <30 46/116(39.7) 1  
 30 – 39 34/89(38.2) 0.94(0.53-1.65)  
 ≥40 24/108(22.2) 0.44(0.42-0.78)  
Liquid feces   0.16 
 Yes 56/151(37.1) 1.40 (0.87-2.24)  
 No 48/162(29.6) 1  
Lienteric feces   0.90 
 Yes 9/28(32.1) 0.95(0.41-2.17)  
 No 95/285(33.3) 1  

 POLYPARASITIC INFECTION 
Year / Characteristic Yes 

no. /N. (%) 
OR (95% IC) P value 

 
 
 
 
 
2011 
(n=313) 
 
 

Sex    0.56 
 F 13/116(11.2) 1  
 M 18/197(9.1) 0.80(0.38-1.69)  
Age    0.03 
 <30 16/116(13.8) 1  
 30 – 39 11/89(12.4) 0.88(0.39-2.01)  
 ≥40 4/108(3.7) 0.24(0.08-0.74)  
Liquid feces   0.69 
 Yes 16/151(10.6) 1.16 (0.55-2.44)  
 No 15/162(9.3) 1  
Lienteric feces   0.42 
 Yes 4/28(14.3) 1.59(0.51-4.93)  
 No 27/285(9.5) 1  

Table 3. Parasitic infections according to characteristics of adult patients in a 
reference laboratory (LABIMED), by year (Part 1 / 2011) 
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 PARASITE INFECTION 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
 
2012 
(n=493) 
 
 
 
 
 
 

Sex    0.09 
 F 59/177(33.3) 1  
 M 83/316(26.3) 0.70(0.47-1.05)  
Age    <0.001 
 <30 65/160(40.6) 1  
 30 – 39 43/155(27.7) 0.58(0.36-0.92)  
 ≥40 34/178(19.1) 0.35(0.22-0.58)  
Liquid feces   <0.001 
 Yes 78/210(37.1) 2.02(1.36-3.00)  
 No 64/283(22.3) 1  
Lienteric feces   0.001 
 Yes 15/25(60.0) 3.66(1.63-8.18)  
 No 127/468(27.1) 1  

 POLYPARASITIC INFECTION 
Year / Characteristic Yes 

no. /N. (%) 
OR (95% IC) P value 

 
 
 
 
 
 
2012 
(n=493) 
 
 
 
 
 
 

Sex    0.005 
 F 23/177(13.0) 1  
 M 18/316(5.7) 0.40(0.21-0.77)  
Age    0.001 
 <30 21/160(13.1) 1  
 30 – 39 16/155(10.3) 0.76(0.38-1.52)  
 ≥40 4/178(2.2) 0.15(0.05-0.45)  
Liquid feces   0.03 
 Yes 24/210(11.4) 2.02(1.05-3.86)  
 No 17/283(6.0) 1  
Lienteric feces   0.004 
 Yes 6/25(24.0) 3.91(1.46-10.41)  
 No 35/468(7.5) 1  

Table 3: Parasitic infections according to characteristics of adult patients in a 

reference laboratory (LABIMED), by year (Part 2 / 2012) 
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 PARASITE INFECTION 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
2013 
(n=520) 
 
 
 
 
 
 

Sex    0.24 
 F 64/191(33.5) 1  
 M 94/329(28.6) 0.79(0.54-1.17)  
Age    0.003 
 <30 60/162(37.0) 1  
 30 – 39 56/163(34.4) 0.89(0.57-1.40)  
 ≥40 42/195(21.5) 0.47(0.29-0.75)  
Liquid feces   0.002 
 Yes 73/188(38.8) 1.85(1.26-2.71)  
 No 85/332(25.6) 1  
Lienteric feces   0.16 
 Yes 15/37(40.5) 1.62(0.82-3.22)  
 No 143/483(29.6) 1  

 POLYPARASITIC INFECTION 
Year / Characteristic Yes 

no. /N. (%) 
OR (95% IC) P value 

 
 
 
 
 
2013 
(n=520) 
 
 
 
 
 
 

Sex    0.14 
 F 19/191(9.9) 1  
 M 21/329(6.4) 0.62(0.32-1.18)  
Age    0.41 
 <30 16/162(9.9) 1  
 30 – 39 12/163(7.4) 0.73(0.33-1.59)  
 ≥40 12/195(6.2) 0.60(0.27-1.30)  
Liquid feces   0.001 
 Yes 24/188(12.8) 2.89(1.49-5.59)  
 No 16/332(4.8) 1  
Lienteric feces   0.008 
 Yes 7/37(18.9) 3.18(1.30-7.79)  
 No 33/483(6.8) 1  

Table 3: Parasitic infections according to characteristics of adult patients in a 

reference laboratory (LABIMED), by year (Part 3 / 2013) 
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 PARASITE INFECTION 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P 
value 

 
 
 
 
 
 
2014 
(n=564) 
 

Sex    0.18 
 F 64/230(27.4) 1  
 M 75/334(22.5) 0.77(0.52-1.13)  
Age    <0.001 
 <30 53/157(33.8) 1  
 30 – 39 49/180(27.2) 0.73(0.46-1.17)  
 ≥40 37/227(15.9) 0.38(0.24-0.62)  
Liquid feces   0.02 
 Yes 66/222(29.7) 1.56(1.06-2.30)  
 No 73/342(21.1) 1  
Lienteric feces   <0.001 
 Yes 22/44(50.0) 3.44(1.84-6.44)  
 No 117/520(22.3) 1  

 POLYPARASITIC INFECTION 
Year / Characteristic Yes 

no. /N. (%) 
OR (95% IC) P 

value 
 
 
 
 
 
 
2014 
(n=564) 
 

Sex    0.01 
 F 28/230(12.2) 1  
 M 20/334(6.0) 0.46(0.25-0.84)  
Age    0.04 
 <30 18/157(11.5) 1  
 30 – 39 19/180(10.6) 0.91(0.46-1.80)  
 ≥40 11/227(4.8) 0.39(0.18-0.86)  
Liquid feces   0.005 
 Yes 28/222(12.6) 2.32(1.27-4.24)  
 No 20/342(5.8) 1  
Lienteric feces   0.003 
 Yes 9/44(20.5) 3.17(1.42-7.07)  
 No 39/520(7.5) 1  

Table 3: Parasitic infections according to characteristics of adult patients in a 

reference laboratory (LABIMED), by year (Part 4 / 2014) 
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 PARASITE INFECTION 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P 
value 

 
 
 
 
 
2015 
(n=620) 
 

Sex    0.41 
 F 64/220(29.1) 1  
 M 104/400(26.0) 0.86(0.59-1.24)  
Age    <0.001 
 <30 76/193(39.4) 1  
 30 – 39 48/196(24.5) 0.50(0.32-0.77)  
 ≥40 44/231(19.0) 0.36(0.23-0.56)  
Liquid feces   0.002 
 Yes 96/292(32.9) 1.74(1.22-2.50)  
 No 72/328(22.0) 1  
Lienteric feces   0.77 
 Yes 20/70(28.6) 1.09(0.63-1.89)  
 No 148/550(26.9) 1  

 POLYPARASITIC INFECTION 
Year / Characteristic Yes 

no. /N. (%) 
OR (95% IC) P 

value 
 
 
 
 
 
2015 
(n=620) 
 

Sex    0.99 
 F 16/220(7.3) 1  
 M 29/400(7.3) 1.00(0.53-1.88)  
Age    0.003 
 <30 24/193(12.4) 1  
 30 – 39 12/196(6.1) 0.46(0.22-0.95)  
 ≥40 9/231(3.9) 0.29(0.13-0.63)  
Liquid feces   0.02 
 Yes 29/292(9.9) 2.15(1.14-4.05)  
 No 16/328(4.9) 1  
Lienteric feces   0.15 
 Yes 8/70(11.4) 1.79(0.80-4.02)  
 No 37/550(6.7) 1  

Table 3: Parasitic infections according to characteristics of adult patients in a 

reference laboratory (LABIMED), by year (Part 5 / 2015) 
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Parasitic infections 

Association with age and stool consistency was consistently significant, each year, 

there was a predominant proportion of parasite infections in ages under 30, and 

this association was significant, except in 2011, with also higher frequencies of 

polyparasitism in this age group. The liquid stool was significantly associated with 

an increased risk of parasites detected by direct microscopic examination in all 

years except 2011. 

Although the proportion of women with parasitic infections was higher in all years 

except 2011, the difference was not statistically significant. Similarly, women were 

observed to have a higher prevalence of polyparasitism than men, but statistical 

significance was only observed in 2012 (p=0.005). (Table 3, part 1-5) 

 

Polyparasitism 

Statistical analysis of polyparasitism revealed a consistent association with age 

throughout the study period, except in 2013, a higher prevalence of multiple 

infections among individuals younger than 30 years. Similarly, a sustained 

association between liquid stool consistency and polyparasitic infections was 

identified in all years except 2011. (Table 3, part 1-5) 

 

Pathogen infection 

Based on the analysis, it was found that the association between pathogenic agents 

and sex was significant only in 2012 (p=0.02), with a high proportion in women. Age 

showed a significant association with pathogen infection only in 2013 (p=0.02), 

showing a higher frequency in those over 40 years old. The presence of liquid stool 

during sample collection showed consistent significance and was associated with 

the presence of pathogens throughout the study period, except in 2012. On the 
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other hand Lienteric stool, was only associated with pathogens in 2011 and 2015. 

(Table 4, part 1-5).  

 Pathogen Infection 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
2011 
(n=313) 
 
 

Sex    0.87 
 F 9/36(25.0) 1  
 M 18/68(26.5) 1.08 (0.43-2.73)  
Age    0.85 
 <30 11/46(23.9) 1  
 30 – 39 10/34(29.4) 1.32(0.49-3.61)  
 ≥40 6/24(25.0) 1.06(0.34-3.34)  
Liquid feces   0.004 
 Yes 21/56(37.5) 4.20 (1.53-11.56)  
 No 6/48(12.5) 1  
Lienteric feces   0.004 
 Yes 6/9(66.7) 7.05(1.62-30.6)  
 No 21/95(22.1) 1  

Table 4. Pathogen parasitic infections according to characteristics of adult patients 
in a reference laboratory (LABIMED), by year (Part 1/2011)  

 Pathogen Infection 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
 
2012 
(n=493) 
 
 
 
 
 
 

Sex    0.02 
 F 19/59(32.2) 1  
 M 13/83(15.7) 0.39(0.18-0.88)  
Age    0.21 
 <30 16/65(24.6) 1  
 30 – 39 12/43(27.9) 1.18(0.49-2.84)  
 ≥40 4/34(11.8) 0.41(0.13-1.34)  
Liquid feces   0.12 
 Yes 24/79(30.4) 3.00(1.24-7.26)  
 No 8/63(12.7) 1  
Lienteric feces   0.10 
 Yes 7/14(50.0) 4.12(1.32-12.82)  
 No 25/128(27.1) 1  

Table 4: Pathogen parasitic infections according to characteristics of adult patients 
in a reference laboratory (LABIMED), by year (Part 2/2012) 
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 Pathogen Infection 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
 
2013 
(n=520) 
 

Sex    0.88 
 F 17/64(26.6) 1  
 M 26/94(27.7) 1.06(0.52-2.16)  
Age    0.02 
 <30 19/60(31.7) 1  
 30 – 39 8/56(14.3) 0.36(0.14-0.91)  
 ≥40 16/42(38.1) 1.33(0.58-3.04)  
Liquid feces   <0.001 
 Yes 32/73(43.8) 5.25(2.40-11.50)  
 No 11/85(12.9) 1  
Lienteric feces   0.24 
 Yes 6/15(40.0) 1.91(0.64-5.73)  
 No 37/143(25.9) 1  

Table 4: Pathogen parasitic infections according to characteristics of adult patients 
in a reference laboratory (LABIMED), by year (Part 3/2013) 

 

 Pathogen Infection 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
2014 
(n=564) 
 

Sex    0.10 
 F 32/64(50.0) 1  
 M 27/75(36.0) 0.56(0.28-1.11)  
Age    0.98 
 <30 22/53(41.5) 1  
 30 – 39 21/49(42.9) 1.06(0.48-2.32)  
 ≥40 16/37(43.2) 1.07(0.46-2.51)  
Liquid feces   <0.001 
 Yes 41/66(62.1) 5.01(2.42-10.38)  
 No 18/73(24.7) 1  
Lienteric feces   0.09 
 Yes 13/22(59.1) 2.23(0.88-5.63)  
 No 46/117(39.3) 1  

Table 4: Pathogen parasitic infections according to characteristics of adult patients 
in a reference laboratory (LABIMED), by year (Part 4/2014) 
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 Pathogen Infection 

Year / Characteristic Yes 
no. /N. (%) 

OR (95% IC) P value 

 
 
 
 
 
2015 
(n=620) 
 

Sex    0.49 
 F 21/64(32.8) 1  
 M 29/104(27.9) 0.79(0.40-1.56)  
Age    0.91 
 <30 23/76(30.3) 1  
 30 – 39 15/48(31.3) 1.05(0.48-2.30)  
 ≥40 12/44(27.3) 0.86(0.38-1.97)  
Liquid feces   <0.001 
 Yes 44/96(45.8) 9.31(3.68-23.50)  
 No 6/72(8.3) 1  
Lienteric feces   0.03 
 Yes 10/20(50.0) 2.70(1.05-6.97)  
 No 40/148(27.0) 1  

Table 4: Pathogen parasitic infections according to characteristics of adult patients 
in a reference laboratory (LABIMED), by year (Part 5/2015) 

 

Multivariate Analysis 

Initially, the assumptions for the binary logistic regression were evaluated, such as 

the linearity in the logarithm of the odds ratio, the absence of multicollinearity, and 

the independence between the data. 

To assess collinearity in the proposed binary logistic regression analysis, 

correlations and interactions between predictor variables were analyzed. The 

correlation matrix was calculated for the overall data set and then separately for 

each year to thoroughly explore the relationship between the variables. As a result, 

collinearity was identified. Therefore, it was determined that the logistic regression 

model was inadequate for the entire study period (2011 to 2015). 
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Performing an analysis for each year independently, it was found that neither 

variable was significant in 2011, and a multivariate analysis could not be applied. In 

2012, although all the variables were significant, the collinearity between lientery 

and the presence of liquid stool again has disabled to perform this analysis. In 2013, 

the situation was similar, with age and the presence of liquid stool being significant. 

In 2014, the same occurred despite the addition of age as a significant variable. 

Finally, in 2015, only age and the presence of liquid stool were significant but 

correlated. (Table 3, part 1-5) 

The binary logistic regression model in these circumstances is limited in explaining 

the variability in the outcome variable. Several possible solutions were considered 

to address the problem of collinearity in the logistic regression analysis, such as 

eliminating highly correlated predictor variables, transforming variables, and 

weighting variables. However, due to the limited number of variables available in 

the LABIMED database, it was decided that regression was not necessary, and a 

bivariate analysis was performed instead to conclude the study. 
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7.2 Pathogenic and nonpathogenic intestinal parasites in 

patients with HIV/AIDS in Cochabamba, Bolivia: a cross-

sectional study  
 

According to the study design, data from all participants who provided stool 

samples and completed the questionnaires were included. However, only 503 out 

of the 510 collected samples were appropriate for analysis. 

In this analysis, a total of 503 patients were evaluated, with 63.2% (318) being male, 

resulting in a male-to-female ratio of 1.72. The age of the participants ranged from 

17 to 88 years old, with an average age of 36 years and a standard deviation of 13.0. 

Of the total patients enrolled, 57.9% (291) had undetectable viral loads, 98% 

(493/503) received ART, of which 96.6% received the 

Tenofovir/Lamivudin/Efavirenz (TDF/3TC/EFV) scheme. 

The median number of controls in the CDVIR during the last year was 4. Concerning 

the CD4 cell count 50.5% do not reach 350 cells/mm3, 21.9% are between 350-500 

cells/mm3 and 27.6% have counts> 500 cells/mm3. The BMI average was 23.8 SD ± 

5.2, and 40.8% reported unintentional weight loss during the last year. The monthly 

income average was 263(USD) SD ± 145, with a median of 288. (Table 5). 

The prevalence of intestinal parasites was 33.0%, with 166 out of 503 samples 

showing parasitic infections; multiparasitism was reported in 7.8% of the cases, and 

18.3% (92/503) were attributed to pathogenic agents. 

The pathogenic species found were: Entamoeba histolytica/dispar (6.6%), Giardia 

lamblia (4.0%), Strongyloides stercoralis (1.2%), Ascaris lumbricoides (0.6%), 

Isospora belli (0.6%), and Trichuris trichiura (0.2%). 

Blastocystis hominis (10.1%), Chilomastix mesnili (1.6%), Trichomonas hominis 

(0.4%), Hymenolepis nana (0.4%), Entamoeba coli (0.2%), and Endolimax nana 
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(0.2%) were identified as non-pathogenic parasites, considering direct observation 

techniques. (Table 6) 

Features All recruited patients (N=503) 

Sex-no. (%)  

     Male 318(63.2%) 

     Men/Women Ratio 1.72 

Age-yrs  

     Median (Range) 34(17;88) 

     Average ±SD 36±13 

Scholarship No. yrs  

     Median (Range) 11(0;22) 

     Average ±SD 10±4 

Therapy time (ART)-yrs  

      Median (Range) 2.6(0;14.4) 

      Average ±SD 2.9±2.3 

Time since the last control-days  

     Median (Range) 0131(0;1675) 

     Average ±SD 142±133 

Number of controls-no  

     Median (Range) 4(0;9) 

     Average ±SD 4±2 

Actual CD4 count-no.( cells/mm3)  

     <350  254(50.5) 

     350-500  110(21.9) 

     >500  139(27.6) 

     Average ±SD 356±267 

ART yes-no.(%) 493(98.0) 

Undetectable Viral Load yes-no.(%)  291(57.9) 

Actual Scheme of ART  

     AZT/3TC/EFV 17(3.4) 

     TDF/3TC/EFV 476(96.6) 

Income / month (USD)  

     Median (IQ Range) 288(144;360) 

     Average ±SD 263±145 

BMI -  kg/m²  

     Median (IQ Range) 23.7(22.0-26.0) 

     Average ±SD 23.8±5.2 

Unintentional weight loss yes-no.(%) 205(40.8) 

     Average ±SD 1.3±2.1 

Table 5.  Characteristics of patients with HIV/AIDS recruited in the cross-sectional 
study  
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Outcomes VIH (+) (n=503) 

Parasite Infection -no(%)  

 Any 166(33.0) 

 Polyparasitism 39(7.8) 

 Pathogen infection 92(18.3) 

Parasites species-no(%)  

        Direct Observation  

Pathogens species-no(%)  

 Entamoeba histolytica/dispar 33(6.6) 

 Giardia lamblia 10(4.0) 

 Strongyloides stercolaris 6(1.2) 

 Ascaris lumbricoides 3(0.6) 

 Isospora belli 3(0.6) 

Non-Pathogens species-no(%)  

 Blastocystis hominis 51(10.1) 

 Chilomastix mesnili 8(1.6) 

 Hymenolepis nana 2(0.4) 

 Trichomonas hominis 2(0.4) 

 Trichuris trichura 1(0.2) 

 Entamoeba coli 1(0,2) 

 Endolimax nana 1(0.2) 

Table 6. Prevalence of Intestinal parasitic infections by species in adult patients 
with HIV, Cochabamba-Bolivia 

For reasons of technical availability, the Immunochromatography method was 

established only for the detection of Giardia lamblia, Entamoeba histolytica/dispar, 

and Cryptosporidium. The prevalence of Giardia lamblia was 5.2% highly 

concordant with the direct observation method (Kappa = 0.77 P <0.001). 

Entamoeba histolytica/dispar was 0.4% and had a low concordance with direct 

observation (Kappa = 0.11 P <0.001). Cryptosporidium spp. was 0.4% and had low 

concordance with direct observation Kappa = 0.005, P = 0.92. (Table 7) 
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      VIH (+) 
(n=503) 

Outcomes  

Parasite Infection -no(%)  

    Immunochromatography  

 Giardia lamblia 26(5.2) 

 Ameba SP. 2(0.4) 

 Cryptosporidium sp. 2(0.4) 

Stains  

(1) Kinyou (Modified Ziehl 
Neelsen)* 

 

 Microsporidium sp. 45(8.9) 

 Isospora belli 18(3.6) 

 Strongyloides stercolaris 7(1.4) 

 Cryptosporidium sp. 4(0.8) 

(2) Diddier / Modified***  

 Microsporidium sp. 45(8.9) 

 Isospora belli 17(3.4) 

 Strongyloides stercolaris 7(1.4) 

 Cryptosporidium sp. 4(0.8) 

(3) Giemsa**  

 Isospora belli 13(2.6) 

 Microsporidium sp. 8(1.6) 
*Kappa for Stain 1 y 2 =0.99 P<0.001 

**Kappa for Stain 1 y 3 =0.40 P<0.001 
***Kappa for Stain 2 y 3 =0.41 P<0.001 

 

Table 7. Prevalence of Intestinal parasitic infections by species in adult patients 
with HIV, Cochabamba-Bolivia, Results of immunochromatography and staining 
studies. 

 
In addition, staining methods have been implemented in this study specifically for 

the detection of species that cannot be identified by direct methods such as 

Coccidia, Microsporidium, and nematodes. The results for Kinyou staining 

(Modified Ziehl Neelsen) showed a prevalence of Microsporidium. spp. of (8.9%), I. 
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belli (3.6%), S. stercoralis (1.4%) and Cryptosporidium sp. (0.8%). Modified Diddier 

staining showed a prevalence of Microsporidium sp. at (8.9%), I. belli (3.4%), S. 

stercoralis (1.4%), and Cryptosporidium spp. (0.8%), these two methods showed a 

high concordance (Kappa = 0.99, P <0.001). Giemsa stain showed I. belli (2.6%) and 

Microsporidium spp, (1.6%), but showed a low concordance with the other two 

stains (Kappa= 0.41, P <0.001). (Table 7) 

Concordance analysis between the different stains showed a high concordance 

between the Kinyoun and modified Diddier stains (Kappa 0.99), while the Giemsa 

stain indicated a low concordance compared to Kinyoun and Giemsa, respectively 

(Kappa 0.41 and 0.40). 

Both genders were affected by intestinal parasitic infections, 30.5% (97/318) in 

men, and 37.3% (69/185) in women. Showing a higher risk of infection in woman 

but without statistical significance (OR=1.35 CI 95% 0.92 to 1.98 p=0.12). (Table 8) 

Age did not show a significant association with intestinal parasite infection in this 

study (p=0.34). But consistently found a higher frequency of infections in people 

under 29 years of age.  

Likewise, current CD4 cell count (p=0.17), body mass index (p=0.93), income level 

(p=0.36) and receiving ART (OR=0.32 CI 95% 0.89-1.15 p=0.07) did not show 

significance. On the other hand, a significant association was found respect to 

parasitic infection and the presence of liquid consistence of feces in the enrolled 

patients (OR = 2.02 IC 95% 1.12-3.64 p=0.02). (Table 8) 
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Features Parasites 
Infection 

  

 Yes OR  
IC (95%) 

aOR 
IC (95%) 

Sex    

 Female 69/185(37.3) 1.35(0.92-1.98) 1.46(0.96 to 2.23) 

 Male 97/318(30.5) 1 1 

Age    

 ≤29 Yr 67/187(35.8) 1 1 

 30-39 yr  52/152(34.2) 0.93(0.59-1.45) 0.87(0.54-1.40) 

 ≥40 yr 47/164(28.7) 0.72(0.45-1.13) 0.71(0.45-1.13) 

Consistence Liquid 
(Feces) 

   

 Yes 24/50(48.0) 2.02(1.12-3.64) 2.26(1.29 to 4.25) 

 No 142/453(31.3) 1 1 

CD4 T cells count    

 < 350 per mm3 93/254(36.6) 1 1 

 350-500 per mm3 35/110(31.8) 0.80(0.50-1.30) 0.81(0.50-1.32) 

 >500 per mm3 38/139(27.3) 0.65(0.41-1.02) 0.63(0.39-1.00) 

ART    

 No 6/10(60.0) 1 1 

 Yes   160/493(32.5) 0.32(0.89-1.15) 0.25(0.07-0.94) 

BMI- Kg/M2    

 Under weight 
(<20)     

16/51(31.4) 1.05(0.54-2.05) 1.07(0.53-2.15) 

 Normal (20-25)               91/270(33.7) 1.11(0.59-2.12) 1.09(0.56-2.11) 

 Over weight (>25)       59/182(32.4) 1 1 

Income    

 < Minimum wage 91/261(34.9) 1 1 

 > Minimum wage 75/242(31.0) 1.19(0.82-1.73) 1.19(0.82-1.73) 

unintentional 
weight loss  

   

 Yes 73/205(35.6) 1.34(0.92-1.96) 1.12(1.01-1.24) 

 No 87/298(29.2) 1 1 

Table 8. Characteristics Association between the prevalence of intestinal parasites 
and socio-epidemiological factors in patients with HIV/AIDS  
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Multivariate analysis revealed statistically significant associations showing a lower 

probability of parasitic infections in those receiving antiretroviral treatment 

(OR=0.25; CI, 0.07 to 0.94; P = 0.04). While the liquid consistency of the stool during 

the direct examination was associated with the presence of parasitic infection 

(OR=2.26; CI, 1.29 to 4.25; P = 0.01), involuntary weight loss showed a higher risk 

of infections (OR = 1.12; CI, 1.01 to 1.24; P = 0.03). 

The analysis conducted on pathogen infections showed a statistically significant 

association between liquid stool consistency and the probability of being infected, 

Individuals who exhibit this characteristic have a higher likelihood of being infected 

by a pathogen (OR = 3.59, IC 95% = 1.27-10.20, p = 0.01). Furthermore, the study 

showed that individuals who were receiving antiretroviral therapy (ART) had a 

lower predisposition to pathogenic infection. (RR = 0.53, IC 95% = 0.46-0.62, p = 

0.025). (Table 9)  

There was no statistically significant association between unintentional weight loss 

and pathogen infection (OR = 1.34, 95% CI 0.70-2.55, p = 0.37).  

The study also examined the probability of developing an intestinal parasitic 

infection caused by a pathogen when the CD4 count was lower than 150 /mL; while 

the results were not statistically significant (OR=1.88, CI=0.94-3.74, p=0.072), the 

study found that the group with CD4 counts below this threshold had a higher 

incidence of pathogenic parasitic infections, with 66.0% (33/50) of individuals 

displaying such infections compared to 50.9% (59/116) in the group with CD4 

counts above this cutoff.  

The probability of pathogenic infection in individuals with CD4 counts below 

150/mL was assessed for the most common pathogens. However, the study did not 

yield statistically significant results. Specifically, the group with counts below this 

threshold had a G. Lamblia infection rate of 38.7% (12/31), with an OR of 1.61(0.71-
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3.63) and a p-value of 0.25. As for E. histolytica/dispar, the frequency of infection 

in this group was 22.7% (10/44) and the OR was 0.60(0.27-1.34) with a p-value of 

0.21.  

Features Pathogenic 
Parasite Infection 

  

 Yes OR IC (95%) aOR  IC (95%) 

Sex    

 Female 36/69(52.2%) 0.80(0.43-1.49) 0.98(0.50-1.95) 

 Male 56/97(57.7%) 1 1 

Age    

 ≤29 Yr 35/67(52.2) 1 1 

 30-39 yr  32/52(61.5) 0.93(0.59-1.45) 1.27(0.55-2.96) 

 ≥40 yr 25/47(53.2) 0.72(0.45-1.13) 0.91(0.41-2.06) 

Consistence Liquid (Feces)    

 Yes 19/24(79.2%)  3.59(1.27-10.20) 3.83(1.26-11.66) 

 No 73/142(51.4%) 1 1 

CD4 T cells count    

 < 350 per mm3 51/93(54.8%) 1 1 

 350-500 per mm3 19/35(54.3%) 0.98(0.45-2.13) 0.92(0.40-2.12) 

 >500 per mm3 22/38(57.9%) 1.13(0.53-2.42) 1.13(0.42-3.01) 

ART    

 No 6/6(100%) 1  

 Yes 86/160(53.8%) 0.53*(0.46-0.62)  

BMI- Kg/M2    

 Under weight  (<20)  12/16(75%) 1 1 

 Normal   (20-25) 48/91(52.7%) 0.80(0.62-1.07) 0.44(0.12-1.64) 

 Over weight    (>25) 32/59(54.2%) 0.81(0.62-1.04) 0.39(0.11-1.36) 

Income    

 < Minimum wage 41/75(54.7%) 1 1 

 > Minimum wage 51/91(56.0%) 1.06(0.57-1.96) 1.16(0.58-2.31) 

Unintentional weight loss    

 Yes 36/60(60.0%) 1.34(0.70-2.55) 1.37(0.68-2.78) 

 No 56/106(52.8%) 1 1 

*Relative Risk 

Table 9. Characteristics of patients with HIV/AIDS and their association with 
prevalence of Pathogenic intestinal parasites 
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The analysis was also performed for the most frequent parasite, B. hominis, 

although it was not considered in the group of pathogens, and showed a frequency 

of 23.5% (12/51) and an OR of 0.62 (0.29-1.33), with a p-value of 0.22.  

At the time of developing assumptions and conducting exploratory analysis to 

establish binary logistic regression within the context of multivariate analysis, 

taking into account the infection by any intestinal parasite, and additionally, for the 

pathogenic infection, correlations and interactions between variables were 

identified. These were eliminated from the process through exploratory analysis 

using the likelihood method. As a result, in both cases, it was found that the only 

variable that significantly contributed to the model was the liquid consistency of 

the stool. Therefore, it was deemed unnecessary to perform a refreshment (Table 

9). 
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Chapter 8: Discussion and Key actions  
 

Using the information currently available in Bolivia for 2022, it is possible to 

conclude that approximately 56% of people living with HIV in Cochabamba are 

receiving antiretroviral therapy. However, if we take into account new notifications 

and new treatment initiations, this percentage does not exceed 37%. The optimistic 

forecast is that this disparity will decrease by 2030. [111] 

The regional reference center for HIV control (CDVIR) in Cochabamba, concentrates 

patients diagnosed with HIV from the entire health system who attend regular 

check-ups. The socio-epidemiological profile of the patients studied corroborates 

the national data reported by the Ministry of Health regarding the general 

prevalence, but the comorbidities referring to parasitic infections had not been 

studied in detail until the development of this study. 

Parasitic infections that could be linked to systemic inflammatory processes 

associated to alterations in the intestinal microbiome have been detected in many 

cases. [103-105] These infections have been identified as significant factors in 

immunosenecence and premature aging in individuals living with HIV, although 

symptoms may not appear in most cases, as evidenced in this study.  

Another important aspect is related to the diagnostic capacity of these infectious 

agents in the context of developing countries and especially Bolivia, where 

molecular detection methods are not accessible due to the lack of adequate trained 

personnel, technical support, equipment and costs. These have been carried out 

within the framework of research but are not applicable to the clinical context.  
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This report also identifies shortcomings in the reference laboratories for the 

identification of intestinal parasites such as coccidia and Cryptosporidium that show 

low concordance in the framework of the second reading of the staining plates as 

part of the quality control in the studies carried out and contrasted by molecular 

biology. 

The quality control process of the laboratory procedures established in the cross-

sectional study includes a second reading of the staining plates that was carried out 

for the detection of coccidia and parasites that are difficult to detect by light 

microscopy, with special emphasis on Microsporidium and Cryptosporidium.  

The staining plates were sent to two independent laboratories in the same 

geographical context and to another one abroad. The concordance rate with the 

laboratory abroad was 99%, while the local laboratories showed concordance rates 

of less than 10% for parasites such as Cryptosporidium and less than 5% for 

Microsporidium. 

These data allow us to determine the existence of a significant underdiagnoses of 

these etiological agents currently in the local context, due to the deficiency of 

laboratories to detect these parasitic forms, even considering patients with a long 

history of chronic diarrheal diseases. Based on the results of these studies, the 

LABIMED laboratory has implemented a registration system for direct 

corproparasitological studies carried out, including those carried in general 

population. 

A follow-up process was provided to patients who tested positive for any parasitic 

etiologic agent, and a laboratory control was established during the 2 weeks 
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following participation in the study, which was carried out by the CDVIR, and the 

drugs for treatment were subsidized by the study. 

CDVIR physicians prescribed treatment for each case were pathogenic species was 

identified. The decision for treatment was made based on the spectrum of 

sensitivity of each parasite in cases where a pathogenic parasite was detected. In 

these cases coproparasitological control was performed to verify the efficacy of the 

treatment. For those cases in which treatment efficacy was not evident, a longer 

follow-up process was established for 6 weeks. 

Albendazole is the drug of choice for intestinal and disseminated microsporidiosis, 

it reduces gastrointestinal symptoms and has extensive histopathological evidence 

of elimination in the intestine and weight gain in patients with E. intestinalis 

infection. In addition, as part of the treatment, PLWHA must take special care when 

consuming drinking water. Additional recommendations include increasing 

attention to hand washing and personal hygiene, avoiding eating undercooked 

meat or seafood. 

To establish a comparison of our study population, a methodology similar to that 

of the first study described in our intervention has been considered, analyzing the 

LABIMED database corresponding to the 2016 period, adding both the PLWHA 

population and the general population referred to this instance, considering that 

this group comes to the reference laboratory with a high diagnostic suspicion and 

evident clinical manifestations, which conditions a higher probability of obtaining 

positive results in the screening for intestinal parasites.  
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This information showed a similar distribution of parasitic diseases in PLWHA to 

that reported in our studies, with a higher prevalence of B. hominis (30.4%), G. 

lamblia (11.6%), E. coli (9.2%), E. histolytica/dispar (8%) and H. nana (1.8%). 

In the general population B. hominis reaches 28.6%, E. coli 7.4% and Chilomastix 

mesnili 1%, being the only parasitic forms reported. It is important to highlight that 

PLWHA carries out routine controls in this laboratory, while the general population 

comes to the laboratory sent under high diagnostic suspicion and generally with 

symptoms. The discrepancy between the motives for seeking consultation and the 

laboratory testing results may suggest a greater occurrence of parasitic diseases in 

PLWHA. 

The study conducted by Zurita-Céspedes et al. at LABIMED Cochabamba in 2015 

showed that among the general population, Blastocystis hominis was the most 

frequent parasite, affecting 44.5%, followed by Giardia lamblia with 10.6%, and 

Entamoeba histolytica/dispar with 8.1%. Higher frequencies were reported in pasty 

and semi-pasty samples (53.69% and 38.33%, respectively). [95] 

However, it is important to note that, as in the LABIMED data analysis we 

performed, the study population was more likely to have positive results because 

of the high diagnostic suspicion at this regional referral center. Therefore, this 

control group was not considered at the time of our study. 

8.1 Major results compared to literature  
 

Our study established the epidemiological situation of HIV-intestinal parasite 

coinfection in a defined geographical context and evaluated the factors associated 

with this coinfection.  
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The global prevalence rate of intestinal parasite infections in the cross-sectional 

study reached 33.0%, and polyparasitism 7.8%, consistent data with retrospective 

analysis. That is to say, one out of every 3 recruited patients was identified for 

parasitic infection. Our data showed that the main predisposing factor to identify a 

patient with intestinal parasitic infections was the presence of liquid feces 

(Diarrhea) at the time of sample collection. Also, unintentional weight loss, low 

current CD4+ cell counts and not receiving ART showed association with the 

probability of having a parasitic infection. 

We must emphasize that despite UNAIDS strategies and that in the study more than 

98% received ART at least 3 months before recruitment, more than 50.5% of the 

participants had a CD4 T lymphocyte level lower than 350 (cells/mm3) and only 

57.9% had an undetectable viral load.  

The sample of patients accessed during the cross-sectional study consisted mostly 

of individuals who regularly attended routine check-ups, as indicated by the fact 

that 32.0% attended from one to four check-ups and 34.8% attended more than 

five controls. 

Other factors, such as seasonality (the study was conducted at the beginning of the 

year) and the use of different laboratory technicians, may have contributed to the 

differences in the results between the comparison periods. This may explain why 

the prevalence of E. coli was significantly higher in 2011 (12.1%) compared to the 

cross-sectional study (0.2%). In addition, the prevalence of E. histolytica/Dispar in 

the cross-sectional study (6.6%) was higher than the maximum reported in 2014 

(3.0%). 
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The most prevalent parasite found in both the retrospective and cross-sectional 

studies was Blastocystis hominis, which is generally considered non-pathogenic. 

Nonetheless, there is an ongoing controversy about its pathogenicity, even in 

patients with severe immunosuppression resulting from other causes. Some 

studies have linked it to diarrhea and non-specific digestive symptoms in individuals 

living with HIV. [112] In our study no clinical manifestations were associated with 

this particular parasite infection.  

The prevalence found is different from other studies found in the South American 

region. In the cross-sectional study developed in Peru by Omayra Chincha L. et. Al., 

the 39.8% positive parasitological tests were found in a population of HIV-positive 

patients; B. hominis was the most prevalent species with 24.6%, I. belli 8.4%, 

Cryptosporidium spp. (4.5%), G. lamblia (4.2%), Cyclospora cayetanensis (3.3%), E. 

histolytica and H. nana (1.2%). [113] (Figure 19) 

In the study of Omayra Chincha L. (Perú), different techniques were implemented 

sequentially, which were the basis for designing our cross-sectional study, taking 

into account the findings in a wide literature review. 

The findings in that study do not correspond with those described in 

LABIMED/UMSS (Cochabamba), where the most common species were G. lamblia 

and E. histolytica/dispar. This difference may be attributed in part to variations in 

the epidemiological profile of the region and in part to differences in the detection 

methods used to identify intestinal parasites. LABIMED used direct observation 

methods in its retrospective data, which limited the identification of other parasitic 

species present in other regions, such as Coccidia, Microsporidium spp., and 

Cryptosporidium spp. 
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Our study applied several techniques, including direct observation, sedimentation, 

modified Ziehl-Neelsen (Kinyoun), and Diddier stains, to mainly detect coccidian 

oocysts. These techniques are part of the LABIMED protocol, which is currently 

considered as the reference laboratory for identifying these agents. 

 

Figure 22: Results related to literature of intestinal parasitic infections in 

PLWHA in Cochabamba-Bolivia 
Source: Own elaboration 

In our series, there is a significant increase in the number of direct microbiological 

tests performed in the LABIMED service between 2011 and 2015. In the absence of 

statistics related to the prevalence of intestinal parasites in PLWHA in Bolivia, it is 
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difficult to establish whether this represents a real increase in the burden of these 

diseases or if other factors intervene, such as the increase in the number of newly 

diagnosed patients each year admitted and monitored by the National HIV/AIDS 

Control Program or if these present in chronic stages with low CD4 levels, which 

would condition a greater risk of infections. The symptoms for which the 

parasitological tests were requested have not been recorded as laboratory routine 

in the CDVIR control protocol, being a limitation of the retrospective study. 

The presence of opportunistic agents (Cryptosporidium spp., Microsporidium, and 

Isospora belli) is an infrequent finding among HIV/AIDS patients attending the 

CDVIR of Cochabamba, this is attributable to the screening methods since there was 

no systematic detection of these infections in the period 2011-2015. There is 

evidence that direct microbiological tests for the detection of intestinal parasites 

are insufficient, especially for agents reported as highly prevalent in people with 

AIDS, such as Cryptosporidium and Microsporidium. 

Most studies were performed to identify Cryptosporidium spp. tend to focus on 

clinical settings due to the strong association of this infection with 

immunosuppression. Detection of Cryptosporidium spp. in stool samples is usually 

performed by multiple techniques such as acid-fast staining, direct fluorescent 

antibodies (DFA), and enzyme immunoassays, while molecular methods such as 

polymerase chain reaction (PCR) are increasingly used in reference diagnostic 

laboratories to identify Cryptosporidium spp. to species level. [114] However, in the 

context of clinical outpatient monitoring of PLWHA in Bolivia, these methods are 

not currently applicable. Our study used a microscopic examination of stool 

samples using several techniques to detect Cryptosporidium spp. and found these 

to be effective for the purpose of the research. 
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Tests for Cryptosporidium spp., Microsporidium spp., and Isospora belli are not 

routinely performed; therefore, healthcare professionals should specifically 

request testing for these infections based in a protocol, and especially in HIV 

patients with a CD4 cell count below 100 cells/μl.  

For Microsporidium spp., the most common diagnostic method is to stain samples 

by using fluorescence, such as Calcofluor White M2R, Uvitex 2B, or Fungi Fluor, and 

by using Weber’s modified trichrome staining. [115] 

The prevalence of intestinal parasites can vary according to geographical 

characteristics of the region, socioeconomic characteristics, health system, or 

nutritional aspects of the individuals studied. As referred by Bachur et al. in 2008 in 

Brazil, who compared enteric parasites in PLWHA in Pre-HAART and Post-HAART 

period using the direct, Lutz, Baermann-Moraes and modified Ziehl-Neelsen 

methods for fecal parasitological examinations. They found a difference for 

Strongyloides stercoralis (p<0.001), Ascaris lumbricoides (p<0.001), Hookworms 

(p<0.001), Trichuris trichiura (p<0.001), Giardia duodenalis (p = 0.008), I. belli (p = 

0.010), and Cryptosporidium sp. (p = 0.001), between the two periods respectively.  

Also finding a significant reduction in the prevalence of enteroparasites between 

the eras (63.9% to 24%; p<0.0001). Although the prevalence of opportunistic 

parasites was higher than in our study. [116] The results of Bachur et al. showed a 

significant difference between these two periods in terms of a reduction in 

prevalence as the prevalence of enteric parasites decreased.  

In Bolivia, the absence of statistics related to the prevalence of intestinal parasites 

in PLWHA considering these periods makes it impossible to perform a comparative 

analysis. 



 
 
 
 
 
 
 

Chapter 8: Discussion and Key Actions 

 

128 
 

Before ART was distributed free to HIV patients, intestinal parasites were common 

in HIV patients. Even after the availability of free ART, intestinal parasites remain a 

major cause of morbidity [117]. HIV induces an immunodeficiency that favors 

opportunistic infection, contributes to worsening the clinical picture of the patient 

by causing malnutrition, weight loss and chronic diarrhea, wasting syndrome 

[43,44]. 

Antiretroviral therapy has spread in the region, the high adherence of patients to 

antiretroviral therapy markedly improves the immune response, slows the 

progression of the disease and reduces susceptibility to infections, as a result, 98% 

of recruited patients in our prospective study they received ART. The effect of this 

intervention has gradually reduced the incidence of opportunistic infections in 

patients with HIV / AIDS. However, poor adherence to treatment negatively affects 

the prognosis of patients.  

Therefore, if ART coverage is high with a small number of people in AIDS phase or 

immunosuppression, the prevalence of opportunistic parasites will be significantly 

reduced. Similarly, in the results of our cross-sectional study, the presence of 

parasitic infections was lower in patients with ART (p = 0.04, multivariate analysis).  

ART is currently administered upon confirmation of HIV infection, so 

immunosuppression levels should not be low. Despite this, more than 50% of 

PLWHA in our study had CD4+ cell counts below 350 (cells/mm3). 

Malnutrition was studied in the context of a frequent event in the advanced stages 

of HIV infection. Within the pathogenesis of this condition associated with HIV, the 

main factors responsible considered was the absorption deficit, metabolic 

alterations, and the atrophy of the intestinal villi due to a cytopathic effect of HIV, 
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the Hypercatabolic states associated with aggregate processes are responsible 

wasting syndrome.[44] 

The absorption deficit is caused by parasites such as G. lamblia, which is also 

associated with villus atrophy and metabolic alterations, as well as conditioning 

poor intake. In our study, G. lamblia reports one of the highest prevalence (4%), 

concerning the pathogens identified by direct methods and 

immunochromatography, also associated with feces with a lienteric appearance, 

evidencing a malabsorption syndrome. [118] 

Poor sanitary conditions, the management of water and sewerage services, 

associated with the lack of regulation and public policies, represent a serious 

problem evidenced in the scope of this study. Although governments have made 

notable progress in the last decade in providing good quality water to the 

population, these are still insufficient, especially in rural areas.  

The high prevalence rate of commensal parasites observed in the present study can 

be considered as an indicator of poor hygiene and sanitation, as well as the 

consumption of contaminated food and water by these patients. The waterborne 

diseases, especially those caused by intestinal protozoa, are among the most 

relevant pathogens described in PLWHA [119].  

Geographic context, weather, and sanitary conditions, including the provision of 

drinking water and excreta disposal, largely determine the epidemiological profile 

related to intestinal parasitic infections. Despite the fact that there are few studies 

related to the prevalence of intestinal parasites in this geographic context, 

differences between ecologic regions are evident. In this regard, the findings 

showed that the detection of S. stercoralis, Cryptosporidium sp. and I. belli was 
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lower than the prevalence reported by Barcelos et al. in a similar study carried out 

in Goiânia, Goiás-Brazil. [120]  

The Coccidia life cycles are suited to waterborne and foodborne transmission and 

their oocysts are resistant to conventional water treatment protocols.  

The presence of diarrhea showed significant correlation with infection by intestinal 

parasites, corroborating the findings of Barcelos et al, and Bachur et al. [116,120] 

who reported a positive relationship between diarrhea and intestinal parasites 

positive samples, Cardoso et al. [121] 

Diarrhea accompanied by wasting is a major problem among HIV-infected persons, 

particularly in developing countries. A number of opportunistic disorders affect the 

gastro intestinal system of persons with HIV/AIDS, including parasitic infections 

such as Cryptosporidium, Giardia, and Isospora. [123] 

In line with a global systematic review and meta-analysis performed by Ze-Dong 

Wang et al., where prevalence of Isospora belli was reported at 2.5%, a similar 

prevalence was observed in our study using appropriate detection methods based 

on Kinyoun staining (3.6%). [122]  

Cryptosporidiosis is known to cause severe and prolonged diarrhea among 

immune-compromised individuals. Non-specific mechanisms such as villi atrophy 

and inflammatory reactions could play a role in the disease's progression. [123,124]  

Molecular biology methods are useful in identifying parasitic infections that cannot 

be detected by other means of diagnosis. These methods have been standardized 

and can be employed if the necessary conditions are present. Unfortunately, their 
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clinical use is often limited in areas with limited resources due to technical 

availability and cost.  

During our study, a home PCR focused on the detection of microsporidium was 

implemented, due to the difficulties involved in the identification and adequate 

treatment of these agents specifically in patients with chronic diarrhea refractory 

to treatment. In the short term, we propose to evaluate the implementation of this 

technique and validate it adequately. 

This implies great importance for clinical practice in terms of microbiological 

studies, in Bolivia, the subsidy for laboratory studies for PLWHA only allows direct 

microscopic studies in the reference laboratory (LABIMED), performing controls on 

PLWHA only through direct microscopy methods, molecular biology techniques are 

not available in this context and have only been feasible in the context of this study.  

8.2 Public health actions related to results 
 

Opportunistic infections (OIs) represent a cause of morbidity and mortality in 

PLWHA, although there is a high degree of uncertainty due to the poor coverage of 

the health system referring specifically to HIV, caused by the centralization of 

services at the urban level, despite the information that evidence an extension and 

increase of transmission in rural areas. 

In the geographic context of Cochabamba/Bolivia, it is necessary to increase 

surveillance and control of intestinal parasitic infections. Routine diagnostic 

methods used until the time of our intervention were unable to identify etiologic 

agents associated with the clinical deterioration of the patient, resulting in a 

significant number of underdiagnoses. 
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Within the framework of disease control, taking into account prevention 

interventions, and also considering the long length and short latency of the exposed 

health problem, the following actions were proposed in search of contributing to 

the control of the problem: 

A. Our studies have facilitated the training of personnel in various diagnostic 

techniques utilized in the LABIMED reference laboratory. Unfortunately, 

personnel trained under these programs are not guaranteed adequate job 

stability, which poses a risk to the availability of trained personnel in the 

reference center. To mitigate this risk, it is essential to adhere to current 

labor legislation when hiring laboratory personnel to ensure their job 

security and the continuity of capacity-building interventions. Additionally, 

necessary materials and supplies are allocated annually within the UMSS 

budget to guarantee adequate supply levels. 

B. Thus, based on the evidence generated, we suggest the inclusion of 

concentration, staining, immunochromatography methods, in addition to 

standardizing and achieving the availability of molecular biology methods, 

especially for the identification of microsporidium species, due to their 

implications and usefulness in clinical practice. 

These tests should be used to reduce the prevalence of these infections and 

their consequences, such as wasting syndrome and intestinal microbiome 

alterations. Therefore, better detection capacity together with health 

interventions within the framework of prevention will contribute to reduce 

the prevalence of these pathologies in PLWHA. 

C. Deficiencies have been noted in the documentation of microbiological and 

immunological diagnoses in LABIMED and CDVIR. A new registry system has 
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been implemented; this system integrates and digitizes the Parasitology 

and Immunology databases, making the information easily accessible to be 

systematized for epidemiological surveillance purposes. 

The proposed interventions are framed in the etiological research, determination 

of risk factors, the description of the transmission dynamics, applying monitoring 

of the evolution of the problem, improving the diagnostic and treatment processes, 

interfering the cycle that perpetuates the disease producing immunosuppression 

resulting from underdiagnosis, the consequent chronicity, sequels and greater 

immunosuppression. 

Appropriate initiation of antiretroviral therapy before the patient's immune system 

is severely compromised can prevent opportunistic infections. It is uncertain 

whether specific chemoprophylactic regimens are effective in preventing 

microsporidiosis, and the prevalent species identified in this particular population 

in our study remain unknown. Therefore, antiretroviral therapy should be part of 

the initial treatment for microsporidia infections, and emphasis should be placed 

on strategies for improving adherence. 

Currently, UMSS (LABIMED), CDVIR, and the National HIV Control Program 

collaborated on a pilot diagnostic algorithm for PLWHA presenting to the reference 

laboratory. That includes, for all newly diagnosed HIV patients, the collection of a 

stool sample initially examined by light microscopy, with an aliquot subjected to 

different stains (modified Kinyou and Diddier).  

Patients with high suspicion based on the clinical status, presenting steatorrhea or 

diarrhea, undergo stains (Kinyoun/Diddier modified) immunochromatography and 

homemade molecular biology techniques for the detection of Microsporidium spp., 
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and Cryptosporidium spp., based on a history of chronic diarrhea and recent 

involuntary weight loss. 

8.3 General Conclusions and perspectives  
 

Resources have been focused to detect and confirm the health problem regarding 

opportunistic infections, specifically those caused by parasitic agents. In Bolivia 

there was a considerable and important underdiagnosis. 

The dynamics of the disease have been determined, a small percentage of PLWHA 

in Bolivia had self-limited and slight symptomatic parasitism, the vast majority had 

a stable infection that contributing to immunological deterioration, chronic 

inflammatory processes that progress in the natural course of the disease to cases 

serious and the death of the patient. 

These process is favored by a deficient diagnostic process determined mainly by 

the limitations of the diagnostic tests implemented by the National Program for HIV 

Control in Bolivia (Direct observation). A diagnostic algorithm that allows the 

identification of parasitic agents has been proposed to reduce the consequent 

underdiagnosis. In addition this must be sustainable through the transfer of 

knowledge and technology generated through the doctoral program. 

The evidence collected in the framework of this thesis, exhibits the high rates of 

prevalence of intestinal parasitic infections, generates evidence on the need to 

implement additional interventions in the context of surveillance of HIV patients, 

deploy laboratory tests that must have a higher performance in the monitoring and 

treatment of patients with HIV/AIDS. 
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It is possible that there is an increase in the actual number of cases of intestinal 

parasites in the country, which require adequate management to avoid the 

morbidity and mortality complications of PLWHA in Bolivia. Currently it is crucial to 

strengthen surveillance of HIV patients.  

Our results underscores the meaning of conducting regular testing for opportunistic 

infections in individuals living with HIV in the country and emphasizes the 

importance of using different parasitological methods to determine diagnoses and 

avoid subdiagnosis. In addition, this study identifies the factors associated with 

enteric parasite infections based on the epidemiological situation in Cochabamba, 

highlighting the need for preventative measures to reduce infection rates and 

prevent their occurrence.  

Timely and appropriate treatment is essential to address the clinical conditions of 

patients with parasitic infections, and its implementation will prevent 

complications of morbidity and mortality in people living with HIV in Bolivia 

The immediate focus is developing interventions to establish care protocols for 

treating parasitic infections and implementing a proper diagnostic algorithm to 

avoid incorrect diagnoses. Additionally, information systems for epidemiological 

surveillance need improvement to monitor and evaluate the activities of the 

National HIV Control Program in Bolivia. 

In the context of the research, the cross-sectional study database contains 

anthropometric, geographic, and immunological information that will be used for 

future publications. Among the proposed studies, an evaluation of the laboratory 

methods used and their comparative performance, including the sensitivity and 

specificity of the PCR technique for detecting coccidia, is proposed. 
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CDVIR physicians in clinical practice face challenges in treating and detecting 

Cryptosporidium spp. and Microsporidium spp. infections. Therefore, there is a 

need to optimize the PCR technique and manage the availability of drugs to 

improve the therapeutic response at a national level.  

There are limitations in this study on cultural aspects of care of the Aymara and 

Quechua populations in Cochabamba. Ethnocultural issues can play an important 

role in influencing the medical care for these communities. In many cases, these 

communities have specific cultural beliefs and practices related to health and illness 

that may differ from Western medicine and practices. These factors can influence 

how these communities seek medical care and the trust they have in medical 

providers. 

The language barrier may also limit their access to adequate medical care. In 

addition, transportation problems, lack of medical services, and poor healthcare 

infrastructure are additional challenges that may affect these communities. 

The community's cultural beliefs and practices regarding sexuality may influence 

their level of participation in the study. Some community members may be less 

likely to talk about sexual issues, which limits the generalizability of the study 

results. Due to the sensitive nature of the subject matter, aspects of sexual 

orientation are difficult to probe in these populations. 

Generally, members of Quechua and Aymara indigenous groups who choose to 

participate in a study may have different attitudes and beliefs than those who do 

not, resulting in self-selection bias. This limits the generalizability of the results to 

the community at large. 
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8.4 Health policies and guidelines 
 

Identification of parasitic comorbidities in PLWHA has been achieved, showing an 

underdiagnosis, a therapeutic intervention, and protocols for the identification of 

parasitic infections have been proposed. This will allow a timely and adequate 

treatment, even though this intervention has only been in force during the study 

implementation period, thanks to the subsidy for treatment, administering broad-

spectrum treatments to eliminate infections in all persons identified with 

pathogenic intestinal parasitic infection, all in coordination with the CDVIR 

clinicians. 

Endemic areas with high rates of parasitic disease often implement large-scale 

treatment programs to lessen the impact on public health. The goal is to reduce the 

burden of disease throughout the community, but effective and ethical treatment 

with proper planning must be ensured. Proper coordination between all parties 

involved is essential, and evaluating the effectiveness of the program and its impact 

on the population is essential. A comprehensive approach is required to address 

the root causes of parasitosis, as a mass treatment alone may not be sufficient. It 

must include preventive measures and individualized follow-up medical treatment 

and may involve other forms of specialized care for patients. 

 

There is a problem related to adherence to antiretroviral treatment, as evidenced 

by the low percentage of patients currently achieving undetectable viral loads in 

our cross-sectional study. Despite the 98% ART coverage, only 57.9% of patients 

achieved viral suppression. In countries such as Belgium, data shows that 98% of 

patients at the reference center receive ART and 96-97% achieve undetectable viral 
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loads. While adherence is not the only factor to consider in this issue, toxicity with 

current regimens is very infrequent. We suggest conducting a qualitative study to 

identify the factors related to poor adherence to antiretroviral treatment, exploring 

accessibility from various cultural, economic, geographic, and social factors. 
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