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Abstract

Introduction

Underestimation of zoonoses is exacerbated in low and middle-income countries due mainly
to inequalities with serious consequences in healthcare. This is difficult to gauge and reduce
the impact of those diseases. Our study focuses on Paraguay, where the livestock industry
is one of the major components of the country’s economy. Therefore, the rationale of this
study was to develop a case study in Paraguay to estimate the dual impact of zoonotic dis-
eases on both the human health and animal health sector and thus determine the societal
burden of such diseases.

Methodology/Principal findings

We conducted a systemic review (including a meta-analysis) to assess the burden of zoono-
ses in Paraguay, including official reports and grey literature of disease incidence and preva-
lence. We estimated the Disability Adjusted Life Years (DALYs) and Zoonosis Disability
Adjusted Life Years (zDALYs) to measure the difference between the current health status
and the desired health situation of animals and the Paraguayan population based on 50 zoo-
notic diseases suggested by the WHO (World Health Organization), OIE (World Organiza-
tion for Animal Health) and the National Health in Paraguay. The total DALY's represent
19,384 (95% CI: from 15,805 to 29,733), and zDALYs, 62,178 (95% CI: from 48,696 to
77,188). According to the results, the priority pathogens for DALY are E. coli, Trypanosoma
cruzi, Leishmania spp, and Toxoplasma gondii. When we include the additional animal
health burden, the most important pathogens are Brucella spp, E. coli, Trypanosoma cruzi,
and Fasciola hepatica for zDALYs.

Conclusion/Significance

This is the first study to integrate DALYs and zDALYs with important clues related to the
health status of Paraguay. Through DALYs and zDALY's, our perspective becomes more
complete because we consider not only human health but also animal health. This is impor-
tant for setting priorities in disease control, especially in a society where livestock contribute
significantly to the economy and to human well-being.
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Author summary

Zoonotic diseases in man are more likely to occur where there is a close association
between man and animals. The control of zoonotic diseases requires a “One Health”
approach to reduce the risk of such transmission. This represents a challenge in low and
middle-income countries, due to inequalities and limited resources, especially in health-
care. For that reason, we need to quantify the impact of zoonoses in those countries such
as Paraguay, a major exporter of beef and agricultural products, so that disease control pri-
orities can be set. Through a systematic review, we estimate the Disability Adjusted Life
Years (DALYs) and the Zoonosis Disability Adjusted Life Years (ZDALYs) based on inci-
dence and prevalence of zoonoses to find gaps between the real and the desired health sta-
tus of both animals and humans in Paraguay. The zDALY ensures the total societal
burden of disease, rather than just the direct human disease burden. We have through
zDALYs a more equitable method for disease burden analysis that has a dual impact on
human and animal health. Accordingly, we have found that those diseases with the highest
zDALY are brucellosis, colibacillosis and Chagas disease.

Introduction

It has been suggested that 61% of human infectious diseases are zoonoses [1]. Transmission
pathways could be by direct or indirect contact, including air, food, and vectors. Presently, dis-
ease transmission is exacerbated by anthropogenic activities and global changes (climate
change, globalization), causing a high socioeconomic impact [2]. Moreover, low and middle-
income countries suffer from major inequalities, especially in healthcare, making people in
poverty more vulnerable to easily preventable diseases with hygiene and good food quality.

The Republic of Paraguay is a landlocked, subtropical, and developing country in South
America, where the main economic activities are agriculture and livestock production. The
country is divided into the Occidental (Western) or Chaco region (with three departments) and
the Oriental (Eastern) region (with 14 departments). Paraguay’s population is estimated at 7
million (in 406,752 km?) with 112,000 births in 2018. In the same period, the Ministry of Pub-
lic Health and Social Welfare registered 31,000 deaths, but the General Directorate of Statistics,
Surveys and Censuses estimated 40,000 deaths per year [3]. According to the World Bank, Par-
aguay has increased its population life expectancy from 2000 (being 70,5 years) to 2018 (74
years old for both sexes).

In 2017, livestock production represented 12.1% of the GDP, and consequently, animal dis-
eases, including zoonoses, represent substantial potential losses to the country’s economy [4].
The main animal production corresponded to poultry (24 million from January to April), cat-
tle (13.5 million registered), pigs (0.4 million), sheep (0.3 million), horses (0.2 million) and
goats (0.1 million) in 2018 [5]. In 2017, Paraguay exported to more than 140 countries. With
such a large livestock sector, the contact between humans and animals results in a higher risk
of the transmission of zoonoses. In Paraguay, further (wild) animal-human contact occurs due
to deforestation, unplanned urbanization, population growth, invasion of wild habitats, bush-
meat, hunting, loss of biodiversity, introduction of exotic (alien) species, certain natural phe-
nomena such as flooding, unequal resource distribution, lack of adequate basic hygiene
measures, lack of infrastructure and planning. All these factors provide additional risks for the
transmission of zoonotic diseases. Because of this high risk for diseases at the human-animal
interface, we hypothesize that zoonoses cause a substantial proportion of the burden of
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infectious diseases, this being 149,196 DALY in 2019 [6]. Our study aims to estimate the bur-
den of zoonoses using disability-adjusted life years (DALYs), as well as an adjusted indicator,
zoonotic DALY (zDALY), to include animal loss equivalents in the estimate [7].

These indicators can help prioritize health interventions from a more holistic perspective.
They may reveal some opportunities to improve health in Paraguay by harnessing synergies
between human and animal health based on a “well-being economy.”

Methods

We identified 50 zoonotic diseases in Paraguay based on the lists of the World Health Organi-
zation (WHO), the World Organization for Animal Health (OIE). We also included a list of
notifiable zoonoses issued by the government of Paraguay, and other diseases with zoonotic
potential that exist in Paraguay and/or South America but which are not considered a priority
by the Paraguayan government (S1 Table). As Paraguay is a highly productive country, the pri-
orities related to animal health are mainly of economic interest.

We have considered the lists of all these organizations because they are slightly different,
since their objectives vary in relation to their priorities and their concepts (e.g., vectors, reser-
voirs, target, etc.). By combining these lists, we searched for a more comprehensive view on
the influence of zoonoses on several areas, such as human and animal health, socio-economic
impact, national and international importance.

Systematic review

We followed the guidelines for “Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA)” (S1 Prisma checklist) to conduct the systematic review, as depicted in Fig
1 [8,9]. We collected data on incidences and prevalences in Paraguay between January 2000
and December 2019. The information was gathered through five global databases (Web of Sci-
ence, Scopus, Ebscohost, Pubmed, and Google Scholar) and two Paraguayan databases (Scielo
Paraguay, and theses shared by the library of Veterinary Sciences and the Central Library of
the National University of Asuncion) accessible via websites (details in the S2 Table).

We used Boolean search syntax (OR, AND) to join the scientific nomenclature and popular
name(s) of each zoonosis in English and Spanish on the five global databases. For example,
Paraguay AND (“scientific name of the causative agent” OR “common disease name in Spanish
OR “common disease name in English” OR “an alternative name if needed”). In the local data-
bases, we only used the scientific name of the zoonotic agent with the disease name in Spanish.
We specified the terms and the syntax construction for each search engine in the S1 Text. We
complemented the resulting information on these databases to reports published on the web-
sites of the WHO, PAHO, WAHIS, FAOSTAT, CDC, Global Health Data Exchange, the
Health Sciences Research Institute in Paraguay, the Ministry of Public Health and Social Wel-
fare and the National Service of Quality and Animal Health (SENACSA). The corresponding
links are listed in S2 Table.

We included articles considering the title and the abstracts with the following criteria:
reports from Paraguay, any Paraguayan department, city, area, or hospital. We also selected
articles of zoonosis with the following terms: “triple border”, “South America”,

»

, “Latin Amer-
ica”, “southern cone”, “tropical country” (although Paraguay is a subtropical country, it is

often confused with a tropical country), “subtropical region”, “Neotropical”, “the Americas”,
the “New World”, “worldwide”, “western hemisphere”, diseases in developing countries and
diseases in low-and middle-income countries. We also considered reviews and overviews of
zoonoses and the presentation of symptoms of undetermined diseases (e.g., pneumonia, kid-

ney injury or parasitic infections).
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Fig 1. Flow diagram of the results of the systematic review for the burden of zoonoses in Paraguay, adapted from
PRISMA guidelines.

https://doi.org/10.1371/journal.pntd.0009909.9001

We excluded articles meeting the following criteria: case studies of frequent diseases when
we had enough data, zoonoses occurring outside of Paraguay, Paraguayan emigrants who pre-
sented zoonosis cases abroad, laboratory studies without incidence and prevalence, mathemat-
ical modelling, questionnaires related to the level of knowledge about certain diseases and
information out of the specified period. After article screening, first by title and then by
abstracts, we read the eligible papers’ full text. Finally, we included the studies in this system-
atic review with a critical appraisal to estimate DALYs and zDALYs [8,10].

DALY and zDALY calculation

To assess the burden of zoonoses in Paraguay, we used the DALY incidence-based approach.

DALY = YLL + YLD

The DALY’s burden consists of the sum of Years of Life Lost (YLL) due to early death in the
population and Years Lost due to Disability (YLD) for those who are sick or have sequelae of a
certain disease. We estimated the YLL based on the product of the number of deaths (N) mul-
tiplied and residual of the life expectancy (L) of the population in Paraguay.

YLL=NxL
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To obtain the YLD, we multiplied the number of cases (I), the duration of the disease with
sequelae zoonosis (L), and the disability weight (DW) representing the disease severity from 0
to 1 (where zero = perfect health, and one = death) [11].

YLD =IxLxDW.

We obtained the residual life expectancy information from the WHO Standard Life
Table for Years of Life Lost 2000-2016 (WHO 2018) [12]. When we had no data to estimate
DALY, we filled these gaps with global information found on literature and official websites
(WHO, CDC, OIE, FAO), such as fatality rate, sequelae, and the disease duration—the URLs
are specified in the S2 Table. To calculate the duration of each zoonosis, we considered the
total average of the incubation period, the treatment, time to recover, and the sequela (if
needed). Regarding tuberculosis, since the reports in human cases did not determine if they
were due to Mycrobacterium tuberculosis or Mycobacterium bovis, we used the estimates for
the proportion of human tuberculosis due fo M. bovis infections in humans as a median of
0.3% (range 0%— 33.9%) in the Americas [13]. With respect to zoonotic diarrheal diseases, we
applied the methodology of the Foodborne Disease Burden Epidemiology Reference Group
(FERG), consisting of a proportion of diarrhea cases due to various etiologies (colibacillosis,
salmonellosis, campylobacteriosis), combining with diarrhea data from the Global Burden of
Disease (GBD) estimations [14-18]. For cysticercosis, the FERG methodology assumes that
29% of epilepsy cases in at-risk populations will be caused by cysticercosis and the population
at higher risk has no access to improved sanitation in countries where pigs are reared. Accord-
ing to the latest data for Paraguay, 11% of the population do not have access to improved sani-
tation [14,19]. To calculate the cysticercosis burden, we used the DALY reported for epilepsy
for Paraguay on the Institute for Health Metrics and Evaluation (IHME) website [16]. Accord-
ing to its estimates, the epilepsy burden for Paraguay is 12,163 (CI 5,917-21,760).

The zDALY consists of the sum of the DALYs and the animal loss equivalents (ALEs) and
represents the burden of disease in society due to zoonoses. This is calculated as [7]:

zDALY = YLL + YLD + ALE

ALE:s are the equivalent impact as the DALY on animal owners. This is estimated through
time trade-offs (i.e., the time taken to earn money to replace the animal loss and hence con-
verted to a DALY equivalent). Thus, DALYs and ALEs are integrated. To estimate the ALEs,
we considered the annual monetary impact of the animal loss in Paraguay divided by its gross
national per capita income (GNI) in US$ [20]. We estimated the average animal loss value per
category in Paraguay based on information provided by the website of the SENACSA [21].
Regarding the economic value of cattle, we obtained the prices in US$ from the Rural Associa-
tion of Paraguay website [22]. For pets (dogs and cats), we estimate the average of the purebred
pets’ prices, from zero to the mean value based on expert advice who manage market prices in
Paraguay and Paraguayan pet selling websites on the internet and social media (further details
in the S1 and S2 Tables, and S1 Text). Then, we converted Paraguayan Guarani to US$ at the
most recent value at the time of the study [23].

We estimated the 95% probability to account for uncertainty using Monte Carlo analysis.
We applied Beta, Gamma, Dirichlet, and Binomial distributions according to the data avail-
able. For example, we used beta distributions for the proportions such as incidence and preva-
lence of diseases; gamma distributions for right-skewed data with a small sample. We used
Dirichlet distribution for multinomial or categorical observations, such as leishmaniasis being
its main forms: visceral, cutaneous, and mucocutaneous. We performed binomial distributions
when the number of observations was fixed, e.g., when researchers selected a determined
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number of patients to test for a disease. The distributions and employed data parameters are
reported in S3 and 5S4 Tables.

For each zoonotic disease, we sampled 10,000 iterations from the probability distribution of
the parameters, and these samples were summed to give us values to estimate the DALY and
zDALY for each zoonotic disease. The median and 95% confidence intervals of DALY and
zDALY are reported as the 50, 2.5 and 97.5 percentiles of the 10,000 estimates of the DALY
and zDALY. We performed the calculations in R version 3.6.0 using the packages MCMCpack,
Prevalence, epiR and rjags.

For the burden of disease estimates, initially, most sensitivity analyses were undertaken for
age-weighting and discount rate values, but it is not relevant since these are no longer used.
Mathers et al. undertook a sensitivity analysis which essentially ranked the risk factors accord-
ing to the % of the burden to see how much the total burden will be affected by the uncertainty
in estimating any one risk factor [24]. We examined the relative contribution to the total bur-
den by each disease and the relative contributions of the human health effects and the animal
health equivalents using the method of Mathers et al. 2006 [24]. Thus, can be seen which dis-
eases and sectors (human or animal health) have the greatest influence on the total burden and
hence which would be affected by uncertainty in the data.

Meta-analysis

According to suitable data previously described, we performed a meta-analysis to get an overall
effect size based on the prevalence of the following animal diseases: leishmaniasis, rabies, lepto-
spirosis, ehrlichiosis, scabies, and babesiosis. For human diseases, we performed the meta-
analysis of leishmaniasis, leptospirosis, and toxoplasmosis. We applied a random-effect model
approach to pool the effect sizes in our meta-analysis (24). In this approach, the model param-
eters are random variables. We used the funnel plot and Duval & Tweedie’s trim-and-fill pro-

cedure to gauge publication bias (25). We used R packages: "meta”, "metafor" and “forestplot"
(18, 19).

Results
Systematic review

We identified 43,193 citations between 2000 and 2019 and excluded 43,018 by title and
abstract screening, according to the exclusion criteria. We fully assessed 175 articles, resulting
in 55 eligible manuscripts that were included in the qualitative synthesis (Fig 1). We performed
the meta-analysis of disease prevalence based on 30 articles (those with more than two publica-
tions). The results are summarised in the S1 File. We also noticed a substantial increase in sci-
entific publications and reports after 2010, illustrated in Fig 2.

Burden assessment

We estimated the DALY’ of 20 zoonotic diseases and the zZDALY's of 25 diseases in Paraguay
reported in Table 1. Although the PAHO has recognized Paraguay as free from urban Chagas
in 2018, we included it in this work since we found several cases reported in recent years, espe-
cially on chronic Chagas [25].

The total DALY’ represents 18,424 (14,859-28,750) and zDALYs 62,178 (48,696-77,188)
(Table 1). The five pathogens causing the highest burden of disease in decreasing order of
DALYs constitute E. coli, Trypanosoma cruzi, Leishmania spp, Toxoplasma gondii and Salmo-
nella spp (Fig 3). They are responsible for 75% of the disease burden. Considering the ALEs,
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Fig 2. Diseases publications per year (2000-2019).
https://doi.org/10.1371/journal.pntd.0009909.¢002

we obtained the following priority (in decreasing order) of pathogens: Brucella spp, Fasciola
hepatica, Leishmania spp, Ehrlichia spp, and Leptospira spp (Table 1).

Regarding zDALYs, it suggests the following priority for zoonoses in Paraguay: Brucella
spp, Escherichia coli, Trypanosoma cruzi, Fasciola hepatica, and Leptospira spp (Fig 4). These
high priority diseases would have the greatest influence on the total burden. The burden of dis-
ease is also sensitive to the inclusion of ALEs into the total burden estimates (Fig 5).

The number in the right upper corner of each rectangle represents the percentage of the
corresponding disease in the total burden of diseases in Paraguay.
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Table 1. Estimated DALYs, YLD and YLL, ALEs and zDALYs of burden of zoonoses in Paraguay with corresponding 95% uncertainty intervals.

Disease DALYs (95% CI) YLDs (95% CI) YLLs (95% CI) Species ALE (95% CI) zDALYs (95% CI)
Babesiosis Cattle 331 (213-450) 735 (491-991)
Horse 300 (191-410)
Dogs 104 (21-207)
Brucellosis 245 (49-505) 48 (6-60) 198 (0-463) 7,291 (6,930-7,678)
Cattle | 6,978 (6,684-7,275)
Dogs 69 (14-124)
Campylobacteriosis 678 (144-2150) 64 (13-216) 614 (131-1,935) 678 (144-2,150)
Chagas 5,386 (5,281-5,587) 5,339 (5,254-5,428) 39 (1.1-231) 5,386 (5,281-5,587)
Colibacillosis 5,412 (1,991-15,531) 42 (13-92) 5,349 (1,977-15,465) Cattle 947 (0-2,209) 6,343 (2,826-16,651)
(meat)
Cryptosporidiosis 688 (369-1259) 7 (4-13) 681 (365-1,248) Sheep 175 (120-230) 865 (543-1,443)
Cystic echinococcosis 375 (249-541) 181 (120-259) 194 (128-281) 375 (249-541)
Cysticercosis 388 (188-694) 388 (188-694)
Dermatophytosis (M. canis) 3(2-34) 3(2-34) 0 Cats 22 (18-27) 25 (21-30)
Dioctophymosis Dogs 95 (69-128) 95 (69-128)
Ehrlichiosis 132 (0.2-331) 0.3 (0.1-0.6) 132 (0-330) Dogs 437 (417-458) 565 (427-775)
Fascioliasis 0 0 0 Cattle | 2970 (1,909-4,030) 3576 (2,512-4,639)
Sheep 606 (600-612)
Giardiasis 35 (34-36) 35 (34-36) 0 35 (34-36)
Hantavirus pulmonary syndrome 597 (278-933) 70 (54-88) 529 (198-859) 597 (278-933)
Leishmaniasis 2,129 (1,992-2,386) 2,014 (1,929-2,101) 110 (16-364) Dogs 445 (438-452) 2,576 (2,438-2,831)
Leptospirosis 671 (338-1,068) 10 (7-13) 661 (330-1057) 2,702 (2,293-3,150)
Cattle | 1,743 (1,567-1,914)
Horse 292 (215-370)
Myiasis 9 (8.7-62) 9 (8.7-9.33) 6.4¢ (6.3¢7°-54) 9 (8.7-62)
Rabies 148 (114-189) 9 (8-10) 139 (105-180) 159 (125-199)
Cattle 10 (8-13)
Dogs 0.8 (0.7-0.9)
Salmonellosis (non-typhoidal) 949 (550-1475) 21 (18-26) 925 (529-1454) 949 (550-1475)
Scabies 228 (226-230) 228 (226-230) 0 Dogs 6 (2-10) 234 (230-239)
Staphylococcosis Cattle 6 (5-8) 6 (5-8)
Streptococcosis Cattle 3 (2-6) 3 (2-6)
Toxocariasis 15 (13-17) 15 (13-16) 0
Dogs 39 (37-41) 80 (76-85)
Cats 26 (25-28)
Toxoplasmosis 1,139 (1,003-1,342) 1,098 (979-1,232) 28 (0.34-200) 1,139 (100-342)
Bovine Tuberculosis 764 (707-823) 16 (15.9-17) 793 (397-1,256) Cattle 761 (687-842) 1,561 (1,162-2,027)

Total

18,424 (14,859-28,750)

408 (334-500)

10,034 (6,500-20,349)

43,123 (31,501-
54,558)

62,178 (48,696-77,188)

https://doi.org/10.1371/journal.pntd.0009909.t001

Meta-analysis

Table 2 shows the overall effect of each disease in the meta-analysis with its respective hetero-
geneity. Among all diseases in the meta-analysis, leishmaniasis in dogs has larger studies, so
smaller standard errors.

Cochran’s Q test would be underpowered in cases of only two studies, such as rabies. We
complement this extent with P-value to determine statistical heterogeneity.
We found a high heterogeneity (1) across diseases, except scabies (but it is not significant).
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We have no evidence of publication bias according to trim-and-fill procedures. See figures
in S1 File.

Discussion

This work represents the first study to integrate the burden of zoonoses to society through
DALYs and zDALYs (DALYs + ALEs), using real data from a country and complemented
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Fig 3. Relative burden of diseases in Paraguay: DALYs.
https://doi.org/10.1371/journal.pntd.0009909.g003
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Fig 4. Relative burden of diseases in Paraguay: zDALYs.
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with conservative assumptions and stochastic modelling. According to the data available and
our conservative estimations, zoonoses causing the major burden attributed directly to human
diseases in Paraguay were colibacillosis, chagas, leishmaniasis, toxoplasmosis and salmonello-
sis, whereas the burden attributed to animal health losses (ALE) were brucellosis, fasciolosis,
leishmaniasis, ehrlichiosis, and leptospirosis. The total disease burden, combining the burden
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Fig 5. Relative burden of diseases in Paraguay: ALEs.
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attributed to human and animal burden of zoonotic diseases (ZDALYs), has resulted in a
change of priorities to brucellosis, colibacillosis, Chagas, fasciolosis and leptospirosis. We
observed slightly different results according to the approach, being not opposed but comple-
mentary. A high burden of zoonotic diseases in animals means a higher risk of spreading dis-
ease to humans if preventive measures are not taken. Our dataset may suffer bias, namely the
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Table 2. Summary of the meta-analysis.

Disease Overall effect (95% range) Tau? I Q P-value
Leishmaniasis (animal) 0.33 (0.18-0.44) 0.041 (SE = 0.024) 99.85% 1788 <.0001
Leishmaniasis (human) 0.60 (0.29-0.91) 0.0740 (SE = 0.0758) 98.26% 58 < .0001

Brucellosis (animal) 0.03 (0.01-0.05) 0.0002 (SE = 0.0003) 99.80% 502 < .0001
Rabies (animal) 0.62 (0.20-1.03) 0.089 (SE =0.13) 98.05% 51 < .0001
Leptospirosis (animal) 0.29 (0.12-0.46) 0.022 (SE = 0.023) 98.00% 80 <.0001
Leptospirosis (human) 0.06 (0.02-0.11) 0.0008 (SE = 0.0016) 70.46% 39 0.066
Ehrlichiosis (animal) 0.33 (0.09-0.57) 0.059 (SE = 0.0496) 99.71% 1875 < .0001
Scabies (animal) 0.11 (0.08-0.14) 0 (SE = 0.0020) 0.18% 1.9 0.3943
Babesiosis (animal) 0.21 (0.05-0.38) 0.025 (SE = 0.0230) 91.14% 21.11 < .0001
Toxoplasmosis 0.4 (0.09-0.71) 0.12 (SE = 0.088) 99.54% 1005 < .0001

https://doi.org/10.1371/journal.pntd.0009909.t002

lack of available data from several geographical areas, diseases, vulnerable human populations,
and neglected animal populations. We chose Monte Carlo method for stochastic modelling
since it has been widely used to model the probability distribution of diseases due to its sim-
plicity and flexibility. All the outputs consist of estimations based on data that we found
through the systematic review.

We assume an underestimation of the total burden of zoonoses in Paraguay due to underre-
porting, under-ascertainment, underdiagnoses, and misdiagnoses. According to the Ministry
of Public Health and Social Welfare, 8,971 of 31,258 deaths (28.7%) occurred without medical
assistance in 2018, and similar cases happen every year. It is estimated that approximately
8,598 deaths per year are not registered in this country [3]. The cause of several of those deaths
would have a high probability of under-reporting and under-ascertainment. Currently in Para-
guay, zoonotic diseases with surveillance program lead by the Ministry of Health are bovine
tuberculosis (National Program for Tuberculosis Control-PNCT), rabies (National Program
of Zoonotic Diseases and National Rabies Center—-CAN), Chagas, and leishmaniasis [26]. Our
observation suggests underreporting from rural areas and inland Paraguay since most scien-
tific articles correspond to the capital, Asuncion (or metropolitan area), and the Central
Department due to infrastructures and resources are mainly in this area. This illustrates the
challenge of Paraguay, being a “centralized” country where most services (especially health,
sciences, infrastructure, and resources) are in “Gran Asunciéon” and the Central department,
leaving other departments and most rural areas neglected. Among studies outside Central
Department, they are primarily contained in theses that are not easily accessible.

Another factor that would increase zoonosis under-ascertainment is illiteracy, in addition
to contributing to the spread of zoonoses. Until 2018, 6% of the Paraguayan population
remained illiterate [27]. The challenge to prevent zoonoses (especially foodborne diseases) is
even more critical with an illiterate population. For instance in 2017, in Caaguazu (the main
dairy producer and supplier of the country), 720 workers in 360 dairy herds were interviewed,
11.7% of them were illiterate, 64% stated that they did not know what brucellosis is, and 73.3%
had no knowledge of how to prevent brucellosis. All of them also used to consume unpasteur-
ized dairy by-products, mainly Paraguayan cheese [28]. Dairy farm owners, the Ministry of
Health and the National Service of Quality and Animal Health (SENACSA) are primarily
responsible for educating and sensitizing dairy workers to follow preventive practices. A law
(Nr. 5804) established in 2017, imposes a national system to prevent labor risks in public and
private entities [29]. Another issue is that workers from informal sectors are difficult to protect,
so they are more vulnerable to injustices and diseases. In 2014, Paraguay registered 78% of
informality rate being 88.6% in rural areas [30]. Informal sectors and poverty are frequently
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associated; approximately 5.9% of the Paraguayan population lived in poverty with an income
below US$ 3.20 per day in 2018. This sector is the most vulnerable to hunger and diseases in
the country [31].

Paraguay is a major food exporter, but malnutrition and hunger are still a concern. The
Nutritional Food Surveillance System (SISVAN) in Paraguay reported that 11.4% of children
under five years old suffer from chronic malnutrition. According to the FAO, undernourish-
ment has increased over the last three years in this country as well as obesity. Based on the
reported data, Paraguay has reduced poverty in the last years, increased food production, but
undernourishment has also increased, proving that inequalities are part of this process. Cur-
rently, Paraguay is the third country in South America with the most inequalities after Brazil
and Colombia [32].

Part of the zoonoses under-ascertainment would be related to demographic characteristics
of the current Paraguayan population, which are only based on estimates since the national
census carried out in 2012 was not completed as established. According to the international
standards, a census should cover at least 90-95% of the population to be valid, but in Paraguay,
it was only covered 74.4% of the population [33]. In addition, UNICEF estimated in 2013 that
one in four children was not registered in Paraguay [34]. This condition increases our uncer-
tainty of gauging the true impact of zoonoses in Paraguay. In our search, we observed that cer-
tain diagnoses are symptomatic (e.g., diarrhea, fever) rather than etiologic resulting in
underdiagnosis of zoonoses. For instance, some reports on heart disease do not explain the eti-
ologic cause, such as cases of “dilated cardiomyopathy” can be related to toxoplasmosis, Cha-
gas, histoplasmosis, Lyme disease, rickettsial diseases, nutritional causes, among others [35-
37].

Misdiagnoses contribute to the underestimation due to several causes, such as cross-reactiv-
ity in diagnostic tests, e.g., serological leishmaniasis test [38,39]. Furthermore, not all people
can afford a gold standard test, pay for a test repetition, or spend money on a second medical
opinion. In case of leishmaniasis, positive pets are euthanized as a disposition of Ministry of
Health in Paraguay. This represents an inconvenience when the definitive diagnosis is not con-
firmed by a gold standard test. As a result, the risk of facing other pathologies that we ignore is
higher, and owners would lose needlessly lives of sick pets caused by other diseases, even non-
zoonotic ones. The National Program of Zoonoses Control in Paraguay manages the diagnosis
of leishmaniosis without a gold standard test. In 2016, as a routine exam of leishmaniosis in
6,672 dogs, using rK39 test, 1,586 resulted positive of which 1,038 positive dogs were culled
without a gold standard test (as data reported in the 6™ World Congress on Leishmaniasis).
Taking into account that an rK39 test has a specificity of approximately 82% [40]; applying to
the previous case, 851 dogs would have been culled unnecessarily by misdiagnosis.

In 2018, the Pan American Health Organization certified Paraguay as a “country free of
domiciliary vector transmission of Chagas disease caused by Trypanosoma cruzi”. Despite this
certification, Chagas represents one of the highest DALYs among zoonoses, especially those
due to chronic Chagas. Moreover, we also found acute cases of Chagas, but the reports did not
specify the transmission form (whether they were urban or sylvatic). Although Paraguay is a
“country free of domiciliary vector transmission of Chagas”, the work related to this disease
has not finished yet, and it must not be neglected. The WHO has estimated that approximately
6 to 7 million people are infected by T. cruzi worldwide, being the most affected Latin America.
The triatomine bug is the vector that transmitted this disease. Chagas is not only considered a
vector-borne disease but also a foodborne, bloodborne and congenital disease. Over centuries,
the vector of Chagas or American trypanosomiasis has had an “evolution” or adaption, affect-
ing at the beginning only wild mammals until also spreading to domestic mammals. In the
past, Chagas was usual in rural areas but the urban cases have been increasing lately due
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mainly to the migration of infected people and anthropogenic activities that cause changes in
the environment, increasing the risk of contact with the vector. Chagas or American trypano-
somiasis is endemic in Latin America, and since 1990, the WHO has reported a reduction of
transmissions. The most affected countries in South America are Brazil (174,194.22 DALYs),
followed by Venezuela (27,037.40 DALYs), and Argentina (23,552.58 DALYs); Uruguay being
the least affected (350.72 DALYs) based on the estimations of the Global Burden of Diseases
[41]. Concerning Chagas in pets, there were a few studies of seroprevalence of Chagas in dogs
in Latin America such as Argentina, Brazil, Chile, Colombia, Ecuador, Mexico, Venezuela but
none in Paraguay [42-48]. Several other mammals are a potential reservoir of Chagas. This is
one of the reasons that eradication of this disease is not feasible, but its impact can be reduced
not only by taking care of the animal and human health but also of the environment.

Foodborne zoonoses are the most frequently underreported since they principally cause
diarrhea, and the treatments are mainly symptomatic. Paraguay registered 92,466 cases of diar-
rhea, being 83,140 classified as parasitic origin, 216 as food poisoning, and the remaining 9,110
were unspecified, according to Paraguay statistical yearbook 2017. Since diarrhea cases are fre-
quently underreported, we used the estimates of diarrhea for Paraguay of 10.3 million (9.5 mil-
lion—11 million) [49]. The most common bacterial zoonotic diseases were colibacillosis, non-
typhoidal salmonellosis, and campylobacteriosis [50]. In Paraguay, colibacillosis cases were
mainly reported in children and condemned beef in abattoirs through certain theses. World-
wide, Shiga toxin-producing E. coli (STEC) causes outbreaks mainly associated with under-
cooked or raw beef and its products; also, fecal contamination of vegetables and water. The
reservoirs of E. coli are mainly cattle, goats, sheep, and deer. Other animals can be infected by
this pathogen, such as dogs, cats, chicken, horses, pigs, rabbits, and turkeys. Besides being E.
coli, a foodborne and waterborne disease, it can also be transmitted from person to person
(through unwashed hands). The O157:H7 serotype is the main related to STEC and can cause
hemolytic uremic syndrome (HUS). Lately, it seems a lack of updated outbreaks of E. coli in
Latin America, whereas for the USA, the E. coli infections and outbreaks are constantly
updated by the CDC. Therefore, we easily found more cases in the latter country.

In Paraguay, we only found cases of campylobacteriosis and salmonellosis in children. The
WHO affirms that worldwide, campylobacteriosis and salmonellosis are one of the main
causes of diarrhea of approximately 1 in 10 people yearly. Both foodborne and waterborne dis-
eases usually cause mild symptoms, but they can generate some complications. In the case of
campylobacteriosis, among its complications are bacteraemia, hepatitis, pancreatitis, and abor-
tion. Rare cases manifest post-infection complications, including reactive arthritis for several
months, Guillain-Barré syndrome, a polio-like form of paralysis. Campylobacter spp can be
found in chicken, cattle, pigs, sheep, shellfish, ostriches, cats, and dogs. In the case of salmonel-
losis, the transmission can also be from person-to-person (fecal-oral route)-besides contami-
nated food. Salmonella spp is in chicken, cattle, pigs, dogs, cats, and wild animals such as birds
and reptiles. Most of the cases of salmonellosis are considered sporadic, according to the
WHO. E. coli, Campylobacter spp, and Salmonella spp have increased antimicrobial resistance
as well as awareness about this issue. WHO and FAO formed an alliance to prevent foodborne
diseases creating the International Network of Food Safety Authorities (INFOSAN) and to
contribute to early detection and response they created an Advisory Group on Integrated Sur-
veillance of Antimicrobial Resistance (AGISAR). Only at the end of 2018 was banned the sale
of antibiotics without a prescription in Paraguay.

Within the parasitic causes of diarrhea, we identified giardiasis primarily in children [51].
Giardia intestinalis, lamblia or duodenalis is distributed worldwide, but with a low report
because most infections are asymptomatic. Other parasitic zoonoses found in Paraguay with
different symptoms were cystic echinococcosis (Echinococcus granulosus)—identified as
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surgically treated cases—and toxocariasis (Toxocara canis) in children. There are low reports
of these diseases in Paraguay, only in five countries of South America (Argentina, Chile, Peru,
Uruguay, and Brazil) cystic echinococcosis is considered endemic as stated by PAHO from
2009 to 2014. Paraguay is likely to have more echinococcosis cases than those found, but we
have almost no data due to missing official reports or surveillance of this disease. Cases of giar-
diasis, echinococcosis, and toxocariasis can be prevented with good hygiene practices that are
difficult to apply in deprived places without safe drinking water or lack of access to improved
sanitation. The presence of stray dogs aggravates the risk in urban settings, and the same prob-
lem occurs in rural areas where certain farm animals are free to roam.

We did not find any report of cysticercosis in Paraguay. Although the Institute for Health
Metrics and Evaluation (IHME) data estimated for cysticercosis a DALY of 2,531 (1,395-
4,002), we consider this figure represents an overestimation. In 2018, only 359,604 pigs were
registered in Paraguay, most of them corresponded to intensive farms with a low transmission
risk. Based on the Foodborne Disease Burden Epidemiology Reference Group (FERG) meth-
odology [52], we estimated 388 (188-694) DALYs instead, and recommend studies on neuro-
cysticercosis, especially in areas that lack basic sanitation with free-range pigs. The PAHO
estimates 14.9 million people with neurocysticercosis and 1.35 million with epilepsy due to
this disease in Latin American and the Caribbean.

Another important parasitic foodborne disease among the priorities is fascioliasis or liver
fluke (Fasciola hepatica) that was only reported in cattle and sheep in Paraguay, and it is the
sole foodborne trematode infection registered in this country. We have not found human
cases, but the risk is higher since the burden in animals is also high. The WHO affirms that
about 2.4 million people are infected worldwide. The PAHO has declared that the most
affected places by this disease in South America are the Andean highlands, mainly indigenous
communities. Paraguay declared in its census that the estimated indigenous population was
112,848 people in 2012. However, there are no studies or surveillance in these communities
about this disease.

With respect to leishmaniasis, it was difficult to identify if the reported cases were part of a
coinfection or a primary infection. This information would help assess the extent of the spe-
cific disease burden, and how much is attributable to coinfection in patients with HIV or other
immunosuppressive diseases [53]. Comorbidities of zoonoses were not common to find, but
zoonotic infections such as toxoplasmosis and cryptosporidiosis with HIV co-infections were
more frequent. According to the Global Health Data Exchange, the HIV burden of Paraguay
was 69,576 (45,151-96,058) in 2017 [41], which is still higher than the estimated total burden
of zoonoses in people and animals (ZDALYs)—62,178 (48,696-77,188).

Toxoplasmosis in humans represents one of Paraguay’s most studied infectious diseases,
especially in pregnant women and children (congenital toxoplasmosis, being the most com-
mon transmission form). Ocular toxoplasmosis is usually reported and, to a lesser extent, cere-
bral toxoplasmosis as co-infections mainly with HIV [54,55]. Cats are the primary host of
Toxoplasma gondii, but it can infect a wide range of wild and domestic animals, including
dogs. Toxoplasmosis is one of the diseases that can be mainly prevented with good hygienic
practices, especially related to food.

We identified a high human tuberculosis incidence of 36.7 per 100,000 inhabitants in Para-
guay [56]. Since zoonotic tuberculosis is mainly due to Mycobacterium bovis, we were inter-
ested in finding the infections caused by this pathogen. However, reports on human
tuberculosis in Paraguay did not specify if they were caused by M. tuberculosis or M. bovis. For
that reason, we used the estimates for the proportion of human tuberculosis due to M. bovis as
amedian of 0.3% (range 0%- 33.9%) in the Americas [13]-since Paraguay does not count for
this proportion. Our estimates for bovine tuberculosis in human cases are 764 (707-823)
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DALYs and when we include all the cases of human tuberculosis the DALY's sum 25,460
(23,590-27,383) in Paraguay. We only considered the results of bovine tuberculosis because
our focus was on zoonotic tuberculosis. In the future, it will be useful a study about tuberculo-
sis as an anthropozoonosis to understand better the dynamic of this disease since there are
almost no data globally about it, and this is an important approach in prevention.

Leptospirosis has a high prevalence, predominantly in the most disadvantaged areas and
sectors of the country. In Paraguay, its incidence is related to flooding and living conditions of
people in poverty (aggravated by the lack of infrastructure). Poverty is also associated with
other zoonoses such as scabies, larva migrans, fungal skin diseases, vector-borne diseases (den-
gue and other arboviruses), and animal-related problems; namely animal bites and contact
with poisonous animals [57-59]. All these diseases mentioned above are underreported in Par-
aguay and low- and middle-income countries, underestimating their actual impact.

Hantaviruses (spreading mainly by rodents) present two main forms: hemorrhagic fever
with renal syndrome (HFRS)—reported in Asia and Europe—and hantavirus pulmonary syn-
drome (HPS) in the Americas. The first registered outbreak of hantaviruses in Paraguay was in
1995 in the Chaco region [60,61]. As a result, most studies of HPS have been conducted in this
region. Currently, hantavirus is considered endemic of Paraguay’s main ecological regions: the
Chaco and the Atlantic Forest [62]. We notice certain fluctuations in hantaviruses case rec-
ords, such as in 2011, 74 HPS cases, and none in 2012. In 2017, the Paraguayan statistical year-
book reported 10 HPS cases, whereas the WAHIS (World Animal Health Information System-
OIE) did not specify the number of cases. We consider that the reporting systems need to be
improved. Countries in Latin America such as Argentina, Chile, and Panama have registered
increased cases of hantavirus infection in the last years.

With respect to animal diseases, Paraguay has larger amount of data about productive and
reproductive animal diseases due to the traceability system of its livestock, playing a funda-
mental key in the economy of this country. We found more data on tuberculosis in cattle, lep-
tospirosis in livestock, brucellosis in cattle, E. coli in beef products, rabies in various species
and leishmaniosis in dogs. The animal health service in Paraguay (SENACSA) has registries at
national level of rabies, tuberculosis, and brucellosis in cattle. We observed that cattle tested
for tuberculosis (< 30,000 per year on average) are less than those tested for brucellosis
(100,000 per year), being also another possible source of bias since some diseases are under
surveillance more than others. As beef is the main exported meat, this country spends most of
its resources for surveillance of cattle diseases and inevitably neglects other important species.
In Paraguay, the least studied farm animals but with a considerable number per inhabitants
are chicken (the most produced in the country) and pigs (the third largest local production,
after cattle)—see Fig 6. In this aspect, it is crucial to adjust lenses and refocus the priorities to
control diseases. Although livestock production is indeed a priority because it contributes to
the country’s economic growth, it can also contribute to poverty if diseases of surrounding
species are not controlled and prevented (this factor may also affect the economy directly and
indirectly). Another risk consists of bushmeat consumed by a small proportion of the Para-
guayan population. Some farmers breed wild animals for consumption without any veterinary
control or regulations in the country. Also, activities related to hunting have a higher risk of
zoonotic infections due to wild animals are not under food quality control. Therefore, more
education and control are needed in this regard.

The zDALYs metric is intended to estimate the burden of zoonoses combining the burden
of disease due to human and animal morbidity and mortality. For zDALYs, we consider the
time lost in years of life that zoonotic diseases cause through human morbidity and mortality
and the time trade-off to “recover” the animal loss due to those diseases. This makes estimates
of the animal loss equivalents (ALE) on pets and wildlife challenging, because market values
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Population

Fig 6. Diagram of the human and livestock population related to their proportion of publications and studies in Paraguay.
https://doi.org/10.1371/journal.pntd.0009909.¢g006
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do not reflect the complex relationship between people and pets or wildlife, and their value in
the ecosystem. For a robust estimation of the time trade-off, the moral and emotional factors
require further research. This indicates that we may have underestimated the ALEs of zoonoses
in pets; and for the moment, we cannot estimate ALEs for wild animals [63-67]. For DALYs,
the emotional value is not directly estimated but this is intrinsically included in the disability
weight estimations.

We estimated for the first time the DALY’ on ehrlichiosis, scabies, and dermatophytosis
(Microsporum canis). These diseases affect animal and human life quality, and zoonoses such
as ehrlichiosis can even be a fatal tick-borne disease if it is not treated. According to our esti-
mations, ehrlichiosis causes the second highest burden in animals (mainly in dogs) but it is not
even included among the disease priorities of Paraguay. In this country, the first ehrlichiosis
cases reported in scientific studies were from 2013-2014 in dogs, and in the last years some
cases in humans. This disease has been reported in most countries of South America.

Certain fungal diseases are considered sapronoses but to some extent its origin is related to
animals, such as their feces. Fungal diseases are mainly manifested as coinfections in patients
with immunosuppression. We found cases of Histoplasma capsulatum (endemic in Paraguay),
Sporothrix schenckii complex (report of a family case transmitted by a cat), and Crytococcus
neoformans with insufficient data to estimate DALY [53,55,68,69]. Although histoplasmosis is
considered endemic in South America, only in Brazil, Argentina, and Colombia have pub-
lished studies about this disease transmitted mainly through bat and bird droppings and asso-
ciated with HIV- positive patients [70].

Animal bites are not zoonoses but contribute to the burden of diseases through injuries
causing zoonotic infections and deaths in cases not treated in time. In 2013, 5799 patients were
treated for animal bites (dogs, cats, monkeys, bats and rodents) and in 2015, Paraguay regis-
tered 169 cases of snakebites (Bothrops, Crotalus, and other unidentified species) [71-73]. In
addition, snakebites cause significant losses to livestock in some countries. However, there is
no evidence of how much livestock farmers lose due to snakebites in Paraguay [74], and how
much these agricultural activities damage the environment. To study the impact of animal
bites, surveillance is needed, especially for snakebites (venomous animal contact). Although
the last case of human rabies was in 2004 and the last rabies cases in dogs were in 2015, Para-
guay should be vigilant due to cases of rabies have recently been reported in Argentina. The
PAHO reported in 2017 that canine rabies was still endemic in Bolivia (another country bor-
dering Paraguay), Guatemala, Haiti and the Dominican Republic [75]. A study in 2011 in Par-
aguay, after two confirmed cases of rabies in dogs, demonstrated that 78% of pets have not
been vaccinated (49/63) in Loma Plata, Chaco [76]. Unfortunately, unvaccinated animals are
common in various parts of the country, especially in peripherical and rural areas, represent-
ing a higher risk for rabies outbreaks [77]. Despite no cases in humans, it remains a burden of
rabies due to the use of post-exposure prophylaxis (PEP) following animal bites. Although the
costs related to rabies are higher and more than the PEP, when we also consider the pre-expo-
sure prophylaxis (PreEP) which varies according to the country. For Paraguay, we did not find
official figures that represent that cost. We assume that if we include more costs for rabies pre-
vention, the burden will increase as well as all the zoonotic diseases under surveillance in the
country. However, we cannot add any extra amount that is not official since, in low and mid-
dle-income countries such as Paraguay, owners are in charge of the rabies vaccination and
sterilization of their pets in most cases. Another source of rabies in livestock is wildlife, in par-
ticular bats and foxes [78]. Consequently, rabies incidence has increased in cattle [79]. In 2002,
a case of human rabies transmitted by a bat was reported in Paraguay [80]. In the process of
recent anthropogenic activities, wildlife has fewer natural habitats and Paraguay has lost
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biodiversity resulting in an increased risk of zoonoses [81-83]. Paraguay has lost a vast area of
its humid primary forest, being decreased by 31% from 2002 to 2020.

We only found a single outbreak of yellow fever in 2008 (after 40 years without reported
cases of this disease) in the department of San Pedro, Caaguazd, and Central (San Lorenzo)
[84,85]. The same year in San Pedro and Central Departments, researchers tested some pri-
mates for yellow fever (Cebus sp: 31) and (Alouatta caraya: 13), with negative results [86]. In
South America, yellow fever is mainly sylvatic with non-human primates being the principal
reservoir. This is in contrast to Africa where it is primarily human-to-human transmission, via
vectors [87]. According to the latest report of the PAHO, only Bolivia, Peru, and Brazil regis-
tered cases of yellow fever, being the latter country with the highest seasonal cases in 2019 in
South America [88].

Another disease present in Paraguay and poorly studied is tungiasis (Tunga penetrans and
Tunga trimamillata). There is evidence that this disease has been present since pre-hispanic
America [89]. However, it is ironically one of the least studied disease in this continent. The
most affected population is in extreme poverty and lacks medical assistance [90]. Certain
affected people remove Tunga penetrans themselves, leading to an underestimation of the inci-
dence. Furthermore, tungiasis does not represent a disease of major concern, but it could lead
to more severe infections such as tetanus. In Paraguay, myiasis is a frequent parasitic infesta-
tion in animals, especially in warm seasons (the predominant climate in this subtropical coun-
try). However, veterinarians usually do not report it. Regarding human cases of myiasis, we
found some records, but they did not specify what part of the body was affected, making it dif-
ficult to properly estimate the disability weight. As a result, for the DALY's of myiasis estima-
tions, we do not consider any sequelae since it varies considerably according to where the
infestation is located. In South America besides Paraguay, a few cases of myiasis were reported
in Argentina, Brazil, Equator, Peru, Uruguay, and Venezuela; some of the registered cases
were about travellers returning from one of the mentioned countries [91-94]. Other zoonoses
that are rarely reported hence of low risk include sparganosis, and dirofilariosis [95,96].
Diphyllobothrioisis has not been reported in Paraguay, but it is present in neighbouring coun-
tries [97].

Among zoonotic influenza, Paraguay was also part of the swine influenza (HIN1) pandemic
in 2009. Between 2009 and 2010, Paraguay reported 1025 cases and 47 deaths according to the
PAHO. The vaccination helped to control this disease as well as a national response plan to an
eventual influenza pandemic created in 2003. After 2010, it has not been published reports of
outbreaks. Concerning avian influenza (H5N1), Paraguay has no reports as well as any country
in South America.

Until now, the notifiable diseases that seem still absent in Paraguay or at least without
reports are: Q fever, tularaemia, venezuelan equine encephalitis virus, rift valley fever—all of
them are vectorial—and, nipah virus encephalomyelitis (non-vectorial). Concerning the epide-
miological information of Q fever (Coxiella burnetii), it has been considered that its distribu-
tion is worldwide. However, Q fever is not commonly reported in neighboring countries of
Paraguay either, there were only some cases reported in Brazil, and evidence of circulation in
Argentina [98-101]. Brazil identified more cases of Q fever when they started including this
disease as part of the differential diagnoses list for flu-like diseases such as dengue [102]. Tular-
aemia has not been reported in South America thus far. Venezuelan equine encephalitis has
been more diagnosed in the past in South America. One of the speculations is that it is misdi-
agnosed as dengue among other flu-like disease. The rift valley fever is more frequent in sub-
Saharan Africa, and this disease has not been reported in the Americas up to the present.
Whereas Nipah virus encephalomyelitis has been only reported in Asian countries and Ghana
so far.
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We observed that the most reported zoonoses are parasitic diseases. This might be because
parasitic diseases are cheaper to diagnose compared to other diseases such as bacterial, viral, or
fungal. Nevertheless, they consist of one of the more under-ascertained infections since para-
sites do not always cause symptoms (or alarming symptoms). We observed an increment of
scientific publications from 2010, which is possibly due to the historical economic growth that
Paraguay experimented the same year. This economic improvement was helped by higher
exportation of agricultural products (mainly soy and beef), and likely influenced by the new
presidential administration that started in 2008. After 2010, the GDP was slowly growing with
some relapses in 2012, 2016 and 2019. Paraguay has had since 2014 a National Development
Plan 2030 to align and achieve objectives of the “Sustainable development goals” promoted by
the United Nations. Paraguay is working on three main axes supported by public politics to
become a competitive and efficient country: 1) poverty reduction and social development, 2)
inclusive economic growth, and 3) insertion of Paraguay in the world [103]. This plan gives
Paraguayans some hope, despite the situation.

Conclusion

In terms of DALY, we have shown that zoonoses represent a substantial proportion of the
burden of infectious diseases in Paraguay. This is further illustrated when the direct effects on
animal health are also included as zZDALYs. The utility of the zDALY is further supported by
comparing the prioritization of diseases in terms of DALYs and zDALYs. Thus, disease priori-
tization varies if we consider only the human burden of diseases (DALYs) compared to the
additional burden when the effects of animal diseases are also included (zDALYs). This is a
clear example that we need to focus on both human and animal diseases since the zDALY pro-
vides more holistic information for disease prioritization and prevention and confirms an ini-
tial step of the “One-Health” approach to disease control. Improving data quality remains a
challenge in Paraguay and crucial to approach the Paraguayan Development Plan 2030. Our
results show that interdepartmental and inter-institutional communication in this country,
mainly between veterinary and medical sectors, then with other related institutions such as the
environment should be improved. The registration systems of diseases at national and interna-
tional levels must also be improved to avoid disparities and underreporting. This country
should invest in a common database for zoonoses to ease the “decision-making” and policies
based on evidence in health area, including more digitalization of resources (e.g., theses) to
document what is already available.

We consider that the local list of "emerging diseases” and zoonoses priorities should be
updated, adding diseases such as ehrlichiosis, among other vectorial diseases.

Although DALY and zDALYs contribute to a more holistic approach to the health losses
in a population, these health metrics continue to be a challenge in terms of social and environ-
mental impacts to make them part of an actual One Health metric.

Supporting information

S1 Prisma checklist.
(DOCX)

S1 Alternative Language Abstract.
(DOCX)

S§1 Table. List of selected zoonoses for the systematic review.
(XLSX)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 20/27


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s003
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

S2 Table. Databases and other sources searched.
(XLSX)

$3 Table. Monte Carlo Analysis applied to modelling of zoonotic diseases.
(XLSX)

S$4 Table. Auxiliary information of zoonoses used to estimate the YLL, YLD and DALYs.
(DOCX)

S1 Text. Complete search term used according to each database.
(DOCX)

S1 File. Fig A: Meta-analysis plots of zoonoses in Paraguay: forest plot and funnel plot of
babesiosis in animals. Fig B: Meta-analysis plots of zoonoses in Paraguay: forest plot and fun-
nel plot of ehrlichiosis in animals (dogs). Fig C: Meta-analysis plots of zoonoses in Paraguay:
forest plot and funnel plot of leishmaniasis in animals (dogs). Fig D: Meta-analysis plots of
zoonoses in Paraguay: forest plot and funnel plot of leishmaniasis in humans. Fig E: Meta-
analysis plots of zoonoses in Paraguay: forest plot and funnel plot of leptospirosis in animals.
Fig F: Meta-analysis plots of zoonoses in Paraguay: forest plot and funnel plot of leptospirosis
in humans. Fig G: Meta-analysis plots of zoonoses in Paraguay: forest plot and funnel plot of
rabies in animals. Fig H: Meta-analysis plots of zoonoses in Paraguay: forest plot and funnel
plot of scabies in animals. Fig I: Meta-analysis plots of zoonoses in Paraguay: forest plot and
funnel plot of toxoplasmosis in humans

(ZIP)

Acknowledgments

Liz thanks Romina Marini, Sergio Escobar, Arami Santacruz, and Florian Graf for answering
her messages and send her their work. Paraguay needs more people like you, altruistic and
concerned for a better situation. Aguyje!

Author Contributions

Conceptualization: Liz Paola Noguera Zayas, Simon Riiegg, Paul Torgerson.
Data curation: Liz Paola Noguera Zayas.

Formal analysis: Liz Paola Noguera Zayas.

Funding acquisition: Liz Paola Noguera Zayas.
Investigation: Liz Paola Noguera Zayas.

Methodology: Liz Paola Noguera Zayas, Paul Torgerson.
Project administration: Liz Paola Noguera Zayas.
Resources: Paul Torgerson.

Supervision: Simon Riiegg, Paul Torgerson.

Validation: Paul Torgerson.

Visualization: Liz Paola Noguera Zayas.

Writing - original draft: Liz Paola Noguera Zayas.

Writing - review & editing: Liz Paola Noguera Zayas, Simon Riiegg, Paul Torgerson.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 21/27


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s007
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009909.s008
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Taylor LH, Latham SM, Woolhouse MEJ. Risk factors for human disease emergence. Philos Trans R
Soc B Biol Sci. 2001; 356: 983-989. https://doi.org/10.1098/rstb.2001.0888 PMID: 11516376

Vora N. Impact of anthropogenic environmental alterations on vector-borne diseases. MedGenMed
Medscape General Medicine. WebMD/Medscape Health Network; 2008. p. 238. Available: https:/
www.ncbi.nim.nih.gov/pmc/articles/PMC2605134/ PMID: 19099032

MSBS. Indicadores Basicos de Salud—Direccién General de Informacion Estratégica en Salud. 2019
[cited 28 Jun 2020]. Available: http://portal.mspbs.gov.py/digies/publicaciones/indicadores/

Introduccién a Paraguay y su Sector Carnico Abril 2017 www.arp.org.py Asociacion Rural del Para-
guay. Available: www.arp.org.py

Estadisticas:: SENACSA. [cited 28 Jun 2020]. Available: https://www.senacsa.gov.py/index.php/
Temas-pecuarios/estadisticas

Global Health Data Exchange | GHDx. [cited 26 Apr 2021]. Available: http://ghdx.healthdata.org/

Torgerson PR, Riiegg S, Devleesschauwer B, Abela-Ridder B, Havelaar AH, Shaw APM, et al.
zDALY: An adjusted indicator to estimate the burden of zoonotic diseases. One Heal. 2018; 5: 40—45.
https://doi.org/10.1016/j.onehlt.2017.11.003 PMID: 29911164

Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, et al. Preferred reporting items for sys-
tematic reviews and meta-analyses: The PRISMA statement. PLoS Medicine. Public Library of Sci-
ence; 2009. https://doi.org/10.1371/journal.pmed.1000097 PMID: 19621072

Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement | The
EQUATOR Network. [cited 28 Jun 2020]. Available: https://www.equator-network.org/reporting-
guidelines/prisma/

Devleesschauwer B, Havelaar AH, Maertens de Noordhout C, Haagsma JA, Praet N, Dorny P, et al.
Calculating disability-adjusted life years to quantify burden of disease. Int J Public Health. 2014; 59:
565-569. https://doi.org/10.1007/s00038-014-0552-z PMID: 24752429

WHO | Disability weights, discounting and age weighting of DALYs. [cited 28 Jun 2020]. Available:
https://www.who.int/healthinfo/global_burden_disease/daly_disability_weight/en/

WHO | Disease burden and mortality estimates. [cited 28 Jun 2020]. Available: https://www.who.int/
healthinfo/global_burden_disease/estimates/en/index1.html

Mdller B, Durr S, Alonso S, Hattendorf J, Laisse CJM, Parsons SDC, et al. Zoonotic mycobacterium
bovis-induced tuberculosis in humans. Emerg Infect Dis. 2013; 19: 899-908. https://doi.org/10.3201/
€id1906.120543 PMID: 23735540

WHO | UN-Water Global Analysis and Assessment of Sanitation and Drinking-Water (GLAAS) 2017
report. WHO. 2017 [cited 14 Aug 2020]. Available: http://www.who.int/water_sanitation_health/
publications/glaas-report-2017/en/

Naghavi M, Abajobir A, Abbafati C, Lancet KA-T, 2017 undefined. Global, regional, and national age-
sex specific mortality for 264 causes of death, 1980-2016: a systematic analysis for the Global Burden
of Disease Study. Elsevier. [cited 5 Sep 2019]. Available: https://www.sciencedirect.com/science/
article/pii/S0140673617321529

Global Burden of Disease (GBD) | Institute for Health Metrics and Evaluation. [cited 14 Aug 2020].
Available: http://www.healthdata.org/ghd

Devleesschauwer B, Haagsma JA, Angulo FJ, Bellinger DC, Cole D, Dopfer D, et al. Methodological
framework for World Health Organization estimates of the global burden of foodborne disease. PLoS
One. 2015; 10. https://doi.org/10.1371/journal.pone.0142498 PMID: 26633883

Schmidt WP, Arnold BF, Boisson S, Genser B, Luby SP, Barreto ML, et al. Epidemiological methods
in diarrhoea studies-An update. Int J Epidemiol. 2011; 40: 1678-1692. https://doi.org/10.1093/ije/
dyr152 PMID: 22268237

UN-Water GLAAS 2017: Financing universal water, sanitation and hygiene under the Sustainable
Development Goals | UN-Water. [cited 18 Aug 2020]. Available: https://www.unwater.org/publications/
un-water-glaas-2017-financing-universal-water-sanitation-hygiene-sustainable-development-goals/

GNI per capita, Atlas method (current US$) | Data. [cited 28 Jun 2020]. Available: https://data.
worldbank.org/indicator/NY.GNP.PCAP.CD

Valor aforo:: SENACSA. [cited 28 Jun 2020]. Available: https://www.senacsa.gov.py/index.php/
comision-interinstitucional/valor-aforo

Precios de Ganado—Asociacién Rural del Paraguay. [cited 28 Jun 2020]. Available: https://www.arp.
org.py/index.php/precio-ganado

Official exchange rate (LCU per US$, period average)—Paraguay | Data. [cited 28 Jun 2020]. Avail-
able: https://data.worldbank.org/indicator/PA.NUS.FCRF?end=2018&locations=PY &start=2018

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 22/27


https://doi.org/10.1098/rstb.2001.0888
http://www.ncbi.nlm.nih.gov/pubmed/11516376
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2605134/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2605134/
http://www.ncbi.nlm.nih.gov/pubmed/19099032
http://portal.mspbs.gov.py/digies/publicaciones/indicadores/
http://www.arp.org.py
http://www.arp.org.py
https://www.senacsa.gov.py/index.php/Temas-pecuarios/estadisticas
https://www.senacsa.gov.py/index.php/Temas-pecuarios/estadisticas
http://ghdx.healthdata.org/
https://doi.org/10.1016/j.onehlt.2017.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29911164
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://www.equator-network.org/reporting-guidelines/prisma/
https://www.equator-network.org/reporting-guidelines/prisma/
https://doi.org/10.1007/s00038-014-0552-z
http://www.ncbi.nlm.nih.gov/pubmed/24752429
https://www.who.int/healthinfo/global_burden_disease/daly_disability_weight/en/
https://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html
https://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html
https://doi.org/10.3201/eid1906.120543
https://doi.org/10.3201/eid1906.120543
http://www.ncbi.nlm.nih.gov/pubmed/23735540
http://www.who.int/water_sanitation_health/publications/glaas-report-2017/en/
http://www.who.int/water_sanitation_health/publications/glaas-report-2017/en/
https://www.sciencedirect.com/science/article/pii/S0140673617321529
https://www.sciencedirect.com/science/article/pii/S0140673617321529
http://www.healthdata.org/gbd
https://doi.org/10.1371/journal.pone.0142498
http://www.ncbi.nlm.nih.gov/pubmed/26633883
https://doi.org/10.1093/ije/dyr152
https://doi.org/10.1093/ije/dyr152
http://www.ncbi.nlm.nih.gov/pubmed/22268237
https://www.unwater.org/publications/un-water-glaas-2017-financing-universal-water-sanitation-hygiene-sustainable-development-goals/
https://www.unwater.org/publications/un-water-glaas-2017-financing-universal-water-sanitation-hygiene-sustainable-development-goals/
https://data.worldbank.org/indicator/NY.GNP.PCAP.CD
https://data.worldbank.org/indicator/NY.GNP.PCAP.CD
https://www.senacsa.gov.py/index.php/comision-interinstitucional/valor-aforo
https://www.senacsa.gov.py/index.php/comision-interinstitucional/valor-aforo
https://www.arp.org.py/index.php/precio-ganado
https://www.arp.org.py/index.php/precio-ganado
https://data.worldbank.org/indicator/PA.NUS.FCRF?end=2018&locations=PY&start=2018
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

24,

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42,

43.

44,

Mathers CD, Salomon JA, Ezzati M, Begg S, Hoorn S Vander, Lopez AD. Sensitivity and Uncertainty
Analyses for Burden of Disease and Risk Factor Estimates. Global Burden of Disease and Risk Fac-
tors. The International Bank for Reconstruction and Development / The World Bank; 2006. Available:
http://www.ncbi.nIm.nih.gov/pubmed/21250370

OPS/OMS Paraguay—Paraguay recibié la Certificacion “pais libre de la transmision vectorial domici-
liaria de Chagas". [cited 28 Jun 2020]. Available: https://www.paho.org/par/index.php?option=com_
content&view=article&id=2062:paraguay-recibio-la-certificacion-pais-libre-de-la-transmision-
vectorial-domiciliaria-de-chagas&ltemid=258

Institutos y Programas—Ministerio de Salud Publica y Bienestar Social. [cited 3 Aug 2020]. Available:
https://www.mspbs.gov.py/institutos-programas.htmi

Tasa de alfabetizacion, total de adultos (% de personas de 15 afios 0 mas) | Data. [cited 1 Jul 2020].
Available: https://datos.bancomundial.org/indicador/SE.ADT.LITR.ZS?name_desc=false

Arbo L de, Céspedes L, Paraguay PM-. .. del, 2019 U. Conocimiento, practicas de prevencion y biose-
guridad sobre Brucelosis en trabajadores de hatos lecheros de Caaguazu-Paraguay. revistas.ins.gov.
py. Available: http://revistas.ins.gov.py/index.php/rspp/article/view/514

Ley N° 5804 / ESTABLECE EL SISTEMA NACIONAL DE PREVENCION DE RIESGOS LABOR-
ALES. [cited 21 Apr 2021]. Available: https://www.bacn.gov.py/leyes-paraguayas/9127/ley-n-5804-
establece-el-sistema-nacional-de-prevencion-de-riesgos-laborale

Dahiana Ayala EE. FICHA TECNICA. Available: www.sinafocal.gov.py

Poverty & Equity Brief—Paraguay. [cited 2 Jul 2020]. Available: https://databank.worldbank.org/data/
download/poverty/33EF03BB-9722-4AE2-ABC7-AA2972D68AFE/Global_POVEQ_PRY .pdf

Gini index (World Bank estimate)—Paraguay, Argentina, Brazil, Uruguay, Bolivia, Ecuador, Venezu-
ela, RB, Chile, Peru, Colombia, Guyana, Suriname | Data. [cited 26 Apr 2021]. Available: https://data.
worldbank.org/indicator/SI.POV.GINI?locations=PY-AR-BR-UY-BO-EC-VE-CL-PE-CO-GY-
SR&view=chart

DGEEC::Direccion General de Estadistica, Encuestas y Censos. [cited 29 Jun 2020]. Available:
https://www.dgeec.gov.py/

Unicef Paraguay. Uno de cada cuatro nifios paraguayos no tiene identidad. [cited 5 Aug 2020]. Avail-
able: https://www.unicef.org/paraguay/comunicados-prensa/uno-de-cada-cuatro-nifios-paraguayos-
no-tiene-identidad

Interna AR-V de la SP de M, 2019 undefined. The evidence of absence is not absence of evidence.
scielo.iics.una.py. [cited 3 Apr 2020]. Available: http:/scielo.iics.una.py/scielo.php?pid=S2312-
38932019000100146&script=sci_arttext

MacHado FS, Jelicks LA, Kirchhoff L V., Shirani J, Nagajyothi F, Mukherjee S, et al. Chagas heart dis-
ease: Report on recent developments. Cardiology in Review. NIH Public Access; 2012. pp. 53-65.
https://doi.org/10.1097/CRD.0b013e31823efde2 PMID: 22293860

Kosti¢ T, Momcilovi¢ S, Perisi¢ ZD, Apostolovi¢ SR, Cvetkovi¢ J, Jovanovi¢ A, et al. Manifestations of
Lyme carditis. International Journal of Cardiology. Elsevier Ireland Ltd; 2017. pp. 24-32. https://doi.
org/10.1016/j.ijcard.2016.12.169 PMID: 28082088

Marcondes M, Day MJ. Current status and management of canine leishmaniasis in Latin America.
Research in Veterinary Science. Elsevier B.V.; 2019. pp. 261-272. https://doi.org/10.1016/j.rvsc.
2019.01.022 PMID: 30708238

Fraenkel S, Tintel M, Salvioni O, Centurion N, Arze P. Avaliagéo da eficacia do diagnotico sorologico
por ELISA para leishmaniose em caes do Paraguai. adaltech.com.br. [cited 3 Oct 2019]. Available:
http://www.adaltech.com.br/anais/medtrop2018/resumos/PDF-eposter-trab-aceito-2595-1.pdf

Chappuis F, Rijal S, Soto A, Menten J, Boelaert M. A meta-analysis of the diagnostic performance of
the direct agglutination test and rK39 dipstick for visceral leishmaniasis. Br Med J. 2006; 333: 723—
726. https://doi.org/10.1136/bm|.38917.503056.7C PMID: 16882683

GBD Results Tool | GHDx. [cited 28 Jun 2020]. Available: http://ghdx.healthdata.org/gbd-results-tool

Rubio C, Li M, Ma R, Garcia A. Seroprevalencia de la infeccién por Trypanosoma cruzi en Canis famil-
iaris del estado Sucre, Venezuela. Biomédica. 2013; 33: 205—218. https://doi.org/10.7705/biomedica.
v33i2.743 PMID: 24652130

Freitas YBN, De Souza CDSF, e Magalhaes JM, De Sousa MLR, D’Escoffier LN, Do Valle TZ, et al.
Natural infection by trypanosoma cruzi in triatomines and seropositivity for chagas disease of dogs in
rural areas of Rio Grande do Norte, Brazil. Rev Soc Bras Med Trop. 2018; 51: 190—197. https://doi.
org/10.1590/0037-8682-0088-2017 PMID: 29768552

Arce-Fonseca M, Carrillo-Sanchez SC, Molina-Barrios RM, Martinez-Cruz M, Cedillo-Cobian JR,
Henao-Diaz YA, et al. Seropositivity for Trypanosoma cruzi in domestic dogs from Sonora, Mexico.
Infect Dis Poverty. 2017; 6: 120. https://doi.org/10.1186/s40249-017-0333-z PMID: 28870247

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 23/27


http://www.ncbi.nlm.nih.gov/pubmed/21250370
https://www.paho.org/par/index.php?option=com_content&view=article&id=2062:paraguay-recibio-la-certificacion-pais-libre-de-la-transmision-vectorial-domiciliaria-de-chagas&Itemid=258
https://www.paho.org/par/index.php?option=com_content&view=article&id=2062:paraguay-recibio-la-certificacion-pais-libre-de-la-transmision-vectorial-domiciliaria-de-chagas&Itemid=258
https://www.paho.org/par/index.php?option=com_content&view=article&id=2062:paraguay-recibio-la-certificacion-pais-libre-de-la-transmision-vectorial-domiciliaria-de-chagas&Itemid=258
https://www.mspbs.gov.py/institutos-programas.html
https://datos.bancomundial.org/indicador/SE.ADT.LITR.ZS?name_desc=false
http://revistas.ins.gov.py/index.php/rspp/article/view/514
https://www.bacn.gov.py/leyes-paraguayas/9127/ley-n-5804-establece-el-sistema-nacional-de-prevencion-de-riesgos-laborale
https://www.bacn.gov.py/leyes-paraguayas/9127/ley-n-5804-establece-el-sistema-nacional-de-prevencion-de-riesgos-laborale
http://www.sinafocal.gov.py
https://databank.worldbank.org/data/download/poverty/33EF03BB-9722-4AE2-ABC7-AA2972D68AFE/Global_POVEQ_PRY.pdf
https://databank.worldbank.org/data/download/poverty/33EF03BB-9722-4AE2-ABC7-AA2972D68AFE/Global_POVEQ_PRY.pdf
https://data.worldbank.org/indicator/SI.POV.GINI?locations=PY-AR-BR-UY-BO-EC-VE-CL-PE-CO-GY-SR&view=chart
https://data.worldbank.org/indicator/SI.POV.GINI?locations=PY-AR-BR-UY-BO-EC-VE-CL-PE-CO-GY-SR&view=chart
https://data.worldbank.org/indicator/SI.POV.GINI?locations=PY-AR-BR-UY-BO-EC-VE-CL-PE-CO-GY-SR&view=chart
https://www.dgeec.gov.py/
https://www.unicef.org/paraguay/comunicados-prensa/uno-de-cada-cuatro-nios-paraguayos-no-tiene-identidad
https://www.unicef.org/paraguay/comunicados-prensa/uno-de-cada-cuatro-nios-paraguayos-no-tiene-identidad
http://scielo.iics.una.py/scielo.php?pid=S2312-38932019000100146&script=sci_arttext
http://scielo.iics.una.py/scielo.php?pid=S2312-38932019000100146&script=sci_arttext
https://doi.org/10.1097/CRD.0b013e31823efde2
http://www.ncbi.nlm.nih.gov/pubmed/22293860
https://doi.org/10.1016/j.ijcard.2016.12.169
https://doi.org/10.1016/j.ijcard.2016.12.169
http://www.ncbi.nlm.nih.gov/pubmed/28082088
https://doi.org/10.1016/j.rvsc.2019.01.022
https://doi.org/10.1016/j.rvsc.2019.01.022
http://www.ncbi.nlm.nih.gov/pubmed/30708238
http://www.adaltech.com.br/anais/medtrop2018/resumos/PDF-eposter-trab-aceito-2595-1.pdf
https://doi.org/10.1136/bmj.38917.503056.7C
http://www.ncbi.nlm.nih.gov/pubmed/16882683
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.7705/biomedica.v33i2.743
https://doi.org/10.7705/biomedica.v33i2.743
http://www.ncbi.nlm.nih.gov/pubmed/24652130
https://doi.org/10.1590/0037-8682-0088-2017
https://doi.org/10.1590/0037-8682-0088-2017
http://www.ncbi.nlm.nih.gov/pubmed/29768552
https://doi.org/10.1186/s40249-017-0333-z
http://www.ncbi.nlm.nih.gov/pubmed/28870247
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Ferrer JF, Esteban E, Murua A, Gutierrez S, Dube S, Poiesz B, et al. Association and epidemiologic
features of Trypanosoma cruzi and human T cell lymphotropic a virus type Il in inhabitants of the Para-
guayan Gran Chaco. Am J Trop Med Hyg. 2003; 68: 235—41. Available: http://www.ncbi.nlm.nih.gov/
pubmed/12641418 PMID: 12641418

Galaviz-Silva L, Mercado-Hernandez R, Zarate-Ramos JJ, Molina-Garza ZJ. Prevalence of Trypano-
soma cruzi infection in dogs and small mammals in Nuevo Ledn, Mexico. Rev Argent Microbiol. 2017;
49: 216-223. https://doi.org/10.1016/j.ram.2016.11.006 PMID: 28705488

Cantillo-Barraza O, Garcés E, Gomez-Palacio A, Cortés LA, Pereira A, Marcet PL, et al. Eco-epidemi-
ological study of an endemic Chagas disease region in northern Colombia reveals the importance of
Triatoma maculata (Hemiptera: Reduviidae), dogs and Didelphis marsupialis in Trypanosoma cruzi
maintenance. Parasites and Vectors. 2015; 8: 482. https://doi.org/10.1186/s13071-015-1100-2 PMID:
26394766

Alejandro Binda J, Beatriz Trova G, Alonso MJ, Pereyra WR, Negrette OS. PRESENCIA DE INFEC-
CION POR Trypanosoma cruzi Y Toxoplasma gondii EN PERROS DOMESTICOS DE LOCALI-
DADES RURALES EN EL NOROESTE ARGENTINO. Rev Patol Trop. 2016; 45: 66. https://doi.org/
10.5216/rpt.v45i1.40274

Troeger C, Blacker BF, Khalil 1A, Rao PC, Cao S, Zimsen SR, et al. Estimates of the global, regional,
and national morbidity, mortality, and aetiologies of diarrhoea in 195 countries: a systematic analysis
for the Global Burden of Disease Study 2016. Lancet Infect Dis. 2018; 18: 1211-1228. https://doi.org/
10.1016/S1473-3099(18)30362-1 PMID: 30243583

Orrego M, Huber C, Ortiz F, Paraguay MA-. . . publica del, 2019 undefined. Prevalencia de patdgenos
causantes de enfermedad diarreica aguda en el area Metropolitana de Asuncion y Central. revistas.
ins.gov.py. [cited 6 Apr 2020]. Available: http:/revistas.ins.gov.py/index.php/rspp/article/download/
542/448

Echaglie G, Sosa L, Diaz V, Ruiz |, Rivas L, Granado D, et al. Enteroparasitosis en nifios bajo 5 afios
de edad, indigenas y no indigenas, de comunidades rurales del Paraguay. Rev Chil infectologia.
2015; 32: 649-657.

Kyu HH, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and national dis-
ability-adjusted life-years (DALYs) for 359 diseases and injuries and healthy life expectancy (HALE)
for 195 countries and territories, 1990—2017: A systematic analysis for the Global Burden of Disease
Study 2017. Lancet. 2018; 392: 1859—1922. https://doi.org/10.1016/S0140-6736(18)32335-3 PMID:
30415748

Chenal, Nara E, AC-del |, 2016 undefined. Coinfeccién Leishmania infantum, VIH e Histoplasma cap-
sulatum: manifestaciones dermatoldgicas. revistascientificas.una.py. [cited 21 Oct 2019]. Available:
http://revistascientificas.una.py/index.php/RlIC/article/view/1115

Leguizamén R, Bogado Vega ME. Epidemiologia de VIH/SIDA en el Hospital Nacional de Itaugua.
Paraguay Epidemiology of HIV/AIDS at the National Hospital ltaugua. Paraguay. 2012; 1-11.

Vera L. Patologias asociadas en pacientes con VIH TT—Associated pathologies in HIV patients. Rev
Nac. 2013; 5: 32—36. Available: http:/scielo.iics.una.py/pdf/hn/v5n2/v5n2a05.pdf%0Ahttp://fi-admin.
bvsalud.org/document/view/ytkq9

...KY-L-...de SM, 2019 undefined. Cobertura de vacunacion de BCG en Sudamérica, 2010-2017:
Distribucién geografica y su vinculo con la incidencia y mortalidad de tuberculosis. ojs.revistamaterno-
fetal.com. [cited 3 Apr 2020]. Available: http://ojs.revistamaternofetal.com/index.php/RISMF/article/
view/156

Pedrozo ME, Irala SV, Gémez SB, Vazquez FA, Cabello MA, Villafafie M. Intensified surveillance of
public health events in communities displaced by floods in Paraguay, 2015-2016. Rev salud publica
del Paraguay. 2018; 8: 34—39. https://doi.org/10.18004/rspp.2018.diciembre.34-39

Moreno T, Rodriguez L, Salgueiro L, Riveros R, Mancia S, Narvaez D, et al. Skin Diseases in children
living in shelters in flooded areas. Pediatria (Asuncién). 2016; 43: 39—44. https://doi.org/10.18004/
ped.2016.abril.39-44

Cabello A, Cabral M, MS-del I, 2010 undefined. Dengue y leptospirosis compartiendo el mismo nicho
ecoldgico en la localidad riberefia de Carmen del Parana (Itapua). revistascientificas.una.py. [cited 20
Sep 2019]. Available: http://revistascientificas.una.py/index.php/RIIC/article/view/244

Williams RJ, Bryan RT, Mills JN, Palma RE, Vera |, De Velasquez F, et al. An outbreak of hantavirus
pulmonary syndrome in western Paraguay. Am J Trop Med Hyg. 1997; 57: 274-282. https://doi.org/
10.4269/ajtmh.1997.57.274 PMID: 9311636

PAHO W. Hantavirus. [cited 13 Jul 2020]. Available: https://www.paho.org/English/GOV/CE/doc287.
pdf

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 24/27


http://www.ncbi.nlm.nih.gov/pubmed/12641418
http://www.ncbi.nlm.nih.gov/pubmed/12641418
http://www.ncbi.nlm.nih.gov/pubmed/12641418
https://doi.org/10.1016/j.ram.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/28705488
https://doi.org/10.1186/s13071-015-1100-2
http://www.ncbi.nlm.nih.gov/pubmed/26394766
https://doi.org/10.5216/rpt.v45i1.40274
https://doi.org/10.5216/rpt.v45i1.40274
https://doi.org/10.1016/S1473-3099%2818%2930362-1
https://doi.org/10.1016/S1473-3099%2818%2930362-1
http://www.ncbi.nlm.nih.gov/pubmed/30243583
http://revistas.ins.gov.py/index.php/rspp/article/download/542/448
http://revistas.ins.gov.py/index.php/rspp/article/download/542/448
https://doi.org/10.1016/S0140-6736%2818%2932335-3
http://www.ncbi.nlm.nih.gov/pubmed/30415748
http://revistascientificas.una.py/index.php/RIIC/article/view/1115
http://scielo.iics.una.py/pdf/hn/v5n2/v5n2a05.pdf%0Ahttp://fi-admin.bvsalud.org/document/view/ytkq9
http://scielo.iics.una.py/pdf/hn/v5n2/v5n2a05.pdf%0Ahttp://fi-admin.bvsalud.org/document/view/ytkq9
http://ojs.revistamaternofetal.com/index.php/RISMF/article/view/156
http://ojs.revistamaternofetal.com/index.php/RISMF/article/view/156
https://doi.org/10.18004/rspp.2018.diciembre.34-39
https://doi.org/10.18004/ped.2016.abril.39-44
https://doi.org/10.18004/ped.2016.abril.39-44
http://revistascientificas.una.py/index.php/RIIC/article/view/244
https://doi.org/10.4269/ajtmh.1997.57.274
https://doi.org/10.4269/ajtmh.1997.57.274
http://www.ncbi.nlm.nih.gov/pubmed/9311636
https://www.paho.org/English/GOV/CE/doc287.pdf
https://www.paho.org/English/GOV/CE/doc287.pdf
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Chu Y, Owen R, LG-TA journal of, 2003 undefined. The complex ecology of hantavirus in Paraguay.
ASTMH. [cited 25 Sep 2019]. Available: https://www.ajtmh.org/content/journals/10.4269/ajtmh.2003.
69.263

Gimenez T, Nufiez A, Chamorro N, Alarcén G. Estudio de la infeccion natural por Fasciola hepatica en
Lymnaea spp. en el distrito de Yabebyry, departamento de Misiones-Paraguay. Compend ciencias
Vet. 2014; 04: 14-18.

Goodin DG, Koch DE, Owen RD, Chu Y-K, Hutchinson JMS, Jonsson CB. Land cover associated with
hantavirus presence in Paraguay. Glob Ecol Biogeogr. 2006; 15: 519-527. https://doi.org/10.1111/j.
1466-822X.2006.00244.x

Ogrzewalska M, Literak |, Martins TF, Labruna MB. Rickettsial infections in ticks from wild birds in Par-
aguay. Ticks Tick Borne Dis. 2014; 5: 83-9. https://doi.org/10.1016/j.ttbdis.2013.08.004 PMID:
24231270

Eastwood G, Camp J V, Chu YK, Sawyer AM, Owen RD, Cao X, et al. Habitat, species richness and
hantaviruses of sigmodontine rodents within the Interior Atlantic Forest, Paraguay. PLoS One. 2018;
13: €0201307. https://doi.org/10.1371/journal.pone.0201307 PMID: 30067840

Owen RD, Sanchez H, Atkinson K, McMahon L, Jonsson CB. New and noteworthy records of rodents
(Mammalia, Rodentia, Cricetidae and Echimyidae) from Paraguay. Check List. 2018; 14: 721-730.
https://doi.org/10.15560/14.5.721

Samudio Dominguez GC, Correa Fretes AL, Maria L, Cuquejo O, Chaparro PM. Esporotricosis tras-
mitida por gato doméstico. Reporte de un caso familiar. Rev Nac. 2017; 9: 35—48. https://doi.org/10.
18004/rdn2017.0009.01.035-048

Sierra Saldivar A. Meningitis criptocdccica: Cryptococcal meningitis. Del Nac. 2013; 5: 34—43.

Cano-Torres JO, Olmedo-Reneaum A, Esquivel-Sanchez JM, Camiro-Zufiiga A, Pérez-Carrisoza A,
Madrigal-Iberri C, et al. Progressive disseminated histoplasmosis in Latin America and the Caribbean
in people receiving highly active antiretroviral therapy for HIV infection: A systematic review. Med
Mycol. 2019; 57: 791-799. https://doi.org/10.1093/mmy/myy143 PMID: 30668766

Tropical IDM. Mordedura de perro en nifios. Experiencia del Instituto de Medicina Tropical. 2014; 9:
2007-2010.

A Alonso, R Vera, EO Silva, C Portillo, J Miret, J Canese PR. Accidentes ofidicos notificados al Pro-
grama Nacional de Control de Zooonosis y Centro Antirrabico Nacional Py. 2015.

Miret J, Medina M, Veldzquez A, LS-RP, 2014 undefined. Leishmaniosis visceral en caninos errantes
en la ciudad de Asuncién, Paraguay/Canine visceral leishmaniosis in stray dogs of Asuncién, Para-
guay. revistas.ins.gov.py. [cited 20 Sep 2019]. Available: http:/revistas.ins.gov.py/index.php/
epidemiologia/article/view/247

Bolon I, Finat M, Herrera M, Nickerson A, Grace D, Schitte S, et al. Snakebite in domestic animals:
First global scoping review. Preventive Veterinary Medicine. Elsevier B.V.; 2019. p. 104729. https:/
doi.org/10.1016/j.prevetmed.2019.104729 PMID: 31421490

Amarilla ACF, Pompei JCA, Araujo DB, Vazquez FA, Galeano RR, Delgado LM, et al. Re-emergence
of rabies virus maintained by canid populations in Paraguay. Zoonoses Public Health. 2018; 65: 222—
226. https://doi.org/10.1111/zph.12392 PMID: 28913904

Galeano R, Mufioz M, ... MC-RP, 2014 undefined. Conocimientos, actitudes y practicas sobre rabia
en una comunidad rural: estudio epidemioldgico comunitario después de casos de agresion canina a
humanos. revistas.ins.gov.py. [cited 7 Oct 2019]. Available: http:/revistas.ins.gov.py/index.php/
epidemiologia/article/view/63

Kowalewski M, Ponton F, Pinto FR, Velazquez MC. Health status of dogs at wild-domestic interface
areas of the Mbaracayu Forest Nature Reserve, Paraguay. Rev Soc cient Parag. 2019; 24: 114-125.
https://doi.org/10.32480/rscp.2019-24-1.114—125

Vera C de, Carrera N, NQ-R del I, 2014 undefined. Rabia en murciélagos frugivoros e insectivoros-
Villa Florida-Departamento de Misiones-Paraguay-2006. revistas.ins.gov.py. [cited 7 Oct 2019]. Avail-
able: http://revistas.ins.gov.py/index.php/revistaimt/article/view/133

Estadistica Pecuaria:: SENACSA. [cited 28 Jun 2020]. Available: https://www.senacsa.gov.py/index.
php/informacion-publica/estadistica-pecuaria

San Miguel de Vera C. Circulation of rabies virus in Paraguay. Rev del Inst Med Trop. 2017;11: 21-32.
https://doi.org/10.18004/imt/201611221-32

Estado de Conservacion de las Especies—Ministerio del Ambiente y Desarrollo Sostenible. [cited 1 Jul
2020]. Available: http://www.mades.gov.py/areas-tematicas/biodiversidad/vida-silvestre/estado-de-
conservacion-de-las-especies/

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 25/27


https://www.ajtmh.org/content/journals/10.4269/ajtmh.2003.69.263
https://www.ajtmh.org/content/journals/10.4269/ajtmh.2003.69.263
https://doi.org/10.1111/j.1466-822X.2006.00244.x
https://doi.org/10.1111/j.1466-822X.2006.00244.x
https://doi.org/10.1016/j.ttbdis.2013.08.004
http://www.ncbi.nlm.nih.gov/pubmed/24231270
https://doi.org/10.1371/journal.pone.0201307
http://www.ncbi.nlm.nih.gov/pubmed/30067840
https://doi.org/10.15560/14.5.721
https://doi.org/10.18004/rdn2017.0009.01.035%26%23x2013%3B048
https://doi.org/10.18004/rdn2017.0009.01.035%26%23x2013%3B048
https://doi.org/10.1093/mmy/myy143
http://www.ncbi.nlm.nih.gov/pubmed/30668766
http://revistas.ins.gov.py/index.php/epidemiologia/article/view/247
http://revistas.ins.gov.py/index.php/epidemiologia/article/view/247
https://doi.org/10.1016/j.prevetmed.2019.104729
https://doi.org/10.1016/j.prevetmed.2019.104729
http://www.ncbi.nlm.nih.gov/pubmed/31421490
https://doi.org/10.1111/zph.12392
http://www.ncbi.nlm.nih.gov/pubmed/28913904
http://revistas.ins.gov.py/index.php/epidemiologia/article/view/63
http://revistas.ins.gov.py/index.php/epidemiologia/article/view/63
https://doi.org/10.32480/rscp.2019-24-1.114%26%23x2013%3B125
http://revistas.ins.gov.py/index.php/revistaimt/article/view/133
https://www.senacsa.gov.py/index.php/informacion-publica/estadistica-pecuaria
https://www.senacsa.gov.py/index.php/informacion-publica/estadistica-pecuaria
https://doi.org/10.18004/imt/201611221-32
http://www.mades.gov.py/areas-tematicas/biodiversidad/vida-silvestre/estado-de-conservacion-de-las-especies/
http://www.mades.gov.py/areas-tematicas/biodiversidad/vida-silvestre/estado-de-conservacion-de-las-especies/
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

(PDF) El futuro del jaguar en el Gran Chaco: situacién en Bolivia, Paraguay y Argentina. [cited 1 Jul
2020]. Available: https://www.researchgate.net/publication/265162886_EI_futuro_del_jaguar_en_el_
Gran_Chaco_situacion_en_Bolivia_Paraguay_y_Argentina

Monitoreo Satelital de la deforestacion | WWF. [cited 1 Jul 2020]. Available: https://www.wwf.org.py/
que_hacemos/sig2/monitoreo__satelital_de_la_deforestacion/

Ciencias AJ-A de la F de, 2008 undefined. Fiebre amarilla en Paraguay afio 2008. revistascientificas.
una.py. [cited 9 Sep 2019]. Available: http://revistascientificas.una.py/index.php/RP/article/viewFile/
287/214

Alvarez Y, Rodriguez E, Toledo G del P. Reaparece la fiebre amarilla olvidada por todos. files.sld.cu.
[cited 9 Sep 2019]. Available: http:/files.sld.cu/ipk/files/2017/08/bol29-17 .pdf

Roig C, Miret J, Rojas A, Guillén Y, Aria L. Estudio de Fiebre Amarilla en primates en areas de brote
de los departamentos de San Pedro y Central del Paraguay Study of Yellow Fever in primates in.
researchgate.net. [cited 9 Oct 2019]. Available: https://www.researchgate.net/profile/Gloria_
Echaguee_De_Mendez/publication/277030533_Study_of_Yellow_Fever_in_primates_in_outbreaks_
areas_of_the_departments_of_San_Pedro_and_Central_in_Paraguay/links/
560bd72d08ae6de32e9b25eb.pdf

Mares-Guia MAMDM Horta MA, Romano A Rodrigues CDS, Mendonga MCL Dos Santos CC, et al.
Yellow fever epizootics in non-human primates, Southeast and Northeast Brazil (2017 and 2018). Par-
asites and Vectors. 2020; 13: 90. https://doi.org/10.1186/s13071-020-3966-x PMID: 32075684

Epidemiological Update Yellow Fever Situation summary in the Americas. 2019. Available: http://
www.paho.org

Maco V, Tantalean M, Gotuzzo E. Evidence of tungiasis in pre-hispanic America. Emerg Infect Dis.
2011; 17: 855-862. https://doi.org/10.3201/eid1705.100542 PMID: 21529395

Sanchez-Cardenas CD, Moreno-Leiva CA, Pereira-Brunelli JG, Martinez-Hernandez F, Vega-Memije
ME, Arenas R. Tungiasis: Clinical, Dermoscopic and Histopathological Findings in 13 Cases from
Communities of Extreme Poverty in Paraguay. medigraphic.com. 2018. Available: https://www.
medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=84509

Tamir J, Haik J, Orenstein A, Schwartz E. Dermatobia hominis myiasis among travelers returning from
South America. J Am Acad Dermatol. 2003; 48: 630-632. https://doi.org/10.1067/mjd.2003.37 PMID:
12664036

Lachish T, Marhoom E, Mumcuoglu KY, Tandlich M, Schwartz E. Myiasis in Travelers. J Travel Med.
2015; 22: 232-236. https://doi.org/10.1111/jtm.12203 PMID: 25827950

Bernhardt V, Finkelmeier F, Verhoff MA, Amendt J. Myiasis in humans—a global case report evalua-
tion and literature analysis. Parasitology Research. Springer Verlag; 2019. pp. 389-397. https://doi.
org/10.1007/s00436-018-6145-7 PMID: 30456490

Calvopina M, Ortiz-Prado E, Castafieda B, Cueva |, Rodriguez-Hidalgo R, Cooper PJ. Human myiasis
in Ecuador. Karunaweera ND, editor. PLoS Negl Trop Dis. 2020; 14: e0007858. https://doi.org/10.
1371/journal.pntd.0007858 PMID: 32084134

Masi P. R.; Rojas E.; Usher C.; Vergara G. Helmintiosis en perros de Asuncion (Paraguay). Rev Para-
guaya Microbiol. 1967; 2: 67—-70.

Cuervo PF, Rinaldi L, Cringoli G. Modeling the extrinsic incubation of Dirofilaria immitis in South Amer-
ica based on monthly and continuous climatic data. Vet Parasitol. 2015; 209: 70-5. https://doi.org/10.
1016/j.vetpar.2015.02.010 PMID: 25737053

Rivero MR, Motta CE, Salas MM, Chiaretta A, Salomon OD. Diphyllobothrium sp. in Canis familiaris
from the subtropical area of Argentina (Puerto Iguazu, Misiones). Rev Argent Microbiol. 2015; 47:
196—-200. https://doi.org/10.1016/j.ram.2015.05.002 PMID: 26210607

Lemos ERS, Rozental T, Mares-Guia MAM, Almeida DNP, Moreira N, Silva RG, et al. Q feveras a
cause of fever of unknown origin and thrombocytosis: First molecular evidence of coxiella burnetii in
Brazil. Vector-Borne Zoonotic Dis. 2011; 11: 85-87. https://doi.org/10.1089/vbz.2009.0261 PMID:
20569012

Mares-Guia MAM de M, Rozental T, Guterres A, Gomes R, de Almeida DN, Moreira NS, et al. Molecu-
lar identification of the agent of Q fever—Coxiella burnetii—In domestic animals in State of Rio de
Janeiro, Brazil. Rev Soc Bras Med Trop. 2014; 47: 231-234. https://doi.org/10.1590/0037-8682-0076-
2013 PMID: 24861300

Pacheco RC, Echaide IE, Alves RN, Beletti ME, Nava S, Labruna MB. Coxiella burnetii in ticks, argen-
tina. Emerging Infectious Diseases. Centers for Disease Control and Prevention (CDC); 2013. pp.
344-346. https://doi.org/10.3201/eid1902.120362 PMID: 23343647

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 26/27


https://www.researchgate.net/publication/265162886_El_futuro_del_jaguar_en_el_Gran_Chaco_situacion_en_Bolivia_Paraguay_y_Argentina
https://www.researchgate.net/publication/265162886_El_futuro_del_jaguar_en_el_Gran_Chaco_situacion_en_Bolivia_Paraguay_y_Argentina
https://www.wwf.org.py/que_hacemos/sig2/monitoreo__satelital_de_la_deforestacion/
https://www.wwf.org.py/que_hacemos/sig2/monitoreo__satelital_de_la_deforestacion/
http://revistascientificas.una.py/index.php/RP/article/viewFile/287/214
http://revistascientificas.una.py/index.php/RP/article/viewFile/287/214
http://files.sld.cu/ipk/files/2017/08/bol29-17.pdf
https://www.researchgate.net/profile/Gloria_Echaguee_De_Mendez/publication/277030533_Study_of_Yellow_Fever_in_primates_in_outbreaks_areas_of_the_departments_of_San_Pedro_and_Central_in_Paraguay/links/560bd72d08ae6de32e9b25eb.pdf
https://www.researchgate.net/profile/Gloria_Echaguee_De_Mendez/publication/277030533_Study_of_Yellow_Fever_in_primates_in_outbreaks_areas_of_the_departments_of_San_Pedro_and_Central_in_Paraguay/links/560bd72d08ae6de32e9b25eb.pdf
https://www.researchgate.net/profile/Gloria_Echaguee_De_Mendez/publication/277030533_Study_of_Yellow_Fever_in_primates_in_outbreaks_areas_of_the_departments_of_San_Pedro_and_Central_in_Paraguay/links/560bd72d08ae6de32e9b25eb.pdf
https://www.researchgate.net/profile/Gloria_Echaguee_De_Mendez/publication/277030533_Study_of_Yellow_Fever_in_primates_in_outbreaks_areas_of_the_departments_of_San_Pedro_and_Central_in_Paraguay/links/560bd72d08ae6de32e9b25eb.pdf
https://doi.org/10.1186/s13071-020-3966-x
http://www.ncbi.nlm.nih.gov/pubmed/32075684
http://www.paho.org
http://www.paho.org
https://doi.org/10.3201/eid1705.100542
http://www.ncbi.nlm.nih.gov/pubmed/21529395
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=84509
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=84509
https://doi.org/10.1067/mjd.2003.37
http://www.ncbi.nlm.nih.gov/pubmed/12664036
https://doi.org/10.1111/jtm.12203
http://www.ncbi.nlm.nih.gov/pubmed/25827950
https://doi.org/10.1007/s00436-018-6145-7
https://doi.org/10.1007/s00436-018-6145-7
http://www.ncbi.nlm.nih.gov/pubmed/30456490
https://doi.org/10.1371/journal.pntd.0007858
https://doi.org/10.1371/journal.pntd.0007858
http://www.ncbi.nlm.nih.gov/pubmed/32084134
https://doi.org/10.1016/j.vetpar.2015.02.010
https://doi.org/10.1016/j.vetpar.2015.02.010
http://www.ncbi.nlm.nih.gov/pubmed/25737053
https://doi.org/10.1016/j.ram.2015.05.002
http://www.ncbi.nlm.nih.gov/pubmed/26210607
https://doi.org/10.1089/vbz.2009.0261
http://www.ncbi.nlm.nih.gov/pubmed/20569012
https://doi.org/10.1590/0037-8682-0076-2013
https://doi.org/10.1590/0037-8682-0076-2013
http://www.ncbi.nlm.nih.gov/pubmed/24861300
https://doi.org/10.3201/eid1902.120362
http://www.ncbi.nlm.nih.gov/pubmed/23343647
https://doi.org/10.1371/journal.pntd.0009909

PLOS NEGLECTED TROPICAL DISEASES The Burden of zoonoses in Paraguay

101. Cicuttin GL, Degiuseppe JI, Mamianetti A, Corin MV, Linares MC, De Salvo MN, et al. Serological evi-
dence of Rickettsia and Coxiella burnetii in humans of Buenos Aires, Argentina. Comp Immunol Micro-
biol Infect Dis. 2015; 43: 57-60. https://doi.org/10.1016/j.cimid.2015.10.007 PMID: 26616661

102. Mares-Guia MAMM, Rozental T, Guterres A, Dos Santos Ferreira M, De Gasperis Botticini R, Terra
AKC, et al. Molecular identification of Q fever in patients with a suspected diagnosis of dengue in Brazil
in 2013-2014. American Journal of Tropical Medicine and Hygiene. American Society of Tropical Med-
icine and Hygiene; 2016. pp. 1090—1094. https://doi.org/10.4269/ajtmh.15-0575 PMID: 26928831

103. Plan Nacional de Desarrollo | Paraguay 2030: Pais de oportunidades. [cited 26 Apr 2021]. Available:
https://www.stp.gov.py/pnd/

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009909 November 2, 2021 27/27


https://doi.org/10.1016/j.cimid.2015.10.007
http://www.ncbi.nlm.nih.gov/pubmed/26616661
https://doi.org/10.4269/ajtmh.15-0575
http://www.ncbi.nlm.nih.gov/pubmed/26928831
https://www.stp.gov.py/pnd/
https://doi.org/10.1371/journal.pntd.0009909

