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ABSTRACT

Filariae are parasitic nematodes of high veterinary and medical importance, responsible for some acute tropical diseases. They are
transmitted through the bite of hematophagous vectors such as biting midges and blackflies. Filariae are among the most prevalent
vector-borne parasitoses in Neotropical primates in which severe infections can cause inflammatory reactions and tissue damage. Given
the location inside the host (peritoneal cavity, bloodstream, and lymphatics), the detection of filariid nematodes is challenging and is
mostly postmortem; hence the scarcity of studies on the prevalence of filariae in wild primate populations. Here, we report the
prevalence of filariid infections in free-ranging populations of Geoffroy's spider (Ateles geoffroyi) and black howler (Alouatta pigra)
monkeys across southern Mexico, using a combination of noninvasive sampling and molecular diagnostic techniques. Fecal samples
were screened for filariid DNA by qPCR protocols. A total of 88 samples were examined with an overall prevalence of 26%. Filariae were
slightly more common in spider monkeys compared to howler monkeys. This study constitutes the first report of the prevalence of
infection of filariid nematodes in populations of wild spider monkey across southern Mexico, and the first reporting of filariae in black
howler monkeys, as part of a new era of primate parasitology and the diagnostics of parasite infections in light of the everyday more
affordable molecular tools.

1 | Introduction

Filariae are thread-like parasitic nematodes of the superfamily Fi-
larioidea that inhabit tissues, peritoneal cavity, bloodstream, and
lymphatic nodes of their hosts (Anderson 2000; Morales-
Hojas 2009). They exhibit viviparity with indirect life cycles
involving hematophagous arthropods as intermediate hosts and
vertebrates as final hosts (Lefoulon et al. 2015). Female worms
release microfilariae (L1) that invade the host bloodstream; micro-
filariae are then ingested by the arthropod during blood meals,
reaching its gut where they undergo two maturation stages (L3); the

infective larvae are then passed to the vertebrate host during
arthropod feeding bites, where they mature into adult worms (Lima
et al. 2016). This group of nematodes holds high medical and vet-
erinary importance, with several filariases considered as tropical
neglected diseases in humans (Lima et al. 2016; Mediannikov and
Ranque 2018).

In the American continent, filariid infections have been reported
from southern Mexico to Argentina in a diverse group of terrestrial
vertebrates including humans and nonhuman primates (Lefoulon
et al. 2015; Notarnicola, Pinto, and Navone 2008). Neotropical
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Summary

 Filariid DNA in primate host feces was detected
via qPCR.

» Filariid infections were frequent in wild Mexican pri-
mate populations.

» Prevalence of filariae was slightly higher in spider
monkeys than in howler monkeys.

primates (NP) are frequently parasitized by members of the family
Onchocercidae belonging to two genera, Dipetalonema and Man-
sonella (Solérzano-Garcia and Pérez-Ponce de Ledn 2018), although
the presence of Brugia sp. has been reported in red howler monkeys
(Alouatta macconnelli) from French Guiana (Laidoudi et al. 2020).
Biting midges of the genus Culicoides (Ceratopogonidae) and
blackflies (Simuliidae) act as intermediary hosts of these filariid
species (Lefoulon et al. 2015). Filariae are among the most prevalent
parasitic infections in NP (Conga et al. 2022; Shaffer et al. 2022;
Travi, Eberhard, and Lowrie 1985), with symptoms of disease being
mild or even absent (Travi, Eberhard, and Lowrie 1985).

A significant amount of the reports on filariae in NP come
from opportunistic necropsies of carcasses derived from
subsistence hunting, through integrative approaches of local
communities and researchers collaborating in conservation
and wildlife management programs (Conga et al. 2018;
Conga, Mayor, Furtado, et al. 2019; Conga, Mayor, Giese,
et al. 2019; Shaffer et al. 2022; Zarate-Rendon et al. 2022).
These studies have been extremely relevant in determining
the diversity of filariae species that can infect NP, their
evolutionary history, their ecological and epidemiological
dynamics, as well as potential zoonotic risk factors.
Unfortunately, the feasibility of such studies is restricted to
certain geographic locations, hence certain NP species and
populations.

The advance of molecular techniques has facilitated the
study of parasitic diseases in a wide range of wildlife species.
Specifically, PCR and qPCR have proven effective in
detecting filariid DNA from different sources of host sam-
ples such as blood, skin, and feces (Gaillard et al. 2020;
Laidoudi et al. 2020; Sandri et al. 2021). A study on parasitic
diversity using molecular diagnostics documented the
presence of various protozoa and several species of nema-
todes, including filariae, in feces of African humans and
nonhuman primates (Medkour et al. 2020). Likewise,
molecular screening of blood samples revealed the presence
of three species of filariae infecting Guyanan red howler
monkeys, A. macconnelli (Laidoudi et al. 2020).

Geoffroy's spider monkeys (Ateles geoffroyi) and black howler
(Alouatta pigra) inhabit tropical forest of southern Mexico; both
primate species are considered endangered by national and inter-
national authorities (TUCN 2022; SEMARNAT 2010). While there is
substantial information regarding the parasitic fauna of Mexican
primates, particularly, for gastrointestinal parasites, data on other
types of endoparasites such as filariae are very scarce, limited to a
few sporadic reports (see Solérzano-Garcia and Pérez-Ponce de
Leén 2018). In this study, we assessed the presence of filariid

infections in wild populations of these two primate species at 11
localities in southern Mexico, employing a combination of non-
invasive sampling and qPCR techniques for parasite diagnostics.
This constitutes the first survey of filariid nematodes in wild Mex-
ican primates, and the first effort to assess how frequent these
vector-borne infections are occurring in the two species, contribut-
ing to the understanding of the parasitic fauna of these NP species
and their ecological interactions.

2 | Methods

This study was carried out entirely by noninvasive sampling
techniques without sedation, capture, or manipulation of any
primate individual, in accordance with Mexican law
(SEMARNAT collection permit: FAUT-0168), and the Princi-
ples for the Ethical Treatment of Nonhuman Primates of the
American Society of Primatologists, as well as the ASP.

Fecal samples were collected from several wild howler and
spider monkey individuals belonging to different groups across
southeastern Mexico (Figure 1). Fecal material was collected
right after deposition, preserved in RNAlater buffer and kept at
ambient temperature in the field. Once in the laboratory,
samples were kept at —20°C until processing.

Genomic DNA extraction was performed using the Quick-
DNA Fecal/Soil Microbe MiniPrep Kit (Zymo Research),
according to manufacturer’s instructions. To test extraction
quality, a standard PCR was carried out in all samples for
the amplification of a fragment of the mitochondrial cox1
gene, employing the universal primers (Folmer et al. 1994).
Only cox1 positive samples were used in further qPCR
procedures.

Filariid DNA was screened by qPCR on 1:5 DNA dilutions,
using general primers for filariae (Pan-Fil-28S) targeting a
fragment of ~151bp of the large ribosomal subunit (Laidoudi
et al. 2020): qFil-28SF 5'-TGTTTGAGATTGCAGCCCA-3’; gFil-
28SR 5'-GTTTCCATCTCAGCGGTTTC-3'; and the probe FAM-
5'-CAAGTACCGTGAGGGAAAGT-3-TAMRA. The ¢PCR
screening was performed in a Step-One RT-PCR system
(Applied Biosystems). Reactions were performed in 12.5puL
final volume, containing 1 uL of diluted DNA template, 5.5 uL
of PATH-ID Master Mix (Applied Biosystems), 0.3 uL of each
primer (10 uM), and 0.3 puL of the probe (10 uM) per reaction.

The TagMan cycling conditions included two hold steps at
50°C for 2 min, followed by 95°C for 10 min, and 40 cycles of
two steps each (95°C for 15s and 60°C for 1 min). Negative
and positive controls (from a previously extracted DNA from
a filariid nematode) were used in each qPCR screening
cycle.

To further corroborate that the amplified products were
indeed filaria and not just unspecific amplification, qPCR
positive samples were subjected to a standard PCR for the
amplification of ~500 and ~470 bp of the cox1 and 12S genes,
respectively, using the filariid specific primers and condi-
tions (Laidoudi et al. 2020). PCR products were treated
with Exo-SAP-IT (Thermo Scientific), according to the
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FIGURE 1 | Sampling sites and presence of filariae in Mexican primate populations. Ramp color indicate percentage of samples positive to filariid DNA.
Orange = howler monkeys (Alouatta pigra); blue = spider monkey (Ateles geoffroyi). Numbers correspond to localities in Table 1: (1) Escarcega, (2) Calakmul,
(3) Conhuas, (4) Puerto Morelos, (5) Punta Laguna, (6) Tulum, (7) Bacalar, (8 and 9) Reforma Agraria, (10) Metzabok, and (11) Palenque.

manufacturer's instructions, and sequenced at the
sequencing facility of the Instituto de Biologia, UNAM.

3 | Results

A total of 88 samples, 40 from howler monkeys and 48 from
spider monkeys, were screened through qPCR, only two sam-
ples from spider monkeys did not yield any cox1 product and
were not subjected to qPCR. Filariid infections were detected in
26% of the samples; a slightly higher percentage of infection was
observed in spider monkeys than howler monkeys (Table 1).
Sample size in each spider monkey locality ranged from 4 to 10
screened samples, with positive cases observed in 20%-80% of
the samples; no positive samples were detected in individuals
from Chiapas neither south Quintana Roo (Table 1, Figure 1).
Sample size in each howler monkey locality ranged from 5 to 10
screened samples; filariid DNA positive cases were detected in
20% to 60% of the samples; no positive samples were detected in
individuals from northern Chiapas (Table 1, Figure 1).

Standard PCR yielded positive amplification for both markers,
corroborating the filariid detection with an identity of 86%-90% for
12S and 89%-96% for cox1 with Brugia spp., Mansonella spp., and
Dipetalonema spp. when compared to records in the GenBank da-
tabase. The obtained chromatograms showed several overlapping
peaks suggesting coinfection with two or more species of filariae in
most of the sequenced samples.

4 | Discussion

Filariid infections were frequent in both primate species with
an overall 26% of positive samples. Positive cases of filariae were
slightly more common among spider monkeys compared to
howler monkeys. This tendency has been reported in studies on

other species living in South America (Conga et al. 2022;
Notarnicola, Pinto, and Navone 2008; Shaffer et al. 2022), sug-
gesting that spider monkeys are more prone to suffer filariid
infections than howler monkeys.

High prevalence of infection was observed in almost every sampled
locality (up to 80%) with a couple of exceptions where no positive
cases were detected. This coincides with values reported in other
studies applying molecular detection of filariid DNA in host feces
(Gaillard et al. 2020; Medkour et al. 2020). This detected prevalence
of infection was nonetheless lower than previous reports of 100%
positive cases in spider monkeys (Ateles paniscus, Ateles chamek,
and Ateles belzebuth) from Guyana and Amazonia (Conga
et al. 2022; Shaffer et al. 2022) via direct observation through
necropsies, and 89% via qPCR from howler monkeys blood samples
(A. macconnelli) from French Guiana (Laidoudi et al. 2020). Thus, it
is possible that the infection parameters presented here are under-
estimated due to the sensitivity of the methods regarding the nature
of the samples giving the non-gastrointestinal habitat of the para-
sites within the host (Gaillard et al. 2020; Medkour et al. 2020).

Several species of filariid nematodes have been reported to infect NP
(Conga et al. 2018; Conga, Mayor, Furtado, et al. 2019; Conga,
Mayor, Giese, et al. 2019; Notarnicola, Pinto, and Navone 2008;
Vanderhoeven, Notarnicola, and Agostini 2017; Zarate-Rendén
et al. 2022). In Mexico, only two reports exist of the onchocercid
nematode Dipetalonema gracile in spider monkeys from Campeche
and Chiapas (Caballero 1948; Lamothe-Argumedo et al. 1997);
hence, some of the infections detected here probably correspond to
this parasite species. For A. pigra, to our knowledge, there are no
records of filariid nematodes; therefore, this study constitutes the
first report of filariae in this species. Additionally, the observed
overlapping peaks in both coxl and 12S amplicons indicate the
presence of more than one species of filariae in both host species.
Mixed infections of different species of filariae occupying the same
individual host have been reported frequently in spider and howler
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TABLE 1 | Prevalence of filariid infection in howler and spider
monkeys at 11 localities across southeastern Mexico, detected via gPCR

screening.
% of
Host Locality positive
species State map ID samples
Ateles Campeche 1 50—(2/4)
geoffroyi
22—(2/9)
Quintana 4 20—(2/10)
Roo
5 43—(3/7)
6 80—(4/5)
7 0—(0/4)
Chiapas 9 0—(0/9)
Subtotal 27—(13/48)
Alouatta Campeche 1 60—(3/5)
pigra
2 20—(1/5)
3 20—(1/5)
Chiapas 8 20—(2/10)
9 40—(2/5)
10 20—(1/5)
11 0—(0/5)
Subtotal 25—(10/40)
Total 26—(23/88)

monkeys (Bain et al. 2015; Conga et al. 2018, 2022; Laidoudi
et al. 2020); thus, the occurrence of co-infections in the examined
samples it is not surprising. Further molecular analyses, including
species-specific markers and a combination of techniques, are
needed to identity the filariid nematodes species that infect these
two primate species in Mexico.

Since filariases are vector-borne parasitoses, the frequency of these
infections could be related to vector richness and abundance.
Twenty-seven species of biting midges are reported to inhabit the
regions where this study was carried out, four of which have been
associated with filariid nematodes (Mendez-Andrade and Ibafiez-
Bernal 2023). Three of these four vector-biting midge species are
present in Campeche and Quintana Roo (Culicoides furens, Culi-
coides phlebotomus, Culicoides barbosai), while only one species has
been reported in Chiapas (Culicoides diabolicus) (Mendez-Andrade
and Ibanez-Bernal 2023). The higher diversity of filariae associated
Culicoides could explain the high prevalence of filariid nematodes
observed in monkey populations from Campeche and the low
prevalence in Chiapas.

According to previous reports of filariids in neotropical nonhuman
primates, it seems that the infection does not have a detrimental
effect on host performance; however, intense infections could
indeed induce host inflammatory responses and tissue damage
(Travi, Eberhard, and Lowrie 1985). Alternative physiological, en-
docrine, and genetic markers of host health remain needed to assess

the actual effect of filariae in these primate species. The advances in
molecular technologies allow for the detection of different patho-
logical and parasitological agents affecting wildlife populations fol-
lowing noninvasive sampling methods, such as the one we
presented here. Through molecular diagnostics, we were able to
detect the presence of an understudied vector-borne parasitosis in
wild Mexican primates, which otherwise would require host sacri-
fice. A continuous and robust survey of wildlife parasites and
pathogens will contribute to our better understanding of the
disease-health ecological cycles, and to identify risk factors associ-
ated with transmission among primates or even zoonotic events.
This is extremely relevant for health monitoring of endangered
species in which capturing, manipulation, and even sacrifice is not
feasible or desired.
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