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ABSTRACT The influence of living in small remote villages on the diversity of viruses in
the nasal mucosa was investigated in three Colombian villages with very different levels
of geographic isolation. Metagenomic analysis was used to characterize viral nucleic ac-
ids in nasal swabs from 63 apparently healthy young children. Sequences from human
virus members of the families Anelloviridae, Papillomaviridae, Picornaviridae, Herpesviridae,
Polyomaviridae, Adenoviridae, and Paramyxoviridae were detected in decreasing propor-
tions of children. The number of papillomavirus infections detected was greater among
Hispanic children most exposed to outside contacts, while anellovirus infections were
more common in the isolated indigenous villages. The diversity of the other human vi-
ruses detected did not differ among the villages. Closely related variants of rhinovirus A
or B were identified in 2 to 4 children from each village, reflecting ongoing transmission
clusters. Genomes of viruses not currently known to infect humans, including members
of the families Parvoviridae, Partitiviridae, Dicistroviridae, and Iflaviridae and circular Rep-
encoding single-stranded DNA (CRESS-DNA) virus, were also detected in nasal swabs,
possibly reflecting environmental contamination from insect, fungal, or unknown
sources. Despite the high levels of geographic and cultural isolation, the overall diversity
of human viruses in the nasal passages of children was not reduced in highly isolated
indigenous villages, indicating ongoing exposure to globally circulating viruses.

IMPORTANCE Extreme geographic and cultural isolation can still be found in some in-
digenous South American villages. Such isolation may be expected to limit the introduc-
tion of otherwise common and widely distributed viruses. Very small population sizes
may also result in rapid local viral extinction due to a lack of seronegative subjects to
maintain transmission chains for rapidly cleared viruses. We compared the viruses in the
nasal passages of young children in three villages with increasing levels of geographic
isolation. We found that isolation did not reduce the overall diversity of viral infections.
Multiple infections with nearly identical rhinoviruses could be detected within each vil-
lage, likely reflecting recent viral introductions and transmission clusters among epidemi-
ologically linked members of these very small communities. We conclude that, despite
their geographic isolation, remote indigenous villages show evidence of ongoing expo-
sure to globally circulating viruses.

KEYWORDS Colombia, nasal virome, next-generation sequencing, children,
metagenomics, papillomavirus, rhinovirus

The impact of extreme geographic isolation in shaping the respiratory virome
remains largely unknown. In the preagricultural era, people typically lived widely

dispersed in small nomadic groups, a lifestyle that might have minimized the spread
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and maintenance of infectious diseases that did not establish long-lasting or chronic
infections. Small populations now settled in hard-to-explore regions may still be
relatively isolated from repeated exposures to highly prevalent viruses circulating in
larger, more connected, communities. Therefore, inhabitants of such highly isolated
villages might have lost viruses that are dependent on the large numbers of young,
seronegative, susceptible hosts found in larger populations (1).

Coincident with the arrival of Europeans, native Amerindian populations underwent
strong population bottlenecks, possibly due to imported airborne epidemics (such as
smallpox, measles, and, more recently, influenza viruses) to which they had no prior
exposure (2, 3). A recent study of feces collected from children in isolated villages in the
Venezuelan Amazon region showed that extreme geographic isolation did not result in
a reduction in enteric human virus diversity (4). To determine whether reduced rates of
outside contact coincide with a reduction in the diversity of human viruses in the
respiratory tract, we compared the nasal mucosal viromes of children in two highly
isolated Amerindian Kogi villages in a tropical forest of northern Colombia and in one
largely Hispanic village alongside a coastal highway. In order to detect all human
viruses, viral metagenomic analysis was applied to nasal swabs collected from children
2 to 9 years of age.

(This article was submitted to an online preprint archive [5].)

RESULTS
Sample collection and village locations. Nasal swabs were collected from 63

children (53.9% female), with a mean age of 5 years (Table 1). The children lived in three
villages in northern Columbia that differed in the degree of outside contact. Samples
used for comparison were from age- and gender-matched children (Table 1). Satellite
pictures of these villages can be seen on Google Maps, using their Global Positioning
System (GPS) coordinates. The first village, Calabazo (GPS coordinates, 11.28448,
�74.00195), is located along a major road (highway 90) running alongside the National
Natural Park of Tayrona and is frequently visited by tourists. Calabazo has a 2005 census
population of 499, and the main language is Spanish. Seywiaka (GPS coordinates,
11.2174, �73.5794) is an isolated village with a population size of 250 to 300 that is
accessible only by foot (1.5-h walk from the nearest road) and is inhabited by Kogi
people speaking their indigenous language (Fig. 1, top). Nonindigenous people visit
every week to work in Seywiaka’s school and health care center. Indigenous adults from
Seywiaka travel to the town of Palomino (located along highway 90, with a 2000 census
population of 3,900) approximately twice a month. An even more isolated Kogi village,
Umandita (GPS coordinates, 11.09698, �73.64781), with an estimated population of
350 to 400 inhabitants, is accessible after a 9- to 10-h walk from Seywiaka (Fig. 1,
bottom). Only a few adults travel from Umandita to Seywiaka or further to Palomino,
approximately twice a year. The health team personnel collecting the biological sam-
ples analyzed here visit Seywiaka and Umandita twice a year to collect samples.

Nasal mucosa virome. Following viral metagenomic enrichment of viral particle-
associated nucleic acids in nasal swabs, random RNA and DNA amplification, and deep
sequencing of 63 individual nasal swab supernatants, a total of approximately 63
million reads were generated. We found 92% of samples (58/63 samples) to be positive
for at least one human virus. Human viruses belonging to seven viral families (in
decreasing prevalence of detection (Anelloviridae, Papillomaviridae, Picornaviridae, Her-
pesviridae, Polyomaviridae, Adenoviridae, and Paramyxoviridae) were detected.

TABLE 1 Age and gender of children analyzed

Village

No. of children

2–5 yr of age 6–9 yr of age Girl Boy

Calabazo 11 10 8 13
Seywiaka 12 9 9 12
Umandita 13 8 17 4
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FIG 1 View of isolated indigenous village of Seywiaka (top) and the most isolated indigenous village of
Umandita (bottom).
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Anelloviridae family reads were the most commonly detected viral sequences and
were found in 49/63 children (77.7%); 0.16% (n � 100,957 sequence reads) of 63 million
total reads could be mapped to the Anelloviridae family, with BLASTx E scores of
�10�10. The second most commonly detected human virus reads belonged to the
Papillomaviridae family and were detected in 44.4% of children (28/63 children), with
0.087% of total reads (n � 55,248 sequence reads). Next, with a prevalence of 23.8%
(15/63 children), were reads from the Picornaviridae family. Of these, 0.094% of reads
(n � 59,819 sequence reads) were picornavirus reads from the species rhinovirus A
(10/63 children [15.8%]), rhinovirus B (3/63 children [4.7%]), rhinovirus C (1/63 children
[1.58%]), and enterovirus B (1/63 children [1.58%]). Herpesviridae family members were
next in prevalence, being detected in 7/63 children (11.1%) and including human
betaherpesvirus 5 (HHV5 or cytomegalovirus) (6/63 children [9.52%]), human betaher-
pesvirus 6 (HHV6 or roseolovirus) (3/63 children [4.76%]), and human betaherpesvirus
7 (HHV7 or Kaposi sarcoma virus) (1/63 children [1.58%]). In the Polyomaviridae family,
we detected human polyomavirus 5 (HPyV5) (Merkel cell carcinoma virus) (6) (1/63
children [1.58%]), HPyV10 (Malawi polyomavirus) (7, 8) (1/63 children [1.58%]), and
HPyV11 (Saint Louis polyomavirus) (9) (1/63 children [1.58%]). Adenovirus C reads were
detected in 2/63 children (3.17%). Respiratory syncytial virus (RSV), belonging to the
Paramyxoviridae family, was found in 2/63 children (3.17%). This was the only viral
family detected exclusively in the most exposed Calabazo village. The fractions of total
reads from each sample encoding proteins with high-level similarity (E scores of
�10�10) to human viruses are shown in Fig. 2, with the exception of the papilloma-
viruses and anelloviruses, which are further analyzed below.

Family Picornaviridae. Fourteen children showed the presence of picornavirus
sequences, 13 from rhinovirus A, B, or C species and 1 from enterovirus B species.
Rhinovirus reads generated contigs ranging in size from 481 to 7,089 nucleotides. In
total, 8 contigs included the complete 5=-untranslated region (UTR) -VP4-VP2, 2 contigs
the complete UTR-VP4, and 1 contig the complete VP4-VP2. The complete VP4-VP2
regions were used for phylogenetic analysis (Fig. 3). Four rhinovirus contigs from the
Umandita region showed the closest nucleotide identity (90% to 92%) to genotype 1B
of rhinovirus A. Contigs from 3 of these children overlapped almost the entire genome
(6.6 kb without gaps) and showed nucleotide identity of 99.8 to 99.9%. Two rhinovirus
A genotype 1B contigs included the VP4-VP2 region and clustered tightly together,
reflecting a recent common origin and an ongoing transmission cluster in the most

FIG 2 Distribution and levels of reads for human viruses within villages. To display the amounts of viral reads in each sample, a bubble chart was generated
based on the number of reads for named viruses (BLASTx E scores of �10�10) per 1 million total reads (reads per million [RPM]), with log10 transformation. For
example, 10 and 1,000 viral reads in 106 total reads yield values of 1 and 3, respectively.
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isolated village, Umandita (Fig. 3). Two children from Calabazo were infected with
rhinovirus B70 with 99.9% nucleotide identity, indicating another transmission cluster
occurring at the time of sampling. Two children from Seywiaka were shedding rhino-
virus A22, but only 1 generated enough sequence reads to be included in VP4-VP2
phylogenetic analysis (Fig. 3). Reads from these two children did overlap by 154 bases,
showing a single mismatch, which indicates another possible transmission cluster.
Therefore, rhinovirus transmission clusters (genotype A1B in Umandita, genotype B70
in Calabazo, and genotype A22 in Seywiaka) were detected in each village. The
enterovirus B reads from a Seywiaka child showed closest amino acid identity (93%) to
echovirus E15 (GenBank accession number AY302541).

Polyomaviruses. Polyomavirus sequences were also found in the isolated indige-
nous villages of Seywiaka (n � 2) and Umandita (n � 1). Two Seywiaka villagers were
shedding HPyV5 or HPyV10, and 1 child from Umandita was shedding HPyV11 (Fig. 2).
HPyV5 reads showed nucleotide identity of 98 to 99%, HPyV10 identity of 92 to 98%,
and HPyV11 identity of 91 to 99% with genomes available in GenBank, falling within the
range of diversity seen in these viral species.

Herpesviruses. Sequences of human CMV, roseolovirus, and Kaposi sarcoma virus
were identified. CMV sequences were found in 6 children (2, 1 and 3 children from
Calabazo, Seywiaka, and Umandita respectively). Three children shed roseolovirus (1
and 2 from Seywiaka and Umandita respectively). A single Kaposi sarcoma virus
infection was detected, in a child from Umandita (Fig. 2). All contigs showed 98 to 100%
nucleotide identities to genomes in GenBank.

FIG 3 Phylogenetic analysis of VP4-VP2 region of rhinoviruses inferred using the maximum likelihood method,
based on the general time reversible model. A discrete gamma distribution was used to model evolutionary rate
differences among sites. The tree is drawn to scale, with branch lengths measured in the number of substitutions
per site. There were a total of 518 positions in the final data set. Evolutionary analyses were conducted in MEGA6.
�, Calabazo nonindigenous (CNI); Œ, Seywiaka indigenous (SI); �, Umandita indigenous (UI).
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Adenovirus, pneumovirus, and parvovirus. Sequences from human mastadeno-
virus C species in the Adenoviridae family, ranging in size from 250 to 1831 nucleotides,
were identified in 2 children from Seywiaka village (Fig. 2). Different regions (within E3,
E4, E1a, and L3) showed overlap between reads from the 2 children, with nucleotide
identity of 83% to 97%, likely reflecting 2 different strains of adenovirus C. Similarity of
adenovirus reads to genomes in GenBank ranged from 92% to 99%.

Two RSV contigs, of 363 and 888 nucleotides, were identified from 2 children in
Calabazo, both showing 99% nucleotide identity with RSV strain A (GenBank accession
number MG793382). Contigs from these 2 children overlapped in the G gene (350 bp),
showing nucleotide identity of 99.1%. The close sequence identity of these two RSV
strains may also reflect an ongoing transmission cluster within that village.

Unexpectedly, 2 reads of canine bocavirus were also detected in 1 swab sample
from Calabazo village, showing 92 and 97% amino acid identity to the canine bocavirus
NS1 gene region (GenBank accession number MG025952).

Anelloviruses. The prevalence of anellovirus detection was 42% (10/21 children),
90% (19/21 children), and 95.2% (20/21 children) in children from Calabazo, Seywiaka,
and Umandita respectively. Therefore, anellovirus DNA was detected in 77.7% of all
children (49/63 children). The overall fractions of children infected with different
anellovirus genera were 34% with alphatorquevirus, 44.4% with betatorquevirus, 28.5%
with gammatorquevirus, and 65% with unclassified anelloviruses (Fig. 4, top).

Papillomaviruses. Altogether, we detected 29 papillomaviruses (17 genotypes) in
13 Calabazo children, 10 papillomaviruses (9 genotypes) in 9 Seywiaka children, and 6
papillomaviruses (6 genotypes) in 6 Umandita children (Fig. 4, bottom). Thirty-seven
partial papillomavirus genome contigs, ranging in size from 261 to 7,392 nucleotides,

FIG 4 Distribution and levels of anellovirus (top) and papillomavirus (bottom) reads within villages. The bubble charts were generated based on the number
of reads for named viruses (BLASTx E scores of �10�10) per 1 million total reads (reads per million [RPM]), with log10 transformation.
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were generated, 14 of which included a partial L1 gene region. Phylogenetic analysis of
these L1 sequences was performed (Fig. 5). All papillomavirus contigs showed 97 to
100% amino acid identity to papillomavirus proteins in GenBank. Papillomavirus (hu-
man papillomavirus 12) contigs in 2 children from Calabazo village (S13-CNI and
S49-CNI) were closely linked (Fig. 5), showing 99% nucleotide identity.

Virome comparison between villages. We next compared the distribution of the
two viral families that yielded the most reads, anelloviruses and papillomaviruses,
among the three villages (Fig. 4). The numbers of anellovirus infections were signifi-
cantly different among the villages (P � 0.0001) (see Materials and Methods). Inspection
of the anellovirus distribution indicated that more anellovirus infections were detected
in the most isolated villages of Seywiaka and Umandita (Fig. 4, top).

An analysis of papillomavirus read distribution similarly showed that the numbers of
papillomavirus infections were significantly different among the villages (P � 0.043)
(see Materials and Methods). Contrary to anelloviruses, a significantly greater number
of papillomavirus infections was detected in the most exposed, Hispanic village of
Calabazo (Fig. 4, bottom).

Viral families of nonvertebrate or unknown host tropism. Sequences from viral
families not known to infect humans (or vertebrates), likely representing airborne mucosal
surface contamination, were detected in 44/63 children (69.8% of children). Members of the
following viral clades, ranked from highest to lowest prevalence, were detected: Parvoviri-

FIG 5 Phylogenetic analysis of the major capsid (L1) protein of papillomaviruses inferred using the maximum
likelihood method, based on the general time reversible model. A discrete gamma distribution was used to model
evolutionary rate differences among sites. There were a total of 1,693 positions in the final data set. Evolutionary
analyses were conducted in MEGA6. �, Calabazo nonindigenous (CNI); Œ, Seywiaka indigenous (SI); �, Umandita
indigenous (UI).
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dae (densoviruses), Partitiviridae, Dicistroviridae, circular Rep-encoding single-stranded DNA
(CRESS-DNA) viruses, and Iflaviridae (found in 49.2%, 38.09%, 30.1%, 23.8%, and 4.7% of the
nasal swab samples respectively) (Fig. 6).

Densoparvoviruses, dicistroviruses, and iflaviruses are known to infect invertebrates,
and partitiviruses are known to infect fungi and plants. Some CRESS-DNA viruses can
infect fungi, plants, or mammals, but the tropism of most CRESS-DNA virus genomes,
largely identified through metagenomic analyses of environmental samples (including
those detected here), remains unknown.

DISCUSSION

Viral metagenomics of human respiratory secretions have analyzed different sample
types, mainly from clinical cases. Early studies of nasopharyngeal aspirates from lower
respiratory tract infections in China (10) and Sweden (11) revealed numerous viruses,
with members of the families Paramyxoviridae (RSV, metapneumovirus, and parainflu-
enza virus), Picornaviridae (rhinovirus), and Orthomyxoviridae (influenza virus) predom-
inating. Numerous other metagenomic studies of clinical respiratory samples have
confirmed the ability of this method to detect diverse human viruses (12–17). Metag-
enomic analyses thus show great promise as a supplement to or even replacement for
more specific viral genome detection assays, although sensitivity issues remain (18–21).
A more limited number of metagenomic studies have analyzed the respiratory tract
viromes of healthy children. Double-stranded DNA from the anterior nares of healthy
individuals in the Human Microbiome Project showed that betapapillomaviruses and
gammapapillomaviruses were the most common viruses detected, followed by rose-
olovirus/HHV6 (22). A PCR study of sinonasal mucosa from sinus surgery patients,
testing for 16 common respiratory viruses, indicated that HHV6 was the most frequently
detected virus (23). A study of nasopharyngeal swabs from healthy 18-month-old
children, using quantitative PCR, showed the presence of human rhinoviruses, adeno-
viruses, bocaviruses, and parainfluenza virus (24). Nasopharyngeal swabs from healthy
children that were analyzed by metagenomics and pan-viral group PCR showed
anelloviruses, HHV6, and HHV7 to be the most common infections (14).

Here we characterize the nasal mucosal viromes of 63 age- and gender-matched
children from three villages with different degrees of geographic isolation. The fraction
of all reads encoding human viral sequences was 0.6%, with the most reads being
derived from anelloviruses, followed by papillomaviruses and picornaviruses. We show
that the geographic and cultural isolation of the two most isolated (indigenous) villages
did not result in the elimination or even in a reduction of the diversity of their human
viruses.

FIG 6 Distribution and levels of reads for viral groups not known to infect vertebrates, or with unknown tropism, within villages. The bubble chart was
generated based on the number of reads for named viruses (BLASTx E scores of �10�10) per 1 million total reads (reads per million [RPM]), with log10

transformation.
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Three different herpesviruses (HHV5 to HHV7) and three different polyomaviruses
(HPyV5, HPyV10, and HPyV11) were detected in the two isolated villages, while only one
herpesvirus (HHV5) and no polyomaviruses were found in the village with frequent
outside contact (Fig. 2). RSV was the only virus found exclusively in the most exposed
village. Four different rhinovirus genotypes and 1 enterovirus B genotype were found
in the two isolated villages, while 4 rhinovirus genotypes were detected in the more
exposed village. There was no overlap in the picornavirus genotypes in the different
villages. Among 0- to 5-year-old children, rates of asymptomatic rhinovirus detection of
12.5% to 33% have been reported (25–28). A rhinovirus detection rate of 33% among
�3-year-old asymptomatic children did not significantly differ from that found in
matched hospitalized children (27). Here, we found an average rate of rhinovirus
detection of 20.6% in healthy 2- to 9-year-old children, ranging from 23% in Calabazo
and Umandita villages to 19% in Seywiaka.

Outbreaks, as reflected by the detection of closely related variants of the same
rhinovirus genotypes, were detected in both the most isolated (4 cases of rhinovirus
A1B in Umandita) and the least isolated (2 cases of rhinovirus B70 in Calabazo) villages.
Two rhinovirus A22 infections in isolated Seywiaka were also very closely related and
likely were epidemiologically linked. Because rhinovirus infections are of short duration,
it seems likely that each of these clusters resulted from recent introductions within
these communities.

The origin of sequence reads from viral clades not known to infect humans, namely,
Parvoviridae genus (densovirus), Partitiviridae, Dicistroviridae, Iflaviridae, and CRESS-DNA
viruses, remains unknown, but deposition onto nasal mucosal surfaces from environ-
mental sources such as the ambient air remains a likely possibility. Possible sources for
such viruses include plants and fungi for the partitiviruses and insects for the dicistro-
viruses, iflaviviruses, and densoparvoviruses. The origins of CRESS-DNA viral genomes
are unknown. The detection of only 2 reads of canine bocavirus, a virus reported in
dogs as well as cats (29–33), might similarly reflect environmental contamination from
local pets.

More frequent infections with anelloviruses were detected in the more isolated
villages of Seywiaka and Umandita. Anellovirus concentrations in blood are highly
dependent on the host’s immunocompetence, and viral titers have been shown to
increase in febrile patients (34), immunosuppressed transplant recipients (35–37), and
AIDS patients (38–43). The higher rates of detectable anellovirus infections in the most
isolated villages may thus reflect generally weaker immunocompetence, leading to
more readily detectable anelloviruses. The converse relationship was found for papil-
lomaviruses, which were more commonly detected in the most exposed village of
Calabazo (21 distinct infections), compared with the more isolated villages (10 and 6
infections in Seywiaka and Umandita, respectively). Carcinogenic papillomaviruses were
not detected. The number of papillomavirus infections thus appears to correlate with
the amount of exposure to people from outside the villages, and Papillomaviridae was
the only virus family for which geographic isolation was associated with reduced viral
diversity. Whether papillomavirus infections are consistently less prevalent in other
small isolated villages, relative to more connected or larger populations, remains to be
tested and confirmed.

We show here that children from both connected and highly isolated villages in
northern Colombia carry diverse human viruses in their nasal mucosa and that extreme
geographic and cultural isolation did not result in a general reduction in viral diversity.
A recent study of fecal viromes in children also showed that extreme isolation in
Venezuelan Amazon villages did not reduce the diversity of their enteric human viruses
(4). The genetically very close similarities between the human viruses reported here or
in the prior enteric virome study (4) and genomes in GenBank (derived from much
larger, interconnected, populations) points to frequent virus introduction into such
villages despite their high degree of geographic isolation.

Rhinovirus transmission clusters could also be readily detected within these small
villages (Fig. 3). Closely related enteric picornaviruses (and caliciviruses) were also
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identified in fecal samples from children in highly isolated Amazonian villages (4). These
observations likely reflect ongoing outbreaks of enteric and respiratory tract viruses
among epidemiologically close children within very small villages.

Overall, these results support our conclusion that the reach of common human
viruses, both enteric (4) and here respiratory, commonly extends to some of the most
geographically isolated populations still in existence.

MATERIALS AND METHODS
Study population and study design. Nasal swab samples were collected between September 2016

and February 2017 from children with no apparent clinical signs who were enrolled in an influenza
surveillance study located in three different villages in the Magdalena Department of Colombia, by the
Caribbean Sea (Fig. 1). Nasal swabs from 21 children from each village were analyzed, totaling 63 samples
from 34 girls and 29 boys (Table 1). Dry sterile swabs (nylon flocked swabs; Fisher) were used in both
nostrils and stored in 1 ml universal transport medium (Quidel). Samples were kept on ice for 4 to 7 days
and then stored at �80°C.

Viral metagenomics. To reduce possible batch effects, samples from the three locations were
processed in an interdigitated manner (first sample from village 1, 2, 3, then second sample from village
1, 2, 3, etc.) using two Illumina MiSeq runs. Individual swab supernatants (150 �l) were filtered using a
0.45-�m filter (Millipore). The filtrates were treated with a mixture of DNases (Turbo DNase [Ambion],
Baseline-ZERO DNase [Epicentre], and Benzonase [Novagen]) and RNase (Fermentas) at 37°C for 90 min
to enrich for viral capsid-protected nucleic acids, which were then extracted using a Maxwell 16
automated extractor (Promega) (44). Random reverse transcription-PCR and the Nextera XT sample
preparation kit (Illumina) were used to generate a library for Illumina MiSeq sequencing (2 � 250 bases)
with dual barcoding, as described previously (45).

Bioinformatic analysis. An in-house analysis pipeline was used to analyze sequence data. Before
analysis, raw data were preprocessed by subtracting human and bacterial sequences, duplicate se-
quences, and low-quality reads. Following de novo assembly using the Ensemble program (46), both
contigs and singlet viral sequences were then analyzed by using a translated protein sequence similarity
search (BLASTx v.2.2.7) for all annotated viral proteins available in GenBank. Candidate viral hits were
then compared to a nonvirus nonredundant protein database to remove false-positive viral hits. To align
reads and contigs to reference viral genomes from GenBank and to generate complete or partial genome
sequences, the Geneious R10 program was used. To plot read numbers for different viruses, the numbers
of reads with BLASTx E scores of �10�10 for named viruses per 1 million reads were log10 transformed
to determine the size of the colored circles in Fig. 2, 4, and 6 using Excel.

Phylogenetic analyses. Phylogenetic trees were constructed from VP4-VP2 nucleotide sequences
for rhinoviruses and amino acid sequences for papillomaviruses. Evolutionary analyses were conducted
in MEGA6 using the maximum likelihood method, based on the general time reversible model (47, 48).

Statistical methods. To evaluate the proportional distribution of viral types among villages, a
nonparametric one-way analysis of variance was performed using the Kruskal-Wallis test, with ties and
an a priori statistical significance level set at a P value of �0.05. Stata/MP 15.1 (StataCorp, College Station,
TX) was used for statistical analysis. The Kruskal-Wallis equality of population rank test was performed
using 2 degrees of freedom.

Ethics statement. Studies were approved by the Indigenous Health Council, the Tropical Health
Foundation ethics committee, and St. Jude Children’s Research Hospital institutional review board. The
investigators ensured that the study was conducted in full conformity with the principles set forth in The
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