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RESUMEN

Las infecciones por sarampién pueden causar una morbilidad y mortalidad
significativas en poblaciones humanas y de monos. La endemicidad del sarampidn
en poblaciones humanas y la circulacién viral en poblaciones de monos en libertad
pueden tener importantes repercusiones en la transmisién zoondtica y para la salud
a largo plazo de las poblaciones de monos. Sin embargo, ain no se ha investigado
la dinamica de transmision del sarampidn cuando coexisten poblaciones humanas
y de monos. En este estudio, para determinar la seroprevalencia del virus del
sarampidn en distintos contextos de contacto entre humanos y monos, analizamos
los datos de suero de 56 monos Macaca mulatta aparentemente sanos que ocupaban
diversos contextos, con diferentes grados de contacto entre humanos y monos, en
Bangladesh. Encontramos asociacion entre la seropositividad al virus del sarampion
en los monos y el contexto en el que interactian con humanos. La seroprevalencia
mas baja fue en las areas naturales (0,0%) y fue en aumento, en santuarios (4,8%),
areas urbanas (5,9%), y la mas alta entre los circos némades (50,0%), donde los
monos son utilizados como animales de actuacion. Este trabajo sugiere que es
necesario un enfoque de "Una Salud" para explorar el desarrollo de planes de
conservaciéon de monos evaluando su interaccion con humanos. Asimismo, sugiere
la necesidad de plantear programas de vigilancia a largo plazo en las poblaciones
de monos y se evite asi la propagacion del virus de sarampion tanto en las

poblaciones de monos, como de humanos.

PALABRAS CLAVES
BANGLADES, MACACA MULATTA, SARAMPION, SEROPREVALENCIA,

‘SPILLBACK’, UNA SALUD, ZOOANTROPONOSIS



ABSTRACT

Measles infections can cause significant morbidity and mortality in human and
monkey populations. The endemicity of measles in human populations and viral
circulation within populations of free-living monkeys may have important
repercussions for potential zoonotic transmission events and for the long-term
health of monkey populations. Yet, there has not been a rigorous investigation of
measles transmission dynamics where human and monkey populations coexist. In
this study, to determine the difference in seroprevalence of the measles virus across
different contexts of human-monkey contact, we analyzed serum samples collected
from 56 apparently healthy Macaca mulatta monkeys who occupied diverse
contexts, with different degrees of human-monkey contact, in Bangladesh. We
found an association between measles virus seropositivity in monkeys and the
context in which they interact with humans. Seroprevalence was the lowest in wild
areas (0.0%) and increased in shrines (4.8%), urban areas (5.9%), and was highest
among monkeys who are used as performance animals (50.0%). This work suggests
that a "One Health" approach is necessary to explore the development of monkey
conservation plans by evaluating their interaction with humans. Likewise, it
suggests the need to propose long-term surveillance programs in monkey
populations to prevent the spread of the measles virus in both monkey and human

populations.
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ARTICLE INFO ABSTRACT

Keywords: Measles infections can cause significant morbidity and mortality in human and moakey populations. The
Bangladesh endemicity of measles in lunnan populanuns and vmsl circulation within populations of free-living monkeys may
Macaca mudaria have i for z\euuand‘orlhelmglumheahhdmonkzy
Fe T populations. Yet, there has not yet been a rig of the dynamics of istion where
ity human and monkey populations coexist. In this study, to d the diff in preval of the
spillback measles virus across different of h 'y contact, we anal serum ples collected from 56
Zocanthropocasts apparently healthy Macaca mulatta keys who d diverse with different degrees of human.
monkey contact, in Bangladesh. Mnmﬁrﬂreponofmmleswnumvalameinmn\wysm
Bangladesh. We found a clear virus ivity in keys and the context in
which they interact with humans. Seroprevalence was the lowest in mld areas (0.0%) and increased in shrines
(4.8%), urban areas (5.9%), and was highest among monkeys who are uscd as performance animals (50.0%).
'l'h:swwksuggalslha!a&ueﬂealth pp h infi ‘bylonl dynamics is 'y
to d p gies that both improve measles i tdutvelnng term surveillance in monkey
lati and prevent spillback to monkeys. This appmach aims to inform conservation efforts and

pmled the long-term health of human and monkey populations.
1. Introduction incidentally, the h key interface is diverse and has contexts

Measles is a highly contagious febrile disease caused by a virus of the
genus Morbulivims in the family Paramyxoviridae and is easily spread
g P y droplets [1,: ]Themeaslesvirushaslhehlghat
basic ductive ber; an infected person can infect between 12
and 18 other individuals [3]. Despite lhe development of an effective
vaccine in the 1960s, les infecti iated with over 140,000
measles deaths worldwide [2,4]. While humns are natural hosts of the
measles virus, viral circulation occurs in populadons of free-living
monkeys, likely a result of h key foll d by
within-population transmission [5]. Currently, more than 90% of deaths
related to les occur in South Asia, a geographic area where,

upch.pe (L Omz-(hm).
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with different deg ofh key [5,6].

The research published to date on the prevalence of measles in-
fections in monkeys has not been sufficient to fully understand the
transmission dynamics of the virus between human and monkey pop-

ulations [5]. The World Health Organization consid as the
only reservoir [4]. However, studies have shown that measles infection
can occur among fr. ging populati of q [5,7]. Despite

the potential impact that this disease can have on human and anlmal
health until now it has not been possible to establish adeq st

for its surveillance and control of interspecies transmission [1,%]. For
example, Bangladesh, a country lha! has suengthened its surveillance

system, still faces challenges in i ti small-scale
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outbreaks in humans [!,9], which may spill over to local monkey pop-
ulations [5,10-13].

Bangladesh is characterized by a high human population density, a
high level of poverty, and a tropical climate [9,14]. Additionally, it has
many areas with human-wildlife contact, turning this place vulnerable
to interspecies pathogens transmission [15]. In addition, Bangladesh is
home to one of the most widely distributed monkey species, Macaca
mulatta [16]. These monkeys are often chosen by locals to perform in
circuses, are kept as household pets, and participate in various
Bangladesh cultural traditions [16]. Given the importance of these
monkeys in local communities, there are many contexts in which they
come into contact with humans (i.e. natural areas, urban areas, shrines,
and performing environments). These contexts of human-monkey con-
tact are created by the characteristics of the associated human popula-
tion. Additionally, the degree and extent of human contact with the
monkeys varies across contexts regarding time of Interactions, prox-
imity, and frequency [5,7,17]. Therefore, it is essential to study the
presence of measles virus, a pathogen that poses a significant threat to
both humans and monkeys, in areas that allow different degrees of
contact between humans and monkeys, and where outbreaks occur
regularly [1,6,9].

Laboratory monkeys that get infected with the measles virus show a
range of clinical signs from asymptomatic, to mild gastrointestinal signs,
secondary bacterial infection, pneumonia, encephalitis, abortion, and to
death [5,18]. Wild monkeys, which are known to become infected when
they are in contact with infected humans, show temporary immuno-
suppression similar to or often more acute and severe than it presents in
humans [18,19], causing mortality of up to 100% [5]. The study of the
seroprevalence of the measles virus in populations of monkeys can allow
a better understanding of its transmission dynamic and determine the
risk that contact with humans represents for the health of local monkey
populations and conservation areas [5].

During the last two decades, infection with the measles virus has
been studied in wild monkeys from different parts of Asia such as
Indonesia, Singapore, and Nepal [5,20]. For example, in Nepal, re-
searchers reported 100% seroprevalence in Macaca mulanta individuals
sampled in a temple [5]. However, none of these studies included
multiple contexts of human-monkey interactions which would have
facilitated a stratified analysis across contexts that offer a gradient of
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human-monkey contact such as natural areas, urban areas, shrines, and
performing environments. Also, the seroprevalence of the measles virus
in monkeys in Bangladesh has not yet been determined. Thus, in this
study, our objectives were to estimate of seroprevalence of the measles
virus in monkeys of the species Macaca mulara in Bangladesh and
identify an association between the level of seropositivity and the degree
of human-monkey contact.

2. Methods
2.1. Erhics starement

Ethical approval was obtained from the University of Washington's
Institutional Animal Care and Use Committee (approval number:
3143-03).

2.2, Study Site

Bangladesh is one of the most densely populated countries in the
world. Its geographical location has positioned it for centuries as an
important point of Asian and world trade [14,16]. It also has many
urban areas located within or near monkey habitats [15,16]. Data
collected from seven geographically distinct areas in Bangladesh were
included, chosen because they represent areas with defined human-
monkey contact [21] (Fig. 1).

2.3. Geographical areas
The seven different geographical areas from which the samples were
obtained were chosen based on the human and monkey density, the

transportation routes, and the degree of human-monkey contact

[15,17]).

2.4. Contexts

This study focuses on 4 different contexts: wild areas, urban areas,
shrines, and performing environments:

SAMPLING LOCATIONS

GEOGRAPHICAL AREAS OF BANGLADESH

pling according 1o context in Bangladesh.
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i) Wild areas typically contain ecotourism attractions. These areas
maintain sporadic and casual human-monkey contact [15].

ii) Shrines have been reported as one of the places where the most
diverse human-monkey contact occurs [15]. These aress are
refuges for monkeys [21] that come into direct contact with
shrine visitors that often offer food to the monkeys [15].

ili) Urban areas contain the highest human population density and
the presence of synanthropic monkeys is very comman; therefore,
they represent areas where the presence of the measles vims in
the human population is constant with frequent outbreaks, as
measles has not been eliminated from Bangladesh [15].

iv) Performing environments are circuses run by the “Bedey™ com-
munity [15,22]). Bedey people are nomadic and marginalized;
98% of them live below the poverty and have scant access to
healtheare and education [15,22]. In these circuses, Bedey in-
dividoals own and train the performing monkeys resulting in
frequent and prolonged human-monkey contact [22].

2.5, Study population

The siudy population was chosen by convenience. Study subjects
were obtained through capture and/or by agreement with the owners of
performing monkeys. A total of 56 (28 females and 28 males) rhesus
macaques Macaca madara were evaluated. All animals were apparently
healthy and did not show any signs of disease at the time of capture.

2.6, Capiure and Sampling

Fhysical or chemical immobilization methods were used to capture
and restrain individuals in all settings. In the case of performing mon-
keys, physical restraint was achieved with the help of the owners
[16,25]. Free-ranging monkeys were resirained using a remote darting
system [Telinject -Agua Dolee, CA, USA) and a Tiletamine-Zolazepam
protocol (Telazol 3 mgkg) [16,17,28]. Blood samples (5-10 ml) were
obtained from the femoral vein of physically restrained or anesthetized
mankeys, following a complete clinical examination and morphometric
measurements [16,17,23,28]. Animals were weighed using manunal
spring scales of 1, 5, and 15 kg. Age category (older juvenile, subadult,
and adult) was determined according to the dental formula [24].

To minimize the risk of accidental injuries due to capture, younger
animals and pregnant females were excluded, as they are prone to acute
stress conditions [5,15,25]. After sampling and examination, animals
were placed in portable boxes (the capture boxes of approximately 2.5
m3, and the recovery boxes of .75 m3; manufactured at the Mational
Primate Research Center in Washington), until they were fully recovered
from anesthesia to later be released into the area where they were
initially trapped [5].

27 Sample processing and serology

Blood samples were collected in Vacutainer mbes with EDTA and
then separated by centrifugation to obtain the plasma [5]). Plasma
samples were placed in containers with ice packs and then stored at
—80 “C, to be sent to the Laboratory of the University of Washington,
United States of America.

Samples were analyzed using the multiplex immunoassay (MIA)
technique [26], which have demonstrated its efficiency, validity, and
reliability in serological smdies of herd immunity against vaccine-
preventable infections to measles, mumps, robella, varicella-zoster
virus and hepatitis B [26,27]. Also, this technique is suitable for large-
scale surveillance studies because it requires small amounis of serum,
and is faster than the enzyme-linked immunosorbent assays (ELISAs)
[27-31]. More impaortantly, they are more sensitive than the ELISAs and
have high specificity [26,32]. In addition, this technique has shown low
cross-reaction in multiple studies on viral pathogens [33,34].

ine Healgh 17 £20249) 100571
2.8 Suaristical analysis

The database was imported into the statistical program R [35]. A
descriptive analysis was performed to determine the absolute and rela-
tive frequencies of each of the variables. In the bivariate analysis, as-
sociations between context, geographic area, categorical age, and sex
with measles virus seropositivity were determined using the Chi-square
test in variables with 10 or more observations per group, Fisher's exact
test for caregorical variables with fewer than 10 observations in any
subgroup. The association between seropositivity and the monkeys
weight was evaluated using a student’s r-test. We built logistic models
for the multivariate analysis. All statistical tests were 2-sided, and the
significance level was 0.05.

3. Results

2.1, Demographics of Mocaca mufanta in the Bangladesh sty

From a total of 56 samples, 50% were males, with an average weight
of 7.3 kg (5D = 3.1), and 50% were females, with an average weight of &
kg (5D = 1.6). The area from which the largest number of samples was
obtained was Syhlet Shrine (21.4%) and the area with the least number
of samples was Narayanganj (5.4%). The age distribution of the sampled
individuals was 17.9% alder juvenile, 16.1% subadult, and 66.1% adult
(Table 1)

3.2 Measles seroprevalence varies by sex and age

We observed a much higher percentage of seropositivity in the
sampled females (21.43%) versus males (3.57%) and this difference was
statistically significant (x2 = 4.08; p = 0.043). The samples of adult
individuals resulted in a higher percentage of seropositivity (16.22%)
compared to the other categories (older juvenile 0%, subadult 11.11%),
however, this difference was not statistically significant (Fisher's exact
test, p = 0.513). We did not find an association between weight and

seropositivity (Table 2).
3.3 Measles seroprevalence across geographical area

Across geographical areas, the highest measure of seroprevalence
was observed in monkeys sampled in Ashulia (50%) compared to the
other areas (Bormi 0%, Dhamrai 12.5%, Dokhola Modhupur 0%, MNar-
ayanganj (%, Sayed Shrine 11.11%, Syhlet Shrine (%), and this
imbalance distribution was statistically significant (Fisher's exact test, p
= 0.009) (Table Z).

3.4, Associgrion between seroprevalence and degree of fusnan-monkey
COMRICT

The highest percentage of seropositivity was obtained in the per-
forming environments (50%), compared to the urban areas (5.88%),
shrines (4.76%), and wild areas (0%). We found a statistical association
between the context of human-monkey contact and the seroprevalence
of the measles virus in monkeys in the bivariate analysis (Fisher's exact
test, p=0.002) (Table 2) and in the regression models adjusted for other
variables (Table 3), providing evidence of higher levels of measles
seropositivity in monkeys with increasing degree of human-monkey
contact.

4. Discussion

We found a highly significant association between the context of
human-monkey contact and measles vins seroprevalence in monkeys.
There iz a clear gradient benween the degree of huoman-monkey contact
that each of these contexts offers and the probability of seropositivity in
monkeys. Seroprevalence was the lowest in wild areas and increased in
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Table 1
Digtribution of Mecace mabatio monkeys in Bangladesh according to the context of contact with humans, sex, area, and age.
Context
Perfarming Shrine Urban wild Tatal
Variable Levels N % N % ] L] % ] =
Sex Female o 16.1% 7 1258 [ 10.7% [ 17 b 5004
Male 1 1.8% 14 5.0 11 19.6% 2 1% -] 50.0%
Ashulia 10 17.9% o [T o % o 0% 1 17.9%
Bormi [ 0% o [T [ 10.7% o o0% [ 10.7%
Dhamrai L] 0% o [T B 14.3% ] o0% B 14.3%
Gengr. fizea DokbalaModbupar [ 0% o % o 0% B 14.39% B 14.3%
Narayanganj [ 0% o (T 3 5.4% o o0% 3 S.4%
Sayed Shrine [ 0% L] 16.1% o 0% o o.0% 9 16.1%
Syhlet Shrine o 0% 1z 1.4% o % o 0.0% 12 4%
Welght Mean in kg (50 10 5.7 (1.3) n 5.4 (23) 17 B (L&) B G (1.8) 54 100 0B
Olderimy o % B 14.3% 1 18% 1 18% 10 17.9%
Age Subadulr 2 1% 4 T.1% 3 5.4% o o0% 9 16.1%
Adult 8 14.3% ] 16.1% 13 am 7 125% a7 1%
Total 10 1795 n aT.5% 17 0.4% B 143% 54 100 0%
to ecotourism atiractions [15], likely limiting the transmission of the
Tablc 2 . . L } les virus from humans to monkeys and explaining the observed nil
Lﬁr“;l":mmmmmmm’" by sad seroprevalence. Shrines are visited by many people, who frequently
come into direct contact with the monkeys [15]. However, the measles
varlables Lewels (M) Seropmdtely 9ROl P-aj vaccination rates among these visltors are expected to be higher than
b those in the Bangladeshi population. Urban areas contain the highest
Perlorming 0. 00% (024078 0002 human population density and measles outbreaks are common since
cavirament (10} measles has not been eliminated in Bangladesh and measles vaccination
Conpext Urban area (17] SHE% {0.01-0.27) . . §
Shrine (21) 475% (0.01-0.23) coverage is suboptimal in multiple areas [36]. These urban areas nﬁ'tzfs
wild area [8) L [l 1% )] greater possibility for monkeys to acquire the virus [15). Performing
st (10) sk aeoy 0% emiroumenss are run by the “Bedey” communiy. This luman commi
m (=] L [
Borml (&) [ {0-0.39) 1y Is largely marginaliz nglades RS ACCE 10
) Dhamra (8} Pry (02 0.47) healtheare, 5o measles vaccination coverage is very low among them
hﬂlﬂ::phﬂrd Dokbalabodhuper - - [37]. In addition, performing monkeys have a different ecology than
(] ¢ ) mankeys from wild, urban, or shrines [35-40]. The performing monkeys
?fmb"_f‘siﬂJ[3] Mo (o5 are in constant proximity to their owners and family members [29]
mim[[:]za ;:ﬁ;:ﬁ ::'_‘“::']“” creating optimal conditions for monkeys to acquire human pathogens
. Female (28) 21.43% (0.10-04] 0043 [3£]. The nomadic performing practices of this group also increase the
= Male (28] 25T (O-0L18) likelihood that the monkeys will come into contact with other villagers
Weight median  Below median (28) T1% (0040270 7607 in warious parts of the country and the world (tourists), and with other
(6.3 kg) Abgve median (28] 54% (0.06-0.31) domestic or even wild animals [39]. Our performing monkeys were
Older Juvenile (100 0003 {0-00.28) s led in Ashulia vill int for performing hich
Age Subadult (%) 1L11% {0.02-0.43) sampred in v - 8 & pat Brotps, w
Adult (37) 1, g (0.08-0.313 explains that high seroprevalence reported for that area [39].

€l = Confidence interval; a = Fisher's exact test; b = Chi-square tesg; ¢ = 1-
Stisdent test.

Table 3
Association between context and degree of human-monkey comtact and measles
seroprevilence in Macaca miskffo in Bangladesh.

Wariables OR a5 1 pvalue
Comtext
Shirine Ref. Red. Eed.
Urban 074 {0.4-13.23) B4
Performing fRTY {1.05-127.35) [iT.TY
wild L0000 {0 - Inf} [T
Age
Adult Ref Red. Red.
Subadul [T {0045 ) [
cildtm CLEHHORHES i 1n) T

OR = Ddds ratios estimated with multiple logistic regression; Cl = Confidence
interval.

shrines, urban areas, and was highest in performing environments.
These data suggest that seroprevalence (and exposure) is associated with
the degree of human-monkey contact permitted by each context.

Wild areas maintain sporadic and casual human-maonkey contact doe

We observed greater measles seropositivity in female monkeys than
in males and this difference was statistically significant. Similarly,
although higher seropositivity was observed in older individuals, the
present study could not determine that there is a statistical association
between the seroprevalence of the measles virus and age in monkeys
from Bangladesh. We observed effect sizes and trends that suggest an
association, but we failed to detect statistical associations likely because
of our sample size. It will be necessary to carry out & larger siudy o
clarify these associations.

Although a few authors consider the monkey as a possible reservoir
of the measles vims [40], many others state that the human being is the
only reservoir known to date [5,9,11,41]. Our definition of reservoir,
shared by others, is a species or & community of species that can
maintain transmission of a pathogen indefinitely [42). For measles
persistence, the extremely high transmissibility of the measles virus
among humans requires populations greater than 250,000 individuals to
maintain transmission, otherwise, the susceptible host population would
be depleted. If the same transmission parameters operate in the monkey
population, which cannot reach 250,000 individuals, the endemic or
persisting transmission of the measles vims would not be possible [41].
However, isolated measles outbreaks in monkey populations can oocur
following interspecies viral transmission from humans to monkeys [43].

To better understand transmission within monkey populations and
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betweoen monkeys and humans, greater saompling offorts of monkey
populations will be required, where longitudinal observational health is
integrated with non-invasive sampling methodologies (e.g., urine sam-
ples or saliva found in food waste). In addition, it will be necessary to
develop new strategies to improve the measles vaccination coverage in
endemic Areas to prevent transmission from human to monkey pop-
ulations [9]. This approach would aim to protect the long-term health of
both human and monkey populations in Bangladesh and other regions
where interspecies measles transmission occurs. Additionally, this One
Health approsch also emphasizes the imporiance of establishing a
measles prevention and control plan that considers both humans and
mankeys, understanding that measles virus infection is a serious threat
to both groups [2.11,12,43].

We faced some challenges during the execution of this study. Due to
the limited access to these animals, part of the sample was self-selected;
for performing monkeys the owners had to agree to participate. Also, in
the case of free-living monkeys, samples were obtained from individuals
captured by traps; both sample schemes can introduce selection bias. It
is possible that there are temporal trends in measles vims exposure at
the population and individual level, but our cross-sectional study with
limited variation in age was not set up to detect those patterns. The
sample size was too small for stratification and identifying other asso-
ciated variables, however this does not alter gur conclusions. This is an
initial study, which will inform future research in measles wirus in
monkeys.

The use of MIA to detect measles antibodies in monkeys was a
strength of our study. This technique has prowven to be particularly
valuable for conducting extensive surveillance studies [30] doe to its
fast, sensitivity and reproducible characteristics [34]. Also, studies
where MIA was used to detect Human Papillomavirus, and Arboviruses
show no evidence of cross-resction with other pathogens [33,34].
However, due to the little artention received by the measles virus in
mankeys, no studies have reported evaluation of cross-reactivity using
MIA. Although, based on the findings obtained in analogous studies, we
expected no or minimal cross reactivity—if any—using MIA to detect
measles antibodies in monkeys.

The ability of the measles vims to infect macagues has been proven
by athers using molecular techniques. In 1999, during an outbreak at a
primate facility, the measles vims was detected in Moceca mulaita using
reverse franscriptase-polymerase chain reaction (RT-PCR) [45]. In
another measles outhreak in a different primate facility, the measles
virus was detected in urine specimens using virus isolation or RT-PCR
[11], and wiral detection correlated with measles vims-specific IgG
and IgM antibodies [11]. Also, multiple strains of measles virus have
been identified and compared in Maocaca fascicilaris using RNA analysis
from Vero cells culture [46]. Our serological findings are suppaorted by
these molecular siudies and most likely represent direct exposure of
Maoceca mulatta to the measles virus and evidence of measles spillback to
mankeys.

5. Conclusions

We found a clear association between measles virus seropositivity in
mankeys and their degree of contact with humans in Bangladesh, which
iz linked to the context in which these two species interact. Monkeys
from wild areas, where interaction between humans and wildlife is
minimal, had the lowest measles seroprevalence. Monkeys from urban
areas and shrines had relatively similar and intermediate levels of
seroprevalence. Performing monkeys had the highest seroprevalence; it
iz possible that the health status of the Bedey nomad community, which
own and train these animals, may be playing a determining role or may
help us, at least partially, understand the dynamic of the virus measles in
this context. It is recommended to assess the vaccination coverage inthe
human populations corresponding to the various contexts of human-
mankey contact to determine how waccination coverage influences
interspecies transmission. Also, it s recommended o continoe

One Heaith 17 {2023) 100571

ovaluating the measles virus in Macaca meudanta mankeys through larger
longitdinal studies that include non-invasive methodologies and direct
observation of the human-monkey contact rates. This may inform maore
evidence-based prevention strategies for outbreaks of measles in mon-
keys, and the greater plan for conservation plans of free-living monkey
populations.
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1. DISCUSIONES

Nuestro estudio aporta informacion valiosa sobre la posible transmision del

sarampion entre humanos y monos y los factores que influyen en la seroprevalencia.

Esta investigacion demuestra una asociacion entre el contexto de contacto entre
humanos y monos y la seroprevalencia del virus del sarampion en los monos.
Observamos una gradiente en la seroprevalencia basado en el grado de contacto que
ofrece cada contexto: las areas naturales presentan la seroprevalencia mas baja,
seguidas de los santuarios, las areas urbanas y los circos némades (entornos de los
monos “actores”), que muestran la seroprevalencia mas alta (1,2). Estos resultados
sugieren que la intensidad, a nivel individual, de la interaccidn entre humanos y

monos desempefia un papel crucial en la transmision del virus del sarampién.

El estudio ofrece explicaciones plausibles para estas variaciones. Las areas
naturales, donde el contacto entre humanos y monos es esporadico y casual,
podrian estar limitando la transmisién del virus (1). Ademas, estas areas suelen ser
mas grandes y la densidad de poblacién humana es menor, lo cual también podria
estar afectando el resultado. Por otro lado, estas areas, al ser turisticas, tienen como
requisito la presentacion del carnet de vacunacién — incluyendo la vacuna contra el
sarampion- de los visitantes. Esto quizas, podria explicar también la baja
seropositividad en este lugar. En cambio, las areas urbanas, caracterizadas por una
alta densidad de poblacion humana, cuentan con innumerables zonas donde se
acumulan desperdicios alimenticios, los cuales sirven como fuente de alimento para

los monos, favoreciendo asi el contacto indirecto y directo de ambas especies (1).



Cabe sefialar que los reportes de brotes de sarampion provienen de éstas areas,
indicando ademas una cobertura de vacunacion contra el sarampion subdptima (3).
Todo ello ofrece a los monos una mayor oportunidad de adquirir el virus.

Los santuarios funcionan como templos turisticos, y por esta razon, son visitados
por miles de personas de todo el mundo, quienes ofrecen comida a los monos para
poder tener un contacto mas cercano y obtener una fotografia con ellos. Es posible
que los visitantes se encuentren protegidos contra el virus a través de la vacuna, y
esto explica la baja seropositividad del virus en nuestros monos. Cabe resaltar que
en estas areas, un mono podria, tal vez, entrar en contacto con una persona, luego
regresar al bosque o sélo recibir alimento y regresar con su grupo familiar, lo que
disminuiria la intensidad y el tiempo de contacto individual: mono y humano.

Por el contrario, los entornos que tienen a los monos como mascotas y como actores
de sus espectaculos (circos nomades) son habitados por comunidades olvidadas
(Bedey) sin acceso a la atencion sanitaria y por lo tanto, muy bajas tasas de
vacunacion. Esta comunidad tiene a los monos como macotas y como un miembro
mas de la familia. Los monos permanecen con sus propietarios a tiempo completo,
comparten los alimentos, los lugares que utilizan para dormir, realizan viajes juntos
y otras diversas actividades. Por ello, el contacto individual es mas intenso que los
otros tres contextos estudiados, presentando condiciones Optimas para que los

monos adquieran patdgenos humanos (3-6).

Respecto a la diferencia de la seropositividad en las zonas geogréficas, la alta
seropositividad encontrada en Ashulia, puede deberse a que este lugar es

considerado un punto de descanso para las comunidades Bedey, por lo que se



presenta una interaccion entre monos y propietarios de diferentes grupos, y

permanecen juntos durante varios dias.

En cuanto a la diferencia encontrada en la seropositividad segun la variable sexo,
se obtuvo una seropositividad mas alta y estadisticamente significativa en las
hembras. Sin embargo, al realizar el andlisis de colinealidad, la variable sexo resultd
estar correlacionada con la zona geografica. Las hembras muestreadas estuvieron
ubicadas en su mayoria en la zona geogréafica Ashulia, lo cual podria indicarnos que
la seropositividad en hembras se dio porque se encontraban en una zona de alta
transmision y no porque esta variable sea un factor determinante. Ademas, no se
encontrd en la literatura que la variable sexo estuviera relacionada a una mayor
seropositividad del virus. Por todo lo mencionado, se decidid eliminar a la variable

sexo del modelo final.

No se hall6 variacion segun las variables edad, ni peso. Sin embargo, se requerira

de mas estudios y de un mayor nimero de muestra.

La mayoria de los estudios afirman que es ser humano es el Unico reservorio
conocido del virus del sarampion, pero adn se reportan brotes aislados en
poblaciones de monos, lo cual sugiere que hay “Spillback” (transmision de

patdgenos humanos a animales) (7).



El tamafio de la muestra de nuestro estudio, aunque pequefio, proporciona valiosos
datos preliminares, pero puede requerir una ampliacion en futuras investigaciones,
que incluyan observaciones longitudinales, utilizando metodologias de muestreo no
invasivas (e.j. muestras de orina). Asimismo, se podria evaluar el potencial de los
monos como animal centinela, para monitorear y detectar transmision del virus de

sarampion en zonas de contacto humano-mono.

Cabe sefialar que, no hay articulos nuevos relevantes desde la busqueda que se
realizd para la discusion publicada. Por lo que, los hallazgos de esta investigacion
se hacen mas relevantes. Resaltamos la importancia y urgencia de desarrollo de
estrategias de prevencion eficaces, con intervenciones integradas (8), en contextos
especificos y con la necesidad de centrarse en areas con una elevada interaccion

entre humanos y monos (9,10) utilizando el enfoque de “Una Salud” (11).
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