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Abstract

An exploratory serosurvey was conducted to determine the presence of circulating
antibodies to avian pathogens in backyard chickens from Los Achiotes (LAC) —a satellite
community of Jalapa City, located in eastern Guatemala—. Blood samples from 51 adult
chickens belonging to 51 households were taken and investigated for the presence of
antibodies to Avian Influenza (Al), Newcastle Disease (ND), Infectious Bronchitis (I1B),
Infectious Bursal Disease (IBD), Mycoplasma gallisepticum (MG) and M. synoviae (MS).
Antibodies for Al, ND, were investigated by Hemagglutination Inhibition, for IB and IBD
by ELISA (BioChek®) and for MG and MS by a rapid serum plate agglutination test. The
cut-off point for positive titers was 1:4 for Al and ND and a 0.2 S/P ratio for IB and IBD.
All sampled chickens were positive to concomitant antibodies to various pathogens. Over
half of chickens were positive reactors to antibodies to all six tested pathogens; about a
third carried antibodies to five and the rest to four or three. The frequencies of positive
reactors were: Al =27 (53%); ND = 49 (96.1%); IB = 50 (98%); IBD = 51 (100%); MG =
45 (88%) and MS = 48 (94%). The results show, that the dynamic population of backyard
chickens in LAC could be a potential threat to backyard poultry, farm poultry, wild birds
and human population. The need to develop interventions and policies following the One

Health approach (animal health to achieve human health) is stressed.

Keywords: Avian influenza, Newcastle disease, infectious bronchitis, infectious bursal
disease, Mycoplasma,

Resumen

Se realiz6 un estudio serologico exploratorio buscando anticuerpos contra patdgenos
aviares en gallinas de traspatio de la comunidad Los Achiotes —una comunidad satélite de
la Ciudad de Jalapa, en el oriente de Guatemala—. Se tomaron muestras de sangre de 51
gallinas provenientes de sendas casas. Se buscaron anticuerpos contra influenza aviar (1A),
enfermedad de Newcastle (ENC), bronquitis infecciosa (Bl), enfermedad de Gumboro
(EG), Mycoplasma gallisepticum (MG) y M. synoviae (MS). Para investigar la presencia de
anticuerpos contra IA y ENC se utilizo la prueba de inhibicion de hemoaglutinacion; para



los anticuerpos contra Bl la prueba de ELISA BioChek® y para los anticuerpos contra MG
y MS la prueba rapida en placa. El punto de corte para titulos positivos fue de 1:4 para 1A'y
ENC y de una razon S/P de 0.2 para Bl y EG. Todas las gallinas muestreadas portaban
concomitantemente anticuerpos contra varios patogenos aviares. Mas de la mitad de las
gallinas portaban anticuerpos contra los seis patdgenos estudiados. Las frecuencias de
reactores positivos a anticuerpos fueron: 1A = 27 (53%); ENC = 49 (96.1%); Bl = 50
(98%); EG = 51 (100%); MG = 45 (88%) y MS = 48 (94%). Se concluye que la poblacion
dindmica de gallinas de traspatio de Los Achiotes podria ser una potencial amenaza para la
avicultura artesanal, la avicultura tecnificada, las aves silvestres y la poblacion humana. Se
sefiala la necesidad de generar intervenciones y politicas desde la corriente denominada

Una salud (salud animal para lograr la salud humana).

Palabras clave: Influenza aviar, Newcastle, bronquitis infecciosa, Gumboro, Mycoplasma.
Introduction

Backyard chicken production is an important resource for rural people in developing
countries (Guéye, 2001, 2002, 2005; Sonaiya, Branckaert, & Gueye, 1999). It is perhaps
the most important source of protein accessible for poor peasants (Farrel, 2013; Kitalyi,
1998; Tontisirin, Nantel, & Bhattacharjee, 2002). In the Spanish colonies of America, the
chicken has been raised since the XVI century (De Sahagun, 1830; Diaz del Castillo, 2005).
As a food source, chicken meat is an important part of the culture of many ethnic groups
and its consumption is customary during social celebrations (Rodriguez et al., 2012). In
addition to its use value as food, backyard chicken is also valuable as a commodity for
exchange. People sell their chickens when they need to purchase other goods or services
such as medicines, food, seeds, fertilizers and construction materials (Aklilu, Udo,
Almekinders, & Van der Zijpp, 2008; Maass, et al., 2013).

Although backyard chickens have been raised in Guatemala for almost 500 years
the number of publications, in scientific journals, concerning the epidemiology of their
pathogens is relatively scarce. In other parts of the world free ranging chicken production
systems are characterized by high mortalities caused by infectious diseases, nutritional



deficiencies and predators (Aini, 1990; Permin & Bisgard, 2013). The presence of avian
pathogens in backyard systems could be a source of infection for the domestic poultry
industry. Some pathogens such as influenza viruses could also be a source of infection for
the human populations. Endemic foci complicate the eradication of avian diseases affecting
the exportation of poultry products to countries with sanitary barriers. Backyard chicken
populations were pathogens are endemic, could also become sources of infection for wild
birds, threatening important biological resources in a megadiverse country like Guatemala
(Tolisano & Lopez, 2010). The mortality of backyard chickens directly affect the patrimony

of poor farmers and place them in a vulnerable situation.

The aim of this exploratory serosurvey was to search for immunological evidence of
exposition to six common avian pathogens in backyard chickens of a satellite community of
Jalapa City, Guatemala. This community, called Los Achiotes (LAC), is located at the
crossroads of ecological and social conditions that could favor the dissemination of
pathogens to humans, wild birds, backyard poultry, industrial poultry and some species of

vertebrates.

Material and methods

Study site

Los Achiotes is a community of 97 households located near the northern end of the
City of Jalapa on the slopes of the Jumay Volcano, Department of Jalapa (N 14°40°06.10”;
W: 89°59°39.48”) in the eastern area of Guatemala. The average elevation is 1,376 m above
sea level. The location of LAC, some geographical features and the sampling points are

shown in Figure 1.
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Figure 1. Location of Los Achiotes community, Los Achiotes Lagoon, the

northern limit of Jalapa City and the sampling points (dots).

Sampling design

Considering the compact nature of chicken flocks in backyard systems, the
sampling design was based on ecological density-dependent transmission premises
(Benson, 2009). Fifty one households were randomly selected and one chicken was
sampled from each one of these households —and therefore, from each one of the flocks—.
The householders of the selected households (mostly women), were asked for their
permission to sample one chicken and, if agreed, they were asked to select and bring one
adult, apparently healthy individual. None of the participant householders had vaccinated

their chickens as it is not a usual procedure in LAC.



Sampling strategy and technique

All samples were taken on November 23, 2014. A cubic centimeter of blood was collected
by puncture of the radial vein using 3 cc syringes with 22 gauge needle x 1°. The blood was
allowed to stand in a 45° position at room temperature until the serum was separated. The
sera were extracted and placed in 3 cc Vacutainer® tubes without anticoagulant. The tubes

were placed in refrigeration and transported to the laboratory the next day.
Sample processing

The serum samples were tested for antibodies to Avian Influenza (Al), Newcastle
Disease (ND), Infectious Bronchitis (IB), Infectious Bursal Disease (IBD), Mycoplasma
gallisepticum (MG) and M. synoviae (MS).

Antibodies were tested by various means. For Al (IgG, IgM) and ND (IgG, IgM),
by hemagglutination inhibition using the reference procedure of the Office International
Des Epizooties (OIE, 2015). For IB (IgA, 1gG, IgM) and IBD (lgG, IgM), by enzyme-
linked immunosorbent assay (ELISA) using a Bio-Check® kit. For MG (IgM) and MS
(IgM), by rapid serum plate agglutination test using the reference procedure of the Office
International Des Epizooties (OIE, 2015). All analyses were performed in the Regional
Reference Laboratory for Animal Health (LARRSA), at the Veterinary Faculty, University
of San Carlos (USAC) in Guatemala. The antigens for Al, ND, MG and MS tests were
prepared in the LARRSA.

Antibody titers for Al and ND were recorded as the highest dilution prior to
hemagglutination and for IB and IBD, as ELISA BioChek® titers. Results for MG and MS
were nominal (positive or negative). The titer cut-off point for interpreting a positive
sample was the 1:4 dilution for Al and ND, and the 0.2 S/P ratio for IB and IBD.



Data analysis

The frequency of response to pathogens was calculated as the percentage of positive
reactors to antibodies. The mean titers for Al and ND were calculated as the geometric
mean of the reciprocals and the mean titers for IB and IBD were calculated as the
arithmetic mean of ELISA titers.

Results

Antibodies to six pathogens were detected in the blood samples. The frequency of
positive reactors was high for all six pathogens and the overall frequency to positive
reactors to antibodies to at least three pathogens was 100%.

The distribution of concomitancy (multi reactors) in the sampled chickens was as
follows: 28/51 sera (58%) were positive to antibodies to six pathogens; 15/51 sera (29%)
were positive to antibodies to five pathogens; 5/51 sera (10%) were positive to antibodies

to four pathogens and 3/51 sera (6%) were positive to antibodies to three pathogens.

The observed frequencies of positive reactors to pathogens were: Al = 27/51
samples (53%); ND = 49/51 samples (96.1%); IB = 50/51 samples (98%); IBD = 51/51
samples (100%); MG = 45/51 samples (88%) and MS = 48/51 samples (94%). The
distribution of positive reactors to antibodies to the selected pathogens is shown in Table 1.
The geometric mean titers were 4.22 for Al, 17.84 for ND, 5354 for IB and 5681 for IBD.



Table 1.
Distribution of positive reactors to antibodies to six avian pathogens in chickens of Los

Achiotes Community, Jalapa, Guatemala. The “x” indicates presence of antibodies
and the blank indicates absence.

. Number of

Chicken  ajt NCD? IB2  IBD* MG® MS® concomitant

No. antibodies

1 X X X X X X 6
2 X X X X X X 6
3 X X X X X X 6
4 X X X X X X 6
5 X X X X X X 6
6 X X X X X 5
7 X X X X X X 6
8 X X X X X X 6
9 X X X X 4
10 X X X X 4
11 X X X 3
12 X X X X 3
13 X X X X 4
14 X X X X X 5
15 X X X X X 5
16 X X X X X X 6
17 X X X X 4
18 X X X X X 5
19 X X X X X 5
20 X X X X X X 6
21 X X X X X X 6
22 X X X X X X 6
23 X X X X X X 6
24 X X X X 4
25 X X X X X 5
26 X X X X X X 6
27 X X X X X X 6
28 X X X X X X 6
29 X X X X X X 6
30 X X X X X 5
31 X X X X X 5
32 X X X X X 5
33 X X X X X X 6
34 X X X X X X 6
35 X X X X X X 6
36 X X X X X X 6
37 X X X X X 5
38 X X X X X 5
39 X X X 3
40 X X X X X X 6
41 X X X X X 5
42 X X X X X 5
43 X X X X X 5
44 X X X X X X 6
45 X X X X X X 6
46 X X X X X X 6
47 X X X X X X 6
48 X X X X X 5
49 X X X X X X 6
50 X X X X X X 6
51 X X X X X X 6

Number of 32 48 51 51 45 46

positive

chickens

Note: *Avian Influenza, 2Newcastle Disease, °Infectious Bronchitis, *Infectious Bursal
Disease, *Mycoplasma gallisepticum, ®M. sinoviae.



Discussion

Chicken owners interviewed during the sampling phase of this research stated that
chicken vaccination practices are absent in LAC. Therefore, it is assumed that any detected
circulating antibodies resulted from the exposure to field pathogens (Chaka, Goutard,
Bisschop & Thompson, 2012). The possibility of non-specific reactions is low as, to our

knowledge, no humoral cross reactions have been described between the studied pathogens.

The serological evidence indicating the presence of all six tested pathogens in the
sampled chickens of LAC is not surprising. It is in fact, a reflex of the complex community
of endemic parasites to Guatemala. Moreover, the finding of chickens carrying
concomitantly antibodies to six pathogens suggests simultaneous multiple challenges.
Concomitant parasite infections are common in host populations from developing countries
(Petney & Andrews, 1998). Nevertheless, this could also be an indicator of vitality and

resistance traits held by chickens that struggle to survive these multiple challenges.

It is known that several subtypes of Al virus circulate in Guatemala. The subtype
H5N2 has been found in domestic fowl (Lee, Senne, & Suarez, 2004) and subtypes H7N9,
H11N2, H3N8, H5N3, H8N4 and H5N4 in wild birds (Gonzélez-Reiche et al., 2012;
Gonzéalez-Reiche & Perez, 2012). The current evidence indicates that the main carrier of Al
viruses in Guatemala is the blue-winged teal (Anas discors) (Gonzélez-Reiche et al., 2012).
This migratory bird species is widely distributed in the country including the Department of
Jalapa (Howell & Webb, 1995). On the west edge of LAC, there is a lagoon (“Laguna Los
Achiotes”, shown in Figure 1) which is visited by migratory waterfowl and is, therefore, a
potential site for virus-host contact. During their migration, ducks —such as the blue-winged

teal— use to stop at wetlands where they can meet other domestic or wild birds.

The high proportion of positive reactors to ND in chickens of LAC is a relevant
finding because this disease is considered to be the most devastating for backyard chickens
in rural areas (Aini, 1990; Alexander, 2000; Alexander, Bell, & Anders, 2004; Lomniczi et
al., 1998). The fact that almost all chickens in LAC were positive to antibodies to ND could

be an indicator of the pervasiveness of this virus in Guatemala. Although transmission



commonly occurs from chicken to chicken, ducks and other wild migratory birds could also
act as disseminators of the virus to backyard chickens (Onapa, Christensen, Mukiibi, &
Bisgaard, 2006; Shim, So, Wong, & Mo, 2011).

The finding of IB evidence, has ecological and economic implications. Ecological,
because it is an easily transmitted virus with multiple serotypes and poor ability to generate
cross immunogenicity in hosts (Cavanagh & Gelb, 2003), and therefore poses a threat of
transmission to other domestic and wild birds. Economical, because this disease is a major
cause of economic losses in the poultry industry (Cavanagh, 2007) and one of the most
difficult to control through vaccination programs.

The high frequency of antibodies to IBD is also interesting since this is an
immunosuppressive virus (Sharma, Kim, Rautenschlein, & Yeh, 2000). The infection with
IBD could —at least partially— explain the episodes of post-vaccination illness referred by
farmers in other communities like Aldea El Caoba, in northern Guatemala (Marcial
Cordova, 2013, personal communication). It is known that IBD affects the ability of
chickens to respond to ND, IB and Mycoplasma inoculations (Giambrone, Eidson, &
Kleven, 1977).

It is interesting however that all the chickens sampled in this study were survivors to
a previous exposition to IBD virus. An immunocompromised individual could hardly
withstand a multifaceted challenge and manage to survive and respond with antibodies to
all antigens to which it has been exposed. The effects of IBD exposition in backyard

chickens warrants further investigation.

Mycoplasma gallisepticum and M. synoviae, have been identified as common
opportunistic pathogens causing mortality, reduced egg production and low feed conversion
in poultry (Siddique, Rahman, Hussain, & Muhammad, 2012). The importance of having
found circulating antibodies to these Mycoplasma species lies in the fact that, in addition to
exert direct effects on the health of hosts, such pathogens often complicate the clinical

pictures of other avian diseases such as ND and IB (Kleven, 1998).
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Besides the natural dispersion, the farmer-mediated dynamics that occur when
chicken populations are being restored after a “pest” outbreak, contributes to the
dissemination and circulation of the parasite community (including microbes). The farmers
contacted in this study indicated that after losing their flock, they usually get replacement
chickens from the same or from distant communities. At the landscape scale, this chicken
population dynamics —and by extension, the parasite population dynamics— could
correspond to a metapopulation model (Levins, 1969) where a mutable sources and sinks

stage is developed and maintained in the households of LAC (Pulliam, 1998).

The commerce of poultry and poultry products from Mexico to Guatemala (Garcia-
Garcia & Ramos, 2006) could be as well, a contributing factor for the dissemination of
viruses in the landscapes of Guatemala. This dynamics poses a risk of intermittent

contagion and spread of pathogens to birds and other vertebrates, including humans.

Los Achiotes community is a satellite village of Jalapa City, where more than
300,000 people live (PNUD Guatemala, 2011). It is known that the most deadly outbreaks
of avian influenza have emerged from mutations of avian viruses (Garten et al., 2009;
Gerloff et al., 2014; Kim et al., 2014). Influenza viruses can stay and mutate in other
vertebrate host species (Lu, Lycett, & Brown, 2014). Given the ecological and social
conditions of LAC, the presence of circulating Al viruses —even low pathogenic forms— in

the chicken population, could become a matter of public health.

One might be prone to think that chickens that now survive in the backyards of rural
households of Guatemala belong to a super resistant breed of Gallus gallus, created by
semi-natural genetic selection processes ongoing from hundreds of years. Nevertheless, the
occurrence of virus epidemics which decimate entire populations of backyard chickens —
called “accident” or “pest” in Guatemala— are common in poor countries (Permin &
Bisgard, 2013). These outbreak episodes can also be complicated by bacteria and other
parasites which are also prevalent and common in backyard scavenger chicken populations
(Colles et al., 2008; Dahl et al., 2002; Dubey et al., 2007). When an outbreak of “accident”
Is approaching, it is likely that some farmers rush to sale their chickens to markets (Mallia,

1999), often contributing to the spread of prevalent avian pathogens. Unlike what happens

11



in confinement production systems that can achieve adequate levels of biosecurity,
backyard production is characterized by a high risk of acquiring infections (Dahl et al.,
2002).

The six species of pathogens circulating in the backyard chicken flocks of LAC are
probably only a part of the diversity of pathogens in the agricultural ecosystem (Petney &
Andrews, 1998). In a recent study, multiple infections have also been found in backyard
chickens from a northern rural community of Guatemala (Aguilar-Miller, Guerra-Centeno,
Valdéz-Sandoval, Monterroso & Garcia, 2016). It is possible that certain environmental
conditions characterized by abundance of resources favor the natural resistance of chickens
to multiple exposure to pathogens (Beldomenico & Begon, 2010). However, out of that
period of bonanza, when resources become scarce and environmental stress increases, the
immune system of chickens could succumb, allowing the exacerbation of multiple

pathogens (Alexander, Bell, & Anders, 2004) and the raising of mortality.

The findings of the present study lead us to formulate some hypotheses that seem
interesting. (1) The genetic selection that backyard chicken populations have undergone,
since their introduction to Guatemala in the sixteenth century has produced individuals
resistant to challenges of a certain magnitude and frequency; (2) Multiple resistance is not
sufficient to cope with the conditions occurring during times of the year when food is
scarce and the environment becomes unfavorable or offensive; (3) The population
dynamics (immigration, emigration, mortality and birth) observed at the intra and inter
scales, enables and favors the persistence of pathogens in the environment, establishing
metapopulations and sources and sinks systems (Pulliam, 1988); (4) The unfavorable
weather conditions, the presence of pathogens in the environment and the poor condition of
chickens at the end of the dry season, favors the emergence of “accident” or “pest” disease
outbreaks; (5) The persistence of pathogens in LAC, could pose a health risk to domestic
and wild birds and, to human populations, especially, considering the proximity of this
community to a populated city, a lagoon, a river and a natural protected area (Jumay
Volcano).

12



The high frequencies of multiple reactors to antibodies to common avian diseases
observed in LAC, suggest that these diseases could be somehow neglected or underserved
by social actors normally responsible to promote livestock health and productivity. The
limited number of scientific publications about epidemiology of common diseases in
backyard chickens from Guatemala reinforces the hypothesis that this issue is somehow
neglected or disregarded.

Although the presence of pathogens is recognized as an outbreak risk, backyard
chickens are such a valuable resource for the rural poor farmers that we are morally
obligated to seek viable and efficient ways to maintain and raise the productivity of this
species without affecting the balance and sustainability of agro ecosystems. The importance
and convenience of improving animal health from the One Health approach, through public
policies and interventions to achieve improvements in the quality of life for poor farmers,
has recently been recognized (Stringer, 2014) and is strongly recommended for the case of
LAC.
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