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ABSTRACT In Ethiopia, most chicken disease out-
breaks and mortalities are attributed to a respiratory
syndrome known as “fengil” with variable clinical signs
and undefined etiology. The main goal of this study was
to determine whether key respiratory pathogens that
could contribute to the fengil syndrome circulate in
Ethiopia. Specifically, we aimed to determine the sero-
prevalence of infectious laryngotracheitis virus (ILTV),
infectious bronchitis virus (IBV), Newcastle disease
virus (NDV), Mycoplasma gallisepticum (Mg), and
avian metapneumovirus (aMPV). A cross-sectional
survey was conducted in 158 scavenging and 42 small
and medium-scale intensive chicken holdings in the
East, West and North Shewa Zones of central Ethiopia.
Blood from 495 chickens was collected and serological
tests were used to determine exposure to these patho-
gens. Vaccination against NDV was the only immuniza-
tion practiced with a significantly higher vaccination
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rate in the intensive than the scavenging system. Sero-
logical evidence of a high level of exposure to all patho-
gens was detected, including the first report on the
seroprevalence of aMPV, ILTV, and IBV in the East
Shewa Zone. The chicken and holding seroprevalence
rates were respectively 91% and 94% for IBV, 34% and
57% for aMPV, 47% and 66% for Mg, 27% and 51% for
ILTV and in unvaccinated flocks, 39% and 53% for
NDV. These pathogens could contribute to the fengil
syndrome, commonly ascribed to NDV. The seropreva-
lence of aMPV and ILTV was higher in chickens under
the scavenging system. Exposure to multiple pathogens
was common, with more than 50% of chickens positive
for three or more pathogens in the scavenging system.
This was reflected in significant positive associations
between seropositivity to ILTV, Mg, ILTV, and IBV.
The role of these pathogens in the causation of respira-
tory disease in the field requires further investigation.
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INTRODUCTION

In Ethiopia, poultry are the second most economically
important livestock after cattle (Dessie and Ogle, 2001).
With decreasing grazing land available per capita, poul-
try production is considered one of the principal means
of providing the poor and small landholders with good
quality animal protein (Shapiro et al., 2015). The scav-
enging chicken production system which is the predomi-
nant production system in Ethiopia is characterized by
small flock size, minimal inputs (housing feed and health
care) and very low output (Dessie, 1997). The breeds
involved in the scavenging production system are pre-
dominantly local breeds and crosses between local and
exotic breeds, with less than 10% of the chickens being
of imported breeds (Habte et al., 2015). Intensive fully
housed production systems are also common in Ethiopia,
with small-scale intensive production widely practiced in
urban and periurban areas (Alemu et al., 2008; Kryger
et al., 2010). The breeds used in this system tend to be
improved commercial laying, meat, and dual-purpose
breeds. The improved breeds frequently do not perform
to their genetic potential due to suboptimal nutrition
and disease prevalence in the commercial system (Habte
et al., 2017).
Disease-related mortality among chickens in Ethiopia

is high and a major constraint (CSA, 2021). A participa-
tory rural appraisal study by Sambo et al. (2015) identi-
fied feed shortage, disease, lack of improved breeds, poor
markets, poor veterinary services, inadequate shelter,
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low productivity, and predators as significant con-
straints for the industry. Among the constraints assessed
disease was identified as the most important production
constraint in the scavenging system and the second
most important in the intensive system. Feed shortage
was identified as the most important constraint in the
intensive system and second in the scavenging produc-
tion system. The village production system significantly
increases the risk of transmission of diseases since there
is a high chance of contact with wild birds, other chick-
ens and disease vectors with little or no biosecurity or
control over the ranging area. The vaccination service
for village chickens in Ethiopia is irregular and is mainly
a government extension service, in which only a live
Newcastle disease vaccine is provided in some parts of
the country (Asfaw et al., 2021). Vaccination is more
widely adopted in the intensive production system, typi-
cally for NDV, Gumboro disease (infectious bursal dis-
ease), and fowl typhoid (Salmonella gallinarum).

Globally, respiratory diseases are arguably the most
important group of diseases in chickens, causing high
mortality and production loss in different production
systems (Hafez, 2002; Shankar, 2008). Multiple etiology
and complexity are characteristic features of respiratory
disease in poultry (Malik et al., 2004; Roussan et al.,
2008; Mazengia, 2012). Among the major pathogens
affecting the respiratory tract of chickens worldwide is
Newcastle disease virus (NDV), infectious laryngotra-
cheitis virus (ILTV), infectious bronchitis virus (IBV),
Mycoplasma gallisepticum (Mg), Mycoplasma synoviae
(Ms), avian metapneumovirus (aMPV), avian influ-
enza virus, Pasteurella multocida, Aspergillus fumigatus,
and Avibacterium paragallinarum (Brown Jordan et al.,
2018; Bhuiyan et al., 2019; Batista et al., 2020; Swayne,
2020).

Understanding the epidemiology of each disease is
vital for developing and evaluating control measures. In
the traditional Ethiopian village production system, a
disease with pneumotropic Newcastle disease-like symp-
toms is referred to as “fengil” respiratory disease. Dis-
ease-related losses are commonly attributed to this
condition. There were more than 40 “fengil” outbreaks in
2017 in central Ethiopia, but the causative agent for
those cases has not been ascertained, and other patho-
gens may be involved. Studies on respiratory pathogens
in Ethiopia are scant, and most have focused on single
causative agents, whereas concurrent infection with
multiple agents could occur (Gharaibeh and Algharai-
beh, 2007; Haji-Abdolvahab et al., 2019).

Previous studies in Ethiopia have shown that NDV
has a seroprevalence between 5.9 and 30% in village
chickens that were presumably unvaccinated (Nasser
et al., 2000; Tadesse et al., 2005; Zeleke et al., 2005;
Chaka et al., 2012; Mazengia, 2012; Chaka et al., 2013;
Sori et al., 2016; Mamo and Yimer 2021). Serological evi-
dence of IBV and aMPV subtype B has been reported in
imported chicken breeds at Debre Zeit Agricultural
Research Centre (Hutton et al., 2017), but the occur-
rence of those pathogens outside this research facility is
not known. The same study reported the detection of
Mg and IBV nucleic acids from oropharyngeal swabs in
the same research flock (Hutton et al., 2017). Previous
seroprevalence studies have reported seroprevalence of
24% for IBV in scavenging and intensive chickens of
north-west Ethiopia (Birhan et al., 2021), 65% for ILTV
in East Shewa and South Shewa (Tesfaye et al., 2019;
Roba et al., 2020), and 66% for Mg in East Shewa (Jibril
et al., 2018). There has been ongoing active surveillance
for highly pathogenic avian influenza (HPAI) in Ethio-
pia since 2008, and it has never been reported in the
country (Ali, 2014; Etsegenet Abera, Ministry of Agri-
culture, 2021). Since there is no active surveillance for
respiratory pathogens except HPAI and limited studies
on their prevalence and distribution, it is important to
monitor their status in the country.
This study aimed to ascertain the prevalence of respi-

ratory pathogens in poultry-producing regions around
the capital of Ethiopia and their possible contribution to
the fengil syndrome. The overall proposition under test
was that non-Newcastle disease respiratory infections
are prevalent in chicken flocks of all production systems,
potentially contributing to disease outbreaks identified
as fengil. Specific subsidiary propositions were 1) Sero-
logical evidence of infection with aMPV, ILTV, IB, Mg
and NDV will be found to be widespread in the surveyed
region; 2) The seroprevalence of aMPV, IBV, ILTV,
Mg, and NDV will differ between the production sys-
tems and breeds evaluated; 3) Serological evidence of
exposure to multiple agents will be common, and the
exposure to ILTV, IBV, NDV, Mg, or aMPV will predis-
pose to infection with each other and 4) Seroprevalence
of NDV infection will be higher in vaccinated than
unvaccinated flocks.
METHODS

Ethical Approval and Study Design

The research protocols used in this study were
approved by the University of New England Human
Ethics Committee (approval number HE19-208) and
the Animal Ethics Committee (approval number
AEC19-047).
Study Area and Selection Strategy

A cross-sectional serological survey was conducted in
scavenging, and small to medium-scale intensive chicken
production systems in 3 zones (East Shewa, West
Shewa, and North Shewa) of central Ethiopia. Holdings
with less than 50 chickens that scavenge with or without
night shelter were considered scavenging. Holdings with
more than 50 chickens, fed commercial feed and fully
housed were considered intensive. In Ethiopia, the larg-
est administrative units are regions, then zones and then
Woreda (districts). The Central Ethiopia region
includes the capital city Addis Ababa and the East
Shewa, West Shewa, and North Shewa zones. These 3
zones are located within a 100 km radius from the center
of Addis Ababa, with altitudes ranging from 1,700
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meters in East Shewa to 2,850 meters in North Shewa.
The average annual temperature in the selected zones
lies between 15 and 19°C. The survey was conducted
between July 2019 and April 2020.

These zones were selected for the survey as they have
a high chicken population, including intensive produc-
tion systems, and were accessible from the base labora-
tory. Districts within the zone were selected based on a
significant level of poultry production, the presence of
both scavenging and intensive production systems and
accessibility. Accessibility was set as a criterion to limit
sample transportation times to the laboratory. Villages
and households within a district were selected randomly
using a lottery system.

A targeted sample size of 302 chickens was determined
using an open-source sample size calculator (OpenEpi,
Version 3), based on an expected prevalence of 27%
based on previous reports for NDV (Chaka et al., 2013),
and a 5% level of significance. The actual number of
chickens sampled was 520, but 25 serum samples from 7
scavenging (14 sera) and 4 intensive (11 sera) holdings
were not subjected to analysis due to poor quality.
Therefore, 495 serum samples were used, with their dis-
tribution within zones and production systems shown in
Table 1.

The study sampled adult chickens from the scaveng-
ing and small-scale intensive production systems. For
both production systems, the criteria for inclusion were
the willingness to participate and to allow the collection
of 1.5 mL of blood from 2 chickens per holding in scav-
enging systems and 5 chickens per holding in intensive
systems. If the holding had both male and female chick-
ens, samples were taken from both. Information such as
flock structure, breed, and season of the year was also
recorded. In the scavenging production system, family
holdings were selected from a local administration list
using fixed number random interval selection. If the
identified household was not raising chickens or had less
than 2 adult chickens at the time of the survey, then the
next house on the right of the preselected household was
invited to participate in the survey. The small-scale
intensive chicken producers were selected based on their
availability based on the list of farmers at district-level
government offices.

Blood was collected from the brachial wing vein using
a 3 mL syringe with a 23-gauge needle and transported
to the laboratory at the Armauer Hansen Research Insti-
tute (AHRI) on the same day of collection. Blood was
allowed to clot in the syringe overnight at room temper-
ature before serum separation. The serum was stored at
�20°C until laboratory analysis.
Table 1. Sample size and structure for the serological survey.

Zone

Scavenging system Int

Holdings Chickens Holdings

East Shewa 55 104 22
North Shewa 72 137 16
West Shewa 30 60 5
Total 157 301 43
Serological Analysis

Serum samples were tested using commercially avail-
able indirect ELISAs (IDvet, France) for the detection of
antibodies against ILTV (IDvet ID Screen ILTV indirect,
lot F39), NDV (IDvet ID Screen Newcastle disease con-
ventional vaccines lot F41), IBV (IDvet ID Screen infec-
tious bronchitis indirect lot F86), Mg (IDvet ID Screen
Mycoplasma gallisepticum indirect, lot F11) and aMPV
(IDvet ID Screen aMPV indirect, lot F54) at AHRI as per
the manufacturer’s protocol. The optical density (OD)
value of tested samples was determined using an EMax
plus microplate reader (Molecular Devices, LLC MA), at
450 nm for all assays and results were expressed in titers
and categorized as positive if the result was greater than
the cut off value. The following cut-off antibody titer val-
ues were used to categorize the serological result positive
for the specific disease, > 396 for aMPV, ≥ 843 for Mg, ≥
853 for IBV,≥ 611 ILTV and≥ 993 for NDV.

Data Analysis

Categorical data (positive, negative) for each ELISA
assay were analyzed using contingency table analysis
using JMP 16.0 software (SAS Institute, Cary, NC).
Seroprevalence of aMPV, ILTV, IBV, Mg and in the
case of NDV within NDV vaccination class (vaccinated,
unvaccinated) was analyzed at both the holding and
individual chicken level by the Chi-Square test of inde-
pendence testing the effects of Zone (East, West, and
North Shewa) breed (local or cross and exotics) and pro-
duction system (scavenging, intensive). Due to con-
founding of the effects of the breed and production
system, the effect of breed was tested only within the
scavenging production system. At the holding level, a
seropositive result was obtained if at least one sampled
chicken was positive. Unless otherwise specified, all prev-
alence results are at the holding level. The odds ratio of
being serological positive for one disease to being sero-
positive for the other diseases was calculated by fitting a
nominal logistic model. A significance level of P ≤ 0.05
is used throughout. Descriptive statistics are provided
for antibody titer distribution and the number of patho-
gens for which individual chickens were seropositive.

RESULTS

Flock Structure and Vaccination Practices in
the Different Production Systems

For the scavenging production system the mean,
median, and range in flock size were 8, 2, and 2 to 50,
ensive system

Total holdings Total chickensChickens

134 77 238
44 88 181
16 35 76
194 200 495



Figure 1. Distribution of individual chicken antibody titer against aMPV, ILTV, IBV, Mg, and NDV (in vaccinated and unvaccinated flocks) in
the three zones by the production system. Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis virus; ILTV, infectious laryng-
otracheitis virus; Mg,Mycoplasma gallisepticum; and NDV, Newcastle disease virus.
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respectively. For the intensive production system the
equivalent values were respectively 82, 62, and 31 to
199. NDV was the only pathogen tested for which vacci-
nation was available. There was a higher (P < 0.0001)
NDV vaccination rate in the intensive system (65% of
holdings and 78% of birds) than in the scavenging sys-
tem (12% of holdings and 11% of birds); therefore, data
for NDV are presented separately for vaccinated and
unvaccinated chickens.
Antibody Titers and Their Distribution

The distribution of antibody titers for the five target
pathogens within the 2 production systems is shown in
Figure 1, and key parameters are shown in Table 2. A
Table 2. Key statistical parameters and cut-off values for individual
(in vaccinated and unvaccinated flocks) within intensive (I) or scaveng

aMPV ILTV IBV

Production system I S I S I S

Mean 378 515 717 2,982 6,677 56
Median 117 278 81 314 7,534 607
minimum 0 2 0 0 54 23
maximum 8,941 9,227 21,792 26,588 11,462 12,9
Cut-off value 396 611 853

Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis v
cum; and NDV, Newcastle disease virus.

Table 3. Holding level seroprevalence of aMPV, ILTV, IBV, Mg, and

Zones Total holdings

aMPV positive ILTV positive IBV positive

N % N % N %

East Shewa 77 47 61.0 39 50.7 71 92.2
North Shewa 88 43 48.9 45 51.1 86 97.7
West Shewa 35 23 65.7 17 48.6 31 88.6

Total 200 113 56.5 101 50.5 188 94
P-value (Zone) 0.14 0.97 0.10

Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis v
cum; and NDV, Newcastle disease virus.

abMeans within columns not sharing a common letter in the superscript diffe
xySignificant difference between NDV vaccinated and unvaccinated chickens

Statistically significant values are bolded.
wide range of titers was detected for all pathogens, with
the data being skewed toward a small number of very
high titers, so the median is always lower than the mean
(Table 2). Descriptive data are presented with statistical
analysis restricted to the prevalence data in the follow-
ing sections.
Seroprevalence of the Selected Respiratory
Pathogens

The overall seroprevalences by holding of aMPV,
ILTV, IBV, and Mg were 56.5, 50.5, 94, and 66%,
respectively. Seroprevalence of NDV was 73.9% for
NDV vaccinated and 52.6% for unvaccinated holdings
(Table 3). The overall seroprevalences in individual
chicken antibody titres against aMPV, ILTV, IBV, Mg, and NDV
ing (S) production systems.

Mg NDV vaccinated NDV non-vaccinated

I S I S I S

7 2,169 2,080 6,420 5,000 4,520 2,867
9 787 875 6,441 1,804 1,109.8 298.6

4 7 2 48 11 1
54 6,722 6,940 12,741 12,741 12,741 12,741

843 993

irus; ILTV, infectious laryngotracheitis virus; Mg, Mycoplasma gallisepti-

NDV in three Zones of central Ethiopia.

Mg positive NDV positive (vaccinated) NDV positive (non-vaccinated)

N % N % N %

42 54.6a 17/21 81.0x 21/56 37.5a,y

65 73.9b 13/19 68.4 46/67 68.7b

25 71.4b 4/6 66.7 13/29 44.8a

132 66 34/46 73.9x 80/152 (53)y

0.03 0.60 0.002

irus; ILTV, infectious laryngotracheitis virus; Mg, Mycoplasma gallisepti-

r significantly (P < 0.05). P < 0.05 is boldfaced.
(P < 0.05).



Table 4. Individual chicken level seroprevalence of aMPV, ILTV, IBV, Mg, and NDV in two production systems.

Type of production n

aMPV positive ILTV positive IBV positive Mg positive NDV positive (vaccinated) NDV positive (non-vaccinated)

N (%) N (%) N (%) N (%) N (%) N (%)

Intensive 194 47 (24.2)a 19 (9.8)a 181 (93.3) 89 (45.9) 117/151 (78)b,x 22/43 (51)y

Scavenging 301 119 (39.5)b 114 (37.9)b 267 (88.7) 144 (47.8) 17/33 (51.5)a 99/268 (37)
Total 495 166 (33.5) 133 (26.9) 448 (90.5) 233 (47.1) 134/184 (72.8)x 121/311 (39)y

P-value 0.0004 <0.001 0.09 0.67 < 0.0001 0.08

Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis virus; ILTV, infectious laryngotracheitis virus; Mg, Mycoplasma gallisepti-
cum; and NDV, Newcastle disease virus.

abMeans within columns not sharing a common letter in the superscript differ significantly (P < 0.05).
xySignificant difference between NDV vaccinated and unvaccinated chickens (P < 0.05).

Statistically significant values are bolded.

Table 5. Holding level seroprevalence of aMPV, ILTV, IBV, Mg, and NDV in two production systems.

Type of production (N)

aMPV positive ILTV positive IBV positive Mg positive NDV positive (vaccinated) NDV positive (non-vaccinated)

N (%) N (%) N (%) N (%) N (%) N (%)

Intensive (%) 43 25 (58.1) 13 (30.2)b 40 (93.0) 24 (55.8) 22/28 (78.6) 10/15 (66.7)
Scavenging (%) 157 88 (56.0) 88 (56.0)a 148 (94.3) 108 (68.8) 13/19 (66.7) 70/138 (50.7)
Total 200 113 (56.5) 101 (50.5) 188 (94) 132 (66) 34 (73.9)x 80 (53)y

P value 0.80 0.0027 0.76 0.11 0.37 0.25

Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis virus; ILTV, infectious laryngotracheitis virus; Mg, Mycoplasma gallisepti-
cum; and NDV, Newcastle disease virus.

abMeans within columns not sharing a common letter in the superscript differ significantly (P < 0.05).
xySignificant difference between NDV vaccinated and unvaccinated chickens (P < 0.05).

Statistically significant values are bolded.
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chickens were 33.5, 26.9, 90.5, and 47.1% for aMPV,
ILTV, IBV, and Mg, respectively. Seroprevalence of
NDV was 73% for NDV-vaccinated and 39% for unvac-
cinated chickens (Table 4). The effects of zone, produc-
tion system, and breed for each pathogen are described
below.
Seroprevalence of the Pathogens in Different
Zones The seroprevalence of Mg and NDV at the
holding level differed significantly between zones with
a lower seroprevalence of Mg in East Shewa and sig-
nificantly higher seroprevalence for NDV among
unvaccinated chickens in the North Shewa zone
(Table 3).
Seroprevalence of the Pathogens in Two Produc-
tion Systems The seroprevalence of ILTV at chicken
(Table 4) and holding (Table 5) levels was significantly
higher in the scavenging than in the intensive system. The
same was true of aMPV but only at the individual chicken
level (Table 4). The seroprevalence of Mg and IBV at indi-
vidual and holding levels did not differ between production
systems. The seroprevalence of NDV in vaccinated chickens
was significantly higher in the intensive production system
than the scavenging production system.
Table 6. Seroprevalence of aMPV, ILTV, IBV, Mg, and NDV in diffe

Breed category (N)
aMPV positive ILTV positive IBV p

N (%) N (%) N (

Exotic (%) 144 51 (35.4) 40 (27.8)a 128 (
Local & Crossbred (%) 157 68 (43.3) 74 (47.14)b 139 (
Total 301 199 (39.5) 114 (37.9) 267 (
P value 0.16 0.0005 0.

Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis v
cum; and NDV, Newcastle disease virus.

abMeans within columns not sharing a common letter in the superscript diffe
xySignificant difference between NDV vaccinated and unvaccinated chickens

Statistically significant values are bolded.
Seroprevalence of the Pathogens in Different
Breeds of Chickens

The seroprevalence of holdings by breed was calcu-
lated only for the scavenging production system since
the intensive production system raised only exotic
breeds. The seroprevalence of ILTV was significantly
(P = 0.0001) higher in local and crossbred chickens than
in exotic commercial layer chickens, but the reverse was
the case for seroprevalence of NDV in unvaccinated
chickens (Table 6).
Odds Ratios for Seropositivity for the
Different Pathogens

Seropositivity at the household level for a pathogen other
than NDV tended to increase the risk of seropositivity for
other pathogens with significant odds ratios above 4 for
aMPV, IBV, and ILTV (Table 7). Similarly, there was a
highly significant positive association between seropositivity
to ILTV andMg across households.
rent breed groups within the scavenging production system.

ositive Mg positive NDV positive (vaccinated)
NDV positive

(non-vaccinated)
%) N (%) N (%) N (%)

88.9) 78 (54.2)b 7/18 (38.9) 65/126 (51.6)b

88.5) 66 (42)a 10/15(66.7)x 34/142 (23.9)a,y

88.7) 144 (47.8) 17/33 (51,5)x 99/268 (36.9)y

92 0.035 0.11 <0.0001

irus; ILTV, infectious laryngotracheitis virus; Mg, Mycoplasma gallisepti-

r significantly (P < 0.05).
(P < 0.05).



Table 7. The odds ratio of a seropositive result for a pathogen on being seropositive for the other pathogens at the holding level.

If also Positive to

Risk (Odds Ratio) of being positive to

ILTV IBV Mg NDV vaccinated NDV not vaccinated

OR P= OR P= OR P= OR P= OR P=

AMPV 4.63 <0.001 7.21 <0.004 3.44 <0.001 0.7 0.73 1.0 0.96
ILTV 0.31 0.07 3.44 <0.001 1.9 0.45 0.6 0.13
IBV 2.03 0.2 8.4 0.04 6.7 0.08
MG 0.6 0.9 0.9 0.85

Significant P values are bolded.
Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bronchitis virus; ILTV, infectious laryngotracheitis virus; Mg, Mycoplasma gallisepti-

cum; and NDV, Newcastle disease virus.
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Frequency of Seropositivity to Multiple
Pathogens in Unvaccinated Chickens

In this analysis, seropositivity to NDV was considered
to represent infection by wild-type NDV if the chicken
or holding was not vaccinated against NDV. The vast
majority of chickens in both production systems were
seropositive for at least one of the pathogens assessed
(281/301 or 93.4% in the scavenging system and 184/
194 or 94.8% in the intensive production system
(Figure 2). However, there was a highly significant dif-
ference between the production systems in the propor-
tions of chickens seropositive for 0, 1, 2, 3, 4, or 5
pathogens (P < 0.0001) with a higher mean number in
the scavenging system (2.47) than the intensive system
(1.85). The majority (153/301, 50.8%) of chickens in the
scavenging production system was seropositive for 3 or
more of the 5 pathogens tested, but the equivalent pro-
portion in the intensive system was 46/194 (23.7%). Of
495 birds sampled, 12 were seropositive for all 5 patho-
gens, and these birds were all in scavenging production.
At a holding level, the proportion of holdings seroposi-
tive for 3 or more pathogens in the intensive and scav-
enging production systems were 26/43 (60%) and 116/
157 (74%), respectively (Figure 3). Thus, prior exposure
to multiple pathogens was common, particularly in the
scavenging system.
Figure 2. Proportion of chickens seropositive for 0, 1, 2, 3, 4 or 5 pathog
is treated as a pathogen only in samples from non-NDV vaccinated chickens
chitis virus; ILTV, infectious laryngotracheitis virus; Mg,Mycoplasma gallis
DISCUSSION

This study aimed to ascertain the prevalence of respira-
tory pathogens in poultry-producing zones around the Ethi-
opian capital and their possible contribution to the fengil
syndrome. There was moderate to high seroprevalence of all
tested pathogens, including the first description of seroprev-
alence against aMPV in Ethiopia. There was evidence of a
high level of exposure to multiple pathogens with seroposi-
tivity to aMPV, ILTV, IBV and Mg tending to be associ-
ated with exposure to other pathogens. The scavenging
system had a higher level of exposure to multiple pathogens
and possibly lower effectiveness of NDV vaccination given
the lower NDV seropositive rate in NDV-vaccinated chick-
ens in the scavenging than the intensive system. These find-
ings in light of the original propositions are discussed in
more detail below.
The first proposition that serological evidence of infection

with aMPV, ILTV, IB, Mg, and NDV will be found to be
widespread in the surveyed region was supported by the
findings of the study. Holding level exposure to these patho-
gens at moderate to high prevalence levels (37−98%) was
evident in all zones and production systems. The results sug-
gest that these pathogens are endemic in the study area,
with the wide range of antibody titers observed for all the
pathogens most likely indicating different levels of infection
or time since exposure to the pathogens. It is also the first
ens investigated in this study (aMPV, ILTV, IBV, Mg, and NDV). NVD
. Abbreviations: aMPV, avian metapneumovirus; IBV, infectious bron-
epticum; and NDV, Newcastle disease virus.



Figure 3. Proportion of holdings seropositive for 0, 1, 2, 3, 4, or 5 of the five pathogens investigated in this study (aMPV, ILTV, IBV, Mg, and
NDV). NVD is treated as a pathogen only in samples from non-NDV vaccinated holdings. Abbreviations: aMPV, avian metapneumovirus; IBV,
infectious bronchitis virus; ILTV, infectious laryngotracheitis virus; Mg,Mycoplasma gallisepticum; and NDV, Newcastle disease virus.
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report of widespread exposure to aMPV in the field, follow-
ing initial detection in imported breeds at a government
facility (Hutton et al., 2017). The seroprevalence of IBV
(94%) in the current study is similar to 97% seroprevalence
in central Ethiopia reported by (Shiferaw et al., 2022a) but,
the individual chicken seroprevalence of Mg in the scaveng-
ing production system (48%) is lower than the 76% sero-
prevalence reported by (Shiferaw et al., 2022b). ILTV was
reported for the first time in the West and North Shewa
zones of Ethiopia. The widespread serological evidence of
the circulation of these pathogens in the studied areas sug-
gests their possible contribution to the fengil syndrome.
This syndrome is ascribed to NDV but interestingly, among
unvaccinated chickens in the scavenging system, the sero-
positivity rate for NDV was numerically lower than for any
other pathogen tested. The characteristic clinical signs of
the fengil syndrome, such as sneezing, rales, gasping, nasal
discharge, and swelling of the sinuses could be caused by a
combination of any of the 5 pathogens investigated in this
study, or indeed several additional pathogens not investi-
gated in this study.

The second proposition that the seroprevalence of the
tested pathogens will differ between production systems
and breeds was supported for some of the pathogens tested.
The observed higher ILTV and aMPV seropositivity in the
scavenging than intensive production system may relate to
differences in husbandry with intensive production systems
better able to restrict the introduction of pathogens to the
flock. The reported seroprevalence of ILTV in this study in
the intensive (30%) and scavenging (56%) production sys-
tems were higher than the 12% reported for large-scale com-
mercial chicken farms and 34% in scavenging systems in
Ethiopia by Tesfaye et al. (2019) in East Shewa and South
Ethiopia. The reported lower seroprevalence for ILTV in
large intensive farms could be related to better biosecurity
implementation in large-scale systems compared to the
small-scale intensive production systems in the present
study. The reported seroprevalence ofMg (46%) in intensive
production system is lower than the report by (Shiferaw
et al., 2022b) who reported 70.6% seroprevalence in
Bishoftu and Hawassa towns of Ethiopia. Overall, chickens
in the scavenging production system were seropositive for a
greater number of respiratory pathogens than those in the
intensive system. This is not surprising as intensive produc-
tion systems are characterized by chickens confined within
their flocks with less opportunity for mixing with chickens
from other flocks or wild birds. This highlights the impor-
tance of biosecurity arrangements in limiting exposure to
respiratory pathogens.
NDV is endemic in Ethiopia and a known cause of

high morbidity and mortality in intensive and scaveng-
ing production systems. In the present study, there was
a non-significant trend (P= 0.08) for a higher seropreva-
lence of NDV among non-vaccinated chickens in the
intensive system, than in the scavenging system. The
reasons for such a trend are not known. The overall sero-
prevalence of NDV in unvaccinated scavenging chickens
(38%) was higher than previously reported in other
areas of the country (11% in Central Ethiopia and 26%
in Northern Ethiopia; Derbew et al., 2016; Sori et al.,
2016), although it was similar to the 32% reported by
Tadesse et al. (2005) in central Ethiopia.
Breed effects on seroprevalence were observed for

ILTV and NDV unvaccinated birds. The higher seropos-
itivity of exotic chickens for NDV compared to local or
crossbreed among non-vaccinated scavenging chickens
may indicate greater susceptibility to the former. How-
ever, this should be interpreted with caution as it may
also be due to the possible vaccination of exotic chickens
at hatching and brooding facilities, with the owners
being unaware of this, or better immune response to vac-
cination or exposure in exotic breeds. In contrast, sero-
positivity for ILTV was higher in local or crossbreed
chickens, which could be because local breeds have a bet-
ter survival rate following infection with ILTV. Alterna-
tively, local breeds could be more susceptible to ILTV
with a low mortality rate (Psifidi et al., (2014).
The third proposition that serological evidence of expo-

sure to multiple agents will be common and exposure to
ILTV, IBV, NDV, Mg, or aMPV will predispose to
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coinfection with other respiratory pathogens assessed was
strongly supported by the findings of the current study. In
the scavenging system, more than 50% of chickens and 74%
of holdings were seropositive for 3 or more pathogens, and
6.6% of chickens and 12.7% of holdings were seropositive for
all 5 pathogens tested. Overall, 60.5% of holdings were sero-
positive for 3 or more pathogens tested in the intensive sys-
tems. As this analysis excluded seropositive chickens and
holdings due to ND vaccination and there was no history of
vaccination for aMPV, ILTV, IBV, andMg, the seropositiv-
ity suggests exposure to these pathogens. The immunosup-
pression induced by aMPV is known to predispose chickens
to infection with other pathogens such as NDV, Bordetella,
Ornithobacterium, and E. coli (Turpin et al., 2002; Jirjis
et al., 2004; Marien et al., 2005; Psifidi et al., 2014; Bao
et al., 2020; Swayne, 2020), which could be occurring in
Ethiopia. It was also observed seropositivity to ILTV
increased the odds of Mg seropositive results and vice versa.
Co-infection with respiratory pathogens is commonly
reported (Couto et al., 2016; Swayne, 2020) and is likely
indicative of similar epidemiological factors involved in the
transmission of these pathogens. However this should be
properly assessed. The high level of exposure to multiple
agents is supportive of the notion that fengil may represent
a clinical syndrome with multiple causative agents rather
than a specific disease. Only 2.5% of holdings overall were
seronegative for all 5 pathogens. It highlights the challenges
in breaking cycles of transmission by improved biosecurity
measures, particularly in scavenging systems.

The fourth proposition that the seroprevalence of NDV
infection will be higher in vaccinated than unvaccinated
flocks was unsurprisingly supported by the findings. Vacci-
nation practice for NDV is not common in the scavenging
production system apart from some annual government-
implemented campaigns in pilot areas. During the cam-
paigns, farmers are expected to bring their chickens to a
nominated vaccination area, sometimes involving travel
over considerable distances. The stress to chickens associ-
ated with this process may reduce vaccination effectiveness.
This, together with other factors associated with the imple-
mentation of vaccination in the field, may explain the signif-
icantly lower seropositivity rate amongst vaccinated
chickens in the scavenging than in the intensive system.
Poor vaccination results in the scavenging production sys-
tem have also been reported by Mebrahtu et al. (2018). In
Ethiopia, vaccination in the intensive production system is
generally performed by private veterinarians, and periodic
booster vaccinations are common. Despite significant pro-
duction system differences in NDV seropositivity in vacci-
nated chickens at the individual chicken level, at the
holding level NDV seropositivity in vaccinated groups was
more similar between the 2 groups and not statistically sig-
nificant.
CONCLUSIONS

The study has revealed moderate to high seropreva-
lence of aMPV, ILTV, IBV, Mg, and NDV in the chick-
ens in central Ethiopia, indicative of an endemic status
of these pathogens. It is the first evidence of the wide-
spread presence of aMPV in the field. Only 2.5% of the
flocks investigated were serologically negative for the
pathogens assessed. A high level of seropositivity to mul-
tiple agents was found, potentially implicating multiple
pathogens in the causation of fengil in Ethiopia. Sero-
positivity for one pathogen tended to predispose to sero-
positivity for other pathogens, with aMPV, ILTV, IBV
and Mg having the strongest associations. The seroprev-
alence of aMPV and ILTV was higher in chickens under
the scavenging than in the intensive system, highlighting
the likely role of containment and biosecurity in control-
ling these pathogens. Among ND vaccinated chickens, a
higher rate of seropositivity was observed in the inten-
sive than the scavenging system, suggestive of more
effective vaccination practices in the former. This study
highlights a potentially high respiratory disease burden
in Ethiopian poultry production with potentially com-
plex causation. Further studies are needed to evaluate
the clinical significance of the pathogens assessed, risk
factors for infection and disease, the pathogen strains
involved and the economic impact of these diseases in
Ethiopia. Such studies will inform the need for and
design of appropriate control measures.
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