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Running title: aMPV A & B in Morocco \

D
Abstract OQ P

Background: Avian Metapneumovirus ( )Neen proven to be a widespread infectious
respiratory pathogen affecting turk &ns with co-predominance of the subtypes A
and B.

Objectives: No 0fﬁc1al€ \& in Morocco about the subtypes of aMPV circulating. Hence,

using quantitative everse-:'anscrlptase Polymerase Chain Reaction (qRT-PCR) subtypes-

specifi a& Nmed at detecting and identifying the potential subtype (s) circulating.

Metho\N e)onducted a longitudinal study on three broiler flocks strictly not vaccinated

against aMPV and located in two different geographical regions, and two flocks that expressed

typical swollen head syndrome (SHS) and sampled once. Furthermore, we sampled dead birds of
2
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one flock confirmed seropositive from a previous study. 118 swabs pooled in 24 samples were
subjected to the ribonucleic acid (RNA) extraction and amplified using a triplex RT-PCR for

specific detection of aMPV subtypes A and B. \

Additionally, serum samples were taken at slaughtering age to cross-check thegolecularksults.

A total of 84 sera were analyzed with a commercial indirect Enzylpe‘irwu!nosorbent

Assay (ELISA) kit to detect and titer antibodies against the r@yp s\ S

h\
Results: Avian Metapneumovirus was detected by qRT-PCR in\albthe flocks. 87.50% of the
samples were positive for aMPV-B, and 16.67% f V-A pd aMPV-B simultaneously. All

the flocks showed seropositivity, conﬁrming‘m ulapfindings.

Conclusion: The present investigatio Qﬁ molecular study in Morocco to elucidate the
circulation of aMPV-A and aMR\kB rol’sr farms in Morocco with a dominance of aMPV-B

and the possibility of co—pre ce oNth subtypes.

Keywords: avian p(u rus broilers, Morocco, RT-PCR, subtypes.
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Avian Metapneumovirus (aMPV) is a significant virus that causes respiratory and reproductive

distress in chickens and turkeys. This leads to impaired performance and increased mortality,

| &
particularly when accompanied by secondary infections. While the virus has tra%lly been

e‘ion of

aMPV in respiratory problems (Al-Hasan et al., 2022; Nguyen et al., 2% K\et/al 2017,

Tucciarone et al., 2018). o \
o

Previously, aMPV was classified into four subtypes WPV A to D) based on variations in the
>

glycoprotein (G), responsible for surface attachment; and“the antigenic differences between

downplayed in broilers, recent field investigations have highlighted the dirﬁp

strains (Cook and Cavanagh, 2002). Howevi Ehe@ve f two divergent viruses in a monk

parakeet and a gull has raised the poss1‘< 0% btype candidates (Canuti et al., 2019;

B
{ 4
Although subtype B is more‘evalent than subtype A (Mernizi et al., 2023), both aMPV-A and

Retallack et al., 2019).

aMPV-B are widespre N Australia and Canada (Suarez et al., 2019). In the United
States, only subtypﬁ has‘been reported in turkeys so far, without evidence of spread in broilers
per se (Cha<et al.; MaMPV-C has also been confirmed in Asia (Kwon et al., 2010) and
rec in wild bixds in Italy, but it belongs to a different lineage known as the Eurasian sub-
lineage (Graziosi et al., 2022; Tucciarone et al., 2022; Toquin et al., 2006). On the other hand,
subtype D has only been detected in turkeys in France (Bidyon-Auboyer et al., 2000).

4
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Diagnosing aMPV infection based solely on clinical signs is irrelevant due to the non-
pathognomonic symptoms, especially in broilers. Isolating the virus is time-consuming, labor-
intensive, and requires a viable virus. Therefore, routine detection of aMPV c' achieved
through serology, molecular tests, or a combination of both, depending on ém‘ﬁg‘of the
sample (Lemaitre et al., 2018). Serological tests such as ELISA detect a‘i 'Mdiced after
infection (Rautenschlein et al., 2011), but the results are d{y at lw two weeks for
seroconversion (Guionie et al., 2007). Molecular tec@iques such as I&, which detect viral
genetic material, are preferred during the infectious p nd proﬁde sensitive, specific, and

rapid results (Franzo et al., 2014). They can also@ 1 e%etween subtypes using specific

gene-sequence-based real-time qRT-PCR (Cx& Mgh, 2002; Guionie et al., 2007).

In Morocco, official subtyping data Q&il@e, as research is limited to national serological

evidence and the identification of sev ri& factors associated with seropositivity (Mernizi et

al., 2023). Therefore, th &xqb aims to highlight the circulation of aMPV-A and aMPV-
B in broiler flocks rinc‘qmtitative triplex RT-PCR targeting the G gene, which allows for

:
differentiatic{c:thse two subtypes. These findings will be supported by confirmation

d\ a

Materialssand Methods

threugh b tested with ELISA.

Sampling protocol
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The investigation was designed as a longitudinal study focusing on broilers that were strictly not
vaccinated against aMPV. The study involved three flocks, namely 2-N38, 2-N39, and 2-TS416
(designated with internal codification), and located in two areas in Morocco. Fro o 5 weeks

of age, each flock was swabbed every 3 or 4 days, specifically from theﬁ each
occasion, ten birds were randomly chosen and sampled. ‘ \’
N g

At the request of the responsible veterinarians, tracheal and @\ bs we collected from

two neighboring flocks located in another geographic M Thes ocks were over five weeks of

age and had reported cases of SHS (Swollen Head A one-time sampling of ten
randomly selected birds per flock was co%e after the appearance of clinical
signs.

Furthermore, molecular analys1s Q o verify the aMPV serological positive results
obtained from a previous st re collected post-mortem from the preserved trachea
and inner side of the s Nblrd skull heads that exhibited typical swelling. These birds
belonged to a fl tha already been tested and confirmed positive for aMPV using

serolo { \

0cC leme the detection of aMPV, a serology test was also performed for all the flocks.
Twenty sera were collected at the age of slaughter for each flock in the longitudinal study, and

twelve sera were sampled simultaneously with the swabs for the one-off sampling flocks.
6
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Although both types of samples were obtained from the same birds as mentioned earlier, the

collected tissues and serum were not paired or individually identified.

Fresh blood samples were collected from the brachial wing veins of the birds by turing the

alar veins. The samples were then stored in sterile tubes and transported to thmﬂPasology

Unit of the Hassan II Agronomic and Veterinary Institute in Ra t.‘S%\ergction and

preservation in Eppendorf tubes at -20°C were carried c@s&@en analysis using a

commercial indirect ELISA kit capable of detecth&and ti‘Ning antibodies against both

\
S

hpain).

subtypes A and B, CIVTEST AVI TRT®, HIPRA S.A.(Am
The mean titers, validity tests, and coefﬁc* OWOH were automatically calculated by

flock and sample series using the HIPRA FT@Mftware from HIPRA S.A. (Amer, Spain).

Table 1 provides an overview %ltlg protocol for the different flocks included in the

study. *\\

Table 1. SamIFgCtm for the longitudinal study and the one-off sampling flock
-

X

F{ wdays) Swabbed organ(s) Swabs (n) | Sera (n)
23 10
- Trachea

26 10




28 10
35
23 10
26 Trachea 10
2-N39
28 10
35 20
26 10
2-TS416 31 chea 10
3 10 20
Trachea and nasal turbinate 10 12
Trachea and nasal turbinate 10 12
Trachea; subcutis (heads) 08 -

) The samples of this flock, belong to a sero-epidemiological study performed in 2021
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Samples preparation and ribonucleic acid extraction t

Following identification and date referencing, swabs were immediately pla & icebox

without any transport media and delivered to the Avian Pathology w ’iassan II
Agronomic and Veterinary Institute in Rabat. The samples were thﬁ'st d at -20°C until the
extraction of ribonucleic acid (RNA) was performed.

The skull heads were also stored at the Avian Patholo it of tlkHassan IT Agronomic and

Veterinary Institute in Rabat, maintained at a ten@t h)oc. The skin was preserved to

increase the likelihood of detecting the gen che aMPV.
For each flock, every five swabs (or athe case of post-mortem samples) were pooled

together, resulting in a total %ﬁ ools. '

The RNA extraction fr &ools was carried out using the PureLinkTM Viral RNA/DNA
Mini Kit® from ermd\ Eisher Scientific (Waltham, Massachusetts, USA), following the

manuf

It is to note that RNA ideally should be stored at -80°C. However, due to the
unavallablhty of equipment capable of reaching such low temperatures, the RNA samples were

only stored at -20°C.
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Reverse-Transcription & amplification

The RNA amplification was processed using a single-step triplex rearme Reverse

Transcriptase PCR (RTRT-PCR) targeting the G gene. In this technique, the RN&ences of

aMPV subtype A and B, along with an endogenous control, were transcrllﬁﬁve e and

amplified in a single tube using specific primer pairs in the polymerase,cl‘%u

e

To detect the amplified RNA of aMPV-A, aMPV-B, and t 01' \dogenous target gene

(beta-actin), TagMan probes labeled with ﬂuorescent (Fam , and HEX) were utilized.

The thermocycler measured the emitted ﬂuorescenﬁ plification process.

The endogenous control was based on t wbeta actin, a "housekeeping" protein

present in the host cells from w Jp es originated. The target beta-actin gene
(endogenous RNA) was co- am]%t hannel) in each reaction. This control allowed for

the assessment of samphng qua sample storage and shipping, sample preparation, and the

execution of the real tll‘( ﬁ\‘tself

ded to ensure the specificity and efficiency of reagents, the RT-PCR

A positive co
ocycler. On the other hand, a negative control was used to exclude any
contam

10
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The Kylt® aMPV A&B kit from AniCon Labor GmbH (Emstek, Germany) was employed for
the amplification, following the manufacturer's instructions. The data obtained from the
amplification was automatically processed using the ThermoCycler AriaMx® Rﬁme PCR

System software from Agilent Technologies (Santa Clara, California, USA).

Test evaluation ' (\\,

The analysis of the test began by conducting a validity check@knn\eal time RT-PCR

series. This check ensured that the negative control samples for the ®AM, HEX, and Cy5

channels were negative, while the positive control % ese channels were positive with
values greater than 15 and equal to or less thw v
Additionally, internal control was use dat’each sample reaction and its real test result.

The Cq value of the internal corqt nel (HEX) was compared to determine the validity of

the sample reaction.

Finally, the spec1ﬁ C\PV subtypes A and B for each sample was analyzed using the

FAM and CWpectlvely

gRT-PCR

11



Table 2 shows the detection of aMPV in the different flocks and the number of positive results

170  per pool.

¢

Table 2. Detection of aMPV-A and aMPV-B by age from the longitudinal stu&i one-off

samplings ‘ ) \
Flock Age Number of Positive pools PA ‘ j\’
days ools
(days) P aMPV-A aMPm\& B
23 02 00/02 ‘00/02
2-N38 26 02 ~%2 02/0 00/02
28 02 00/02 02/02 00/02
23 0 [00/02 | 02/02 00/02
2-N39 26 %%\ 00/02 02/02 00/02
2( 02 00/02 02/02 00/02
i6 02 00/02 00/02 00/02
2-TS416
31 02 00/02 02/02 00/02

12



35 02 00/02 02/02 00/02
2-MK36 37 02 02/02 02/02
2-MK37 42 02 02/02 02/02
1-TS59 36 02 00/02 01/0
Total 24 04/24 124
The subtype B of aMPV was detected in a cks ded in the study. It was found in a
175  total of 21 out of 24 pools, corresponding t0:87.50% of the samples, and indicating a high

prevalence.
The proportion of pool i sitive for subtype A was 4 out of 24, corresponding to 16.67%
of the samples. Th¢ subt aMPV was always detected simultaneously with subtype B.

EL%Q

13



180  The following Figure illustrates the results obtained from the indirect ELISA test to detect and

titer antibodies against aMPV subtypes A and B. The sera originated from the five flocks

[ ¢
sampled, namely: 2-N38, 2-N39, 2-MK37, 2-MK38, and 2-TS416. \
P N
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|
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L

W 2-n38 [ 2-n39 W 2-Mk36 [ 2-MK37 2-T5416
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Figure. Detection and 'tra\n& antibodies against aMPV-A and aMPV-B by indirect
185 ELISA in flocks I@e ﬂlgitudinal study (2-N38, 2-N39, and 2-7S416) and one-off
samph\ K37:and 2-MK38) using the CIVTEST AVI TRT®, with kit’s cut-off =
, an*e(}metric Mean Titers (GMT) are represented by a cross mark “x”
Based on the cut-off value of the CIVTEST AVI TRT® kit, 54 out of the total 84 sera samples

tested positive, indicating a seropositivity rate of 64.28%.
14
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It is worth noting that all the five flocks included in the study had geometric mean titers (GMT)

above the cut-off value of 196. This means that the antibody levels in all the flocks were higher
¢

than the threshold considered for seropositivity. Therefore, all the flocks demonstr%

seropositive status for aMPV, indicating previous exposure to the virus. h X

Discussion P ‘
N T
Although aMPV infection has been known as the caus%ve agent of the\ollen head syndrome

(SHS) in broilers in Morocco for over 30 years, its role in respiratory problems as a primary
agent has not been clearly established. The presenﬂ esti@tion provided the first evidence
of the circulation of aMPV in Moroccan broMarng RT-PCR and ELISA, confirming the

presence of the virus and identifying its m&imIMt and prevalent subtypes.

The study revealed that subtypetBP of QPVﬂvas detected in all the flocks studied, indicating its
widespread presence. In con*t, shpe A was only identified in two neighboring farms where
clinical cases of ﬁ ad‘en reported. These findings suggest that subtype B is the

_d
predominant c¢i culawbtype, which is consistent with its high prevalence reported in North
&l

Afi 'cam

2020; ciar‘le et al., 2017). Subtype B has been recognized for its high spreading capacity in

eh‘ranean Basin (Lachheb et al., 2022; Sid et al., 2015; Franzo et al., 2017;

the region.

15
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Our findings are consistent with previous reports that highlighted the dominance of aMPV
subtype B over subtype A (Banet-Noach et al., 2005; Dos Santos et al., 2012) or non-B subtyped

aMPV in general (Darebaghi et al., 2021). This further supports that subty* is more

widespread compared to subtype A. h N

The longitudinal study conducted in our investigation demonstrated t}le ‘el%&f {he results
obtained. We were able to detect aMPV in flocks 2-N38 an@ starting from three weeks of
age and onwards, even in the absence of respiratory sﬂptoms. However, in the case of flock 2-
TS416, respiratory symptoms were observed at five ks of age, \)‘vhile the one-time sampled
flocks, 2-MK36 and 2-MK37, exhibited clin'@sy@ns S\;VOHCII head syndrome. It is worth
noting that the sampling protocol for ﬂoc§TS 6 was slightly delayed due to logistical issues

and the unavailability of responsible i i ls)

K ¢

In field conditions, determiw the %C onset time of infection and thus identifying the optimal
sampling time can be e in\ln Morocco, all chicks usually come from breeders that have
been immunized aginst aMPV using live and killed vaccines. As a result, it is expected that
flocks wouldn’t baw to field virus challenge earlier than three weeks of age, as the levels
of maternal ‘antibodies decline progressively and disappear only after two weeks from hatching

(Rubbenstroth and Rautenschlein, 2009).

16
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Furthermore, it is known that the highest quantity of virus is shed by infected birds from three to
five days post-infection (Catelli et al., 1998). Considering these factors, the repetition of sample
collection in our study was conducted within a short period, which was less than days. This

approach aimed to increase the likelihood of detecting the genetic material ofmf ing the

active shedding phase. ‘ \\ 4
©

Nevertheless, identifying aMPV at such young age coul@nl&i to a general decreased
immunocompetence predisposition, resulting from the Tatense gengtic selection for rapid growth

and high production rates (Nikbakht Brujeni, 2022a; Nikbakht,Brujeni et al., 2022b).

O

An interesting finding in our study was the Mltawo-circulation of aMPV-A and aMPV-
B in the two sampled flocks, namely 2 K36M2-MK37. Similar observations have been
reported in Israel (Banet-Noach e; 5) and Brazil (Chacén et al., 2011). However, in our
case, these two neighboring Qc‘ks belonged to an area known exclusively for broiler production,
making it initially unli t\ﬁ‘more than one subtype of aMPV, especially considering the

absence of commergai turkeys or layers in the vicinity.

Additiow'*wa urprising to detect the genetic material of aMPV one week after the

recNon‘\SHS, assuming the virus should be rapidly cleared and bacterial complications

would limit its detection. However, it has been demonstrated that convalescent flocks can

17
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experience reinfection by aMPV due to the continuous circulation of the virus within the flock or

across the surrounding area (Al-Hasan et al., 2022).

¢
In our study, the absence of an extended investigation involving other path& such as

Infectious Bronchitis Virus (IBV) or Mycoplasma gallisepticum, known t@ be preva\:nt in
respiratory complexes (Muofaq Khalaf and Jawad Ali, 2023; Motarpe(‘armﬁs}{ati, 2022;
Hajijafari Anaraki et al., 2021), assumed that the flocks investig d were aMPV mono-infected
only. This plausible attribution may have contributed tO'the primordial lack of noticeable signs or
complications during the visit, or paradoxically, the importanee of ak/IPV as a major respiratory
pathogen (Tucciarone et al., 2018), in the Qse 0@ flo i-TS416 that showed respiratory
distress. That same observation potentiallysi dicaﬁm of recovery within the flocks, despite
contradicting the reported occurren Q

in/flocks 2-MK37 and 2-MK38, which typically

>
involve bacterial secondary infe@tions. '

The serological analysienwﬁ}our study was highly relevant as it demonstrated positive
antibody titers in f&ks thatwere not vaccinated against aMPV and subsequently, presumably
exposedyto field v@markably, all the flocks exhibited antibody levels higher than those
typically observediin naive birds or following vaccination. While titers are generally expected to
be highermand more homogenous after infection, the possibility of the presence of
immunosuppressive agents such as the Gumboro disease virus may have lowered the levels of

18
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anti-aMPV antibodies (Sharifi et al., 2022). This is particularly noteworthy because flocks 2-
MK37 and 2-MK38 were reported to have shown symptoms consistent with clinical Gumboro

cases, despite the absence of overt signs or conclusive evidence during our visit. \

Therefore, the positive serological results obtained in our study support‘and Validhe our
y

molecular findings, considering the high national seroprevalence of aME‘I wco (Mernizi

et al., 2022). These findings further emphasize the importan@n&l ring both molecular and

serological approaches to comprehensively assess the p&sence and,impact of aMPV in broilers.
%
Conclusion 6 N

The present study provides valuable insﬂgw 1r%Mevalence and co-circulation of aMPV

subtypes in Moroccan broiler farms, highli iny'le predominance of subtype B. The concurrent
presence of subtypes A and B thl!in sar‘e flock is an interesting finding and emphasizes the
need for further moleculéc&acte&tion of the circulating subtypes in the country. Currently,

there is limited inf(*ga n hut he epidemiological situation of aMPV in Morocco compared
_
to other regi{of ﬂWd, including neighboring countries, and the origins of the field strains
A\

re ainme

To addr th)se knowledge gaps, future research should focus on extending the molecular

investigation and incorporating strain sequencing. By doing so, a more comprehensive

19
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understanding of the characteristics of aMPV isolates in Morocco can be gained, enabling the
development of targeted strategies for controlling and preventing aMPV infections in broiler
farms. This ongoing work will contribute to updating our understanding of aMP\&miology

and inform the implementation of effective management measures in the poultm

R (\\.ﬂ
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