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Development of a lateral flow test for the
rapid detection of Avibacterium
paragallinarum in chickens suspected of
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Abstract

Background: Infectious coryza (IC) is an acute respiratory disease of growing chickens and layers caused by
Avibacterium paragallinarum. The development of tools that allow rapid pathogen detection is necessary in order
to avoid disease dissemination and economic losses in poultry. An Av. paragallinarum-specific Ma-4 epitope of the
TonB-dependent transporter (TBDT) was selected using bioinformatic tools in order to immunize a BalbC mouse and to
produce monoclonal antibodies to be used in a lateral flow test (LFT) developed for Av. paragallinarum detection in
chicken nasal mucus samples.

Results: The 1G7G8 monoclonal antibody was able to detect TBDT in Av. paragallinarum cultures (serogroups: A, B and C)
by Western blot and indirect ELISA assay. Consequently, we developed a self-pairing prototype LFT. The limit of detection
of the prototype LFT using Av. paragallinarum cultures was 1 × 104 colony-forming units (CFU)/mL. Thirty-five nasal mucus
samples from chickens suspected of having infectious coryza were evaluated for the LFT detection capacity and compared
with bacterial isolation (B.I) and polymerase chain reaction (PCR). Comparative indicators such as sensitivity (Se), specificity
(Sp), positive predictive value (PPV), negative predictive values (NPV) and the kappa index (K) were obtained. The values
were 100.0% Se, 50% Sp, 65.4% PPV, 100% NPV, and 0.49 K and 83.9% Se, 100% Sp, 100% PPV, 44.4% NPV, and 0.54 K for
the comparison of the LFT with B.I and PCR, respectively. Additionally, the LFT allowed the detection of Av. paragallinarum
from coinfection cases of Av. paragallinarum with Gallibacterium anatis.

Conclusions: The results indicate that the self-pairing prototype LFT is suitable for the detection of TBDT in Av.
paragallinarum cultures as well as in field samples such as nasal mucus from Av. paragallinarum-infected chickens.
Therefore, this prototype LFT could be considered a rapid and promising tool to be used in farm conditions for
Av. paragallinarum diagnosis.
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Background
Infectious coryza (IC) is caused by Avibacterium paragal-
linarum (Av. paragallinarum), a gram-negative bacteria
previously called Haemophilus paragallinarum [1]. IC is
an acute respiratory disease of growing chickens and
layers and is associated with reduced egg production in
laying flocks and delay in growth due to decreased food
and water consumption in young chickens [2]. The
most common clinical signs are serous or mucous nasal
exudates, sneezing, swelling of infraorbital sinuses, facial
edema and conjunctivitis [2]. All these clinical signs
caused by Av. paragallinarum have been associated with
economic losses in the poultry industry [2] that highlight
the necessity of developing reliable tools for Av. paragalli-
narum detection.
Previous studies emphasized the use of PCR methods

in comparison with bacterial isolation for the detection
of Av. paragallinarum. The difficulties and challenges of
Av. paragallinarum identification are well known using
the latter method, which is a time-consuming process
[3–6]. Moreover, the use of PCR-based methods is less
time-consuming, but the methods require well-trained
personnel and sophisticated infrastructure in laboratories.
On the other hand, the use of a lateral flow test for detec-
tion of Av. paragallinarum is an alternative method that is
not demanding and is an easily performable task. This
method requires the identification of a specific epitope in
the target protein that is detected through the use of a
monoclonal antibody.
TonB-dependent transporters (TBDTs) are membrane

proteins that have high affinity for iron, vitamin B12,
siderophores and carbohydrates, which are important for
bacteria. Iron is the main substrate for TBDTs, and it
participates in many bacterial metabolic processes [7].
These TBDT proteins have been identified inside outer

membrane vesicles (OMVs) in culture supernatants of
members of Pasteurellaceae, such as Pasteurella multocida
[8]. The content of these OMVs has been previously asso-
ciated with extracellular virulence factors released from
bacteria that can damage host tissue [9]. These OMVs
were also identified in Av. paragallinarum cultures, but
TBDT presence inside these vesicles is still uncertain in
culture supernatants [9].
The potential extracellular presence of TBDT makes it a

promising candidate for Av. paragallinarum identification
due to its simple detection by monoclonal antibodies. The
application of monoclonal antibodies in previous works
with Av. paragallinarum has been limited to serotyping
[10, 11], strain-vaccine differentiation [12], inhibition of
hemagglutination and vaccine development [13, 14].
This study will take advantage of the specificity that a
monoclonal antibody provides for the identification of
Av. paragallinarum through the development of a lateral
flow assay.

Results
Monoclonal antibody characterization
Two hybridoma clones, 1G7G8 and 3A3D8, were selected
based on their reactivity against the peptide (Ma-4); 1G7G8
and 3A3D8 produced monoclonal antibodies, which were
characterized as IgG1 (k) and IgG2b (k) isotypes, respect-
ively. The antibody titer was 4.1 × 10− 4 for each hybridoma
culture.

Identification of recombinant TBDT using the 1G7G8 and
3A3D8 monoclonal antibodies in a Western blot
Five hundred nanograms of recombinant protein were used
for Western blot using purified monoclonal antibodies
from 1G7G8 and 3A3D8 hybridoma clones. We obtained a
unique reactive band of 87 kDa corresponding to recom-
binant TBDT, demonstrating that the recombinant protein
was recognized by 1G7G8 and 3A3D8 (Fig. 1).

Identification of TBDT in Av. paragallinarum cultures
(serogroups a, B and C) using the 1G7G8 and 3A3D8
monoclonal antibodies in a Western blot
The 1G7G8 and 3D3A8 monoclonal antibody reactivity
was evaluated using bacterial lysates, pellets and superna-
tants from Av. paragallinarum cultures. Using the 1G7G8
antibody, in transfer protein membranes from bacterial
lysates, we detected specific bands (~90 kDa) for serogroup
B at 500 and 50 μg/mL, whereas for serogroup A, we
detected specific stronger bands (~90 kDa) at the same
concentrations. However, for serogroup C, multiple bands
were observed at 500 μg/mL, and only two bands had simi-
lar molecular weight (~90 kDa) at 50 μg/mL. Regarding
transfer protein membranes from the bacterial super-
natant, we detected a specific band slightly above 90 kDa
for serogroups B and A until dilutions of 1:4 and 1:16 were
achieved, respectively. However, nonspecific weak bands
were also observed in serogroup A at the lowest dilutions.
For serogroup C, we observed two stronger bands of
different molecular weights of ~90 and ~48.5 kDa until a
dilution of 1:8 was reached (Fig. 2). For pellet samples, no
bands were detected for serogroups A and B. However, we
observed non-specific bands including a band of ~90 kDa
at 500 μg/mL and a weak band at 50 μg/mL for ser-
ogroup C. On the other hand, no bands were detected
for any samples using the 3A3D8 antibody in Western
blot (data not shown). Therefore, this antibody was not
used for further evaluations.

Evaluation of the 1G7G8 monoclonal antibody reactivity
against related and non-related bird bacterial cultures in
Western blot
1G7G8 reactivity was evaluated against other bacteria, such
as Gallibacterium anatis, Pasteurella multocida, Ornitho-
bacterium rhinotracheale and Bortedella bronchiseptica,
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using bacterial pellets, lysates and supernatants in Western
blot.
For supernatant samples, no bands were detected for

G. anatis, P. multocida, O. rhinotracheale or B. bronchi-
septica. Furthermore, for lysate samples, a weak, nonspe-
cific band of low molecular weight was detected for B.
bronchiseptica at 500 and 50 μg/mL, whereas no bands
were detected for other bacteria.
For pellet samples, nonspecific bands were detected

at 500 μg/mL for all bacteria, which included a band of
~90 kDa only for G. anatis, P. multocida and O. rhino-
tracheale. We also detected a specific band of ~90 kDa
at 50 μg/mL for P. multocida. In addition to a ~90 kDa
band, other bands of different molecular weights were
also detected for O. rhinotracheale at 50 μg/mL. No
additional bands were detected for other concentrations
(Fig. 3).

Reactivity of the 1G7G8 monoclonal antibody against Av.
paragallinarum serogroups in indirect ELISA assay
Reactivity differences between lysates (CFU/mL) and
supernatant dilutions from the three Av. paragallinarum
serogroups were detected. Positive reactivity was observed
at 1:10 and 1:100 dilutions of the culture supernatants,
and a higher reactivity was observed for serogroups A and
C than for serogroup B (p = 0.001). Moreover, positive
reactivity slightly above the cutoff (0.05) was also detected
at a 1:1000 dilution for serogroups A and C (Fig. 4).
Regarding lysates, we observed positive reactivity at 107

and 106 CFU/mL for serogroups A, B and C with higher
reactivity observed for serogroup C than for the other
serogroups (p = 0.001). Furthermore, positive reactivity

slightly above the cutoff (0.086) was also detected at
1 × 105 CFU/mL for serogroup A (Fig. 5).

Characterization of the prototype LFT
The assembly of the prototype was performed by Creative
Diagnostics (Shirley, NY, USA) using 1G7G8 as a detec-
tion and capture antibody (self-pairing). The self-pairing
LFT was initially tested using recombinant TBDT protein.
The results showed a red line in the T and C line regions,
which was considered a positive result (data not shown).
All technical details related to prototype assembly are
of commercial interest and therefore these cannot be
provided.
The assembly prototypes were sent to FARVET Labora-

tories in Peru and used to evaluate the performance of the
LTF using a variety of culture samples. A positive red line
was observed in the T line region as well as in the C
line region for all three serogroups (serogroup A, B and
C) obtained from culture supernatants and lysates of Av.
paragallinarum. On the other hand, no red line in the T
line region was observed for lysates and supernatants from
other bacterial cultures such as G. anatis, P. multocida, O.
rhinotracheale and B. bronchiseptica. In addition, no posi-
tive T lines were observed for supernatants obtained from
cell cultures infected with infectious laryngotracheitis
virus, avian metapneumovirus or Newcastle disease virus
(Table 1).
The limit of detection was only determined for FARPER-

140 (serogroup C) because it had the highest reactivity
observed in indirect ELISA assay. The limit of detection
was 1 × 104 CFU/mL (Fig. 6). On the other hand, a total
of 35 chicken nasal mucus samples were collected from
two farms located in the south of Peru in October and

Fig. 1 Identification of recombinant TBDT protein by Western blot assay using 1G7G8 and 3A3D8 antibodies. M: Molecular weight marker (30–120 kDa);
Lane 1 and 2: recombinant TBDT (500 ng). Black arrows indicate the reactive band in each lane
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Fig. 2 Identification of TBDT in Avibacterium paragallinarum cultures using the 1G7G8 monoclonal antibody in Western blot. Avibacterium
paragallinarum cultures: FARPER-113 (serogroup B), FARPER-114 (serogroup A) and FARPER-140 (serogroup C). Lane M: Molecular weight marker
(26.6–180 kDa). For bacterial lysate concentrations: lane 1 (500 μg/mL), lane 2 (50 μg/mL), lane 3 (5 μg/mL), lane 4 (0.5 μgmL), lane 5 (0.05 μg/mL),
and lane 6 (0.005 μg/mL). For bacterial pellet: lane 1 (500 μg/mL), lane 2 (50 μg/mL), lane 3 (5 μg/mL), lane 4 (0.5 μgmL), lane 5 (0.05 μg/mL), and
lane C (recombinant TBDT). For bacterial supernatant concentrations: (a) (undiluted supernatant), (b) (diluted 1:2), (c) (diluted 1:4), (d) (diluted 1:8),
(e) (diluted 1:16), and (f) (BHI broth). Black arrows indicate the specific reactive band in each lane
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December 2017 and in January 2018 (Table 2). To
evaluate the specificity and diagnostic sensitivity of the
self-pairing prototype LFT, three detection methods, bac-
terial isolation (B.I), polymerase chain reaction (PCR) and
self-pairing LFT, were compared (Fig. 7). The results from
the three detection methods are shown in Table 3.
We identified 17 out of 35 clinical samples (51.4%) as

positive Av. paragallinarum samples by B.I. Additionally,
11 out of 35 samples were positive for G. anatis using B.I.

However, 88.57% (31/35) of the chicken samples were
positive for Av. paragallinarum by PCR. From these 31
samples, 28 samples were typed by PCR as serogroup B
and 3 samples as serogroup A. The self-pairing prototype
LFT gave a positive result for Av. paragallinarum in
74.28% (26/35) of the chicken samples. All positive
samples from B.I (17/35) were detected by PCR and
LFT. Only 11.4% (4/35) samples were negatives from all
tests. Nine samples were only positive from LFT and

Fig. 3 Evaluation of 1G7G8 antibody reactivity against related and non-related bird bacterial cultures in Western blot. Related bird bacteria
cultures: Pasteurella multocida (FARPER-069), Ornithobacterium rhinotracheale (FARPER-172), and Gallibacterium anatis (FARPER-173). Non-related
bird bacteria culture: Bordetella bronchiseptica (FARPER-118). Lane M: Molecular weight marker (26.6–180 kDa). For bacterial lysate and pellet
concentrations: lane 1 (500 μg/mL), lane 2 (50 μg/mL), lane 3 (5 μg/mL), lane 4 (0.5 μgmL), lane 5 (0.05 μg/mL), and lane C (recombinant TBDT).
For bacterial supernatant concentrations: (a) (undiluted supernatant), (b) (diluted 1:2), (c) (diluted 1:4), (d) (diluted 1:8), (e) (BHI broth), and (f)
(recombinant TBDT)

Fig. 4 Reactivity evaluation of the 1G7G8 antibody using Avibacterium paragallinarum culture supernatants. Avibacterium paragallinarum culture:
FARPER-113 (serogroup B), FARPER-114 (serogroup A) and FARPER-140 (serogroup C). Error bars represent the standard deviation (SD). The dotted
line represents the cutoff that was calculated as the mean + 2SD. ***: p = 0.001. A two-way ANOVA and Tukey’s post hoc test were used
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PCR. Additionally, 5 samples were exclusively positive
from PCR and negative from B.I and LFT (Fig. 8).
For indicator comparison, self-pairing LFT was com-

pared with B.I and PCR, which were used as reference
methods. For comparison between B.I and self-pairing
LFT, we obtained 100% Se, 50% Sp, 65.4% PPV, 100%
NPV and K of 0.49. This index was considered a moderate
agreement between LFT with B.I. For comparison between
PCR and self-pairing LFT, we obtained 83.9% Se, 100% Sp,
100% PPV, 44.4% NPV and K of 0.54 (Table 4). This index
was considered a moderate agreement between LFT with
PCR. Finally, a higher sensitivity was observed when the
self-pairing prototype LFT was compared with B.I than
when it was compared with PCR (100 and 83.9%, re-
spectively). However, greater specificity was observed
when the self-pairing prototype LFT was compared

with PCR than when it was compared with B.I (100 and
50.0%, respectively).

Discussion
IC is caused by Av. paragallinarum. This disease is diag-
nosed by clinical signs and confirmed by bacterial isolation
[6]. Several factors such the requirement of specific growth
media make Av. paragallinarum diagnosis a difficult and
tedious task [5]. Some molecular techniques such as PCR
have been used in order to achieve highly sensitive results
[5, 6]. Despite this technique being faster than bacterial iso-
lation, it is still expensive to implement in local laboratories
and includes costs transporting samples from farms.
In the present study, we were able to develop a lateral

flow test based on the detection of the TonB-dependent
transporter (TBDT) through the use of a monoclonal

Fig. 5 Reactivity evaluation of the 1G7G8 antibody using Avibacterium paragallinarum culture lysates. Avibacterium paragallinarum culture:
FARPER-113 (serogroup B), FARPER-114 (serogroup A) and FARPER-140 (serogroup C). Error bars represent the standard deviation (SD). The dotted
line represents the cutoff that was calculated as the mean + 2SD. CFU: colony-forming units. ***: p = 0.001. A two-way ANOVA and Tukey’s post
hoc test were used

Table 1 Specificity evaluation for the prototype LFT using bacterial and viral cultures

Organism host/cell culture LFT results

Lysates Supernatants

Bacteria

Avibacterium paragallinarum (A) (FARPER-114) Chicken + +

Avibacterium paragallinarum (B) (FARPER-113) Chicken + +

Avibacterium paragallinarum (C) (FARPER-140) Chicken + +

Ornithobacterium rhinotracheale (FARPER-172) (isolated from Chincha, Ica, Peru) Chicken – –

Gallibacterium anatis (FARPER-173) (isolated from Pucallpa, Ucayali, Peru) Chicken – –

Pasteurella multocida (FARPER-069) (isolated from Pucallpa, Ucayali, Peru) Duck – –

Bordetella bronchiseptica (FARPER-118) (isolated from Cañete, Lima, Peru) Guinea pig – –

Viruses

Infectious laryngotracheitis virus (VFAR-043) LMH N.A –

Avian metapneumovirus (SHS-FAR) VERO N.A –

Newcastle disease virus (LaSota) DF-1 N.A –

+: positive result (T and C red lines); −: negative results (C red line). N.A (Not applicable)
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antibody (1G7G8). This antibody was able to detect the
expected molecular weight of TBDT (~ 90 kDa) from
bacterial cell cultures in Western blot (Fig. 2). Likewise,
1G7G8 allowed us to determine the reactivity differences
between Av. paragallinarum serogroups using an indir-
ect ELISA assay. Despite all serogroups showing positive
reactivity, serogroups A and C had the highest reactivity
for supernatants and lysates (Figs. 4 and 5). Therefore,
all these results highlighted the ability to use 1G7G8 to
detect all three serogroups, which emphasized its use for
the development of the lateral flow test (LFT).
The use of the same antibody (self-pairing) as a detection

and capture reagent for prototype LFT development has
been previously reported for the detection of foot-and-
mouth disease virus (FMDV) in cloven-hoofed animals
[15]. In this study, the self-pairing prototype LFT allowed
us to detect the TonB-dependent transporter from nasal
mucus samples from chickens suspected of having infec-
tious coryza.
Nasal mucus discharge is one of the main clinical signs

in chickens infected with Av. paragallinarum [16]. Av.
paragallinarum presence in nasal mucus discharge has
been detected using molecular techniques such as the
TaqMan Real-Time PCR assay [17]. Consequently, we
chose to use nasal mucus as a suitable type of sample for
lateral flow test evaluation.
The evaluation of thirty-five nasal mucus samples using

LFT showed high sensitivity (100%) when it was compared
with bacterial isolation (B.I), which indicated that LFT is
capable of detecting Av. paragallinarum. However, the LFT
evaluation showed low specificity (50%) and low positive
predictive value (PPV) (65.4%) (Table 4), which could be
related either to B.I. limitations in detecting low bacterial
load in nasal mucus samples or to overgrowth of fast-grow-
ing bacteria [5, 6, 17].
In the same way, we observed high sensitivity (83.9%)

and high specificity (100%) when LFA were compared

with PCR, but a low negative predictive value (NPV)
(44.4%) was observed (Table 4). This low NPV is due to
discrepancies when both methods classify samples as
negative. For instance, five samples were negative by
LFA and positive by PCR. These discrepancies could be
explained by either low bacterial load beneath the limit
of detection of LFT or bacterial DNA remnants after
antibiotic treatment.
According to the Venn diagram (Fig. 8), we observed

that 17 out of 35 evaluated samples were positive using
all three methods of detection, and nine samples were
positive using only LFT and PCR. Despite 8 out of these
9 positive samples from LFT and PCR showing clinical
signs, B.I was not able to detect Av. paragallinarum in
them. This result indicated that LFT is a more reliable
and sensitive method of detection than B.I, which could
explain the low specificity (50%) observed when LFT
was compared with B.I (Table 4).
On the other hand, despite 4 out of 35 samples being

negative for all three methods of detection, PCR was the
only method that was able to detect a high portion of
positive samples (31/35). This difference with LFT (26/
35 positive samples) could explain the obtained sensitivity
(83.9%) (Fig. 8 and Table 4). The high proportion of posi-
tive samples detected by PCR could have arisen from free
DNA remnants of non-viable bacteria resulting from anti-
biotic treatment, which could be a reason for unnecessary
and expensive prevention strategy implementation. There-
fore, all these results indicated that LFT is a reliable and
trustworthy method of detection that can be used in field
conditions.
Previous studies reported coinfection cases of Av.

paragallinarum with G. anatis or O. rhinotracheale in
chickens [16, 18]. In the present study, we identified G.
anatis in nasal mucus samples (11/35) by B.I., but only
8 out of these 11 samples were identified as coinfection
cases by B.I. These 8 samples were also positive for Av.

Fig. 6 Limit of detection for the prototype LFT. Control (C) line; Test (T) line. Avibacterium paragallinarum lysate FARPER-140 (serogroup C) at 10-fold dilution.
From left to right: Not labeled test, 107 CFU/mL; (a), 106 CFU/mL; (b), 105 CFU/mL; (c), 104 CFU/mL; (d), 103 CFU/mL; (e), 102 CFU/mL; (f), 101 CFU/mL; (g), BHI
broth. The detection threshold for the LFT was 104 CFU/mL
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paragallinarum using LFT (Table 3), which supported
the capability of LFT to target the protein of interest.
Particular attention should be paid to the fact that

nasal mucus samples, which were typed as serogroup B
(Table 3), could be detected by LFT despite the fact that

bacterial culture samples from serogroup B were the least
reactive by indirect ELISA assay (Figs. 4 and 5). This result
emphasizes the ability of LFT to detect all three serogroups.
On the other hand, recent studies indicated the poor per-
formance of mPCR [19, 20], which was used in this study

Table 2 Detailed description of chickens involved in the study

Farm localization/date Chicken Type of chicken Age of chicken (weeks) Coryza vaccinea Antibiotic treatmentb Clinical signsc

City of Arequipa

Suspected farm 1 Oct-2017 A1 Laying hens 23 Yes No +

A2 Laying hens 23 Yes No –

A3 Laying hens 23 Yes No +

A4 Laying hens 23 Yes No –

A5 Laying hens 23 Yes No +

A6 Laying hens 23 Yes No +

City of Ica

Suspected farm 2 Dic-2017 T1 Laying hens 4 Yes Yes +

T2 Laying hens 4 Yes Yes +

T3 Laying hens 4 Yes Yes –

T4 Laying hens 4 Yes Yes +

T5 Laying hens 4 Yes Yes –

T6 Laying hens 4 Yes Yes –

T7 Laying hens 4 Yes Yes –

T8 Laying hens 4 Yes Yes –

Suspected farm 3 Jan-2018 I1 Laying hens 7 Yes No +

I2 Laying hens 7 Yes No +

I3 Laying hens 7 Yes No +

I4 Laying hens 7 Yes No +

I5 Laying hens 7 Yes No +

I6 Laying hens 7 Yes No +

I7 Laying hens 7 Yes No +

I8 Laying hens 7 Yes No –

I9 Laying hens 7 Yes No –

I10 Laying hens 7 Yes No –

I11 Laying hens 7 Yes No +

I12 Laying hens 7 Yes No +

I13 Laying hens 7 Yes No +

I14 Laying hens 7 Yes No +

I15 Laying hens 7 Yes No +

I16 Laying hens 7 Yes No +

I17 Laying hens 7 Yes No –

I18 Laying hens 7 Yes No +

I19 Laying hens 7 Yes No –

I20 Laying hens 7 Yes No –

I21 Laying hens 7 Yes No –
aThe vaccination program varies between farms
bThe antibiotic treatment varies between farms
cClinical signs was judged by veterinary experts. +: positive for clinical signs and -: negative for clinical signs
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for sample typing. Nonetheless, the conventional serotyping
technique of hemagglutination inhibition (HI) has also been
reported to have sensitivity limitations and to be a laborious
technique [21]. Moreover, HI is a technique that depends
on bacterial isolation, and in the present study, only 51.4%
of all samples were successfully isolated using B.I. There-
fore, in order to type the largest number of samples, we
used an alternative and sensitive technique based on PCR
assay, which is still being used to type field samples [6].
Interestingly, we could detect the serogroups A and B in
the same farm (Table 3). This event is supported by a coin-
fection case of two serogroups A and B reported previously
in other geographic region [22]. These two independent
cases indicate the need for future assessments in order to
understand the dynamic of Av. paragallinarum serogroups
in a given farm.
Likewise, the limit of detection of the present LFT was

1 × 104 CFU/mL, which is similar to other lateral flow
tests previously reported. Thus, a limit of detection of
1 × 104 CFU/mL and 1.8 × 105 CFU/mL was found for
Salmonella sp. in chickens [23] and for Escherichia coli
O157:H7 in bovine and swine animals [24], respectively.
This comparative description underscores that the LFT
developed in the present study has a similar limit of
detection to that reported in other studies.
Finally, one of the two limitations of this study was the

lack of specificity evaluation using other Avibacterium
spp. (Av. avium, Av. endocarditis, Av. gallinarum and Av.
volantium), and the other one was related to the number

of cultures of positive isolates from Av. paragallinarum.
Therefore, these two limitations should be taken into
consideration for further validation assays of this prototype.

Conclusion
A prototype self-pairing LFT for Av. paragallinarum
detection was successfully developed in this study. The
use of this prototype in the field does not require specially
trained personnel, and this test evaluation can be per-
formed in 30min. In light of our results, the prototype
self-pairing LFT has potential applications for rapid
detection of Av. paragallinarum in chickens suspected
of having infectious coryza in field. However, further
validation assays are required using reference and field
strains from different laboratories in other geographical
regions.

Methods
Bioinformatics prediction
Using as reference reported sequences of TBDT in Av.
paragallinarum (GenBank: WP_052716793.1, KKA99715.1,
WP_051185305.1 and WP_017806794.1), we annotated the
TBDT gene (GenBank: MG242130.1) on the previously
reported genome of Av. paragallinarum strain 72 [25]. The
following regions were flagged on the protein sequence: the
signal peptide (predicted using SignalP 4.1) and regions
with an identity of 50% or higher with any protein of other
avian pathogens (identified using BLASTp). Then, peptides
were predicted on the unflagged regions using Bebipred

Fig. 7 Workflow for evaluation of chickens suspected of having infectious coryza. The evaluation was carried out using bacterial isolation (B.I),
polymerase chain reaction (PCR) and lateral flow test (LFT)
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2.0 and Optimum Antigen (GenScript Laboratories,
Piscataway, NJ, USA), selecting those peptides with the
highest conservation and located in the outer part of
the protein structure (by analyzing the 3D model). The
best candidate obtained (named Ma-4) was used in the
downstream analysis.

Monoclonal antibody production using a peptide
For monoclonal antibody production, the peptide (Ma-4)
was synthesized and used to immunize a BalbC mouse
which was provided by GenScript Laboratories. After 5
weeks, spleen cells were isolated for hybridoma production
by fusion with the SP2/0 mouse myeloma line. Peptide-

Table 3 Comparative description of Avibacterium paragallinarum detection using bacterial isolation (B.I), PCR and the prototype LFT

Chicken Bacterial isolation PCR LFT

Avibacterium paragallinarum Gallibacterium anatis Ornithobacterium rinotracheale Detectiona Typingb

A1 + + – + B +

A2 + – – + B +

A3 + – – + B +

A4 – – – – – –

A5 + – – + B +

A6 + – – + B +

T1 – – – + B +

T2 – – – + A +

T3 – – – – – –

T4 – – – + A +

T5 – – – + A –

T6 – – – – – –

T7 – – – + B –

T8 – – – – – –

I1 + + – + B +

I2 – + – + B +

I3 + + – + B +

I4 + + – + B +

I5 + + – + B +

I6 – – – + B +

I7 + + – + B +

I8 – – – + B +

I9 – + – + B –

I10 + + – + B +

I11 + + – + B +

I12 + – – + B +

I13 – – – + B +

I14 – – – + B +

I15 + – – + B +

I16 – – – + B +

I17 – – – + B –

I18 – + – + B –

I19 + – – + B +

I20 + – – + B +

I21 + – – + B +

+: positive results; −: negative results. Avibacterium paragallinarum serogroups: A, B and C
aTarget gene HPG-2
bTarget gene HMTp210
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reactive clones were finally selected by ELISA assay and
then isotyped. Antibody titers in hybridoma superna-
tants were calculated as the highest positive dilution
against the peptide by indirect ELISA assay. The pep-
tide synthesis, hybridoma production, clone selection,
isotyping and antibody titers were performed by GenScript
Laboratories. The positive clones were sent to FARVET
Laboratories for monoclonal antibody production ac-
cording to a previously published methodology [26].
The hybridoma culture supernatants were used for the
antibody purification steps.
The mouse was euthanized using cervical dislocation

without anesthesia following the American Veterinary
Medical Association (AVMA) guidelines and the termi-
nated animal was disposed by contracted biological waste
disposal company [27].

Antibody purification
Chromatographic runs were conducted on a commercial
prepacked affinity HiTrap rProtein A FF column (0.7 cm×
2.5 cm) (GE Healthcare, Uppsala, Sweden), which occurred
at room temperature, and an AKTA Pure system (GE
Healthcare). The column was equilibrated with 8 column
volumes (CV) of 200mM sodium phosphate buffer and 3M
NaCl at pH 7. The hybridoma culture supernatants were
previously centrifuged for 10min at 4 °C at 13000 x g,
filtered using a 0.22 μm filter and then loaded into the
column at 156 cm/h linear flow velocity using a 150mL
superloop (GE Healthcare). After washing unbound com-
pounds with 8 CV of the equilibration buffer, the antibodies
were eluted stepwise with 8 CV of 0.1M sodium citrate at
pH 3.5. Column eluates were continuously collected as 1mL
fractions in a F9-R fraction collector (GE Healthcare).

Fig. 8 Venn diagrams showing results from the evaluation of chicken nasal mucus samples (N = 35). These results were obtained using bacterial
isolation (B.I), PCR and the prototype LFT. Samples positive (+) for Avibacterium paragallinarum are represented as n (%) inside the diagram, and
negative samples (−) are represented as n outside diagram. n = numbers. Areas of overlap indicate positive results in common. Adapted from
Stewart et al. BMC Veterinary Research (2017) 13:131

Table 4 Comparative indicators of the prototype LFT using bacterial isolation (B.I) and PCR

Prototype LFT

Comparative
techniques

Sensitivity Specificity PPVa NPVb Kappa index

% (95% CI) % (95% CI) % (95% CI) % (95% CI) (95% CI)

B.I 100.0 50.0 65.4 100 0.49

(81.6–100) (29.0–71.0) (46.2–80.6) (70.1–100.0) (0.21–0.78)

PCR 83.9 100.0 100.0 44.4 0.54

(66.4–92.9) (51.0–100.0) (87.1–100.0) (18.9–49.0) (0.17–0.91)

95% CI Confidence interval at 95%
aPositive predictive value
bNegative predictive value
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Preparation of recombinant protein
The sequence of the gene encoding the TonB-dependent
transporter (TBDT) was obtained from NCBI reference
sequence MG242130. The protein sequence consists of
756 amino acids with a theoretical molecular weight of
86.5 kDa. The expression of this recombinant protein
was carried out in an E. coli BL21 strain, and a 6x-histidine
tag was added at the amino terminus (Creative Diagnostics,
Shirley, NY, USA). This recombinant protein was produced
to be used as a positive control in Western blots.

Bacterial pellet, lysate and culture supernatant
The Av. paragallinarum isolates FARPER-113 (serovar
B-1), FARPER-114 (serovar A-2) and FARPER-140 (serovar
C-1) from an outbreak in Peru were serotyped (Page and
Kume scheme), characterized and grown using methods
that were previously reported [2]. The bacteria were grown
in brain-heart infusion (BHI) broth (Sigma Aldrich Co.,
St Louis, Missouri, USA) supplemented with 5% equine
serum and 0.01% NAD (TM/SN) for 18 h under agita-
tion at 37 °C [2]. Later, the Av. paragallinarum cultures
were centrifuged at 11000 x g for 5 min at 4 °C. The
supernatants were filtered using a microfilter (0.45 μm)
and stored at − 80 °C until use. The bacterial pellet was
resuspended with 10 mL of phosphate-buffered saline,
pH 7.4, plus Tween 20 5% (v/v) (Sigma Aldrich Co.),
and incubated on ice for 30min. Subsequently, the resus-
pended bacterial pellet was sonicated at an amplitude of
100 (On/Off time, 30 s/10 s) for 2 min on ice using a
sonicator S-4000 (Qsonica, LLC, Newton, CT, USA) and
centrifuged at 11000 x g for 30min at 4 °C. Finally, the
bacterial lysates obtained from sonication were stored at
− 80 °C, the pellet was resuspended using 1mL of 8M
urea (Sigma Aldrich Co.) and was stored at − 20 °C. Cul-
ture lysates and pellets were quantified using a Bradford
assay (Merck KGaA, Darmstadt, Germany). Additionally,
the pellets, lysates and supernatants of related bird bac-
teria cultures, such as Ornithobacterium rhinotracheale
(FARPER-172), Gallibacterium anatis (FARPER-173), and
Pasteurella multocida (FARPER-069) and non-related bird
bacteria Bortedella bronchiseptica (FARPER-118), were
locally isolated and cultivated using standard bacterio-
logical techniques [16, 28–30]. For a better understanding,
the serovars B-1, A-2 and C-1 obtained using Page and
Kume scheme were referred as serogroups B, A and C,
respectively.

Identification of TBDT protein using Western blot
Bacterial lysate, pellet and culture supernatant samples
were separated by 4–20% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
to a nitrocellulose membrane using an e-blot device (Gen-
Script Laboratories). The membranes were blocked with
Azure Chemi Blot clocking buffer (Azure Biosystems,

Dublin, CA, USA) with shaking for 1 h at room
temperature. Membranes were washed three times for
10 min with phosphate-buffered saline (PBS)-Tween 20
and were incubated with purified monoclonal antibodies
(0.4 μg/mL). Membranes were washed three times with
phosphate-buffered saline-Tween 20. The immune reac-
tion was performed with peroxidase-labelled goat IgG
anti-mouse antibody (GenScript Laboratories) using radi-
ance as a substrate and revealed by a CCD camera (Azure
Biosystems). For bacterial lysates and pellets, 10-fold
dilutions were prepared with the previously quantified
samples (500, 50, 5, 0.5, 0.05 and 0.005 μg/mL). For
bacterial culture supernatants, 2-fold dilutions were
prepared with the supernatant (1:2, 1:4, 1:8 and 1:16) in
PBS at pH 7.0. For recombinant TBDT protein, 500 ng
was used. For molecular weight estimation of the studied
proteins, we used a pre-stained molecular weight marker
that ranged from 26,600 to 180,000 Da (Sigma Aldrich Co.)
and a molecular weight marker that ranged from 30,000 to
120,000 Da (GenScript Laboratories).

Reactivity of monoclonal antibodies using indirect
enzyme-linked immunosorbent assay (ELISA)
The 96-well microplate (Greiner Bio-One GmbH,
Kremsmünster, Austria) was coated with 100 μL of antigen.
The antigens used were bacterial lysates (103–107 CFU/mL)
that were diluted with buffer carbonate/bicarbonate, pH 9.5,
and supernatants from bacterial culture (dilutions from
1:10 to 1:100,000). All antigens except bacterial lysates were
diluted in PBS at pH 7.4. Microplates were incubated at
4 °C overnight. Microplates were washed once with
150 μL of wash buffer (PBS + 0.05% Tween 20), blocked
for 1 h at room temperature with 100 μL of blocking
buffer (PBS + 0.5% BSA) and washed three times with
150 μL of washing buffer. One-hundred microliters purified
monoclonal antibodies (5 μg/mL) were added to the plates
and incubated for 1 h at 37 °C. Microplates were washed
three times with 150 μL of washing buffer. Then, 100 μL of
horseradish peroxidase conjugated goat anti-mouse IgG
H&L (IgG-HRP) (Abcam, Cambridge, MA, USA) was
added, and the microplates were incubated for 1 h at 37 °C.
The microplates were washed four times using 150 μL of
washing buffer; then, 100 μL of 3,3′,5,5′-tetramethylbenzi-
dine (TMB) ELISA substrate (high-sensitivity) (Abcam)
was added, and the microplates were incubated at room
temperature for 30min. Finally, the reaction was stopped
using 100 μL of 2N H2SO4, and the microplates were read
at 450 nm using an EON microplate reader instrument
(Biotek, Winooski, VT, USA).

Assembly of a prototype lateral flow test (LFT)
All possible combinations of antibodies were evaluated
in order to determine which antibody pair was the most
suitable for test development. All antibodies were tested
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as capture and detection reagents. Thus, all antibodies
were conjugated to gold nanoparticles and used for the
test. The detection antibody was immobilized at the Test
(T) line region, and an anti-mouse IgG antibody was
immobilized at the Control (C) line region of a nitrocellu-
lose membrane. Briefly, two red lines in C and T regions
meant a positive result, and only one red line in the C
region meant a negative result for Av. paragallinarum. No
band in the C region meant an invalid LFT.

Specificity evaluation of the prototype LFT
Evaluation of specificity was carried out using culture
lysates and supernatants of related and non-related bird
bacterial cultures that were prepared as described above. All
culture lysates were diluted until reaching 1 × 107 CFU/mL,
from which 100 μL was mixed with 100 μL of diluent buffer.
Finally, 100 μL was added to the sample port of the LFT.
Additionally, cell cultures were infected with avian

respiratory viruses in order to evaluate LFT specificity.
Cell lines such as chicken hepatocellular carcinoma cell
line (LMH), chicken fibroblast cell line (DF-1) and African
green monkey kidney cell line (VERO) were seeded at 1 ×
106 cells/mL with Dulbecco’s modified Eagle medium
(DMEM) F12 (HyClone, Logan, UT, USA) supplemented
with 5% heat-inactivated fetal bovine serum (FBS) in a
75 cm2 flask and cultivated in 5% CO2 at 37 °C until
reaching 70% confluency. These cell lines were infected
with infectious laryngotracheitis virus (VFAR-043 strain)
[31], which was initially adapted to the LMH cell culture
following a previously reported method [32], Newcastle
disease virus (LaSota strain) [33] or avian metapneumo-
virus (SHS-FAR strain) [34] at 0.02 multiplicity of infec-
tion (MOI). The infected cells were cultivated until a
cytopathic effect was observed. Then, the supernatants
were collected and centrifuged at 3000 g for 5min at room
temperature. Finally, the supernatants with viruses were
quantified using plate assay and expressed in plaque-form-
ing units (PFU)/mL. The quantified supernatants were di-
luted until reaching 1 × 106 PFU/mL, and 100 μL was
mixed with 100 μL of diluent buffer and added to the sam-
ple port.

Limit of detection of the prototype LFT
The limit of detection was performed using Av. paragalli-
narum culture lysates from FARPER-140 (serogroup C).
Colony count was performed following a previously
reported method [17]. A bacterial culture (50 mL) was
quantified (1 × 106 CFU/mL) and centrifuged at 11000 x g
for 5min at 4 °C. The bacterial pellet was resuspended
with 5mL of phosphate-buffered saline, pH 7.4, plus 5%
Tween 20 (v/v) (Sigma Aldrich Co.), incubated on ice for
30min and sonicated based on factors mentioned above
in order to obtain 1 × 107 CFU/mL. The lysates were seri-
ally diluted at 10-fold from 1 × 107 to 1 × 101 CFU/mL in

diluent buffer. The lowest positive dilution was considered
the limit of detection of the test.

Chicken sample evaluation using the prototype LFT, PCR
and bacterial isolation
Thirty-five chickens suspected of having infectious coryza
were sent from farms located in the south of Peru (cities:
Arequipa and Ica) to FARVET laboratories, after 2 days of
clinical sign onset, for routine evaluations. Chicken nasal
mucus was obtained by exerting pressure on the nasal
sinuses. The nasal mucus was taken using a 2-mL transfer
pipette and mixed with 200 μL of diluent buffer in a
1.5-mL microtube until reaching a homogeneous mixture.
From this mixture, 100 μL was taken to perform the LFT,
and 100 μL was used for the PCR assays. The homoge-
neous mixture was added to the sample port of the
LFT, and the results were assessed visually after 30 min.
PCR assays based on the HPG-2 gene [35] were used
for detection, and a multiplex PCR (mPCR) based on
the HMTp210 gene [21] was only used for chicken
nasal mucus typing. Bacterial isolation was performed
using bird heads according to a previous report [35].
All chickens were euthanized using cervical dislocation

without anesthesia following the American Veterinary
Medical Association (AVMA) guidelines [36] and the
disposal of dead animals was performed according to
the Peruvian Regulation [37].

Statistical analysis
All quantitative data were analyzed using GraphPad
Prism 6.0 (GraphPad Software, La Jolla, CA, USA). Indirect
ELISA assays performed for duplicate and optical density
(O.D.) values were represented as the mean and standard
deviation (SD). The cutoff was calculated as the mean O.D.
value +2SD. The O.D. value used for cutoff calculation was
obtained from the 1:10,000 dilution for supernatants and
1 × 104 CFU/mL for lysates. The O.D. values obtained
above the cutoff were considered positive, and those
below the cutoff were negative. Two-way ANOVAs with
Tukey’s post hoc test were used for serogroup comparison
analysis (p < 0.05).
Two-by-two contingency tables were created to analyze

associated values among the three methods of detection.
The following indicators for the prototype LFT were
calculated using bacterial isolation and PCR as reference
methods: sensitivity (Se), specificity (Sp), positive predict-
ive value (PPV), negative predictive value (NPV) and
kappa index (K). Each indicator was calculated using a
95% confidence interval. Kappa index (agreement level)
was denoted using Landis and Koch values [38], where 0
is poor, 0.01–0.2 is slight, 0.21–0.4 is fair, 0.41–0.6 is
moderate, 0.61–0.8 is substantial and 0.81–1.0 is almost
perfect.

Morales Ruiz et al. BMC Veterinary Research          (2018) 14:411 Page 13 of 15



Abbreviations
Av. paragallinarum: Avibacterium paragallinarum; B. bronchiseptica: Bortedella
bronchiseptica; B.I: Bacterial isolation; BHI: Brain-heart infusión; BSA: Bovine
serum albumin; CFU: Colony-forming unit; CV: Column volumes; DF-1: Chicken
fibroblast cell line; DMEN: Dulbecco’s modified Eagle medium;
ELISA: Enzyme-Linked ImmunoSorbent Assay; FBS: Fetal bovine serum;
FMDV: Foot-and-mouth disease virus; G. anatis: Gallibacterium anatis;
HI: Hemagglutination inhibition; IC: Infectious coryza; IgG-HRP: Horseradish
peroxidase conjugated goat anti-mouse IgG H&L; K: Kappa index; kDa: Kilo
dalton; LFT: Lateral flow test; LMH: Chicken hepatocellular carcinoma cell line;
mPCR: Multiplex Polymerase Chain Reaction; NAD (TM/SN): Complete growth
medium that contains both chicken serum and nicotinamide adenine
dinucleotide; NCBI: National Center for Biotechnology Information;
NPV: Negative predictive value; O. rhinotracheale: Ornithobacterium
rhinotracheale; O.D: Optical density; OMVs: Outer membrane vesicles; P.
multocida: Pasteurella multocida; PBS: Phosphate-buffered saline;
PCR: Polymerase chain Reaction; PFU: Plaque-forming unit; PPV: Positive
predictive value; SD: Standart desviation; SDS-PAGE: Sodium dodecyl
sulfate–polyacrylamide gel electrophoresis; Se: Sensitivity; Sp: Specificity;
TBDTs: TonB-dependent transporters; TMB: 3,3′,5,5′-tetramethylbenzidine;
VERO: African green monkey kidney cell line

Acknowledgments
We would like to thank to Dr. Adriana Paredes and Dr. Miguel Marzal for their
support with the hybridoma culture. We thank to MSc. Aldo Rojas and MSc.
Vladimir Longa for their technical support. Additionally, we thank to Dr. Vladimir
Morales for his valuable recommendations for the manuscript and his
constructive discussions. We thank to DVM. Julio Ticona for organizing farm
sample transportation.

Funding
This work was financially supported by the Programa Nacional de Innovación
para la Competitividad y Productividad (Innóvate Perú) under the contract
184-FIDECOM-FINCyT-PIPEA-2014.

Availability of data and materials
The 1G7G8 hybridoma clone generated during this study is available in the
International Depository Authority of Canada (IDAC) under accession number
200218–01.

Authors’ contributions
SMR, JB and MF-D authors conceived and designed the study. DR performed
bioinformatic analyses. SMR, JB, RCG, RM, LCM and AMA acquired the data of
the study. SMR and JB performed data analyses and wrote the manuscript. All
authors read and approved the final manuscript.

Ethics approval
The use of a BalbC mouse for hybridoma clone development was performed
by GenScript Laboratories. GenScript Laboratories received ethical procedure
approval from OLAW’s Animal Welfare of the U. S. National Institutes of
Health (NIH) under assurance number A5892–01. All chickens involved in this
study were sent to FARVET laboratories for routine diagnostic analysis from
local farms. Therefore, no ethical approval was required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Laboratorios de Investigación y Desarrollo, FARVET SAC, Carretera
Panamericana Sur Nº766 Km 198.5, Chincha Alta 11702, Ica, Peru.
2Laboratorio de Bioinformática y Biología Molecular, Laboratorio de
Investigación y Desarrollo, Universidad Peruana Cayetano Heredia, Av.
Honorio Delgado 430 San Martín de Porres, Lima, Lima, Peru. 3FARVET SPF
SAC, Carretera Panamerica Sur Nº766 Km 198.5, Chincha Alta 11702, Ica, Peru.

Received: 4 April 2018 Accepted: 30 November 2018

References
1. Blackall PJ, Christensen H, Beckenham T, Blackall LL, Bisgaard M.

Reclassification of Pasteurella gallinarum, [Haemophilus] paragallinarum,
Pasteurella avium and Pasteurella volantium as Avibacterium gallinarum
gen. Nov., comb. nov., Avibacterium paragallinarum comb. nov.,
Avibacterium avium comb. nov. and Avibacterium volantium comb. nov. Int
J Syst Evol Microbiol. 2005;55(Pt 1):353–62.

2. Blackall PJ, Soriano-Vargas E. Infectious Coryza and related bacterial infections.
In: Diseases of poultry. 13th edn. Edited by Swayne DE, Glisson JR, McDougald
LR, Nolan LK, Suarez DL, Nair V. Ames, IA: Wiley; 2013. p. 859–68.

3. Chen X, Chen Q, Zhang P, Feng W, Blackall PJ. Evaluation of a PCR test for
the detection of Haemophilus paragallinarum in China. Avian Pathol. 1998;
27(3):296–300.

4. Chen X, Miflin JK, Zhang P, Blackall PJ. Development and application of
DNA probes and PCR tests for Haemophilus paragallinarum. Avian Dis. 1996;
40(2):398–407.

5. Muhammad TM, Sreedevi B. Detection of Avibacterium paragallinarum by
polymerase chain reaction from outbreaks of infectious coryza of poultry in
Andhra Pradesh. Vet World. 2015;8(1):103–8.

6. Patil VV, Mishra D, Mane DV. 16S ribosomal RNA sequencing and molecular
serotyping of Avibacterium paragallinarum isolated from Indian field
conditions. Vet World. 2017;10(8):1004–7.

7. Abascal EN, Guerra AC, Vazquez AS, Tenorio VR, Cruz CV, Zenteno E,
Contreras GP, Pacheco SV. Identification of iron-acquisition proteins of
Avibacterium paragallinarum. Avian Pathol. 2009;38(3):209–13.

8. Fernandez-Rojas MA, Vaca S, Reyes-Lopez M, de la Garza M, Aguilar-Romero F,
Zenteno E, Soriano-Vargas E, Negrete-Abascal E. Outer membrane vesicles of
Pasteurella multocida contain virulence factors. Microbiologyopen. 2014;3(5):
711–7.

9. Ramon Rocha MO, Garcia-Gonzalez O, Perez-Mendez A, Ibarra-Caballero J,
Perez-Marquez VM, Vaca S, Negrete-Abascal E. Membrane vesicles released
by Avibacterium paragallinarum contain putative virulence factors. FEMS
Microbiol Lett. 2006;257(1):63–8.

10. Bragg RR, Gunter NJ, Coetzee L, Verschoor JA. Monoclonal antibody
characterization of reference isolates of different serogroups of
Haemophilus paragallinarum. Avian Pathol. 1997;26(4):749–64.

11. Yamaguchi T, Takigami S, Iritani Y, Hayashi Y. Characterization and use of
monoclonal antibodies to identify Haemophilus paragallinarum serovars.
Avian Dis. 1990;34(1):52–7.

12. Verschoor JA, Coetzee L, Visser L. Monoclonal antibody characterization of
two field strains of Haemophilus paragallinarum isolated from vaccinated
layer hens. Avian Dis. 1989;33(2):219–25.

13. Noro T, Oishi E, Kaneshige T, Yaguchi K, Amimoto K, Shimizu M.
Identification and characterization of haemagglutinin epitopes of
Avibacterium paragallinarum serovar C. Vet Microbiol. 2008;131(3–4):406–13.

14. Noro T, Yaguchi K, Amimoto K, Oishi E. Identification and expression of a gene
encoding an epitope that induces hemagglutination inhibition antibody to
Avibacterium paragallinarum serovar a. Avian Dis. 2007;51(1):84–9.

15. Oem JK, Ferris NP, Lee KN, Joo YS, Hyun BH, Park JH. Simple and rapid
lateral-flow assay for the detection of foot-and-mouth disease virus. Clin
Vaccine Immunol. 2009;16(11):1660–4.

16. Morales-Erasto V, Falconi-Agapito F, Luna-Galaz GA, Saravia LE, Montalvan-Avalos A,
Soriano-Vargas EE, Fernandez-Diaz M. Coinfection of Avibacterium
paragallinarum and Ornithobacterium rhinotracheale in chickens from
Peru. Avian Dis. 2016;60(1):75–8.

17. Corney BG, Diallo IS, Wright L, Hewitson G, De Jong A, Tolosa X, Burrell P,
Duffy P, Rodwell B, Boyle DB, et al. Rapid and sensitive detection of
Avibacterium paragallinarum in the presence of other bacteria using a 5’
Taq nuclease assay: a new tool for diagnosing infectious coryza. Avian
Pathol. 2008;37(6):599–604.

18. Paudel S, Ruhnau D, Wernsdorf P, Liebhart D, Hess M, Hess C. Presence of
Avibacterium paragallinarum and histopathologic lesions corresponds with
clinical signs in a co-infection model with Gallibacterium anatis. Avian Dis.
2017;61(3):335–40.

19. Morales-Erasto V, Posadas-Quintana Jde J, Fernandez-Diaz M, Saravia LE,
Martinez-Castaneda JS, Blackall PJ, Soriano-Vargas E. An evaluation of
serotyping of Avibacterium paragallinarum by use of a multiplex
polymerase chain reaction. J Vet Diagn Investig. 2014;26(2):272–6.

Morales Ruiz et al. BMC Veterinary Research          (2018) 14:411 Page 14 of 15



20. Wang H, Sun H, Blackall PJ, Zhang Z, Zhou H, Xu F, Chen X. Evaluation of a
proposed molecular methodology for the serotyping of Avibacterium
paragallinarum. J Vet Diagn Investig. 2016;28(5):555–60.

21. Sakamoto R, Kino Y, Sakaguchi M. Development of a multiplex PCR and
PCR-RFLP method for serotyping of Avibacterium paragallinarum. J Vet Med
Sci. 2012;74(2):271–3.

22. Christy N, Carrasco S, Soriano E, Morales V. A severe outbreak of
Avibacterium paragallinarum serovars A-2 and B-1 in coinfection with
Gallibacterium anatis biovar haemolytica and the non-hemolytic biovar
anatis in commercial layers. In: 2018 International Poultry Scientific Forum:
29–30 January, 2018 2018. Atlanta, Georgia: The International Production
and Processing Expo; 2018. p. 42.

23. Bautista DA, Elankumaran S, Arking JA, Heckert RA. Evaluation of an
immunochromatography strip assay for the detection of Salmonella sp.
from poultry. J Vet Diagn Invest. 2002;14(5):427–30.

24. Jung B, Jung S, Kweon C. Development of a rapid immunochromatographic
strip for detection of Escherichia coli O157. J Food Prot. 2005;68(10):3.

25. Requena D, Chumbe A, Torres M, Alzamora O, Ramirez M, Valdivia-Olarte H,
Gutierrez AH, Izquierdo-Lara R, Saravia LE, Zavaleta M, et al. Genome
sequence and comparative analysis of Avibacterium paragallinarum.
Bioinformation. 2013;9(10):528–36.

26. Paredes A, Saenz P, Marzal MW, Orrego MA, Castillo Y, Rivera A, Mahanty S,
Guerra-Giraldez C, Garcia HH, Nash TE, et al. Anti-Taenia solium monoclonal
antibodies for the detection of parasite antigens in body fluids from
patients with neurocysticercosis. Exp Parasitol. 2016;166:37–43.

27. Vertebrate Animals Section [https://www.genscript.com/NIH-grant-
application-vertebrate-animal-section.html].

28. Glisson JR. Pasteurellosis and other respiratory bacterial infections. In:
Diseases of poultry. 13th edn. Edited by Swayne DE, Glisson JR, McDougald
LR, Nolan LK, Suarez DL, Nair V. Ames, IA: Wiley; 2013. p. 807–58.

29. Logue CM. Other Bacterial Diseases. In: Diseases of poultry. 13th edn. Edited
by Swayne DE, Glisson JR, McDougald LR, Nolan LK, Suarez DL, Nair V.
Ames, IA: Wiley; 2013. p. 1020–1.

30. Nakagawa M, Muto T, Nakano T, Yoda H, Ando K, Isobe Y, Im Aizumi K.
Some observations on diagnosis of Bordetella bronchiseptica infection in
Guinea pigs. Exp Animals. 1968;18(3):11.

31. Morales Ruiz S, Bendezu Eguis J, Montesinos R, Tataje-Lavanda L,
Fernandez-Diaz M. Full-genome sequence of infectious Laryngotracheitis
virus (Gallid Alphaherpesvirus 1) strain VFAR-043, Isolated in Peru.
Genome Announc. 2018;6(10). https://doi.org/10.1128/genomeA.00078-18.

32. Devlin JM, Viejo-Borbolla A, Browning GF, Noormohammadi AH, Gilkerson
JR, Alcami A, Hartley CA. Evaluation of immunological responses to a
glycoprotein G deficient candidate vaccine strain of infectious
laryngotracheitis virus. Vaccine. 2010;28(5):1325–32.

33. Chumbe A, Izquierdo-Lara R, Calderon K, Fernandez-Diaz M, Vakharia VN.
Development of a novel Newcastle disease virus (NDV) neutralization test
based on recombinant NDV expressing enhanced green fluorescent protein.
Virol J. 2017;14(1):232.

34. Jones RC, Rautenschlein S. Newcastle disease, other Avian Paramyxoviruses,
and Avian Metapneumovirus infections: Avian Metapneumovirus. In:
Diseases of poultry. 13th edn. Edited by Swayne DE, Glisson JR, McDougald
LR, Nolan LK, Suarez DL, Nair V. Ames, IA: Wiley; 2013. p. 112–9.

35. Falconi-Agapito F, Saravia LE, Flores-Perez A, Fernandez-Diaz M. Naturally
occurring beta-nicotinamide adenine dinucleotide-independent
Avibacterium paragallinarum isolate in Peru. Avian Dis. 2015;59(2):341–3.

36. Euthanasia AP. AVMA guidelines for the Euthanasia of animals (2013
edition): American Veterinary Medical Association; 2013.

37. SENASA. Normas Legales. In: Decreto Supremo N° 029–2007-AG “Aprueban
Reglamento del Sistema Sanitario Avícola”. Lima: El Peruano; 2007. p.
356402–12.

38. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159–74.

Morales Ruiz et al. BMC Veterinary Research          (2018) 14:411 Page 15 of 15

https://www.genscript.com/NIH-grant-application-vertebrate-animal-section.html
https://www.genscript.com/NIH-grant-application-vertebrate-animal-section.html
https://doi.org/10.1128/genomeA.00078-18

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Monoclonal antibody characterization
	Identification of recombinant TBDT using the 1G7G8 and 3A3D8 monoclonal antibodies in a Western blot
	Identification of TBDT in Av. paragallinarum cultures (serogroups a, B and C) using the 1G7G8 and 3A3D8 monoclonal antibodies in a Western blot
	Evaluation of the 1G7G8 monoclonal antibody reactivity against related and non-related bird bacterial cultures in Western blot
	Reactivity of the 1G7G8 monoclonal antibody against Av. paragallinarum serogroups in indirect ELISA assay
	Characterization of the prototype LFT

	Discussion
	Conclusion
	Methods
	Bioinformatics prediction
	Monoclonal antibody production using a peptide
	Antibody purification
	Preparation of recombinant protein
	Bacterial pellet, lysate and culture supernatant
	Identification of TBDT protein using Western blot
	Reactivity of monoclonal antibodies using indirect enzyme-linked immunosorbent assay (ELISA)
	Assembly of a prototype lateral flow test (LFT)
	Specificity evaluation of the prototype LFT
	Limit of detection of the prototype LFT
	Chicken sample evaluation using the prototype LFT, PCR and bacterial isolation
	Statistical analysis
	Abbreviations

	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

