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Abstract: Background: The incidence of poliovirus has been significantly reduced by as much as
99.9% globally. Alongside this, however, vaccine-associated paralytic poliomyelitis has emerged.
Previously, our team reported in the Lésio-Louna-Léfini Nature Reserve (Republic of Congo) the
presence of a new Enterovirus C (Ibou002) in a male gorilla that was put away because of clinical
symptoms of facial paralysis. This new virus, isolated was from the stool samples of this gorilla but
also from the excrement of an eco-guardian, is very similar to Coxsackievirus (EV-C99) as well as
poliovirus 1 and 2. We hypothesised that these symptoms might be due to poliovirus infection. To
test our hypothesis, we developed and optimised a non-invasive immunoassay for the detection of
Enterovirus-specific antibodies in gorilla faeces that could be useful for routine serosurveillance in
such cases. Methods: In order to assess the potential role of poliovirus infection, we have developed
and optimised a protocol, based on the lyophilisation and solubilisation of small volumes of stool
extracts from 16 gorilla and 3 humans, to detect specific antibodies by western blot and ELISA.
Results: First, total immunoglobulins were detected in the concentrated stool extracts. Specific
antibodies were then detected in 4/16 gorilla samples and 2/3 human samples by western blot using
both the polio vaccine antigen and the Ibou002 antigen and by ELISA using the polio vaccine antigen.
Humoral responses were greater with the Ibou002 antigen. Conclusion: We therefore suggest that
this recombinant virus could lead to a polio-like disease in the endangered western lowland gorilla.
The development of a non-invasive approach to detect microorganism-specific immunoglobulins
from faecal samples opens numerous prospects for application in zoonotic infectious diseases and
could revolutionise the screening of animals for important emerging infections, such as Ebola fever,
rabies and coronavirus infections.

Keywords: gorilla; faeces; specific immunoglobulins; poliovirus; enterovirus

1. Introduction

Poliovirus is a virus belonging to the Picornaviridae family and the Enterovirus genus
(Enterovirus C), which causes poliomyelitis in humans [1]. The poliovirus genome is a
7.5 kilobase single-stranded RNA surrounded by a capsid, composed of four proteins (VP1,
VP2, VP3 and VP4) [2]. There are three poliovirus types (1, 2 and 3) and immunity to one
type does not protect against the two others [3].
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The global polio eradication programme was initiated in 1988 with the use of a live-
attenuated oral poliovirus vaccine. It resulted in the number of wild poliovirus cases in
the world declining by more than 99.9%, from an estimated 350,000 cases in more than
125 endemic countries to 175 wild cases in 2019 (https://www.who.int/health-topics/
poliomyelitis#tab=tab_1; 27 November 2020). Wild poliovirus types 2 and 3 were officially
certified as having been eradicated in 2015 and 2019, respectively [4,5]. The non-circulation
of wild poliovirus type 1 has been reported in Nigeria since 2016 [6,7]. On 25 August
2020, the WHO African region was certified as being free of wild poliovirus, leaving only
two countries in the Eastern Mediterranean Region reporting endemic circulation of wild
poliovirus type 1 (https://www.who.int/wer/2020/wer9541/en/; 9 October 2020) [8–11].
In parallel, however, another challenge arose with the emergence of vaccine-associated
paralytic poliomyelitis [12]. In the past 12 months, a total of 202 wild virus cases have
been reported in Afghanistan (61) and Pakistan (142) (http://polioeradication.org/polio-
today/polio-now/this-week); 7 April 2021), while 605 cases of vaccine-associated paralytic
poliomyelitis have been detected worldwide, including in 19 African countries (406 cases),
Afghanistan (101), Pakistan (80), Malaysia (1), the Philippines (1), and Yemen (16). It
is notable that of these 605 vaccine-associated cases, 424 originated from non-endemic
countries and 181 from known endemic countries [8,13–16]. It has also been reported that
5–10% of polio deaths worldwide are now due to Circulating poliovirus type 2 derived
from a vaccine strain (cVDPVP) [8].

The transmission route of poliovirus is faecal-oral. Humans remain the natural host for
the disease, but it can also infect primates and monkeys [1,3]. There is a positive correlation
between zoonotic diseases and the emergence of infectious diseases in humans [17]. It has
been shown under experimental conditions that hominoids and monkeys can be infected
with poliovirus [18,19]. A 2005 study in Madagascar demonstrated the circulation of
vaccine-derived recombinant poliovirus strains, which are recombinant Enterovirus-C
viruses, and their ability to lead to a “polio-like” disease in humans [20].

A study conducted by Harvala et al. in Cameroon and the Democratic Republic of
Congo (DRC) screened for enteroviruses by PCR in chimpanzee and gorilla faecal samples.
It demonstrated both the circulation of genetically divergent variants of enteroviruses
in apes and monkeys as well as one strain (EV-A89) that they share with local human
populations [21]. In addition, the Enterovirus species described in humans and other species
as a potential source of emerging infectious diseases in humans has also been detected in
monkeys [22,23].

Previous studies have proposed a method for the detection of virus immunoglobulins
in stool [24–26]. These methods had some limitations such as non-optimisation and the
samples were very diluted [27].

Previously, our team reported in the Lésio-Louna-Léfini Nature Reserve (Republic
of Congo) the presence of a new Enterovirus C (EV-C99) in a male gorilla that was put
away because of clinical symptoms of facial paralysis. This new virus is very similar to
Coxsackievirus as well as poliovirus 1 and 2. We hypothesised that these symptoms might
be due to poliovirus infection. To test our hypothesis, we developed and optimised a
non-invasive immunoassay for the detection of Enterovirus-specific antibodies in gorilla
faeces that could be useful for routine serosurveillance in such cases.

2. Materials and Methods
2.1. Collection of Gorilla Faeces Samples

Fresh faecal samples were collected from western lowland gorillas (Gorilla gorilla
gorilla) living in semi-captivity and in the wild in the Lésio-Louna-Léfini Gorilla Nature Re-
serve (2◦58′33.1′′ S, 15◦28′33.4′′ E), located in the northern Pool Department in the Republic
of Congo. A total of 16 gorilla faecal samples were collected. Samples were collected from
semi captive 12 young gorillas, 1 to 3 years old in Iboubikro (Lat: 03.27040; Long: 15.47071)
and 5 wild gorillas, 16 to 18 years old in Abio2 (Lat: 03.094; Long: 15.52633). Samples were
collected in individual pots (Labelians, Nemours, France) and 50 mL Falcon tubes (Dutscher,
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Brumath, France). At each collection time and for each sample, information relating to the
GPS position of the location, the estimated decomposition time of the faeces as well as the
morphological and/or physical aspect of the sample was recorded. During the sample col-
lection, we observed a male gorilla named Sid living alone on an island in front of the Abio
station in the Lésio-Louna-Léfini Nature Reserve, where he had been placed after being
sick. We observed clear signs of facial myodystrophy and paresis and upper limbs paresis
(Figure 1). Three faecal samples were collected from three people working on the site as
“eco-guards”. Each sample was given an anonymous identification code (Ibou1, Ibou2 and
Ibou3). A poliovirus serology-positive control serum (Poliomyelitis virus kit, GenWay, San
Diego, CA, USA) was used as a control. Research and administrative authorisations for the
collection of samples were granted by the Congolese Ministry of Scientific Research and
Technological Innovation (N◦003/MRSIT/DGRST/DMAST), the Ministry of Forestry Econ-
omy and Sustainable Development, represented by the Congolese Agency for Wildlife and
Protected Areas (N◦0134/ACFAP-DTS) and (N◦94/MEFDD/CAB/DGACFAP-DTS), and
the Ministry of Health and Population (N◦000220/MSP-CAB-17 and N◦208/MSP/CAB.15).
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Figure 1. Geographic map of the collection site and the gorilla named “Sid” who presented myodystrophy and paresis on
the face. He lives alone on an island in front of the Abio station in the Lesio-Louna nature reserve (Republic of Congo).

2.2. Concept and Optimisation of the Methodological Approach

The principle of our approach initially consisted in developing a method of extracting
immunoglobulins which makes it possible to obtain structural and functional proteins for
humoral evaluation. The extraction buffer contained a protease inhibitor cocktail to inhibit
the general degradation of proteins from stool extracts, tissues or cells by endogenous
or exogenous microorganism proteases and to study processes that involve blocking
the activity of specific proteases. Three gorilla and 19 human stool samples were used
to optimise the assay. The three gorilla samples used to optimise the test were taken
from our wild gorilla collection in (Lat: 03.094; Long: 15.52633) and the human samples
came from the stools of patients sent for diagnostic purposes to our laboratory at the
IHU Méditerranée Infection. These stool samples were kept for a week at 4 ◦C and then
discarded. In accordance with the French Bioethics Law of 2004, residual patient samples
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can be used for research purposes after anonymization and non-opposition. Different
stool treatment protocols were tested for the detection of immunoglobulins (IgG and IgA),
mainly: (1) filtration of stool extracts from 2 g of stools plus 2 mL of buffer; (2) lyophilisation
of the filtered extract, reconstituted in 500 µL of buffer and then purification of IgG and
IgA in the reconstituted extract with protein G and pectin M; and (3) lyophilisation of the
filtered extract, reconstituted in a small volume of buffer (500 µL) then concentrated by the
Amicon® Ultra-1. Concentrations of total immunoglobulins (IgA and IgG) were evaluated
by ELISA (Abcam, Paris, France) according to the manufacturer’s protocol to validate the
method of protein extraction from stools.

2.3. Experimental Protocol Adopted for Stool Protein Extraction

Two grams of each sample were solubilised in 2 mL of an extraction buffer consisting of
phosphate buffered saline solution supplemented with 4-(2-aminoethyl)-benzenesulfonyl
fluoride 4 mM, bestatin 0.26 mM, E-64 28 µM, leupeptin 2 µM and aprotinin 0.6 µM, pH 7.4,
and SIGMAFAST™ Protease Inhibitor Tablets (Sigma-Aldrich, Saint-Louis, MO, USA). The
stool-buffer mixture was incubated for 15 min at room temperature, vortexed for 1 min,
and then centrifuged at 1500 rpm for 15 min at 4 ◦C. The supernatant was lyophilised
for 24 h and then re-solubilised in 1 mL of distilled water. Then, 500 µL of re-solubilised
stool was concentrated using Amicon® Ultra-15 3k centrifugal filters (Merck, Saint-Romain,
France) for further studies (Figure 2). Concentrations of total immunoglobulins (IgA and
IgG) were evaluated by ELISA (Abcam, Paris, France) to validate the method of protein
extraction from stools (Figure 2).
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2.4. Quantification of Anti-Poliovirus Immunoglobulins by ELISA

Specific immunoglobulins were identified (IgG and IgA) by ELISA according to
the manufacturer’s instructions (Poliomyelitis virus kit, GenWay, San Diego, CA, USA).
We added to the secondary antibody of the Kit an anti-IgA (Abcam, Louis Blanc Paris
75010, France) diluted at 1/1000 to identify the two antibody isotypes. The polio antigen
derived from the human pathogenic poliovirus types, specifically type 1 (Brunhilde), type
2 (Lansing), and type 3 (Leon) was bound in the wells of the plate. The diluted samples
or standards were then deposited. After one hour of incubation at room temperature, the
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plate was rinsed with wash buffer. The anti-human IgG peroxidase conjugate was then
added and incubated for 30 min, followed by a wash step. The substrate solution was then
added and incubated for 20 min. The reaction was stopped by adding a stop solution. The
resulting dye was measured using a Thermo Fisher spectrophotometer (Uppsala, Sweden)
at a wavelength of 450 nm.

2.5. Characterisation of Enterovirus-Specific Antibodies by Western Blot from Faecal Samples

Preparation of antigen from the polio vaccine. The Imovax Polio vaccine (Sanofi,
Antony, France) was used as an antigen source for the characterisation of poliovirus-specific
immunoglobulins by western blot. The vaccine is a sterile suspension of poliovirus types
1 (Mahoney), 2 (MEF1) and 3 (Saukett), which are grown on Vero cells, purified, and then
inactivated with formaldehyde. Four doses of Imovax Polio were treated with 200 µL of TS
lysis buffer (Triton X-100), lyophilised, resolubilised in 500 µL distilled water containing
10% TS and fractionated by sonication (5 min) to release the antigen molecules and then
concentrated at 10× with a 3 kDa amicon filter (Figure 3). The concentrated antigen was
measured by Bradford protein assay (Bio-Rad, Hemel Hempstead, UK), and an SDS-PAGE
was performed with 50 µg of the purified antigen and 12% of polyacrylamide.
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Figure 3. Protocol for the extraction of antigens from the polio vaccine (Imovax®) for analysis by western blot. Imovax
Polio (2 mL) were treated with 200 µL of the TS lysis buffer (Triton X-100), Lyophilised, and resolubilised in 500 µL distilled
water containing 10% TS and fractionated by sonication (5 min) to release the antigen molecules and then concentrated at
10× with a 3 kDa amicon filter.

Preparation of antigen from enterovirus strain Ibou002. The strain Ibou002 [28] of
recombinant enterovirus C, originally isolated from an eco-guardian in the Lésio-Louna
Nature Reserve, was replicated for seven days in MRC5 cells line (ATCC® CCL-171™). The
virus-infected MRC5 cells were collected and centrifuged at 700× g for 15 min (Eppendorf
Centrifuge 5810R). Supernatant was filtered by serial filtration steps to eliminate cells and
cellular debris, passing through 0.8 µm, 0.45 µm and 0.2 µm filters. Virus particles were
then precipitated in 10% PEG-8000 and 2.2% NaCl at 4 ◦C overnight, in agitation. The
precipitates were centrifuged at 10,000× g (Sorvall Evolution, SLA-3000 Recent-1 rotor,
Thermo Fisher) for 30 min at 4 ◦C, and the virus pellet was then resuspended in HEPES
saline solution (9 g NaCl, 10 mL HEPES 1 M, 990 mL distilled H2O). The resuspended virus
was purified using a 30% (wt/vol) sucrose cushion at 100,000× g (Sorvall Discovery 90SE,
Thermo Fisher) for two-and-a-half hours at 4 ◦C. The virus pellet was washed in HBSS
(Thermo Fisher), and centrifuged at 100,000× g (Beckman SW 32 Ti rotor) for 30 min at 4 ◦C.
Finally, the viral particles were resuspended in HEPES saline and then fractionated with TS
buffer (7 M Urea, 2 M Thiourea, 4% CHAPS) to release the antigen. The released antigen
was then concentrated with the Amicon 3 kDa filter (Merck KGaA, Darmstadt, Germany)
before being analysed by SDS gel electrophoresis, and western blot. The concentration
of the antigen was measured, and 50 µg of the Purified product was loaded onto 12%
SDS-polyacrylamide gel for analysis.

Western blot. Western blot was performed using JessTM Simple Western system
(Protein Simple, San Jose, CA, USA) according to the manufacturer’s protocol [29]. This
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technique is an automated capillary size separation and nano-immunoassay system for
performing a gel-free, blot-free, and hands-free capillary-based immunoassay that inte-
grates and automates the entire protein separation and detection process with home-made
antigens. To quantify the absolute response to viral proteins from samples, we followed the
manufacturer’s standard method for 12–230 kDa JessTM separation module (SM-W004).
First, the poliovirus antigen (0.24 µg/µL) was mixed with fluorescent 5× master mix
(Protein Simple) to achieve a final concentration of 0.20 µg/µL in the presence of fluores-
cent molecular weight markers and 400 mM dithiothreitol (DTT, Protein Simple). This
preparation was then denatured at 95 ◦C for five minutes. The ladder (12–230 kDa) and
viral proteins were separated in capillaries as they migrate through a separation matrix
at 375 volts. A protein simple proprietary photoactivated capture chemistry was used
to immobilise separated viral proteins on the capillaries. Faecal samples were added
and incubated for 30 min. After a wash step, goat HRP-conjugated anti-human IgG/IgA
antibodies (Jackson ImmunoResearch, Ely, UK) diluted at 1:250 were added for 30 min.
Finally, the chemiluminescent revelations of the ladder and samples were established with
peroxide/luminol-S (Protein Simple). The digital image was analysed with Compass for
SW software (v 4.1.0, Protein Simple), and quantified data of the detected proteins was
reported, including the molecular weight, chemiluminescence intensity, and signal/noise
ratio. Western blot analyses were performed according to this protocol, using (1) the polio
vaccine and (2) the purified Ibou002 virus strain as antigens.

3. Results
3.1. Differentiation of the Faeces of Individual Gorillas

A previous study by our team had confirmed that each faeces sample corresponded
to an individual gorilla [28] A code was given to each of the 16 gorillas. Twelve had a G0
code followed by a number from 1 to 12, and four had a GNLL code followed by a number
from 1 to 4.

3.2. Selection of the Stool Preparation Protocol

Using protocol 1, based on raw stool extracts, very low concentrations of immunoglob-
ulins were detected (Supplementary Figure S1). Using protocol 2, based on purification
with protein G and peptin M, we noticed a loss of immunoglobulin concentrations after
purification (data not shown). Protocol 3, based on the lyophilisation of the filtered stool
extract followed by its reconstitution in a small volume, led to the best results, as shown in
Supplementary Figure S1. After evaluation of the data, protocol 3 (Figure 2) was adopted
as the final protocol.

In the gorilla stools, the median concentration was 223.5 ng/mL with an interquartile
range (IQR) of 172.8–272 observed for IgA, and 135 ng/mL with an IQR of 80.23–171.7 for
IgG. In the human faeces, the median concentration was 1612.1 ng/mL with an IQR of
812.12–1965.30 observed for IgA, and 639.3 ng/mL with an IQR of 503.3–698 for IgG. The
IQR was the 25–75 percentile. We used the total IgA and IgG ELISA Kits (Abcam, Paris,
France) (Figure 4). The latter was therefore selected to continue analyses on the stool.
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ELISA using the protocol 3. We used the total IgA and IgG ELISA Kits (Abcam, Paris, France).

3.3. Quantification and Detection of Poliovirus-Specific Immunoglobulins by ELISA and
Western Blot
3.3.1. Quantification of Poliovirus-Specific Immunoglobulins (IgA-IgG)

The poliovirus-IgG/IgA evaluation of 16 gorilla and 3 human stool samples was
carried out by ELISA. The IgG/IgA level was represented by the OD at 450 nm. A sample
was considered positive for IgG/IgA when the OD value was higher than or equal to
the OD value of the cut-off control samples. Specific antibodies were detected in four of
16 (25%) gorilla samples (G01, G02, G03 and G07), and in two of the three human faecal
samples (Ibou2 and Ibou3) (Figure 5).

Microorganisms 2021, 9, x FOR PEER REVIEW 7 of 12 
 

 

 
Figure 4. Evaluation of total IgA (A) and IgG (B) concentrations (ng/mL) in stools of three gorillas and nineteen humans 
by ELISA using the protocol 3. We used the total IgA and IgG ELISA Kits (Abcam, Paris, France). 

3.3. Quantification and Detection of Poliovirus-Specific Immunoglobulins by ELISA and 
Western Blot 
3.3.1. Quantification of Poliovirus-Specific Immunoglobulins (IgA-IgG) 

The poliovirus-IgG/IgA evaluation of 16 gorilla and 3 human stool samples was car-
ried out by ELISA. The IgG/IgA level was represented by the OD at 450 nm. A sample was 
considered positive for IgG/IgA when the OD value was higher than or equal to the OD 
value of the cut-off control samples. Specific antibodies were detected in four of 16 (25%) 
gorilla samples (G01, G02, G03 and G07), and in two of the three human faecal samples 
(Ibou2 and Ibou3) (Figure 5). 

 
Figure 5. Evaluation of poliovirus IgG/IgA by ELISA. Graph representing the specific IgG/IgA 
(OD) level of all samples, measured at a wavelength of 450 nm. A sample was considered positive 
for IgG/IgA when the OD value was higher than or equal to the OD value of the cut-off control 
samples. 

3.3.2. Detection of Poliovirus- and Enterovirus C-specific Immunoglobulins by Western 
Blot 

The protein profiling was performed with both antigen sources (Imovax vaccine and 
Ibou002 strain). Different protein profiles were identified for each antigen by SDS-PAGE. 
The vaccine displayed five bands possibly indicating five proteins with molecular weights 

Figure 5. Evaluation of poliovirus IgG/IgA by ELISA. Graph representing the specific IgG/IgA (OD)
level of all samples, measured at a wavelength of 450 nm. A sample was considered positive for
IgG/IgA when the OD value was higher than or equal to the OD value of the cut-off control samples.

3.3.2. Detection of Poliovirus- and Enterovirus C-Specific Immunoglobulins by
Western Blot

The protein profiling was performed with both antigen sources (Imovax vaccine and
Ibou002 strain). Different protein profiles were identified for each antigen by SDS-PAGE.
The vaccine displayed five bands possibly indicating five proteins with molecular weights
ranging from 35–45 kDa. We found seven bands in the antigen purified from the virus,
which correspond to a molecular weight of between 40 and 180 kDa (Figure 6A,B).
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were run in a 12% polyacrylamide gel.

Western Blot

The immunoglobulin evaluation by western blot showed positive samples for both
antigens source (poliovirus vaccine and Ibou002 virus strain), but with different band
profiles between them (Figure 7A,B). Bands were detected in four samples (G01, G02, G03
and G07) from 16 samples of gorilla faeces, and two samples (Ibou2 and Ibou3) from three
human faeces, which were previously detected as positive by ELISA. We also noted that all
samples with bands from the vaccine antigen also showed bands for the virus isolated, but
at different molecular weight depending on the antigen source (Figure 7A,B).
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Figure 7. Western blot JessTM using two different antigens, poliovirus vaccine (A) and Ibou002 virus
strain (B). Anti-human IgG/IgA antibody detection was performed for 16 gorilla stools, three human
stools, and one control positive serum (non-diluted and diluted 1:100).

4. Discussion

In this study, we developed a non-invasive approach for screening animal immune
responses using fresh stool samples. The detection of the total antibody levels (IgA/IgG)
in concentrated stool extracts via the developed protocol confirms the possibility of using
these samples for the detection, quantification and characterisation of specific antibodies
by ELISA and western blot. The very high concentrations of IgA in faeces can be explained
by the microbial colonisation of the gut that triggers the production of IgA by the gut
associated lymphoid tissue (GALT) [30]. This supports our decision to use an anti-IgA,
IgG mixture in our ELISA and western blot techniques to detect the maximum amount of
specific antibodies. In addition, we did not look for specific IgM because the concentration
of total IgM in the digestive mucosa is very low or even zero [31].

By testing a working hypothesis that circulating (probably vaccine-associated) po-
liovirus [20] caused poliomyelitis-like disease in gorillas, we attempted to identify specific
anti-poliovirus antibodies in the stools of 16 gorillas and three eco-guards working in
the reserve. Using our original approach of antibody extraction, we detected antibodies
binding to the poliovirus antigen in faecal samples by ELISA [32], enabling us to identify
positive samples in four of the 16 gorillas and two of the three eco-guards. Such results in
humans were not surprising, as the majority of the population has been vaccinated against
poliomyelitis in this area. However, the positive results in four gorillas, including Sid,
the gorilla with sequelae, were more surprising, indicating a potential circulation of the
poliovirus or a closely-related Enterovirus in this community. We then performed a western
blot by JessTM to characterise the specific antibodies. Western blot analysis of antibodies
from gorilla faeces detected a single band of around 14 kDa using the antigens extracted
from poliovirus vaccine. These data do not allow us to confirm the gorilla’s immunisation
from poliovirus due to the absence of antibodies against the main proteins of the poliovirus,
namely VP1, VP2 and VP3. In addition, PCR testing for poliovirus RNA was negative [23].

Based on the circulation of recombinant Enterovirus C [23] having at least three genes
very close to the poliovirus in this geographical area, we then hypothesised that Sid the
gorilla may have been suffering from the sequelae of a polio-like illness caused by this
virus. Indeed, these polio-like diseases can be caused in humans by chimeric/recombinant
viruses [20–22]. These diseases often produce typical sequelae in the form of flaccid
paralysis and muscle atrophy. In order to verify this hypothesis, we prepared the antigen
from the recombinant Enterovirus C (Ibou002 strain) previously isolated from a stool
sample from an eco-guard in the Lésio-Louna Reserve. We noticed that the four samples
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of gorilla faeces that showed bands with the vaccine antigen were the same samples that
showed bands with the antigen from the recombinant Enterovirus C. This concordance
was also observed with the two human faeces samples. Western blot analysis detected
specific immunoglobulins to different viral proteins. Indeed, two 60 kDa and 110 kDa
molecular weight bands were present in all positive samples from gorillas and humans
with the Ibou002 strain antigen, and one 14 kDa band was also present in all positive
samples with the vaccine antigen. Evaluation of the western blot results showed that the
positive specimens for the two antigen sources (polio vaccine and Ibou002 virus strain)
were the same but with different profiles. Thus, we hypothesise that the recombinant
Enterovirus C that we recently isolated from an eco-guard may be in wide circulation and
was probably responsible for the immunisation of the humans and the gorillas.

Given the presence of typical post-polio sequelae in Sid the gorilla, the presence of
specific antibodies binding to the Ibou002 virus strain and the recombinant nature of this
virus, we suggest that this new virus could cause a polio-like disease in the endangered
western lowland gorilla. Another interesting finding is the detection of specific anti-
recombinant Enterovirus C Ibou002 antibodies in the same stool sample from the person
from whom the virus was isolated. This may indicate a long persistence of the virus in the
organism and the absence of protective immunity.

Our study presents a novel approach of the identification of specific anti-viral anti-
bodies in unusual samples: animal’s stool. The approaches to stool antibody detection
reported in the literature have some limitations such as protein dilution [24,26,27]. This
limitation can lead to false negative results. Our new approach has the advantage of
concentrating the stool protein extracts before detection of specific antibodies. Although
proposed approach may provide the very effective tool for the serological screening of
wild animals without physical intervention necessary for the blood sample acquisition, it
presents certain limitations. Sample processing can be a complex task for some routine
laboratories. The WB should be used for confirmation of the ELISA technique, which is
much faster, simpler and more objective. The possibilities of false-negative results may not
be ruled out, however it necessitate to compare blood and stool samples serology of the
same individual that was not possible in our study. Used antigens were grown in human
(MRC-5) and green monkey (Vero) cell lines that low the possibility of the identification
on non-viral antibodies in WB study; also, the exhaustive purification protocols were
used. Cross-reactivity among different enteroviruses was not evaluated, so we may not be
sure that the detected antibodies are specific for Ibou002 enterovirus and not for an-other
enteroviral serotype.

5. Conclusions

As a result of the non-invasive immunological approach developed using faeces, we
were able to assess the presence of specific antibodies against a recombinant Enterovirus
C in gorillas and eco-guard in the same reserve. This approach, which does not require
medical or invasive procedures for the collection of samples, and which allows for the
detection of specific antibodies, opens numerous prospects for application in zoonotic
infectious diseases and could revolutionise the screening of animals for important emerging
infections, such as Ebola fever, rabies, and coronavirus infections.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/microorganisms9040810/s1, Figure S1: Quantification of immunoglobulins (IgG and IgA) in
gorilla faeces with three different faecal treatment protocols.
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