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Abstract 
Background: This work evaluated the capacity of a dry emulsion as a carrier 
of viable microorganisms with potential use as prophylaxis of infectious dis-
eases. Methods: The aqueous phase containing P. multocida not viable in 
PBS was emulsified in mineral oil to obtain a w/o emulsion. The microorgan-
isms remained stable and only in two cases (n = 6) did the bacterial concen-
tration decrease. Scanning Electron Microscopy (SEM) revealed a structure of 
a system with the organized association of particles with cubic symmetry. 
Using two ex vivo bioadhesion systems, it was demonstrated that the dis-
perse-adsorbed system is capable of adhering to the intestinal mucosa and 
remains adhered for long periods of time. Results: The no viability of the 
bacteria in the dry emulsion and the possibility of controlled release were 
confirmed. In vivo trial was conducted in pigs. It was possible to locate the 
emulsion and the bacteria attached to the gut of the living animal. An ELISA 
kit was used to monitor the mean antibody titer of treated pigs over a 2-week 
period, and a classic primary response curve occurred when the titer was plot-
ted against time. Conclusion: We propose the disperse-adsorbed system as an 
alternative to commonly used vehicles for immunogens in the oral vaccines. 
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1. Introduction 

Many pathogens gain entry into their host via mucosal surfaces; therefore, en-
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hancing immunity at mucosal sites, particularly those that act as a portal of mi-
crobial entry, appears to be the most rational objective for implementing a mu-
cosal immunization regime [1] [2]. Atrophic rhinitis due to Pasteurella multoci-
da is a major problem in swine production because it causes weight loss in 
growing pigs, increasing days to market and included productions [3] [4]. 
Pneumonia due to Pasteurella multocida is a secondary pathogen that is gener-
ally associated with a primary bacterial infection or an infection due to M. 
hyopneumoniae or several viral infections such as Aujeszky disease and classical 
swine fever [5] [6] [7]. Some studies focus on oral administration of vaccines 
since 1) the oral route appears to be easy to achieve in animal handling; and 2) 
the gut-associated lymphoid tissues (GALT) represent the largest mucosal area, 
and it is characterized by lymphoid follicles named Peyer’s patch (PPs) [8]. In 
pigs, PPs are the major organized lymphoid structures involved in the induction 
of mucosal immune responses in the gut. While the porcine jejunal PPs 
represent a T cell compartment and a secondary lymphoid organ, the pig ileal is 
a primary lymphoid organ generating B lymphocytes. Activated T and B cells 
migrate from the PPs through the mesenteric lymph nodes and via the thoracic 
duct into the system circulation, subsequently migrating to the intestinal lamina 
propria [9] [10] [11]. Control of mucosal infections through vaccination requires 
immunization strategies that encourage the production of secretory antibodies 
and appropriate regulatory T cells to enhance mucosal immunity. Although the 
oral route of immunization has been recognized as capable of inducing mucosal 
antibody response, in practice, it is usually ineffective. This is probably due to 
antigen degradation by gastric acids and proteolytic enzymes both in the intes-
tinal and gastric lumen as well as by absorption into intestinal lamina propria [9] 
[10] [11]. 

To prevent animal diseases, an opportune and effective vaccination treatment 
or program should be used to reduce economic losses, increase productivity and 
ensure high-quality products for the customer. To overcome these problems, 
several innovative strategies utilizing new drug delivery systems and carriers 
have been proposed [12] [13] [14]. Additionally, bioadhesive systems or genuine 
nanomaterials are preferred due to their capacity to adhere or to infiltrate into 
the mucosae. 

The purpose of this study was to evaluate the bacterium viability in a pro-
posed formulation based on a dry emulsion The ex vivo bioadhesion to the ga-
strointestinal tract of the formulation and the bacterial in vitro release profile 
and the serological response were determined to probe the emulsion functional-
ity as a biological protective and immunizing oral carrier. 

2. Materials and Methods 

2.1. Bacterial Strain 

Pasteurella multocida strain was obtained from the lungs of pigs showing clinical 
pneumonia. Samples were cultured on brain-heart infusion agar (Difco Labora-
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tories, Detroit, MI, USA) and incubated aerobically overnight at 37˚C. Pasteu-
rella multocida type A was identified by standard procedures [15] [16]. The 
biomass was inactive with formaldehyde 0.5% for 12 hours by washing the plates 
with PBS, and the bacterial concentration was standardized spectrophotometri-
cally (660 nm) at 108 CFU/ml. To obtain optimal growth conditions, the bacteri-
al suspension (5%) was inoculated into flasks with 50 ml brain-heart infusion 
broth with three different pH values (6.0, 6.5 and 8.0) and incubated at 37˚C for 
18 h with constant shaking at 50 rpm., at the same time dilutions are made of 
this sample and plated on agar, so the count of each dilution is made and the 
CFU/ml is obtained, it was repeated 3 times. The bacterial concentration in units 
of colony forming units per milliliter (CFU/ml) was determined at different 
times. 

2.2. Disperse-Adsorbed System 

Pasteurella multocida was prepared using the traditional method of emulsifica-
tion but without incorporating stabilizers [17]. The first step was to prepare a 
primary w/o emulsion by homogenizing the aqueous phase (bacteria inactivated 
in PBS) in the oil phase (mineral oil USP/NF 55, Cosmopolita S. A. de C.V. 
México) with vigorous propeller stirring (1500 rpm Caframo R2R2-64 Ontario, 
Canada) at 37˚C. Then, the w/o emulsion was blended with hydrophilic silica 
(Aerosil 200, Degussa, W. Germany) to obtain a turbid liquid. Finally, hydro-
phobic silica (Aerosil R972) was added, and a viscous fluid powder (dry emul-
sion) was obtained. One gram of hydrophilic silica for each 5.7 ml of aqueous 
medium and 1 g of hydrophobic silica for each 3 ml of oil medium were used. 
Twelve batches were prepared for the study. The distribution of bacteria in the 
system was determined by light microscopy and scanning electron microscopy 
(SEM). Pasteurella multocida viability was evaluated after preparation by deter-
mining the number of CFU/ml. To detect the presence of the dry emulsion in 
the in vivo test on mucosa, a marker consisting of 300 μl of colloidal silver flakes 
obtained from an electroconductive silver adhesive (SPI, high purity silver paint) 
was dispersed in the final product. The flakes were selected as markers due to 
their morphology and their ability to emit secondary electrons. 

The bioadhesive properties of the dry emulsion were evaluated using an in si-
tu method as proposed by Rao and Buri [18]. Briefly, longitudinal sections (30 
cm long) from the duodenum, jejunum or ileum were removed from commer-
cial Yorkshire pigs at the slaughterhouse immediately after death and were 
quickly transported to the laboratory in 0.9% saline solution. The intestine sam-
ples were clipped to a cylindrical transversal section of a polyvinyl chloride tube 
(diameter = 10 cm) and fixed in a platform at a 45˚ angle. The intestine sections 
were washed with Sorensen buffer (pH 6.0) using a peristaltic pump with a flow 
rate of 25 ml/min for 30 min. Then, 100 mg of dry emulsion was homogenously 
distributed on the tissue sections, allowing interaction of the powder with the 
mucosa for 10 min. Afterwards, the system was eluted with simulated intestinal 
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medium at a flow rate of 25 ml/min for 60 minutes. During the entire process, 
the fluid covered the tissue area to determine the persistence of the dry emulsion 
or bacteria on the mucosa. Different mucosa sections were taken after treatment 
and examined with light microscopy and scanning electron microscopy. 

The determination of adhesion strength to intestinal pig mucosa was eva-
luated following a previously described method using a modified Du Noüy ten-
siometer [13] [19]. The ring was replaced by a square metallic plate (4.00 cm2), 
and the original filament was replaced by a stainless-steel filament similar to pi-
ano strings of 0.22 gauge. The device was calibrated using reference weights and 
validated for this kind of measurement, the calibration and validation were per-
formed following manufacturer instructions. Each section of mucosa was placed 
on the plate with the mucous surface exposed (3 cm2) and fastened by a plastic 
holder and 4 staples. A dry emulsion sample was attached to the tensiometer 
platform. It was allowed to be in contact with the membrane for 30 s, thus caus-
ing the dial to spin at a constant rate. The adhesion force reading is obtained 
when the gel disk is detached from the mucosa. Evaluations were made in tripli-
cate. The in vitro dissolution assay was performed by using the USP 24 appara-
tus II (paddles) using 250 ml of simulated intestinal fluid at 37˚C and a stirring 
rate of 50 rpm. One gram of the disperse-adsorbed system was placed between 
filter paper (diameter of 2.5 cm) and mesh (U. S. Standard 60, 250 µm pore), and 
this system was immersed in the dissolution medium. Samples were taken at 
different intervals between 0 and 120 hours, and the bacteria released were cor-
related to the CFU/g. 

2.3. Experimental Design 

Nine intact male Yorkshire weanling pigs (7 weeks old) were obtained from an 
animal house. The animals were kept in isolation units and fed standard pig feed 
and water ad libitum throughout the study. All experiments were conducted in 
compliance with the Mexican Regulations for Animal Care and Maintenance 
(NOM-062-200-1999). The pigs were randomly divided into three groups (n = 
3): group A, control animals (untreated); group B, treated with the dry emulsion 
containing the marker at 0.5 ml; and group C, pigs treated once with a dry emul-
sion of Pasteurella multocida 108 CFU/g. The pigs were fed for fifteen days. Se-
rum samples were collected weekly over 2 weeks (1, 7 and 15 days), and pig an-
tibody responses were monitored using ELISA [20] [21]. 

2.4. Scanning Electron Microscopy (SEM) 

The pigs were euthanized (NOM-062-200-1999), necropsied and small fractions 
of duodenum, jejunum and ileum were collected for evaluation. The samples 
were fixed by perfusion with Karnovsky’s fixative containing 1% tannic acid [22] 
and were then dehydrated in absolute alcohol, dried at critical point in a Tousi-
mis sample dryer (Samdri-780A, Tousimis Research Corporation, Rockville, 
USA) and gold coated in a Finecoat Ion Sputter (JFC-1100, JEOL LTD, Tokyo, 
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Japan). Samples were then examined using a scanning electron microscope 
(JEOL JSM/25 S II. Tokyo, Japan). For the in vivo study, a low vacuum (SEM 
JEOL JSM5410LV) was used since the ion sputter device could not produce a 
continuous electroconductive coat to avoid charging. 

2.5. Serology 

The pig antibody responses were monitored using ELISA. Immunoplates (Nunc 
VWR Scientific, Bridgeport, NJ) were coated at 4˚C overnight with 100 ng of the 
following antigens, in house monovalent enzyme-linked immunosorbent assay 
(ELISA, the plate antigens were prepared by sonicating the Pasteurella multocida 
type A strain. Whole cell lysates were placed in borate buffer (pH 9.5) 1:1. The 
plates were washed with 50 μl of 0.01 M PBS containing 0.05% Tween 20 (pH 
7.2), followed by the addition of 200 μl of blocking buffer (PBS containing 1% 
bovine serum albumin). Samples (50 μl) were then incubated at temperature 
~20C for 30 min. After the plates were washed, 50 μl of antisera serially diluted 
with blocking buffer was added, and the plates were incubated at ~20C for 30 
min. After a further washing, 50 μl of 1:5000 diluted rabbit anti-pig immunog-
lobulin G conjugated to horseradish peroxidase (Sigma Aldrich Chemistry Mex-
ico: catalogue: A5670) was added, and the plates were incubated ~20C for 1 h. 
For color development, 100 ml of 3, 39, 5, 59-tetramethylbenzidine substrate was 
added, and the plates were incubated for 30 min. Then, 100 ml of a 0.25% solu-
tion of hydrofluoric acid was added to stop the reaction. Absorbance was read at 
a wavelength of 630 nm with an ELISA reader (Multiskan EX type 355; Thermo 
Fisher Scientific (Shanghai) Instrument Co. Ltd). The positive/negative ratio 
method of analysis was used to determine the antibody titer of treated pigs. After 
a log transformation of the ELISA titer, a linear relationship was confirmed be-
tween the ELISA titer and the positive/negative ratio [20] [21] [22]. 

2.6. Trial Registration 

The manuscript does not contain clinical studies or patient data; the samples 
used in this study were voluntarily provided by veterinarians and pig farmers. 

3. Results 
3.1. Bacterial Strain 

Bacterial Strain. The viability of Pasteurella multocida in the dry emulsion was 
confirmed by the CFU/ml. In only two cases, the CFU/ml decreased from 108 to 
106. There was no significant difference among the batches and bacterial suspen-
sions with the same concentration. The dry emulsion and the preparation 
process do not affect the viability of Pasteurella multocida. 

3.2. Disperse-Adsorbed System 

Disperse-Adsorbed System. The values obtained for bioadhesive force were 5045 
± 85 dynes/cm2 and 4780 ± 76 dynes/cm2 for duodenal and jejunal mucosa, re-
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spectively, the release profile of Pasteurella multocida from the dry emulsion 
where CFU/g correspond to the accumulative bacteria released by gram of the 
system. Two steps can be observed, first a burst release until 5 h followed by a 
slow constant release until 120 h.  

3.3. Experimental Design 

Animals. After the experiment, the animals showed neither temperature nor 
clinical signs. 

3.4. Scanning Electron Microscopy (SEM) 

Some samples like examples of the SEM revealed that the system is an organized 
association of particles, and water globules of sizes between 2.5 - 5.0 µm. The 
bacteria were apparently intact and localized adjacent to the particles in the 
aqueous domain. The rheological behavior of the dispersion is similar to that 
observed for cosmetic and pharmaceutical pastes. The bioadhesion study re-
vealed areas of intestine completely covered by the emulsion. The marker was 
located mainly on the duodenum and jejunum. Apparently, the structure of the 
villi in the ileum did not allow for the adherence of the dry emulsion. On the 
duodenum, the system was found as bridges between villi (Figure 1) and at the 
bottom of the villi (Figure 2). In the case of the jejunum, the emulsion adopted 
the form of a sheet that covered important areas of the intestine. In this region, 
the marker can be clearly distinguished together with bacterial bodies (Figure 
3). This interaction between the dry emulsion and mucosa was confirmed by the 
measurements of bioadhesive force.  
 

 
Figure 1. Scanning electronic microscopy micrograph of emulsion at the surface of the 
intestinal duodenum mucous membrane. The silver flakes (black arrow) and a red blood 
cell can be seen (white arrow). 
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Figure 2. Scanning electronic microscopy micrograph of a sheet of the emulsion covers 
the surface of a villus. A silver flake (black arrow) and several bacterial bodies are visible 
(white arrows). 

 

 
Figure 3. Scanning electronic microscopy micrograph of panoramic view of another area 
of the sample where both the biogel and the emulsion have been preserved. 

3.5. Serology 

The ELISA technique was used to monitor the mean antibody titer of treated 
pigs over the 2-week period, and a classic primary response curve occurred when 
the titer was plotted against time. The sorbent alone did not detect an antibody 
response, in the sorbent and Pasteurella multocida group, antibodies were de-
tected at 7 days and a double response at 15 days (Table 1). 
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Table 1. Antibodies were detected at 7 days and 15 days, in the three study groups, by 
means of a home ELISA test. 

Groups 1 day 7 days 15 days 

A: Control 0 0 0 

B: Sorbent Only 0 0 0 

C: Pasteurella multocida + Sorbent 0 0.15 0.30 

4. Discussion 

Scanning electron micrographs revealed that the system is an organized associa-
tion of particles described by a tetrakaidecahedral geometry. The bacteria were 
apparently intact and localized adjacent to the particles in the aqueous domain. 
A similar structure has been reported by Berthod et al. [12] for dry absorbed 
emulsions containing sodium salicylate. The not viability of Pasteurella multo-
cida in the dry emulsion was confirmed by CFU/ml. The bioadhesion study re-
vealed areas of intestine completely covered by the emulsion. The marker was 
located mainly on the duodenum and jejunum. Apparently, the structure of the 
villi in the ileum did not allow for the adherence of the dry emulsion. The values 
obtained for bioadhesion force were 5045 ± 85 dynes/cm2 and 4780 ± 76 
dynes/cm2 for duodenal and jejunal mucosa, respectively. These values are simi-
lar to those obtained by Quintanar et al. [13] for polymers exhibiting good bio-
adhesivity. On the duodenum, the system was found as bridges between villi and 
at the bottom of the villi. In the case of the jejunum, the emulsion adopted the 
form of a sheet that covered important areas of the intestine. In this region, the 
marker can be clearly distinguished together with the bacterial bodies. This in-
teraction between the dry emulsion and mucosa was confirmed by the mea-
surements of bioadhesive force. 

This strong adhesion to mucosa suggests that the system did not elute during 
the adhesion test and could stay adhered to the surface of mucosa for approxi-
mations estimated in this study, therefore increasing bacterial exposure at this 
level. The system showed a narrow relationship with the duodenal mucosa after 
the elution process. On the other hand, the delivery tests showed a linear pattern 
of the curve within 5 hours, characterized by a quick discharge of not viable 
Pasteurella multocida followed by a change in the slope of the curve after 5 
hours of release and a delayed effect in deliverance that stays constant and pro-
longed until 120 hours. It is possible that after approximately 5 hours of deli-
verance, the CFU observed correspond to a summation of the development of 
bacteria that had been delivered because the support media had all necessary 
nutrients for growing Pasteurella multocida, and there were remaining bacteria 
that were still delivered from the system. These data suggest that the dry emul-
sion is capable to retain a percentage of bacteria (≈65%) and is also capable of 
prolonging their release and keep its viability under these conditions. The ELISA 
technique was used to monitor the mean antibody titer of treated, and a classic 
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primary response curve occurred when the titer was plotted against time.  
There were three aims of this study: 1) the first was to probe the viability of 

the bacteria in the dry emulsion; 2) the second was the possibility of obtaining a 
system that can potentially protect the bacteria and ensure controlled release of 
the antigen; and 3) the third aim was to prove the capacity of the dry emulsion 
to protect the bacteria and to provoke antigenic responses. Dry emulsions are 
proposed as a new oral carrier for veterinary vaccines. The system behaved as a 
new carrier capable of maintaining the viability of the bacteria. The dry emul-
sion showed excellent bioadhesive properties on the duodenal and jejunal re-
gions in vitro as expressed by the retention properties and adhesion force. The 
release of Pasteurella multocida from the dry emulsion revealed a rapid release 
followed by sustained bacterial populations. Thus, the dry-emulsion has good 
potential to protect biological materials without affecting their integrity, it has a 
good bioadhesion and controlled release behavior which can have important 
implications with the immune response by oral route. Moreover, we plan to fo-
cus on evaluating the system as an oral carrier for other types of veterinary im-
munogens. This work proposes a practical approach to deliver immunogens to 
pigs’ guts. This line of research can improve the way that swine veterina-
rians/practitioners and swine producers immunize the herds. This preliminary 
study where few animals were used and the short time of the experiment did not 
allow observing lung lesions.  

5. Conclusion 

In this article, it was showed that the dry emulsion can be a new strategy to pro-
tect biological materials such as bacteria in dispersion. This adsorbed-dispersed 
system has good bioadhesivity and controlled release properties which can have 
important implications in the development of immunogens by oral route for ve-
terinary vaccines. Further studies are now conducting to evaluate the dry emul-
sions with other immunizing agents and for other veterinary administration 
routes.  
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