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Swine microbiota: What’s  changing

Heather K. Allen,  PhD
USDA/ARS/NADC/Food Safety and Enteric Pathogens Research Unit, Ames, Iowa

Introduction
Mammals are hosts to an indigenous microbial consortium 
residing both in and on their bodies. Their gastrointes-
tinal (GI) tracts are a particularly rich environment for 
commensal bacteria, with at least 500 different bacterial 
species in the human GI tract3 and up to 1000 in the swine 
gut.5 Most of the GI bacteria are beneficial to the host, 
performing functions such as vitamin synthesis, fermenta-
tion of organic molecules, immune system development, 
and pathogen exclusion.8 This collection of GI bacteria, or 
GI microbiota, confers benefits to the host under normal 
conditions. Disturbances to the microbiota can have major 
impacts on host  health.

Studying the GI microbiota historically required culturing 
bacteria on Petri plates, allowing for the growth of only 
a fraction of the total bacteria. In contrast, now the GI 
bacteria can be studied by their genetic components. The 
study of the collective genome of an assemblage of organ-
isms is called metagenomics. Next-generation sequencing 
technologies, especially when combined with molecular 
markers such as the 16S rRNA gene, enable metagenomic 
surveys of the total microbiota quickly and  affordably.

Our research group is interested in studying the ecology 
of the swine GI microbiota as it relates to food safety is-
sues. We analyzed the swine GI bacteria before and after 
challenge with Salmonella enterica serovar Typhimurium. 
Salmonella causes the most bacterial foodborne disease 
and death in the United States.6 Understanding the interac-
tions among the host, pathogen, and microbiota may lead 
to improved control strategies. Also, we studied swine GI 
bacteria to identify changes in the community following 
in-feed antibiotic usage. One of our objectives is to dis-
cover and validate alternatives to in-feed antibiotics, and 
to do so we need to understand what the in-feed antibiotics 
are doing to the host and its  microbiota.

Swine GI microbiota before and after 
Salmonella  challenge
Fifty-four piglets were housed, fed and challenged with 
109 Salmonella enterica serovar Typhimurium in a 
controlled environment at the National Animal Disease 

Center (NADC). Salmonella was enriched and quantified 
from swine feces, and fecal samples were stored at -20°C 
until shedding status was determined. Swine that are chal-
lenged with Salmonella subsequently shed Salmonella in 
their feces to various degrees, ranging from low-shedders 
to high-shedders. At the end of the 21-day study, pigs were 
retrospectively categorized into low- or high-shedders based 
on the Salmonella quantification results. Total fecal DNAs 
were isolated from the feces of five pigs from each of three 
groups (non-challenged pigs, low-shedder pigs, and high-
shedder pigs) at four sampling dates (day 0 [just prior to 
challenge] and days 2, 7, and 21 post-challenge). The bacte-
rial diversity was analyzed via 16S rRNA gene  sequences.

This study revealed three important changes in the mi-
crobiota related to Salmonella inoculation.2 At day 0, the 
microbial communities of “will-be” low-shedders and 
“will-be” high shedders harbored significantly different 
GI microbial communities prior to Salmonella challenge. 
This suggested that the GI microbiota may play a role in 
subsequent shedding status. Second, merely two days post 
inoculation the microbiota of the high shedders showed 
significant differences from both the low shedders and 
the non-inoculated pigs. The microbiota of the low shed-
ders was not significantly different from that of the non-
challenged pigs, suggesting that factors associated with 
high-shedding status such as Salmonella load and immune 
response had a major impact on the GI microbiota. Finally, 
by 21 days post inoculation, the GI microbial communities 
of the high shedders were no longer significantly different 
from those of the low shedders, but both communities were 
different from the non-challenged animals. The implica-
tion of this result is that the microbiota of inoculated pigs 
was impacted by Salmonella regardless of shedding  status.

Effect of in-feed antibiotics on the swine 
GI  microbiota
Two groups of three pigs were reared at the NADC in 
environmentally-controlled rooms. One group of pigs 
was fed a normal diet (commercial starter feed), and the 
other group was fed starter feed amended with ASP250 
(100 g/ton chlortetracycline, 100 g/ton sulfamethazine, 
and 50 g/ton pencillin). Fecal samples were collected from 
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each pig just prior to starting continuous in-feed ASP250 
treatment and at weekly intervals for three weeks. Fecal 
DNA was isolated, sequenced, and analyzed for its bacte-
rial members (via the 16S rRNA gene) and functions (via 
 metagenomics).

ASP250 treatment caused detectable changes in the GI 
microbiota. The most notable change in bacterial member-
ship was an increase in the abundance of Escherichia coli 
in the medicated animals.5 In a subsequent experiment,  
was isolated from the medicated animals and tested in a 
multiplex PCR assay for pathogenic genes. None of the 
E. coli isolates were pathogens by our assay, indicating 
that the E. coli bloom was of normal, commensal E. coli.

Regarding functions encoded by the bacterial DNA, anti-
biotic resistance genes were studied in the metagenome.5 

Interestingly, diverse resistance genes were detected in 
the non-medicated animals as well as the medicated ani-
mals. Additionally, certain genes increased in abundance 
in the medicated pigs, including genes that conferred 
resistance to the antibiotics administered. At least one 
type of resistance gene (aminoglycoside resistance) that 
was more abundant in the medicated animals compared 
to the non-medicated animals did not confer resistance to 
any antibiotic in the feed.5 Taken together, the swine GI 
microbiota is a reservoir of diverse resistance genes even 
in the absence antibiotic treatment, and antibiotic treat-
ment increases the abundance of certain resistance  genes.

In a second experiment, we were interested in the reproduc-
ibility of the previous results plus the effect of an additional 
variable on an additional factor: carbadox and bacterio-
phages (phages; phages are viruses that infect bacteria). 
Previous work has shown that the in-feed antibiotic carba-
dox induces bacteriophage-like gene transfer agents in the 
swine pathogen Brachyspira hyodysenteriae.7 Additionally, 
this gene transfer agent transferred antibiotic resistance 
genes from one B. hyodysenteriae strain to another. We 
therefore studied the GI bacteria and phages in pigs with 
and without in-feed antibiotics. Three groups of six weaned 
pigs (3 weeks old) each were fed either non-medicated feed, 
carbadox feed, or ASP250 feed. Fecal DNA was collected 
and analyzed as before, with the addition of a procedure to 
specifically isolate the phages from the  feces.

Diverse phages were isolated from the swine feces.1 By 
studying a gene that is required for phages to get into a 
bacterial genome (called an integrase), the results sug-
gested that phages were induced by both in-feed antibiot-
ics. Also, antibiotic resistance genes were detected in the 
phage DNA, although there was no statistically significant 
difference in the abundance of resistance genes between 
the medicated and non-medicated  animals.

Conclusions
Our studies have shown both expected and surpris-
ing changes in the swine GI microbiota resulting from 
ecosystem disturbances such as pathogen challenge and 
antibiotic treatment. In the Salmonella challenge study, 
it was expected that the GI microbiota would change 
dramatically as a result of Salmonella inoculation. In ad-
dition to the influence of the pathogen itself, the immune 
response generated by the pathogen further manipulated 
the GI microbiota. The surprising result was that the GI 
microbiotas of the two groups of pigs that were to become 
the low and high shedders were statistically significant. 
This suggests that the GI microbiota is correlated with the 
future shedding status of the swine host. Further research 
is required to develop this discovery and apply it to the 
field. One potential application for this finding could be the 
identification of future high-shedder pigs based on their 
GI microbiota, enabling improved control of Salmonella 
in the  field.

The antibiotic treatment results have important implica-
tions for how we think about the evolution of the GI mi-
crobiota, particularly in the context of antibiotic resistance. 
All of our experiments have shown an increase in E. coli 
abundance in the pigs that are fed ASP250, and indeed 
E. coli populations have been reported to increase with a 
variety of different gut disturbances.4 Although none of 
the isolates detected were pathogenic strains, it is impor-
tant to remember that many of the known gene transfer 
mechanisms are optimal between like strains. Having an 
increase in a population of E. coli in a selective environ-
ment perhaps increases the probability of transferring 
antibiotic resistance genes among E. coli strains, which 
proceed to populate downstream environments. Addition-
ally, phages are important drivers of bacterial evolution 
in an ecosystem because they transfer genes from cell to 
cell. The result that in-feed antibiotics induced phages is 
an additional reminder of the evolutionary stimulus that 
is antibiotic treatment. Alternatives to in-feed antibiotics 
are an active area of research in our lab group, including 
both feed additives and  vaccines.
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