
 

Sensitive test helps improve vaccine safety
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This is a color-enhanced scanning electron micrograph showing Salmonella
typhimurium (red) invading cultured human cells. Credit: Rocky Mountain
Laboratories, NIAID

Salmonella Typhi (S. Typhi) is the causative agent of typhoid fever, a
serious health threat resulting in some 22 million new cases yearly and
approximately 217,000 fatalities. A number of novel vaccine candidates
using live attenuated strains of Salmonella are being developed, but care
must be taken to ensure the bacteria are not excreted into the
environment following vaccination.

Karen Brenneman and her colleagues at Arizona State University's
Biodesign Institute have been examining ways to detect the presence of
S. Typhi in stool following inoculation with various vaccine strains.
Their results recently appeared in the Journal of Microbiological
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Methods.

The group, overseen by Roy Curtiss III, who directs Biodesign's Center
for Infectious Diseases and Vaccinology, applied a test known as
RapidChek SELECTTM Salmonella to detect the shedding of S. Typhi
in stool, demonstrating a 10-fold to 1000-fold improvement in detection
of attenuated strains compared with conventional methods.

"This technology is of critical value to help us assess the degree and
duration of shedding that occurs after immunization with any live
vaccine. We have an ethical responsibility to make sure we understand
the effects of vaccination not only on the individual that receives the
vaccine, but also on those around him/her in the community,"
Brenneman says.

Shedding of Salmonella species in stool following infection typically
lasts 3-5 weeks, although typhoid fever infection often results in
shedding of bacteria for up to 3 months and typhoid carriers can shed
the pathogen indefinitely.

New vaccines using attenuated versions of S. Typhi are able to confer
protection against typhoid fever, triggering a robust, system-wide
immune response. Further, the current research (combined with data
from clinical trials) demonstrates that attenuated forms of the bacteria
are shed for a much shorter time period than wild-type S. Typhi. A
number of vaccine strains show early shedding for 1-3 days following
vaccination. With some vaccine strains however, shedding persists for
7-11 days, potentially leading to vaccination of those not electing to be
vaccinated or who, because of age or other conditions should not be
vaccinated.

The fact that attenuated strains are significantly less capable of surviving
outside their host is encouraging, though it presents a problem. Detection
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of attenuated strains in stool is difficult using conventional tests. While
the attenuated strains of S. Typhi used in vaccines are considered safe
for healthy adults, shedding of bacteria poses some risk for infants,
elderly individuals or those with weakened immune systems. For this
reason, patients involved in clinical vaccine trials must be carefully
monitored to ensure shedding has completely abated. Conventional
detection tests for S. Typhi rely on culturing the bacteria in conjunction
with additives designed to selectively inhibit the growth of competing
flora. To do this, bile, heavy metals or dyes are added to the growth
medium during the enrichment of S. Typhi. While the process works
well for enriching and detecting wild-type S. Typhi, these additives have
a negative effect on attenuated forms of the bacteria, often rendering
them undetectable.

In the current study, the group used an alternate method—the
RapidChek SELECTTM Salmonella detection system, which has been
applied successfully to detect the presence of Salmonella on poultry
carcasses, eggs and other food products. The method enriches the
bacterium in the presence of a bacteriophage cocktail, which reduces
competitor microbes. This new, highly sensitive technique can be
applied to subjects engaged in vaccine clinical trials, to ensure they are
not excreting live vaccine microbes, which could then be passed between
humans via the fecal-to-oral route.

Another advantage of RapidChek SELECTTM Salmonella is that it
permits a rapid test for the presence of Salmonella just 6 hours after
vaccine inoculation, using a Salmonella-specific antibody strip, sensitive
to the bacterium's lipopolysaccharide. RapidChek SELECTTM 
Salmonella is capable of detecting many different types of Salmonella.
Here, the technique was used to assess its ability to detect a number of
attenuated strains previously or currently being evaluated in phase I
clinical trials with healthy young adults 18 to 40 years of age.

3/5

https://phys.org/tags/inoculation/


 

Results showed that RapidChek SELECTTM Salmonella is highly
sensitive to the presence S. Typhi vaccine in stool for the majority of
clinically relevant attenuated vaccine strains. In every example, the
technique yielded at least a 10-fold improvement in detection over
traditional methods and in some cases yielded increases in sensitivity
over 1000-fold.

All vaccine strains examined showed some potential for shedding. Each
strain exhibited a characteristic shedding profile, generally much shorter
than for wild-type S. Typhi, though all those examined persisted for at
least 4 days. Some experimental strains, like χ8444 on the other hand,
resembled wild-type S. Typhi in their shedding behavior, in some cases
persisting in stools for up to 2 weeks post-immunization.

A suite of three new vaccine candidates belonging to a group known as
regulated delayed attenuation vaccine strains, developed by the Curtiss
lab, were among those tested. Their persistence resembled wild-type S.
Typhi for the first 48 hours before rapidly declining to undetectable
levels by day 5. These strains could not be cultured and enriched with
conventional methods however, due to slower than normal growth rates
and increased susceptibility to stress.

To get an approximation of shedding potential, the regulated delayed
attenuation vaccine strains were exposed to fecal flora common in the
large intestine. These strains showed less ability to survive stress and
lower competitive fitness, compared with other S. Typhi strains. The
authors suggest that these survival rates in vitro provide a reasonable
baseline to approximate actual shedding potential in stool—currently
being evaluated in clinical trials.

While conventional methods of detection still have an edge over
RapidChek SELECTTM Salmonella for detecting wild-type S. Typhi,
the method showed a 10-fold to 100-fold improvement in detecting
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attenuated strains, (with the exception of a single strain—Ty21a) and
1000-fold improvement in the case of the 3 regulated delayed
attenuation vaccine strains tested in the study.

The research further solidified evidence that attenuation of vaccine
strains exerts a profound negative impact on bacterial fitness, thereby
improving their safety for vaccine use. Future work is aimed at further
reducing the potential for person-to-person transmission of a live
attenuated vaccine strain, following immunization.
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