PASSAGE #1
Different Types of Vaccines
from The History of Vaccines: A Project of the College of Physicians of Philadelphia
The first human vaccines against viruses were based using weaker or attenuated viruses to generate immunity. The smallpox
vaccine used cowpox, a poxvirus that was similar enough to smallpox to protect against it but usually didn’t serious illness. Rabies
was the first virus attenuated in a lab to create a vaccine for humans.
Vaccines are made using several different processes. They may contain live viruses that have been attenuated (weakened or
altered so as not to cause illness); inactivated or killed organisms or viruses; inactivated toxins (for bacterial diseases where toxins
generated by the bacteria, and not the bacteria themselves, cause illness); or merely segments of the pathogen (this includes both
subunit and conjugate vaccines).
Vaccine Type

Vaccines of this type on U.S.
Recommended Childhood (ages
0-6) Immunization Schedule

Live, attenuated

Measles, mumps, rubella (MMR
combined vaccine); Varicella
(chickenpox); Influenza (nasal
spray); Rotavirus

Inactivated/Killed

Polio (IPV); Hepatitis A

Toxoid (inactivated toxin)

Diptheria, tetanus (part of DTaP
combined immunization)

Subunit/conjugate

Hepatitis B; Influenza (injection);
Haemophilus Influenza type b
(Hib); Pertussis (part of DTaP
combined immunization);
Pneumococcal; Meningococcal

Vaccine type

Other available vaccines

Live, attenuated

Zoster (shingles); Yellow fever

Inactivated/Killed

Rabies

Subunit/conjugate

Human papilomavirus (HPV)

Live, attenuated vaccines currently recommended as part of the U.S. Childhood Immunization Schedule include those against
measles, mumps, and rubella (via the combined MMR vaccine), varicella (chickenpox), and influenza (in the nasal spray version of
the seasonal flu vaccine). In addition to live, attenuated vaccines, the immunization schedule includes vaccines of every other major
type—see the table above for a breakdown of the vaccine types on the recommended childhood schedule.
The different vaccine types each require different development techniques. Each section below addresses one of the vaccine
types.

Live, Attenuated Vaccines
Attenuated vaccines can be made in several different ways. Some of the
most common methods involve passing the disease-causing virus through a
series of cell cultures or animal embryos (typically chick embryos). Using
chick embryos as an example, the virus is grown in different embryos in a
series. With each passage, the virus becomes better at replicating in chick
cells, but loses its ability to replicate in human cells. A virus targeted for use
in a vaccine may be grown through—“passaged” through—upwards of 200
different embryos or cell cultures. Eventually, the attenuated virus will be
unable to replicate well (or at all) in human cells, and can be used in a
vaccine. All of the methods that involve passing a virus through a nonhuman host produce a version of the virus that can still be recognized by the
human immune system, but cannot replicate well in a human host.
When the resulting vaccine virus is given to a human, it will be unable to
replicate enough to cause illness, but will still provoke an immune response that can protect against future infection.
One concern that must be considered is the potential for the vaccine virus to revert to a form capable of causing disease. Mutations that
can occur when the vaccine virus replicates in the body may result in more a virulent strain. This is very unlikely, as the vaccine virus’s
ability to replicate at all is limited; however, it is taken into consideration when developing an attenuated vaccine. It is worth noting that
mutations are somewhat common with the oral polio vaccine (OPV), a live vaccine that is ingested instead of injected. The vaccine virus
can mutate into a virulent form and result in rare cases of paralytic polio. For this reason, OPV is no longer used in the United States,
and has been replaced on the Recommended Childhood Immunization Schedule by the inactivated polio vaccine (IPV).
Protection from a live, attenuated vaccine typically outlasts that provided by a killed or inactivated vaccine.
Killed or Inactivated Vaccines
One alternative to attenuated vaccines is a killed or inactivated vaccine. Vaccines of this type are created by inactivating a pathogen,
typically using heat or chemicals such as formaldehyde or formalin. This destroys the pathogen’s ability to replicate, but keeps it “intact”
so that the immune system can still recognize it. (“Inactivated” is generally used rather than “killed” to refer to viral vaccines of this type,
as viruses are generally not considered to be alive.)
Because killed or inactivated pathogens can’t replicate at all, they can’t revert to a more virulent form capable of causing disease (as
discussed above with live, attenuated vaccines). However, they tend to provide a shorter length of protection than live vaccines, and are
more likely to require boosters to create long-term immunity. Killed or inactivated vaccines on the U.S. Recommended Childhood
Immunization Schedule include the inactivated polio vaccine and the seasonal influenza vaccine (in shot form).
Toxoids
Some bacterial diseases are not directly caused by a bacterium itself, but by a toxin produced by the bacterium. One example is
tetanus: its symptoms are not caused by the Clostridium tetanibacterium, but by a neurotoxin it produces (tetanospasmin).
Immunizations for this type of pathogen can be made by inactivating the toxin that causes disease symptoms. As with organisms or
viruses used in killed or inactivated vaccines, this can be done via treatment with a chemical such as formalin, or by using heat or other
methods.
Immunizations created using inactivated toxins are called toxoids. Toxoids can actually be considered killed or inactivated vaccines, but
are sometimes given their own category to highlight the fact that they contain an inactivated toxin, and not an inactivated form of
bacteria.
Toxoid immunizations on the U.S. Recommended Childhood Immunization schedule include the tetanus and diphtheria immunizations,
which are available in a combined form.

Subunit and Conjugate Vaccines
Both subunit and conjugate vaccines contain only pieces of the pathogens they protect against.
Subunit vaccines use only part of a target pathogen to provoke a response from the immune system. This may be done by isolating a
specific protein from a pathogen and presenting it as an antigen on its own. The acellular pertussis vaccine and influenza vaccine (in
shot form) are examples of subunit vaccines.
Another type of subunit vaccine can be created via genetic engineering. A gene coding for a vaccine protein is inserted into another
virus, or into producer cells in culture. When the carrier virus reproduces, or when the producer cell metabolizes, the vaccine protein is
also created. The end result of this approach is a recombinant vaccine: the immune system will recognize the expressed protein and
provide future protection against the target virus. The Hepatitis B vaccine currently used in the
United States is a recombinant vaccine.
Another vaccine made using genetic engineering is the human papillomavirus (HPV) vaccine.
Two types of HPV vaccine are available—one provides protection against two strains of HPV,
the other four—but both are made in the same way: for each strain, a single viral protein is
isolated. When these proteins are expressed, virus-like particles (VLPs) are created. These
VLPs contain no genetic material from the viruses and can’t cause illness, but prompt an
immune response that provides future protection against HPV.
Conjugate vaccines are somewhat similar to recombinant vaccines: they’re made using a
combination of two different components. Conjugate vaccines, however, are made using
pieces from the coats of bacteria. These coats are chemically linked to a carrier protein, and
the combination is used as a vaccine. Conjugate vaccines are used to create a more powerful, combined immune response: typically
the “piece” of bacteria being presented would not generate a strong immune response on its own, while the carrier protein would. The
piece of bacteria can’t cause illness, but combined with a carrier protein, it can generate immunity against future infection. The vaccines
currently in use for children against pneumococcal bacterial infections are made using this technique.

More Information
Researchers continue to develop new vaccine types and improve current approaches. For more information about experimental
vaccines and delivery techniques, see our article The Future of Immunization.
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PASSAGE #2
Vaccines are Effective
From vaccines.gov

How Well Do Vaccines Work?
Vaccines work really well. No medicine is perfect, of course, but most childhood vaccines produce immunity about 90 - 100% of the
time.
What about the argument made by some people that vaccines don’t work that well . . . that diseases would be going away on their
own because of better hygiene or sanitation, even if there were no vaccines?
That simply isn’t true. Certainly better hygiene and sanitation can help prevent the spread of disease, but the germs that cause
disease will still be around, and as long as they are they will continue to make people sick.
All vaccines must be licensed (approved) by the Food and Drug Administration (FDA) before being used in the United States, and a
vaccine must go through extensive testing to show that it works and that it is safe before the FDA will approve it. Among these tests
are clinical trials, which compare groups of people who get a vaccine with groups of people who get a control. A vaccine is
approved only if FDA makes the determination that it is safe and effective for its intended use.
If you look at the history of any vaccine-preventable disease, you will virtually always see that the number of cases of disease starts
to drop when a vaccine is licensed. Here’s a chart showing this pattern for measles:

http://www.vaccines.gov/images/measles.jpg

Measles vaccine was licensed in 1962, and as you can see, that’s when the number of cases started to decline. (Measles didn’t
completely disappear after 1993; there have just been too few cases to show up on this graph.)
If the drop in disease were due to hygiene and sanitation, you would expect all diseases to start going away at about the same
time. But if you were to look at the graph for polio, for example, you would see the number of cases start to drop around 1955 – the
year the first polio vaccine was licensed. If you look at the graph for Hib, the number drops around 1990, for pneumococcal
disease around 2000 — corresponding to the introduction of vaccines for those diseases.
Vaccines are the most effective tool we have to prevent infectious diseases.

PASSAGE #3
Measles outbreak tied to Texas megachurch sickens 21
JoNel Aleccia, NBC News
Aug. 27, 2013 at 8:19 AM ET

An outbreak of measles tied to a Texas megachurch where ministers have questioned vaccination has sickened at least 21 people,
including a 4-month-old infant -- and it’s expected to grow, state and federal health officials said.
“There’s likely a lot more susceptible people,” said Dr. Jane Seward, the deputy director for the viral diseases division at the Centers
for Disease Control and Prevention.
Sixteen people -- nine children and seven adults -- ranging in age from 4 months
to 44 years had come down with the highly contagious virus in Tarrant County,
Texas, as of Monday. Another five cases are part of the outbreak in nearby
Denton County.
All of the cases are linked to the Eagle Mountain International Churchin Newark,
Texas, where a visitor who’d traveled to Indonesia became infected with
measles – and then returned to the U.S., spreading it to the largely
unvaccinated church community, said Russell Jones, the Texas state
epidemiologist.
“We have a pocket of people that weren’t immunized,” said Jones, noting that
vaccination rates typically hover above the 98 percent range in his county.
Infections spread to the congregation, the staff and a day care center at Eagle Mountain International.
At least 21 people are part of a growing measles outbreak linked to Eagle Mountain International Church in Newark, Texas, health
officials said. This Center for Disease Control and Prevention photo depicts the characteristic rash of measles after three days of
infection.
The ill people were all linked to the church that is a division of Kenneth Copeland Ministries. That group advocates faith-healing and
advises people to “first seek the Wisdom of God” and then appropriate medical attention in matters of health, according to an online
statement.
Terri Pearsons, a senior pastor of Eagle Mountain International Church and Copeland’s daughter, previously said she had concerns
about possible ties between early childhood vaccines and autism, a position that has been refuted by health officials.
In the wake of the measles outbreak, however, Pearsons has urged followers to get vaccinated and the church has held several
vaccination clinics, according to its website. Health officials said the church administration has been very cooperative in the outbreak
investigation. Pearsons did not return an email from NBC News seeking comment.
“We continue to follow up on pending and confirmed cases to help in any way we can to keep the outbreak contained,” a church
statement said. “We ask that others join us in prayers over this outbreak.”
Health authorities notified the church of the first cases on Aug. 14; Texas state health officials issued a warning about the outbreak on
Aug. 16. In the meantime, hundreds -- perhaps more than 1,000 -- contacts could have been affected by potentially infected
people, Seward said.
“In this community, these cases so far are all in people who refused vaccination for themselves and their children,” she added.

Of the 16 cases in Tarrant County, 11 did not have any measles vaccination. The others may have had at least one measles
vaccination, but they couldn’t produce documentation, county officials said.
The outbreak raises to 159 the total number of confirmed measles cases in the U.S. this year. The disease that once killed 500 people a
year in the U.S. and hospitalized 48,000 had been considered virtually eradicated after a vaccine introduced in 1963. Cases now show
up typically when an unvaccinated person contracts the disease abroad and
spreads it upon return to the U.S.
Five previous cases in Texas this year were far higher than typical years, but
don’t appear to be related to the current outbreak, state officials said.
Measles is so contagious that 90 percent of people who are not immune to the
disease or vaccinated against it will get sick, health officials warned. It is a
respiratory disease spread by sneezing or coughing. The virus can live in the air
or on infected surfaces for up to two hours. Symptoms include fever, cough,
runny nose and sore throat, plus a characteristic red rash that starts on the face
or hairline and spreads to the rest of the body. It can take eight days to two
weeks after exposure before an infected person develops symptoms.
Health officials recommend that children receive a Measles/Mumps/Rubella -- MMR -- vaccine at age 12 months and again at 4 to 6
years. Unless adults have previously had measles or are immunized, health officials say they should be vaccinated.
“We just want people to be aware and well-informed about the risks of the disease, especially when they travel abroad,” Seward said.

JoNel Aleccia is a senior health reporter with NBC News.

