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Measles and immunological amnesia
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Abstract :

Measles virus remains the most important cause of
childhood  mortality, causing a transient
immunosuppression that accompanies and follows
measles making the patients susceptible to
secondary infections accounting for most of the
measles-related complications and deaths. The
majority of measles virus in the body uses Signaling
Lymphocyte Activation Molecule (SLAM) as a
receptor and only a minority of the virus may also
use CD46. Infection and subsequent demise of
SLAM cells may explain the severe immunosuppressive
characteristic of this viral disease. Measles also
reduce the nonspecific naive B cells in the bone
marrow, which fight unfamiliar infections and
SLAM signaling intensifies CD95-mediated apoptosis
of B cells. Furthermore, in experimentally infected

Introduction:

Measles virus, one of the most contagious of human
pathogens, can lead to severe complications having
disastrous effects on the quality of life of the patients,
their families and the country. Since 2000 measles
vaccination has prevented an estimated 21 million
deaths worldwide. However, the resurgence of
measles is occurring and the reasons include
suboptimal vaccine delivery due to lack of access to
health services or resistance to vaccination based on
nonscientific misconception, paucity of concern
about disease severity and extensive international
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non-human primates (NHPs) measles virus infects
and depletes pre-existing memory lymphocytes,
causing immune amnesia. Results from different
studies explain the long-term immunologic sequelae
of measles resulting in overall childhood infectious
disease mortality. As measles infection is tightly
coupled to measles-associated immune memory
loss, advancement in research regarding post
measles immunological amnesia is needed to
investigate immune pathogenesis and host immune
responses.
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travel.! The impact of delayed mortality as a result of
measles infection is only now being realized. The
increased incidence raises concerns about the linkage
of measles and prolonged impairment of acquired
immunological memory. There is evidence that those
who survived measles infection, the virus left a
lasting mark— ‘immunological amnesia.” The
amnesic immune system renders individuals more
susceptible to other pathogens bringing new insights
on this viral infection.? Children who suffered from
measles infection continue to experience higher
levels of mortality and morbidity over the long term
requiring increased antimicrobial therapies which
supports the hypothesis that measles has a prolonged
negative impact on the immune system of the host.’

The concept of immunological amnesia:
Immunological amnesia may be defined as compromising
the immune system's memory, causing the body to
forget immunity it had developed to other pathogens
in the past. Recent studies invoked this hypothesis
that after measles infection, the host immune systems
get crippled and fail to protect against previously
encountered pathogens.*

Cellular receptors for measles virus:
Measles virus is a non-segmented, negative-stranded
RNA virus with two envelope glycoproteins, the
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haemagglutinin (H) and fusion (F) proteins, which
mediate receptor binding and membrane fusion,
respectively.’ CD46 was shown to be a cellular
receptor for the Edmonston and Halle laboratory
strains of measles virus®, which is a complement
regulatory molecule that is expressed on all nucleated
cells in humans.” On the other hand, wild-type
measles virus strains isolated in the marmoset B cell
line B95a or human B cell lines were found usually to
use a molecule other than CD46 as a cellular
receptor, which is Signaling Lymphocyte Activation
Molecule (SLAM) also known as CD150. It is a
membrane glycoprotein involved in lymphocyte
activation.® Another study showed that as the
Edmonston strain, capable of using CD46 as a
receptor, was unable to efficiently enter respiratory
epithelial cells through the apical surface where
CD46 is abundantly expressed. Thus, it was
postulated that the initial targets of the measles virus
in the respiratory tract were SLAM-positive cells of
the immune system.” Measles virus infects both T
and B lymphocytes by the binding of the measles
hemagglutinin (H) glycoprotein to the SLAM.!
Human SLAM is expressed on immature thymocytes,
CD45RO high memory T cells, and a proportion of B
cells, and rapidly induced on all T and B cells
following activation.!! High levels of SLAM are also
found in Th1 cells, but only small amounts in the Th2
cells. 2 It is noteworthy that none of the measles virus
strains have been found that cannot use SLAM as a
receptor, whereas only the Edmonston and some
other strains can use, besides SLAM, CD46 as a
receptor.’* Also, measles virus infection was
inhibited by the anti-SLAM antibody. These results
established that SLAM is a cellular receptor for
measles virus.'

Mechanism of measles-related immunological
amnesia :

How measles immunological amnesia happens and
what is the mechanism of it is yet not fully
understood, but there are several proposed mechanisms.
Understanding the viral tropism of measles is one of
the important aspects to unravel the mechanism or
pathogenesis of immunological amnesia. As it is
established that the majority of the measles virus in
the body causes the engagement of SLAM as a
receptor, and only a small minority may also use
CD46.% Infection with measles virus and subsequent

destruction of SLAM cells may explain the severe
immunosuppressive  characteristic of measles.
Although less well studied, another proposed
contributing mechanism to immune suppression is
killing activated lymphocytes and monocytes and
mature dendritic cells. SLAM signaling also
heightens CD95-mediated apoptosis of B cells.'
Furthermore, memory T cells and Thl cells express
high levels of SLAM provides some insight to the
reason of suppressed delayed type hypersensitivity
responses such as the tuberculin skin test in measles
infected patients.> In experimentally infected
non-human primates (NHPs) measles virus infects
and makes a significant drop in pre-existing memory
lymphocytes, causing immune amnesia.''® The
depletion of functional memory CDS8 T cells seems to
have a significant impact on protective immunity."* A
measles outbreak in the Dutch community comes up
with a unique opportunity to shed some light on this
topic by studying the pathogenesis of measles
immune suppression in unvaccinated children. In
peripheral blood mononuclear cells (PBMC) of
prodromal measles patients, measles virus infected
memory CD4+ and CD8+ T cells were detected and
naive and memory B cells at uniform levels as those
observed in NHPs. In paired PBMC collected before
and after measles infection showed reduced
circulating memory B cells and increased regulatory
T cells and transitional B cells after being infected
with measles virus.” Total numbers of T and B cells
in peripheral blood were considerably decreased in
the early acute measles patients in comparison to
those of age-matched healthy controls, demonstrating
measles-induced lymphopenia. It was demonstrated
that in the CD4+ and CD8+ T cell populations,
memory cells were predominantly infected. In the B
cell population, both naive and memory cells were
infected.'” '* These findings reinforce the immune
amnesia hypothesis. For investigating the hypothesis
that measles induces ‘immunological amnesia’, in
2019, two different studies mount further evidence.
Petrova and colleagues sequenced the immunoglobulin
gene repertoire of naive and memory B cells in paired
pre and post measles infection blood samples from
unvaccinated children. Memory B cell clones present
before infection were depleted in post-measles
samples even after lymphocyte counts had recovered.
It appears that the virus is responsible for the demise
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of B cells specific to other pathogens, allowing new,
measles specific memory B cells to replace them.
Another contribution to cripple the immune system is
that measles also decreased the diversity of another
category of B cells: nonspecific naive B cells in the
bone marrow, which stand ready to fight unfamiliar
infections.! Around the same time Mina and
colleagues assessed the diversity and magnitude of
the antibody repertoires by using VirScan, a
phage-display immune precipitation and sequencing
technology that traces antibodies to thousands of
pathogens in blood. This study was conducted among
unvaccinated children before and 2 months after
laboratory confirmed natural measles virus infection
as well as in unimmunized children who remained
uninfected by measles virus during the study. To
compare the effect of measles between the pre and
post measles infection antibody repertoire, epitopes
detected at the first time point and retention or loss of
epitope recognition of pre-existing pathogen specific
antibody repertoires after severe or mild measles
viral infection were measured.*

Cntl Cntl MV MV MV
A B neg mild sev
10 ==== == e m— - = -
_g 0.8
[« I =
c'®
oo
t 1=
oD
g-é 0.6
(W
Q_ * &k
g
ddkkk 8 : .
0.4 °

Fig.-1: The proportion of total epitopes detected
before measles infection that were retained after
measles infection. (Cntl A: age-matched controls
samples collected at similar intervals as the measles
cohorts, Cntl B: age-matched controls samples
collected one year apart, MV neg: measles virus
negative; unimmunized children who remained
uninfected by measles virus during the study, MV
mild: study participants with mild measles virus
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infection, MV sev: study participants with severe
measles virus infection).One point represents one
child. After severe or mild measles, children lost a
median of 40% (range: 11 to 62%) or 33% (range:
12 to 73%), respectively, of their total pre-existing
pathogen specific antibody repertoires. However,
90% of the controls retained their repertoires over
similar or longer durations. Bonferroni-adjusted
student’s t test P values for significant differences
relative to control A are shown (****P < (.0001).*

These data imply that measles virus infection
diminishes protective pre-existing pathogen specific
antibodies that defend against viral and bacterial
strains a person who was previously immune.

How long does measles immunological amnesia
persist:

Measles induced immunological amnesia is transient
but profound.”? It generally lasts for a period of
several weeks to months.??* However for some
people, it may be extended over 2 to 3 years which is
of substantial clinical importance.*

Effect of measles immunological amnesia

In the last couple of years, progress towards measles
elimination has stalled and there have been explosive
outbreaks around the world.”® The global resurgence
of measles virus raises concerns for childhood
mortality as well as for immunological amnesia.
Although in public view, measles is a benign
childhood disease, due to erasure or significant
reduction of the previously acquired immunity,
immunological amnesia could be a danger over the
long term. Secondary infections by other pathogens
following acute infection of measles can lead to a
sequence of unfortunate rise in morbidity and
mortality among children.?s-?

Prevention of measles immunological amnesia:

Before measles vaccination programs, measles
infected over 95% of all children and was responsible
for over 4 million deaths each year.®® However,
measles remains a major global health threats to
humans, causing more than 140 000 deaths in 2018.%°
To combat measles World Health Organization
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(WHO) recommends 2 doses of measles vaccine for
all children and at least 1 dose prior to international
travel for adolescents and adults who are unsure
about their immunity status.*® In 2019, member
Countries of the WHO South-East Asia Region
adopted a “Strategic Plan for Measles and Rubella
Elimination 2020-2024” to prevent deaths and
disabilities caused by these highly infectious
childhood killer diseases.’’ Despite measles is a
vaccine-preventable disease, high transmissibility,
propagated misinformation suggesting that the risk
and consequences of measles are inconsequential.
The measles vaccine phobia could be the reason
behind widening pockets of unvaccinated children
which not only increased measles outbreaks hitting
several countries around the world today but also
created a pathway for measles induced immunological
amnesia.’?> This concept of immunological amnesia
should be envisioned as a long term risk factor, but
this is of great hope that by protecting against
measles infection, the vaccine prevents the body
from losing or “forgetting” its immune memory and
preserves its resistance to other infections afterward

acute illness of measles.>>

Conclusion:

The recent studies on immunological amnesia may
help to explain why the majority of deaths and
complications acquire after measles. However,
understanding of the immunological amnesia is still
in its infancy. Advanced research in this field is
needed to develop strategies against this scourge as it
is a major health complication for those afflicted
otherwise and measles-related immunological amnesia
might cause more deaths. Urgent efforts are needed
to increase global coverage with two doses of routine
measles vaccine, regular supplementary immunization
activities and high-quality case-based surveillance.
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