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Vaccination is a critical component for ensuring recommendations
the ongoing health HIV-infected adults. Since
this group may have reduced immune responses
and shorter durations of protection post-vacci- OVERVIEW

nation, HIV-specific guidelines have been pub-
lished. This review article provides a
comprehensive discussion of the current guide-
lines and evidence-based data for vaccinating
HIV-infected adults, including data on dosing
schedules, immunogenicity studies, and safety.
In the current paper, part II of the review, live
vaccines, as well as vaccines for travelers and
specific occupational groups, will be discussed.
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HIV-infected persons are at an increased risk for a
wide variety of infections, and hence vaccination
remains an important strategy for protection of
this vulnerable population. This review, part I of
a two-part series (doi:10.1007/s40121-017-0166-
x), will highlight the importance of vaccination
as a critical preventive strategy among HIV-in-
fected adults, and provide a summary of the
current  evidence-based recommendations
including those published by advisory groups
including the World Health Organization
(WHO) [1, 2], British HIV Association (BHIVA)
[3], and US-based groups (US Centers for Disease
Control and Prevention (CDC), Advisory Com-
mittee on Immunization Practices (ACIP), and
the HIV Medicine Association of the Infectious
Diseases Society of America (HIVMA) [4-7]).
Additionally, the European AIDS Clinical Society
(EACS) guidelines [8] and French guidelines [9]
will be discussed. Although published guidelines
are similar in many of their recommendations,
there are notable differences which will be out-
lined in the current paper.

Vaccines categorized as inactivated vaccines
with broad indications [influenza,
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pneumococcal, HBV, and tetanus-diphtheria
(Td)/tetanus-diphtheria-pertussis (Tdap)] and
those advised for HIV-infected persons with
additional risk factors or specific age groups
[hepatitis A virus (HAV), human papillomavirus
(HPV), and meningococcal] were discussed in
Part I of this review. The current paper, Part II of
the series, will discuss live vaccines [varicella,
zoster, and measles-mumps-rubella (MMR)]
(Table 1). In addition, travel-related vaccines
(polio, typhoid, yellow fever, rabies, Japanese
encephalitis virus, cholera, and tick-borne
encephalitis) (Table 2) and vaccines to protect
against specific occupational or exposure risks
(anthrax, smallpox) will be reviewed (Table 3).
Finally, other vaccines [Haemophilus influenzae
serotype b and Bacille Calmette-Guerin (BCG)]
will also be reviewed (Table 3). For each vaccine,
the causative infectious agent for the disease will
be briefly discussed followed by the current
guideline recommendations by various advisory
groups (WHO, BHIVA, EACS, French, and
US-based groups such as the CDC, the ACIP, and
HIVMA). Data regarding post-vaccination
immune responses and durability in the HIV-in-
fected adult, as well as safety data, will then be
discussedin each section. This article represents a
review article and is based on previously con-
ducted studies and does not involve any new
studies of human or animal subjects performed
by either of the authors.

LIVE VACCINES

Live vaccinations are generally avoided among
HIV-infected persons if an inactivated form of
the vaccine is available (e.g., influenza, polio,
and typhoid). The reason for avoiding live vac-
cines among immunosuppressed persons is the
concern for possible viral or bacterial replica-
tion post-vaccination and subsequent infection
by the vaccine strain [10, 11]. When only live
vaccines are available for prevention of an
infectious agent, some live vaccines (e.g., vari-
cella, zoster, MMR) may be considered if the
level of immunosuppression is low (CD4 count

>200 cells/mm?) [6]. A concise summary of the
guidelines regarding live vaccines among
HIV-infected persons is presented in Table 1.

VZV: Varicella and Zoster

Varicella zoster virus (VZV) infections are more
common among HIV-infected persons [10, 12].
This includes an elevated risk for more severe
forms of chickenpox including disseminated
disease. Additionally, epidemiologic data sug-
gest that HIV-infected persons have a higher
risk for VZV reactivation (i.e., shingles) with a
10- to 20-fold higher risk noted during the
pre-ART era and a continued 3- to 5-fold higher
risk thereafter [3, 13-15]. Risk for VZV reacti-
vation is related to low CD4 counts and
detectable HIV viral loads [14], and manifesta-
tions may include diffuse vesicular skin lesions,
ocular disease (e.g., acute retinal necrosis),
encephalitis, and/or visceral dissemination.

Although varicella and zoster vaccinations are
not licensed specifically for HIV-infected persons,
prevention via vaccination can be considered
especially given HIV-infected persons’ higher risk
for complicated disease. Specifically, vaccination
can be considered among non-immune, clinically
stable patients with a CD4 count >200 cells/mm?
(CD4% >15%). For persons with more severe
immunosuppression, vaccination is not recom-
mended due to the risk for disseminated disease
due to the live vaccine strain [10, 11].

Prior to deciding on varicella vaccination for
HIV-infected adults, most guidelines recom-
mend determination of the VZV immune sta-
tus. Lack of VZV immunity is defined as no prior
varicella vaccination, no serologic evidence of
immunity (e.g., VZV IgG), and no prior clini-
cian/laboratory diagnosed varicella or zoster
infection [4]. Many HIV-infected adults have
evidence of prior infection or immunity, with
one study showing that 95% of US HIV-infected
adults are VZV seropositive [16] with a per-
centage of >98% in the UK [17]; however, geo-
graphic variation exist [2]. Hence, a history
regarding prior vaccination/infection should be
obtained and, if negative, then, if possible, a
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varicella IgG antibody level checked to ensure
that the patient is seronegative and requires
varicella vaccination. If the patient is VZV
seropositive and/or has a history of prior
chickenpox infection, then the zoster vaccine
can be considered based on age.

Although herpes zoster disease is a serious
disease with a large burden in the HIV popula-
tion, a survey performed among HIV care pro-
viders in the US reported poor knowledge of the
incidence of disease recurrence in HIV-infected
persons and the effectiveness of herpes zoster
vaccine for protection against reactivation of
VZV [18]. This highlights the importance of
education among HIV providers to optimize
VZV prevention in this patient population.

United States [4-7]

Not routinely recommended

In those with asplenia or sickle cell
disease who have not previously
received a dose: one dose of a Hib

Contraindicated

vaccine

Varicella Vaccination

WHO guidelines state wvaricella vaccination
(given as two doses) may be administered to
clinically stable HIV-infected children or adults
with CD4 cell percentage >15%, including
those receiving ART. They recommend against
vaccination for those with a CD4% <15% or
those who are not clinically and immunologi-
cally stable. Additionally, vaccination as
post-exposure prophylaxis to non-immune,
exposed HIV-infected persons with low level
immunosuppression can be considered and
given immediately (or within 3-5days of
exposure) [1, 2]. Even though there are no
available data among HIV-infected persons,
data supports the use of wvaccination as
post-exposure prophylaxis in healthy persons
[19]. The measles-mumps-rubella—varicella
(MMRYV) vaccine is not recommended in
HIV-infected persons.

BHIVA recommends HIV-infected persons
with a negative or uncertain history of chick-
enpox or shingles undergo VZV IgG testing.
Those who are VZV seronegative with a CD4
count >200 cells/mm?, and preferable on ART,
can be vaccinated with two doses given
3 months apart [3]. Post-vaccination testing
4-6 weeks after the 2nd dose is recommended
for documenting VZV IgG seroconversion.
Guidelines also recommend that anti-herpetic
medications (e.g., acyclovir) be discontinued at
the time of vaccination and for the next
4 weeks, since these medications can inhibit

recommended
situations such as

except in
particular

asplenia
Contraindicated

France [9]
Not routinely

recommendations
recommendations

EACS [8]

No
No

Hib-containing vaccine (e.g, Hib/

dySfunCtion or Complement
MenC)

United Kingdom [3]
Not routinely recommended
recommendations In those with asplenia, splenic
deficiency: one dose of a
Contraindicated

WHO [1, 2]
No
Contraindicated

serotype B

influenzae,
(Hib)

Table 3 continued
Vaccine
Haemophilus

BCG
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post-vaccination immune responses. Addition-
ally, BHIVA recommends varicella vaccination
to be given immediately (or within 3-5 days of
exposure) as post-exposure prophylaxis to
non-immune, exposed HIV-infected adults with
a CD4 count >400 cells/mm?; for HIV-infected
adults with lower CD4 counts, the guideline
discusses the use of varicella zoster immune
globulin (VZIG) and/or antiviral prophylaxis
[3]. Similar to BHIVA, EACS and French guide-
lines also recommend varicella vaccination
among non-immune persons with a CD4 count
>200 cells/mm?® (>14%) [8, 9]. Vaccination
should be avoided among pregnant women.

US guidelines mirror the guidance above and
state that non-immune HIV-infected adults
with a CD4 count >200 cells/mm? can receive
varicella vaccination (administered as a 2-dose
series with doses separated by >3 months)
[4, 5, 7]. Guidelines recommend that anti-her-
petic medications be discontinued during the
period of —3 to +14 days of vaccination [5]. No
recommendation for post-vaccination VZV IgG
testing are included. Additionally, there are no
US recommendations on post-exposure vari-
cella vaccination in adults, as the guidelines
state that, even though it has been effective in
reducing the risk for varicella in VZV-suscepti-
ble immunocompetent children, it has not been
established in the adolescent and adult popu-
lation. Those who are susceptible to VZV and
who have not been vaccinated, have no history
of varicella or herpes zoster, or are seronegative
for VZV, should receive post-exposure prophy-
laxis with VZIG as soon as possible (but within
10 days) after exposure [7].

There are currently no clinical data on the
immunogenicity of varicella vaccination among
seronegative HIV-infected adolescents or adults.
However, studies in HIV-infected children have
shown good immunogenicity, with similar
antibodies levels compared to post-natural
infection [20-23]. Regarding clinical efficacy
among HIV-infected children without severe
immunosuppression, the varicella vaccine was
82% effective in preventing varicella and 100%
effective in preventing zoster in children [20].
Importantly, these data highlight that varicella
vaccination also protects against future herpes
zoster infections. A single study of varicella

vaccinations among HIV-infected adults (CD4
count >400 cells/mm? and suppressed HIV viral
loads) has been conducted albeit in a cohort
already VZV seropositive; the study showed that
vaccination modestly boosted cellular responses
[24].

Safety data in HIV-infected children have
shown that local reactions occurred in 15%
after the first dose and in 10% after the second
dose, while systemic reactions including rash
and headache were reported in 5% only after
the first dose [23]. In a study with
VZV-seropositive HIV-infected adults with CD4
counts >400 cells/mm?, vaccine adverse events
were mild, and were equally common among
vaccine and placebo recipients [24].

Zoster Vaccination

The zoster vaccine is at least 14 times as potent
as the varicella vaccine and works by boosting
natural immunity to prevent VZV reactivation
and subsequent shingles.

WHO did not recommend the routine use of
the zoster vaccine in their 2014 guidelines,
stating insufficient data regarding the burden of
disease in many countries and questions
regarding vaccine durability [2]. Nonetheless,
countries may decide to introduce routine zos-
ter vaccination if they have a notable burden of
disease and consider vaccination beneficial. No
specific guidance among HIV-infected adults is
provided.

BHIVA recommends that HIV-infected adults
without a reliable history of chickenpox or
shingles should undergo serologic testing prior
to vaccination. HIV-infected adults who are
VZV 1gG seropositive with a CD4 count
>200 cells/mm?, and preferably on ART, should
be offered a single dose of the zoster vaccine in
line with national indications which recom-
mend vaccination at >70 years. BHIVA guideli-
nes also recommend for the consideration of
vaccination among HIV patients meeting the
aforementioned criteria who are >60 years of
age [3]. EACS guidelines do not mention zoster
vaccination [8], while French guidelines state
that, due to the lack of current data, vaccination
is not recommended among HIV-infected per-
sons [9].
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In the US guidelines, a single dose of zoster
vaccine can be considered among HIV-infected
adults with known varicella immunity (i.e., a
history of varicella or zoster, or VZV IgG posi-
tivity) who are >60 years of age and have clini-
cally stable HIV infection with a CD4 count of
>200 cells/mm? [4, 7]. Among patients with no
history of varicella or zoster and having a neg-
ative VZV IgG level, providers should consider
varicella vaccination as reviewed above. The
need for booster doses after initial zoster vacci-
nation is currently under study, and current
guidelines have not provided any recommen-
dations. Among the general population, waning
of immunity has been noted by ~8 years
post-vaccination [25], but there are no current
studies regarding durability among HIV-in-
fected adults.

Those with low CD4 counts (<200 cells/mm?>
or 15%) have the greatest risk for shingles;
however, they are not recommended for vacci-
nation given their possible risk for infection due
to the live vaccine strain. Guidelines (BHIVA
and US) recommend vaccinating non-immune,
close contacts to protect HIV-infected persons
from exposure to VZV. While there are no for-
mal guidelines on additional strategies for pre-
venting shingles among HIV-infected persons
with high level immunosuppression (CD4 count
<200 cells/mm?), a study did find that acyclovir
prophylaxis (400 mg twice daily) reduced the
occurrence of shingles by 62% among HIV-in-
tected, ART-naive persons with CD4 counts
>250 cells/mm? [26]. Subunit vaccines con-
taining varicella-zoster virus glycoprotein E and
the ASOly adjuvant system [27, 28] are in
development and, since they are non-live vac-
cines, may have an important future role in
protecting HIV-infected adults with high-level
immunosuppression [29]. An inactivated zoster
vaccine has also been studied in subpopulations
of immunocompromised adults, including
those with HIV with CD4 counts <200 cells/
mm?, and was found to be immunogenic;
however, it is still investigational and not yet
available [30].

Regarding clinical efficacy, the zoster vaccine
has been shown to reduce the incidence of
shingles, the severity of disease, and the occur-
rence of post-herpetic neuralgia in the general

population [31]. No clinical efficacy data exist
among HIV-infected adults. Data on zoster
vaccine immunogenicity include a study of 295
HIV-infected adults who were VZV seropositive
which found that two doses of Zostavax® (ad-
ministered 6 weeks apart) were immunogenic
among HIV patients who had CD4 counts of
>200 cells/mm® and undetectable HIV viral
loads; those with higher CD4 counts had more
robust antibody titers [32]. More data on the
ideal dosing schedule, efficacy, and safety of the
zoster vaccine among HIV-infected persons are
needed.

No safety issues or reported cases of VZV
infection by the vaccine strain have been
reported to date when the vaccine was used in
the recommended groups of HIV-infected per-
sons [32, 33].

Measles-Mumps-Rubella

Cases of measles, mumps, and rubella continue
to occur in both the developing and developed
world, highlighting the importance of vaccina-
tion [34, 35]. Measles infections can be partic-
ularly severe, with life-threatening infections
described among HIV-infected persons [36];
clinical cases of mumps and rubella are usually
similar to non-immunosuppressed hosts. Vac-
cination is typically with a combined vaccine
containing measles-mumps-rubella (MMR).
MMR vaccination is not recommended
among severely immunosuppressed HIV-in-
fected persons (defined as CD4 count
<200 cells/mm?®) due to the possibility of
developing an active measles infection (e.g.,
pneumonia) following vaccination, as well as
poorer post-vaccination immune responses
[1, 37, 38]. However, HIV-infected persons who
are asymptomatic and exhibit low level
immunosuppression (CD4 count >200 cells/
mm?®) can be considered for vaccination, guided
by national guidelines. The need for vaccina-
tion varies greatly by geographic area and may
change over time. For example, a study of >700
HIV-infected adults in Austria noted seronega-
tivity of 8.4% for measles, 33.4% for mumps,
and 18.8% for rubella; overall, almost half were
lacking immunity to one of the components
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and required MMR vaccination [39]. Addition-
ally, a study from Spain noted that nearly 30%
were seronegative to at least one component of
the MMR vaccine [40]. In these serostudies,
immigrants were at the greatest need for
vaccination.

WHO guidelines state that measles vaccina-
tion should be routinely administered to
potentially susceptible, asymptomatic HIV-pos-
itive children and adults. Vaccination can also
be considered for those with symptomatic HIV
infection if not severely immunosuppressed
(i.e., CD4 count >200 cells/mm?®). Dosing of
vaccines are based on national immunization
schedules [2].

BHIVA guidelines suggest screening HIV-in-
fected adults for measles IgG regardless of his-
tory of childhood vaccination, since this may
not be a reliable predictor of current serostatus
[3, 41]. Those who are seronegative and are
clinically stable with a CD4 count >200 cells/
mm® should be offered two doses of MMR
>1 month apart [3]. The EACS recommends
avoidance of MMR among those with a CD4
count <200 cells/mm? (CD4 percent <14%) [8].
For individuals with a CD4 count >200 cells/
mm® and not on ART, vaccination may be
delayed until ART is initiated, depending on the
likelihood of exposure. Among HIV-infected
persons exposed to measles, a screening measles
IgG should be obtained regardless of vaccine
history; those who are seronegative and meet
the above criteria for low-level immunosup-
pression should receive post-exposure prophy-
laxis via vaccination within 3 days of contact.
Screening for rubella IgG is recommended
among HIV-positive women of childbearing age
with unknown status; those who are seronega-
tive, have a CD4 count >200 cells/mm?, and are
not currently pregnant should be vaccinated
with one dose of MMR with a follow-up test for
seroconversion, or two doses of MMR vaccine;
for those not immune to both rubella and
measles, two doses of MMR should be admin-
istered [3]. Similar to BHIVA, French guidelines
also recommend two doses of MMR among
non-immune persons with a CD4 count
>200 cells/mm?; vaccination should be avoided
during pregnancy, and becoming pregnant
should be avoided within the 2 months

following vaccination [9]. In addition to
pre-exposure vaccination, vaccination within
3 days of measles exposure can be considered
among HIV-infected adults without a history of
measles or vaccination who have a CD4 count
>200 cells/mm? [9].

In the US, although most (~85-95%)
HIV-infected adults are immune against
measles, studies have shown that ~15% are
seronegative to at least one of the viruses con-
tained in the MMR vaccine, with a higher fre-
quency among younger adults [42-44]; hence,
serostatus should be ascertained. The MMR
vaccine (two doses at least 28 days apart) can be
administered among HIV-infected adults who
lack immunity and who have a CD4 count
>200 cells/mm? for at least 6 months [4, 6].

Immunologic response rates to vaccination
vary by the host’s immune status [45]. During the
ART era, a study of 26 HIV-infected adults (most
receiving ART with a mean CD4 count of
496 cellsymm?®) and 22 controls found that
measles vaccine responses were not statistically
different at 3 months (81% vs. 86%, respectively);
at 1 year post-vaccination, a higher proportion of
HIV-infected adults had lost measles antibodies;
however, cellular responses were similar [46]. A
more recent study showed that seroconversion
frequencies for measles, mumps, and rubella were
53%, 61%, and 83%, respectively, among
HIV-infected adults who had a median post-vac-
cination CD4 count of 526 cells/mm? [44]. MMR
revaccination among HIV-positive children who
did not develop an initial response was effective
while on ART [47, 48], with a persistence of pro-
tection seen at 3 years [49]; however, data are
lacking among HIV-infected adults regarding
serologic responses to revaccination. Further,
there is a lack of data on vaccine responses to the
mumps and rubella components of MMR among
HIV-infected adults.

Studies have not found adverse immuno-
logic or virologic outcomes after MMR vacci-
nation [44, 50]. Further, no serious safety issues
have been noted when administered to recom-
mended adult groups with CD4 counts
>200 cells/mm?® [45, 46]. The MMRV vaccine
should not be administered, since it has not
been adequately evaluated in HIV-infected per-
sons and contains seven times more varicella
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antigens than the monovalent varicella vaccine,
and hence may pose a safety concern.

TRAVEL-RELATED VACCINES

HIV-infected travelers may be at increased risk
of complications from infectious diseases
acquired at their destination [51]. HAV and
influenza vaccinations, reviewed in Part I of this
series, should be provided based on the indi-
vidual’s itinerary, as these are two of the most
commonly acquired infections during travel.
HIV-infected persons should carefully consider
the benefits and risks of travel to locations with
potentially deadly infectious diseases (e.g.,
traveling to yellow fever endemic locations).
Vaccinations for travelers will be reviewed,
and a concise summary of the current recom-
mendations is presented in Table 2. Special
attention should be given to expatriates return-
ing to their home countries, since they may fal-
sely believe that they have immunity against
endemic infections, but may require vaccina-
tions for protection. Given emerging and
changing disease trends, providers are encour-
aged toreview updated resources including those
available from national public health programs,
the WHO [52], and Yellow Book published by the
US Centers from Disease Control and Prevention
[53]. In addition to the receipt of recommended
vaccinations, travelers should be advised on
additional methods to reduce travel-associated
infections including avoiding environmental-,
arthropod-, and food-related exposures.

Polio

Poliovirus serotypes 1, 2, and 3 can cause neu-
roinvasive disease including aseptic meningitis,
encephalitis, and a poliomyelitis syndrome char-
acterized by flaccid paralysis. Wild poliovirus type
1 currently circulates in select countries (e.g.,
Afghanistan, Pakistan, and Nigeria); however,
wild-type 2 has been eradicated and type 3 not
detected since 2012. There is a paucity of data
regarding polio infections among HIV-infected
adults, although there are data in infants/children
suggesting successful clearance of enteroviruses,
including vaccine-related poliovirus [54, 55].

While there are two overall types of vaccines
against polio [a live oral poliovirus (OPV) and
an inactivated polio vaccine (IPV)], the former
vaccine (OPV) is contraindicated among
immunocompromised hosts since it is a live
vaccine and may give rise to vaccine-associated
paralytic polio. Additionally, OPV is being
phased out globally as part of the final stages of
polio eradication.

WHO recommends routine polio vaccina-
tion of children based on national guidelines
[2]. Travelers to countries where the polio virus
is circulating should ensure they have com-
pleted the age-appropriate polio vaccine series.
In addition, travelers from infected countries
should be vaccinated to reduce the interna-
tional spread of wild poliovirus. Recommenda-
tions for HIV-infected persons are similar to
those for the general population, and based on
national guidelines with the caveat that only
IPV should be utilized for vaccination.

BHIVA recommends for the avoidance of
OPV in HIV-infected persons and their contacts
[3, 56], hence IPV is the vaccine of choice. Pri-
mary vaccination with a 5-dose course is rou-
tinely administered during childhood. BHIVA
states that HIV-infected adults requiring vacci-
nation (due to incomplete series or uncertain
vaccination history) for diphtheria, tetanus, or
polio utilize the Td/IPV vaccine in accordance
with national guidelines. Vaccination can be
given regardless of CD4 count, HIV viral load, or
ART use. A Td/IPV booster is recommended
every 10 years to those at risk of exposure, typ-
ically through travel. Post-vaccination antibody
testing for ensuring a response is not generally
recommended, except among those at risk for
exposure to poliovirus due to occupation (e.g.,
laboratory workers). EACS and French guideli-
nes for HIV-infected adults do not specifically
mention polio vaccination [8, 9].

In the US, beyond the primary vaccine series
typically administered during infancy, no fur-
ther vaccination is recommended except among
travelers to endemic areas for polio for which a
single lifetime polio booster is recommended
using the inactivated form of the polio vaccine
(IPV) [4]. Additional vaccination may be
required depending on evolving requirements,
which should be reviewed prior to departure.
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For example, long-term travelers staying within
specific countries (e.g., Afghanistan, Nigeria,
and Pakistan) should receive the polio vaccine
between 4 weeks and 12 months before depar-
ture from the polio-infected countries [57].
Testing for post-vaccination antibody responses
among vaccine recipients is not recommended.
Studies regarding immune responses among
HIV-infected adults are limited, but one study
found a 78-100% serologic response rate, with
the best responses among those with CD4 counts
>300 cells/mm?> [58]. Responses to primary or
booster doses of polio vaccination may be blun-
ted among patients not receiving ART, and vac-
cine failures have been described especially
among HIV-infected persons with low CD4
counts (e.g., <200 cells/mm?) [59]. Data regard-
ing immune responses in children have shown
variable results. One study showed a response
rate of >80% to polio vaccine similar to that of
non-infected children [60]. Conversely, another
study found significantly lower rates of sero-
conversion to all three poliovirus serotypes in
HIV-infected children compared to noninfected
children; however, none of the HIV-infected
children were receiving ART and the majority
(71%) were severely immunosuppressed [61].
One study showed good immunogenicity of IPV
administered intradermally (compared with
intramuscularly) in HIV-infected adults, sug-
gesting this as a potential alternate route for
administration, which may assist in making IPV
more affordable, especially in developing coun-
tries [62]. There is a lack of data on the durability
of protection and no current evidence-based
recommendations regarding post-vaccination
testing or boosters for HIV-infected persons. No
specific adverse safety signals have been noted
among HIV-infected IPV recipients [58, 63].

Typhoid

Typhoid fever is an invasive infection caused by
Salmonella serotype Typhimurium (or S. Typhi),
S. paratyphi, and other Salmonella species.
HIV-infected persons have an increased risk of
Salmonella infections including complicated
disease with bacteremia and relapsing and/or
persistent infection [64, 65]. The burden of

disease has decreased during the ART era, but
remains elevated among HIV-infected persons
[66].

Vaccines are currently available against S.
Typhi, but not for other Salmonella species. Both
live (i.e., Ty2la given by mouth) and inacti-
vated (e.g., Vi capsular polysaccharide abbrevi-
ated as ViCPS given as an injectable) vaccines
are available, with the latter recommended
among immunosuppressed persons.
Protein-conjugated Vi polysaccharide vaccines
are licensed in some countries.

WHO recommends for the programmatic use
of typhoid vaccines for controlling endemic
disease given the high burden of typhoid fever
and increasing antibiotic resistance of S. Typhi
[2]. Vaccination strategies should be based on
knowledge of the local epidemiological situa-
tion and follow national guidance. In addition
to vaccination of residents in high-burden
countries, vaccination is recommended for
travelers to endemic areas where the risk of
typhoid fever is high (especially for those stay-
ing in endemic areas for >1 month and/or in
locations where antibiotic-resistant strains of S.
Typhi are prevalent). WHO guidelines state that
the Vi polysaccharide vaccine (ViCPS) is safe for
HIV-infected adults [1, 2]. Per the guidelines,
Ty2la can be administered to HIV-infected
adults if they are asymptomatic and the CD4
count is >200 cells/mm? [1, 2].

BHIVA recommends the inactivated ViCPS
vaccine for those traveling to areas at risk for S.
Typhi acquisition, especially those who will be
exposed to poor sanitary conditions, long-term
stays, and visiting friends/family. Vaccination
should be given at least 2 weeks prior to travel
to ensure adequate time for developing an
immune response prior to exposure. Revacci-
nation is at 3 years among those who remain at
risk [3]. While the BHIVA guidelines do not
recommend Ty21a (the live vaccine) to be given
to HIV-infected persons, the EACS guidelines
state that it can be used if the CD4 count is
>200 cellsymm?® (CD4 >14%) [8]. French
guidelines do not discuss typhoid vaccination
[9].

US guidelines mirror those of the BHIVA [4].
Indications and dosing schedules are the same
as for HIV-uninfected persons, except that
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HIV-infected adults should receive ViCPS
(Typhim Vi®, Pasteur Merieux) rather than the
oral live vaccine. In addition to travelers, per-
sons with intimate exposure (e.g., household
contact) to a documented S. Typhi chronic
carrier and laboratory workers who may be
exposed to cultures of S. Typhi are recom-
mended for vaccination [67]. Booster doses are
to be administered every 2 years for those with
continued or repeated exposure.

Lower post-vaccination responses to typhoid
vaccination have been described among
HIV-infected persons, and poorer responses are
correlated with low CD4 counts (<200 cells/
mm?®) [68]. Data on the durability of immune
responses are lacking among HIV-infected
adults and recommendations regarding the
timing of repeat doses among those who remain
at risk are the same as for the general popula-
tion. Similar to other travel-related infections,
HIV-infected patients should be counseled that
vaccination may not offer complete protection
and be advised regarding additional preventive
measures (e.g., avoidance of potentially con-
taminated food and water).

There are no known significant safety issues
with the use of the inactivated typhoid vaccine
among HIV-infected persons. A study that
reviewed the safety live oral vaccines, including
the typhoid vaccine, in 34 HIV-infected adults
found no major adverse events except for late
episodes of diarrhea, which may not be exclu-
sively due to vaccination [69]. Since Ty21a is a
live-attenuated vaccine, antibacterials and cer-
tain antimalarials (e.g., proguanil, mefloquine)
may interfere with vaccine efficacy and should
be discontinued 3 days prior through 3 days
post-administration [52].

Yellow Fever

Yellow fever is a flavivirus infection transmitted
by Aedes mosquitos and found in tropical and
sub-tropical areas of South America and Africa.
It is unknown whether HIV-infected persons
have a higher risk for acquisition or more severe
illness due to yellow fever.

WHO recommends yellow fever vaccination
for three overarching reasons: to protect

populations living in areas of disease; to protect
travelers visiting these areas; and to prevent
international spread by minimizing the risk of
importation of the virus by viremic travelers [2].
WHO guidelines state that yellow fever vacci-
nation may be offered to asymptomatic HIV-in-
fected adults with CD4 counts >200 cells/mm?.
For persons with symptomatic HIV or with CD4
counts <200 cells/mm?, vaccination should not
be administered [2]. The WHO advocates studies
to identify risk groups (such as HIV-infected
patients) who may benefit from booster doses of
vaccine and research on the durability of
immune responses among these groups.

BHIVA recommends that HIV-infected adults
aged <60 years with a CD4 count >200 cells/
mm?® who are traveling to a country with risk of
yellow fever exposure be offered the choice of
vaccination. Patients should be counseled
regarding the benefits and risks of vaccination
in relation to the risk of exposure [3]. If the trip
does not truly have a risk for exposure (but
vaccination is being considered based on inter-
national travel requirements), then a waiver or
exemption letter should be considered rather
than vaccination (of note, some countries may
not accept waivers). Both EACS and French
guidelines state a CD4 count <200 cells/mm? is
a contraindication for vaccination [8, 9]. Yellow
fever vaccination should be given at least
2 weeks prior to travel. Although data among
immunocompetent hosts suggest that vaccine
durability exceeds 10 years (hence new guideli-
nes advocate for a lifetime dose rather than
booster doses every 10 years), data are lacking
among HIV-infected adults, hence a booster
every 10 years is advised among those at con-
tinued risk if the patient remains <60 years of
age and with a CD4 count >200 cells/mm? [3].
The guidelines also suggest considering sero-
logic testing prior to revaccination to assess the
need for further vaccine doses, especially
among those at greater risk for vaccine-related
side effects. HIV-infected persons who are
>60 years, have a CD4 count <200 cells/mm?,
or are pregnant should not receive yellow fever
vaccination per BHIVA guidelines [3].

US guidelines recommend that HIV-infected
persons should ideally avoid traveling to yellow
fever endemic locations. Among those who
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cannot alter their itineraries and who will be at
risk of infection, vaccination can be considered
for those with asymptomatic HIV infection and
a CD4 count >200 cells/mm?. Specifically, yel-
low fever vaccination is a precaution for
asymptomatic HIV-infected persons with CD4
cell counts of 200-499 cells/mm?, hence the
benefits and risks should be carefully discussed.
Vaccination is not a precaution for people with
asymptomatic HIV infection and CD4 cell
counts >500 cellsymm® and can be adminis-
tered if recommended. Yellow fever vaccination
is contraindicated among those with a CD4
counts <200 cellsymm?® or those with symp-
tomatic HIV infection [70]. Close attention to
the itinerary is suggested to ensure that vacci-
nation is truly needed [51, 71]. If international
travel requirements and not true exposure risk
are the only reasons to vaccinate a traveler, a
waiver letter should be provided (travelers
should be warned that vaccination waiver doc-
uments might not be accepted by some coun-
tries). Travelers should be informed that
immune responses to vaccination may be
muted and hence serologic testing (available
through public health departments and the
CDC) be considered and performed 1 month
after vaccination. Guidelines suggest that those
who were infected with HIV when they received
their last dose of yellow fever vaccine should
receive a dose every 10 years if they continue to
be at risk.

The best option for HIV-infected travelers
with low CD4 counts (e.g., <200 cells/mm?) is
cancelling travel to the endemic location. If the
patient is unwilling to alter their itinerary,
obtaining a waiver and adhering to strict mos-
quito avoidance can be considered, but carries
the risk for acquiring yellow fever.

Regarding immune responses to yellow fever
vaccination, HIV patients have lower vaccine
response rates compared to HIV-uninfected
persons based on studies including a Cochrane
review [72-77]. One study showed that 83%
developed neutralizing antibody compared
with 97% of HIV-uninfected persons (p = 0.01)
[78]. The immune response is greater among
those with higher CD4 counts and lower HIV
viral loads [77, 78]. Another study found that
98% of HIV-infected persons had an initial

seroresponse, which decreased to 92% at
10 years post-vaccination with durability being
closely related to suppressed HIV viral loads
over time [77].

A Cochrane review states that yellow fever
vaccine may be potentially safe in HIV-infected
patients, although conclusions are limited by
the small numbers of reported patients receiv-
ing vaccination [72]. Specifically, an evaluation
of ~500 HIV-infected persons meeting vaccine
guidelines found no severe adverse events
among recipients; however, these data do not
exclude infrequent adverse events [72]. Severe
adverse events have been described among
HIV-infected persons with low CD4 counts,
including a case of post-vaccination myeloen-
cephalitis in a person with a CD4 count of
108 cells/mm? [79]; no cases of vaccine-related
viscerotropic disease in HIV patients have been
described to date [51]. Risk for severe adverse
events post-vaccination include age >60 years,
immunosuppression, and thymus disorder,
which are contraindications to vaccination.
Less severe vaccine-related adverse events may
include headache, myalgias, fever, and local site
reactions which have been noted in 10-30% of
recipients.

OTHER TRAVEL-RELATED VACCINES

HIV patients may require additional vaccina-
tions prior to travel or for those living in
endemic areas. These may include rabies, Japa-
nese encephalitis virus (JEV), cholera, and
tick-borne encephalitis (TBE) vaccines. There
are few specific data regarding these vaccines
among HIV patients, hence guidance generally
follows standard travel guidelines with some
important caveats as noted below.

Some guidelines (e.g., US) note that, since
vaccines given to protect against travel-related
diseases among HIV-infected persons with a
CD4 count <200 cells/mm? are often subopti-
mal, revaccination >3 months after immune
reconstitution on antiretroviral therapy can be
considered. Additionally, delaying travel pend-
ing reconstitution of the CD4 count on
antiretroviral therapy should be considered to
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bolster vaccine responses and minimize the risk
of infection [80].

Rabies

Rabies is a virus in the Lyssavirus genus that can
be transmitted to humans by the bite or scratch
of a rabid animal (most commonly dogs and
bats, but also from a wide range of animals)
resulting in encephalomyelitis that is typically
fatal. Rabies is present on every continent
except Antarctica, and public health guidance
should be sought regarding the risk of rabies
after potential exposure by geographic area and
animal type. HIV-infected persons appear to be
at similar risk for rabies with no known differ-
ences in the disease natural history in this
group.

Rabies vaccines include the human diploid
cell vaccine (HDCV), the purified chick embryo
cell vaccines (PCECV), and the purified Vero cell
rabies vaccine (PVRV). These vaccines are inac-
tivated, and may be used as pre- or post-expo-
sure prophylaxis.

WHO recommends a 3-dose vaccination
series [concentrated and purified cell-culture
(CCV) or embryonated egg-based (EEV) rabies
vaccines, jointly referred to as CCEEVs] for
pre-exposure prophylaxis, but does not specifi-
cally provide additional guidance for HIV-in-
fected adults [2]. For post-exposure prophylaxis,
a complete series of five doses of intramuscular
vaccines (CCEEVs) is recommended along with
human rabies immunoglobulin (HRIG) among
previously unvaccinated persons. Rabies virus
neutralizing antibody testing is recommended
at 2-4 weeks following vaccination to assess the
possible need for an additional dose of the
vaccine among immunosuppressed persons.

BHIVA guidelines recommend pre-exposure
vaccination of HIV-infected adults who are risk
of rabies exposure due to travel using three
doses of a cell culture-derived vaccine (HDCV
and PCECYV are available in the UK) at days O, 7,
and 28. Those at risk for a poor vaccine response
(based on CD4 count, HIV viral load, and lack of
ART use) should be offered post-vaccination
rabies serology testing at 2—-4 weeks after the 3rd
vaccine dose, and those with a level <0.5 IU/mL

offered a booster dose (which can be given as a
double dose) followed by repeat serology. Anti-
body testing in the UK can be obtained through
the PHE Rabies clerk at +44 (0) 20 8327 6204
[3]. For persons who remain at risk for rabies
through ongoing travel, a booster is recom-
mended at 1 year after the initial completion of
the series, with subsequent boosters every
3-5 years or based on serology test results when
indicated [3]. HIV-infected persons at risk of
rabies through occupation (e.g., laboratory
workers, veterinary staff, etc.) can be offered the
3-dose vaccine series and follow-up test-
ing/boosters if they have a CD4 count
>200 cells/mm? and stable HIV viral load sup-
pression. For those at continuous risk, follow-up
serologies are recommended every 6 months
(and booster doses among those with lack of
seroprotection) and, for those with lower
exposure risks, monitoring of serologic testing is
advised every 1-3years. Those who do not
mount an adequate vaccine response and those
with a CD4 count <200 cells/mm? (given poor
vaccine response rates) should avoid exposure
[3]. BHIVA also offers post-exposure vaccination
guidance and recommends a 5-dose series (0, 3,
7, 14 and 30 days) along with HRIG. Those who
had received pre-exposure vaccination with a
documented adequate post-vaccination
response and ongoing HIV control (i.e., CD4
count >500 cells/mm?, HIV viral load suppres-
sion, and receipt of ART) at the time of vacci-
nation and thereafter, should receive two
vaccine doses (0 and 3-7 days). All persons
should have post-vaccination antibody serology
testing 2 weeks after the last vaccine, and
non-responders should be offered double doses
of the vaccine and consideration for combined
intradermal and subcutaneous routes of
administration [3]. EACS and French guidelines
do not discuss rabies vaccination [8, 9].

US guidelines recommend vaccination
among HIV-infected individuals using the same
criteria as for HIV-uninfected persons [4]. In
brief, a pre-exposure vaccination series of three
doses is recommended for those at risk of
exposure with post-vaccination serologic test-
ing at 6 months for those at continuous risk and
2 years for those at frequent risk, with a booster
dose if antibody titer is below acceptable level.
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For post-exposure prophylaxis among those
without pre-exposure vaccination, the recom-
mendation is a 5-dose vaccine series at 0, 3, 7,
14, and 28 days (the Sth dose is added for
HIV-infected and other immunocompromised
persons vs. the 4-dose series for immunocom-
petent persons) and HRIG. Previously vacci-
nated persons who received one of the
ACIP-recommended pre-exposure prophylaxis
regimens with cell-culture vaccines, or those
who received another vaccine regimen with
documented adequate rabies virus-neutralizing
antibody response, should receive post-expo-
sure prophylaxis with two vaccine doses (O,
3 days). When rabies pre- or post-exposure
prophylaxis is administered to an immunosup-
pressed person (including those with HIV),
serum samples should be tested for rabies virus
neutralizing antibody to ensure that an accept-
able antibody response has developed after
completing the series. Interpretation of the
results and laboratories performing this testing
in the US can be found at: http://www.cdc.gov/
rabies/specific_groups/doctors/serology.html. If
an acceptable antibody response is not detected
after the final dose in the pre- or post-exposure
prophylaxis series, guidelines recommend con-
sultation with their physicians and appropriate
public health officials. Durability of responses
and frequency of repeat antibody testing is not
addressed in current US guidelines.

Vaccine immunogenicity may be reduced
among HIV-infected persons, especially among
those with low CD4 counts, high HIV viral
loads, and lack of ART use [81-87]. In one study,
88% of those with a CD4 count >450 cells/mm”®
on ART developed a protective response after
three doses of the cell culture-based vaccine
[87]. Since responses may vary and persons with
even high CD4 counts (>500 cells/mm?®) may
not develop protective responses, post-vaccina-
tion serology should be considered [3]. In
addition to the initial response, immune
responses may wane faster particularly among
those not receiving ART. For example, a study
evaluating a two-dose rabies vaccine regimen in
30 HIV-infected adults (median CD4 count of
537 cells/mm?), found that 5 years after primary
vaccination, 63% had antibody titers above the
protection threshold compared with 86% of

healthy controls [86]. Thus, follow-up testing
among those who remain at risk should be
considered [3, 86, 87]. Studies on the utility of
double vaccine doses and the potential use of
intradermal (vs. intramuscular) routes of
administration for bolstering vaccine responses
among HIV-infected persons are needed [88].
Vaccinations are typically well tolerated
among HIV-infected persons with injection site
reactions and mild systemic reactions most
commonly observed [82, 83, 86, 88].

Japanese Encephalitis Virus

JEV is a flavivirus transmitted by Culex mos-
quito bites. The disease is found in Asia, most
commonly in the Southeast and Western Pacific
areas; rural areas with rice fields and pig farms
are associated with the highest risk. Seasonal
patterns exist within individual countries (e.g.,
in temperate areas of Asia, transmission usually
peaks in summer and fall) and yearly based on
rainfall (e.g., the highest transmission rates are
during and just after the wet seasons). Infection
may range from asymptomatic to life-threaten-
ing encephalitis. Whether HIV-infected persons
have a higher risk for infection or more severe
disease is unknown.

There are a variety of inactivated JEV vacci-
nes available including the Vero cell-derived
vaccine (IXIARO®). A previous mouse
brain-derived vaccine is no longer recom-
mended given its adverse safety profile com-
pared with other vaccine preparations.

WHO recommends JEV vaccination be inte-
grated into national immunization schedules in
areas where JEV is a public health priority [2].
Guidelines advise that JEV vaccine can be used
in immunocompromised persons, including
HIV-infected individuals, but that the immune
response may be lower than in fully immuno-
competent persons, and that inactivated Vero
cell-derived vaccines should be used preferen-
tially over live attenuated or live recombinant
vaccines. A booster dose is recommended to be
given at >1 year after primary series if there is
continued risk [2].

BHIVA recommends JEV vaccination among
those at risk based on travel or occupation with an
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inactivated Vero cell-derived vaccine (e.g.,
IXIARO®) using the same schedule as for the gen-
eral population (two doses given 24-28 days apart)
[3]. In general, vaccination is recommended for
travelers to an endemic area staying for >1 month
during the transmission season, especially when
travel involves rural areas and/or pig farms. An
abbreviated schedule is generally not recom-
mended for HIV-infected persons unless there is an
urgent need for completion of the series prior to
exposure. A booster vaccine is recommended at
12-24 months among those at continued risk,
with another booster at 10 years [3].

US guidelines note the lack of safety or effi-
cacy data regarding JEV vaccines among
immunocompromised persons. When utilized,
the inactivated vaccine (Vero cell-derived vac-
cine, IXIARO®) at the usual dose and schedule is
advised. Vaccination is recommended for trav-
elers who plan to spend >1 month in endemic
areas during the JEV transmission season [4].

The immunogenicity and clinical efficacy of
JEV vaccination in HIV-infected adults are
unknown. Data among HIV-infected children
suggest reduced antibody responses measured
by geometric mean titers, but that most develop
seroprotective responses with the best responses
among those on ART [89-92].

Vaccine safety appears comparable among
HIV-infected and HIV-uninfected persons based
on limited pediatric data [92].

Cholera

V. cholerae is a Gram-negative bacterial infection
acquired after consuming contaminated water
or food with clinical manifestations of acute,
profuse watery diarrhea. In its extreme mani-
festation, cholera is one of the most rapidly fatal
infectious illnesses known. Serogrouping is
based on polysaccharides of the somatic
(O) antigen with more than 200 serogroups.
Two serogroups—O1 and O139—cause epi-
demic disease with O1 causing >99% of global
cases. Regarding cholera in HIV-infected per-
sons, limited data suggest that that this group
has an increased risk for severe disease [93].
There are several inactivated, oral cholera
vaccines available worldwide which are

described below. In addition, a live attenuated
vaccine (CVD 103-HgR) is also available in some
countries.

WHO recommends vaccination in
cholera-endemic countries targeting high-risk
areas and population groups [2]. The primary
groups for vaccination in endemic areas are
preschool-aged and school-aged children, but
other groups for targeting include pregnant
women and HIV-infected individuals who are at
risk for severe disease. The two main vaccines
recommended by the WHO include Dukoral® [a
killed whole cell (WC) vaccine with cholera
toxin B subunit (WC-rBS)] and Shanchol® [a
modified killed whole cell-only vaccine
(WC-only)]. Shanchol® differs from Dukoral®,
in that it also covers serotype 0O139. Dosing for
Durkoral® is by two oral doses given >7 days
apart (but <6 weeks apart) and Shanchol® as
two oral doses given 14 days apart. Booster
doses are every 2nd year among adults who
remain at risk; if the timing of the booster is
>2 years for Dukoral®, then repeating the pri-
mary 2-dose vaccine series is advised.

BHIVA recommends that HIV-infected adults
at significant risk for cholera due to their travel
itinerary be vaccinated regardless of CD4 count,
HIV viral load, or ART receipt [3]. The oral,
non-replicating vaccine, WC/rBS (Dukoral®), is
recommended and should be given at least
1 week prior to potential exposure with a
booster dose after 2 years if continued protec-
tion is needed [3].

In the US, a live attenuated CVD 103-HgR vac-
cine, Vaxchora ', has recently been approved as a
single-dose oral cholera vaccine for adults aged
18-64 years traveling to an area of active toxigenic
V. cholerae O1 transmission. Specifically, travelers
with high risk of exposure to cholera or a higher
risk for poor outcomes should be vaccinated.
Travelers at high risk for cholera include those
traveling to provide humanitarian aid in cholera
outbreak settings, visiting friends and relatives,
staying for a long time, or with limited access to
safe food and water [4]. US guidelines do not
specifically discuss HIV-infected adults. The WHO
prequalified vaccines (e.g., Dukoral® and Shan-
col®) are not available in the US.

The clinical efficacy of cholera vaccination
has not been extensively studied in
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HIV-infected persons, but has a rate of 65-86%
in the general population [3]; a single study in
Africa which included ~25% HIV-infected per-
sons noted an efficacy of 72% [94]. Immuno-
genicity data among HIV-infected persons
suggest good, albeit diminished, immune
responses after two vaccine doses, with the best
responses among those with higher CD4 counts
[95, 96]. In a study of Vaxchora , serological
responses were significantly diminished among
the HIV-infected group, especially in those with
CD4 counts <500 cells/mm? [97]. Most studies
have been conducted among persons from
endemic areas which may have influenced
vaccine responses, and there is currently a lack
of data on vaccine responses among HIV-in-
fected travelers from non-endemic areas. Fur-
ther, the duration of protection of vaccines
beyond 3-6 months is currently unknown
among HIV-infected persons.

Regarding safety, the aforementioned killed
vaccines have been well tolerated among
HIV-infected persons to date [94, 95, 97, 98];
adverse reactions are uncommon but may
include fatigue, headache, abdominal pain,
nausea, vomiting, diarrhea, and lack of appetite.
The safety of Vaxchora  has not been evaluated
in the immunocompromised population; how-
ever, a previously licensed Orochol vaccine,
which also contains the CVD 103-HgR strain
used in Vaxchoram, was found to be safe in
HIV-infected adults [97].

Tick-Borne Encephalitis

TBE virus is a Flavivirus transmitted primary by
Ixodes tick bites and is the most common
tick-transmitted disease in Central and Eastern
Europe and Russia. TBE includes three subtypes:
European, Siberian, and Far Eastern. Approxi-
mately two-thirds of cases are asymptomatic,
with one-third developing symptoms approxi-
mately 8 days post-infection, ranging from a
mild febrile illness to severe encephalomyelitis;
the Far Eastern subtype typically is associated
with more severe disease, and the European
subtype with milder disease. The estimated risk
for acquiring TBE in an unvaccinated traveler to
a highly endemic area is 1/10,000 [99]. It is

unknown if HIV infection increases the risk for
either infection or disease severity. There are
data to suggest that deletion in the chemokine
receptor 5 (CCRS) gene (i.e., being homozygous
for CCRS5Delta32) is associated with increased
risk and severity of TBE [100]; whether the use
of the CCRS5-blocker, maraviroc, also increases
the risk is unclear at this time.

Currently, there are four widely used TBE
vaccines: FSME-Immun® and Encepur® (manu-
factured in Europe), and TBE vaccine Moscow®
and EnceVir® (manufactured in the Russian
Federation) [2]. FSME-Immun® is also licensed
in Canada, but there are no TBE vaccines cur-
rently licensed or available in the US. There is a
vaccine produced in China against TBE, but
limited data exist. The dosing schedule for each
vaccine varies, and should follow manufacturer
and national guidelines. Immunogenicity stud-
ies suggest that the aforementioned European
and Russian vaccines should provide cross-pro-
tection against all subtypes.

WHO recommends vaccine guidance based
on national and local-level risk disease assess-
ments. In areas where disease is highly endemic
(>5 cases/100,000 per year), WHO recommends
vaccination among all ages in which the vaccine
is approved and makes special note for vacci-
nating those >50 years given their increased risk
for severe disease; there is no specific mention
regarding vaccination of HIV-infected persons
[2]. Among areas of low incidence, local guidance
should be followed and target those most likely
to be affected. Finally, travelers from non-en-
demic to endemic areas with planned extensive
outdoor activities should be offered vaccination.
The standard vaccination schedule includes
three doses in the primary series, followed by
boosters guided by national guidelines; for those
at risk for more severe disease (e.g., >50 years),
boosters are advised at 3-5 years. Vaccination for
post-exposure prophylaxis after a tick bite is not
recommended given that the time to develop an
immune response would likely not prevent
infection.

BHIVA recommends that HIV-infected adult
travelers who may be exposed to TBE during the
seasons of disease (i.e., typical transmission
seasons in Europe are May/June and then again
in September/October) be offered vaccination
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[3]. Among those residing in endemic areas, the
guideline recommends following local vaccina-
tion program guidance. Vaccination series is
typically with three doses; however, BHIVA
guidelines recommend a 4-dose series (0, 1, 2,
and 9-12 months) for HIV-infected adults given
concerns for lower vaccine responses in this
group [3]. An accelerated vaccine schedule
exists (0 and 2 weeks, then a 3rd dose at
5-12 months), but no data are available on its
immunogenicity among HIV-infected persons,
hence the urgency of vaccination should be
weighed against potential poorer immune
responses. Boosters are recommended at
3-5 years, with the shorter interval among those
with CD4 counts <400 cells/mm?. Boosters can
be guided by serological test results with a level
>126 Vienna units/mL considered as protective
[3].

US guidelines advise consideration of vacci-
nation among travelers with anticipated
high-risk exposures (working or camping in
forested areas or living in TBE endemic coun-
tries for extended periods of time). However,
given the lack of vaccines in the US, vaccination
would need to occur outside that country (e.g.,
Canada or in the country of travel); however,
the multi-dose vaccine series makes this poten-
tially challenging [53]. No specific guidance for
HIV-infected persons is provided.

The clinical efficacy of TBE vaccination
among HIV-infected persons is unstudied.
Regarding immunogenicity, HIV patients
(especially those with a CD4 count <400 cells/
mm?®) have poorer responses compared with
HIV-uninfected persons [101, 102], with vac-
cine durability unknown.

TBE vaccines are overall safe and most com-
monly involve local site reactions, but data are
limited among HIV-infected persons. Vaccina-
tion is contraindicated in those with severe egg
allergy.

OCCUPATIONAL-RELATED
VACCINES

Occupational-related vaccines remain an
important consideration given the ongoing
threat of bioterrorism. Although there are

limited data on the use of vaccines against
anthrax and smallpox in HIV-infected persons,
given the large global population of HIV-in-
fected persons (36.7 million as of 2015), and
that HIV-infected persons work in a wide variety
of occupations, including in the military, these
specific vaccinations are reviewed. There are
other vaccinations that may be recommended
depending on specific occupational risk and
location of residence (e.g., Q-fever vaccine
available in Australia; adenovirus vaccine in the
US military recruit population), hence
local/national guidance should be consulted.

Anthrax

Bacillus anthracis is a toxin-producing bacterial
infection transmitted via contact with infected
animals or their products (e.g., furs). The three
forms of the disease are cutaneous, respiratory,
and gastrointestinal. Infection may become dis-
seminated with bacteremia and meningitis. Most
cases occur in Africa, Asia, the Americas, and
occasionally in parts of Europe. It is unknown if
HIV-infected persons have an altered natural
history of disease or higher mortality.

The WHO does not have specific guidelines
on the use of anthrax vaccination among
HIV-infected adults.

BHIVA recommends pre-exposure vaccina-
tion of HIV-infected adults who are at signifi-
cant risk for anthrax exposure (e.g., based on
occupation) using national guidelines [3]. Vac-
cination can be given regardless of CD4 count,
HIV viral load, or ART use. The Anthrax Vaccine
Precipitated (AVP) is the recommended vaccine
and is a non-replicating cell-free filtrate of B.
anthracis proteins. The vaccine is available in
the UK through the Department of Health or
Ministry of Defence and given as four doses (O,
3, 6 weeks, and 6 months) with a booster given
annually among those at ongoing risk. Those
with a low CD4 count (<200 cells/mm?) may
have poorer vaccine responses, and should be
counseled on the possibility of lack of protec-
tion; additionally, vaccination may be deferred
or repeat vaccination considered after immune
reconstitution based on the circumstances
regarding exposure. Post-exposure vaccination
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(along with receipt of antibiotics) is based on
standard recommendations [3].

The US does not have specific guidelines for
vaccination of HIV-infected persons. The US CDC
recommends pre-exposure vaccination for three
groups of adults 18-65 years of age who may be at
risk for occupational exposure: certain laboratory
workers who work with anthrax, people who
handle animals or animal products that may be
infected (e.g., veterinarians), and certain US mil-
itary personnel. In the US, the anthrax vaccine
(BioThrax®) is made from cell-free filtrates of an
avirulent, nonencapsulated strain of B. anthracis.
The vaccine regimen consists of five intramuscu-
lar doses (at 0, 1, 6, 12, and 18 months), followed
by annual boosters thereafter. For post-exposure
treatment, the CDC recommends three subcuta-
neous doses (at 0, 2, and 4 weeks) of the anthrax
vaccine for previously unvaccinated persons
>18 years who are exposed to aerosolized B.
anthracis spores, as well as 60 days of appropriate
antimicrobial prophylaxis [103].

The efficacy and immunogenicity of anthrax
vaccines among HIV-infected persons are
unknown. The effectiveness of the anthrax
vaccine has been estimated as 93% for
immunocompetent persons who complete the
primary series and maintain booster doses. The
vaccine is considered safe in the general popu-
lation, although local site reactions are com-
mon (~50%); its safety among HIV-infected
persons is unknown.

Smallpox

Variola virus causes smallpox and is acquired
through droplets or aerosol typically from an
infected person. Smallpox was declared eradi-
cated in 1980 and routine vaccination was
stopped. Given concerns for its use in bioter-
rorism, vaccination was restarted in some
countries among targeted groups including
military personnel and healthcare workers.
There are three main smallpox vaccines
available: ACAM2000®, which is a live, repli-
cating vaccinia virus vaccine; Aventis Pasteur
Smallpox Vaccine (APSV) which is a replica-
tion-competent vaccinia investigational vac-
cine; and Modified Vaccinia Ankara (MVA,

Imvamune® in the United States and Canada, or
Imvanex® in Europe) which is a live, attenuated
vaccine that is replication-restricted after mul-
tiple cell culture passages. MVA was approved
under exceptional circumstances due to the lack
of clinical data, but due to a desire for a
non-replicating vaccine to be available for
potential use in immunosuppressed persons.
While guidelines generally recommend avoid-
ing ACAM2000® among immunosuppressed
persons (e.g., HIV-infected persons), in the set-
ting of post-exposure prophylaxis, it can be
considered since the data for the efficacy of
MVA in preventing smallpox is less certain, and
it requires two doses to be administered 4 weeks
apart to achieve an immune response compa-
rable to that of the replication-competent
smallpox vaccines [104, 105].

The WHO does not provide current guideli-
nes on the use of smallpox vaccination among
HIV-infected adults.

BHIVA recommends a careful appraisal of the
risk of contracting smallpox versus possible vac-
cine-related adverse events. In cases that pre-ex-
posure vaccination is recommended, but there is
no urgency, HIV-infected adults should be given
Imvanex® (non-replicating vaccine) with two
doses administered at least 1 month apart. No
current data exist on booster doses after Imva-
nex® vaccination. In cases where there is a sig-
nificant risk for exposure and there is urgency for
protection, ACAM2000® can be considered
among HIV-infected persons with CD4 counts
>200 cells/ymm?® after careful consideration of
the potential risks. Primary ACAM2000® vacci-
nation is typically with a single dose followed by
a booster at 3years if the risk for exposure
remains; no data for alternate dosing strategies
exist for HIV-infected persons. Among those
exposed to smallpox virus, BHIVA recommends
that those with CD4 counts >50 cells/mm? can
be considered for ACAM2000®, with the goal for
timing of vaccination within 3 days of exposure
(but can be given up to 10 days). For those with a
CD4 count <50 cells/mm?®, BHIVA recommends
antiviral medications and possible Invanex®
vaccination, but expert opinion is advised.
HIV-infected persons should avoid close contact
with recipients having received ACAM2000® to
avoid possible exposure [3].
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US guidelines state that HIV-infected adults
with CD4 cell counts >200 cells/mm?® who are
at high risk for smallpox infection, but without
known exposure, can receive pre-exposure vac-
cination with ACAM2000®. On the other hand,
persons with CD4 cell counts of 50-199 cells/
mm?® who are at high risk for smallpox infec-
tion, but without known exposure, are to be
vaccinated with Imvamune® [105]. Among
HIV-infected persons who are exposed to
smallpox virus, post-exposure vaccination with
ACAM2000® is recommended among those
with a CD4 count >50 cells/mm?, but avoided
among those with a CD4 count <50 cells/mm?,
given their higher likelihood of poor immune
responses and an increased risk for adverse
events, which mirrors guidance from BHIVA
[105]. Among this group, if antivirals are not
immediately available, it is reasonable to con-
sider the use of Imvamune®.

The efficacy of ACAM2000® among HIV-in-
fected adults is unknown. This vaccine was
inadvertently administered to ten HIV-positive
military members (mean CD4 count 483 cells/
mm?®, range 286-751) with noted robust
immune responses and no reported adverse
events [106]. However, adverse events including
progressive vaccinia have been reported in
HIV-infected persons with low CD4 counts
[107]. Further, ACAM2000® may cause a variety
of complications including myopericarditis,
encephalitis, generalized vaccinia, eczema vac-
cinatum, ocular complications including
blindness, and death.

Regarding MVA, it was studied in 91
HIV-infected persons with CD4 counts
>350 cellsymm® and HIV viral loads
<400 copies/mL with antibody responses com-
parable between HIV-infected and HIV-unin-
fected persons with a good safety profile [108]. A
smaller study (n=10) found similar wvac-
cinia-specific humoral immune responses
among HIV-infected individuals and healthy
subjects with responses maintained over 1 year
[109]. Most recently, a modified vaccinia
Ankara-Bavarian Nordic (MVA-BN) vaccine (two
doses given 4 weeks apart) was studied in vac-
cinia-naive (n = 351) and vaccinia-experienced
(n=131) HIV-infected persons (CD4 count
>200 cells/mm?®) with data suggesting it was

safe and immunogenic [110]. The most com-
mon side effect of non-replicating smallpox
vaccines is injection site reactions; no increased
risk for myopericarditis has been noted.

ADDITIONAL VACCINES

Haemophilus influenzae

Haemophilus influenzae includes both non-en-
capsulated and encapsulated strains, the latter
including serotype B (Hib) which is a cause of
respiratory infections and meningitis. Invasive
H. influenzae serotype B infections used to be
more common among HIV-infected persons;
however, more recently, the absolute risk of
disease has fallen after Hib vaccination pro-
grams [111]. Further, most infections among
HIV-infected persons are now due to non-Hib
strains, hence the current vaccine offers no
protection [112].

An H. influenzae type b (Hib) conjugate vac-
cine is available as an inactivated, capsular
polysaccharide conjugated to a protein that
protects against invasive serotype B, but not
against other serotypes.

WHO guidelines recommend for the inclu-
sion of conjugate Hib vaccines in all infant
immunization programs and notes that
HIV-infected children should specifically be
vaccinated given their higher risk for disease [2].
Guidelines do not mention the vaccination of
HIV-infected adults.

BHIVA does not routinely recommend Hib
vaccination among HIV-infected adults. If the
patient has risk factors for severe Hib disease
such as asplenia or complement deficiency (in-
cluding use of a complement inhibitor therapy),
then a single dose of vaccine (e.g., Hib/MenC) is
given regardless of prior vaccination or HIV
control [3]. EACS does not have specific rec-
ommendations [8], and French guidelines rec-
ommend its use in children per guidelines for
the general population and for adults with
particular concurrent conditions such as asple-
nia [9].

US guidelines offer similar guidance as the
BHIVA and no longer recommend Hib vacci-
nation based solely on HIV-positive status.
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Adults who have anatomical or functional
asplenia or sickle cell disease should receive one
dose of Hib if they have not previously received
the vaccine [4].

Regarding immunogenicity, HIV-infected
adults can mount protective antibodies, although
these are typically lower than among HIV-unin-
fected persons and are related to the CD4 count
[113-115]. There are no additional safety concerns
regarding vaccination among HIV-infected adults.

BCG

The Mycobacterium tuberculosis complex includes
M. tuberculosis, M. bovis, and M. africanum. The
disease is spread person-to-person through air-
borne droplets and causes pulmonary and/or
extrapulmonary infection. HIV infection increa-
ses the risk for reactivation of latent infection and
the development of active disease [116]. Tuber-
culosis (TB) is the leading cause of death among
HIV-infected persons in many places in the world
including sub-Saharan Africa [117].

A BCG vaccine containing a strain of M. bovis
is available as a live, attenuated vaccine. While
this vaccine may protect against disseminated
TB (e.g., meningitis) in children, its efficacy
varies widely [118].

The WHO, French, and US guidelines all
state that the use of BCG vaccination is con-
traindicated among persons known to be posi-
tive for HIV infection [1, 2, 4, 9]. The BHIVA
guidelines state that the BCG vaccine is abso-
lutely contraindicated among HIV-infected
persons regardless of CD4 count, HIV viral load,
clinical status, or ART use [3]. The avoidance of
vaccination among HIV-infected persons is due
to safety concerns. Additionally, the efficacy of
BCG vaccination among HIV-infected persons is
unknown [3]. The mainstay for TB prevention is
avoidance of contact with persons or settings
that may result in TB exposure. Regular screen-
ing for latent TB and, if positive, administration
of preventive therapy are advised.

There are notable safety concerns with the use
of BCG vaccination among HIV-infected persons
given their heightened risk for developing dis-
seminated disease (e.g., osteitis, adenitis) due to
the vaccine strain post-vaccination [119-122].

Fatalities have been described and complications
may occur several years to decades after vaccina-
tion [123-126]. Hence, BCG vaccine is not advised
by any of the guidelines for use among HIV-in-
fected adults.

FUTURE DIRECTIONS

Vaccines are available to protect HIV-infected
adults worldwide against an increasing number of
infectious diseases, and several novel vaccines are
on the horizon (e.g., against dengue, Chikun-
gunya, Ebola, herpes simplex 2, Zika, etc.). Cur-
rent challenges include ensuring vaccination
coverage among HIV-infected persons worldwide.
Obstacles are many and may include cost and
availability of the various vaccines in developing
countries, as well as insurance coverage require-
ments (e.g., that require that vaccines are given by
a general practitioner vs. specialist) and docu-
mentation of vaccinations over time in the
developed world. The ideal timing of vaccinations
also remains an important consideration,
including whether to wait until after ART initia-
tion and the optimal CD4 count and HIV RNA
level at the time of vaccination. Additionally,
studies are needed to address the clinical efficacy
and durability of immune responses post-vacci-
nation among HIV-infected adults, and whether
HIV patients require alternate dosing or booster
schedules for many of the vaccines discussed in
this review. Further, data on the need and timing
of antibody levels post-vaccination and their
correlation with vaccine efficacy among HIV-in-
fected are needed. Finally, for vaccines, especially
those administered routinely in childhood/ado-
lescence in many countries (e.g., HPV, hepatitis A
and B, and conjugate pneumococcal), the need for
boosters during adulthood among HIV-infected
persons is a key area for future research.

SUMMARY

Vaccination is an essential component for ensur-
ing the health of those living with HIV. Since
HIV-infected persons may have reduced initial and
long-term responses post-vaccination, and hence
may require alternate vaccination dosing
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strategies, specific guidelines for HIV-infected per-
sons have been published to address these con-
cerns. The current paper provides a concise
summary of global and national vaccine recom-
mendations for live, travel-related, and occupa-
tional-related vaccinations and highlights the role
of these vaccines to protect HIV-infected adults
from vaccine-preventable infectious diseases.
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