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The burden of HIV infection in Canada and other industri-
alized countries is great (1). As a consequence of a com-

promised immune status, this population is at risk for severe
influenza illness. Influenza viral replication and shedding is
prolonged, and the duration of influenza symptomatology is
longer in those with HIV (2,3). Furthermore, influenza-related
mortality rates in HIV-infected individuals have increased (4).
Influenza vaccination is recommended for HIV-infected indi-
viduals (5,6). The Centers for Disease Control and Prevention
(USA) guidelines state that “influenza can result in serious ill-
ness and because vaccination with inactivated influenza vac-
cine might result in the production of protective antibody
titers, vaccination might benefit HIV-infected persons.
Therefore, influenza vaccination is recommended” (6).

Despite evidence of influenza vaccine efficacy in HIV, this
may be diminished compared with immunocompetent popula-
tions (7). Because influenza vaccination is the cornerstone of
public health interventions intended to protect the population
against influenza, vaccine hyporesponsiveness in HIV represents

a significant concern. In view of the risk of influenza exposure in
general, as well as concerns related to poor vaccine efficacy and
more severe influenza disease in those living with HIV, strategies
to improve vaccine efficacy are required. The present article
reviews the current burden of influenza in HIV patients and the
shortcomings of existing research in this field. The implications
of suboptimal influenza vaccine effectiveness and the need for
new strategies for influenza prevention in this population are
discussed.

METHODS
To identify relevant literature for the present systematic
review, a search strategy was established in consultation with a
medical librarian. The following databases were searched inde-
pendently and in duplicate (from inception to June 2007) –
MEDLINE, EMBASE (Excerpta Medica), Cochrane Central
Register of Controlled Trials, Allied and Complementary
Medicine Database, Cumulative Index to Nursing and Allied
Health Literature, TOXNET, Development and Reproductive
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BACKGROUND: HIV-seropositive adults are at an increased risk for

influenza infection. They also develop more severe influenza disease and

are hyporesponsive to current influenza vaccinations.

METHODS: The authors examined findings from a systematic review

of influenza vaccination in HIV-seropositive adults, and evaluated other

relevant studies. A narrative overview of findings formulated to summa-

rize the implications of currently available literature is presented. The

primary goal of the present review is to assess the limitations of current

evidence and to provide a framework for additional research.

RESULTS: There is a paucity of knowledge regarding the relative value

of prophylactic influenza vaccination in HIV-positive adults compared

with immunocompetent populations. There are shortcomings related to

study methodology and temporal changes in the characteristics of

patient baseline immune status, which limit the utility of this informa-

tion to shape public health policy. 

CONCLUSIONS: There is a pressing need to pursue methodologically

rigorous studies that will increase knowledge related to improving the

effectiveness of preventive influenza measures in this patient population.
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Revue de l’immunogénicité et de l’efficacité
d’un vaccin antigrippal chez des adultes 
porteurs du VIH

HISTORIQUE : Les adultes VIH-positifs sont plus à risque à l’égard de la

grippe; ses manifestations sont plus graves et les patients répondent moins

bien aux vaccins antigrippaux actuels.

MÉTHODES : Les auteurs ont analysé les résultats d’une revue

systématique des articles parus sur la vaccination antigrippale chez des

adultes VIH-séropositifs et ont également évalué d’autres études

pertinentes. Ils présentent un compte rendu narratif des conclusions

formulées par ces études récentes pour en résumer la portée. Le principal

objectif de la présente revue est de mesurer les limites des preuves actuelles

et de fournir un cadre pour la poursuite de la recherche dans ce domaine.

RÉSULTATS : Les auteurs déplorent le manque de données factuelles sur

l’utilité relative des vaccins antigrippaux prophylactiques chez les adultes

VIH-positifs par opposition à aux populations immunocompétentes. Ils

constatent certaines lacunes sur le plan de la méthodologie des études et

une variabilité dans le temps quant aux caractéristiques du statut

immunitaire de base des patients, ce qui rend ces données pour ainsi dire

inutilisables pour l’élaboration de politiques de santé publique.

CONCLUSIONS : Il est urgent de procéder à des études méthodolo-

giquement rigoureuses qui nous permettront d’approfondir nos

connaissances, si nous voulons améliorer l’efficacité des mesures de

prévention de la grippe chez cette population de patients.
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Toxicology, Hazardous Substances Databank, PsychINFO and
Web of Science, and databases that included the full text of
journals (OVID, ScienceDirect, and Ingenta), including arti-
cles in full text from approximately 1700 journals since 1993.
The bibliographies of published systematic reviews and proto-
cols were also evaluated. 

AN IMPORTANT PROBLEM: 
THE BURDEN OF INFLUENZA DISEASE IN HIV 

HIV infection is associated with deficiencies in both humoral
and cell-mediated immunity, which alter the course of com-
mon infections (8). The efficacy of influenza vaccines is com-
promised, in part, by reduced antibody responses observed in
HIV-infected individuals (9). While highly active antiretrovi-
ral therapy (HAART) partially restores these deficiencies,
HIV-infected persons may remain at increased risk for morbid-
ity from viral illness, especially if the ability to generate
antigen-specific responses remains impaired. Additional fac-
tors such as high prevalence of smoking, inhaled narcotic use
and chronic lung diseases in some HIV-infected populations
may further predispose these individuals to respiratory tract
infection (10). 

Despite the widespread risk factors and common occurrence
of influenza syndrome, there are limited published data related
to the frequency and severity of influenza illness in HIV-
infected individuals. The risk for influenza-related death is
estimated to be 9.4 to 14.6 per 10,000 in persons with AIDS,
compared with 0.09 to 0.10 per 10,000 among all persons 25 to
54 years of age, and 6.4 to seven per 10,000 among persons
65 years of age and older (11). In another study (12), the risk
for cardiopulmonary hospitalizations among women with HIV
infection was higher during influenza seasons than during the
peri-influenza periods. In this report, the risk for hospitaliza-
tion was higher for HIV-infected women than for women with
other well-recognized high-risk conditions, including chronic
heart and lung diseases. 

Other reports (2,3,13) indicate that influenza symptoms
may be prolonged, and the risk for complications from
influenza may be increased. HIV infection may predispose
individuals to increased susceptibility to influenza infection,
prolonged viral replication and shedding, longer duration of
influenza symptomatology and higher influenza-related
mortality (4). Klein et al (14) noted that influenza was
responsible for at least 40% of all febrile respiratory illnesses
among an influenza-vaccinated outpatient population of HIV-
infected patients over two consecutive influenza seasons.
Ninety per cent of these patients were on HAART, with a
median CD4 count of 325 cells/μL and an HIV RNA level
below 50 copies/mL.

CURRENT STATE OF CLINICAL KNOWLEDGE
Randomized and nonrandomized evidence
Several groups have attempted to evaluate the efficacy of
influenza vaccine in those living with HIV (Table 1).
Controlled trials of single-dose inactivated influenza vaccine
in HIV-infected adults demonstrated safety, but suboptimal
antibody responses (15). It is key to note that the study did not
evaluate patients on HAART and, thus, the results are not
fully applicable to current HIV populations followed in the
developed world. 

Immunogenicity studies (4,9) in post-HAART era patients
have confirmed the production of protective antibodies in

HIV-infected persons, but the titres appear to be lower than in
those persons without HIV. Influenza vaccination has been
demonstrated to produce substantial antibody levels in HIV-
seropositive persons with minimal or no AIDS-related
symptoms and high CD4 counts (16-19). A randomized,
placebo-controlled trial (20) determined that inactivated
influenza vaccine was highly effective in preventing sympto-
matic, laboratory-confirmed influenza virus infection among
HIV-infected persons with a mean CD4+ T lymphocyte count
of 400 cells/mm3. Not all studies have demonstrated such good
influenza vaccination efficacy in HAART-treated populations
with high CD4 counts (14). In the Klein et al (14) study, the
vaccination rate was 76% among those subsequently develop-
ing respiratory illness, suggesting poor clinical efficacy. 

A limited number of persons with CD4+ T lymphocyte cell
counts of lower than 200 cells/mm3 were included in the
Tasker et al (20) study, which precludes conclusions related to
clinical outcomes in the profoundly immunocompromised
HIV population. Clearly, the likelihood of achieving seropro-
tective antibodies is diminished with advanced HIV disease
(18,19). A nonrandomized study (13) among HIV-infected
persons determined that influenza vaccination was less effec-
tive in preventing disease among persons with CD4 counts
lower than 100 cells/μL and among those with HIV viral loads
above 30,000 copies/mL (13).

FINDINGS FROM RECENT SYSTEMATIC
REVIEW AND META-ANALYSIS

As a consequence of conflicting data, reduced antibody

response to influenza vaccine and uncertainty related to the

efficacy in preventing influenza disease in HIV patients, our

group conducted our own meta-analysis (7). Ten relevant elec-

tronic databases were searched using a systematic strategy

developed in conjunction with both clinical experts and

library technicians (from inception to June 2007), and a total

of seven potentially relevant citations were identified that

were subsequently reduced to four articles (13,20-22)

(methodological details of these studies are summarized in our

review article [7]). Data were extracted on study design,

population characteristics and on outcomes related to

influenza symptoms and hemagglutination inhibition (HI)

titres. Data were pooled using a random effects model, and sen-

sitivity analyses were conducted to evaluate potential sources

of heterogeneity. 

Three of the included studies were evaluable for meta-

analysis and yielded a pooled RR reduction of 66% (95% CI

36 to 82, I2=73%) for influenza in those vaccinated compared

with controls (7). When the heterogeneity was assessed

according to study design and study quality, only one random-

ized clinical trial (20) remained, which yielded the most con-

servative estimate (RR reduction of 41% [95% CI 2 to 64]).

This analysis is relevant to the typical HIV populations fol-

lowed in Canadian clinics because 56% to 96% of those evalu-

ated were on HAART. The median CD4 count was greater

than 400 cells/μL in these selected evaluations. Unfortunately,

this sample was too small to assess the influence of antiretrovi-

ral therapy, CD4 count or HIV viral load on vaccine effective-

ness. Based on the findings, it was concluded that current

evidence evaluating influenza vaccination within the HIV

population is sparse, and is characterized by a variety of impor-

tant methodological shortcomings. 
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EFFICACY OF BOOSTER INFLUENZA
VACCINATION IN HIV 

One potential means of achieving higher seroprotection rates
with vaccination in HIV patients may be to administer a booster
dose of influenza vaccine (23). The efficacy of a booster-dose
strategy administered over a one-month period was evaluated in
a small pre-HAART era population (24). A total of 109 patients
were enrolled – HIV-seronegative heterosexual men (n=11),
HIV-seronegative homosexual men (n=20), asymptomatic HIV-
seropositive men (n=32), HIV-seropositive men with AIDS-
related complex (ARC) (n=9) and HIV-seropositive men with
AIDS (n=37). CD4 T lymphocyte counts were available in
67 HIV patients (asymptomatic 527±252 cells/μL,
ARC 295±172 cells/μL and AIDS 128±116 cells/μL). Baseline
HIV RNA levels were not available. Thirteen AIDS patients
were on zidovudine monotherapy at the time of vaccination. The
median age in the groups ranged from 33 to 41 years.
Recipients received 15 μg of trivalent influenza virus subvirion
vaccine from the same lot (A/Taiwan/1/86[H1N1],
A/Leningrad/360/86[H3/N2] and B/Ann Arbor/1/86). The

frequency of seroconversion for each influenza A vaccine antigen
ranged from 55% to 75% after the first dose in HIV-infected
patients, and this increased marginally following the second
dose (73% to 80%). The ability of HIV-infected patients to
respond serologically to one or both antigens was inversely
related to the severity of their HIV disease. After a single dose of
vaccine, asymptomatic HIV patients with prevaccination anti-
body titres of 1:16 or less achieved seroconversion as frequently
as non-HIV infected participants (ie, HIV-seronegative hetero-
sexuals and HIV-seronegative homosexuals, respectively)
(A/Taiwan 80% versus 71%, 93%; A/Leningrad 84% versus
92%, 100%; and B/Ann Arbor 37% versus 65%, 70%). Patients
with more advanced HIV disease had low seroconversion rates
(A/Taiwan 38% to 67%, A/Leningrad 0% to 67% and B/Ann
Arbor 12% to 22%). The booster had little or no effect in
increasing the proportion with protective antibody levels in
asymptomatic HIV patients or those with ARC/AIDS. The
two-dose schedule produced a minimum fourfold increase in
HI antibodies to each of the vaccine antigens, more often in
HIV-seronegative participants than those with AIDS/ARC

Influenza vaccine in HIV
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TABLE 1
Characteristics of key influenza vaccine studies in HIV-positive adults

Author, year,
reference n Study design Active Control Vaccine strain Baseline measurement Outcome measurement

Miotti, 1989 109 Single-arm, Booster dose – A/Taiwan/1/86 (H1N1), CD4 count (n=67) Influenza antibody titre

(24) booster dose one month A/Leningrad/360/86 (H3/N2), Zidovudine use (n=13)

postinitial dose B/Ann Arbor/1/86 Influenza antibody titre

Iorio, 1997 126 Single-arm, Booster dose – A/Beijing/32/92 (H3/N2), CD4 count Influenza antibody titre

(25) booster dose one month A/Singapore/6/86 (H1N1), Influenza antibody titre Influenza virus from

postinitial dose – B/Panama/45/90 throat swabs

Tasker, 1999 102 Randomized Vaccinated Placebo A/Johannesburg 33/94 CD4 count Influenza antibody titre

(20) (n=47) (n=55) (H3N2), A/Texas 36/91 Plasma HIV-1 RNA Change in HAART

(H1N1), B/Harbin 07/94 Influenza antibody titre regimen

HAART use Viral culture

Flu symptoms: rhinitis,

pharyngitis, cough

Kroon, 2000 155 Single-arm, Double-dose – Differed by year of CD4 count Influenza antibody titre

(19) double-dose vaccination enrolment (1991–92, Influenza antibody titre CD4 count

vaccine (30 μg HI antigen) 1992–93, 1993–94) Antiretroviral use

Fine, 2001 71 Case-control Vaccinated Unvaccinated A/Nanchang 933/95 (H3N2), CD4 count Flu symptoms:

(13) A/Texas 36/91 (HINI), Plasma HIV-1 RNA ≥37.8ºC and presence

B/Harbin 07/94, Influenza antibody titre of cough/sore throat,

York 83/97 (H3N2) HAART use and fourfold increase in 

antibody titre or 

laboratory isolation of

influenza illness 

Yamanaka, 328 Cohort Vaccinated Unvaccinated A/New Caledonia 20/99 CD4+ cell counts Flu symptoms: ≥38ºC,

2005 (21) (n=262) (n=66) (H1N1), A/Panama 2007/99, Plasma HIV-1 RNA and two of the five

(H3N2), B/Shanton 7/87 Influenza antibody titre following clinical 

HAART use symptoms: cough,

rhinitis, myalgia, sore 

throat and headache;

and fourfold increase in

antibody titre

Ranieri, 2005 145 Cohort Covaccine – Pneumococcal INFLEXAL V, Berna CD4+ cell counts Influenza illness

(22) pneumococcal vaccine Plasma HIV-1 RNA

and influenza (n=55) HAART use

(n=90)

HAART Highly active antiretroviral therapy; HI Hemagglutination inhibition 
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(A/Taiwan 90% versus 55%, P=0.07; A/Leningrad 84% versus
30%, P<0.01 and B/Ann Arbor 56% versus 20%, P=0.03). In
conclusion, there was a significantly lower antibody response
to all antigens in AIDS/ARC patients compared with HIV-
seronegative controls. Postbooster antibody titre was found to
be correlated with CD4 T cell count (P<0.03). Of note, there
was a trend that AIDS patients on zidovudine may have bene-
fited from the booster. This final observation raises the issue of
if, and to what degree, HAART affects the effect of booster
influenza vaccination. 

Iorio et al (25) also concluded that booster dosing of
influenza vaccine was ineffective at achieving higher antibody
titres in a group of former injection drug user HIV-seropositive
individuals. This work was again limited by small sample size,
lack of description of clinical status and the fact that it was
conducted on a pre-HAART population. 

Although the Centers for Disease Control and Prevention
references the above data in support of the statement that
administration of a booster dose is not beneficial in achieving
greater seroprotective titres in HIV-infected patients (6), there
are multiple concerns, which call into question whether this
conclusion is justified. These studies were conducted in a pre-
HAART era. The influence of current HIV treatment on
influenza vaccine response is not well described. There is no
literature available on the efficacy of a booster strategy in the
post-HAART era. The sample sizes were small and the studies
were not randomized. Furthermore, clinical outcomes were not
assessed. As a consequence of these multiple shortcomings, the
value of an influenza booster-dose strategy in HIV patients in
the post-HAART era remains unsettled.

PAUCITY OF PUBLISHED EVIDENCE FOR
INCREASED ANTIGENIC CONTENT OF

INFLUENZA VACCINE ANTIGENS 
There is next to no literature evaluating the efficacy of
increased influenza vaccine antigen dose in HIV-infected
patients. Kroon et al (19) evaluated the effect of doubling the
hemagglutinin antigenic content to 30 μg in a cohort of HIV-
infected patients and concluded that this strategy was ineffec-
tive in augmenting antibody response. However, there was no
randomized comparison arm, the sample size was small and the
study was conducted in the pre-HAART period. The majority
of participants were profoundly immunocompromised. No cor-
relation between antibody production and clinical illness was
reported.

Use of an increased antigen dose to produce higher neutral-
izing antibody titres has been effective in other populations. A
study (26) of escalating doses of hemagglutinin antigen (4 μg
to 61 μg) in immunocompetent recipients demonstrated a
correlation between antigen dose and higher HI antibody titre.
This strategy may benefit immunocompromised populations.
A randomized, controlled study (27) of double-dose vaccina-
tion was conducted in a population of frail elderly patients
(27). The first vaccine dose (15 μg versus 30 μg) was followed
84 days later by a second injection (placebo versus 15 μg).
Twenty-five days after the initial injection, the geometric
mean titre in the double-dose recipients was 15% greater
(95% CI 6 to 24; P=0.001), supporting the strategy of higher anti-
gen dosing. The geometric mean titre in booster recipients was
14% higher (95% CI 9 to 19; P=0.001) compared with placebo,
which supports the strategy of booster dosing. A shortcoming of
this work was that clinical outcomes were not described. 

High antigen dose was evaluated in a group of healthy
volunteers vaccinated with an experimental H5N1 strain
influenza vaccine (28). Although the overall results were dis-
appointing, there was a clear dose-response relationship
between hemagglutinin antigen dosing and antibody titres
(defined as a minimum of 1:40), when assessed by HI assay and
microneutralization testing (P<0.001). The use of 90 μg of
H5N1 influenza virus strain hemagglutinin antigen followed by
a booster dose 28 days later produced higher titres in a greater
proportion of randomly assigned study participants after both
the first and booster dose of the vaccine. Twenty-eight per cent,
23%, 10%, 5% and 0% of patients developed HI titres of a min-
imum of 1:40, 28 days after the first antigen dose (90 μg, 45 μg,
15 μg, 7.5 μg and 0 μg). Similar results were observed for
microneutralization titres. After injection of a booster dose of
vaccine, desired HI titres were achieved in 57%, 41%, 24%,
13% and 0% of recipients of 90 μg, 45 μg, 15 μg, 7.5 μg and 0 μg
antigen doses (P<0.001). The study further demonstrated the
principal that higher antibody titres can be produced by use of
higher antigen dosing and by booster dosing of vaccine. 

IMPLICATIONS AND FURTHER RESEARCH
There exists an important burden of influenza infection in HIV
patients that should be addressed by identifying effective preven-
tive strategies. The current standard approach to prophylaxis
with influenza vaccine is less effective in immunocompromised
individuals, such as those living with HIV. Our review of past tri-
als evaluating influenza vaccination in HIV patients demon-
strates the limited comparability of these study populations to
present day HIV-seropositive individuals. Although there is some
efficacy, it is suboptimal. To address this, alternative vaccination
approaches need to be assessed in current patient populations.
The efficacy of booster doses of influenza vaccine in HIV patients
remains uncertain because of the methodological shortcomings
in study design and outcome measurement of published past
research. Furthermore, there is currently a paucity of published
evidence assessing the efficacy of an increased, double-dose of
influenza vaccine in this patient population. Immunogenicity
studies with adjuvants do exist, but the utility of this approach is
limited by minimal adjuvant availability and increased expense.
Another option for improving vaccine efficacy in immunocom-
petent populations is the use of live attenuated influenza vaccine.
However, live vaccine use is not recommended in the HIV-
infected population.

To address this issue, a randomized, multicentred Canadian
study of HIV-seropositive adults will be conducted in the fall of
2008, evaluating seroprotective HI titre production, protection
from flu-like illness and laboratory-documented influenza infec-
tion. Three influenza vaccine strategies will be evaluated in
285 participants – current standard of care, single-dose influenza
injection; the same followed by a booster dose injection 28 days
after the first; and double-dose influenza vaccine injection fol-
lowed by the same, 28 days later. Fluviral (GlaxoSmithKline
Biologicals North America, Canada) will be used. The study is
supported by the Public Health Agency of Canada, The Ontario
HIV Treatment Network and the Canadian HIV Trials Network.

No one trial can definitely resolve all questions related to
the effectiveness of a common therapeutic intervention.
However, we hope that this work will produce new knowledge
that will strengthen evidence-based influenza vaccination
guidelines and protect those living with HIV from the serious
consequences of influenza disease.
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