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Abstract

Opportunistic bacterial and fungal infections of the lower respiratory tract, most
commonly those caused by Streptococcus pneumoniae (the pneumococcus),
Mycobacterium tuberculosis, and Pneumocystis jirovecii, remain the major causes of
mortality in those infected with human immunodeficiency virus (HIV). Bacterial
respiratory pathogens most prevalent in those infected with HIV, other than M.
tuberculosis, represent the primary focus of the current review with particular
emphasis on the pneumococcus, the leading cause of mortality due to HIV infection
in the developed world. Additional themes include: i) risk factors; ii) the predisposing

effects of HIV-mediated suppression on pulmonary host defenses, possibly



intensified by smoking; iii) clinical and laboratory diagnosis, encompassing
assessment of disease severity and outcome; and iv) antibiotic therapy. The final
section addresses current recommendations with respect to pneumococcal
immunization in the context of HIV infection, including an overview of the rationale
underpinning the current “prime-boost” immunization strategy based on sequential
administration of pneumococcal conjugate vaccine 13 (PCV13) and pneumococcal

conjugate vaccine 23 (PPV23).
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Introduction

It has been well recognized for a number of years that the lung is the site most
severely affected as a consequence of human immunodeficiency virus (HIV)
infection and most patients with HIV infection will develop a pulmonary complication
during the course of their iliness, of which pulmonary infections predominate [1, 2].
Bacterial pneumonia is still not infrequently the first clinical manifestation of the
presence of HIV infection in a patient [1]. There have, however, been significant
changes in the epidemiology of pulmonary infections in HIV-infected persons over
the years, initially as a consequence of the use of prophylaxis for Pneumocystis
pneumonia (PCP) and subsequently the introduction of highly active anti-retroviral
therapy (HAART) [2—4]. Currently, bacterial pneumonia, and especially community-
acquired pneumonia (CAP) due to Streptococcus pneumoniae, is the most common
respiratory infection in HIV-infected patients in the developed world, followed by PCP
and tuberculosis (TB), while TB is the predominant complication in the developing
world, followed by CAP [2]. The incidence of CAP has been said to be up to 35-fold
higher in HIV-infected individuals, compared with HIV-uninfected persons of similar
age, and although the incidence has decreased in the former patients with the use of
HAART, it still remains higher than in HIV-uninfected persons [3]. Thus, despite
significant advances in the management of patients with HIV infection, CAP still

remains a cause of considerable morbidity and mortality in both the developed and



developing worlds, and the pneumonia per se has also been recognized to have a

significant impact on both the progression of HIV disease and its outcomes [3, 4].

The topic of this review, viz. HIV and bacterial infections of the lower
respiratory tract, has been covered by us in two previous reviews [5, 6]. The current
review therefore represents an update, encompassing not only an overview of the
major causative bacterial pathogens, but also incidence and risk factors, as well as
the predisposing role of HIV-mediated suppression of pulmonary host defenses
exacerbated by cigarette smoking. Additional topics include laboratory diagnosis,
clinical strategies in the assessment of disease severity and outcome, and, finally,
preventive strategies, particularly pneumococcal immunization and the rationale

underpinning the current “prime-boost” vaccination strategy.

Community-acquired bacterial pneumonia

Overall, bacterial pneumonia is currently the leading cause of pulmonary infection in
HIV-infected patients throughout the world, with variations in incidence in different
parts of the world being related to the geographical location and the prevalence of

specific additional risk factors in the patents [2].

Incidence

Much has been written about the incidence of CAP in HIV-infected patients with a
suggestion from a peer review of the literature that these infections may be up to 25-
fold more common in in HIV-infected patients than in the general community,
occurring in up to 90 cases per 1,000 person-years [7]. While higher and lower rates
than this have been documented in different studies [4], it is interesting to note that a
study among a cohort of former injection drug users, including cases with and
without HIV infection, documented a similar rate of CAP of 90.5 per 1000 person-
years in the HIV-infected group [8], and a study in the HAART era among HIV-
infected women, with a history of either intravenous drug use and/or risky sexual

behaviour, documented a similar rate of 8.5 cases per 100 person-years [9].



Clearly, variations in the reported incidences and rates of CAP in the
individual studies may relate not only to different time periods in the HIV pandemic,
but also to the availability of various forms of prophylaxis and/or antiretroviral
therapy, as well as to differing additional risk factors for CAP in the study populations
[4]. One study from a single center in the Unites States (US), undertaken to
determine whether there was a change in the spectrum of HIV-associated lung
diseases since the introduction of HAART, noted that while PCP was less common
in the HAART era, bacterial pneumonia was more common (OR, 2.41; Cl 1.12 to
5.17) [10]. This is in contrast to the study by Sullivan and colleagues that showed a
dramatic decrease in the incidence of bacterial pneumonia following use of
antiretroviral therapy, including protease inhibitors [11]. However, these studies are
not directly comparable at least in the respect that the former study included both
hospital- and community-acquired bacterial pneumonias, and the latter only
community-acquired infections. The authors of the former study also acknowledge
that their findings really reflect a decrease in opportunistic infections rather than a
direct increase in the occurrence of bacterial pneumonia [10]. Overall, therefore, it is
recognized that while rates of pneumonia have been shown to decrease with use of
cotrimoxazole prophylaxis and introduction of HAART, the incidence of CAP in HIV-

infected patients still remains higher than in HIV-uninfected individuals [2, 4, 9].

Risk factors

A myriad of articles has documented the risk factors for CAP/bacterial pneumonia in
HIV-infected patients, over and above the risk from HIV per se and are shown in
Table 1 [1-4, 9-16]. While HIV infection itself is known to be a risk factor for bacterial
CAP, the exact mechanisms associated with this enhanced risk are incompletely
understood and are currently being investigated [15]. Older age, and in some studies
male gender, have been documented to be additional risk factors for bacterial
pneumonia in HIV-infected patients [2, 16]. It has also been suggested that there is a
difference in the risk of bacterial pneumonia in different ethnic groups with HIV-
infection, possibly attributable to genetic differences [4, 7]. Markers of low
socioeconomic status have also been shown to be associated with an increased risk
of bacterial CAP [7, 9, 17]. Furthermore, those in close contact with children, such as

care-givers of young children and even HIV-infected mothers of young children may



Table 1: Risk factors for, and factors protective against, CAP/bacterial pneumoniain HIV-

infected patients

Risk factors Protective factors
e HIV infection per se e Co-trimoxazole prophylaxis
e Age e HAART
e Socioeconomic status e Higher CD4 cell counts
e Gender differences e Suppressed HIV viral loads
e Ethnic differences e Pneumococcal vaccination

e Care giver to young children / mothers
¢ Smoking of cigarettes and illicit drugs
¢ Injection drug use

e Alcohol abuse

e Malnutrition

e Low CD4 cell count

e Unsuppressed viral load

e Neutropenia

e Comorbid conditions

e Prior episode of pneumonia

e Previous episode of PCP

be at increased risk of pneumonia due to high rates of nasopharyngeal carriage of
pneumococcal organisms in the children [4, 7].

While CAP in HIV-infected persons may occur at any level of
immunosuppression, it has been well characterized that the risk increases with
decreasing CD4 cell counts, and is greatest once the CD4 cell count falls below 200
cells/pl [1-4, 7, 11-13]. High and/or unsuppressed and/or detectable HIV viral loads
have also been shown to increase the risk of pneumonia [2, 4, 16]. Neutropenia,
which may result from a number of factors in HIV-infected persons, including HIV
infection per se, or even antiretroviral therapy, is a risk factor for bacterial lower

respiratory tract infections [1].



Many studies have documented the fact that injection drug use is associated
with an increased pneumonia risk in HIV-infected persons, and while this may be
due to associated confounding factors, such as socioeconomic conditions and
adherence to therapy, there is some evidence that some of the risk may be due to
direct drug effects in some cases, or even to the effects of drug withdrawal [3, 4, 7,
11, 13, 14]. Similarly alcohol abuse has been reported to be associated with a high
incidence of bacterial CAP [14]. The role of smoking as a major risk factor is
addressed more fully below.

A number of studies have documented that a previous episode of pneumonia
or PCP appears to be a risk factor for CAP [1, 10, 11, 13, 18]. There are additional
risk factors for bacterial pneumonia in HIV-infected persons, including various
underlying comorbid conditions, a low Karnovsky score, and elevated baseline
systemic inflammatory markers (C-reactive protein, interleukin 6 and D-dimers), but
not pulmonary specific markers of inflammation (club cell secretory protein 16 and
surfactant protein D) [1, 7, 19].

With regard to a decreased risk of bacterial pneumonia, co-trimoxazole
prophylaxis has been shown, at least in some studies, to be associated with a lower
risk of bacterial infections such as pneumonia, in one study being associated with a
67% reduction in the occurrence of confirmed cases of bacterial pneumonia
(p=0.007) [9, 12, 18].

HAART has been shown to decrease the risk of bacterial pneumonia [2, 9].
However, it has been said that the greatest benefit may be on hospital-acquired
rather than community-acquired infections [2]. In one study, a combined antiretroviral
regimen containing a protease-inhibitor was associated with a significantly lower risk
of bacterial pneumonia (Risk ratio [RR] 0.55, 95%CI 0.31-0.94) [11]. Although
studies have shown that continuous rather than intermittent antiretroviral therapy has
a greater impact on the risk of pneumonia [2, 4], others have documented that viral

suppression is associated with a lower incidence of pneumonia [4].



In contrast to the reduction in risk of pneumonia, as well as improved outcome
following an episode of pneumonia, reported in HIV-uninfected patients taking

regular statins, these benefits of statins are not evident in HIV-infected patients [4].

HIV-mediated suppression of pulmonary host defenses

The impact of HIV infection on susceptibility to bacterial infection, including that
caused by bacterial respiratory pathogens, has been addressed extensively in
several recent reviews [20—-22] and is covered only briefly here. In apparent contrast
to the gastrointestinal tract, which undergoes rapid and extensive depletion of the
memory T cell subset in particular, the diverse host defenses of the lungs appear
more resilient in the face of this early HIV-mediated onslaught [22]. In spite of this,
pulmonary host defenses are progressively weakened and eventually subdued,
resulting in HIV-mediated severe impairment of adaptive primary and memory
immune responses, as well as recruitment and activation of innate effector cells
which are dependent on these specific immune mechanisms. The consequence is
heightened susceptibility to infection by a range of respiratory bacterial pathogens,
especially Streptococcus pneumoniae (the pneumococcus) and Mycobacterium
tuberculosis [2]. Together with the fungus, Pneumocystis jirovecii, these two bacterial
pathogens account for approximately 75% of serious pulmonary infections in HIV-
infected individuals, with the relative frequencies of each pathogen varying according

to geographic region as mentioned above [2].

The following are the major HIV-mediated abnormalities of pulmonary immune

function which predispose to infection with bacterial respiratory pathogens:

e destruction of CD4" T cells by several mechanisms including: i) direct cytopathic
effects of HIV; ii) recognition of surface expressed viral antigens by CD8"
cytotoxic T cells; iii) chronic exposure to apoptosis-inducing viral antigens; and iv)
chronic immune activation with sustained exposure to pro-apoptotic cytokines

generated by cells of both the adaptive and innate immune systems [22]



e susceptibility of a subset of CD4" T cells known as follicular helper T cells (Tfh) to
HIV infection. These cells are found in the B cell follicles of secondary lymphoid
organs, where they initiate and maintain germinal centers, driving antibody
production [23]. Tfh cells appear to be particularly receptive to HIV infection,
supporting efficient replication and production, as well as promoting persistence
by acting as a reservoir for HIV [23].

e persistence of counteracting endogenous anti-inflammatory strategies to control
chronic immune activation. These include sustained production of anti-
inflammatory cytokines such as interleukin (IL)-10 and transforming growth
factor-B1 generated by various cell types and mechanisms, as well as induction
of immunosuppressive regulatory T cells [22]. Unwittingly, however, these also
contribute to increased susceptibility for development of microbial infection.

e apparent selective infection and phagocytic dysfunction of a discrete subset of
macrophages known as small alveolar macrophages [24], as opposed to large
alveolar macrophages which retain normal phagocytic function [25]. Phagosomal
proteolytic activity, on the other hand, is defective in both types of alveolar

macrophage irrespective of HIV infection of these cells [24].

e neutropenia is commonly found in patients with advanced HIV infection [21] and
may contribute to the heightened susceptibility for development of pneumonia
and caused by several bacterial pathogens, including Staphylococcus aureus in
particular, as well as the pneumococcus and various types of gram-negative

pathogen.

While heightened susceptibility for development of pulmonary tuberculosis can be
attributed predominantly to HIV-mediated severe impairment of cell-mediated
immune mechanisms, in other cases, such as that of the pneumococcus,

abnormalities of both cell-mediated and humoral immunity are contributory [26].



Smoking and pulmonary host defenses

HIV-infected smokers appear to be particularly susceptible to the adverse health
effects of the smoking habit. This increased risk, which persists following
administration of virally-suppressive HAART, encompasses not only lung infections,
but also non-AIDS-defining conditions, including pulmonary, cardiovascular, and
neoplastic disorders [22, 27-30]. Even in the setting of access to reliable health care,
HIV-infected smokers lose more life-years to the smoking habit, than to HIV infection
per se [31].

Smoking, like HIV infection also compromises pulmonary immune function
[32]. However, very few studies have addressed the important topic of the probable,
interactive, adverse effects of HIV infection and smoking on susceptibility to serious
infection with bacterial respiratory pathogens. Unlike HIV infection, however, the
predisposing effects of smoking for development of bacterial pulmonary infection are
operative at the levels of both the pathogen and the host. In the case of bacterial
pathogens, flakes of cured tobacco, which are inhaled during smoking, contain many
different potential bacterial pathogens [33]. Chronic exposure of smokers to these
tobacco-associated microbes, together with cigarette smoke-mediated suppression
of airway host defenses, may underpin alterations in the nasopharyngeal microbiota
of smokers which are characterized by replacement of commensal bacteria with
potential pathogens such as the pneumococcus, S. aureus, and non-typeable
Haemophilus influenzae [34, 35]. Exposure to cigarette smoke has also been
reported to enhance the virulence and persistence of these pathogens via
upregulation of expression of bacterial adhesins and production of protective biofilm
respectively [36—38].

The suppressive effects of smoking on airway innate and adaptive host
defences are well documented and have recently been described in detail elsewhere
[32]. These include interference with the protective activities of the mucociliary
escalator, alveolar macrophages, dendritic cells, natural killer cells (NK), T
lymphocytes and B lymphocytes, due in large part to chronic exposure to the vast
array of cytotoxins present in cigarette smoke [32]. Like HIV infection, smoking has
also been reported to cause dysregulation of pulmonary cytokine networks, creating
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a chronic inflammatory milieu conducive to immunosuppression. This is nicely

illustrated by the findings of two very recent studies.

In the first of these, prior experimental exposure of mice to cigarette smoke
resulted in exacerbation of airway inflammatory responses following induction of
experimental viral infection [39]. The pro-inflammatory effects of cigarette smoking in
this experimental setting were attributed to altered expression of the IL-33 receptor,
ST2, on cells of the innate pulmonary immune system. ST2 was found to be down-
regulated on “anti-inflammatory” type 2 innate lymphoid cells, and up-regulated on
pro-inflammatory macrophages and NK cells, thereby amplifying inflammatory
responses [39]. In the second study, exposure of both mice and humans to cigarette
smoke resulted in decreased concentrations in alveolar lining fluid of the anti-
inflammatory proteins, suppressors of cytokine signaling (SOCS), SOCS1 and
SOCS3 [40]. These are contained in exosomes (SOCS1) and microparticles
(SOCS3) released by alveolar macrophages, which, in turn, are internalized by
alveolar epithelial cells, resulting in suppression of cytokine signaling, an anti-

inflammatory mechanisms which is attenuated by smoking [40].

In addition, cigarette smoke has several pro-infective effects on airway
epithelial cells. These include i) up-regulated expression of the platelet-activating
factor (PAF) receptor on lower airway epithelial cells, thereby promoting adherence
of the pneumococcus via binding to cell-wall phosphorylcholine [41]; and ii)
disruption of epithelial tight functions and barrier integrity, favouring extra-pulmonary
dissemination of bacterial respiratory pathogens [42].

The pro-infective effects of cigarette smoking on both the pathogen and the

host are summarized in Table 2.



Table 2: Pathogen- and host-targeted pro-infective effects of cigarette smoking

Pathogen

Host

Chronic exposure to pathogen-contaminated

cured tobacco [33]

Transition from a commensal- to a pathogen-

dominant nasopharyngeal microbiota [34, 35]

Suppression of innate and adaptive airway
host defences [32]

Creation of a pro-inflammatory pulmonary
milieu due to redistribution of expression of

ST2 on cells of the pulmonary innate immune

system, as well as attenuation of the release
of SOCS1 and SOCS3 from alveolar

macrophages [39, 40]
e Increased expression of bacterial adhesins

[36] e Increased expression of the PAF receptor on

airway epithelium and disruption of the
alveolar epithelial barrier promoting
¢ Induction of biofilm formation [36, 37] adherence and dissemination of airway

pathogens respectively [41, 42]

References in parentheses

Respiratory tract microbiome

Clearly, HIV- and smoking-mediated suppression of pulmonary host defenses would
be expected to have a significant impact on the pulmonary microbiome, which, in
turn, may exacerbate immune dysfunction. However, relatively few studies have
addressed the issue of alterations in the lung microbiome which accompany HIV
infection and their possible impact on pulmonary function and host defense. Of the
few studies published to date, molecular analyses have revealed over-representation
of the gram-positive bacterium, Tropheryma whipplei, the causative agent of
Whipple’s disease, and the fungus Pneumocystis jirovecii in the bronchoalveolar
lavage fluid of asymptomatic, HIV-infected individuals relative to uninfected subjects
[43, 44]. Virally-suppressive antiretroviral therapy resulted in attenuation of

colonization of the lung by T. whipplei [43]. In the latter study, over-representation
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with P. jirovecii was also detected in the lungs of HIV-infected patients with chronic
obstructive pulmonary disease, possibly consistent with etiologic involvement of the

fungus, either directly or indirectly, in HIV-associated pulmonary dysfunction [44].

In the case of cigarette smoking, the lung, as opposed to the oral, microbiomes
of healthy non-smokers and smokers do not differ significantly [45], while similar

studies in HIV-infected non-smokers and smokers have not been described to date.

Causative organisms

In general, the bacterial organisms causing CAP in HIV-infected persons are very
similar to those in HIV-uninfected cases [4]. As in the general population,
Streptococcus pneumoniae is the most common cause of bacterial CAP in HIV-
infected patients, accounting for approximately 20% of cases overall and 40% of
those cases in which a microorganism is isolated [2]. The next most common cause
is said to be Haemophilus influenzae, which accounts for some 10-15% of cases of
bacterial CAP, followed by Staphylococcus aureus [2]. Infections with Pseudomonas
aeruginosa appear to be much less common in the HAART era [2]. In general,
infections with the so-called atypical pathogens appear to be relatively less common

[2], while infections with Rhodococcus equi and Nocardia are also uncommon [2].

Streptococcus pneumoniae

A number of studies clearly attest to the fact that HIV infection is a particular risk
factor for pneumococcal pneumonia and other pneumococcal infections [46, 47]. An
exceedingly high risk for invasive pneumococcal disease (IPD) exists in HIV-infected
patients [47—-49], which appears to be 30-100 times greater than in HIV-uninfected
patients of similar age [47]. For example, in one study the incidence of IPD in healthy
adults was 8.8 per 100,000 persons, whereas in patients with HIV/AIDS it was
422.9/100,000 persons [48]. The incidence of IPD appears to be highest among
injection drug users who are HIV-infected [49] and recurrent episodes of IPD are
also more common in HIV-infected persons [47, 49, 50]. Other studies have also
documented a higher incidence of pneumococcal disease (pneumonia and IPD) in
injection drug users [51]. One study suggested that HIV-infected patients with CAP
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who were not on HAART and had a positive pneumococcal urine antigen test were
more likely to have bacteremia [52]. Another reported that HIV-infected patients with
comorbid conditions, high viral loads, and low CD4 cell counts were at higher risk of
developing IPD [53]. Other studies have also documented that a lower CD4 cell
count is a risk for both pneumococcal pneumonia and IPD [51]. These authors
reported a decreased risk for pneumococcal disease following use of antiretroviral
therapy and pneumococcal vaccination [51]. Another study comparing patients with
bacteremic and non-bacteremic pneumococcal CAP, documented, among other risk
factors, that those who were bacteremic were more likely to be HIV-infected [54].
Importantly it is suggested that adults with IPD who are 15-44 years of age with no

other apparent risk factors should be tested for HIV infection [55].

With regard to the clinical features of pneumococcal pneumonia in HIV-
infected patients, additional risk factors include cigarette smoking, intravenous drug
use, a low CD4 cell count <200 cells/ul and alcohol abuse [56]. While the clinical
presentation of pneumococcal pneumonia in HIV-infected patients may be similar to
that of HIV-uninfected patients, it is said that unusual presentations may occur
depending on the degree of immunosuppression [56]. In one study of bacteremic
pneumococcal pneumonia, comparing HIV-infected and —uninfected cases, the
former patients tended to have respiratory symptoms (cough, sputum production,
hemoptysis, pleuritic chest pain), and systemic symptoms (rigors, diarrhea, vomiting,
headache) more commonly [57]. Radiological features may vary and besides a
classical lobar consolidation, bilateral infiltrates may occur [56, 57]. With regard to
the outcome of IPD when comparing HIV-infected and HIV-uninfected patients, some
studies suggested there was no difference in mortality when comparing these two
groups of patients. However, in one large, multicenter, international study, when
cases were stratified according to age and severity of iliness, the 14-day mortality
from IPD was higher in HIV-infected patients and tended to greater as the CD4 cell

count decreased [57]. This is described more fully below.

With regard to some of the microbiological features of pneumococcal infection
and IPD, it is firstly recognized that in HIV-infected patients pneumococcal infections
can occur concomitantly with other infections, with dual infection with S. pneumoniae

and M. tuberculosis being documented in one study [58]. Documentation of
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additional infections is crucial for the appropriate management of these patients and
while all the cases of pneumococcal infection were documented on the basis of
positive blood cultures, some of the cases required bronchoscopy to confirm the
additional diagnosis of TB [58]. With regard to pneumococcal serotypes, studies
have been documenting the emergence of serotype 8, a serotype not contained in
the current conjugate pneumococcal vaccines, particularly among cases with IPD
[59, 60]. The importance of this serotype is its expression of resistance to a number
of antimicrobial agents, commonly including levofloxacin [59, 60].). Furthermore, use
of cotrimoxazole prophylaxis against PCP has been associated with a higher
incidence of infections with antibiotic resistant IPD isolates, at least in some studies
[49]. Interestingly, one study investigating antibiotic resistance in P. aeruginosa and
S. pneumoniae in HIV-infected patients in the HAART era documented that use of
HAART reduced the number of antibiotic resistant pseudomonal pneumonia cases,

but not pneumococcal pneumonia cases [61].

There have been a considerable number of studies and reviews published
describing the impact of introduction of HAART on the incidence of IPD [3, 47, 49,
62—-67]. While studies from the US and other parts of the developed world have
shown significant and sharp decreases in the incidence since the introduction of
HAART [49, 63, 64], it is important to be aware that the incidence is still some 35-fold
higher in HIV-infected persons than in HIV-uninfected cases of similar age [3, 47].
One study from South Africa documented that despite a stable prevalence of HIV
infection and a progressive roll-out of HAART, the burden of IPD had not decreased
in HIV-infected adults, thus highlighting not only the importance of monitoring HIV
disease and the impact of the HAART program, but also to consider alternative
strategies, particularly the use of the pneumococcal conjugate vaccine [66]. Another
study documented a relatively stable incidence of IPD over the study period 1996-
2002, which includes the modern HAART era [62], and a third documented that
despite widespread use of HAART and the 23-valent pneumococcal vaccine that the
incidence of IPD remained high in HIV-infected patients, with its associated morbidity
and mortality [65].
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Haemophilus influenzae

Infections with Haemophilus spp., and particularly Haemophilus influenzae, have
been documented in patients who are HIV-infected, causing either pneumonia, or
bacteremia, with or without pneumonia [68—73]. The most recent study of H.
influenzae pneumonia in HIV-infected patients documented 26 cases over a 12
month period, most of whom were severely immunocompromised with 73.1% of
them having a CD4 cell count below 100 cells/ul [73]. Previous studies have
suggested that injection drug use is a particular risk factor for H. influenzae
pneumonia and in the current study there was a high proportion of such individuals.
The study documented that while the presentation of the infection may be typical of
other pyogenic pneumonias presenting acutely with cough, purulent sputum and
dyspnoea, some patients present with a subacute illness, and more than half present
with a bilateral lung infiltrate, rather than a lobar/alveolar consolidation, thus more
closely resembling PCP infection [69, 73]. Thus the clinical features do not reliably
suggest the diagnosis of H. influenzae pneumonia, which has to be considered as a
possible cause of pneumonia in HIV-infected patients, especially in the setting of
advanced immunocompromize [73], and some patients present with coexisting
infections, including PCP [68]. The mortality rate for H. influenzae infections in HIV-
infected persons is the same as that with such infections in the general population

[73], although relapses can occur following antibiotic therapy [69].

The largest study documenting Haemophilus spp., bacteremia in adults, some
of which were nosocomial, noted that HIV infection was the most common underlying
risk factor and that the HIV-infected patients were more frequently younger and
presented more commonly with pneumonia than those that were HIV-uninfected [72].
The mortality rate in that study was higher, at 22%, although HIV infection itself did
not appear to be an independent risk factor and the authors indicated the need to

take into account possible antimicrobial resistance when choosing antibiotic therapy.

Staphylococcus aureus

It is not uncommon for isolates of Staphylococcus aureus to be cultured from

respiratory tract specimens in HIV-infected patients presenting with respiratory
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disease, which may represent colonization, or be of indeterminate significance, or be
associated with S. aureus pneumonia (SAP) [74]. SAP appears to be mainly
community-acquired and the presentation may be acute or subacute [74, 75]. The
patients commonly present with typical symptoms including fever, cough, chest pain
and dyspnea, and have clinical features of pneumonia on examination [74, 75].
Predisposing factors to SAP include intravenous drug abuse and previous PCP, but
underlying concomitant pulmonary disorders are commonly present in the patients
[74, 75]. The chest radiograph usually shows a lobar pneumonia/local infiltrates,
especially in the lower lobes, but consolidation with cavitation, and interstitial-nodular
infiltrates also occur [74, 75]. Pleural effusions are quite common in patients with
SAP [75]. Additionally some of the earlier studies of HIV-infected patients with CAP
documented parapneumonic effusions to be more common than in HIV-uninfected
patients and noted S. aureus to be the most common cause [76], although more
recently the pneumococcus may be more common. When SAP is suspected or
documented, specific antibiotic therapy is clearly indicated. The mortality of SAP has
been relatively high in the different studies (e.g. 21% in the study by Tumbarello and
colleagues) and has been associated with advanced immunosuppression and
recurrent pneumonia [75]. Community-acquired methicillin resistant Staphylococcus
aureus (CA-MRSA) pneumonia has been described more recently, which has been
characterised by the presence of necrotizing features, and cases have been
documented in HIV-infected patients [77]. In one series, the mortality was lower than
previously described, which the authors attributed to the possible greater use of
antibiotics (clindamycin or linezolid) that inhibited endotoxin production or the
presence of nontoxigenic strains [77]. At least one case of Panton-Valentine
leucocidin-producing S aureus pneumonia has been documented in an HIV-infected

patient, associated with a poor outcome [78].

Atypical pathogens

Although studies have documented the presence of so-called atypical pathogens
(Legionella pneumophila, Chlamydia pneumoniae, Mycoplasma pneumoniae ) as
causes of pneumonia in HIV-infected persons, the true prevalence of these
pathogens in this setting is uncertain [79]. Considering that basing the diagnosis of
these infections on serological testing may not be accurate since antibody responses
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may be compromised in AIDS patients, Tarp and colleagues applied polymerase
chain reaction (PCR) analyses for Chlamydia spp., Legionella spp., and Mycoplasma
pneumoniae to consecutively obtained bronchoalveolar lavage (BAL) specimens
obtained from HIV-infected patients with pneumonia. L. pneumophila was detected in
1% of BAL fluids, M. pneumoniae was documented as a coexisting pathogen in 2%
and Chlamydia spp., could not be detected [79]. The authors concluded that while
these pathogens may be uncommon as causes of pneumonia in HIV-infected
persons, they should be considered as possible causes in cases with treatment

failure.

A number of authors concur that Legionnaire’s disease has been infrequently
described in HIV-infected patients [80]. Part of the reason for this may be due to the
use of co-trimoxazole prophylaxis against PCP, since this agent has good activity
against Legionella and a similar case may be made in the case of the use of
azithromycin prophylaxis for non-tuberculous mycobacteria [80]. Another reason may
be that Legionella infections may occur concurrently with other pneumonias,
including PCP, and of these the former is the one that is difficult to document [80].
Other authors have documented the occasional occurrence of Legionnaire’s disease
in HIV-infected patients and suggested that it may be associated with a more severe
presentation [81]. There does not appear to be an association between Legionella
infection and any particular level of the CD4 cell count [80, 81]. A case of Legionella
pneumophila pneumonia in an HIV-seropositive patient with significant neurological
manifestations, which are not uncommon in Legionellosis, has been reported more

recently [82].

Chlamydia pneumoniae pneumonia has been described not uncommonly in
HIV-infected patients [83, 84]. Infection appears to be associated with both a low
CD4 cell count and high viral loads [84]. It also appears to be associated with
hyperlipidemia and might represent an additional risk factor in HIV-infected patient
[84]. While patients may develop focal pneumonia, others may develop diffuse
interstitial pulmonary involvement and even respiratory failure [83]. Chlamydia
pneumoniae may be the sole pathogen causing pneumonia in HIV-infected patients,
but can also be found together with other pathogens [83]. It has been suggested that
this pathogen should always be suspected as possible cause of pneumonia in HIV-
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infected patients with pneumonia who are not responding to standard beta-lactam or
PCP therapy [83].

One study documented a relatively high prevalence of M. pneumoniae in HIV-
infected patients with respiratory tract symptoms, higher than that occurring among
HIV-uninfected cases and this pathogen should be considered as a possible cause

of atypical respiratory infections [85].

Pseudomonas aeruginosa

A number of studies and reviews attest to the fact that HIV-infected patients are at
increased risk of P. aeruginosa infections, especially pneumonia, including both
community-acquired and nosocomial infections [86—92]. For example, one
prospective, observational study designed to document the organisms causing
bacterial pneumonia in hospitalized patients with HIV infection reported that P.
aeruginosa was the most common cause, accounting for 32 of the recorded 111
admissions [88]. Community-acquired infections were much more common than
nosocomial infections, as has also been documented in many of the other studies
[86, 88, 89]. This study and others have documented that pseudomonal infections
occur in cases with advanced HIV disease, in association with low CD4 cell counts
[86—89]. In this study when compared to the cases with pneumococcal infection, the
patients with pseudomonal pneumonia, in addition to having a lower CD4 cell count,
also had a longer length of hospital stay, but a similar mortality [88]. While in some
studies no additional risk factors other than HIV infection have been present, other
studies have noted use of PCP prophylaxis, broad spectrum antibiotics, and
corticosteroids as additional risk factors for pseudomonal infections [86—88]. With
regard to the clinical presentation of the respiratory infections, one study
documented two patterns of disease, namely a sepsis syndrome with a fulminant
course, or an indolent course, with some of the latter cases relapsing after apparent
successful treatment [86]. Some authors have documented resolution of these
recurrent/persistent infections in patients initiated on antiretroviral therapy with
immune reconstitution [91]. Varying radiological patterns were also noted in that

study, including an interstitial pattern mimicking PCP, lobar pneumonia and bronchial
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wall thickening [86]. Cavitating pneumonia may also occur. It appears that

P.aeruginosa pneumonia is less common in the HAART era [92].

Rhodococcus equi

Although an uncommon cause of human infection, quite a large number of cases of
pneumonia due to Rhodococcus equi have been documented in HIV-infected
patients [93]. Most patients have had more advanced immunosuppression [93].
While the lung is the most common site infected by this organism, other
manifestations of infection can occur, including bacteremia and brain abscesses [93].
The most common presentation in the lung is that of focal cavitating pneumonia [93].
Bilateral pulmonary involvement and the occurrence of pleural effusions have been
documented [93]. The isolated strains have varying antimicrobial susceptibility [93].
Although the optimal treatment of these infections is uncertain, it appears that
combination antibiotic therapy and early initiation of HAART appears to be

associated with the best outcome [93].

Moraxella catarrhalis

Moraxella catarrhalis has been described as a cause of pneumonia and of
bacteremia in HIV-infected patients [94]. Concomitant infections with other
respiratory pathogens, including S. pneumoniae and M. tuberculosis have also been
noted [94].

Laboratory diagnosis

In the case of severe disease in both HIV-infected and —uninfected patients,
traditional microbiological laboratory procedures for the detection of putative
bacterial respiratory pathogens in body fluids are used to complement clinical and
radiological investigations. Although useful, traditional microbiological procedures
have significant limitations, particularly in the case of fastidious slow-growing
organisms, resulting in prolonged time to both pathogen identification and antibiotic
sensitivity. These limitations have resulted in the development of innovative, rapid,
diagnostic tests based on the detection of bacterial antigens and/or nucleic acid in
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body fluids. In the case of the former, Binax NOW® immunochromatographic
procedures are often used to detect the presence of the C-polysaccharide cell-wall
component of the pneumococcus, which is common to all serotypes [95].This type of
procedure is also used to detect Legionella pneumophila serotype 1 antigen and has
recently been adapted to enable simultaneous detection of both pathogens [96].In
the case of invasive pneumococcal disease, Binax NOW® can be used in
combination with, or may even eventually be replaced by, multiplex capsular
polysaccharide antigen detection assays. This strategy enables rapid serotype
identification, which is of importance not only in respect of epidemiology and
surveillance, but also in monitoring vaccine efficacy [97—99]. Additional antigen
detection tests, of which several are available, include the Pneumotest-Latex
procedure, also based on detection of pneumococcal capsular polysaccharides.
Originally developed for improved serotyping/serogrouping [100], this procedure has
also been found to have diagnostic potential, demonstrating a level of 88.1%

agreement with a molecular PCR-based diagnostic method [101].

Quantitative RT-PCR-based detection of pneumococcal nucleic acid, in
biological fluids, often combined with simultaneous detection of antibiotic resistance
genes, is currently the method of choice for rapid diagnosis of pneumococcal
infection. Of several genes investigated, including those encoding autolysin (lytA),
pneumolysin, pneumococcal surface adhesin A, Spn9802, and capsular
polysaccharides, detection of lytA appears to offer the highest specificity and
sensitivity [102—104]. In this setting, detection of IytA is not only diagnostic, but also
enables measurement of bacterial load, a determinant of disease severity and
outcome [103]. More recently, several multiplex PCR procedures, both commercial
and “ in-house,” have been developed which enable the simultaneous detection of a
range of bacterial, as well as viral, respiratory pathogens [105-107]. However,
application not only of these, but also the other aforementioned laboratory diagnostic

procedures, should be tempered by an awareness of their limitations [108].

Sputum smear microscopy for the detection of acid-fast bacilli (AFB) and
culture are the traditional, cornerstone, microbiological procedures for the laboratory
diagnosis of tuberculosis (TB). Limitations of these procedures include a high

frequency of smear-negativity, particularly in the setting of advanced
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immunosuppression in HIV infection [109-111], as well as the inability of microscopy
to detect antibiotic resistance. Delayed acquisition of results is the major limitation of
bacteriological culture procedures. The limitations of sputum smear microscopy, as
well as those of radiographic confirmation, in patients coinfected with HIV and
M.tuberculosis are underscored by the study of Chamie and colleagues [109]. These
authors investigated the relationship between circulating CD4" T cell counts and the
diagnostic accuracy of AFB sputum smear microscopy and chest radiographs in HIV-
infected African patients (n=873) with culture-proven pulmonary TB. The mean
percentages AFB sputum negativity were 23% and 1% in the sub-groups of patients
with circulating CD4" counts of <50/ul and >500/ul respectively, while the
corresponding values for those with normal chest X-rays were 21% and 2% [109].

The limitations of traditional microbiological procedures for the detection of M.
tuberculosis have largely been overcome by the integration into routine diagnostic
services of the Xpert MTB/RIF, a fully automated, rapid, molecular diagnostic
procedure [110,111]. Apart from improved sensitivity relative to sputum smear
microscopy, together with a level of accuracy comparable with that of bacteriological
culture, the Xpert MTB/RIF also enables simultaneous detection of rifampicin
resistance [110,111]. It is particularly useful in the clinical setting of HIV/M.
tuberculosis coinfection, especially in patients with advanced immunosuppression,
as well as in patients with multidrug-resistant TB [110]. The Xpert MTB/RIF can also
measure sputum bacillary load at diagnosis, a determinant of infectiousness and

transmissibility [112].

In addition to detection of pathogen-specific antigens and/or nucleic acid, the
adjunctive measurement of circulating host-derived biomarkers of inflammatory
stress associated with microbial infection such as C-reactive protein, procalcitonin
and cortisol, together with stable biomarkers of cardiovascular stress such as
midregional adrenomedullin and copeptin, may be predictive of disease severity,

response to therapy, and outcome [113,114].
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Antibiotic treatment

While several guidelines describing the appropriate management of patients with
CAP exist, there have been no reports specifically addressing the issue in HIV-
infected patients [15]. The IDSA/ATS CAP guideline (2007) [115] recommends that
in outpatients with underlying comorbid conditions or risk factors for antibiotic-
resistant pneumococcal infections, as well as for cases hospitalized, but not in the
ICU, antibiotic treatment should include a B-lactam together with a macrolide or a
respiratory fluoroquinolone only, and many experts believe that this would also be
appropriate for HIV-infected patients [15]. While a small retrospective study
appeared to show no benefit of the addition of a macrolide to a beta-lactam agent
above beta-lactam monotherapy in HIV infected patients with CAP [116], a large
multicentre prospective observational study of patients with pneumococcal
bacteremia documented a better outcome in patients treated with combination
antibiotic therapy (most commonly the beta-lactam/macrolide combination) and this
remained significant even when adjusted for HIV status [117].

Severity of iliness and outcome

A number of studies have been undertaken determining whether various CAP
severity of illness scores, or modifications of them, are able to accurately predict
outcome in HIV-infected patients with CAP [118-121]. One study documented that
the Pneumonia Severity Index (PSI) predicted 30-day mortality and need for ICU
admission [120]. In that study, CD4 cell count did not predict patient outcome such
that the authors concluded that the PSI could be used for mortality prediction at any
level of immunosuppression. Another study, however, while documenting that a high
PSI accurately predicted mortality, also noted that the mortality was significantly
higher in patients with CD4 cell counts below 200 cells/pl [118]. These authors
suggested that combining the CD4 cell count and PSI score may be a good strategy

for deciding which HIV-infected patients with CAP needed hospital admission [118].

There is still considerable debate as to whether the clinical, laboratory and
radiological features of CAP and the outcomes are different in HIV-infected and HIV-

uninfected cases. Studies have suggested that the clinical and radiological features
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of CAP are similar [122], and that there are no differences in time to clinical stability,
length of hospitalization and mortality [123, 124]. Furthermore, it has also been
documented that CD4 cell counts and HIV-RNA levels do not predict the likely
outcomes in HIV-infected patients hospitalized with CAP [125]. In the case of
bacteremic pneumococcal pneumonia in HIV-infected patients, while an earlier study
suggested that there were no differences in clinical presentation and outcomes when
comparing HIV-infected and HIV-uninfected patients [126], a more recent study
reported not only that respiratory symptoms were more florid in HIV-infected
patients, but when the data were adjusted for age and severity of illness, the HIV-
infected patients had a higher 14-day mortality, with a significant trend for an
increasing mortality as the CD4 cell count decreased [57]. Because of this finding,
and in consideration of the findings by Curran and colleagues, described above
[118], it has been suggested by some authors that a combined approach to severity
assessment should be made and that all HIV-infected patients with CAP and a CD4
cell count below 200 cells/ul should be admitted to hospital and in those with a CD4
cell count > 200 cells/pl, the PSI could be used to direct need for hospital admission
[15].

As in other medical conditions, it is not only HIV infection that impacts on the
incidence, clinical features and outcome of CAP, but the occurrence of an episode of
CAP has permanent effects on the human host and on the HIV course long-term.
Thus one study showed that an episode of bacterial pneumonia (and also PCP)
causes permanent decreases in lung function as measured by the FEV, FVC,
FEV1/FVC ratio and diffusing capacity of carbon monoxide [127]. The authors
suggest that while the clinical implications of this finding are unknown, they may be
associated with prolonged respiratory symptoms after an episode of pneumonia.
Furthermore, an additional study showed a significantly reduced median survival of
HIV-infected patients following an episode of bacterial pneumonia (and also PCP)
compared with median survival in control HIV-infected patients without an episode of
bacterial pneumonia (24 months versus 37 months) [128]. Both these study findings
emphasize the need for prevention of respiratory infections in HIV-infected persons.
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Immunization strategies

Of the aforementioned bacterial pathogens, immunization strategies are available for
the prevention of pneumococcal infections. Two types of vaccine, both of which
target the polysaccharide capsule, are currently in use. These are the pneumococcal
polysaccharide vaccine, PPV23, and several types of pneumococcal conjugate
vaccine (PCV) [129].

Pneumococcal polysaccharide vaccine

PPV23 is a cocktail consisting of capsular polysaccharides derived from 23 different
serotypes of the pneumococcus which collectively account for 85—-90% of cases of
pneumococcal disease [130]. This vaccine elicits T-cell-independent antibody
responses of the IgG/IgM isotypes which promote opsonophagocytosis, with
antibodies of the IgG2 subclass dominating the IgG response [131]. The vaccine
also induces serotype-specific anti-capsular antibodies of the IgA class, promoting
mucosal immunity [131]. Relative to PCVs, however, PPV23 exhibits poor
immunogenicity in young children, does not affect nasopharyngeal colonization by
the pneumococcus and induces only transient immunity in adults characterized by
poor B cell memory, necessitating revaccination at 5—6 yearly intervals for individuals
at particularly high risk, including those infected with HIV. This vaccination schedule
is based on minimizing the potential risk of hyporesponsiveness associated with
shorter intervals between revaccination. [130]. For similar reasons, the ACIP a

maximum of two revaccinations with PPV23.

Current recommendations for immunization with PPV23 have been addressed
in two recent, extensive reviews, both of which have highlighted the difficulties in
establishing the efficacy of this vaccine, largely due to: i) poor immunogenicity; and
i) conflicting clinical trial data [129, 130]. While there is consensus in support of the
efficacy of PPV23 in conferring partial protection against IPD in older,
immunocompetent adults, as well as younger individuals with predisposing illnesses
who are not severely immunosuppressed, the vaccine is of limited efficacy in those
at highest risk for development of IPD [129-131]. The efficacy of PPV23 in

preventing non-invasive pneumococcal pneumonia and all-cause pneumonia is also
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an issue of contention, and may be influenced by factors such as a more rapid
decline in post-vaccination mucosal, as opposed to systemic, immunity, as well as

timing of vaccination and gender [129, 130].

Two very recent studies confirm the utility of PPV23 in preventing IPD in older
adults, as well as its lack of efficacy in preventing all-cause pneumonia. In the first of
these, a retrospective case-control study nested in a population-based cohort aged
=65 years (n=470 070) covering a 4 year period, administration of PPV23 14 days —
5 years prior to the index date conferred significant protection against development
of IPD (42% lower risk), but was ineffective in protecting against all-cause, hospital-
treated pneumonia [132]. In the second study, a randomized, double-blind, placebo-
controlled trial involving young military trainees (n=152 723) followed for up to 6.7
years post-vaccination, administration of PPV23 had no protective effect on
development of all-cause pneumonia [133]. Surprisingly, however, of the
radiologically-confirmed cases of pneumonia reported during the study period
(n=371), none was caused by the pneumococcus [133].

Several retrospective studies have reported benefit of PPV23 in HIV-infected
patients [134-136]. However, data from a number of other observational studies, as
well as from a single randomized, double-blind trial conducted in Uganda, have failed
to provide convincing evidence in support of a role for PPV23 in protecting against
pneumococcal infections in HIV-infected patients with advanced immunosuppression
[129, 130, 137]. Until fairly recently, however, the Advisory Committee on
Immunization Practices (ACIP) of the Centers for Disease Control and Prevention of
the USA continued to recommend administration of PPV23 with revaccination after
an interval of 5 years for the prevention of IPD in the setting of HIV infection [138].
However, as addressed in more detail below, this recommendation has been
superseded by a prime-boost strategy involving sequential administration of PCV13
and PPV23 [139].

Pneumococcal conjugate vaccines

The second type of pneumococcal vaccine is the pneumococcal conjugate vaccine
(PCV) in which capsular polysaccharides derived from the most common disease-
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causing serotypes are conjugated to a non-toxic, immunogenic, carrier protein,
usually the diphtheria toxoid, CMR197 [129, 130]. These vaccines, of which PCV13
is the current front-runner, having replaced its predecessors, PCV7 and PCV9, elicit
a T cell-dependent, anti-capsular polysaccharide antibody response and have

several major advantages over PPV23 including [129, 130]:

e immunogenicity in neonates and children <2years of age

e prevention of nasopharyngeal colonization due to more effective mucosal
immunity

e improved opsonophagocytic antibody responses, both qualitatively and
quantitatively

e more durable antibody responses due to effective induction of memory B cells

e induction of indirect protection (herd immunity in adults, as well as non-

vaccinated children).

Since its introduction in the USA in 2010 and integration into the national
immunization programs of many other developed and developing countries
thereafter, PPV13 has been reported to cause impressive decreases in the incidence
of IPD caused by vaccine serotypes in children in the USA [140], France [141],
England/Wales [142] and Mexico [143], as well as in adults due to indirect immunity
[140-142]. With respect to immunization of adults, the Food and Drug Administration
of the USA in late 2011 approved the use of PCV13 administered as a single dose to
adults aged =50 years to protect against pneumonia and IPD. In 2012, the ACIP
recommended routine use of PCV13 for adults aged 219 years with
immunocompromising conditions, including HIV infection, functional or anatomic
asplenia, cerebrospinal fluid leak, or cochlear implants using a prime-boost strategy
[139]. This was based on primary immunization with PCV13 followed at least 8
weeks later by PPV23 [139]. More recently, based on early analysis of the results of
the CAPITA trial [144], the ACIP recommended that PCV13 be used in combination
with PPV23 in a similar prime-boost strategy with an interval of 6-12 months between
immunizations in vaccine-naive subjects aged 65 years and older [145]. The CAPITA
study demonstrated the efficacy of administration of a single dose of PCV13 to

pneumococcal vaccine-naive adults aged =65 years (n=84,496) in protecting against
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vaccine type pneumococcal pneumonia (45.6%), vaccine type non-bacteremic

pneumococcal pneumonia (45%), and vaccine type IPD (75%) [144].

With respect to the role of PCVs in preventing pneumococcal disease in those
infected with HIV, immunization with PCV9 was found to decrease the incidence of a
first episode of IPD due to vaccine serotypes in HIV-infected and —uninfected
children by 65% and 83% respectively [146]. In a second study, the protective
efficacy of administration of two doses of PCV7 administered 7 weeks apart to HIV-
infected Malawian adults was found to protect against recurrent infection caused by

vaccine serotypes, as well as against the non-vaccine serotype, 6A [147].

Although the efficacy of PCV13 in protecting HIV-infected remains to be
established, the ACIP, as mentioned above, has recommended sequential
administration of PCV13 and PPV23 in this setting [139]. This prime-boost strategy is
based on the premise that “priming” (primary immunization) with a PCV, in this case
PCV13, followed by secondary administration of PPV23 will significantly augment
specific antibody responses to polysaccharide antigens common to both vaccines.
Other advantages of the PCV13/PPV23 prime-boost strategy, include expanded
coverage of vaccine serotypes, as well as reduction in the cost of immunization in

certain environments.

Prime-boost immunization for prevention of pneumococcal disease

Evidence in support of this strategy is derived from two earlier studies, one
undertaken in patients with treated Hodgkin’s disease (n=57) who received primary
immunization with a variant of PCV7 known as 7-OMPC containing an outer
membrane protein complex of Neisseria meningitides as carrier, followed by
administration of PPV23 one year later [148]. In the second study, HIV-infected
patients (n=212) were randomized to receive primary immunization with PCV7
followed 4 weeks later by PPV23 and antibody responses to capsular
polysaccharides measured pre-immunization and 8 weeks later relative to the
responses of a control group immunized with a single dose of PPV23 [149]. In both
studies, the prime-boost strategy resulted in significant augmentation of the
concentrations of circulating IgG antibodies to 6 of the seven capsular
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polysaccharides common to both vaccines [148, 149]. However, similar prime-boost
strategies undertaken in adult liver transplant patients (PCV7 followed 8 weeks later
by PPV23) and Alaska Native adults aged 55-70 years (PCV7 followed 2—6 months
later by PPV23) were found to be less effective [150, 151]. In both studies, antibody
responses to common serotypes induced by PCV7/PPV23 were comparable to
those induced by PPV23 only [150, 151].

More recently, the efficacy of a re-vaccination strategy based on primary
immunization with PCV13 or PPV23 followed by re-administration of either of these
vaccines was evaluated in older adults aged 50-64 years in 2 different studies [152—
154]. In the first of these, two groups of adults aged 50-59 years (n=214) and 60—64
years (n=407) previously immunized with either PCV13 (both age groups) or PPV23
(60—64 years only, n=189) when they were vaccine-naive [152], were re-vaccinated
4 years later with PCV13 (younger group, PCV13/PCV13) or PPV (older group,
PPV/PPV) [153]. Those in the older group who had originally received PCV13 were
re-vaccinated with either PCV13 (n=108) or PPV23 (PCV13/PPV23, n=108).
Concentrations of circulating functional, opsonophagocytic, anti-capsular antibodies
were measured 4 weeks post-immunization. Relative to the responses following a
first immunization with PPV23, post-immunization titers of opsonophagocytic
antibodies in those who received PCV13/PPV23 were significantly higher for 10 of
the serotypes common to both vaccines. Sequential immunization with PPV23, on
the other hand, resulted in significantly decreased antibody titers to 9 of the common
serotypes. Relative to the initial response to PCV13, sequential administration of
PCV13 resulted in significantly improved antibody titers against 7 and 6 of the
vaccine serotypes in the older and younger age groups respectively, with responses

to the remaining serotypes being largely non-inferior [153].

In the second study, the efficacy of primary immunization with PCV13
followed 1 year later by secondary administration of PPV23 was evaluated in
vaccine-naive adults aged 60—64 years (n=720) [154]. Participants were randomized
to receive PCV13/PPV23, or PPV23/PCV13, or PCV13/PCV13 with measurement of
circulating, functional, opsonophagocytic anti-capsular antibodies undertaken before
and 4 weeks after primary and secondary immunization. Initial immunization with

PCV13 followed by PPV23 resulted in significant augmentation of opsonophagocytic
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antibody activities to 6 of the 12 common serotypes and non-inferior responses to
the others relative to the corresponding responses following sequential
administration of PPV23 [154]. When compared to the PPV23/PSV13 group,
antibody responses were significantly higher to 11 of the 12 common serotypes.
Sequential administration of PCV13 resulted in responses that were generally
comparable to those following initial immunization, as well as being similar to, or
somewhat lower, than those elicited following PCV13/PPV23 [154].

Pneumococcal prime-boost immunization in HIV infection

Although the efficacy of PCV13 in prevention of IPD in HIV-infected individuals has
not been established, the ACIP, as mentioned above, currently recommends a
routine prime-boost immunization strategy for immunocompromised adults aged =219
years, encompassing HIV-infected persons [139]. This strategy entails primary
immunization with PCV13 followed 8 weeks later by a single dose of PPV23, and re-
vaccination with PPV23 after 5 years [138, 139], a recommendation supported by the
findings of a recent study [155]. It is currently recommended for all vaccine-naive
HIV-infected persons. The possible exception is those subjects with circulating CD4"
T cell counts of <200/ul blood. In this setting, it has been proposed that PPV23 be
withheld until the circulating CD4" T cell count recovers to levels above the threshold
of 200 cells/uL [156]. This latter proposal is not, however, supported by a recent
study which reported that post-immunization opsonophagocytic and immunoreactive
antibody titers did not differ between groups of newly-diagnosed HIV-infected
patients with CD4+ T cell counts of <200/puL who were either immunized immediately
with PPV23 or following 6-12 months of HAART [157]. Similar findings have been
reported in HIV-infected patients with CD4+ counts of 2200/ul [158].Other aspects to
be considered include the high percentage (~15%) of HIV-infected individuals who
do not achieve circulating CD4" T cell counts of >200/uL despite several years of
virally-suppressive HAART [159, 160], as well as the higher mortality rates within the
first 3-12 months of treatment of HIV-positive patients living in low-income countries
[161, 162].

A recent study has underscored the necessity for development of serotype-
independent, protein-based vaccines in the prevention of IPD in those infected with
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HIV. In this study, concentrations of circulating specific IgG antibodies to 27
pneumococcal protein antigens and 30 serotype capsular polysaccharides were
measured before and 87+77.3 and 183+97.5 days post-IPD and compared with
those of HIV-infected individuals without IPD [163]. In the IPD group, antibody
responses to pneumococcal proteins were not only more frequent than those to
capsular polysaccharides , but also persisted for longer, with PcpA, PsaA, and PiaA,
the first two of which are priority protein vaccine candidates [129], being most
immunogenic [163]. The IPD group also responded to a greater range of
pneumococcal protein antigens than the control group. The finding that antibodies to
pneumolysin were not detected is consistent with weak immunogenicity,
underscoring the importance of development of vaccines which induce antibody
responses to this major protein virulence factor of the pneumococcus [163].

Additional preventive measures include implementation of smoking screening
and cessation strategies [164], as well as influenza immunization to counter the
threat of pneumococcal infection [165-167], both of which should also be integrated

into routine HIV care programs.

Conclusions

Despite all the advances there have been in the management of patients with
HIV infection, it is clear when reviewing the literature that bacterial pneumonia, and
in particular community-acquired pneumococcal pneumonia, remains globally a
common problem among these patients, and is associated with considerable
morbidity and mortality. Underlying HIV infection impacts on the frequency with
which CAP occurs, even in the presence of HAART, its clinical manifestations and,
at least in some cases, its outcome. Furthermore, an episode of CAP in HIV-infected
persons is often followed by longer term consequences, including a lower medium-
term survival when compared to those who have not had an episode of pneumonia,
as well as permanent declines in lung function parameters. It therefore remains
important to prevent the occurrence of pneumonia in HIV-infected persons, which
may be achieved through lifestyle changes and immunization strategies, with the
pneumococcal conjugate vaccine playing an important role in the recommended

vaccination practices.
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