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Abstract

Pneumonia remains the most common cause of hospitalization and the most important cause of death in young
children. In high human immunodeficiency virus (HIV)-burden settings, HIV-infected children carry a high burden
of lower respiratory tract infection from common respiratory viruses, bacteria and Mycobacterium tuberculosis.

In addition, Pneumocystis jirovecii and cytomegalovirus are important opportunistic pathogens. As the vertical
transmission risk of HIV decreases and access to antiretroviral therapy increases, the epidemiology of these
infections is changing, but HIV-infected infants and children still carry a disproportionate burden of these infections.
There is also increasing recognition of the impact of in utero exposure to HIV on the general health of exposed
but uninfected infants. The reasons for this increased risk are not limited to socioeconomic status or adverse
environmental conditions—there is emerging evidence that these HIV-exposed but uninfected infants may have
particular immune deficits that could increase their vulnerability to respiratory pathogens. We discuss the impact
of tuberculosis and other lower respiratory tract infections on the health of HIV-infected infants and children.
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Background

To prevent vertical transmission of human immunodefi-
ciency virus (HIV) from mother to child and to improve
long-term outcomes for HIV-infected pregnant women,
the current standard of care is to initiate lifelong
suppressive antiretroviral therapy (ART) [1]. With this
strategy, transmission should be less than 1% in women
who either know their status, or are diagnosed early in
pregnancy and are retained in care on an effective
regimen [1, 2]. However, as vertical HIV transmission
risk decreases there is increasing recognition of adverse
health impacts suffered by HIV-exposed but uninfected
(HEU) infants, including vulnerability to developing
lower respiratory tract infections (LRTIs) and tubercu-
losis (TB) due to socioeconomic status and adverse
environmental conditions such as maternal ill health and
lack of breastfeeding [3]. In these infants there is also
increasing recognition of immune dysfunction including
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immune activation, altered T-cell numbers and function,
and possibly humoral immunity [3].

Despite major reductions in vertical HIV transmission
among adequately treated mothers, large numbers of
HIV-infected children continue to be born, especially in
settings where HIV service delivery or maternal uptake
of available services is sub-optimal. In 2013, it was esti-
mated that globally there were 240,000 new pediatric
HIV infections [4]. In the absence of antiretroviral
therapy, perinatally infected infants and children have
high morbidity and mortality, with 50% dying by the
age of 2 years in low resource settings [5]. Despite the
high early mortality without ART, many perinatally in-
fected children have slowly progressive disease and some
may only be diagnosed in late childhood or adolescence
[6]. As established by clinical, epidemiological and
postmortem studies, LRTIs are the major cause of
morbidity and mortality in HIV-infected children. LRTIs
in HIV-infected children are from common childhood re-
spiratory pathogens (viral and bacterial), as well as
opportunistic pathogens, such as Pneumocystis jirovecii,
cytomegalovirus (CMV) and Mycobacterium tuberculosis
[7-11].
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Tuberculosis

Epidemiology

The overlap in the epidemiology of TB and HIV is well
known, with its epicenter in sub-Saharan Africa. All of the
countries with HIV prevalence of more than 10% in
persons aged 15-49 years are in sub-Saharan Africa, and
more than 90% of all HIV-infected children live in this re-
gion [3, 12, 13]. In addition, all of the countries with a TB
incidence of more than 500 cases per 100,000 population
are in sub-Saharan Africa, although large case numbers
are also found in Asian countries with high population
numbers [12]. In settings with a high burden of both TB
and HIV, high rates of co-infection are reported and up to
56% of children treated for TB in sub-Saharan Africa are
considered to be HIV-infected [8]. Studies of HIV cohorts
confirm high rates of incident and prevalent TB. In Cape
Town, South Africa, TB program data suggested a TB
incidence of 1596 cases per 100,000 among HIV-infected
infants prior to the implementation of universal ART [14],
while clinical cohort data identified 53 cases per 100
patient-years in children not on ART [15]. A randomized-
controlled trial to assess the effect of universal isoniazid
preventive therapy (IPT) in HIV-infected children found a
TB disease rate of 121 per 1000 patient-years in children
who had early ART access [16].

Major differences in the number of children diagnosed
in TB endemic settings with comparable adult TB inci-
dence rates probably reflect varying ability to diagnose
TB in young children [8]. Irrespective of the setting, it
remains crucial to test all TB patients for HIV. This is
highlighted by cohort reports from multiple settings; in
the United Kingdom, 8 of 18 TB/HIV co-infected chil-
dren presented with TB, which prompted their HIV
diagnosis [17]. Studies of older children and adolescents
in Zimbabwe found a high yield of new HIV diagnosis in
adolescents presenting with TB [18]. Rates of TB are not
only increased in HIV-infected infants, but evidence sug-
gests that HEU infants are also at increased risk for TB.
Data from South Africa suggest this risk may be 4-fold
that of the general population [19], with rates of 41 cases
per 1000 child-years reported in HEU infants [16].

Reasons for the high rates of TB in HIV-infected in-
fants are multifactorial. HIV-infected and HEU infants
and children are highly exposed to adult TB source
cases. HIV-infected adults are 21-34 times more likely
to develop TB in high burden settings, with TB account-
ing for up to a quarter of HIV-associated mortality [20].
Woman of child-bearing age are disproportionately af-
fected [21], which implies a high risk of household TB
exposure in vulnerable young HIV-infected and HEU
children [22]. In a study of IPT in high TB burden
settings, 10% of HIV-exposed infants had contact with
potential source cases by the age of 14 weeks [23]. If TB
in HIV-infected pregnant women is missed, the infants
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are not only at risk of TB, but have a 3-fold higher HIV
acquisition rate [24]. Where there are no strategies to
identify mothers with sputum smear-negative TB, there
may be significant delays in diagnosis and extended
exposure of young children to risk of infection [25, 26].
Alongside exposure and infection, young age is one of
the most important risk factors for developing severe
disease [27]. However, young age is poorly studied as a
risk factor in HIV-infected children in resource-limited
settings, but as many as 33% of infants starting ART at a
median age of 8 months are already receiving anti-TB
therapy [28]. Other risk factors are poor nutritional
status (stunting, wasting and reduced mid-upper arm
circumference), advanced immune suppression and
anemia [8]. School attendance is also associated with
disease in older children, reflecting poor ventilation in
schools in low-resource, high-burden settings [22].

Prevention
The most important tools we have to mitigate the HIV-
associated risk of developing TB infection and disease
are (i) access to ART for adults and children with HIV;
and (ii) use of IPT. In the Children with HIV Early
Antiretroviral Therapy (CHER) trial, conducted in Cape
Town and Johannesburg, South Africa, TB occurred in
8.3% of children receiving early ART (initiated beforel2
weeks of age) and in 20% of children receiving delayed
ART (commenced only after specific clinical and
immunologic criteria were met) [29]. When ART is
initiated in older children, reductions in presumed and
confirmed incident TB of 32-70% are documented [8].
Nevertheless, HIV-infected children have more TB than
their uninfected peers, including in low-burden settings
[8, 30]. A transient increase in risk can also be expected
in the first 3 months of therapy as part of immune re-
constitution inflammatory syndrome (IRIS) [31, 32].

Though there is a decline in the number of children
commencing ART only when they are severely immuno-
compromised, this situation is still common. In 2010 in
Asia, Africa and South America, 63% of HIV-infected
children in low-income countries, 66% in low—middle-in-
come and 58% in upper—middle-income countries were
already severely immunocompromised when commencing
ART, compared with 19% of HIV-infected children in the
United States [33]. Access to ART with broad penetration
into the community will impact the epidemiology of TB,
because there will be a decrease in adult cases of pulmon-
ary disease. This is already clear from the decline in adult
and pediatric TB cases in South Africa as the adult ART
uptake increased. In Soweto, South Africa, ART access in
TB in HIV-uninfected children declined from 18.7 to 11.0
per 100,000 [34].

In 2014, The Joint United Nations Programme on
HIV/AIDS (UNAIDS) defined its ambitious 90-90-90
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targets. The three targets to be achieved by 2020 are:
90% of HIV-infected persons must be diagnosed, 90% of
those diagnosed should be on sustained therapy, and
90% of those on therapy should have an undetectable
viral load [35]. If ART coverage expands to 80% of in-
fected persons and all infected persons are eligible for
therapy, the incidence of TB should decline by 28-37%.
However, even if these targets are achieved, finding and
treating TB cases remains important as it will prevent
mortality and reduce TB transmission [36].

IPT is a well known prevention strategy in HIV-
uninfected children and adults with known exposure to
TB. In HIV-infected children there are no studies asses-
sing post-exposure prevention; however, in a cohort of
494 children beginning ART when younger than
24 months of age in Cape Town, 127 courses of post-
exposure IPT were provided, with only two children de-
veloping confirmed TB. Both had fully drug-susceptible
isolates [28]. In a prospective study of prevention in
older HIV-infected children, many with a history of prior
TB infection, both all-cause mortality (16% in the pla-
cebo arm vs. 8% in the IPT arm) and incident cases of
TB (9.9% vs. 3.8%) declined [37]. A subsequent reanaly-
sis assessing the role of IPT and ART in these children
found that the greatest reduction was in children receiv-
ing both ART and IPT [38]. In contrast, a pre-exposure
prevention study enrolling very young infants found high
rates of TB in HIV-infected and HEU infants, but no dif-
ferences between those receiving IPT and placebo [16].
In this study, drug resistance was found to play an im-
portant role in IPT failure [39]. When present, children
typically have primary rather than secondarily acquired
multidrug-resistant (MDR) TB. HIV infection was inde-
pendently associated with prevalent TB disease among
child household contacts of adult MDR-TB cases and
with failure of MDR preventative therapy [40]. In South
African children with MDR-TB, HIV infection was re-
ported in 54, 77, and 22% of cases from Johannesburg,
Kwa-Zulu Natal, and Cape Town, respectively [41-43].
Reviewing the susceptibility/resistance patterns of adult
contacts with TB is an essential component of managing
children with HIV, irrespective of whether or not they
have TB at the time. In children with MDR-TB, HIV is
associated with a poorer outcome [44, 45].

The temporal associations between TB, influenza, and
pneumococcal disease in children suggest a complex
interaction between these infections. There is an in-
crease in TB diagnosis approximately 3 months after the
annual influenza season and a reduction in culture-
confirmed TB in HIV-infected children following receipt
of pneumococcal conjugate vaccines [46, 47]. The Anti-
retroviral Research for Watoto (ARROW) study followed
1,206 HIV-infected children for 5 years after ART and it
included a randomized intervention to stop or continue
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co-trimoxazole after 96 weeks on ART. In this study, re-
duction in TB was associated not only with the duration
of ART, but also with continued co-trimoxazole pre-
ventative therapy [48].

Diagnosis

Pulmonary TB is the most common disease manifestation
in HIV-infected children, with 85% diagnosed in an early
series of hospitalized South African children [49]. How-
ever, both intra- and extra-thoracic disease may occur
concurrently [49-52]. The principles of TB diagnosis in-
clude the following steps: 1) carefully assess TB contact
history and/or seek proof of infection; 2) enquire about
suggestive symptoms; and 3) seek evidence of active
disease and bacteriologic confirmation. TB symptoms,
though similar in HIV-infected and uninfected infants and
children, overlap with symptoms of other infections and
HIV itself. The chest radiograph may be very difficult to
interpret, especially when there is underlying lung disease.
TB may also be confused with acute pneumonia in
HIV-infected children. It should also be remembered that
HIV-infected children who have not yet been diagnosed
with an underlying HIV infection may present to the
health service with TB [6, 8, 15, 17, 18, 49, 50, 53].

Treatment

The potential drug interactions between the TB therapy
and ART are well known and, in general, TB therapy
should not change. A dual treatment plan should
consider the following questions:

1) What is the suspected or confirmed susceptibility
pattern of M. tuberculosis and which drugs should
be used?

2) Are alternative rifamycins to rifampicin available?

3) Which ART regimen is preferred AND can a
suppressive regimen be given safely?

4) What are the potential drug interactions AND can
adjustments be made if rifampicin is the only
rifamycin available?

In the absence of ART, high mortality in HIV-infected
children with TB was reported [49, 54] and continued
with delayed ART initiation, especially when TB was the
presenting diagnosis. Most deaths occurred within the
first 2 months of delayed ART initiation and were not al-
ways directly TB-related [28].

Pharmacokinetic studies illustrate that both efavirenz
and lopinavir-ritonavir 1:1 in their usual doses provide
appropriate drug levels when co-administered with ri-
fampicin [55, 56]. There are, however, ongoing concerns
over nevirapine dosing and recommendations on dose
adjustments have been suggested [57]. Table 1 summa-
rizes important considerations when treating TB/HIV
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Table 1 Summary of the first and second line anti-tuberculosis medications with recommended doses and drug-drug interactions* [60-63]

Drug Dose Recommended Drug-drug interactions with antiretrovirals
Group 1
Isoniazid 7-15 mg/kg once daily None
Rifampicin 10-20 mg/kg once daily Coadministration reduces concentrations of* NNRTIs,

Pyrazinamide
Ethambutol
Rifabutin

Group 2
Kanamycin
Amikacin
Capreomycin
Streptomycin

Group 3
Ofloxacin

Levofloxacin

Moxifloxacin

Group 4

Ethionamide/
Prothionamide

Cycloserine/Terizidone

Para-aminosalicylic acid

(PAS)
Group 5

Linezolid

Clofazimine

Amoxicillin-clavulanic acid,
Meropenem-clavulanic acid,
and Imipenem/cilastin

Thiacetazone

High-dose isoniazid

Clarithromycin

Azithromycin

30-40 mg/kg once daily
15-25 mg/kg once daily
10-20 mg/kg/day (Max Dose 300 mg/day)

15-30 mg/kg once daily, max 1 g
15-22.5 mg/kg once daily, max 1 g
15-30 mg/kg once daily, max 1 g
20-40 mg/kg once daily, max 1 g

15-20 mg/kg once daily, max 800 mg

(15-20 mg/kg once daily)t, 7.5-10 mg/kg
once daily, max 750 mg

7.5-10 mg/kg once daily, max 400 mg

15-20 mg/kg once daily, max 1 g

10-20 mg/kg once or twice daily, max 1 g

150 mg/kg granules daily in 2-3 divided
doses, max 12 g

(10 mg/kg twice daily, once daily for
>10 years of age)®

(3-5 mg/kg once daily)

As for bacterial infections

5-8 mg/kg once daily
15-20 mg/kg once daily
7.5-15 mg/kg twice daily

10 mg/kg once daily

bp)s, integrase inhibitors
None
None

Boosted PI: increase rifabutin levels and rifabutin dose
reduction is needed

NNRTI: Efavirence reduces the concentration of rifabutin,
increasing the rifabutin dose is recommended in adults
Nevirapine dose adjustment is not needed for rifabutin

Moxifloxacin concentration could be reduced by ritonavir,
though limited data; buffered didanosine may reduce oral
absorption of all fluoroquinolones

Possible, unknown

Unlikely, unknown

Co-administration with efavirenz may reduc PAS AUC
by 50%

Unlikely

Unknown; may be a weak CYP3A4 inhibitor
Unlikely

Contraindicated in HIV-infected individuals
None

Clarithomycin levels increase with boosted atazanavir
and lopinavir with increased risk of toxisity. Clarithomycin
levels are decreased by efavirence, nevirapine and
etravirine Azithromycinn is prefered

Prefered macrolide but limited activity and caution required

1 Indicates bracketed recommended by some experts, but differs from formal WHO guideline

2NNRTI Non-nucleoside reverse transcriptase inhibitor, ®PI Protease inhibitor
“No formal paediatric dose recommended in WHO guidelines, so presented dose based on experience and expert opinion

co-infection [58-61]. In co-treated children, efavirenz
has not been associated with worse outcomes, but des-
pite reassuring data on the pharmacokinetic outcomes
of lopinavir-ritonavir 1:1 concurrent TB therapy may be
a risk factor for failure in children on lopinavir-ritonavir

treatment [62-64]. The World Health Organization
(WHO) also recommends a non-suppressive regimen of
zidovidine, lamivudine and abacavir in children needing
rifampicin as a short-term measure to avoid drug inter-
actions [65]. This is based on the ARROW study. In
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ARROW, three nucleoside/nucleotide reverse transcript-
ase inhibitors (NRTIs) were studied as an intensive
induction and maintenance strategy when combined
with non-nucleoside reverse transcriptase inhibitors
(NNRTIs). Fifty-nine of the 1143 children required a
drug alteration for TB that included stopping or re-
placing the NNRTI nevirapine. In contrast, children tak-
ing efavirenz did not require a drug switch. Triple NRTI
for HIV suppression was effective at 36 weeks, but not
at 144 weeks. The advantage of this latter strategy is
that, although viral suppression is inferior, the risk of
progressive NNRTI and protease inhibitor (PI) ART
resistance was avoided and drug—drug interactions and
logistic complications were minimized [66]. There is no
current guidance on using integrase inhibitors and other
PIs such as darunavir in children, and no data on newer
anti-TB agents such as bedaquiline and delamanid in
HIV-infected children. Nevertheless, ART should be
initiated 2—8 weeks after starting TB therapy so as to re-
duce the risk of IRIS occurring [61]. For example, in TB
meningitis cases deterioration due to paradoxical IRIS
can be devastating and ART should be delayed at least
4 weeks [67, 68]. In Table 2 we highlight key messages
to consider in TB and HIV co-infected children. TB may
be an important challenge and opportunity in achieving
the UNAID 90-90-90 targets [69].

Pneumonia

Pneumonia remains the leading cause of pediatric mortality
and morbidity. Globally, there are approximately 12-14
million hospitalizations and 0.68—0.92 million deaths annu-
ally from pneumonia in children [70-72]. HIV-infected
children are at increased risk of pneumonia that requires
hospital admission and death from this infection. In a
meta-analysis and modelling study, Theodoratou and
colleagues [7] calculated that in 2010 there were 0.6-3.3
million pneumonia episodes and 47,400—-153,000 pneumo-
nia deaths in HIV-infected children living in low-resource
settings. Of these cases, 1.3 million (90%) pneumonia epi-
sodes and 93% of the deaths occurred in children younger
than 5 years of age from the Africa region. HIV-infected
children had a 6.5 (95% CI 5.9-7.2) increase in odds of
pneumonia that required hospitalization and they had an
increased risk of death (odds ratio 5.9, 95% CI 2.7-12.7)
[7]. The authors showed that there is also a wide variation
between countries; for example, in Zimbabwe 55% of all
pneumonia deaths are attributed to HIV, compared to 1%
in India [7].

Even with early access to ART, pneumonia remains com-
mon among HIV-infected infants and children. In the
CHER study, pneumonia occurred at a rate of 12.2 infec-
tions/100 person-years in children accessing ART before
12 weeks of age and 26.5 infections/100 person-years in
children accessing ART only after laboratory evidence of
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Table 2 Summary of key messages related to TB/HIV co-
infection in children

HIV-infected and exposed
uninfected (HEU) children
are at high risk of
developing TB

High likelihood of household TB exposure
early in life; disproportionate TB/HIV
burden in young mothers

Advanced disease, low CD4 count and
malnutrition are additional risk factors

All children with HIV must be regularly
screened for TB exposure and disease

BCG vaccination is contra-indicated in
children known to be HIV-infected

Strategies to prevent TB High community penetration of adult ART

will reduce TB transmission in communities

Universal early ART initiation in all
HIV-infected

Appropriate use of INH preventative
therapy

Active TB Case finding
Infection prevention and control strategies
History of contact

Early diagnosis of TB Symptoms can overlap with other

opportunistic infections

Pulmonary and extrapulmonary disease
possible

Pulmonary TB can present like acute
pneumonia

A positive TST (25 mm) or IGRA confirms
TB infection but not disease

CXR is important; HIV-infected children
more likely to have alveolar opacification
and lung cavities

Collect specimens for culture and Xpert
MTB/RIF® as appropriate

Treating TB/HIV co-infection  Use appropriate/standard TB treatment

regimen
Adapt the ART regimen and dosing
Support adherence

Monitor for efficacy and side effects

HIV human immunodeficiency virus, TB tuberculosis, ART antiretroviral
treatment, INH isoniazid, TST tuberculin skin test, IGRA interferon gamma
release assay, CXR chest radiograph

immune suppression and/or clinical features of HIV infec-
tion became apparent [29]. Poor general health and malnu-
trition, immune depletion, chronic lung disease, increasing
household exposure and vaccine responsiveness may all
contribute to the risk of LRTL. A wide range of pathogens
causing LRTIs and pneumonia in children with HIV is re-
ported [73]. The importance of polymicrobial infection-
s—including combinations of bacterial, viral, P. jirovecii and
mycobacterial infections—is well recognized. Mortality is
increased significantly with increasing numbers of
pathogens. Children with polymicrobial pneumonia have a
10-fold greater risk of dying than children in whom only a
single organism is identified [74].
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Acute bacterial pneumonia
HIV-infected children have a higher risk of developing
bacterial pneumonia than uninfected children. This re-
mains a significant problem, even after the introduction of
ART. HIV-infected children with pneumonia are more
likely to have severe disease (including bacteremia), more
complications, higher rates of treatment failure and death,
and possibly more antimicrobial resistance than HIV-
uninfected children [74]. The most common cause of bac-
terial pneumonia remains Streptococcus pneumoniae, but
Staphylococcus aureus is increasingly important. Amongst
Gram-negative bacteria associated with pneumonia in
HIV-infected children, Klebsiella species, Haemophilus
influenzae, Escherichia coli, Pseudomonas aeruginosa and
non-typhoidal Salmonella species are also important [73].
HIV does not affect the radiographic appearance of bac-
terial pneumonia. The two classic patterns of either diffuse
patchy air-space disease of bronchopneumonia, or
confluent air-space disease with air bronchograms of lobar
or segmental pneumonia can be found [75]. Necrotizing
pneumonia, a severe complication of community-acquired
pneumonia in non-HIV infected children, is characterized
by liquefaction and cavitation of lung tissue and is being
seen increasingly [76, 77]. The most common cause is S.
pneumoniae, and although in the authors’ experience it also
occurs in HIV-infected children, this has not been reported
to date in the literature. The chest radiographs in necrotiz-
ing pneumonia frequently demonstrate both pleural and
parenchymal involvement. The so-called ‘atypical pneumo-
nias’ can present with a variable radiographic appearance,
which includes reticulonodular infiltration, patchy or
confluent air-space disease or a combination of all three
patterns [78]. It is, therefore, very important to correlate
the radiographic appearance with the clinical setting [78].
Without appropriate vaccination or ART, HIV-infected
children experience a 40-fold increase in the risk of
pneumococcal bacteremia, pneumonia and meningitis
compared to vaccinated HIV-uninfected children, and they
also often experience multiple episodes of invasive disease
[79]. In South Africa, ART decreased the pneumonia
burden by half with an even higher (65.2%) decline in mor-
tality from invasive pneumococcal disease [80]. Vaccinating
with the pneumococcal conjugate vaccine causes a signifi-
cant reduction in vaccine-type serotype colonization and
disease [79-81]. The reported increases in empyema with
non-vaccine serotypes are mostly from areas with very low
incidence of HIV and the real incidence of empyema in
HIV-positive children is not known [82].

Viral pneumonia

Viral infections play a major role in LRTIs and viruses
are commonly identified in HIV-infected children hospi-
talized with these infections. Viral LRTIs may also play
an important role in the pathogenesis of bacterial
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pneumonia and in the epidemiology of TB. In a large
study from South Africa at least one virus was identified
in 68% of HIV-infected children younger than 5 years of
age and in 58% of those aged 5-14 years presenting with
symptoms of a LRTI. More than one respiratory virus
was found in 28 and 19% of children within these age
groups, respectively. In children younger than 5 years
the most common viruses detected were human rhino-
virus (36%), adenovirus (32%), respiratory syncytial virus
(RSV) (13%), enterovirus (8%), parainfluenza (9%) and
influenza viruses (7%) [83, 84]. In addition, human boca-
virus, human polyomaviruses and human coronaviruses
are increasingly found in children with LRTIs, including
those with HIV [85]; however, it is difficult to attribute
causality to these viruses [85].

RSV is a very important pathogen in infants and young
children and a common cause of LRTIs that require
healthcare visits and hospitalization. HIV is an import-
ant risk factor for severe RSV infections, especially in
high-burden settings [86]. HIV-infected children are
older and may develop RSV outside of the seasonal
peaks. Compared with HEU children, there is an in-
creased incidence of hospitalization (3—5-fold) in chil-
dren with HIV, and they tend to stay in hospital longer
and have a higher risk of death. In a South African study
of RSV-associated LRTI infection, 49 of the 1157 chil-
dren with confirmed RSV were HIV-infected. In this
study, ART data was only available for 12 cases, 6 of
whom received ART. Four of the 9 deaths in this study
occurred in HIV-infected children; however, their ART
data are unknown [87].

Influenza is an important cause of pneumonia
hospitalization and death. ART naive HIV-infected chil-
dren are up to 8 times more likely to be hospitalized and
have a higher case fatality rate (8% in HIV-infected vs.
2% in uninfected children) [88, 89]. In a prospective
South African study, pandemic and seasonal HIN1 in-
fluenza had a similar clinical course in HIV-infected
children [90]. Giannattasio et al. reported on 11 HIV-
infected and 30 otherwise healthy children hospitalized
for HIN1 influenza. Leukopenia was recorded in 64% of
HIV-infected and in 20% of healthy children (p = 0.01).
Interstitial pneumonia was more frequent in HIV-
positive children and consolidation was more frequent
in HIV-negative children. Overall, 91% of HIV-positive
children received oseltamivir. The HIN1 influenza at-
tack rate was very high (20%) in HIV-infected children,
but it consistently ran a mild course [91]. Annual vaccin-
ation with the seasonal influenza vaccine is recom-
mended, but efficacy may be influenced by decreased
vaccine immunogenicity reported in some studies [92].

CMYV is a common co-infection in HIV-infected chil-
dren and is frequently isolated from urine and respira-
tory secretions [93, 94]. Congenital and post-partum
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acquisition of CMV is common in HIV-exposed and in-
fected infants and CMV infection may be associated
with breastfeeding acquisition of HIV [95, 96]. The role
of co-infection with CMV in children, especially those
suspected of having P. jiroveci pneumonia (PJP), is
poorly understood, but CMV itself can cause fatal
pneumonia [94, 97]. Postmortem studies from Africa re-
ported that in the 0—5 months age group, CMV (42.1%)
was the second most common cause of fatal pneumonia
after P. jirovecci (51.3%) [9]. The isolation of CMV by
culture or polymerase chain reaction (PCR) from various
sites or specimens does not prove that the child has
CMV pneumonia. The chest radiographic appearance of
PJP and CMV pneumonia can be very similar (diffuse al-
veolar disease). In children being ventilated for PJP and
not responding to treatment for PJP, CMV was histologi-
cally proven in 72% of cases and associated with a poor
outcome [97, 98]. CMV viremia is common in all infants
with pneumonia, and a viral logarithmic load (to the
base 10) of 4.6 or more was predictive of pneumonia in
a study of from Cape Town [99]. In HIV-infected infants
with severe pneumonia from suspected PJP, we would
suggest that empiric treatment for CMV infection with
either ganciclovir or valgancyclovir be used wherever
possible, until such time that CMV infection can be
excluded.

Despite access to effective vaccination, measles re-
mains an important pathogen in children [100]. In set-
tings with a high HIV burden, a significant number of
children hospitalized with measles are also infected with
HIV—such as Zambia, where up to 17% of hospitalized
children with measles had HIV infection [101]. HIV-
infected children with measles are significantly younger
than uninfected children and often have not yet received
the first vaccination of their primary measles containing
vaccine schedule, even if that is scheduled at 9 months
of age [102, 103]. Consequently, the WHO recommends
first dose of a measles containing vaccine be adminis-
tered at the age of 6 months in HIV-infected children
[104]. Measles is generally thought to be more severe in
HIV-infected children—both the duration of illness prior
to hospitalization and the duration of hospitalization is
longer [102, 103]. In low-resource settings, the case
fatality rate is 2-7-fold higher in children with HIV
[103, 104]. The effect of ART in preventing measles or
modifying its severity is not fully understood, but initi-
ation of ART at the time of admission for measles did
not prevent readmission during a recent large measles
outbreak in Cape Town [102].

Pneumocystis jiroveci pneumonia

P. jirovecii is a common and important pathogen in HIV-
infected children and causes a severe, rapidly progressive
pneumonia with a high mortality rate despite access to
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antibiotic therapy [93, 94]. This pathogen is also increas-
ingly reported in severe pneumonia in young HEU infants
[105, 106]. The chest radiograph findings show increased
lung volumes (78%) and diffuse parenchymal opacification
(64%) that lead ultimately to diffuse alveolar opacification
(92%). This usually happens within 72 h of presentation
[107]. Clinically, lack of fever, high respiratory rate, low
oxygen saturation and absence of co-trimoxazole pre-
ventative therapy is suggestive of PJP. Real-time PCR is
better than immunofluorescence at making a microbio-
logic diagnosis [108]. When PJP is suspected, high-dose
co-trimoxazole and steroids should be added to the man-
agement of severe LRTL.

The most important strategy to prevent PJP is by using
co-trimoxazole prophylactic therapy from 6 weeks of age
[109]. Stopping co-trimoxazole after CD4 recovery was
studied in African children, and its continuation may
have additional benefits beyond PJP prophylaxis, includ-
ing TB prevention [48].

Conclusions

Acute respiratory compromise caused by M. tuberculosis
and other lung pathogens is a major cause of disease
and death in HIV-infected children. Furthermore, many
also develop chronic lung disease with bronchiectasis
due to recurrent lung infections [110, 111]. In children
with delayed ART initiation, nearly a third (28%) develop
chronic lung disease with significantly compromised
lung function [112]. This highlights the need for early
ART initiation and universal ART access for all HIV-
infected children to reduce the high burden of lung dis-
ease. Finally, vaccination, appropriate use of preventive
therapy and early effective treatment of lung infections,
including TB, are also essential to ensure optimal lung
health in HIV-infected children.

Abbreviations

ARROW: The Antiretroviral Research for Watoto; ART: Antiretroviral therapy;
CHER: Children with HIV early antiretroviral; CMV: Cytomegalovirus;

CXR: Chest radiograph; HEU: HIV-exposed but uninfected infants; HIV: Human
immunodeficiency virus; IGRA: Interferon gamma release assay; IPT: Isoniazid
preventive therapy; IRIS: Immune reconstitution inflammatory syndrome;
LRTI: Lower respiratory tract infections; MDR: Multidrug-resistant; NNRTI: Non-
nucleoside reverse transcriptase inhibitors; NRTI: Nucleoside/nucleotide
reverse transcriptase inhibitors; PCR: Polymerase chain reaction; PI: Protease
inhibitor; PJP: P. jiroveci pneumonia; RSV: Respiratory syncytial virus;

TB: Tuberculosis; TST: Tuberculin skin test; UNAIDS: The Joint United Nations
Programme on HIV/AIDS; WHO: World Health Organization

Acknowledgements
We would like to thank Prof BJ Marais for reviewing the manuscript and for
suggestions.

Funding
Helena Rabie is supported by The National Research Foundation of South
Africa.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analysed during the current study.



Rabie and Goussard Pneumonia (2016) 8:19

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Authors’ contributions

HR review literature on tuberculosis and pneumonia and prepared the
manuscript. PG reviewed the data on pneumonia and reviewed the
manuscript. All authors met ICMJE authorship criteria. All authors contributed
equally to the writing of the first draft of the manuscript and writing of the
manuscript. All authors critically reviewed the manuscript for important
intellectual content. All authors agreed with the manuscript results and
conclusions.

Ethics approval and consent to participate
Not applicable.

Author details

'Department of Pediatrics and Child Health, University of Stellenbosch and
Tygerberg Academic Hospital, Cape Town, South Africa. “Childrens Infectious
Diseases Clinical Research Unit (KidCRU), University of Stellenbosch, Cape
Town, South Africa. >Division of Infectious Diseases, Department of
Paediatrics and Child Health, Faculty of Medicine and Health Sciences,
Stellenbosch University, PO Box 241, Cape Town 8000, South Africa.

Received: 6 September 2016 Accepted: 3 November 2016
Published online: 24 November 2016

References

1. Fowler MG, Qin M, Fiscus SA et al. PROMISE: Efficacy and safety of 2
strategies to prevent perinatal HIV transmission. CROI 2015. 2015
Conference on Retroviruses and Opportunistic Infections (CROI 2015), 23-26
February 2015, Seattle. Oral abstract 31LB.

2. World Health Organization. Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection:
recommendations for a public health approach. Geneva: World Health
Organization; 2013.

3. Evans C, Jones CE, Prendergast AJ. HIV-exposed, uninfected infants: new global

challenges in the era of paediatric HIV elimination. Lancet Infect Dis. 2016;16(6).

4. World Health Organization. Global update on the health sector response to
HIV. 2014. http//www.who.int/hiv/pub/progressreports/update2014-
executive-summary/en/.

5. Newell ML, Coovadia H, Cortina-Borja M, Rollins N, Gaillard P, Dabis F.
Mortality of infected and uninfected infants born to HIV infected mothers in
Africa: a pooled analysis. Lancet. 2004;364:1236-43.

6. Ferrand RA, Corbett EL, Wood R, et al. AIDS among older children and
adolescents in Southern Africa: projecting the time course and magnitude
of the epidemic. AIDS. 2009;23:2039-46.

7. Theodoratou E, McAllister DA, Reed C, et al. Global, regional, and national
estimates of pneumonia burden in HIV infected children in 2010: a meta-
analysis and modelling study. Lancet Infect Dis. 2014;14(12):1250-8.

8. Venturini E, Turkova A, Chiappini E, Galli L, de Martino M, Thorne C. Tuberculosis
and HIV co-infection in children. BMC Infect Dis. 2014;14 Suppl 1:S5.

9. Bates M, Mudenda V, Mwaba P, Zumla A. Deaths due to respiratory tract
infections in Africa: a review of autopsy studies. Curr Opin Pulm Med.
2013;19(3):229-37.

10.  Chintu C, Mudenda V, Lucas S, et al. Lung diseases at necropsy in African children
dying from respiratory illnesses: a descriptive necropsy study. Lancet. 2002;360.985.

11. Gupta RK, Lucas SB, Fielding KL, Lawn SD. Prevalence of tuberculosis in post-
mortem studies of HIV infected adults and children in resource-limited
settings: a systematic review and meta-analysis. AIDS. 2015;29(15):1987-2002.

12. World Health Organization. Global tuberculosis report. Contract No.: WHO/
HTM/TB/2014.08. 2014. http://www.who.int/tb/publications/global_report/en/.

13.  Dodd PJ, Gardiner E, Coghlan R, Seddon JA. Burden of childhood
tuberculosis in 22 high-burden countries: a mathematical modeling study.
Lancet Glob Health. 2014;2(8):e453_9.

14. Hesseling AC, Cotton MF, Jennings T, et al. High Incidence of Tuberculosis
among HIV infected Infants: Evidence from a South African population-
based study highlights the need for improved tuberculosis control
strategies. Clin Infect Dis. 2009;48:10.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.

37.

38.

Page 8 of 10

Walters E, Cotton MF, Rabie H, Schaaf HS, Walters LO, Marais BJ. Clinical
presentation and outcome of tuberculosis in human immunodeficiency
virus infected children on antiretroviral therapy. BMC Pediatr. 2008,8:1.
Madhi SA, Nachman S, Violari A, et al. Effect of primary isoniazid prophylaxis
against tuberculosis in HIV-exposed children. N Eng J Med. 2011;365:21-31.
Cohen JM, Whittaker E, Walters S, Lyall H, Tudor-Williams G, Kampmann B.
Presentation, diagnosis and management of tuberculosis in HIV infected
children in the UK. HIV Med. 2008,9(5):277-84.

Ferrand RA, Bandason T, Musvaire P, et al. Causes of acute hospitalization
in adolescence: burden and spectrum of HIV-related morbidity in a

country with an early-onset and severe HIV epidemic: a prospective survey.
PLoS Med. 2010;7(2):e1000178.

Cotton MF, Slogrove A, Rabie H. Infections in HIV-exposed Uninfected Children
With Focus on Sub-Saharan Africa. Pediatr Infect Dis J. 2014;33(10):1085-6.
Lawn SD, Churchyard G. Epidemiology of HIV-associated tuberculosis.

Curr Opin HIV AIDS. 2009:4:325-33.

Lawn SD, Bekker LG, Middelkoop K, Myer L, Wood R. Impact of HIV infection
on the epidemiology of tuberculosis in a peri-urban community in South
Africa: the need for age-specific interventions. Clin Infect Dis. 2006:42:1040-7.
Wood R, Johnstone-Robertson S, Uys P, et al. Tuberculosis transmission to
young children in a South African community: modeling household and
community infection risks. Clin Infect Dis. 2010;51:401-8.

Cotton MF, Schaaf HS, Lottering G, Weber HL, Coetzee J, Nachman S.
Tuberculosis exposure in HIV-exposed infants in a high-prevalence setting.
Int J Tuberc Lung Dis. 2008;12:225-7.

Gupta A, Bhosale R, Kinikar A, et al. Maternal tuberculosis: a risk factor for
mother-to-child transmission of human immunodeficiency virus. J Infect Dis.
2011,;203:358-63.

Tostmann A, Kik SV, Kalisvaart NA, et al. Tuberculosis transmission by
patients with smear-negative pulmonary tuberculosis in a large cohort in
the Netherlands. Clin Infect Dis. 2008:47:1135-42.

Lawn SD, Edwards D, Wood R. Tuberculosis transmission from patients with
smear-negative pulmonary tuberculosis in sub-Saharan Africa. Clin Infect Dis.
200948:496-7.

Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood intra-
thoracic tuberculosis: a critical review of literature from the pre-
chemotherapy era. Int J Tuberc Lung Dis. 2004;8(4):392-402.

Walters E, Duvenhage J, Draper HR, et al. Severe manifestations of
extrapulmonary tuberculosis in HIV infected children initiating antiretroviral
therapy before 2 years of age. Arch Dis Child. 2014;,99(11):998-1003.

Violari A, Cotton MF, Gibb DM, et al. Early antiretroviral therapy and
mortality among HIV infected infants. N Engl J Med. 2008;359:2233-44.
Turkova A, Chappell E, Judd A, et al. Prevalence, incidence, and associated
risk factors of tuberculosis in children with HIV living in the UK and Ireland
(CHIPS): a cohort study. Lancet HIV. 2015;2(12):e530-9. doi:10.1016/52352-
3018(15)00200-3. Epub 2015 Oct 29.

Orikiiriza J, Bakeera-Kitaka S, Musiime V, Mworozi EA, Mugyenyi P, Boulware DR.
The clinical pattern, prevalence, and factors associated with immune reconstitution
inflammatory syndrome in Ugandan children. AIDS. 2010,24:2009-17.
Bakeera-Kitaka S, Conesa-Botella A, Dhabangi A, et al. Tuberculosis in human
immunodeficiency virus infected Ugandan children starting on antiretroviral
therapy. Int J Tuberc Lung Dis. 2011;15:1082-6.

Koller M, Patel K, Chi BH, et al. Immunodeficiency in children starting
antiretroviral therapy in low-, middle-, and high-income countries. J Acquir
Immune Defic Syndr. 2015,68:62-72.

Dangor Z, Izu A, Hillier K, et al. Impact of the antiretroviral treatment program
on the burden of hospitalization for culture-confirmed tuberculosis in South
African Children: a time-series analysis. Pediatr Infect Dis J. 2013;32:972-7.
UNAIDS. 90-90-90 An ambitious treatment target to help end the AIDS
epidemic. UNAIDS/JC2684. 2014. Available from: http://www.unaids.org/
sites/default/files/media_asset/90-90-90_en_0.pdf. [cited 2015 Feb 13].
Pretorius C, Menzies NA, Chindelevitch L, et al. The potential effects of
changing HIV treatment policy on tuberculosis outcomes in South Africa:
results from three tuberculosis-HIV transmission models. AIDS. 2014;28
Suppl 1:525-34. doi:10.1097/QAD.0000000000000085.

Zar HJ, Cotton MF, Strauss S, et al. Effect of isoniazid prophylaxis on
mortality and incidence of tuberculosis in children with HIV: randomised
controlled trial. BMJ. 2007,334:136.

Frigati LJ, Kranzer K, Cotton MF, Schaaf HS, Lombard CJ, Zar HJ. The impact of
isoniazid preventive therapy and antiretroviral therapy on tuberculosis in children
infected with HIV in a high tuberculosis incidence setting. Thorax. 2011,66496-501.


http://www.who.int/hiv/pub/progressreports/update2014-executive-summary/en/
http://www.who.int/hiv/pub/progressreports/update2014-executive-summary/en/
http://www.who.int/tb/publications/global_report/en/
http://dx.doi.org/10.1016/S2352-3018(15)00200-3
http://dx.doi.org/10.1016/S2352-3018(15)00200-3
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf
http://dx.doi.org/10.1097/QAD.0000000000000085

Rabie and Goussard Pneumonia (2016) 8:19

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Hesseling AC, Kim S, Madhi S, Nachman S, et al. High prevalence of drug
resistance amongst HIV-exposed and -infected children in a tuberculosis
prevention trial. Int J Tuberc Lung Dis. 2012;16:192-5.

Seddon JA, Hesseling AC, Finlayson H, et al. Preventive therapy for child
contacts of multidrug-resistant tuberculosis: a prospective cohort study.
Clin Infect Dis. 2013;57(12):1676-84.

Seddon JA, Hesseling AC, Willemse M, Donald PR, Schaaf HS. Culture-confirmed
multidrug-resistant tuberculosis in children: clinical features, treatment, and
outcome. Clin Infect Dis. 2012;54(2):157-66.

Hicks RM, Padayatchi N, Shah NS, et al. Malnutrition associated with
unfavorable outcome and death among South African MDR-TB and HIV
co-infected children. Int J Tuberc Lung Dis. 2014;18(9):1074-83.

Fairlie L, Beylis NC, Reubenson G, Moore DP, Madhi SA. High prevalence of
childhood multi-drug resistant tuberculosis in Johannesburg, South Africa:
a cross sectional study. BMC Infect Dis. 2011;11:28.

Seddon JA, Hesseling AC, Godfrey-Faussett P, Schaaf HS. High treatment
success in children treated for multidrug-resistant tuberculosis: an observational
cohort study. Thorax. 2014,69(5)458-64.

Isaakidis P, Casas EC, Das M, Tseretopoulou X, Ntzani EE, Ford N. Treatment
outcomes for HIV and MDR-TB co-infected adults and children: systematic
review and meta-analysis. Int J Tuberc Lung Dis. 2015;19(8):969-78.
Dangor Z, Izu A, Moore DP, et al. Temporal association in hospitalizations
for tuberculosis, invasive pneumococcal disease and influenza virus illness in
South African children. PLoS One. 2014;9(3):291464.

Moore DP, Klugman KP, Madhi SA. Role of Streptococcus pneumoniae in
hospitalization for acute community-acquired pneumonia associated with
culture-confirmed Mycobacterium tuberculosis in children: a pneumococcal
conjugate vaccine probe study. Pediatr Infect Dis J. 2010;1(2):1099-04.
Crook AM, Turkova A, Musiime V, et al. Tuberculosis incidence is high in HIV
infected African children but is reduced by co-trimoxazole and time on
antiretroviral therapy. BMC Med. 2016;14:50.

Madhi SA, Huebner RE, Doedens L, Aduc T, Wesley D, Cooper PA. HIV-1
co-infection in children hospitalised with tuberculosis in South Africa.

Int J Tuberc Lung Dis. 2000;4:448-54.

Marais BJ, Schaaf HS. Tuberculosis in children. Cold Spring Harb Perspect
Med. 2014;4(9):a017855. doi:10.1101/cshperspect.a017855.

Schaaf HS, Marais BJ, Whitelaw A, et al. Culture-confirmed childhood tuberculosis
in Cape Town, South Africa: a review of 596 cases. BMC Infect Dis. 2007;7:140.
Hesseling AC, Schaaf SH, Westra AE, et al. Outcome of HIV infected children
with culture-confirmed tuberculosis. Arch Dis Child. 2005;90:1171-4.

Maritz E, Liu L, Montepierda G, et al. Timing of tuberculosis sourse case contact
information and tuberculosis in HIV infected and HIV-exposed non-infected
children from southern Africa: IMPAACT 1041. 43rd Union World Conference
on Lung Health 2012 Nov 13-17; Kuala Lumpur, Malaysia. Abstract PC 640 17.
Jeena PM, Pillay P, Pillay T, Coovadia HM. Impact of HIV-1 co-infection on
presentation and hospital-related mortality in children with culture proven
pulmonary tuberculosis in Durban, South Africa. Int J Tuberc Lung Dis.
2002,6:672-8.

Ren Y, Nuttall JJ, Eley BS, et al. Effect of rifampicin on efavirenz
pharmacokinetics in HIV infected children with tuberculosis. J Acquir Immune
Defic Syndr. 2009;50(5):439-43.

Ren Y, Nuttall JJ, Egbers C, et al. Effect of Rifampicin on Lopinavir
Pharmacokinetics in HIV infected children with tuberculosis. J Acquir
Immune Defic Syndr. 2008;47:566-9.

Oudijk JM, Mcllleron H, Mulenga V, et al. Pharmacokinetics of nevirapine in
HIV infected children under 3 years on rifampicin-based antituberculosis
treatment. AIDS. 2012;26(12):1523-8.

Yapa HM, Boffito M, Pozniak A. Critical Review: What dose of rifabutin is
recommended with antiretroviral therapy? J Acquir Immune Defic Syndr.
2016;72:138-52.

World Health Organization. Guidelines for the programmatic management
of drug-resistant tuberculosis: Emergency Update 2008. 2008. http://
whglibdoc.who.int/publications/2008/9789241547581_eng.pdf.

Seddon JA, Hesseling AC, Marais BJ, et al. Paediatric use of second-line
anti-tuberculosis agents: a review. Tuberculosis (Edinb). 2012;92(1).9-17. 3.
Coyne KM, Pozniak AL, Lamorde M, Boffito M. Pharmacology of second-line
antituberculosis drugs and potential for interactions with antiretroviral
agents. AIDS. 2009;23(4):437-46. 10.

Frohoff C, Moodley M, Fairlie L, et al. Antiretroviral therapy outcomes in HIV
infected children after adjusting protease inhibitor dosing during tuberculosis
treatment. PloS one. 2011,6:¢17273. doi:10.1371/journal.pone.001727.

63.

64.

65.

66.

67.

68.

69.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 9 of 10

Meyers T, Sawry S, Wong JY, et al. Virologic failure among children taking
lopinavir/ritonavir-containing first-line antiretroviral therapy in South Africa.
Pediatr Infect Dis J. 2014:1.

Reitz C, Coovadia A, Ko S, et al. Initial response to protease-inhibitor-based
antiretroviral therapy among children less than 2 years of age in South
Africa: effect of cotreatment for tuberculosis. J Infect Dis. 2010;201:1121-31.
World Health Organization. Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection:
recommendations for a public health approach. 2013. Available from:
http://www.who.int/publications/guidelines/en/. [cited 2015 Feb 13].
Arrow Trial Team. Routine versus clinically driven laboratory monitoring
and first-line antiretroviral therapy strategies in African children with

HIV (ARROW): a 5-year open-label randomised factorial trial. Lancet.
2013;381(9875):1391-403.

Bahr N, Boulware DR, Marais S, Scriven J, Wilkinson RJ, Meintjes G.

Central nervous system immune reconstitution inflammatory syndrome.
Curr Infect Dis Rep. 2013;15:583-93.

van Toorn R, Rabie H, Dramowski A, Schoeman JF. Neurological manifestations
of TB-IRIS: a report of 4 children. Eur J Paediatr Neurol. 2012;16:676-82.

Rabie H, Frigati L, Hesseling AC, Garcia-Prats AJ. Tuberculosis: opportunities
and challenges for the 90-90-90 targets in HIV infected children. J Int AIDS Soc.
201518 Suppl 6:20236.

Liu L, Oza S, Hogan D, et al. Global, regional, and national causes of child
mortality in 2000-13, with projections to inform post-2015 priorities:

an updated systematic analysis. Lancet. 2015;385(9966):430-40. published
online Oct 1. http://dx.doi.org/10.1016/S0140-6736(14)61698-6.

Rudan I, O'Brien KL, Nair H, et al. Epidemiology and etiology of childhood
pneumonia in 2010: estimates of incidence, severe morbidity, mortality,
underlying risk factors and causative pathogens for 192 countries. J Glob Health.
2013,;3:10401.

Nair H, Simoes EA, Rudan |, et al. Global and regional burden of hospital
admissions for severe acute lower respiratory infections in young children
in 2010: a systematic analysis. Lancet. 2013;381:1380-90.

Gray DM, Zar HJ. Community-acquired pneumonia in HIV infected children:
a global perspective. Curr Opin Pulm Med. 2010;16(3):208-16.

McNally LM, Jeena PM, Gajee K, et al. Effect of age, polymicrobial disease,
and maternal HIV status on treatment response and cause of severe
pneumonia in South African children: a prospective descriptive study.
Lancet. 2007;369:1440-51.

George R, Andronikou S, Theron S, et al. Pulmonary infections in HIV.
Pediatr Radiol. 2009;39(6):545-54. doi:10.1007/500247-009-1194-9.

Sawicki GS, Lu FL, Valim C, Cleveland RH, Colin AA. Necrotising pneumonia
is an increasingly detected complication of pneumonia in children. Eur Respir J.
2008;31(6):1285-91.

Edinburgh KJ, Jasmer RM, Huang L, et al. Multiple pulmonary nodules in
AIDS: usefulness of CT in distinguishing among potential causes. Radiology.
2000;214:427-32.

El-Atrouni W, Berbari E, Temesgen Z. HIV-associated opportunistic infections.
Bacterial infections. J Med Liban. 2006;54:80-3.

Bliss SJ, O'Brein KL, Janoff EN. The evidence for using conjugate vaccines to
protect HIV infected children against pneumococcal disease. Lancet Infect
Dis. 2008;8:67-80.

Nunes MC, von Gottberg A, de Gouveia L, et al. The impact of antiretroviral
treatment on the burden of invasive pneumococcal disease in South
African children: a time series analysis. AIDS. 2011,25(4):453-62.

Madhi SA, lzu A, Nunes MC, et al. Longitudinal study on Streptococcus
pneumoniae, Haemophilus influenzae and Staphylococcus aureus
nasopharyngeal colonization in HIV infected and -uninfected infants vaccinated
with pneumococcal conjugate vaccine. Vaccine. 2015;33(23):2662-9.

Fletcher MA, Schmitt HJ, Syrochkina M, Sylvester G. Pneumococcal empyema
and complicated pneumonias: global trends in incidence, prevalence, and
serotype epidemiology. Eur J Clin Microbiol Infect Dis. 2014;33:879-910.
Cohen C, Walaza S, Moyes J, et al. Epidemiology of viral-associated acute lower
respiratory tract infection among children <5 years of age in a high HV
prevalence setting, South Africa, 2009-2012. Pediatr Infect Dis J. 2015,34(1):66-72.
Cohen C, Walaza S, Moyes J, et al. Epidemiology of severe acute respiratory
iliness (SARI) among adults and children aged 25 years in a high HIV-
prevalence setting, 2009-2012. PLoS One. 2015;10(2):e0117716.

Nunes MC, Kuschner Z, Rabede Z, et al. Clinical epidemiology of bocavirus,
rhinovirus, two polyomaviruses and four coronaviruses in HIV infected and
HIV-uninfected South African children. PLoS One. 2014;9(2):e86448.


http://dx.doi.org/10.1101/cshperspect.a017855
http://whqlibdoc.who.int/publications/2008/9789241547581_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241547581_eng.pdf
http://dx.doi.org/10.1371/journal.pone.001727
http://www.who.int/publications/guidelines/en/
http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://dx.doi.org/10.1007/s00247-009-1194-9

Rabie and Goussard Pneumonia (2016) 8:19

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.
104.

106.

107.

108.

109.

Shi T, Balsells E, Wastnedge E, et al. Risk factors for respiratory syncytial virus
associated with acute lower respiratory infection in children under five
years: systematic review and meta-analysis. J Glob Health. 2015;5(2):020416.
Moyes J, Cohen C, Pretorius M, et al. Epidemiology of respiratory syncytial
virus-associated acute lower respiratory tract infection hospitalizations
among HIV infected and HIV-uninfected South African children, 2010-2011.
JInfect Dis. 2013,;208 Suppl 3:5217-26.

Madhi SA, Schoub B, Simmank K, Blackburn N, Klugman KP. Increased
burden of respiratory viral associated severe lower respiratory tract
infections in children infected with human immunodeficiency virus type-1.
J Pediatr. 2000;137(1):78-84.

Madhi SA, Ramasamy N, Bessellar TG, Saloojee H, Klugman KP. Lower
respiratory tract infections associated with influenza A and B viruses in an
area with a high prevalence of pediatric human immunodeficiency type 1
infection. Pediatr Infect Dis J. 2002;21:291-7.

Madhi SA, Kuwanda L, Venter M, Violari A. Prospective cohort study
comparing seasonal and HIN1(2009) pandemic influenza virus illnesses in
HIV infected children during 2009. Pediatr Infect Dis J. 2014;33(2):174-6.
Giannattasio A, Lo Vecchio A, Russo MT, et al. Pandemic flu: a comparative
evaluation of clinical, laboratory, and radiographic findings in HIV-positive
and negative children. AIDS. 2010;24(14):2292-4.

Cerevalolo A, Orsi A, Parodi V, Ansaldi F. Influenza vaccination in HIV-
positive subjects: latest evidence and future perspective. J Prev Med Hyg.
2013;54(1):1-10.

Jeena PM, Coovadia HM, Chrystal V. Pneumocystis carinii and
cytomegalovirus infections in severely ill, HIV infected African infants.

Ann Trop Paediatr. 1997,76:124-8.

Williams AJ, Duong T, McNally LM, et al. Pneumocystis carinii pneumonia and
cytomegalovirus infection in children with vertically acquired HIV infection. Aids.
2001;15:335-9.

Gumbo H, Chasekwa B, Church JA, et al. Congenital and postnatal CMV and EBV
acquisition in HIV infected Zimbabwean infants. PLoS One. 2014;9(12):¢114870.
Chang TS, Wiener J, Dollard SC, et al. Effect of cytomegalovirus infection on
breastfeeding transmission of HIV and on the health of infants born to HIV
infected mothers. AIDS. 2015;29(7):831-6.

Goussard P, Kling S, Gie RP, Nel ED, Heyns L, Rossouw GJ, Janson JT. CMV
pneumonia in HIV infected ventilated infants. Pediatr Pulmonol. 2010,45:650-5.
Zampoli M, Morrow B, Hsiao NY, Whitelaw A, Zar HJ. Prevalence and
outcome of cytomegalovirus-associated pneumonia in relation to human
immunodeficiency virus infection. Pediatr Infect Dis J. 2011,30(5):413-7.
Hsiao NY, Zampoli M, Morrow B, Zar HJ, Hardie D. Cytomegalovirus viraemia
in HIV exposed and infected infants: prevalence and clinical utility for
diagnosing CMV pneumonia. J Clin Virol. 2013;58(1):74-8.

Moss W, Griffin DE. Measles. Lancet. 2012;379:153-64.

Moss WJ, Monze M, Ryon JJ, Quinn TC, Griffin DE, Cutts F. Prospective study
of measles in hospitalized, human immunodeficiency virus (HIV)-infected
and HIV-uninfected children in Zambia. Clin Infect Dis. 2002;35:189-96.

le Roux DM, le Roux SM, Nuttall JJ, Eley BS. South African measles
outbreak 2009-2010 as experienced by a paediatric hospital. S Afr Med
J. 2012;,102:760-4.

Measles vaccines: WHO position paper. Wkly Epidemiol Rec 2009;84:349-60.
Moss W, Fisher C, Scott S, et al. HIV type 1 infection is a risk factor for
mortality in hospitalized Zambian children with measles. Clin Infect Dis.
2008;46:523-7.

. Mussi-Pinhata MM, Freimanis L, Yamamoto AY, et al. Infectious disease

morbidity among young HIV-1-exposed but uninfected infants in Latin
American and Caribbean countries: the National Institute of Child Health
and Human Development International Site Development Initiative Perinatal
Study. Pediatrics. 2007;119:e694-704.

Slogrove AL, Cotton MF, Esser MM. Severe infections in HIV-exposed
uninfected infants: clinical evidence of immunodeficiency. J Trop Pediatr.
2010;56(2):75-81.

Pitcher RD, Daya R, Beningfield SJ, Zar HJ. Chest radiographic presenting
features and radiographic progression of pneumocystis pneumonia in
South African children. Pediatr Pulmonol. 2011;46(10):1015-22.

Morrow BM, Samuel CM, Zampoli M, Whitelaw A, Zar HJ. Pneumocystis
pneumonia in South African children diagnosed by molecular methods.
BMC Res Notes. 2014;7:26.

Chintu C, Bhat GJ, Walker AS, et al. Co-trimoxazole as prophylaxis against
opportunistic infections in HIV infected Zambian children (CHAP): a double-
blind randomised placebo-controlled trial. Lancet. 2004;364(9448):1865-71.

Page 10 of 10

110. Berman DM, Mafut D, Djokic B, Scott G, Mitchell C. Risk factors for the

development of bronchiectasis in HIV infected children. Pediatr Pulmonol.
2007;42(10):871 5.

111. Sheikh S, Madiraju K, Steiner P, Rao M. Bronchiectasis in pediatric AIDS.

Chest. 1997;112(5):1202. 7.

112. McHugh G, Rylance J, Mujuru H, et al. Chronic morbidity among older

children and adolescents at diagnosis of HIV infection. J Acquir Immune
Defic Syndr. 2016. [Epub ahead of print].

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Tuberculosis
	Epidemiology
	Prevention
	Diagnosis
	Treatment
	Pneumonia
	Acute bacterial pneumonia
	Viral pneumonia
	Pneumocystis jiroveci pneumonia

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Competing interests
	Consent for publication
	Authors’ contributions
	Ethics approval and consent to participate
	Author details
	References

