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ABSTRACT
This thesis describes observational studies performed at the main reference centre for
paediatric HIV care and management in Mozambique, which is one of the countries most
strongly affected by the AIDS pandemic. These studies focused on horizontal transmission,
treatment outcomes and paediatric antiretroviral drug resistance in a cohort of HIV-1-infected
children.
The majority of children infected by HIV get the infection from their mothers during
pregnancy, delivery or through breastfeeding, in what is known as mother-to-child
transmission of HIV-1. However, some of them, in a percentage that is not well ascertained in
resource-constrained settings, can be infected through other modes. In the first paper, we
explored different risk factors that might have contributed to HIV infection in a small cohort of
HIV-infected children born to HIV non-infected mothers. A case control study strongly
suggested health care as the possible source of infection for many of these children, with
blood transfusion being significantly associated with HIV infection.
Paediatric antiretroviral treatment (ART) has been available for children in Mozambique since
December 2003. During the period between December 2003 and December 2008, more than
4700 children aged 0-18 years were recruited, and 1125 received ART in our centre. Survival
frequency was 87% after 60 months of antiretroviral treatment. The median follow-up time
after ART initiation in the cohort was 24.4 months (IQR 13.5-35.7). After 5 years of ART, 710
children (98.1%) were on first-line treatment, and 21 children (1.9%) were on second-line
treatment. After 12 months on ART, there was an improvement in mean (SD) CD4% from 12.3
(6.3) to 27.7 (8.8) (p<0.001). A viral load (VL) cross-sectional evaluation was made in 2006 in
495 children on ART; 72.7% had a VL of < 50 copies/mL. These clinical outcomes are
encouraging and provide stronger evidence in support of wider scale-up of long-term
treatment of HIV-infected children with NNRTI-based first-line antiretroviral drugs in subSaharan Africa.
Resistance to paediatric antiretroviral drugs in children in sub-Saharan Africa has not been
documented. We performed genotypic resistance tests in 84 available samples from 135
treated children with VL ≥50 copies/mL among children in whom cross-sectional viral load
assessment was carried out in 2006. Approximately 92% of the viruses found in this cohort
were resistant to lamivudine and/or nevirapine, and 15% were resistant to stavudine.
Twenty children (24%) harboured virus with an extended spectrum of cross-resistance. A
multivariate analysis revealed that the only factor associated with this extended resistance
profile was treatment duration (OR: 6.67 [95% CI 1.24; 35.93], p<0.05 for treatment >24
months), with a per month increase of 1.09 [1.02-1.16] (p=0.0065).
Opportunistic infections are frequent in HIV-1-infected children, as are oncology-related
infections. To date, there are no published reports investigating clinical outcomes of HIV-1infected children with Kaposi’s sarcoma. We described chemotherapy and ART outcomes in a
cohort of 28 children with histological confirmed AIDS-associated Kaposi’s sarcoma (AKS). The
cohort included twenty (71%) males and 8 females who were moderately ill, severely
immunosuppressed children. The mean patient age was 8.3 (range 2-16) years, and the mean
(SD) follow-up time was 27.3 (14.9) months. All patients were ART naive. Twenty-four children
on ART were alive at 6 months after completing chemotherapy, corresponding to a survival
rate of 85.7%. The CD4 % increased from a mean (SD) of 16% (9.2) to 29.2% (27.1) before
initiation and after cessation of chemotherapy (p=0.02). Our findings in children confirmed
what has been observed in adults: a good clinical outcome with an acceptable toxicity of
combined highly active antiretroviral therapy (HAART) and chemotherapy in ART-naïve, HIV-1infected children with associated Kaposi’s sarcoma.

ORIGINAL PAPERS
I.

Vaz P, Pedro A, Le Bozec S, Macassa E, Salvador S, Biberfeld G, Blanche S,
Andersson S. Non-vertical, non-sexual transmission of HIV in children.
Published in (ahead of print): Pediatr Infect Dis J 2010; 29: 1-3.

II.

Vaz P, Macassa E, Jani I, Thomé B, Augusto O, Rungo L, Salvador S, Biberfeld
G, Blanche S, Andersson S. Highly active antiretroviral therapy in Mozambican
children. Manuscript.

III.

Vaz P, Chaix ML, Jani I, Macassa E, Bila D,Vubil A, Andersson S, Rouzioux C,
Briand N, Blanche S. Risk of extended viral resistance in human
immunodeficiency virus-1-infected Mozambican children after first-line
treatment failure. Published in: Pediatr Infect Dis J 2009; 28: e283–e287.

IV.

Vaz P, E. Macassa, I. Jani, B. Thome, E. Mahagaja, T. Madede, S. Bazar, V.
Muando V, G Biberfeld, S. Andersson , S. Blanche. Kaposi’s Sarcoma and AIDS
in children in Maputo, Mozambique. Submitted.

Related publications:
1. Vaz P, Manhiça G, Giaquinto C, Blanche S. Scaling-up Paediatric
Antiretroviral Treatment in Mozambique. Marlink RG, Teitelman SJ,
eds. From the Ground Up: Building Comprehensive HIV/AIDS Care
Programs in Resource-Limited Settings. Washington, DC: Elizabeth
Glaser Pediatric AIDS Foundation; 2009.
2. Crowley S, Kekitiinwa A, Vaz P. Clinical Management of HIV
Infection in children. Current Opinion in HIV/AIDS, 2007,
Sep;2(5):410-415
3. Jullien V, Urien S, Hirt D, Delaugerre C, Rey E, Teglas JP, Vaz P,
Rouzioux C,Chaix ML, Macassa E, Firtion G, Pons G, Blanche S,
Tréluyer JM. Population analysis of weight-, age-, and sex-related
differences in the pharmacokinetics of lopinavir in children from
birth to 18 years. Antimicrob Agents Chemother, 2006,
Nov;50(11):3548-55.
4. Vaz P, Manhiça G, Amod F. HIV-infected children in low-resource
settings. Archives de Pédiatrie, 2005, 12: 680-681
5. Delaugerre C, Teglas JP, Treluyer JM, Vaz P, Jullien V, Veber F,
Rouzioux C, Chaix ML, Blanche S. Predictive factors of virologic
success in HIV-1-infected children treated with lopinavir/ritonavir.
J Acquir Immune Defic Syndr, 2004, Oct 1;37(2):1269-75.
6. Vaz P, Elenga N, Fassinou P, Msellati P, Nicolas J, Blanche S.
Infection par le VIH 1 de l’enfant en pays africains. Médecine
Tropicale, 2003, 63 :4
7. Vaz P. Counselling on paediatric HIV/AIDS : the Mozambican
experience.

HIV/AIDS

in

the

Commonwealth.

Kensington

Publications Ltd, for the Commonwealth Secretariat, 2000.
8. Koulinska I, Stakteas S, Vaz P, Barreto J. Diagnosing Pediatric AIDS
in Resource-Poor settings: Heat –Denatured p24 Antigen, Anti-HIV
IgA, or Both ? Journal of acquired Immune Deficiency Syndromes
and Human Retrovirology, 1987, 16 :407-411

CONTENTS
1

Introduction .................................................................................................. 1
1.1 The Epidemiology of HIV Infection..................................................... 1
1.1.1 Global situation ...................................................................... 1
1.1.2 HIV-1 situation in children ..................................................... 1
1.1.3 HIV and AIDS in Mozambique ................................................ 2
1.2 Virology of HIV .................................................................................... 6
1.2.1 HIV structure........................................................................... 7
1.2.2 HIV replication ........................................................................ 8
1.3 Immunopathogenesis of HIV .............................................................. 9
1.4 Immune Responses to HIV Infection................................................ 10
1.4.1 Innate immunity in HIV infection......................................... 10
1.4.2 HIV-1 specific cellular immune responses ........................... 11
1.4.3 HIV-1 specific antibody responses ....................................... 12
1.4.4 Genetic susceptibility to HIV infection ................................ 13
1.5 Transmission of HIV-1 Infection ....................................................... 14
1.5.1 Vertical Transmission ........................................................... 15
1.5.2 Horizontal Transmission ....................................................... 19
1.6 Natural History of HIV Infection in Children .................................... 20
1.6.1 Primary HIV Infection ........................................................... 21
1.6.2 Symptomatic Disease and Paediatric AIDS.......................... 22
1.6.3 Diagnosis of HIV Infection .................................................... 28
1.6.4 Paediatric Treatment ........................................................... 30
1.6.5 Resistance to paediatric antiretrovirals............................... 35
2 Study Aims .................................................................................................. 38
2.1 General Objective ............................................................................. 38
2.2 Specific Objectives ............................................................................ 38
3 Patients and Methods ................................................................................ 39
3.1 Setting ............................................................................................... 39
3.2 Service Delivery Model and Clinical Protocols................................. 39
3.3 Clinical and Laboratory Assessment ................................................ 40
3.4 Data Management ............................................................................ 40
4 Statistics ...................................................................................................... 43
5 Ethics ........................................................................................................... 44
6 Results and Discussion ............................................................................... 45
7 Conclusions ................................................................................................. 54
8 Acknowledgements .................................................................................... 54
9 References .................................................................................................. 59
10 Appendix (Papers I – IV) ............................................................................. 83

LIST OF ABBREVIATIONS

AIDS

Acquired immunodeficiency syndrome

AKS

AIDS-associated Kaposi’s sarcoma

ART

Antiretroviral therapy

CCR5

Chemokine receptor 5

CDC

Centers for Disease Control

CTL

Cytotoxic T lymphocytes

CXCR4

CXC chemokine receptor

DC

Dendritic cells

DNA

Deoxyribonucleic acid

DREAM

Drug resource enhancement against AIDS and malnutrition

ECS

European Collaborative study

EKS

Endemic Kaposi’s sarcoma

ELISA

Enzyme-linked immunosorbent assay

env

Envelope gene

GI

Gastrointestinal tract

gag

Group specific antigen

gp41

Glycoprotein 41

gp120

Glycoprotein 120

HAART

Highly active antiretroviral therapy

HiB

Haemophilus influenza type B

HIV

Human immunodeficiency virus

HHV8

Human herpes virus type 8

HLA

Human leukocyte antigen

IgA

Immunoglobulin type A

IgG

Immunoglobulin type G

IgM

Immunoglobulin type M

IRIS

Immune reconstitution inflammatory syndrome

KIR

Killer immunoglobulin-like receptors

KS

Kaposi’s Sarcoma

KSHV

Kaposi Sarcoma associated herpes virus

LIP

Lymphocytic interstitial pneumonitis

MHC

Major hystocompatibility complex

MISAU

Ministry of Health in Mozambique

MTCT

Mother-to-child transmission of HIV

nef

Negative factor

NGO

Non-Governmental Organization

NIH

National Institutes for Health

NK

Natural killer cells

NRTI

Nucleoside analogue reverse transcriptase inhibitor

NNRTI

Non-Nucleoside analogue reverse transcriptase inhibitor

OI

Opportunistic infection

PCP

Pneumocystis jiroveci (former carinii) Pneumonia

PCR

Polymerase chain reaction

PDH

Paediatric Day Hospital

PI

Protease inhibitor

PACTG

Pediatric AIDS Clinical Trials Group

PENTA

Paediatric European Network for the treatment of AIDS

PMTCT

Prevention of mother-to-child transmission

pol

Polymerase gene

rev

Regulator of RNA transport

RNA

Ribonucleic acid

RT

Reverse transcriptase enzyme

SDF-1

Stromal cell-derived factor 1

SNP

Single nucleotide polymorphisms

STDs

Sexual transmitted diseases

SWAp

Sector-wide approach

tat

Transactivator of viral transcription

TAM

Thymidine analog resistance mutation

TB

Tuberculosis

TCR

T-cell receptor

TLC

Total lymphocyte count

TLR

Toll-like receptor

UNAIDS

United Nations Organization for AIDS control

UNICEF

United Nations Children’s Fund

vif

Viral infectivity factor

vpr

Viral protein R

vpu

Viral protein U

WHO

World Health Organization

place together with a memorandum of understanding to create a common pool of
funds within the treasury. The MISAU and its partners jointly developed a health
sector strategic plan and held monthly joint operational meetings of the SWAp,
chaired by the MISAU, as well as biannual high-level policy meetings, annual joint
evaluations and sector-wide planning and budgeting. Non-governmental organizations
(NGOs) are also playing a critical role in service provision, with roll-outs of HIV/AIDS
services being implemented in partnership with non-governmental providers [17].
Today, a new mechanism is in place, where the MISAU can contract NGOs directly,
improving collaboration, oversight and local ownership. The NGO umbrella
organizations are increasingly active in SWAp as recognized partners [17].
In 2002, a national strategy regarding ART was designed, and the government
together with the Global Fund, the World Bank-MAP, the Clinton Foundation and
other partners made ART available within the national health system, totally free of
charge.
Successful implementation of a national treatment plan depends on strong leadership
by the Ministry of Health. In the case of Mozambique, consistent, coordinated support
for the MISAU HIV/AIDS strategic plan has ensured that the MISAU remains firmly in
control. All decisions regarding HIV/AIDS planning, budgeting and service delivery
issues are taken up by the SWAp and are thereby integrated into the broader health
system [17].

1.1.3.2 Paediatric scaling-up of antiretroviral treatment in Mozambique
Sensitivity and awareness of children’s health needs is frequently lower than for the
adult population. As a result, health problems regarding children are often
unaddressed or underserved. Consequently, children are underrepresented among
ART recipients in many settings worldwide where treatment programs have been
established, including Mozambique. Implementation of paediatric ART in resourcelimited settings represents specific challenges. These challenges range from
inappropriate sensitivity to children’s health issues, a huge and still increasing
population of HIV-1 infected children in need of care, economies that are unable to
bear the cost of HIV burden and health personnel and institutions that are insufficient
and unprepared to face the problems of cultural perception and coping of chronic
disease. Nevertheless, Mozambique’s government has made a great effort to focus on
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HIV-1-infected children with the implementation of the Paediatric Treatment Strategy.
Various partners such as UNICEF, Columbia University (CU-ICAP), Médecins sans
Frontières (MSF), Clinton Foundation, Elisabeth Glaser Paediatric Foundation (EGPAF),
Health Alliance International (HAI) and others have joined and supported the
government in implementing the strategy. It has included the identification and
nomination of a leader for paediatric ART implementation as well as the identification
and precocious involvement of stakeholders, advocacy and education about paediatric
HIV/ART, integration of an ART program in the national health system, establishment
of simple, accessible paediatric guidelines for all health professionals, training of all
health professionals (nurses, doctors, pharmacists, psychologists), efficient access and
referral systems and continuous monitoring and supervision. It has resulted in a huge
increase in the number of health facilities providing paediatric ART, from 3 in 2003 to
181 in 2008 (73% of them in rural areas), together with a huge increase in the number
of children receiving ART, from less than 50 in 2003 to more than 10,000 in 2009.

1.2

Virology of HIV

The acquired immunodeficiency syndrome known as AIDS was first described in 1981
by Gottlieb [18]. The human immunodeficiency virus (HIV) was identified as the
causative agent in 1983 by Francoise Barré-Sinoussi and Luc Montaigner [19], later
confirmed by Robert Gallo.
HIV is a retrovirus that is grouped into two types, HIV-1 and HIV-2. HIV-1 occurs
worldwide, whereas HIV-2 is mainly observed in West Africa and India. HIV-1 is
branched into four groups: Main (M), Outlier (O), Non-M-non-O (N) and the recently
discovered P. HIV-1 group M represents the main strains that are circulating
worldwide and is further divided into 14 different subtypes, also referred to as clades
(A-D, F-H, J-K) and 16 established circulating recombinant forms, which have a
different geographical distribution [20-23]. Recombinant virus are the result of
superinfection with two or more virus strains [24]. If an inter-subtype recombinant
virus is transmitted and becomes one of the circulating strains in the epidemics, it can
then be classified as a circulating recombinant form (CRF).
In North America and Europe, subtype B is more common, whereas subtype C is the
most widely spread strain worldwide [21, 22]. Subtype C accounts for 56% of all HIV-1
infections worldwide [25, 26]. Although both subtypes emerged at the same time,
6

around the early 1960s, they show different growth patterns. The subtype C epidemic
in sub-Saharan Africa is doubling every 2.4 years at a constant rate that is almost half
the rate observed in the early stages of the subtype B epidemic in Western Europe
and the US [27]. The subtype B epidemic in Western Europe and the US in the 1980s
spread twice as fast as the current subtype C epidemic in the sub-Saharan region, and
after a rapid expansion over 15 years, its growth rate has declined [27]. It has been
suggested that the differences in growth rates of the two subtypes are not due to
infectivity but rather to differences in transmission networks, in particular, the
distribution of time between transmissions [27]. Sub-Saharan Africa is particularly
vulnerable to a heterosexually transmitted HIV epidemic due to the variation in
partner changes, low reported condom use [28] and high prevalence of sexually
transmitted diseases, particularly herpes simplex 2 [29].
In Africa, there are various HIV-1 subtypes, including recombinant viruses [21, 22, 24,
30, 31]. The main circulating strain in Mozambique is subtype C [30-34], although
other subtypes have been identified less frequently, subtype A in 11% of cases [32],
subtype D in 7.1% of cases [32], subtype G in 3.8% of cases [30] and, to a much lesser
extent, some mosaic and recombinant forms [30-32].
The HIV-1 virus can also be classified according to the use of co-receptors. Viruses that
preferentially use the CCR5 receptor are called R5 viruses, and those using the CXCR4
receptor are called X4 viruses. Viruses using both co-receptors are dual-tropic R5/X4
viruses [35]. R5 viruses, also known as macrophage-tropic and non-syncytiuminducing, predominate during early infection, whereas X4 viruses, also known as T celltropic and syncytium-inducing viruses, are more frequently found in late stages of the
disease [36]. In Mozambique, a study has shown that env sequences are
predominantly CCR5, although CXCR4 were also identified in 13% of patients [33].

1.2.1 HIV structure
HIV-1 belongs to the Retroviridae family and is found in the Lentivirus genus. The virus
is spherical, with an approximate diameter of 100 nm. It has an outer lipid bilayer
called the envelope that originates from the host cell and is formed during budding.
The lipid bilayer surrounds an inner nucleocapsid, which in turn surrounds the viral
nucleic acid. The envelope protein (gp160) is glycosylated and processed in the
endoplasmic reticulum and Golgi complex, where it is cleaved into the surface
7

proteins glycoprotein 41 (gp41) and glycoprotein 120 (gp120). Gp120 binds to the CD4
receptors present on the target cell (T cells, macrophages, dendritic and microglia
cells).
The virion contains two copies of a single-stranded ribonucleic acid (RNA). The
genome contains three major genes: group specific antigen (gag), polymerase (pol)
and envelope (env). In addition, HIV carries the following regulatory genes:
transactivator of viral transcription (tat), regulator of RNA transport (rev). It also
carries the accessory genes viral infectivity factor (vif), viral protein R (vpr), negative
factor (nef) and viral protein U (vpu).

1.2.2 HIV replication
The major targets for HIV-1 are cells expressing the CD4 surface antigen, which are
predominantly T-helper cells (lymphocytes) and cells of the monocyte/macrophage
lineage. As mentioned above, co-receptors are also important for virus entry into the
host cell, as the absence of CCR5 has been shown to be a protective factor against
HIV-1 infection [37, 38]. HIV-1 enters the host cell in a multi-step process mediated by
the env protein. Infection begins with gp120 binding to the CD4 molecule on the
target cell, which then undergoes conformational changes that enable the protein to
bind to CCR5, CXCR4 or other co-receptors. Subsequently, a fusion of viral and cellular
membranes occurs, mediated by gp41, which enables the viral capsid and genome to
enter the host cell. Upon entering the cell, the protease enzyme produces the reverse
transcriptase and ribonuclease enzymes responsible for synthesising the singlestranded DNA molecules and primers necessary to produce the complementary DNA
strand. The reverse transcriptase enzyme (RT) transcribes viral RNA to DNA. After
reverse transcription, the retroviral genome will be integrated into the host cell DNA
in a process facilitated by the viral integrase. The integrated DNA, called a provirus,
can remain in a latent stage or be activated and form new infectious particles. The
provirus is used as a template for genomic RNA and messenger RNA production,
which are translated into viral proteins. The new viral RNA forms the genetic material
for the next generation of virus. The final step of replication is assembly of new virions
at the plasma membrane that bud out from the host cell. At this stage, the virus has
completed its maturation and is ready to infect other cells. Because reverse
transcriptase lacks proofreading ability, it results in considerable base-to-base
8

variability. The high mutation rate combined with a high reproductive rate results in
substantial evolution and subsequent treatment resistance.
Studies performed in children to assess the dynamics of HIV-1 replication in vertically
infected infants have confirmed the central role of HIV-1 replication in the
pathogenesis of vertical HIV-1 infection [39]. In contrast to what happen in adults
following primary infection, where viral levels peak and recline, plasma HIV-1 RNA
levels in infants rise and remain high (mean of 105 copies/ml plasma) during the first 2
years of life. After this period, a reduction is observed in vertically infected children
that continues through 5-6 years of age [40-42] in the absence of treatment. In infants
under 5 months of age, the rate of HIV-1 production and turnover is at least as rapid
as those reported for adults; however, in older infants and children, there is a more
rapid production and turnover of plasmatic HIV-1 compared to adults [39]. These agerelated differences in viral kinetics could be explained by age-related differences in
the number of cells able to support productive infection, particularly activated CD4 T
cells [39] and a less vigorous or delayed development of specific immune responses
against HIV-1, especially antibody-dependent cellular cytotoxicity and cytotoxic Tlymphocyte responses [43-45], in young children.

1.3

Immunopathogenesis of HIV

The HIV-1 infection is characterized by continuous viral replication, chronic immune
activation and loss of CD4+ T cells, which leave the patient gradually more susceptible
to various opportunistic infections.
It has been suggested that even though the virus remains central in the pathogenesis
of AIDS by infecting and killing central memory T cells, immune activation plays an
important role in disease progression [36, 46]. Systemic immune activation occurs
during the entire disease process, and it has recently been suggested that it is caused
by microbial translocation across the damaged gastrointestinal (GI)-mucosal barrier
[47-50]. Although it has been long known that enteropathy is associated with
progressive disease, only very recently could the relationship between the detrimental
effects of HIV-1 on the GI tract during both acute and chronic phases of disease be
better understood [47]. The majority of CD4+ T cells reside in the GI tract, and as a
result of infection, there is a major depletion of these cells, thus representing an
important assault to the immune system [46]. Recent observations have shown that
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systemic immune activation is key for disease progression, and it has even been
suggested to be a better predictor of disease progression than viral load [51, 52].
Antiretroviral treatment reduces viral load and contributes to less GI immune
activation, leading to an increase in peripheral blood CD4+ T cells. However, the
reconstitution of CD4+ T cells at GI tract level is poor, especially if treatment is not
started early [53].

1.4

Immune Responses to HIV Infection

1.4.1 Innate immunity in HIV infection
Innate immunity is always present and is the first line of defence to protect an
individual against infection. Innate immunity is conferred by a diverse array of cellular
and sub-cellular components that are present in an individual at birth and are
composed of different cellular and non-cellular elements. The cellular elements
include body surfaces (skin and mucosa), phagocyte cells, macrophages and microglia
cells, which represent effective barriers to environmental agents. Cells of the innate
system are responsible for a localized host response; they act immediately, in a period
of hours, and are responsible for capturing and transporting invading material to the
lymphoid organs and presenting it to the adaptive immune system [54]. Cytokines and
chemokines released by the cells involved in the innate immune response, attract
more cells to the site of action in order to build up an effective reaction against the
invading microorganism. Non-cellular elements are the complement system as well as
interferon, pattern recognition molecules (such as Toll-like receptors, which bind to
various microorganisms) and serum proteins (such as β-lysin, lysozyme, polyamines
and kinins). These elements can either directly affect the pathogenic agent or enhance
the host reaction to the invader microorganism.
Mucosal tissues are the largest collection of lymphoid tissues in the body, and the
majority of T- and B-lymphocytes are localized in the gastrointestinal mucosa [55].
Given that the majority of HIV transmission occurs via mucosal surfaces, the mucosal
innate immune responses play a major role in HIV infection by limiting HIV replication
and dissemination [56, 57]. However, innate mucosal immunity can be affected by
genital infections and intestinal helminthes through inflammation at mucosal sites,
increasing the likelihood of HIV-1 acquisition and transmission [58]. Although HIV-1
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can traverse epithelial cells and dendritic cells (DC) [59, 60], CCR5 CD4+ T cells, DC and
macrophages are some of the first cells to become productively infected. DC and T cell
clusters then drive the infection, with DC migrating to lymph nodes, facilitating the
dissemination of HIV and the destruction of 30-60% of CD4+ memory cells in the body
in just a few days, particularly in the mucosa and gut [61, 62].

1.4.2 HIV-1 specific cellular immune responses
Cellular immunity is involved in the initial control of virus replication in primary HIV-1
infection. In this context, HIV-1-specific CD8+ T cells are important for controlling viral
replication, and it has been shown that their appearance coincides with the initial
decline of viral load in primary infections [63], preceding the appearance of
neutralizing antibodies. It has also been demonstrated in HIV-infected adults that the
functional profile of HIV-specific CD8+ T cells in progressors is limited compared to
non-progressors, who consistently maintain highly functional CD8+ [64]. In the same
study, the frequency and proportion of the HIV-specific T-cell response with highest
functionality (i.e., the ability to produce several cytokines and to de-granulate)
inversely correlated with viral load in progressors. Thus, rather than quantity or
phenotype, the quality of the CD8+ T-cell functional response serves as an immune
correlate of HIV disease progression. In particular, HIV responses directed to gag are
associated with better control of HIV disease. CD8+ T cell activity, however, is
dependent on CD4+ T cell helper activity. In the absence of antiretroviral treatment,
strong, polyclonal, persistent and vigorous HIV-1-specific CD4+ T cell proliferative
responses resulted in the elaboration of interferon-gamma and antiviral beta
chemokines, which were associated with control of viremia [65]. HIV-infected patients
lose the ability of their CD4+ T cells to proliferate in late stages of disease progression.
Strong HIV-1-specific proliferative responses were also detected following treatment
of acutely infected persons with potent antiviral therapy. Thus, HIV-1-specific helper
cells are likely to be important for immunotherapeutic interventions [65].
The development of cellular immune responses among infants is important, especially
as T cell function in the foetus and neonate is immature or not fully developed [66].
HIV-specific cellular immune responses can be detected among more than one-third
of infants born to HIV-infected mothers [67]. Some studies performed in HIV-1
exposed but uninfected infants have shown both cytotoxic T lymphocyte responses to
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HIV-1 epitopes [68-70], lymphocyte proliferation after stimulation with recombinant
HIV-1 proteins and HIV-stimulated IL-2 production [71]. In these exposed, noninfected infants, HIV-1-specific CD4+ T cell activity was more frequently detected than
CD8+ T cell activity, as expressed by the production of interferon gamma [72]. Nonspecific immune responses were also observed in these HIV-1-exposed, non-infected
infants, with elevations in the populations of activated helper T cells and memory
helper T cells [72, 73]. The persistence of HIV-specific responses in these infants has
not been well described. However, in one study, HIV-specific T cell responses could
only be detected up to the age of 6 months, suggesting that these responses wane
without antigenic stimulation [74].
Envelope-specific cytotoxic T-lymphocytes are less common in children who acquire
the disease vertically than in children who acquire HIV by means of blood transfusion.
Among those with vertically acquired disease, cytotoxic T-lymphocytes are least
common in those with rapidly progressing disease. Furthermore, precursors of
cytotoxic T-lymphocytes that are specific to HIV-1 do not develop in significant
numbers until the child is 1 year old.

1.4.3 HIV-1 specific antibody responses
The humoral response in HIV-1 infection occurs early after initial infection, with the
appearance of HIV-1-specific binding and neutralizing antibodies. A number of broadly
neutralizing human monoclonal antibodies that react with gp120 or gp41 have been
identified [75, 76].
In infants, an early serologic response to infection with HIV-1 is normally obscured by
the presence of transplacentally acquired maternal HIV antibodies. In an early study
performed to assess serological responses in infants of HIV-1-infected women, it was
observed that in the neonatal period, infected infants produced only small amounts of
HIV-specific IgG antibodies to a restricted number of antigens. However, the amount
of HIV-specific immunoglobulin and the number of recognized HIV-1 antigens
increased with age; after 6 months, 85% of infected infants had detectable antibodies
to two or more viral proteins [77]. Antibodies directed toward gp160 appeared first
and were frequently found at all ages, followed by antibodies against gp120 and gp41,
whereas antibodies to the pol and gag proteins appeared later and in only a small
percentage of infants [77]. In addition, the demonstration of a positive correlation
12

between the amount of HIV-1 antibodies produced and the percentage of CD4+ T
lymphocytes in peripheral blood [77] confirmed the relationship between antibody
production and T helper cell function.
In adults, the pattern of IgG subclass reactivity against HIV antigens changes with
disease progression [78]. In children, though all IgG classes cross the human placenta
[79] , the highest reactivities are in the subclasses IgG1 and IgG3 between the ages of
3.5 and 6.5 months [80]. In children, there is also increased production of IgM, IgG and
IgA, which have been associated with disease progression [81].
Neutralizing antibodies have been related to the absence of infection in exposed but
uninfected infants [82, 83]. Furthermore, the development of broadly neutralizing
antibodies is associated with slowed disease progression in adults, children and
infants.

1.4.4 Genetic susceptibility to HIV infection
The genetics of hosts and microbes can determine infection and disease outcomes
[84]. There is increasing data supporting the idea that host genetic factors are
important determinants of HIV-1 susceptibility in MTCT and disease progression [84].
The immune response against HIV-1 is modulated by different host genetic
determinants. These determinants are directly or indirectly implicated in virus
recognition and immune response amplification (including molecules involved in
signalling pathways and cytokine genes) [85]. Virus recognition is made by chemokine
receptors, human leukocyte antigen (HLA), T-cell receptor (TCR), antibodies, killer
immunoglobulin-like receptors (KIR), toll-like-receptors (TLR) and immune cell
trafficking (chemokines and adhesion molecules) [85].
The virus can evolve and adapt in different ways in dissimilar individuals, depending
on their genetic structure and concordance; the greater the immune concordance
between the virus donor and recipient, the easier it is for the virus to establish itself in
the new host [85].
Amongst the various immunogenetic determinants known to influence HIV/AIDS, the
HLA system, which is the major hystocompatibility complex (MHC) of humans,
represents the central focal point, as it usually presents foreign peptides to the
immune system. Hence, MHC is the major stimulus for shaping viral mutations. There
are MHC-associated genes that are known to influence HIV infection. At least two
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alleles, HLA-B27 and HLA-B57, have been identified as being protective against HIV-1,
whereas HLA-B35 and HLA-B53 act as susceptibility factors [85].
During primary HIV-1 infection, viruses using the CCR5 co-receptor are predominantly
transmitted, and any polymorphisms (such as single nucleotide polymorphisms (SNP))
that affect CCR5 expression can modify the rate of disease and MTCT [84]. CCR5 is a
critical co-receptor in perinatal transmission [86, 87]. It has been shown that a
deletion of 32 bp from the coding region of the CCR5 gene (Δ32) can confer almost
complete protection against HIV-1 infection in individuals presenting the homozygous
mutant genotype [88], while individuals presenting the heterozygous mutant
genotype (CCR5-wt/Δ32) are less likely to be infected by HIV-1 and present a slower
rate of disease progression [89, 90]. In a cohort of HIV-1-infected children, the
presence of the CCR5-wt/Δ32 genotype was associated with higher CD4 percentage
and cognitive scores and lower viral loads compared to children without that
genotype [91]. By contrast, a genetic variant in the CCR5 promoter region, 59029-A/A,
was found in approximately 25% of HIV-1-infected children and was associated with
an approximately 50% increase in disease progression[91]. Stromal cell-derived factor
1 (SDF-1), a natural ligand for CXCR4, is associated with slower disease progression in
children [92, 93].
Another minor HIV-1 co-receptor, CX3CR1 (a leukocyte chemotactic and adhesion
receptor), was associated with more rapid AIDS progression in patients who were
homozygous for CX3CR1-M280 [94]. The expression of CX3CR1 and its ligand
fractalkine are increased during HIV-1 infection and are reduced when the patient is
undergoing effective HAART [95]. In HIV-1-infected children, genetic variants reducing
CX3CR1 expression markedly influence the risk and rate of disease, as these children
have an increased risk for central nervous system impairment [91].
1.5

Transmission of HIV-1 Infection

HIV-1 can be transmitted through blood and body fluids, for example, by exposure to
unsterile intravenous procedures in drug users, blood transfusions, unsterile health
care procedures, sexual intercourse (heterosexual or homosexual) and mother-tochild transmission. Initially, in the epidemics in the US and Europe, the main modes of
transmission were homosexual intercourse, drug use and blood transfusion, but with
the course of the epidemic and the spread in Africa, heterosexual intercourse became
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the predominant mode [1]. HIV-1 transmission can be facilitated by several identified
risk factors, in which high viral load [96], multiple sexual partners [97] and sexually
transmitted diseases [97, 98] play important roles.

1.5.1 Vertical Transmission
Mother-to-child transmission (MTCT) is responsible for more than 90% of paediatric
infections worldwide. Children can be infected during pregnancy, in uterus, during
delivery or postnatally through breastfeeding. In industrialized countries, before the
prophylactic era, the transmission rate from mother to child ranged from 15-25%,
provided mothers did not breastfed [99, 100]. However, in Africa, the mother-to-child
transmission rates can be much higher, 13-42%; this rate includes breastfeeding as the
norm [100-102].
In the absence of breastfeeding, HIV-1 transmission occurs in uterus in 30-40% of
cases; the remaining 60-70% occur intra-partum [103, 104]. Postnatal transmission
through breastfeeding has been demonstrated in a number of studies [105, 106] and
can vary from 14% to 44% [107, 108]. In a meta-analysis that included data from 9
studies investigating late postnatal HIV-1 transmission in breastfed infants, the overall
risk of late postnatal transmission was 8.9 transmissions per 100 child-years of
breastfeeding [109]. The risk transmission of HIV is higher in early breastfeeding, with
the majority of children acquiring the infection in the first 2 months [110], as reported
by the HIV network for prevention trials 012 in Uganda.

1.5.1.1 Risk factors
Several factors influence MTCT of HIV-1, including maternal health status, viral and
immune response characteristics, obstetric and placental factors, breastfeeding
patterns and breast pathology. Early studies have identified maternal advanced
disease, measured by CD4 count or AIDS diagnosis, as a high risk factor for HIV-1
transmission from mother to child [111]. Several studies have demonstrated that
maternal HIV-1 viral load is a strong independent risk factor for HIV-1 transmission
[112],[113],[114]. Furthermore, the levels of free virus in genital secretions [115] or
cervical or vaginal HIV-DNA levels were associated with increased infant infection
[116]. In addition to viral load, the phenotype of the mother’s virus influences HIV-1
transmission, as it has been suggested that viruses with high replicative capacity and
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cytopathogenicity have a higher risk of transmission [117, 118]. It has also been
suggested that subtype C viruses were preferentially transmitted in utero compared
to other subtypes [119]. Maternal and infant innate immunity, such as chemokines
and secretor leucocytes protease inhibitors in breast milk, genital secretions and
saliva, as well as HIV-1 specific immune responses, can decrease MTCT of HIV-1 [82].
Maternal HIV-specific neutralizing antibodies may also play a role in preventing MTCT
[82], as mothers who present them are less likely to transmit the virus to their
offspring. In HIV-1 exposed but uninfected infants, HIV-specific CD4+ T helper cell
responses and cytotoxic T-lymphocyte (CTL) responses were associated with
protection against MTCT of HIV-1 during delivery and breastfeeding [67, 82]. Natural
killer (NK) cells play a traditional role in host defence against virally infected cells, and
a recent study demonstrated that HIV-1 maternal and infant NK cell responses are
protective against MTCT of HIV-1 [120]. In the US, there was an early report that a
duration of membrane rupture greater than 4 hours was associated with a two-fold
increased risk of infant HIV-1 infection [121], which was later confirmed by a study
from France where other obstetric factors, such as amniocentesis and amnioscopy,
preterm labour, sexually transmitted diseases during pregnancy, haemorrhage and
blood in the amniotic fluid were associated with an increased risk of transmission
[122]. Chorioamnionitis is also associated with a higher risk of HIV-1 transmission
[123]. Regarding the mode of delivery, Caesarean section before labour has a
protective effect [124]. Finally, breast pathology, such as mastitis or breast abscesses,
increases MTCT, and exclusive breastfeeding is associated with a lower incidence of
MTCT compared to mixed breastfeeding [74].

1.5.1.2 Prevention of mother-to-child transmission of HIV
Prevention of mother-to-child HIV transmission (PMTCT) is one of the most important
issues in preventing the spread of HIV-1. Since the successful results of the ACTG 076
ANRS 024 study in 1993, where zidovudine was given to mothers from the 14-34th
week of gestation during pregnancy, intravenously during labour and delivery and
orally to the newborn during the first 6 weeks, resulting in a 68% reduction in the risk
of perinatal transmission [125], significant progress has been made worldwide.
A number of other antiretroviral regimens and strategies have proven successful in
reducing PMTCT [126-131]. In 1996, the introduction of highly active antiretroviral
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therapies (HAART), a combination of three drugs in which a non-nucleoside reverse
transcriptase inhibitor (NNRTI) or protease inhibitor (PI) is administered together with
nucleoside reverse transcriptase inhibitors (NRTI), created a revolution in
antiretroviral treatment. HAART have completely altered morbidity and mortality in
adults and children and have positively impacted PMTCT programs. One example that
shows the effect of HAART on PMTCT is the WITS study, where MTCT-transmission
rates decreased to 1.2% in mothers receiving HAART compared to mothers receiving
zidovudine alone (10.4%) and mothers receiving dual treatment (3.8%) [132].
However, in resource-constrained settings where antenatal care, health infrastructure
and staff resources are insufficient, other regimens needed to be implemented that
fulfilled criteria such as cost-benefit, feasibility and efficacy. Consequently, studies
have been performed to assess the efficacy of shorter courses of zidovudine to
prevent MTCT. In non-breastfeeding women, zidovudine treatment from the 36th
week of gestation and orally during labour and delivery resulted in a reduction in
transmission of 50% [133]. In breastfeeding women in Côte d’Ivoire and Burkina Faso,
a reduction in MTCT of 37% was demonstrated at 3-6 months but not later, suggesting
that zidovudine did not influence breastfeeding transmission [126, 127]. However, it
was the HIVNET 012 study [128] that truly allowed prevention of MTCT (PMTCT)
programs in sub-Saharan Africa. In this study, performed in a population of
breastfeeding women, there was a 41% reduction of HIV-1 transmission from mother
to child with the use of single-dose nevirapine to both mother and infant. The low
cost, easy administration and high efficacy of this regimen made it possible for PMTCT
programs across sub-Saharan Africa to attain high coverage and benefit hundreds of
thousands of women and children. However, the issue of resistance arose, and several
studies demonstrated nevirapine resistance in 25-75% of women 2-8 weeks
postpartum [134, 135] and 33-87% of infants exposed to single-dose nevirapine [136].
These results made the use of single-dose nevirapine questionable in settings where
first-line HAART includes nevirapine. Furthermore, the PETRA study, conducted in
three sub-Saharan countries, showed that a combination of zidovudine and
lamivudine administered from the 36th gestational week and the first week after
delivery resulted in a 63% reduction in MTCT at 6 weeks [131]. A trial in Thailand with
non-breastfeeding women receiving zidovudine from the 28th gestational week and
including extended infant prophylaxis for 3 days or 6 weeks led to a MTCT rate of 4.7%
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and 6.5%, respectively [137], representing good progress in PMTCT. In a subsequent
study in Thailand using zidovudine at the 28th week followed by a single dose of
nevirapine during labour or delivery, the MTCT rate was 2% in a non-breastfed
population [138]. Other interventions, such as antiseptics during labour [139, 140],
prophylactic antibiotics to prevent chorioamnionitis [141, 142] or administration of
Vitamin A [143-145] failed to show any benefit in reducing MTCT of HIV-1. While
several interventions have proven effective in reducing MTCT, most of these benefits
seem to be counteracted by breastfeeding.
Breastfeeding poses the major challenge in preventing postnatal MTCT, as the
majority of women in sub-Saharan Africa breastfeed their infants [146]. In subSaharan Africa, breastfeeding is critical for infant survival but also accounts for HIV-1
transmission in up to 16% of untreated infants that continue breastfeeding into the
second year of life [147]. Acceptable, feasible, affordable, sustainable and safe feeding
options other than breast milk are scarce in this region. This has led to a number of
studies attempting to reduce MTCT through breast milk. These studies have
attempted to decrease MTCT through breast milk by treating the mother, the infant or
both or choosing a breastfeeding modality (exclusive, mixed or formula).
Studies comparing the risk of HIV-1 transmission in exclusive breastfeeding and mixed
feeding were conducted in South Africa, Zimbabwe and Zambia and have
demonstrated a lower risk of HIV-1 transmission in exclusive breastfeeding compared
to mixed feeding [74, 148-150]. A trial performed in Kenya has shown a significantly
lower HIV-1 infection rate in formula-fed infants compared to exclusively breastfed
infants [108]. However, recent studies confirm that the benefit of reduced HIV-1
infection is hampered by higher mortality in formula-fed infants [150]. Studies
assessing the risk of HIV-1 transmission by treating the mother with antiretrovirals
were conducted in several countries, including Tanzania, Botswana, Malawi and
Mozambique. The MITRA-plus study, conducted in Tanzania [151], included
breastfeeding mothers who received a combination of zidovudine, lamivudine and
nevirapine/nelfinavir from the 34th week to the 6th month post-delivery; the MTCT
rate was 5% at 6 months. The DREAM program in Mozambique observed a MTCT rate
of 0.6% in a breastfeeding population where mothers received NNRTI-based HAART
for 6 months post-delivery [152]. Both studies suggest that further reductions can be
made when treating breastfeeding mothers.
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To optimize survival of HIV-1-exposed infants, some trials were undertaken to
determine whether extended prophylaxis of infants would decrease the rate of HIV-1
transmission. The Post-Exposure Prophylaxis of Infants (PEPI) [153], a large,
randomized clinical trial conducted in Malawi, compared extended prophylaxis of
infants with nevirapine plus zidovudine for 14 weeks and nevirapine combined with
one week of zidovudine (standard in most Sub-Saharan African countries). The PEPI
study demonstrated that both extended prophylaxis regimens significantly reduced
the risk of post-natal transmission at 14 weeks, with a protective efficacy of more than
60%. However, the cumulative risk of post-natal infection between birth and 14 weeks
was 2.8% in the group receiving nevirapine plus zidovudine for 14 weeks and 8.4% in
the group receiving nevirapine combined with one week of zidovudine. In Ethiopia,
Uganda and India, the Six-Week Extended Nevirapine (SWEN) compared single-dose
maternal/infant nevirapine alone to single-dose nevirapine plus extended daily infant
nevirapine during 6 weeks and found a 46% decrease in postnatal HIV transmission at
6 weeks.
Thus, observational studies confirmed by randomized clinical trials confirm the
efficacy of both treating the breastfeeding mother and the HIV-1-exposed infant
during the first 6 months, and there seems to be a similar efficacy of maternal HAART
and infant prophylaxis for PMTCT [154]. Data provided to date have confirmed the
short-term safety for both mother and infant. Resistance, however, is still a concern,
and more studies are needed to assess its real impact.

1.5.2 Horizontal Transmission
While heterosexual transmission remains the primary mode of HIV-1 transmission
among adults in Africa, mother-to-child transmission is the main mode of transmission
in children. Horizontal transmission (such as needle stick injuries, blood transfusions
and scarifications) plays an uncertain role in HIV transmission in resource-constrained
and high HIV prevalence settings. The role of horizontal transmission has been
controversial, and reports and estimates vary from 5% to 30% in low-resource settings
[155-158]. Parenteral transmission is defined as that which occurs outside of the
gastrointestinal tract, such as subcutaneous, intravenous, intramuscular and
intrasternal injections [158]. The relative percentage of HIV-1 infection caused by each
of these routes depends on several factors, including the prevalence of infection
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among particular groups and their shared behaviours [158-161]. Health care providers
and traditional healers both in and out of healthcare settings in Africa administer a
large number of injections. Thus, parenteral transmission could contribute
significantly to HIV-1 infection in the region [156, 158, 161-167]. A study analyzing
nosocomial outbreaks in Russia, Romania, China, India, Mexico and Libya estimated
that one iatrogenic infection occurred after 8-52 procedures involving HIV-infected
persons, although only 0.3% of healthcare workers seroconvert after percutaneous
exposure [165]. A case-control study reported that deep injuries and other risk factors
collectively increased seroconversion risk by as much as 50 times [168]. It has been
estimated that the transmission efficiency in medical settings, with no or grossly
insufficient efforts to clean equipment, ranges from 0.5-3% for lower-risk procedures
(e.g., intramuscular injections) to 10-20% or more for high-risk procedures [165].
Nosocomial transmission through blood transfusions and needle sticks were the main
modes of transmission at the beginning of the epidemics, especially among leukemic
patients and drug users, as has been demonstrated in the US [169]. However, other
studies have documented blood transfusion as a mode of transmission in Romania
[170] and the sub-Saharan region [162, 165], including Zaire [171] and Nigeria [172].
Horizontal transmission of HIV-1 outside the healthcare system is a reality, and there
are

some

reports

regarding

child-to-child

transmission[173],

intra-familial

transmission [174], human bites [175] or even cosmetic services through tattooing
[160] contributing to HIV-1 transmission.
Although playing a less important role, nosocomial infections should be completely
avoidable, and education and safe medical procedures should always be emphasized
to prevent horizontal transmission of HIV.

1.6

Natural History of HIV Infection in Children

HIV-1 infection and disease progression are different in children and adults. The
majority of children develop mild symptoms in the first few months of life, similar but
not identical to those observed in adults, that disappear after some time [176].
Contrary to what occurs in children, rapidly progressive HIV-1 disease in adults is rare,
as is HIV-1-associated encephalopathy [177, 178]. For instance, in Europe, 20% of HIV1-positive children progress to CDC category C in the first year, with an annual
progression of 5% thereafter up to 6 years of age [176], whereas in adults, progression
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is gradual in the first 2-3 years after infection, with a steep increase in the following 23 years, followed by another, more gradual increase [179].
In the natural history of vertically acquired HIV infection, the age at onset of AIDS is
often described as bimodal [99, 180-184]. There are infected children who develop
AIDS very early in the first year of life and others who survive years without AIDS [181183]. In vertically infected and untreated children, approximately 20% progress rapidly
to AIDS or death in the first year of life [176]. Disease progression is less rapid
between the ages of 1 and 5 years and slow between 5 and 10 years of age [185].
Early reports from the European Collaborative Study (ECS) [81] showed that about a
quarter of vertically infected children developed AIDS in the first year of life, and 49%
developed AIDS by 4 years of age. In the ECS cohort, HIV-1-infected children had a
mortality of 10% in the first year of life and 28% in children under the age of 5 years,
although mortality varied between HIV-infected children from different European
countries. Long-term non-progressors (LTNP), or HIV-1-infected children who can
maintain a high CD4 % and absence of symptoms despite not being administered
antiretroviral treatment, represent a small percentage, between 2% and 16%, of those
infected with HIV-1 [186]. Some factors have been identified as being predictive of
LTNP, such as a strong cellular and/or humoral immune responses to HIV-1 [187],
genetic markers such as CCR5 [88, 91] and CX3CR1 polymorphisms [94], SDF-1 [92, 93]
and some HLA haplotypes [85].
In sub-Saharan Africa, the bimodal expression of HIV-1 paediatric disease seems
similar to that of industrialized countries, but mortality is much higher [188]. Mortality
estimates from one meta-analysis point to 35.2% by one year of age and 52.5% by two
years of age [189], with fewer than 25% of HIV-infected children reaching the 5th year
of age [188]. The documented differences in morbidity and mortality within the US,
Europe and Africa are important and need further explanation. This could be partially
explained by differences in HIV subtypes, genetic susceptibility, differences in
infectious environment and differences in health infrastructure and access to health
care across Europe, the US and Africa.

1.6.1 Primary HIV Infection
Primary HIV-1 infections have different clinical, immunologic and virologic
characteristics in early and later infections [116, 190-192]. Disease progression in
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infants infected perinatally with HIV-1 is influenced by several factors, such as the
time of infection and clinical, virologic and immunologic characteristics of the mothers
and infants. It has been described that children infected in uterus have an earlier and
more severe form of the disease [192]. Advanced maternal HIV disease during
pregnancy [190, 193], as well as maternal low CD4 absolute counts [41, 190, 193] or
high viral load [112-114, 116], are factors associated with infant disease progression
[194].
Factors associated with disease progression at 6 months of age are not the same as
those predicting disease at 18 months or later. Maternal low absolute CD4 during
pregnancy and infant lower CD4 percentage in the first 2 months, associated with the
presence of lymphadenopathy, hepatomegaly and splenomegaly, predict early disease
at 6 months, whereas high viral load and clinical progression to CDC category B or C
predict AIDS disease progression by 18 months of age [194, 195].

1.6.2 Symptomatic Disease and Paediatric AIDS
The signs and symptoms of HIV-1 infection in children have been included by the
Centers for Disease Control (CDC) in Atlanta, into a classification that is widely used in
the US and Europe, known as 1994 CDC Clinical Classification of Paediatric HIV
infection [196]. This classification is divided into 4 categories, which are mutually
exclusive and grouped as follows: N (asymptomatic), A (mild symptoms), B
(moderately severe symptoms, including lymphoid interstitial pneumonitis (LIP)) and C
(severe symptoms, including serious recurrent bacterial infections, severe
opportunistic infections, HIV encephalopathy, wasting syndrome and cancers). In
resource-constrained settings, due to a lack of diagnostic facilities, WHO has provided
a similar classification, divided into 4 stages, in which stage 1 is asymptomatic and
severity progresses from grade 2 to grade 4 [197]. The CDC and WHO have also
provided in the same classifications an assessment of paediatric immune status, in
which immunological status is graded into three categories according to age group.
The categories in the clinical and immunological classifications do not necessarily
correlate; however, both classifications are clinically very useful, and the goal is to
provide clinicians with a tool to help understand disease severity and prognosis and
therefore better support clinical decision-making.
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Paediatric AIDS follows a bimodal expression in industrialized countries and resourceconstrained countries. However, there are differences in clinical manifestations.
African HIV-1-infected infants develop disease early in life and have more severe
morbidity and mortality [188, 198-200]. In HIV-1-infected children, the most
frequently reported signs and symptoms in the first year of life are lymphadenopathy,
splenomegaly and hepatomegaly [178], with studies from resource-constrained
settings showing that, unlike in Europe and the US, malnutrition is a common feature
in paediatric AIDS in African children of all ages [188, 201-210]. Other frequent signs
include oral candidiasis, chronic cough, chronic parotitis, generalized dermatitis,
persistent diarrhoea, pulmonary infections, tuberculosis and HIV encephalopathy
[176, 185, 188, 199, 206, 211-218]. When included in the initial pattern of HIV disease,
malnutrition is associated with an increased risk of death [219-222], as well as
pneumocystis jiroveci pneumonia [111, 212], whereas the occurrence of lymphoid
interstitial pneumonitis is associated with a slower progression of HIV disease [188].

1.6.2.1 Immune status and clinical course
Immune status in HIV-1 disease is often assessed by the number or percentage of
circulating CD4+ cells. In infants and children under 6 years of age, the absolute
number of CD4+ cells is higher than in adults, declining to reach adult levels by 6 years
of age [223]. Nonetheless, the absolute number of CD4+ cells varies greatly with age;
therefore, the assessment of CD4 percentage, being independent of age and showing
less variability, is preferably used in children younger than 6 years of age. The CD4
assessment has been validated as a good marker of HIV-1 disease progression in
children [222, 224] and is a good instrument to assess responses to antiretroviral
treatment in adults [225] and children [226].
Immune status, defined by the CD4 absolute count and percentage, can be classified
as moderate, severe or absent in a classification that takes the age group into account.
The more widely used classifications are those provided by the OMS and CDC. For
some resource-constrained countries where CD4 is not largely available, OMS has
validated the use of total lymphocyte count (TLC) as a guide to start HAART and
monitor patients during treatment. The WHO immune classification includes TLC.
The CD4 count assessment is a key element in the HIV-1-infected patient, because its
decrease is correlated with higher morbidity and mortality in both adults and children.
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The younger the infant, the greater the impact that a low CD4 count can have on
mortality, as shown by the European collaborative study [176].

1.6.2.2 Viral load and clinical course
Viral load, or the quantitative assessment of HIV-1 RNA copies per ml, has been
validated in the monitoring of adults [227] and children [41, 226, 228]. Acute infection
by HIV-1 in adults is translated into the appearance of high levels of HIV-1 RNA in
plasma and serum [229]. These high levels of HIV-1 RNA start decaying after 2 months
[229]. In children, however, there are high levels of HIV-1 RNA present in the plasma
and serum at the age of 1.5-3 months [40, 42], which start decreasing to reach
minimal levels at 5-6 years of age [40, 42, 230]. The high viral load in infants has been
related to HIV replication within rapidly proliferating target cells in a developing
immune system [231],[232].
In HIV-1-infected adults, there is a good correlation between viral load and the risk of
progression to AIDS and death [227]. In children, the viral load has also been
confirmed to be a good predictor of disease progression [42, 228, 233]. Viral load
assessment is also a good instrument to monitor adults [225] and children undergoing
ART [234, 235].

1.6.2.3 Opportunistic infections
Opportunistic infections (OI) in HIV-infected patients are known to occur with
immunossupression, and prevention and management of OI are key components in
the management and care of HIV-1-infected children. OI constitutes the primary cause
of death in HIV-1-infected children prior to HAART in resource-rich settings and
continue to be primary causes of death in HIV-1-infected children in resourceconstrained settings [211]. The prevalence of OI in the absence of HAART depends on
a number of factors, such as the child’s age, immune status, previous OI and the
pathogen agent [236]. HAART, by suppressing viral replication and allowing for
immune reconstitution, results in less OI [237]. Studies in adults and children
undergoing HAART have shown a significant decrease in OI incidence and related
deaths [237]. In the US, the incidences of OI, as described by PACTG [238], have
greatly changed in the periods from 1988-1998 and 2000-2004, pre- and post-HAART,
respectively. For instance, the incidence of bacterial pneumonia decreased from 11.1
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per to 2.2 per 100 child-years, bacteraemia decreased from 3.3 to 0.4 per 100 childyears, and PCP decreased from 1.3 to 0.09 per 100 child-years [238]. In Thailand, the
rate of severe opportunistic infections leading to hospitalization dramatically reduced
after the introduction of HAART, as the hospitalization rate decreased from 30.7%
during the first 24-week period to 2.0% during weeks 120-144 after the initiation of
HAART [209].
Various pathogens can cause OI, such as bacteria, virus, fungi or protozoa, but while
bacterial infections are treatable, some protozoans, fungal or viral OI are not curable
with available treatments. One example is cryptosporidiosis or microsporidiosis, for
which no specific treatment is available; however, with efficient HAART, it can be
improved. OI prophylaxis is crucial in the management of HIV-1-infected children,
especially those with immunossupression, yet attention must be paid when initiating
HAART in those with severe immunossupression, as it can lead to Immune
reconstitution

inflammatory

syndrome

(IRIS).

Patients

who

are

severely

immunosuppressed with an acute or latent OI at the beginning of HAART are prone to
an exaggerated inflammatory reaction that can clinically worsen the disease and
sometimes threaten the patient’s life.
In HIV-infected children on HAART, OI can occur due to suboptimal medical care,
treatment failure due to lack of adherence, drug resistance, drug-drug interactions or
an IRIS. In addition, as immune function deteriorates the tendency to suffer from OI
increases. The natural history of OI in children differs from that in adults. In adults, OI
are secondary to the reactivation of pathogens that were often acquired before HIV
infection, when the patients were immunocompetent. In children, however, OI often
occur as primary infections. In perinatally-infected children, OI occur after HIV
infection is established and at times when immune function is already compromised.
This makes OI manifestations in children different from those of adults, e.g., a young
child with tuberculosis is more likely than an adult to have disseminated and nonpulmonary infection. Children are also more vulnerable, as when they acquire the HIV
through MTCT, they also frequently acquire other opportunistic pathogens, depending
on the mother’s disease state. In households, other family members are also
frequently sick, thus exposing the children to a number of pathogens.
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1.6.2.4 Growth and HIV-1 infection
At a time when the HIV/AIDS pandemic has attained its highest prevalence in SubSaharan Africa, malnutrition affects more than 555 million children worldwide,
especially in south-central Asia and sub-Saharan Africa, with 32% of children stunted,
3.5% wasted and 20.2% underweight [239]. AIDS and malnutrition are intimately
related, and before the introduction of antiretroviral therapies in Africa, a number of
studies from Uganda, Malawi, South Africa and Rwanda showed that HIV infection in
children is associated with poor growth, stunting and wasting [240] [206, 241, 242].
Higher rates of HIV infection have also been documented in malnourished children
from Tanzania [243], Burkina Faso [220] and Uganda [220].
AIDS-associated malnutrition has been associated with infections, abnormal metabolic
functions, abnormal energy expenditure, food scarcity, multiple parasite infestations,
gastrointestinal malabsorption and psychosocial problems [244, 245] [246], [247-249]
[250] [251]. AIDS-associated malnutrition has been used as a marker of advanced
disease stage, and studies performed on Tanzanian adults and Ugandan children have
shown malnutrition to be a predictor of mortality and poor immunological response
[240, 252]. A recent study from Zambia [253] also demonstrated that HIV-infected
children with severe malnutrition respond well to nutritional rehabilitation, although
nearly all require early ART to prevent disease progression.
The introduction and scale-up of ART in African children have demonstrated an overall
improvement in growth and immune reconstitution [245, 254] [201, 210]. As a result,
it has been suggested that in resource-constrained settings, weight improvement
could be used as a default marker of good ART response [255]. Several disturbed
growth patterns have been described in HIV-infected children [248, 255-257]. Nearly
all are consistent that HIV-vertically infected children have their growth affected early
and are usually shorter than uninfected children [258]. Growth has, however, been
shown to be heterogeneous in patients undergoing ART, with some studies
demonstrating significant improvements in weight and height without an
improvement in body mass index [259], or an improvement on muscle mass but no
improvement in height [250] [260].
A better understanding of growth patterns in HIV-infected children can allow
adequate nutritional interventions that can help reduce morbidity and mortality,
improving medical outcomes and quality of life. In this context, it is also important to
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understand the impact of malnutrition on the growth of children undergoing ART, as
has been suggested by a study in India [261] [221] that in HIV-infected children, preexisting malnutrition may impair the nutritional response to ART. In addition, ART
response and growth parameters in African children with pre-existing malnutrition
have not yet been studied.

1.6.2.5 Neoplasias and Kaposi’s sarcoma
Cancers are known to occur in surplus in AIDS patients. It appears that children with
AIDS are at lower risk of developing cancer compared to adults [262].
Data regarding HIV-1-infected children with cancers are scarce and based on series
reports, but a population-based study in the US [262] showed that the spectrum of
AIDS-associated paediatric cancers resembled that seen in adults, with the addition
of leiomyosarcoma. In the same study, both primary brain lymphomas and
leiomyosarcomas tended to occur in children surviving several years after AIDS
onset. The usually frequent tumours in AIDS patients are non-Hodgkin lymphomas
and Kaposi’s sarcoma. In a study from Malawi [263] reporting on the spectrum and
presentation of paediatric malignancies associated with HIV, the most frequent
tumours were Burkitt’s lymphoma, retinoblastoma and Kaposi’s sarcoma (KS), in
50%, 13% and 9% of cases, respectively. In the same study, the authors observed an
increase in the frequency of KS cases that was greater than that seen for other
cancers, and in recent years, KS has emerged as the second most frequent childhood
cancer in Malawi.
KS has been shown to be endemic in sub-Saharan Africa for many decades [264, 265].
With the spread of HIV infection, a new form of AIDS-associated KS (AKS) has emerged
[266]. Kaposi sarcoma herpes virus (KSHV), also called human herpes virus-8 (HHV8), is
the etiological cause of all forms of KS [266]. The seroprevalence of HHV8 in endemic
countries (Italy, Greece and countries in the Central and Southern East parts of Africa)
varies between 10-70% in the adult population [267]. HHV8 seroprevalence rates in
children tend to reflect those observed in adults, albeit at lower levels, with steady
increases from early childhood, reaching near adult prevalence before puberty [267].
It has been estimated that in Europe and the United States, the risk of KS in HIVinfected people is increased as much as 1000-5000 times compared to the general
population, whereas in Africa, this risk is increased approximately 30-50 times [265].
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Sub-Saharan Africa is home to the majority of HIV-1-infected patients as well as those
infected with HHV8, and it was estimated that, in 2002, there were 39,500 males and
17,100 females with KS in sub-Saharan Africa [265]. In adults, transmission is mainly
sexual [268],[269, 270]. In children, transmission from mother to child has been
demonstrated [271], although it is unlikely to occur through breastfeeding, since the
virus could not be isolated in milk. Horizontal transmission of the virus within families
has been reported in a few studies [264],[272-274]. There are different forms of KS in
adult and children, and endemic KS (EKS) in children is predominantly lymph glandular
with or without skin involvement [275, 276]. EKS in children tends to affect males
preferentially, and the high-risk group is children 0-5 years old [264, 276]. AKS has
been essentially described for the adult population. Treatment in adults in resourcerich settings includes HAART and chemotherapy. Treatment options can be very toxic
or technologically demanding, although recently, pegylated liposomal doxorubicin and
liposomal daunorubicin have proven to be simpler, effective and well tolerated [277].
However, these therapies are unlikely to be available or affordable in many resourcepoor settings, where the bulk of HIV infections and KS occur. To date, there are few
studies reporting on the effectiveness of HAART in adult patients with AKS [278-280].
An alternative treatment is the sequential use of HAART followed by
chemotherapeutic agents if KS regression is inadequate (26). However, there is a
concern that overlapping toxicities and pharmacokinetic interactions may affect the
therapeutic effectiveness of HAART and chemotherapy. There is no information
concerning the use of HAART and chemotherapy in AKS in African children.

1.6.3 Diagnosis of HIV Infection
1.6.3.1 Clinical
Diagnosis, especially early diagnosis, is crucial for HIV-1-infected children, as it allows
better care and management, initiation of early therapy and thus a better prognosis
and quality of life for the HIV-1-infected child.
Clinical diagnosis is based on clinical suspicion confirmed with laboratory tests. Once
the diagnosis of HIV-1 infection is confirmed, the child is then classified according to
either the CDC or WHO clinical classification, for a better assessment of disease
severity.
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1.6.3.2 Laboratory
Laboratory tests for HIV-1 infection in children rely on the detection of antibodies or
viral particles.
Testing for HIV-1 antibodies is of little value in children who are vertically infected and
under the age of 18 months, due to the transfer of maternal IgG anti-HIV across the
placenta. These antibodies usually disappear by 9-10 months of age [81], although in
some cases, they last up to 18 months [281]. Other antibodies, such as IgA and IgM
anti-HIV, have proven useful in confirming infection in infants older than 4 months
[282]. The most commonly used methods for detection of HIV antibodies are enzymelinked immunosorbent assays (ELISA) and various types of rapid simple assays [283].
These assays are confirmed by immunoblot assays, usually Western blot or line
immunoblot, in resource-rich countries. Due to the high cost of immunoblot assays in
resource-limited settings, there are cheaper strategies that include a combination of
two or three rapid tests with ELISA.
The detection of an HIV antigen, such as the protein p24, has also proven useful in
confirming HIV-1 infection in infants and children [282, 284, 285].
Virus culture of HIV-1 is a reliable test to confirm early infection [283], but due to its
high cost, it has not been widely used.
Finally, the most used and useful methods for identifying paediatric HIV infection in
clinical practice are gene amplification techniques for detection of either RNA or DNA
of HIV by the polymerase chain reaction (PCR) method. Detection of HIV RNA is a
quantitative method in which the number of copies is measured, whereas HIV DNA
detection is a qualitative method that is performed in peripheral blood mononuclear
cells [284]. Both tests are highly sensitive and specific [284], though these specificities
and sensitivities change with the age of the infant. In a study conducted in HIV-1exposed infants [286], HIV-1 DNA PCR had a sensitivity of 27% in infants less than 3
weeks of age, while qualitative and quantitative RNA PCR had a sensitivity of 64%.
Each assay had a sensitivity of 96.2% at 4-6 weeks and 100% at more than 7 weeks of
age. Specificity of HIV-1 DNA PCR for all age groups was 100%, but specificities of
qualitative and quantitative RNA PCR assay were 96.1% and 95.5%, respectively. This
means that HIV-1 RNA PCR could offer a slight benefit in sensitivity over DNA PCR in
the diagnosis of HIV infection in young infants. Positive RNA results can be found in a
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small number of infants who are not infected with HIV-1. HIV-1 RNA detection should
not be routinely used in isolation for the diagnosis of HIV infection in young infants
[286]. In resource-rich settings, the early diagnosis strategy includes 3 HIV DNA PCR
tests, the first at birth, the second at the first month and the third in the 4-6-month
period [287, 288].
Due to the cost of these tests, however, in resource-constrained settings, the early
diagnosis strategy is different and varies within settings, but WHO recommendations
suggest the use of a virologic test at 4-6 weeks, which is confirmed at 9-18 months
with a rapid test [197].

1.6.4 Paediatric Treatment
Paediatric care and management of HIV-1-infected children include a combination of
strategies to improve survival and allow a better quality of life for these children.
Antiretroviral treatment has completely changed the scenario of the management of
HIV-1-infected patients. However, there are other measures that, in addition to ART,
improve the prognosis of HIV-1-infected children, including immunizations, nutrient
supplementation, prevention and treatment of opportunistic infections, emotional
support, pain relief and palliative care.

1.6.4.1 Nutritional interventions
Nutritional

interventions

include

nutritional

counselling

and

nutritional

supplementation. Nutrition counselling has shown to result in increased energy intake
by HIV-infected patients [289]. Micronutrient deficiencies and malnutrition are
common features in HIV-1-infected children, and nutritional supplementation is
essential for survival and better treatment response in HIV-infected patients [263,
290]. Micronutrient supplementation has been implemented using a micronutrient
mixture in a nutritional supplement or through vitamin A supplementation. Vitamin A,
in quarterly supplements in HIV-infected children in Tanzania, has resulted in a 63%
decrease in all-cause mortality and a 92% decrease of diarrhoea-related mortality
[291]. In South Africa, vitamin A supplementation for HIV-infected children has
resulted in a 31% reduction in mortality and a 49% reduction in diarrhoea incidence
[292].
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1.6.4.2 Prevention and treatment of infections
Endemic infections, such as helmintic infections, have been related to higher HIV viral
loads in Africa. A study performed in Ethiopia showed that viral load correlated with
egg burden and the number of helmintic infections [293] [294]. In addition, the
provision of regular anti-helmintic treatments have been shown to decrease diarrhoea
incidence by 30-50% at the district level in Zambia [295]. Malaria is the leading cause
of morbidity and mortality in Africa. Studies performed in adults have shown that viral
loads can be 7 times higher in HIV-infected patients and can be successfully reduced
with antimalarial treatment [296]. In addition, lower CD4 counts are associated with
an increased frequency of malaria as well as with higher malaria parasitemia in
Ugandan adults [297].
OI are common in HIV-1-infected children, and their frequencies are higher with a
decrease in immune status. There are a wide variety of OI, but in this context, only the
more frequent and preventable will be discussed. Pneumonia caused by Pneumocystis
jiroveci (PCP, former carinii) is a major cause of morbidity and mortality in HIV-1infected infants, and its case-fatality rate (40-87%) and peak incidence (3-6 months of
age) is similar in both resource-rich and resource-poor countries [298], [299], [300],
[301], [302], [303]. PCP disease is preventable with cotrimoxazole. Prophylaxis with
cotrimoxazole has resulted in a 47% decrease in morbidity and mortality in Zambia
[304]. Cotrimoxazole is also effective in preventing Toxoplasma gondii infection,
Streptococcus pneumoniae, Salmonella, Nocardia, Isospora belli and Plasmodium
falciparum infections [305]. However, the widespread use of cotrimoxazole has the
potential

to

increase

antibiotic

resistance

to

Streptococcus

pneumoniae,

Staphylococcus aureus, Enterobacteriaceae and eventually Plasmodium falciparum
[306], [307], [308]. Tuberculosis (TB) is one of the most common infections in HIVinfected patients [309] and is a cause of high mortality in HIV-1-infected children
[310]. The incidence of tuberculosis in neonates and infants has doubled due to the
increased incidence in pregnant women [311]. Children in close contact with adults
with TB have an 80% risk of becoming infected, with up to 52% developing active TB
[312]. The drug isoniazid, used for TB prophylaxis, has shown an early survival benefit
and reduction in incidence of tuberculosis in children with HIV [313], supporting its
use in the management of HIV-infected children.
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1.6.4.3 Psychosocial support
The grief of pain, abandon, stigma, depression and other psychological factors have
negative impacts on the ways patients react to disease. In this context, psychosocial
support plays a critical role in the management of HIV-infected children and their
families, helping the patient and his or her family cope with HIV disease and its
consequences. The relief of pain is also extremely important, as severe pain is
common in HIV-infected children [314]. There has been little research regarding
psychosocial support for HIV-infected children in Africa. However, play therapy,
coloured pictures on hospital walls and love and attention can contribute to the well
being of sick children [200].

1.6.4.4 Immunizations
Immunizations are essential for children’s health promotion and, in particular, for HIV1-infected children. Vulnerability to severe, recurrent or unusual infections by vaccinepreventable pathogens is increased in HIV-1-infected children. Invasive pneumococcal
disease is 40 times more frequent amongst HIV-infected compared to uninfected
children in South Africa [315]. In the US and Europe, pneumococcal disease is 5-10
times more frequent in HIV-infected compared to uninfected children [316]. With few
exceptions, vaccines are safe in the context of HIV infection, but their efficacies are
somehow impaired in these children. Defects in antigen-presenting-cell, B-lymphocyte
and T-lymphocyte responses may negatively impact the vaccine response [317]. Some
HIV-infected children show lower levels of protection following immunization due to
defects in the generation of immunologic memory or clonal deletion of memory T and
B cells [318]. In HIV-1 symptomatic children, the administration of live attenuated or
viral vaccines is not recommended [317]; in these children, deferment of Bacillus
Calmette-Guerin and yellow fever vaccines has been recommended [319]. Some
vaccines have the potential to provide additional protection in HIV-1 infected children,
such as pneumococcal vaccine and the vaccine against Haemophilus influenzae. The 9valent pneumococcal conjugate vaccine has prevented 65% of invasive pneumococcal
disease in HIV-infected children in South Africa [320]. Some vaccines lose efficacy over
time in HIV-infected children, and it has been shown that an additional measles
vaccine should be administered at 6 months of age [319]. A lower efficacy (44%) of the
Haemophilus influenza vaccine has been shown in HIV-infected children [321, 322].
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However, the Haemophilus influenza type B (HiB) conjugate vaccine was effective in
preventing invasive HiB disease in African HIV-1-infected children [322, 323].
Diphtheria, tetanus and pertussis immunizations have been shown to give suboptimal
immunogenicity and immunogenicity of shorter duration [317] in HIV-infected
children. However, following HAART initiation, boosting immunization reconstitutes
immune responses [317]. In a study conducted in HIV-infected children undergoing
HAART, to assess cellular and humoral immune responses to tetanus toxoid booster,
the majority of patients developed protective antibodies after the booster and
maintained the response [324].

1.6.4.5 Antiretroviral treatment
Antiretroviral treatment is based on a combination of antiretroviral drugs and has
been associated with a dramatic reduction in morbidity and mortality of adults and
children in rich and poor countries. There are 22 antiretroviral drugs currently
approved by the United States Food and Drug Administration for use in the treatment
of HIV-infected adults, but only 12 of these drugs are approved for use in children
[325]. Antiretrovirals belong to six major classes: nucleoside and nucleotide analogue
reverse

transcriptase

inhibitors

(NRTIs),

non-nucleoside

analogue

reverse

transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), fusion inhibitors, integrase
inhibitors and co-receptor binding inhibitors. According to guidelines developed by
international organizations such as the WHO, the Paediatric European Network for
treatment of AIDS (PENTA) and the National Institutes of Health (NIH) in the United
States, the treatment of choice for ART-naïve and HIV-infected children is based on a
combination of 3 drugs, 2 of which are NRTIs and the third is either a NNRTI or a PI.
The paediatric antiretroviral treatment poses specific challenges, such as the need for
a larger number of and better paediatric formulations, the poor availability of
pharmacokinetic data for children, the potency and toxicity of the drug regimen, the
psychosocial environment of the child, previous exposure to antiretroviral drugs in the
PMTCT and a major lack of skilled staff in poor countries.
Highly active antiretroviral therapy (HAART) is currently recommended for the initial
treatment of HIV-infected children, as it allows for better survival through immune
restoration and control of disease progression [176, 201, 326-329].
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1.6.4.5.1 When to start
The question of when to start is very important in the treatment of HIV-infected
patients, as it differs according to patient age and availability of resources. In
resource-rich settings, there is an individualized approach, whereas in resourceconstrained settings, a public approach is recommended, in which individual needs
remain invisible. In adults, observational studies indicate that HAART started at a CD4
absolute count of 200-350 cells/mL results in better immune reconstitution and lower
disease progression [330],[331],[332]. The choice to start early therapy has
advantages, such as viral replication control, preservation of immune status and
prevention of clinical disease progression. Starting later or delaying HAART until
clinical and immunological symptoms appear has the benefits of better adherence in a
symptomatic patient, less toxicity and eventually reduced evolution of drug-resistant
virus [325]. In HIV-infected infants, because of high mortality rates of 30-35% [184,
189] during the first year of life and the demonstrated benefits of early HAART [329,
333, 334], the recommendations are to treat all, regardless of clinical or
immunological status [222, 224, 226, 329, 335]. Good clinical and immunological
outcomes have been described for early treatment [329, 333, 336, 337], but the
concern is related to incomplete viral suppression (30-70%) and the emergence of
drug-resistant virus. In older and symptomatic children, there is a general consensus in
the different guidelines to start HAART in stage B or C (CDC classification) or stage 3
and 4 (WHO classification) and with CD4 percentage less than 25% [196, 197].
However, children who survive infancy without major HIV-related morbidity have a
better capacity to manage the virus [338] and thus remain asymptomatic or mildly
symptomatic. In the case of mild symptoms with good immunological status, the
decision to start HAART is poorly supported by the available data [197, 234, 235].

1.6.4.5.2 What to start
The initiation of a combination antiretroviral therapy with at least three drugs from
two different drug classes is recommended in HIV-1-infected infants and children
[197]. The NIH [235], PENTA [234] and WHO [197] guidelines recommend a NNRTIbased or protease inhibitor-based HAART as a first-line treatment in ART-naïve
patients. However, in the case of previous drug exposure through PMTCT,
modifications must be made accordingly. WHO recommends the use of ritonavir34

boosted lopinavir in cases of HIV-infected infants with previous exposure to
nevirapine, due to the risk of nevirapine resistance. Nevirapine has one of the lowest
genetic barriers; one mutation is sufficient to confer resistance, which is the main
reason it has not been included in first-line treatments in resource-rich settings.
However, in resource-poor settings, nevirapine is the drug of choice for first-line
treatment due to its low cost and the fact that it is included in most fixed-dose
combination antiretroviral tablets that are widely used for massive ART scale-up in
poor countries.

1.6.5 Resistance to paediatric antiretrovirals
Resistance to ART has become increasingly important, as the use of ART is becoming
more prolonged. Resistance to HIV occurs due to mutations in the viral genome that
allow viral resistance to ARV drugs. Because HIV is a virus with a high replication rate,
high error rate of HIV-1 reverse transcriptase and rapid viral turnover, its ability to
mutate is also high [339]. These features allow the introduction of many mutations in
the viral population that may confer drug resistance.
HIV resistance to ART can be divided into 2 categories: primary resistance, which
reflects the acquisition of a drug-resistant strain of HIV by a newly infected patient,
and secondary, or acquired resistance, which develops in a patient undergoing ART
[340]. Viral replication during periods of drug exposure may result in the selection of
viral strains resistant to one or more drugs exerting a selective pressure [339, 341].
The selection of viruses resistant to any drug in a combined treatment regimen
depends on the selective pressure exerted by the drug, the genetic barrier to
resistance (i.e., the number of genetic mutations required to cause ARV resistance),
the virus subtype and the cost of resistance to that virus [341]. From the patient side,
adherence plays a critical role in the development of resistance. Resistance can
develop to one or more classes of drugs, especially when adherence is sub-optimal
[197]. Adherence and resistance relationships are class-specific [342], as different drug
classes have different resistance rates at different adherence levels. Resistance to
boosted protease inhibitors is uncommon at all adherence levels [342], but a high risk
exists in individuals with 75-95% adherence [343]. Resistance to NNRTI is more likely
at lower levels of adherence [342], and a study in Italy has shown that the risk of
failing therapy with NNRTI resistance was 3.5 times higher in individuals with 75-95%
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adherence compared to 5 times higher in patients with less than 75% adherence
[343]. Overall, resistance is more common for NNRTI and deoxycytidine analogue
NRTI, followed by non-boosted protease inhibitors. Boosted protease inhibitors are
the least prone to resistance [342].

Currently, HAART in drug-naïve patients consists of a combination of two NRTI with
one NNRTI or PI. The emergence of drug resistance in patients receiving first-line
HAART, especially NNRTI-based, is associated with increased mortality [344]. Some
studies have now shown that genotypic resistance is more frequently detected in
patients who are on HAART regimens that include NNRTI compared to HAART
regimens that include PI [345-347].
Most studies investigating the genetic mechanisms of HIV-1 drug resistance were
carried out on HIV-1 subtype B viruses, which account for 12% of the HIV pandemic in
the world [340]. The differences among subtypes can impact the number and type of
mutations developing under selective pressure [348]. Nevertheless, the massive scaleup of HAART is occurring in regions of the world where non-B types are circulating and
where poor health conditions can theoretically contribute to the emergence of drug
resistance. A study conducted in South Africa [349] has, however, shown similar
mutations among adults and children, and these mutations were comparable to those
found in subtype B-infected patients.
The pathogenesis and mechanisms of resistance differ within drug classes. Resistance
to different NRTI drugs, an important class of ARV, can result in different amino acid
substitutions [350]. Some of these mutations have been shown to cause crossresistance or multiple resistance among various drugs of this class [351]. By contrast,
some combinations of amino acid substitutions can lead to increased drug
susceptibility and may also result in re-sensitization of formerly resistant viruses. The
mechanism of resistance to zidovudine is primer unblocking (i.e., nucleotide excision)
[351]. The rate of nucleotide excision by reverse transcriptase (RT) can be increased by
thymidine analogue resistance mutations (TAMs) [350]. By contrast, RT mutations that
sensitize HIV-1 to zidovudine (e.g., M184V and Y181C) do so by slowing the rate of
excision. M184V is a mutation that confers high resistance to lamivudine (an NRTI
drug); however, this mutation has the capacity to significantly reduce viral replication
and lower CD4 cell decline [350, 352] and to delay or prevent the emergence of TAMs
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[353]. This supports the use of lamivudine in salvage regimens. Resistance to NNRTI
drugs is accounted for by the most commonly observed mutations, K103N, V106A/M,
V108I, Y181C and G190A/S. NNRTI resistance is important because of the widespread
use of nevirapine in PMTCT programs across poor countries. Studies assessing
resistance following single-dose nevirapine for PMTCT have shown NNRTI resistance
mutations in about 65% of women’s plasma samples at 6-36 weeks after exposure
[354]. This type of resistance seems to be higher for women infected with HIV-1
subtype C compared to subtypes A and D [355]. These mutations, however, fade in a
period from 12-24 months [134]. Children exposed to nevirapine through PMTCT
programs also present resistant mutations, but a study conducted in Uganda
demonstrated that treatment outcomes with nevirapine-containing HAART were not
affected by these mutations [356]. The K65R mutation is the main mutation selected
by tenofovir; it confers cross-resistance to several other NRTI drugs, including
abacavir, lamivudine, didanosine and possibly stavudine but also sensitizes the virus to
zidovudine [350].
Studies performed in the UK show that children in the UK cohort with ARV resistance
increased from 6% in 1998 to 23% in 2004, but the percentage of samples containing
at least one major mutation remained constant, approximately 70% for NRTI, 60% for
NNRTI and 30% for PI drugs [296, 357].
Ideally, patients should not remain on failing regimens for prolonged periods, as this
allows the emergence of further resistance and complicates future regimens.
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2 Study Aims
Paediatric antiretroviral treatment has recently been massively scaled up in Africa.
Results from paediatric treatment are important to bring additional evidence of
efficacy and also to point out difficulties, challenges and major gaps in knowledge. We
aimed to describe the main characteristics of paediatric HIV infection and treatment
outcomes in one of the countries most strongly affected by the HIV pandemic as well
as one of the poorest countries on the planet.
2.1

General Objective

To describe epidemiological, clinical and laboratory aspects of paediatric HIV infection
in a cohort of HIV-1-infected children at the main reference paediatric HIV/AIDS
treatment centre in Mozambique, the Paediatric Day Hospital (PDH) in Maputo.
2.2

Specific Objectives
a. To assess risk factors for horizontal transmission in HIV-1-infected children
born to HIV-1-seronegative mothers.
b. To describe antiretroviral treatment (ART) outcome in the cohort of HIV-1infected children attending the PDH.
c. To evaluate the resistance profile to paediatric antiretroviral drugs of children
on ART.
d. To describe the outcome of ART and chemotherapy in AIDS-associated
Kaposi’s sarcoma.
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3 Patients and Methods
3.1

Setting

The patients chosen were those undergoing routine follow-up and care at the PDH at
Maputo Central Hospital, which is the main reference centre for the care and
management of HIV-infected children in Mozambique. The centre is located at the
main teaching hospital in Maputo, the capital of the country. It began its activities in
May 1994 as a dedicated HIV consultation and was transformed into a Day Hospital in
2000. Antiretroviral treatment has been available since December 2003.
3.2

Service Delivery Model and Clinical Protocols

The centre provides a comprehensive service for all HIV-infected children and those
exposed to HIV, both prior to ART eligibility and once on ART. Care is provided by a
team comprising 2 paediatricians, 3 nurses, 2 psychologists, 5 activists and 2 data
clerks.
All activities, including medical consultations, laboratory tests and treatments, are
provided free of charge. Patient preparation consists of at least 2 counselling sessions,
nomination of a caregiver and adherence aid. The adherence model is a patientcentred model, focused on ensuring that the caregiver has a good understanding of
the intervention. Adherence is assessed through a combination of pharmacy and
clinical records. Pharmacy records dates of drugs picked up, and on clinical files, there
is a record based on patient and/or caregiver adherence self-report. Adherence is
systematically reinforced by the psychologists and the home-based care team, in case
of any suspected fail. Eligibility criteria for ART prior to 2008 were: children at WHO
clinical stages III or IV or with CD4 counts below 20% and 15% according to age, below
or above 18 months, respectively. The regimens are sequential and are administered
according to national guidelines, adapted from WHO guidelines. There are only two
lines of antiretroviral treatment, first- and second-line. First-line treatment is based on
a combination of zidovudine or stavudine with lamivudine and nevirapine or efavirenz.
First-line treatment is, for the majority of patients, a single tablet with a fixed-dose
combination of stavudine, lamivudine and nevirapine. This fixed-dose combination
exists in dispersible tablets, which are very useful for small children and illiterate
caregivers, as it is a good substitute for oral suspensions. This formulation is widely
used in resource-constrained settings and has allowed a massive scale-up of paediatric
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treatment. Second-line treatment is based on an association of didanosine, abacavir
and lopinavir that is ritonavir-boosted. Criteria to switch to second-line treatment are
strict and are based on clinical and immunological failure in the presence of good
adherence. In 2009, virological failure was included in the criteria to switch the
treatment line. If viral load is greater than 5,000 copies/mL in two different measures,
a treatment change is considered.
3.3

Clinical and Laboratory Assessment

All children had a systematic interview, physical examination and laboratory
assessment at inclusion. Demographic information concerning place of living, parental
HIV serostatus or parental ART condition were recorded. Weight, height and cranial
circumference were measured at every visit. Two experienced nurses, always using
the same instruments, performed the anthropometric measurements. A routine
laboratorial assessment, including a haemogram, kidney and liver functions and CD4
counts and percentage were performed at the first month and every six months after
starting ART. The CD4 assessment was performed by flow-cytometry using the
FACSCalibur, Becton Dickinson, San Jose, CA, US). There was no routine viral load prior
to June 2009. However, in 2006, a cross-sectional viral load assessment was carried
out using the Amplicor HIV-1 RNA Monitor v1.5 (Roche Diagnostic Systems,
Branchburg, NJ, USA). The detection threshold of the HIV-1 RNA assay was 50
copies/mL. Virological failure was defined as an HIV-1 RNA concentration greater than
50 copies/mL. There was no routine resistance testing. However, in 2007, in those
children who had virological failure and had received ART for a period greater than 6
months, genotyping was performed at the virology laboratory in Necker hospital in
Paris, France. The genotype tests were performed by the consensus technique of the
Agence Nationale de Recherche Scientifique (ANRS) resistance study group. In
addition, resistant viruses were defined according to the ANRS resistance algorithm
(www.hivfrenchresistance.org). The genotyping assay was validated by ANRS quality
control.
3.4

Data Management

Data were collected prospectively on paper forms defined by the Mozambique
Ministry of Health (MISAU), such as clinical protocols and pharmacy records, and
computerised. Data were then exported to Excel and statistics software for analysis.
For the present studies, we used SAS statistical software (version 9.1, Institute Inc.,
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Cary, NC) and STATA version 10.0 (Statacorp, College Station, TX). To date, key
baseline data are complete. Laboratory results (CD4 counts) and anthropometric
measurements (weight, height and cranial perimeter) were complete for 6 and 12
monthly follow-up durations in approximately 80% of individuals. Currently, the vital
status of patients is unknown in less than 10% of patients.
Patients on ART who miss medicine collection for more than one month are contacted
and/or tracked through home visits where possible, and if 90 days have elapsed since
a patient was last seen at the clinic pharmacy, they are considered lost-to-follow-up.
Because of the size and rate of the scale-up of antiretroviral treatment delivery, while
we collected a great deal of data in patient records, there is a backlog of data awaiting
entry into our clinical management software.
Data for patients followed up whilst not yet eligible for ART are available only in paper
forms. The length of follow-up on ART was extended to 5 years for some patients.
Data were comprehensively validated annually.

Paper I.
Paper I is based on a case-control study, where cases were all HIV-1-infected children
born to HIV-negative mothers, and controls were HIV-1-infected children born to HIVinfected mothers during the period of May 1994 to December 2005. We included 22
cases and 77 controls matched for age and gender. The assessed risk factors for
horizontal transmission included blood transfusion, injections, surgery, scarifications,
dental extractions and sexual abuse.
Paper II.
Paper II is based on a retrospective cohort study describing the main outcomes of
antiretroviral treatment in the cohort during the period of December 2003 to
December 2008. All 1125 children who started ART during that period were included.
Analysis included survival, changes in median anthropometric measurements, changes
in haemoglobin, albumin and CD4 percentage, drug tolerance and adherence.
Paper III.
Paper III is based on a cross-sectional assessment of frequency and profile of resistant
viruses in those children in the cohort who were receiving ART for at least 6 months
and presented with virological failure. A cross-sectional assessment of viral load that
was performed in 2006 revealed 135 children in virological failure out of 512 children
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on ART for a period greater than 6 months. Genotyping was performed on 84
available samples of the 135 children.
Paper IV.
Paper IV is based on an observational cohort of HIV-1-infected children who presented
with Kaposi’s sarcoma during the period from December 2003 to December 2008.
There were a total of 32 children presenting with biopsy-proven AIDS-associated
Kaposi’s sarcoma. Four presented at a very late stage, before any treatment could be
performed, and died soon after admission. We included 28 children with AKS who
received ART and chemotherapy. Analysis included survival, treatment tolerance and
treatment response.
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4 Statistics
Paper I. Analysis was performed using STATA10 software: median and interquartile
ranges for numerical values, odds ratios and 95% confidence intervals for categorical
variables, comparisons of categorical variables with Pearson χ² and multiple logistic
regressions to assess for relationships between risk factors and horizontal
transmission. All reported p values are 2-sided, and p < 0.05 was used to determine
statistical significance.
Paper II. Data were analyzed using SAS version 9.1 (SAS Institute Inc., Cary, NC).
Patients lost to follow-up or a change in service provider were censored at the time of
the event, while patients alive and in care were censored at the time of the last clinic
visit through December 31, 2008. Date of death was taken as the endpoint for those
who died. Changes in median CD4 % were compared by a Student's t-test. Weight-forage Z-scores (WAZ) and Height-for-age Z-scores (HAZ) over time were compared using
the Kruskal-Wallis test. WAZ and HAZ scores were calculated by Epi-Info version 3.3.2,
based on the Centers for Disease Control (CDC) standardized weight and height
curves. Variables that were statistically significant (p <0.05) in univariate analysis were
subsequently tested in multivariate analysis. Kaplan-Meier survival methods were
used to estimate the probability of survival from the time of initiation of antiretroviral
therapy to death.
Paper III. Data were analyzed using SAS version 9.1 (SAS Institute Inc., Cary, NC).
Association with extended-spectrum resistance was studied using univariate and
multivariate logistic regressions. Models were adjusted for sex, age, haemoglobin level
and CD4 percentage at the start of antiretroviral treatment, viral load at the time of
sampling and duration of antiretroviral treatment. All reported p values are 2-sided,
and p <0.05 was used to determine statistical significance.
Paper IV. The following analyses were performed using statistica software: means and
standard deviations for numerical values, odds ratios and 95% confidence intervals for
categorical variables. Overall survival was calculated from the day of Kaposi’s sarcoma
diagnosis until death or 6 months after the end of chemotherapy. The Mann-Whitney
test was used for nonparametric continuous variables. All reported p values are 2sided, and p <0.05 was used to determine statistical significance.
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5 Ethics
The National Committee on Bioethics Research, the Ministry of Health of Mozambique
and the Ethics Committee at Maputo Central Hospital have approved all studies
included in this thesis, with references IRB0000257, 1586/APS-5/GMS/2007 and
04/05/2000, respectively.
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6 Results and Discussion
Horizontal transmission (paper I)
The risk factors for HIV infection assessed in this case control study were blood
transfusions, scarifications, injections, dental extractions, surgery and sexual abuse.
Twelve of 22 cases had received at least one blood transfusion, compared to 24/78
controls (p=0.036). This was the only assessed risk factor that was significantly
associated with horizontal transmission of HIV in these children. Of the other risk
factors, injections were close to significance, with a p-value of 0.09 (21/22 versus
71/78), while the others were non-significant (scarifications: p=1.0; surgery: p=0.5;
dental extractions: p=0.5). In 10 children, none of these potential sources of
nosocomial or accidental sources of HIV exposure could be identified, although all of
these children had previously been in contact with the health services. There is always
a residual risk of transfusion-acquired HIV infection despite adequate testing. This is
unknown for Mozambique but is especially evident in high-incidence countries [172,
358] The risk is mainly due to the window period before seroconversion. Screening
with HIV antigen and antibody combination assays (so-called fourth generation
assays) should be given priority in areas with high HIV incidence (which often
coincides with high prevalence).

Antiretroviral treatment outcomes (paper II)
Survival was 96.3% at 12 months and 87% at 60 months after the beginning of ART.
After 5 years of ART, the majority of children 710 (98.1%) were on first-line treatment,
and 21 children (1.9%) were on second-line treatment, as shown in Table III. Since viral
load testing was not regularly available, and switching to second-line treatment, as
previously discussed, was essentially implemented when immunological failure (CD4
<15%) occurred, the number of children on second-line treatment was small.
After 12 months on ART, there was an improvement in mean (SD) CD4% from 12.3%
(6.3) to 27.7% (8.8) (p<0.001). There were also weight and height gains, as expressed
by Weight-for-age Z score (WAZ) and Height-for-age Z score (HAZ). After 12 months of
ART, the mean (SD) WAZ improved from -2.3 (2.2) to -1.1 (1.4) (p=0.05). The mean
(SD) HAZ progressed from -2.7 (1.7) to -2.2 (1.4) (p = ns). Growth was improved, with
emphasis on weight gain during the first year of ART, as shown by an improvement in
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WAZ values. This growth improvement is in line with a good treatment response and
is consistent across other paediatric studies. As shown with a Kenyan [210] cohort, a
parameter such as weight can be a simple tool to assess treatment response in
peripheral treatment sites in poor countries.

A cross-sectional assessment of viral load (VL) was performed in 2006 in 495 children
on ART for more than 6 months; 360 (72.7%) had a VL of < 50 copies/mL of HIV-1 RNA.
Tolerance to drug regimens was generally good, with only 28 of 1125 children showing
severe toxicities. The major serious adverse events that necessitated a change in
HAART were Stevens-Johnson syndrome, caused by nevirapine (n=8), clinically evident
lipoatrophy syndrome, probably caused by stavudine (n=3), peripheral neuropathies,
caused by stavudine (n=4), severe anaemia, caused by zidovudine (n=5), acute
hepatitis, caused by nevirapine (n=3), nevirapine-induced rashes (n=5) and efavirenzinduced behaviour disruption (n=1).
In this cohort of previously antiretroviral-naïve HIV-1-infected children with moderateto-severe disease and severe immunossupression, good clinical and immunological
ART responses were achieved.
Survival after 60 months of ART was 87% and those who survived continued followup. Survival in our cohort is better than reported in similar studies. We have reported
results after 60 months of ART whereas the available publications mention results in
shorter periods. In Côte d’Ivoire [359], after 42 months of ART, survival probability was
0.86. Médecins sans frontières (MSF) [360], in a study conducted in 14 countries,
showed a survival probability of 0.89 at 12 months of ART. In Haiti [208], the survival
was 81% after 3 years of ART. In Cambodia [361], survival was 92% at 12 months and
91% at 24 months.
Viral load was cross-sectional, assessed in children who were given ART for at least 6
months, and showed that 72.7% had less than 50 copies/mL, which is comparable to
what has been found in other settings. In similar studies, the percentage of children
with undetectable viral load was 46.3% at 36 months and 45% at 42 months in Côte
d’Ivoire [359], 39% at 9 months in Kenya [210], 81% in Cambodia [361], 49% at 24
months in South Africa [362] and 77.5% in Italy [363] in children at 5 years after early
HAART.
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Immunological response was good, with an improvement of CD4 percentage from
12.3% to 27.7% at 12 months. Similar immunological benefits were presented in other
contexts. For instance, results from Côte d’Ivoire [359] showed a median CD4
percentage of 23.1% at 36 months. MSF [360] has shown in 14 countries that after 4
years of ART, 62% of children had CD4 percentages greater than 25%. In Zambia [215],
there was an improvement from 12.9% at baseline to 28.4% at 24 months. In South
Africa [362], there was an improvement from 13% to 25% at 12 months. Finally, in
Italy, after 5 years of HAART, 97.5% of children treated had CD4 percentages greater
than 25%.
Tuberculosis (TB) occurrence seems high in this cohort, with 246/1125 (21.9%), but in
Mozambique TB is the most frequently diagnosed mycobacterium disease, with a
prevalence of 250/100,000 inhabitants and a mortality rate of 124/100,000 in
adults[364]. Data concerning children is not available, but we believe that HIV-infected
children in Mozambique are highly affected by tuberculosis.
Tolerance was good, with less than 3% of children experiencing side effects that
necessitated drug withdrawal.
Adherence was good, though its measurement relied on patient reports and drug
pick-ups at the pharmacy. There was no specific instrument to precisely measure
adherence.

Resistance to paediatric antiretroviral drugs (paper III)
HIV-1 genotypic resistance - Wild-type viruses were detected in only seven cases
(7/84, 8.3%). No specific characteristics were found for this subgroup of children,
especially concerning the level of viral load at the time of analysis (median: 81,378
copies/mL (IQ: 1716-470,543) in children with wild-type viruses vs. 20,830 copies/mL
(IQ: 5396-100,266) in children with resistant viruses; p=0.12). The overall frequency of
viruses showing genotypic resistance to at least one antiretroviral drug was 92%
(77/84). The percentage of children infected with a virus with ≥1 major mutation
conferring drug resistance to NRTIs was 88% and to NNRTIs was 92%. As expected,
most children (77/84,92%) with virological failure had viruses carrying at least one
mutation conferring complete resistance to first-generation NNRTIs (Table 1); the
most frequently observed mutations were Y181C/I (n=27) and G190A/S (n=26),
followed by K103N (n=23), K101E (n=15), V106A/M (n=10), Y188L/C (n=8) and M230L
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(n=3). Unexpectedly, five children (6%) had a virus with a combination of mutations
conferring resistance to one of the new generation of NNRTIs, etravirine (Table 2). The
different patterns conferring resistance to etravirine were as follows: K101E, V179A,
Y181C, G190A (n=1), K101E, V179I, Y181C, G190A (n=1) and K101E, V108I, V179I,
Y181C, G190A (n=1).
M184V, conferring resistance to lamivudine, was the most frequently observed
mutation for NRTI resistance, being found in 88% (74/84) of children with virological
failure (Table 3). Thymidine analogue mutations (TAMs), conferring resistance to
zidovudine or stavudine, were observed in 15% (13/84) of patients, and 8% of patients
had ≥3 TAMs. K65R was detected in one case and was associated with Q151M and
M184V. Among the 77/84 children with at least 1 mutation, 3 had a virus resistant to
one drug, 58 harboured mutated strains resistant to 2 drugs of their treatment
regimen, and 16 harboured viruses resistant to all 3 drugs of their treatment regimen.
The number of patients with viruses resistant to NRTIs to which they had not
previously been exposed (due to cross-resistance) was n=5 (6%) for tenofovir, n=4
(5%) for abacavir and n=3 (3.5%) for didanosine. The NRTI multidrug resistance
mutation Q151M, conferring resistance to all NRTIs, was found in 3 children (3.6%).
Twenty children (24%) harboured virus with an extended spectrum of resistance,
defined as resistance to the 3 drugs of the combination received by the child and/or to
at least one of the following drugs to which the child had never been exposed:
abacavir, tenofovir, didanosine and etravirine.

Viral subtype: A phylogenetic tree analysis of the sequences of the RT genes of HIV-1
strains from 84 children infected in Mozambique revealed a high degree of genetic
homogeneity. Almost all HIV-1 strains were of subtype C (79/84, 94%). Two subtype A
(2.4%) and 3 subtype D (3.6%) isolates were also found.

Risk factors associated with extended-spectrum resistance: Extended-spectrum
resistance was found in 20 out of 84 viruses. Multivariate analysis of clinical and
biological characteristics measured at baseline or at the time of virological failure
identified treatment duration as being significantly associated with the risk of multiresistance: 12 of 26 (46%) resistant children treated for more than 24 months but only
4 of 23 (17%) resistant children treated for 6-12 months displayed an extended
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resistance profile (aOR: 6.67 [95% CI 1.24 to 35.93], p=0.015). The increase per month
of treatment, after the first six months, was 1.09 (1.02 to 1.16; p = 0.007; Table 3).
The minority of children in whom viral replication was not controlled were at high risk
of developing resistance, including an extended profile of cross-resistance in some
cases. Almost all children with virological failure harboured virus resistant to
lamivudine (88%) and/or nevirapine (92%), which were 2 antiretrovirals included in
their treatment with low genetic barriers to resistance. The risk of developing
resistance to stavudine or zidovudine was lower, occurring in only 15% of children.
Although based on a relatively small number of genotypes, these data are very similar
to what has been described in adult patients receiving similar antiretroviral
combinations. An unexpected finding was the relatively high incidence of extended
cross-resistance to drugs to which the children had not been exposed. For NNRTIs, the
accumulation of several mutations under selective pressure from nevirapine can
confer resistance to the second-generation molecule belonging to this class,
etravirine. Resistance to etravirine was defined as the presence of ≥3 NNRTIs
resistance mutations; by contrast, a single NNRTI resistance mutation confers
resistance to nevirapine [365]. Similarly, replication under selective pressure of
zidovudine or stavudine leads to an accumulation of thymidine-associated mutations
(TAMs). Because of cross-resistance between different NRTIs, resistance to abacavir,
tenofovir and/or didanosine was also observed. The major problems for subsequent
treatment were the occurrence of thymidine analogue mutations, K65R and Q151M,
which are multidrug resistance (MDR) mutations. The occurrence and pattern of
mutations may depend on the viral subtype. Nearly all viruses identified in this study
were subtype C, in agreement with a recent study evaluating the distribution of viral
subtypes in pregnant women in Mozambique [32]. There is evidence suggesting that
the use of tenofovir can rapidly select for K65R in subtype C viruses in cell cultures
[366]. We found only one patient who was not exposed to tenofovir harbouring the
K65R mutation; this mutation has been detected at the same or higher frequency in
adults after failure of a first similar antiretroviral treatment in South Africa and Malawi
[367, 368]. It is likely that K65R emerged after failure of a first-line regimen containing
stavudine [367, 369, 370]. Conversely, the emergence of K65R was inversely
associated with the use of zidovudine [367, 369], used in a third of the children in this
study. The presence of TAMs (15% in our study) antagonises the selection of K65R.
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The relatively higher frequency of V106M (6/10) vs. V106A (4/10) in the reverse
transcriptase gene confirms previous reports that V106M is the more common NNRTIresistance mutation in HIV-1 subtype C [348, 371, 372]. It would be valuable to assess
the effects of viral subtype on the selection of extensive resistance to NNRTIs,
including resistance to the new NNRTI etravirine.
Not surprisingly, we found a link between treatment duration and the emergence of
these extended-spectrum resistance profiles. The main approach to preventing
extended-spectrum resistance is to switch from a failing regimen as soon as possible,
even if the replication rate is low. This strategy avoids the accumulation of TAM and
NNRTI mutations, which compromise second-line treatment as it progressively
becomes available in low-resource settings.
The proportion of children in this study for whom the efficacy of currently available
second-line drugs was potentially impaired was of the same magnitude as that
estimated elsewhere for adults. In Thailand, for example, 8% of adult patients with
virological failure under first-line treatment had limited antiretroviral options for
second-line treatment [373]. The virologic and clinical consequences of this extendedspectrum resistance profile on second-line treatment involving boosted protease
inhibitors remain to be determined in paediatric settings. The deleterious
consequence of delaying an antiretroviral therapy switch was recently demonstrated
for adult patients receiving NNRTI-based combinations [374]. Drugs with low genetic
barriers to resistance and/or cross-resistance-inducing effects, such as lamivudine and
nevirapine, currently recommended by the WHO in first-line treatments, increase this
risk. Depending on their availability and provided that they are well tolerated, drugs
chosen for future therapies should be those with strong genetic barriers to resistance
and the lowest possible potential to select for cross-resistance mutations.

Antiretroviral and chemotherapy outcomes in AIDS-associated Kaposi’s sarcoma
(paper IV)
Thirty-two patients with biopsy-proven AKS presented at the hospital during the
period from December 2003 to December 2008, representing 0.8% of the total HIVinfected children who attended during that period. Four presented at a very late stage
of the disease and died in the first days of admission, before any treatment could be
administered. The present analysis is based on the remaining 28 children. AKS was the
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clinical presenting form and led to the diagnosis of AIDS for all of these children. None
were diagnosed among the children already receiving HAART during the study period.
Twenty (71%) were male and eight were female. The mean patient age was 8.3 (range
2-16) years, and the mean (SD) follow-up time was 27.3 (14.9) months. All were
HAART naive. The type of KS was lymph glandular for 5, coetaneous for 10 and mixed
for 13 children. One child had pulmonary involvement proven by bronchial biopsy, but
limited investigation procedures available on site precluded a detailed evaluation of
possible visceral involvement, notably in the digestive tract. With regard to TIS
staging, 60.7% had T0 disease, 14.3% had I0 disease, and 53.7% had S0, meaning that
this cohort predominantly included moderately ill, severely immunosuppressed
children. The mean CD4 absolute count (SD) at presentation and before
chemotherapy was 668 (1012), and the CD4 % was 16% (9.2%).
Paclitaxel was given to all children in a median (IQR) delay after initiation of HAART of
1 (1-3) month. Twenty-one children received the complete 6 cycles as scheduled.
Seven children received a shortened program (1, 2, 3, 4 and 5 cycles, respectively)
because of early death (n=4), toxicity (n= 2) or transferred out (n=1). The median
follow-up time of these children was 27 months (IQR 18-36).

Feasibility and tolerance of paclitaxel chemotherapy
Paclitaxel treatment was generally well tolerated. No allergic or anaphylactic reactions
were noticed for any children in a total of 150 intravenous chemotherapy infusions.
Overall clinical toxicity grades 1 and 2 included fatigue (n=5) and myalgia (n=3). Grade
3 and 4 adverse events involved biological disturbances (anaemia n=2, neutropenia n=
2, thrombocytopenia n=1), one case of unexplained massive oedema with
hypoalbuminemia and rapid death, which was observed after the second infusion in
one child. Undiagnosed disseminated KS in the digestive tract with intestinal albumin
loss could be an explanation, but an adverse event related to paclitaxel, although
never previously described, cannot be firmly ruled out. One child had transient cardiac
arrhythmia that was only diagnosed by ECG after the second infusion; treatment was
delayed for one week, but he is doing well (Table 3). During the chemotherapy cycle,
the CD4 % progressed from a mean (SD) of 16% (9.2) to 29.2% (27.1) (p=0.02).
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Response to treatment
No child experienced any improvement of coetaneous lesions during HAART and
before chemotherapy. No child experienced immune reconstitution syndrome (IRIS).
Chemotherapy was thus proposed for all children together with HAART.
Among 28 children treated, four died early during the chemotherapy period, one after
the first infusion, 2 after the second infusion and 1 after the third infusion. The causes
of death were infectious for 3 of the children (one sepsis and two pneumonias) and
probably related to KS extension for one child (severe hypoalbuminemia). In the
remaining 24 children, 5 had total and complete remission of lesions at the end of
chemotherapy, and 19 had 60-90% improvement of coetaneous lesions. However, the
progressive disappearance of KS lesions was continuously noticed in all children after
chemotherapy cessation, leading to total remission of the lesions in a period of 1-10
months after the end of chemotherapy. Three children had recidivated the
coetaneous lesions in the three months following the end of chemotherapy. In two
children, however, the relapses spontaneously cured under unchanged HAART and
without need of further chemotherapy. In one child, progressive extension of lesions
and lymph nodes justified 5 additional paclitaxel injections without any significant
effect. Finally, four children in complete remission died 10 months (n=1), one year
(n=2) and two and half years (n=1) after the end of chemotherapy. These deaths were
suspected to be non-chemotherapy related; 2 were caused by severe malaria, and 2
occurred in the community, the causes remaining unknown.
When we compared the children who were alive with those who died (all causes),
there was no significant difference in age, CD4 % at baseline, CD4 % after
chemotherapy or TIS staging. When we compared children with and without relapse,
there was no significant difference in age, CD4 % at baseline, CD4 % after
chemotherapy or TIS staging.
To our knowledge, this is the first description concerning AKS treatment in children.
The therapeutic strategy, HAART followed by chemotherapy, follows adult
recommendations. More than 70% of the children (60% with advanced disease) are in
total remission from AKS at a median of 2 years after treatment. These results are
encouraging, as morbidity and mortality of AKS is high in low-resource settings. This
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observational study has some limitations. It does not allow specification of the
individual roles of HAART and chemotherapy. We cannot exclude the possibility that
some children with few lesions and good immune status could improve with only
HAART, in the absence of chemotherapy. On the other hand, complete remission of
severe AKS with combined HAART and paclitaxel supports this therapeutic strategy. In
a study performed in South Africa, in which adult patients were randomized to receive
HAART alone or HAART combined with chemotherapy, the group that received the
combined therapy had a better clinical outcome [375]. A recent report from the
Chelsea and Westminster HIV cohort also points to the fact that patients treated with
HAART alone required further therapy for Kaposi’s sarcoma [376].
The classic KS chemotherapy with adriamycin, vincristine and bleomycin requires
some expertise in chemotherapy, which is limited in the majority of centres treating
HIV-1-infected children in sub-Saharan Africa. New chemotherapy drugs, such as
liposomal doxorubicin and taxol derivatives, have the advantages of high efficacy, easy
administration and lowered toxicity. Paclitaxel is less costly than liposomal
doxorubicin and has already been used in children with a number of cancers, with a
tolerance profile similar to that seen in adults. The doses we have used here are
extrapolated from adults with AKS. We have confirmed paclitaxel feasibility and
tolerance in the context of a resource-limited setting. The association of HAART and
paclitaxel does not seem to be more toxic; moreover, paclitaxel does not impede CD4
improvement in children undergoing HAART. None of our patients presented with
IRIS, which has been described in adults [377, 378]. It is possible that early
chemotherapy has prevented the occurrence of IRIS.
Finally, it is interesting to note that in these 5 years, children presenting with AKS were
those not yet treated by HAART. In the 1125 children on HAART, none presented AKS,
confirming that better AKS prophylaxis is HAART through immune reconstitution.
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7 Conclusions
After more than two decades since the discovery of HIV, the disease has massively
spread throughout the world. Initially confined to homosexual men and drug addicts,
the pandemic expanded to include impoverished women and children, the two
populations most severely affected by the HIV pandemic. Despite the advent of
antiretroviral treatment that has saved lives and has controlled the epidemic in
affluent countries, impoverished countries were unable to access those treatments
until nearly a decade after their discovery. Also, there has been a delay in the arrival of
paediatric formulations to the market for the treatment of children infected with HIV.
Fortunately, the recent arrival of fixed-dose combination treatment tablets and
paediatric fixed-dose combination treatment tablets has made the massive scale up of
treatment a reality. Despite an increase in the availability of antiretroviral treatment,
only 30% of those infected with the virus actually receive the life-saving treatment.
This pandemic, unlike others, has unveiled the weaknesses of health systems in
impoverished countries. On the other hand, a large amount of money and resources
have been allocated to strengthen the deteriorated health systems of resourceconstrained countries due to the pandemic. This improvement of healthcare
infrastructure has extended to other disease control programs for diseases such as
tuberculosis and malaria. However, many difficulties still have to be faced in order to
control the pandemic. These obstacles include the scarcity of qualified human
resources, the absence of good program management, the lack of coordination
between different health programs and NGOs, and the inadequacy of public
education. An important and sustained effort is needed to improve education as a
means for disease prevention and to improve country’s development. Also, an
assessment of the antiretroviral treatment at both a national and regional level, in
urban and rural areas, and in both public and NGO supported sites would provide
useful information about the effect of the massive scale up of these treatments with
special emphasis on paediatric treatment.
Uncertainty still remains in regards to the future of patients treated with the
antiretroviral treatment in resource-constrained settings. There are many questions
that arise from our minds, yet so many questions remain unanswered in this fight for
survival against HIV. What future treatment options will be available and what
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resources will be there to cope with these needs? What quality of life will the children
have whose lives we are saving today? Will a therapeutic vaccine be available in the
future? What are the future psychosocial and economic consequences of the today’s
pandemic, and what are we leaving for future generations?
Despite these remaining questions, in Mozambique, we have shown that effective
treatment can be administered to HIV-1-infected children for at least five years at a
large scale. This is an important first step that benefits many children living in an
impoverished country.
This hard work must go on with the main hope that our children will continue to
smile!

55

8 Acknowledgements
I would like to take this opportunity to express my sincere gratitude to everybody who
has helped me to reach my goal. It has been a long way full of fun, but plenty of
obstacles, an interesting learning and maturing process. Therefore, thank you …

Stéphane Blanche, my co-supervisor, my mentor and my friend who has encouraged
and helped me along the way to build the infrastructure for treatment and care of HIV
positive children in my country, for sharing your great knowledge and guiding me
through all the process of research.
Sören Andersson, my supervisor, for giving me the opportunity of accomplishing this
thesis, for your generosity, for never saying no, even when you didn’t believe and for
all your support.
Gunnel Biberfeld, my co-supervisor, for your precious advises.
Swedish International Development Aid Agency (Sida)/ SAREC for funding the research
project that allowed the PhD conclusion.
All my co-authors and collaborators for the great contributions to this work.
The children and families that gladly participated in this work. Your strength and
courage dealing with this disease have taught me a lot.
The best team someone could ever dream to work with - the paediatric day hospital
staff: Eugénia, Luisa, Sócrates, Catarina, Ester, Francisca, Alima, Elisa, Luisa M, Graca,
Lucia, Aida and Sitefane. Your are not just colleagues, but friends and almost family!
Your dedication to work and to the children’s cause has always been inspiring.
Calu and Orvalho, your help has been invaluable in setting up such an enormous
database and keeping it always clean and manageable. A true experts’ task.
My colleagues from the department of Paediatrics: Maria Helena, Orlanda, Ana Graça,
Isabel, Clementina, Benedita, Miguel Samuel, Valéria, Nancy, Faizana, Paula, Bia,
Yassmin and all the others, for being such a great team.
Ilesh, who smartly leads one of the best laboratories in Africa, where colleagues like
Adolfo, Dulce, Nelson, Nadia and others give their contribution to our children’s
health.

56

Colleagues in the HIV program at the Ministry of Health, leaded by Américo and
Marlene, who have been working hard to organize the provision of treatment to HIVinfected people in our country. I admire your work.
My colleagues that are now leading the Faculty of Medicine, Mamudo and Natércia
always very supportive through the whole process, with wishes for courage and hope.
My partners on this struggle to achieve the PhD thesis: Sibone, Josefa, Eulália,
Carolina, Sofia, Belisário, Noémia and Ane, on the way to work on their thesis. I wish
you lots of success.
Colleagues at the Swedish Institute for Infectious Disease Control- Lindvi, Kerstin,
Maria, Lotta, Eva, Barbrö, Anita, Karina, for all your support.
Partners with whom along the way we have faced many barriers, surpassed many
obstacles and shared successes in providing antiretroviral therapies to HIV-infected
children in Mozambique: Leila, Josué, Lisa, Marc, Ferrucio, Bia, João, Maria, Ligia,
Luisa, Ligia, Fernanda, Marc, Aly, Viviane and all the others.
Krok, my best bro, our early morning bike rides along the coast filled with lots of
laughs and reflections about life have been deeply precious.
My friends: Beth, Lena, Leninha, Rolanda, Maya, Nirmala, Vanda, Tó, Alda, Anita,
Amélia, Gina, Paulo, Nela, Sandra, Salim, Pascal, Sergio,Isabel, Xiluba, Camilo, João, for
your always present and never ending friendship.
My in-law family, Collette, Paul, Eliane, Jean-Loup, Sébastien, Carole and Marjorie, for
all your thoughtful support.
My father, Eugénio, my brothers Guilherme and Frederico, my niece Barbara, my
uncle Fernando, my auntie Ana and all my family, for always be there, lovely and
supportive.
And my son Pablo, the joy of my life, a bright young man; may your future be oriented
by hard work and deep dedication to the causes in which you believe.

I acknowledge the contribution of many other persons that are not separately named
but whose work and support remain in my heart.

57

58

9 References
1.

2.
3.
4.
5.

6.
7.
8.
9.
10.
11.

12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

UNAIDS/WHO, Global Report on the HIV/AIDS Epidemic. Geneva. 2008. p.
accessed
at
http://data.unaids.org/pub/GlobalReport/2008/jc1510_2008_globalreport_pp29
_62_en.pdf.
UNAIDS profiles, , Children affected by HIV/AIDS. 2005.
W.H.O., World Health Statistics. 2009.
W.H.O., Towards universal access: scaling up priority HIV/AIDS interventions
in the health sector. Progress Report. 2007. p. accessed:
http://www.who.int/hiv/mediacentre/universal_access_progress_report_en.pdf.
W.H.O., Towards universal access:scaling up priority interventions in
HIV/AIDS. Chap 5- scaling up HIV services for women and children in the
health
sector.
Progress
Report.
2008.
p.
accessed
:www.who.int/entity/hiv/pub/tua_report_2008_chap5.pdf.
Tick E, G.P., Franca J, Mozambique: building hope, seeking help. Explore
(NY), 2007. Sep-Oct;3(5): p. 511-3.
Owen M, The bottom line: Mozambique. Plan Parent Chall, 1997. 1(2): p. 45-7.
Foreit KF, B.A., Noya PA, Nhatave I, Population movements and the spread of
HIV/AIDS in Mozambique. J Health Hum Serv Adm, 2001. Winter;24(3): p.
279-94.
Authors not listed, Risk analysis. HIV / AIDS country profile: Mozambique.
AIDS Anal Afr, 1996. Dec;6(6): p. 8-11.
Mworozi E.A., AIDS and civil war: a devil's alliance. Dislocation caused by
civil strife in Africa provides fertile ground for the spread of HIV. AIDS Anal
Afr, 1993. Nov-Dec;3(6): p. 8-10.
Mencarini P, D.L.A., Ghirga P, Vichi F, Antinori A, Maiuro G, Noormahomed
I, Tamburrini E., Human immunodeficiency virus type 1 infection in a
community of southern Mozambique. Trop Geogr Med, 1991. Jan-Apr;43(1-2):
p. 39-41.
Barreto J, L.J., Palha de Sousa C, Bergström S, Böttiger B, Biberfeld G, De la
Cruz F, HIV-1 and HIV-2 antibodies in pregnant women in the City of Maputo,
Mozambique. A comparative study between 1982/1983 and 1990. Scand J Infect
Dis, 1993. 25(6): p. 685-8.
Cossa HA, G.S., Vaz RG, Folgosa E, Simbine E, Diniz M, Kreiss JK, Syphilis
and HIV infection among displaced pregnant women in rural Mozambique. Int
J STD AIDS, 1994. Mar-Apr;5(2): p. 117-23.
Melo J, F.E., Manjate D, Osman N, Francois I, Temmerman M, Cappuccinelli
P, Colombo MM, Low prevalence of HIV and other sexually transmitted
infections in young women attending a youth counselling service in Maputo,
Mozambique. Trop Med Int Health, 2008. Jan;13(1): p. 17-20.
UNAIDS, W., UNICEF, Epidemiological fact Sheet on HIV/AIDS.Core Data
on Epidemiology and Response:Mozambique. 2008.
Mocambique., M.d.S.d., Relatorio da Ronda de Vigilância do HIV -2007. 2008.
Irish Aid, D.o.F.A., Irish Aid and the Clinton Foundation HIV/AIDS Initiative
in Mozambique. 2006.
Gottlieb M.S. et al., Pneumocyistis Pneumonia in Los Angeles. MMWR Morb
Mortal Wkly Rep, 1981. JUL 3;30(25): p. 250-2.
Barré-Sinoussi F. et al., Isolation of a T-lymphotropic retrovirus from a patient
at risk gor acquired immune deficiency syndrome (AIDS). Science, 1983. May
20;220(4599): p. 865-7.
Thomson MM, P.-A.L., Nájera R, Molecular epidemiology of HIV-1 genetic
forms and its significance for vaccine development and therapy. Lancet Infect
Dis, 2002. Aug;2(8): p. 461-71.
Essex M., Human immunodeficiency viruses in the developing world. Adv
Virus Res, 1999. 53: p. 71-88.
Alaeus A., Significance of HIV-1 genetic subtypes. Scand J Infect Dis, 2000.
32(5): p. 455-63.
59

23.
24.
25.

26.

27.
28.
29.

30.

31.

32.

33.

34.

35.
36.
37.
38.
39.
40.

60

Kuiken C.L. et al., HIV sequence Compendium 2002., N. Los Alamos National
Laboratory, LA-UR 03-3564, Editor. 2002, Theoretical Biology and Biophysics
Group: Los Alamos.
Blackard JT, C.D., Mayer KH, Human immunodeficiency virus superinfection
and recombination: current state of knowledge and potential clinical
consequences. Clin Infect Dis, 2002. Apr 15(34): p. 1108-14.
McCormack GP, G.J., Crampin AC, Sibande F, Mulawa D, Bliss L, Broadbent
P, Abarca K, Pönnighaus JM, Fine PE, Clewley JP, Early evolution of the
human immunodeficiency virus type 1 subtype C epidemic in rural Malawi. J
Virol. Dec;76(24):12890-9, 2002.
Osmanov S, P.C., Walker N, Schwardländer B, Esparza J and WHO-UNAIDS
Network for HIV Isolation and Characterization, Estimated global distribution
and regional spread of HIV-1 genetic subtypes in the year 2000. J Acquir
Immune Defic Syndr. Feb 1;29(2):184-90, 2002.
Walker PR, P.O., Rambaut A, Holmes EC, Comparative population dynamics
of HIV-1 subtypes B and C: subtype-specific differences in patterns of epidemic
growth. Infect Genet Evol. Apr;5(3):199-208, 2005.
Caraël M, C.J., Deheneffe JC, Ferry B, Ingham R, Sexual behaviour in
developing countries: implications for HIV control. AIDS. Oct;9(10):1171-5,
1995.
Auvert B, B.R., Campbell C, Caraël M, Carton M, Fehler G, Gouws E,
MacPhail C, Taljaard D, Van Dam J, Williams B, HIV infection among youth in
a South African mining town is associated with herpes simplex virus-2
seropositivity and sexual behaviour. AIDS. May 4;15(7):885-98, 2001.
Bártolo I, C.J., Bastos R, Rocha C, Abecasis AB, Folgosa E, Mondlane J,
Manuel R, Taveira N, HIV-1 genetic diversity and transmitted drug resistance
in health care settings in Maputo, Mozambique. J Acquir Immune Defic Syndr,
2009. Jul 1;51(3): p. 323-31.
Parreira R, P.J., Domingues A, Lobão D, Santos M, Venenno T, Baptista JL,
Mussa SA, Barreto AT, Baptista AJ, Esteves A, Genetic characterization of
human immunodeficiency virus type 1 from Beira, Mozambique. Microbes
Infect, 2006. Aug;8(9-10): p. 2442-51.
Abreu CM, B.P., Martins AN, Arruda MB, Bule E, Stakteas S, Tanuri A, de
Moraes Brindeiro R, Genotypic and phenotypic characterization of human
immunodeficiency virus type 1 isolates circulating in pregnant women from
Mozambique. Arch Virol, 2008. 153(11): p. 2013-7.
Lahuerta M, A.E., Bardaji A, Marco S, Sacarlal J, Mandomando I, Alonso P,
Martinez MA, Menendez C, Naniche D, Rapid spread and genetic
diversification of HIV type 1 subtype C in a rural area of southern
Mozambique. AIDS Res Hum Retroviruses, 2008. Feb;24(2): p. 327-35.
Bellocchi MC, F.F., Palombi L, Gori C, Coelho E, Svicher V, D'Arrigo R,
Emberti-Gialloreti L, Ceffa S, Erba F, Marazzi MC, Silberstein FC, Perno CF,
Subtype analysis and mutations to antiviral drugs in HIV-1-infected patients
from Mozambique before initiation of antiretroviral therapy: results from the
DREAM programme. J Med Virol. 2005, 2005. Aug;76(4): p. 452-8.
Berger EA, M.P., Farber JM, Chemokine receptors as HIV-1 coreceptors: roles
in viral entry, tropism, and disease. Annu Rev Immunol, 1999(17): p. 657-700.
Levy JA, HIV pathogenesis: 25 years of progress and persistent challenges.
AIDS, 2009. Jan 14;23(2): p. 147-60.
Alkhatib G, C.C., Broder CC, Feng Y, Kennedy PE, Murphy PM, Berger EA,
CC CKR5: a RANTES, MIP-1alpha, MIP-1beta receptor as a fusion cofactor
for macrophage-tropic HIV-1. Science, 1996. Jun 28;272(5270): p. 1955-8.
Feng Y, B.C., Kennedy PE, Berger EA, HIV-1 entry cofactor: functional cDNA
cloning of a seven-transmembrane, G protein-coupled receptor. Science, 1996.
May 10;272(5263): p. 872-7.
Luzuriaga K, W.H., McManus M, Britto P, Borkowsky W, Burchett S, Smith
B, Mofenson L, Sullivan JL, Dynamics of human immunodeficiency virus type 1
replication in vertically infected infants. J Virol, 1999. Jan(73(1)): p. 362-7.
McIntosh K, S.A., Zaknun D, Kornegay J, Chatis P, Karthas N, Burchett SK,
Age- and time-related changes in extracellular viral load in children vertically

41.

42.

43.
44.
45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

infected by human immunodeficiency virus. Pediatr Infect Dis J, 1996.
Dec;15(12): p. 1087-91.
Mofenson LM, K.J., Meyer WA 3rd, Bethel J, Rich K, Pahwa S, Moye J Jr,
Nugent R, Read J., The relationship between serum human immunodeficiency
virus type 1 (HIV-1) RNA level, CD4 lymphocyte percent, and long-term
mortality risk in HIV-1-infected children. National Institute of Child Health and
Human Development Intravenous Immunoglobulin Clinical Trial Study Group.
J Infect Dis, 1997. May;175(5): p. 1029-38.
Palumbo PE, R.C., Fiscus S, Pahwa S, Fowler MG, Spector SA, Englund JA,
Baker CJ, Predictive value of quantitative plasma HIV RNA and CD4+
lymphocyte count in HIV-infected infants and children. JAMA, 1998. Mar
11;279(10): p. 756-61.
Luzuriaga K, H.D., Hereema A, Wong J, Panicali DL, Sullivan JL, HIV-1specific cytotoxic T lymphocyte responses in the first year of life. J Immunol,
1995. Jan 1;154(1): p. 433-43.
Pikora CA, S.J., Panicali D, Luzuriaga K, Early HIV-1 envelope-specific
cytotoxic T lymphocyte responses in vertically infected infants. J Exp Med,
1997. Apr 7;185(7): p. 1153-61.
Pugatch D, S.J., Pikora CA, Luzuriaga K., Delayed generation of antibodies
mediating human immunodeficiency virus type 1-specific antibody-dependent
cellular cytotoxicity in vertically infected infants. WITS Study Group. Women
and Infants Transmission Study. J Infect Dis, 1997. Sep;176(3): p. 643-8.
Brenchley JM, D.D., The mucosal barrier and immune activation in HIV
pathogenesis. Curr Opin HIV AIDS, 2008. May;3(3): p. 356-61.
Brenchley JM, P.D., Schacker TW, Asher TE, Silvestri G, Rao S, Kazzaz Z,
Bornstein E, Lambotte O, Altmann D, Blazar BR, Rodriguez B, TeixeiraJohnson L, Landay A, Martin JN, Hecht FM, Picker LJ, Lederman MM, Deeks
SG, Douek DC, Microbial translocation is a cause of systemic immune
activation in chronic HIV infection. Nat Med, 2006. Dec;12(12): p. 1365-71.
Ancuta P, K.A., Kunstman KJ, Kim EY, Autissier P, Wurcel A, Zaman T,
Stone D, Mefford M, Morgello S, Singer EJ, Wolinsky SM, Gabuzda D,
Microbial translocation is associated with increased monocyte activation and
dementia in AIDS patients. PLoS One, 2008. Jun 25;3(6): p. e2516.
Balagopal A, P.F., Astemborski J, Block TM, Mehta A, Long R, Kirk GD,
Mehta SH, Cox AL, Thomas DL, Ray SC, Human immunodeficiency virusrelated microbial translocation and progression of hepatitis C.
Gastroenterology, 2008. Jul;135(1): p. 226-33.
Marchetti G, B.G., Borghi E, Tincati C, Ferramosca S, La Francesca M, Morace
G, Gori A, Monforte AD, Microbial translocation is associated with sustained
failure in CD4+ T-cell reconstitution in HIV-infected patients on long-term
highly active antiretroviral therapy. AIDS, 2008. Oct 1;22(15): p. 2035-8.
Giorgi JV, L.R., Matud JL, Yamashita TE, Mellors JW, Hultin LE, Jamieson
BD, Margolick JB, Rinaldo CR Jr, Phair JP, Detels R and M.A.C. Study,
Predictive value of immunologic and virologic markers after long or short
duration of HIV-1 infection. J Acquir Immune Defic Syndr, 2002. Apr 1;29(4):
p. 346-55.
Rodríguez B, S.A., Cheruvu VK, Mackay W, Bosch RJ, Kitahata M, Boswell
SL, Mathews WC, Bangsberg DR, Martin J, Whalen CC, Sieg S, Yadavalli S,
Deeks SG, Lederman MM., Predictive value of plasma HIV RNA level on rate
of CD4 T-cell decline in untreated HIV infection. JAMA, 2006. Sep
27;296(12): p. 1498-506.
Guadalupe M, R.E., Sankaran S, Prindiville T, Flamm J, McNeil A, Dandekar
S, Severe CD4+ T-cell depletion in gut lymphoid tissue during primary human
immunodeficiency virus type 1 infection and substantial delay in restoration
following highly active antiretroviral therapy. J Virol, 2003. Nov;77(21): p.
11708-17.
Savina A, A.S., Phagocytosis and antigen presentation in dendritic cells.
Immunol Rev. Oct;219:143-56, 2007.

61

55.
56.
57.
58.
59.

60.

61.
62.
63.

64.

65.
66.
67.
68.

69.
70.

71.
72.

62

Pabst R, R.M., Brandtzaeg P, Tissue distribution of lymphocytes and plasma
cells and the role of the gut. Trends Immunol. May;29(5):206-8; author reply
209-10, 2008.
BL, S., Mucosal immunity to HIV: a review of recent literature. Curr Opin HIV
AIDS. Sep;3(5):541-7, 2008.
Pala P, G.-R.V., Gilmour J, Kaleebu P, An African perspective on mucosal
immunity and HIV-. Mucosal Immunol. Jul;2(4):300-14, 2009.
Fleming DT, W.J., From epidemiological synergy to public health policy and
practice: the contribution of other sexually transmitted diseases to sexual
transmission of HIV infection. Sex Transm Infect. Feb;75(1):3-17, 1999.
Wu Z, C.Z., Phillips DM, Human genital epithelial cells capture cell-free
human immunodeficiency virus type 1 and transmit the virus to CD4+ Cells:
implications for mechanisms of sexual transmission. J Infect Dis. Nov
15;188(10):1473-82, 2003.
Berlier W, B.T., Lawrence P, Hamzeh H, Lambert C, Genin C, Verrier B, DieuNosjean MC, Pozzetto B, Delézay O, Selective sequestration of X4 isolates by
human genital epithelial cells: Implication for virus tropism selection process
during sexual transmission of HIV. J Med Virol. Dec;77(4):465-74, 2005.
Hladik F, S.P., Ballweber L, Lentz G, Fialkow M, Eschenbach D, McElrath MJ,
Initial events in establishing vaginal entry and infection by human
immunodeficiency virus type-1. Immunity. Feb;26(2):257-70, 2007.
Mattapallil JJ, D.D., Hill B, Nishimura Y, Martin M, Roederer M, Massive
infection and loss of memory CD4+ T cells in multiple tissues during acute SIV
infection. Nature. Apr 28;434(7037):1093-7, 2005.
Koup RA, S.J., Cao Y, Andrews CA, McLeod G, Borkowsky W, Farthing C,
Ho DD, Temporal association of cellular immune responses with the initial
control of viremia in primary human immunodeficiency virus type 1 syndrome.
J Virol, 1994. Jul;68(7): p. 4650-5.
Betts MR, N.M., West SM, De Rosa SC, Migueles SA, Abraham J, Lederman
MM, Benito JM, Goepfert PA, Connors M, Roederer M, Koup RA, HIV
nonprogressors preferentially maintain highly functional HIV-specific CD8+ T
cells. Blood, 2006. Jun 15;107(12): p. 4781-9.
Rosenberg ES, B.J., Caliendo AM, Boswell SL, Sax PE, Kalams SA, Walker
BD, Vigorous HIV-1-specific CD4+ T cell responses associated with control of
viremia. Science, 1997. Nov 21;278(5342): p. 1447-50.
DB, L. and W. CB, Deveolpmental immunology and role of host defences in
neonatal usceptibility to infection., in Infectious diseases of the fetus and
newborn infant., R. JS and e. Kelin JO, Editors. 1995: Philadelphia.
Kuhn L, M.-T.S., Gray G, Tiemessen C., Human immunodeficiency virus
(HIV)-specific cellular immune responses in newborns exposed to HIV in utero.
Clin Infect Dis, 2002. Jan 15;34(2): p. 267-76.
Cheynier R, L.-D.P., Marescot MR, Blanche S, Blondin G, Wain-Hobson S,
Griscelli C, Vilmer E, Plata F, Cytotoxic T lymphocyte responses in the
peripheral blood of children born to human immunodeficiency virus-1-infected
mothers. Eur J Immunol, 1992. Sep;22(9): p. 2211-7.
Rowland-Jones SL, N.D., Aldhous MC, Gotch F, Ariyoshi K, Hallam N, Kroll
JS, Froebel K, McMichael A, HIV-specific cytotoxic T-cell activity in an HIVexposed but uninfected infant. Lancet, 1993. Apr 3;341(8849): p. 860-1.
McFarland EJ, H.P., Luckey D, Conway B, Young RK, Kuritzkes DR, High
frequency of Gag- and envelope-specific cytotoxic T lymphocyte precursors in
children with vertically acquired human immunodeficiency virus type 1
infection. J Infect Dis, 1994. Oct;170(4): p. 766-74.
Borkowsky W, K.K., Moore T, Papaevangelou V, Lymphocyte proliferative
responses to HIV-1 envelope and core antigens by infected and uninfected
adults and children. AIDS Res Hum Retroviruses, 1990. May;6(5): p. 673-8.
Clerici M, S.M., Colombo F, Fossati S, Sala N, Bricalli D, Villa ML, Ferrante
P, Dally L, Vigano' A, T-lymphocyte maturation abnormalities in uninfected
newborns and children with vertical exposure to HIV. Blood, 2000. Dec
1;96(12): p. 3866-71.

73.

74.

75.

76.
77.

78.
79.
80.

81.
82.
83.

84.
85.
86.

87.

88.

89.
90.

Rich KC, S.J., Jennings C, Rydman RJ, Landay AL, Function and phenotype of
immature CD4+ lymphocytes in healthy infants and early lymphocyte
activation in uninfected infants of human immunodeficiency virus-infected
mothers. Clin Diagn Lab Immunol, 1997. May;4(3): p. 358-61.
Coutsoudis A, P.K., Spooner E, Kuhn L, Coovadia HM, Influence of infantfeeding patterns on early mother-to-child transmission of HIV-1 in Durban,
South Africa: a prospective cohort study. South African Vitamin A Study Group.
Lancet, 1999. Aug 7;354(9177): p. 471-6.
Albert J, A.B., Nagy K, Aurelius E, Gaines H, Nyström G, Fenyö EM, Rapid
development of isolate-specific neutralizing antibodies after primary HIV-1
infection and consequent emergence of virus variants which resist
neutralization by autologous sera. AIDS, 1990. Feb;4(2): p. 107-12.
Richman DD, W.T., Little SJ, Petropoulos CJ, Rapid evolution of the
neutralizing antibody response to HIV type 1 infection. Proc Natl Acad Sci U S
A, 2003. Apr 1;100(7): p. 4144-9.
Pollack H, Z.M., Ilmet-Moore T, Ajuang-Simbiri K, Krasinski K, Borkowsky
W, Ontogeny of anti-human immunodeficiency virus (HIV) antibody production
in HIV-1-infected infants. Proc Natl Acad Sci U S A, 1993. Mar 15;90(6): p.
2340-4.
Ljunggren K, B.P., Morfeldt-Månson L, Jondal M, Wahren B, IgG subclass
response to HIV in relation to antibody-dependent cellular cytotoxicity at
different clinical stages. Clin Exp Immunol, 1988. Sep;73(3): p. 343-7.
Morell A, T.W., Waldmann TA, Metabolic properties of IgG subclasses in
man. J Clin Invest, 1970. Apr;49(4): p. 673-80.
Jansson M, W.B., Scarlatti G, Principi N, Lombardi V, Livadiotti S, Elia L,
Plebani A, Wigzell H, Rossi P, Patterns of immunoglobulin G subclass
reactivity to HIV-1 envelope peptides in children born to HIV-1-infected
mothers. AIDS, 1992. Apr;6(4): p. 365-71.
Authors not listed, Children born to women with HIV-1 infection: natural
history and risk of transmission. European Collaborative Study. Lancet, 1991.
Feb 2;337(8736): p. 253-60.
Lehman DA, F.C., Biological mechanisms of vertical human immunodeficiency
virus (HIV-1) transmission. Rev Med Virol, 2007. Nov-Dec;17(6): p. 381-403.
McFarland EJ, J.D., Muresan P, Fenton T, Tomaras GD, McNamara J, Read JS,
Douglas SD, Deville J, Gurwith M, Gurunathan S, Lambert JS, HIV-1 vaccine
induced immune responses in newborns of HIV-1 infected mothers. AIDS,
2006. Jul 13;20(11): p. 1481-9.
Singh KK, S.S., Host Genetic Determinants of HIV Infection and Disease
Progression in Children. Pediatr Res. Jan 28. Epub ahead of print, 2009.
Kaur G, M.N., Genetic determinants of HIV-1 infection and progression to
AIDS: susceptibility to HIV infection. Tissue Antigens. Apr;73(4):289-301,
2009.
Buseyne F, J.G., Teglas JP, Ivanoff S, Burgard M, Bui E, Mayaux MJ, Blanche
S, Rouzioux C, Rivière Y, Impact of heterozygosity for the chemokine receptor
CCR5 32-bp-deleted allele on plasma virus load and CD4 T lymphocytes in
perinatally human immunodeficiency virus-infected children at 8 years of age. J
Infect Dis. Oct;178(4):1019-23, 1998.
Misrahi M, T.J., N'Go N, Burgard M, Mayaux MJ, Rouzioux C, Delfraissy JF,
Blanche S, CCR5 chemokine receptor variant in HIV-1 mother-to-child
transmission and disease progression in children. French Pediatric HIV
Infection Study Group. JAMA. Jan 28;279(4):277-80, 1998.
Liu R, P.W., Choe S, Ceradini D, Martin SR, Horuk R, MacDonald ME,
Stuhlmann H, Koup RA, Landau NR, Homozygous defect in HIV-1 coreceptor
accounts for resistance of some multiply-exposed individuals to HIV-1
infection. Cell. Aug 9;86(3):367-77, 1996.
Shearer WT, K.L., Zimmerman PA, CCR5 HIV-1 vertical transmission. Women
and Infants Transmission Study Group. J Acquir Immune Defic Syndr Hum
Retrovirol. Feb 1;17(2):180-1, 1998.
Dean M, C.M., Winkler C, Huttley GA, Smith MW, Allikmets R, Goedert JJ,
Buchbinder SP, Vittinghoff E, Gomperts E, Donfield S, Vlahov D, Kaslow R,
63

91.

92.

93.

94.
95.

96.

97.
98.

99.

100.

101.

102.

103.

64

Saah A, Rinaldo C, Detels R, O'Brien SJ, Genetic restriction of HIV-1 infection
and progression to AIDS by a deletion allele of the CKR5 structural gene.
Hemophilia Growth and Development Study, Multicenter AIDS Cohort Study,
Multicenter Hemophilia Cohort Study, San Francisco City Cohort, ALIVE
Study. Science. Sep 27;273(5283):1856-62, 1996.
Singh KK, B.C., Hughes MD, Chen J, Raskino C, McKinney RE, Spector SA,
Genetic influence of CCR5, CCR2, and SDF1 variants on human
immunodeficiency virus 1 (HIV-1)-related disease progression and
neurological impairment, in children with symptomatic HIV-1 infection. J Infect
Dis. Nov 15;188(10):1461-72, 2003.
Sei S, B.A., Nguyen GT, Stewart SK, Yang QE, Edgerly M, Wood LV,
Brouwers P, Venzon DJ, Protective effect of CCR5 delta 32 heterozygosity is
restricted by SDF-1 genotype in children with HIV-1 infection. AIDS. Jul
27;15(11):1343-52, 2001.
Tresoldi E, R.M., Boniotto M, Crovella S, Salvatori F, Palomba E, Pastore A,
Cancrini C, de Martino M, Plebani A, Castelli G, Rossi P, Tovo PA, Amoroso
A, Scarlatti G, E.S.C.P. Group, and I.R.f.H.I.i. Children, Prognostic value of the
stromal cell-derived factor 1 3'A mutation in pediatric human
immunodeficiency virus type 1 infection. J Infect Dis. Mar 1;185(5):696-700,
2002.
Faure S, M.L., Genin E, Pellet P, Debré P, Théodorou I, Combadière C and S.S.
Group., Deleterious genetic influence of CX3CR1 genotypes on HIV-1 disease
progression. J Acquir Immune Defic Syndr. Mar 1;32(3):335-7, 2003.
Foussat A, B.-D.L., Berrebi D, Durand-Gasselin I, Coulomb-L'Hermine A,
Krzysiek R, Galanaud P, Levy Y, Emilie D, Deregulation of the expression of
the fractalkine/fractalkine receptor complex in HIV-1-infected patients. Blood.
Sep 15;98(6):1678-86, 2001.
Quinn TC, W.M., Sewankambo N, Serwadda D, Li C, Wabwire-Mangen F,
Meehan MO, Lutalo T, Gray RH, Viral load and heterosexual transmission of
human immunodeficiency virus type 1. Rakai Project Study Group. N Engl J
Med, 2000. Mar 30;342(13): p. 921-9.
Kapiga SH, L.E., Lwihula GK, Hunter DJ, The incidence of HIV infection
among women using family planning methods in Dar es Salaam, Tanzania.
AIDS, 1998. Jan 1;12(1): p. 75-84.
Plummer FA, S.J., Cameron DW, Ndinya-Achola JO, Kreiss JK, Gakinya MN,
Waiyaki P, Cheang M, Piot P, Ronald AR, et al, Cofactors in male-female
sexual transmission of human immunodeficiency virus type 1. J Infect Dis,
1991. Feb;163(2): p. 233-9.
Blanche S, R.C., Moscato ML, Veber F, Mayaux MJ, Jacomet C, Tricoire J,
Deville A, Vial M, Firtion G, et al, A prospective study of infants born to
women seropositive for human immunodeficiency virus type 1. HIV Infection in
Newborns French Collaborative Study Group. N Engl J Med, 1989. Jun
22;320(25): p. 1643-8.
Msellati, P., M.L. Newell, and F. Dabis, Rates of Mother-to-Child Transmission
of HIV-1 in Africa, America, and Europe - Results from 13 Perinatal Studies.
Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology,
1995. 8(5): p. 506-510.
Ryder RW, N.W., Hassig SE, Behets F, Rayfield M, Ekungola B, Nelson AM,
Mulenda U, Francis H, Mwandagalirwa K, et al, Perinatal transmission of the
human immunodeficiency virus type 1 to infants of seropositive women in Zaire.
N Engl J Med, 1989. Jun 22;320(25): p. 1637-42.
Adjorlolo-Johnson G, D.C.K., Ekpini E, Vetter KM, Sibailly T, Brattegaard K,
Yavo D, Doorly R, Whitaker JP, Kestens L, et al, Prospective comparison of
mother-to-child transmission of HIV-1 and HIV-2 in Abidjan, Ivory Coast.
JAMA, 1994. Aug 10;272(6): p. 462-6.
Dunn DT, B.C., Krivine A, Cassol SA, Roques P, Borkowsky W, De Rossi A,
Denamur E, Ehrnst A, Loveday C, The sensitivity of HIV-1 DNA polymerase
chain reaction in the neonatal period and the relative contributions of intrauterine and intra-partum transmission. AIDS, 1995. Sep;9(9): p. F7-11.

104.

105.
106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Kuhn L, S.R., Weedon J, Abrams EJ, Lambert G, Bamji M, Schoenbaum E,
Farley J, Nesheim SR, Palumbo P, Simonds RJ, Thea DM, Distinct risk factors
for intrauterine and intrapartum human immunodeficiency virus transmission
and consequences for disease progression in infected children. Perinatal AIDS
Collaborative Transmission Study. J Infect Dis, 1999. Jan;179(1): p. 52-8.
Dunn DT, N.M., Ades AE, Peckham CS., Risk of human immunodeficiency
virus type 1 transmission through breastfeeding. Lancet, 1992. Sep
5;340(8819): p. 585-8.
Fawzi W, M.G., Spiegelman D, Renjifo B, Bang H, Kapiga S, Coley J,
Hertzmark E, Essex M, Hunter D, Transmission of HIV-1 through
breastfeeding among women in Dar es Salaam, Tanzania. J Acquir Immune
Defic Syndr, 2002. Nov 1;31(3): p. 331-8.
Fowler, M.G., Update: transmission of HIV-1 from mother to child. Current
Opinion in Infectious Diseases, 1997. 10(6): p. 496-501.
Nduati R, J.G., Mbori-Ngacha D, Richardson B, Overbaugh J, Mwatha A,
Ndinya-Achola J, Bwayo J, Onyango FE, Hughes J, Kreiss J, Effect of
breastfeeding and formula feeding on transmission of HIV-1: a randomized
clinical trial. JAMA. 2000 (9):, 2000. Mar 1;283(9): p. 1167-74.
Breastfeeding and HIV International Transmission Study Group, C.A., Dabis F,
Fawzi W, Gaillard P, Haverkamp G, Harris DR, Jackson JB, Leroy V, Meda N,
Msellati P, Newell ML, Nsuati R, Read JS, Wiktor S, Late postnatal
transmission of HIV-1 in breast-fed children: an individual patient data metaanalysis. J Infect Dis, 2004. Jun 15;189(12): p. 2154-66.
Mmiro FA, A.J., Mwatha AK, Eshleman SH, Donnell D, Fowler MG,
Nakabiito C, Musoke PM, Jackson JB, Guay LA, Predictors of early and late
mother-to-child transmission of HIV in a breastfeeding population: HIV
Network for Prevention Trials 012 experience, Kampala, Uganda. J Acquir
Immune Defic Syndr. 2009 Sep 1;52(1):32-9.
Thomas PA, W.J., Krasinski K, Abrams E, Shaffer N, Matheson P, Bamji M,
Kaul A, Hutson D, Grimm KT, et al., Maternal predictors of perinatal human
immunodeficiency virus transmission. The New York City Perinatal HIV
Transmission Collaborative Study Group. Pediatr Infect Dis J, 1994. Jun;13(6):
p. 489-95.
Garcia PM, K.L., Pitt J, Minkoff H, Quinn TC, Burchett SK, Kornegay J,
Jackson B, Moye J, Hanson C, Zorrilla C, Lew JF., Maternal levels of plasma
human immunodeficiency virus type 1 RNA and the risk of perinatal
transmission. Women and Infants Transmission Study Group. N Engl J Med,
1999. Aug 5;341(6): p. 394-402.
Katzenstein DA, M.M., Zijenah L, Gittens T, Munjoma M, Hill D, Madzime S,
Maldonado Y, Serum level of maternal human immunodeficiency virus (HIV)
RNA, infant mortality, and vertical transmission of HIV in Zimbabwe. J Infect
Dis, 1999. Jun;179(6): p. 1382-7.
Mofenson LM, L.J., Stiehm ER, Bethel J, Meyer WA 3rd, Whitehouse J, Moye
J Jr, Reichelderfer P, Harris DR, Fowler MG, Mathieson BJ, Nemo GJ., Risk
factors for perinatal transmission of human immunodeficiency virus type 1 in
women treated with zidovudine. Pediatric AIDS Clinical Trials Group Study
185 Team. N Engl J Med, 1999. Aug 5;341(6): p. 385-93.
Chuachoowong R, S.N., VanCott TC, Chaisilwattana P, Siriwasin W,
Waranawat N, Vanprapar N, Young NL, Mastro TD, Lambert JS, Robb ML,
Lack of association between human immunodeficiency virus type 1 antibody in
cervicovaginal lavage fluid and plasma and perinatal transmission, in
Thailand. J Infect Dis, 2000. Jun;181(6): p. 1957-63.
John GC, N.R., Mbori-Ngacha DA, Richardson BA, Panteleeff D, Mwatha A,
Overbaugh J, Bwayo J, Ndinya-Achola JO, Kreiss JK, Correlates of mother-tochild human immunodeficiency virus type 1 (HIV-1) transmission: association
with maternal plasma HIV-1 RNA load, genital HIV-1 DNA shedding, and
breast infections. J Infect Dis, 2001. Jan 15;183(2): p. 206-212.
Scarlatti, G. and M. Jansson, Mother-to-Child Transmission of HIV-1. Current
Opinion in Infectious Diseases, 1995. 8(1): p. 59-65.

65

118.
119.
120.

121.

122.

123.

124.
125.

126.

127.

128.

129.

130.

66

Scarlatti G, H.V., Rossi P, Muggiasca L, Bucceri A, Albert J, Fenyö EM,
Transmission of human immunodeficiency virus type 1 (HIV-1) from mother to
child correlates with viral phenotype. Virology, 1993. Dec;197(2): p. 624-9.
Renjifo B, G.P., Chaplin B, Msamanga G, Mwakagile D, Fawzi W, Essex M
and T.V.a.H.S. Group, Preferential in-utero transmission of HIV-1 subtype C as
compared to HIV-1 subtype A or D. AIDS, 2004. Aug 20;18(12): p. 1629-36.
Tiemessen CT, S.S., Meddows-Taylor S, Schramm DB, Papathanasopoulos
MA, Gray GE, Sherman GG, Coovadia AH, Kuhn L, Cutting Edge: Unusual
NK cell responses to HIV-1 peptides are associated with protection against
maternal-infant transmission of HIV-1. J Immunol, 2009. May 15;182(10): p.
5914-8.
Landesman SH, K.L., Burns DN, Minkoff H, Fox HE, Zorrilla C, Garcia P,
Fowler MG, Mofenson L, Tuomala R., Obstetrical factors and the transmission
of human immunodeficiency virus type 1 from mother to child. The Women and
Infants Transmission Study. N Engl J Med, 1996. Jun 20;334(25): p. 1617-23.
Mandelbrot L, M.M., Bongain A, Berrebi A, Moudoub-Jeanpetit Y, Bénifla JL,
Ciraru-Vigneron N, Le Chenadec J, Blanche S, Delfraissy JF, Obstetric factors
and mother-to-child transmission of human immunodeficiency virus type 1: the
French perinatal cohorts. SEROGEST French Pediatric HIV Infection Study
Group. Am J Obstet Gynecol, 1996. Sep;175(3 Pt 1): p. 661-7.
St Louis ME, K.M., Brown C, Nelson AM, Manzila T, Batter V, Behets F,
Kabagabo U, Ryder RW, Oxtoby M, et al., Risk for perinatal HIV-1
transmission according to maternal immunologic, virologic, and placental
factors. JAMA, 1993. Jun 9;269(22): p. 2853-9.
listed], N.a., Elective caesarean-section versus vaginal delivery in prevention of
vertical HIV-1 transmission: a randomised clinical trial. The European Mode
of Delivery Collaboration. Lancet, 1999. Mar 27;353(9158): p. 1035-9.
Connor EM, S.R., Gelber R, Kiselev P, Scott G, O'Sullivan MJ, VanDyke R,
Bey M, Shearer W, Jacobson RL, et al, Reduction of maternal-infant
transmission of human immunodeficiency virus type 1 with zidovudine
treatment. Pediatric AIDS Clinical Trials Group Protocol 076 Study Group. N
Engl J Med, 1994. Nov 3;331(18): p. 1173-80.
Dabis F, M.P., Meda N, Welffens-Ekra C, You B, Manigart O, Leroy V,
Simonon A, Cartoux M, Combe P, Ouangré A, Ramon R, Ky-Zerbo O,
Montcho C, Salamon R, Rouzioux C, Van de Perre P, Mandelbrot L, 6-month
efficacy, tolerance, and acceptability of a short regimen of oral zidovudine to
reduce vertical transmission of HIV in breastfed children in Côte d'Ivoire and
Burkina Faso: a double-blind placebo-controlled multicentre trial. DITRAME
Study Group. DIminution de la Transmission Mère-Enfant. Lancet, 1999. Mar
6;353(9155): p. 786-92.
Wiktor SZ, E.E., Karon JM, Nkengasong J, Maurice C, Severin ST, Roels TH,
Kouassi MK, Lackritz EM, Coulibaly IM, Greenberg AE, Short-course oral
zidovudine for prevention of mother-to-child transmission of HIV-1 in Abidjan,
Côte d'Ivoire: a randomised trial. Lancet, 1999. 6;353(9155): p. 781-5.
Guay LA, M.P., Fleming T, Bagenda D, Allen M, Nakabiito C, Sherman J,
Bakaki P, Ducar C, Deseyve M, Emel L, Mirochnick M, Fowler MG,
Mofenson L, Miotti P, Dransfield K, Bray D, Mmiro F, Jackson JB,
Intrapartum and neonatal single-dose nevirapine compared with zidovudine for
prevention of mother-to-child transmission of HIV-1 in Kampala, Uganda:
HIVNET 012 randomised trial. Lancet, 1999. Sep 4;354(9181): p. 795-802.
Leroy V, S.C., Cortina-Borja M, McIntyre J, Coovadia H, Dabis F, Newell ML,
Saba J, Gray G, Ndugwa Ch, Kilewo Ch, Massawe A, Kituuka P, Okong P,
Grulich A, von Briesen H, Goudsmit J, Biberfeld G, Haverkamp G, Weverling
GJ, Lange JM and G.G.o.H.i.W.a. Children, Is there a difference in the efficacy
of peripartum antiretroviral regimens in reducing mother-to-child transmission
of HIV in Africa? AIDS, 2005. Nov 4;19(16): p. 1865-75.
Fowler MG, L.M., Jamieson DJ, Kourtis AP, Rogers MF, Reducing the risk of
mother-to-child human immunodeficiency virus transmission: past successes,
current progress and challenges, and future directions. Am J Obstet Gynecol,
2007. Sep;197(3 Suppl): p. S3-9.

131.

132.

133.

134.

135.

136.
137.

138.

139.

140.

141.
142.

143.
144.

145.

PETRA Study Team, , Efficacy of three short-course regimens of zidovudine
and lamivudine in preventing early and late transmission of HIV-1 from mother
to child in Tanzania, South Africa, and Uganda (Petra study): a randomised,
double-blind, placebo-controlled trial. Lancet. Apr 6;359(9313):1178-86,
2002.
Cooper ER, C.M., Mofenson L, Hanson IC, Pitt J, Diaz C, Hayani K,
Handelsman E, Smeriglio V, Hoff R, Blattner W and W.a.I.T.S. Group,
Combination antiretroviral strategies for the treatment of pregnant HIV-1infected women and prevention of perinatal HIV-1 transmission. J Acquir
Immune Defic Syndr, 2002. Apr 15;29(5): p. 484-94.
Shaffer N, C.R., Mock PA, Bhadrakom C, Siriwasin W, Young NL,
Chotpitayasunondh T, Chearskul S, Roongpisuthipong A, Chinayon P, Karon J,
Mastro TD, Simonds RJ, Short-course zidovudine for perinatal HIV-1
transmission in Bangkok, Thailand: a randomised controlled trial. Bangkok
Collaborative Perinatal HIV Transmission Study Group. Lancet, 1999.
6;353(9155): p. 773-80.
Eshleman SH, M.M., Guay LA, Deseyve M, Cunningham S, Mirochnick M,
Musoke P, Fleming T, Glenn Fowler M, Mofenson LM, Mmiro F, Jackson JB,
Selection and fading of resistance mutations in women and infants receiving
nevirapine to prevent HIV-1 vertical transmission (HIVNET 012). AIDS. Oct
19;15(15):1951-7, 2001.
Eshleman SH, G.L., Mwatha A, Cunningham SP, Brown ER, Musoke P,
Mmiro F, Jackson JB, Comparison of nevirapine (NVP) resistance in Ugandan
women 7 days vs. 6-8 weeks after single-dose nvp prophylaxis: HIVNET 012.
AIDS Res Hum Retroviruses. Jun;20(6):595-9, 2004.
Lockman S, Prevention of mother-to-child transmission, drug resistance, and
implications for response to therapy. Curr Opin HIV AIDS, 2008. Mar;3(2): p.
166-72.
Lallemant M, J.G., Le Coeur S, Kim S, Koetsawang S, Comeau AM,
Phoolcharoen W, Essex M, McIntosh K, Vithayasai V, A trial of shortened
zidovudine regimens to prevent mother-to-child transmission of human
immunodeficiency virus type 1. Perinatal HIV Prevention Trial (Thailand)
Investigators. N Engl J Med, 2000. Oct 5;343(14): p. 982-91.
Lallemant M, J.G., Le Coeur S, Mary JY, Ngo-Giang-Huong N, Koetsawang S,
Kanshana S, McIntosh K, Thaineua V and P.H.P.T.T. Investigators, Single-dose
perinatal nevirapine plus standard zidovudine to prevent mother-to-child
transmission of HIV-1 in Thailand. N Engl J Med, 2004. Jul 15;351(3): p. 21728.
Biggar RJ, M.P., Taha TE, Mtimavalye L, Broadhead R, Justesen A, Yellin F,
Liomba G, Miley W, Waters D, Chiphangwi JD, Goedert JJ, Perinatal
intervention trial in Africa: effect of a birth canal cleansing intervention to
prevent HIV transmission. Lancet, 1996. Jun 15;347(9016): p. 1647-50.
Gaillard P, M.F., Verhofstede C, Claeys P, Chohan V, Goetghebeur E,
Mandaliya K, Ndinya-Achola J, Temmerman M, Vaginal lavage with
chlorhexidine during labour to reduce mother-to-child HIV transmission:
clinical trial in Mombasa, Kenya. AIDS, 2001. Feb 16;15(3): p. 389-96.
Andiman WA, Transmission of HIV-1 from mother to infant. Curr Opin
Pediatr, 2002. Feb;14(1): p. 78-85.
Taha TE, B.E., Hoffman IF, Fawzi W, Read JS, Sinkala M, Martinson FE,
Kafulafula G, Msamanga G, Emel L, Adeniyi-Jones S, Goldenberg R, A phase
III clinical trial of antibiotics to reduce chorioamnionitis-related perinatal HIV1 transmission. AIDS, 2006. Jun 12;20(9): p. 1313-21.
Semba RD, Overview of the potential role of vitamin A in mother-to-child
transmission of HIV-1. Acta Paediatr Suppl. 1997 :, 1997. Jun;421(107-12).
Coutsoudis A, P.K., Spooner E, Kuhn L, Coovadia HM, Randomized trial
testing the effect of vitamin A supplementation on pregnancy outcomes and
early mother-to-child HIV-1 transmission in Durban, South Africa. South
African Vitamin A Study Group. AIDS, 1999. Aug 20;13(12): p. 1517-24.
Fawzi WW, M.G., Hunter D, Urassa E, Renjifo B, Mwakagile D, Hertzmark E,
Coley J, Garland M, Kapiga S, Antelman G, Essex M, Spiegelman D,
67

146.
147.
148.

149.

150.

151.

152.

153.

154.
155.
156.
157.
158.
159.
160.
161.
162.
163.

68

Randomized trial of vitamin supplements in relation to vertical transmission of
HIV-1 in Tanzania. J Acquir Immune Defic Syndr, 2000. Mar 1;23(3): p. 24654.
Fowler MG, N.M., Breast-feeding and HIV-1 transmission in resource-limited
settings. J Acquir Immune Defic Syndr, 2002. Jun 1;30(2): p. 230-9.
Wilfert CM, F.M., Balancing maternal and infant benefits and the
consequences of breast-feeding in the developing world during the era of HIV
infection. J Infect Dis. Jan 15;195(2):165-7, 2007.
Iliff PJ, P.E., Tavengwa NV, Zunguza CD, Marinda ET, Nathoo KJ, Moulton
LH, Ward BJ, Humphrey JH and Z.s. group, Early exclusive breastfeeding
reduces the risk of postnatal HIV-1 transmission and increases HIV-free
survival. AIDS, 2005. Apr 29;19(7): p. 699-708.
Coovadia HM, R.N., Bland RM, Little K, Coutsoudis A, Bennish ML, Newell
ML, Mother-to-child transmission of HIV-1 infection during exclusive
breastfeeding in the first 6 months of life: an intervention cohort study. Lancet,
2007. Mar 31;369(9567): p. 1107-16.
Kuhn L, S.M., Kankasa C, Semrau K, Kasonde P, Scott N, Mwiya M, Vwalika
C, Walter J, Tsai WY, Aldrovandi GM, Thea DM, High uptake of exclusive
breastfeeding and reduced early post-natal HIV transmission. PLoS One, 2009.
Dec 26;2(12): p. e1363.
Kilewo C, K.K., Ngarina M, Massawe A, Lyamuya E, Swai A, Lipyoga R,
Mhalu F, Biberfeld G and f.t.M.P.S. Team, Prevention of Mother-to-Child
Transmission of HIV-1 Through Breastfeeding by Treating Mothers With Triple
Antiretroviral Therapy in Dar es Salaam, Tanzania: The Mitra Plus Study. J
Acquir Immune Defic Syndr. Aug 27. [Epub ahead of print), 2009.
Marazzi MC, N.-S.K., Buonomo E, Scarcella P, Germano P, Majid NA, Zimba
I, Ceffa S, Palombi L, Increased infant human immunodeficiency virus-type one
free survival at one year of age in sub-saharan Africa with maternal use of
highly active antiretroviral therapy during breast-feeding. Pediatr Infect Dis J,
2009. Jun;28(6): p. 483-7.
Kumwenda NI, H.D., Mofenson LM, Thigpen MC, Kafulafula G, Li Q,
Mipando L, Nkanaunena K, Mebrahtu T, Bulterys M, Fowler MG, Taha TE,
Extended antiretroviral prophylaxis to reduce breast-milk HIV-1 transmission.
N Engl J Med. Jul 10;359(2):119-29, 2008.
Mofenson LM, Prevention of Breast Milk Transmission of HIV: The Time Is
Now. J Acquir Immune Defic Syndr. Sep 1. [Epub ahead of print, 2009.
Hiemstra, R., et al., Unexplained HIV-1 infection in children - documenting
cases and assessing for possible risk factors. Samj South African Medical
Journal, 2004. 94(3): p. 188-193.
Gisselquist, D., et al., HIV infections in sub-Saharan Africa not explained by
sexual or vertical transmission. International Journal of Std & Aids, 2002.
13(10): p. 657-666.
Gisselquist, D., et al., Non-sexual transmission of HIV has been overlooked in
developing countries. British Medical Journal, 2002. 324(7331): p. 235-235.
Berkley, S., Parenteral Transmission of HIV in Africa. AIDS, 1991. 5: p. S87S92.
Croce, F., et al., Risk factors for HIV/AIDS in a low HIV prevalence site of subSaharan Africa. Tropical Medicine & International Health, 2007. 12(9): p.
1011-1017.
Correa, M. and D. Gisselquist, Reconnaissance assessment of risks for HIV
transmission through health care and cosmetic services in India. International
Journal of Std & Aids, 2006. 17(11): p. 743-748.
Hoelscher, M., et al., Estimating the Number of HIV Transmissions Through
Reused Syringes and Needles in The Mbeya Region, Tanzania. AIDS, 1994.
8(11): P. 1609-1615.
Brody, S., et al., Evidence of iatrogenic HIV transmission in children in South
Africa. Bjog-an International Journal of Obstetrics and Gynaecology, 2003.
110(5): p. 450-452.
Vachon, F., et al., A neglected relationship: iatrogenic transmission of HIV in
Africa. Presse Medicale, 2003. 32(26): p. 1205-1207.

164.
165.

166.
167.
168.

169.
170.
171.

172.
173.
174.
175.
176.

177.

178.
179.
180.

181.

Gisselquist, D., HIV transmission through health care in sub-Saharan Africa.
Lancet, 2004. 364(9446): p. 1665-1665.
Gisselquist, D., G. Upham, and J.J. Potterat, Efficiency of human
immunodeficiency virus transmission through injections and other medical
procedures: Evidence, estimates, and unfinished business. Infection Control and
Hospital Epidemiology, 2006. 27(9): p. 944-952.
Brewer, D.D., et al., Investigating latrogenic HIV transmission in Ugandan
children. Jaids-Journal of Acquired Immune Deficiency Syndromes, 2007.
45(2): p. 253-254.
Gisselquist, D., Avoiding Reused Instruments for Immunizations Exposes
Unsolved Problems. International Journal of Occupational and Environmental
Health, 2009. 15(1): p. 107-108.
Cardo DM, C.D., Ciesielski CA, Srivastava PU, Marcus R, Abiteboul D,
Heptonstall J, Ippolito G, Lot F, McKibben PS, Bell DM., A case-control study
of HIV seroconversion in health care workers after percutaneous exposure.
Centers for Disease Control and Prevention Needlestick Surveillance Group. N
Engl J Med, 1997. Nov 20;337(21): p. 1485-90.
Jones, D.S., et al., Epidemiology of Transfusion-Associated AcquiredImmunodeficiency-Syndrome in Children in the United-States, 1981 Through
1989. Pediatrics, 1992. 89(1): p. 123-127.
Hersh, B.S., et al., Risk-Factors For HIV-Infection Among Abandoned
Romanian Children. AIDS, 1993. 7(12): p. 1617-1624.
Colebunders, R., et al., Seroconversion Rate, Mortality, And Clinical
Manifestations Associated with the Receipt of a Human-ImmunodeficiencyVirus infected Blood-Transfusion in Kinshasa, Zaire. Journal of Infectious
Diseases, 1991. 164(3): p. 450-456.
Adejuyigbe, E.A., et al., Blood transfusion related paediatric HIV/AIDS in IleIfe, Nigeria. Aids Care-Psychological and Socio-Medical Aspects of Aids/Hiv,
2003. 15(3): p. 329-335.
Fitzgibbon, J.E., et al., Transmission from one child to another of HumanImmunodeficiency-Virus Type-1 with a Zidovudine-Resistance mutation. New
England Journal of Medicine, 1993. 329(25): p. 1835-1841.
French, M.A., et al., Intrafamilial transmission of HIV-1 infection from
individuals with unrecognized HIV-1 infection. Aids, 2003. 17(13): p. 19771981.
Pretty, I.A., G.S. Anderson, and D.J. Sweet, Human bites and the risk of human
immunodeficiency virus transmission. American Journal of Forensic Medicine
and Pathology, 1999. 20(3): p. 232-239.
Blanche, S., et al., Morbidity and mortality in European children vertically
infected by HIV-1 - The French pediatric HIV infection study group and
European collaborative study. Journal of Acquired Immune Deficiency
Syndromes and Human Retrovirology, 1997. 14(5): p. 442-450.
Phair J, J.L., Detels R, Rinaldo C, Saah A, Schrager L, Muñoz A, Acquired
immune deficiency syndrome occurring within 5 years of infection with human
immunodeficiency virus type-1: the Multicenter AIDS Cohort Study. J Acquir
Immune Defic Syndr, 1992. 5(5): p. 490-6.
Mellors JW, K.L., Rinaldo CR Jr, Todd JA, Hoo BS, Kokka RP, Gupta P,
Quantitation of HIV-1 RNA in plasma predicts outcome after seroconversion.
Ann Intern Med, 1995. Apr 15;122(8): p. 573-9.
P, B., estimating the incubation period of AIDS by comparing population
infection and diagnosis patterns. J am Stat Assoc, 1990. 85: p. 1002-8.
Bamji M, T.D., Weedon J, Krasinski K, Matheson PB, Thomas P, Lambert G,
Abrams EJ, Steketee R, Heagarty M, Prospective study of human
immunodeficiency virus 1-related disease among 512 infants born to infected
women in New York City. The New York City Perinatal HIV Transmission
Collaborative Study Group. Pediatr Infect Dis J, 1996. Oct;15(10): p. 891-8.
Tovo PA, d.M.M., Gabiano C, Cappello N, D'Elia R, Loy A, Plebani A,
Zuccotti GV, Dallacasa P, Ferraris G, et al, Prognostic factors and survival in
children with perinatal HIV-1 infection. The Italian Register for HIV Infections
in Children. Lancet, 1992. May 23;339(8804): p. 1249-53.
69

182.
183.
184.

185.
186.

187.

188.

189.

190.
191.

192.

193.

194.
195.

196.

70

Auger I, T.P., De Gruttola V, Morse D, Moore D, Williams R, Truman B,
Lawrence CE, Incubation periods for paediatric AIDS patients. Nature, 1988.
Dec 8;336(6199): p. 575-7.
Commenges D, A.A., Lepage P, Van de Perre P, Msellati P, Dabis F,
Estimating the incubation period of paediatric AIDS in Rwanda. AIDS, 1992.
Dec;6(12): p. 1515-20.
Blanche S, T.M., Duliege A, Rouzioux C, Le Deist F, Fukunaga K, Caniglia M,
Jacomet C, Messiah A, Griscelli C, Longitudinal study of 94 symptomatic
infants with perinatally acquired human immunodeficiency virus infection.
Evidence for a bimodal expression of clinical and biological symptoms. Am J
Dis Child, 1990. Nov;144(11): p. 1210-5.
Gray, L., et al., Fluctuations in symptoms in human immunodeficiency virusinfected children: The first 10 years of life. Pediatrics, 2001. 108(1): p. 116-122.
Warszawski J, L.J., Faye A, Dollfus C, Firtion G, Meyer L, Douard D,
Monpoux F, Tricoire J, Benmebarek Y, Rouzioux C, Blanche S, Long-term
nonprogression of HIV infection in children: evaluation of the ANRS
prospective French Pediatric Cohort. Clin Infect Dis. Sep 15;45(6):785-94,
2007.
Martinez V, C.D., Bonduelle O, N'go N, Schnuriger A, Théodorou I, Clauvel
JP, Sicard D, Agut H, Debré P, Rouzioux C, Autran B and A.à.L.T.S. Group,
Combination of HIV-1-specific CD4 Th1 cell responses and IgG2 antibodies is
the best predictor for persistence of long-term nonprogression. J Infect Dis.
Jun 15;191(12):2053-63, 2005.
Spira R, L.P., Msellati P, Van De Perre P, Leroy V, Simonon A, Karita E,
Dabis F, Natural history of human immunodeficiency virus type 1 infection in
children: a five-year prospective study in Rwanda. Mother-to-Child HIV-1
Transmission Study Group. Pediatrics. 1999 (5):, 1999. Nov;104(5): p. e56.
Newell ML, C.H., Cortina-Borja M, Rollins N, Gaillard P, Dabis F and
G.I.A.S.I.W.G.o.H.I.i.W.a. Children, Mortality of infected and uninfected
infants born to HIV-infected mothers in Africa: a pooled analysis. Lancet, 2004.
Oct 2-8;364(9441): p. 1236-43.
Tovo PA, d.M.M., Gabiano C, Galli L, Tibaldi C, Vierucci A, Veglia F, AIDS
appearance in children is associated with the velocity of disease progression in
their mothers. J Infect Dis, 1994. Oct;170(4): p. 1000-2.
Shearer WT, Q.T., LaRussa P, Lew JF, Mofenson L, Almy S, Rich K,
Handelsman E, Diaz C, Pagano M, Smeriglio V, Kalish LA, Viral load and
disease progression in infants infected with human immunodeficiency virus type
1. Women and Infants Transmission Study Group. N Engl J Med, 1997. May
8;336(19): p. 1337-42.
Rich KC, C.B., Mofenson L, Fowler MG, Cooper E, Pitt J, Hillyer GV, Mendez
H, Elevated CD8+DR+ lymphocytes in HIV-exposed infants with early positive
HIV cultures: a possible early marker of intrauterine transmission. Women and
Infants Transmission Study Group. J Acquir Immune Defic Syndr Hum
Retrovirol, 1997. Jul 1;15(3): p. 204-10.
Blanche S, M.M., Rouzioux C, Teglas JP, Firtion G, Monpoux F, CiraruVigneron N, Meier F, Tricoire J, Courpotin C, et al, Relation of the course of
HIV infection in children to the severity of the disease in their mothers at
delivery. N Engl J Med, 1994. Feb 3;330(5): p. 308-12.
Rich, K.C., et al., Maternal and infant factors predicting disease progression in
human immunodeficiency virus type 1-infected infants. Pediatrics, 2000. 105(1).
Mayaux MJ, B.M., Teglas JP, Cottalorda J, Krivine A, Simon F, Puel J,
Tamalet C, Dormont D, Masquelier B, Doussin A, Rouzioux C, Blanche S,
Neonatal characteristics in rapidly progressive perinatally acquired HIV-1
disease. The French Pediatric HIV Infection Study Group. JAMA, 1996. Feb
28;275(8): p. 606-10.
CDC, 1994 Revised Classification System for Human Immunodeficiency Virus
Infection in Children Less Than 13 Years of Age. MMWR Morb Mortal Wkly
Rep, 1994. September 30; 43(RR-12): p. 1-10.

197.
198.

199.

200.
201.
202.
203.
204.

205.
206.

207.

208.

209.

210.

211.

212.
213.

WHO, Antiretroviral therapy of HIV infection in infants and children:Towards
universal access.Reccomendations for a public health approach. 2006, Geneve:
WHO press.
Little K, T.C., Luo C, Bunders M, Ngongo N, McDermott P, Newell ML,
Disease progression in children with vertically-acquired HIV infection in subSaharan Africa: reviewing the need for HIV treatment. Curr HIV Res, 2007.
Mar;5(2): p. 139-53.
Tudor-Williams, G. HIV infection in children in developing countries. in Joint
Meeting of the Royal-Society-of-Tropical-Medicine-and-Hygiene/AcademicDepartment-of-Pa ediatrics-Imperial-College-at-St-Marys-Hospital. 1999.
London, England.
De Baets AJ, B.M., Abrams EJ, Kankassa C, Pazvakavambwa IE, Care and
treatment of HIV-infected children in Africa: issues and challenges at the
district hospital level. Pediatr Infect Dis J, 2007. Feb;26(2): p. 163-73.
Fassinou P, E.N., Rouet F, Laguide R, Kouakoussui KA, Timite M, Blanche
S,Msellati P, Highly active antiretroviral therapies among HIV-1-infected
children in Abidjan, Côte d'Ivoire. AIDS, 2004. Sep 24;18(14): p. 1905-13.
Beyene, H. and W. Moss, Clinical and Epidemiologic Features of HIV-I
Seropositive Hospitalized Ethiopian Children. Ethiopian Medical Journal, 1991.
29(2): p. 57-61.
Hira SK, K.J., Bhat GJ, Mwale C, Tembo G, Luo N, Perine PL, Perinatal
transmission of HIV-I in Zambia. BMJ, 1989. Nov 18;299(6710): p. 1250-2.
Lallemant M, L.C.S., Samba L, Cheynier D, M'Pelé P, Nzingoula S, Essex M.,
Mother-to-child transmission of HIV-1 in Congo, central Africa. Congolese
Research Group on Mother-to-Child Transmission of HIV. AIDS, 1994.
Oct;8(10): p. 1451-6.
Gayle HD, G.E., Adjorlolo G, Ekpini E, Coulibaly R, Porter A, Braun MM,
Zabban ML, Andou J, Timite A, et al, HIV-1 and HIV-2 infection in children in
Abidjan, Côte d'Ivoire. J Acquir Immune Defic Syndr, 1992. 5(5): p. 513-7.
Lepage P, V.d.P.P., Van Vliet G, Nsengumuremyi F, Van Goethem C, Kestelyn
P, Msellati P, Hitimana DG, Clinical and endocrinologic manifestations in
perinatally human immunodeficiency virus type 1--Infected children aged 5
years or older. Am J Dis Child, 1991. Nov;145(11): p. 1248-51.
Bagenda D, N.A., Kalyesubula I, Sherman B, Drotar D, Boivin MJ, Olness K,
Health, neurologic, and cognitive status of HIV-infected, long-surviving, and
antiretroviral-naive Ugandan children. Pediatrics, 2006. Mar;117(3): p. 72940.
George E, N.F., Bois G, Cassagnol R, Estavien L, Rouzier Pde M, Verdier RI,
Johnson WD, Pape JW, Fitzgerald DW, Wright PF., Antiretroviral therapy for
HIV-1-infected children in Haiti. J Infect Dis, 2007. May 15;195(10): p. 14118.
Puthanakit T, A.L., Oberdorfer P, Akarathum N, Kanjananit S, Wannarit P,
Sirisanthana T, Sirisanthana V, Hospitalization and mortality among HIVinfected children after receiving highly active antiretroviral therapy. Clin
Infect Dis, 2007. Feb 15;44(4): p. 599-604.
Wamalwa DC, F.C., Obimbo EM, Selig S, Mbori-Ngacha DA, Richardson BA,
Overbaugh J, Emery S, Wariua G, Gichuhi C, Bosire R, John-Stewart G, Early
response to highly active antiretroviral therapy in HIV-1-infected Kenyan
children. J Acquir Immune Defic Syndr, 2007. Jul 1;45(3): p. 311-7.
Newell, M.L., H. Brahmbhatt, and P.D. Ghys. Child mortality and HIV
infection in Africa: a review. in Meeting on the Empirical Evidence for the
Demographic and Socio-Economic Impact of AIDS. 2003. Durban, South
Africa.
Authors not listed, Natural history of vertically acquired human
immunodeficiency virus-1 infection. The European Collaborative Study.
Pediatrics, 1994. Dec;94(6 Pt 1): p. 815-9.
Thorne, C., et al., Management of vertically HIV-infected children in Europe.
Acta Paediatrica, 2003. 92(2): p. 246-250.

71

214.
215.

216.

217.

218.
219.
220.
221.
222.
223.
224.
225.

226.
227.
228.

229.
230.
231.

72

Zar, H.J., et al., Aetiology and outcome of pneumonia in human
immunodeficiency virus-infected children hospitalized in South Africa. Acta
Paediatrica, 2001. 90(2): p. 119-125.
Mubiana-Mbewe M, B.-M.C., Banda Y, Chintu N, Nalubamba-Phiri M, Giganti
M, Guffey MB, Sambo P, Stringer EM, Stringer JS, Chi BH, Causes of
morbidity among HIV-infected children on antiretroviral therapy in primary
care facilities in Lusaka, Zambia. Trop Med Int Health, 2009. Oct;14(10): p.
1190-8.
Martinson NA, M.H., van Niekerk R, Barry G, Coovadia A, Cotton M, Violari
A, Gray GE, Chaisson RE, McIntyre JA, Meyers T, HAART and risk of
tuberculosis in HIV-infected South African children: a multi-site retrospective
cohort. Int J Tuberc Lung Dis, 2009. Jul;13(7): p. 862-7.
Kouakoussui A, F.P., Anaky MF, Elenga N, Laguide R, Wemin ML, Toure
R,Menan H, Rouet F, Msellati P, Respiratory manifestations in HIV-infected
children pre- and post-HAART in Abidjan, the Ivory Coast. Paediatr Respir
Rev, 2004. Dec;5(4): p. 311-5.
Pol RR, S.T., Ratageri VH, Clinico-laboratory profile of pediatric HIV in
Karnataka. Indian J Pediatr, 2007. Dec;74(12): p. 1071-5.
Bandyopadhyay, A. and S. Bhattacharyya, Effect of pre-existing malnutrition on
growth parameters in HIV-infected children commencing antiretroviral
therapy. Annals of Tropical Paediatrics, 2008. 2008(28): p. 279–285.
Prazuck, T., et al., HIV-Infection and Severe Malnutrition - A Clinical and
Epidemiologic-Study in Burkina-Faso. AIDS, 1993. 7(1): p. 103-108.
Barker, D., et al., HIV serostatus and recovery from severe childhood
malnutrition - A retrospective matched case-control study. West Indian Medical
Journal, 2004. 53(2): p. 89-94.
Gibb, D.M., et al., Markers for predicting mortality in untreated HIV-infected
children in resource-limited settings: a meta-analysis. Aids, 2008. 22(1): p. 97105.
Giaquinto, C., et al., Age-related standards for total lymphocyte, CD4(+) and
CD8(+) T cell counts in children born in Europe. Pediatric Infectious Disease
Journal, 2005. 24(7): p. 595-600.
Dunn, D.T., et al., Predictive value of absolute CD4 cell count for disease
progression in untreated HIV-1-infected children. Aids, 2006. 20(9): p. 12891294.
Carpenter CC, F.M., Hammer SM, Hirsch MS, Jacobsen DM, Katzenstein DA,
Montaner JS, Richman DD, Saag MS, Schooley RT, Thompson MA, Vella S,
Yeni PG, Volberding PA, Antiretroviral therapy for HIV infection in 1997.
Updated recommendations of the International AIDS Society-USA panel.
JAMA, 1997. Jun 25;277(24): p. 1962-9.
Dunn, D.T., et al., Short-term risk of disease progression in HIV-1-infected
children receiving no antiretroviral therapy or zidovudine monotherapy: a
meta-analysis. Lancet, 2003. 362(9396): p. 1605-1611.
Mellors JW, R.C.J., Gupta P, White RM, Todd JA, Kingsley LA, Prognosis in
HIV-1 infection predicted by the quantity of virus in plasma. Science, 1996.
May 24;272(5265): p. 1167-70.
De Rossi A, M.S., Giaquinto C, Ruga E, Comar M, Giacca M, Chieco-Bianchi
L, Dynamics of viral replication in infants with vertically acquired human
immunodeficiency virus type 1 infection. J Clin Invest, 1996. Jan 15;97(2): p.
323-30.
Lindbäck S, K.A., Mittler J, Blaxhult A, Carlsson M, Briheim G, Sönnerborg
A, Gaines H, Viral dynamics in primary HIV-1 infection. Karolinska Institutet
Primary HIV Infection Study Group. AIDS, 2000. Oct 20;14(15): p. 2283-91.
Authors not listed, HIV-1 viral load and CD4 cell count in untreated children
with vertically acquired asymptomatic or mild disease. Paediatric European
Network for Treatment of AIDS (PENTA). AIDS, 1998. Mar 5;12(4): p. F1-8.
Schlesinger M, P.V., Jiang JD, Roboz JP, Bekesi JG, Increased expression of
activation markers on CD8 lymphocytes in children with human
immunodeficiency virus-1 infection. Pediatr Res, 1995. Sep;38(3): p. 390-6.

232.
233.

234.
235.
236.
237.

238.

239.

240.

241.

242.
243.

244.

245.

246.
247.

Krogstad P, U.C., Dickover R, Bryson YJ, Plaeger S, Garfinkel A, Primary HIV
infection of infants: the effects of somatic growth on lymphocyte and virus
dynamics. Clin Immunol, 1999. Jul;92(1): p. 25-33.
Valentine ME, J.C., Vavro C, Wilfert CM, McClernon D, St Clair M, Katz SL,
McKinney RE Jr, Evaluation of surrogate markers and clinical outcomes in
two-year follow-up of eighty-six human immunodeficiency virus-infected
pediatric patients. Pediatr Infect Dis J, 1998. Jan;17(1): p. 18-23.
Sharland M, B.S., Castelli G, Ramos J, Gibb DM and P.S. Committee., PENTA
guidelines for the use of antiretroviral therapy, 2004. HIV Med, 2004.
Jul;5(Suppl 2): p. 61-86.
children, W.g.o.a.t.a.m.m.o.H.-i., Guidelines for the use of antiretroviral agents
in Pediatric HIV infection. 23 February 2009, National Institutes of
Health.USA.
Gona P, V.D.R., Williams PL, Dankner WM, Chernoff MC, Nachman SA,
Seage GR 3rd, Incidence of opportunistic and other infections in HIV-infected
children in the HAART era. JAMA. Jul 19;296(3):292-300, 2006.
Nesheim, S.R., et al., Trends in opportunistic infections in the pre- and posthighly active antiretroviral therapy eras among HIV-infected children in the
Perinatal AIDS Collaborative Transmission Study, 1986-2004. Pediatrics,
2007. 120(1): p. 100-109.
Dankner WM, L.J., Levin MJ and Pediatric AIDS Clinical Trials Group
Protocol Teams 051, 138, 144, 152, 179, 190, 220, 240, 245, 254, 300 and 327,
Correlates of opportunistic infections in childreninfected with the human active
antiretroviral therapy. Pediatr Infect Dis J. 2001 Jan;20(1):40-8.
Black RE, A.L., Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, Mathers C,
Rivera J, Maternal and Child Undernutrition Study Group. Maternal and child
undernutrition: global and regional exposures and health consequences.
Lancet, 2008. Jan 19(371(9608)): p. 243-60.
Rahel Berhane, D.B., Lawrence Marum, Esther Aceng, Christopher Ndugwa,
Ronald J Bosch, Karen Olness, Growth Failure as a Prognostic Indicator of
Mortality in Pediatric HIV Infection. PEDIATRICS, 1997. 100(No. 1 July): p.
e7.
Thurstans S, K.M., Maleta K, Banda T, Nesbitt A, HIV prevalence in severely
malnourished childrenadmitted to nutrition rehabilitation units in Malawi:
geographical& seasonal variations a cross-sectional study. BMC Pediatr. 2008
May 21;8:22.
Anabwani G, N.P., Nutrition and HIV/AIDS in sub-Saharan Africa: an
overview. Nutrition. 2005 Jan;21(1):96-9.
Mgone CS, M.F., Shao JF, Britton S, Sandström A, Bredberg-Råden U,
Biberfeld G, Prevalence of HIV-1 infection and symptomatology of AIDS in
severely malnourished children in Dar Es Salaam, Tanzania. J Acquir Immune
Defic Syndr. 1991;4(9):910-3.
Gwenda Verweel, A.M.C.v.R., Nico G. Hartwig, Tom F. W. Wolfs, Henriëtte J.
Scherpbier,Ronald de Groot, Treatment With Highly Active Antiretroviral
Therapy in Human Immunodeficiency Virus Type 1-Infected Children Is
Associated With a Sustained Effect on Growth. PEDIATRICS, 2002. 109(Feb
2): p. e25.
De Beaudrap P, R.F., Fassinou P, Kouakoussui A, Mercier S, Ecochard R,
Msellati P, CD4 cell response before and after HAART initiation according to
viral load and growth indicators in HIV-1-infected children in Abidjan, Côte
d'Ivoire. J Acquir Immune Defic Syndr. 2008, 2008. Sep 1(49(1)): p. 70-6.
Beau, J.P. and L. Imboua-Coulibaly, HIV-related gender biases among
malnourished children in Abidjan, Cote D'Ivoire. Journal of Tropical Pediatrics,
1999. 45(3): p. 169-171.
Kekitiinwa A, L.K., Walker AS, Maganda A, Doerholt K, Kitaka SB, Asiimwe
A, Judd A, Musoke P, Gibb DM, C.H.P.S.C.S. Committe, and M.C. Team,
Differences in factors associated with initial growth, CD4, and viral load
responses to ART in HIV-infected children in Kampala, Uganda, and the
United Kingdom/Ireland. J Acquir Immune Defic Syndr, 2008. Dec 1(49(4)): p.
384-92.
73

248.

249.

250.
251.
252.

253.

254.
255.
256.
257.

258.

259.
260.

261.
262.
263.

264.
265.

74

Kabue MM, K.A., Maganda A, Risser JM, Chan W, Kline MW, Growth in
HIV-infected children receiving antiretroviral therapy at a pediatric infectious
diseases clinic in Uganda. AIDS Patient Care STDS, 2008. Mar(22(3)): p. 24551.
Arpadi S, F.A., Aldrovandi GM, Kankasa C, Sinkala M, Mwiya M, Thea DM,
Kuhn L, Growth faltering due to breastfeeding cessation in uninfected children
born to HIV-infected mothers in Zambia. Am J Clin Nutr, 2009. Aug(90(2)): p.
344-53.
Miller, T.L., Nutritional aspects of HIV-infected children receiving highly
active antiretroviral therapy. Aids, 2003. 17: p. S130-S140.
Winter, H. and T.L. Chang, Gastrointestinal and nutritional problems in
children with immunodeficiency and AIDS. Pediatric Clinics of North America,
1996. 43(2): p. 573-&.
Johannessen A, N.E., Ngowi BJ, Sandvik L, Matee MI, Aglen HE, Gundersen
SG, Bruun JN, Predictors of mortality in HIV-infected patients starting
antiretroviral therapy in a rural hospital in Tanzania. BMC Infect Dis. 2008
Apr 22;8:52.
Stephen Miles Hughes, B.A., Mwiya Mwiya, Hope Nkamba, Georgina
Mulundu, Andrew Tomkins, David Goldblatt, CD4 Counts Decline Despite
Nutritional Recovery in HIV-Infected Zambian Children With Severe
Malnutrition. PEDIATRICS, 2009. 123(Feb 2): p. e347-e351.
Eley, B., et al., Initial experience of a public sector antiretroviral treatment
programme for HIV-infected children and their infected parents. Samj South
African Medical Journal, 2004. 94(8): p. 643-646.
Benjamin, D.K., et al., Growth patterns reflect response to antiretroviral
therapy in HIV-positive infants: Potential utility in resource-poor settings. Aids
Patient Care and Stds, 2004. 18(1): p. 35-43.
Newell, M.L., et al., Height, weight, and growth in children born to mothers
with HIV-1 infection in Europe. Pediatrics, 2003. 111(1).
Van Rossum, A.M.C., et al., Endocrinologic and immunologic factors
associated with recovery of growth in children with human immunodeficiency
virus type 1 infection treated with protease inhibitors. Pediatric Infectious
Disease Journal, 2003. 22(1): p. 70-76.
Nachman SA, L.J., Pelton S, Mofenson L, McIntosh K, Wiznia A, Stanley K,
Yogev R, Growth in human immunodeficiency virus-infected children receiving
ritonavir-containing antiretroviral therapy. Arch Pediatr Adolesc Med, 2002.
May(156(5)): p. 497-503.
Guillén S, R.J., Resino R, Bellón JM, Muñoz MA, Impact on weight and height
with the use of HAART in HIV-infected children. Pediatr Infect Dis J. 2007
Apr;26(4):334-8, 2007.
Miller TL, M.B., Orav EJ, Wilk D, Weinberg GA, Nicchitta J, Furuta L,
Cutroni R, McIntosh K, Burchett SK, Gorbach SL, The effect of protease
inhibitor therapy on growth and body composition in human immunodeficiency
virus type 1-infected children. Pediatrics. 2001 May;107(5):E77, 2001.
Bandyopadhyay A, B.S., Effect of pre-existing malnutrition on growth
parameters in HIV-infected children commencing antiretroviral therapy. Ann
Trop Paediatr. 2008 Dec;28(4):279-85, 2008.
Biggar RJ, C.A., Goedert JJ, Engels EA and H.A.C.M. Study, AIDS-related
cancer and severity of immunosuppression in persons with AIDS. J Natl Cancer
Inst. 2007 Jun 20;99(12):962-72. Epub 2007 Jun 12, 2007.
Sinfield RL, M.E., Banda K, Borgstein E, Broadhead R, Hesseling P, Newton
R, Casabonne D, Mkandawire N, Nkume H, Hodgson T, Liomba G, Spectrum
and presentation of pediatric malignancies in the HIV era: experience from
Blantyre, Malawi, 1998-2003. Pediatr Blood Cancer. May;48(5):515-20, 2007.
Sissolak, G. and P. Mayaud, AIDS-related Kaposi's sarcoma: epidemiological,
diagnostic, treatment and control aspects in sub-Saharan Africa. Tropical
Medicine & International Health, 2005. 10(10): p. 981-992.
Sitas F, P.D., Chirenje M, Stein L, Abratt R, Wabinga H, Part II: Cancer in
Indigenous Africans--causes and control. Lancet Oncol. 2008, 2008.
Aug;9((8):): p. 786-95.

266.
267.
268.
269.

270.
271.

272.

273.

274.

275.
276.
277.
278.

279.
280.

281.
282.

Schalling M, E.M., Kaaya EE, Linde A, Biberfeld P, A role for a new herpes
virus (KSHV) in different forms of Kaposi's sarcoma. Nat Med, 1995. Jul;1(7):
p. 707-8.
Plancoulaine S, G.A., Epidemiological aspects of human herpesvirus 8 infection
and of Kaposi's sarcoma. Med Mal Infect, 2005. May;35(5): p. 314-21.
Beral V, P.T., Berkelman RL, Jaffe HW, Kaposi's sarcoma among persons with
AIDS: a sexually transmitted infection? Lancet, 1990. Jan 20;330(8682): p.
123-8.
Bestetti G, R.G., Mauclére P, Ruffié A, Mbopi Kéou FX, Eme D, Parravicini C,
Corbellino M, de Thé G, Gessain A, High seroprevalence of human
herpesvirus-8 in pregnant women and prostitutes from Cameroon. AIDS, 1998.
Mar 26;12(5): p. 541-3.
Ablashi DV, C.L., Whitman JE Jr, Cesarman E., Spectrum of Kaposi's
sarcoma-associated herpesvirus, or human herpesvirus 8, diseases. Clin
Microbiol Rev, 2002. Jul;15(3)(3): p. 439-64.
Brayfield BP, P.S., Kankasa C, Muyanga J, Mantina H, Kwenda G, West JT,
Bhat G, Marx DB, Klaskala W, Mitchell CD, Wood C, Postnatal human
herpesvirus 8 and human immunodeficiency virus type 1 infection in mothers
and infants from Zambia. J Infect Dis, 2003. Feb 15;187(4): p. 559-68.
Plancoulaine S, A.L., van Beveren M, Trégouët DA, Joubert M, Tortevoye P,
de Thé G, Gessain A, Human herpesvirus 8 transmission from mother to child
and between siblings in an endemic population. Lancet, 2000. 23;356(9235): p.
1062-5.
Plancoulaine S, A.L., Trégouët D, Duprez R, van Beveren M, Tortevoye P,
Froment A, Gessain A, Respective roles of serological status and blood specific
antihuman herpesvirus 8 antibody levels in human herpesvirus 8 intrafamilial
transmission in a highly endemic area. Cancer Res, 2004. Dec 1;64(23): p.
8782-7.
Mbulaiteye SM, B.R., Pfeiffer RM, Bakaki PM, Gamache C, Owor AM,
Katongole-Mbidde E, Ndugwa CM, Goedert JJ, Whitby D, Engels EA, Water,
socioeconomic factors, and human herpesvirus 8 infection in Ugandan children
and their mothers. J Acquir Immune Defic Syndr. 2005 (4):474-9, 2005. Apr
1;38(4): p. 474-9.
Manji, K.P., H. Amir, and I.Z. Maduhu, Aggressive Kaposi's sarcoma in a 6month-old African infant: case report and review of the literature. Tropical
Medicine & International Health, 2000. 5(2): p. 85-87.
Amir H, K.E., Manji KP, Kwesigabo G, Biberfeld P, Kaposi's sarcoma before
and during a human immunodeficiency virus epidemic in Tanzanian children.
Pediatr Infect Dis J, 2001. May;20(5): p. 518-21.
Sullivan RJ, P.L., Dezube BJ, Targeted therapy for Kaposi sarcoma. BioDrugs,
2009. 23(2): p. 69-75.
Dupin N, R.D.C.V., Gorin I, Calvez V, Pessis E, Grandadam M, Rabian C,
Viard JP, Huraux JM, Escande JP., The influence of highly active antiretroviral
therapy on AIDS-associated Kaposi's sarcoma. Br J Dermatol, 1999.
May;140(5): p. 875-81.
Bower M, F.P., Fife K, Gill J, Nelson M, Gazzard B, Highly active antiretroviral therapy (HAART) prolongs time to treatment failure in Kaposi's
sarcoma. AIDS, 1999. Oct 22;13(15): p. 2105-11.
Sgadari C, B.G., Toschi E, Carlei D, Bacigalupo I, Baccarini S, Palladino C,
Leone P, Bugarini R, Malavasi L, Cafaro A, Falchi M, Valdembri D, Rezza G,
Bussolino F, Monini P, Ensoli B., HIV protease inhibitors are potent antiangiogenic molecules and promote regression of Kaposi sarcoma. Nat Med,
2002. Mar;8(3): p. 225-32.
Rogers MF, O.C., Kilbourne B, Schochetman G, Advances and problems in the
diagnosis of human immunodeficiency virus infection in infants. Pediatr Infect
Dis J, 1991. Jul;10(7): p. 523-31.
Koulinska I, S.S., Vaz P, Barreto J, Diagnosing pediatric AIDS in resourcepoor settings: heat-denatured p24 antigen, anti-HIV IgA, or both? J Acquir
Immune Defic Syndr Hum Retrovirol, 1997. Dec 15;16(5): p. 407-8.

75

283.
284.
285.

286.

287.
288.
289.

290.
291.

292.
293.
294.
295.
296.

297.

298.

299.

76

Iweala OI, HIV diagnostic tests: an overview. Contraception. Aug;70(2):141-7,
2004.
Read JS; Committee on Pediatric AIDS, American Academy of Pediatrics, Diagnosis of
HIV-1 infection in children younger than 18 months in the United States.
Pediatrics, 2007. Dec;120(6): p. e1547-62.
Lyamuya E, B.-R.U., Massawe A, Urassa E, Kawo G, Msemo G, Kazimoto T,
Ostborn A, Karlsson K, Mhalu F, Biberfeld G, Performance of a modified HIV1 p24 antigen assay for early diagnosis of HIV-1 infection in infants and
prediction of mother-to-infant transmission of HIV-1 in Dar es Salaam,
Tanzania. J Acquir Immune Defic Syndr Hum Retrovirol, 1996. Aug 1;12(4):
p. 421-6.
Cunningham CK, C.T., Song K, Patterson D, Sullivan T, Cummins T, Poiesz B,
Comparison of human immunodeficiency virus 1 DNA polymerase chain
reaction and qualitative and quantitative RNA polymerase chain reaction in
human immunodeficiency virus 1-exposed infants. Pediatr Infect Dis J.
Jan;18(1):30-5, 1999.
PENTA Steering C., PENTA 2009 guidelines for the use of antiretroviral
therapy in paediatric HIV-1 infection. HIV Med, 2009. 10: p. 591-613.
Working Group on antiretroviral therapy and medical management of HIVinfected children- -. Guidelines for the use of antiretroviral agents in Pediatric
HIV infection. 2009, National Institutes of Health.USA.
Rabeneck L, P.A., Knowles JB, Seidehamel RJ, Harris CL, Merkel KL, Risser
JM, Akrabawi SS, A randomized controlled trial evaluating nutrition
counseling with or without oral supplementation in malnourished HIV-infected
patients. J Am Diet Assoc, 1998. Apr;98(4): p. 434-8.
Lartey A, Maternal and child nutrition in Sub-Saharan Africa: challenges and
interventions. Proc Nutr Soc, 2008. Feb;67(1): p. 105-8.
Villamor E, M.R., Spiegelman D, Hertzmark E, Fataki M, Peterson KE, Ndossi
G, Fawzi WW, Vitamin A supplements ameliorate the adverse effect of HIV-1,
malaria, and diarrheal infections on child growth. Pediatrics, 2002.
Jan;109(1): p. E6.
Coutsoudis A, B.R., Coovadia HM, Kuhn L, Tsai WY, Stein ZA, The effects of
vitamin A supplementation on the morbidity of children born to HIV-infected
women. Am J Public Health, 1995. Aug;85(8 Pt 1): p. 1076-81.
Wolday D, M.S., Mariam ZG, Berhe N, Seboxa T, Britton S, Galai N, Landay
A, Bentwich Z, Treatment of intestinal worms is associated with decreased HIV
plasma viral load. J Acquir Immune Defic Syndr, 2002. Sep 1;31(1): p. 56-62.
Bentwich Z, K.A., Weisman Z, Borkow G, Beyers N, Beyers AD, Can
eradication of helminthic infections change the face of AIDS and tuberculosis?
Immunol Today. 1999 (11):, 1999. Nov;20(11): p. 485-7.
Kelly P, M.R., Kafwembe E, Kaetano L, Keane E, Farthing M, Micronutrient
supplementation in the AIDS diarrhoea-wasting syndrome in Zambia: a
randomized controlled trial. AIDS, 1999. Mar 11;13(4): p. 495-500.
Hoffman IF, J.C., Taylor TE, Munthali P, Dyer JR, Wirima JJ, Rogerson SJ,
Kumwenda N, Eron JJ, Fiscus SA, Chakraborty H, Taha TE, Cohen MS,
Molyneux ME, The effect of Plasmodium falciparum malaria on HIV-1 RNA
blood plasma concentration. AIDS, 1999. 11;13(4): p. 487-94.
Whitworth J, M.D., Quigley M, Smith A, Mayanja B, Eotu H, Omoding N,
Okongo M, Malamba S, Ojwiya A, Effect of HIV-1 and increasing
immunosuppression on malaria parasitaemia and clinical episodes in adults in
rural Uganda: a cohort study. Lancet, 2000. Sep 23;356(9235): p. 1051-6.
Ansari NA, K.A., Kenyon TA, Mazhani L, Binkin N, Tappero JW,
Gebrekristos T, Nyirenda S, Lucas SB, Pathology and causes of death in a
series of human immunodeficiency virus-positive and -negative pediatric
referral hospital admissions in Botswana. Pediatr Infect Dis J, 2003. Jan;22(1):
p. 43-7.
Chintu C, M.V., Lucas S, Nunn A, Lishimpi K, Maswahu D, Kasolo F, Mwaba
P, Bhat G, Terunuma H, Zumla A and U.-U.P.P.P.-m.S. Group, Lung diseases
at necropsy in African children dying from respiratory illnesses: a descriptive
necropsy study. Lancet, 2002. Sep 28;360(9338): p. 985-90.

300.
301.
302.
303.
304.

305.

306.
307.

308.
309.
310.
311.
312.
313.

314.

315.

316.
317.

Zar HJ, D.A., Hanslo D, Apolles P, Magnus KG, Hussey G, Pneumocystis
carinii pneumonia in South African children infected with human
immunodeficiency virus. Pediatr Infect Dis J, 2000. Jul;19(7): p. 603-7.
Ruffini DD, M.S., The high burden of Pneumocystis carinii pneumonia in
African HIV-1-infected children hospitalized for severe pneumonia. AIDS,
2002. Jan 4;16(1): p. 105-12.
Graham SM, M.E., Kamanga HS, Walsh AL, Hart CA, Molyneux ME, Clinical
presentation and outcome of Pneumocystis carinii pneumonia in Malawian
children. Lancet, 2000. Jan 29;355(9201): p. 369-73.
Simonds RJ, O.M., Caldwell MB, Gwinn ML, Rogers MF, Pneumocystis
carinii pneumonia among US children with perinatally acquired HIV infection.
JAMA, 1993. Jul 28;270(4): p. 470-3.
Chintu C, B.G., Walker AS, Mulenga V, Sinyinza F, Lishimpi K, Farrelly L,
Kaganson N, Zumla A, Gillespie SH, Nunn AJ, Gibb DM and C.t. team, Cotrimoxazole as prophylaxis against opportunistic infections in HIV-infected
Zambian children (CHAP): a double-blind randomised placebo-controlled
trial. Lancet, 2004. Nov 20-26;364(9448): p. 1865-71.
Chokephaibulkit K, W.D., Chearskul S, Wanprapa N, Unganont K, Tantinikorn
W, Udompunthurak S, Pneumocystis carinii severe pneumonia among human
immunodeficiency virus-infected children in Thailand: the effect of a primary
prophylaxis strategy. Pediatr Infect Dis J, 1999. Feb;18(2): p. 147-52.
Iyer JK, M.W., Cortese JF, Kublin JG, Plowe CV, Plasmodium falciparum
cross-resistance between trimethoprim and pyrimethamine. Lancet, 2001. Sep
29;358(9287): p. 1066-7.
Abdel-Haq N, A.W., Asmar B, Thomas R, Dabbagh S, Gonzalez R,
Nasopharyngeal colonization with Streptococcus pneumoniae in children
receiving trimethoprim-sulfamethoxazole prophylaxis. Pediatr Infect Dis J,
1999. Jul;18(7): p. 647-9.
Graham SM, Prophylaxis against Pneumocystis carinii pneumonia for HIVexposed infants in Africa. Lancet. Dec 14;360(9349):1966-8, 2002.
Dye C, L.K., Jaramillo E, Williams BG, Raviglione M, Trends in tuberculosis
incidence and their determinants in 134 countries. Bull World Health Organ.
Sep;87(9):683-91, 2009.
Boulle A, E.B., Commentary: Reducing HIV-associated tuberculosis in
children. Int J Epidemiol. Sep 15. [Epub ahead of print, 2009.
Pillay T, K.M., Moodley J, Adhikari M, Coovadia H, Perinatal tuberculosis
and HIV-1: considerations for resource-limited settings. Lancet Infect Dis.
Mar;4(3):155-65, 2004.
Salinas C, C.A., Altube L, España PP, Díez R, Oribe M, Urrutia I, Aguirre U,
Longitudinal incidence of tuberculosis in a cohort of contacts: factors
associated with the disease. Arch Bronconeumol. Jun;43(6):317-23, 2007.
Zar HJ, C.M., Strauss S, Karpakis J, Hussey G, Schaaf HS, Rabie H, Lombard
CJ, Effect of isoniazid prophylaxis on mortality and incidence of tuberculosis in
children with HIV: randomised controlled trial. BMJ, 2007. Jan 20;334(7585):
p. 136.
Gaughan DM, H.M., Seage GR 3rd, Selwyn PA, Carey VJ, Gortmaker SL,
Oleske JM, The prevalence of pain in pediatric human immunodeficiency
virus/acquired immunodeficiency syndrome as reported by participants in the
Pediatric Late Outcomes Study (PACTG 219). Pediatrics. Jun;109(6):1144-52,
2002.
Madhi SA, P.K., Madhi A, Wasas A, Klugman KP, Impact of human
immunodeficiency virus type 1 on the disease spectrum of Streptococcus
pneumoniae in South African children. Pediatr Infect Dis J, 2000. Dec;19(12):
p. 1141-7.
Bridy-Pappas AE, M.M., Center KJ, Isaacman DJ, Streptococcus pneumoniae:
description of the pathogen, disease epidemiology, treatment, and prevention.
Pharmacotherapy. Sep;25(9):1193-212, 2005.
Agosti JM, Pediatric vaccines in HIV-infected children. Curr Opin HIV AIDS,
2007. Sep;2(5): p. 385-90.

77

318.
319.
320.

321.

322.

323.

324.

325.
326.
327.
328.

329.
330.

331.

332.

78

Obaro SK, P.D., Luzuriaga K, Immunogenicity and efficacy of childhood
vaccines in HIV-1-infected children. Lancet Infect Dis, 2004. Aug;4(8): p. 5108.
Moss WJ, C.C., Halsey NA, Immunization of children at risk of infection with
human immunodeficiency virus. Bull World Health Organ, 2003. 81(1): p. 6170.
Klugman KP, M.S., Huebner RE, Kohberger R, Mbelle N, Pierce N and V.T.
Group, A trial of a 9-valent pneumococcal conjugate vaccine in children with
and those without HIV infection. N Engl J Med, 2003. Oct 2;349(14): p. 13418.
Spoulou VI, T.D., Papaevangelou VG, Mostrou GI, Theodoridou MC,
Haemophilus influenzae type b conjugate vaccine-induced immunological
memory in symptomatic HIV-1-infected children. AIDS, 2003. Jun 13;17(9): p.
1396-8.
Madhi SA, P.K., Khoosal M, Huebner RE, Mbelle N, Mothupi R, Saloojee H,
Crewe-Brown H, Klugman KP, Reduced effectiveness of Haemophilus
influenzae type b conjugate vaccine in children with a high prevalence of
human immunodeficiency virus type 1 infection. Pediatr Infect Dis J.
Apr;21(4):315-21, 2002.
Daza P, B.R., Misoya K, Katsulukuta A, Gessner BD, Katsande R, Mhlanga
BR, Mueller JE, Nelson CB, Phiri A, Molyneux EM, Molyneux ME, The
impact of routine infant immunization with Haemophilus influenzae type b
conjugate vaccine in Malawi, a country with high human immunodeficiency
virus prevalence. Vaccine. Sep 11;24(37-39):6232-9, 2006.
Ching N, D.J., Nielsen KA, Ank B, Wei LS, Sim MS, Wolinsky SM, Bryson
YJ, Cellular and humoral immune responses to a tetanus toxoid booster in
perinatally HIV-1-infected children and adolescents receiving highly active
antiretroviral therapy (HAART). Eur J Pediatr. Jan;166(1):51-6, 2007.
Giaquinto, C., et al., Current and future antiretroviral treatment options in
paediatric HIV infection. Clinical Drug Investigation, 2008. 28(6): p. 375-397.
de Martino, M., et al., Reduction in mortality with availability of antiretroviral
therapy for children with perinatal HIV-1 infection. Jama-Journal of the
American Medical Association, 2000. 284(2): p. 190-197.
Teglas JP, M.M., Blanche S, Antiretroviral therapy and mortality among
children with perinatal HIV infection. JAMA, 2000. Dec 13(284(22)): p. 28712.
Starr SE, F.C., Spector SA, Yong FH, Fenton T, Brundage RC, Manion D, Ruiz
N, Gersten M, Becker M, McNamara J, Mofenson LM, Purdue L, Siminski S,
Graham B, Kornhauser DM, Fiske W, Vincent C, Lischner HW, Dankner WM,
Flynn PM, Combination therapy with efavirenz, nelfinavir, and nucleoside
reverse-transcriptase inhibitors in children infected with human
immunodeficiency virus type 1. Pediatric AIDS Clinical Trials Group 382
Team. N Engl J Med, 1999. Dec 16(341(25)): p. 1874-81.
Violari A, C.M., Gibb DM, Babiker AG, Steyn J, Madhi SA, Jean-Philippe P,
McIntyre JA and C.S. Team, Early antiretroviral therapy and mortality among
HIV-infected infants. N Engl J Med, 2008. Nov 20(359(21)): p. 2233-44.
Egger M, M.M., Chêne G, Phillips AN, Ledergerber B, Dabis F, Costagliola D,
D'Arminio Monforte A, de Wolf F, Reiss P, Lundgren JD, Justice AC,
Staszewski S, Leport C, Hogg RS, Sabin CA, Gill MJ, Salzberger B, Sterne JA
and A.C. Collaboration, Prognosis of HIV-1-infected patients starting highly
active antiretroviral therapy: a collaborative analysis of prospective studies.
Lancet. Jul 13;360(9327):119-29, 2002.
Florence E, L.J., Dreezen C, Fisher M, Kirk O, Blaxhult A, Panos G, Katlama
C, Vella S, Phillips A and E.S. Group, Factors associated with a reduced CD4
lymphocyte count response to HAART despite full viral suppression in the
EuroSIDA study. HIV Med. Jul;4(3):255-62, 2003.
Palella FJ Jr, D.-K.M., Chmiel JS, Moorman AC, Wood KC, Greenberg AE,
Holmberg SD and H.O.S. Investigators, Survival benefit of initiating
antiretroviral therapy in HIV-infected persons in different CD4+ cell strata.
Ann Intern Med. Apr 15;138(8):620-6, 2003.

333.

334.
335.
336.
337.

338.
339.

340.
341.
342.
343.

344.

345.

346.

347.

348.

Faye A, L.C.J., Dollfus C, Thuret I, Douard D, Firtion G, Lachassinne E,
Levine M, Nicolas J, Monpoux F, Tricoire J, Rouzioux C, Tardieu M, Mayaux
MJ, Blanche S.French Perinatal Study Group, Early versus deferred
antiretroviral multidrug therapy in infants infected with HIV type 1. Clin Infect
Dis, 2004. Dec 1(39(11)): p. 1692-8.
Prendergast, A., et al., Early virological suppression with three-class
antiretroviral therapy in HIV-infected African infants. Aids, 2008. 22(11): p.
1333-1343.
Dunn, D.T., et al., Use of total lymphocyte count for informing when to start
antiretroviral therapy in HIV-infected children: a meta-analysis of longitudinal
data. Lancet, 2005. 366(9500): p. 1868-1874.
Luzuriaga K, M.M., Mofenson L, Britto P, Graham B, Sullivan JL and P.
Investigators, A trial of three antiretroviral regimens in HIV-1-infected
children. N Engl J Med, 2004. Jun 10(350(24)): p. 2471-80.
Chiappini, E., et al., Immunological recovery despite virological failure is
independent of human immunodeficiency virus-type 1 resistant mutants in
children receiving highly active antiretroviral therapy. Journal of Medical
Virology, 2003. 70(4): p. 506-512.
Abrams EJ, The unanswered question: when to initiate antiretroviral therapy in
children with HIV infection. Curr Opin HIV AIDS. Sep;2(5):416-25, 2007.
Havlir DV, H.N., Petropoulos CJ, Whitcomb JM, Collier AC, Hirsch MS,
Tebas P, Sommadossi JP, Richman DD, Drug susceptibility in HIV infection
after viral rebound in patients receiving indinavir-containing regimens. JAMA.
Jan 12;283(2):229-34, 2000.
Taylor BS, H.S., The challenge of HIV-1 subtype diversity. N Engl J Med. Oct
30;359(18):1965-6, 2008.
V, M., International perspectives on antiretroviral resistance. Resistance to
protease inhibitors. J Acquir Immune Defic Syndr. Mar 1;26 Suppl 1:S34-50,
2001.
Gardner EM, B.W., Steiner JF, Anderson PL, Bangsberg DR, Antiretroviral
medication adherence and the development of class-specific antiretroviral
resistance. AIDS. Jun 1;23(9):1035-46, 2009.
Maggiolo F, A.M., Kleinloog HD, Callegaro A, Ravasio V, Arici C, Bombana
E, Suter F, Effect of adherence to HAART on virologic outcome and on the
selection of resistance-conferring mutations in NNRTI- or PI-treated patients.
HIV Clin Trials. Sep-Oct;8(5):282-92, 2007.
Gupta R, H.A., Sawyer AW, Pillay D, Emergence of drug resistance in HIV
type 1-infected patients after receipt of first-line highly active antiretroviral
therapy: a systematic review of clinical trials. Clin Infect Dis. Sep 1;47(5):71222, 2008.
Bartlett JA, B.J., von Scheele B, Mauskopf JA, Davis EA, Elston R, King MS,
Lanier ER, Minimizing resistance consequences after virologic failure on initial
combination therapy: a systematic overview. J Acquir Immune Defic Syndr.
Mar;41(3):323-31, 2006.
Phillips AN, D.D., Sabin C, Pozniak A, Matthias R, Geretti AM, Clarke J,
Churchill D, Williams I, Hill T, Green H, Porter K, Scullard G, Johnson M,
Easterbrook P, Gilson R, Fisher M, Loveday C, Gazzard B, Pillay D,
U.C.G.o.H.D. Resistance, and U.C.S. Group, Long term probability of detection
of HIV-1 drug resistance after starting antiretroviral therapy in routine clinical
practice. AIDS. Mar 25;19(5):487-94, 2005.
von Wyl V, Y.S., Böni J, Bürgisser P, Klimkait T, Battegay M, Furrer H,
Telenti A, Hirschel B, Vernazza PL, Bernasconi E, Rickenbach M, Perrin L,
Ledergerber B, Günthard HF and f.t.S.H.C. Study, Emergence of HIV-1 drug
resistance in previously untreated patients initiating combination antiretroviral
treatment: a comparison of different regimen types. Arch Intern Med. Sep
10;167(16):1782-90, 2007.
Kantor R, K.D., Efron B, Carvalho AP, Wynhoven B, Cane P, Clarke J,
Sirivichayakul S, Soares MA, Snoeck J, Pillay C, Rudich H, Rodrigues R,
Holguin A, Ariyoshi K, Bouzas MB, Cahn P, Sugiura W, Soriano V, Brigido
LF, Grossman Z, Morris L, Vandamme AM, Tanuri A, Phanuphak P, Weber
79

349.

350.
351.
352.

353.

354.

355.

356.
357.

358.
359.
360.

361.
362.

363.

80

JN, Pillay D, Harrigan PR, Camacho R, Schapiro JM, Shafer RW, Impact of
HIV-1 subtype and antiretroviral therapy on protease and reverse transcriptase
genotype: results of a global collaboration. PLoS Med. Apr;2(4):e112, 2005.
Pillay V, P.C., Kantor R, Venter F, Levin L, Morris L, HIV type 1 subtype C
drug resistance among pediatric and adult South African patients failing
antiretroviral therapy. AIDS Res Hum Retroviruses. Nov;24(11):1449-54,
2008.
Plank RM, K.D., An update on HIV-1 antiretroviral resistance. Curr Opin HIV
AIDS. Sep;1(5):417-23, 2006.
Götte M, W.M., Biochemical mechanisms involved in overcoming HIV
resistance to nucleoside inhibitors of reverse transcriptase. Drug Resist Updat.
Feb;3(1):30-38, 2000.
Castagna A, D.A., Menzo S, Galli L, Gianotti N, Carini E, Boeri E, Galli A,
Cernuschi M, Hasson H, Clementi M, Lazzarin A, Lamivudine monotherapy in
HIV-1-infected patients harbouring a lamivudine-resistant virus: a randomized
pilot study (E-184V study). AIDS. Apr 4;20(6):795-803, 2006.
Kuritzkes DR, Q.J., Benoit SL, Shugarts DL, Griffin A, Bakhtiari M, Poticha D,
Eron JJ, Fallon MA, Rubin M, Drug resistance and virologic response in
NUCA 3001, a randomized trial of lamivudine (3TC) versus zidovudine (ZDV)
versus ZDV plus 3TC in previously untreated patients. AIDS. Aug;10(9):97581, 1996.
Johnson JA, L.J., Morris L, Martinson N, Gray G, McIntyre J, Heneine W,
Emergence of drug-resistant HIV-1 after intrapartum administration of singledose nevirapine is substantially underestimated. J Infect Dis. Jul 1;192(1):1623, 2005.
Eshleman SH, H.D., Chen S, Hudelson SE, Guay LA, Mwatha A, Fiscus SA,
Mmiro F, Musoke P, Jackson JB, Kumwenda N, Taha T, Nevirapine (NVP)
resistance in women with HIV-1 subtype C, compared with subtypes A and D,
after the administration of single-dose NVP. J Infect Dis. Jul 1;192(1):30-6,
2005.
Musoke P, et al., Response to antiretroviral therapy in HIV-infected Ugandan
Children Exposed and Not exposed to Single-Dose Nevirapine at Birth. J
Acquir Immune Defic Syndr. [Epub ahead of print), 2009.
Chakraborty R, S.C., Dunn D, Green H, Duong T, Doerholt K, Riordon A,
Lyall H, Tookey P, Butler K, Sabin CA, Gibb D, Pillay D, C.H.P. Study, and
U.C.G.o.H.D. Resistance, HIV-1 drug resistance in HIV-1-infected children in
the United Kingdom from 1998 to 2004. Pediatr Infect Dis J. May;27(5):457-9,
2008.
Fleming, A.F., HIV and blood transfusion in sub-Saharan Africa. Transfusion
Science, 1997. 18(2): p. 167-179.
Rouet F, Long-term survival and immuno-virological response of African HIV1-infected children to highly activeantiretroviral therapy regimens. AIDS,
2006. Nov 28(20(18)): p. 2315-9.
O'Brien DP, S.D., Olson D, Schaeffer M, Humblet P, Pudjades M, Ellman T,
Zachariah R, Szumilin E, Arnould L, Read T and M.S. Frontières, Treatment
outcomes stratified by baseline immunological status among young children
receiving nonnucleoside reverse-transcriptase inhibitor-based antiretroviral
therapy in resource-limited settings. Clin Infect Dis, 2007. May 1;44(9): p.
1245-8.
Janssens, B., et al., Effectiveness of highly active antiretroviral therapy in HIVpositive children: Evaluation at 12 months in a routine program in Cambodia.
Pediatrics, 2007. 120(5): p. E1134-E1140.
Jaspan, H.B., A.E. Berrisford, and A.M. Boulle, Two-Year Outcomes of
Children on Non-Nucleoside Reverse Transcriptase Inhibitor and Protease
Inhibitor Regimens in a South African Pediatric Antiretroviral Program.
Pediatric Infectious Disease Journal, 2008. 27(11): p. 993-998.
Chiappini E, G.L., Tovo PA, Gabiano C, Lisi C, Bernardi S, Viganò A, Guarino
A, Giaquinto C, Esposito S, Badolato R, Di Bari C, Rosso R, Genovese O, Masi
M, Mazza A, de Martino M, Five-year follow-up of children with perinatal

364.

365.

366.
367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

HIV-1 infection receiving early highly active antiretroviral therapy. BMC
Infect Dis, 2009. Aug 26(9): p. 140.
Nunes, E.A., et al., Mycobacterium tuberculosis and nontuberculous
mycobacterial isolates among patients with recent HIV infection in
Mozambique. J bras pneumol vol.34 no.10 São Paulo Oct. 2008, 2008. 34(10):
p. 822-28.
TMC125-C223 Writing Group, N.J., Berger DS, Blick G, Cimoch PJ, Cohen
CJ, Greenberg RN, Hicks CB, Hoetelmans RM, Iveson KJ, Jayaweera DS,
Mills AM, Peeters MP, Ruane PJ, Shalit P, Schrader SR, Smith SM, Steinhart
CR, Thompson M, Vingerhoets JH, Voorspoels E, Ward D, Woodfall B,
Efficacy and safety of etravirine (TMC125) in patients with highly resistant
HIV-1: primary 24-week analysis. AIDS. Mar 30;21(6):F1-10, 2007.
Brenner BG, O.M., Doualla-Bell F, Moisi DD, Ntemgwa M, Frankel F, Essex
M, Wainberg MA, HIV-1 subtype C viruses rapidly develop K65R resistance to
tenofovir in cell culture. AIDS. Jun 12;20(9):F9-13, 2006.
Hosseinipour MC, v.O.J., Weigel R, Phiri S, Kamwendo D, Parkin N, Fiscus
SA, Nelson JA, Eron JJ, Kumwenda J, The public health approach to identify
antiretroviral therapy failure: high-level nucleoside reverse transcriptase
inhibitor resistance among Malawians failing first-line antiretroviral therapy.
AIDS. Jun 1;23(9):1127-34, 2009.
Marconi VC, S.H., Lu Z, Gordon M, Koranteng-Apeagyei K, Hampton J,
Carpenter S, Giddy J, Ross D, Holst H, Losina E, Walker BD, Kuritzkes DR
and S.A.R.C.S. Team, Prevalence of HIV-1 drug resistance after failure of a
first highly active antiretroviral therapy regimen in KwaZulu Natal, South
Africa. Clin Infect Dis. May 15;46(10):1589-97, 2008.
Doualla-Bell F, A.A., Brenner B, Gaolathe T, Mine M, Gaseitsiwe S, Oliveira
M, Moisi D, Ndwapi N, Moffat H, Essex M, Wainberg MA, High prevalence of
the K65R mutation in human immunodeficiency virus type 1 subtype C isolates
from infected patients in Botswana treated with didanosine-based regimens.
Antimicrob Agents Chemother. Dec;50(12):4182-5, 2006.
García-Lerma JG, M.H., Bennett D, Reid P, Nidtha S, Weinstock H, Kaplan JE,
Heneine W, A novel genetic pathway of human immunodeficiency virus type 1
resistance to stavudine mediated by the K65R mutation. J Virol.
May;77(10):5685-93, 2003.
Loemba H, B.B., Parniak MA, Ma'ayan S, Spira B, Moisi D, Oliveira M,
Detorio M, Wainberg MA, Genetic divergence of human immunodeficiency
virus type 1 Ethiopian clade C reverse transcriptase (RT) and rapid
development of resistance against nonnucleoside inhibitors of RT. Antimicrob
Agents Chemother. Jul;46(7):2087-94, 2002.
Brenner B, T.D., Oliveira M, Moisi D, Detorio M, Carobene M, Marlink RG,
Schapiro J, Roger M, Wainberg MA, A V106M mutation in HIV-1 clade C
viruses exposed to efavirenz confers cross-resistance to non-nucleoside reverse
transcriptase inhibitors. AIDS. Jan 3;17(1):F1-5, 2003.
Sungkanuparph S, M.W., Kiertiburanakul S, Piyavong B, Chumpathat N,
Chantratita W, Options for a second-line antiretroviral regimen for HIV type 1infected patients whose initial regimen of a fixed-dose combination of
stavudine, lamivudine, and nevirapine fails. Clin Infect Dis. Feb 1;44(3):44752, 2007.
Petersen ML, v.d.L.M., Napravnik S, Eron JJ, Moore RD, Deeks SG, Longterm consequences of the delay between virologic failure of highly active
antiretroviral therapy and regimen modification. AIDS. Oct 18;22(16):2097106, 2008.
Bihl F, M.A., Henry LN, Chisholm JV 3rd, Dollard S, Gumbi P, Cassol E, Page
T, Mueller N, Kiepiela P, Martin JN, Coovadia HM, Scadden DT, Brander C.,
Kaposi's sarcoma-associated herpesvirus-specific immune reconstitution and
antiviral effect of combined HAART/chemotherapy in HIV clade C-infected
individuals with Kaposi's sarcoma. AIDS, 2007. Jun 19;21(10): p. 1245-52.
Bower M, W.J., Francis N, Newsom-Davis T, Powles S, Crook T, Boffito M,
Gazzard B, Nelson M, The effect of HAART in 254 consecutive patients with
AIDS-related Kaposi's sarcoma. AIDS, 2009. Aug 24;23(13): p. 1701-6.
81

377.

378.

82

Letang E, A.J., Miró JM, Ayala E, White IE, Carrilho C, Bastos R, Nhampossa
T, Menéndez C, Campbell TB, Alonso PL, Naniche D, Predictors of Immune
Reconstitution Inflammatory Syndrome-Associated With Kaposi Sarcoma in
Mozambique: A Prospective Study. J Acquir Immune Defic Syndr, 2009. Oct 1:
p. Epub ahead of print.
Feller L, L.J., Insights into pathogenic events of HIV-associated Kaposi
sarcoma and immune reconstitution syndrome related Kaposi sarcoma. Infect
Agent Cancer, 2008. Jan 21(3): p. 1.

