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Within South Africa (SA) (as in many other countries), 
HIV infection is a significant cause of morbidity in 
women  and their infants. In SA, 26% of pregnant 
women  are HIV-infected, and in the absence of preven
tive therapy there is a 15 - 30% risk of HIV infection in 

their infants.[1,2] Even children who are part of the prevention of mother-
to-child transmission (PMTCT) programme have an increased risk of 
HIV-related infection relative to those who are not exposed, although 
that risk is substantially reduced. Mortality in HIV-infected children 
results primarily from respiratory tract infections.[3,4] 

In children (especially HIV-infected children) with acute 
severe respiratory disease requiring endotracheal intubation and 
ventilation, a number of pathogens (including Pneumocystis jiroveci 
and cytomegalovirus (CMV)) have been isolated. (The term PCP 
(P.  pneumonia) was retained when P. carinii was taxonomically 
renamed P. jiroveci). Although there has been considerable focus on 
P. jiroveci as a cause of mortality,[5] CMV infection has been reported 
to affect nearly 90% of HIV-exposed infants,[6] especially HIV-
exposed infants with severe pneumonia. 

Admitting HIV-infected infants with severe pneumonia to an 
intensive care unit (ICU) in a resource-limited setting has created 
a number of ethical dilemmas for paediatricians, which have been 
accentuated by the historically poor outcome for these patients and 
the pressure on scarce resources.[7] However, previous reports have 
suggested that severe pneumonia can now be successfully treated 
when the mode of ventilation and antibiotic therapy is appropriate 
for all pathogens that may be present.[8] The successful management 
of PCP requires careful attention to ventilation strategies, fluid 
restriction and multiple antibiotics.[9]

Objective
To report on the progress in improving survival of HIV-exposed 
and -infected infants admitted to a PICU with respiratory failure 
and acute respiratory distress syndrome (ARDS), and to explore the 
relationship between therapeutic strategies (which have not changed 
since the previous study)[9] and patient outcomes. In addition, this 
follow-up study reports on the use of highly active antiretroviral 
treatment (HAART) initiated in the PICU.

Methods
All HIV-exposed infants admitted to the PICU at the Steve Biko 
Academic Hospital in Pretoria, SA, with respiratory failure were 
recruited into this study. Patients had to fit the diagnosis of ARDS 
as described by Bernard et al.,[8] the most important criterion being 
hypoxic acute lower respiratory tract infection with a partial pressure 
of oxygen in mmHg over fraction of inspired oxygen (P/F) ratio of 
<200. Each infant was ventilated using a strategy of high positive end 
expiratory pressure (PEEP) of 10 - 15 cm of water, a tidal volume of 
6 - 8 mL/kg and a positive inspiratory pressure (PIP) not exceeding 
30 cm of water. Tidal volume was read from the ventilator display 
despite limitations of this technique.[10,11] None of the infants was 
offered high-frequency oscillation ventilation. Total fluid intake 
was restricted to 60 - 80 mL/kg/day and delivered medication was 
specifically included in the calculation of total fluid volume. 

This prospective study of all consecutive admissions meeting 
the inclusion criteria was conducted between January 2009 and 
December 2011. Each child had a number of investigations performed 
on admission, and airway specimens were collected within 2 
hours of endotracheal intubation. Non-bronchoscopic broncho-
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alveolar lavage (NBBAL) specimens were collected for the following: 
P.  jirovecii direct fluorescent antigen detection; bacterial microscopy, 
culture and sensitivity (MC&S); viral immunofluorescent assay (IFA) 
testing using the Light Diagnostics kit (Millipore-Chemicon, USA); 
and tuberculosis (TB) auramine staining and MC&S (Aerospray 
Automatic Stainer, Wescor ELiTech Group, France). Blood testing 
was conducted for white cell count (conducted using the automated 
haematology analyser Advia 2120, Siemens Diagnostics, SA), 
C-reactive protein (CRP) (measured using an immunoturbidometric 
reaction; Beckman Coulter Synchron LX20 PRO, Beckman Coulter 
Incorporated, USA), and CMV viral load (VL) polymerase chain 
reaction (PCR) (determined using a Toga lab on Cobas Amplicor 
instrument, Roche Diagnostics, Switzerland). An HIV DNA PCR was 
carried out by means of an Amplicor HIV-1 DNA test, version  1.5 
(Roche Diagnostics). A peripheral blood volume of 2 mL was 
collected for blood culture after careful cleansing of the arm. Blood 

was immediately injected into relevant blood culture bottles. Blood 
cultures positive for growth were plated onto agar and sensitivity 
was measured using a Kirby-Bauer technique (Bactec 9240, Becton 
Dickinson, USA).

Each infant was treated at presentation with trimethoprim-
sulphamethoxazole (20  mg/kg/day of the trimethoprim component 
and 100 mg/kg/day of the sulphamethoxazole component) and oral 
steroids (1 - 2 mg/kg/day). Ampicillin and amikacin were routinely 
added at the time of admission and administered for 5 days unless a 
resistant organism was cultured, in which case appropriate antibiotics 
were administered; this is in accordance with the national guideline, 
which is based on the common organisms cultured in HIV-infected 
patients presenting with pneumonia. [12] These initial antibacterial 
antibiotics were changed to meropenem if the patient deteriorated 
after 48 hours of admission in order to treat the possibility of more 
resistant hospital-acquired organisms. Trimethoprim-sulphameth

Table 1. Pathogens isolated from blood culture, non-broncheolar lavage and viral isolates
Culture Survivors (n=43) Non-survivors (n=10) 

Blood 
14 positive blood cultures (25.4%) 4 positive blood cultures (40%)

Organisms cultured n Organisms cultured n
Coagulase-negative Staphylococcus spp. 6 Coagulase-negative Staphylococcus spp. 2

Coagulase-negative Staphylococcus spp. and 
Enterococcus faecium together

1 E. faecium 1

Streptococcus pneumonia 1 S. hominis 1

Pseudomonas aeruginosa 2 

Micrococcus spp. 1 

Micrococcus and Bacillus spp. together 2

Klebsiella pneumoniae 1 

NBBAL, bacterial and 
fungal 

16 positive cultures (37.2%) 3 positive cultures (30%)
Organisms cultured n Organisms cultured n
Candida parapsylosis only 1 C. albicans with ESBL-producing Klebsiella spp. 1

C. albicans 3 ESBL K. pneumoniae 1

Only organism isolated 2 K. pneumoniae 1

Multiple organisms with ESBL K. pneumoniae 
and A. baumanii

1

ESBL K. pneumoniae (one mixed, one  
 included)

5

Mycobacterium tuberculosis 2

K. pneumonia 3

Cultured mixed with Escherichia coli 1

E. coli 2

Mixed with Klebsiella spp. 1

Streptococcus pneumoniae 1

Viral isolates
4 positive cultures (8%) 2 positive cultures (20%)

Viral pathogens isolated n Viral pathogens isolated n
Parainfluenza 3 (one patient also had TB) 3 Respiratory syncitial virus (patient had C. albicans 

with ESBL Klebsiella spp. also isolated on sputum 
and negative blood culture)

1

Influenza A (patient also had positive 
S.  pneumoniae blood culture and multiple 
organisms cultured on NBBAL) 

1 Adenovirus 1

ESBL = extended spectrum beta lactamase producing; NBBAL = non-bronchoscopic broncho-alveolar lavage.
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oxazole was continued for 21 days and oral 
steroids for 14 days. 

In addition to these therapy standards, 
all children received intravenous ganciclovir 
(10  mg/kg/day). There are currently no 
guidelines on what constitutes CMV disease 
in the setting of CMV viral isolation. For 
the purposes of this study, CMV infection 
status was defined as follows: CMV disease: 
CMV VL >10 000 copies/mL (log>4); CMV 
infection: CMV VL 0.1 - 10 000 copies/mL 
(log–1 to log4) and CMV-uninfected: CMV 
VL negative. The value of 10 000  copies/mL 
was extrapolated from previous studies[13-15] 
and should be used together with clinical, 
radiological and laboratory support for 
CMV disease. PCR holds promise as an 
alternative diagnostic method.[16] Ganciclovir 
was continued until either CMV VL was 
<10  000  copies/mL or for 3 weeks after the 
onset of triple antiretroviral treatment (ART). 

Finally, HAART comprising lamuvidine, 
abacavir and lopinivir/ritonavir combination 
was initiated in the PICU as soon as TB was 
excluded and HIV status was confirmed 
with an HIV VL (RNA replication and 
amplification RT 2000 (Argos Therapeutics, 
USA).

Approval to conduct the study was 
obtained from the Health Sciences Research 
Ethics Committee of the University of 
Pretoria and written informed consent was 
obtained from each parent with the help of a 
qualified PICU-trained nursing practitioner. 
In the case of infants who died, permission 
for postmortem examination was requested 
from each parent.

Statistical methodology
The associations of mortality with individual 
exposure variables, on an ordinal scale, 
were assessed using Pearson’s χ2 test and 
confirmed using Fisher’s exact test; for those 
exposure variables on a continuous scale, a 
Student two-sample t-test was employed 
and confirmed using Wilcox’s rank sum 
test. Testing was done at the 0.05  level of 
significance, and those exposure variables 
that were significant at the liberal 0.15  level 
of significance were included into the 
multivariate logistic regression analysis. 
Stata 10 (eStataCorp LP, USA) was used for 
computations.

Results
A total of 88 infants with pneumonia, 
respiratory failure and ARDS were admitted 
during the study period. Four were excluded 
because data were missing and 29 were 
excluded because they were HIV-unexposed. 
Therefore, a total of 55 infants qualified for 
final analysis (Fig. 1). The mean age was 
3.7  (range 2 - 9, median 3) months. None 
of the infants in this study had received PCP 
(trimethoprim-sulphamethoxazole) prophy

laxis, but four patients were on HAART 
at the time of entry to the study. The mean 
weight for age of the study population was 
4.6 kg (z-score = –2.7), which is moderately 
underweight for age. All study children were 
HIV-exposed; 53 (96%) were HIV-infected 
with a positive HIV DNA PCR, while 2 (4%) 
were HIV-uninfected. Ten children (18%) 
died. Fifteen (27%) had P. jirovecii identified 
from an NBBAL specimen. Thirty-five 
(63%) children had a positive CMV VL, 
while 20 (27% of the total study group) had 
a CMV VL in the range determined as CMV 
disease. 

The most important outcome in this study 
was deemed to be survival and therefore 
discharge from the PICU. Each parameter or 
laboratory variable that might have reflected 
an infection on admission was analysed for 
prediction of mortality. Blood cultures were 
positive for bacterial organisms in 4 (40%) 
and 14 (25.4%) (p=0.5) of non-survivors 
and survivors, respectively. Other pathogens 
cultured on blood culture, and NBBAL 
bacterial, viral and fungal cultures are 
indicated in Table 1. These bacterial cultures 

and viral isolates, together with neutropenia 
(11.1%) and elevated CRP (15.9%) were not 
contributors to mortality (p=0.508, p=1.000, 
p=0.256 and p=0.685, respectively). 

In a multivariate analysis of the presence 
or absence of P. jirovecii, HIV VL, CD4 count, 
timing of HIV treatment initiation and 
CMV VL, no single factor was documented 
to influence mortality. Included into the 
multivariate logistic regression, based on 
a 0.15 level of significance, were CMV 
status (p=0.174), CD4 percentage (p=0.887) 
and TB identified (p=0.177). Positive 
identification of P. jirovecii per se did not 
predict mortality (p=0.419). 

There was no relationship between time to 
initiation of HAART and survival or death 
(p=0.779).

Five cases of immune reconstitution with 
CMV disease and one with TB occurred in 
the children initiated on HAART while in 
PICU (Table 2).

Discussion
Within a setting of HIV disease, mortality 
from respiratory failure in HIV-infected 

88 infants admitted to
PICU with severe

pneumonia

33 excluded

55 infants
HIV-exposed

4 excluded missing
records/data

29 excluded
HIV-unexposed

53 HIV PCR-positive
(96%)

2 HIV-exposed but HIV
PCR-negative

(4%)

10 died

43 survived

All survived

Fig. 1. Inclusion and exclusion criteria.

53 patients
HIV-positive

4 infants
already on HAART

29 HIV-positive infants
initiated on HAART in

PICU

24 infants not initiated on
HAART

4 died

25 survived

6 died

18 survived

Fig. 2. HAART initiation in infants in PICU.
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and HIV-exposed infants was 18%. This is lower than in the study 
reported for the preceding 2-year period.[9] This is believed to be a 
result of the continued attention to management strategies in these 
infants. The only additional management tool that was added in 
subsequent years was early introduction of HAART in the PICU. This 
addition would probably add benefit to survival, but this study was 
not able to explore that effect as all children received it. However, 
because of logistical issues, not all children received their HAART at 
the same time during their stay. Analysis of the timing of onset of this 
therapy, however, did not reveal significant benefit between early and 
late initiation. If it is considered that mortality often occurs early, this 
may lead to the conclusion that HAART does not confer benefit. It 
certainly, however, does not impair survival.

Unlike the previous study from this centre,[9] no specific factor 
was now shown to be associated with mortality. Two reasons for this 
phenomenon are proposed: firstly, overall mortality is now so low that 
the number of patients in identified risk groups is small; secondly it 
seems likely that the overall management plan, with all the selected 
interventions, is now contributing, in unison, to survival. The survival 
disadvantage from CMV disease identified in the previous study[9] is 
now lost. This is encouraging, as this centre has persevered with the 
use of early ganciclovir despite initial suggestions of failure of this form 
of therapy to halt mortality.[8] The important lesson in PCP, a severe 
and often fatal condition, is that the results of a single study should not 
be used to make life-saving or life-ending decisions. 

In addition to documentation of improved survival from PCP, it 
should be noted that the mode of ventilation had not changed in this 
PICU. No infant received ventilation by means of high-frequency 
oscillation (HFO). This is an important feature of this study, since 
it has been suggested that PCP with ARDS requires HFO. Survival 
despite the absence of this strategy has cost implications for a 
developing country and should be factored into national policy. 

Until such time as identification, prevention and prophylaxis 
of HIV in pregnancy is secure in the developing world, it seems 
prudent to develop a national or international guideline and policy 
on management of this condition. Currently, pneumonia guidelines 
are quiet on this issue.

A case fatality rate of 18% has been achieved through a meticulous 
approach to management of the interaction between the host 
and infection in infants with respiratory failure. This has been 
demonstrated previously.[9] In 2004, Cooper et al.[17] documented 
that HIV-infected children admitted to a PICU in London had a 38% 
mortality when every effort was made to treat such children. The 
actual mortality of these infants beyond the PICU into the first year 
of life is a subject of an ongoing study. However, all the patients in 
the Cooper et al.[17] study who were HIV-infected received ART early 

in the course of their disease, and survival to 1 year of age appears to 
be better than reported in previous studies.[18] 

It appears that in exchange for improved survival, the use of 
HAART may be unmasking immune reconstitution inflammatory 
syndrome with emergence of infectious diseases. However, those 
conditions are treatable and children survive them. 

Study limitations 
The major limitation of our study was the definition of CMV disease. 
Clearly, use of a blood measure of VL does not imply pulmonary 
disease. This fact has not escaped our attention, but, short of lung 
biopsy, actual proof of CMV infection has been difficult in previous 
studies. In addition, the close correlation between CMV VL and 
mortality must suggest that this test is identifying some disease process. 
Exactly what that disease is, is unclear from our study. Some additional 
limitations include failure to identify fully all potential pathogens 
through PCR and culture techniques. Such testing would enhance the 
diagnostic yield in our study, but would, of course, not have changed 
our therapeutic strategy as all organisms, with the exception of TB, 
were empirically treated. An attempt was also made to get postmortem 
biopsies on the 10 deaths, but permission was denied by all the parents. 
This would have given us the opportunity to observe the histology of 
the lungs in order to determine whether fibrosis was the end-stage 
pathology of patients with this form of ARDS. 

Conclusion
Respiratory failure in infants who are HIV-exposed or -infected has 
more than one aetiology, and mortality can be improved through 
multiple treatment modalities. Perseverance with ventilation and 
multiple antibiotic agents is highly successful for curing a previously 
fatal respiratory disease. The value of early HAART is difficult to 
assess but may be contributing to improved survival. At the very least 
it is not detrimental.

It remains pertinent to point out that effective antenatal care with 
diagnosis and appropriate therapy of infected mothers can virtually 
eliminate the secondary problems of HIV infection in young 
children.
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