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Abstract

Background: Cytomegalovirus (CMV) and pneumocystis Jiroveci (PIP) are common causes
of severe pneumonia in infants with human immuno-deficiency virus (HIV). Both CMV and
PIP are associated with high mortality but the prevalence and effect of CMV pneumonia co-
infection with PIP in our environment is poorly understood.

Aim: To establish the prevalence of CMV pneumonia co-infection with PIP in HIV exposed
and / or infected infants presenting with suspected PIP and the effect of such co-infection on
disease outcome.

Design: A prospective descriptive study.

Setting: Paediatric wards, Pelonomi Regional Hospital, Bloemfontein.

Subjects: Eight infants aged 2-6 months who were HIV exposed and / or infected admitted
with suspected PIP from 1st July 2009 to 151August 2009 and from 151October 2009 through
to 1st December 2009.

vn

Methods: Blood and sputum specimens were collected using aseptic techniques. These were
venous and arterial blood samples and non invasive induced sputum samples respectively. A
diagnosis of probable CMV pneumonia was assumed if the peripheral blood CMV viral load
was greater than 10,000 copies / ml together with a positive CMV result on induced sputum
using shell vial culture (SVC) test. PIP was diagnosed by indirect immuno-fluorescencce test
using induced sputum specimen.

Main outcome measured: Prevalence of CMV Pneumonia / PJP Co-infection in HIV
exposed infants presenting with signs and symptoms resembling PIP, and the effect of such
co-morbidity on disease outcome. As a secondary outcome, the influences of bactrim
prophylaxis, anti-retroviral therapy (ART) and CD4% lymphocytes on the prognosis of these
infants were also considered.

Results: The prevalence of CMV pneumonia alone was 50%, and that of CMV
PneumonialPIP co-infection was 12.5%, while PIP alone was 25%. All patients with either
CMV Pneumonia alone or PIP alone survived and were discharged home. Clinically, CMV
pneumonia / PIP co-infection had a poor outcome since the affected patient died after
prolonged mechanical ventilation and hospital stay, but this fmding was not statistically
significant ( CJ = 2.2%-47.1 %, p = 0.49).

Conclusion: CMV PneumonialPIP Co-infection is prevalent (12.5%) in our setting and
seems to carry a poor prognosis. CMV pneumonia alone is highly prevalent (50%) but under
- diagnosed. Clinically, it seems that PIP alone has excellent prognosis. It is recommended
that more research be carried out in this field over a longer period of time with larger sample
population to achieve a conclusive result.
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Chapter One: Introduction/ literature review

The emergence of human immuno-deficiency virus (HIV) infection in this era, as a

precursor to acquired immuno-deficiency syndrome (AIDS), has been described

differently in many quarters as a "plague", epidemic and man-made evil with the

obnoxious aim of bringing the world's population to extinction. The World Health

Organization (WHO) and other agencies across the globe are working relentlessly, in

many ways, in their quest to stem this pandemic and its devastating consequences.

HIV is the virus responsible for weakening the immune system, particularly the

cluster of differentiation 4 (CD4) lymphocytes causing their gradual depletion and

ultimately leading to the development of AIDS.

Paediatric HIV is mainly vertically transmitted. In an effort to curb this phenomenon,

the programme of prevention of mother to child transmission (PMTCT) was

initiated. This includes the administration of highly active antiretroviral therapy

(HAART) to the mother, elective cesarean section, early nevirapine use by the baby

up until breast feeding is stopped, and replacement feeding. 30% of pregnant women

are HIV positive at booking. Without interventions transmission rate ranges from 25-

48%. This figure could be reduced to 0% (that is 100% reduction) with appropriate

interventions (1).

The burden of this disease is enormous. It is estimated that about 33.4 million people

(adult and children) live with HIV world - wide at the end of 2008 and that about

67% of this (24.4 million) live in sub-saharan Africa. An estimated 1.4 million

Africans died from HIV in 2008. About14.l million children were orphaned by this

epidemic in 2008 and an estimated 1.8 million children were living with HIV as at

2008. Paediatric new HIV infection rate stood at 13% over the same period (2).

1

South Africa has the highest number of people living with HIV in the whole world

with about 5.3 million of the population infected, including 220,000 children below

the age of 15 years in 2008. The prevalence of HIV in South Africa was 17.5% in

2008 with children below the age of 15 years accounting for 4.2% of this figure.

310,000 people died of AIDS in 2008 in South Africa (2)



Children with HIV/AIDS are highly susceptible to different kinds of infections

which are the most important cause of death in this group. Severe respiratory

infections are particularly reported to be the most common cause of death in

HIV/AIDS patients. These include: bacterial (Strep. Pneumonia, Mycobacterium),

viral (CMV=30-40%) and fungal (P1P=38%) (3). Infants below 6 months of age are

the worst affected, due to their poor immune system and other practices like

replacement feeding instead of breast milk etc.

Pneumocystis jiroveci, previously known as Pneumocystis carinii, is the organism

responsible for P1P; a common opportunistic infections in HIV exposed and / or

infected infants. The pneumocystis genus isolated in humans is known to be a

unicellular fungus named Pneumocystis jiroveci after Dr. Otto Jirovec who (together

with his team) isolated it in humans (4).

P1P in the immune-compromised is a serious medical condition and life-threatening.

In the healthy host, infections are usually subclinical. The disease occurs almost

exclusively in severely immune-compromised hosts including those with congenital

or acquired immunodeficiency disorders, malignancies and organ transplanted

patients. IDVaffects the CD4 cells causing their gradual decline. This predisposes

the individuals to many opportunistic infections of which P1P is one of the most

serious. Normally, CD4 counts are higher in infants and young children than in

adults and decline over the first years of life. Therefore, children may develop

opportunistic infections at higher CD4 counts than adults. P1P is most commonly

seen in infants when the CD4 count declines to below 750 ceU/ul (15% of

lymphocytes) under the age of 12 months, necessitating early introduction of

prophylaxis in this age group irrespective of the CD4 count (5).

2

Cytomegalovirus is a member of the herpes family of viruses. In most people with

fully functioning immune systems, initial infection with CMV may cause only a mild

upper respiratory tract illness, but afterwards it is kept dormant. If the immune

system is destroyed as in the case of people with advanced HIV disease, it can be re-

activated. The average CD4 ceU count of people at the time they develop the first

episode of CMV is below 30cells/mm3 (6). When the host immune system is

immature (such as in the very young) or compromised (such as in AIDS), infections

can be associated with disease and the target organs includes the lungs and retina

amongst others.
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Babies acquire CMV through vertical transmissions: - In-utero (30-40%).

Perinatal (57%).

Breast milk (53%) (7).

Studies have shown that HIV infected women have a higher rate of CMV infection

and viral shedding and therefore exhibit higher transmission rate (7). The

progression of CMV infection to diseases like pneumonia is common with clinical

manifestation of CMV pneumonia occurring in 25-40% of AIDS patients before the

introduction ofHAART (8).

The intensity of CMV pneumonia is related to the severity of immune-suppression

(9). Cell mediated immunity is the most important immunologic factor in controlling

CMV infection. Therefore, patients who lack this type of immunity are completely

susceptible to CMV disease. CMV-specific CD4+ and CD8+ lymphocytes playa

major role in immune protection after primary or re-activation of latent disease.

Patients who do not have CMV - specific CD4+ or CD8+ cells (such as HIV infected

infants) are at higher risk for CMV pneumonitis (lO). This could explain why HIV

patients are targets of CMV and P1P and why this carries a very poor prognosis if

both infections co-exist in one individual with HIV infection.

In children with AIDS, persistent pneumonia is a major problem. In a study of 307

paediatric AIDS patients, disseminated CMV was found to be a common cause of

persistent pneumonia (19%) (11). In a clinical and pathological study on the cause of

death in 75 AIDS patients (as quoted in the above report), with emphasis on the role

of pulmonary disease, CMV was the most prevalent pathogen and was isolated in 44

(58.6%) patients. CMV was shown to have caused significant disease in 21 (28%) of

patients of whom 5 (6.6%) died of CMV pneumonia. In another study contained in

this same article (11), out of 54 patients who died with IDV infection, 57% had

histological evidence of CMV infection in the lung at autopsy. One half of the

patients with evidence of CMV pneumonia were thought to have died of respiratory

failure, although other causative organisms such as Pneumocystis jiroveci where also

found in most of the patients.
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In an interim report on a prospective study on the incidence of CMV infection

among 74 HIV infected and uninfected infants hospitalized in the Western Cape

Province, it was found that 48% of patients with severe pneumonia had CMV

infection, 38% had probable CMV pneumonia and 12% had PCP/CMV co-infection

resulting in a total of 31% in-hospital mortality (12). The study further revealed that

CMV was an important, yet under-recognized pathogen in infants presenting with

severe pneumonia in high HIV prevalent settings. The study had a few limitations

especially in the area of CMV diagnosis. Here nasopharyngeal aspirates were used

which have been reported to have a very low sensitivity and high chance of specimen

contamination. However, it was still a useful work as it sensitized health workers,

like us, to the incidence of an important, yet significantly under-diagnosed,

condition.

Another study published by the institute of Child Health London (2001), in which a

total of 85 infants were enrolled, showed that amongst infants with PCP, 79% were

born to mothers tested for HIV. The study found that infants with a dual diagnosis of

PIP and CMV were more likely to be ventilated and receive corticosteroids than

those with PCP alone (13).

According to a study published in 2001 in the South African Journal of HIV

medicine, CMV pneumonia had a high prevalence in HIV-1 infected South African

children in Johannesburg and contributed to mortality of between 32% and 38.8% as

confinned by lung biopsy specimen (14). Another study, referred in (14),

documented 48.8% prevalence of PIP on postmortem lung biopsies in HIV children

with severe LRTI. The study found no clinical or laboratory tests able to distinguish

between children with or without PIP.

In a prospective observational study to evaluate the outcome of 31 HIV positive

infants after 3 months of age admitted to Steve Biko Academic Hospital in Pretoria,

South Africa, with clinical PIP and using tracheal aspirates for the diagnosis of PIP

and both tracheal aspirates and blood specimens for the diagnosis of CMV

pneumonia, it was found that the mortality rate in PIP positive infants was 23.1%

and PIP negative infants 22.2% and that the prevalence of PJP/CMV pneumonia co-

infection was high. Infants who died, 7/31 (22.5%), irrespective of whether they

were PJP positive or negative had CMV pneumonia and all PIP proven cases without
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CMV pneumonia co infection survived. The average length of stay for PJP proven

patients without co-infection was shorter. The study suggested that PJP, per se, was

not necessarily a "bad" disease (15).

Several studies have shown that CMV could be isolated from the lung tissue of

patients with proven PJP, but controversy remains whether it causes morbidity or

contributes to mortality, as asserted by Tam (1999). In this paper, Tam (1999) stated

that: "the importance of pulmonary CMV infection in mv -positive patients is

controversial as CMV is often found in broncheoalveolar larvages (BAL) of these

patients without evidence of CMV pneumonia" (16). This statement is important

considering the earlier report that 19% of patients studied developed pneumonia

caused by CMV. It therefore presents a challenge for future research, including meta

- analysis, in this field in order to resolve this controversy.

According to a retrospective study by Slogrove et al in Cape Town, South Africa

(2010), the prevalence of PJP in mv exposed but uninfected infants was 37.5%

while that of CMV in the same sample population was 12.5%. CMV co-infection

was excluded in all the patients with PJP. The study found that they all had mixed

pathogens and prolonged hospital stay with a median duration of 38.5 (14-81) days.

None of the infants had primary immunodeficiency, The outcome was good as there

was no mortality in all the patients studied (17)

The development of PJP in apparently immune-competent term infants who were

HJV unexposed is rare with only about 4 cases reported by the end of the year 2000.

Few available documented cases seemed to suggest that those affected infants

usually suffer from chronic diarrhea, severe malnutrition, zinc deficiency,

necrotizing enterocolitis (NEC), and congenital CMV infection and therefore at risk

of developing PJP. They recover very well with early and appropriate treatment,

without mortality (18).

Some interventional measures by ways of prophylaxis and treatment have been

instituted in most countries to reduce the burden of both the opportunistic infections

and mv/AIDS. Co-trimoxazole (bactrim) prophylaxis and ART have been

successfully used in these regards. mv exposed infants who are uninfected have

greater morbidity and mortality than mv unexposed infants and children. Children

bom to mv positive mothers, regardless of their eventual mv status are faced with
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a high opportunistic disease burden, many of which can be prevented by timely

initiation of co-trimoxazole prophylaxis. Prophylaxis with co-trimoxazole, apart

from its effectiveness against PJP, also provides other benefits such as preventing

infections from other respiratory, urinary and gastrointestinal pathogens and even

malaria in some cases (19). A randomized controlled trial conducted in Zambia on

mv infected children showed that mortality could be reduced by about 50% and the

number of hospital admissions significantly reduced by about 23% among mv
positive children using co-trimoxazole prophylaxis (19).

In a study conducted in Cape Town, South Africa in 2000, to investigate the

incidence and associated features of PCP in African mv -infected children, Zar et al

found that co-trimoxazole prophylaxis reduced the incidence of PCP significantly.

Out of the 59 children who received co-trimoxazole prophylaxis, only one (1.7%)

developed PCP while fourteen out of the 92 (15.2%) who did not receive co-

trimoxazole prophylaxis developed PCP (20). This study also supported the National

Department of Health's recommendation that co-trimoxazole prophylaxis was

effective and should be initiated in mv positive infants from 4-6 weeks of age.

Highly active anti-retroviral therapy (HAART) could also exact a positive influence

on opportunistic respiratory infections. Zar (2008) published the incidence rate of

respiratory infections per lOO child years. Pneumocystis carinii pneumonia, bacterial

pneumonia and other respiratory pathogens were studied. The incidence rates of PCP

per 100 child years before and after HAART were 1.3 and 0.1 respectively while in

bacterial pneumonia, there was a reduction in the incidence from 11.1 before

HAART to 2.2 after HAART (21). The finding reinforced the perception that ART

should be initiated early in mv positive children to achieve a holistic care.

The incidence of respiratory infections in mv positive children vary between

developed and developing countries with incidence much lower in the developed

countries. An estimated 1.4 million women with mv give birth yearly in developing

countries and all of their babies ought to have started co-trimoxazole prophylaxis by

age 4- 6 weeks. In 2008, only about 8% of infants needing co-trimoxazole

prophylaxis had commenced treatment by latest at two months of age (22). This

prophylactic treatment had been the standard of care in developed countries for many

years and this contributed, to a larger extent, to this variation in incidence of

opportunistic respiratory infections between developed and developing countries.



Higher incidence of hunger, poverty, malnutrition and war in developing countries

also made these infants highly vulnerable to these opportunistic infections especially

PCPandCMV.

One important difficulty in establishing the absolute prevalence of CMV co-infection

with PJP in HIV positive infants lies in the enormous problems encountered in

confirming the diagnosis of both CMV pneumonia and PJP. Bronchoalveolar lavage

(BAL) has a high sensitivity and specificity, but is highly invasive and therefore not

routinely done in children. In the light of the above, the term probable CMV

pneumonia is usually applied. A PCR specimen (induced sputum and blood) is

usually used and even this has its own disadvantages (low specificity). However,

efforts were made in this study to use CMV shell vial culture on induced sputum

specimens which has a relatively high sensitivity (88.9%) and specificity (99.7%)

and at the same time, is much less invasive (23). It is pertinent to note here that these

tests need highly trained personnel and are quite expensive to perform.

In the light of the controversies and difficulties surrounding this area of study, the

prevalence of CMV/PJP co-infection in HIV exposed/infected infants was still

considered worthy of investigation as it aims to identify the burden of this disease, so

that attention and resources could eventually be proportionately diverted to it,

ultimately leading to reduction in mortality. Furthermore, CMV pneumonia increases

mortality, worsens the prognosis of PJP in infants with HIV and increases the need

for and duration of mechanical ventilation (13). If this co-infection is borne in mind,

appropriate investigations and treatments could be instituted, and it could be shown

to play a significant role in reducing mortality and morbidity in HIV

infected/exposed infants.

7

The heavy burden of HIVand associated respiratory opportunistic infections in

South Africa is equally borne by the Free State in general, and Bloemfontein in

particular. According to WHO clinical case definition in December 2005, the

prevalence of paediatric HIV infection in Bloemfontein was 14.5% (24). The

majority of patients admitted to our health facility at Pelonomi hospital,

Bloemfontein, present with respiratory signs and symptoms. According to data from

our local statistics, close to 70% of admissions are due to lower respiratory tract

infections (Pneumonia). Causative agents vary according to age of presentation.



Generally community acquired pneumonias are mostly due to bacterial causes (e.g.

Strep pneumonia), especially in the setting of an undernourished or immune

compromised paediatric population. The other potential causative agents, such as

PJP and viral pneumonias (particularly CMV Pneumonia), especially in HIV infected

infants, are suspected but very difficult to diagnose. Thus empirical antibiotic

treatments are often initiated but are not always successful in managing this specific

population of children. This lack of definite diagnosis of other causative organisms

in mv exposed/infected infants admitted with pneumonia sometimes leads to

inadequate treatment of these specific patients with, at times, prolonged hospital stay

and/or even mortality as a consequence. Heavy strain is also placed on the limited

health resources.

The goal of this study was to determine the prevalence of CMV pneumonia co-

infection in HIV exposed infants admitted with suspected PJP. It aimed at

establishing the diagnosis of CMV pneumonia and/or PIP in HIV exposed infants

and the effect of CMV pneumonia/PJP co-morbidity on disease outcome. It also

aimed at identifying the role of antiretroviral therapy and bactrim (co-trimoxazole)

prophylaxis in improving the condition of these infants.

The significance of this study rested in the fact that it created an awareness of the

existence of other possible causes of severe pneumonia in the HIV exposed/infected

babies which were mostly ascribed to bacterial aetiology with often not enough

emphasis placed on others. The study established the existence of some causes of

severe pneumonia (other than bacterial), alone or in combination, in infants that were

HIV exposed/infected and also examined the role of ART and other treatment

modalities in reducing mortality, limiting hospital stay, and obviating the need for

mechanical ventilation. It, further, underscored the need to acquire a special

diagnostic kit, locally, to promote effective and timely diagnosis of CMV

pneumonia. This study attempted to establish the prevalence of CMV pneumonia

co-infection with PJP in HIV infected infants and tested the research null hypothesis

that CMV pneumonia co-infection with PJP in HIV exposed infants does not

influence the outcome.

8

Knowledge of the prevalence of CMV co-infection with PJP would be used to

inform the planning and distribution of diagnostic and health delivery services.
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Results of the study could point to the need for the establishment of a diagnostic

laboratory in Bloemfontein that screens for CMV which in the past was done at

centralized laboratories with the resultant high costs of transport and delay in

feedback. Most importantly, knowledge of previously undiagnosed factors like

CMV pneumonia could improve the overall management of HIV exposed/infected

infants admitted with suspected P1P making it more purposeful and cost effective



10

Chapter 2: Subjects and methods

The study was a prospective descriptive study carried out in the wards of Department

of Paediatrics and Child Health at Pelonomi Regional Hospital Bloemfontein from

July 1st to so" and from September 1st through to October 31st 2009 (over a 3 month

period). It aimed primarily to determine the prevalence of CMV pneumonia co-

infection with PJP in mv exposed and/or infected infants admitted with suspected

PJP and the effect of such co-morbidity on disease outcome. The further objectives

of the study were to establish the diagnosis of probable CMV pneumonia and its co-

infection with PJP in our setting and to evaluate the influence of ART (anti-retroviral

treatment), CD4 percentage count and co - trimoxazole prophylaxis on the disease

outcome of these patients. Inclusion criteria were age 2-6 months, mv exposure and

suspected PJP on admission, while the exclusion criteria included malignant

conditions, chronic steroid medication, congenital immunodeficiency state and

infants born tomv negative mothers.

Study-specific enrolment forms to obtain consent for participation in the study were

designed and issued to parents of all infants willing to take part. They were available

during working hours and in the evenings in the wards. All communication was in

the preferred language of the parents (Sotho, Afrikaans and/or English), through an

interpreter when necessary. Details of the study were explained to the parents and a

written information guide about the study in the appropriate language was dispensed.

Parents were also given information on how to access the result if they wished to

know the outcome of the research. No financial compensation was provided for

participation and they could withdraw the participation of their child at any time.

Hospital numbers were used instead of names to guarantee absolute confidentiality.

The empirical diagnosis of PJP was made using a combination of widely accepted

clinical and biochemical (LDH) variables as explained later.

Definitions of terms:
For the purpose of this study certain definitions were formulated; namely:
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HIV exposed: This meant infants whose mothers were mv positive during

pregnancy. Babies delivered to such mothers we said to be HIV exposed.

Prolonged! hospital stay: Those patients who were admitted to our facility for

more than 10 days on treatment.

ConJfirmed!PJP: Babies were diagnosed with PJP if they had positive PJP

immuneflouresc-

ence culture on induced sputum specimen.

Probable CMV pneumonia: Babies were diagnosed with CMV pneumonia if

their blood CMV viral load was above 10, 000 copies/ml with positive SVC culture

on induced sputum specimen. The viral load cut-off was defined as the lowest level

of viraemia which was considered a positive result for diagnostic purposes. A cut-off

value of 10,000copies/ml for CMV viral load, which gives specificity and positive

predictive value of 100% was used in this research as recommended in other studies

(25). No absolute definite diagnostic test for CMV pneumonia exists and the strength

of the diagnosis rested on weighing a variety of clinical and laboratory findings such

as high risk patients, presence of signs of severe pneumonia, demonstration of CMV

(antigen or its genome) in good quantity, together with the demonstration of CMV in

alveolar cells as used in published studies (26).

Severe pneumonia: Infants presenting with:

Cough with difficulty in breathing.

Tachypnoea (respiratory rate> 50cpm).

Chest in-drawing with or without inability to drink, cyanosis or head bobbing.

Suspected! PJP: mv exposed infants with:

Hypoxia out of proportion to the clinical findings on consultation

LDH >500 iu/l

Plus signs of severe pneumonia.



Specimens

Specimens used in the study were induced sputum and peripheral arterial or venous

blood.

Obtaining specimens:

Xnd!unced!sputunm: Induced sputum specimen collection was carried out as

follows:

Patients were kept nil per os for 2 hours prior to the sampling to avoid aspiration and

thereafter nebulized with 2ml of 5% saline for 5-10 minutes prior to chest

physiotherapy (percussions, vibrations and shaking) in applicable postural drainage

positions suitable for each patient. Induced sputum samples were obtained using

Romsom suction catheters (finger tip control) size 6 (2.0mm) attached to a Thebe

Medical aspirating tube - Suki (8ml) and Hospival 350 portable suction unit with

suction pressure set between 10-20 kPa. Sterile suctioning technique, BSN medical

dressing tray and Johnson and Johnson KY lubricating jelly were also used.

12

A nasal or oral route was used. The catheter was advanced until a cough reflex was

elicited or resistance was met in the trachea. Suction was then applied whilst

simultaneously withdrawing the catheter, collecting the sample. The procedure was

repeated 2-3 times until there was a minimum of 0.5ml specimen in the Suki tube.

Portion of the specimen was transferred to a viral transport medium and sent on ice

to the laboratory for CMV shell vial culture and the remainder sent for PJP culture.

Blood! specimens: Blood analyses were done for CMV viral load, HIV PCR,

CD4 count and LDH.

8ec venous or arterial blood was collected with a butterfly "scalp vein" needle using

universal infection control measure. Adequate haemostasis was allowed after each

blood sampling. Of the 8cc of blood collected:

2cc was used for CMV PCR viral load testing,

2ce was used for HIV PCR testing,

3ee was used for CD4 count measurement and

Icc was used for serum LDH quantitative assay.



Diagnosis:

Diagnosis of CMV pneumonia: Both blood and induced sputum specimens

were used. Quantitative (viral load) and qualitative CMV PCR were done on blood

specimens and shell vial culture done on induced sputum specimen. Blood CMV

viral load above 10,000copies/ml with positive CMV shell vial culture (SVC) on

induced sputum was used as a probable diagnosis of CMV pneumonia (25, 26).

CMV Quantitative assay (viran noad):

Cytomegalovirus (CMV) viral load testing was performed by the Department of

Medical Virology, NHLS Groote Schuur, on whole blood collected in an EDTA

tube. The CMV R-gene™ kit (Argene) on the Rotorgene platform was used

according to manufacturer's instructions. This is a real-time PCR technique which

involves viral DNA extraction followed by amplification and detection using

hydrolysis probes. The results are expressed as the number of viral copies/ml and

the linear range of the assay is from 500 to 1 x 107copies/m!.

Induced sputum samples transported in viral transport medium and on ice were used

for CMV isolation using the shell vial method at the National Institute of

Communicable Diseases, Johannesburg. The D3 DFA Cytomegaolvirus Immediate

Early Antigen Identification Kit from Diagnostic Hybrids (Pro-Gen Diagnostics) was

used. Briefly, specimens were inoculation onto Hs27 cells (human foreskin

fibroblast) and centrifuged for 1 hour at 2000rpm. Following incubation at 37°C for

24-48 hours, immunofluorescent staining for CMV immediate early antigen was

performed.
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Diagnosis of PW using induced sputum specimen (Principles of the

test):

Indirect immuno-fluorescence method (also known as double antibody method) was

used. The test was performed by the Department of Microbiology, University of the

Free State (according to the package insert from the manufacturer-Axis-Shield

diagnostics limited UK). It involved the use of pre-treated induced sputum specimen



with lysis solution in the ratio of 1:10 to clear it of saliva. The sputum was then

centrifuged and washed. Pellets (sediments) were then placed on glass slides and

fixed with acetone. The specimens were now enzyme-digested. Murine anti

Pneumocystis jerovicci antibody (primary antibody) and fluorescently labelled

antimouse antibody were added in tum after incubation, rinsing, wieking and air

drying steps. Positive results were indicated by oocytes seen as medium bright to

bright apple green on a fluorescence microscope.

HIV illllfection using HIV peR test:

HIV DNA PCR testing was performed by the Department of Virology, NHLS

Universitas using EDT A blood samples. Testing was performed according to

manufacturer's instructions using the COBASoOAmpliPrep/ COBASOOTaqManOO

HIV -1 Qual Test kit form Roche Diagnostics. This is a real-time PCR technique

using the COBASoO AmpliPrep and COBASOOTaqManOOOequipment for

extraction and amplification/detection.

StatftstftcaH anaHysis
The goal of this research primarily was to determine the prevalence of CMV

pneumonia co-infection with PJP in HIV exposed infants presenting with suspected

PJP and the effect of this co-morbidity on disease outcome.
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Using such variables as shell vial culture test from induced sputum specimen and

CMV viral load test from blood specimen to define CMV pneumonia only; PJP

immuno-fluorenscence test from induced sputum specimen to define PJP only and

the combination of these three tests (SVC, CMV viral load and PJP

immunofluorescence assay) to define CMV pneumoniaIPJP co-infection, and

choosing a confidence interval of 95% (critical alpha value of 0.05), statistical

significance tests were carried out.

An Anova test and the Fisher's exact test were used to determine the statistical

significance of CMV pneumoniaIPJP co-morbidity on the above mentioned

variables.



15

Assumptions

Deliberate assumptions were made that the samples used represented the population

ofHIV exposed and/or infected infants with clinical PJP and that the induced sputum

specimen collected were all from the lungs and not from or contaminated in the

throat. Further assumptions were also made that viral load (>10 000 copies/ml) in

the blood and positive CMV shell vial culture in induced sputum signified systemic

CMV disease with probable pulmonary CMV extension



Chapter 3: Results

During the study period (July 1st to 30th and from September 1st through to October

31st 2009), 13 infants between the ages of 2 - 6 months, admitted to our institution

with clinical suspicion of PJP were enrolled for the study. This group consisted of six

males and seven females; median age 3 months (range 2-6 months). Five specimens

(38.5%) were excluded; two on grounds of error of specimen sampling, two on

account of laboratory errors and the last one was lost in transit. Laboratory results

can be viewed in table 1. The final specimens analyzed came from 8 (61.5% oftotal

subjects recruited) subjects, 6 males and 2 females, with median age of 3 months

(range 2-6 months). All were mv positive and admitted with suspected PJP (Table

1).

CMV pneumoniaIPJP co-infection was diagnosed in one (12.5%) patient while PJP

only and CMV pneumonia only were diagnosed in 2 (25%) and 4 (50%) patients

respectively (Figure 1). Two patients (25%) died; one with the co-infection above

who was ventilated and the other had none of the infections but met the inclusion

criteria (See below).

Patients were treated with high doses of intravenous co-trimoxazole (bactrim) and

oral prednisone (for those that were severely hypoxic) until clinical improvement

was achieved and only then were they switched to oral co-trimoxazole. A total of 21

days of bactrim and 14 days of prednisone treatment were given. No patient received

Gancyclovir during this period. Six patients (75%) received bactrim prophylaxis in

total: four of these six patients (67%) had CMV pneumonia only and the remaining

two (33%) were PJP culture-positive (PJP only). The one patient with CMV

pneumonia / P1P co-morbidity did not receive prophylaxis. This patient died. Fifty

percent were started on ART in the hospital ward while the other halfwas referred to

an ART centre. More details can be viewed in Tables 2 and 3.
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Impact of ART on disease outcome was also examined. One patient with PJP only,

had ART (in addition to other treatment modalities), improved and was discharged.

All four (100%) of the patients with CMV pneumonia only, received ART, improved

and were discharged. The one patient with PJP/CMV pneumonia co-infection did not

receive ART and died.
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Only one patient out of the total eight patients (12.5%) was ventilated while seven

(87.5%) had prolonged hospital stay (more than 10 days on admission and

treatment). Two patients (25%) died; one was ventilated and the other not. The latter

had no laboratory confirmation of CMV pneumonia and / or PJP but had low CD4 %

count of 6.3% and met the inclusion criteria (Table 4). The results also showed that

artificial milk feeding (formula) was the main feeding choice (62.5%) while only

37.5% of mothers breastfed their babies (see Table 3). All 3 infants that were

breastfed had CMV infection, 2 of them (67%) had CMV pneumonia only while 1

(33%) had CMV pneumonialPJP co-infection. None of the infants that were on

breast milk had PJP only.

All the patients diagnosed with CMV pneumonia only (n= 4) and PJP only (n= 2)

improved and were discharged after prolonged hospital stay (median no of days = 30

days (range = 12 to 45 days). The 4 patients that had CMV pneumonia only had a

median CD4% count of 8.2%% (range 12- 40%, average=18.8%). Two (50%) of this

CMV pneumonia group were started on ART while in the ward. The only patient

ventilated had CMV pneumoniaIPJP co infection and was not on ART, received no

bactrim prophylaxis and had a CD4% count of 2.3%. This patient had prolonged

hospital stay (more than 10 days of admission and treatment) and ultimately died.

The average CD4% count of the two patients (2/8,25%) with PIP only was 4.8% and

both of them were on bactrim prophylaxis. The outcome was good and they were

discharged home, though both had a prolonged hospital stay (11 and 15 days

respectively). Neither of them was ventilated. These results are summarized in Table

4. The group that improved (CMV pneumonia only and PJP only) had relatively

higher CD4 % count than one of the two patients that died who had co-infection

(average CD4% count 18.8% and 4.8% respectively versus 2.3%). See table 4.

The effect of CMV pneumonia / PJP co-morbidity on disease outcome/mortality was

analyzed using Anova test and Fisher's exact test and showed no significant

difference (p= 0.49). The role of bactrim prophylaxis in reducing PJP incidences

and that of ART in influencing outcome also showed no significant difference (p=

0.07 for both cases). The clinical impression was that the prognosis of PJP alone or

CMV alone was good and that that of PJP/CMV pneumonia co-infection was less

favourable. See Table 4.



CD4%gUIDt LDH(uJl) ~

35.1 779

18.2 770

19.0 883

12.0 503

29.00 580

4.4 663

40.0 843

6.3 554

10.0 1979

2.3 1080

5.1 693

2735

13.3 955

Table 1: Cytomegalovirus pneumonia co-infection with PJP in BN exposed infants.

Laboratory results

Nr rJr rCR (sputum) CMV qUill (blood) CMy vim! IQlld(copieslm!) CMV SyClspuluml

negative positive 58,95 positive

negative negative

positive positive 2,800 positive

negative positive 12,600 positive

negative positive 17,100 negative

negative positive 380700 positive

10 positive positive 2980100 positive

II positive negative negative negative

12 negative negative negative

13 negative positive 130100 positive

Key to table I: .... _. = Rejected or lost specimen
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Table 2: Drug treatments of the patients studied, their average CD4% count
and the outcome.

Beetrim prophylaxis ART Average CD4% count Outcome

PJ)' only (n=2) 2(100%) 1(50%) 4.8% discharged

CMV only (n=4) 4(100%) 3(75%) 18.8% discharged

CMVIPJP (n=l) 0(0%) 0(0%) 2.3% died

19



20

Table 3: Frequency table showing the Occurrence of the variables

Variable Frequency (n) Percent (%)

BI'
FF
BM
SAIW
RA
VENT
PHS
DlW

6 75
62.5
37.5
50
50
12.5
87.5
25

4
4
I
7
2

Abbreviations: BP= Bactrirn prophylaxis, FF= Formular feed, BM= Breast milk, SAIW= Started ART in the ward, VENT. = Ventilated, PHS=
Prolong -ed hospital stay, DIW= Died in the ward.



Table 4: Summary of the entire research findings

Variables CMV!PJP CMVonly PIP only CMV!PJP (-
ve)

(n=1) (n=4) (n=2)
(n=1

Average CD4% count 2.30 18.80 4.80 6.30

Average no. of days 24 30 13 9
In hospital

Mechanically ventilated yes No No No
(n=l)

Started on ART in hospital No 2 (50%) 1 (50%) No
(n=3).

Bactrim prophylaxis No 4 (100%) 2 (100%) No
(n=6)

Breast feeding 1 (25%) 2 (75%) 0 0
(n=3)

Outcome Died Discharged Discharged Died

Key to table 4: CMV!PJP= CMV pneumonia!PJP co-morbidity.
CMV= CMV pneumonia.
CMV!PJP (-ve) = CMV!PJP negative = patient without any of the three disease entities based on

Laboratory results

21
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Figure 1: Pie chart illustrating prevalence of CMV pneumonia only, PJP only
and CMV pneumonialPJP co-morbidity.

Neither CMV/PJP= No laboratory confirmation of either CMV or PJP.

PJP only, n=2,

25%
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Chapter 4: Discussions, Conclusions and Recommendations

This study has analyzed data from a descriptive study with a limited number of

subjects, with the aim to investigate the prevalence of CMV pneumonia co-infection

with PJP in HIV exposed and / or infected infants admitted with suspected PJP and

the effect of such co-morbidity on disease outcome. In addition to the above, the

study also attempted to provide answers to other relevant questions regarding the use

of ART, PJP prophylaxis with bactrim and the extent of involvement and impact of

CMV pneumonia and / or PJP on the affected infants with a given CD4% count.

Our results showed that prevalence of CMV pneumonia / PJP co-infection in HIV

exposed infants presenting with suspected PJP in the setting of the research

(Pelonomi Hospital Paediatric wards) was 12.5% while that of PJP was 25%. These

figures, when compared with the findings made available in the interim report in

Cape Town study on Cytomegalovirus infection in HIV positive infants hospitalized

with severe pneumonia, showed some differences. Their study found 16% incidence

of PJP / CMV pneumonia co-infection and 86% PJP. We only found 12.5%

prevalence ofPJP / CMV pneumonia co-infection and 25% prevalence ofPJP in our

study. Although the Cape study used nasopharyngeal aspirates, which have a lower

specificity and sensitivity (15) as opposed to induced sputum, it still found a higher

incidence of CMV pneumonia / PJP co-infection and PJP. The Cape study did not

indicate whether those patients studied used some modifiable factors such as co-

trimoxazole prophylaxis and ART or not, which could influence the results.

UNAIDS, 2009 update report (2) showed that, co-trimoxazole prophylaxis could

reduce the incidence of PJP in HIV infected infants while failure to use co-

trimoxazole increases the incidence. Zar et al (20) reported some reduction in the

incidence ofPJP with the use of ART. It is possible that the subjects studied were not

on ART, while most of our subjects were started on ART in hospital. The Cape

Town study, again, did not indicate whether the subjects had primary immune

deficiency disorders, organ transplant or prolonged use of immune-suppressive

medications. All these could render their study population vulnerable to

opportunistic infection (like PJP), thereby leading to high incidence. Our study was

designed to exclude these as confounding factors.
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The prognosis of the only patient with co-infection was very poor as he eventually

died after a prolonged hospital stay and mechanical ventilation. This was in total

agreement with the Cape study and also concurred with the conclusion made by the

Institute of child health, London report, which suggested that CMV pneumonia / PJP

co-infection carries a worse prognosis, requiring prolonged hospital stay and

mechanical ventilation (13).

Although our clinical impression seemed to suggest that CMV pneumonia / PJP co-

infection carry a less favourable prognosis, it could not be concluded that CMV

pneumoniaIPJP co-infection was responsible for the death since there was no

statistical evidence to support this argument, and furthermore, the second patient that

died in our study was HIV uninfected and did not have laboratory evidence of either

CMV pneumonia or PJP, although he met our inclusion criteria. More research is

needed in this area with larger sample size. However, as the results suggested,

CMV IPJP co-infection, clinically, led to a less favourable outcome in the one patient

that had both infections. This could also be ascribed to the severe Immune-

suppression with overwhelming dual opportunistic respiratory infections.

In our study, the clinical impression was that PJP (when it occurs in isolation) did

not carry a poor prognosis, and occurred less commonly than CMV pneumonia. The

majority of patients enrolled in the study were on bactrim prophylaxis against PJP

and this might have contributed to the finding of low prevalence of PJP relative to

CMV pneumonia. Furthermore, the low sensitivity of the methods used in

diagnosing PJP could exert some influence on the reported outcome. PJP was

diagnosed using indirect immune - fluorescence assay of induced sputum specimen

which has a higher yield than nasopharyngeal aspirate specimen with low sensitivity

that could be less than 50% (9) and therefore not always reliable in ruling out PJP. A

negative PJP culture result on induced sputum does not absolutely exclude PJP (27).

Therefore, the low prevalence of PJP found in this study could possibly be attributed

to two factors: The use of bactrim prophylaxis and the low sensitivity (but highly

specific) of the method used in isolating Pneumoncystis jirovici. In general, it

seemed that PJP alone, as an opportunistic infection in HIV infected infants did not

carry a bad prognosis. As shown in table 1, all patients diagnosed with PJP only

(25%) survived and were discharged home. Although they did not require

mechanical ventilation, they fell within the category of those with prolonged hospital

stay (13 days only). This prevalence of PJP (25%) and the good prognosis of the

condition supports the finding in the Steve Biko adacemic hospital study that "P JP is



not a bad disease" (15); but that has not always been our experience -perhaps the

CMV co-infection was missed.

Out of a total of five patients with CMV infection (62.5%), four (80%) had CMV

pneumonia only while one (20%) had co-infection. When the total number of cases

studied (8 cases) is taken into account, this figure translates into 50% CMV only

pneumonia and 12.5% CMV pneumonia / PJP co-infection. This was the highest

prevalence rate amongst all the three variables studied, but none of them was treated

either with Gancyclovir or ventilated and all survived, though with prolonged

hospital stay. This high rate of survival could be attributed to their relatively high

CD4% count (average 18.8%) compared to the average CD4% count of 2.3% and

4.8% in the groups that had co-morbidity and PJP only respectively (Table 4). It

could, therefore, be inferred from this finding that high CD4% count possibly

protects against some opportunistic infections, especially CMV pneumonia. Their

survival/fairly good prognosis could also be ascribed to the use of ART as one half

of the CMV pneumonia patients were started on ARV therapy during admission.

This highlighted the need for early introduction of ART in all HIV infants who are

diagnosed with CMV pneumonia.
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CMV infection is vertically transmitted (utero, perinatal and breast milk).

Interestingly, in this study, all the infants that were breastfed had CMV pneumonia

(Table 4). This figure sharply contrasted with the 53% transmission rate reported in

literature (7). Several factors could be responsible for this: first, the viral load of the

mothers of babies used in our study could be high and consequently lead to high

transmission rate which culminated in the high incidence rate obtained. Second, low

CD4% count and delay in initiation of ART could also be contributing factors as it

had been shown that the use of ART could reduce the rate of acquisition of

opportunistic infections in this group of patients (21).

The findings of this study, though not statistically significant, seemed to suggest that

CMV pneumonia/PJP co-infection carries a less favourable prognosis and that

bactrim prophylaxis and ART were important contributors to the improvement in the

conditions of the patients based on clinical impressions. This study underscored the

need to acquire a special diagnostic kit locally to prompt effective and timely

diagnosis and management of these conditions.



Limitations

One of its greatest limitations was the small size of the sample used since it might

not be a true representation of the population under study. Furthermore, the study,

being descriptive, only provided a snapshot. Different results may have been

obtained if the study was conducted over a longer period. The lack of follow-up

could also be considered, although, not part of the study.

The diagnosis of CMV pneumonia and PJP could also be a source of error in the

study. No clear cut diagnosis of CMV pneumonia or PJP could have been possible

without open lung biopsy. Until such time a new technology becomes available, the

diagnosis of CMV pneumonia and PJP would continue to pose a diagnostic dilemma

and enormous potential limitations to any study involving those fields. In other

words, there are no convenient acceptable methods of confinning the diagnosis

presently. However, despite this particular limitation, this study used the available

technology (shell vial culture, viral load estimation on peripheral blood leucocytes)

to arrive at the most acceptable diagnosis possible.

26
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Conclusions

It would appear from the results that:

o CMV pneumonia alone is common (50%) but under diagnosed.

o CMV pneumonia / PJP co-infection is prevalent (12.5%) in our setting and

carries a poor prognosis.

o Clinically, it seems that PJP alone has excellent prognosis.

More studies need to be carried out in this field over a reasonable length of time

with larger sample size.
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Recommendations

Based on the above findings, the investigator suggests the following

recommendations:

1. Every HIV infected infant presenting with severe pneumonia should be

investigated for possible CMV pneumonia and / or PJP.

2. Diagnostic laboratory for CMV infection be established in the Free State to ease

cost and enhance the speed of diagnosis and management of affected patients.

3. All HIV infected infants with CMV pneumonia / PJP be started on ART.

4. All HIV exposed infants should be started on co-trimoxazole prophylaxis from

4-6 weeks of age.

5. More research should be carried out in this field of CMV pneumonia IPJP co-

infection over a longer period of time with larger sample population.
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Appendix ].: Data Sheet.

CytomegalloviJrlUls lPnnelUlmonniaco-innfectionn innmv exposed innfants
Data Connection Sheet

Demographic information

Date of admission: ______ ,/2009
dd mm

Date of birth:
dd mm JY

Age: __ months, weeks

Sex: male/female

Treatment before admission

Prevent mother to child transmission (PMCT): Yes/No
Bactrim Prophylaxis: Yes/No
Feeding after birth:

Current:
Previous admission:

Management in hospital

Subject nr:

PMnr:

32
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Special investigations

HIVPCR _

CD4 Count% _

CMV PCR (blood) _

CMV SVC (Induced sputum) _

LDH _

PJP Culture (Induced sputum) _

Outcome
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Appendix 2: Informed Consent.

Informed COHllsellit (ENGLISH VIERSION)

ICONSENT TO PARTIClPATE IN RESEARCH!

Patient's initials & Surname:

Patient's date of
birth: .

STUDY: Cytomegalovirus pneumonia co-infection inmv exposed infants
admitted with clinicallPJP pneumonia to Pelonomi Regional Hospital

You have been asked to participate in a research study.
You have been informed about the study by .
You have been informed about any available compensation or medical treatment if
injury occurs as a result of study-related procedures;
Please note that by completing this form you are voluntarily agreeing to participate
in this research study. You and your infant will remain anonymous and your data
will be treated confidentially at all times. You may withdraw your infant from this
study at any given moment during the completion of the form/procedure.
You will not be penalized or lose benefits if you refuse to participate or decide to
terminate participation.
If you agree to participate, you will be given a signed copy of this document as well
as the participant information sheet, which is a written summary of the research.
The research study, including the above information has been verbally described to
me. Iunderstand what my involvement in the study means and Ivoluntarily agree to
participate.
There are no risks involved to your infant with regards to the procedures of drawing
blood and collecting stomach aspirates except for minor bleeding and perhaps a little
local irritation of the nasal passages.
You may contact the department of Paediatrics at 051 405 3151 any time if you have
questions about the research or if you are injured as a result of the research.

You may contact the Secretariat of the Ethics Committee of the Faculty of Health
Sciences, UFS at telephone number (051) 4052812 if you have questions about your
rights as a research subject.

Signature of Participant Date

Signature of Witness
(Where applicable)

Date

Signature of Translator Date
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Appendix 3: Information Guide.

Study title: The prevalence of Cytomegalovirus pneumonia co-infection in HIV
exposed infants admitted with clinical Pneumocystis Jiroveci pneumonia.

Dear intended participant,

I am doing research on the above subject area. Research is just the process to learn
the answer to a question. In this study Iwant to learn how common a specific lung
infection which is caused by a virus (called cytomegalovirus pneumonia) is in HIV
exposed babies. These babies must be admitted in Pelonomi Hospital with a severe
lung infection {pneumonia} called Pneumocystis jiiroveci pneumonia. This is a
study involving research and not routine care. The study will assist us in treating
small babies who may develop severe disease of the chest {lower respiratory tract}.

Invitation to participate: I am asking for your permission to include your child in
this research.

What is involved in the study: When you decide to include you child in this study
we will take blood and some fluid from his/her throat. This will be sent to a
laboratory to determine whether a specific virus is present or not. These samples will
just be taken once and this will be the end of your child's participation in this study.
A total of at least 20 subjects are expected to participate in the study and every
race/nationality can participate.

Risks: No major risks or side effects are expected in the study. However, in the event
of any unforeseen negative effect during procedures, our emergency trolley and
personnel are on standby to handle such cases.

Benefits: None attached

Participation is voluntary, and refusal to participate will involve no penalty or loss
of benefits to which your child is otherwise entitled; he/she may discontinue
participation at any time without penalty or loss of benefits to which he/she is
otherwise entitled.

Confidentiality: Efforts will be made to keep personal information confidential.
Absolute confidentiality cannot be guaranteed. Personal information may be
disclosed if required by law. Organizations that may inspect and/or copy the
research records for quality assurance and data analysis include groups such as the
Ethics Committee for Medical Research etc.

The results of this research will be published without names and copies made
available at the Department of Paediatrics, Universitas Hospital, Bloemfontein.

Contact details of researcher - for further information/reporting of study-related
adverse events, contact Dr.A.O Ogugua. Dept of Paediatrics, Universitas hospital
Bloemfontein. Phone: 0514053181.

Signed.
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