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Background: We aimed to establish the characteristics of patients with confirmed Pneumocystis jirovecii pneumonia recruited by
passive, sentinel laboratory-based surveillance.

Method: The study design was prospective, observational, cross-sectional, laboratory-based sentinel surveillance. Laboratory-
based surveillance of Pneumocystis jirovecii pneumonia (PJP), formerly known as Pneumocystis carinii pneumonia (PCP), was
conducted in six South African provinces at 61 hospitals, of which 17 were sentinel sites, where surveillance officers collected
clinical and demographic data from cases. A case was defined as a patient with a respiratory tract specimen that was confirmed
positive for P, jirovecii by immunofluorescent microscopy or PCR test, either as a first diagnosis or > 30 days after the last confirmed
laboratory diagnosis of PJP. The chi-square test or Fisher’s exact test were used to compare the categorical variables.

Results: From 2006-2010, 1 537 cases of PJP were recorded. Eighty-nine per cent (460/518) were found to be human
immunodeficiency virus (HIV)-infected. This was a first diagnosis of HIV infection in 57% of the cases. The case fatality ratio was
34% (177/525). Recurrent infection was significantly more common in the 26- to 45-year age group, compared to children aged
< 5 years (odds ratio 1.7, 95% confidence interval: 1.1-2.8) (p 0.040). Treatment for tuberculosis was common in cases aged
> 5 years (37%, 85/229).

Conclusion: PJP was the acquired immune deficiency syndrome-defining illness in more than half of the patients detected
through laboratory-based surveillance. The high mortality rate and number of recurrent cases is noteworthy. This study may not
have reflected the full spectrum of clinical presentation of the disease as case report forms were only completed for hospitalised
patients at sentinel surveillance sites.
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Introduction

Pneumocystis jirovecii is an atypical fungus which causes P, jirovecii
pneumonia (PJP), formerly known as P. carinii pneumonia (PCP), in
immunocompromised individuals, most notably in South Africa
in patients with human immunodeficiency virus (HIV) infection.
Immunocompetent individuals can be colonised with P. jirovecii,
while those who are sufficiently immunocompromised may
develop clinical PJP! Before the introduction of highly active
antiretroviral therapy in the USA, PJP was the most common
opportunistic infection in HIV-infected individuals.?

During the first decade of the acquired immune deficiency
syndrome (AIDS) pandemic, PJP was rarely recorded in African
adults.? This led to the impression that PJP was relatively rare in
Africa, and to speculation that Africans might be relatively
resistant to PJP* Studies from African countries have reported
variable incidences of PJP in adult patients with HIV/AIDS, and
generally higher rates in children.>* The low prevalence reported
in one study was probably owing to under-reporting of the
cases.® In addition, tuberculosis and other opportunistic
infections may mask the presence of PJR'® and may result in
death at an earlier stage of HIV infection than PJP.

Few laboratories offer PJP testing in South Africa. Therefore, most
cases are diagnosed clinically and treated empirically."" In 2006,
laboratory-based surveillance of PJP began as part of the
activities of the Group for Enteric Respiratory and Meningeal
Disease Surveillance in South Africa (GERMS-SA) programme.™
The aim of this surveillance was to establish the characteristics of
patients with laboratory-confirmed PJP throughout South Africa
from 2006-2010.

Method

Study design and population

Public sector medical laboratories of the National Health
Laboratory Service (NHLS) serve an estimated 80% of the
population in South Africa, while services to the remaining 20%
are provided by private laboratories.'* Laboratories participating
in surveillance performed either microscopy using an
immunofluorescent antibody test (IFA) (nine public laboratories),
or PCR (one private laboratory group), to diagnose PJP. These
laboratories provided PJP tests to 61 hospitals in six of the nine
provinces. Trained surveillance officers completed standardised
case report forms at 17 of these hospitals, termed sentinel sites,
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by interviewing the patients and/or reviewing the hospital
records. The collected data included clinical and demographic
information, date of admission, HIV infection status, PJP
prophylaxis, discharge diagnosis and in-hospital outcome. HIV
infection status was determined during the current admission.
Infants aged < 1 year were tested for HIV by PCR.™ Clinical
markers of HIV infection were recorded on the case report forms.
These included the presence of chronic diarrhoea, oral
candidiasis, Kaposi's sarcoma, tuberculosis and HIV wasting
syndrome. Audits were conducted annually using the NHLS
laboratory information system to detect unreported cases, and
these were added to the surveillance database.

Case definition

A case was defined as a patient with any respiratory tract
specimen confirmed positive for the presence of P.jirovecii by IFA
or PCR test, either as a first diagnosis or > 30 days after the last
laboratory-confirmed PJP diagnosis. Recurrent disease was
defined as any patient meeting the above criteria, who had been
discharged and readmitted at least one month after the previous
episode. Only one case report form and one positive specimen
per admission was required for surveillance purposes.

Confirmation of cases

From May 2006 to December 2010, P. jirovecii-positive specimens
were verified by the Parasitology Reference Laboratory, National
Institute for Communicable Diseases (NICD). The original
specimen (respiratory samples, including expectorated orinduced
sputum, tracheal aspirate or bronchial washing), orthe concentrate
used for the IFA test, or the stained or unstained IFA slides, were
sent to the NICD. The microscopy results from other testing
laboratories were confirmed with a commercial diagnostic kit
(Light Diagnostics™ Pneumocystis carinii DFA kit, Millipore, Billerica,
USA) using immunofluorescence microscopy. All specimens that
were negative by microscopy underwent a quantitative real-time
PCR assay for the detection of P. jirovecii DNA, as previously
described.” In a few cases (129/1 836, 7%), the positive result from
the sending laboratory remained unconfirmed, mainly owing to
the nature of the original specimen provided (i.e. an inadequate
sample, or only a slide received), but were still included in the
analysis.

Statistical analysis

Continuous variables, such as age, CD4+ T-cell count (adults) or
CD4+ T-cell percentage (children) were categorised. For the
purposes of this analysis, patients were divided into four age
groups: 0-4 years, 5-25 years, 26-45 years and > 45 years. The
CD4+ T-cell count was divided into six categories: 5-50, 51-100,
101-200, 201-350, 351-500 and = 500 cells/pl. The CD4+ T-cell
percentage was divided into three groups: < 15, 15-24
and > 25%. The chi-square test or Fisher’s exact test were used to
compare the categorical variables. Two-tailed p-values of < 0.050
were considered significant. All available case information for
each variable was used in univariate analysis. Epidemiological
and laboratory data were entered in an Epi Info” database.
Analysis was performed using Stata® version 10.0.

Ethical approval

Ethical approval was obtained from the University of the
Witwatersrand Human Research Ethics Committee (Medical),
and from the ethics committees at participating sites. Interviews
were conducted with the informed consent of the patients, their
parents or legal guardians. Participants who did not consent to
participate in the sentinel surveillance were still included as part

of laboratory surveillance as demographic data and specimens
were submitted to NICD, for which ethical approval was obtained.

Results

Surveillance population

For the study period, 1 537 cases of PJP were reported to the
NICD. Of these cases, 38% (578/1 537) were from the sentinel
sites, and of these 91% (525/578) had accompanying available
case report forms for analysis. The surveillance audit showed that
98% (1 806/1 836) of all laboratory-confirmed specimens of PJP
were reported through the surveillance system.

Data from national laboratory-based surveillance

A total of 1 836 specimens, from the 1 537 cases reported, was
submitted. Most specimens were received from Gauteng (49%)
and Western Cape (21%) provinces. Specimens were also received
from Eastern Cape (10%), North West (7%), KwaZulu-Natal (5%),
Free State (4%) and Mpumalanga (3%) provinces, while less than
1% of the received specimens were submitted by Limpopo and
Northern Cape provinces collectively. Spontaneously expectorated
sputum (77%) was the most common specimen, collected
followed by tracheal aspirate (11%). The remainder of samples
included bronchoalveolar lavage (6%), nasopharyngeal aspirate
(1.6%) and gastric washing (0.1%).

Age groups and gender of patients

Age and gender data were collected for 94% of patients in this
study (1 438/1 537). Sixty-two per cent of patients across all the
age groups were female. The number and percentage of females
per age group were: 0-4 years, 294 (20%); 5-25 years, 180 (13%);
26-45 years, 823 (57%) and > 45 years of age, 141 (10%).

Figure 1 illustrates the age and gender distribution among the
cases. The highest number of cases occurred in the < 5-year age
group, of whom 97% (285/294) were infants aged < 1 year, with a
median age of 91 days (a range of 2-355 days). Sixty-four per
cent of cases (916/1 438) were adults aged 25-44 years. The
proportion of female cases was significantly higher in the 5- to
25-year age group [odds ratio (OR) 3.5, 95% confidence interval
(Cl): 2.2-5.6) (p < 0.000) and 26- to 45-year age group (OR 1.6,
95% Cl: 1.2-2.1) (p = 0.002), than in the age group of
children < 5 years. There were significantly more males in
the > 45-year age group, than in the < 5-year age group (OR 0.6,
95% Cl: 0.6-0.9) (p = 0.008).

Description of patients with confirmed Pneumocystis
pneumonia at the sentinel sites

Case report forms were available for 525 patients diagnosed with
PJP. The characteristics of these patients are provided in Table 1.
The patient profile for age and gender in cases with case report
forms at the sentinel sites was similar to those for the whole
cohort, with the exception that there was no statistical
significance in the male to female ratio for those aged > 45 years,
compared to those aged < 5 years.

Clinical diagnosis, case fatality ratios and length of
hospital stay

Most of the patients had a working clinical diagnosis of lower
respiratory tract infection (LRTI) (545/577, 94%), followed by
tuberculosis (8/577, 1%), bacterial pneumonia (6/577, 1%), PJP
(5/577, 1%) and LRTI with diarrhoea (4/577, 1%). The overall case
fatality ratio was 34% (177/525), and was significantly higher in
the 26- to 45-year age group, compared to children aged
< 5 years (p 0.004). The median length of hospital admission for
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*: Age and gender were not available for 6% (99/1 537).

Figure 1: Age and gender distribution for patients with laboratory-
confirmed Pneumocystis jirovecii pneumonia reported to the Group for
Enteric, Respiratory and Meningeal Disease Surveillance in South Africa
programme, South Africa, 2006-2010 (n = 1 438)*°

fatal PJP cases was 11 days (a range of 0-95 days), and 14 days (a
range of 0-123 days) for PJP cases who recovered. A difference in
hospital stay was not observed when those who died or survived
were compared by HIV infection status.

A comparison of HIV-uninfected and HIV-infected

cases

Fifty-eight of 518 (119%) patients were HIV uninfected. There were
significantly fewer HIV-uninfected persons in cases > 5 years old
(13/290, 4%) compared to those in the < 5-year age group (45/211,
21%) (p < 0.000). HIV-infected patients < 5 years experienced
significantly higher mortality (52/166, 31%) than HIV-uninfected
children (4/45, 9%) in the same age group (OR 4.7, 95% Cl: 1.5-
16.3) (p = 0.004). Mortality was not statistically significantly
different between cases aged > 5 years and those aged < 5 years.

Underlying immunocompromising conditions, other than HIV
infection, were recorded in 40% (18/45) of HIV-uninfected cases,
and in 18% (30/170) of HIV-infected cases, aged < 5 years (OR 3.1,
95% Cl: 1.4-6.8) (p = 0.001). Protein-energy malnutrition,
prematurity, immunosuppressive therapy and failure to thrive
were the most commonly recorded conditions in HIV-infected
cases. Prematurity and immunosuppressive therapy were
conditions reported in HIV-uninfected cases. Seventy-seven per
cent (10/13) of HIV-uninfected cases aged > 5 years had underlying
immunocompromising conditions, including chronic renal failure
and immunosuppressive therapy, compared to 20% (59/290) of
HIV-infected cases, in which lung disease, smoking and alcohol
dependency were risk factors (OR 13.1,95% Cl: 3.2-61.9) (p < 0.00).

HiV-infected cases and recurrent Pneumocystis
jirovecii infection

HIV infection status was available for 518/525 (99%) cases. The
overall prevalence rate was 89% (460/518), and was significantly
higher in the 5- to 25-year age group (p = 0.014) and 26- to 45-
year age group (p < 0.000) compared to that in children aged
< 5 years. Fifty-seven per cent (254/445) of cases had newly-
diagnosed HIV infection on admission. Within the age groups,
80% (132/166) of patients aged < 5 years, 42% (106/250) of those
aged 5-45 years, and 55% (16/29) of those aged > 45 years, were
newly-diagnosed with HIV infection on admission.

Twenty-five per cent of patients who survived initial hospitalisation
had recurrent PJP infection within a year. Recurrent infection was
significantly more common in the 26- to 45-year age group,
compared to children aged < 5 years (p = 0.043). HIV infection was
associated with recurrent PJP infection in children aged < 5 years
(62%, 23/37) (OR 2.7, 95% Cl: 1.0-7.7) (p = 0.009), but not in the
older age groups (p = 0.200).

Current antiretroviral treatment

Thirty-two per cent (170/376) of HIV-infected cases were on
current antiretroviral treatment (ART) (Table 1). Children aged
< 5 years were more likely to be on current ART (104/157, 66%)
than those in the 5- to 25-year age group (8/42, 19%) (p < 0.000)
and 26- to 45-year age group (50/159, 31%) (p < 0.001). The
history of ART and adherence to ART was not recorded.

Table 1: Characteristics of patients with laboratory-confirmed Pneumocystis jirovecii pneumonia by age using sentinel site surveillance in South Africa

from 2006-2010 (n = 525)

Age group (years)

Patient

characteristics

55(107/196)
Female Reference (< 5-year age 82(40/49)3.7 (1.7-8.0) {p
=0.001)*
group)
27 (59/220)
Case fatality ratio Reference (< 5-year age 29 (14/48)1.1 (0.5-2.4)
group)
79 (170/215)
HIV infected Reference (< 5-year age 94 (46/49)4.1 (1'1*_15'3)
(p=0.014)
group)
Recurrent infection AVEENCT e s 29(9/31)1.7 (0.6-4.1)
(< 5-year age group)
66 (104/157)Reference 19 (8/42)0.12 (0.05-0.29)

Currently on ART

(< 5-year age group) (p < 0.000)*

Note: ART: antiretroviral therapy, HIV: human immunodeficiency virus
*Statistically significant difference compared with < 5-year age group (reference)

Total

[s) 0, [+) 0, [») 0,
% (n/N) % (n/N)OR (95% Cl) % (n/N)OR (95% Cl) % (n/N)OR (95% Cl) % (n/N)
(p-value) (p-value) (p-value)

74(1 7%23%).(2)50()1 5-3.5) 0461 (((;; /_217;) 65 (328/502)
PO S o
Rl T L G
30 (46(/; 5=4()) 101 3(};;0—2.9) 229( é7£)8) 25 (100/394)
R AL
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The case fatality ratio for children aged < 5 years was significantly
lower in patients on current ART. Eighty-two per cent (80/98) of
these children survived, compared to 66% (61/93) of untreated
children (OR 2.3, 95% ClI: 1.1-5.0) (p = 0.001). There was no
significant association between mortality and ART in the other
age groups.

CD4+ T-lymphocyte count, Pneumocystis jirovecii
prophylaxis and treatment

The CD4+ T-lymphocyte count was available for 69% (247/358) of
HIV-infected cases aged = 5 years. Most cases (240/247, 97%) had
a CD4+ T-lymphocyte count < 200 cells/mm?3, and of these, 80%
(193/240) had a CD4+ T-cell count that was < 50 cells/mm?3. CD4+
T-cell percentage data were available for 72% of HIV-infected
children aged < 5 years (123/170). Half of these children (61/123)
were severely immunosuppressed (< 15%), 26% (32/123) had
evidence of moderate suppression (15-24%), while 24% (30/123)
of the children had little evidence of suppression (= 25%).

Thirty-five per cent (121/346) of cases had started cotrimoxazole
at least one week prior to admission. In-hospital treatment
information was available for 500 cases. Eighty-two per cent
(408/500) received cotrimoxazole during their current admission.
Six cases received only dapsone, and 10 cases both cotrimoxazole
and dapsone. Twelve cases were reported to not have received
any treatment for PJP, although they tested positive using IFA. Of
these cases, two died in hospital, and five of the remainder
received a concomitant diagnosis of tuberculosis.

HIV marker diseases and co-infections

The majority of children aged < 5 years (127/165, 77%) and 94%
(216/229) of cases aged = 5 years had a clinical sign of HIV
infection other than PJP. The most common HIV marker was oral
candidiasis (26%, 43/165), followed by tuberculosis (5%, 8/165),
in children aged < 5 years. The most common HIV markers in
children aged = 5 years were wasting (45%, 104/229), followed
by oral candidiasis (42%, 96/229) and tuberculosis (37%, 85/229).

Discussion

It was found in this study using national laboratory-based
surveillance for PJP that most cases occurred in infants aged < 1
year and in adults aged 26-45 years. More than a third of patients
had a concurrent infection with oral candidiasis and/or
pulmonary tuberculosis.

Spontaneously expectorated sputum was most commonly
received for PJP testing, and although not the preferred sample
type for testing, it was previously shown to be sensitive enough
to identify PJP in HIV-infected patients.” The higher number of
cases reported from Gauteng and Western Cape provinces may
be due to the clustering of academic hospitals attached to
testing laboratories in those areas. It may also be a result of
specimen-taking practices which vary between the different
academic institutions of the country, rather than a higher
prevalence of PJP in these provinces.

The high number of cases of PJP in children aged < 5 years
underscored the results of previous studies which showed that
PJP is a common AIDS-defining infection in infants in South
Africa.’ Our study demonstrated that adults aged 25-44 years
had the highest prevalence of PJP in the adult age groups, with
significantly more females affected than males. HIV prevalence
has been found to be higher in adult females than males in all
age groups in South Africa,' and this is the probable reason for
our finding.

Mixed infections with various pathogens are common in both
adult and paediatric patients,” and this may be the reason why
LRTI was the most common clinical diagnosis at discharge. The
aetiology of acute bacterial or viral infections was frequently not
sought or recorded. The diagnosis of PJP in some cases may not
have been known before discharge. The data showed that PJP
was a strong indicator of HIV infection in the absence of other
immunocompromising conditions. PJP is an opportunistic
infection, most often diagnosed in HIV-infected individuals.?
Therefore, a high prevalence of PJP was expected, reflecting
South Africa’s high HIV prevalence rate.'® Because of the
limitations of this passive surveillance system, we were unable to
determine the general population prevalence of PJP, although
the high number of patients in our series in whom PJP was an
AIDS-defining infection suggests that it is substantial. The
prevalence of PJP in HIV-infected children with acute respiratory
disease in Africa has been shown to be more than 40%,"7-"°
mostly in infants aged < 6 months,'#%2!" and PJP signals rapid
progression to AIDS and death.?? Our study confirmed this as
HIV-infected children aged < 5 years were more likely to die than
HIV-uninfected children. A high number of patients were re-
admitted to hospital for recurrent PJP. Only patients who sought
medical care in the same area as the previous episode could be
identified as having a recurrent infection. Thus, the rate of
recurrent infection may well be higher than that suggested in
this study. HIV infection was significantly associated with
recurrent PJP infection in children aged < 5 years, but not in the
older age groups. Just over a third of cases started cotrimoxazole
prophylaxis at least one week prior to admission, and 82% of
cases received cotrimoxazole on discharge. Whether this high
recurrence of PJP cases was due to inadequate treatment, failure
of prophylaxis for PJP, or failure of adherence to the medication,
is unknown.

Significantly higher case fatality ratios were recorded in HIV-
infected children aged < 5 years than in those who were HIV
uninfected, but the provision of ART in HIV-infected children was
associated with lower case fatality rates. The mortality rate
pertaining to our patients was higher than in the developed
world. This may be because of the more rapid progression of HIV
infection in developing countries, and the high number of co-
infections in individuals.** A significant difference in mortality
was not shown between patients aged > 5 years who were, or
were not, on ART. PJP was the AIDS-defining illness on admission
for more than half of the cases, suggesting delayed presentation
to the hospital and corresponding late diagnosis. Therefore,
many patients may have only recently started ART. There is a
significant risk of developing an opportunistic infection during
the initial months of starting ART,**?” and patients who start it
when their CD4+ T-cell count is < 200 cells/mm? are at a higher
risk of clinical progression to AIDS and death.”® Starting ART
under such circumstances may also lead to a worse PJP outcome,
due toimmune reconstitution syndrome.? Theimmune response
contributes to lung damage with PJP infection, and for this
reason, HIV-uninfected patients and those on current ART whose
CD4+ T-cell count increases, tend to fare generally worse than
those patients who are unable to generate an immune
response.®

Unlike the case in older children and adults, CD4+ T-cell count is
not a good indicator of risk for PJP in infants aged < 1 year. Many
young infants with PJP have a CD4+ T-cell count of > 1 500 cells/
mm?3, and the count can drop very rapidly shortly before PJP
develops in infants.>’ Two thirds of HIV-infected children aged
< 5 years were shown to be immunodeficient according to their
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CD4+ percentage, irrespective of their HIV infection status. HIV-
exposed infants born to HIV-infected mothers have lower CD4+
T-lymphocyte count which persists over time,*? making them
more susceptible to acquiring pathogenic organisms from their
immunodeficient mothers.

The failure of prophylaxis occurred in 32% of children aged <
5 years, and in 38% of adults and children aged > 5 years old.
Similar high rates of prophylaxis failure have been found in other
studies. A significant difference in the risk of contracting PJP was
not found between infants hospitalised with severe pneumonia
who received adequate cotrimoxazole prophylaxis, and those
who did not, in a study at Chris Hani Baragwanath Hospital in
Soweto."”” However, there was an association between infants
who received prophylaxis for PJP and a better outcome. Similarly,
a study performed in Zambia reported a better outcome for PJP
in children on prophylaxis.>* The same applied to HIV-infected
African adults who were on cotrimoxazole prophylaxis.>

Most of the HIV-negative patients in all the age groups had an
underlying immunocompromising condition which could
predispose them to PJP. These findings are in agreement with
those in a study from Spain.*

Study limitations

The main aim of this surveillance programme was to describe the
characteristics of patients with laboratory-confirmed PJP
throughout South Africa from 2006-2010. There were inherent
limitations to the surveillance system. Limited numbers of PJP
tests were requested by clinicians, few specimens were obtained
by induced sputum or bronchoalveolar lavage for patients
without spontaneous sputum production, testing sites were
limited to laboratories attached to large academic centres, and
data from the surveillance system were not as suitable as
population-based  surveillance for the epidemiological
monitoring of PJP in our target population. As resources for
testing are limited, clinicians often treat empirically, basing PJP
diagnosis on X-rays and clinical evaluation.*” Surveillance
through this laboratory-based surveillance network identified
approximately 270 cases of PJP per year. This number is much
lower than that for other opportunistic infections under
surveillance.3®* Patients who were tested for PJP may not reflect
the full spectrum of clinical PJP presentations, and results may be
biased towards hospitalised patients.

Despite these limitations, laboratory-based surveillance provided
us with insight into the characteristics of patients with PJP in
South Africa. The high mortality rate and number of recurrent
cases of PJP is worrying and requires further investigation. This
study has laid the groundwork for further research on the
prevalence and impact of PJP in South Africa. We initiated a
syndromic surveillance programme for PJP which enrolls patients
who are hospitalised for severe acute respiratory infections.
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