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OBJECTIVE To investigate the effect of antiretroviral therapy on trends of incidence, aetiology and
clinical outcomes of bacteraemia among HIV-infected Ugandans in a semi-urban setting.

METHODS A cohort of HIV-1-infected Ugandans aged 15 or older was followed from 2000 to 2008.
Clinical, haematological and immunological measurements were taken at 6-monthly visits. Additionally,
patients reported to outpatient clinics whenever they were ill. Patients with elevated axillary temperature
above 37.4 °C consistently triggered clinical assessment (with mandatory blood cultures) and empirical
management protocol. Daily cotrimoxazole prophylaxis and highly active antiretroviral therapy
(HAART) were introduced stepwise to eligible patients in August 2000 and February 2003, respectively.
We compared the rates of bacteraemia across five calendar periods using random-effects Poisson
regression for the effect of HAART at the population level.

RESULTS A total of 246 bacteraemia episodes (including multiple episodes) were documented among
188 individuals (crude incidence: 42.4 events per 1000 person-years; 95% CI: 35.0, 51.4). The most
common species isolated was Streptococcus pneumoniae. After adjustment for current age, clinical
characteristics at enrolment (CD4+ T-cell counts and WHO stage) and time since enrolment, the inci-
dence of bacteraemia dropped significantly when HAART was widely available compared with the
period when treatment was not available (adjusted hazard ratio: 0.17; 95% CI: 0.09, 0.35). No poor
health outcomes (death or lack of clinical response to antibiotics) after bacteraemia occurred after
complete access to HAART.

coNcLUsioNs HAART availability in a resource-poor setting substantially reduced the trends of bac-
teraemia among HIV-infected adults. This may further impact on future morbidity and healthcare costs
of HIV-infected people.

Summary
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T-cell counts. These conditions occur more frequently at

Introduction later stages of HIV disease (Brettle 1997).

Bacteraemia is a frequent complication of HIV disease. A
recent systematic review of studies in Africa showed that
bacteraemia contributed to between 10 and 38% of all
hospitalizations of patients with fever and HIV infection
was a major risk factor (Reddy et al. 2010). Conditions
predisposing HIV-infected people to bacteraemia include
abnormalities in humoral- and cell-mediated immunity,
severe neutrophil depletion and dysfunction and low CD4+
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Hospital-based studies in Africa prior to the advent of
highly active antiretroviral therapy (HAART) showed that
bacteraemia was three times more frequent among HIV-
infected than among HIV-uninfected people (Gilks et al.
1990; Vugia et al. 1993; Kassa-Kelembho et al. 2003;
Reddy et al. 2010) and five times more likely to cause
death among HIV-infected than among HIV-uninfected
patients (Arthur et al. 2001; Jacob et al. 2009). A recent
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community-based study in rural Uganda showed that
bacteraemia was 22 times more frequent among HIV-
infected patients than among HIV-uninfected patients
(Mayanja et al. 2010). Furthermore, an increase in bac-
teraemia with previously uncommon microbes such as non-
typhi Salmonella (NTS), Candida albicans, Cryptococcus
neoformans and Mycobacterium species was observed
among HIV-infected individuals (Meyer et al. 1994;
Gordon et al. 2001).

Several studies from industrialized countries (mostly
conducted in hospital-based settings) showed that HAART
greatly altered the epidemiology of bacteraemia in HIV-
infected patients (Tacconelli et al. 1998; Manfredi et al.
1999; Tumbarello et al. 2000; De Gaetano Donati et al.
2003; Meynard et al. 2003; Grau et al. 2005; Heffernan
et al. 2005; Kapogiannis et al. 2008). In these studies,
HAART resulted in 57-96% reduction in bacteraemia-
related morbidity and mortality. Uncommon microbes in
blood, such as Pseudomonas, mycobacteria and non-typhi
Salmonella, were less frequently documented after HAART
introduction (Tumbarello et al. 2000; Pedro-Botet et al.
2002; Hung et al. 2007).

Patients in poor settings, such as sub-Saharan Africa, are
more likely to have a higher burden of bacteraemia and a
different spectrum of aetiologies for bacteraemia (Grant
et al. 1997; Reddy er al. 2010). In these settings, the effect
of HAART on the epidemiology of bacteraemia and health
outcomes is not sufficiently described. Such data are still
sparse from outpatient settings where community-acquired
bacteraemias are more common, referral bias less frequent
and where the spectrum of HIV disease severity is wider
than in inpatient settings.

We evaluated the effect of HAART on the trends of
incidence, aetiology and clinical outcomes of bacteraemia
among HIV-infected Ugandan adults attending two com-
munity-based clinics in Uganda.

Patients and methods
Study population

The study population consisted of a cohort of confirmed
HIV-1-infected Ugandans aged 15 or older, living within
40 km of Entebbe, who attended one of the two outpatient
clinics. At enrolment, consenting patients had to be
clinically stable (WHO clinical stages 1-3) and willing to
participate in research/clinical trials and to attend 6-
monthly visits and interim illness visits. This cohort was
established in 1995 to explore new interventions to reduce
progression to AIDS/death and to collect information on
the morbidity and mortality among HIV-infected persons
(French et al. 2000). When mortality reduced following
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advances in patient management and the open cohort was
limited to the size of about 1000 patients, we stopped the
recruitment of new participants in April 2006. However,
prospective observations continued until December 2008
for the analysis reported elsewhere.

Patients were seen every 6 months for clinical, haema-
tological and immunological evaluation. At each scheduled
visit, patients were examined and classified according to
the WHO clinical staging systems (WHO 1993, 2005).
Blood samples were collected to determine haemoglobin
level, differential white cell and CD4+ T-cell counts. The
FACS-count method (Becton Dickinson, San Jose, CA,
USA) measured CD4+ T-cell counts, with quality control
from United Kingdom External Quality Assurance Scheme
(UKNEQAS).

In addition to 6-monthly visits, patients attended clinics
whenever they were ill. Additional specimens for microbi-
ological investigations supported definitive diagnosis. If
at any visit a patient had a temperature above 37.4 °C,
aerobic and anaerobic blood cultures were routinely
obtained whenever feasible. This procedure was consis-
tently applied throughout the study period. Prior to April
2004, brain-heart infusion and nutrient broth bottles were
used for blood cultures and subcultures were performed
under 5-10% carbon dioxide on chocolate agar and
aerobically on blood agar. From May 2004, BD BACTEC
PLUS aerobic, anaerobic and/or BACTEC Myco/F (in case
of suspected mycobacteraemia) culture bottles were used
and then processed with a Bactec automated fluorescent
blood culture system (BD BACTEC 9120; Becton Dickin-
son, BD Biosciences).

For patients with suspected bacteraemia, empirical
antibiotic therapy regimens (such as parenteral ceftriaxone
or penicillin plus gentamycin) and other supportive treat-
ment (such as antipyretics and hydration) were adminis-
tered by three trained study doctors and two nurses.
Patients also had access to free inpatient care and radio-
logical investigations at the nearby Entebbe hospital
whenever required.

From August 2000, cotrimoxazole prophylaxis was
introduced in a stepwise fashion to eligible patients at 6-
monthly visits. It was fully available to most participants
by March 2001 (Watera et al. 2006). Between October
2001 and June 2002, a conjugate pneumococcal vaccine
was given to a subgroup of 109 clinically stable patients to
assess its safety and immunogenicity in this population
(Miiro et al. 2005). Before 2003, HAART was only
available to a very small number of patients who managed
to obtain it from private sources. HAART then became
partially available to some cohort participants through the
randomized development of antiretroviral therapy (DART)
trial in February 2003 (Mugyenyi et al. 2010). Three
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hundred and seventy-four participants from our cohort
with CD4+ T-cell counts below 200 cells/ul joined this
trial and were censored at the time of joining DART. They
were prioritized for recruitment into this trial as a means of
providing them with HAART at a time when it was not
widely available. HAART later became widely available to
patients in this cohort following the national antiretroviral
therapy (ART) roll-out programme in May 2005 through
The AIDS Support Organization (TASO), Entebbe hospital
and other public outlets.

Definitions

Outcome

Patients with axillary temperature above 37.4 °C were
categorized as having experienced a febrile event. A
diagnosis of bacteraemia required at least one positive
bacterial blood culture result obtained during a febrile
episode in the absence of parasitic or fungal organisms.
Patients were categorized as having a new (recurrent)
episode if they had a positive bacterial blood culture result
after completing 2 weeks of a broad-spectrum antibiotic
therapy. Blood isolates of coagulase-negative staphylococci
were considered to be contaminated if only a single culture
yielded this organism and these were excluded from this
analysis.

A poor outcome after a bacteraemia event was defined as
death or lack of clinical response (persistent fever) to
therapy within 2 weeks after diagnosis.

HAART eligibility was defined if one of the following
conditions was met: any single WHO stage 4 event; at least
two recurrent WHO stage 3 events; a single WHO stage 3
event plus a concurrent CD4+ T-cell count <350; or CD4+
T-cell count <200 cells/ul (MoH Guidelines November
2003).

Statistical analysis

We assessed overall and species-specific incidence rates of
bacteraemia. We also assessed the rate of poor outcomes
among patients with bacteraemia. We observed individuals

Table | Calendar time periods during this study

from 1st January 2000 or the date of enrolment into this
cohort (if this occurred after this date), and patients were
considered to be at risk of bacteraemia until death, default,
date of entry into the DART trial (Mugyenyi et al. 2010) or
the end of this study (31st December 2008), whichever
occurred first. Patients were not considered to be at risk in
the 2-week period following the date of diagnosis of
bacteraemia. Time at risk was defined as the time since
enrolment into this cohort (a proxy measure for time since
HIV seroconversion) to the time of censoring. Patients
were censored if they entered the DART trial because in
this study, they were monitored more intensely (every

3 months) which limited comparison with patients in our
cohort.

Sociodemographic, biological and clinical characteristics
of patients were compared between time periods shown in
Table 1 using generalized estimating equations (Wald test),
multinomial regression with robust standard errors (Wald
test) and mixed effects linear regression (likelihood ratio
test) for binary, categorical and continuous outcomes,
respectively. The incidence of bacteraemia was compared
between time periods using random-effects Poisson
regression to allow for repeated episodes. Likelihood ratio
tests were used to evaluate the overall effect of HAART.

Analyses stratified by eligibility for HAART were also
performed to assess the effect of HAART by extent of HIV
disease progression. Eligibility was assessed at each visit. A
patient classified by a certain WHO stage remained in that
stage unless the clinical condition worsened requiring
reclassification into a higher stage.

Data were double entered using Ms Access (MS Corp,
Redmond, USA) and analysed using STATA 10.1 (Stata
Corp, Texas, USA).

Ethical considerations

Research approval was obtained from the Science and
Ethics committees of Uganda Virus Research Institute and
from the Uganda National Council of Science and Tech-
nology. Informed consent and confidentiality procedures
were adhered to.

Time periods Cotrimoxazole HAART

Pre-ART1 Partially available Not readily available
Pre-ART2 Readily available Not readily available
Interim Readily available Partially available
ART1 Readily available Readily available
ART2 Readily available Readily available

Start date End date

1st January 2000
1st March 2001
1st February 2003
1st May 2005

1st March 2007

28th February 2001
30th January 2003
30th April 2005
28th February 2007
31st December 2008

HAART, highly active antiretroviral therapy.
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Results Sociodemographic, biological and clinical characteristics of
A total of 2540 patients were observed prospectively, the cohort

contributed 7163 person-years observation (py). In total, Table 2 shows changes in the sociodemographic, biological
221 (9%) subjects contributed data to all 5 time periods; and clinical characteristics of patients over time. Impor-
131 (5%) to 4 periods; 691 (27%) to 3 periods; 825 (32%) tantly, the proportion of patients in WHO clinical stages 3
to 2 periods and 672 (25%) to 1 period. and 4 reduced by half by December 2008 and the mean

Table 2 Characteristics of patients in this study by calendar time periods

Pre-ART1 period Pre-ART2 period Interim period ~ ART1 period ART2 period

(N = 924) (N = 1056) (N = 1490) (N = 1310) (N = 1243) P-value
Characteristics at enrolment
No. (%) of men 250 (27.0) 284 (26.9) 393 (26.4) 343 (26.2) 329 (26.4) 0.907
Occupation by no. (%)*
At home 322 (34.9) 341 (32.3) 484 (32.5) 417 (31.9) 391 (31.6) <0.001
Manual Labour 412 (44.6) 467 (44.2) 703 (47.2) 622 (47.6) 566 (45.7)
Skilled Labour 134 (14.5) 149 (14.2) 217 (14 6) 197 (15.1) 168 (13 5)
Unknown? 6 (6.1) 9 (9.4) 6 (5. 0 (5.4) 114 (9.
Mean CD#4 count 401 (379, 422) 395 (375, 415) 399 (384 415) 447 (431, 464) 441 (425 457) <0.001
(95% CI)*
No.(%) at WHO 390 (43.3) 461 (44.9) 697 (48.0) 567 (44.2) 501 (40.8) <0.001
stage 3/4°
No.(%) eligible for 297 (32.1) 341 (32.3) 464 (31.1) 301 (22.3) 274 (22.0) <0.001
HAART",**
Characteristics at first visit during time period '
Mean age in years 33.6 (33.1, 34.0) 34.2 (33.7, 34.7) 35.8 (35.4, 36.2) 36.9 (36.5, 37.4) 38.7 (38.3,39.2)  <0.001
(95% CI)*
Mean time (years) since 1.5(1.4,1.6) 1.6 (1.5,1.8)  1.5(1.4,1.6) 2.0(1.9,2.2) 3.3 (3.1, 3.4) <0.001
enrolment (95% CI)*
Mean CD4 count 325 (305, 344) 310 (293, 328) 355 (340, 371) 398 (383, 412) 397 (384, 410) <0.001
(95% Cn'™
No.(%) at WHO stage 257 (30.0) 304 (31.5) 354 (26.8) 268 (21.4) 176 (16.0) <0.001
3/4;{4 %%
No.(%) eligible for HAART 589 (63.7) 685 (64.9) 890 (59.8) 740 (56.5) 812 (65.3) <0.001
No.(%) Receiving HAART 1(0.1) 2 (0.2) 47 (3.2) 231 (17.6) 586 (47.1) <0.001
Mean duration on HAART - - - 4.1(32,49) 4.8 (4.0, 5.6) 0.004+#

in months (IQR)

HAART, highly active antiretroviral therapy.

*Missing occupation for four individuals each in the ART1 and ART2 periods.

TMissing data for 16, 47, 82, 45 and 39 individuals for each of the time periods, respectively.

*Missing data for 15 20, 37, 53 and 63 individuals for each of the time periods, respectively.

SMissing data for 23, 30, 38, 27 and 15 individuals for each of the time periods, respectively.

“Eligible for ART was categorized at the first time point during follow-up that they experienced either: (i) a single WHO stage 4 event; (ii)
recurrent stage 3 events (>2); (iii) a single WHO stage 3 event and CD4 < 350; or (iv) CD4 count <250. Eligibility through CD4 count was
only assessed at routine visits, as this outcome may be influenced by acute episodes. Once an individual became eligible for ART, they
remained eligible.

**Missing data for 7, 22, 103, 99 and 86 individuals for each of the time periods, respectively.

Either the first date of the relevant time period or the first visit of the time period, unless otherwise stated.

HMissing data for 2 individuals each in the pre-ART1 and pre-ART2 periods.

$$Missing data for 1 individual in the pre-ART2 period.

Missing data for 33, 61 201, 76 and 201 individuals for each of the time periods, respectively.

***Missing data for 68, 91, 167, 59 and 140 individuals for each of the time periods, respectively.

*Missing data for 1, 2, 47, 224 and 517 individuals, respectively.

H1p.value from linear regression with robust standard errors.
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CD4+ T-cell count increased over time. The age of
participants increased during follow-up partly because of
improved survival with increased availability of HAART
and partly because of the ageing of participants in the
cohort.

The mean time since enrolment at the first visit up to
February 2003 was 1.5 years but more than doubled by
December 2008. To compensate for losses to mortality,
this open cohort continued to recruit new participants up
to April 2006 when recruitment stopped as the cohort was
consistently above the required 1000 participants over time
because of improved survival of participants.

Incidence and aetiology of bacteraemia episodes

One hundred and eighty-eight individuals experienced
246 bacteraemia episodes. Thirty subjects experienced
multiple episodes (Table 3) with two subjects experienc-
ing five episodes throughout follow-up. Accounting for
repeated measurements, the crude rate over the whole
follow-up was 42.4 events per 1000 py (95% CI: 35.0,
51.4). Poor clinical outcomes were experienced among 22
bacteraemia episodes (50.0 events per 1000 py, 95% CI:
24.4, 98.3). The crude rate of bacteraemia was similar
among men and women (35.9 per 1000 py [95% CI:
24.9, 51.7] among men vs. 43.8 [95% CI: 35.1, 54.7]
among women). The median age at the time for all
aetiologies of bacteraemia was similar for all periods
(data not shown).

The incidence and prevalence of any bacteraemia
increased from the pre-ART period to the pre-ART 2
period (which coincided with peak incidence and preva-
lence of non-typhi Salmonella after which both the

Bacteraemia in HIV-infected Ugandan adults

incidence and prevalence decreased dramatically over time
(Tables 3 and 4 and Figure 1). The most common species
was Streptococcus pneumoniae, and 103 (42%) bacterae-
mic episodes were a result of this pathogen over the entire
period. The second most common species was non-typhi
Salmonella. The aetiology of bacteraemia changed over
time: many of the species that predominated during the
pre-ART periods declined following the introduction of
HAART both in absolute numbers and in relative pro-
portions (e.g. Streptococcus pneumonia and non-typhi
Salmonella). Conversely, the absolute number of less
common species such as Escherichia coli did not decline in
absolute numbers following the introduction of HAART,
although this is among small numbers. However, the
relative proportions of these less common bacterial species
increased with time.

Effect of HAART on bacteraemia incidence

After adjustment for current age, clinical characteristics
at enrolment (CD4 count and WHO stage) and time
since enrolment, the rate of bacteraemia was significantly
lower in the ART1 period compared with pre-ART1
[adjusted hazard ratio (AHR) 0.46, 95% CI: 0.27, 0.76];
the rate decreased further in the ART2 period (AHR
0.17, 95% CI 0.09, 0.35). All poor outcomes following
bacteraemia occurred prior to complete access to
HAART (Table 4).

Whilst the overall rate of bacteraemia initially increased
prior to the introduction of HAART, the rate of Strepto-
coccus pneumoniae bacteraemia gradually decreased over
time (Figure 1), and in Table 4, it was significantly lower at
all time points following the introduction of HAART

Table 3 Prevalence of bacteraemia in this nested cohort by calendar periods

Pre-ART1 Pre-ART2 Interim
period period period ART1 period ART?2 period
(N = 924) (N =1056) (N = 1490) (N =1310) (N = 1243)
n (%) n (%) n (%) n (%) n (%)
Total number of events 39 100 55 39 13
No. of patients with any bacteraemia 34 (3.7) 77 (7.3) 50 (3.4) 36 (2.8) 13 (1.1)
No. of patients with >1 event 5(0.5) 17 (1.6) 5(0.3) 3(0.2) 0 (0)
Individual species*
Streptococcus pneumoniae 26 (66.7) 39 (39.0) 22 (40.0) 13 (33.3) 3 (23.1)
Non-typhi salmonella 5(12.8) 36 (36.0) 13 (23.6) 11 (28.2) 1(7.7)
Escherichia coli 3(7.7) 3(3.0) 4(7.3) 4 (10.3) 4 (30.8)
Staphylococcus aureus 2(5.1) 7 (7.0) 1(1.8) 1(2.6) 0 (0.0)
Mycobacterium 0 (0.0) 0 (0.0) 4(7.3) 3(7.7) 0 (0.0)
Other gram-negative bacteria 0 (0.0) 7 (7.0) 6 (10.9) 2(5.1) 0 (0.0)
Other 3(7.7) 8 (8.0) 5(9.1) 5(12.8) 5(38.5)

*Some individuals experienced more than one episode per time period.
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Table 4 Incidence of bacteraemia and clinical outcome over time

No. of events

Person-years (py)

Rate per 1000 py

Crude rate ratio

Adjusted rate ratiof

(N =2393)* observation (95% CI) (95% CI) (95% CI) P-valuet

Any bacteraemia

Pre-ART1 38 757 52.5 (36.8, 74.7) 1.00 1.00 <0.001

Pre-ART2 93 1349 76.7 (59.6, 98.8) 1.46 (0.99, 2.16) 1.40 (0.94, 2.08)

Interim 55 1541 45.8 (33.7, 62.1) 0.87 (0.56, 1.37) 0.89 (0.56, 1.40)

ART1 36 1900 23 5(16.4, 33.7) 0.45 (0.27, 0.73) 0.46 (0.27, 0.76)

ART2 13 1616 9(5.6,17.5) 0.19 (0.10, 0.37) 0.17 (0.09, 0.35)
Streptococcus pneumoniae

Pre-ART1 25 757 33.3 (21.4, 51.9) 1.00 1.00 0.001

Pre-ART2 38 1349 29.8 (20.4, 43.4) 0.89 (0.53, 1.51) 0.89 (0.52, 1.51)

Interim 22 1541 17 0 (10.7, 27.0) 0.51 (0.28, 0.95) 0.54 (0.29, 1.00)

ART1 13 1900 7 (4.3, 13.6) 0.023 (0.11, 0.47) 0.25 (0.12, 0.52)

ART2 3 1616 1 (0.7, 6.5) 0.06 (0.02, 0.21) 0.07 (0.02, 0.24)
Non-typhi salmonella

Pre-ART1 N 757 3(2.9,18.3) 1.00 1.00

Pre-ART2 34 1349 29 3(19.1, 44.9) 4.00 (1.54, 10.39) 4.15 (1.59, 10.85) 0.001

Interim 13 1541 0 (6.0 20.2) 1.50 (0.51, 4.38) 1.66 (0.57, 4.88)

ART1 11 1900 1(3.7, 13.6) 0.98 (0.32, 2.95) 1.14 (0.37, 3.48)

ART2 1 1616 8 (0.1, 5.4) 0.10 (0.01, 0.90) 0.12 (0.01, 1.06)
Outcome following bacteraemia®

Pre-ART1 N 108 46.5 (19.3, 111.6) 1.00 1.00 0.001

Pre-ART2 13 175 74.2 (43.1, 127.8) 1.60 (0.57, 4.48) 1.60 (0.57, 4.48)

Interim 4 132 30.2 (11.3, 80.5) 0.65 (0.17, 2.42) 0.65 (0.17, 2.42)

ART1 0 119 - - -

ART2 0 86 - - -

*Among those with complete data on current age, CD4 at enrolment, who stage at enrolment and time since enrolment. Missing data on

one of these variables for 151 subjects.

tAdjusted for current age, CD4 at enrolment, who stage at enrolment (as a binary variable, 1/2 or 3/4)and time since enrolment.
1P value for the overall effect of time period on the rate of bacteraemia from a likelihood ratio test.

§Among those with bacteraemia only.

—=— All bacterial

90 - infections
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70 1 pneumoniae
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Salmonella

507 & HAART roll-out
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Year

Figure | The incidence rate of bacteraemia over time.

(interim AHR 0.54, 95%CI: 0.29, 1.00; ART1 AHR 0.25,
95% CI: 0.12, 0.52; ART2 AHR = 0.07, 95% CI 0.02,
0.24). Similarly, the rate of non-typhi Salmonella decreased
significantly over the time periods and was considerably

© 201 Blackwell Publishing Ltd

lowest by December 2008 (AHR 0.12, 95% CI: 0.01,
1.06), although the number of events was very few.

As any effect of HAART on bacteraemia will only
directly affect those eligible to receive it, we stratified
analysis according to HAART eligibility. As expected, the
rate of bacteraemia was considerably higher among eligible
participants over the whole study period (adjusted rate
136.5 per 1000 py, 95% CI: 86.6, 215.1) compared with
non-eligible participants (adjusted rate 29.3, 95% CI: 14.9,
57.6). Among those not eligible for HAART, very few
bacteraemia events were observed prior to HAART avail-
ability and no events were observed following full access to
HAART.

In Table 5, the rate of bacteraemia declined consistently
following the availability of HAART and was significantly
lower in the ART1 and ART2 periods compared with pre-
ART1 (AHR 0.53, 95% CI: 0.31, 0.89 and AHR 0.20, 95%
CI: 0.10, 0.41, respectively). A test of homogeneity provided
evidence of a stronger impact among eligible participants
compared with non-eligible participants (P = 0.006).
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Table 5 Incidence of bacteraemia over time according to eligibility for HAART

No. of events Person-years

Rate per 1000 py

Crude rate ratio

Adjusted rate ratio

P value for

(N =2393)* observation (95% CI) (95% CI) (95% CI) interaction*
Eligible for ART
Pre-ART1 33 517 66.5 (45.5, 97.3) 1.00 1.00 0.006
Pre-ART2 90 982 106.6 (82.0, 138.7) 1.60 (1.06, 2.43) 1.62 (1.07, 2.46)
Interim 46 1014 58.6 (42.1, 81.6) 0.88 (0.54, 1.43) 0.95 (0.58, 1.55)
ART1 36 1255 33.9 (23.6, 48.8) 0.51 (0.30, 0.86) 0.58 (0.34, 0.99)
ART2 13 1172 13.1 (7.4, 23.0) 0.20 (0.10, 0.39) 0.23 (0.11, 0.47)
Non-eligible for ART
Pre-ART1 S 240 25.0 (10.0, 62.3) 1.00 1.00
Pre-ART2 3 367 8.5 (2.7, 26.9) 0.34 (0.08, 1.43) 0.34 (0.08, 1.46)
Interim 9 527 18.1 (9.1, 36.0) 0.72 (0.24, 2.23) 0.73 (0.24, 2.26)
ART1 0 645 - - -
ART2 0 444 - - -

HAART, highly active antiretroviral therapy.

*Among those with complete data on current age, CD4 at enrolment, who stage at enrolment and time since enrolment. Missing data on

one of these variables for 151 subjects.

fAdjusted for current age, CD4 at enrolment, who stage at enrolment (as a binary variable, 1/2 or 3/4) and time since enrolment.

P values for interaction between time period and ART eligibility.

Discussion
Incidence

In our semi-urban outpatient population, we show a steady
decrease in the incidence of bacteraemia over time

(Figure 1). The incidence of bacteraemia dropped by over
80% when HAART was fully available to patients

(Table 4). The observed effect of HAART availability on
bacteraemia was reproducible with analysis stratified by
eligibility for HAART (Table 5). Our findings complement
those from a rural Ugandan population (Mayanja et al.
2010), which reported a 70% reduction in the incidence of
bacteraemia among HIV-infected outpatients after intro-
ducing HAART. This is expected because both studies
were conducted in a similar geographical and community-
based outpatient setting. HAART was also previously
reported to reduce the overall incidence of malaria-asso-
ciated febrile episodes from 7 to 3.1 per 100 person-years
(Miiro et al. 2009).

The declining incidence of bacteraemia in the HAART
era is consistent with observations in other settings
(Tumbarello e al. 2000; Pedro-Botet et al. 2002; May-
anja et al. 2010). This is partly explained by the immune
recovery shown by the increase in CD4+ T-cell counts
following HAART (Table 2). Secondly, reduced bone
marrow suppression (such as neutropaenia) following
HIV viral load suppression and reduction in other
opportunistic infections (such as tuberculosis that may
depress the bone marrow) subsequently reduce the risk of
bacteraemia.
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However, we observed a peak incidence in bacteraemia
(Figure 1 and Table 4) which coincided with the highest
prevalence of advanced HIV disease and the lowest mean
CD4+ T-cell counts in our study population (Table 2).
This was largely because of an increase in the incidence
of non-typhi Salmonella. Similar observations prior to
HAART have been reported in other studies (Ssali et al.
1998; Arthur et al. 2001; Jacob et al. 2009; Mayanja
et al. 2010; Reddy et al. 2010). During the two pre-ART
periods, we did not observe any effect of cotrimoxazole
prophylaxis on the incidence of bacteraemia (Tables 4
and 5) as previously reported from this cohort (Watera
et al. 2006). This may be partly attributed to increased
antimicrobial resistance to cotrimoxazole: in this cohort,
52% of pneumococcal isolates and 44% of NTS isolates
were resistant to it before August 2000 (Watera et al.
2006). After August 2000, 89% of pneumococcal and
60% of NTS isolates were resistant to cotrimoxazole.
After 2003, of the 33 pneumococcal isolates analysed in
this study for sensitivity to cotrimoxazole, 32 (97%)
were resistant. Likewise, 19 (95%) of the 20 NTS
isolates were resistant to cotrimoxazole (data not
shown). Similar observations have been reported else-
where (Wininger & Fass 2002; Watera et al. 2006;
Mayanja et al. 2010).

Aetiology
The incidence of pneumococcal bacteraemia dropped by

over 90% within 4 years of providing HAART. HAART,
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therefore, presents a more sustainable way of controlling
the most frequent serious pathogen among HIV-positive
patients than pneumococcal vaccination. Recently, a
randomized trial of the 7-valent conjugate pneumococcal
vaccine among HAART-naive HIV-infected patients
showed 85% protection against invasive pneumococcal
disease in the first year but this effect dropped to below
25% by the second year (French ez al. 2010). This would
then require giving inaccessible multiple vaccine booster
doses to increase protection against pneumococcal bac-
teraemia in the absence of HAART. So, HAART not only
offers sustainable protection but also offers a more
feasible intervention, particularly in resource-limited
settings.

Consistent with what is known about bacteraemia,
Streptococcus pneumoniae and Escherichia coli can be seen
at any CD4+ T-cell count but NTS and mycobacterium
species more commonly seen at lower CD4+ T-cell counts
and they tend to disappear with improving immunological
status (Tumbarello et al. 2000; Pedro-Botet et al. 2002;
Hung et al. 2007). Prior to the advent of HAART, NTS
and other species were isolated among patients with lower
CD4 counts (below 70 cells/ul) at the time of infection
compared with patients with higher CD4 counts who had
had pneumococcal bacteraemia (data not shown). But
regardless of the aetiology of bacteraemia, the median
CD4+ T-cell counts after introduction of HAART in this
cohort were higher than in the pre-ART periods (data not
shown).

However, unlike these studies, we did not see myco-
bacteraemia among our HAART-naive patients. This is
most probably due to lack of diagnostic microbiology
services prior to 2004. With the introduction of BACTEC
Myco/F blood cultures in 2004, we saw the appearance of
mycobacteraemia in the interim and early HAART era
(Table 3). However, we did not observe any more cases in
the later HAART period possibly because of the influence
of HAART.

Mortality after bacteraemia

All poor outcomes (death or deterioration) following
bacteraemia among patients in this cohort occurred prior
to complete access to HAART (prior to 30th April 20035).
This is consistent with HAART-naive patients, where
poorer outcomes are reported among patients with more
advanced HIV disease (Ssali et al. 1998; Arthur et al.
2001; Jacob et al. 2009). No poor outcomes were reported
in the HAART era. This is consistent with other studies
(Tumbarello et al. 2000; Pedro-Botet et al. 2002; Hung
et al. 2007) that reported improved clinical outcomes
during the HAART era.

© 201 Blackwell Publishing Ltd

Strengths and limitations

The strong points of our study are the long follow-up
period with consistent procedure for obtaining blood
cultures; good quality management of data and laboratory
diagnosis; and having robust evidence from triangulation
using stratification by eligibility for HAART.

However, our study lacked HIV-negative patient
controls for comparison with HIV-infected patients.
Furthermore, this population may not have been com-
pletely reflective of the true underlying population of
HIV-infected patients in the community, as 374 severely
immunocompromised individuals with CD4+ T-cell
count <200 patients left this cohort to join the DART
trial and we stopped following them up as per protocol.
Subsequently, patients who remained in our cohort
had higher CD4+ T-cell counts. It is therefore possible
that the effect of HAART on bacteraemia is over-
estimated.

Conclusions

In conclusion, HAART considerably reduces the incidence
of bacteraemia among HIV-infected patients. The aetiol-
ogy and clinical outcomes of bacteraemia among HIV-
infected patients may become more similar to those among
the general population in the presence of HAART. This
may further impact positively on future morbidity and
healthcare costs of people with HIV.
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