
Bloodstream infections (BSIs) are a major cause of 
illness in HIV-infected persons. To evaluate prevalence of 
and risk factors for BSIs in 2,009 HIV-infected outpatients in 
Cambodia, Thailand, and Vietnam, we performed a single 
Myco/F Lytic blood culture. Fifty-eight (2.9%) had a clinically 

signifi cant BSI (i.e., a blood culture positive for an organ-
ism known to be a pathogen). Mycobacterium tuberculosis 
accounted for 31 (54%) of all BSIs, followed by fungi (13 
[22%]) and bacteria (9 [16%]). Of patients for whom data 
were recorded about antiretroviral therapy, 0 of 119 who 
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had received antiretroviral therapy for >14 days had a BSI, 
compared with 3% of 1,801 patients who had not. In mul-
tivariate analysis, factors consistently associated with BSI 
were fever, low CD4+ T-lymphocyte count, abnormalities on 
chest radiograph, and signs or symptoms of abdominal ill-
ness. For HIV-infected outpatients with these risk factors, 
clinicians should place their highest priority on diagnosing 
tuberculosis.

Bloodstream infections (BSIs) are a major cause of ill-
ness in HIV-infected persons. A series of studies, most 

of which were conducted in sub-Saharan Africa during the 
1990s, demonstrated a high prevalence of BSIs (ranging 
from 10% to 63%) among hospitalized HIV-infected per-
sons who had fever (1–17). In studies that measured clinical 
outcomes, the in-hospital death rate for patients with a BSI 
was high (19%–47%). A variety of pathogens cause BSIs 
in febrile, hospitalized persons with HIV, most notably 
non-Typhi Salmonella spp. (6%–15%) and Mycobacterium 
tuberculosis (2%–19%). BSI with M. tuberculosis appears 
to be particularly lethal, causing death during hospitaliza-
tion in up to 47% of patients (9). Although untreated BSIs 
are believed to lead rapidly to severe illness, sepsis, and 
death, patients with BSIs may be able to be identifi ed before 
they are ill enough to require hospitalization, potentially 
improving clinical outcomes. Despite the large number of 
studies that have evaluated BSIs in HIV-infected persons, 
all previous studies have focused on patients seeking care 
at hospitals because of fever and did not evaluate infections 
among outpatients with or without fever.

Although overall transmission rates have declined 
and antiretroviral therapy (ART) has become more wide-
ly available, HIV infection remains a major public health 
problem in Southeast Asia (18). Previous studies of BSI in 
Southeast Asia enrolled only inpatients, and only 1 evaluat-
ed a predominantly HIV-infected population (1,19–21). In 
this study, we prospectively enrolled patients from multiple 
HIV testing and treatment clinics in Cambodia, Thailand, 
and Vietnam to assess BSI prevalence, etiology, and risk 
factors in outpatients with HIV.

Methods

Enrollment and Specimen Collection
From September 2006 through July 2008, HIV-infect-

ed persons were enrolled consecutively from community 
outpatient facilities that perform HIV counseling, testing, 
and clinical care: 4 clinics in Cambodia (2 in Băntéay Méan 
Cheăy Province, 1 in Bătdâmbâng Province, 1 in Phnom 
Penh); 1 in Bangkok, Thailand; and 3 in Ho Chi Minh City, 
Vietnam. At each facility, HIV-infected persons who came 
to the clinic during the enrollment period were screened 
for eligibility and, if eligible, were offered enrollment. The 

enrolled group comprised both persons newly diagnosed 
with HIV and persons previously diagnosed with HIV, 
some of whom were receiving ART. Patients were asked 
to participate in the study regardless of the presence or ab-
sence of symptoms or prior suspicion of clinical illness. 
Patients were eligible for the study if they had documented 
HIV infection and were >6 years of age. Because the study 
was designed primarily to evaluate different strategies for 
diagnosing tuberculosis (TB) in HIV-infected persons, pa-
tients were excluded if they had undergone TB screening 
with chest radiograph or sputum smears in the previous 3 
months and if they had taken medications with anti-TB ac-
tivity within the past month (22).

After providing written informed consent, patients un-
derwent a standardized interview and physical examination, 
chest radiograph, and blood testing for complete blood cell 
count and CD4+ T lymphocytes. Patients were asked about 
a broad range of symptoms and exposures during the past 
4 weeks. Trained phlebotomists obtained 5 mL of blood 
and directly injected it into Myco/F Lytic bottles (Becton 
Dickinson, Franklin Lakes, NJ, USA). Bottles were kept 
at room temperature and shielded from light, then trans-
ferred to a centralized laboratory, where they were placed 
into an automated blood culture instrument (BACTEC 
9050/9120/9240 system; Becton Dickinson).

The human subjects review committees at Centers for 
Disease Control and Prevention (Atlanta, GA, USA) ap-
proved the study. Collaborating institutions in each country 
also approved it.

Specimen Processing
A detailed description of processing and testing of the 

nonsputum specimens has been published (22). Myco/F 
Lytic bottles were incubated for 42 days in a BACTEC 
9050/9120/9240 instrument. Cultures fl agged as positive 
by the instruments were removed, acid-fast bacilli (AFB) 
smears were carried out, and specimens were subcultured 
onto blood agar plates. AFB-positive cultures were subcul-
tured onto 2 Lowenstein-Jensen media slants. AFB-nega-
tive Myco/F Lytic cultures that had growth on blood agar 
plates underwent bacterial or fungal identifi cation. Blood 
cultures <42 days old with no organisms found on smear 
and blood agar plates were returned to the instrument. All 
Myco/F Lytic cultures were removed after 42 days, visu-
ally inspected for growth, subcultured onto 2 Lowenstein-
Jensen slants, incubated for an additional 3 weeks, and then 
discarded. Cultures positive for M. tuberculosis were iden-
tifi ed by using the niacin production and nitrate reduction 
tests. Nontuberculous mycobacteria (NTM) were speciated 
by using high-performance liquid chromatography or the 
Genotype Mycobacterium CM/AS assay (Hain Lifescience, 
Nehren, Germany) (23).
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Data Analysis
Blood cultures were classifi ed as negative, positive for 

a likely contaminant, or positive for a clinically signifi cant 
pathogen. Because only 1 blood specimen for culture was 
drawn from each patient, the identity of the organism was 
used as the only criteria for determining whether the blood 
culture result was due to contamination or a clinically sig-
nifi cant pathogen (24,25).

We calculated proportions and medians to describe 
patient characteristics and calculated bivariate odds ratios 
(ORs) and 95% confi dence intervals (CIs) to analyze fac-
tors associated with clinically signifi cant BSI. To calculate 
adjusted ORs for clinically signifi cant BSI, factors signifi -
cant in bivariate analysis at p<0.05 and factors hypothe-
sized a priori to be associated with BSI were entered in a 
multiple logistic regression model, and a fi nal model was 
chosen through stepwise automated variable selection. We 
assessed all factors for colinearity; for colinear factors, we 
retained the factor that had largest OR and that we judged 
to be most clinically meaningful. For the bivariate analy-
sis, we analyzed only observations with complete (non-
missing) data; for the multivariate analysis, we created a 
separate missing values stratum for 3 variables (CD4 cell 
count, hemoglobin level, leukocyte count) to maximize the 
number of observations in the fi nal model. Analyses were 
conducted by the same approach to evaluate independent 
clinical predictors of mycobacterial, bacterial, and fungal 
BSI. All analyses were conducted in SAS version 9.1 (SAS 
Institute, Cary, NC, USA).

Results

Enrollment
Of 2,115 patients evaluated, 2,013 (95.2%) were eligi-

ble for the study; of eligible patients, 2,009 were enrolled. 
Reasons for ineligibility included current or recent TB treat-
ment (87 patients), use of medications with anti-TB activity 
in the past month (5), recent TB screening (3), age <7 years 
(2), and other or missing reasons for noneligibility (5).

Patient Characteristics
Almost half (945 [47.0%]) of the patients enrolled were 

from Cambodia. Median age was 31 years (interquartile 
range [IQR] 27–38); 1,019 (50.7%) patients were male. A 
clinically signifi cant BSI was found in 58 (2.9%) patients 
and a contaminant in 131 (6.5%). M. tuberculosis caused 
31 (54%) BSIs; 13 (22%) BSIs were caused by fungi, 9 
(16%) by bacteria, and 5 (9%) by NTM (Table 1).

Risk Factors for BSI
In bivariate analysis, a large number of symptoms, 

signs, chest radiography fi ndings, and laboratory studies 
were associated with BSI (online Appendix Table, www.

cdc.gov/EID/content/16/10/1569-appT.htm). BSI was as-
sociated with recent diagnosis of HIV infection, which we 
defi ned as receipt of an HIV diagnosis within the 14 days 
before enrollment, to account for delays between initial di-
agnosis and visit to an HIV clinic (OR 1.80, 95% CI 1.06–
3.05). The 1 sign or symptom most strongly associated with 
BSI was temperature >38◦C, which was documented in 25 
(43%) patients with BSI compared with 5% of those with-
out BSI (OR 13.58, 95% CI 7.78–23.68). CD4 cell count 
was strongly associated with BSI. The median CD4 count 
for patients with a BSI was 15 cells/mm3 (IQR 8–50), com-
pared with 261 cells/mm3 (IQR 102–405) for those without 
a BSI (p<0.01). Of patients with BSI, 50 (86%) had CD4 
count <100 cells/mm3, including 44 (76%) with a CD4 
count <50 cells/mm3. Only 5 (9%) patients with BSI had 
CD4 count >200 cells/mm3. Of enrolled patients, 83 (4%) 
had a temperature >38°C and a CD4 count <100 cells/mm3. 
Of these, 21 (25%) had a BSI, including 14 caused by my-
cobacteria (13 M. tuberculosis and 1 NTM) and 7 caused 
by fungi. The characteristic that was most protective was 
receipt of ART. Of patients for whom data were recorded 
about receipt of ART, 0 of 119 who had received ART for 
at least 14 days had a BSI, compared with 3% of 1,801 
who did not receive ART or who had started ART <14 days 
previously (OR 0).

In multivariate analysis, several factors were signifi -
cantly associated with BSI. These factors were loss of ap-
petite, nausea or vomiting; temperature >38°C, oral hairy 
leukoplakia, CD4 count <100 cells/mm3, anemia, leukocy-
tosis, and paratracheal adenopathy or a miliary pattern on a 
chest radiograph (Table 2).

Risk Factors for Mycobacterial, Fungal, 
and Bacterial BSIs

When we restricted the multivariate analysis to dif-
ferent subsets of BSI, we found that several factors were 
independently associated with mycobacterial BSI: shaking 
chills, diffi culty breathing, diarrhea, temperature >38°C, 
leukocytosis, thrombocytopenia, paratracheal adenopathy 
or miliary pattern on the chest radiograph, and receipt of 
an antibiotic drug other than co-trimoxazole (Table 2). The 
only independent predictors of bacterial BSI were jaundice 
and self-report of fever in the previous 24 hours. No factors 
were statistically signifi cant in the analysis of fungal BSI.

Discussion
In this large study of HIV-infected persons in South-

east Asia, 1 in 35 outpatients had a BSI; the highest prev-
alence was in patients with low CD4 counts and clinical 
signs of infection. M. tuberculosis remains one of the most 
common causes of BSI in HIV-infected persons who live in 
resource-limited settings. In all analyses performed, several 
factors were consistently associated with BSI: self-reported 
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fever or documented elevated temperature, low CD4 count, 
abnormalities on chest radiograph, and signs or symptoms 
of abdominal illness.

BSI correlated strongly with immunosuppression. In 
fact, 10% of outpatients with HIV and CD4 count <100 
cells/mm3 had a BSI, a prevalence similar to that seen in 
a previous study of febrile, HIV-infected inpatients in 
Thailand (6). No patients who received ART had a BSI, 
consistent with the observation from other settings that 
highly active ART may reduce the incidence of bacteremia 

in HIV-infected persons (26–28). M. tuberculosis was the 
most frequent pathogen isolated in our study, fi ndings con-
sistent with studies that have shown that undiagnosed TB 
disease is common in patients with newly diagnosed HIV-
infection and that the invasiveness of TB increases with 
declining CD4 cell counts and with the absence of ART 
(29–31). These fi ndings are particularly valid in countries 
with a high incidence of TB, such as Thailand, Cambodia, 
and Vietnam; in these 3 countries, the estimated incidence 
is >140 TB cases (all forms) per 100,000 persons (32). We 
found that strong predictors of M. tuberculosis BSI in-
cluded clinical features that suggest pulmonary TB, includ-
ing diffi culty breathing and adenopathy or a miliary pat-
tern shown on a chest radiograph. In an analysis published 
separately, we demonstrated that the incremental yield of 
blood culture for detecting TB was extremely low in HIV-
infected persons who have 3 sputum specimens cultured 
on liquid media (22). Our study, therefore, further supports 
the World Health Organization policy of focusing on pul-
monary, rather than extrapulmonary, TB case fi nding and 
of recommending routine, regular TB screening for HIV-
infected patients (33).

More than one fi fth of all BSIs were attributable to 
fungi, but we were unable to identify any clinical character-
istics independently associated with fungal BSI. Because 
cryptococcosis and penicilliosis are commonly associated 
with advanced immunosuppression and have high death 
rates if left untreated, further studies are needed to improve 
case fi nding for and prevention of these infections (34,35). 
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Table 1. Clinically significant organisms isolated from cultures of 
blood samples from 2,009 HIV-infected outpatients from 
Thailand, Cambodia, and Vietnam, September 2006–July 2008 
Organism No. (%), n = 58 
Mycobacteria 36 (62) 

Mycobacterium tuberculosis 31 (86) 
M. avium-intracellulare 3 (8) 
M. simiae 1 (3) 

 Non-tuberculous mycobacteria not identified 1 (3) 
Other bacteria 9 (16) 
 Non-Typhi Salmonella spp. 2 (22) 

S. cholerasius 3 (33) 
Pseudomonas spp. 1 (11) 
Neisseria spp. 2 (22) 
Escherichia coli 1 (11) 

Fungi 13 (22) 
Cryptococcus neoformans 6 (46) 
Penicillium marneffei 5 (38) 
Histoplasma capsulatum 1 (8) 

 Non-albicans Candida spp. 1 (8) 

Table 2. Multivariate analysis of risk factors for clinically significant BSI caused by mycobacterial or other bacterial infection in HIV-
infected outpatients, Thailand, Cambodia, and Vietnam, September 2006–July 2008* 

Characteristic
Adjusted odds ratio (95% CI) for BSI 

Any pathogen† Mycobacteria‡ Bacteria§
CD4 cell count <100/mm3 5.8 (2.5–13.7) 11.2 (3.0–41.3) –
Female sex 0.4 (0.2–0.9) – –
Fever in past 24 h – – 4.7 (1.2–17.6) 
Loss of appetite in past 24 h 2.0 (1.0–3.9) – –
Nausea or vomiting in past 24 h 2.5 (1.2–5.0) – –
Shaking chills in past 24 h – 3.1 (1.1–9.1) –
Difficulty breathing – 4.1 (1.5–11.1) –
Diarrhea in past 24 h – 4.2 (1.6–11.3) –
Jaundice – – 12.5 (1.4–112.3) 
Ever injected drug – – –
Temperature >38°C 3.2 (1.6–6.3) 5.7 (2.1–15.4) –
Heart rate >100 bpm – – –
Oral hairy leukoplakia 2.8 (1.4–5.7) – –
Hemoglobin level <12 g/dL 4.8 (2.0–11.7) – –
Leukocyte count >12 × 103/μL 3.7 (1.4–9.3) 15.3 (4.9–48.2) –
Thrombocyte count  <100,000 cells/μL – 7.0 (1.8–27.6) –
Paratracheal adenopathy on chest radiograph 5.0 (2.1–11.6) 11.3 (3.7–34.3) –
Miliary pattern on chest radiograph 6.0 (1.8–19.5) 14.2 (3.4–58.6) –
Took antimicrobial medication other than cotrimoxazole – 5.1 (1.6–16.8) –
*BSI, bloodstream infection; CI, confidence interval; bpm, beats per minute; –, variable was not included in the model. 
†1,961 patients in final model. 
‡1,944 patients in final model. 
§1,961 patients in final model. 
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In contrast, we found that self-reported fever and the fi nd-
ing of jaundice on physical examination were strong pre-
dictors of bacterial infection. The reasons for an association 
with jaundice are unclear, but the association is consistent 
with our fi nding that most bacterial infections were of en-
teric origin. Symptoms of abdominal illness, such as loss of 
appetite and nausea or vomiting, also were associated with 
BSI caused by any pathogen. Our fi nding that non-Typhi 
Salmonella spp. infections were the most common bacte-
rial infection in HIV patients is consistent with results of 
other studies and provides further evidence that efforts are 
needed to prevent invasive salmonellosis in HIV-infected 
persons, through improvements in food and water safety 
and the development of new vaccines (36).

Our study has several limitations. First, we collected 
only 1 blood culture per patient and used only 1 type of cul-
ture media, which potentially reduced the sensitivity for de-
tection of bacteremia (37). This limitation is a likely expla-
nation for the lack of Streptococcus pneumoniae detected 
in our study. Invasive pneumococcal disease is a common 
cause of bacteremia in HIV-infected patients throughout 
the world, but S. pneumoniae is challenging to isolate from 
blood. In addition, 12% of study patients were receiving 
co-trimoxazole preventive therapy, and our study was con-
ducted among outpatients, a population less likely to have 
undiagnosed severe disease caused by a virulent pathogen, 
such as pneumococcus. Although other investigators in 
Southeast Asia have found similarly low pneumococcal 
isolation rates and have speculated that this is attributable 
to low incidence, at least 1 high-quality study demonstrat-
ed that the incidence of invasive pneumococcal disease in 
Thailand is similar to that in other regions (19–21,38).

A major strength of our study, however, is that, un-
like all previous studies, which were conducted at single 
referral hospitals, our study was conducted at multiple ur-
ban and rural clinical facilities in 3 countries. Thus, our 
results can be broadly generalized to HIV-infected patients 
throughout Southeast Asia.

Mycobacterial, fungal, and bacterial BSIs remain a 
major health problem for HIV-infected persons in South-
east Asia. Any HIV-infected outpatients (regardless of 
whether they have newly diagnosed HIV, are newly seek-
ing care, or are already receiving care) who report experi-
encing fever or abdominal symptoms in the previous day, 
have a temperature >38◦C or jaundice on physical examina-
tion, or have a chest radiograph demonstrating paratracheal 
adenopathy or a miliary pattern, have a high likelihood of 
a BSI, particularly if their CD4 count is <100 cells/mm3. 
In such patients, blood culture, when available, should be 
performed immediately to facilitate diagnosis and acceler-
ate access to treatment of BSI. Regardless of blood culture 
availability, clinicians should place their highest priority on 
early diagnosis and treatment of pulmonary TB. Ultimate-

ly, increasing use of ART most likely will have the greatest 
effect on reducing BSIs.
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