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Introduction 

 Despite the availability of highly effi cacious 
 treatment for tuberculosis (TB), it is still the most 
common bacterial infection, affecting over a third 
of the world ’ s population, the majority of whom live 
in sub-Saharan Africa [1]. Since the beginning of 
the human  immunodefi ciency virus (HIV) and 
acquired  immunodefi ciency syndrome (AIDS) pan-
demic, the  incidence of TB has dramatically 
increased in resource-constrained countries, which 
has  overstretched the already burdened health 
resources [1,2]. Currently TB is the most common 
cause of death in HIV infection, especially in sub-
Saharan Africa [3,4]. 

 The diagnosis of TB among HIV-infected indi-
viduals is a challenge, due to atypical presentation of 
pulmonary TB (PTB) or extrapulmonary manifesta-
tions that are diffi cult to diagnose using conventional 
methods [5]. A study in Tanzania showed that 15% 

of ambulatory HIV-infected individuals have active 
TB and 29% of these presented with sub-clinical dis-
ease [6]. This suggests that many HIV-infected indi-
viduals are unaware that they harbour the disease 
and therefore increase the risk of TB transmission. 

 In the past 20 y, voluntary counselling and testing 
(VCT) programmes have helped millions of indi-
viduals to learn their HIV status, and evaluations 
have shown that they are cost-effective and effi ca-
cious in motivating and promoting behaviour change 
[7,8]. Therefore there is a great potential of tapping 
into the successes of VCT centres in the management 
of HIV, by incorporating screening for TB, so that 
VCT centres could serve as entry points for the early 
detection of  TB. 

 We investigated the extent of HIV, TB presenta-
tion and value of different methods of TB diagnosis 
and the associated risk factors among VCT attendees 
in Dar es Salaam, Tanzania.  

                        ORIGINAL ARTICLE    

 Tuberculosis in HIV voluntary counselling and testing centres in 
Dar es Salaam, Tanzania      

    PATRICIA J. MUNSERI 1,2 , MUHAMMAD BAKARI 1 , KISALI PALLANGYO 1   &  
ERIC     SANDSTROM  2    

  From the   1  Muhimbili University of Health and Allied Sciences, Dar es Salaam, Tanzania, and   2  Karolinska Institutet, 
Sodersjukhuset, Stockholm, Sweden                              

 Abstract 
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the success of VCT centres by incorporating TB screening. The aim of this study was to determine the extent of TB and 
TB/HIV co-infection among VCT centre attendees. We enrolled 1318 consecutive subjects from 2 VCT centres in Dar es 
Salaam. The diagnosis of TB was based on evidence of Mycobacterium tuberculosis in sputum or tissue aspirates following 
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 Materials and methods 

 This study was conducted in Dar es Salaam, the 
commercial capital city of Tanzania with an estimated 
population of 3.5 million. 

 Enrolment initially began at Muhimbili Health 
Information Centre (MHIC) established in 1995 in 
the Muhimbili National Hospital grounds. This was 
one of only 2 VCT centres in Dar es Salaam where 
voluntary HIV testing was offered at the start of the 
study, and thereafter recruitment continued at Mnazi 
Mmoja VCT centre in the town centre. Both VCT 
centres are  ‘ stand-alone ’  (having no direct affi liation 
with the hospital where the VCT centre is located). 
Services offered by these facilities included provision 
of VCT to self-reporting individuals and manage-
ment of sexually transmitted infections. Fees for ser-
vices were less than a dollar per visit or free for those 
who could not afford it.   

 Study subjects 

 Consecutive individuals aged 8 y and above, attend-
ing the 2 VCT centres between 1 November 2002 and 
31 January 2003 were enrolled. Individuals who were 
not residents of Dar es Salaam were excluded from 
the study. Interviews were conducted with all con-
senting subjects by one of the authors (PJM). Infor-
mation collected included: socio-demographic data, 
reasons for attending the VCT centre, detailed history 
of current and past symptoms related to TB and HIV, 
and physical examination fi ndings. Data obtained 
were recorded in a structured questionnaire.   

 Diagnosis of HIV 

 All subjects received pre-HIV test counselling that 
was performed by a nurse counsellor. Then periph-
eral blood was collected by a laboratory technician 
for rapid HIV testing using Capillus HIV1/HIV2 
(Cambridge Diagnostics) and confi rmed by Deter-
mine (Abbott) at the respective VCT centre. Discor-
dant samples were confi rmed by ELISA HIV Ag/Ab 
(Vironostika) at the African Medical Research Foun-
dation laboratory in Dar es Salaam, Tanzania.   

 Diagnosis of TB 

 A total of 3 sputum samples were obtained using 
the World Health Organization recommended spot – -
morning – spot method in subjects presenting with 
cough at the VCT centre. The spot – morning – spot 
method requires the patient to provide a sputum 
sample when fi rst seen at the clinic ( ‘ spot ’ ); the patient 
is then provided with another sputum container to 
collect a sputum sample the following morning 

( ‘ morning ’ ). As the patient returns to the clinic to 
deliver the second sputum sample, a third sputum con-
tainer is provided for a spot sputum sample ( ‘ spot ’ ). 

 The investigator (PJM) performed an excision 
lymph node biopsy on all subjects with accessible 
palpable peripheral lymph nodes, and aspiration was 
performed for deep-seated lymph nodes. Chest radi-
ography was performed in all HIV-infected subjects 
and in those who presented with a cough of  � 2-week 
duration. Two radiologists independently interpreted 
the radiographs. The investigator (PJM) also per-
formed pleural and peritoneal biopsies on subjects 
with pleural effusion and ascites, respectively, follow-
ing fl uid aspiration. All procedures were done at the 
Muhimbili National Hospital. 

 At the National TB Reference laboratory in Dar 
es Salaam, sputum, lymph node aspirates, and smears 
from lymph node biopsies were examined by trained 
laboratory technicians for acid-fast bacilli (AFB) using 
Ziehl – Neelsen (ZN) stain and were also cultured on 
Lowenstein – Jensen (LJ) medium for 8 weeks. 

 All tissue biopsy samples obtained were sent for 
histological examination for TB at the Central Pathol-
ogy Laboratory of Muhimbili National Hospital, Dar 
es Salaam, Tanzania. Aspirated pleural and peritoneal 
fl uid was examined for proteins at the Biochemistry 
Laboratory, Muhimbili National Hospital.   

 Criteria for TB diagnosis 

 The diagnosis of PTB was made according to the 
Tanzania National TB Guidelines, when a subject 
had positive sputum for AFB by ZN stain or positive 
Mycobacterium tuberculosis culture, or met 2 of the 
following criteria if both sputum smear and cultures 
were negative: (1) cough, fever and night sweats for 
2 or more weeks not responding to antibiotics; (2) 
independently interpreted abnormal chest radio-
graphs suggestive of TB; (3) clinical improvement 
following trial with anti-tuberculosis therapy as rec-
ommended by the Tanzania National TB Treatment 
Guidelines. 

 The diagnosis of extrapulmonary TB was made 
according to the National TB Guidelines, when a 
subject had positive AFB by ZN stain of respective 
tissue samples or fl uid or the presence of M. tuber-
culosis in tissue or fl uid in LJ medium, or met 2 of 
the following if both AFB stain and culture were 
negative: (1) presence of any of the following: fever, 
night sweats, involuntary loss of body weight, cough 
of  � 2-week duration, pleuritic chest pain, diffi culty 
in breathing, presence of lymph nodes, abdominal 
distension, or signs of pleural effusion, ascites or mat-
ted lymph nodes; (2) presence of caseous necrosis 
with granuloma formation in histological sections; 
(3) protein-rich fl uid aspirates (exudate)  � 30 g/l.   
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 Treatment 

 All subjects diagnosed with TB were referred to the 
TB clinics and were commenced on standard anti-
tuberculosis treatment according to the Tanzanian 
National TB and Leprosy Control Programme, con-
sisting of rifampicin, isoniazid, pyrazinamide and 
ethambutol daily for 2 months during the intensive 
phase, followed by a continuation phase with isoni-
azid and ethambutol administered for 6 months. 

 All HIV-infected subjects were referred to 
Muhimbili HIV clinic for care and treatment.   

 Ethical approval 

 The Muhimbili University College of Health Sci-
ences Ethical Review Committee approved all aspects 
of this study. Informed consent for participation in 
the study was obtained from individual respondents 
and parents/guardians of subjects who were under 
18 y of age. Additionally assent was obtained from 
study subjects who were aged under 18 y.   

 Statistical analysis 

 Data were analyzed using Epi Info version 6 (Epi 
Info, Centers for Disease Control and Prevention, 
Atlanta, GA, USA) and SPSS version 11 (SPSS Inc., 
Chicago, IL, USA) statistical packages. Comparison 
of proportions was made using the Chi-square and 
Fisher ’ s exact test when the expected value in a cell 
was less than 5. Double-sided  p -values of  � 0.05 were 
considered to be statistically signifi cant. Odd ratios 
(OR) and the 95% confi dence intervals (CI) for each 
variable were estimated by univariate and multivari-
ate forward logistic regression analysis. Variables 
were entered into the model if  p   �  0.05 and removed 
from the model if  p   �  0.1.    

 Results 

 Between November 2002 and January 2003, a total 
of 1318 of 1330 (99%) eligible subjects were enrolled 
in the study. Twelve subjects refused to participate in 
the study because they were in a hurry as they had 

No TB 
1217 (95.1%) 

HIV-infected 279/1217 
(23%)

TB diagnosed 
63 (4.9%) 

HIV-infected 44/63 (70%)

Unknown TB status 
1280 (97.1%) 

HIV-infected 323/1280 
(25%)

Known TB 
38/1318 (2.9%) 

HIV-infected 24/38 (63%) 

Participants 
1318

HIV-infected 347 (26%) 

PTB
52 (82.5%) 

HIV-infected 37/52 (71%) 

EPTB
10 (15.9%) 

HIV-infected 6/10 (60%) 

PTB and EPTB 
1 (1.6%) 

HIV-infected 1/1 (100%) 

Peritonitis 
1 (10%) 

HIV-infected 0 (0%) 

Adenitis
5 (50%) 

HIV-infected 5 (100%) 

Pleuritis
4 (40%) 

HIV-infected 1/4 (25%) 

  Figure 1. Flow chart detailing recruitment and TB presentation.      
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scheduled other appointments and only needed to 
know their HIV status. Thirty-eight (2.9%) subjects 
had been diagnosed with TB before coming to the 
VCT. The median age of study subjects was 28 y 
(range 8 – 65 y) for females and 31 y (range 8 – 80 y) 
for males. 

 Twenty-two subjects were children aged 8 – 15 y; 
14 (64%) were females. Of the 22 children, 12 (55%) 
were brought to the VCT because it was suspected 
that a parent had died of HIV and the rest had a 
recurrent illness. 

 Half of the study subjects had a secondary or 
higher level of education. A signifi cantly larger pro-
portion of females were unemployed compared to 
males (28% vs 4%,  p   �  0.001). Although half of the 
study subjects were single, a signifi cantly larger pro-
portion of females were widowed compared to males 
(8% vs 3%,  p   �  0.001). 

 The majority of the study subjects ( n   �  830, 
63%) who sought VCT services were self-referred. 
Reasons for attendance included fear of being HIV 
infected ( n   �  415, 50%) for the following reasons: a 
positive HIV test or recent death of a spouse or bio-
logical parent suspected to be due to HIV, a promis-
cuous spouse, unprotected sex and multiple sexual 
partners, and illness of a child or spouse. In 280 
(34%) study subjects the reason for attendance was 
curiosity as to their HIV status, while 135 (16%) 
were tested for HIV because of a recurrent illness. 

 Four hundred and eighty-eight (37%) were 
referred for VCT services by religious leaders, embas-
sies or employers. 

 Of the 109 study subjects who presented to the 
VCT with a cough, 49 (45%) were tested because of 
a recurrent illness and 40 (37%) were tested because 
the attending medical doctor suspected that the 
study subject might be HIV-infected and hence 
referred him/her for VCT. Twenty (18%) were tested 
as they were just curious about their HIV status.  

 HIV among study subjects 

 Out of 1318 subjects who visited the VCT centres, 
347 (26%) tested positive for HIV. On the other hand, 
out of the 38 subjects who presented with TB at enrol-
ment, 24 (63%) were HIV-infected. Among subjects 
with HIV infection, the median age was 30 y (range 
8 – 53 y) for females and 36 y (range 8 – 67 y) for males. 
The prevalence of HIV increased with age, with a peak 
at 26 – 35 y for females and 36 – 45 y for males. 

 As shown in Table I, there was a signifi cantly 
higher proportion of HIV-infected females ( n   �  213, 
31%) compared to males ( n   �  134, 22%);  p   �  0.001. 
HIV was more prevalent in the less educated ( ‘ no 
formal education or primary education ’ ) compared 
to subjects with a secondary or college education 

(36% vs 17%,  p   �  0.001) and among the unem-
ployed compared to the employed (42% vs 26%, 
 p   �  0.001). 

 Among males, a higher proportion of polygamous 
males (57%) were HIV-infected, while among 
females, a higher proportion of previously married 
 ‘ widowed or divorced ’  (59%) were HIV-infected. 
However, following multiple logistic regression anal-
ysis, being female was not associated with an increased 
risk for HIV (OR 1.2, 95% CI 0.95 – 1.71;  p   �  0.09) 
when controlling for education, occupation and mar-
ital status (Table II). 

 An increase in the level of education was associ-
ated with a decreased risk of acquiring HIV. 
The odds ratio for HIV was higher among those with 
no formal education compared to those with a 
college education (OR 4.9, 95% CI 1.58 – 15.40;  
p   �  0.006). 

 Similarly, the risk of HIV was higher among 
unemployed subjects compared to students (OR 2.5, 
95% CI 1.27 – 5.13,  p   �  0.008) and among the 
 previously married  ‘ widowed or divorced ’  compared 
to the unmarried (OR 5.1, 95% CI 3.30 – 7.75; 
 p   �  0.001).   

 TB among study subjects 

 The point prevalence of TB was 7.7% ( n   �  101) 
among the 1318 study subjects who attended the 
VCT centres. The reasons for testing among the 101 
subjects with TB were recurrent illness in 47 (46.5%), 
curious of their HIV status in 18 (17.8%), and fear 
of being HIV-infected in 35 (34.6%). 

 Of the 101 with TB, 38 (37.6%) had been diag-
nosed with TB prior to the VCT centre visit and 
came for HIV serostatus evaluation only. All sub-
jects who were required to provide sputum samples 
returned on the second day to provide the morn-
ing and spot samples for TB evaluation. As shown 
in the fl ow chart (fi gure 1), the remaining 63 (62%) 
subjects were ultimately diagnosed with active TB at 
the VCT centres. Among the 63 subjects who were 
diagnosed with TB at the VCT centres, PTB was 
the most prevalent presentation, accounting for 83% 
( n   �  52) of all TB diagnosed at the VCT centre. 
Of the 52 PTB subjects, 20 (38%) were sputum 
smear-positive and culture-positive and 15 (29%) 
were sputum smear-negative and culture-positive. 
The remaining 17 (33%) subjects were diagnosed 
 clinically and radiologically. 

 Of the 63 subjects who were diagnosed with TB, 
44 (70%) were HIV-infected and 19 (30%) were 
HIV-uninfected; among those with PTB, 37/52 
(71%) were HIV-infected. 

 In contrast to HIV, the overall prevalence of TB 
was higher in males compared to females (10% vs 



  Table I. Socio-demographic characteristics of study subjects in relation to HIV and TB status.  

Characteristic

Females,  n  (%) Males,  n  (%)

HIV-infected 
( n   �  213)

TB 
( n   �  41)

Total 
( n   �  696)

HIV-infected 
( n   �  134)

TB 
( n   �  60)

Total 
( n   �  622)

Median age (range), y 30 (8 – 53) 30 (15 – 53) 28 (8 – 65) 36 (8 – 67) 31 (10 – 80) 31 (8 – 80)
Age groups, y
 8 – 15 4 (2) 1 (2) 14 (2) 5 (4) 2 (3) 8 (1)
 16 – 25 41 (19) 5 (12) 234 (34) 14 (10) 11 (18) 136 (22)
 26 – 35 97 (46) 23 (56) 298 (43) 44 (33) 24 (40) 283 (46)
 36 – 45 57 (26) 6 (15) 118 (17) 49 (37) 17 (28) 133 (21)
 46 – 55 14 (7) 6 (15) 30 (4) 18 (13) 5 (8) 47 (8)
  � 55 0 (0) 0 (0) 2 (0.3) 4 (3) 1 (2) 15 (2)
Level of education
 None 15 (21) 3 (7) 31 (4) 6 (4) 4 (7) 15 (2)
 Primary 120 (56) 31 (76) 311 (45) 85 (63) 44 (73) 277 (45)
 Secondary 75 (35) 7 (17) 331 (48) 41 (31) 11 (18) 285 (46)
 College 3 (1) 0 (0) 23 (3) 2 (1) 1 (2) 45 (7)
Occupation
 Student 8 (27) 2 (5) 90 (13) 5 (4) 3 (5) 70 (12)
 Unemployed 83 (39) 27 (66) 195 (28) 8 (6) 4 (7) 22 (4)
 Employed 122 (57) 12 (29) 411 (59) 121 (90) 53 (88) 521 (84)
Marital status
 Single 64 (30) 10 (24) 355 (51) 48 (36) 31 (52) 357 (57)
 Monogamous 84 (39) 20 (49) 227 (33) 59 (44) 25 (42) 209 (34)
 Polygamous 11 (5) 2 (5) 22 (3) 12 (9) 1 (2) 21 (3)
 Widow/divorcee 54 (25) 9 (22) 92 (13) 15 (11) 3 (5) 35 (6)
Reasons for testing
 Fear of HIV 80 (38) 15 (37) 255 (37) 35 (26) 20 (33) 160 (26)
 Curiosity 69 (32) 8 (19) 128 (18) 46 (34) 10 (17) 152 (24)
 Recurrent illness 50 (23) 18 (44) 64 (9) 45 (33) 29 (48) 71 (11)

Referred by priest, 
employer or 
embassy

14 (7) 0 249 (36) 8 (6) 1 (2) 239 (38)

  TB screening in Tanzania   771

6%,  p   �  0.013). The median age of those with TB 
was 30 y (range 15 – 53 y) for females and 31 y (range 
10 – 80 y) for males. 

 As with HIV, there were signifi cant differences in 
TB prevalence in relation to level of education. TB 
was more prevalent in the less educated  ‘ no formal 
education or primary education ’  subjects compared 
to those with a secondary or college education (12% 
vs 3%,  p   �  0.001). Similarly the prevalence of TB 
was higher among the unemployed compared to the 
employed (14% vs 7%,  p   �  0.001). 

 Following logistic regression (Table III), the risk 
for TB was higher in males (OR 3.4, 95% CI 1.96 –
 5.73;  p   �  0.001), the unemployed (OR 2.4, 95% CI 
1.31 – 4.41;  p   �  0.005) and in the HIV-infected (OR 
6.7, 95% CI 4.18 – 10.7;  p   �  0.001).   

 Extent of TB/HIV co-infection 

 TB/HIV co-infection was found in 70 out of 1318 
(5.3%) subjects. The prevalence of TB/HIV co-infec-
tion did not differ by gender, being 5.2% in females 
vs 5.5% in males ( p   �  0.461). The median age of 
those with TB/HIV co-infection was 30 y (range 

15 – 53 y) for females and 36 y (range 10 – 55 y) for 
males. 

 Following logistic regression, TB/HIV co-infec-
tion was less prevalent in females than in males (OR 
0.47, 95% CI 0.26 – 0.86;  p   �  0.014). There was an 
increased risk of TB/HIV co-infection among the 
unemployed (OR 11.1, 95% CI 2.43 – 50.49;  p   �  
0.001) and those who were previously married (OR 
2.9, 95% CI 1.35 – 6.16;  p   �  0.006).    

 Discussion 

 In a VCT centre setting, we found that there was an 
overall high prevalence of HIV. Our fi ndings cor-
roborate studies performed elsewhere that have 
reported high prevalence of HIV at VCT centres 
[9,10]. Notably, the prevalence of 26% reported in 
this study is higher than the Tanzanian National 
prevalence of 6.8% among adults aged 15 – 49 y [11]. 
The reported high prevalence could be explained by 
the fact that subjects who visit the VCT centres are 
generally at high risk for HIV. 

 There was a higher proportion of females with 
HIV compared to males, however female gender was 
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not associated with an increased risk for HIV when 
controlled for education, occupation and marital sta-
tus. This fi nding differs from other studies conducted 
in rural and urban settings in Tanzania and Uganda 
[12,13]. The difference observed could be due to the 
nature of our study setting that selects for individuals 
at high risk. 

 The fi ndings that less education and unemploy-
ment are associated with an increased risk for 
HIV, highlights the increased HIV risk in the 
 underprivileged. Although earlier studies performed 
in Uganda and Malawi reported an increased risk 
of HIV among individuals with a higher level of 

education and socioeconomic status [14,15], recent 
studies have reported a decreased risk of HIV 
among the educated and employed [16,17]. The 
earlier studies were conducted in rural settings, 
suggesting an increased risk of HIV among the 
privileged, while the opposite is true in an urban 
setting. 

 Education is often associated with better under-
standing and access to health information including 
preventive measures, which promote behavioural 
change. Thus it is also possible that the risk of 
HIV could decrease with an increase in the level of 
education. 

    Table III. Univariate and multivariate analysis of demographic characteristics and HIV among study subjects with TB.

Characteristic
Univariate 

analysis OR 95% CI  p -Value
Multivariate 
analysis OR 95% CI  p -Value

Gender
 Male 1.7 1.13 – 2.58 0.011 3.4 1.96 – 5.73  � 0.001
 Female 1 1
Education
 No education 12.0 1.43 – 101.4 0.022 4.6 0.50 – 42.41 0.176
 Primary 9.8 1.34 – 71.61 0.025 5.2 0.69 – 39.85 0.110
 Secondary 2.0 0.26 – 15.35 0.498 1.6 0.21 – 12.86 0.633
 College/university 1 1
Occupation
 Student 1
 Employed 2.5 0.97 – 6.20 0.057 1.1 0.41 – 2.98 0.853
 Unemployed 5.5 2.08 – 14.39 0.001 2.4 1.31 – 4.41 0.005
Marital status
 Single 1
 Monogamous 0.6 0.29 – 1.15 0.119
 Polygamous 1.1 0.56 – 2.16 0.774
 Previously married 0.7 0.19 – 2.68 0.623
HIV
 Not infected 1 1
 Infected 7.7 4.92 – 11.94  � 0.001 6.7 4.18 – 10.71  � 0.001

   OR, odds ratio; CI, confi dence interval.   

  Table II. Univariate and multivariate analysis of demographic characteristics among study subjects with HIV.   

Characteristic
Univariate 

analysis OR 95% CI  p -Value
Multivariate 
analysis OR 95% CI  p -Value

Gender
 Male 1 1
 Female 1.6 1.25 – 2.06  � 0.001 1.2 0.95 – 1.71 0.093
Education
 No education 10.6 3.59 – 31.15  � 0.001 4.9 1.58 – 15.40 0.006
 Primary 6.7 2.67 – 17.03  � 0.001 4.8 1.85 – 12.60 0.001
 Secondary 2.9 1.15 – 7.42 0.024 2.5 0.98 – 6.70 0.054
 College/university 1 1
Occupation
 Student 1 1
 Employed 4.2 2.35 – 7.59  � 0.001 1.9 1.02 – 3.53 0.043
 Unemployed 8.6 4.63 – 16.22  � 0.001 2.5 1.27 – 5.13 0.008
Marital status
 Single 1
 Monogamous 2.6 1.96 – 3.47  � 0.001 2.1 1.56 – 2.86  � 0.001
 Polygamous 6.1 3.27 – 11.59  � 0.001 4.7 2.43 – 9.16  � 0.001
 Previously married 6.3 4.25 – 9.53  � 0.001 5.1 3.30 – 7.75  � 0.001

OR, odds ratio; CI, confi dence interval.
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 The high TB prevalence noted in this study is 
comparable to other studies conducted at VCT cen-
tres in Cambodia and Ethiopia [18,19]. The age 
group with the highest TB prevalence in our study 
was that of 24 – 35 y, similar to the National TB Pro-
gramme data [20]. Since the 2 VCT centres where 
the study was conducted were situated in close prox-
imity to a hospital, this might have selected for symp-
tomatic individuals, therefore this may not be 
representative of what is happening in other stand-
alone VCT centres. 

 PTB was more common compared to extrapul-
monary TB. In our study we found that more than a 
third of the subjects diagnosed with PTB at the VCT 
centres had positive sputum smears. It is worthwhile 
noting that this group poses a great risk of TB trans-
mission, and therefore it is imperative that they are 
identifi ed early and prompt therapy instituted. In 
43% of subjects with microbiological confi rmation 
of TB, the diagnosis of TB was based on culture 
alone, highlighting the importance of sputum culture 
for TB diagnosis in high HIV prevalence settings. 
This is challenging not only in a VCT setting, but 
also in resource-constrained settings where the main-
stay of diagnosis for TB is sputum smear alone. How-
ever, recent studies have shown that the presence of 
a combination of symptoms can increase the sensitiv-
ity of TB detection, thus reducing the need for spu-
tum culture [21]. 

 Of note, TB was diagnosed in both HIV-infected 
and uninfected subjects. In this study nearly a third 
of the TB subjects were not HIV-infected, highlight-
ing the importance of TB screening at VCT centres. 

 Screening for TB in a VCT setting is feasible; 
however this was made possible through collabora-
tion between the hospital and TB clinics. Therefore 
there is a need to integrate TB clinics into the VCT 
centres. Once symptomatic individuals are identifi ed 
at the VCT, they can undergo further TB diagnostic 
work-up. This would not only reduce the number of 
individuals lost to follow-up as a result of passive 
referral to the TB clinic, but would also improve case 
detection and treatment rates. 

 In this study, we found that the risk for TB was 
higher in males compared to females. However, there 
have been controversial reports regarding higher rates 
of TB in men, attributed to gender differences with 
regards to access to health care and ability to produce 
sputum [22,23]. In our study a larger proportion of 
study subjects comprised females, however we did not 
evaluate the effect of gender differences on the ability 
to produce sputum samples. 

 Similar to what was observed for HIV, the risk for 
TB was higher among the underprivileged, as has 
been reported by others [24]. This again calls for 
targeted interventions. 

 Overall the HIV prevalence was high among sub-
jects with TB. However the prevalence of TB/HIV 
co-infection in our study was lower than that found 
in the study of Mtei et al. [6]. The high prevalence 
observed in Mtei ’ s study compared to our fi ndings 
could be explained by the fact that the former was 
specifi cally recruiting subjects into a vaccine study 
for the prevention of HIV-associated TB, while ours 
was aimed at service provision. 

 Similarly as observed with HIV and TB, the risk 
for TB/HIV co-infection was high among the unem-
ployed. This emphasizes the role of education and 
employment in the reduction of these diseases. 

 Since this study was conducted prior to the wide-
spread availability of antiretroviral therapy, it is likely 
that motivation for attending VCT centres for HIV 
testing was low. Therefore the rates found it this 
study might differ from those that would be found 
now. 

 In conclusion we found that there was a high pro-
portion of TB at VCT centres, including smear- 
positive TB, which is a potential source of TB 
transmission. This study emphasizes the importance 
of integration of TB and HIV screening at VCT cen-
tres. We have demonstrated that TB screening in 
VCT centres is feasible. This study has set up a 
model of how TB screening can be performed in a 
VCT setting, through close collaboration between 
the TB clinics and hospitals. Setting up a TB clinic 
in a VCT could be worthwhile in improving TB case 
detection and treatment. Early detection and subse-
quent treatment of TB is of paramount importance 
in reducing transmission, morbidity and mortality 
from both diseases. 

 This study also highlights the role of low levels of 
education and unemployment towards an increased 
risk of acquiring TB and HIV, emphasizing a need 
for focused interventions.  

 Acknowledgements 

 We thank the Tanzania Ministry of Health for fi nan-
cial assistance. We would like to acknowledge and 
thank all the study participants. We also thank Mr P. 
Ngowi and Mr E. Shogolo from the National TB and 
Leprosy Reference Laboratory; Dr E. Mgaya from the 
Department of Pathology, Muhimbili National Hos-
pital (MNH) for assistance with sample processing; 
Dr R. Kazema and Dr Lyimo from the Department 
of Radiology (MNH) for assistance with radiological 
interpretation; Dr J. Mbwambo and Dr N. Hogan 
from MHIC and all the staff of the 2 VCT centres; 
Mr C. Makwaya and Dr C. Moshiro from Muhimbili 
University of Health and Allied Sciences (MUHAS) 
for assistance with the statistical analysis; and Dr L. 
Mwakalukwa for assistance with data acquisition.  



774   P. J. Munseri et al. 

  Declaration of interest:  The authors declare that 
they have no competing interests. 

        References 

  World Health Organization. Global tuberculosis control: sur-[1] 
veillance, planning, fi nancing. WHO/HTM/TB/2008.393. 
Geneva: WHO; 2008.  
  Corbett EL, Watt CJ, Walker N, Maher D, Williams BG, Rav-[2] 
iglione MC, et al. The growing burden of tuberculosis: global 
trends and interactions with the HIV epidemic. Arch Intern 
Med 2003;163:1009 – 21.  
  Corbett EL, Churchyard GJ, Charalambos S, Samb B, Moloi [3] 
V, Clayton TC, et al. Morbidity and mortality in South Afri-
can gold miners: impact of untreated disease due to human 
immunodefi ciency virus. Clin Infect Dis 2002;34:1251 – 8.  
  Lawn SD, Churchyard G. Epidemiology of HIV-associated [4] 
tuberculosis. Curr Opin HIV AIDS 2009;4:325 – 33.  
  Sharma SK, Mohan A, Kadhiravan T. HIV-TB co-infection: [5] 
epidemiology, diagnosis and management. Indian J Med Res 
2005;121:550 – 67.  
  Mtei L, Matee M, Herfort O, Bakari M, Horsburgh CR, [6] 
Waddell R, et al. High rates of clinical and subclinical tuber-
culosis among HIV-infected ambulatory subjects in Tanzania. 
Clin Infect Dis 2005;40:1500 – 7.  
  Shrestha RK, Mugisha B, Bunnell R, Mermin J, Hitimana-[7] 
Lukanika C, Odeke R, et al. Cost-effectiveness of including 
tuberculin skin testing in an IPT program for HIV-infected 
persons in Uganda. Int J Tuberc Lung Dis 2006;10:656 – 62.  
  Jereni BH, Muula AS. Availability of supplies and motiva-[8] 
tions for accessing voluntary HIV counseling and testing 
services in Blantyre, Malawi. BMC Health Serv Res 2008;
8:17.  
  Peck R, Fitzgerald DW, Liautaud B, Deschamps MM, Ver-[9] 
dier RI, Beaulieu ME, et al. The feasibility, demand, and 
effect of integrating primary care services with HIV volun-
tary counseling and testing: evaluation of a 15-year experi-
ence in Haiti, 1985 – 2000. J Acquir Immune Defi c Syndr 
2003;33:470 – 5.  
  Kawichai S, Celentano DD, Chaifongsri R, Nelson KE, [10] 
Srithanaviboonchai K, Natpratan C, et al. Profi les of HIV 
voluntary counseling and testing of clients at a district hos-
pital, Chiang Mai Province, northern Thailand, from 1995 
to 1999. J Acquir Immune Defi c Syndr 2002;30:493 – 502.  
  Joint United Nations Programme on HIV/AIDS/World [11] 
Health Organization. Adult (15 – 49) HIV prevalence percent 
by country 1990 – 2007. Geneva: UNAIDS/WHO; 2008.  
  Klouman E, Masenga EJ, Klepp KI, Sam NE, Nkya W, Nkya [12] 
C. HIV and reproductive tract infections in a total village 

population in rural Kilimanjaro, Tanzania: women at increased 
risk. J Acquir Immune Defi c Syndr Hum Retrovirol 
1997;14:163 – 8.  
  Nunn AJ, Kengeya-Kayondo JF, Malamba SS, Seeley JA, [13] 
Mulder DW. Risk factors for HIV-1 infection in adults in a 
rural Ugandan community: a population study. AIDS 
1994;8:81 – 6.  
  Glynn JR, Ponnighaus J, Crampin AC, Sibande F, Sichali L, [14] 
Nkhosa P, et al. The development of the HIV epidemic in 
Karonga District, Malawi. AIDS 2001;15:2025 – 9.  
  Smith J, Nalagoda F, Wawer MJ, Serwadda D, Sewankambo [15] 
N, Konde-Lule J, et al. Education attainment as a predictor 
of HIV risk in rural Uganda: results from a population-based 
study. Int J STD AIDS 1999;10:452 – 9.  
  Hargreaves JR, Bonell CP, Boler T, Boccia D, Birdthistle I, [16] 
Fletcher A, et al. Systematic review exploring time trends 
in the association between educational attainment and risk 
of HIV infection in sub-Saharan Africa. AIDS 2008;22:
403 – 14.  
  Bradley H, Bedada A, Brahmbhatt H, Kidanu A, Gillespie [17] 
D, Tsui A. Educational attainment and HIV status among 
Ethiopian voluntary counseling and testing clients. AIDS 
Behav 2007;11:736 – 42.  
  Chheng P, Tamhane A, Natpratan C, Tan V, Lay V, Sar B, [18] 
et al. Pulmonary tuberculosis among patients visiting a vol-
untary confi dential counseling and testing center, Cambodia. 
Int J Tuberc Lung Dis 2008;12(3 Suppl 1):54 – 62.  
  Shah S, Demissie M, Lambert L, Ahmed J, Leulseged S, [19] 
Kebede T, et al. Intensifi ed tuberculosis case fi nding among 
HIV-infected persons from a voluntary counseling and test-
ing center in Addis Ababa, Ethiopia. J Acquir Immune Defi c 
Syndr 2009;50:537 – 45.  
  National tuberculosis and leprosy programme annual report [20] 
2006. Dar es Salaam, Tanzania: Ministry of Health and 
Social Welfare; 2007.  
  Cain KP, McCarthy KD, Heilig CM, Monkongdee P, [21] 
Tasaneeyapan T, Kanara N, et al. An algorithm for tubercu-
losis screening and diagnosis in people with HIV. N Engl J 
Med 2010;362:707 – 16.  
  Begum V, de Colombani P, Das Gupta S, Salim AH, Hussain [22] 
H, Pietroni M, et al. Tuberculosis and patient gender in 
Bangladesh: sex differences in diagnosis and treatment out-
come. Int J Tuberc Lung Dis 2001;5:604 – 10.  
  Long NH, Diwan VK, Winkvist A. Difference in symptoms [23] 
suggesting pulmonary tuberculosis among men and women. 
J Clin Epidemiol 2002;55:115 – 20.  
  Vendramini SH, Santos ML, Gazetta CE, Chiaravalloti-Neto [24] 
F, Ruffi no-Netto A, Villa TC. Tuberculosis risks and socio-
economic level: a case study of a city in the Brazilian south-
east, 1998 – 2004. Int J Tuberc Lung Dis 2006;10:1231 – 5.    







  Correspondence: P. Munseri, Department of Internal Medicine, School of Medicine, Muhimbili University of Health and Allied Sciences, Box 65001, 
Dar es Salaam, Tanzania. Tel:  � 255 754 562 784. E-mail: Patricia.Munseri@ki.se; pmunseri@muhas.ac.tz  

 (Received   30   December   2010  ; accepted   30   March   2011  ) 

  Introduction 

 Tuberculosis (TB) is the most common cause of 
death from human immunodefi ciency virus (HIV) 
infection in Africa and accounts for 40% of all fatal-
ities on the continent [1]. Among HIV-infected 
patients dying in hospital, autopsy studies have shown 
that TB is disseminated in as many as 54% of cases 
[2,3]. There are several reasons why many of these 
cases are not diagnosed pre-mortem. Some patients 
with disseminated TB have associated pulmonary 
TB, but this diagnosis may not be suspected, X-rays 
may not be available, or sputum microbiology may 
not be obtained [4]. Another group of patients with 
disseminated TB may have a non-specifi c febrile 

illness with no evidence of pulmonary involvement, 
and negative sputum microbiology [5]. 

 In both groups of patients, mycobacterial blood 
cultures have the potential to detect the bacteraemia 
that defi nes disseminated TB. Cross-sectional studies 
have reported Mycobacterium tuberculosis bacterae-
mia in as many as 12 – 23% of HIV-infected patients 
hospitalized with fever [6 – 9]. However, we are not 
aware of studies that have compared different vol-
umes of blood for the culture of TB or that have 
examined the duration of bacteraemia due to M. 
tuberculosis. One study did sample blood at three 
15-min intervals and showed persistence during this 
short interval [10]. 
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 We conducted a randomized trial among hospi-
talized HIV-infected patients with prolonged fever or 
cough in Dar es Salaam, Tanzania to determine the 
optimal volume, timing, and culture system for 
detecting disseminated TB using different blood cul-
ture strategies and the associated clinical outcomes.   

 Methods  

 Subjects 

 Eligible subjects were HIV-infected patients aged  � 18 
y hospitalized with a history of cough or fever for  � 2 
weeks at 1 of 2 participating hospitals in Dar es 
Salaam, Tanzania. Research staff prospectively iden-
tifi ed patients fulfi lling the eligibility criteria during 
the physician ’ s morning report. The purpose and 
conduct of the study were explained to eligible 
patients who were subsequently asked to sign an 
informed consent form written in Kiswahili.   

 Laboratory studies 

 Each patient was instructed to provide 2 spot and 1 
early morning sputum sample for acid-fast bacillus 
(AFB) smear and culture. Patients also underwent 
phlebotomy for HIV testing, CD4 �  T-lymphocyte 
count determination, and mycobacterial blood cul-
ture. A total of 40 ml of blood was obtained for 
culture and patients were randomized in a 1:1 ratio 
into 2 strategy arms: arm A  �  40 ml drawn once; 
and arm B  �  20 ml drawn twice at an interval of 
12 – 24 h.   

 Follow-up 

 Patients were scheduled for a single follow-up visit 
1 – 2 months after enrolment. Patients or their next of 
kin were contacted by telephone if they were unable 
to attend the clinic. Minimum 2-month mortality 
was defi ned as the number of confi rmed deaths 
within 2 months divided by the total number of study 
subjects enrolled; maximum 2-month mortality was 
defi ned as the number of confi rmed deaths within 2 
months divided by the number of study subjects with 
follow-up data available at 2 months.   

 Laboratory methods 

 HIV infection was determined by performing 2 
serial rapid tests, SD Bioline (Standard Diagnostics, 
Inc., Korea) and Determine (Inverness Medical, 
Japan) on patient serum. For eligibility, both tests 
were required to be positive. Expectorated sputum 
was processed using standard methods and examined 

for AFB according to the Ziehl – Neelsen method, 
cultured on Lowenstein – Jensen slants and incubated 
for 8 weeks [11]. Blood for mycobacterial cultures 
was sent to the laboratory, held at room temperature 
until processing, and cultured according to manu-
facturer ’ s instructions using 2 methods: a manual 
agar-based lysis-centrifugation system (Wampole ™  
Isostat  ®  /Isolator ™  Microbial System; bioMerieux, 
Durham, NC, USA) and an automated broth system 
(MB BacT/Alert  ®  ; Inverness, Waltham, MA, USA). 
Blood for these cultures was divided into equal ali-
quots. For the 20-ml sample, 10 ml was inoculated 
into 1 Isolator tube and the remaining 10 ml was 
inoculated into two 5-ml Bactec bottles. For the 40 
ml sample, 10 ml was inoculated into 2 Isolator 
tubes and the remaining 20 ml was inoculated into 
four 5-ml Bactec bottles. Isolator cultures were 
plated on Lowenstein – Jensen agar and incubated for 
8 weeks; colony-forming units (CFUs) were deter-
mined per volume of blood obtained. Isolator cul-
tures were examined weekly. MB BacT cultures 
were incubated in the automated broth system for 6 
weeks. Broth cultures fl agged as positive were 
removed. Isolates were considered positive blood 
cultures representing M. tuberculosis if they were 
AFB stain-positive with typical colony morphology 
following culture on solid media. Sub-cultures were 
not performed on broth cultures that were negative 
at 42 days. A sample of 4 positive isolates were tested 
and confi rmed as M. tuberculosis by DNA probe 
(AccuProbe, Gen-Probe, San Diego, CA, USA). 
Isolates were not tested for the presence on non-
tuberculous mycobacteria. Patients with positive 
blood cultures were defi ned as having disseminated 
TB, and those with 2 blood cultures positive sepa-
rated by  � 12 h were defi ned as having persistent 
bacteraemia.   

 Data analysis 

 Data were analyzed using SPSS version 18 software 
(SPSS, Chicago, IL, USA). Comparison of means 
was conducted using the Student ’ s  t -test and com-
parison of proportions by the Chi-square test. Dou-
ble-sided  p -values of less than 0.05 were considered 
statistically signifi cant.   

 Ethical approval 

 Ethical approval was obtained from both the National 
Institute for Medical Research and the Muhimbili 
University of Health and Allied Sciences Ethics 
Review Board in Dar es Salaam, Tanzania and the 
Institutional Review Board, Dartmouth-Hitchcock 
Medical Center, Lebanon, NH, USA.    
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 Results 

 Patients were recruited into the study from May 2007 
to May 2008. Among 265 patients who were screened 
and found to be eligible, 258 (97%) consented to 
enrolment and 7 patients refused to participate. A 
total of 131 patients were randomized to arm A and 
127 patients were randomized to arm B. 

 TB was confi rmed by culture in 83 (32%) sub-
jects (Figure 1). Baseline characteristics of patients 
with and without confi rmed TB are shown in Table 
I. Compared to patients without TB, patients with 
TB had lower CD4 counts, were less likely to be on 
antiretroviral therapy (ART), and were less likely to 
have had prior treatment for TB. 

 TB was confi rmed by sputum culture only in 42 
(51%), blood culture only in 15 (18%), and both 
sputum and blood culture in 26 (31%) (Figure 1). 
Among 41 patients with positive blood cultures, spu-
tum cultures were positive in 26 (79%) of 33; expec-
torated sputum culture could not be obtained in 8 
(Table II). Blood cultures were positive in 28 (29%) 
of 98 patients with a CD4  �  50 cells/ μ l and in 12 
(9%) of 135 patients with a CD4  �  50 cells/ μ l 
( p   �  0.001). Of the 83 culture-confi rmed patients, 
30 (40%) of 75 were AFB sputum smear-positive. 

 Characteristics of patients in the 3 categories of 
microbiologic confi rmation are shown in Table III. 
Median CD4 counts were progressively lower in 

patients with positive sputum only, positive blood 
only, and positive blood and sputum. The duration 
of cough was slightly longer in patients with positive 
sputum cultures, and weight loss was slightly higher 
in patients with positive sputum and blood. 

 Mortality data at 2 months were available for 155 
(60%) of 258 subjects. Minimum overall 2 month 
mortality in the study cohort was 78 (30%) of 258; 
maximum mortality was 78 (50%) of 155. Mortality 
rates for the microbiologic subgroups are shown in 
Table IV. Minimum 2-month mortality was signifi -
cantly higher for patients with positive blood cultures 
than patients with positive sputum alone: 21/41 
(51%) vs 8/42 (19%) ( p   �  0.002). Among patients 
with a positive blood culture, the median time from 
culture to death was 6 days (range 0 – 58 days). 

 Blood culture results by volume, timing, and 
method are provided in Table V. There was no differ-
ence in the rate of positivity between the 40-ml sam-
ple in arm A and the fi rst 20-ml sample in arm B. 
Likewise there was no signifi cant difference in the 
rate of positivity between 40 ml collected from a 
single phlebotomy and 40 ml obtained as two 20-ml 
samples collected 12 – 24 h apart. For 4 positive Iso-
lator samples processed  � 7 days after collection, the 
median CFU/ml was 8 (range 3 – 14); for the 17 Iso-
lator samples processed  � 7 days after collection, the 
median CFU/ml was 3 (range 1 – 23). Positivity rates 
were signifi cantly higher with the MB BacT broth 
method than with the Isolator agar method. The 
average time from processing to detection was 31 
days (range 5 – 42 days) for MB BacT and 39 days 
(range 5 – 56 days) for the Isolator system.   

 Discussion 

 The present study demonstrates that disseminated 
TB is common among HIV-infected patients hospi-
talized with prolonged fever or cough, is character-
ized by persistent moderate level bacteraemia, and 
has a high short-term mortality from time of hospi-
talization. A single 20-ml blood sample processed in 

Total HIV-infected patients
enrolled, N = 258

TB confirmed by culture
83 (32%)

No TB confirmed by culture
175 (68%)

Sputum culture
42 (51%)

Blood culture
15 (18%)

Sputum and blood culture
26 (31%)

 

 Figure 1.     Consort diagram.  

  Table I. Characteristics of HIV-positive patients with and without tuberculosis.  

Characteristic
Subjects with TB 

( n   �  83)
Subjects without TB 

( n   �  175)  p -Value

Male sex,  n  (%) 35 (42%) 49 (28%) 0.03
Median (range) 35 (22 – 64) 36 (18 – 65) 0.39
Cough duration (weeks), mean  �  SD 6.1  �  5.0 4.9  �  4.5 0.07
Fever duration (weeks), mean  �  SD 5.4  �  4.2 5.0  �  4.9 0.52
Weight loss (kg), mean  �  SD 6.9  �  6.6 6.2  �  6.8 0.44
Prior TB treatment,  n  (%) 3 (4%) 29 (17%)  � 0.01
Current ART,  n  (%) 18 (21.7%) 66 (38.6%) 0.007
CD4 count (cells/ μ l), median (range) 44 (1 – 534) 99 (2 – 1016)  � 0.01

   ART, antiretroviral therapy; HIV, human immunodefi ciency virus; SD, standard deviation; TB, tuberculosis.   



  TB diagnosis in HIV-infected inpatients   699

an automated broth system provided the optimal 
recovery rate. 

 In our initial studies we found M. tuberculosis 
bacteraemia in 23% of hospitalized acquired immu-
nodefi ciency syndrome (AIDS) patients in Kenya 
[9]. Multiple other studies have since demonstrated 
that 15 – 25% of patients from TB-endemic countries 
hospitalized with HIV infection and prolonged fever 
or cough have bacteraemic disseminated TB [6,8,
12 – 14]. As in the present study, most patients with 
disseminated TB have advanced HIV infection with 
CD4 counts  � 50 – 100 cells/ μ l and short-term mor-
tality has been high [15,16]. A substantial proportion 
of patients with disseminated TB have negative spu-
tum cultures, more than a third in our study, a factor 
which clearly contributes to missed or delayed diag-
nosis and the high short-term mortality. 

 An important question is the optimal microbio-
logical method for recovering M. tuberculosis from 
blood and diagnosing disseminated TB. Although 
detailed studies have characterized bacteraemia due 
to other pathogens [17,18], such data are not avail-
able on the bacteraemia of HIV-associated TB. It has 
been shown previously that broth methods are supe-
rior to agar methods for the detection of M. tuber-
culosis in several sterile fl uids including blood 
[19,20]. However we are not aware of studies that 
have examined the optimal volume and timing of 
blood cultures for the detection of M. tuberculosis 
bacteraemia. In contrast to other forms of bacterial 
sepsis where average densities are 1 CFU/ml [17], 
we found that patients with HIV-associated M. tuber-
culosis bacteraemia have higher densities, in the 

range of 3 – 14 CFU/ml. As in infective endocarditis 
and infections due to intracellular bacterial patho-
gens [21 – 23], the bacteraemia of disseminated TB is 
persistent, as evidenced by the fact that samples were 
positive at both times in the present protocol. Our 
fi nding that an automated broth system was superior 
to culture on solid agar is consistent with extensive 
data on the superiority of automated broth systems 
for the recovery of M. tuberculosis from sputum 
[24,25]. 

 Collectively these fi ndings support a single phle-
botomy of 20 ml for the optimal blood culture 
method for the detection of M. tuberculosis in dis-
seminated disease. However the rate of positivity 
with blood culture is still lower than the 36 – 54% rate 
of disseminated TB determined by autopsy studies 
among similar groups of patients with HIV infection 
[16,26]. Further, despite the persistence and magni-
tude of bacteraemia, the slow growth of M. tubercu-
losis results in times to detection that are longer than 
the average duration of survival for patients with dis-
seminated TB. More rapid diagnostic methods are 
needed. Although PCR is a procedure that could not 
presently be applied in a resource-limited region, it 
has been shown to speed up the time to detection for 
other causes of bacteraemia and might be expected 
to be especially useful in shortening detection times 
for slow-growing M. tuberculosis [27]. 

 We are not aware of other studies that have com-
pared different volumes and timing of blood cultures 
for the detection of M. tuberculosis bacteraemia. The 
present study has several limitations. Technical issues 
prevented same-day processing of most blood speci-
mens, and median delays were longer for the Isolator 
than MB BacT, which could have affected sensitivity. 
However we have shown previously that pathogenic 
mycobacteria survive long periods of storage in Isola-
tor tubes at room temperature and that this does not 
affect positivity rates [28]. Further our conclusions 
regarding the minimum CFU are based on samples 
processed within 7 days, a period during which CFUs 
would not be expected to have increased during stor-
age. Although we did not test isolates to identify 

  Table II. Comparison of blood and sputum culture for the 
diagnosis of tuberculosis.  

Blood culture

Sputum culture

TotalPositive Negative Not done

Positive 26 7 8 41
Negative 42 146 28 216
Not done 0 1 0 1
Total 68 154 36 258

  Table III. Characteristics of HIV patients with positive cultures for Mycobacterium tuberculosis.  

Positive sputum 
only ( n   �  42)

Positive blood 
only ( n   �  15)

Positive sputum and 
blood ( n   �  26)  p -Value

Male sex,  n  (%) 20 (48%) 6 (40%) 9 (35%) 0.56
Age (y), mean  �  SD 37  �  8.9 42  �  11.9 37  �  7.8 0.17
Cough duration (weeks), mean  �  SD 6.8  �  6.1 4.6  �  2.8 5.6  �  4.2 0.10
Fever duration (weeks), mean  �  SD 5.7  �  4.7 4.7  �  3.4 5.6  �  4.1 0.80
Temperatures ( ° C), median 37.6 37.4 38 0.21
Weight loss (kg), mean  �  SD 6.5  �  5.4 5.7  �  4.6 8.6  �  8.9 0.43
Previous TB treatment,  n  (%) 2 (5%) 0 1 (4%) 0.13
CD4 cell count (cells/μl 3 ), median (range) 72 (1 – 534) 44 (4 – 330) 12 (1 – 171) 0.001

   HIV, human immunodefi ciency virus; SD, standard deviation; TB, tuberculosis.   
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non-tuberculous mycobacteria, a previous study 
from Tanzania [14] and our own studies from mul-
tiple countries in sub-Saharan Africa have shown 
that disseminated mycobacterial disease among 
AIDS patients in these settings is due almost exclu-
sively to M. tuberculosis [9,29,30]. Our sample size 
was inadequate to determine if there was a signifi cant 
difference in time to detection with the agar and 
broth methods. 

 In conclusion, disseminated TB is a common 
complication of HIV infection in patients hospital-
ized with prolonged fever or cough and is character-
ized by persistent bacteraemia. Mortality is doubled 
when M. tuberculosis is present in both blood and 
sputum versus sputum alone. Antiretroviral therapy 
and isoniazid preventive therapy would both be 
expected to reduce the rate of disseminated TB 
observed here [31]. In addition an effective booster 
vaccine against TB has the potential to reduce rates 
of disseminated TB [32]. However, until preventive 
measures are widely implemented, previously 
untreated patients hospitalized with HIV infection 
and prolonged fever and cough in TB-endemic coun-
tries should be treated empirically for disseminated 
TB while awaiting results of blood and sputum cul-
tures, as has been recommended by a recent consen-
sus statement [33].   
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Abstract

Background: Tuberculosis is the most common cause of death among patients with HIV infection living in tuberculosis
endemic countries, but many cases are not diagnosed pre-mortem. We assessed the test characteristics of urinary
lipoarabinomannan (LAM) and predictors of mortality among HIV-associated tuberculosis suspects in Tanzania.

Methods: We prospectively enrolled hospitalized HIV-infected patients in Dar es Salaam, with $2 weeks of cough or fever,
or weight loss. Subjects gave 2 mLs of urine to test for LAM using a commercially available ELISA, $2 sputum specimens for
concentrated AFB smear and solid media culture, and 40 mLs of blood for culture.

Results: Among 212 evaluable subjects, 143 (68%) were female; mean age was 36 years; and the median CD4 count 86 cells/
mm3. 69 subjects (33%) had culture confirmation of tuberculosis and 65 (31%) were LAM positive. For 69 cases of sputum or
blood culture-confirmed tuberculosis, LAM sensitivity was 65% and specificity 86% compared to 36% and 98% for sputum
smear. LAM test characteristics were not different in patients with bacteremia but showed higher sensitivity and lower
specificity with decreasing CD4 cell count. Two month mortality was 64 (53%) of 121 with outcomes available. In
multivariate analysis there was significant association of mortality with absence of anti-retroviral therapy (p = 0.004) and a
trend toward association with a positive urine LAM (p = 0.16). Among culture-negative patients mortality was 9 (75%) of 12
in LAM positive patients and 27 (38%) of 71 in LAM negative patients (p = 0.02).

Conclusions: Urine LAM is more sensitive than sputum smear and has utility for the rapid diagnosis of culture-confirmed
tuberculosis in this high-risk population. Mortality data raise the possibility that urine LAM may also be a marker for culture-
negative tuberculosis.
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Introduction

In Africa, tuberculosis causes significant morbidity and

mortality, especially among people with HIV infection [1]. Early

diagnosis is a high priority for tuberculosis control and to prevent

mortality [2]. Since 1996, the World Health Organization has

promoted the DOTS strategy for tuberculosis control, one aspect

of which is case detection through sputum acid fast bacillus (AFB)

smear microscopy [3]. However, the sensitivity for diagnosing

pulmonary tuberculosis using direct, unconcentrated sputum

smear methods ranges from 40 to 60% for a combination of

three examinations [4] and is lower for those with HIV co-disease

[5]. Additionally, sputum smear cannot be used for persons who

cannot produce sputum such as children and those with

extrapulmonary disease.

Lipoarabinomannan (LAM) is a cell wall lipopolysaccharide

specific for the genus Mycobacterium [6,7]. LAM is released when M.

tuberculosis is lysed by the host immune system, filtered by the

kidneys and can be detected in the urine as potential same day

diagnostic test for tuberculosis. Test characteristics for the

diagnosis of tuberculosis have been variable [8], and one study

in patients with HIV showed an association of urinary LAM with

severe tuberculosis and high mortality [9]. Theoretical advantages

of urine LAM detection includes ease of specimen collection,

reduced chance of nosocomial transmission during collection

compared to sputum, and test performance that does not depend

on an intact immune system.

The goals of the present study were to prospectively evaluate the

diagnostic accuracy of urinary LAM antigen detection among

HIV-infected patients hospitalized with suspect tuberculosis in
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Tanzania using culture positivity as the gold standard for the

diagnosis of tuberculosis. In addition we assessed the prognostic

value of urinary LAM for survival.

Materials and Methods

Patients
Eligible patients were HIV-infected adults $18 years old

admitted to one of two participating district hospitals (A and B)

in Dar es Salaam, Tanzania, and considered tuberculosis suspects

based on cough or fever for at least two weeks or unexplained

weight loss. Patients were prospectively identified by trained

research staff attending the hospital physicians’ morning report as

part of a study in the same patients to determine the optimal blood

culture method for the diagnosis of disseminated tuberculosis [10].

Research staff explained the purpose and the conduct of the study,

and requested written informed consent in Kiswahili or in English.

Studies
Within 72 hours of enrolment, a random 2 mL sample of urine

was collected in a sterile plastic container and stored at 2–8uC
within four hours for up to 24 hours before freezing or processing.

At the time of enrollment, each subject was requested to provide

two random and one early morning sputum samples for AFB

smear microscopy and culture, and also underwent phlebotomy

for repeat (confirmatory) HIV testing, CD4+ T-lymphocyte count,

and mycobacterial blood culture. A total of 40 mLs of blood were

cultured for mycobacteria by two methods : automated MB BacT

broth and manual Isolator lysis-centrifugation agar. Blood for

culture was collected by random assignment during one

phlebotomy (40 mLs) or two phlebotomies 12–24 hours apart

(20 mLs twice) to determine the optimal approach to mycobac-

terial blood culture [10]. Other tests were done at the discretion of

the attending physician.

Follow-up
At two months after enrollment, subjects underwent follow up at

the hospital (if still inpatient), at a centrally located outpatient

clinic (if discharged), or were contacted by phone if they did not

return or were unable to travel to the outpatient clinic. If the

subject died prior to follow up or could not be contacted, efforts

were made in person or by phone to gather outcome data from

next of kin, who had been identified by the subject at the time of

enrollment. Urine LAM test results were not known to personnel

conducting follow-up investigations. Mortality was defined as the

number of confirmed deaths within two months divided by the

total number of study subjects with available 2 month follow-up.

HIV testing
Serum HIV testing was performed by trained research

personnel according to the guidelines and procedures currently

approved by the Tanzania Ministry of Health. Sera were

evaluated for HIV by 2 serial rapid HIV tests: SD Bioline

(Standard Diagnostics, Inc., Korea) and Determine (Inverness

Medical, Japan). HIV testing was performed during enrolment

into the study, and both tests were required to be positive for

eligibility.

Microbiology
Sputum specimens were examined for AFB using the Ziehl-

Neelsen method and cultured for mycobacteria on Lowenstein

Jensen slants for up to 8 weeks. Blood was cultured for

mycobacteria using both an automated broth-based system

(BacT/ALERTH MB) and a manual agar-based lysis centrifuga-

tion system (WampoleTM ISOSTATH/ISOLATORTM Microbial

System) according to manufacturer’s instructions (bioMérieux,

Durham NC and Inverness, Waltham MA, respectively). AFB

were considered M. tuberculosis if the AFB positive isolate had

typical colonial morphology

Urine LAM test
The urine LAM test ELISA used in this study was initially

marketed as the MTB-LAM ELISA (Chemogen Inc., South

Portland ME). Mid-study, the test name was changed and

marketed as Clearview TB ELISA (Inverness Medical Innova-

tions, Waltham MA) but methods were unchanged. Urine LAM

testing was conducted according to manufacturer instructions by a

single research laboratorian who was unaware of the results of

other diagnostic tests. A 0.5–2 ml aliquot of urine was heated at

95–100uC for 30 minutes, cooled to room temperature then

centrifuged at 10,000 rpm for 15 min. Duplicate supernatant

samples per subject were refrigerated and tested by ELISA on

batches (n = 10), or were frozen at 220uC and tested by ELISA in

batches (all other samples). Duplicate sample results were

averaged, and the summary interpretation was considered positive

when the optical density (OD) at 450 nm was at least 0.1 above the

average signal of the negative control. Urine LAM test results were

not provided to treating clinicians.

Analysis
A subject with tuberculosis was defined by at least one sputum

or blood culture positive for M. tuberculosis. A subject without

tuberculosis was defined by having provided at least two sputum

specimens with associated negative cultures, and negative blood

culture (if blood was obtained for culture). Sensitivity, specificity,

and positive and negative predictive values of the urine LAM test

were calculated if there was a valid urine LAM test using SPSS

and Excel.

Statistical significance was determined in univariate analyses

using Chi-square for categorical variables and the Mann-Whitney

test for non-normally distributed variables. Risk ratios and 95%

confidence intervals were estimated using generalized linear

models assuming a binomial distribution with log-link function.

An ROC curve for different OD cutoffs of the LAM urine test was

generated using a web-based calculator [11].

Human subjects approval
Human subjects research ethical review for the study was

obtained from an Institutional Review Board of the Dartmouth

Medical School (Hanover NH USA), the National Institute for

Medical Research (Dar es Salaam, Tanzania), and the Muhimbili

University of Health and Allied Sciences Ethics Review Board.

Written informed consent was obtained from all subjects prior to

enrolment into the study. The respective institutional review

boards approved the informed consent form. Subjects did not

receive monetary incentive for participation

Results

Tuberculosis
Between May 2007 and July 2008, 278 TB suspects were

approached and requested to participate in the study, 271 patients

(97%) agreed to participate. Of the 7 who did not participate the

most common reason was concern for the volume of blood that

would be drawn. Of the 271 who agreed to participate 13 patients

were HIV negative and were excluded from the study. An

additional 46 subjects were excluded because they were too weak

to produce urine for LAM testing. Of the remaining 212 subjects,
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the median age was 36 years (range 18–65); 143 (67%) were

female, median CD4 count 86 (range 1–1016) and 68 patients

(32%) were on anti-retroviral therapy (ART) at enrollment (mean

duration of ART = 324 days). One hundred twelve were from

hospital A and 100 were from hospital B; there was no significant

difference in age or sex distribution between the hospital cohorts.

Tuberculosis was diagnosed by culture in 69 of 212 study subjects

(33%).

Urine LAM
Urine LAM was positive in 65 (31%) subjects including 45/69

(65%) of patients with culture-confirmed tuberculosis and 20/143

(14%) of patients without culture-confirmed tuberculosis. The

sensitivity and specificity of a positive LAM for culture-confirmed

tuberculosis were 65% and 86% respectively (Table 1) compared

to the sensitivity and specificity of sputum smear for culture

confirmed TB that was 36% and 98% for sputum smear

respectively. LAM sensitivity was higher and specificity lower

with decreasing CD4 cell count. Sensitivity was not increased in

patients with disseminated tuberculosis as defined by a positive

blood culture. In the sample of eight specimens on which dilutions

were performed, we observed consistent results in 88% (7/8, data

not shown). LAM positive rates were 2 (20%) of 10 fresh samples

versus 63 (31%) of 202 frozen samples (p = 0.69).

A Receiver Operating Characteristic (ROC) curve to illustrate

how different OD cutoffs affect sensitivity and specificity of the

urine LAM is presented in Figure 1. The area under the ROC

curve was 0.83, indicating moderate test accuracy.

Mortality
A total of 121 (57%) of 212 subjects had follow up information

available at 2 months, including 38 (55%) of the subjects with

confirmed tuberculosis and 83 (58%) of the subjects without

confirmed tuberculosis (p = 0.68). The remaining subjects did not

return for follow-up and could not be reached by phone. Sixty four

(53%) of 121 subjects with follow-up data died; 38 of these deaths

occurred during the enrollment hospital admission. Univariate risk

factors for mortality are shown in Table 2 and risk ratios in

Table 3. Significant associations with mortality (p,0.05) included

CD4 count, absence of anti-retroviral therapy (ART) and positive

urine LAM test. As shown in Figure 2, among those with follow up

available, mortality was 25 (66%) of 38 subjects with a positive

urine LAM test and 33 (40%) of 83 subjects with a negative urine

LAM test (p = 0.011). In multivariate analysis, there was a

significant association between mortality and absence of ART

and a trend towards association with a positive LAM (Table 4).

Among culture-negative patients mortality was 9 (75%) of 12 in

LAM positive patients and 27 (38%) of 71 in LAM negative

patients (0.016). TB treatment data was available on 6 of 20 LAM-

positive, culture-negative patients: among 3 survivors all 3 had

received treatment for TB; among 3 of 9 fatal cases with data, 2

had received treatment for TB.

Table 1. Urine LAM test characteristics for 69 cases of culture-confirmed tuberculosis among 212 tuberculosis suspects.

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Culture-confirmed tuberculosis, site

Sputum culture positive (all) 41/57 (72%) 116/132 (88%) 41/57 (72%) 116/132 (88%)

[95% CI] [58%–83%] [81%–93%] [58%–83%] [81%–93%]

Sputum culture positive (positive smear) 17/23 (74%) 105/118 (89%) 17/30 (57%) 105/111 (95%)

[95% CI] [53%–89%] [82%–94%] [39%–73%] [89%–98%]

Blood culture positive 20/31 (65%) 136/181 (75%) 20/65 (31%) 136/147 (93%)

[95% CI] [45%–80%] [68%–81%] [20%–44%] [87%–96%]

Any culture positive 45/69 (65%) 123/143 (86%) 45/65 (69%) 123/147 (84%)

[95% CI] [53%–76%] [79%–91%] [56%–80%] [76%–89%]

Culture-confirmed tuberculosis, CD4 strata

CD4,50 24/31 (77%) 31/43 (72%) 24/36 (67%) 31/38 (82%)

[95% CI] [58%–89%] [56%–84%] [49%–81%] [65%–92%]

CD4 50–200 14/21 (67%) 32/34 (94%) 14/16 (88%) 32/39 (82%)

[95% CI] [43%–85%] [79%–99%] [60%–98%] [66%–92%]

CD4.200 4/13 (31%) 43/49 (88%) 4/10 (40%) 43/62 (69%)

[95% CI] [10%–61%] [75%–95%] [14%–73%] [56%–80%]

PPV = positive predictive value; NPV = negative predictive value.
doi:10.1371/journal.pone.0032876.t001

Figure 1. ROC curve assessing optical density of LAM result as
a predictor of culture-confirmed tuberculosis in a cohort of 212
HIV-infected, hospitalized patients in Dar es Salaam, Tanzania.
The area under the curve is 0.828.
doi:10.1371/journal.pone.0032876.g001
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Discussion

In a population of hospitalized subjects with advanced HIV

infection and suspect tuberculosis we found that urine LAM

testing was almost twice as sensitive as AFB smear for the rapid

diagnosis of tuberculosis. Superior sensitivity is likely due in part to

the high rate of disseminated and extra-pulmonary disease where

sputum smear and/or culture may be negative but mycobacterial

antigen may still be circulating, filtered and detectable in urine.

Specificity of LAM was lower than for AFB smear, but this can be

considered an acceptable limitation in this patient population with

a high short term mortality from tuberculosis that is often

undiagnosed or untreated [10,12].

The LAM test characteristics we identified in the present study

are consistent with those described in a systematic review of seven

studies that assessed test accuracy using only microbiologically

confirmed cases (such as ours): sensitivity was 13%–93% and

specificity 87–99% [8]. Differences in test characteristics may

relate both to different LAM testing methodologies and different

patient populations. In the systematic review pooled sensitivity

estimates from the two studies that evaluated the early prototype

version of the test were significantly higher than estimates from

studies that used either of the two commercial assays [8]. Urine

collection and processing may influence accuracy, although

analysis of sub-groups in which the urine used in the assay was

either fresh or previously frozen found no statistically significant

differences between these groups [8]. In our study, most assays

were conducted on frozen samples and we had too few results on

fresh samples for comparison.

The effect of different patient populations is most evident with

HIV where sensitivity has been found to be higher in HIV-positive

than in HIV-negative patients and higher with decreasing CD4

count, as we also observed [8,13]. This could reflect a higher

circulating burden of M. tuberculosis in advanced AIDS as suggested

by a study that showed higher sensitivity with positive blood

cultures [9]. We did not find higher sensitivity with positive blood

cultures. This could reflect different levels of mycobactermia

detected by different blood culture methods, and could be resolved

with a blood culture study comparing colony forming units (CFUs)

in positive blood cultures with LAM results.

Subjects with a positive urine LAM had significantly greater

two-month mortality in univariate analysis and a trend toward

greater mortality in multivariate analysis. Further, mortality

among culture-negative subjects was significantly higher in LAM

positive than LAM negative subjects. This is concordant with the

findings of a South African study of hospitalized patients in whom

positive LAM results were associated with greater mortality among

culture-confirmed tuberculosis cases [9]. These findings raise the

intriguing possibility that urine LAM may not only be a marker for

more severe culture-positive disease but may also be a marker for

culture-negative tuberculosis, incipient tuberculosis, extra-pulmo-

nary tuberculosis, or perhaps another unindentified opportunistic

infection. Since we did not have follow-up on all subjects, and

since rigorous statistical significance was not achieved in the

multivariate analysis with our small sample size, these findings

require confirmation in a larger study.

Our data suggest a role for LAM testing in hospitalized HIV-

infected patients with suspect tuberculosis who have a very high

short-term risk of mortality. Urine LAM detected 24 patients who

were smear negative and culture-confirmed and 4 patients who

could not produce sputum for evaluation. This supports the use of

urine LAM testing combined with AFB sputum smear microscopy

for early initiation of treatment in patients with CD4 counts ,200

as suggested by Peter et al [14]. In addition HIV-positive patients

with this profile should also be started on anti-retroviral therapy

within 8 weeks, and those with a positive LAM or CD4,50 within

2 weeks [15].

We have avoided many biases seen in studies of diagnostics [16].

The spectrum of patients is representative of the patients who will

receive the test in practice (no spectrum composition bias), the

reference standard is independent of the index test (incorporation

bias), and tests were interpreted without knowledge of other test

results (reference standard bias). We have also attempted to meet

all STARD (STAndards for the Reporting of Diagnostic accuracy

studies) recommendations in this report [17]. Yet, our study has

limitations. A significant number of screened subjects were unable

to produce urine. Culture for M. tuberculosis was performed on

agar, which is less sensitive than broth, a factor which may have

lowered the apparent sensitivity and specificity of LAM testing,

and may also explain some of the culture-negative LAM positive

cases (non-tuberculous mycobacteria would have been isolated

with our culture methods). Further, although there was no evident

systematic bias in our attempts to obtain two-month follow-up

data, we cannot exclude this possibility since we only had these

data in slightly more than half of the study population. Finally the

small sample size makes it difficult to fully separate the influence of

Table 2. Risk factors for mortality among 121 tuberculosis
suspects with follow-up data.

Characteristic Died Survived P value

n = 58 n = 63

Age, median 37 (22–65) 38 (18–56) 0.691

Sex, Female % 39 (67%) 42 (67%) 1.000

CD4, median 30 (2–853) 106 (1–849) 0.014

On ART*, % 8 (14%) 29 (46%) ,0.001

Any TB culture positive 22 (38%) 16 (25%) 0.099

Blood culture positive 15 (26%) 1 (2%) ,0.001

Urine LAM positive 25 (43%) 13 (21%) 0.007

*ART means the patient was on ART at enrollment.
doi:10.1371/journal.pone.0032876.t002

Table 3. Univariate analysis of mortality and risk factors
among 121 tuberculosis suspects with follow-up data.

Characteristic Died (%) Risk Ratio P value

Female 39 (48.1%)

Male 19 (47.5%) 1.01 1.000

CD4.200 8 (29.6%)

CD4#200 43 (55.1%) 1.86 0.027

On ART* 8 (21.6%)

Not on ART 50 (59.5%) 2.75 ,0.001

TB culture negative 36 (43.4%)

TB culture positive 2 (57.9%) 1.33 0.171

Blood culture negative 43 (41.0%)

Blood culture positive 15 (93.8%) 2.29 ,0.001

Negative LAM 33 (39.8%)

Positive LAM 25 (65.8%) 1.65 0.011

*On ART means at the time of enrollment.
doi:10.1371/journal.pone.0032876.t003
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related variables on mortality such as positive LAM and positive

culture, or CD4 and ART.

Urine LAM testing is a promising rapid diagnostic for suspect

tuberculosis among hospitalized patients with HIV infection living in a

tuberculosis-endemic country. The suggestive association of a positive

urine LAM with mortality raises the possibility that urine LAM may

have a role in the diagnosis of culture-negative tuberculosis.
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Abstract

Background: A safe effective and affordable HIV vaccine is the most cost effective way to prevent HIV infection
worldwide. Current studies of HIV prevalence and incidence are needed to determine potentially suitable cohorts
for vaccine studies. The prevalence and incidence of HIV-1 infection among the police in Dar es Salaam in 1996
were 13.8% and 19.6/1000 PYAR respectively. This study aimed at determining the current prevalence and
incidence of HIV in a police cohort 10 years after a similar study was conducted.

Methods: Police officers in Dar es Salaam, Tanzania were prospectively enrolled into the study from 2005 and
followed-up in an incidence study three years later. HIV infection was determined by two sequential enzyme linked
immunosorbent assays (ELISAs) in the prevalence study and discordant results between two ELISAs were resolved
by a Western blot assay. Rapid HIV assays (SD Bioline and Determine) were used for the incidence study.

Results: A total of 1,240 police participated in the HIV prevalence study from August 2005 to November 2008. Of
these, 1101 joined the study from August 2005-September 2007 and an additional 139 were recruited between
October 2007 to November 2008 while conducting the incidence study. A total of 726 (70%) out of the 1043
eligible police participated in the incidence study.
The overall HIV-1 prevalence was 65/1240 (5.2%). Females had a non-statistically significant higher prevalence of HIV
infection compared to males 19/253, (7.5%) vs. 46/987 (4.7%) respectively (p = 0.07). The overall incidence of HIV-1
was 8.4 per 1000 PYAR (95% CI 4.68-14.03), and by gender was 8.8 and 6.9 per 1000 PYAR, among males and
females respectively, (p = 0.82).

Conclusions: The HIV prevalence and incidence among the studied police has declined over the past 10 years, and
therefore this cohort is better suited for phase I/II HIV vaccine studies than for efficacy trials.

Keywords: HIV, Incidence, Prevalence, Cohort for vaccine trials, Tanzania

Background
The overwhelming burden of HIV in sub-Saharan Africa
is of major concern and has claimed many lives in the
region [1].
Despite multiple preventive measures in place for the

control of HIV and AIDS, the disease still remains to be
of public health importance. According to the UNAIDS

report of 2011 there were 2.7 million new HIV infections
worldwide in 2010 [2]. While in Tanzania the HIV
prevalence was noted to be 6% [3].
Although the availability of highly active antiretroviral

therapy (HAART) has dramatically improved the quality
of life and life expectancy of people living with HIV and
AIDS, the ultimate control of this pandemic probably
depends upon the availability of a safe, effective and af-
fordable HIV vaccine.
Several vaccine candidates at different phases of trials,

including phase III trials have been tested in humans in
different continents and have been found to be safe and
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to elicit immune response, including the recently con-
cluded phase III study conducted in Thailand that re-
vealed a 31% efficacy [4].
Participation of sub-Saharan Africa in HIV vaccine tri-

als is crucial, since this is the region that bears the major
brunt of HIV infection and would be a potential region
to benefit most from a vaccine [5].
There is a need to prepare cohorts of volunteers for

HIV vaccine studies and moreover there is a need to as-
sess the suitability of these cohorts for such studies.
For phase I/IIa HIV vaccine studies the required co-

hort is supposed to be of low risk for HIV infection. For
efficacy studies where there is need to determine the ef-
ficacy of the vaccine candidate in question in the midst
of other non vaccine interventions the cohort to be stud-
ied is supposed to be at a relatively high risk for HIV in-
fection [6].
The police cohort in Dar es Salaam, Tanzania was

established in 1994 in preparation for phase I/II HIV vac-
cine trials in Dar-es Salaam. The initial HIV prevalence of
13.8% in this cohort was similar to the general population
prevalence for that year, while the incidence was noted to
be 19.9/1000 PYAR [7]. This is in the realm of incidence
where HIV vaccine efficacy trials are feasible.
A subgroup of these police officers, with low risk for

HIV infection, participated in a recently conducted
phase I/II HIV vaccine trial (HIVIS 03) to ascertain the
safety and immunogenicity of the candidate HIV-1
DNA-MVA vaccines [8].
During recruitment in the incidence study in 1994–

1996, study subjects were given HIV prevention educa-
tional sessions [7]. Furthermore a core group of more
than 300 police officers was established and maintained
with a focus to educate them more about HIV infection
and prevent transmission of HIV among members in the
police force.
HIV incidence in cohorts has been shown to decline

over time in many African countries including Tanzania
[1]. Our research group has maintained contacts with
the police force as a whole with regards to HIV educa-
tion and prevention as well as participation of the police,
among other cohorts, in phase I/II HIV vaccine trials
since 1994.
The aim of this study was therefore to determine the

current HIV prevalence and incidence among the police
in Dar es Salaam. This study is conducted 10 years fol-
lowing the initial HIV prevalence and incidence study so
as to determine if the police force is still a suitable co-
hort for HIV vaccine efficacy studies.

Methods
Setting
The study was conducted at all the 32 police stations
in Dar es Salaam, Tanzania, which were located in all

the three municipalities of urban and peri-urban Dar
es Salaam.

Design
Prospective Cohort study.

Study period
Recruitment began in August 2005 and follow up was
complete in November 2008.

Study population
Were police men and women aged 18 years or above
from Dar es Salaam Tanzania. They were prospectively
recruited into the study following educational sessions
on HIV and AIDS that were done in their respective sta-
tions. Physicians conducted the educational sessions
with the help of collaborators from the Police force that
included Doctors and Nurses from the police health unit
on a weekly basis. After each educational session, the
police were invited to participate in the study, prior to
participation in the study an informed consent was
obtained from each of the police.
Trained nurse counselors performed pre and post-test

HIV counseling to all study subjects. The nurse coun-
selors also filled in a standardized questionnaire that
included socio-demographic data, social behavioral ques-
tions on HIV risk and questions on HIV testing. After
the interview sessions the study participants were re-
quested to donate blood for HIV testing.
Following HIV testing in the Microbiology and Im-

munology laboratory at the Muhimbili University of
Health and Allied Sciences, the HIV results were commu-
nicated to the respective study subject at their respective
stations a week later whereby post-test counseling was
performed by a nurse counselor.

Follow up
For the incidence study the study staff visited the sta-
tions from October 2007 to November 2008 and re-
quested all those who participated in the prevalence
study in 2005–2008 to re-test for HIV. Only participants
who were not HIV infected in the prevalence study were
tested for HIV in the incidence study.

Blood sample collection
Two milliliters of venous blood was collected for HIV
testing at the Department of Microbiology and Im-
munology, Muhimbili University of Health and Allied
Sciences (MUHAS).

HIV testing
For the HIV prevalence study: HIV serostatus was de-
termined using the Murex antigen/antibody combina-
tion (Abbott, UK) enzyme linked immunosorbent assays
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(ELISA) followed by testing of reactive sample on the
Enzygnost anti-HIV-1/HIV-2 plus (Behring, Marbug,
Germany) assay as previously used [9]. Discordant re-
sults between two ELISAs were confirmed using Inno-
Lia immunoblot assay (Innogenetics, Belgium).
For the HIV Incidence study: HIV serostatus was de-

termined using the National rapid HIV testing algorithm
where initial testing was performed using SD Bioline
(Standard Diagnostic Inc, Korea) followed by confirma-
tion of reactive samples on Determine (Inverness Med-
ical, Japan) as used previously [10]. Sera reactive on both
tests were considered as positive. Uni-Gold assay (Trinity,
UK) was used as a tiebreaker. The change in testing meth-
odology was determined by the fact that the study partici-
pants did not want to wait for a week for their HIV test
results. Furthermore it was noted that there were several
voluntary and counseling testing sites that offered HIV
testing and results on the same day.

Social characteristics
Information on social behavioral characteristics was col-
lected on a subgroup of individuals who participated in
the prevalence study in 2005. This subgroup only in-
cluded the police who were recruited consecutively in
the study for the first six months. Thereafter this infor-
mation was not collected as it was noted that this con-
sumed a lot of time as the police needed to attend to
their duties.

Ethical clearance
The study received ethical clearance from the Muhimbili
University of Health and Allied Sciences ethics commit-
tee. Written informed consent was obtained from each
study participant prior to the inclusion in the study. In-
formed consent was obtained from each police who par-
ticipated and there was no coercion from the higher
authorities in the Police Force.

Treatment
All study subjects who were found to be HIV-infected
were referred to the Muhimbili National Hospital, HIV
care and treatment clinic and were offered standard of
care according to the Tanzania National Guidelines for
Care and Treatment of HIV-infected patients.

Data analysis
Data were analyzed using SPSS version 18 software
(SPSS, Chicago, IL, US). 95% Confidence intervals were
computed using Open Epi version 2 that is available
on line in the following link (http://www.openepi.com/
OE2.3/PersonTime1/PersonTime1.htm) the test was used
to compare proportions and incidence rates between
the sexes. Two by two tables were used to compare
social demographic variables between males and females.

Comparisons were made for the social demographic vari-
ables by gender as stratified by HIV status. Comparison of
proportions was made using the Chi square test. HIV inci-
dence was estimated from the time the first HIV test was
negative to the time the test was positive. Since partici-
pants had different follow up times. The incidence rates
were calculated as the number of new HIV infections
divided by the person time years of observation for
each study participant. Relative risk was used to com-
pare the HIV incidence by gender and statistical sig-
nificance was judged using a 95% confidence interval.
A double sided p value of <0.05 was considered to be
statistically significant.

Results
Socio-demographic characteristics
A total of 1,367 police from the 32 stations in Dar-es
Salaam were provided with education on HIV by the study
team. Of these 1,244 (91%) consented for a blood withdra-
wal for HIV testing: 991/1244 (80%) were male.
There was no significant difference between females

and males with respect to agreeing to a blood withdra-
wal and subsequent HIV testing 253/282 (90%) vs 991/
1085 (91%), respectively (p = 0.64). When it came to ac-
tual testing 1240 (99.7%) were tested for HIV, with only
4 (0.3%) participants who had consented not showing up
for the blood test.
The demographic characteristics of the study popula-

tion are shown in Table 1. Only a subset of the study
population were asked questions on social risk behaviour
for practical reasons, due to a tight schedule at the wor-
king place that left minimal time for the study par-
ticipants to fill in the questionnaire. The sub group
comprised of 435 police, 88 females and 347 males from
the police who were recruited into the study during the
first six months of the study.
The females who participated in the study were

much younger compared to males with a median age
of 33 years compared to 37 years respectively p < 0.001.
Likewise a significantly higher proportion of females
(45.5%) were not married compared to males (25.4%)
p<0.001.

Participant recruitment
Recruitment of study participants and the flow is shown
in Figure 1. Of the 1,240 who tested for HIV 1,101
(89%%) were seen in the first round from August 2005 to
August, 2007. The remaining 139 were tested for HIV
prevalence during the second round while conducting the
incidence study that took place between October 2007
and November 2008.
A total of 726 out of the 1,043 (70%) eligible police

were seen for a second time for the incidence study bet-
ween October 2007- November 2008. The remaining
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317 (30%) police were lost to follow up. Of these, 65
(21%) were female, and 252 (79%) were male. We were
able to obtain reasons for not re-testing in 213/317
(67%). The reasons included: being transferred perman-
ently 63 (30%); being away on special assignment during
the study period 53 (25%), retired in 21 (10%), being on
vacation 19 (9%); being on study leave 17 (8%), with-
drawn consent 16 (7%), terminated from the force 12
(6%); death 5 (2%), hospitalized 3 (1%), resigned 2 (1%),
and travelled 2 (1%).

HIV prevalence
The overall prevalence of HIV-1 infection was 65/1240
(5.2%) with a statistically non-significant higher preva-
lence among females 19/253 (7.5%) compared to males
46/987 (4.7%) p = 0.07. The HIV prevalence during the
first round was 58/1101 (5.3%) and in the second round
was 6/139 (4.3%).
Socio-demographic characteristics related to HIV se-

rostatus are shown in Table 2. HIV infection was com-
mon among the older police officers for both males and

females, however this difference by gender was not sta-
tistically significant. Further, men who refused to test
were younger compared to the men who tested for HIV.
The HIV-1 prevalence was higher among married com-

pared to never married police, (7.8% vs 2.3%, p = 0.03).
HIV infection seemed to be more prevalent among those
with lower levels of education compared to those with
higher level of education; 9.1% vs 4.7% p = 0.06.

HIV incidence
Of the 1,043 police who were HIV-negative at recruitment
during the prevalence study in 2005, 726 (70%) were
followed up until 2008 and generated a total of 1,538 per-
son time years of observation (PYAR). Among the 726 po-
lice who were followed up 13 police seroconverted. The
overall crude HIV-1 incidence was thus 13/726 (1.79%).
The HIV incidence by gender and age are shown in
Table 3. The crude HIV-1 incidence by gender was 1.4%
(2/143) for females and 1.9% (11/583) for males, p = 0.98.
The incidence rate of HIV-1 was 13/1538 (0.85%) or 8.5
per 1000 PYAR (95% CI 4.68-14.03). By gender this was
0.88% (8.8/1000 PYAR) among males, and 0.69% (6.9/1000
PYAR) for females with a relative risk of 0.8 (95% CI
0.31-8.39), p = 0.82 for females compared to males.
The age group with the highest HIV incidence for

males and females was 25–29 years with incidence rates
of 18.7 and 43.5 per 1000 PYAR for males and females
respectively.

Discussion
This study has found out that the overall HIV preva-
lence and incidence among the police officers in Dar es
Salaam has decreased to 5.2% and 8.5 per 1000 PYAR
respectively over the past decade as compared to the
previous study [7]. In 1994/96, the prevalence and inci-
dence of HIV among the police were 13.8% and 19.9 per
1000 PYAR respectively [7]. The prevalence of HIV
among the police is comparable to the national figures
in the general population of Tanzania of 6% [3].
We observed that HIV was more prevalent among the

married compared to the never married and HIV was
also more prevalent among those with lower levels of
education compared to those with higher levels of edu-
cation. This finding is in-keeping with a previous study
in Tanzania [11].
We also found that the HIV incidence was high among

the age group of 25–29years for both males and females.
When comparing this to the previous study that was
conducted in 1994/96 the HIV incidence for females in
the same age group has doubled from 20.4 per 1000 to
43 per 1000 in the present study. For males no such dif-
ference was observed, i.e. 17.1 per 1000 to 19 per 1000
in the present study. However we noted that the higher
HIV incidence among males and females occurred in a

Table 1 Socio-demographic and behavioral characteristics
of the study participants who participated in the first
round of the prevalence study

Characteristic Male Female P value

Median age (range) 37 (18–61) 33 (18–57) <0.001

Mean Age (SD) 36 (±9.2) 34 (±9.5)

Marital Status (n=435)

Never married 88 (25.4%) 40 (45.5%) <0.001

Married 259 (74.6%) 48 (55.5%)

Level of education (n=433)

Primary 138 (40.0%) 38 (43.2%)

Secondary 189 (54.8%) 47 (53.4%) 0.751

College/university 18 (5.2%) 3 (3.4%)

Condom use last sexual
encounter (n=307)

Yes 28 (10.9%) 9 (17.6%) 0.163

No 228 (89.1%) 42 (82.4%)

Regular sexual partner
Wife/Husband (n=304)

Yes 237 (93.3%) 35 (70.0%) <0.001

No 17 (6.7%) 15 (30.0%)

Regular sexual partner
someone else (n=226)

Yes 105 (59.7%) 29 (58.0%)

No 71 (40.3%) 21 (42.0%) 0.871

Condom use during
extramarital sex (n = 21)

Yes 12 (70.6%) 4 (100%) 0.50

No 5 (29.4%) 0 (0%)
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much younger age group of 25–29 in this study com-
pared to 30–34 years in the 1994/96 study [7].
The reduction in the HIV prevalence and incidence

among the police could be attributed to the continuous
HIV educational sessions that have been ongoing on
average at weekly intervals in the police force. The study
team had recruited the police for a phase 1/II HIV vac-
cine trial and prior to recruitment in the study, conti-
nuous HIV prevention educational sessions have been
conducted in the various stations in Dar es Salaam. Fur-
thermore there has been massive campaigns country-
wide against HIV and AIDS, which might have also
resulted into the decrease in prevalence country wide as
well as in the police force.
It was also learnt that at the beginning of 2005 there

was a policy for mandatory HIV screening of new police
recruits and only those found to be HIV-uninfected were

recruited into the police force. We speculate that this
factor might have also contributed to the low prevalence
noted in the current study. Perhaps the HIV infected
screened out recruits from the police force could have
increased the prevalence in this study. Furthermore the
low incidence observed in our study could also be attri-
buted to the fact that the current study might have se-
lected for police who might have been at low risk, as
almost 30% of the police who participated in the preva-
lence study did not re-test in the incidence study.
Generally there has been a reported decline in HIV

prevalence and incidence in Tanzania in the general po-
pulation that is comparable to our study [2].
On comparing these study findings to the previous in-

cidence study conducted among the police in 1996 [7]
whereby 2,733 police we recruited over a 3-year period,
we only recruited 1240 police over a similar interval of

HIV Education
N=1,367

Consented
n=1,244

Did not consent
n=123

Participated in 
the Prevalence 

study
n=1,240

Did not participate in 
the prevalence study

n=4

1st Round
n=1,101

2nd Round
n=139

Eligible for 
Incidence 

study
n=1,043

HIV-infected
n=58

Participated 
in the 

Incidence 
study
n=726

Lost to follow 
up

n=317

HIV-infected
n=6

HIV-infected
n=13

Figure 1 Consort diagram.
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Table 2 HIV Prevalence by socio- demographic and behavioral characteristics

All Males Females Total

Median age (years range)

HIV-infected 39 (22–51) 39 (26–51) 38 (22–49)

HIV-uninfected 36 (18–61) 37 (19–61) 34 (18–56) 0.07

Refused to test 30 (18–57) 30 (18–35) 46 (25–57)

Marital Status

(n = 435)

Never married

HIV-infected 3 (2.3%) 2 (2.3%) 1 (2.5%)

HIV-uninfected 125 (97.7%) 86 (97.7%) 39 (97.5)

0.03*

Married

HIV-infected 24 (7.8%) 20 (7.7%) 4 (8.3%)

HIV-uninfected 283 (92.2%) 239 (92.3%) 44 (91.7%)

Level of education

n=433

Primary

HIV-infected 16 (9.1%) 13 (9.4%) 3 (7.9%)

HIV-uninfected 160 (90.9%) 125 (90.6%) 35 (92.1%)

Secondary 0.06**

HIV-infected 11 (4.7%) 9 (4.8%) 2 (4.1%)

HIV-uninfected 225 (95.3%) 180 (95.2%) 45 (95.7%)

College/university

HIV-infected 0 0 0

HIV-uninfected 21 18 3

Condom use last sexual encounter

n=307

Yes

HIV-infected 3 (8.1%) 1 (3.6%) 2 (22.2%)

HIV-uninfected 34 (91.9%) 27 (96.4) 7 (77.8%)

0.76***

No

HIV-infected 21 (7.8%) 18 (7.9%) 3 (7.1%)

HIV-uninfected 249 (92.2%) 210 (92.1%) 39 (92.9%)

Regular sexual partner Wife/Husband

n=304

Yes

HIV-infected 22 (8.1%) 19 (98.0%) 3 (8.6%)

HIV-uninfected 250 (91.9%) 218 (92.0%) 32 (91.4%)

0.93****

No

HIV-infected 2 (6.3%) 1 (5.9%) 1 (6.7%)

HIV-uninfected 30 (93.7%) 16 (94.1%) 14 (93.3%)
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time. We speculate that the low recruitment over time
could have been attributed to the availability of HIV
testing facilities in the city including a testing center at
the police health center.
Of recent there has been an increase in voluntary

counseling and testing centers in Tanzania. We noted
that some of the police had tested for HIV in less than
3 months at these centers and knew their statuses. Some
of the police when traced could not be followed up
as they were assigned special duties outside the city
or abroad.
During the incidence study we changed to rapid tes-

ting for HIV whereby we tested and offered results on
site on the same setting. In addition we also offered
other tests such as hemoglobin, glucose and urine exam-
ination so as to motivate the police to test. However we
might have selected for police who had tested them-
selves prior and had known that they were uninfected
and therefore participated in this study resulting to the
underestimation of the prevalence and incidence.
For HIV efficacy trials there is a need to recruit a

high-risk cohort so as to study the effect of the vaccine
in the midst of other existing preventive measures and
to reach to a primary endpoint in a relatively short
period of time. The incidence of 8.5 per 1000 PYAR ob-
served in the current study clearly indicates that the
population studied was a low risk cohort and therefore

might not be a suitable cohort for HIV vaccine efficacy
studies though a decade ago the cohort appeared to be
suitable for efficacy trials. However, there might be sev-
eral factors that motivated individuals to participate in
vaccine trials, one of the factors could be self-perception
of being at high risk. In the recently concluded phase I/II
HIV vaccine study (HIVIS03 study) that was conducted
among the police in Dar es Salaam over a two year period
2/60 recruited volunteers acquired HIV infection during
the study this amounts to an incidence of 16.7 per 1000
PYAR [8]. These police who participated in the vaccine
trial are from the same stations where the incidence study
was conducted and yet the incidence noted in our study
was half of that noted in the vaccine study. This might
therefore indicate that the police who came to test in the
incidence study might have perceived themselves to be at
low risk and therefore our study selected for individuals at
low risk.

Conclusions
There has been an overall decline in the HIV prevalence
and incidence in the police cohort. Therefore the police in
Dar es Salaam are a suitable cohort for phase I/II HIV vac-
cine studies but might not be a suitable cohort for efficacy
studies. Hence efforts are continued to explore other pos-
sible cohorts such as young females at high risk for HIV
in Dar es Salaam to participate in future efficacy trials.

Table 3 Incidence of HIV-1 per 1000 PYAR by age and sex

Age groups
(years)

Total number
of males

Males
PYAR

HIV Cases Incidence Total number
of females

Females
PYAR

HIV Cases Incidence R.R

18–24 98 195 1 5.1 36 68 0 0

25–29 105 214 4 18.7 26 46 2 43.5 2.3

30–34 51 114 1 8.8 18 35 0 0

35+ 329 727 5 6.9 63 139 0 0

Total 583 1250 11 8.8 143 288 2 6.9 0.8

R.R Relative risk.
PYAR Person years at risk.

Table 2 HIV Prevalence by socio- demographic and behavioral characteristics (Continued)

Regular sexual partner someone else

n=226

Yes

HIV-infected 6 (4.5%) 6 (5.7%) 0

HIV-uninfected 128 (95.5%) 99 (94.3%) 29

0.95

No

HIV-infected 5 (5.4%) 3 (4.2%) 2 (9.5%)

HIV-uninfected 87 (94.6%) 68 (95.8%) 19 (90.5%)

* p values comparison of HIV –infection among the married to the never married.
** p values comparison of HIV-infection in primary vs secondary education.
*** p values comparison of HIV-infection among the condom users and non condom users.
**** p values comparison of HIV-infection with respect for regular sexual partners and irregular sexual partners.
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Priming	with	a	simplified	intradermal	HIV‐1	DNA	vaccine	regimen	followed	by	boosting	with	

recombinant	HIV‐1	MVA	vaccine	is	safe	and	immunogenic.	
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ABSTRACT	
	
Background:	Intradermal	priming	with	HIV‐DNA	plasmids	containing	HIV‐1	genes	followed	by	an	

HIV‐1	 MVA	 boost	 containing	 analogous	 genes	 induces	 strong	 and	 broad	 cellular	 and	 humoral	

immune	 responses.	 In	 our	 previous	 HIVIS‐03	 trial	 priming	 required	 5	 injections	with	 2	 pools	 of	

immunogens	at	separate	sites	at	each	immunization.	This	study	explored	whether	HIV‐DNA	priming	

can	 be	 simplified	 by	 lowering	 the	 dose	 of	 DNA	 and	 administration	 of	 combined	 versus	 separate	

plasmid	pools.		

Methods:	In	this	phase	IIa,	randomized	trial	priming	was	performed	using	1000	μg	HIV‐DNA	given	

in	5	injections	(3	Env	and	2	Gag	encoded	plasmids)	compared	to	two	“simplified”	regimens	of	600	

μg	HIV‐DNA	 given	 in	 2	 injections	 of	 Env‐	 and	 Gag‐encoding	 plasmid	 pools	with	 each	 pool	 either	

administered	separately	or	combined.	HIV‐DNA	immunizations	were	given	intradermally	at	weeks	

0,	4,	and	12,	boosting	was	performed	intramuscularly	with	108	pfu	HIV‐1	MVA	at	weeks	30	and	46.		

Results:	129	healthy	Tanzanian	participants	were	enrolled.	Three	participants	reported	severe	pain	

and	12	participants	had	grade	3	or	above	asymptomatic	laboratory	abnormalities.	The	proportion	of	

IFN‐γ	 ELISpot	 responders	 to	 Gag	 and/or	 Env	 did	 not	 differ	 significantly	 between	 the	 low	 dose	

combined,	 the	 low	dose	 separate,	and	 the	high	dose	 separate	groups	after	 the	 first	or	 the	 second	

HIV‐MVA	boost	(87%,	97%	and	97%).	There	were	no	significant	differences	in	the	magnitude	of	Gag	

and/or	Env	 IFN‐γ	ELISpot	responses,	 in	CD4+	and	CD8+	T	cell	 responses	measured	as	 IFN‐γ/IL‐2	

production	 by	 intracellular	 cytokine	 staining	 or	 in	 response	 rates	 and	 median	 titer	 for	 binding	

antibodies	to	Env	gp160	between	study	groups.		

Conclusions:	 A	 “simplified”	 intradermal	 vaccination	 regimens	 with	 2	 injections	 of	 600	 μg	 with	

combined	HIV‐DNA	plasmids	primed	cellular	responses	as	efficiently	as	the	“standard”	regimen	of	

1000	μg	with	separate	plasmid	pools	given	in	5	injections	after	boosting	twice	with	HIV‐1	MVA.		
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Introduction	

The	global	HIV	pandemic	is	not	yet	under	control	despite	a	reported	recent	decline	in	incidence	[1].	

According	to	the	UNAIDS	report	 for	the	year	2012	there	were	a	total	of	35.3	million	people	 living	

with	HIV,	2.3	million	new	infections,	with	69%	of	all	people	living	with	HIV	from	sub‐Saharan	Africa	

and	 1.6	million	 deaths	 attributed	 to	 HIV	 [1].	 The	 currently	 available	 HIV	 preventive	 and	 control	

interventions	 require	 strict	 adherence	 to	 be	 effective[2,3,4].	 Therefore	 there	 is	 still	 a	 need	 to	

prevent	and	control	the	number	of	new	infections	by	complementing	on‐going	interventions	such	as	

early	detection,	 education	on	behavioral	 change	 and	biomedical	 strategies	with	 a	 safe,	 affordable	

and	effective	preventative	HIV	vaccine.	

The	search	for	an	HIV	vaccine	during	the	past	25	years	has	been	a	challenge	due	to	viral	diversity	

and	 the	 ability	 of	 the	 virus–infected	 cells	 to	 evade	 the	 immune	 system	 [5].	 However	 pre‐clinical	

studies	 have	 identified	 immune	 and	 genetic	 biomarkers	 associated	 with	 protection	 against	

challenge	that	provide	further	insights	for	an	HIV	preventive	vaccine	for	humans	[6,7,8,9,10].		

So	 far	 there	 have	been	more	 than	180	 clinical	HIV‐1	 vaccine	 trials	 conducted	 in	humans	 ranging	

from	phase	I	 to	phase	III	 [11],	 including	 the	recently	concluded	RV	144	phase	III	 trial	 in	Thailand	

that	 showed	 a	 modest	 efficacy	 of	 31%	 [12].	 Post	 hoc	 analysis	 of	 the	 RV144	 trial	 evaluating	

associations	between	immune	responses	to	vaccine	and	protection	suggest	binding	IgG	antibodies	

specific	 to	 the	 variable	 regions	 1	 and	 2	 of	 the	HIV‐1	 envelope	 protein	 are	 important	 [13,14].	 An	

effective	vaccine	would	be	one	that	is	capable	of	eliciting	both	antibodies	and	T	cells	that	have	an	

antiviral	capability	[15].	

	Tanzania	 is	 one	 of	 the	 sub‐Saharan	 countries	 that	 has	 been	 highly	 affected	 by	 HIV,	 and	 has	

participated	in	early	phase	I/II	HIV	vaccine	trials	[16].	Earlier	studies	evaluated	different	routes	for	

HIV‐DNA	 vaccine	 administration	 comparing	 intradermal	 to	 intramuscular	 routes	 of	 HIV‐DNA	

delivery	 [16,17].	 We	 have	 shown	 that	 intradermal	 priming	 thrice	 with	 1000	 µg	 of	 an	 HIV‐DNA	

vaccine	per	immunization	given	as	5	injections	of	0.1	ml	and	separating	Env	and	Gag	plasmid	pools	

prior	to	boosting	twice	with	an	HIV‐MVA	vaccinia	vector	vaccine	was	safe	and	resulted	in	strong	and	

broad	 antigen‐specific	 cellular	 immune	 responses	 to	 HIV	 Gag	 and	 Env	 [16,17].	 Importantly	 this	

study	also	 showed	 that	all	 vaccines	developed	binding	anti‐HIV	antibodies	and	a	high	proportion	

also	had	antibodies	reactive	in	a	peripheral	mononuclear	cell	(PBMC)	neutralization	assay	after	the	

second	HIV‐MVA	boost[16].		

With	overall	 feasibility	in	mind,	 it	would	be	ideal	to	reduce	the	number	of	 injections	and	combine	

the	 plasmid	 pools	 into	 a	 single	 injection.	We	 therefore	 set	 out	 to	 address	 two	 questions.	 Firstly,	
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could	the	dose	of	DNA	be	reduced	to	600	μg	per	immunization	and	secondly	could	the	plasmid	pools	

be	combined	at	the	lower	dose.	We	compared	safety	and	immunogenicity	of	administering	HIV‐DNA	

at	a	dose	of	1000	µg		“standard	regimen”	administered	in	five	injections	as	separated	plasmids,	with	

a	 simplified	 regimen	 comprising	 a	 lower	 overall	 dose	 of	 600	 µg	 given	 in	 2	 injections.	 We	 also	

compared	 the	 effect	 of	 combining	 versus	 separating	 the	 plasmid	 pools	 on	 the	 overall	 safety	 and	

immunogenicity.	
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Materials	and	Methods	

Study	Design	and	Population:	This	was	a	phase	 IIa	 randomized	 trial	 that	 recruited	participants	

from	two	centers	 in	Tanzania:	 the	Muhimbili	University	of	Health	and	Allied	Sciences	(MUHAS)	in	

Dar	 es	 Salaam,	 and	 the	 National	 Institute	 for	Medical	 Research	 (NIMR)‐Mbeya	Medical	 Research	

Center	(NIMR‐MMRC)	in	Mbeya.	

The	trial	participants	were	recruited	among	officers	 in	Police	and	Prison	forces,	as	well	as	youths	

from	a	Youth	friendly	clinic	in	Dar	es	Salaam.	In	Mbeya	participants	were	recruited	from	the	general	

population.		

The	 study	 protocol	 aimed	 to	 include	 120	 healthy	 individuals	 (60	 from	 each	 center),	 aged	 18‐40	

years	who	were	regarded	to	be	at	low	risk	for	acquiring	HIV	infection,	and	were	willing	to	undergo	

HIV	 and	 pregnancy	 testing	 (for	 females)	 at	 screening	 and	 during	 the	 trial	 duration	 of	 70	weeks.	

Replacements	were	performed	for	early	dropouts	or	withdrawal	from	immunization	during	ongoing	

recruitment.	All	participants	received	detailed	study	information	prior	to	screening	and	enrollment	

during	pre‐screening	 and	briefing	workshops.	All	 participants	were	 required	 to	 sign	 an	 informed	

consent	form	before	enrollment.	The	participants	were	also	required	to	have	undergone	and	passed	

a	test	of	understanding	about	the	study	prior	to	enrollment.		

Participants	were	not	allowed	to	take	part	in	the	study	if	they	were	HIV‐infected	or	pregnant	or	if	

they	 had	 any	 clinically	 relevant	 medical	 condition	 or	 laboratory	 investigations	 that	 included	

Hepatitis	 B	 virus	 infection,	 syphilis,	 diabetes	 or	 were	 known	 to	 be	 using	 immunosuppressive	

medications.	 Participants	 were	 also	 required	 to	 use	 an	 effective	 method	 of	 contraception	

throughout	the	trial.	

Randomization	and	Vaccinations	

The	 trial	 participants	were	 randomized	 to	 one	of	 the	 three	main	 study	 groups	 as	 summarized	 in	

table	1	and	 figure	1:	 “low	dose	combined”,	 “low	dose	separate”	and	 “standard	dose”.	Within	each	

main	group	participants	were	randomized	to	vaccine	or	placebo	in	a	ratio	of	9:1.	Normal	Saline	was	

used	as	a	placebo	to	minimize	the	chance	that	participants	would	mistakenly	believe	themselves	to	

be	 protected	 against	 HIV.	 The	 placebo	 was	 also	 used	 to	 blind	 staff	 and	 the	 participants	 when	

reporting	 for	 adverse	 events.	 The	 three	 sets	 of	 intradermal	 (ID)	 injections	 of	 HIV‐	 DNA/Placebo	

were	 administered	 at	 weeks	 0,	 4	 and	 12	 and	 thereafter	 boosted	 with	 two	 HIV‐MVA/Placebo	

intramuscular	 (IM)	 injections	 at	weeks	30	 and	46.	The	HIV‐	DNA/Placebo	was	 administered	 in	 a	

dose	 of	 0.1	ml	 intradermally	 in	 the	 skin	 over	 the	deltoid	muscle	by	using	 a	Biojector	 needle‐less	
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device	 (Bioject	Medical	 Technologies,	 Inc.,	 Tualatin,	 OR,	USA).	 The	HIV‐1	MVA/Placebo	 injections	

were	administered	with	a	needle	and	syringe	in	a	volume	of	1	ml	in	the	left	deltoid	muscle.	

Vaccines		

The	HIV‐1	DNA	(HIVIS	DNA)	vaccine	was	manufactured	by	Vecura,	(Huddinge,	Stockholm	Sweden).	

The	HIV-DNA	vaccine	was	composed	of	7	plasmids	carrying	different	HIV‐1	genes.	Pool	1	comprised	

plasmids	encoding	Env	 subtypes	A,	B	 and	C	and	Rev	 subtype	B	while	pool	2	 comprised	plasmids	

encoding	Gag	subtypes	A,	B	and	RT	subtype	B.	A	more	detailed	description	of	the	HIV‐DNA	vaccine	

is	given	by	Brave	et	al	[18,19].	

The	 HIV-DNA	 concentration	 was	 3	 mg/ml	 for	 groups	 I	 and	 II	 and	 2	 mg/ml	 for	 group	 III	 as	

summarized	in	Table	1.		

The	 Modified	 Vaccinia	 Ankara‐Chiang	 Mai	 double	 recombinant	 (MVA‐CMDR)	 vaccine	 was	

manufactured	by	WRAIR	Pilot	Bioproduction	facility	(Forest	Glen,	MD,	USA).	The	HIV‐MVA	vaccine	

is	a	recombinant	live	non‐replicating	poxvirus	vector	that	was	genetically	engineered	to	express		

HIV‐1	 gp160	 (Subtype	 E,	 isolate	 CM235)	 and	 gag	 and	 pol	 (integrase‐deleted	 and	 reverse	

transcriptase	 nonfunctional,	 Subtype	 A,	 isolate	 CM240),	 both	 under	 control	 of	 the	 early	 and	 late	

mH5	promoter.	 A	 detailed	 description	 of	 the	MVA‐CMDR	vaccine	 is	 given	by	 Earl	 et	 al	 [20].	Pre‐

study	titration	indicated	a	concentration	of	up	to	108	pfu/ml.	

Safety	Assessments	

Safety	 assessments	 were	 performed	 at	 each	 visit	 after	 the	 first	 immunization	 using	 an	 open	

question,	and	by	soliciting	information	on	adverse	events	recognized	to	be	associated	with	licensed	

vaccines.	These	were	 local	 (pain,	 redness,	 swelling	 and	 induration)	 and	general	 (fever,	 headache,	

malaise,	chills,	nausea,	vomiting,	myalgia	and	arthralgia),	and	participants	were	also	asked	to	make	

a	daily	record	of	these	events	in	a	diary	card	for	seven	days	after	each	immunization.	The	diary	card	

was	 reviewed	 by	 the	 study	 team	 and	 transcribed	 into	 the	 case	 report	 form.	 The	 study	 team	

monitored	 vital	 signs	 before	 and	 immediately	 after	 each	 immunization,	 and	 routine	 laboratory	

parameters	 (full	 blood	 count,	 ALT,	 direct	 and	 indirect	 bilirubin,	 random	 blood	 glucose	 and	

creatinine)	were	collected	at	2	weeks	after	each	immunization.	

Participants	 were	 given	 instructions	 on	 how	 to	 fill	 in	 the	 diary	 card	 and	 how	 to	 measure	

temperature,	 local	 swelling	and	grading	of	 the	 symptoms	based	on	predefined	criteria.	The	study	

participants	were	also	required	to	record	or	report	on	any	medications	used	during	the	entire	study	

duration.	 The	 clinical	 events	 were	 defined	 as	 solicited	 or	 non‐	 solicited	 events.	 The	 clinical	 and	
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laboratory	 events	 were	 graded	 for	 severity	 as	 either	 mild,	 moderate,	 severe	 or	 life	 threatening	

based	 on	 the	 DAIDS	 toxicity	 scale	 (Division	 of	 AIDS,	 Natl.	 Institutes	 of	 Health)	 [21]	 except	 for	

neutropenia	that	was	considered	as	mild	with	levels	of	1100	cells/ul	that	is	lower	than	the	DAIDS	

scale	and	was	based	on	the	 local	reference	ranges.	HIV	 infection	was	regarded	as	a	grade	4	event	

according	 to	 the	 study	 protocol.	 Each	 of	 the	 clinical	 events	 that	 occurred	 was	 evaluated	 for	 a	

relationship	to	vaccination	and	was	classified	as	not	related,	probably	not	related,	possibly	related,	

probably	related	and	definitely	related	to	the	study	products.		

Urinalysis,	pregnancy	and	HIV	 tests	were	performed	at	 screening,	on	 the	day	of	 each	vaccination	

and	during	the	final	visit.	All	women	were	required	to	have	a	negative	pregnancy	test	at	screening	

and	prior	to	each	vaccination.	

Participants	who	were	HIV	 infected	or	pregnant	were	stopped	 from	 further	vaccination	but	were	

followed	up	until	the	end	of	the	trial	or	post‐delivery	for	pregnant	women.	

A	 twelve	 lead	 electrocardiography	 (ECG)	 and	 troponin	 tests	 were	 performed	 at	 screening	 and	 2	

weeks	 after	 each	HIV‐MVA	 vaccination	 to	monitor	 for	 possible	 peri/myocarditis	 according	 to	 US	

FDA	requirements.	A	panel	of	two	independent	experienced	cardiologists	interpreted	the	ECGs.		

All	safety	 laboratory	tests	were	performed	at	the	Department	of	Microbiology	and	Immunology	at	

the	MUHAS	 or	 at	 the	MMRC	main	 laboratories.	 These	 two	 laboratories	 implement	 strict	 internal	

quality	control	programs	and	participate	in	external	proficiency	testing	programs	including	College	

of	 American	 Pathologists	 (CAP),	 United	 Kingdom	 National	 External	 Quality	 Assurance	 Scheme	

(UKNEQAS)	and	USA	Virology	Quality	Assurance	(VQA).	

Immunological	Assessments	

Whole	blood	samples	for	analysis	of	cell‐mediated	immune	responses	were	collected	in	vacutainer	

tubes	 containing	 sodium	 heparin	 as	 anticoagulant.	 Peripheral	 blood	 mononuclear	 cells	 (PBMC)	

were	purified	using	LeucoSep	tubes	according	to	the	manufacturer´s	instructions	(Greiner	Bio‐One).	

IFN‐	 ELISpot	 assays	 were	 performed	 using	 the	 human	 IFN‐	 ELISpotPLUS	 kit	 in	 a	 two‐step	

detection	 system	 according	 to	 the	 manufacturer’s	 instructions	 (Mabtech,	 Nacka,	 Sweden)	 as	

previously	 described	 [16].	 Freshly	 prepared	 purified	 PBMCs	 were	 used	 in	 the	 assay.	

Phytohaemagglutinin	 (PHA,	 positive	 control),	 a	 peptide	 pool	 (CEF)	 composed	 of	 a	 panel	 of	 23	

peptides	from	cytomegalovirus	(CMV),	Epstein‐Barr	virus	and	influenza	virus	[22],	a	peptide	pool	of	

138	peptides	(15	mers	with	an	overlap	of	11	amino	acids)	spanning	the	pp65	protein	of	human	CMV	

(PepMix,	JPT,	Berlin,	Germany)	and	HIV‐1	specific	peptide	pools	representing	MVA‐CMDR	subtype	A	

Gag	and	subtype	E	envelope	(Env)	were	used	for	stimulation	(purity>80%,	JPT,	Berlin,	Germany).	A	
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final	concentration	of	5	μg/ml	was	used	for	PHA	and	CEF.	The	pp65	CMV	peptide	pool	and	the	two	

MVA‐CMDR‐specific	peptide	pools	were	used	at	1	μg/ml.	RPMI	medium	without	stimuli	was	used	as	

negative	 control	 (background).	 Fifty	microliters	 cell	 suspension	of	PBMC	was	 added	 to	 each	well	

giving	2x105	cells/well.	The	plates	were	incubated	for	20	hours	at	37⁰C,	with	7.5%	CO2.	

Frequencies	 of	 antigen‐specific	 spot‐forming	 cells	 (SFC)	 were	 measured	 using	 an	 automated	

Immunospot	 analyzer	 (CTL‐Europe,	 Bonn,	 Germany).	 Results	 were	 expressed	 as	 SFC	 per	million	

PBMC	 and	 were	 calculated	 for	 each	 pool	 of	 peptides	 as	 follows:	 5	 x	 the	 mean	 SFC	 from	 three	

stimulated	wells,	without	 subtracting	 background.	 ELISpot	 responses	were	 considered	positive	 if	

the	number	of	SFC	was	>55	spots/106	PBMC	and	at	least	4	times	the	background	value.	Data	where	

background	 responses	 in	 three	medium	wells	 exceeded	 a	median	 of	 60	 per	million	 PBMCs	were	

excluded	from	analyses.	

For	 the	determination	of	CD4+	and	CD8+	T	cell	 responses,	a	4‐colour	 ICS	assay	was	performed	on	

fresh	 PBMC	 which	 had	 been	 rested	 overnight	 following	 the	 purification	 procedure	 as	 detailed	

previously	 [16].	Briefly,	PBMC	were	 incubated	with	 co‐stimulatory	anti‐CD28	(1	μg/ml)	and	anti‐

CD49d	 (1	 μg/ml)	 monoclonal	 antibodies	 (Becton	 Dickinson,	 BD	 Pharmingen,	 San	 Diego,	 CA),	 in	

either	medium	only	(negative	control)	or	in	medium	containing	stimuli	and	brefeldin	A	(0.5	μg/ml)	

(Sigma,	St.	Louis,	MO).	Staphylococcal	enterotoxin	A	and	B	(SEAB,	1	μg/ml)	(Sigma,	St.	Louis,	MO),	a	

CEF	peptide	pool	(1μg/ml),	a	CMV	peptide	pool	(PepMix,	0.5μg/mL),	two	HIV‐1	Gag‐specific	peptide	

pools	 representing	 the	HIV‐DNA	vaccine	or	MVA‐CMDR	vaccine	 and	a	HIV‐1	Env‐specific	 peptide	

pool	 representing	MVA‐CMDR	were	used	 for	 stimulation.	The	cells	were	 incubated	 for	6	hours	at	

37°C	in	a	7.5%	CO2	incubator	and	the	stimulated	cells	were	stored	at	4°C	overnight	prior	to	staining	

with	an	antibody	cocktail	containing	anti‐CD3–APC,	anti‐CD4–FITC,	anti‐CD8–PerCpCy5.5,	anti‐IFN‐

‐PE	and	anti‐IL‐2‐PE	(Becton	Dickinson,	San	Jose,	CA).	Acquisition	of	samples	was	performed	using	

a	 FACSCalibur	 flow	 cytometer	 and	 samples	 were	 analyzed	 using	 FlowJo	 software,	 version	 8.7.1	

(Tree	 Star,	 Ashland,	 OR).	 A	 minimum	 of	 50000	 CD3+	 lymphocytes	 per	 well	 was	 required	 for	 a	

sample	 to	 be	 included	 in	 the	 analysis.	 Background	 reactivity	 to	 Gag	 and	 Env	 peptide	 pool	

stimulation	 was	 defined	 using	 pre‐immunization	 samples	 collected	 from	 the	 vaccinees.	 ICS	

responses	 were	 considered	 positive	 if	 they	 were	 at	 least	 2.5‐fold	 higher	 than	 the	 mean	 of	

background	(medium	samples)	and	above	0.05%	for	CD4+	T	lymphocytes	and	above	0.1%	for	CD8+	

T	lymphocytes.	
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Binding	 antibodies	 to	 native	 gp160	 (IIIB,	 Advanced	 Biotechnologies	 Inc.)	 were	 tested	 using	 a	

standardized	enzyme‐linked	immunosorbent	assay	(ELISA).	Starting	from	a	dilution	of	1:100,	two‐

fold	dilution	steps	were	employed	to	determine	antibody	titres	[23].	

Study	Endpoints	

Primary	Safety	Endpoints	

The	primary	safety	endpoint	was	defined	as	any	grade	3	and	above	clinical	or	 laboratory	adverse	

event	that	occurred	after	the	first	immunization	up	until	24	weeks	from	the	last	immunization.	

Secondary	Safety	Endpoints	

The	secondary	safety	endpoint	was	defined	as	any	grade	1	or	2	clinical	or	laboratory	adverse	event	

that	occurred	after	the	first	immunization	up	until	24	weeks	from	the	last	immunization.	

Primary	Immunogenicity	Endpoint	

The	primary	immunogenicity	end	point	was	assessed	as	positive	Interferon‐	ELISpot	responses	to	

either	Gag	and/or	Env	peptide	pools	2	weeks	after	the	second	HIV‐MVA	vaccination.	

Secondary	Immunogenicity	Endpoints	

Secondary	 immunogenicity	 endpoints	 were	 evaluated	 as	 the	 magnitudes	 of	 the	 IFN‐	 ELISpot	

responses	to	Gag	or	Env	peptide	pool	stimulation	determined	two	weeks	after	the	first	and	second	

HIV‐MVA	vaccination,	 the	proportion	of	4‐colour	 ICS	 IFN‐/IL‐2	responders	and	the	magnitude	of	

IFN‐/IL‐2	responses	to	Gag	and	Env	peptide	pool	stimulations	two	weeks	after	the	first	and	second	

HIV‐MVA	vaccination,	as	well	as	the	antibody	responses	to	HIV‐1	subtype	B	gp160	as	determined	by	

ELISA	in	samples	collected	four	weeks	after	the	second	HIV‐MVA	vaccination.	

Statistical	Methods	

Assuming	a	response	rate	of	100%	in	the	group	that	received	the	standard	high	dose	regimen,	we	

required	 36	 participants	 in	 each	 group	 to	 be	 able	 to	 detect	 a	 20%	 difference	 in	 the	 groups	 that	

received	the	simplified	regimen	with	a	power	of	80%	and	5%	significance	level.	

Clinical	and	 laboratory	safety	data	were	recorded	 in	study	specific	case	report	 forms	and	entered	

twice	 into	 the	 study	 database	 which	 was	 programmed	 in	 SQL.	 Discrepancies	 between	 the	 data	

records	were	resolved	before	 the	data	 files	were	extracted	 for	analysis.	 Immunological	data	were	

exported	 directly	 into	 Excel	 from	 the	 ELISpot	 reader	 and	 thereafter	 into	 STATA	 version	 11	 for	

analysis.		
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Datasets	were	created	for	analysis	as	follows:	

The	 safety	 analysis	 dataset	 included	 all	 solicited,	 non‐solicited	 and	 routine	 laboratory	 data	 that	

were	collected	after	the	first	vaccination	up	to	24	weeks	after	the	2nd	HIV‐MVA/Placebo	vaccination.	

The	 solicited	 and	 non‐solicited	 events	 were	 summarized	 according	 to	 the	 maximum	 grade	 of	

severity	as	mild,	moderate	or	severe.	Comparisons	of	the	proportion	of	participants	with	solicited	

and	non‐solicited	events	were	made	between	the	randomization	groups	in	relation	to	the	HIV-DNA	

and	HIV-MVA	vaccinations.	Routine	laboratory	data	were	summarized	as	the	number	of	events	by	

grades	and	proportion	of	participants	with	events	by	grades	in	relation	to	the	randomization	group.	

The	immunological	analysis	dataset	included:	Responders	and	responses	to	interferon‐	production	

by	ELISpot	assay	to	Gag‐CMDR	and	Env‐CMDR	peptides	two	weeks	after	the	2nd	HIV‐MVA.	This	was	

measured	as	 the	proportion	of	participants	with	ELISpot	responses	and	 the	median	magnitude	of	

the	responses.		

We	compared	 the	proportion	of	 responders	 in	 the	 low	dose	 separate	group	 to	 the	 standard	dose	

separate	group.	We	 thereafter	 compared	 the	proportion	of	 responders	 in	 the	 low	dose	 combined	

group	to	the	low	dose	separate	group.	Finally	we	compared	the	proportion	of	responders	in	the	low	

dose	combined	plasmid	pools	to	the	high	dose	with	separated	plasmids.		

Comparisons	 between	 proportions	were	made	 using	 chi‐square	 test	 or	 Fisher’s	 exact	 test	where	

appropriate,	and	no	adjustments	were	made	for	multiple	comparisons.	A	two	sided	p‐	value	of	<0.05	

was	considered	to	be	statistically	significant.		

The	magnitudes	of	ELISpot	responses	were	measured	at	two	weeks	after	the	1st	HIV‐MVA	and	two	

weeks	 after	 the	 2nd	 HIV‐MVA.	 The	 magnitude	 of	 responses	 in	 responders	 between	 the	

randomization	groups	was	described	using	median	and	interquartile	range	(IQR),	and	comparisons	

were	made	by	Wilcoxon	rank‐sum	test.	

The	 data	 were	 analyzed	 using	 STATA	 version	 11	 (StataCorp	 LP	 1985‐2011,	 College,	 Station,	 TX,	

USA).	

Ethics		

Ethical	approval	was	obtained	from	the	institutional	review	boards	of	the	Muhimbili	University	of	

Health	 and	 Allied	 Sciences,	 and	 the	 Mbeya	 Medical	 Research	 Ethics	 Committee.	 The	 Tanzanian	

National	Institute	for	Medical	Research	(NIMR),	serving	as	the	National	Ethics	Committee,	and	the	

Swedish	Ethics	Committee	also	approved	the	study.	The	Tanzania	Food	and	Drugs	Authority	(TFDA)	

approved	the	candidate	HIV-DNA	and	HIV-MVA	vaccines	for	use	in	humans	in	Tanzania.	This	study	

was	conducted	according	to	the	principles	of	International	Community	of	Harmonization	and	Good	
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Clinical	Practice	guidelines	(ICH‐GCP).	All	participants	were	provided	with	an	information	sheet	and	

were	recruited	after	having	signed	the	study	informed	consent.	

Role	of	the	funding	sources	

The	 Swedish	 Institute	 for	 Communicable	 Disease	 Control	 (Smi)	 and	MUHAS	 sponsored	 the	 trial.	

Financial	 support	 for	 the	 trial	was	 received	 from	the	European	and	Developing	Countries	Clinical	

Trials	Partnership	(EDCTP),	the	German	Ministry	of	Education	and	Research	(BMBF),	the	Swedish	

International	Development	Cooperation	Agency	 (Sida),	 the	Swedish	Embassy	 in	Tanzania	and	 the	

Regional	HIV/AIDS	Team	for	Africa	at	the	Embassy	of	Sweden	in	Lusaka	jointly	funded	by	Sweden	

and	 Norway.	 None	 of	 these	 organizations	 had	 any	 influence	 on	 the	 study	 conduct	 or	 its	 data	

analysis.	
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Results	

Demographics,	recruitment	and	inclusion.	

Overall,	 743	 volunteers	 attended	 the	 briefing	 and	 pre‐screening	 sessions,	 of	 whom	 508	 (68%)	

proceeded	to	a	screening	visit	between	March	2010	and	June	2011.	Of	those	screened,	129	(25%)	

were	enrolled	and	these	individuals	were	balanced	across	the	randomization	groups	for	age,	gender	

and	 centre	 (Table	 2).	 Scars	 compatible	 with	 previous	 vaccinia	 vaccination	were	 observed	 in	 7%	

(9/129)	participants	whose	age	range	was	29‐38	years.		

The	 overall	 briefing	 to	 screening	 to	 enrollment	 ratio	was	6:4:1.	 Three	 hundred	 and	 seventy	nine	

participants	were	 screened	 out,	 and	more	 than	 one	 reason	 could	 be	 given.	 Frequent	 reasons	 for	

screen	 out	 included	 laboratory	 abnormalities	 102	 (27%),	medical	 reasons	 76	 (20%),	 inability	 to	

comply	 with	 the	 study	 schedule	 61	 (16%),	 not	 returning	 for	 enrolment	 41	 (11%),	 failed	 test	 of	

understanding	39	(10%)	and	high	risk	behaviour	related	to	HIV	acquisition	25	(7%).	Of	note,	ECG	

abnormalities	 in	 otherwise	 healthy	 volunteers	 contributed	 substantially	 to	 the	 screen	 out	 in	 32	

participants	 (8%).	The	HIV	prevalence	among	 those	screened	was	1%	(3/235)	 for	Dar	es	Salaam	

and	6%	(16/273)	for	Mbeya.		

Withdrawals/Termination	from	vaccination	

The	 retention	 and	 adherence	 to	 the	 study	 schedule	 by	 the	 participants	 is	 shown	 in	 Figure	 1.	

Seventeen	 participants	 did	 not	 complete	 the	 study	 schedule	 (not	 shown	 in	 figure	 1),	 of	 these	

thirteen	participants	did	not	complete	the	vaccination	schedule.	As	a	result	nine	participants	were	

replaced	 in	 the	 randomization	 scheme	 during	 recruitment.	 The	 reasons	 for	 early	 vaccination	

terminations	 included:	 1	 did	 not	 meet	 the	 eligibility	 criteria	 (abnormal	 ECG),	 3	 pregnancies,	 5	

participants	withdrew	consent,	2	were	 lost	 to	 follow	up,	and	vaccinations	were	discontinued	 in	2	

participants	following	adverse	events.	One	had	moderate	itching	and	excoriation	at	the	injection	site	

that	occurred	after	 the	2nd	HIV-DNA	vaccination	and	 the	other	had	non‐unspecific	ST	changes	on	

ECG	after	the	1st	HIV-MVA	vaccination	although	there	were	no	clinical	symptoms,	the	troponin	test	

was	 negative,	 and	 echocardiography	 did	 not	 suggest	 peri/myocarditis.	 Four	 other	 participants	

relocated	and	could	not	continue	visits	after	completing	the	vaccination	schedule.	
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Safety	and	Tolerability	

Solicited	adverse	events	

Of	 the	 129	 participants	 who	 received	 at	 least	 1	 immunization,	 114	 (88%)	 who	 reported	 a	 local	

solicited	event	and	87	(67%)	a	solicited	systemic	adverse	event	that	started	within	one	week	of	an	

immunization.	 The	 majority	 of	 these	 events	 were	 mild,	 and	 the	 distribution	 by	 randomization	

groups	and	 immunogens	was	similar	as	summarized	 in	Table	3.	The	most	common	solicited	 local	

event	was	pain,	which	occurred	in	89	(69%)	participants,	three	of	whom	experienced	severe	pain	(1	

post	 HIV‐DNA,	 2	 post	 HIV‐MVA).	 The	most	 common	 systemic	 solicited	 event	 was	 headache	 that	

occurred	 in	70	 (54%)	participants.	 In	one	participant	 (low	dose	combined)	moderate	 itching	and	

excoriations	after	two	HIV‐DNA	vaccinations	was	observed	and	the	participant	was	withdrawn	from	

further	vaccination.		

Non‐solicited	adverse	events	

One	hundred	 and	 seven	participants	 reported	365	non‐solicited	 clinical	 adverse	 events,	 of	which	

271	(74%)	were	mild	and	86	(25%)	were	moderate.	Eight	(2.1%)	were	considered	severe	and	three	

of	these	met	the	protocol	criteria	for	serious	adverse	event	(SAE).	Two	were	HIV	infections	(both	in	

the	 standard	 dose	 separate),	 detected	 at	 the	 time	 of	 the	 2nd	 HIV‐MVA	 boost,	 however,	 based	 on	

retrospective	 HIV‐DNA	 analysis	 (Gen‐Probe	 Aptima	 HIV‐1)	 the	 infection	 time	 point	 for	 both	

participants	 was	 possibly	 around	 the	 1st	 HIV‐MVA	 boost.	 The	 third	 SAE	 was	 a	 skull	 fracture	

complicated	 by	 osteomyelitis	 (low	 dose	 combined	 group).	 Five	 other	 severe	 events	 that	 did	 not	

meet	the	criteria	for	SAE	included:	a	left	axilla	abscess	(placebo	group),	a	dislocated	knee	associated	

with	fainting	(standard	dose	separate),	and	two	participants	with	anaemia	(low	dose	separate	and	

placebo	group).	None	of	these	events	were	considered	related	to	the	vaccines.	

Of	 the	 365	 non‐solicited	 clinical	 events	 101	 occurred	 within	 2	 weeks	 of	 each	 immunization,	 75	

occurred	within	2	weeks	of	the	HIV‐DNA/placebo	vaccinations	and	26	occurred	within	2	weeks	of	

the	 HIV‐MVA/placebo	 vaccinations.	 The	 distribution	 by	 randomization	 groups	 was	 similar	 as	

summarized	in	Table	4.	

The	majority	 of	 the	 adverse	 events	 194	 (53.2%)	were	 ‘not	 related’	 to	 the	 vaccines,	 165	 (45.2%)	

were	considered	‘probably	not	related’	to	the	vaccines,	5	(1.4%)	were	considered	‘possibly	related’	

to	the	vaccines	and	1	(0.3%)	was	considered	as	‘probably	related’	to	the	vaccine.		

The	 five	 adverse	 events	 that	 were	 considered	 possibly	 related	 to	 vaccinations	 included	 altered	

menstruation	cycles	(2),	herpes	zoster	(1),	herpes	labialis	(1)	and	allergic	conjunctivitis	(1).		
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Of	the	non‐solicited	adverse	events,	infections	were	more	commonly	reported.		

The	 most	 frequently	 reported	 non‐solicited	 adverse	 events	 that	 were	 related	 to	 infections	 175	

(48%)	 included:	 malaria	 51(14%),	 followed	 by	 influenza‐like	 diseases,	 upper	 respiratory	 tract	

infections,	 tonsillitis	and	gastroenteritis	 that	accounted	for	(4%)	each.	 	Headache	was	reported	 in	

25	(7%)	and	anemia	requiring	iron	supplementation	in	22	participants	(6%).	

Laboratory	adverse	events	

There	were	284	laboratory	adverse	events	detected	according	to	the	DAIDS	grading	that	occurred	in	

126	 participants.	 Fifty	 three	 (19%)	 events	 were	 detected	 at	 safety	 visits	 within	 2	 weeks	 of	 an	

immunization	 in	 12	 (10%)	 participants.	 Of	 the	 284	 laboratory	 events	 196	 (69%)	 were	mild,	 66	

(23%)	were	moderate,	 15	 (5%)	were	 severe	and	7	 (2%)	were	of	 grade	4	 severity.	There	was	no	

difference	in	occurrence	of	laboratory	events	between	the	randomization	groups	(data	not	shown).	

	Of	 the	 22	 grade	 3	 and	 above	 events	 that	 occurred	 in	 12	 participants,	 1	 event	 (neutropenia)	

occurred	within	2	weeks	of	 vaccination.	 	The	majority,	 15	 (68%)	of	 the	 severe	 laboratory	events	

were	related	to	asymptomatic	neutropenia,	which	occurred	12	to	24	weeks	after	the	last	vaccination	

and	were	evenly,	distributed	across	the	randomization	groups.		

One	male	participant	(low	dose	combined)	presented	with	severe	ALT	levels	1	month	after	the	2nd	

HIV‐MVA.	This	was	associated	with	transient	excessive	alcohol	intake	that	resolved	after	counseling	

and	abstinence	with	subsequent	normalization	of	the	ALT	levels.	

Immunogenicity	

IFN‐γ	ELISpot	responses	in	the	three	study	groups	

The	 IFN‐γ	 ELISpot	 response	 to	 Gag	 and/or	 Env	 peptides	 two	weeks	 after	 the	 second	MVA	 boost	

were	high	and	did	not	differ	significantly	between	the	 low	dose	combined,	 the	 low	dose	separate,	

and	the	standard	dose	separate	(response	87%,	97%	and	97%	respectively,	Table	5).	There	was	no	

difference	 in	 response	 to	 Env	 after	 the	 second	 HIV‐MVA	 boost,	 however	 there	 was	 a	 higher	

proportion	of	Env	responses	in	the	group	given	the	low	dose	separate	compared	to	the	group	given	

the	 standard	 dose	 separate	 after	 the	 first	 HIV‐MVA	 boost	 (p=0.04).	 There	 was	 a	 trend	 towards	

higher	Gag	responses	 in	 the	 low	dose	separate	compared	to	 the	 low	dose	combined,	as	evaluated	

after	the	second	HIV‐MVA	boost	(p=0.05)	but	not	after	the	first	HIV‐MVA	boost.	

The	 overall	magnitude	 of	 IFN‐γ	 ELISpot	 responses	 in	 responders	 to	 Gag	was	 significantly	 higher	

after	 the	 first	 than	 after	 the	 second	HIV‐MVA	 (median	 290	 vs	 200	 SFC/million	 PBMCs,	 p<0.001)	

while	 the	magnitude	 of	 Env	 responses	 after	 the	 first	 and	 second	 HIV‐MVA	was	 not	 significantly	
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different	 	 (median	 205	 vs	 155	 SFC/million	 PBMCs,	 p=0.15)	 The	 magnitude	 of	 IFN‐γ	 ELISpot	

responses	 to	 Gag	 and	 Env	 are	 shown	 in	 figure	 2	 and	 table	 6.The	 magnitude	 of	 IFN‐γ	 ELISpot	

responses	 to	Gag	or	Env	was	not	 significantly	different	between	 the	 three	 study	groups	after	 the	

second	HIV‐MVA.	However	the	median	of	SFC/million	PBMCs	to	Env	was	higher	after	the	first	HIV‐

MVA	boost	in	the	group	given	the	low	dose	combined	compared	to	that	found	in	vaccinees	receiving	

low	dose	separate	(p=0.017).		

Two	 out	 of	 13	 placebo	 recipients	 were	 positive	 in	 the	 IFN‐γ	 ELISpot	 assay	 (not	 included	 in	 the	

analysis).	One	placebo	 recipient	was	positive	on	one	occasion	out	of	 a	 total	of	 seven	 time	points.	

Another	placebo	 recipient	was	 sporadically	positive	 and	exhibited	 reactivity	 to	either	Gag	or	Env	

peptide	stimulation	on	four	of	seven	occasions.	

CD4+	and	CD8+	T	cell	responses	in	the	three	study	groups	

The	overall	proportion	of	vaccinees	with	CD4+	T	cell	responses	to	Gag	and/or	Env	measured	as	IFN‐

γ/IL‐2	producing	cells	by	ICS	was	not	significantly	different	two	weeks	after	the	first	or	two	weeks	

after	the	second	HIV‐MVA	boost,	51%	(23	of	45)	and	47%	(21	of	45),	respectively	p=0.67]	However,	

the	overall	CD8+	T	cell	 response	rate	 to	Gag	and/or	Env	was	significantly	higher	after	 the	second	

HIV‐MVA	boost	39%	(17	of	44),	compared	to	18%	(8	of	44)	after	 the	 first	MVA	boost	(p=	0.029).		

The	proportion	of	vaccinees	with	CD4+	and	CD8+	T	cell	 responses	 to	Gag	and/or	Env	 in	 the	 three	

study	 groups	 is	 shown	 in	 table	 7.	 The	 CD4+	 T	 cell	 response	 rates	 to	 Gag	 and/or	 Env	 were	 not	

significantly	different	between	the	two	groups	given	the	simplified	HIV‐DNA	regimens	or	between	

any	of	these	two	groups	and	the	group	given	the	standard	HIV‐DNA	regimen.	Neither	was	there	a	

difference	in	CD8+	T	cell	response	rates	to	Env.	However,	there	was	a	trend	towards	a	higher	CD8+	T	

cell	 response	 rate	 to	 Gag	 in	 the	 group	 receiving	 the	 high	 dose	 separated	 HIV-DNA	 plasmids	

compared	to	the	group	given	the	low	dose	separated	HIV-DNA	plasmids	after	the	second	HIV‐MVA	

boost	 (p=0.05).	 The	magnitudes	 of	 CD4+	 and	 CD+8	 T	 cell	 responses	 to	 Gag	 and	 Env	 in	 the	 three	

groups	are	shown	in	figure	3.	Placebo	recipients	did	not	show	any	reactivity	in	the	4‐color	ICS	assay.	

	

	Antibody	response	in	the	three	study	groups	

Antibodies	 to	native	HIV‐1	 gp160	were	observed	 in	81	of	 92	 (88%)	of	 the	 evaluable	 vaccinees	4	

weeks	after	the	2nd	HIV‐MVA	boost.	The	response	rate	was	similar	in	the	three	groups;	83%	(24	of	

29),	97%	(29	of	30)	and	85%	(28	of	33),	respectively	(figure	4).	The	median	antibody	titer	was	400	

in	all	three	groups.	
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Discussion	

This	phase	II	HIV‐1	vaccine	immunogenicity	trial	builds	on	the	previous	HIVIS	03	trial	that	used	the	

same	multigene,	multiclade	HIV‐DNA	prime	and	HIV‐MVA	boost	antigens	that	has	shown	that	HIV‐

DNA	at	a	priming	dose	of	1000	μg	given	intradermally	elicited	a	higher	and	broader	cellular	immune	

response	when	 compared	 to	 a	 priming	 dose	 of	 3800	 μg	 of	 HIV‐DNA	 given	 intramuscularly	 [16].	

However	the	1000	μg	of	HIV‐DNA	were	administered	in	five	different	injections	due	to	the	limited	

volumes	 that	 could	be	administered	 in	a	 concentration	of	2mg/ml	as	 intradermal	 injection	using	

the	Bioject	needle‐free	device.	

In	 the	 current	 trial	 we	 explored	 further	 HIV‐DNA	 dose	 and	 number	 of	 injections	 by	 the	 same	

delivery	route	for	HIV‐DNA	priming	by	simplifying	the	HIV‐DNA	vaccine	regimen	by	decreasing	the	

total	dose	and	combining	 the	plasmids	before	boosting	with	 the	vaccinia‐based	 immunogen,	HIV‐

MVA.	We	 compared	 the	 previous	 regimen	 of	 five	 intradermal	HIV‐DNA	 injections	with	 a	 total	 of	

1000	μg	DNA	termed	the	“standard”	regimen,	to	two	intradermal	HIV‐DNA	injections	with	a	higher	

HIV‐DNA	 concentration,	 leading	 to	 600	 μg	 in	 total,	 in	 a	 concentration	 of	 3mg/ml	 termed	 the	

“simplified”	regimen.	

We	also	explored	as	to	what	would	be	the	effect	on	the	immune	response	if	the	HIV‐DNA	plasmids	

were	 combined	 into	 a	 single	 injection	when	 compared	with	 separating	 the	 Gag	 and	 Env	 plasmid	

pools	 in	 two	 different	 injections,	 since	 immunocompetition	 of	 Gag	 and	 Env	 has	 been	 previously	

observed	in	mouse	experiments	[19].	

In	accordance	with	what	has	been	reported	previously,	 there	were	no	major	safety	concerns	with	

the	 use	 of	 HIV‐DNA	 and	 recombinant	 HIV‐MVA	 candidate	 vaccines	 and	 the	 events	 that	 occurred	

were	mild	and	tolerable	irrespective	of	the	number	of	injections	[16,17].		

Two	 participants	 were	 discontinued	 from	 further	 immunizations	 due	 to	 adverse	 events	 that	

included	ECG	changes	in	one	participant	following	the	first	HIV‐MVA,	but	these	were	shown	to	be	of	

no	 clinical	 significance	 following	 further	 investigations.	 The	 other	 adverse	 event	 was	 moderate	

itching	following	the	first	and	second	HIV‐DNA	vaccinations.	These	were	not	sufficiently	severe	to	

interrupt	a	licensed	vaccine	regimen.	In	one	participant	an	elevated	ALT	was	noted	one	month	after	

the	second	HIV‐MVA	that	was,	attributed	to	an	acute	alcohol	induced	hepatitis.		

We	 observed	 a	 number	 of	male	 study	 participants	with	 transiently	 low	neutrophil	 counts,	which	

commonly	occurred	12‐24	weeks	from	the	 last	 immunization.	These	participants	had	significantly	

low	neutrophil	counts	without	clinical	signs	of	infection	or	an	increased	susceptibility	to	infection.	
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This	perhaps	is	an	indication	of	low	transient	neutrophil	count	which	could	be	a	normal	variation	in	

an	African	population,	as	has	been	described	previously	as	a	benign	ethnic	neutropenia	[24,25,26].	

The	 simplified	 regimen	 with	 600	 μg	 in	 2	 intradermal	 HIV‐DNA	 injections	 had	 a	 similar	 priming	

effect	 as	 the	 standard	 regimen	 of	 1000	 μg	 with	 5	 intradermal	 HIV‐DNA	 injections.	 Further	

combining	 the	plasmids	 into	one	 injection	had	 a	 similar	 effect	on	 the	overall	 population	 immune	

responses	when	 compared	 to	 separating	 the	 plasmids	 in	 two	 injections.	With	 these	 findings	 the	

rather	 cumbersome	 regimen	 of	 5	 intradermal	 HIV‐DNA	 injections	 at	 a	 somewhat	 higher	 dose	 of	

1000	μg	of	HIV‐DNA	given	as	separated	plasmids	could	be	simplified	to	a	regimen	of	2	intradermal	

HIV‐DNA	priming	injections	with	combined	plasmids	in	one	injection.	The	fewer	injections	will	have	

an	impact	on	the	clinical	relevance	and	acceptability	and	the	lower	total	DNA	dose	reduces	the	cost	

when	 producing	 the	 vaccine,	 but	 these	 considerations	 are	 important,	 especially	 for	 larger	 future	

phase	IIB	or	III	clinical	trials.		

There	is	a	paucity	of	data	in	the	clinical	literature	on	the	effect	of	combining	compared	to	separating	

HIV‐DNA	 antigens	 in	 humans.	 Studies	 in	 mice	 have	 indicated	 that	 separating	 the	 Gag	 from	 Env	

plasmids	resulted	in	an	increased	immune	response	to	Env	while	combining	the	peptides	made	no	

difference	in	responses	towards	Gag	[19].		We	did	not	observe	such	an	effect	in	our	study.	

We	 observed	 that	 the	 magnitude	 of	 ELISpot	 responses	 was	 higher	 after	 the	 first	 HIV‐MVA	

vaccination	 compared	 to	 the	 responses	 after	 the	 second	HIV‐MVA	 boost	 as	was	 observed	 in	 our	

previous	study	[16].	Similar	findings	have	also	been	reported	in	a	phase	I	trial	that	included	priming	

with	 two	 doses	 of	 HIV‐DNA	 subtype	 C	 and	 boosting	 with	 two	 doses	 of	 recombinant	 HIV‐MVA	

vaccines	[27].	The	failure	to	enhance	the	cellular	immune	responses	following	the	second	HIV‐MVA	

vaccination	may	be	due	to	 the	 induction	of	 immune	responses	against	vector	protein.	 In	a	prime‐

boost	 study	 that	 used	 the	 same	 HIV‐DNA	 and	 HIV‐MVA	 vaccine	 candidates	 as	 were	 used	 in	 the	

present	trial,	we	found	that	pre‐existing	neutralizing	antibodies	to	vaccinia	in	vaccinees	previously	

immunized	with	 smallpox	 vaccine	 influenced	 the	magnitude	 of	 the	 ELISpot	 response	 but	 not	 the	

response	 rates[28].	 The	 consideration	 of	 the	 intervals	 between	 the	 priming	 and	 boosting	 are	

important	but	more	so	are	the	 intervals	between	the	two	HIV‐MVA	immunizations.	In	the	present	

trial,	we	employed	a	short	4	month	interval	between	the	two	HIV‐MVA	vaccinations,	and	therefore	

anti‐vaccinia	antibodies	in	considerable	titers	may	have	been	present	at	the	time	of	the	second	HIV‐

MVA	vaccination.	The	lack	of	enhanced	cellular	immune	response	was	also	observed	in	our	previous	

study	when	a	12	month	 interval	was	used	between	 the	 two	HIV‐MVA	vaccinations	 [16].	A	 longer	
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interval	 between	 the	 two	HIV‐MVA	 vaccinations	may	 therefore	 be	 beneficial.	 Further	 studies	 are	

needed	to	understand	the	precise	role	of	anti‐vaccinia	immunity	for	HIV‐MVA	boosting	vaccinations.		

We	observed	that	 the	HIV‐specific	CD4+	T	cell	 response	rates	were	comparable	after	 the	 first	and	

second	 HIV‐MVA	 vaccinations.	 In	 contrast	 the	 HIV‐specific	 CD8+	 T	 cell	 response	 rates	 were	

significantly	higher	after	 the	second	HIV‐MVA	compared	 to	 the	 response	rates	after	 the	 first	HIV‐

MVA.	Similarly,	in	a	trial	where	GeoVax	pGA2/JS7	HIV‐DNA	was	given	as	a	prime	and	MVA/HIV62	as	

a	boost,	CD8+	T	cells	response	rates	increased	after	the	last	dose	of	HIV‐MVA	in	vaccinees	who	had	

received	one	or	two	HIV‐DNA	vaccinations	followed	by	the	two	HIV‐MVA	doses	[29].	These	data	too,	

demonstrate	that	vector	immunity	does	not	hinder	HIV‐specific	immunity,	as	long	as	the	constructs	

produce	the	HIV	antigens	sufficiently	well.	

As	was	observed	in	the	HIVIS03	study[16],	 following	the	second	HIV‐MVA	boost,	a	majority	of	the	

vaccinees	had	binding	antibodies	to	gp160.	The	antibody	titres	were	similar	in	the	three	groups.		

	
Conclusion	

Intradermal	 HIV‐DNA	 priming	 with	 a	 simplified	 regimen	 of	 600	 μg	 of	 HIV‐DNA	 with	 combined	

plasmids	given	as	only	2	 injections	 followed	by	boosting	with	HIV‐MVA	is	safe,	and	elicits	cellular	

immune	 response	 that	 are	 similar	 to	 the	 standard	 regimen	 of	 1000	 μg	 of	 separated	 HIV‐DNA	

plasmid	pools	in	5	injections.	It	is	important	to	explore	alternative	means	of	further	enhancing	the	

immune	 response	 to	 600	 μg	 of	 HIV‐DNA	 with	 combined	 plasmid	 pools	 such	 as	 the	 use	 of	

electroporation	as	in	the	ongoing	phase	II,	TaMoVac‐II	study.	
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Figure	Legends	
	
Figure	1.	Number	of	individuals	screened,	randomized	and	allocated	to	the	three	vaccination	

groups	and	withdrawn	from	the	trial.	

Figure	2.	The	magnitude	of	IFN‐γ	ELISpot	responses	to	A)	Gag	and	B)	Env	two	weeks	after	the	first	

HIV‐MVA	vaccination	and	to	C)	Gag	and	D)	Env	two	weeks	after	the	second	HIV‐MVA	vaccination.	

Data	is	shown	for	each	of	the	HIV‐DNA	priming	groups.	ELISpot	responses	were	considered	positive	

if	the	number	of	SFC	was	>55	spots/million	PBMCs	and	4	times	the	background	value.	The	dashed	

line	represents	cut‐off	at	55	SFC/million	PBMCs.	Responders	are	shown	by	filled	circles	and	non‐

responders	are	shown	by	open	circles.	Bars	show	median	values.	

Figure	3.	The	magnitude	of	HIV‐specific	T	cell	responses	as	assessed	by	4‐colour	ICS	four	weeks	

after	the	first	(upper	panel)	and	second	(lower	panel)	HIV‐MVA	vaccination	shown	as	Gag	reactivity	

in	CD4+	T	cells	(panels	A	and	E)	and	in	CD8+	T	cells	(panels	B	and	F),	and	Env	reactivity	in	CD4+	T	

cells	(panels	C	and	G)	and	CD8+	T	cells	(panels	D	and	H).	

Figure	4.	Antibody	endpoint	titers	to	native	HIV‐1IIIB	subtype	B	gp160	one	month	after	the	second	

HIV‐MVA	vaccination.	Data	is	shown	for	each	of	the	HIV‐DNA	priming	groups.	The	dashed	line	

shows	a	titer	of	100,	corresponding	to	a	1:100	serum	dilution,	the	lowest	dilution	used	in	the	assay.	
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