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Abstract 
Background: Since the advent of HAART, there is a significant reduction in opportunistic Infections (OIs), morbidity, 
mortality and HIV transmission. However, the low antiretroviral Therapy (ART) coverage in resource-limited 
countries (42%) and the presence of globally 500-800 thousand patients on first-line having to required switch to 
second-line drugs in 2010 are some concerns. Other challenges related to HAART include: lifelong therapy, failed 
treatment response, optimal time to start treatment and switching regimens, drug interaction, toxicity, cardiovascular 
risks, drug resistance, lost to follow-up, immune reconstitution inflammatory syndrome (IRIS), early mortality, and 
lack of restoration of solid immunity against HIV. To achieve the goals of ART, national ART programmes focus on 
the vital patient monitoring systems including clinical, immunologic, virologic, adherence, lost to follow-up and 
mortality.  
Objectives: This review is aimed at addressing the profile of immunovirological responses to HAART and the factors 
associated with, with a special emphasis on the drawbacks of immunologic assessment to diagnose virologic failures. 
Main findings: WHO recommends clinical and immunological assessments as surrogates of plasma viral load (VL) to 
identify first-line treatment failures in resource-poor settings. However, immunological tools have poor sensitivity (20-
30%) and specificity (86-90%) to identify virologic failures that may lead to continue with failed regimen or to 
unnecessary switch of regimen which could result in a more complex profile of resistance. There are three main types 
of immunovirologic responders in clinical practice: concordant responders (40-60%), concordant non-responders (12-
27.3%), and discordant responders that include lack of CD4+ increases despite viral suppression (7-48%), and optimal 
CD4+ responses in the absence of viral suppression (5-23.8%), whereby the risk of morbidity and mortality is higher 
in the concordant non-responders and discordant responders. 
Conclusions: ART benefits a substantial number of HIV patients even in resource-poor settings. Since clinico-
immunological assessments have lower performance in diagnosing virologic failures, moving towards the availability 
of VL testing to confirm treatment failures, if not pre-HAART resistance testing, is a logical and timely approach for 
resource limited countries like Ethiopia where the long-term effect of the roll-out ART is not well investigated. 
However, the high cost and technical demand of VL testing, lack of experience of health professionals, weak 
infrastructure and health care system, the unavailability and high costs of second-line drugs could be the major 
challenges during expansion of VL testing. Moreover, longitudinal studies on long-term effects of HAART, and 
surveys focused on transmitted or acquired HIV drug resistance, and Early Warning Indicators are highly pertinent.  
[Ethiop. J. Health Dev.  2011;25(1):61-70] 
 
Introduction 
HIV/AIDS remains to be a global challenge since its 
discovery (1).  At the end of 2008, 33.4 million people 
were living with HIV, 2.7 million newly infected, and 2 
million deaths occurred due to HIV/AIDS worldwide (2).  
In Ethiopia, HIV prevalence of the adult population in 
2007 is estimated to be 2.1% (Urban 7.7%, Rural 0.9 %), 
and the number of people living with HIV is 977,394, 
including 64,813 children (3). 
 
Despite the absence of curative therapy for HIV/AIDS, 
highly active antiretroviral therapy (HAART) reduces 
OIs, HIV transmission, morbidity and mortality at global 
level (4, 5). Mean survival of those on HAART is 
estimated to be 13 years (6), although the high rates of 
deaths among lost to follow-ups should be considered for 
accurate estimate of survival (7). Moreover, since 
outcome of HAART at population level depends on the 

time of starting ART, uptake, adherence, pre-treatment 
and co-infections, survival following HAART might not 
be uniform in all HIV infected groups (8,9). 
 
Since the launching of “3 by 5” global initiative (10), > 
4.7 million people were on ART worldwide at the end of 
2008, although only 42% of the 9.5 million people in 
need of ART had an access in the resource limited 
countries (5).  In Ethiopia, where 3880 patients were 
getting free ART in three sites before the start of free 
ART in 2005,  >167,000 (~53%) of the adults requiring 
ART were getting the service in 517 health facilities as of 
October 2009 (11). Of those on ART in Ethiopia, 99% 
were on first line regimens with a retention rate of 74% 
(11), while retention rate in other African countries was 
75% and 67% at 12 and at 24 months, respectively (5). 
With all the success stories of HAART, there are 
challenges which could compromise the goals of ART 
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including failed/incomplete treatment responses (12), 
drug interaction and toxicity (13), drug resistance (14), 
lost to follow-up (5), and early mortality (15). Moreover, 
the presence of 500-800 thousand patients that require 
switching to second-line drugs in 2010 (5), and where 
this number could increase gradually with the expansion 
of ART services, indicates another challenge in terms of 
availability and increment of cost of the second-line 
therapy per patient (16). 
 
In summary, whereas the positive impact of ART is 
remarkable, in view of the patient monitoring system in 
resource-poor countries which is exclusively dependent 
on clinico-immunological methods, which lacks 
sensitivity/specificity to detect virological failures, 
accurate diagnosis and management of treatment failures 
could be a major challenge in the era of rapid ART 
expansion (17). The focus of the current review is 
therefore to highlight the profile of immunologic and 
virologic responses to HAART and the risk factors 
associated with treatment failures, with special emphasis 
to the limitations of the immunologic based patient 
monitoring. 
 
Methods 
This review comprises published articles in Ethiopia, in 
developing and the developed world which are related to 
HIV/AIDS infection, ART and the treatment outcomes as 
measured by immunological and virologic responses with 
special emphasis on the limitations of the immunological 
based monitoring of patients on ART. The review 
process was done through a desk review and online 
search with more focus to publications of the past five 
years.  
 
Results 
Monitoring of treatment responses in patients on 
HAART 
Although, the primary goal of HAART is to suppress 
plasma HIV-1 RNA level (viral load, VL) below the 
level of detection within three to six months of starting 
therapy and to maintain it for the rest of the patient’s life 
(18), there are other important goals of HARRT 
including restoring and preserveing immunologic 
function, reduceing HIV-related morbidity and mortality, 
improving quality of life and reducing vertical 
transmission (17). 
 
Since the discovery of Zidovudine (ZDV) in 1987 (19), 
more than 30 ARV drugs have been made available (20). 
Although it varies in different guidelines, according to 
WHO (21), first-line ART includes at least two 
nucleoside reverse transcriptase inhibitors (NRTIs) and 
one non-nucleoside reverse transcriptase inhibitor 
(NNRTI) analog; while second-line ART includes two 
NRTIs boosted with protease inhibitors, preferably 
Ritonavir. The preferred first line regimens in Ethiopia 
includes Tenofovir (TDF) + Emtricitabine (FTC) + 
Efavirenz (EFV); ZDV+ Lamivudine (3TC)+ EFV; or 
ZDV+3TC+ Nevirapine (NVP) (21). 

 
Although, it varies in different settings, ART should be 
started when CD4+ count is 201-350, or <= 200/µl for 
developed and resource-poor settings, respectively (21). 
However, given the observed lower morbidity, mortality 
and fewer adverse events associated with the initiation of 
HAART at higher CD4 cell counts (23, 24), WHO 
recommends CD4+ count <= 350 cells/µl to initiate ART 
as a universal guideline (5). 
 
Times of initiating, replacing and stopping therapy are 
the most critical questions during ART (21). Based on 
the basics that progression of HIV infection is affected by 
the synergetic effect of immunological and virological 
along with host factors (race, genetics, age, gender, mode 
of transmission, co-infections, nutrition, pregnancy, 
psychosocial factors) (25), CD4+ count and VL 
measurements are golden prognostic biomarkers of 
HIV/AIDS disease progression (26). In settings where 
measurements of CD4+ count and VL level are limited,  
total lymphocyte count, hemoglobin (Hgb) and body 
mass index (BMI) are recommended as simple markers 
for disease progression (25, 27). 
 
Therefore, taking resource constraints into account, and 
that virological failures precede immunological failures, 
then comes clinical failure, WHO guidelines recommend 
clinical and immunological (CD4+ count) assessments as 
surrogates for VL to monitor patients on ART in resource 
limited settings, unlike to that in high income countries 
where VL is done three to four times a year (21). 
However, the sequential nature of treatment failure which 
is not strongly evidence based and may take years to 
happen is the major drawback of clinicoimmunological 
assessment based patient monitoring (17).  Evidence 
from models showed an average of five years from the 
first evidence of virological failure until 50% of patients 
progress to WHO stage III (3). Likewise, CD4+ counts 
correlate with the level of VL at group level but not at 
individual level (28). Thus, immunologic markers have 
poor sensitivity (20%-33%), specificity (86%-90%), with 
21% and 91%  positive and negative predictive values, 
respectively, to identify virologic failures which could 
lead to continue to treat patients with failed regimen or to 
unnecessary switch of regimens (29, 30). Thus higher 
morbidity, mortality and more complex profile of 
resistance were observed in settings where virologic 
assessment is not available (31). 
 
Definitions of ART failures 
The criteria to define ART failures are not uniform. 
According to WHO (21), there are three definitions: 
clinical failure when there is a recurrent WHO stage 4; 
immunologic failure when CD4 falls to below the pre-
therapy baseline, or below 50% of the on- peak value, or 
is persistently < 100 cells/mm; virologic failure when 
plasma VL >10000 copies/ml; Virologic success when 
VL is < 400 or 50 copies/ml (depending on the type of 
the assay) after six months of treatment (21). According 
to a recent WHO guideline, which recommends VL to be 
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done every six months, treatment failure is defined as 
persistent VL > 5000 copies/ml (5). Although not well 
defined, VL cut-off > 10000 copies/ml to define 
treatment failures is linked with subsequent decline in 
CD4+ cell count (32) and clinical progression (33). 
 
Others define immunologic failure as an increase of 
CD4+ cells/ul < 50 at 6-12 months (34); < 100 at 12-24 
months (35, 36), or < 500 at 4-5 years (37)  irrespective 
of viral suppression. Virologic failure was defined as a 
primary failure where VL does not decrease to < 50 
copies/ml on two different occasions after six months on 
ART; and secondary failure (viral rebound) where there 
is VL >50 copies/ml confirmed (21). 
 
Putting together, the variation in defining the cut-off 
values of treatment failures indicates the need of research 
and programmatic data to better understand the profile of 
immunovirological responses to HAART, which might 
differ in different countries. 
 
The profile of immunologic and virologic responses to 
HAART 
Immunologic responses (CD4+ recovery) 
Without therapy, the average decline rate of CD4 cells/µl 
("CD4 slope") is estimated to be 50 cells per year, and 
the average VL level ranges from 30,000 to 50,000 
copies/ml (26). CD4+ recovery following HAART, 
which is due to redistribution of the cells from tissues, 
regeneration of naïve T cells, or due to the reduction of 
immune activation mediated cell death (apoptosis) (37), 
occurs as a two phase process: In the first phase of  two 
months on ART, rapid increase of CD4+ cells occurs; 
and in the second phase of the third month and onwards 
on ART, CD4+ count increase slows down but persists 
over time (38). Overall, the long-term shape of CD4+ 
count after HAART depends on the baseline CD4+ 
count, control of viral replication overtime, the stage of 
the disease at baseline, duration on treatment (39, 40), as 
well as on baseline patient factors including higher HIV 
RNA level, co-morbidities, presence of drug resistant 
viruses, sub-optimal pharmacokinetics, and potency of 
the ARV regimen (17). The time required to reach to 
normal value of CD4+ counts ranges from two to eight 
years (24, 41). 
 
Immunological failure and the risk factors 
Complete immune recovery following HAART is not 
observed in any of the patients. Absent or modest 
improvements in CD4+ counts did occur in 5–27% of the 
patients on HAART that achieved plasma HIV-1 RNA 
suppression (42,43,44) which has clinical implications. 
Higher relative risk of progression to AIDS; and AIDS 
and non-AIDS related mortalities were reported among 
discordant responders as compared to those virologic and 
immunologic concordant responders (45). Whereas there 
is no clear understanding on how to assess immunologic 
failures with regard to time after HAART, questions such 
as the clinical risks and the possible treatment for 

immunological failures would be a concern for the health 
care workers in the ART clinic (46). 
 
Risk factors for  failure or incomplete immune recovery 
includ the degree of CD4+ decline before and at the 
initiation of the treatment (the steeper the decline the 
steeper the rise), the rate of decline in viral-load (47), old 
age (17, 47), co-infection (e.g. HCV, HIV-2, HTLV-1, 
HTLV-2), medications (ZDV, TDF+DDI), and persistent 
immune activation (17).  However, others have reported 
no difference in immunological response related to 
baseline viral load, HIV risk factor, sex, HCV co-
infection and HAART regimen (24). Several 
explanations have been given about the mechanisms by 
which inadequate immune CD4+ recovery occurred in 
response to HAART. These included, myelosuppressive 
effects of ARV drugs (e.g. ZDV) (48), thymic involution 
related to old age (49), and abnormal cell death 
(apoptosis) due to higher immune activation related to 
higher background risk of endemic infections (50). 
 
Virologic responses 
VL level is an excellent indicator of the degree of viral 
replication in the immune system, progression to AIDS, 
morbidity, mortality, and HIV transmission. VL level 
predicts also treatment success/failure faster than CD4+ 
counts and also resolves discordant clinico-
immunological responses, so that it is an important tool 
to protect 1st and 2nd line regimens from unnecessary 
switch whereby resistance risk, is reduce because of   all 
these factors, therefore, VL measurement has been 
considered as a golden standard to monitor patients on 
ART (51). However, whereas CD4+ level which 
measures the strength of the immune system is the best 
biomarker of when to start treatment (5), VL test is less 
necessary before initiating ART as it rarely informs when 
to start ART (21). 
 
Even though not always true, the minimum change in VL 
after treatment to be considered statistically significant (2 
standard deviations) is a threefold or a 0.5 log10 copies/ml 
change (52). Virologic response has been reported 
therefore to decrease at week 72 and disappeared after 96 
weeks of treatment (53). It has been observed also that 
75-90.7% of treatment-naïve patients reached 
undetectable viral load by 12 months on ART, while it 
was reduced to 72% after 24 months (53). The proportion 
of treatment  naïve patients with viral rebound was 9.4% 
after one year, and 20.1-20.6 % after 2 years, while it was 
35·7–40·1% after 2 years of pretreated patients (54,55). 
 
Virological failure and the risk factors  
The risk factors for virological failure includes sex 
(although reports are controversial) (19, 56), old age, 
poor adherence, previous exposure to ART, lower base 
line CD4+ count, OIs, TB after ART, persistent lower 
VL, insufficient CD4+ cell gain, clinical symptoms, 
lower weight than baseline, and emergence of drug 
resistant viruses (57,58). Digestive symptoms and poor 
adherence to ART were also reported as risk factors for 
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low ARV plasma concentrations (59), which in turn 
results in sub-optimal virlogical responses. 
Discordant/Concordant immunovirological responses 
Besides the independent immunologic and virologic 
failures (12), concordant/discordant responses are 
another challenge during ART. Although the frequency 
of concordant/discordant immunovirologic responders 
depends on the definition (cut-off values) of 
immunologic and virologic responses, there are three 
immunovirological responders in clinical practices: 1) 
Concordant responders (VL+/CD4+) (40-60%), 2) 
Concordant non-responders (VL-/CD4-) (12-27.3%), and  
3) discordant responders which is sub divided as 
immunological non-responders (lack of CD4 increases 
despite viral suppression (VL+ /CD4-), (7%-48%), and 
immunological responders (good CD4+ responses in the 
absence of viral suppression, VL-/CD4+) (5%-18%) (15, 
51, 59, 61, 62). 
 
Whereas discordant results complicate the interaction 
between virological and CD4+ count response (61), and 
cause more challenges to the health care providers during 
patient management and monitoring (51), higher risk of 
clinical progression and mortality was observed in 
discordant responders as compared to complete response 
(62,63). 
 
The risk factors for discordant/concordant ART 
responses 
The mechanisms of discordant response (VL+/CD4- , VL-

/CD4+) are not fully understood (36). Among the risk 
factors for VL+/CD4- were lower baseline CD4+ count 
(50-100/µl), higher baseline VL (100,000 copies/ml), 
HAART composed of three NRTIs, the use of 
lamivudine (3TC)/zidovudine (ZDV), 
didanosine/tenofovir  (DDI/TDF), poor adherence, 
advanced age, and being ARV naïve (63). The factors, 
which contribute  VL-/CD4+ include sexual transmission 
of HIV, absence of clinical progression, lower baseline 
CD4 counts, higher baseline VL, low-level viral rebound 
during the first year after achieving undetectable VL,   
younger age, pretreatment and saquinavir regimen (63), 
use of 3TC/ZDV, ddI/3TC, or ddI/stavudine, ritonavir-
boosted protease inhibitor-(PI) based regimen (36, 64), 
and treatment compliance (53). 
 
Evidences showed that the frequency and risk factors for 
discordant responses to HAART in developing and 
developed countries were comparable (64). However, the 
studies are different in terms of study design, 
inclusion/exclusion criteria, ethnicity, ART experience, 
sample size, ARV regimen, length of follow-up, and the 
definitions, which results in the variations of results 
related to the factors associated with discordant 
responses.  Therefore, longer follow-up studies are highly 
pertinent to assess the pattern as well as the long-term 
impact of concordant/discordant responses treatment 
outcomes and the risk factors associated with in the 
context of local settings (64). 
 

HAART and TB/HIV co-infection 
Co-infection with TB/HIV complicates pathogenesis, 
epidemiology, clinical presentation, diagnosis, treatment, 
prevention aspects of one or the other. Whereas 11% of 
all HIV/AIDS -related adult mortality are attributed to 
TB, 39% of all TB related deaths are attributable to HIV 
(64). 
 
Patients from TB endemic areas present themselves to 
the health facilities for TB/HIV diagnosis and 
simultaneous treatment. Even though the optimal interval 
between starting TB treatment and ART remains to be 
determined (65), the objectives for initiating early ART 
in patients on anti-TB treatment are to reduce the risk of 
HIV related morbidity/mortality and improved sputum 
smear conversion; while the factors for differing ART 
includes high pill burden, poor adherence, impaired 
tolerability, drug with-drug interactions, toxicity, and 
morbidity and mortality because of TBIRIS (66). 
 
According to WHO guidelines (21), ART should be 
initiated within 2 to 8 weeks of anti-TB treatment in 
those with CD4+ count < 200 cells/ul; in the continuation 
phase of anti-TB treatment in those with CD4+ cell 
counts 200-350 cells/ul; but with great urgency in those 
highly immunocompromised patients. However, in cases 
a person needs TB and HIV treatment concurrently, first 
line treatment options include ZDV/3TC or d4T/3TC 
plus either an NNRTI or ABC (5). 
 
Overall, HAART restores host immune response specific 
to Mycobacterium tuberculosis (MTB), reduces incidence 
of TB, and improves survival, while anti-TB treatment in 
TB/HIV co-infected patients on the other hand minimizes 
the negative effects of TB on the course of HIV and 
reduces the transmission of MTB (59, 67, 68, 69). 
 
Whereas the long- term impact of HAART on TB control 
is dependent, in part, on the rate and extent of MTB 
specific immune restoration (68), TB disease prevalence 
at baseline, and incidence rate during the initial months 
of ART are higher on those enrolled for ART, which 
results in higher morbidity, mortality and complicates the 
delivery of ART (Fig 1) (68, 70, 71). 
 
Specific strategy is therefore required to reduce the 
impact of TB in the era of ART.WHO has recommended 
the ‘3Is’ strategy that incorporates intensified case 
finding, infection control and isoniazed preventive 
therapy to reduce the burden of TB in people living with 
HIV (72). However, the scenario of intensive case 
finding is also greatly affected by the screening strategy 
applied, immunodeficiency and the diagnostic tests 
available (64). In this regard, the fact that most diseases 
are sputum smear negative and culture-positive (73) is 
also a major challenge. 
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Figure 1: The incidence of TB in HIV infected patients on HAART relative to duration of HAART (days) and CD4+ 
counts (***: CD4+ < 50; **: CD4+ 51-100; *: CD4+ 101-200  
(adapted from 63) 
 
Furthermore, whereas concurrent treatments with anti-TB 
and HAART improves survival of the patients (74), there 
are also reported complications during the dual treatment 
including drug interactions, increased risk of treatment 
interruptions, high pill burden, shared toxicities, and 
paradoxical TB Induced Reconstitution Inflammatory 
Syndrome (TBIRIS) (65,75). Nevirapine concentrations 
are frequently sub-therapeutic in patients on rifampicin-
based TB treatment, which may result in inferior 
virological outcomes (65), while others have reported 
virological responses in TB/HIV patients to be similar 
with those who did not have TB (70). 
 
Discussion 
This review has summarized the success of HAART at 
national and continental level on one hand, but also the 
major challenges observed related to the parameters 
which have been implemented to monitor the patients on 
HAART. The key questions addressed in this review, 
therefore, includes: the profile of immunologic and 
virologic responses to HAART, immunologic and 
virologic failures and the factors associated with; 
Discordant/Concordant immunovirologic responses,   
with special emphasis to the potential limitations of 
applying clinical and immunologic parameters for 
monitoring of patients on HAART in resource limited 
settings like in Ethiopia. 
 
Immunologic responses to HAART 
Overall, CD4+ recovery post-HAART occurs in two 
phases: in the first phase of the two months, rapid 
recovery of the CD4+ cells took place mainly due to the 
release of the sequestered cells in the body tissue; 
whereas from the third month onwards (the second 
phase), the rate of CD4+ recovery is slow and the factors 
contributed for the increase in cell number includes re-
generating of new cells from bone marrow, and reduction 
of programmed cell death (37, 38).

Moreover, although the rate of CD4+ recovery depends 
on several factors including baseline CD4+ count, control 
of viral replication overtime, the stage of the disease at 
baseline, duration on treatment (17, 40), the time required 
for CD4+ cells to reach the normal values ranges from 
two to eight years  (24, 41). However, the fact that there 
is significant reduction in the frequency of OIs, and in 
morbidity and mortality, irrespective of the slow 
recovery rate as well as low absolute number of CD4+ 
cells post-HAART, raises a research question “how 
strong is the restoration of the functional immune 
response specific to variety of OIs post-HAART 
irrespective the low number of CD4+ cells in the 
periphery?” 
 
Moreover, based on the observation that  absent or 
modest improvements in CD4+ response occurs in 5–
27%  of the patients on HAART (42,43,44),  where the 
risk factors included  rate of CD4+ and VL decline, (47), 
old age (17, 47), co-infection, medications, immune 
activation (17), and apoptosis (50), there are two major 
un-resolved challenges remained: a) absence of clear 
understanding on how to assess immunologic failures 
with regard to the duration of time after HAART 
initiation, and the clinical risks as well as the possible 
treatment for immunological failures (46); and b) absence 
of defined cut-off values to determine immunologic 
failures. 
 
Furthermore, whereas clinical and immunological 
parameters are recommended as a proxy for VL test to 
evaluate the response of HAART for resource poor 
settings (21), the occurrence of higher morbidity, 
mortality and complex profile of resistance in settings 
where VL testing is not available (31), which could be 
due to the poor sensitivity (20%-33%), and specificity 
(86%-90%), of immunologic markers to identify 
virologic failures (29, 30), implies the timely need to 
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incorporate VL testing to confirm treatment failures, in 
settings like in Ethiopia where free access to ART is 
expanded. 
 
Virologic responses to HAART  
Whereas CD4+ count, but not VL test (21), is the best 
biomarker for initiation ART (5), VL measurement is a 
golden standard to monitor patients on ART (51). 
However, higher cost, the need of trained human 
resource and infrastructure remains to be the major 
obstacle for the resource limited settings to implement 
VL test, indicating the need of simple and cheap point of 
care (POC) VL assay for poor countries. Overall, 
although virologic success observed in 75-90.7% of the 
patients by 12 month on HAART, a decrease in the 
proportion of those with successful virologic response, 
and an increase in viral rebound, as the time on HAART 
increased, has been reported  (54,55).   Moreover, the 
absence of defined cut-off values for virologic failure, 
like that in immunological failure, remains to be a major 
challenge when applying VL test for patient monitoring.  
 

Discordant/Concordant immunovirologic responses to 
HAART 
Despite the independent immunologic and virologic 
failures post-HAART, discordant immunovirologic 
responses (VL+/CD4- , VL-/CD4+)  which is known to be 
associated with higher risk of clinical progression and 
mortality (62,63), and causes more challenges to the 
health care providers during patient management and 
monitoring (51), is another significant challenge during 
the monitoring of patients on HAART. Therefore, 
whereas the mechanisms of discordant immunovirologic 
responses are not fully understood (36), local follow-up 
studies are highly pertinent to assess the magnitude and 
long-term effect, as well as the risk factors associated 
with discordant immunovirologic responses      
 
HAART and TB/HIV co-infection 
Whereas TB is the most common OI in HIV patients 
(64), the summary of the literatures in this review have 
shown HAART restores the host immune response 
specific to TB, reduces incidence of TB, morbidity and 
mortality related to TB (68, 69). However, time to start 
ART, higher incidence of TB in HIV positive on 
HAART than that of HIV negatives (indicated 
incomplete immune restoration specific to TB), 
toxicities, TBIRIS, and drug interactions,  has been 
reported as major obstacles  (65,75). 
   
Therefore, in TB/HIV clinics where simultaneous 
treatment with anti-TB and ART are provided, awareness 
of the health professionals is highly essential for the 
comprehensive and effective management of the TB/HIV 
patients.  Furthermore, future researches aimed to address 
better treatment strategies of TB/HIV patients, the 
evolution of immune restoration specific to TB, and 
TBIRIS, are highly relevant. 
 

Summary 
HAART restores host immune responses, decreases risk 
of OI, morbidity and mortality globally. The un-resolved 
questions related to HAART have to do with variations in 
the treatment outcomes (countries, Ethnic), cut-off values 
for immunovirological failures, discordant results; drug 
resistance, toxicity, drug interactions, and early mortality. 
 
Since clinical and immunological assessments lack 
sensitivity/specificity to diagnose virologic failures, 
complications in the patient monitoring in the  extensive 
ART expansion that might occur in the resource poor 
settings, where patient monitoring is dependent on 
clinico-immunological parameters. Incorporating VL 
testing to confirm treatment failures, as well as 
genotyping testing for treatment failed samples, if not 
pre-HAART resistance testing, should be part of the 
immediate plan.  Furthermore, considering the rapid 
expansion of ART where the long-term effect of which is 
not well investigated, and the research data on ART are 
predominantly from the developed world, local research 
data from well defined cohorts of patients on long-term 
HAART, which can complement data from randomized 
clinical trials (76) are highly pertinent and timely. 
Likewise, routine national surveys for transmitted and 
acquired ARV drug resistance and early warning 
indicators (EWI) should also be implemented in parallel 
to the speeded up expansion of ART. 
 
Acknowledgements 
I am very much grateful to Dr Almaz Abebe, Dr Belete 
Tegbaru, Dereje Teshome, Wegene Tamene, Mesfin 
Meshesha, Asfaw Adane and Dr Aseged Woldu for their 
valuable input to finalize this review. 
 
References 
1. Barré-Sinoussi F, Chermann J C, Rey F, Nugeyre M, 

Chamaret S, Gruest Dauguet C, A,der-Blin C, 
Vézinet-Brun F, Rouzioux C, Rozenbaum W,  
Montagnier L. Isolation of a T-lymphotropic 
retrovirus from a patient at risk for acquired immune 
deficiency syndrome (AIDS). Science 1983;220: 
868-871. 

2. UNAIDS: AIDS epidemic update-December 2009. 
UNAIDS/09.36E / JC1700E. 

3. MOH: Single Point HIV prevalence estimate. 2007. 
Available from: URL: 
http://www.etharc.org/aidsineth/ publications/ 
singlepointprev_2007.pdf. 

4. Palella FJ, Delaney KM, Moorman AC. Declining 
morbidity and mortality among patients with 
advanced human immunodeficiency virus infection. 
N Engl J Med 1998; 338: 853–860. 

5. WHO: Towards universal access: scaling up priority 
HIV/AIDS interventions in the health sector : 
progress report 2009. Available from: URL: 
http://data.unaids.org/pub/Report/2009/20090930_tu
apr_2009_en.pdf). 

6. Jevtovi D, Salemovi D, Ranin J, Dulovi O, Ilić D 
and Brmboli B. The prognosis of highly active 



The pattern of immunologic and virologic responses to highly active antiretroviral treatment (HAART)    67 
 

Ethiop J Health Dev 2011;25(1) 

antiretroviral therapy (HAART) treated HIV infected 
patients in Serbia, related to the time of treatment 
initiation. Journal and V, in press 2009. 

7.  Bisson G P, Gaolath T, Gross R, Rollins C, Bellamy 
S, Mogorosi M, Avalos A, Friedman,  Dickinson D, 
Frank I, Ndwapi N. Overestimates of Survival after 
HAART: Implications or Global Scale-Up Efforts. 
PLoS ONE 2008; 3(3): e1725. 

8. Mocroft  A, Madge S,  Anne M J, Lazzarin A, 
Clumeck N, Goebel Frank-Detlef, Viard Jean-Paul, 
Gatell J, Blaxhult Anders, Lundgren J D.  A 
comparison of exposure groups in the EuroSIDA 
study: starting highly active antiretroviral therapy 
(HAART), response to HAART, and survival. J 
Acquir Immune Deficiency  Syndr  1999;22: 369–
378. 

9. Poundstone KE, Chaisson RE, Moore RD. 
Differences in HIV disease progression by injection 
drug use and by sex in the era of highly active 
antiretroviral therapy. AIDS 2001;15: 1115–1123. 

10. WHO: Treating 3 million by 2005: making it 
happen. The WHO strategy. Geneva, World Health 
Organization, 2003. Available from: URL: 
http://www.who.int/3by5/publications/documents/isb
n9241591129. 

11. National HIV/AIDS prevention and control office 
(NHAPCO). Available from: URL: 
http://www.etharc.org/arvinfo/artupdate/ARTOct200
9.pdf. 

12. Deeks SG, Barbour JD, Grant RM, Martin JN. 
Duration and predictors of CD4 T-cell gains in 
patients who continue combination therapy despite 
detectable plasma viremia. AIDS 2002; 16:201–207. 

13. Yimer G, Aderaye G, Amogne W, Makonnen E, 
Aklillu E, Lindquist L, Yamuah L, Feleke B and  
Aseffa A. Anti-tuberculosis therapy-induced 
hepatotoxicity among ethiopian HIV-positive and 
negative Patients. PLoS ONE 2008;3(3):e1809. 

14. Menéndez-Arias L. Molecular basis of human 
immunodeficiency virus drug resistance: An update. 
Antiviral Research 2010;85:210–231. 

15. Moh R, Danel C, Messou E, Ouassa T, Gabillard D, 
Anzian A, Abo Y, Salamon R, Bissagnene E, Seyler 
C, Eholie S and Anglaret X. Incidence and 
determinants of mortality and morbidity following 
early antiretroviral therapy initiation in HIV-infected 
adults in West Africa. AIDS 2007(21):2483–2491. 

16. Longa L, Fox M, Sannea I, and Rosen S. The high 
cost of second-line antiretroviral therapy for 
HIV/AIDS in South Africa. AIDS 2010 (24):915–
919. 

17. Boyd M A. Current and future management of 
treatment failure in low- and middle-income 
countries.  Current Opinion in HIV and AIDS 2010; 
5 (91): 83-89. 

18. British HIV Association (BHIVA). Guidelines for 
the treatment of HIVinfected adults with 
antiretroviral therapy. HIV Med 2001; (2):276–313. 

19. Fischl MA, Richman DD, Grieco MH, Gottlieb MS, 
Volberding PA, Laskin OL, Leedom JM, Groopman 

JE, Mildvan D, Schooley RT. The efficacy of 
azidothymidine (AZT) in the treatment of patients 
with AIDS and AIDS-related complex. A double-
blind, placebo-controlled trial. N Engl J Med 
1987;317 (4):185–191. 

20. Médecins Sans Frontières.  Untangling the Web of 
ARV Price Reductions.11th Edition, July 2008.  
Available from:  
http://www.msf.org.za/Docs/untangling_the_web.pd
f. 

21. WHO: HIV/AIDS Programme. Antiretroviral 
therapy for HIV infection in adults and adolescents: 
recommendations for public health approach. 2006 
revision. Available from: URL: 
http://www.who.int/hiv/pub/guidelines/artadultguide
lines. pdf. 

22. Federal HIV/AIDS Prevention and Control 
Office/Federal Ministry of Health 
(FHAPCO/FMOH). Guidelines for management of 
opportunistic infections and Antiretroviral Treatment 
in Adolescents and Adults in Ethiopia (2007). 
Available from: URL: 
http://www.etharc.org/publications/oi_art_guideline.
pdf . 

23. Jonathan UY, Armon C, Buchacz K, Wood K, 
Brooks J. Initiation of HAART at higher CD4 Cell 
Counts is associated with a lower frequency of 
antiretroviral drug Resistance mutations at virologic 
failure. J Acquir Immune Defic Syndr  2009;51:450–
453. 

24. Malincarne L, Sgrelli A, Camanni G, Papili R, 
Francisci D and Baldelli F.Immune restoration 
during HAART: 8-year follow-up in HIV-positive 
patients with sustained virological suppression. J 
International AIDS Society 2008;Suppl 1: 10. 

25. Langford S E, Ananworanich J, Cooper DA. 
Predictors of disease progression in HIV infection: a 
review. AIDS Research and Therapy 2007; 4:11. 

26. Mellors JW, Munoz A, Giorgi JV, Margolick JB, 
Tassoni CJ, Gupta P, Kingsley LA, Todd JA, Saah 
AJ, Detels R, Phair JP, Rinaldo CR. Plasma viral 
load and CD4+ lymphocytes as prognostic markers 
of HIV-1 infection. Ann Intern Med 
1997;126(12):946-954. 

27. Johannessen A, Naman E, Ngowi B J,  Sandvik L, 
Matee M I , Aglen H E , Gundersen S G, Bruun J N. 
Predictors of mortality in HIV-infected patients 
starting antiretroviral therapy in a rural hospital in 
Tanzania. BMC Infectious Diseases 2008; 8:52. 

28. Badri M, Lawn S D, Wood R. Utility of CD4 cell 
counts for early prediction of virological failure 
during antiretroviral therapy in a resource-limited 
setting. BMC Infectious Diseases 2008; 8:89. 

29. Kantor R, Diero L, DeLong A, Kamle L , Muyonga 
S, Mambo F, Walumbe E, Emonyi W , Chan P, 
Carter J, Hogan J, Buziba N. Misclassification of 
first-line antiretroviral treatment failure based on 
immunological monitoring of HIV infection in 
resource-limited settings. Clin Infect Dis 2009; 
49:454–462. 



68     Ethiop. J. Health Dev. 
 

Ethiop J Health Dev 2011;25(1) 

30. Reynolds, S J,  Nakigozi G,  Newell K,  Ndyanabo 
A, Ronald G, Iga B, Thomas Q,  Ron G, Maria W, 
David S. Failure of immunologic criteria to 
appropriately identify antiretroviral treatment failure 
in Uganda. AIDS 2009; 23:697–700. 

31. Gupta R K, Hill A, Sawyer A W, Cozzi-Lepri A, 
Wyl V, Yerly S, Lima V D, Günthard H F, Gilks C, 
Pillay D. Virological monitoring and resistance to 
first-line highly active antiretroviral therapy in adults 
infected with HIV-1 treated under WHO guidelines: 
a systematic review and meta-analysis. Lancet Infect 
Dis 2009;9:409–417. 

32. The PLATO Collaboration. Predictors of trend in 
CD4-positive T-cell count and mortality among 
HIV-1-infected individuals with virological failure 
to all three antiretroviral-drug classes. Lancet 
2004;364:51-62. 

33. Murri R, Lepri A,  Cicconi P, Poggio A, Arlotti M, 
Tositti G, Domenico S, Soranzo M L, Giuliano R, 
Colangeli V, Montroni M, Monforte A.  Is moderate 
HIV viraemia associated with a higher risk of 
clinical progression in HIV-infected people treated 
with highly active antiretroviral therapy: evidence 
from the Italian cohort of antiretroviral-naive 
patients study.  J Acquir Immune Defi c Syndr  
2006;41(1):23-30. 

34. Gutiérrez F, Padilla S, Masiá M, et al. Patients' 
characteristics and clinical implications of 
suboptimal CD4 T-cell gains after 1 year of 
successful antiretroviral therapy. Curr HIV Res. 
2008;6:100-107. 

35. Dronda F, Moreno S, oreno A, Casado J L , 
Pérez-‐Elías M J , Antela A. Long-term outcomes 
among antiretroviral-naïve human 
immunodeficiency virus-infected patients with small 
increases in CD4+ cell counts after successful 
virologic suppression. Clin Infect Dis. 
2002;35:1005-1009. 

36. Collazos J, Asensi V, Carton J A. CD4 Responses in 
the setting or suboptimal virological responses to 
antiretroviral therapy: Features, outcomes, and 
associated factors. Aids Research and Human 
retroviruses 2009;25(7):647-655. 

37. Kaufmann G R, Furrer H , Ledergerber B , Perrin L, 
Opravil M, Vernazza P, Cavassini M, Bernasconi E, 
Rickenbach M, Hirschel B, Battegay M, The 
Swiss HIV Cohort Study.  Characteristics, 
determinants, and clinical relevance of CD4 T cell 
recovery to <500 cells/microL in HIV type 1-
infected individuals receiving potent antiretroviral 
therapy. Clin Infect Dis. 2005;41:361-372. 

38. Autran B, Carcelain G, Li TS, Blanc C, Mathez D, 
Tubiana R, Katlama C, Debre P, Leibowitch.  
Positive effects of combined antiretroviral therapy 
on CD4+ T cell homeostasis and function in 
advanced HIV disease. Science 1997;277:112-116. 

39. Lederman MM, Connick E, Landay A, Kuritzkes 
DR, Spritzler J, St Clair M, Kotzin BL, Fox L, 
Chiozzi MH, Leonard JM. Immunologic responses 
associated with 12 weeks of combination 

antiretroviral therapy consisting of Zidovudine, 
Lamivudine and Ritonavir: results of AIDS clinical 
trials group protocol 315. J Infect Dis 1998; 178:70-
79. 

40. Egger S,  Petoumenos K, Kamarulzaman A, Hoy J, 
Sungkanuparph S, Chuah J, Falster K, Zhou J, Law 
M G. Long-Term patterns in CD4 response are 
determined by an interaction between baseline CD4 
cell count, viral load, and time: The Asia Pacific 
HIV observational database (APHOD). J Acquir 
Immune Defic Syndr 2009;50:513–520. 

41. Fleury S, Rizzardi GP, Chapuis A, Tambussi G, 
Knabenhans C, Simeoni E, Meuwly J, orpataux J, 
Lazzarin A, Miedema F, Pantaleo G: Long-term 
kinetics of T cell production in HIV-infected 
subjects treated with highly active antiretroviral 
therapy proceedings of the National acadmic of 
Science USA 200,97 . Proc Natl Acad Sci USA 
2000;97:5393-5398. 

42. Benveniste O, Flahault A, Rollot F, Elbim C, 
Estaquier J, Pédron B, Duval X, Dereuddre-‐Bosquet 
N, Clayette P, Sterkers G, Simon A, Ameisen J-‐C , 
Leport C. Mechanisms involved in the low-level 
regeneration of CD4 cells in HIV-1-infected patients 
receiving highly active antiretroviral therapy who 
have prolonged undetectable plasma viral loads. J 
Infect Dis 2005;191:1670–1679. 

43. Marco M, De Santis W, Carello R, Leti W, 
Antonella E, Isgro A, Fimiani C, Sirianni M, 
Mezzaroma I, Aiuti F, T-cell homeostasis alteration 
in HIV-1-infected subjects with low CD4 T-cell 
count despite undetectable virus load during 
HAART. AIDS 2006;20:2033–2041. 

44. Aiuti F, Mezzaroma I. Failure to reconstitute CD4 T-
cells despite suppression of HIV replication under 
HAART. AIDS Rev 2006;8:88–97. 

45. Gutie´rrez F, Padilla S, Masia M. Patients’ 
characteristics and clinical implications of 
suboptimal CD4 T-cell gains after 1 year of 
successful antiretroviral therapy. Curr HIV Res 
2008;6:100–107. 

46. Gazzola L, Tincati C, Maria Bellistrı G, d’Arminio 
Monforte A, Marchetti G. The Absence of CD4+ T 
Cell count recovery despite receipt of virologically 
suppressive highly active antiretroviral therapy: 
Clinical risk, immunological gaps, and Therapeutic 
options .Clinical Infectious Diseases 2009;48:328–
37. 

47. Carcelain G, Debré P, Autran B.  Reconstitution of 
CD4+ T lymphocytes in HIV-infected individuals 
following antiretroviral therapy. Current Opinion in 
Immunology 2001;13:483–488. 

48. Huttner AC, Kaufmann GR, Battegay M, Weber R, 
Opravil M. Treatment initiation with zidovudine-
containing potent antiretroviral therapy impairs CD4 
cell count recovery but not clinical efficacy. Aids 
2007;21(8):939-946. 

49. Teixeira L, Valdez H, McCune JM, Koup RA, 
Badley AD, Hellerstein MK, Napolitano LA, Douek 
DC, Mbisa G, Deeks S, et al.: Poor CD4 T cell 



The pattern of immunologic and virologic responses to highly active antiretroviral treatment (HAART)    69 
 

Ethiop J Health Dev 2011;25(1) 

restoration after suppression of HIV-1 replication 
may reflect lower thymic function. Aids 
2001;15(14):1759-1756. 

50. Eggena MP, Barugahare B, Okello M, Mutyala S, 
Jones N, Ma Y, Kityo C, Mugyenyi P, Cao H: T cell 
activation in HIV-seropositive Ugandans: 
differential associations with viral load, CD4+ T cell 
depletion, and coinfection. J Infect Dis 
2005;191(5):694-701. 

51. Nicastri E, Chiesi A, Angeletti  C, Sarmati L, 
Palmisano L, Geraci  A, Andreoni  M, Vella S. 
Clinical outcome after 4 years follow-up of HIV-
seropositive subjects with incomplete virologic or 
immunologic response to HAART. J Med Virol 
2005;76:153–160. 

52. Department of Health and Human Services (DHHS). 
Guidelines for the  of antiretroviral agents in HIV-1-
infected adults and adolescents. 2008. Available 
from: URL: 
http://www.aidsinfo.nih.gov/ContentFiles/Adultand
AdolescentGL.pdf. 

53. Molina-Pinelo S, Leal M, Soriano-Sarabia N, 
Gutiérrez S, Fernandez G, Fernández M, Eduardo 
Lissen, Vallejo A. Prevalence and factors involved 
in discordant responses to highly active antiretroviral 
treatment in a closely followed cohort of treatment-
naive HIV-infected patients. J Clin Virol 
2005;33:110–115. 

54. Ledergerber B, Egger M, Opravil M, Telenti A, 
Hirschel B, Battegay M, Vernazza P. Sudre P, Flepp 
M, Furrer H. Clinical progression and virological 
failure of highly active antiretroviral therapy in HIV-
1 patients: a prospective cohort study. The Lancet, 
1999;(353);863-868. 

55. Ahoua L, Guenther G, Pinoges L, Anguzu P, Chaix 
M-L 3, Le Tiec C, Balkan S, Olson D, Olaro C, 
Pujades-Rodríguez M. Risk factors for virological 
failure and subtherapeutic antiretroviral drug 
concentrations in HIV-positive adults treated in rural 
northwestern Uganda. BMC Infectious Diseases 
2009;9:81. 

56.  Geretti A, Smith C, Haberl A, Garcia-Diaz A, 
Nebbia G, Johnson M, Philips A and Stasezewski S. 
Determinants of virological failure after successful 
viral load suppression in first-line highly active 
antiretroviral therapy. Antiviral Therapy 
2008;13(7):927-936. 

57. Ferradin L, Laureillard D, Prak N, Ngeth C, 
Fernandez M, Pinoges L, Puertas G, Taburete A-M, 
Ly N, Rouzioux C, Balkan S, Quillet C, Delfraissy J-
Fcois. Positive outcomes of HAART at 24 months in 
HIV-infected patients in Cambodia. AIDS 
2007;21:2293–2301. 

58. Rougemont M, Stoll B E, Elia1 N, Ngang P. 
Antiretroviral treatment adherence and its 
determinants in sub-Saharan Africa: a prospective 
study at Yaounde Central Hospital, Cameroon. AIDS 
Research and Therapy 2009;6:21.  

59. Kranzer K, Houben RMG, Glynn JR, Bekker L-G, 
Wood R, Lawn SD. Yield of HIV-associated 

tuberculosis during intensified case finding in 
resource-limited settings: a systematic review and 
meta-analysis. Lancet Infect Dis 2010;10:93–102. 

60. Moore D, Hogg R, Yip B, Wood E, Tyndall M, 
Braitstein P, Montaner J. Discordant immunologic 
and virologic responses to highly active 
antiretroviral therapy are associated with increased 
mortality and poor adherence to therapy. J Acquir 
Immune Defic Syndr 2005;40:288–293. 

61. Jevtovic D, Salemovic D, Ranin J, Pešic´I, Žerjav S, 
Djurkovic´-Djakovic O. The dissociation between 
virological and immunological responses with 
HAART. Biomedicine & Pharmacotherapy 
2005;59:446–451. 

62. Taiwo BO,  Li X,  Palella  F,  Jacobson LP, 
Margolick JB,  Detels R,  Rinaldo CR,  Phair JP. 
Higher Risk of AIDS or death in patients with lower 
CD4 Cell Counts after virally suppressive HAART. 
HIV Medicine. 2009;10(10):657-660. 

63. Marimoutou C, Chene G, Mercie P, Neau D, Farbos 
S, Morlat P, Ceccaldi J, Dabis F. Prognostic factors 
of combined viral load and CD4+ cell count 
responses under triple antiretroviral therapy, 
Aquitaine cohort, 1996– 1998. J Acquir Immune 
Defic Syndr 2001;27:161–167. 

64. Tuboi S H, Brinkhof M W.  Egger M, Stone R A, 
Braitstein P, Nash D, Sprinz E, Dabis F, Harrison L, 
Schechter M. Discordant responses to potent 
antiretroviral treatment in previously naive HIV-1-
infected adults initiating treatment in resource 
constrained countries: The antiretroviral therapy in 
low-income countries (ART-LINC) collaboration. J 
Acquir Immune Defic Syndr 2007;45:52–59. 

65. Cohen K and Meintjes G. Management of 
individuals requiring antiretroviral therapy and TB 
treatment. Current Opinion in HIV and AIDS 
2010;5:61–69. 

66. Lawn S, Wood R. Optimum time to initiate 
antiretroviral therapy in patients with HIV associated 
tuberculosis: There may be more than one right 
answer. J Acquir Immune Defic Syndr. 2007;46:121–
123. 

67. Egger M, May M, Chêne G, Phillips AN, 
Ledergerber B, Dabis F, Costagliola D. Prognosis of 
HIV-1 infected patients starting antiretroviral 
therapy: a collaborative analysis of prospective 
studies. Lancet 2002;360:119 –129. 

68. Lawn SD, Myer L, Bekker LG, Wood R. Burden of 
tuberculosis in an antiretroviral treatment 
programme in sub-Saharan Africa: Impact on 
treatment outcomes and implications for tuberculosis 
control. AIDS 2006;20:1605–1612. 

69. Breen R A M , Miller R F , Gorsuch T , Smith C J , 
Ainsworth J , Ballinger J , Swaden L , Cropley L , 
Johnson M A , Lipman M C. Virological response to 
highly active antiretroviral therapy is unaffected by 
antituberculosis therapy. J Infect Dis 
2006;193:1437–40. 

70. Moore D, Liechty C, Ekwaru P, Were W, Mwima G, 
Solberg P, et al. Prevalence, incidence and mortality 



70     Ethiop. J. Health Dev. 
 

Ethiop J Health Dev 2011;25(1) 

associated with tuberculosis in HIV-infected patients 
initiating antiretroviral therapy in rural Uganda. 
AIDS 2007;21:713–719. 

71. Lawn SD, Bekkera L-G, Wood R. How effectively 
does HAART restore immune responses to 
Mycobacterium tuberculosis? Implications for 
tuberculosis control. AIDS 2005;19:1113–1124. 

72. WHO: WHO three I’s meeting. Report of a joint 
WHO HIV/AIDS and TB Department Meeting. 
Geneva: WHO; 2008.  Available from: URL: 
http://www.who.int/hiv/pub/meetingreports/WHO_3
Is_meeting_report.pdf. 

73. Getahun H, Harrington M, O’Brien R, Nunn P. 
Diagnosis of smear-negative pulmonary tuberculosis 
in people with HIV infection or AIDS in resource-
constrained settings: Informing urgent policy 
changes. Lancet 2007; 369:2042–2049. 

74. Karim S A, Naidoo K, Grobler A, Padayatchi N, 
Nair G , Bamber S, Pienaar J, Friedland G, El-Sadr 
W, Karim Q A. Initiating ART during TB treatment 
significantly increases survival: Results of a 
randomized controlled clinical trial in TB/HIV-
coinfected patients in South Africa [abstract 36a]. In: 
16th Conference on Retroviruses and Opportunistic 
Infections. Montreal; 2009. 

75. Westreich D, MacPhail P, Van Rie A, Malope-
Kgokong B, Ive P, Rubel D, Boulmé R, Eron J, 
Sanne I.  Effect of pulmonary tuberculosis in 
mortality in patients receiving HAART. 
AIDS. 2009;23(6):707-715. 

76. Sabin C A. Cohort studies: To what extent can they 
inform treatment guidelines? Current Opinion in 
Infectious Diseases 2010;23:15–20. 


