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Abstract
Background: The mortality in patients with persistent low CD4 count despite several years of HAART with
sustained viral suppression is poorly documented. We aimed to identify predictors for inadequate CD4 cell recovery
and estimate mortality in patients with low CD4 count but otherwise successful HAART.
Method: In a nationwide cohort of HIV patients we identified all individuals who started HAART before 1 January
2005 with CD4 cell count ≤ 200 cells/μL and experienced three years with sustained viral suppression. Patients
were categorized according to CD4 cell count after the three years suppressed period (≤ 200 cells/μL;
immunological non-responders (INRs), >200 cells/μL; immunological responders (IRs)). We used logistic regression
and Kaplan-Meier analysis to estimated risk factors and mortality for INRs compared to IRs.
Results: We identified 55 INRs and 236 IRs. In adjusted analysis age > 40 years and > one year from first CD4 cell
count ≤ 200 cells/μL to start of the virologically suppressed period were associated with increased risk of INR. INRs
had substantially higher mortality compared to IRs. The excess mortality was mainly seen in the INR group with >
one year of immunological suppression prior to viral suppression and injection drug users (IDUs).
Conclusion: Age and prolonged periods of immune deficiency prior to successful HAART are risk factors for
incomplete CD4 cell recovery. INRs have substantially increased long-term mortality mainly associated with
prolonged immunological suppression prior to viral suppression and IDU.

Background
The introduction of HAART has decreased morbidity
and mortality in HIV patients due to viral load (VL)
suppression and immunological recovery [1]. Still, the
immunological reconstitution after HAART initiation
varies depending on the pre-HAART level of immunodeficiency [2-7]. Several studies have shown that patients
with successful virological response to HAART and
incomplete initial CD4 recovery have increased mortality
[5,8,9]. However, the outcome is poorly documented for
patients with pesistent low CD4 count despite several
years of HAART with sustained VL suppression.
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Within a nationwide cohort of HIV infected patients
we identified all individuals who were on stable
HAART, had been virally suppressed for more than
three years and had a CD4 cell count ≤ 200 cells/μL
prior to the virally suppressed period. In this population
we identified immunologic non-responders who did not
rise to a CD4 cell count > 200 cells/μL after the three
years of sustained VL suppression. We aimed to identify
predictors for inadequate CD4 cell recovery and to
determine the mortality in the immunological nonresponders compared to those with an adequate CD4
cell response.

Methods
The study was performed as a nationwide cohort study.
In the first part of the study we estimated risk factors
for immunological non-response (CD4 cell count ≤ 200
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cells/μL after three years of VL suppression). In the second part of the study we estimated mortality in immunological non-responders (INRs) versus immunological
responders (IRs).
Setting

Denmark had a population of 5.5 million as of 31
December 2008, with an estimated HIV prevalence of
approximately 0.07% in the adult population [10,11].
Patients with HIV infection are treated in one of the
country’s eight specialized medical centres, where they
are seen on an outpatient basis at intended intervals of
12 weeks. Antiretroviral treatment is provided free of
charge to all HIV-infected residents of Denmark. The
national criteria for initiating HAART have been
described previously [12].
Data sources

The Danish HIV Cohort study (DHCS), described in
details elsewhere, is a population-based prospective
nationwide cohort study of all HIV-infected individuals
16 years or older at diagnosis and who are treated at
Danish HIV centres after 1 January 1995 [13]. December
31, 2008 the cohort included 5206 Danish residents.
Patients are consecutively enrolled, and multiple registrations are avoided through the use of a unique 10-digit
civil registration number assigned to all individuals in
Denmark at birth or upon immigration. Data are updated
yearly and includes demographics, date of HIV infection,
AIDS defining events, date and cause of death and antiretroviral treatment. CD4 cell counts and HIV-RNA measurements are extracted electronically from laboratory
data files. After 1 January 2000 all viral load (VL) analyses in Denmark were designed to measure VL below
50 copies/ml. Before that period lower limit of detection
were in some centres 199 copies/ml and 399 copies/ml
and these values are in the present study considered
being below 50 copies/ml. Patients are intended tested
yearly for hepatitis C antibodies, and if positive further
tested for hepatitis C RNA.
Primary causes of death were obtained from The
Danish Civil Registration System and The Danish Register of Causes of Death [14]. Data on date of cancer diagnosis were obtained from The Danish Cancer Registry
and all patients diagnosed with cancer in the suppressed
period or 10 years previous to this were identified [15].
Study population

From DHCS we identified all HIV-1 positive patients,
who 1) started HAART before 1 January 2005, 2) had a
CD4 cell count ≤ 200 cells/μl at start of HAART, 3) had
a VL < 50 copies/ml for more than three consecutive
years before 1 January 2008, 4) had no intervals of more
than seven months between VL tests in the suppressed
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period, and 5) had a CD4 cell count ≤ 200 cells/μl at
start of the virally suppressed period.
Patients were defined as IRs in case the first CD4 cell
count measured after 3 years of viral suppression was >
200 cells/μL and INRs in case the CD4 count was ≤ 200
cells/μL. Mortality was also stratified for more differentiated CD4 cell strata after 3 years of viral suppression
(>200 cells/μL and ≤ 350 cells/μL, > 350 cells/μL and ≤
500 cells/μL and >500 cells/μL) but the prognosis differed little for all strata above 200 cells/μL why we
chose to pool all CD4 responses above 200 cells/μL in
one group (data not shown).
Statistics

Differences in characteristics between groups were evaluated by the c 2 test, Fisher’s exact test and KruskalWallis Test when appropriate.
We used binary logistic regression in order to identify
predictors for immunological non-response. The following covariates were included in the model: Gender, age
at start of the suppressed period (≤ 40 years vs. > 40
years) (The cut point was based on the median age; IRs;
37.6 years (IQR; 32.1 - 45.3) and INRs; 42.6 years (IQR;
36.1 - 51.3)), race (Caucasian vs. non-Caucasian), route
of HIV infection (men who have sex with men (MSM)
vs. heterosexually vs. injection drug user (IDU) vs.
other), chronic HCV infection (positive vs. negative PCR
for HCV RNA), cancer prior to start of the suppressed
period, one or more AIDS defining event before start of
suppressed period, HIV diagnose before 1 January 1995,
nadir CD4 cell count < 50 cells/μL and > one year from
first CD4 ≤ 200 cells/μL to start of the virologically suppressed period (The cut point of one year was based on
the median time from first CD4 cell count ≤ 200 to
start of the suppressed period; IRs; 0.7 year (IQR; 0.3 2.2) and INRs; 1.5 years (IQR; 0.4 - 3.2)). Selection of
potential confounders was performed using the “change
in estimate” method with age and gender forced into
the model [16].
Index date was defined as date of first CD4 cell count
measurement after three years of sustained viral suppression. We calculated person-years at risk from index date
until death, 1 January 2008, emigration or lost to followup, whichever came first. We used Kaplan Meier analysis
to construct survival curves for INRs vs. IRs and further
stratified these by time from first CD4 measurement
≤ 200 cells/μL to start of the virologically suppressed period (≤ one year vs. > one year). Cox regression analyses
were used to estimate mortality rate ratios (MRR). We
further calculated MRRs stratified by cancer (no cancer
diagnosed prior to index date vs. cancer diagnosed prior
to index date), previous AIDS defining event (none vs. >
one or more AIDS defining events prior to index date)
and time from first CD4 measurement ≤ 200 cells/μL to
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start of the virologically suppressed period (≤ one year vs.
> one year). The estimates were adjusted for gender and
age.
In a robustness analysis we used a cut-off value of 500
copies/ml in the virologically suppressed period to test
the impact of VL cut-off on our estimates.
VL and CD4 cell response in the observation period

Using a previously described method [13] we grouped
all CD4 cell measurements and VL tests in the observation period in 12-weeks intervals and calculated the proportion of CD4 measurements ≤ 200 cells/μL and VL
tests < 50 copies/ml for both IRs and INRs up to six
years after index date.
The study was approved by the Danish Data Protection Agency (Denmark has no Institutional review
boards). Data in the database is not publicly available.
SPSS statistical software, Version 15.0 (Norusis; SPSS
Inc., Chicago, Illinois, USA) and R software, version
2.8.1, was used for data analysis.

Figure 1 Study flow chart.
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Results
In The Danish HIV Cohort Study 3165 patients started
HAART before 1 January 2005 (figure 1).291 study subjects fulfilled the inclusion criteria and were followed for
1373 person-years during which 7 patients (2.4%) emigrated. 227 (78.0%) of the patients were males and 218
(74.9%) were Caucasians. Median time between VL tests
in the suppressed period was 88 days (IQR; 59 - 98).
After three years of sustained VL 236 (81.1%) patients
reached a CD4 cell count above 200 cells/μl (IRs) and
55 (18.9%) of the HIV infected patients did not (INRs).
Characteristics of IRs and INRs are shown in table 1.
In un-adjusted analysis age, Caucasian race and time
from first CD4 cell count ≤ 200 cells/μL to start of the
virologically suppressed period were associated with
immunological non-response (table 2). However, after
having adjusted for potential confounders only age and
time from first CD4 cell count ≤ 200 cells/μL to start of
the virologically suppressed period remained associated
with increased risk of being INR (table 2).
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Table 1 Characteristics and demographics of immunological responders and non-responders
Characteristics

Immunologic
responders

Immunologic nonresponders

N = 236

N = 55

Male gender
Age at time of index date, median (IQR), years

179 (75.8)
37.6 (32.1 - 45.3)

48 (87.3)
42.6 (36.1 - 51.3)

0.065
<0.001

Caucasians

171 (72.5)

47 (85.5)

0.045

Men who have sex with men

97 (41.1)

29 (52.7)

Heterosexually infected

98 (41.5)

14 (25.5)

Injection drug user

14 (5.9)

7 (12.7)

Other

26 (11.8)

3 (6.1)

Chronic HCV infection
Cancer within 13 years prior to index date

20 (8.5)
27 (11.4)

8 (14.5)
10 (18.2)

0.169
0.177

One or more AIDS defining events prior to index date

114 (48.3)

24 (43.6)

0.532

One or more AIDS defining events after index date

3 (1.3)

2 (3.6)

0.240

Diagnosed with HIV before 1 January 1995

94 (49.8)

27 (49.1)

0.210

Treated with zidofovir prior to index date

219 (92.8)

54 (98.2)

0.465

Nadir CD4 cell count, median (IQR), cells/μL

40 (10 - 82)

40 (15 - 57)

0.289

More than one year from first CD4 cell count ≤ 200 cells/μL to start of the virologically
suppressed period*

96 (40.7)

32 (58.2)

0.019

Time from start of HAART to start of the virologically suppressed period, median (IQR),
years

0.4 (0.2 - 1.1)

0.4 (0.3 - 1.3)

0.518

Route of HIV infection

P

0.059

* Median time from first CD4 cell count ≤ 200 cells/μL to start of the virologically suppressed period was 0.7 year (IQR; 0.3 - 2.2) for IRs and 1.5 years (IQR; 0.4 3.2) for INRs.

The distribution of drug classes included in the last
HAART regimen prior to index date did not differ
between IRs and INRs (Additional file 1).
A total of 22 (7.6%) patients died in the observation
period, 11 (20.0%) in the INR group and 11 (4.7%) in
the IR group. As shown in figure 2, INRs had substantially higher mortality compared to IRs. Unadjusted

MRR for INRs compared to IRs was 4.2 (95%CI; 1.8 9.6) and 3.4 (95%CI; 1.4 - 8.0) after adjustment for age
and gender. Figure 3 shows the mortality for IRs vs.
INRs stratified by time from first CD4 measurement ≤
200 cells/μL to start of of the virologically suppressed
period and from this analysis it is seen, that the main
excess mortality was observed in the INRs with more

Table 2 Odds ratios (OR) for immunological non-response in patients on successful HAART for more than three years
Characteristics

OR Un-adjusted (95%
CI*)

OR, Adjusted ** (95%
CI)

Male gender

2.18 (0.94 - 5.09)

1.73 (0.73 - 4.14)

More than 40 years old at index date

2.53 (1.390 - 4.63)

2.32 (1.25 - 4.29)

Caucasians

2.23 (1.01 - 4.98)

1.09 (0.36 - 3.36)

Men who have sex with men
Heterosexually infected

1.0
0.48 (0.24 - 0.96)

0.73 (0.30 - 1.78)

Injection drug user

1.67 (0.63 - 4.54)

3.06 (0.98 - 9.52)

Other

0.62 (0.22 - 1.75)

0.63 (0.20 - 1.96)

1.84 (0.76 - 4.43)

2.11 (0.79 - 5.61)

Route of HIV infection

Chronic HCV infection
Cancer within 13 years prior to index date

1.72 (0.78 - 3.81)

1.47 (0.63 - 3.44)

One or more AIDS defining events prior to index date

0.83 (0.46 - 1.50)

0.84 (0.46 - 1.53)

Diagnosed with HIV before 1 January 1995

1.46 (0.81 - 2.63)

1.43 (0.72 - 2.86)

Nadir CD4 cell count less than 50 cells/μL
More than one year from first CD4 ≤ 200 cells/μL to start of the virologically suppressed
period

1.59 (0.86 - 2.96)
2.03 (1.12 - 3.68)

1.06 (0.43 - 1.75)
2.28 (1.18 - 4.43)

*Confidence interval (95%CI).
**All estimates adjusted for age and gender.
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Figure 2 Kaplan-Meier curves for overall survival according to immunologic response at index date: 1. CD4 cell count ≥ 200 cells/μL
(broken line), 2. CD4 cell count < 200 cells/μL (full line). Index date was defined at the date of first CD4 measurement after three years of viral
suppression (VL < 50 HIV-RNA copies/ml).

than one year of immunological suppression prior to the
virologically suppressed period. Of importance, the
excess mortality was observed up to 6.5 years after
initiation of virologically successful HAART. The INRs
did not experience substantially more AIDS defining
events in the observation period (3.6% vs. 1.3%).
128 patients (44.0%) had more than one year from
first CD4 measurement ≤ 200 cells/μL to start of the
virologically suppressed period. The un-adjusted MRR
among these 128 patients was 3.9 (95%CI; 1.5 - 10.6)
and after adjustment for age and gender it was 3.6 (95%
CI; 1.3 - 9.7). When excluding these patients from the
analysis the unadjusted MRR was reduced to 3.1 (95%
CI; 0.6 - 17.7) and after adjustment for age and gender
it was 1.8 (95%CI; 0.3 - 10.2). 90 (70.3%) of the 128
patients who had more than one year of immunological
suppression prior to the virologically suppressed period
were diagnosed before 1995. When excluding IDUs
from our analysis the unadjusted MRR was 2.5 (95%CI;
0.9 - 7.8) and the adjusted MRR was reduced to 1.8

(95%CI; 0.6 - 5.1). The un-adjusted MRR calculated
exclusively for IDUs was 12.7 (95%CI; 1.5 - 109.9) and
9.8 ((95%CI; 1.1 - 86.1) after adjustment for age and
gender. Exclusion of patients with previous cancer or
AIDS defining event, respectively, did not change the
estimates substantially. Only one death in each group
(one PML and one cryptococcal meningitis) appeared to
be a classical HIV related cause of death. Other causes
of death were: cancer (INR: 3, IR: 2), sudden death
(INR: 3, IR 3), liver related (INR:2, IR: 1), suicide (INR:
1, IR: 1), opiate overdose (INR: 1, IR: 0), pneumonia
(INR:2, IR:0) and cachexia (not HIV related) (INR: 0,
IR: 1).
80% of the INRs achieved a CD4 cell count > 200
cells/μL after six years of observation (i.e. more than
nine years after starting HAART). However, only 20
(35.1%) of the INRs were still under observation six
years after study inclusion. After six years of observation, 95.5% of the whole study population who were still
alive had fully suppressed VL.
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Figure 3 Kaplan-Meier curves for overall survival according to CD4 count at index date and stratified by time from first CD4 cell
count < 200 cells/μL to start of the virally suppressed period: 1) CD4 ≥ 200 cells/μL and ≤ one year (full line), 2) CD4 ≥ 200 cells/μL and >
one year (bar line). 3) CD4 < 200 cells/μL and ≤ one year (dot and bar line). 4) CD4 < 200 cells/μL and > one year (dot line).

When using a cut-off value of 500 copies/ml for viral
suppression, 445 study subjects (372 IRs and 73 INRs)
were identified, of whom 18 (4.5%) patients in the IR
group and 15 in the INR group (20.5%) died during follow-up. In the un-adjusted analysis age, Caucasian race,
IDU, time from first CD4 cell count ≤ 200 cells/μL to
start of the virologically suppressed period and CD4 cell
count at start of the suppressed period were associated
with immunological non-response. However, after having adjusted for potential confounders only age, IDU
and CD4 cell count at start of the suppressed period
remained associated with increased risk of being INR.
MRRs were 4.5 (95%CI; 2.3 - 9.0) and 3.69 (95%CI; 1.8 7.4) when adjusted for gender and age.

Discussion and Conclusions
In a population of HIV patients with initial low CD4
count we found that almost one out of five was INR
after three years of successful HAART. Older age and

more than one year of severe immune deficiency prior
to start of sustained VL were associated with INR. The
patients with insufficient immunological response had
substantially increased long term mortality. The
increased mortality was mainly seen in patients with
more than one year of immunological deficiency prior
to the period of sustained VL suppression and IDUs.
The major strength of this study is the identification of
a homogeneous group with stringent viral suppression,
essentially eliminating the possibility that incomplete VL
suppression explains our findings. The study had a
nationwide design with long and almost complete followup including data on cancer as well as HCV status.
A limitation of the study is the small study population
(in part caused by the stringent definitions of INRs and
IRs) and the small number of outcomes, which did not
allow us to extend the logistic regressions analysis or to
calculate cause specific rate ratios of death. The study
population encompasses a highly selected group of
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patients surviving more than three years in spite of low
initial CD4 cell count, and a healthy survivor effect may
lead to underestimation of the excess mortality in the
INRs. Still, by using an extended virally suppressed period we allowed the patients to reach a steadier CD4 plateau without the interference of CD4 cell redistribution
as seen after HAART start. HCV testing in the cohort is
“intended” and may only be performed yearly on known
high risk groups in the cohort e.g IDU why chronic
HCV may be underestimated in the cohort.
19% of the study patients did not have an adequate
immunological response to HAART. Our results corresponds to the findings of other studies who found a
negative impact of low initial CD4 cell count on longterm CD4 recovery [2,3,6,17-19].
INRs were significantly older than the IRs and age predicted inadequate CD4 cell recovery which corresponds to
the findings of several other studies [3,5,9,19,20]. In contrast to other studies, we did not find a statistically significant association between IDU or chronic HCV infection
and INR [3,21]. However, when using a cut-off value of
500 copies/ml, IDU was associated with INR. This is probably due to the inclusion of a larger number of study
patients with these characteristics when allowing for viral
blips. Nadir CD4 cell count did not differ between the two
groups, presumably reflecting that immunological responders without a low nadir were able to escape above the
200 cells/μL threshold before full suppression was
observed. More INRs had more than one year from first
CD4 cell count ≤ 200 cells/μL to start of the virologically
suppressed period, indicating that they had a longer period
of immunological suppression than the IRs and this factor
was also associated with incomplete CD4 cell recovery.
Defect bone marrow function and decreased thymus activity are major suspects in delayed CD4 cell recovery in HIV
patients with severe immunodeficiency [4,22-25]. To our
knowledge no studies have been made on predictors for
bone marrow function in HIV infected patients, but our
results are in accordance with the findings of Dion et al,
who found that both older age and prolonged immunological suppression were associated with decreased thymic
activity in virally suppressed HIV patients resulting in
slower CD4 recovery [26].
The excess mortality seen among the INRs was mainly
related to prolonged immunological suppression prior to
successful HAART and IDU. The median time from start
of HAART to start of the virologically suppressed period
was less than half a year. A longer period of immunological suppression prior to the three years of sustained VL
suppression is therefore explained by delayed initiation of
HAART and not poor compliance. This is supported by
the fact that most of the patients with more than one
year of immunological suppression before start of the virologically suppressed period were diagnosed with HIV
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before 1995 when treatment options were scarce. As
many of the INRs who died were patients who initiated
HAART in the mid-nineties it could be hypothesized
that resistance played a role, but the stringent design
with full VL suppression eliminates that possibility. We
find it unlikely that the late death of these patients were
directly related to the toxicity of the antiretroviral agents,
but cannot rule out that toxicity should interact with the
immune reconstitution. The increased mortality in
patients with delayed initiation of HAART is well documented [27] and the contribution of persistent immunodeficiency to the development of e.g. cancer has also
been observed by others [28]. It may be speculated that
intermittent viraemias in this setting would increase mortality but the estimate remained unchanged in our sensitivity analysis using a cut-off value of 500 copies/ml for
viral suppression, suggesting that either the impact of
low-level replication on death and immune reconstitution is limited or that the majority of bleeps below 500
remains laboratory artefacts.
We only encountered two AIDS related deaths suggesting that these are rare after prolonged HAART even
without adequate CD4 recovery. Thus, it seems that the
INRs are not immune-suppressed in the classical sense
where a low CD4 count leads to AIDS defining diseases
and eventually death. Still, we cannot rule out that there
is a biological cause of the increased mortality in immunological non-responders related to immunodeficiency
and that our study simply do not have power enough to
demonstrate an association.
The risk factors for incomplete CD4 cell recovery and
increased mortality points toward earlier diagnosis of HIV
as the main prophylactic measure. Also, the increased
mortality in these patients calls for increased concern in
terms of treatment and screening for co-morbidity.
We conclude that age and prolonged immunological
suppression are risk factors for incomplete CD4 cell
recovery in patients with otherwise successful HAART.
Patients with insufficient immunological response have
substantially increased long-term mortality compared to
IRs, but the increased mortality is mainly associated
with prolonged immunological suppression prior to VL
suppression and IDU. We therefore presume that in the
modern HAART era where patients are started early on
HAART the prevalence of insufficient CD4 recovery will
decrease substantially.

Financial support
The study was financed by The Research Foundation at
Copenhagen University Hospital, Rigshospitalet and
Faculty of Health Science, Copenhagen University. The
funders had no role in the study design; in the collection,
management, analysis, and interpretation of data; in the
preparation, review, or approval of the manuscript, or in

Engsig et al. BMC Infectious Diseases 2010, 10:318
http://www.biomedcentral.com/1471-2334/10/318

the decision to submit the article for publication. The
researchers are independent from the funders.

Additional material
Additional file 1: Table S1. Drugs included in the last HAART regimen
prior to index date.

Acknowledgements
We thank the staff of our clinical departments for their continuous support
and enthusiasm. Centres in The Danish HIV Cohort Study: Departments of
Infectious Diseases at Copenhagen University Hospitals, Rigshospitalet (JG,
NO) and Hvidovre (GK), Odense University Hospital (CP), Aarhus University
Hospitals, Skejby (CSL) and Aalborg (GP), Herning Hospital (ALL), Hillerød
Hospital (LN) and Kolding Hospital (JJ).
Author details
1
Department of Infectious Diseases, Copenhagen University Hospital,
Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen Ø, Denmark. 2Department
of Infectious Diseases, Copenhagen University Hospital, Hvidovre Hospital,
Kettegårds Allé 30, 2650 Hvidovre, Denmark. 3Department of Infectious
Diseases, Aarhus University Hospital, Skejby Sygehus, Brendstrupgårdsvej,
DK8200 Aarhus N, Denmark. 4Department of Infectious Diseases, Aalborg
University Hospital, 9000 Aalborg, Denmark. 5Department of Infectious
Diseases, Odense University Hospital, Sønderbouldevard 65, 5000 Odense C,
Denmark. 6Department of Infectious Diseases, Fredericia and Kolding
Sygehus, Skovvangen 2-8, 6000 Kolding, Denmark. 7Department of Infectious
Diseases - Hillerød, Hillerød Sygehus, Dyrehavevej 29, Hillerød 3400,
Denmark.
Authors’ contributions
The authors contributions are the following: FNE (MD) contributed with
study design, data collection, data analysis, interpretation of findings and
writing of the manuscript. JG (MD, Professor, DrMedSc) contributed with
study design, data collection, interpretation of findings and critical edit of
the manuscript. GK (MD, associate professor, DrMedSc), CSL (MD, DrMedSc),
GP (MD), BR (MD, PhD), JJ (MD) and LNN (MD)contributed with data
collection, study design, interpretation of findings and critical edit of the
manuscript. NO (MD, DrMedSc) contributed with data collection, study
design, critical review of data analyses, interpretation of findings and critical
edit of the manuscript. All authors read and approved the final manuscript.
Competing interests
Potential competing of interest: N Obel has received research funding from
Roche, Bristol-Myers Squibb, Merck Sharp & Dohme, GlaxoSmithKline, Abbott,
Boehringer Ingelheim, Janssen-Cilag and Swedish Orphan. F Engsig has
received research funding from Merck Sharp & Dohme. J Gerstoft has
received research funding from Abbott, Roche, Bristol-Myers Squibb, Merck
Sharp & Dohme, Pharmasia, GlaxoSmithKline, Swedish Orphan and
Boehringer Ingelheim.

Page 8 of 9

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.
15.

16.
17.

18.

Received: 19 April 2010 Accepted: 2 November 2010
Published: 2 November 2010
References
1. Lohse N, Hansen AB, Pedersen G, Kronborg G, Gerstoft J, Sørensen HT,
Vaeth M, Obel N: Survival of persons with and without HIV infection in
Denmark, 1995-2005. Ann Intern Med 2007, 146(2):87-95.
2. Kaufmann GR, Bloch M, Finlayson R, Zaunders J, Smith D, Cooper DA: The
extent of HIV-1-related immunodeficiency and age predict the longterm CD4 T lymphocyte response to potent antiretroviral therapy. AIDS
2002, 16(3):359-367.
3. Kaufmann GR, Perrin L, Pantaleo G, Opravil M, Furrer H, Telenti A, Hirschel B,
Ledergerber B, Vernazza P, Bernasconi E, Rickenbach M, Egger M,
Battegay M, Swiss HIV Cohort Study Group: CD4 T-lymphocyte recovery in
individuals with advanced HIV-1 infection receiving potent antiretroviral

19.

20.

21.

therapy for 4 years: the Swiss HIV Cohort Study. Arch Intern Med 2003,
163(18):2187-2195.
Battegay M, Nüesch R, Hirschel B, Kaufmann GR: Immunological recovery
and antiretroviral therapy in HIV-1 infection. Lancet Infect Dis 2006,
6(5):280-287.
Moore RD, Keruly JC: CD4+ cell count 6 years after commencement of
highly active antiretroviral therapy in persons with sustained virologic
suppression. Clin Infect Dis 2007, 44(3):441-446.
Baker JV, Peng G, Rapkin J, Krason D, Reilly C, Cavert WP, Abrams DI,
MacArthur RD, Henry K, Neaton JD, Terry Beirn Community Programs for
Clinical Research on AIDS (CPCRA): Poor initial CD4+ recovery with
antiretroviral therapy prolongs immune depletion and increases risk for
AIDS and non-AIDS diseases. J Acquir Immune Defic Syndr 2008,
48(5):541-546.
Pakker NG, Notermans DW, de Boer RJ, Roos MT, de Wolf F, Hill A,
Leonard JM, Danner SA, Miedema F, Schellekens PT: Biphasic kinetics of
peripheral blood T cells after triple combination therapy in HIV-1
infection: a composite of redistribution and proliferation. Nat Med 1998,
4(2):208-214.
Piketty C, Weiss L, Thomas F, Mohamed AS, Belec L, Kazatchkine MD: Longterm clinical outcome of human immunodeficiency virus-infected
patients with discordant immunologic and virologic responses to a
protease inhibitor-containing regimen. J Infect Dis 2001, 183(9):1328-1335.
Gutiérrez F, Padilla S, Masiá M, Iribarren JA, Moreno S, Viciana P, HernándezQuero J, Alemán R, Vidal F, Salavert M, Blanco JR, Leal M, Dronda F, Perez
Hoyos S, del Amo J, CoRIS-MD: Patients’ characteristics and clinical
implications of suboptimal CD4 T-cell gains after 1 year of successful
antiretroviral therapy. Curr HIV Res 2008, 6(2):100-107.
Statistics Denmark. [http://www.dst.dk/HomeUK/Statistics/Key_indicators/
Population/pop.aspx], [cited 2010 Jan 1].
Lohse N, Hansen AB, Jensen-Fangel S, Kronborg G, Kvinesdal B, Pedersen C,
Larsen CS, Møller A, Willumsen L, Obel N: Demographics of HIV-1 infection
in Denmark: results from the Danish HIV Cohort Study. Scand J Infect Dis
2005, 37(5):338-343.
Obel N, Engsig FN, Rasmussen LD, Larsen MV, Omland LH, Sørensen HT:
Cohort profile: the Danish HIV cohort study. Int J Epidemiol 2009,
38(5):1202-1206.
Jensen-Fangel S, Pedersen L, Pedersen C, Larsen CS, Tauris P, Møller A,
Sørensen HT, Obel N: The effect of race/ethnicity on the outcome of
highly active antiretroviral therapy for human immunodeficiency virus
type 1-infected patients. Clin Infect Dis 2002, 35(12):1541-1548.
Juel K, Helweg-Larsen K: The Danish registers of causes of death. Dan
Med Bull 1999, 46(4):354-357.
Storm HH, Michelsen EV, Clemmensen IH, Pihl J: The Danish Cancer
Registry–history, content, quality and use. Dan Med Bull 1997,
44(5):535-539.
Greenland S: Modeling and variable selection in epidemiologic analysis.
Am J Public Health 1989, 79(3):340-349.
Gutierrez F, Padilla S, Masiá M, Iribarren JA, Moreno S, Viciana P, Muñoz L,
Gómez Sirvent JL, Vidal F, López-Aldeguer J, Blanco JR, Leal M, RodríguezArenas MA, Perez Hoyos S, CoRIS-MD: Clinical outcome of HIV-infected
patients with sustained virologic response to antiretroviral therapy:
long-term follow-up of a multicenter cohort. PLoS One 2006, 1:e89.
Tuboi SH, Brinkhof MW, Egger M, Stone RA, Braitstein P, Nash D, Sprinz E,
Dabis F, Harrison LH, 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(1):52-59.
Florence E, Lundgren J, Dreezen C, Fisher M, Kirk O, Blaxhult A, Panos G,
Katlama C, Vella S, Phillips A, EuroSIDA Study Group: Factors associated
with a reduced CD4 lymphocyte count response to HAART despite full
viral suppression in the EuroSIDA study. HIV Med 2003, 4(3):255-262.
Nicastri E, Chiesi A, Angeletti C, Sarmati L, Palmisano L, Geraci A,
Andreoni M, Vella S, Italian Antiretroviral Treatment Group (IATG): Clinical
outcome after 4 years follow-up of HIV-seropositive subjects with
incomplete virologic or immunologic response to HAART. J Med Virol
2005, 76(2):153-160.
Wood E, Montaner JS, Yip B, Tyndall MW, Schechter MT, O’Shaughnessy MV,
Hogg RS: Adherence to antiretroviral therapy and CD4 T-cell count

Engsig et al. BMC Infectious Diseases 2010, 10:318
http://www.biomedcentral.com/1471-2334/10/318

22.

23.

24.

25.

26.

27.

28.

Page 9 of 9

responses among HIV-infected injection drug users. Antivir Ther 2004,
9(2):229-235.
Benveniste O, Flahault A, Rollot F, Elbim C, Estaquier J, Pédron B, Duval X,
Dereuddre-Bosquet N, Clayette P, Sterkers G, Simon A, Ameisen JC,
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(10):1670-1679.
Isgrò A, Leti W, De Santis W, Marziali M, Esposito A, Fimiani C, Luzi G,
Pinti M, Cossarizza A, Aiuti F, Mezzaroma I: Altered clonogenic capability
and stromal cell function characterize bone marrow of HIV-infected
subjects with low CD4+ T cell counts despite viral suppression during
HAART. Clin Infect Dis 2008, 46(12):1902-1910.
Gazzola L, Tincati C, Bellistrì GM, 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. Clin Infect Dis 2009, 48(3):328-337.
Fernandez S, Nolan RC, Price P, Krueger R, Wood C, Cameron D,
Solomon A, Lewin SR, French MA: Thymic function in severely
immunodeficient HIV type 1-infected patients receiving stable and
effective antiretroviral therapy. AIDS Res Hum Retroviruses 2006,
22(2):163-170.
Dion ML, Bordi R, Zeidan J, Asaad R, Boulassel MR, Routy JP, Lederman MM,
Sekaly RP, Cheynier R: Slow disease progression and robust therapymediated CD4+ T-cell recovery are associated with efficient
thymopoiesis during HIV-1 infection. Blood 2007, 109(7):2912-2920.
Palella FJ Jr, Deloria-Knoll M, Chmiel JS, Moorman AC, Wood KC,
Greenberg AE, Holmberg SD, HIV Outpatient Study Investigators: Survival
benefit of initiating antiretroviral therapy in HIV-infected persons in
different CD4+ cell strata. Ann Intern Med 2003, 138(8):620-626.
Guiguet M, Boué F, Cadranel J, Lang JM, Rosenthal E, Costagliola D, Clinical
Epidemiology Group of the FHDH-ANRS CO4 cohort: Effect of
immunodeficiency, HIV viral load, and antiretroviral therapy on the risk
of individual malignancies (FHDH-ANRS CO4): a prospective cohort
study. Lancet Oncol 2009, 10(12):1152-1159.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/10/318/prepub
doi:10.1186/1471-2334-10-318
Cite this article as: Engsig et al.: Long-term mortality in HIV patients
virally suppressed for more than three years with incomplete CD4
recovery: A cohort study. BMC Infectious Diseases 2010 10:318.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

