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Abstract
Objective: To investigate if early treatment of primary
HIV-1 infection (PHI) reduces viral set point and/or
increases CD4 lymphocytes.
Methods: Analysis of two prospective multi-centre
PHI cohorts. HIV-1 RNA and CD4 lymphocytes in
patients with transient treatment were compared to
those in untreated patients. Time to CD4 lymphocyte
decrease below 350/µl after treatment stop or sero-
conversion was calculated using Kaplan-Meier and
Cox-PH-regression analyses.
Results: 156 cases of PHI were included, of which
100 had received transient HAART (median treatment
time 9.5 months) and 56 remained untreated. Median
viral load (563000 cop/ml vs 240000 cop/ml;
p<0.001) and median CD4 lymphocyte (449/µl vs.
613/µl; p<0.01) differed significantly between treated
and untreated patients. Median viral load was 38056
copies/ml in treated patients (12 months after treat-
ment stop) and 52880 copies/ml in untreated patients
(12 months after seroconversion; ns). Median CD4
lymphocyte change was +60/µl vs. –86/µl (p = 0.01).
Median time until CD4 lymphocytes decreased to
<350/µl (including all patients with CD4 lymphocytes
<500/µl during seroconversion) was 20.7 months in
treated patients after treatment stop and 8.3 months in
untreated patents after seroconversion (p<0.01). Cox-
PH analyses adjusting for baseline VL, CD4 lympho-
cytes, stage of early infection and symptoms con-
firmed these differences.
Conclusions: Treatment during PHI did not lower viral
set point. However, patients treated during serocon-
version had an increase in CD4 lymphocytes, whereas
untreated patients experienced a decrease in CD4 lym-
phocytes. Time until reaching CD4 lymphocytes
<350/µl was significantly shorter in untreated than in
treated patients including patients with CD4 lympho-
cytes <500/µl during seroconversion.
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INTRODUCTION

In chronically infected patients, use of highly active an-
tiretroviral therapy (HAART) has been shown to be ef-
fective in suppressing viral replication and preventing
immunological decline [1]. The viral set point is usually
reached within six to twelve months after infection with
the human immunodeficiency virus (HIV). The initial
viral load during primary HIV infection (PHI) and the
viral set point level are predictors of progression to
clinical disease [2-4]. Early treatment of acute HIV-in-
fection with highly active antiretroviral therapy may
lead to a broader HIV-specific immune response and
spontaneous control of viral replication [5-7]. An ex-
ample of ideal viral control is observed in the “Berlin
patient” [8]. Antiretroviral therapy was started in the
acute phase of an HIV-infection with two treatment in-
terruptions. Stopping HAART after approximately six
months did not lead to an increase in viral load or to
negative immunological effects during a follow-up of
several years. The ability of early treatment to lower the
viral set point was questioned by some studies. Yet only
two studies were randomized controlled trials (both
with an antiretroviral monotherapy), [9-10], and the pa-
tient numbers were small. It was concluded that early
treatment, though it seems to control viral replication
in a few patients, does not significantly influence the vi-
ral set point. CD4 lymphocytes were often not stated. It
is unclear, whether or not initiation of HAART during
PHI can change the long term progression to the ac-
quired immunodeficiency syndrome (AIDS) [11-14].

With the current body of evidence, it is impossible
to give a definite recommendation for commencing
treatment in primary HIV- infection. The objectives of
this study were to investigate, if early treatment of pri-
mary HIV-1 infection has an effect on the viral load set
point and/or the cellular immune system defined as a
delay in the time of antiretroviral treatment indication.

METHODS

COHORTS: PRIME-DAG AND AC-DAG

We conducted a pooled analysis of the two multi-cen-
tric, German cohorts of HIV seroconverters, Prime-
DAG (Primary HIV-infection cohort of the DAG-
NAE) and Ac-DAG (Acute HIV-infection cohort of
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the DAGNAE), which were initiated by the DAGNAE
(German Association of Physicians in Private Practice
caring for HIV-infected individuals) in order to investi-
gate treatment strategies and outcomes in acute HIV-
infection. Patients aged 18 years or older were recruit-
ed from 42 health care centres in Germany. All patients
with a documented acute HIV-infection after July 2001
could be included in the Prime-DAG cohort; patients
with a documented acute HIV-infection after January
2003 could be included in the succeeding Ac-DAG co-
hort. There were no differences concerning inclusion
criteria and management of acute HIV-infection be-
tween the two cohorts except of the recruitment time,
so we performed a pooled analysis to increase the sam-
ple size. There were no antiretroviral treatment recom-
mendations; every form of treatment including non-
treatment was documented. Criteria for primary HIV-
infection were a detectable viral load coupled with a
negative ELISA or a positive ELISA with a document-
ed Westernblot with less than 3 bands or a positive
ELISA and a positive Westernblot with more than 3
bands with a negative HIV-test within the preceding six
months. If the physician and patient opted for an early
treatment, the therapy start was prior to or during se-
roconversion and, if possible, no more than 12 weeks
thereafter. Changes in HIV-1 viral load and CD4 lym-
phocyte were assessed in treated patients and in un-
treated patients after seroconversion. Furthermore, the
time to CD4 lymphocyte decrease below 350 cells/µl
(defining the point in time for treatment indication)
was observed.

LABORATORY MEASUREMENTS AND EVALUATIONS

At enrolment, physicians reported the patients’ mode
of infection, their symptoms during PHI and performed
a clinical examination. Primary HIV status was docu-
mented through ELISA and Westernblot. After enrol-
ment, CD4 lymphocytes, HIV-1 RNA plasma levels (vi-
ral loads), start and stop times of antiretroviral treat-
ment and occurrence of AIDS-defining events were
monitored during seroconversion and at 3-months in-
tervals thereafter. The observation time was 24 months.
CD4 lymphocytes (flow cytometry) and viral loads
(Roche Amplicor Ultra Sensitive 1.5) were measured lo-
cally by participating centres. The limit of detection of
viral load was either 50 copies/ml or 40 copies/ml.

STATISTICAL ANALYSES

Virological and immunological parameters and their
changes from baseline were summarized by median

and interquartile range (IQR). Continuous variables
were compared between subgroups using the Mann-
Whitney U test including the 95 % confidence interval
(95 % CI). Kaplan-Meier analysis was used to assess
the time to CD4 lymphocyte decrease below 350
cells/µl. Therefore, patients with (re) initiation of
treatment were censored. Statistical significance was
calculated by logrank testing and/or Breslow-Gehan-
Wilcoxon. Cox proportional hazards (Cox-PH) regres-
sion was used to investigate potential risk factors asso-
ciated with the endpoint (CD4 lymphocytes < 350/µl).
Covariables were a) baseline viral load, b) baseline
CD4 lymphocytes, c) the exactly time point of treat-
ment start (before, during or after seroconversion) and
d) the presence of symptoms like fever, lymph-
adenopathy, exanthema, pharyngitis, stomatitis or ton-
sillitis durind seroconversion. Results were presented
as hazard ratios (HR) with 95% CIs and p-values. Lev-
el of significance was defined as a p-value ≤0.05. All
analyses were performed with the statistical program
StatView (Version 5.01, SAS Institute Inc., Cary,
North Carolina, USA 1998).

RESULTS

From July 2001 until July 2004, 200 patients (191 men
and 9 women) from 42 centres were enrolled into the
PHI cohorts Prime-DAG und Ac-DAG. The median
observation time was 27.0 months. The median age at
time of HIV-infection was 35 years (range: 18 - 62
years). One-hundred-sixty-seven patients (83%) stated
homosexual contacts as their transmission risk, 16 pa-
tients (8%) heterosexual contacts, 3 patients (2%) in-
jection drug use and 1 patient (1%) needle stick injury.
The risk was unknown for 13 patients (6%). In 174 pa-
tients (87%), clinical symptoms with or without
known risk of transmission were the primary reason
for HIV-testing. The main symptom (reported by the
physician patient contact) was fever (75%), followed
by lymphadenopathy (49%), exanthema (39%) and
pharyngitis, stomatitis or tonsillitis (26%). In our co-
hort, 144 patients started with an antiretroviral treat-
ment within 12 weeks of seroconversion and 56 pa-
tients remained untreated.

Of these 200 patients, 100 had received and
stopped antiretroviral treatment during PHI and 56
had received no treatment. These 156 patients were
included in our analysis. (The remaining 44 patients
had continued ART and could not be included.)
The initial recorded viral loads and CD4 lymphocytes
for untreated and treated patients are shown in
Table 1.
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Table 1. Median viral load and median CD4 lymphocyte during seroconversion.

Variable Treated Patients Untreated Patients p-value
[N = 100] [N = 56]

Viral load [copies/ml], Median 563,000 240,000 <0.001
(IQR) (100 - 327 million) (463 – 6 million)

CD4 lymphocyte [1/µl] Median (IQR) 449 (120 – 1342) 613 (155 – 1543) 0.003

CD4 percentage [%], Median (IQR) 29 (8 – 50) 26 (8 – 44) n.s.
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TREATED PATIENTS

Ninety-two (92%) of the 100 treated patients received
a triple combination and 8 patients (8%) received a
combination of four antiretroviral drugs. Eighty-three
patients (83%) were treated with a combination of
NRTI and PI, another 12 patients (12%) with a com-
bination of NRTI and NNRTI and 5 patients (5%) re-
ceived NRTIs exclusively. Twenty-two patients (22%)
started treatment before seroconversion (6 patients
presented with a detectable viral load coupled with a
negative ELISA; 16 patients with a positive ELISA
and a negative Westernblot), 78 patients (78%) started
during seroconversion (27 patients with a Westernblot
equal or less than 3 bands and 51 patients with a West-
ernblot more than 3 bands; 45 of the these patients
had a documented negative HIV test in the preceding
6 months and 6 patients had a second Westernblot
within one month, showing the development of fur-
ther bands). Viral load was below limit of detection in
65% of the patients after 3 months of treatment and
in 72% after 6 months, respectively. After a median
treatment time of 9.5 months (range: 2.1 – 28.7
months, 9 patients with a treatment time < 5 months)
antiretroviral treatment was discontinued. Discontinu-
ation was defined as a treatment stop of longer than 3
months. At discontinuation, 97 patients (97%) had a
viral load below 1000 copies/ml and 82 patients (82%)
had an undetectable viral load. The median absolute
CD4 lymphocyte was 799 cells/µl and the median
CD4 percentage was 37%. The progression of viral

loads and CD4 lymphocytes in treated patients after
preliminary treatment stop are shown in Table 2.

The median observation time after planned treat-
ment stop was 17.3 months (range: 1.0 – 40.4
months). At treatment stop, 6 and 12 months after
treatment stop, viral load and CD4 lymphocyte did not
differ significantly between patients starting early (neg-
ative Westernblot), during (Westernblot ≤ 3 band) or
after seroconversion (Westernblot >3 bands). One
year after treatment stop, viral load in three patients
still remained below limit of detection. These three
patients had started antiretroviral treatment with a
positive ELISA and a positive Westernblot more than
3 bands.

COMPARISON OF VIRAL LOAD IN TREATED PATIENTS
AFTER TREATMENT STOP WITH UNTREATED PATIENTS

Six months after treatment stop and seroconversion
respectively, median viral load was significant lower in
treated patients after treatment stop (N = 59) as in un-
treated patients after seroconversion (N = 41). Median
viral load was 25,300 copies/ml in treated patients and
96,400 copies/ml in untreated patients (p<0.01).
However, six months later, 12 months after treatment
stop in treated and after seroconversion in untreated
patients, there was no longer a significant difference
between the two groups. Median viral load was 38.056
copies/ml in treated patients (N = 44) and 52,880
copies/ml in untreated patients (N = 3 7) (p = n.s.,
Fig. 1).
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Table 2. Viral load and absolute CD4 lymphocyte in treated patients at and after treatment stop.

Viral load CD4 lympocytes
time point N = Median (IQR) N = Median (IQR)

at treatment stop 100 <50 cop/ml (<50-7,220) 100 799 (392-1499)
1.69 log (1.69-3.86)

3 months after stop 82 18,450 cop/ml (<50-2,160,000) 78 681 (299-1304)
4.27 log (1.69-6.33)

6 months after stop 59 25,300 cop/ml (<50-448,000) 58 627 (250-1268)
4.40 log (1.69-5.65)

12 months after stop 44 38,056 cop/ml (<50-492,000) 43 538 (182-1130)
4.58 log (1.69-5.69)

Fig. 1. Comparison of
the progression of viral
load in treated patients
after treatment stop with
untreated patients. Box-
plot presentation includ-
ing median values, 25th
and 75th percentiles.
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COMPARISON OF CD4 LYMPHOCYTE IN TREATED
PATIENTS AFTER TREATMENT STOP WITH UNTREATED

PATIENTS

Median absolute CD4 lymphocyte count was 627
cells/µl in treated patients six months after treatment
stop and 531 cells/µl in untreated patients six months
after seroconversion (p = 0.07). At month 12, the me-
dian CD4 lymphocytes were similar in the two groups
(538 cells/µl in treated patients after treatment stop;
525 cells/µl in untreated patients after seroconver-
sion). Therefore, absolute CD4 lymphocytes did not
differ significantly between treated or untreated pa-
tients. It is important to note, however, that there were
significant differences in the CD4 lymphocytes at
baseline (453 cells/µl in treated patients and 629
cells/µl in untreated patients during seroconversion).
Figure 2 shows the changes in CD4 lymphocytes from
seroconversion onwards of treated patients six and 12
months after treatment stop and of untreated patients
six and 12 months after seroconversion. Six months
after therapy stop, treated patients experienced an in-
crease of 87 cells/µl and untreated patients a decrease
of 85 cells/µl. Twelve months after treatment stop
treated patients had an increase of 60 cells/µl and un-
treated patients a decrease of 86 cells/µl. The differ-
ences between the two groups were significant at
month 6 (p<0.001) and 12 (p = 0.006).

TIME TO CD4 LYMPHOCYTE DECREASE
BELOW 350/µl

Overall, the time until CD4 lymphocytes decreased be-
low 350/µl was not significantly different in treated
patients and in untreated patients (data not shown). To
exclude a bias caused by the significant difference in
CD4 lymphocytes at the time of seroconversion, all
patients with a CD4 lymphocyte below 500/µl during
seroconversion were included in this part of the analy-
sis. Thus, CD4 lymphocytes in treated patients (n =
81; 344/µl) and in untreated patients (n = 18; 375/µl)
were comparable. Figure 3 shows the respective Ka-
plan-Meier curves. The median time until CD4 lym-
phocytes decreased below 350/µl was 8.3 months in
untreated and 20.7 months in treated patients stopping
ART. This difference was highly significant (p<0.01
(logrank; Mantel-Cox); p<0.001 (Breslow-Gehan-
Wilcoxon)). In a multivariable model of the Cox-PH
analysis adjusting for treatment (HR: 0.50; 95% CI:
0.25-0.98; p = 0.04), baseline VL < 50,000 copies/ml
(HR: 0.74; 95% CI: 0.23-2.38; p = ns), baseline CD4
lymphocytes < 500/µl (HR: 5.09; 95% CI: 2.28-11.38;
p<0.001), treatment start with a neg. WB (HR: 0.98;
95% CI: 0.36-2.67; p = n.s.), and simultaneous appear-
ance of symptoms like fever, lymphadenopathy, exan-
thema, pharyngitis, stomatitis or tonsillitis (HR: 1.25;
95% CI: 0.31-4.98; p = n.s.), only treatment during se-
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Fig. 3. Kaplan-Meier analysis: Time to CD4
lymphocyte decrease below 350/µl in treated
patients after treatment stop and untreated pa-
tients after seroconversion; including all pa-
tients with a CD4 lymphocyte <500/µl during
seroconversion.

Fig. 2. Changes in absolute CD4 lymphocytes
in treated patients after treatment stop and un-
treated patients.
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roconversion and baseline CD4 lymphocytes were in-
dependent risk factors.

To account for treatment (re-)start prior to a CD4
decline to levels below 350/µl, a sensitivity analysis
was performed. Beside the CD4 endpoint, treatment
restart in treated patients and any treatment initiation
in untreated patients were considered as primary end-
points - irrespective of underlying reasons (which
were not part of the case report form). In the sub-
group of patients with less than 500/µl CD4 lympho-
cytes at time of seroconversion, the median time to a
CD4 lymphocyte decrease below 350 /µl was 8.3
months in untreated patients and 18.1 months in treat-
ed patients. Again, this difference was significant (p =
0.03 (logrank; Mantel-Cox); p<0.01 (Breslow-Gehan-
Wilcoxon)).

DISCUSSION

Herein, we report on one of the largest studies of pri-
mary HIV-infection. The majority of the patients were
Caucasian men who have sex with men und who were
symptomatic during seroconversion.

EARLY TREATMENT AND VIRAL LOAD

In our PHI cohort, early treatment did not change the
viral load set point over an extended period. Six
months after antiretroviral therapy stop, the viral load
was significantly lower in initially treated patients than
in untreated patients six months after seroconversion.
However, after 12 months the viral load did no longer
significantly differ. There were no differences between
treated patients treated very early (WB ≤3) or treated
late (WB>3 bands) in a multivariable model of the
Cox-PH analysis adjusting for treatment, but we can-
not exclude that the sample size was too small to see a
difference. Previous studies had shown a viral load re-
duction after stopping early treatment over a short ob-
servation time. Among these are the two randomized
monotherapy studies of short courses of zidouvudine
[10, 15]. A small French cohort study - nine subjects
were treated for 1 year - reported that viral load re-
mained low even after 18 months off therapy [16].
However, other open-label studies stated that treat-
ment during PHI does not influence the viral set point
[17-19]. Markowitz and colleagues [18] treated 16 pa-
tients over a longer period (931–1822 days); 11 of
these patients also received therapeutic vaccinations
before discontinuing therapy. They reported that viral
loads stabilized in only four subjects and that the viral
load distribution of their patients was identical with
the MACS natural history cohort [20]. Similar results
were reported from a UK group, where 37 patients re-
ceived a short course of therapy (3 months or until a
viral load <50 copies/ml was reached) [19]. After 48
weeks off therapy, the mean viral load level was 4.25
log10 copies/ml, which was comparable to a mean vi-
ral load of 4.3 log10 copies/ ml in untreated serocon-
verters from the CASCADE cohort [21]. Desquilbet
and his colleagues conclude that viral load 12 months
after withdrawal of transient effective HAART started
during primary infection is similar to viral load at the
same time after infection in never-treated patients,

suggesting that early HAART initiation does not lower
the virological set-point [22]. They also did not find a
correlation between the start of HAART (very early
HAART during acute seroconversion and early
HAART with two or more Western blot bands) and a
lower viral load after HAART interruption. In con-
trast, Hecht et al. [23] concluded that initiation of
HAART within two weeks of antibody seroconversion
was associated with a viral load benefit for 24 weeks
after the discontinuation of HAART, with a trend to-
wards a long-term benefit. Later initiation of HAART
was associated with a persistent but decreasing CD4
lymphocyte benefit and a loss of the viral load benefit
by week 72 after discontinuation of treatment. In our
cohort three patients were also able to control their vi-
ral replication. They started treatment with more than
3 bands in the Westernblot and had an undetectable
viral load for 12, 18 or 24 months after discontinua-
tion of treatment.

EARLY TREATMENT AND CD4 LYMPHOCYTES

In our cohort, absolute CD4 lymphocytes did not dif-
fer significantly between treated patients 12 months
after treatment stop and untreated patients 12 months
after seroconversion. However, taking into account
the significantly different baseline CD4 lymphocytes
(at seroconversion), treated patients had an increase
and untreated patients a decrease in CD4 lymphocytes.
Therefore, considering the initial CD4 lymphocytes,
treatment offers a CD4 lymphocyte advantage in treat-
ed patients. The most recent evaluation of early treat-
ment during PHI did not consider CD4 lymphocytes
[11]. Hecht et al. [23] found beneficial effects on CD4
lymphocytes for up to 72 weeks after termination of
therapy. The differences between the treated group
and the untreated group were statistically significant in
a for CD4 lymphocyte and viral load adjusted analysis.
Recently, Fidler et al. [24-26] compared seroconverters
from a short course therapy cohort with untreated pa-
tients from the CASCADE cohort and concluded that
a short course of HAART may delay CD4 lymphocyte
decline. Later data from the CASCADE cohort de-
scribed that patients treated for 12 months maintain
higher CD4 lymphocytes [27]. On the other hand data
from the ANRS Primo/Seroco groups presented by
Seng et al. [28] showed that the benefit of transient
HAART initiated during PHI on CD4 lymphocytes
was rapidly lost when therapy was stopped again and
CD4 lymphocyte loss after therapy stop was higher
than the spontaneous loss after primary infection in
natural history. The time to reach CD4 lymphocytes
below 350/_l was not delayed in treated patients com-
pared to patients without treatment. In our cohort the
time until CD4 lymphocytes decreased below 350/µl
was also not significantly different in treated and un-
treated patients. Like in the ANRS Primo/Seroco
groups, the CD4 lymphocytes during seroconversion
were significantly different between treated and un-
treated patients (442 cells/µl and 613 cells/µl). To ex-
clude this possible bias, we performed a subanalysis
including all patients with CD4 lymphocytes below
500/µl during seroconversion. Now the time until
CD4 lymphocytes decreased below 350/µl differed
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significantly in treated and untreated patients (20.7 and
8.3 months). Cox-PH analyses adjusting for baseline
VL, CD4 lymphocytes, stage of early infection and si-
multaneous symptoms confirmed these differences.
These results agree with the guidelines of the manage-
ment und treatment of primary HIV-infection from
the EACS [29] and data from recent cohorts and stud-
ies [30].

LIMITATIONS

One limitation of our cohort was the observational
design of our study. There was no randomization of
treatment. The decision to treat was associated with
the viral load level and the CD4 lymphocyte during se-
roconversion. Baseline viral loads differed significantly
between treated and untreated patients and only in
20% of the cases baseline viral load was quantified if
it was higher than > 500,000 copies/ml. There might
be some bias due to the exclusion of 44 patients not
stopping HAART during the observation period. This
subgroup of treated patients did not differ in baseline
characteristics like CD4 lymphocytes, viral load and
symptoms from the other treated patients. It assumed
that continuation of HAART in these patients was not
due to an increased risk of disease progression, be-
cause it was a non-interventional cohort and stopping
of HAART was only a recommendation and not a
part of the study protocol. A second limitation was
that the viral load in untreated patients six and 12
months after seroconversion was compared to the vi-
ral load in treated patients six and 12 months after
treatment stop and thus later on in the course of HIV-
infection (median 9 months).

CONCLUSION

The viral load did not differ significantly between
treated patients 12 months after therapy stop and un-
treated patients 12 months after seroconversion. We
therefore conclude that antiretroviral treatment during
PHI does not lower the viral set point. Though CD4
lymphocyte counts did not differ significantly between
treated patients 12 months after treatment stop and
untreated patients 12 months after seroconversion,
change in CD4 lymphocytes from baseline did. Pa-
tients with transient treatment had an increase in CD4
lymphocytes, whereas untreated patients experienced a
decrease in CD4 lymphocytes. Time until reaching
CD4 lymphocytes <350/µl was significantly shorter in
untreated than in treated patients for patients with
CD4 lymphocytes <500/µl during seroconversion.
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