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Abstract

Objectives: To assess the potential immunological and virological effects that result from short-course antiretroviral
treatment during primary HIV infection (PHI). And to investigate whether treatment initiation time, treatment duration
and follow-up time after treatment interruption would affect these post-treatment immunovirological outcomes.
Methods: We systematically searched PubMed, Cochrane Library (to September 2013) and retrieved conference
abstracts for studies regarding effects of early treatment during PHI on CD4 count and viral load (VL). Using the
method of calculating weighted mean differences with Stata11.0, we conducted meta-analyses on the effect of early
treatment on CD4 count and VL. Then we performed subgroup analyses by follow-up time after treatment
interruption, treatment initiation time and treatment duration. Baseline immunovirological characteristics were also
analyzed to account for potential bias.
Results: Compared to the untreated arm, treatment during PHI not only increased CD4 count by 85.92 cells/μl but
also lowered viral load by 0.30 log copies/ml within one year after treatment interruption. However, the benefits
declined gradually, reaching no significance 12-24 months after treatment interruption. Baseline immunovirological
characteristics and sensitivity analyses of randomized controlled trials indicated that the benefits mentioned above
were underestimated. Extending treatment duration beyond 12 months did not increase efficacy.
Conclusions: Short-course treatment during PHI was associated with immunological and virological benefits which
last for at least one year after treatment interruption. The conclusions from our study would help the decision-making
in the clinical management of PHI.

Citation: Chen J, Han X, An M, Liu J, Xu J, et al. (2013) Immunological and Virological Benefits Resulted from Short-Course Treatment during Primary HIV
Infection: A Meta-Analysis. PLoS ONE 8(12): e82461. doi:10.1371/journal.pone.0082461

Editor: Barbara Ensoli, Istituto Superiore di Sanità, Italy

Received October 14, 2013; Accepted October 24, 2013; Published December 6, 2013

Copyright: © 2013 Chen et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by the Mega Projects of National Science Research for the 12th Five-Year Plan (2012ZX10001-006). The funders had
no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing interests: The authors have declared that no competing interests exist.

* E-mail: hongshang100@hotmail.com

☯ These authors contributed equally to this work.

Introduction

Early responses to HIV-1 infection are important factors
determining disease progression [1]. Primary HIV infection
(PHI) may provide the optimal time for intervention that could
last long. However, several critical questions remain
unanswered: should the HIV-infected patients be treated during
PHI? How early should the treatment be initiated? How long
should the treatment last? Current guidelines remain vague on
the management of this unique stage of infection. For example,
treatment recommendations from the United States
Department of Health and Human Services (DHHS) consider
treatment should be offered to acute or recent HIV infection,

although definitive data are lacking [2]. Treatment
recommendations from European AIDS Clinical Society
(EACS) hold opinions that treatment should be considered if
there is severe illness or prolonged symptoms (especially CNS
symptoms) [3], while treatment recommendations from World
Health Organization (WHO) don’t contain information on what
to do with primary HIV infection [4].

Treatment guidelines remain vague mainly due to the lack of
definitive conclusions on post-treatment immunological and
virological benefits of short-course treatment during PHI. As
CD4 count and viral load are two main indicators of HIV
disease progression, most studies evaluated the effect of
treatment during PHI with these two markers. However, it is still
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controversial whether short-course highly active antiretroviral
treatment (HAART) during PHI affects subsequent CD4 count
and viral load. Some studies reported that CD4 cell counts did
not differ between the early treated group and the
untreated group when patients were followed for 33 weeks [5]
or three years [6] after treatment interruption, but these findings
could not be confirmed by others [7]. As for HIV viral load,
some studies found associations between early treatment and
lower viral set point after treatment [5,8], which were not
supported by others either [9,10,11]. The conflicts between
studies may be due to variations in the follow-up length after
treatment, the treatment initiation time, the treatment duration,
or the lack of statistical power because of small sample sizes.

Meta-analysis is capable of solving problems with
inconsistent results, both by increasing sample size to increase
statistical power, and by reducing bias caused by specific
population in individual studies. The present study aimed to
assess the potential immunological and virological effects that
result from short-course HAART during PHI. We also explored
whether treatment initiation time, treatment duration and follow-
up time after treatment interruption would affect these post-
treatment immunovirological outcomes.

Methods

Search strategy
We systematically searched Pubmed, Cochrane Library to

September 2013, with no language restriction, for studies
regarding effects of treatment during PHI on CD4 count and
viral load. We used a search method of combining the MeSH
terms and relevant key words to avoid any missing. We used
term HIV for human immunodeficiency virus. MeSH terms and
key words pertaining to antiretroviral treatment included drug
therapy, ART, antiretroviral therapy, and antiretroviral
treatment. Terms pertaining to viral load were viral load,
viremia, RNA viral, set point. CD4 represented CD4 cell count.
Terms related to primary infection included acute infection,
recent infection and primary infection. We also searched
abstracts of Conferences on Retroviruses and Opportunistic
Infections (CROI, 1997-2013) and International AIDS Society
Conferences (2001-2012).

Study selection
Title and abstract review of all searched articles was

completed by 2 of the authors (Jingjing Chen and Minghui An)
to identify relevant studies on the topic of treatment during PHI.
Then full texts of relevant articles were independently reviewed
by 2 of the authors (Jingjing Chen and Xiaoxu Han) to
determine eligible studies.

Studies met the following criteria were included in the meta-
analysis: (1) Studies contained patients treated and untreated
during PHI (either acute infection, recent infection, or both), no
matter randomized controlled trials (RCT) or not. (2) The
treatment regimen should be HAART rather than monotherapy
which is not so effective (3). Studies that provided the mean,
standard deviation (SD) values of CD4 count, viral load or viral
set point both at baseline and after treatment interruption, and
the sample sizes of both groups (4). We included the

comprehensive articles for further analysis if dataset from the
same cohort had been published more than once. And we
chose the published studies if conference abstracts coincided
with published ones.

The criteria for exclusion are as follows: (1) Studies with
chronic infected patients as controls. (2) One-arm studies
containing only treated patients without untreated controls (3).
Studies conducting treatment continuously without interruption.

Data extraction
A standardized data extraction form was used for recording

information from eligible studies. We extracted the mean and
SD values of CD4 count and viral load in both groups at
baseline and after treatment interruption, and the sample sizes
of both groups. When the SD values were not reported in
individual studies, they were calculated from stand error, 95%
confidence interval (95% CI), or exact p values. Median and
interquartile range (IQR) values were also used to acquire most
of the information of CD4 count and viral load at baseline.
Attempts were made to contact authors to request additional
data when there was still no enough information. In addition,
we also collected information about first authors, years of
publication, study locations, cohorts, study designs, sample
sizes of the studies, treatment initiation time, treatment
duration, treatment regimens and follow-up time after treatment
interruption. Two reviewers (Jingjing Chen and Xiaoxu Han)
extracted the data independently, and disagreements were
reconciled by discussions.

Statistical analysis
STATA11.0 software was used to perform the following

analyses. As outcome variables were continuous, analyses
were therefore performed by the method of weighed mean
differences (WMD). Statistical heterogeneity was measured
using the Q statistic (p<0.10 indicating a statistically significant
heterogeneity) and quantified using the I2 index which
evaluates the proportion of heterogeneity in total variation. I2

values of 25%, 50%, and 75% correspond to cut-off points for
low, moderate, and high degrees of heterogeneity. Random
effects model analysis was carried out to estimate summary
statistics if heterogeneity existed, otherwise fixed effects model
was used. Furthermore, we did subgroup analyses stratified by
follow-up time after treatment interruption, treatment initiation
time and treatment duration. Begg's and Egger's tests were
used to assess publication bias (p<0.05 indicating a statistically
significant publication bias).

Sensitivity analysis was performed by three methods to
examine the impact of methodological quality, statistical
models and types of study design on the results: (1) Leave-
one-out to repeat analyses to test the influence of single
studies on the summary effect; (2) Reanalyze under different
effects models; (3) Reanalyze data categorized by study
design (whether RCT or not).
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Results

Search and identification of eligible studies
As shown in Figure 1, a total of 3168 citations were obtained

according to the designed search strategy as described in
Methods. Among them, 152 articles on the topic of treatment
during PHI were selected for further evaluation, and 19 eligible
articles were identified in the second round evaluation. Finally,
8 out of the 19 eligible studies were enrolled in the final
analysis after excluding duplicates and those that have no

patient-level data. Table 1 summarizes characteristics of
eligible studies that met the selection criteria (excluding
duplicates).

Effects of short-course treatment during PHI on post-
treatment CD4 count and viral load

Analyses from pooled studies showed that short-course
treatment during PHI had significant immunovirological
benefits. Early treatment during PHI increased CD4 count by
85.92 cells/μl (95% CI: 28.23, 143.60, Figure 2) and decreased
plasma viral load by 0.30 log copies/ml (95% CI: -0.51, -0.10,

Figure 1.  Flow diagram of search, review and data extraction.  
doi: 10.1371/journal.pone.0082461.g001
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Table 1. Characteristics of eligible studies.

Author, year of
publication

Study location
(cohorts)

RCT or
not N Treated N Control Treatment initiation time

Treatment
regimen Treatment duration

Follow-up
time after
treatment

Hogan, C. M. 2012
[12]

US, Peru (ACTG
A5217)

Yes 39 40
Within 6 months after infection,
but beyond acute infection

HAART 36w 36w

Grijsen, M. L. 2012
[13]

Netherlands
(Primo-SHM)

Yes 76 36 Acute infection HAART 24w or 60w 36w

von Wyl, V. 2011 [8]
Switzerland
(SHCS)

No 33 32
Acute and recent infection (Time
from infection to HAART: median
1.6m, IQR 1.4-1.8m)

HAART 18.2m (15.6-20.5)a Up to 18m

Koegl, C. 2009 [9]
Germany (Prime -
DAG, Ac-DAG)

No 100 56
Within 12 weeks after
seroconversion

HAART 9.5m (2.1-28.7)b
17.3m
(1.0-40.4)b

Seng, R. 2008 [6]
France (PRIMO
and SEROCO)

No 170 123

Within 3 months after PHI
diagnosis (Time from infection to
HAART: median 38d , IQR
31-52d)

HAART 19m (17-31)a 21m (12-36)a

Pantazis, N. 2008 [10]
Europe, Austria,
Canada
(CASCADE)

No 147 675
Within 6 months after
seroconversion

HAART

<6m:3m(1.7-4.5)a

6-12m:
9.1(7.9-10.9)a

>12m:
22.4(16.3-38.3) a

Median:15.2m

        Median:9.1m

        Median:11.2m

Fidler, S. 2007 [7]
UK (SMH,
CASCADE)

No 81 97
Within 6 months after
seroconversion

HAART 3.3m (2.8-4.4) a
2.45y
(2.03-3.4)a

Desquilbet, L. 2004
[14]

France (PRIMO
and SEROCO)

No 58 116
Within 3.5 months after infection
(Time from infection to HAART:
median 45d , IQR 34-70d)

HAART Median:17.3m
10.2m
(0.9-47.5)b

Fidler, S. c 2013 [15] UK (SPARTAC) Yes 243 123
Within 6 months after
seroconversion

HAART 12w or 48w Median:4.2y

Mingrone, H.c

unpublished [16]
Argentia No 12 41

Within 6 months after
seroconversion

HAART 72w 72w

Prazuck,T.c

unpublished [17]
France No 6 41

During acute symptomatic primary
infection

HAART NA NA

Steingrover, R.c 2010
[18]

Netherlands
(ACH, HMF)

No 32 250

Within 180 days of
seroconversion (Time from
seroconversion to HAART:
Median 3.9w, IQR 1.8-9.4w,)

HAART 86w (45-139)a 3.9y (2.5-5.6)a

Lampe, F. C. c 2007
[19]

Ten countries
(Quest,
CASCADE)

No 79 385

Within 6 months after start of
symptoms (Time from symptoms
to HAART: median 18d, range
-8-118d)

HAART 2.6y (1.9-5.8)b 24w

Hecht, F. M. c 2006
[20]

US, Canada
(AIEDRP)

No 58 337
within 6 months after
seroconversion (Time from
infection to HAART: median 5w)

HAART Median:1.5y
Through week
72

Streeck, H. c 2006 [21] Germany No 12 8
Acute infection (Time from
infection to HAART: median 25d)

HAART 24w 6m

Jansen, C. A.c 2005
[22]

Netherlands No 5 6

Within weeks after start of
symptoms (Time from
seroconversion to HAART:
Median 1w)

HAART 53w (22-98) b NA
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Figure 3) compared to the untreated controls within one year
after treatment interruption. However, the benefits derived from
early treatment could not be sustained and declined over time.
The benefit on CD4 count declined from the initial 85.92 cells/μl
(in less than 12 months) to 34.69 cells/μl (12-24 months) and
37.57 cells/μl (24-36 months after treatment interruption). And
the benefit on viral load dropped from 0.30 log copies/ml (in
less than 12 months) to 0.18 log copies/ml (12-24 months after
treatment interruption). Of note, statistically, there was no
significant difference between groups in CD4 count and viral
load after 12-24 months.

Baseline characteristics of CD4 count and viral load between
groups were also analyzed as they may influence the
immunological and virological benefits. Aggregated findings
indicated that there were significant differences between
groups in baseline CD4 count and viral load. Compared with
the untreated patients, those treated during PHI had lower
baseline CD4 count (WMD = -76.50 cells/μl, 95% CI: -136.40,
-16.61, Figure 2) and higher baseline viral load (WMD = 0.22
log copies/ml, 95% CI: -0.04, 0.47, Figure 3). After baseline
correction, the net changes of CD4 count and viral load derived
from early treatment were much greater than those without
baseline correction.

Early treatment remained associated with immunological and
virological benefits when we used the leave-one-out method
and different effects models to repeat the meta-analysis.
Results remained similar when studies with monotherapy
[11,23] were included. We also performed sensitivity analyses
stratified by study design. The differences between groups in
CD4 count and viral load from RCT trials were 162.00 cells/μl
(95% CI: 84.99, 239.01) and -0.42 log copies/ml (95% CI:
-0.91, 0.07) respectively. By contrast, differences in CD4 count
and viral load from non-RCT trials were 71.48 cells/μl (95% CI:
9.30, 133.65) and -0.25 log copies/ml (95% CI: -0.47, -0.02).
The immunological and virological benefits from RCT trials
seemed to exceed those from non-RCT trials. Begg's and
Egger's test showed negligible publication bias among studies.

Effects of treatment duration on immunovirological
outcomes

Based on information of CD4 count and viral load around 12
months after treatment interruption, we showed that increasing
treatment duration beyond 12 months was of little help in
strengthening the immunological and virological benefits.
Patients with treatment duration (or median treatment duration)
less than 12 months yielded comparable outcomes to those
treated for over 12 months (Table 2). Amongst patients treated
for less than 12 months, the CD4 count was 102.46 cells/μl
higher, and the viral load was 0.33 log copies/ml lower than

those of the untreated patients. While for those treated for over
12 months, the differences between groups in CD4 count and
viral load were 107.81 cells/μl and 0.26 log copies/ml
respectively.

Discussion

The present study is the first meta-analysis evaluating the
immunological and virological impacts of short-course
treatment during PHI. We found that short-course treatment
during PHI increased CD4 count by 85.92 cells/μl and lowered
viral load by 0.30 log copies/ml within one year after treatment
interruption. The immunovirological benefits declined gradually
after treatment interruption, reaching no statistical significance
after 12-24 months. Moreover, extended treatment duration
beyond 12 months did not show additional benefits.

However, the benefits derived from early treatment
mentioned above may be underestimated, as most of the
enrolled studies are observational ones that are susceptible to
recruitment bias and loss of follow-up. Our analysis
demonstrated that the early treated patients had higher
baseline viral load and lower baseline CD4 cell counts. The
disequilibrium in baseline characteristics between groups is
one reason that the immunovirological benefits may be
underestimated [6,18]. After baseline correction, net benefits
derived from early treatment were greater. Sensitivity analyses
which indicated that the estimated immunovirological benefits
from RCT trials seemed to be larger than those from non-RCT
trials also supported this underestimation. Moreover, the
dropout rate as disease progressed to treatment (re)initiation
was higher in the untreated group compared to the early
treated group [12,13]. This may lead to an overestimation of
CD4 count and an underestimation of viral load in the untreated
group, thus underestimating the benefits derived from early
treatment. Hence, the immunological and virological benefits
derived from early treatment would last for at least one year
after treatment interruption.

Short-course treatment during PHI was associated with
better immunological and virological outcomes after treatment
interruption. The net benefits of CD4 count and viral load were
162.42 cells/μl and 0.52 log copies/ml within one year after
treatment interruption. This change is a clinically significant
change, which may have a profound effect on HIV disease
progression. An increase in set point of 0.5 log copies/ml
decreases the median time to AIDS by 3 years [23], and the
increased CD4 count may prolong the time until HAART has to
be reinitiated because of a low CD4 count or disease
progression. Theoretically, the prevention of severe loss of
CD4 T cells in peripheral blood and lymphoid tissues occurring

Table 1 (continued).

Abbreviations : w, weeks; m, months; y, years; NA, not applicable.
a Median and IQR of treatment duration or follow-up time after treatment interruption;
b Median and range of treatment duration or follow-up time after treatment interruption;
c Eligible studies but did not enter the final meta-analyses due to unavailable data.
doi: 10.1371/journal.pone.0082461.t001
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during PHI [24,25], the preservation of HIV-specific cellular and
humoral immune responses [26,27], the restriction of viral
diversification [28,29], and the reduced size of the HIV
reservoirs [30] exerted by treatment during PHI may be the
reasons explaining for these benefits.

The benefits of CD4 count and viral load derived from early
treatment were not long-lasting, and may be waning over time.

Viral load rebounded immediately after treatment interruption
due to the existence of HIV reservoirs [31] such as infected
memory CD4 T cells, macrophages and so on. It is likely that
continued viral replication gradually diminished the benefits
from early treatment. Yet, the accurate duration of the
immunological and virological benefits needs longer follow-up
in RCT trials.

Figure 2.  Forest plots of meta-analyses on impact of short-course treatment during PHI on post-treatment CD4
count.  Dots represent the individual study estimates; boxes, study weights; and lines, 95% CIs.
doi: 10.1371/journal.pone.0082461.g002
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As for the impact of treatment duration on the
immunovirological outcomes, it showed that extended
treatment duration over 12 months did not have more benefits
than those treated for less than 12 months. This is consistent
with the results from the randomized Primo-SHM trial [13], but
is different from results of SPARTAC trial [15]. This may
indicate that 12 weeks treatment is too short to have any effect,

so treatment duration should be longer than 12 weeks to
observe any benefit. The lack of additional immunological
benefits with longer treatment duration may be explained by
the fact that the CD4 cell reconstruction was fast during the first
6 months, and then it became relatively slow thereafter [32].
We could not perform meta-analysis assessing the impact of
treatment initiation time on the immunovirological outcomes,

Figure 3.  Forest plots of meta-analyses on impact of short-course treatment during PHI on post-treatment viral load.  Dots
represent the individual study estimates; boxes, study weights; and lines, 95% CIs.
doi: 10.1371/journal.pone.0082461.g003
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because of different definitions of treatment initiation time and
insufficient data. Some studies reported earlier treatment would
result in more significant immunovirological benefits [20,33],
but not supported by others [34], so further studies are needed.

This meta-analysis was characterized with larger sample
size, more reliable conclusions, and more factors involved in
this comprehensive analysis. Yet, some limitations of this study
should be noted. The main one is the underestimation of the
immunovirological benefits as mentioned above due to possible
bias existed in original studies. Future analysis requires for
more well-designed randomized controlled trials for accurate
evaluation of the duration of benefits derived from early
treatment. Another limitation is that subjects enrolled in this
meta-analysis were adults and adolescents, so the conclusions
from this study are applicable only to adults and adolescents.

In summary, compared to the untreated arm, treatment
during PHI not only increased CD4 count but also lowered viral
load after treatment interruption. Findings from this meta-
analysis are of great significance for the clinical management
of PHI. As CD4 count and viral load are strong predictors of
HIV disease progression [35], early treatment possibly delays
HIV disease progression for at least a period of time. Although
extended follow-up studies are needed to ascertain the long-
term benefits of early treatment, this adds to the evidence that
supports early treatment. When considering initiating ART
during PHI, the risk-benefit should be assessed in specific
individuals as they are not the same. Patients’ adherence [36],
possible drug toxicity [37], risk of development of drug-
resistance which would affect the risk-benefit should be

considered. Besides, rapid progressors would strongly benefit
from early treatment. Moreover, the ethical questions raised by
limitations in ART regimens, ART accessibility, and drug
efficacy monitoring in developing countries should also be
taken into consideration [38].
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