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Abstract

Background: Early treatment of acute HIV-1 infection (AHI) is beneficial for patients and could reduce onward
transmission. However, guidelines on whom to test for AHI with HIV-1 RNA testing are lacking.

Methods: A risk score for possible AHI based on literature and expert opinion – including symptoms associated
with AHI and early HIV-1 – was evaluated using data from the Amsterdam Cohort Studies among men who have
sex with men (MSM). Subsequently, we optimized the risk score by constructing two multivariable logistic regression
models: one including only symptoms and one combining symptoms with known risk factors for HIV-1 seroconversion,
using generalized estimating equations. Several risk scores were generated from these models and the optimal risk
score was validated using data from the Multicenter AIDS Cohort Study.

Results: Using data from 1562 MSM with 175 HIV-1 seroconversion visits and 17,271 seronegative visits in the
Amsterdam Cohort Studies, the optimal risk score included four symptoms (oral thrush, fever, lymphadenopathy,
weight loss) and three risk factors (self-reported gonorrhea, receptive condomless anal intercourse, more than five
sexual partners, all in the preceding six months) and yielded an AUC of 0.82. Sensitivity was 76.3% and specificity
76.3%. Validation in the Multicenter AIDS Cohort Study resulted in an AUC of 0.78, sensitivity of 56.2% and
specificity of 88.8%.

Conclusions: The optimal risk score had good overall performance in the Amsterdam Cohort Studies and
performed comparable (but showed lower sensitivity) in the validation study. Screening for AHI with four
symptoms and three risk factors would increase the efficiency of AHI testing and potentially enhance early
diagnosis and immediate treatment.
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Background
Acute HIV-1 infection is the phase of HIV-1 disease
immediately after infection that is characterized by an
initial burst of viremia; although anti-HIV-1 antibodies are
undetectable, HIV-1 RNA or p24 antigen are present
[1, 2]. Identifying patients with AHI is important for
three reasons. First, patients benefit from immediate

start of combination antiretroviral therapy (cART) during
the early phase of infection [3–5]. Second, starting cART
soon after infection could have a significant impact on the
ongoing HIV-1 epidemic [6–9]. Very high viral loads
during AHI and continued high-risk behavior before diag-
nosis are major determinants of transmission [1, 10, 11].
Third, patients who start cART during AHI may offer
insight into the potential for post treatment control of
HIV-1 infection [12–15].
The US Centers for Disease Control & Prevention

included HIV-1 RNA testing in their guidelines for
detecting AHI [16]. The recent development of point-of-
care HIV-1 RNA tests have made the prompt diagnosis
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of AHI possible at the point-of-care [17] and offers a
unique opportunity to increase the number of HIV-1
infections diagnosed during the acute phase, potentially
even before p24 antigen is detectable. However, these
tests are expensive and guidelines on whom to test for
AHI are lacking.
Criteria for testing might include symptoms of AHI.

Forty to 90% of patients with AHI experience symptoms,
but these symptoms are transient and often nonspecific
[2, 18, 19]. Timely recognition of individuals in the early
weeks of infection with HIV-1 RNA or p24 antigen tests
may change the course of infection [20]. A suitable
screening tool used to select patients for AHI testing
would restrict testing to a limited number of individuals,
while detecting a large proportion of all AHI cases. Re-
cent studies from sub-Saharan Africa reported the devel-
opment of risk scores for AHI screening [21–23] with
good performance among men who have sex with men
(MSM) [21]. It remains to be elucidated whether risk
scores developed in recourse-limited settings could be
translated into a different context, where different risk
behavior and HIV-1 subtype may influence factors
included in the risk scores [21, 24]. Risk scores for AHI
detection in high-income countries have been previously
developed [25, 26], but a risk score for use for the symp-
tomatic patient at the point-of-care is lacking.
As part of a recently launched initiative aiming to curb

the epidemic at the city level, the HIV Transmission
Elimination AMsterdam initiative (H-TEAM) [27], an
AHI testing strategy was developed in order to identify
individuals with AHI and start immediate treatment.
This strategy included a risk score for possible AHI that
weighs symptoms in combination with sexual risk
behavior. This risk score was implemented as an inter-
active online screening tool for MSM through a dedi-
cated website [28], used by MSM and health providers
at the sexually transmitted infections (STI) clinic of the
Public Health Service of Amsterdam (GGD). In the
present study, we aimed to assess whether such a risk
score could be useful for AHI screening in a public
health setting. We aimed to evaluate the performance of
the AHI risk score using data from the Amsterdam
Cohort Studies (ACS) and to assess whether the H-TEAM
risk score could be optimized in the Amsterdam setting.
We validated the optimal risk score using data from the
Multicenter AIDS Cohort Study (MACS) in the USA.

Methods
Initial development of a risk score for AHI
A recent meta-analysis reviewed 21 studies on acute and
early HIV-1 infection and showed that seventeen symp-
toms and seven signs were associated with acute or early
HIV-1 infection [18]. The symptoms are summarized in
Table 1. A pragmatic risk score for possible AHI was

developed based on peer-reviewed literature and com-
prehensive consultations with experts. This resulted in
an individual risk score for MSM which is equal to the
sum of scores for a list of seventeen symptoms, whereby
presence of a symptom either yields a score of one
(fatigue, genital warts, headache, myalgia, nausea, night
sweats, pharyngitis, or rash) or a score of two (arthralgia,
diarrhea, fever, genital ulcers, lymphadenopathy, oral
thrush, oral ulcers, vomiting, or weight loss). These
scores were based on the positive likelihood ratio for
each symptom in association with acute or early HIV-1
infection, as reported by Wood et al. [18]. We translated
this list of symptoms into a self-administered online
screening tool by which patients could refer themselves
to the STI clinic of the Public Health Service of
Amsterdam (GGD) for AHI testing, including a point-
of-care HIV-1 RNA test. The initial pragmatic risk score
(risk score A) was: possible AHI is present if an individ-
ual reports condomless anal intercourse (CLAI) in the
preceding three months and has a risk score of at least
two using the above mentioned symptom list.

Table 1 Symptoms associated with AHI and questions in ACS
and MACS

Symptoma ACS questionnaire MACS questionnaire

Arthralgia x

Diarrhea x x

Fatigue x x

Fever x x

Genital ulcers x x

Genital warts xb x

Headache x x

Lymphadenopathy x x

Myalgia/arthralgia xc xd

Nausea x xe

Night sweats x x

Oral thrush x x

Oral ulcers xb,f xf

Pharyngitis xg xh

Rash x x

Vomiting x xe

Weight loss x x

ACS Amsterdam Cohort Studies, AHI acute HIV-1 infection, MACS Multicenter
AIDS Cohort Study
aResulting from a meta-analysis based on 21 studies on acute and early HIV
infection [18]
bAsked from 2006 onwards
cData on myalgia only
dAsked through 1989 (muscle/joint pain), and from 2001 onwards question
changed to muscle pain/weakness
eData on nausea/vomiting combined, asked from 2001 onwards
fData on labial (ACS) or facial (MACS) herpes
gData on sore throat
hData on sore throat/sore mouth combined, asked through 1989
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Performance of the initial risk score in Amsterdam cohort
studies
To validate our initial risk score (risk score A) we used
data from the ACS. This is an open, prospective cohort
study among MSM in Amsterdam, initiated in 1984 aiming
to investigate the epidemiology, natural history, and patho-
genesis of HIV-1, and to evaluate the effect of interven-
tions [29]. Until 1995, men of all age groups were eligible
to participate if they had had at least two male sexual part-
ners in the preceding six months. From 1995 to 2004, men
aged thirty or less with at least one male sexual partner in
the preceding six months could enter the study. From
2005 onwards, men of all age groups with at least one male
sexual partner in the preceding six months could partici-
pate. Participation is voluntary, and written informed con-
sent is obtained from every participant at enrollment.
Study participants visited the GGD every six months

to complete a self-administered questionnaire on risk
behavior in the preceding six months [30]. A face-to-
face standardized interview with a study nurse captured
symptoms experienced since last study visit. All except
four of the symptoms in our initial risk score were
included in the standardized interview; there was no
question on arthralgia, and questions on oral ulcers and
genital warts were only included in the interview from
2006 onwards. Furthermore, there was no question on
pharyngitis, but sore throat was included. Physical exam-
ination was not performed. Each visit, participants pro-
vided a blood sample for HIV-1 testing by consecutive
generations of commercially available screening assays
to detect HIV-1 antibodies and for storage. HIV-1 test
results were confirmed by Western blot analysis. A sero-
conversion visit was defined as the visit with the first
positive HIV-1 test result after a visit with an HIV-1
seronegative result. For this study, we included MSM
who were HIV-1 negative at study entry and had had at
least one follow-up visit between October 1984 and
December 2009. Any visit with an interval of more than
twelve months following the preceding visit was
excluded from the analyses.
Points were assigned to each of the symptoms

included in the ACS questionnaire according to the
scoring procedure of the initial risk score (A). Oral
ulcers and genital warts were excluded from the analyses
due to large numbers of missing data (questions only
asked from 2006 onwards). In total, fourteen symptoms
were included in the analysis of this risk score. Reported
CLAI was a condition in this risk score and a pre-
specified cutoff of two was used, both consistent with
the initial risk score (A).

Optimizing the risk score
We aimed to improve the initial risk score by analyzing
the association of symptoms with HIV-1 seroconversion

in the ACS. Analysis was done with logistic regression
using generalized estimating equations, with an exchange-
able covariance matrix and robust standard errors to ad-
just for multiple observations per participant. We
calculated odds ratios (OR) for HIV-1 seroconversion for
each symptom in our initial risk score, using univariable
analysis. A multivariable logistic regression model
including the fourteen symptoms was constructed. We
created a risk score in which each symptom received
points equal to its beta coefficient (β, natural log of the
adjusted odds ratio) in the multivariable model,
rounded to the nearest decimal [23]. CLAI was a condi-
tion in this risk score (risk score B), consistent with the
initial risk score. Because not all seroconverters reported
CLAI, we evaluated performance of this risk score also
without CLAI as a condition (risk score C).
Next, we developed a risk score in which we combined

symptoms with risk factors reported at a seroconversion
visit. An earlier analysis of the ACS data found that self-
reported gonorrhea, receptive CLAI, more than five sex-
ual partners (all in the preceding six months) and lower
educational level were associated with HIV-1 serocon-
version in this study population [30]. After consultation
with clinical experts we decided not to incorporate lower
educational level in the risk score, as this was considered
inappropriate. The three remaining risk factors were
included in a multivariable model, thus including four-
teen symptoms and three risk factors, and a risk score
with all variables scored as the β rounded to the nearest
decimal was generated (risk score D). In order to sim-
plify the risk score, performance of a risk score including
only variables that were statistically significant (p < 0.05)
in the combined symptom and risk factor multivariable
model was also evaluated (risk score E) [23].
We compared seroconversion visits with seronegative

visits to evaluate the performance of all risk scores gen-
erated. We used receiver operating characteristics (ROC)
curves to calculate the area under the curve (AUC). To
evaluate sensitivity and specificity at a consistent cutoff
for all risk scores, the Youden-index [31] was calculated
for each risk score, and sensitivity and specificity were
defined at this cutoff. The optimal risk score was defined
as good overall performance (i.e. high AUC) and suitable
to use as a screening tool (i.e. a limited number of symp-
toms and risk factors).
To study differences in symptoms and risk factors by

age and over time we categorized age at time of the
study visit (≤24, 25–34, 35–44, and ≥45 years of age)
and calendar year of visit (<1990, 1990–1994, 1995–
1999, 2000–2004, 2005–2009). We added these categor-
ical age and calendar year variables to the multivariable
model including fourteen symptoms and three risk fac-
tors. The HIV-1 epidemic was over its peak after 1990
[30], therefore we performed a sensitivity analysis by
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including only visits from 1990 onwards in the multivar-
iable model. In another sensitivity analysis, we included
educational level in the multivariable model.
It is possible that infection occurred at the visit before

the seroconversion visit, therefore we explored the
prevalence of reported symptoms at the last HIV-1 nega-
tive visit prior to seroconversion. Lastly, we evaluated
the interval between the seroconversion visit and the
previous visit for all seroconverters.
The ACS dataset had missing values for several variables,

varying between zero and 2546 out of a total of 17,446 ob-
servations. For six variables no data were missing, for four-
teen variables less than 1% of records had missing data,
and for four variables data were missing from more
records, the largest missing number being 2546 for the
variable gonorrhea. We used the last observation carried
forward method to impute missing values. We only
imputed values of a variable if the value of the variable of
the visit immediately preceding was available. We also
conducted complete case analyses using only records with-
out missing values.

Validation of the risk score
In order to validate the optimal risk score data from
the MACS were used. The MACS is an ongoing pro-
spective study in homosexual and bisexual men located
in Baltimore, Chicago, Pittsburgh and Los Angeles (USA)
[32]. Study visits were scheduled every six months. We
used the Public Data Sets containing data from 1984 to
October 2010 (version P23, released on 15 October 2014
[33]). Participants who were HIV-1 negative at baseline
and had at least one follow-up visit were included in the
analyses. Participants who seroconverted for HIV-1 infec-
tion during follow-up, but did not have a registered sero-
conversion visit or date of seroconversion (n = 39) were
excluded from the analyses. The MACS Public Data Sets
did not include date of visit, so visits were excluded when
a participant had skipped two or more previous visits (any
visit above twelve months following the previous visit,
assuming that the protocol of semiannual visits was pre-
cisely followed). The remaining dataset, including 63,618
visits, contained large numbers of missing values for all
variables, in part because the questionnaires varied by
study visit: questions on fever (5883 missings) and lymph-
adenopathy (5881 missings) were asked from 1986
onwards, oral thrush (24,013 missings) was asked from
1990 onwards, and weight loss (525 missings), gonorrhea
(562 missings), number of male sex partners (8850 miss-
ings) and receptive CLAI (21,344 missings) were included
in the questionnaire through all years. We used the last
observation carried forward method to impute missing
values, but only if the value of the variable of the visit
immediately preceding was available.

Post-test probability of disease
To evaluate the clinical relevance of the optimal risk
score, the post-test probability of disease (PTPD; i.e. the
likelihood of having AHI when having a score above the
risk score cutoff [34]) was estimated. Prevalence of
AHI has not been evaluated in the Netherlands,
therefore AHI prevalence from a recent study in the
USA among sexually active MSM was used (AHI
prevalence: 151/44955, 0.34% [35]).
Statistical analyses were conducted using Stata version

13.1 (StataCorp, College Station, Texas, USA).

Results
In total, 1562 MSM who were HIV-1 negative at enroll-
ment in the ACS were included in the analyses. They
accounted for 175 HIV-1 seroconversion visits and
17,217 seronegative visits for the period 1984 through
2009. The median number of visits was 7 (interquartile
range (IQR) 4–13). Median age at study entry was
34.4 years (IQR 29.4–41.4).

Performance of the initial risk score in Amsterdam cohort
studies
In the ACS, the overall AUC for the initial risk score
was 0.70 (risk score A). With the pre-defined risk score
cutoff of two, sensitivity was 45.7% (95% confidence
interval (CI) 38.2–53.4) and specificity 89.5% (95%CI
89.1–90.0). By applying this risk score to ACS study par-
ticipants, 10.8% would be indicated for AHI testing,
identifying 45.7% of cases (Table 2 and Fig. 1a).

Optimizing the risk score
Prevalence of self-reported symptoms in the preceding six
months is shown in Table 3. In univariable analysis, all
fourteen symptoms were significantly associated with
HIV-1 seroconversion. Self-reported oral thrush (OR
10.8, 95%CI 3.8–30.7), fever (OR 7.2, 95%CI 5.4–9.8),
and lymphadenopathy (OR 7.2, 95%CI 4.7–10.9) were
most strongly correlated with seroconversion. In a mul-
tivariable logistic regression model including all four-
teen symptoms, oral thrush (adjusted odds ratio (aOR)
5.0, 95%CI 1.5–16.3), fever (aOR 5.0, 95%CI 3.5–7.1),
lymphadenopathy (aOR 3.3, 95%CI 2.1–5.4) and genital
ulcers (aOR 2.6, 95%CI 1.3–5.0) remained statistically
significant.
Three risk factors (self-reported gonorrhea, receptive

CLAI, more than five sexual partners, all in the previous
six months) for HIV-1 seroconversion previously
described in the ACS [30] were significantly associated
with seroconversion in univariable analysis (Table 3,
column 4). The results of the combined multivariable
model with fourteen symptoms and three risk factors
are shown in Table 3, column 7. In this combined multi-
variable model, oral thrush (aOR 5.6, 95%CI 1.4–22.3),
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fever (aOR 4.7, 95%CI 3.2–7.0), lymphadenopathy (aOR
4.4, 95%CI 2.6–7.3), weight loss (aOR 2.4, 95%CI 1.1–5.2),
self-reported gonorrhea (aOR 4.9, 95%CI 2.3–10.2), recep-
tive CLAI (aOR 3.0, 95%CI 2.1–4.2), and more than five
sexual partners (aOR 2.5, 95%CI 1.7–3.6) (all in the pre-
ceding six months) remained statistically significant.
The overall AUC was 0.71 for a risk score with points

assigned to each symptom according to the β in a symp-
tom based model in which CLAI was a condition (risk
score B, Fig. 1b). The same risk score, but without CLAI
as a condition (risk score C) resulted in an overall AUC
of 0.74 (Fig. 1c).
In a risk score including fourteen symptoms and also

three risk factors, the overall AUC was 0.83 (risk score
D, Fig. 1d). A simplified risk score including only vari-
ables statistically significantly associated with HIV-1
seroconversion in the multivariable model yielded an

AUC of 0.82 (risk score E). At the risk score cutoff of 1.5
(Youden index), sensitivity was 76.3% (95%CI 68.2–83.2)
and specificity was 76.3% (95%CI 75.6–77.0). Applying
this risk score to ACS participants, 24.2% would be indi-
cated for AHI testing, identifying 76.3% of cases. Choosing
a less stringent cutoff of 1.1 would result in sensitivity of
85.9% but lower the sensitivity to 59.3% (Fig. 1e). Risk
score E was defined as the optimal risk score because of a
relatively high AUC in combination with simplicity of the
risk score (based on only seven variables, all statistically
significant in the multivariable model) and therefore suit-
able for implementation as a screening tool.
In a multivariable logistic regression model that also

included age (categorized) and calendar year of visit (cat-
egorized), the β of symptoms and risk factors were com-
parable to the original model (data not shown). An
analysis limited to visits from 1990 onwards resulted in

Table 2 Performance of several risk scores for AHIa

Column 1 2 3 4 5 6 7 8

Risk score Cutoffb Seroconversion
visits among visits
with a score of at
least the cutoffc

Seroconversion
visits among visits
with a score
below the cutoffc

Sensitivity %
(95% CI)

Specificity %
(95% CI)

Overall AUC
(95% CI)

% to be
tested

Development of a risk score in Amsterdam Cohort Studies

A. Initial risk scored,e

-CLAI a conditionf
2 80/1888 95/15555 45.7 (38.2–53.4) 89.5 (89.1–90.0) 0.70 (0.66–0.74) 10.8

B. 14 symptoms scored as beta
coefficient in symptom
based modeld,g

-CLAI a conditionf

0.1 90/2342 85/15101 51.4 (43.8–59.0) 87.0 (86.4–87.5) 0.71 (0.67–0.74) 13.4

C. 14 symptoms scored
as beta coefficient in symptom
based modelg,h

-CLAI not a condition

0.2 116/4430 59/13012 66.3 (58.8–73.2) 75.0 (74.4–75.7) 0.74 (0.70–0.78) 25.4

D. 14 symptoms and 3 risk factors,
scored as beta coefficient
in combined modeli,j

1.3 111/4334 24/10858 82.2 (74.7–88.3) 72.0 (71.2–72.7) 0.83 (0.80–0.87) 28.5

E. 4 symptoms and 3 risk factors
scored as beta coefficient in
combined modelk,j

1.5 103/3675 32/11517 76.3 (68.2–83.2) 76.3 (75.6–77.0) 0.82 (0.79–0.86) 24.2

Validation of optimal risk score in Multicenter AIDS Cohort Study

E. 4 symptoms and 3 risk factorsk,
scored as beta coefficient

1.5 77/3779 60/29274 56.2 (47.5–64.7) 88.8 (88.4–89.1) 0.78 (0.74–0.82) 11.4

AHI acute HIV-1 infection, CI confidence interval, CLAI condomless anal intercourse
aBased on imputed data using the last observation carried forward method
bBased on Youden-index, with the exception for risk score A: pre-defined cutoff was 2
cDue to missing values, the denominators of columns 3 and 4 do not add up to 17,446. Data were missing for the following variables: fever, 1 missing; genital
ulcers, 3 missings; gonorrhea, 2072 missings; receptive condomless anal intercourse, 162 missings; >5 sexual partners, 56 missings.
dDue to 3 records with missing values, these risk score evaluations are based on 17,443 records
e14 symptoms scored as case definition, but genital warts and oral ulcers not included due to large number of missing variables; score of 1: fatigue, headache,
myalgia, nausea, night sweats, pharyngitis, or rash; score of 2: diarrhea, fever, genital ulcers, lymphadenopathy, oral thrush, oral ulcers, vomiting, or weight loss
f112/175 seroconverters reported condomless anal intercourse in the preceding 6 months
gIn a multivariable model including 14 symptoms (Table 3, column 6): diarrhea, fatigue, fever, genital ulcers, headache, lymphadenopathy, myalgia, nausea, night
sweats, oral thrush, rash, sore throat, vomiting, weight loss
hDue to 4 records with missing values, these risk score evaluations are based on 17,442 records
iIn a multivariable model including 14 symptoms and 3 risk factors (Table 3, column 8): diarrhea, fatigue, fever, genital ulcers, headache, lymphadenopathy,
myalgia, nausea, night sweats, oral thrush, rash, sore throat, vomiting, weight loss, and in the preceding 6 months: gonorrhea, receptive condomless anal
intercourse, >5 sexual partners
jDue to 2254 records with missing values, these risk score evaluations are based on 15,192 records
kFever, lymphadenopathy, oral thrush, weight loss, and in the preceding 6 months: gonorrhea, receptive condomless anal intercourse, >5 sexual partners
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an increase of the aOR of myalgia (aOR 2.6, 95%CI
1.4–4.8). Applying the optimal risk score (E) to data
from 1990 onwards did not change the performance of
the risk score (AUC 0.82), and very similar outcomes
(sensitivity, specificity and AUC) were observed when
myalgia was added to this risk score (data not shown).
Adding educational level to the multivariable model did
not result in major changes in the β of symptoms and
risk factors, but lower educational level itself was sig-
nificantly associated with HIV-1 seroconversion (β 0.7,
data not shown). A risk score including the variables
from the optimal risk score (E) and also educational
level showed similar performance (AUC 0.83) compared
to the optimal risk score (data not shown). Complete case
analyses did not show important differences in outcomes
compared to the analyses based on imputed data, but
weight loss was no longer significantly associated with
HIV-1 seroconversion in the combined symptom and risk
factor model (Additional file 1: Table S1 and S2).

For participants who seroconverted during follow-up,
prevalence of reported symptoms was consistently lower
at the last HIV-1 negative visit preceding seroconver-
sion. There was one participant who seroconverted in
which the time interval between the first seropositive
visit and the last seronegative visit was more than nine
months. Additionally, retrospective HIV-1 RNA testing
of stored blood samples among seroconverters showed
that 2/175 seroconverters in this study had a positive
RNA test result at the visit preceding their seroconver-
sion visit (data not shown).

Validation of the risk score
The optimal risk score (E) was validated in the MACS,
with data on 3751 MSM with 491 seroconversion visits
and 63,127 seronegative visits. Due to a large number of
missings for all variables, the evaluation of the optimal
risk score was based on 137 seroconversion visits and
32,916 seronegative visits. The overall AUC was 0.78

Fig. 1 a-e. ROC curves of risk scores in ACS and validation in MACS. ACS, Amsterdam Cohort Studies; MACS, Multicenter AIDS Cohort Study; ROC,
receiver operating characteristics
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(Fig. 1e). Using 1.5 as a cutoff, sensitivity was 56.2% (95%CI
47.5–64.7) and specificity 88.8% (95% CI 88.4–89.1). 11.4%
would be indicated for RNA testing, which would identify
56.0% of cases. Table 4 shows sensitivity and specificity at
several cutoff levels for this risk score in the MACS.

Post-test probability of disease
Risk score E was further used to estimate the PTPD in
the ACS. Using an AHI prevalence of 0.34% from a simi-
lar MSM population [35] (i.e. the probability of AHI for
an individual before applying the risk score) and a risk
score cutoff of 1.5, the PTPD (i.e. the probability of AHI
after having an AHI testing advice) was 1.09%. The posi-
tive likelihood ratio at this cutoff was 3.2.

Discussion
We aimed to assess whether a risk score could be useful
for AHI screening. Several risk scores were generated and
performance was assessed using data from MSM cohorts
in Amsterdam (ACS) and the USA (MACS). The initial
risk score (A) – generated by expert opinion, including
fourteen symptoms and CLAI as a condition – had a weak
overall performance in the ACS. Other risk scores
including only symptoms also had a weak performance.
The addition of three risk factors for HIV-1 seroconver-
sion to the risk score resulted in good overall performance
in the ACS.
The optimal risk score included oral thrush (β 1.7),

fever (β 1.6), lymphadenopathy (β 1.5), weight loss
(β 1.9), self-reported gonorrhea (β 1.6), receptive CLAI

Table 3 Prevalence of symptoms and risk factors and their association with HIV-1 seroconversiona

Column 1 2 3 4 5 6 7 8

Symptom Seroconversion
visit
n%

HIV negative
visit
n%

OR
(95% CI)

Symptom based
model aOR
(95% CI)b

Beta
coefficientc,d

Combined
model aOR
(95% CI)e

Beta
coefficientc,f

Totalg 175 17,271

Symptom

Diarrhea 30 17.1 1011 5.9 3.3 (2.2–4.8) 1.3 (0.8–2.1) 0.3 1.5 (0.9–2.4) 0.4

Fatigue 42 24.0 1867 10.8 2.6 (1.8–3.6) 1.2 (0.8–1.9) 0.2 1.4 (0.9–2.2) 0.3

Fever 76 43.4 1623 9.4 7.2 (5.4–9.8) 5.0 (3.5–7.1)h 1.6 4.7 (3.2–7.0)h 1.6

Genital ulcers 11 6.3 324 1.9 3.5 (1.9–6.4) 2.6 (1.3–5.0)h 0.9 1.6 (0.6–4.0) 0.5

Headache 18 10.3 980 5.7 1.9 (1.2–3.1) 0.7 (0.4–1.3) −0.3 0.8 (0.4–1.5) −0.2

Lymphadenopathy 27 15.4 418 2.4 7.2 (4.7–10.9) 3.3 (2.1–5.4)h 1.2 4.4 (2.6–7.3)h 1.5

Myalgia 25 14.3 869 5.0 3.1 (2.0–4.7) 1.1 (0.7–1.9) 0.1 1.4 (0.8–2.4) 0.3

Nausea 18 10.3 526 3.1 3.6 (2.2–5.8) 0.8 (0.4–1.7) −0.2 0.9 (0.4–1.9) −0.1

Night sweats 32 18.3 832 4.8 4.3 (3.0–6.4) 1.2 (0.8–2.0) 0.2 1.2 (0.7–2.1) 0.2

Oral thrush 4 2.3 36 0.2 10.8 (3.8–30.7) 5.0 (1.5–16.3)h 1.6 5.6 (1.4–22.3)h 1.7

Rash 11 6.3 564 3.3 2.0 (1.1–3.6) 1.2 (0.6–2.4) 0.2 0.6 (0.3–1.4) −0.5

Sore throat 31 17.7 1316 7.6 2.6 (1.7–3.8) 1.0 (0.7–1.6) 0.0 0.9 (0.5–1.4) −0.2

Vomiting 17 9.7 336 2.0 5.3 (3.2–8.8) 1.8 (0.9–3.8) 0.6 1.4 (0.6–3.3) 0.4

Weight loss 11 6.3 205 1.2 5.5 (2.9–10.2) 1.9 (1.0–3.9) 0.7 2.4 (1.1–5.2)h 0.9

Risk factor

Gonorrheai,j 12 6.9 181 1.1 6.5 (3.6–12.0) 4.9 (2.3–10.2)h 1.6

Receptive CLAIi 97 55.4 5651 32.7 2.7 (2.0–3.7) 3.0 (2.1–4.2)h 1.1

>5 sexual partnersi,k 100 57.1 7659 44.4 2.4 (1.7–3.4) 2.5 (1.7–3.6)h 0.9

aOR adjusted odds ratio. CI confidence interval, CLAI condomless anal intercourse, OR odds ratio
aIn Amsterdam Cohort Studies, based on imputed data using the last observation carried forward method
b14 symptoms in column 1 were included in a multivariable logistic regression model using generalized estimating equations
cNatural log of the adjusted odds ratio, rounded to one decimal
dBased on the adjusted odds ratios of the symptom-based model (column 5)
e14 symptoms and 3 risk factors in column 1 were included in a multivariable logistic regression model using generalized estimating equations
fBased on the adjusted odds ratios of the combined symptom and risk factor model (column 7)
gDue to missing values, the denominator of columns 2 and 3 are sometimes not equal to 175 respectively 17,271. Data missing for the following variables: fever, 1
missing; genital ulcers, 3 missings; gonorrhea, 2072 missings; receptive condomless anal intercourse, 162 missings; >5 sexual partners, 56 missings
hSignificantly associated with HIV-1 seroconversion
iIn the preceding 6 months
jSelf-reported
kOnly male sex partners, compared to ≤5 sexual partners
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(β 1.1), and more than five sexual partners (β 0.9) (all in
the preceding six months) (risk score E). Using this risk
score in the ACS, with a cutoff of 1.5, 24% of men would
be assigned as having possible AHI and indicated for
HIV-1 RNA testing. This would identify 76% of sero-
converters, with a PTPD of 1.09%. The overall AUC
was 0.82. Validation of this risk score in the MACS
resulted in a similar AUC (0.78) but lower sensitivity
(56%). These outcomes are comparable with previous
studies [21–23, 36]. A study including data of AHI patients
from four African sites described a risk score (including
age 18–29 years, fever, diarrhea, fatigue, body pains, sore
throat and genital ulcer disease) resulting in an overall
AUC of 0.78, and among Kenyan MSM specifically, the
AUC was 0.89, sensitivity 90% and specificity 74% [21].
This study has several limitations. First, in both ACS

and MACS the interval of six months between study
visits was relatively long. Questionnaires in both cohorts
included questions on symptoms and risk behavior in
the preceding six months. These were reported at sero-
conversion visits, but it is unclear whether symptoms
occurred during AHI. Twenty-nine percent of serocon-
verters in the ACS did not report any symptom in the
preceding six months (data not shown). AHI might have
been asymptomatic [24], associated with nonspecific
symptoms [18, 37] or symptoms might have been under-
reported due to recall bias. A multicenter study from Af-
rica showed that prevalence of reported AHI symptoms
of patients evaluated within six weeks following infection
was higher as compared to patients who were evaluated
later [38]. This may also explain the relatively low sensi-
tivity observed in the present study. Thus, this relatively
long interval between study visits may have led to an
underestimation of the performance of the risk scores.
Furthermore, the period of acute infection might have
been occurring at the previous study visit, when anti-
bodies were not yet detectable, rather than at the sero-
conversion visit. However, in the ACS, fewer symptoms

were reported at last HIV-1 negative visits compared to
seroconversion visits and additional HIV-1 RNA testing
showed positive test results for only two seroconverters at
the pre-seroconversion visit. Moreover, a previous sensitiv-
ity analyses of ACS data using risk behavior reported at
the visit preceding the seroconversion visit did not result
in a different pattern of behavioral variables associated
with HIV-1 seroconversion [30]. Although we excluded
visits above twelve months following the previous visit
from the analyses, theoretically some seroconversions may
have occurred up to eleven months prior to the first HIV-
1 positive visit. However, evaluating the time interval be-
tween seroconversion visits and last seronegative visits
showed that there was only one seroconverter in the
ACS in which this time interval was more than nine
months. These findings suggest that the results re-
ported in the present study are expected to be robust.
A second limitation is the imputation method (last ob-

servation carried forward for missing values if the vari-
able of the visit immediately preceding was available),
being potentially inappropriate for time-sensitive risk be-
havior prior to seroconversion. However, complete case
analyses (Additional file 1: Table S1 and S2) did not
show important differences in outcomes, suggesting
that the imputation approach did not introduce bias
into the results.
Third, it was decided in this study to report sensitivity

and specificity for every risk score at the cutoff calcu-
lated by the Youden-Index, to have a consistent
approach for defining a threshold. However, the Youden-
index may not be the ideal cutoff for every context. The
optimal cutoff would depend on the AHI prevalence of
the target population, the clinical setting and the resources
available. To increase sensitivity, a lower cutoff could be
used (Fig. 1a-e and Table 4). This would lower specificity,
therefore a larger number of individuals would get an AHI
testing advice but have a negative test result, resulting in
an increase of costs.

Table 4 Validation of optimal risk score E.a in MACS, 1984–2010

Cutoffb Sensitivity % Specificity % Positive LR Negative LR % to be tested

≥ 0.9 85.4 53.0 1.8 0.3 47.2

≥ 1.1 67.2 72.3 2.4 0.5 27.9

≥ 1.5 56.2 88.8 5.0 0.5 11.4

≥ 1.6 51.8 89.9 5.1 0.5 10.3

≥ 1.7 48.9 90.7 5.3 0.6 9.5

≥ 1.8 48.9 90.9 5.4 0.6 9.3

≥ 2.0 48.8 91.1 5.4 0.6 9.1

≥ 2.4 28.5 97.1 9.8 0.7 3.0

LR likelihood ratio, MACS Multicenter AIDS Cohort Study
aIncluding 4 symptoms and 3 risk factors (Table 3, row 7): fever, lymphadenopathy, oral thrush, weight loss, gonorrhea, receptive condomless anal intercourse, >5
sexual partners
bCutoff levels were defined by each possible sum of the score of symptoms and risk factors, based on the beta coefficient (Table 3, column 8)
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Finally, only 112 of 175 (64%) seroconverters in the
ACS reported CLAI (insertive or receptive) in the pre-
ceding six months. It is well established that CLAI is the
main transmission route for acquiring HIV-1 among
MSM [39] and not reporting CLAI could be due to
social desirability bias, again potentially lowering the
performance of the risk score. Similar rates of CLAI
were described for AHI patients in a recent prospective
study from the USA among MSM [40] and the data col-
lected in both cohorts are likely consistent with clinical set-
tings in which the risk score could be implemented as a
screening tool, using clients’ self-reported behavior.
Despite these limitations, we believe that our data

show that early recognition of symptoms and risk behav-
ior in MSM could potentially enhance early diagnosis
and linkage to care. Targeted screening for AHI with risk
score algorithms was recently recommended to be
included in clinical evaluation of high HIV-1 incidence
groups [41]. Considering AHI, the Dutch HIV guidelines
refer to the US guidelines [2, 42], in which it is recom-
mended that clinicians consider a diagnosis of AHI in
patients with acute retroviral syndrome and recent high
risk of exposure to HIV-1. This study shows that using a
risk score for AHI as a screening tool could reduce the
number of individuals needing AHI testing if MSM
could be targeted for AHI evaluation at the point-of-
care. During a first encounter with the health care sys-
tem, less than half of AHI patients were correctly diag-
nosed at their first visit [19, 43]. Correct and direct
identification of individuals with AHI would result in
the opportunity to start immediate treatment with
cART. This has numerous benefits, from both a patient
and a public health perspective [9, 13, 44]. Furthermore,
it would offer the opportunity to provide pre-exposure
prophylaxis (PrEP) to MSM in established partnerships
until the index patient is virologically suppressed.
In this study, risk score E (including oral thrush, fever,

lymphadenopathy, weight loss, gonorrhea, receptive
CLAI, and more than five sexual partners) was identified
as the optimal screening tool. It had good overall per-
formance and could be incorporated in both a self-
assessment (online) tool and assist clinicians with AHI
screening. The online screening tool could be used by
risk groups, general practitioners working with MSM,
and clinicians working at STI clinics. For example, in a
public health setting or STI clinic, in which STI and HIV
testing are largely based on standardized protocols, the
items of the risk score can be incorporated into the routine
assessment of MSM. A computer-based algorithm could
identify men above the threshold of 1.5 and AHI testing
could be automatically offered to them. Furthermore, a
self-assessment, publicly available as an online tool, could
be easily completed by MSM potentially at risk for AHI or
worried about acute infection; after completion of this tool

they would receive a tailored advice whether or not to
attend for AHI testing. Using 1.5 as a cutoff, MSM report-
ing oral thrush, fever, lymphadenopathy, or gonorrhea
would immediately qualify for AHI screening. Summation
would be required for reporting weight loss, receptive
CLAI or more than five sexual partners.

Conclusion
In summary, while we initially established a risk score
based on symptoms alone, we improved this algorithm by
adding known predictors for HIV-1 acquisition in MSM.
Screening for AHI with four symptoms (oral thrush, fever,
lymphadenopathy, weight loss) and three risk factors (self-
reported gonorrhea, receptive CLAI and more than five
sexual partners, all in the previous six months) would lower
the number of individuals requiring AHI testing and poten-
tially enhance early diagnosis and immediate treatment.

Additional file

Additional file 1: Tables with results of complete case analyses.
(DOCX 27.2 kb)
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