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Background. Treatment of acute human immunodeficiency virus (HIV) infection (AHI) decreases transmission and preserves
immune function, but AHI diagnosis remains resource intensive. Risk-based scores predictive for AHI have been described for high-
risk groups; however, symptom-based scores could be more generalizable across populations.

Methods. Adults who tested either positive for AHI (antibody-negative, HIV nucleic acid test [NAT] positive) or HIV NAT
negative with the community-based San Diego Early Test HIV screening program were retrospectively randomized 2:1 into a der-
ivation and validation set. In the former, symptoms significant for AHI in a multivariate logistic regression model were assigned a
score value (the odds ratio [OR] rounded to the nearest integer). The score was assessed in the validation set using receiver operating
characteristics and areas under the curve (AUC). An optimal cutoff score was found using the Youden index.

Results.  Of 998 participants (including 261 non-men who have sex with men [MSM]), 113 had AHI (including 4 non-MSM).
Compared to HIV-negative cases, AHI cases reported more symptoms (median, 4 vs 0; P < .01). Fever, myalgia, and weight loss were
significantly associated with AHI in the multivariate model and corresponded to 11, 8, and 4 score points, respectively. The summed score
yielded an AUC of 0.85 (95% confidence interval [CI], .77-.93). A score of 211 was 72% sensitive and 96% specific (diagnostic OR, 70.27).

Conclusions.

tion of resources in settings that do not routinely screen for AHI.

Keywords.

A 3-symptom score accurately predicted AHI in a community-based screening program and may inform alloca-

acute HIV infection; HIV screening; acute retroviral syndrome; symptom complex; symptom specificity.

Acute human immunodeficiency virus infection (AHI) is the pri-
mary stage of human immunodeficiency virus (HIV) infection,
more specifically defined as a negative or indeterminate HIV anti-
body (AD) test in the presence of detectable HIV type 1 (HIV-1)
RNA [1, 2]. AHI is associated with transient levels of high-titer
viremia [1, 3], which is a driver of HIV transmission among men
who have sex with men (MSM) in the United States. Diagnosis of
AHI has been associated with a reduction in risk behavior [4] and
could prevent later presentation and treatment initiation, which
is associated with worse outcomes [5-7]. Additionally, treatment
initiation during AHI preserves immune function [8] and limits
HIV reservoirs compared to later treatment [9]. Detecting AHI is
therefore critical at both a public health and patient level.
Diagnosis of AHI, however, is challenging. While screening pro-
grams that use point-of-care Ab testing can reliably identify persons
with established infection, these tests fail to detect AHI. The most
reliable method to detect AHI is HIV nucleic acid testing (NAT)
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[10]. Although routine HIV NAT may be cost-eftective among high
risk MSM in community-based settings [11], cost remains the main
deterrent to broad implementation [3]. In the absence of routine
NAT screening for AHI, risk behavior-based tools such as the San
Diego Early Test (SDET) score [12] may aid clinicians by informing
pretest probability of AHI in populations such as MSM. However,
these tools may be of limited use in populations and settings where
the HIV epidemic is not driven primarily by high-risk behavior, but
rather by the high prevalence of untreated HIV infection [13-16].
Symptom-based scores may be more generalizable among popu-
lations with different demographics and risk behavior compared
to risk-based scores. While studies have reported on symptoms in
those with AHI [17-21], limitations include inconsistency in defi-
nitions of AHI, a lack of uninfected or NAT-negative comparators,
or a lack of systematically elicited symptoms.

The objective of this study was to develop and validate a “San
Diego Symptom Score” (SDSS) that is sensitive and specific
for AHI among persons presenting for voluntary communi-
ty-based HIV testing.

METHODS

Study Population and Data Collection
This is a cross-sectional analysis of a cohort study and com-
prised individuals undergoing voluntary HIV screening with the
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Early Test screening program. The Early Test is a free of charge,
voluntary, community-based screening program in San Diego,
California, in which participants are prospectively enrolled to
receive point-of-care rapid HIV-1 Ab testing (INSTI HIV-1
Antibody Test, bioLytical Laboratories, Richmond, Canada),
followed by routine (ie, independent of symptoms) reflex HIV
NAT (Procleix Ultrio, Hologic, Bedford, Massachusetts) in all
those who test Ab negative [11, 12, 22]; blood samples for NAT
testing are obtained at the time of HIV Ab testing. Those who
tested positive for AHI (defined as a negative or indeterminate
HIV antibody test in combination with a positive HIV NAT
corresponding to Fiebig stages I-1I 23) or early HIV infection
(defined as HIV Ab positive/detuned enzyme immunoassay
consistent with infection <70 days [24, 25]) were enrolled to the
San Diego Primary Infection Resource Consortium.

This analysis comprised individuals who tested positive for
AHI from 2007 to 2017 and those who tested HIV NAT negative
in 2017. A subset of participants with AHI has been described
previously [17]. Participants with AHI were seen for follow-up
(median, 6 days [interquartile range {IQR}, 4-8 days after test-
ing), where a detailed symptom questionnaire was administered.
Between January and July 2017, the symptom questionnaire was
administered at the time of the HIV testing encounter (before
test results were available) to all participants of the Early Test.

To examine possible recall bias due to the fact that most AHI
cases completed the symptom questionnaire after their diagnosis, a
sample of the most recent and consecutive early HIV infection cases
with complete symptom questionnaires (n = 28) were included in
a subanalysis that compared the number of symptoms reported
between AHI, early HIV infection, and HIV-negative cases.

The symptom questionnaire assessed for 11 symptoms
(headache, pharyngitis, skin rash, myalgia, fever, fatigue, night
sweats, gastrointestinal symptoms [nausea, vomiting, or diar-
rhea], arthralgia, weight loss [>2.5 kg], and lymphadenopathy)
or other, which participants were asked to specify. The ques-
tionnaire assessed whether each symptom was present in the
14 days prior to testing.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics, version
24 (IBM SPSS, Armonk, New York) and R version 3.1.1 pro-
gramming language [26, 27]. Two-tailed significance level for
this analysis was P < .05, and Bonferroni correction was used in
instances of multiple comparisons.

Demographic and symptom data were compared between
HIV-negative and AHI cases using Pearson ¥’ test, Fisher
exact test, or Mann-Whitney U test as appropriate. Trends in
symptom reporting over time among AHI cases were assessed
using linear regression. The sample was randomized 2:1 into
a derivation and validation dataset. In the derivation dataset,
each symptom was entered into a univariate logistic regression
model with AHI vs HIV-negative as the outcome. Odds ratios

(ORs) including 95% confidence intervals (Cls) were calculated.
Each symptom with P < .2 for AHI was entered in a multivariate
logistic regression model. Model discrimination was assessed
by the goodness-of-fit Hosmer-Lemeshow statistic [28], and its
predictive performance was assessed using receiver operating
characteristic (ROC) analysis. Each significantly associated pre-
dictor in the multivariable model (P < .05) was assigned a point
value that corresponded to its OR rounded to the nearest whole
integer. Integer scores were subsequently summed to give the
SDSS for each participant.

To test the validity of this new scoring system, we calculated
the predictive potential of our new symptom score for AHI in
the validation dataset. Score performance was assessed by ROC
analysis and area under the curve (AUC) values with 95% CI.
Cutoff values were determined using the Youden index. Different
cutoffs were compared using the diagnostic odds ratio method.

For secondary analyses, the number of symptoms reported
for the 14-day period prior to the testing event was compared
between HIV-negative cases, early HIV infection cases, and AHI
cases using Mann-Whitney U test. The proportion of participants
reporting >2 symptoms was compared using Pearson ” test.

The University of California, San Diego Human Research
Protections Program approved the study protocol, consent, and
all study-related procedures.

RESULTS

Cohort Characteristics

From June 2007 to February 2017, 115 participants were diag-
nosed with AHI with the Early Test and completed follow-up
visits; 113 of 115 completed symptom data and comprised the
AHI cases in the study sample.

From January to July of 2017, 885 NAT-negative testing
encounters had complete symptom data and comprised the
HIV-negative cases in the study sample.

Descriptive statistics for the study sample are shown in
Table 1. AHI cases and HIV-negative cases were similar by age,
ethnicity, and most races. AHI cases were proportionally com-
posed of more men, MSM, and Native Americans.

Symptoms

Each of the 11 symptoms was more frequently reported in
AHI cases than HIV-negative cases (Table 2), both during the
14 days prior to testing and at the time of testing. AHI cases
reported a greater number of symptoms during the 14 days
prior to testing (median, 4 [IQR, 2-6]) than HIV-negative cases
(median, 0 [IQR, 0-1]) (P < .001), and a greater proportion of
AHI cases reported 22 symptoms compared to HIV-negative
cases (78% [95% CI, 69-85] vs 19% [95% CI, 17-22]; P < .001).
Fifteen percent of AHI cases reported zero symptoms during
the 14 days prior to testing, compared to 61.8% of HIV-negative
cases (P < .001). Among patients with AHI, 56.6% reported
zero ongoing symptoms, compared with 78.8% of HIV-negative
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Table 1. Baseline Characteristics of Acute Human Immunodeficiency
Virus (HIV) Infection and HIV-Negative Cases

Table 2. Prevalence of Symptoms in Acute Human Immunodeficiency
Virus (HIV) Infection and HIV-Negative Cases

Total HIV-Negative Total AHI HIV-Negative

Characteristic (N=998) AHI(nh=113) (n = 885)° PValue Symptom (N =998) (n=113) (n = 886)° PValue®

Age, y, median (IQR) 33 (27-43) 32 (25-42) 33 (27-43) na3° Symptoms ongoing at time of testing, No. (%)

Gender, No. (%) Headache 63 (6.3) 21(18.6) 42 (4.7) <.001
Cisgender men 886 (88.8) 111 (98.2) 775 (87.6) .001° Pharyngitis 66 (6.6) 19 (16.8) 47 (5.3) <.001
Cisgender women 109 (10.9) 1(0.9) 108 (12.2) <.001¢ Rash 49 (4.9) 12 (10.6) 37 (4.2) .003
Transgender women 2(0.2) 1(0.9) 1(0.1) 2149 Myalgia 58 (5.8) 26 (23.0) 32 (3.6) <.001
Declined 1(0.1) 01(0.0) 1(0.1) 19 Fatigue 66 (6.6) 21 (18.6) 45 (5.1) <.001

MSM, No. (%) 737 (73.8) 109 (96.4) 628 (71.0) <.001° Fever 39 (3.9 29 (25.7) 310 (1.1) <.001

Race, No. (%) Night sweats 44 (4.4) 24 (21.2) 20(2.3) <.001
White 615 (61.6) 77 (68.1) 538 (60.8) 3¢ Gl symptoms® 50 (5.0) 17 (15.0) 33(3.7) <.001
Black 96 (9.6) 10 (8.8) 86 (9.7) .768° Arthralgia 25(2.5) 10 (8.8) 15 (1.7) <.001
Asian 112 (11.2) 9(8.0) 103 (11.6) .244° Weight loss® 21(2.1) 11 (9.7) 10 (1.1) <.001
Native American 17 (1.7) 5 (4.4) 12 (1.4) .035¢° Lymphadenopathy 33(3.3) 14 (12.4) 19 (2.1) <.001
Pacific Islander 21 (2.1) 5 (4.4) 16 (1.8) .079° No symptoms 761 (76.3) 64 (56.6) 697 (78.8) <.001
Other® 47 (4.7) 1(0.9) 46 (5.2) .035¢° Symptoms reported during 14 d prior to testing, No. (%)

Declined 90 (9.0 6 (5.3) 84 (9.5) 1449 Headache 224 (22.4) 58 (51.3) 166 (18.8) <.001
Hispanic 309 (31.0) 36 (31.9) 273 (30.8) .827¢ Pharyngitis 174 (17.4) 48 (42.5) 126 (14.2) <.001

Abbreviations: AHI, acute human immunodeficiency virus infection; HIV, human immuno- Rash 73(73) 25(22.1) 48 (5.4) <.001

deficiency virus; IQR, interquartile range; MSM, men who have sex with men. Myalgia 112 (11.2) 59 (52.2) 53 (6.0) <.001

20f 885 negative HIV nucleic acid tests, 842 were from unique individuals; 43 were repeat Fatigue 155 (15.5) 59 (52.2) 96 (10.8) <.001
foste Fever 106 (106)  68(60.2)  38(4.3) <.001

Menn-Whitney Utest. Night sweats 100 (100 46(40.7)  54(6.1) <001

“Pearson X test.

dFisher exact test. Gl symptoms® 135 (13.5) 42 (37.2) 93 (10.5) <.001

°Alaska Native, Native Hawaiian, unknown, or other (not specified). Arthralgia 55 (5.5) 21 (18.6) 34 (3.8) <.001

Weight loss >2.5 kg 39 (3.9 25 (22.1) 14 (1.6 <.001
Lymphadenopathy 73 (7.3) 30 (26.5) 43 (4.9) <.001
patients (P < .001). There were significant, positive trends in No symptoms 564 (56.5) 17(15.0) 547 (61.8) <.001

number of symptoms reported by AHI cases over time, for both
symptoms in the previous 14 days (P < .002) and symptoms
ongoing at the time of testing (P < .001).

Among HIV-negative cases, men and women reported the
same median number of symptoms in the past 14 days (median,
0 [IQR, 0-1] vs 0 [IQR, 0-1.5], respectively; P = .601). Among
HIV-negative cases, participants aged >50 years reported
similar number of symptoms in the past 14 days (median, 0
[IQR, 0-1]) as participants aged 25-49 (median, 0 [IQR, 0-1];
P = .639) and participants aged <24 years (median, 0 [IQR,
0-1]; P =.130). Among AHI cases, there was also no difference
between number of symptoms in participants aged =50 years
(median, 3 [IQR, 0-5]) and those aged 25-49 years (median
4 [IQR, 2-6]; P = .217) or those aged <24 years (median, 6
[IQR, 2.75-7]; P = .064). There was also no difference in num-
ber of symptoms reported by race among AHI cases (data not
shown).

Sensitivity, specificity, positive likelihood ratio, negative like-
lihood ratio, and diagnostic odds ratio for each symptom in
isolation is shown in Table 3. Specificity of symptoms ranged
from 81% for headache to 98% for weight loss >2.5 kg, while
sensitivity ranged from 19% for arthralgia to 60% for fever.
Symptoms with positive likelihood ratios >10 were fever (14.01)
and weight loss (13.99), whereas no symptoms had a negative
likelihood ratio <0.10.

Abbreviations: AHI, acute human immunodeficiency virus infection; Gl, gastrointestinal;
HIV, human immunodeficiency virus.

20f 885 negative HIV nucleic acid tests, 842 were from unique individuals; 43 were repeat
tests.

2
P values are from Pearson X tests.

“Diarrhea, nausea, vomiting.

There was no difference in median number of symptoms reported
between HIV-negative cases (median, 0 [IQR, 0-1]) and early HIV
infection cases (median, 0 [IQR, 0-5.25]) (P = .34 with Bonferroni
correction), whereas AHI cases reported more symptoms (median, 4
[IQR, 2-7]) than either early HIV infection cases (P=.008, corrected)
or HIV-negative cases (P < .001, corrected). AHI cases had a signifi-
cantly greater likelihood of reporting >2 symptoms (77.8% [95% CI,
69.1%-85.1%]) than either early HIV infection cases (35.7% [95%
CI, 18.5%-55.9%]; P < .001) or HIV-negative cases (21.5% [95% CI,
18.8%-24.3%]; P < .001), whereas there was no significant difference
between AHI and HIV-negative cases (P =.150).

San Diego Symptom Score Derivation

In the derivation set, each of the 11 symptoms (present in previous
14-day period) had a P value of < .2 in univariate logistic regres-
sion models for AHI vs HIV negative, and therefore all symp-
toms were entered into the multivariate model (Table 4). In the
multivariate model, myalgia (OR, 7.8 [95% CI, 3.3-18.7]), fever
(OR, 10.9 [95% CI, 4.6-26.0]), and weight loss (OR, 4.1 [95% CI,
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Table 3. Diagnostic Parameters of Each Symptom for Acute Human
Immunodeficiency Virus Infection

Symptoms® Sensitivity  Specificity +LR -LR DOR
Headache 51% 81% 2.74  0.60 4.57
Pharyngitis 42% 86% 298 0.67 4.45
Rash 22% 95% 4.08 0.82 4.95
Myalgia 52% 94% 8.72 0.51 1715
Fatigue 52% 89% 481 054 8.98
Fever 60% 96% 14.01 042 33.68
Night sweats 41% 94% 6.67 0.63 10.57
Gl symptoms® 37% 89% 354 070 504
Arthralgia 19% 96% 484 0.85 5.71
Weight loss >2.5 kg 22% 98% 13.99 0.79 1767
Lymphadenopathy 27% 95% 546 0.77 7.08

Abbreviations: DOR, diagnostic odds ratio; Gl, gastrointestinal; -LR, negative likelihood
ratio; +LR, positive likelihood ratio.

“Symptoms present in the 14 days prior to testing day.
®Diarrhea, nausea, vomiting.

1.1-15.1]) remained significant (Table 4). Pharyngitis approached
significance (OR, 1.9 [95% CI, .9-3.90]; P = .077]). The Hosmer-
Lemeshow test was nonsignificant (P = .308). In an alternative
model using symptoms that were ongoing at testing day, only fever
remained significant (OR, 11.8 [95% CI, 3.2-43.8]; P < .001).

The symptom score was calculated for each case, with pres-
ence of fever, myalgia, and weight loss during the 14 days before
the testing encounter conferring 11, 8, and 4 points respectively.
A ROC curve in the derivation set yielded an AUC of 0.817
(95% CI, .759-.875; Figure 1).

San Diego Symptom Score Validation
The SDSS was calculated for each case in the validation set
(n = 325). The score distribution among HIV-negative and AHI

Table 4. Univariate Logistic Regression Models and Multivariate
Logistic Regression Model for Acute Human Immunodeficiency Virus (HIV)
Infection Versus (HIV) Negative in the Derivation Set (n = 673)

Univariate Symptom  Multivariate Symptom

Model Model
Symptoms (Yes SDSS Point
vs No)? OR (95% CI) PValue OR (95% Cl) PValue  Value
Headache 3.4 (2.0-5.7) <.001 0.8(.4-17) 543
Pharyngitis 4.8(2.9-8.2) <.001T 19(.9-3.9) .077
Rash 3.6 (1.9-7.1) <.001 31.3(.5-3.4) .613
Myalgia 16.8 (9.4-30.0) <.001 78(3.3-18.7) <.001 8
Fatigue 8.7 (5.1-14.8) <.001 0.9 (.4-2.2) 775
Fever 24.9 (13.7-45.4) <.001 10.9 (4.6-26.0) <.001 1"
Night sweats 10.5(5.9-18.9) <.001 11.3 (.5-3.4) .578
Gl symptoms® 4.1(2.4-71) <001 0.6(2-14) 22
Arthralgia 8.5(4.2-170) <.001 0.8(.3-2.4) 80.678
Weight loss >2.5 kg 14.8 (6.3-34.9) <.001 4.1 (1.1-15.1) .035 4
Lymphadenopathy ~ 5.8 (2.9-11.6) <.001 15 (.6-3.9) 436

Abbreviations: Cl, confidence interval, Gl, gastrointestinal; OR, odds ratio; SDSS, San
Diego Symptom Score.

“Symptoms present in the 14 days prior to testing day.
"Diarrhea, nausea, vomiting.

cases is shown in Table 5. The SDSS produced a ROC curve with
AUC 0.851 (95% CI, .780-.922) in the validation set (Figure 1).
The SDSS performed similarly when applied to the subset of
MSM in the validation set (n = 248) with AUC 0.867 (95% CI,
.789-.945). An optimal cutoff of 11 by Youden index was 72%
sensitive and 96% specific, with a positive likelihood ratio of
20.33, negative likelihood ratio of 0.29, and diagnostic OR of
70.27 (95% CI, 28.14-175.93). Diagnostic parameters at other
cutoffs are shown in Table 5. The presence of all 3 symptoms
(23 points total) was 100% specific for AHI; 8 AHI cases would
have met this cutoff, yielding a sensitivity of 19%.

DISCUSSION

We assessed symptoms occurring during the 14 days before
a voluntary community-based HIV testing encounter to con-
struct and validate a simple multivariate symptom score for
AHI, which may inform allocation of diagnostic and treatment
resources in settings that do not routinely test for AHIL

Fever, fatigue, and myalgia were among the most com-
monly reported symptoms among AHI in our study, which
is consistent with literature in the United States [18, 29, 30].
The relatively high specificity for each symptom is a function
of our HIV-negative sample being relatively asymptomatic.
Nearly 2 decades ago, Daar et al [18] compared the prevalence
of symptoms between those with primary HIV infection and a
comparator group that was recruited based on the presence of
certain symptoms. That study was therefore not able to reliably
assess frequency of symptoms in AHI negatives, making this
the first study to systematically assess presence of symptoms in
HIV-negative individuals presenting for voluntary routine AHI
screening.

We also found that the number of symptoms reported among
men vs women in HIV-negative cases and among older vs
younger participants in HIV-negative and AHI cases did not
differ. In a cohort study of individuals presenting for communi-
ty-based screening in rural south Africa [31], women and older
presenters were more likely to cite feeling ill as a reason for test-
ing, while men were more likely to present due to risky lifestyle.

This study raised important questions, one of them being
whether this disparity in motivation truly reflects symptom-
atology, or rather cultural norms or taboos. Our findings appear
to support the latter, while acknowledging that Early Test partic-
ipants were not asked uniformly about motivations for testing.

To our knowledge, the SDSS is the first score to be derived
from and validated in a cohort that included non-MSM. When
applied to MSM only, the SDSS performed equally well, and
appeared superior to published performances of risk based
scores derived exclusively from MSM [12, 32-34]. For example,
the SDET risk-based score, which was shown to be equally or
more discriminatory than other risk-based scores [12], yielded
an AUC of 0.70 (95% CI, .63-.78). A recently published com-
bined symptom and risk behavior score for MSM developed
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Receiver operating characteristic curves of the San Diego Symptom Score in the derivation set (A) and the validation set (B). The 95% confidence intervals are

by Dijkstra et al [34] in the Netherlands had a validation AUC
of 0.78 (95% CI, .74-.82). The performance of the Netherlands
score may have been diminished by its methodology, where
incident HIV infection was defined as seroconversions between
follow-up visits, and routine identification of AHI using HIV
NAT or p24 antigen testing was not performed.

We believe that a symptom-based assessment is exempt
from certain limitations inherent to risk-based scores. In a
study by Hoenigl et al [35] that examined transmission clus-
ters in southeast Austria using HIV-1 partial pol sequences, it
was found that nearly half of clustering males who reported
only heterosexual intercourse clustered closely with MSM.

The authors of that work propose possible explanations, one
being that these individuals misreported their behaviors due
to stigma. These individuals misreporting their risk may fall
through the cracks in settings that use risk behavior-based
scores. In contrast, symptoms may be less subject to stigma,
and therefore individuals may be more comfortable disclosing
symptoms than sexual behaviors. Another downside to risk-
based scores is that, as previously discussed, reported risk fac-
tors are not uniform in a population, but differ based on race,
sex, gender, and likely other factors [13, 36, 37]. For example, a
recent cross-sectional study by Liu et al [38] assessing risk fac-
tors among Chinese migrant worker MSM in Beijing showed

Table5. Distribution of San Diego Symptom Score (SDSS) and Diagnostic Parameters for Acute Human Immunodeficiency Virus Infection at Varying SDSS

Cutoffs in the Validation Set

SDSS Point Value AHI, No. (%) HIV Negative, No. (%) AHI Prevalence

0 11 (26) 255 (91) 41%

4 0(0) 3(1) 0%

8 1(2) 14 (5) 6.7%

1 7 (16) 5(2) 58.3%

12 2 (5) 1(0) 66.7 %

15 1(2) 0(0) 100%

19 13 (30) 4(1) 76.5%

23 8(19) 0(0) 100%

SDSS Cutoff AHI Cases Meeting Cutoff, % (No.) HIV-Negative Cases Meeting Cutoff, % (No.) Specificity +LR -LR DOR
0 100 (43) 100 (282) 1
>4 74 (32) 10 (27) 90% 777 0.28 2747
>8 74 (32) 9(13) 91% 8.74 0.28 31.27
>11 72 (31) 4(8) 96% 20.33 0.29 70.27
212 56 (24) 2(7) 98% 31.48 0.45 69.98
>15 51 (22) 1(7) 99% 36.07 0.5 72.81
>19 49 (21) 1(3) 99% 34.43 0.62 66.34
>23 19 (8) 0(0) 100% 0.81

Abbreviations: AHI, acute human immunodeficiency virus; DOR, diagnostic odds ratio; HIV, human immunodeficiency virus; -LR, negative likelihood ratio; +LR, positive likelihood ratio;

SDSS, San Diego Symptom Score.
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that the amount of time spent living in Beijing was inde-
pendently associated with HIV infection, and migrant MSM
were twice as likely to have HIV infection compared to local
resident MSM. Overall, our findings using a symptom-based
score in this study are encouraging. Future work to validate
the SDSS outside the United States, particularly in resource-
poor settings, would lend further support to the notion that
a symptom-based strategy for targeted NAT testing may be
more generalizable between different sexes, genders, or behav-
ioral risk patterns.

Strengths of this study were (1) the prospective enrollment
of participants; (2) systematic assessment of symptoms before
the testing encounter in those who tested negative by Ab and
NAT for HIV, allowing us to evaluate the specificity of symp-
toms; (3) the relatively large number of AHI cases compared to
cohorts described in existing literature; and (4) the inclusion of
non-MSM participants, comprising more than a quarter of our
study sample.

There are also several important limitations to take into
account. One limitation is that prior to 2017, symptoms for
AHI cases were assessed after diagnosis, raising the con-
cern that reported symptoms may be subjected to recall bias.
However, we demonstrated that early HIV infection cases
reported significantly fewer symptoms than AHI cases, des-
pite the fact that their symptoms were also assessed after their
diagnosis. This was reassuring, as the alternative finding (that
AHI cases and early HIV infection cases reported a similar
number of symptoms) would imply that reported symptoms
may be primary driven by somatization or bias, rather than
true symptoms. Other limitations include the single-center
design of this study, and that our study sample was mainly
white and with a significant proportion of Hispanics, which
is representative of the Early Test cohort [22] but may dif-
fer from other settings in the United States [13]. In terms of
self-identified gender, compared to previous published work
with the Early Test cohort from a different time period [36,
37, 39], our study sample had a slightly smaller proportion
of transgender persons and women, and a greater proportion
of MSM among male testers, reflecting time trends as well as
ongoing preexposure prophylaxis studies specifically target-
ing women and transgender persons in San Diego. While fre-
quency of symptoms did not differ between men and women
who tested negative for HIV, we were not able to compare
frequency of symptoms between sex or gender in those with
AHI, due to the fact that MSM account for the vast majority of
AHI diagnoses with the Early Test in San Diego.

In conclusion, the SDSS, a simple symptom score consisting
of fever, myalgia, and weight loss of 2.5 kg in the 14 days prior
to testing, was predictive of AHI in individuals who self-pre-
sented for community-based HIV testing. When selectively
applied to MSM, the performance of the SDSS exceeded that
reported for other risk behavior-based scores. Once validated

in populations with differing demographics, the SDSS may
inform allocation of resources in settings that do not routinely
utilize NAT to detect AHIL
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