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Abstract

Background: To assess the impact of syphilis infection on tis& pof HIV-RNA elevation in

people living with HIV (PLWH) with current HIV-RNAS0 copies/mL.

Setting: The Italian Cohort Naive Antiretrovirals (ICONA).

Methods. All PLWH (2009-2020) under antiretroviral treatmemith at least 2 consecutive HIV-
RNA values<50 copies/mL before the date of syphilis diagnasisl at least one HIV-RNA
determination after the syphilis event were entbli& control group of PLWH without syphilis was
matched for mode of HIV transmission. Outcomes vaa#ned using the first HIV-RNA measure
in the time window ranging between -2 and +6 morthshe diagnosis/index date. The primary
outcome used a single value>200 copies/mL to dédineRNA elevation associated with risk of
transmission. The association between syphilisctide and the protocol defined outcome was

evaluated using logistic regression analysis:

Results: Nine hundred and twenty-six PLWH with a syphilieetrwere enrolled and matched with
a random sample of 1370 PLWH without syphilis. Eegim of the 926 (1.9%) with syphilis hadl

HIV-RNA>200 copies/mL in the window vs. 29/13701%) of the not exposed (p=0.77). In the
multivariable analysis adjusted for age, year agdosis/index date and clinical site, syphilis
infection was not associated with the risk of HINR >200 copies/mL [adjusted Odds Ratio 0.81;

95% confidence interval 0.43-1.52, p=0.508].

Conclusions: We did not find any evidence for an associatiowken syphilis infection and viral

elevation >200 copies/mL.
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I ntroduction

The rate of sexually transmitted infections (STésihcreasing at an alarming rate especially among

men who have sex with men (MSM) [1, 2] and peopiad with HIV (PLWH) worldwide [3].

Among STIs, syphilis has resurged as a global puidialth problem with 6 million new syphilis
infections estimated worldwide in 2016 [1]. Thi€rease seems more pronounced in high income
countries [4,5]. A parallel trend toward an inceshsncidence of syphilis has been observed in
MSM PLWH both in America [6], Europe [7] and Chif&. In Italy, data from the Italian Cohort
Naive Antiretrovirals (ICONA) collected between 898nd 2012 showed a crude incidence rate of

any-stage syphilis of 3.95/1000 Person Years Follow @9 Cl 3.59-4.35/1000) [3].

Untreated syphilis can facilitate the transmissaod acquisition of HIV infection [9]. In the MSM
group, syphilis surveillance showed an increasiiyg &hd syphilis co-infection rate, ranging from

30% to 60% depending on the geographic locationf1D

Among STIs, syphilis has been associated with HNARincrease combined with a temporary
decline in CD4 T-cell count in PLWH not receivingtiaetroviral treatment (ART) [12, 13].
Whether syphilis could increase the risk of virabound with potential implication for HIV

transmission in PLWH under effective ART is stiliratter of debate [14, 15].

The aim of the present analysis is to assess thadnof syphilis infection on the risk of HIV-RNA

elevation >200 copies/mL in virologically suppressd WH.



Materials and methods

Study design

Observational study nested within the ICONA Fouimtastudy cohort.

Setting

The ICONA is an ltalian multicentric cohort of PLWsettled in 1997. The entry criteria to be
enrolled in the cohort is to be antiretroviral re@ietails of the cohort protocol for data collenti

have been published elsewhere [16].

Patients

The subset of the patients enrolled in ICONA froamulary 2009 to September 2020 who ever
developed syphilis over follow-up were includedtive analysis if they satisfied the following

inclusion criteria:

- Had at least 2 consecutive undetectable HIV-RNBO(copies/mL) while receiving ART
and before the date of syphilis diagnosis (the mesént undetectable value had to be at

least 3 months prior to the diagnosis).

- Had at least 1 additional HIV-RNA in the time-wind¢-2; +6] months of the diagnosis

All syphilis infection events were considered butlyothe first syphilis event which met the
inclusion criteria for each PLWH was included ire thnalysis. This group represents the exposed

group of interest.

A group of non-syphilis infected (unexposed) (askeone not exposed for every participant who
developed syphilis) was randomly selected amongcgaants of the ICONA cohort study if they

satisfied the same inclusion criteria of the exposet who, after the same duration of follow-up,
were free from syphilis. Not exposed were furthatehed for mode of HIV transmission. The

study comprised of matched sets of different sizasging from n=2 (1 matched uninfected for
5



every PLWH infected with syphilis) to n=4 (3 matdheninfected for every PLWH infected with

syphilis).

The hypothesis is that the syphilis could direatiypact on the risk of HIV-RNA >200 copies/mL
in virologically suppressed PLWH. The confoundedgntified through a direct acyclic graph
(DAG) (Figure 1), that could interact, between eedi or indirect route, with both exposure and

outcomes were:

-Mode of HIV transmission (controlled by matchingSM could be at higher risk of syphilis
acquisition and different mode of transmission doafifect the risk of HIV-RNA >200 copies/mL

through adherence.

- Age (adjusted in the regression model): age caffiett the risk of syphilis acquisition as younger
people are at higher risk of STIs. In additionesldubjects are generally more adherent to ART
and are likely to have a longer antiretroviral esyp@ and a higher number of previous virological

failures all factors which can potentially modifetrisk of HIV-RNA >200 copies/mL.

- Calendar year of diagnosis/index date (adjustetthé regression model): in more recent years a
known increase of STIs and in particular syphiliaswobserved whereas more effective and

tolerable ART regimens are available.

- Clinical site (adjusted in the regression model)s possible that routine syphilis screening and

quality of care may vary by clinical site.

All patients signed a written informed consent éodnrolled in ICONA.

Definition and clinical classifications

For the not exposed we will refer to the date, imatg the date of diagnosis for the corresponding

exposed case, as the ‘index date’.



Syphilis occurrence was defined as the clinicafjdasis of any-stage syphilis (primary, secondary,
tertiary/neurosyphilis, early latent, late latefty]. PLWH syphilis cases were classified in the
absence of clinical signs/symptoms as early latétitey had a negative treponemal test within 12
months from the diagnosis or if they have a negation treponemal test in case of previous

syphilis within the previous 12 months, and theaenmg as late latent syphilis [17].

Outcomes

The outcome was defined as havikigHIV-RNA>200 copies/mL measured in the time windpw
2; +6 months] of the diagnosis of syphilis (for egpd) or matching index date (for not exposed).
This time window was chosen on the basis of thelaton period of syphilis and the potential
latency in the diagnosis [14]. If there was at leaise HIV-RNA was >200 copies/mL in the
window the participants were defined as havingraluoad elevation potentially associated with
transmission (primary binary outcome) [18]. In dtemative analysis single HIV-RNA elevation

was defined using the threshold of >50 copies/mL.

Statistical analysis

The association between syphilis infection andpfaocol defined outcomes was evaluated using
logistic regression analysis. The multivariable istig analysis was adjusted for potential
confounders chosen a priori according to our asdumelerlying causal structure of the data
depicted in the DAG: age, calendar year at diagifiosiex date and clinical site. In addition, mode
of transmission was controlled for by matching. iBes syphilis infection, which was the main
exposure of interest, we also investigated the cietson between the potential confounders

included in the model and the risk of protocol omes.

The analysis was repeated after restricting onli?lteVH with early syphilis (primary, secondary

and early latent).



Finally, an interrupted time series analysis (IM&s used to assess the trend of HIV-RNA in

PLWH with syphilis before and after the date ofgthasis.

The statistical analysis was conducted using SASBs{@n 9.4, Carey NC USA). A p value <0.05

was considered statistical significant.

Results

Nine hundred and twenty-six PLWH with a syphiliseet/ were enrolled and matched with a

random sample of 1370 PLWH without syphilis.

The clinical and demographic characteristics ofsttuely population are reported in Table 1.

We have classified the infections as follows: 28mary syphilis (3.1%), 52 secondary syphilis
(5.6%), 2 tertiary/neurosyphilis (0.2%), 155 (16)7&arly latent syphilis and 688 (74.3%) late
latent syphilis. Therefore there were a total @ 235.5%) early and 690 (74.5%) late infections.
Eighteen of the 926 (1.9%) with syphilis had HIV-RNA>200 copies/mL in the window vs.
29/1370 (2.1%) of the not exposed (p=0.77), wheasahlV-RNA >50 copies/mL occurred in 51/
926 (5.5%) exposed and 65/1370 (4.7%) non-expqse@i413).

Factors assoclated with HI'V-RNA elevation >200 copiessmL and >50 copies/mL

In the unadjusted analysis, controlled only for mad HIV transmission matched by design, there
was no evidence for an association between sypimfection and risk of a single HIV-RNA
elevation >200 copies/mL (Odds Ratio (OR) 0.92; 96%0.51-1.66), p=0.744). Results were
similar after further controlling in the logistiegression model for age, year of diagnosis/indés da
and clinical site (adjusted Odds Ratio (AOR) 0.8%% CI 0.43-1.52), p=0.508). Regarding the
other factors included in the model, more recemry®f diagnosis/index date was associated with

lower odds (AOR 0.83; 95% CI 0.78-0.§8,0.001].
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When using the alternative outcome of single HIVARNMlevation >50 copies/mL, in the
multivariable analysis adjusted for the same factaed in the main analysis, again the data were
inconclusive with a 95% confidence interval comipiatiwith both the null hypothesis of no
difference and a less than half-fold increased oisWL>50 copies/mL associated with a diagnosis
of syphilis (AOR 1.00; 95% CI 0.67-1.49), p=0.99Apain, a more recent year of diagnosis/index
date was associated to lower odds of HIV-RNA >5piesyfmL [AOR 0.85; 95% CI 0.81-0.88;
p<0.001) also in this analysis.

After restricting to events of early syphilis weclmded a total of 236 infections matched to 408
non-infected participants. In this subset, 2/238%0) vs: 9/408 (2.2%) hadl HIV-RNA>200
copies/mL (p=0.200). The estimates provided bg tbgistic regression model showed
inconclusive evidence for an association betweety egphilis and risk of viral elevation >200
copies/mL (AOR=0.41, 95% CI:0.08-2.15, p=0.290)

No statistically significant trend towards higheypplation HIV-RNA levels at time of diagnosis
when compared to periods preceding or following dregnosis was observed in the ITS analysis

restricted to PLWH with syphilis.

Discussion

In our cohort we observed a low rate (approximag8ly) of HIV-RNA elevation >200 copies/mL

in PLWH with syphilis infection and a previous st of suppressed HIV-RNA<50 copies/mL.

In the pre-ART era, it had been reported that gigpinfection could cause elevation of HIV-RNA
and reductions in CD4 cell count, findings whichrgveonfirmed by several observational studies
[12, 13]. Although currently the vast majority oltfents experience a stable viral suppression, it
remains unclear whether syphilis infection couldl stetermine changes in HIV-RNA under

effective ART. One anecdotal report described a@epaexperiencing viral rebound during early
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syphilis [19]. In an observational study of PLWH avieceived ART, a concomitant early syphilis
resulted associated with higher odds of HIV-RNAvaten >500 copies/mL after achieving viral
suppressior500 copies/mL [14]. Conversely, a recent reporGogwaldet al using the data of the
Ontario HIV Treatment Network cohort showed no evice for an association between syphilis
infection and risk of virological failure in MSM vehwere virologically suppressed [15]. Our
findings are consistent with this observation ie #tontext of HIV-RNA elevations potentially

associated with the risk viral transmission.

In our analysis more recent years resulted indegrthdassociated with lower odds of both HIV-
RNA above 50 copies/mL and 200 copies/mL. This ifigdis not unexpected considering the
improved efficacy and tolerability of new ART reg@ms allowing a less strict adherence to

maintain the target of undetectability [20,21].

The present study has some limitations. Firstoaliin STIs screening comprehensive of syphilis is
performed in our cohort in accordance with curiatérnational guidelines at least once a year, we
cannot be sure that all events of syphilis infexticare captured so mis-classification of the
exposure is possible. Second, our results are tondin our model assumptions to be correct and
because of the observational nature of the studycawmot rule out the presence of residual or
unmeasured confounding bias. Third, the time windtwasen to investigate whether there was an
HIV-RNA elevation concomitant or immediately follavg the diagnosis of syphilis/index date was
arbitrary. In addition, because the date of diagnislikely to be interval censored it is possible
that the chosen time window did not exactly matehttime in which participants were experiencing
active syphilis. However, results were similar irsensitivity analysis censoring the window 4
months after the index date (data not shown). lmstause of the relatively small sample size and
small number of viral load elevation events, theklaf association might be due to low statistical

power. Indeed, although the data are compatiblé thié null hypothesis of no difference, a one
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half-fold higher risk of HIV-RNA elevation in patés with syphilis cannot be excluded with 95%

confidence.

In conclusion, in a large cohort of PLWH under efifee ART our data show inconclusive evidence
for an increased risk of viremia >200 copies/miglunding the potential risk of HIV transmission,
associated with a concurrent syphilis infectionv@téheless, a continuous effort to limit the global
spread of STIs is warranted considering the wod@wiising trend of STls and of syphilis in

particular in PLWH.
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