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Abstract: Most people living with HIV (PLWH) are co-infected with syphilis or other sexually
transmitted infections (STIs) and experience frequent reactivations of syphilis. Thus, syphilis or other
STIs are highly prevalent in most regions experiencing severe HIV epidemics. In sub-Saharan Africa,
the region most heavily affected by HIV, the prevalence of syphilis among PLWH is approximately
7.3%. This region accounts for 40% of global STIs and 70% of HIV cases, highlighting the need for
targeted research. Despite the high prevalence of syphilis among PLWH in the region, the impact of
syphilis on HIV transmission and HIV disease progression has not been well-studied. In this
manuscript, we evaluated if syphilis facilitates HIV acquisition and HIV disease progression in the
region. We used retrospective data from 53,915 adult participants enrolled through Population-based
HIV Impact Assessment (PHIA) surveys conducted in Zambia and Tanzania. Logistic regression
models were used to assess the impact of syphilis on HIV acquisition and disease progression. Our
findings indicated that syphilis infection was associated with higher odds of HIV acquisition.
Moreover, co-infection with syphilis was associated with higher odds of HIV disease progression
among PLWH treated with antiretroviral therapy (ART). Our findings suggested that the recognition,
treatment, and prevention of syphilis to reduce the risk of HIV transmission and HIV disease
progression should be a public health priority in sub-Saharan Africa, where ART may not be readily
available.

Keywords: sub-Saharan Africa; HIV; syphilis; HIV acquisition; HIV progression; logistic regression

1. Introduction

Syphilis is still a modern-day pandemic that affects millions of individuals globally and is
becoming more common [1]. Treponema pallidum is the bacterium that causes syphilis [2,3]. Syphilis
mainly spreads through sexual activity (anal, genital, or oral) [1]. The infection progresses through
four stages (primary, secondary, latent, and tertiary), with signs and symptoms varying at each stage
[2,3]. If left untreated, syphilis can impact multiple organs over the years or even decades as it
advances through its various stages [1-3]. It can also be transmitted from mother to fetus, leading to
congenital syphilis, which may result in complications such as stillbirth, miscarriage, and low birth
weight [2-5]. In 2022, the World Health Organization (WHO) projected that 8 million people aged 15
to 49 contracted syphilis globally, with an additional 700,000 cases of congenital syphilis [6,7]. New
syphilis cases among adults aged 15 to 49 rose from 7.1 million in 2020 to 8.0 million in 2022 [8]. The
global prevalence rate of syphilis was reported to be 0.6% [95%Cl, 0.5%—-0.7%] in both men and
women, and congenital syphilis at a rate of 523/100,000 live births [3,6,7]. Notably, certain countries
that systematically track syphilis have reported significant increases, particularly among MSM and
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cases of congenital syphilis [6]. An estimated 7.5% of MSM worldwide are infected with syphilis,
compared to just 0.6% of men in the general population [6]. The World Health Organization (WHO)
has set two goals for 2030: (1) to reduce the global incidence of syphilis by 90% and (2) to decrease
the rate of congenital syphilis to <50 cases per 100,000 live births [6,9]. Penicillin or doxycycline
medication is the conventional treatment for syphilis [1-3]. However, the requirement for injections,
medication shortages, and allergies are obstacles to taking penicillin, and doxycycline is not
recommended for pregnant women [1-3].

Syphilis and other sexually transmitted infections (STIs) worldwide are most common among
PLWH]J1,2,4]. HIV infection is complex on its own, but when it coexists with syphilis or other STIs,
the severity of each infection increases and can lead to treatment failure [1,10,11]. Syphilis and HIV
share common risk factors like lower education level, having multiple sexual partners, and alcohol
consumption [12-14]. Syphilis and HIV have a bi-directional relation where syphilis could increase
the risk of HIV transmission, and HIV could also accelerate the progression of syphilis [11,15,16].
Prior studies have indicated that the serious side effects linked to untreated syphilis may contribute
to HIV infection transmission and acquisition [12]. The presence of syphilitic sores or ulcers,
particularly in genital or anal areas, creates entry points for HIV, facilitating easier transmission
during unprotected sexual contact. The inflammatory response caused by syphilis also increases
immune cells like CD4 T cells in affected tissues, which are the primary targets for HIV, heightening
the risk of infection [2]. The risk of HIV infection doubles in individuals with syphilis, as does the
likelihood of contracting other STIs, such as gonorrhea, chlamydia, and genital herpes [3]. Thus,
screening and treating syphilis play a key role in reducing HIV incidence [12]. In individuals co-
infected with HIV and syphilis, HIV could alter syphilis symptoms, making it more challenging to
diagnose and treat accurately, sometimes resulting in false positive or negative serology results
[11,15-17]. Preventative strategies like doxycycline postexposure prophylaxis (doxy-PEP), which
refers to taking the antibiotic doxycycline after exposure to STIs, have shown promise in reducing
syphilis incidence in high-risk populations [18,19]. Several studies have shown that doxy-PEP led to
anearly 70% reduction in syphilis among MSM using HIV preexposure prophylaxis (PrEP) [18,20,21].

Antiretroviral therapy (ART) has proven to be highly effective in managing HIV in PLWH. Early
ART initiation and adherence to ART reduce disease progression and death while also preventing
new cases from spreading [22]. While there is compelling evidence of the effect of ART on HIV viral
load (VL) suppression, the impact of STIs like syphilis on the efficacy of ART has not been well
studied, especially in sub-Saharan Africa, where HIV-syphilis co-infection is common. Frequent
activation of syphilis can reoccur among PLWH. A recent study found that syphilis prevalence
among PLWH in the sub-Saharan African region was approximately 7.3% [95% CI, 6.3%-8.5%] [4].
Another study has shown that around 45% of PLWH with suppressed VL were still diagnosed with
syphilis [23]. Research on HIV-positive men with secondary syphilis, for example, found significant
increases in HIV VL during syphilis infection, particularly in those not on ART [24,25]. Even among
those on ART, syphilis caused detectable increases in VL in some cases [24,25]. In PLWH, untreated
syphilis is linked to substantial neurologic and cardiovascular consequences as well as significant
morbidity and mortality [3,4]. Some studies suggest that syphilis co-infection in PLWH can cause
temporary increases in HIV VL, which may lead to a sustained loss of VL suppression [26]. Thus,
reducing the risk of recurrent syphilis among PLWH enhances their ability to maintain HIV VL
suppression. Additionally, other research indicates that individuals on highly active antiretroviral
therapy (HAART) may experience an improved serological response to syphilis [26,27]. These
findings suggest that incorporating doxy-PEP as part of a broader HIV prevention strategy may
enhance the efficacy of ART treatment among PLWH.

HIV-syphilis co-infection causes challenges in the treatment and prevention of HIV, especially
in sub-Saharan Africa, where ART is not readily available and the region that bears 40% of the global
burden of STIs and 70% of the global HIV burden [8]. In this paper, we used retrospective data from
53,915 adult participants to study the role syphilis plays in HIV acquisition, transmission, and disease
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progression. The participants were enrolled through population-based surveys in Zambia and
Tanzania.

2. Materials and Methods

Study Design and Participants: In this study, we did a secondary analysis of retrospective cross-
sectional data collected through the Population-based HIV Impact Assessment (PHIA) surveys
conducted in Zambia and Tanzania. The PHIA project was funded by the U.S. President’s Emergency
Plan for AIDS Relief (PEPFAR) and technically supported by the International Center for AIDS Care
and Treatment Programs (ICAP) at Columbia University through the U.S. Centers for Disease Control
and Prevention (CDC) [28-31]. Written informed consent was obtained at every survey stage (head
of the household interview, individual interview, and blood sample collection). All survey materials,
including questionnaires and consent forms, were translated from English into local languages. The
survey covered various aspects, including a household questionnaire, individual interviews
addressing HIV care and treatment, HIV knowledge, behavioral risk factors associated with HIV
incidence and prevalence, and questions on co-infections such as syphilis, tuberculosis, hepatitis B,
and cervical cancer. Eligible participants aged 15 years and more completed a standardized
questionnaire and provided blood samples for HIV and syphilis testing [31,32]. HIV home-based
testing and counseling (HBTC) was conducted following national guidelines, using a sequential
rapid-test algorithm that included the Determine HIV-1/2 test (Abbott Molecular Inc., Des Plaines,
Illinois, US) as the screening test and the Uni-Gold test (Trinity Biotech, Wicklow, Ireland) as the
confirmatory test. Individuals with reactive results on both tests were identified as HIV-positive and
referred to HIV care and treatment services. Whereas syphilis testing was conducted using Chembio
DPP Syphilis Screen & Confirm Assay (Chembio Diagnostic Systems, Inc, Medford, NY, U.S.) to
detect antibodies against treponemal and non-treponemal antigens. Active syphilis infection is
defined as the presence of both treponemal and non-treponemal antibodies, whereas a history of
syphilis is defined as the presence of only treponemal antibodies. The methodology, including survey
questionnaires, study design, and testing procedures, was described previously [31-33].

Study Outcome and Covariates: The primary outcomes of interest in this paper were HIV
acquisition and HIV disease progression. HIV disease progression was assessed among the ART-
treated PLWH by lack of HIV RNA VL suppression, defined as = 1000 copies/mL. The covariates we
considered include socio-demographic factors (such as age and gender), STI (co-infection) status, and
clinical variables (such as duration on ART, ART initiation 12 months or more before the survey, and
CDA4 T cell count).

Statistical Analysis: Descriptive measures and statistical graphs were used to summarize data.
Continuous variables such as age and CD4 T-cell count were summarized using medians and
interquartile ranges (IQRs), while categorical variables were presented as frequencies and
percentages. Categorical variables were compared between groups using Fisher’s exact test, whereas
the nonparametric Wilcoxon rank-sum test was used for comparing continuous study variables. The
main objectives of our analyses were twofold: The first objective was to evaluate the impact of syphilis
on HIV disease acquisition. Logistic regression models were used to assess the impact of syphilis on
HIV acquisition after adjusting for the effect of other factors such as age and gender. The second
objective was to evaluate the impact of syphilis on HIV disease progression in ART-treated PLWH.
HIV disease progression was defined by the failure of HIV RNA viral load (VL) suppression. We
used propensity score matching (PSM) to reduce potential confounding and ascertain the
independent impact of syphilis on HIV disease progression. HIV patients co-infected with syphilis
were matched for age and gender with HIV patients without syphilis co-infection. The matching was
done in R using the Matchlt package. HIV RNA VL suppression rates were analyzed by comparing
participants co-infected with syphilis with age-gender-matched HIV participants without syphilis co-
infection. Logistic regression models were used to assess the impact of syphilis on VL suppression
after adjusting for the effect of other confounding variables such as CD4 T cell count, duration on
ART treatment, and ART initiation 12 months or more before the survey.
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3. Results

We analyzed data from 21,280 participants in Zambia and 32,635 participants in Tanzania who
took part in the surveys. Participant’s ages ranged from 15 to 59 years in Zambia and 15 to 64 years
in Tanzania. Table 1 provides an overview of the participant characteristics. The median age of the
participants was 29 [IQR= 21-39] years in Zambia and 31 [IQR= 22-45] years in Tanzania. In both
countries, female participation was higher than male, with females making up 57% (n=12,109) in
Zambia and 56% (n=18,172) in Tanzania. A total of 19,157 (90%) participants from Zambia and 32,634
(99%) from Tanzania were tested for syphilis. Of those tested, 2.8% (n=591) in Zambia and 1% (n=328)
in Tanzania were tested positive for an active syphilis. More than 6% of participants in both countries
had a history of syphilis, with 6.4% (1=1,361) in Zambia and 6.2% (n=2,026) in Tanzania. A total of
19,115 participants in Zambia and all participants in Tanzania were screened for HIV. Among those
screened, 11.6% (n=2,467) in Zambia and 5.8% (1=1,895) in Tanzania were tested positive for HIV. Of
those who tested positive for HIV and started ART, 7% (n=1,465) in Zambia and 3% (n=994) in
Tanzania achieved VL suppression.

Table 1. Characteristics of participants in the survey in Zambia and Tanzania.

Zambia (n=21,280) Tanzania (n=32,635)

Variable N (%) N (%)
Age 29 (IQR: 21-39) 31 (IQR: 22-45)
Female Gender 12,109 (56.9%) 18,172 (55.7%)
Male 9,171 (43.1%) 14,463 (44.3 %)
Active syphilis

Yes 591 (2.8%) 328 (1%)

No 18,566 (87.2%) 32,306 (99%)
Ever syphilis

Yes 1,361 (6.4%) 2,026 (6.2%)

No 17,796 (83.6%) 30,608 (93.8%)
HIV Acquired 2,467 (11.6%) 1,895 (5.8%)
Viral Load suppressed 1,465 (6.9%) 994 (3%)

Table 2 outlines the characteristics of the study participants by HIV acquisition status in Zambia
and Tanzania. Among those screened for HIV, 13% (n=2,467) in Zambia and 6% (n=1,895) in Tanzania
were tested positive for HIV. The median age of the participants was notably higher among PLWH,
with a median age of 38 years [ IQR= 30-45] in Zambia and 39 years [IQR: 30-47] in Tanzania,
suggesting that older individuals were more susceptible to acquiring HIV (p <0.001). In both
countries, most of the PLWH were females: 69% (1=1,688) in Zambia and 69% (1=1,297) in Tanzania.
Moreover, participants with active syphilis or a history of syphilis were found to be at increased risk
of HIV acquisition. Among participants with active syphilis, 9.1% (1n=225) tested positive, and 2.2%
(n=366) tested negative for HIV in Zambia. Similarly, in Tanzania, among the participants with active
syphilis, 4.0% (n=76) tested positive, and 0.8% (1n=252) tested negative for HIV. As with the case of
active syphilis, a history of syphilis was also significantly (p<0.001) associated with an increased risk
of HIV acquisition in both countries. In Zambia, among the participants with a history of syphilis
infection, 16.4% (1n=406) were HIV positive compared to 5.7%(n=955) of HIV negative. Similarly, in
Tanzania, among the participants having a history of syphilis, 14.3% (1n=271) were tested as HIV
positive compared to 5.7%(n=1,755) as HIV negative (p<0.001). In conclusion, our analysis indicates
that older age, female gender, and active syphilis infection or history of syphilis were associated with
an increased risk of HIV acquisition.

d0i:10.20944/preprints202501.1631.v1
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Table 2. Characteristics of participants by HIV acquisition status in Zambia and Tanzania.

Zambia Tanzania
HIV positive HIV negative HIV positive HIV negative
Variable (n=2,467,129%)  (n=16,648,87.1%)  p_yalue (n=1,895, 5.8%) (n=30,740, 94.2%) P-Value
N (%) N (%) N (%) N (%)
Age 38 (IQR: 30-45) 27 (IQR: 20-38) <0.001 39 (IQR: 30-47) 30 (IQR: 21-44) <0.001
Female Gender 1,688 (68.4%) 9,285 (55.8%) <0.001 1,297 (68.4%) 16,875 (54.9%) <0.001
Active syphilis
Yes 225 (9.1%) 366 (2.2%) <0.001 76 (4%) 252 (0.8%) <0.001
No 2,242(90.9%) 16281(97.8%) 1,819(96%) 30,487(99.2%)
Ever syphilis
Yes 406 (16.4%) 955 (5.7%) <0.001 271 (14.3%) 1,755 (5.7%) <0.001
No 2,061(83.6%) 15,692(94.3%) 1,624(85.7%) 28,984(94.3%)

In both countries, less than 20% of the PLWH were co-infected with syphilis. For this reason, we
used propensity score matching (PSM) to select age-gender-matched PLWH without syphilis for each
co-infected subject. Table 3 displays the patient characteristics by HIV VL suppression status for co-
infected PLWH and the matched PLWH without syphilis infection. Among PLWH, 61.5% (n=487) in
Zambia and 55% (1n=299) in Tanzania achieved VL suppression after receiving ART treatment. In
Zambia, the proportion of PLWH who achieved VL suppression was lower in those with active
syphilis (26.1%, n=127) compared to those without active syphilis (73.9%, n=360). Similarly, in
Tanzania, the proportion of PLWH and active syphilis achieved VL suppression is lower (12.0%,
n=36) compared to those without active syphilis (88%, n=263). However, this difference was not
statistically significant (p=0.123 in Zambia and p=0.171 in Tanzania). In Zambia, PLWH with a history
of syphilis also achieved less VL suppression (49.7%, n=242) compared to those without any history
of syphilis (50.3%, n=245), though the difference was not too high. On the contrary, in Tanzania, the
proportion of PLWH with a history of syphilis achieved higher VL suppression rates (52.5%, n=157)
compared to those without any history of syphilis (47.5%, n=142). This difference was also not
statistically significant (p=0.715 in Zambia and p=0.226 in Tanzania). Hence, PLWH infected with co-
infections like syphilis are less likely to achieve VL suppression, making it a contributing factor for
HIV disease progression. Table 3 also compares other covariates by suppression status. In Zambia,
PLWH who achieved VL suppression were older (median =40 years, IQR = 32-46) than those without
suppression (median = 32 years, IQR = 28-42). A similar trend was observed in Tanzania, where the
median age of those with VL suppression was 43 years (IQR: 36-52), compared to those without
suppression (median= 40 years, IQR: 32-49), making age a significant factor in achieving VL
suppression (p <0.001). In both countries, participants with VL suppression had higher CD4 T-cell
counts. In Zambia, the median CD4 T-cell count was higher among virally suppressed participants
with 475 cells/pL [IQR: 344-635] compared to those without suppression at 333 cells/pL [IQR: 207-
492.5], which was statistically significant (p <0.001). A similar trend was observed in Tanzania, where
participants with VL suppression have a higher median CD4 T-cell count of 483.5 cells/uL [IQR: 346.8-
655] compared to those without suppression at 328 cells/uL [IQR: 191-485] which was statistically
significant (p<0.001). Although a higher proportion of females achieved VL suppression in both
countries, gender was not statistically significant (p=0.07 in Zambia and p=0.06 in Tanzania) in
achieving viral suppression. In Zambia, participants taking ART medication achieved higher VL
suppression rates (93.8%, n=457) compared to those without suppression (10.8%, n=33). Similarly, in
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Tanzania, 88.6% (n=265) of the PLWH taking ART medication achieved VL suppression compared to
13.6%(n=33) without suppression, and it was statistically significant (p<0.001). In Zambia, PLWH
achieved higher VL suppression (70.4%, n=343) who had started ART treatment 12 months or more
before the survey, compared to those without suppression (11.1%, n=34),) and it was not statistically
significant (p =0.29). A similar trend is observed in Tanzania, with 56.5% (1#=169) of PLWH achieving
higher VL suppression in those who had started ART 12 months or more before the survey compared
to the 11.1%(n=27) without suppression, and it was also not statistically significant (p=0.219). The
duration on ART is divided into four categories (not on ART, less than 12 months on ART, 12-23
months, and 24 months or more duration on ART). In Zambia, a lower proportion of PLWH achieved
VL suppression (14.2%, n=69) who were not receiving ART treatment compared to those who were
not virally suppressed (86.5%, n=264). A similar trend is seen in Tanzania, with 11% (n=33) of PLWH
who were not on ART achieved VL suppression compared to 81.9%(n=199) without viral suppression.
Whereas, in Zambia, PLWH who are on ART treatment for 24 months or more achieved higher VL
suppression (57.3%, n=279) when compared to PLWH on ART treatment for 12-23 months (11.5%,
n=56) and less than 12 months (13.5%, n=66). Similarly, in Tanzania, higher VL suppression was
achieved among PLWH and on ART treatment for 24 months or more (62.2%, #=186) when compared
to PLWH on ART treatment for 12-23 months (9%, n=27) and less than 12 months (0%). ART Duration
was statistically significant in achieving VL suppression (p<0.001) in both countries. In summary, our
analysis indicated that in PLWH, active syphilis and a history of syphilis were associated with a lack
of VL suppression or HIV disease progression.

Table 3. Characteristics of participants by HIV progression status in Zambia and Tanzania.

Zambia Tanzania
HIV not
HIV suppressed gllgp;f:se d HIV suppressed suppressed
. (n=487, 61.5%) N o P- (n=299, 55.1%) (n=243,
Variable (n=305, 38.5%) Value 44.8%) P-Value
N (%) N (%) N (%) N (%)
Age 40 (IQR: 32-46) 32 (IQR: 28-42) < 43 (IQR: 36-52) 40 (IQR: 32-
<0.001
0.001 49)
CD4 count 475 (IQR: 344- 333 (IQR:207- < 483.5 (IQR: 346.8- 328 (IQR: 0,001
635) 492.5) 0.001 655) 191-485) <
Female Gender 332 (68.2%) 189 (62%) 0.07 196 (65.5%) 140 (57.6%) 0.06
Active syphilis
Yes 127 (26.1%) 95 (31.1%) 0.1235 36 (12.0%) 40 (16.5%) 0.171
No 360(73.9%) 210(68.9%) 263(88%) 203(83.5%)
Ever syphilis
Yes 242 (49.7%) 156 (51.1%) 0.7153 157 (52.5%) 114 (46.9%) 0.2266
No 245(50.3%) 149(48.9%) 142(47.5%) 129(53.1%)
ART status 457 (93.8%) 33 (10.8%) < 265 (88.6%) 33 (13.6%)
<0.001
0.001
ART initiation 343 (70.4%) 34 (11.1%) 0.29 169 (56.5%) 27 (11.1%) 0.219
ART duration
69 (14.2%) 264 (86.5%) < 33 (11.0%) 199 (81.9%) <0.001
Not on ART 0.001 :
On ART <12 66 (13.5%) 10 (3.3%) 0 (0%) 0 (0%)
months
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On ART 12-23 56 (11.5%) 4 (1.3%) 27 (9%) 5 (2%)
months

On ART 24 months 279 (57.3%) 26 (8.5%) 186 (62.2%) 25 (10.3%)
or more

We ran univariate and multivariate logistic regression to assess the effect of syphilis on the odds
of HIV acquisition and progression. The results of our analysis for HIV acquisition are presented in
Figure 1. In our sample data from both countries, syphilis infection was associated with higher odds
of HIV acquisition. The odds of HIV acquisition in participants with active syphilis infection in
Zambia and Tanzania were [OR=4.46, 95% CI:3.76-5.30, p < 0.001] and [OR=5.05, 95% CI:3.89-6.56, p <
0.001], respectively. Moreover, the odds of HIV acquisition in participants with a history of syphilis
in Zambia and Tanzania were [OR=3.23, 95% Cl:2.85-3.66, p < 0.001] and Tanzania [OR=2.75, 95%
Cl:2.40-3.16, p <0.001] respectively. We also ran multivariate logistic regression to estimate the impact
of syphilis on HIV acquisition after adjusting for the effect of other covariates, including gender and
age. These results also showed that both active syphilis: Zambia [OR=2.37, 95%CI: 1.86-3.02, p<0.001]
and Tanzania [OR=2.58, 95% CI:1.91-3.48, p<0.001] and a history of syphilis infection:
Zambia[OR=1.77, 95% CI: 1.48-2.12, p<0.001] and Tanzania[OR=1.94, 95% CI: 1.65-2.29, p<0.001] were
associated with higher odds of HIV acquisition regardless of the other covariates. our data showed
no significant association between co-infections and VL suppression.

Variable LCL OR UCL pval

Zambia

Age 1.05 1.05 1.058 <0.001 u

Female Gender 1.57 1.718 1.881 <0.001 —a—

Active syphilis 3.76 4.464 5301 <0.001 -
Ever syphilis ~ 2.857 3.237 3.667 <0.001 ——

Variable LCL OR UCL pval

Tanzania

Age 1.015 1.017 1.02 <0.001 u

Female Gender 1.613 1.782 1.968 <0.001 ——

Active syphilis  3.894 5.055 6.561 <0.001 L =

Ever syphilis 2402 2.756 3.162 <0.001 ——

Figure 1. Forest plot of odds ratio (OR) together with their 95% confidence intervals for HIV acquisition in
Zambia and Tanzania. The blue box represents the point estimate of the analysis, while horizontal lines represent
the confidence interval (CI). The ends of the lines mark the boundaries of the CI, and the arrow mark indicates
the extended CI beyond the x-axis limits.

To understand the impact of syphilis on HIV progression, we ran a univariate and multivariate
logistic regression, and the results are presented in Figure 2. In our sample data from both countries,
syphilis infection was associated with a lack of VL suppression in ART-treated PLWH. In both
countries, active syphilis was associated with a lack of VL suppression, though it did not reach
statistical significance: Zambia [OR=0.78, 95% CI:0.56-1.06, p=0.1225] and Tanzania [OR=0.695, 95%
CIL:0.427-1.129, p=0.141]. Similarly, a history of syphilis was associated with a lack of viral suppression
in Zambia [OR=0.94, 95% CI: 0.70-1.25, p=0.690] but a trend toward suppression in Tanzania [OR=1.25,
95% CI:0.89-1.75, p=0.195]. Figure 2 also displays the effect of the other covariates on VL suppression.
In both countries, ART duration: Zambia [OR=3.84, 95% CI:3.21-4.60, p<0.001] and Tanzania [OR=3.66,
95% CI:3.04-4.41, p<0.001] and CD4 count: Zambia [OR=1.003, 95% CI:1.002-1.004, p<0.001] and
Tanzania [OR=1.003, 95% CI:1.002-1.004, p<0.001] were associated with VL suppression. Similarly,
older age in Zambia [OR=1.064, 95% CI:1.04-1.08, p<0.001] was also associated with VL suppression.
Though not statistically significant, older age in Tanzania [OR=1.01, 95% CI: 1.00-1.03, p=0.014] and
female gender in both Zambia [OR=1.31, 95% CI:0.97-1.77, p=0.073] and Tanzania [OR=1.4, 95%
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CI:0.98-1.98, p=0.058] were also associated with VL suppression. In both countries, ART initiation 12
months or more before the survey was not statistically significant, but it was associated with VL in
Zambia [OR=1.52, 95% CI: 0.72-3.24, p=0.26] and showed a tendency towards lack of VL suppression
in Tanzania [OR=0.41,95% CI:0.12-1.43, p=0.16].

Variable LCL OR UCL pval

Zambia

Age 1.047 1.064 1.082 <0.001 u

Female Gender 0.974 1.315 1.774 0.073 —_—

Active syphilis  0.569 0.78 1.069 0.122 —

Ever syphilis 0.709 0.943 1.256 0.690 —

CD4 count 1.002 1.003 1.004 <0.001 | |

ART Duration  3.218 3.848 4.6 <0.001 —_—_—
ART Initiation 0.72 1.529 3.245 0.269 L

Variable LCL OR UCL pval

Tanzania

Age 1.004 1.019 1.034 0.014 | ]

Female Gender 0.988 1.4 1.984 0.058 L

Active syphilis  0.427 0.695 1.129 0.141 —

Ever syphilis 0.891 1.251 1.756 0.195 —

CD4 count 1.002 1.003 1.004 <0.001 n

ART Duration 3.04 3665 4.419 <0.001 L
ART Initiation ~ 0.121 0.417 1.438 0.166 i

Figure 2. Forest plot of odds ratio (OR) together with their 95% confidence intervals for HIV progression among
PLWH in Zambia and Tanzania. The blue box represents the point estimate of the analysis, while horizontal
lines represent the confidence interval (CI). The ends of the lines mark the boundaries of the CI and arrow mark
indicate the extended CI beyond the x-axis limits.

4., Discussion

The major focus of our paper was twofold: to assess the impact of syphilis on HIV acquisition
and HIV disease progression in sub-Saharan Africa. The presence of co-infections like syphilis can
complicate the health of PLWH, as it makes managing HIV and maintaining immune system function
more challenging [10,34,35]. Syphilis, being an STI, causes lesions in the genital area, which serve as
an entry point for HIV, thereby increasing the likelihood of HIV transmission [12]. Despite the high
prevalence of syphilis among PLWH in the region, the impact of syphilis on HIV transmission and
HIV disease progression has not been well-studied in sub-Saharan Africa. Previous studies on the
interplay between HIV and syphilis have often been constrained by either limited sample size [15,36]
or were focused on very specific subgroups, such as MSM [12,37,38], female sex workers [39], and
pregnant women [40]. As a result, the insights gained from these studies may not be widely
generalizable to the broader HIV population. In this manuscript, we used retrospective data from
53,915 adult participants enrolled through population-based studies in Zambia and Tanzania. In our
Zambia data, 11.6% of the participants were PLWH, 2.8% had active syphilis infection, and 6.4% had
a history of syphilis. Similarly, in our Tanzania data, 5.9% of the study participants were PLWH, 1%
had active syphilis infection, and 6.2% had a history of syphilis. These figures align with findings
from previous studies in sub-Saharan Africa [13,32]. In both countries, the prevalence of HIV was
markedly higher among individuals with either active syphilis or a history of syphilis infection,
which is consistent with previous studies [13,32,41]. The proportion of syphilis (active or history of
syphilis) among PLWH was 25.5% (n=631) and 18.3% (n=347) in Zambia and Tanzania, respectively.
These rates exceeded those reported in earlier research, such as a study in Tanzania which reported
prevalence of 9.6% and a study in Uganda reporting 10% [42,43]. In both countries, people with active
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syphilis are more than four times more likely to have HIV infection, which is consistent with prior
findings in sub-Saharan Africa [32]. The history of syphilis was associated with more than a two-fold
increase in HIV acquisition in both countries, which is consistent with a previous study in sub-
Saharan Africa [42]. Moreover, our findings indicate that older adults and females were at an
increased risk of acquiring HIV in both countries, consistent with previous research from the region
[13,44].

The second objective of our manuscript was to evaluate the impact of syphilis on HIV disease
progression in ART-treated PLWH. Since not all the PLWH had syphilis, we matched a syphilis-
negative HIV-positive subject, by age and gender using propensity score methods, for each co-
infected subject. We then compared the association of syphilis with HIV-disease progression among
ART-treated PLWH. HIV disease progression was defined by the failure of HIV RNA VL
suppression. Our analyses revealed that in both countries, active syphilis was associated with a lack
of VL suppression, though it did not reach statistical significance: Zambia [OR=0.78, 95% CI.0.56-1.06,
p=0.1225] and Tanzania [OR=0.695, 95% CI:0.427-1.129, p=0.141]. Similarly, a history of syphilis was
associated with a lack of viral suppression in Zambia [OR=0.94, 95% CI: 0.70-1.25, p=0.690] but a trend
toward suppression in Tanzania [OR=1.25, 95% CI:0.89-1.75, p=0.195]. Our findings align with a
previous study from China, which reported virological failure due to co-infection with syphilis in
PLWH [10]. Moreover, a study from Spain observed an increase in HIV RNA VL among HAART-
treated PLWH due to syphilis infection [45]. Further, several studies from different parts of the world
have reported that co-infection with syphilis increases HIV RNA VL in ART-treated PLWH, leading
to HIV disease progression, which is consistent with our findings [43,45-47]. Co-infections with
syphilis and other STIs can weaken the immune system and interfere with the ability of ART to
suppress HIV-1 RNA VL, particularly among individuals who struggle with adherence to treatment
or those who experience suboptimal responses to ART [10,34,35]. Thus, identifying and treating co-
infections in PLWH is a crucial factor for achieving ART treatment success and controlling HIV
disease progression.

The results of our analysis provide valuable insights that can help policymakers understand the
effects of co-infections, like syphilis, on HIV acquisition and progression. The higher odds of HIV
acquisition among syphilis co-infected patients emphasize the importance of integrating syphilis
diagnosis and treatment services in HIV prevention programs. Furthermore, the association between
syphilis and HIV disease progression suggests that syphilis co-infection interferes with ART
treatment, thereby resulting in the failure of HIV RNA VL suppression. Compared with previous
related studies, our study has many advantages. Unlike many previous studies, which were based
either on a smaller sample size or specific groups such as female sex workers, MSM, or pregnant
women, we utilized a large population-based study, reducing the potential biases associated with
small sample sizes and sampling specific groups of participants. However, it is important to interpret
these findings cautiously due to certain limitations. One significant limitation is the use of
retrospective cross-sectional data, which may not account for changes over time in key variables such
as healthcare access or high-risk behavioral factors. Additionally, our data cannot determine the
sequence of infections (whether syphilis preceded HIV or vice versa) or whether participants received
treatment for syphilis. Future studies should consider a prospective longitudinal cohort to better
understand the relationship between syphilis and HIV acquisition and progression.

5. Conclusions

In this paper, we utilized retrospective cross-sectional data from Zambia and Tanzania and used
regression models to identify the impact of syphilis on HIV acquisition and progression. Our analysis
revealed that participants with syphilis infection (active or history) were more susceptible to HIV
acquisition. Moreover, co-infection with syphilis was associated with HIV disease progression
assessed by failure of HIV RNA viral load suppression. These findings emphasize the importance of
integrating syphilis screening and treatment in HIV prevention programs. By offering syphilis testing
alongside HIV testing, healthcare systems could enhance early detection and improve patient
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outcomes [44]. Moreover, early identification and treatment of syphilis not only improves patient
outcomes but also reduces the burden and cost of managing these co-infections [44]. Integrating
syphilis screening and treatment programs can strengthen public health responses to combat both
HIV and syphilis.
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