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INTRODUCTION
Syphilis is a sexually transmitted disease caused by Treponema
pallidum. Syphilis was endemic in Europe between the 15th and
the 20th century and in the 19th century 10–20% of the population in Europe and America was thought to be infected (1). After
it became known that syphilis was easily treated with penicillin
the disease almost disappeared in Western countries before it
surprisingly reemerged in the late 1990s (2). In Western countries, syphilis is now mainly encountered among men who have
sex with men (MSM) (3). By contrast, in developing countries the
disease represents an extensive problem (4;5). Above all, syphilis
is a concern especially to pregnant women due to the increased
risk of spontaneous abortion, stillbirth and congenital malformations of the newborns (6-8).
Denmark reached its syphilis nadir in 1999 with 22 cases of
newly acquired syphilis (9;10). Increasing rates were then observed throughout a decade and peaked in 2011 with 434 cases
(11). Whereas only 33% of the cases from 1994–2002 were

among MSM, MSM represented 78% of the cases in 2003–2004
(12). Also in contrast to earlier, where most syphilis patients reported being infected in Eastern Europe, Africa and Asia (10), the
majority of the patients now report acquiring syphilis in Denmark
(13). In 2010 screening of pregnant women was re-introduced in
Denmark (14) after the screening had been discontinued as a general screening in 1998 (10).
Syphilis and HIV co-infection
Syphilis and HIV are strongly linked with one another. The proportion of patients with concurrent HIV at the time of syphilis diagnosis has been substantial since the reemergence of the disease in
Denmark (11;13;15) and peaked in 2008 where 58% of MSM diagnosed with syphilis had concurrent HIV (16). By contrast, only
32% of MSM diagnosed with syphilis in 2013 had concurrent HIV
– leaving 68% susceptible to infection with HIV (13). In study I of
the current thesis, it was documented that almost 10% of Danish
men diagnosed with syphilis acquired HIV infection within five
years after the diagnosis of syphilis (17). The marked increase in
syphilis among MSM has mainly been attributed to increased sexual risk behavior in response to the improved effect of antiretroviral therapy on HIV (18;19). However, increasing use of illicit
drugs may also have contributed to the increasing rates of syphilis
(20). A recent Danish study (21) found that the rate of unsafe sex
was increasing in HIV-infected MSM ─ despite this, the number of
new HIV infections did not increase, indicating that cART was the
reason for the decreased risk of transmission of HIV despite increased practice of unsafe sex. Grassly et al (22) proposed an alternative explanation of the increasing rates of syphilis; they suggested that the increase in syphilis was due to endogenous
oscillation in disease incidence predicted by the natural dynamics
of the infection. However, this theory on herd immunity has been
questioned (23).
Several studies have corroborated the negative effect of
syphilis on HIV infection; during syphilis infection viral load increases and CD4 cell counts decreases transiently (24;25). Also, of
particular public health concern is the increased risk of transmission and acquisition of HIV during syphilis infection (26;27). Likewise, HIV has an impact on the clinical course of syphilis infection.
The Syphilis and HIV study (28;29) included patients with and
without HIV. Surprisingly, this multicenter, prospective study
found that HIV had only a minor impact on the clinical manifestations of primary and secondary syphilis; HIV-infected patients
with primary syphilis tended to present with more genital ulcers,
and genital ulcers were more frequently present in HIV-infected
patients with secondary syphilis compared to HIV-uninfected patients (29). Likewise, a recent study found that HIV co-infection
had an impact only on the serological response in patients with
primary syphilis and a CD4 cell count <500 cells/µL (30).
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As a consequence of the high rates of syphilis among HIV-infected patients, an annual screening has been implemented at
the departments of infectious diseases in Denmark, where patients with HIV are seen at an outpatient basis at intended intervals of 6 or 12 months.
Treponema pallidum, the syphilis spirochete
T. pallidum subspecies pallidum, hereafter referred to as T. pallidum, is a spirochete. The spirochete family is characterized by a
unique cell architecture with an outer membrane, a cell membrane and flagellar filaments in the periplasm (31). Other examples of spirochetes are the non-venereal treponemes T. pallidum
subspecies pertenue, T. pallidum subspecies endemicum and T.
carateum causing yaws, bejel (endemic syphilis) and pinta, respectively (32). The spirochete family also includes Borrelia
burgdorferi and Leptospira interrogans.
T. pallidum is an obligate human parasite and its absolute
dependence on a mammalian host for continuous viability has
made it a difficult organism to study. The organism must be propagated by passage in rabbits, consequently it cannot be manipulated genetically. The genome (Nichols strain) is a circular chromosome of 1 138 006 base pairs (bp), making it one of the smaller
prokaryotic genomes (33). In the absence of virulence factors
such as toxins or secreted effector molecules, motility is crucial
for the infectiveness and T. pallidum is extremely invasive and invades the skin or mucosa shortly after contact (34). The hematogenous dissemination occurs before the chancre even appears and
T. pallidum often penetrates the blood-brain barrier during early
infection (34).
The clinical manifestations during infection are caused by the
inflammatory response elicited by the bacteria and bacterial constituents such as lipoproteins (34). Many theories have been proposed to explain how T. pallidum persists in the infected host and
evades the host immune system. Strategies proposed are the extremely low metabolic rate and the antigenic variation of the
outer membrane proteins of T. pallidum (35). It is well-established that T. pallidum elicits both a local and a systemic innate
and adaptive immune response during early infection (36). In HIVinfected patients, cytokines have been shown to fluctuate with infection and treatment of syphilis (37). A recent study of ours investigating patients with HIV and hepatitis C virus (HCV) co-infection proposed that the reason for undetectable HCV RNA during
syphilis infection was a T. pallidum induced cytokine secretion
hindering HCV replication (38).
Transmission of syphilis
The main route of syphilis transmission is sexual contact; however, syphilis can also be transmitted through blood, congenitally
and through non-sexual contact with syphilitic lesions on skin or
mucosa. The main risk of transmission occurs when mucocutaneous lesions are present, which is usually within the first year of infection (34). In the late latent stage, syphilis is not transmitted
sexually (39). Patients diagnosed with syphilis should be screened
for HIV and likewise, all patients who have HIV should be
screened for syphilis (39;40). Sexual contacts to patients with
syphilis should also be offered screening for syphilis (39). Vertical
transmission of T. pallidum has major implications in developing
countries. The risk of congenital syphilis depends on the time interval from acquisition of the infection to pregnancy and ranges
from 30–80% (34;41). Based on the findings of spirochetes in the
placenta and the umbilical cord, transplacental infection is most
likely the major route of fetal infection (42;43).

The clinical course of syphilis
Syphilis has been named ‘The Great Imitator’ due to its highly variable symptoms and multiple clinical stages. To make the diagnosis even more challenging the stages can be overlapping. From its
site of primary infection, bacteria disseminate systemically
through the blood to potentially any organ. The ulcer, most typically known as a chancre, appears at the inoculation site nine to
90 days after acquisition of the infection and heals spontaneously
within three to eight weeks (34). In a study from the Sing Sing
Prison where volunteers were inoculated intracutaneously with
10 or 100 spirochetes the mean incubation period was 24 days
(44).
Untreated, the disease can progress to the secondary stage
with systemic manifestations that include fever, lymphadenopathy, typical erythematous skin rashes (characteristically on palms,
soles and trunk) and mucocutaneous lesions about six weeks after
the primary chancre. Hepatitis, periostitis, arthritis, and glomerulonephritis is also seen in the secondary stage (39). The secondary
syphilitic symptoms can occur in several different phases and between these phases the patient is in the latent stage with no clinical symptoms. During the first year of infection, about 25% of the
asymptomatic patients will experience relapse to the secondary
stage, hereafter relapses are far less common. For this reason the
latent, asymptomatic stage is divided into an early latent stage
(<1 year) and a late latent stage (>1 year or unknown duration).
The term ‘early syphilis’ is often used and includes the primary,
secondary and early latent stages of syphilis.
If left untreated the tertiary stage develops 5 to 30 years after transmission in approximately 30% of infected patients
(45;46). The tertiary stage is characterized by gummatous lesions,
cardiovascular syphilis and central nervous system (CNS) affection. The type of neurological manifestations depend on whether
the predominant involvement is meningovascular (strokes, meningomyelitis) or parenchymatous (tabes dorsalis, general paresis
of the insane) (34). Of note, neurosyphilis can occur in all stages
of syphilis and includes cranial nerve dysfunction, meningitis,
stroke, altered mental status and auditory or ophthalmic abnormalities (40). Neurosyphilis in early stages primarily affects meninges and cerebral or spinal cord vasculature, whereas late
forms affect the spinal cord or brain parenchyma. It should be
noted that cerebrospinal fluid (CSF) abnormalities are common in
early syphilis, even in the absence of neurological symptoms (40).
Diagnosis of syphilis
T. pallidum cannot be continuously cultivated in vitro. As a consequence, the use of direct diagnostic methods is limited. For over a
century dark field microscopy of lesion exudate or tissue has been
used, however, microscopy requires highly trained personnel and
false-positive results can occur because T. pallidum is morphologically indistinguishable from commensal treponemes that can be
present in body fluids (47). The mainstay for diagnosis of syphilis
remains serologic testing although it should be noted that serologic tests cannot distinguish between syphilis and other treponematoses which can present a problem in regions where more
treponemal infections are frequent (48;49). Since the 1990s polymerase chain reaction (PCR)-based methods for detection of T.
pallidum have been developed (50;51) and are now routinely
available in high-income countries. The targets are conserved regions of the T. pallidum genome. It is crucial that the target is
highly specific to distinguish T. pallidum from other spirochetes
(47). However, the success rate of the diagnostic PCR depends on
the samples matrix (e.g., blood, blood fractions, CSF or lesion exudate) as well as disease stage (52;53). Where microscopy and PCR
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are feasible diagnostic measures in the primary, ulcerative stage
of syphilis, later stages, and above all the latent stages, are diagnosed by serological testing. Accordingly, over two thirds of the
Danish patients are diagnosed by serology (13).
In Denmark, serological testing for syphilis antibodies was
centralized at Statens Serum Institut (SSI) until 2011. Serological
tests for syphilis fall into two categories, non-treponemal and
treponemal tests. Two non-treponemal tests were used for the
studies included in the current thesis: Wassermann’s reaction
(WR) is a complement fixation test, and the rapid plasma reagin
(RPR) titre was determined by agglutination. Furthermore, three
treponemal tests were used: anti-flagellum IgM (AF-M) was determined by a capture ELISA, anti-flagellum IgG (AF-G) was determined by an indirect ELISA and the fluorescent treponemal antibody absorption test (FTA-ABS) was done by immunofluorescence
microscopy.
In general, the non-treponemal tests are sensitive but not
highly specific. False-positive test results can occur due to viral infections, including HIV and HCV infection (54), drug addiction, malignancy, autoimmune diseases and probably also pregnancy (49).
Therefore, patients with reactive non-treponemal tests should
have confirmatory treponemal tests done to confirm the diagnosis. False-negative results caused by antibody in excess are called
the prozone phenomenon (49). This reaction can occur during all
stages of syphilis, but is most pronounced in secondary syphilis
where antibody levels are at the highest level, and in the RPR test,
which is dependent on the formation of an antigen-antibody lattice. The phenomenon has been associated with pregnancy and
neurosyphilis (55).
The interpretation of serological test results can cause considerable confusion among clinicians, and available tests and
treatment algorithms differ from country to country (56) (and
now also from hospital to hospital in Denmark). In general, nontreponemal test titers decline after treatment, whereas treponemal IgG test titers will remain reactive for life. A 4-fold decline
(or more) in non-treponemal titers is regarded as an appropriate
serologic response, however in some patients non-treponemal
antibodies can persist for a long time and these patients are referred to as ‘serofast’ which means that their non-treponemal
test titers do not become non-reactive after an initial satisfactory
response (40). Patients with a sustained 4-fold increase in nontreponemal titers combined with persisting or recurring symptoms of syphilis are considered as having a reinfection or experiencing treatment failure (40).
In 2009, PCR testing of material from ulcers was introduced
in Denmark at SSI (57). Samples are tested for the presence of T.
pallidum using two real-time diagnostic PCR assays with internal
amplification controls, amplifying segments of the flaA (58) and
polA (59) genes of T. pallidum.
The diagnosis of neurosyphilis can be a diagnostic challenge
as no definitive criteria exist. When neurologic affection is suspected to be related to syphilis, the diagnosis is supported by laboratory testing of the CSF. The CSF is tested for the presence of
antibodies, protein and cell count. However, it is of utmost importance to be aware that normal CSF parameters at the time of
lumbar puncture do not rule out CNS infection because treponemes which recently accessed the CNS may not yet have elicited
an inflammatory response (34).

Treatment of syphilis

Penicillin is the recommended treatment for syphilis in Europe
(39) and the United States (40). Penicillin is administered parenterally in the form of benzathine penicillin G (a single dose of 2.4
million units IM for early syphilis and three doses at 1-week intervals for late latent syphilis). Procaine penicillin is used as a second-line option (one dose of 600 000 units IM once daily for 10
days for early syphilis and 21 days for late latent syphilis). As a
treatment alternative, doxycycline is used (100 mg orally twice
daily for 14 days for early syphilis and for 30 days for late latent
syphilis) (39). Azithromycin is also used as a treatment alternative
and has been proposed as a useful agent in developing countries
where penicillin injections may be problematic (60). However,
macrolide resistance is an increasing problem in the United States
(61-64) and Shanghai (65), limiting its usefulness. During pregnancy, parenteral penicillin G is the only treatment with documented effect. In the case of penicillin allergy, the Centers for Disease Control and Prevention (CDC) recommend desensitization
and subsequent treatment with penicillin (40).
In Denmark, primary, secondary and latent stage syphilis is
treated with penicillin or doxycycline according to local guidelines. At the Department of Infectious Diseases at Rigshospitalet
in Copenhagen patients are mainly treated with doxycycline,
whereas patients at the Department of Infectious Diseases at
Hvidovre Hospital and the STD clinic at Bispebjerg Hospital, likewise in the Copenhagen area, are mainly treated with benzathine
penicillin G.
As many as one-quarter of patients treated for syphilis will
experience the Jarisch-Herxheimer reaction (66), characterized by
fever, arthralgia, myalgia and headache within the first 24 hours
after initiation of therapy (40). The immunologic reaction is
thought to be caused by the massive degradation of treponemes
shortly after the initiation of therapy.
To monitor the treatment response, patients treated for
syphilis should be followed up with serological testing and clinical
assessments. The 2014 European Guideline on the Management
of Syphilis recommends that patients treated for early syphilis are
followed up at 1, 3, 6 and 12 months (39). Most often the nontreponemal tests are used as they most accurately reflect disease
activity (40).
Management of syphilis in HIV-infected patients
Diagnosis and management of syphilis in patients with concurrent
HIV is in general similar to that in patients without HIV (39).
Nonetheless, since a case report documented clinical treatment
failure in 1987 in a patient with concurrent HIV (67), the optimal
antibiotic regimen for co-infected patients has been debated (68).
Rapid progression to more advanced stages and a higher risk of
treatment failure and neurological complications has been reported for co-infected patients (69-71). Further, serologically defined treatment failure has been documented to be more common in patients with primary and secondary syphilis and
concurrent HIV (28), e.g., extremely low or high titers are more
often seen among these patients (40). But in general, serologic
tests are accurate and reliable also when testing HIV co-infected
patients (39). The availability of cART has had a substantial impact
by reversing (part of) the immunosuppression and today many
HIV-infected patients may have a restored immune system, resulting in reduced rates of serologic failure (72).
Because HIV-infected patients might be at increased risk of
neurologic complications (40) the need for lumbar puncture and
its timing continues to be debated. Current guidelines recommend that HIV-infected patients have lumbar puncture done in
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two situations: 1) neurological symptoms at time of diagnosis or
after treatment, 2) patients who fail to respond to therapy (69).
HIV-infected patients need closer follow-up after treatment of
syphilis and the CDC recommend clinical and serological evaluation for treatment failure at 3, 6, 9, 12 and 24 months after therapy (40).
Molecular typing of T. pallidum
In general, when using molecular typing as an epidemiological
tool, it is important to study more variable parts of the genome
(47). If a sample is tested positive in a diagnostic T. pallidum PCR,
the sample can be subjected to molecular typing. In line with the
performance of diagnostic PCRs, the success rate of typing PCRs
depends on the sample matrix (73;74). In the primary stage, treponemes circulate in the blood and should thus be detectable in
blood samples. However, if the equivalent of 50─100 µL patient
blood is subjected to a PCR that detects 5─10 target copies per reaction, then at least 100─1000 treponemal organisms per mL
should be present in the blood sample taken, making it inherently
difficult to use blood because the bacterial load is usually lower
than this (47). Conversely, treponemes seem to be caught in the
capillary beds of the skin and therefore ear scrapings may have
high enough bacterial concentrations for detection by PCR (75).
In 1998, Pillay et al developed a subtyping system to distinguish different strains of T. pallidum. The method is based on heterogeneity of two genes: determination of the number of 60-bp
repeats within the acidic repeat protein (arp) gene, and restriction fragment length polymorphism (RFLP) analysis of sequence differences in the T. pallidum repeat (tpr) subfamily II
genes (tprE, tprG and tprJ) (76). This 2-component CDC subtype
was recently supplemented with sequence analysis of a variable
region of the tp0548 gene (77). By combining the CDC subtype
and the tp0548 sequence type the discriminatory capacity was
markedly improved. The new 3-component type was designated
strain type by Marra et al (77) to distinguish it from the 2-component subtype.
Of note, the PCR products resulting from the amplification of
the arp and tpr genes are long which is thought to compromise
the sensitivity of the assays. Furthermore, the arp and tpr genes
are not very specific targets because they are also present in
other treponemes. However, because molecular typing is performed on samples that are confirmed positive in diagnostic T.
pallidum specific PCR assays this usually does not present a problem (47).
SETTING AND DATA SOURCES
Denmark has a population of 5.6 million people (78) with an estimated HIV prevalence in the adult population of 0.07% (79). The
number of persons with newly diagnosed HIV, and the proportion
of MSM among these, has been stable for almost 10 years with
approximately 200─250 new cases per year (80). Five hundred undiagnosed HIV-infected MSM are estimated to reside in Denmark,
an estimate that has remained stable over the last 10 years (81).
A recent Danish study concluded that the stable incidence of new
HIV diagnoses among MSM despite increased engagement in unsafe sex was a consequence of the use of cART (21).
The Danish health care system is tax-funded, including free
cART. Treatment of HIV is restricted to specialized departments
and patients with syphilis are seen at specialized departments at
hospitals or STD clinics. All individuals in Denmark are assigned a
unique 10-digit central person registration (CPR) number at birth
or upon immigration. The CPR number can be used to link data

from different registers upon approval from the Danish Data Protection Agency. Two nationwide registers were used for study I
and study III of the current thesis. The nationwide design is a major strength because the data are analyzed at a population-level,
including all patients and not just a subgroup. However, the quality of the studies depends on the validity of the data in the registers (82) and misclassification will always be of concern.
The Danish national syphilis registration system
Primary, secondary and early latent syphilis are notifiable diseases according to Danish legislation and the notification is the
responsibility of the treating physician. The cases are registered in
the Danish national syphilis registration system ─ a nationwide
database established in 1993, based at the Department of Infectious Disease Epidemiology at SSI. In addition to the cases notified, the register also includes patients identified with syphilis by
positive serologic or PCR testing. The notification information includes sex, ethnicity, sexual orientation, mode and place of acquisition, as well as HIV status (12). Data from the Danish national
syphilis registration system was used for study I and study III.
The Danish HIV Cohort Study
The Danish HIV Cohort Study (DHCS) is a nationwide, prospective,
population-based study of all Danish HIV-infected patients
treated at Danish hospitals since 1 January 1995. The data are updated yearly using standardized forms and the CPR number is
used to avoid multiple registrations. To assure high data quality a
data assurance program has been developed. The data include
demographic data, mode of acquisition, AIDS-defining events,
height, weight, blood pressure, lipid status, smoking status, cART,
CD4 cell counts and HIV RNA (83). Data from DHCS were used for
study I.
METHODOLOGICAL CONSIDERATIONS
The studies included in the current thesis were all observational
studies. Observational studies can be longitudinal or cross-sectional. In longitudinal studies it is possible to estimate incidence
rates and due to the time factor it is possible to establish causeeffect relationships and large populations can be studied for long
periods at a relatively low cost. Cross-sectional studies can
demonstrate associations but conclusions on causal relationships
should not be drawn. On the other hand, cross-sectional studies
are less resource demanding. In general, observational studies
have some limitations compared to clinical trials (84). Confounding is a common problem, but if a confounder is recognized it can
be adjusted for. However, not all confounders are always recognized and the number of confounders that can be controlled for is
also limited. Bias, on the contrary can occur in both observational
studies and clinical trials, but are often minimized in clinical trials
by randomization and double-blinding (85). However, in clinical
trials the study population is highly selected and may not be representative of the population of interest.
RESULTS
Paper I: Risk of HIV or second syphilis infection in Danish men
with newly acquired syphilis in the period 2000–2010
Brief study outline
Syphilis is a marker of sexual risk behavior and is of interest in patients with HIV – as a marker of unsafe sex in this population.
Syphilis is also of interest in patients without HIV ─ to assess the
risk of subsequent HIV infection. We used two nationwide registers to estimate the 5-year risk of HIV or second syphilis infection,
and to determine incidence rate ratios (IRR).
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From the Danish national syphilis registration system all Danish men >16 years of age diagnosed with early syphilis in the period 2000─2010 were identified. Subsequently data on HIV status
were extracted from the DHCS. Kaplan-Meier analysis was used to
estimate the 5-year risk of HIV or second syphilis infection, stratified by the diagnosis of syphilis before and after 1 January 2006.
We used Cox regression analysis with the date of the second
syphilis diagnosis introduced as the time-updated variable to determine IRR for risk of HIV diagnosis before and after a second diagnosis of syphilis. Likewise, Cox regression analysis with the date
of HIV infection introduced as the time-updated variable was
used to determine IRR for risk of a second syphilis infection.
During the study period the national criteria for initiation of
cART were acute HIV infection, presence of an HIV-related disease, pregnancy, CD4 cell count <300 cells/μL until May 2008 and
<350 cells/μL thereafter, and plasma HIV-RNA >100 000 copies/mL (until 2001).
Principal findings
During the 11-year study period, 1217 male patients diagnosed
with early syphilis were included. After 5 years, 9.8% (95% CI 7.0–
12.6%) of the population had been diagnosed with HIV. Patients
with a second diagnosis of syphilis had a substantially higher risk
of being diagnosed with HIV (IRR = 3.1, 95% CI 1.2–8.0). After 5
years, 14.8% (95% CI 12.1–17.4%) of the population had been diagnosed with a second episode of syphilis. HIV-infected patients
had a substantially higher risk of a second syphilis diagnosis (IRR =
4.0, 95% CI 2.8–5.9). Of the HIV-infected patients diagnosed with
syphilis, 33.7% had viral loads >1000 copies/mL and thereby at
risk of also passing HIV to their partner.
Considerations
A major strength of the study was our ability to link two nationwide registers of patients diagnosed with syphilis or HIV, however, the study has some limitations. First, screening of HIV-infected patients as part of the routine testing of this group may
result in underestimating the syphilis prevalence in low-risk
groups. We assume that an unknown number of patients have
been left out because low-risk groups have not been screened.
Second, our study included both MSM and heterosexual men
which might have different risk behaviors and exposures. Third,
our data analysis did not account for mortality and emigration because these data were not available for the HIV-uninfected population. Finally, a ‘case of syphilis’ was based on serological results
only and not on revision of patient files, thus reinfection or resurgence of an incompletely treated infection could potentially have
been misclassified as a case.
Conclusion and perspectives
We concluded that the high risk of syphilis or HIV infection in men
diagnosed with one of these STDs indicated a high frequency of
unsafe sex in the Danish MSM population. The risk of being diagnosed with HIV subsequent to syphilis decreased during the later
part of the study. Similar trends where syphilis outbreaks have
not had a substantial impact on HIV incidence have also been reported from the United States (86). A possible explanation of the
stagnation of the HIV transmission despite the increase in syphilis
diagnoses could be that cART has become more widely used in recent years with viral suppression as a consequence. As one third
of the HIV-infected patients in this study had viral load >1000 copies/mL our conclusion supported the initiation of cART in all HIVinfected MSM to reduce transmission of HIV.

Paper II: Serological response to treatment of syphilis with
doxycycline compared to penicillin in HIV-infected individuals
Brief study outline
Penicillin is the drug of choice when treating syphilis, whereas
doxycycline is used as a second-line option (40). The aim of the
study was to evaluate the serological response to treatment of
primary, secondary, early and late latent syphilis with intramuscularly administered penicillin or orally administered doxycycline in
patients co-infected with HIV.
In this retrospective study, patients ≥18 years of age diagnosed with syphilis between 1 May 2004 and 31 October 2009
were eligible. The patients were included from three hospitals in
the Copenhagen area (two departments of infectious diseases
and one STD clinic). These hospitals were chosen because the vast
majority of HIV-infected patients from the Copenhagen area are
seen at these departments and because the vast majority of syphilis cases in Denmark is diagnosed in the Copenhagen area (87).
We excluded patients who received intravenous therapy, were diagnosed with neurosyphilis or where patient files lacked information on treatment for syphilis. An individual could contribute
with more than one episode, provided that treatment and appropriate treatment response was documented in the patient file.
Treatment for syphilis consisted of doxycycline (100 mg orally
twice daily for 14 days for early syphilis, and for 30 days for late
latent syphilis) or penicillin (a single dose of intramuscular 2.4 million units of benzathine penicillin G for early syphilis and three
doses at 1-week intervals for late latent syphilis).
To capture all available serological data, we obtained the serological test results from SSI where all serologic testing for syphilis was centralized during the study period. We defined serological cure as a ≥4-fold decline in non-treponemal titers following
treatment of syphilis. Further, we defined serological failure as a
lack of a 4-fold decline. Serological test results were allocated to a
specific follow-up visit (3, 6, 9 or 12 months) if the test was done
30 days before or 30 days after the relevant point in time. The
last-observation-carried-forward principle was used to handle
missing values of WR and RPR.
The Χ2 or Fisher’s exact test were used to compare independent proportions and the t test and the Mann-Whitney test
were used for comparison of continuous variables. The KruskalWallis test was used for comparison of titers between different
syphilis stages.
Principal findings
From 1 May 2004 to 31 October 2009, 221 cases of syphilis were
diagnosed among 172 HIV-infected individuals attending three
hospitals in the Copenhagen area of Denmark. The patients were
diagnosed with primary, secondary, early and late latent syphilis,
no patients were diagnosed in the tertiary stage. In total, 202
cases were treated with doxycycline or intramuscular penicillin
and included in the study. Of these, 126 cases were evaluated at
12 months; 78 cases were treated with doxycycline and 48 cases
were treated with penicillin. The two treatment groups were
comparable except for proportion of patients with CD4 cell count
≤200 cells/µL and proportion on cART.
The serological outcome was assessed at 3, 6, 9, and 12
months following treatment of syphilis infection. No statistically
significant differences were observed in treatment outcome between treatment groups at any point in time (all p > 0.05). One
year after treatment, 20 cases of serological failure were observed with 12 cases (15%) and 8 cases (17%) in the doxycycline
and penicillin group, respectively, resulting in a non-significant
difference of 2% (95% CI, -1.08%–5.08%; p > 0.05).
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The proportion of patients who reached serological cure was
affected by syphilis stage: of the cases of primary and secondary
syphilis, 100% and 89% reached serological cure at 12 months, respectively, and of the cases with early and late latent syphilis,
71% and 67% reached serological cure at 12 months, respectively
(p = 0.006). On the contrary, the serological cure rate did not vary
by CD4 cell count, HIV RNA or age (all p > 0.05). However, WR and
RPR titers at time of diagnosis were significantly higher in patients
with serological failure 12 months after treatment (WR: p = 0.002;
RPR: p < 0.000).
Considerations
HIV-infected patients in Denmark are followed at highly specialized and centralized departments. We included patients from two
departments of infectious diseases in the capital area of Denmark; these two departments follow two thirds of the total Danish HIV-infected population (88). Further, if these patients opted
for treatment of syphilis at the STD clinic at Bispebjerg Hospital
these episodes were also included. All patient files from the three
clinics were revised to assure detailed demographic, clinical and
behavioral data on all patients and to distinguish between relapse
and reinfection. Further, to capture all serological data, results of
serological tests were obtained from the national provider of serological syphilis testing at SSI.
As in all retrospective studies, this study was limited by its
non-randomized design. The treatment given was based on local
guidelines and the patients at the Department of Infectious Diseases at Rigshospitalet were mainly treated with doxycycline,
whereas patients at the Department of Infectious Diseases at
Hvidovre Hospital and the STD clinic at Bispebjerg Hospital were
mainly treated with penicillin. Overall, the patients in the two
treatment groups were comparable. However, the proportion of
patients with CD4 cell count ≤200 cells/µL and proportion on
cART were not distributed evenly between treatment groups. Further analyses showed that more HIV-infected individuals not receiving cART opted for treatment at the STD clinic compared to
individuals on cART. This explains the lower proportion of patients on cART in the group receiving penicillin (the preferred regimen at the STD clinic). Likewise, even though the median CD4
cell count was comparable between treatment groups, a higher
proportion of patients with CD4 cell counts ≤200 cells/µL were
treated with penicillin. Because of the above-mentioned differences in treatment groups the serologic failure rate in the penicillin group may be overestimated since lower CD4 cell counts have
been associated with increased risk of treatment failure (89).
Conclusion and perspectives
In line with others we found comparable rates of serologic failure
in patients treated with doxycycline and penicillin (24;90). Although our study was not randomized, it seems safe to conclude
that doxycycline can be used as a treatment alternative to penicillin if patients or clinicians prefer an oral treatment of syphilis.
Whether doxycycline is non-inferior to penicillin can only be definitively evaluated in a clinical trial. However, it seems unlikely
that such a large and expensive trial is about to be carried out.
Furthermore, in this study the endpoint was serological cure 12
months after treatment. One could speculate that some of the
patients who do not reach serological cure are patients without
an active infection. Clinicians may prefer to treat HIV-infected patients who are asymptomatic but screen positive by serologic
testing. If a clinical trial should be carried out it would be of utmost importance to exclude patients without active infection.

Because the treatment of HIV-infected patients in the Danish setting is restricted to few centers and because the patients have
close follow-ups, poor adherence with respect to syphilis treatment would most likely be recognized at a regular check-up. Before recommending doxycycline as a more widely used treatment
option it should be assured that the clinical setup has the relevant
measures to avoid lost-to-follow-up. If compliance is assumed to
be a problem, the single-dose, intramuscular penicillin regimen
will always be the preferred treatment. In this connection it
should be remembered that doxycycline is an effective agent for
treatment of multiple STDs (91). Taken together we concluded
that doxycycline can be used as an efficient treatment option
when treating an HIV-infected population for syphilis.
Paper III: Molecular typing of Treponema pallidum in Denmark:
A nationwide study of syphilis
Brief study outline
Molecular epidemiology can be used for understanding the transmission of infectious diseases and thereby preventing and controlling epidemics. HIV and syphilis co-infection is common and
because genital ulcers facilitate HIV transmission it is of pivotal
importance to elucidate the epidemiologic determinants underlying the high rates of syphilis. This study aimed to determine the
strain type diversity among all patients diagnosed in Denmark
with syphilis by PCR testing of material from genital ulcers during
a 4-year period.
The study was performed as a nationwide study of T. pallidum positive genital ulcer samples collected between May 2009
and December 2013. T. pallidum strain type was linked with epidemiologic data (e.g., HIV status) from the Danish national syphilis registration system. Molecular strain typing was based on characterization of three variable treponemal genes; arp, tpr and
tp0548. Categorical data were compared using χ2 test or Fisher’s
exact test, where appropriate.
Principal findings
During the 4-year period, 278 samples positive by T. pallidum PCR
testing were obtained from 269 patients. The majority of the patients were men (94%) and most of the male patients were MSM
(86%). Further, the majority (93%) of the patients reported acquiring syphilis in Denmark. Of the 278 positive samples, 71%
were typeable with all three PCR assays. Among the fully typeable
samples, 22 strain types were identified. The most common type
was 14d/g, accounting for 54% followed by 14d/f (18%) and 14l/g
(5%). The remaining strain types were rare. Nineteen percent of
the patients were HIV-infected at time of diagnosis and all of
these reported that they were MSM. The patients with concurrent HIV were diagnosed with nine different full strain types and
we did not find a difference in strain type by HIV status (p =
0.197).
Considerations
Our study included all Danish patients with PCR-positive syphilis
within the 4-year study period. By use of the Danish national
syphilis registration system we had epidemiological data on all patients. It is a major strength that all PCR testing for syphilis in Denmark is centralized at SSI. Further, the study was based in a setting where all health-care services are publicly funded and this
universal access probably results in fewer undiagnosed cases. We
used the 3-component strain typing system and could demonstrate a high discriminatory capacity. However, when concluding
on our results it is a major limitation that we were not able to
perform typing on samples from the two thirds of the patients in
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Denmark who were diagnosed by serological testing during the
study period (13).
Our main interest was to investigate the strain types in HIVinfected patients to assess if these patients belonged to separate
sexual networks. Therefore, it is a major limitation that the majority of the HIV-infected patients are diagnosed by serological testing (this group is screened yearly in contrast to low-prevalence
groups).
Besides the distribution of HIV, our interest was to investigate if imported cases resulted in circulating strains. Again, the interpretation was limited by the unknown strain types in the patients diagnosed by serological testing. However, based on the
available samples, the imported cases did not result in circulating
clones. We reached a relatively high number of typeable samples
and our success rate of 71% is comparable to others who have
used the 3-component strain type system with success rates of
41%, 63% and 77%, respectively (92-94).
Conclusion and perspectives
We concluded that strain type 14d/g was the predominant strain
type in Denmark, but that a high degree of heterogeneity exists.
The majority of the patients had acquired syphilis in Denmark and
the imported cases of syphilis did not result in circulating clones.
Furthermore, HIV-infected patients were diagnosed with a wide
spectrum of different strains. Currently the method of choice for
T. pallidum typing consists of three PCR assays which is time-consuming and not applicable for routine testing. Recently a sequenced-based molecular typing system was proposed (95) and
compared to the traditional CDC typing system in a group of patients with two or more parallel samples (i.e. taken at the same
time). However, in the majority of the patients they found discrepancies within the arp and tpr loci using the CDC typing system
(95). This was rather surprising because under experimental conditions, Pillay et al (76) have shown that the CDC subtype was stable with repeated rabbit passages of the Nichols strain. Marra et
al have also confirmed the stability of the strains by demonstrating that neither the Sea 81-4 nor the Chicago C strain changed
with repeated rabbit passages (77). Whether this inconsistency is
caused by differences between human infections and experimental infections of rabbits or is due to the fact that skin and
blood represent two immunologically distinct compartments has
yet to be explored. Nonetheless, sequence-based typing systems
for T. pallidum look promising (95-97).
CONCLUSION AND PERSPECTIVES FOR FUTURE RESEARCH
The purpose of the current thesis was to improve the understanding of the highly complex epidemiologic relationship between HIV
and syphilis. Given that syphilis facilitates transmission and acquisition of HIV and because the two infections have similar modes
of transmission, increasing rates of HIV were expected to follow
the increasing rates of syphilis. However, such an increased
spread of HIV has not been observed. Study I of the current thesis
demonstrated that syphilis and HIV co-infection was common in
Denmark and that the majority of the HIV-infected syphilis patients were on cART. The use of cART, resulting in lower viral
loads, might explain why the HIV incidence has not increased despite the assumption that the increasing rates of syphilis is a
marker of higher rates of unsafe sex. In line with this, a recent
Danish study (21) concluded that the increased use of cART explained the discordance in the rates of new syphilis and HIV infections. Study I suggested that the use of cART should be even more
used as one third of the HIV-infected patients diagnosed with
syphilis (indicating unsafe sex) had viral loads >1000 copies/mL.

The rates of HIV co-infection among MSM who are diagnosed
with syphilis have been declining in Denmark. One possible mechanism could be that MSM with syphilis and HIV co-infection have
unprotected sex with HIV-uninfected MSM, but only transmit
syphilis because they are efficiently treated for their HIV infection
(98). From 2008 to 2012, 65% (range, 54%─76%) of all new HIV-infected patients in Denmark were on cART within a year of diagnosis (88).
In study III we investigated whether HIV-infected patients
with syphilis belonged to separate sexual networks; however, we
did not find evidence of the assumption of serosorting. On the
contrary, we observed that HIV-infected patients were diagnosed
with a wide range of strain types. From study I we knew that HIVinfected men had a substantially higher risk of a second diagnosis
of syphilis compared to the HIV-uninfected syphilis patients.
Whether this higher risk of syphilis in the HIV-infected population
reflects that HIV-infected patients have unsafe sex based on serosorting (though no verified evidence of this in study III) or
whether a core group with high-risk behavior is responsible for
the increased risk in the HIV-infected population is unknown. For
example, in study III a few medium-sized clusters consisted of
MSM only, indicating localized transmission networks. Rather
than a general increase in sexual risk behavior among all MSM,
the re-establishment of a risk-taking core group of MSM may
have enabled a higher level of endemicity, causing continuous
syphilis circulation (99).
Study III provided new insights on the epidemiology of syphilis in the Danish population using molecular typing. However, to
fully use the potential of the molecular typing as an epidemiological tool, a study including both patients diagnosed by serological
testing as well as PCR testing would be highly relevant although
technically difficult. By inclusion of all patients it could be definitively investigated how the HIV-infected population interact with
the HIV-uninfected population.
Study II demonstrated that the majority of the HIV-infected
patients were diagnosed in the secondary and early latent stage.
Diagnoses in the latent stages reflect that the annual syphilis
screening of all HIV-infected patients is justified and even more
frequent screening might result in earlier diagnoses and less
transmission. Also, as long as it is not fully elucidated how syphilis
spreads to low-prevalence groups, it seems prudent that syphilis
screening was re-introduced in the general screening of pregnant
women. Future studies should continue to focus on timely diagnosis of both HIV and syphilis. Moreover, study II demonstrated
that syphilis was easily treated with both penicillin and doxycycline and that clinical treatment failure was not a common problem. Further, with the increased use of cART, the clinical manifestations of syphilis in HIV-infected patients might differ less from
the HIV-uninfected patients in the future. Future studies focusing
on the clinical manifestations of syphilis in HIV-infected patients
in the cART era would be highly appreciated.
In conclusion, the rate of syphilis has stabilized in recent
years but it is still too early to conclude whether syphilis is under
control in Denmark. A spread to low-risk groups is of concern, especially if these patients are seen by clinicians who are not familiar with the symptomatology of syphilis. However, given the efficient treatment options, the targeted screening of HIV-infected
patients, pregnant women and persons attending communitybased testing (100) and STD clinics, control of the infection seems
within reach. Avoiding new HIV infections is the major challenge
and here cART may play a prominent role.
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SUMMARY
The studies included in this PhD thesis examined the interactions
of syphilis, which is caused by Treponema pallidum, and HIV.
Syphilis reemerged worldwide in the late 1990s and hereafter increasing rates of early syphilis were also reported in Denmark.
The proportion of patients with concurrent HIV has been substantial, ranging from one third to almost two thirds of patients diagnosed with syphilis some years. Given that syphilis facilitates
transmission and acquisition of HIV the two sexually transmitted
diseases are of major public health concern. Further, syphilis has
a negative impact on HIV infection, resulting in increasing viral
loads and decreasing CD4 cell counts during syphilis infection.
Likewise, HIV has an impact on the clinical course of syphilis; patients with concurrent HIV are thought to be at increased risk of
neurological complications and treatment failure.
Almost ten percent of Danish men with syphilis acquired HIV
infection within 5 years after they were diagnosed with syphilis
during an 11-year study period. Interestingly, the risk of HIV declined during the later part of the period. Moreover, HIV-infected
men had a substantial increased risk of re-infection with syphilis
compared to HIV-uninfected men. As one third of the HIV-infected patients had viral loads >1000 copies/mL, our conclusion
supported the initiation of cART in more HIV-infected MSM to reduce HIV transmission. During a 5-year study period, including the
majority of HIV-infected patients from the Copenhagen area, we
observed that syphilis was diagnosed in the primary, secondary,
early and late latent stage. These patients were treated with either doxycycline or penicillin and the rate of treatment failure
was similar in the two groups, indicating that doxycycline can be
used as a treatment alternative – at least in an HIV-infected population. During a 4-year study period, the T. pallidum strain type
distribution was investigated among patients diagnosed by PCR
testing of material from genital lesions. In total, 22 strain types
were identified. HIV-infected patients were diagnosed with nine
different strains types and a difference by HIV status was not observed indicating that HIV-infected patients did not belong to separate sexual networks.
In conclusion, concurrent HIV remains common in patients
diagnosed with syphilis in Denmark, both in those diagnosed by
serological testing and PCR testing. Although the rate of syphilis
has stabilized in recent years, a spread to low-risk groups is of
concern, especially due to the complex symptomatology of syphilis. However, given the efficient treatment options and the targeted screening of pregnant women and persons at higher risk of
syphilis, control of the infection seems within reach. Avoiding
new HIV infections is the major challenge and here cART may play
a prominent role.
ABBREVIATIONS
AIDS
AF-M
AF-G
arp
bp
cART
CD4
CDC
CNS
CI
CPR number
CSF
DHCS
FTA-ABS

Acquired immune deficiency syndrome
Anti-flagellum IgM
Anti-flagellum IgG
Acidic repeat protein
Base pair
Combination antiretroviral treatment
Cluster of differentiation 4
Centers for Disease Control and Prevention
Central nervous system
Confidence interval
Central person registration number
Cerebrospinal fluid
Danish HIV Cohort Study
Fluorescent treponemal antibody absorption

HCV
HIV
IM
IRR
MSM
PCR
RFLP
RPR
SSI
STD
T. pallidum
tpr
WR

Hepatitis C virus
Human immunodeficiency virus
Intramuscular
Incidence rate ratio
Men who have sex with men
Polymerase chain reaction
Restriction fragment length polymorphism
Rapid plasma reagin
Statens Serum Institut
Sexually transmitted disease
Treponema pallidum
T. pallidum repeat
Wassermann’s reaction
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