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ABSTRACT

Syphilis is a bacterial sexually transmitted disease (STD), which public health importance is determined by severe medical, social and economic consequences. 

Although syphilis has long been the classical example of an STD which can be successfully controlled by traditional public health measures and despite almost half a century of experience, its treatment remains a controversial issue in the Russian Federation. Seven treatment regimens are currently recommended by the Central Skin and Venereal Institute – three of them are out-patient and four are in-patient.

Hospital-based treatment of syphilis became obsolete in most countries of the world several decades ago, but the main justification for its preservation in Russia is that short-term ambulatory regimens lead to more serological failures and re-treatment in the long-term. 

This study investigates the economic implications of different treatment regimens within two main strategies, either out-patient, or in-patient, because limited resources available in healthcare should be allocated to the most efficient interventions. 

The suggested technique uses different types of information in order to construct a comprehensive view of existing treatment methods. Cost-effectiveness analyses is undertaken both from a broad societal perspective and from the narrower medical perspective. In order to make the clinical and psychological preferences incorporated into the analysis more explicit, the assessment of the influence of syphilis and its treatment on the quality of life is performed. The estimates of costs and QALYs lost that emerge from this approach are plotted on one graph, which allows easy comparison of treatment regimens. 

1. LITERATURE REVIEW

1.1.  INTRODUCTION

Syphilis is a chronic sexually transmitted disease (STD) which is caused by bacteria Treponema pallidum and characterised by a waxing and waning course. Sexually transmitted (or acquired) syphilis is divided into early and late stages, with an arbitrarily cut-off point of 1 year of duration. The early stages (primary, secondary, and early latent syphilis) are infectious. The primary stage is defined by a chancre (lesion) at the site of inoculation. The secondary stage is characterised by a skin rash, enlargement of lymph nodes and other systemic manifestations. Latent syphilis is defined as those periods when patients have positive serologic tests (seroreactive), but demonstrate no other evidence of disease. The late (tertiary) stage is the most destructive and can be marked by involvement of any organ system. 

The public health importance of syphilis is determined by its severe medical, social and economic consequences. One of the most important is that syphilis attacks the fetus and newborn. In more than two-thirds of pregnant women with the disease, the infection spreads to the amniotic sac and affects the fetus. About 40% of infected pregnancies end in spontaneous abortion, stillbirth or neonatal death [1]. Congenital syphilis can maim or kill infants. Advanced stages of syphilis (gummatous, cardiovascular syphilis and neurosyphilis) can lead to death of adults as well. Untreated symptomatic neurosyphilis is usually fatal within 5 years [2]. Syphilis contributes also to the spread of HIV infection, by increasing the risk of HIV transmission three to ninefold [3]. The economic burden of syphilis, represented by direct and indirect costs, may be great in countries with high prevalence of the disease. For example, in urban areas of sub-Saharan Africa with high prevalence of STDs, syphilis causes the loss of an estimated 9 productive days per capita per year for the entire urban population [4]. Many infected people seek care from private providers, where they may pay one-quarter to one-half of their monthly earnings for drugs [5]. 

On the other hand, syphilis has long been the classical example of an STD which can be successfully controlled by such traditional public health measures as early diagnosis and adequate treatment of patients and their sexual contacts. A sharp increase in the incidence of syphilis occurred during World Wars I and II. Following World War One, the incidence of syphilis fell rapidly, coinciding with the availability of improved diagnostic tests and the arsenicals [6]. The next sharp decrease in syphilis morbidity occurred in most countries after World War II, coinciding with the introduction of penicillin. Nowdays, syphilis still occurs worldwide, but the incidence varies significantly with geographic location. In Latin American and Caribbean countries, from which information is available, syphilis prevalence among pregnant women ranged from 1.3% in Honduras to 6.3% in Paraguay in 1991. In the countries of East Asia, the Pacific and South East Asia, prevalence rates of syphilis among pregnant women range from 0.6% in South Korea to 14.2% in Fiji (1992). Incidence of syphilis in western European countries remains steadily below 10 per 100,000. In the USA, an estimated 70,000 cases of syphilis are diagnosed each year (including over 1,000 cases of congenital syphilis). Since the organization of a National STD control program in the1940s, the initial near elimination of syphilis in 1957 has been followed by cyclical national epidemics every 7 to 10 years. The most recent epidemic peaked in 1990 at 20.3 per 100,000. The congenital syphilis rate in the U. S. peaked in 1991 at 107.3 cases per 100,000 live births and declined to 26.9 by 1997.

The Soviet Union achieved a sharp decrease in syphilis in the 1920’s with an introduction of strict nation-wide system of specialised STD clinics (dermato-venereological dispensaries). After a brief rise during World War II, the incidence of syphilis fell even more. With an exception of the small rise in the late 1970s, rates of syphilis, have been low (generally less than 10 cases per 100,000). But after the break-up of the USSR, as a result of social disruption, changes in both sexual behaviour and in the provision of health care services, the incidence rate of syphilis began rapidly increasing in the Russian Federation and reached a peak of 264.6 cases per 100 000 in 1996, a 48-fold increase over 1989 level.  This rate obscures even higher levels of infection among younger people: in 1996 the rate of notification of new cases of syphilis in young woman aged 18-19 exceeded one per 100 [7, 8]. Since 1997 reported syphilis incidence has been declining in most parts of the former Soviet Union. However, this decrease is questioned by some authors, who try explaine it as a reflection of a reduced intensity of active case finding and of changes in reporting completeness because of a shift in service utilisation from the public to the private / informal sectors [9].

Effects of this syphilis epidemic have been noted in other countries as well [10, 11, 12]: in Finland the incidence of syphilis has increased considerably since the border with Russia was opened in the early 1990s [13]; twenty per cent of cases of syphilis in the United Kingdm have been associated with transmission from Russia or eastern Europe [14].

This epidemic of sexually transmitted disease in Russia causes high levels of morbidity as well as significant health-care and other economic costs. Because syphilis may facilitate HIV transmission such high incidences may be of even greater public health importance, given the explosive rise in HIV in Russia since 1996 [15].

1.2.  TREATMENT OF SYPHILIS

In 1943 Dr. John Mahoney working in a Public Health Service hospital, demonstrated the efficacy of penicillin in therapy for syphilis [16]. The causative microorganism of syphilis is very sensitive to this antibiotic, but for successful cure its therapeutic concentration should be provided continuously. Therefore, initially, repeated intramuscular injections of aqueous penicillin were administered every 3 to 4 hours for a couple of weeks. Of course, such therapy had to be administered within the framework of inpatient care. However, the development of delayed absorption preparations has made it possible to treat syphilis on an out-patient basis with single daily shots on schedules of about ten days. In 1953 benzathine penicillin G, a repository form of penicillin, was developed, making it possible the one-shot treatment of early syphilis. Although some studies have reported serologic treatment failure with this regimen in up to 25 percent of cases of secondary and latent syphilis [17, 18, 19], since that time 2.4 million units of this preparation has been the recommended treatment for early syphilis in many countries. 

In the Soviet Union clinical services for STDs have been provided through a centrally controlled nationwide network of dermato-venereological dispensaries, which has been characterised by coercion and social control [20]. Syphilis has been considered a major STD and medical treatment for it has been given exclusively on in-patient basis in order to ensure compliance of patients. The Russian STD service was shaped by history and the prevailing medical school of thought. But it was different from modern approach to syphilis control, effectively used worldwide. Following Mahoney’s work with penicillin, all other traditional preparations have became obsolete and were not used in the world. But Soviet physicians were still combining penicillin treatment with arsenicals and bismuth compounds up to the 1970’s [21, 22]. Although, long-acting benzathine penicillin was available and proved to be effective, due to ideological reasons such an easy solution was considered inappropriate for a disease unacceptable in the socialist state and more intensive hospital regimens with multiple injections of aqueous crystalline penicillin were used [23].

In the post-Soviet Russia the old dermatovenerology service has largely survived but with some major changes. In response to increasing unwillingness among patients to suffer stigma and sanctions, and to the failure of government to pay for services, dermato-venereological dispensaries have developed parallel anonymous out-patient clinics at which people can receive anonymous testing and treatment for STD on a fee-for-service basis. While the average national wages are less than $US 80 per month, the cost for investigation and treatment of syphilis may exceed $US 200. Therefore, the majority of people cannot afford these modern services and about 50 per cent of patients with syphilis are still hospitalised and treated on in-patient basis [24]. 

1.3.  CHOICE OF TREATMENT

Despite almost half a century of experience, treatment of syphilis remains a controversial issue. The Centers for Disease Control in the USA recommend intramuscular (IM) benzathine penicillin G 2.4 megaunits for one dose in early syphilis. This regimen has the advantage of requiring few out-patient attendance. However, since the report by Mohr et al that 12 of 13 patients had no detectable penicillin in the cerebrospinal fluid (CSF) after standard treatment with benzathine penicillin, other studies have suggested that this medication does not adequqtely penetrate into the CSF and that other treatment regimens might be more appropriate [25, 26, 27]. The eficacy of benzathine penicillin has been also questioned after reports of relapse after apparently adequate treatment in early stages of the disease [28, 29, 30]. More recently, there have been a number of reports of neurosyphilis occuring in HIV seropositive patients after treatment for early syphilis with standard dose of benzatine penicillin [31]. This has reopened the whole debate about appropriate medications and adequate dosage regimens for the treatment conditions.

In the United Kingdom, the recommended treatment for early syphilis is IM procaine penicillin [32, 33, 34]. This regimen is suitable for outpatient use and at the same time it has the advantage of achieving higher levels of penicillin in the CSF [35]. However, this approach is sometimes unacceptable to patients in terms of daily attendance required resulting in poor compliance. For example Crowe G. et al demonstrated in 1997 that of 210 patients who were offered daily procaine penicillin, 42 (20%) declined and had to use alternative regimens; of those who used this regimen, only  88% complied with treatment [36]. In addition, some studies have shown that even intramuscular procaine penicillin in combination with probenecid orally does not consistently yield treponemicidal penicillin concentrations in the CSF and therefore does not guarantee the cure of asymptomatic neurosyphilis [37].

The situation is even more complicated in the Russian Federation. Although benzathine-penicillin was introduced into national guidelines in the middle 1990’s, it met an opposition, and sometimes even open hostility, from a considerable part of Russian medical professionals. The main criticism stems from a slow seroconversion. According to the national guidelines these patients are considered “treatment failures” and require additional treatment. Many recent Russian publications argue that water soluble penicillin should be preferred to benzathine penicillin in cases of secondary and early latent syphilis [38, 39, 40]. The second argument, which is often used by the proponents of traditional approach, is that that hospitalization of patients with syphilis is essential because of Russian "mentality" and large proportion of socially disadvantaged people. In addition, most authorities of the dermato-venereological dispensaries want to preserve power over their facilities and to prevent the collapse of the painstakingly built STD control system - a system undermined by benzathine penicillin - and are against ambulatory treatment of syphilis. 

1.4.  ALTERNATIVE REGIMENS

Some other broad spectrum antibiotics were also found to be effective in treating syphilis [41], but penicillin preparations remain the best and most potent medication available today and the causal treponema has not developed any measurable resistance to it. Oral antibiotics by nature are fraught with built-in nonmedical problems: patients can forget to take tablets or decide not to take them. The main indication for alternative regimens is penicillin allergy. Two most often used medications are doxycycline and erythromycin [34, 42, 43, 44, 45, 46].

Other regimens such as various cephalosporins, amoxicillin and azythromycin have been suggested, but experience with them is limited [47, 48, 49].

A study of compliance of STD patients with take-home antibiotic regimen showed that only 66% of them returned for follow-up appointment; the structured educational intervention could improve the compliance up to 71% of the patients [50]. According to one study, which measured pill taking among 214 STD clinic patients, it was found that only 62% of the patients who returned for follow-up appointments had taken all their medication as directed [51]. Crabbe F. et al reported 83% compliance with the course of doxycycline [52]. Bignell C.J. et al using phenobarbitone as a pharmacological marker showed incomplete compliance with oral intake of oxytetracycline in 14 (42.4%) of 33 STD patients , but only one patient had evidence of continuing infection at follow up [53].

Studies of medical conditions other than STDs report similar problems with therapeutic noncompliance. In a review of the literature, Davis found that there was a 30%-50% rate of non-compliance for the studies he examined [54]. Estimates of non-compliance with some take-home regimens have been estimated as high as 92%! [55]. Demographic variables (age, sex, race, educational level, income etc.) as well as individual and personality characteristic (anxiety, ego strength, intelligence, etc.) have been shown to be unrelated to compliance [56, 57, 58].

1.5.  ADVERSE EFFECTS AND COMPLICATIONS OF THERAPY

The most common side-effect of therapy of syphilis is the Jarish-Herxheimer reaction, which is presumably caused by the rapid release of antigenic materials from killed and lysed treponemes. The Jarish-Herxheimer reaction is common following the onset of treatment of early syphilis. It usually consists of transient fever and may be associated with a temporary exacerbation of skin lesions within twelve hours the first dose of any antibiotic. Sometimes, the symptoms may be impressive in their severity; in one small group of 35 cases in which temperatures were monitored by rectal probe, two patients had peak temperatures more than 1030 F [59]. 

Some patients, usually those suffering from diabetes, can develop local complications at the site of injections – abscesses, which are usually treated in an out-patient setting.

Severe anaphylactic reactions and even deaths have occurred following the use of penicillin, but they are rare [60]. Of the adult U.S. population, 3%–10% have experienced urticaria, angioedema, or anaphylaxis (i.e., upper airway obstruction, bronchospasm, or hypotension) after penicillin therapy. With the passage of time after an allergic reaction to penicillin, most persons who have had a severe reaction stop expressing penicillin-specific IgE, but an estimated 10% of persons who report a history of severe allergic reactions to penicillin remain allergic.

The review of reports of Tver regional STD clinic revealed that in 1996-2000 out of 17,514 patients with syphilis, 22 have demonstrated serious adverse reactions to antibiotic treatment (1-Layel syndrom; 21-anaphylaxy) which required the treatment to be discontinued, and 1 patient died (due to Layel syndrom). The majority of cases were attributed to penicillin as the medication used most often, but exact numbers are not available and it is not impossible to compare rates of these complications in relation to different treatment regimens. 

1.6.  CLINICAL EFFECTIVENESS AND TREATMENT FAILURES

The efficacy of penicillin for the treatment of syphilis was well established through clinical experience before the value of randomized controlled clinical trials was recognized. Therefore, almost all the recommendations for the treatment of syphilis are based on expert opinion reinforced by case series, clinical trials, and 50 years of clinical experience. No adequately conducted comparative trials have been performed to guide the selection of an optimal penicillin regimen (i.e., the dose, duration, and preparation) [61]. Even fewer data are available concerning non-penicillin regimens. In the biggest reported study of Onoda Y. fifty-one patients with syphilis were treated with oral doxycycline. The success rate for early  syphilis in adults was 90% [62].

The bulk of available evidence appears to confirm that treatment of syphilis may not always produce a biologic cure and treponemes can persist in lymph nodes and the CNS of treated patients and experimental animals [63, 64]. Now, it is generally agreed that most treatment failures are attributed to undiagnosed asymptomatic syphilitic infection of the central nervous system. Some regimens for early syphilis, by providing a higher concentration of the antibiotic and increasing its penetration into the CSF, (procaine penicillin IM or benzylpenicillin IM, especially with probenecid), offer partial protection and can sometimes eradicate the beginning of syphilitic infection of the CNS. On the other hand, treatment failures can occur with any therapy, because the cure of asymptomatic neurosyphilis is not guaranteed by either intramuscular or oral antibiotic treatment. 

Using thorough follow-up of patients treated for syphilis, there is little danger with treatment failure, because subsequent administration of high-dose antibiotic therapy almost always reaches complete cure and prevents late complications of the disease.

In practice, it is often difficult to assess response to treatment and to distinguish treatment failure from re-infection. In both cases re-treatment is indicated. It is also difficult to compare the rates of treatment failures reported in different studies because of differences in the national guidelines. Although no definitive criteria for cure or failure have been established, CDC experts recommend that treatment failure should be considered if the titer of non-treponemal serologic tests does not decline fourfold 6 months after therapy. In the Russian Federation it is expected that non-treponemal test become negative 12 months after treatment. 

In addition, there are two very important points in discussing treatment failures:

1. Most of them are represented only by positive non-treponemal tests and only negligible proportion of the treated patients have clinical signs that persist or recur (according to Zaviyalov A.I. and Bakulev A.L., 2000 - from total 6.79% of treatment failures with Benzatine-penicillin, only 0.53% had clinical relapces [65]). The most important implication is that these patients do not carry any epidemiological danger or increased risk of HIV. 

2. The percentage of patients with negative serological tests continue to increase  with passing time. Acording to Fujimara N.J., 2 years after treatment with Benzatine-penicillin 93% of patients with early latent syphilis had negative serology, but after four years – 100% were seronegative [66]. In a big retrospective study of seroconversion following treatment of 1,532 syphilis cases, it was observed that non-treponemal test (VDRL) was still reactive at the end of 6 months in 16.47% of primary, 27.56% of secondary and 18.95% of early latent cases; at the end of 12 months in 11.38% of primary, 17.25% of secondary and 15.79% of early latent cases while at 30 months reactivity was still observed in 6.60% of primary, 8.39% of secondary and 11.58% of early latent cases. Results were better with 4.8 MU benzathine penicillin and procaine penicillin than with broad spectrum antibiotics and 2.4 MU benzathine penicillin [67]. These data are generally confirmed by Russian scientists [68, 69] and seems to be in agreement with the approach of the CDC which considers treatment effective by substantial decline in titers and does not require completely negative serologic test 12 months after therapy.

1.7.  CURRENT TREATMENT AND FOLLOW-UP RECOMMENDATIONS

The CDC clinical guidelines [70] recommend that patients who have primary, secondary or early latent syphilis should be treated with the benzathine penicillin G 2.4 million units IM in a single dose. Alternative regimens include doxycycline 100 mg orally twice a day or tetracycline 500 mg orally four times a day for 2 weeks. Patients who cannot tolerate these medications should receive ceftriaxone, 1 g a day IM for 8–10 days or erythromycin 500 mg orally four times a day for 2 weeks. Allergic patients whose compliance with therapy or follow-up cannot be ensured should be desensitized and treated with penicillin. 

Professional recommendations for syphilis treatment in Russia have undergone several revisions in a  recent decade, but they differ from the approach of the CDC in two aspects – there is a subdivision of treatment of early syphilis according to different stages and they advocate more intensive therapy. According to the national guidelines [71], patients who have primary syphilis should be treated with benzathine penicillin 4.8 million units total, administered as two doses of 2.4 million units IM each at 1-week interval or procaine penicillin 1.2 million units IM daily 10 days or water-soluble penicillin 1 mln ME 4 times a day, 10 days or doxycycline 100 mg orally twice a day for 15 days. Treatment options for secondary and early latent syphilis include:

· Out-patient regimens - 

1. Benzathine-penicillin (Extencillin, Retarpen) 2.4 mln units IM weekly № 3 

2. Bicillin-3 1.8 mln units IM twice a week  № 10

3. Bicillin-5 1.5 mln units IM twice a week  № 10

· In-patient regimens -

4. Water-soluble penicillin 1 mln units IM 4 times a day, 20 days

· Alternative regimens 

5. Oxacillin 1 mln units IM 4 times a day, 28 days.

6. Doxycycline  100 mg orally twice a day, 30 days.

7. Erythromycin 500 mg four times a day, 30 days.

Treatment failures can occur with any regimen and most professionals are concerned with clinical effectiveness of these approaches. But it is also important to take into account the impact on quality of life and the economic implications of these different treatment regimens within the two main strategies, either out-patient, or in-patient, because limited resources available in healthcare should be allocated to the most efficient interventions [72].

1.8.  ADVERSE EFFECTS OF SYPHILIS ON QUALITY OF LIFE

Quality of life (QOL) is an inclusive concept incorporating all health-related factors that impact upon an individual’s life [73]. The World Health Organisation gives the following definitions [74]:

· Impairment is any loss or abnormality of psychological, physiological, or anatomical structure or function.

· Disability is any restriction or lack (resulting from an impairment) of ability to perform an activity in the manner or within the range considered normal for a human being.

· Handicap is a disadvantage for a given individual resulting from an impairment or a disability that limits or prevents the fulfilment of a role that is normal (depending on age, sex, and social and cultural factors) for that individual.


The concept of QOL has been divided into several components [73], including psychological, social and physical domains, all of which can be affected by syphilis. The imposition of shame and guilt upon any venereal disease by societal norms is the most important reason for it. Although the impact of STDs on individuals varies considerably, for most patients information that they became infected with syphilis represents a significant psychological stress. In some studies [75, 76], over 40 percent of cases attending public STD clinics were classified as psychiatric cases on the basis of screening tests, with the anxiety, caused by the fact of infection, being the main cause of such a high figure. This problem is not unique to STDs  - similar emotional reactions can be associated with HIV/AIDS, leprosy or tuberculosis [77, 78, 79].

In contrast with other illnesses, which may elicit substantial sympathy from people, most patients with syphilis try to conceal their disease, because they can expect negative reactions to it from society. The visit to the public dermato-venereological dispensary is a potentially frightening experience, in which many patients express fear of meeting an acquaintance with the necessity of explaining the reason for being there. Hospitalisation in typical overcrowded and physically deteriorating venereological in-patient department can be even more stigmatising for patients. 

Early syphilis is not often accompanied by severe pain or physical limitations, however, the majority of people place large importance on any trouble related to their sexual sphere and it often leads to exaggerated and irrational attention focused even on small genital lesions and unpleasant sensations. Therefore, the impact of syphilis on functional health status and general health perception greatly depends on patients’ subjective assessment of the severity of their symptoms. 
Psychosexual problems occur in more than 13 percent of STD patients secondary to discomfort, pain, or from fear of re-infection or infecting others [75, 80]. Underlying conflicts can be major contributors, commonly being associated with guilt over sexual activity outside a primary relationship [81, 82]. The need for disclosure and treatment of a significant partner along with the shame and the wish to hide the infection can lead to severe psychological reactions and permanent impairment of intimate relationships. In most STD patients these sexual dysfunctions are mild, nevertheless, sometimes they can lead to self-doubt and long-term effect on self-esteem. 
At least some proportion of the patients treated for syphilis, acquire concern over future imaginary complications and fear of relapse of the disease, so called syphilophobia [83], which is further increased in Russia by a considerable percentage of the patients that are diagnosed as “treatment failures” according to the national guidelines. It can also lead to fear and avoidance of situations in which there is a perceived (often irrationally) risk of catching STI. 

Standard prohibition on sexual relationship during the treatment and first months of follow-up also undoubtedly contribute to decreased QOL. 

1.9.  ASSESSMENT OF QUALITY OF LIFE

There is a growing interest in devising methodology to measure quality of life in all areas of medicine, including dermato-venereology [84]. QOL indices can be appropriate outcome measures, giving a patient-based view of service effectiveness as well as directions for health-care allocation [85]. The European Academy of Dermatology and Venereology encourages specialists to use and to develop QOL measurements techniques [86].

The main techniques used to measure quality of life are questionnaire based. Utility questions explore the value that a patient places on their disease state in hypothetical financial or time equivalents. Many techniques exist for collapsing QOL into a single measure – category rating, magnitude estimation, time trade off and standard gamble. The Quality Adjusted Life Year (QALY) combines in one score the quantity and quality of life. One year of perfect health-life expectancy is taken as 1, but 1 year of less than perfect health-life expectancy is less than 1. Some researchers have related to shorter concepts such as “hours today”. In the area of dermato-venereology, questions using hours trade-off have been utilised with psoriasis and atopic dermatitis [87, 88].

In the design of QOL measures it is inevitable that some arbitrary decisions are made which can lead to surprisingly different results – for example, the value assigned to “moderate distress and unable to work” varies from 0.9 [89] to 0.35 [90]. There is therefore no such thing as an “absolute” measure of QOL; even the use of numerical scales in such qualitative research has been criticised [91]. 

The QALY analysis arouses strong opinions [85, 92]. Critics have questioned the assumptions underlying the procedure, doubted the quality of the data for calculations, raised ethical objections concerning equity and questioned whose values are relevant and whether it is reasonable to compare different numbers of different groups of people by a single index. Supporters of the QALY approach have said that current examples of QALY analysis are not definitive, that the method is still in development, and that it is intended only as an aid to decision making rather than a strict recipe. The lack of alternative procedure has also been emphasized.

Although there has been a dramatic growth of interest in the measurement of health-related QOL in many medical specialities, there has been little similar work in STD. Nevertheless, the willingness to pay is very high for syphilis due to the "intimate" character of this disease. This is indirectly confirmed throughout the world by the well-known fact that a big proportion of STDs tend to be treated in the private medical sector despite the availability of free public services [93, 94]. 

1.10.  ECONOMIC STUDIES OF SYPHILIS

In the pre-penicillin period, patients were generally hospitalised for a long in-patient treatment with mercury, arsenic, and bismuth preparations. As early as 1937 Bradbury S. calculated that the cost of treatment of one case of syphilis was US$ 126, which was twice as much as the weighted average for all medical conditions. He came to the conclusion that “syphilis is a high-cost illness that requires a long period of hospitalisation and long-continued care by a physician” [95]. He also quoted the work of Lee R.I. and Webster L.J. (1933) presenting components of costs of medical services for a variety of medical conditions, including syphilis [96]. The main elements of the cost of syphilis at that time were charges for physician visits - 37.9%, medications – 34.0%, laboratory tests –15.6% and hospital costs – 8.1%.

In 1965, the cost-benefit analysis of syphilis control by Klarman H.E, used patients’ expenditures on medications as an estimate of the unpleasantness associated with STDs [97]. Then Callin A.E. published two papers on the economic consequences of inadequate syphilis programmes [98] and monetary repercussions of STIs [99]. 

In 1990 Hibbs J.R. and Gunn R.A. estimated costs for identification and treatment of syphilis at STD clinic at US$ 469 per case treated [100] (US$ 663 per case in 1994 [101]). This estimate, from area of high incidence  (a syphilis outbreak among cocaine-users and sex-workers), includes investigator time, practitioner wages, diagnostic and treatment costs.

Nowadays, suggested measures to prevent transmission and sequelae of sexually transmitted diseases are almost universally agreed upon. But the important question to be answered is whether the interventions are worth the resources spent [102, 103]. Therefore, most studies have concentrated on the economic analysis of specific syphilis control. For example, William K. [104], Connor N. et al [105], Phaosavasdi S. et al [106] and Obisesan K.A. [107] reassessed costs and benefits of syphilis control strategies in pregnant women. Silberstein G.S. et al performed an economic evaluation of syphilis screening and treatment program among prisoners [108].  Clark K.L et al addressed the cost-effectiveness of syphilis screening in military recruit applicants [109].  Haskell R.J. [110] and Schmid G.P. [111] questioned the economic benefits of mass screening for syphilis. Gibson J.J. and Lindman T. performed a cost-effectiveness analysis of different strategies to find syphilis cases - contact tracing versus screening [112]. Engelgau M.M. et al estimated that intensive investigators' efforts invested in partner notification during syphilis epidemic may double the cost per case detected [113]. 

An entire series of economic studies has been devoted to medical expenditures for congenital syphilis [114, 115]. Projections for a typical country in East Africa with a population of 20 million  show that screening and treating 1.5 million pregnant women with a 10% prevalence of syphilis would cost about $US 900,000. Such program would prevent 75,000 spontaneous abortions, fetal or infant deaths, or cases of congenital syphilis at a cost of $US 12 per sequela avoided [116].

Some recent studies tried to incorporate STD-attributable HIV treatment costs into the cost-effectiveness analyses of STD prevention programs, including syphilis. For example, Chesson H.W. and Pinkerton S.D. using  a mathematical model of HIV transmission, demonstrated that in 1996 an estimated 5,052 new HIV cases, which accounted for US$ 985 million in direct treatment costs, were attributable to the four STDs. Among all STIs analysed, syphilis was ranked the second STD in relation to these HIV attributable costs [117]. It was also estimated that over 15 years, a national syphilis elimination program could save over US$ 833 million (discounted at 3% annually) in averted direct medical costs of syphilis-related HIV infections [118].

In 1997 a Tanzanian study on the economic effect of improved clinical services for bacterial STIs, including syphilis, reported that in areas of high HIV prevalence, the cost-effectiveness of management of STDs (10$ per DALY), exceeded that of childhood immunisation programmes (12-17$ per DALY) [119].

At the same time some authors warn that the search for low cost therapy of STDs can represent a false economy if individuals receive less than optimum treatment. Taking into account the role of syphilis in the spread of HIV, any difference in costs of different treatment regimens can be more than offset by a reduction in HIV incidence [120]. Although out-patient therapy is low-cost and easy to administer, there seems little point in persisting with this approach if it does not protect against the late sequelae of syphilis. It is generally agreed that treponemes may persist after treatment that has been accepted as effective and can lead to relapses or to the development of neurological signs in some treated patients. On the other hand, short-term treatment regimens have been extensively used in most developed countries for more than four decades and the epidemic of early syphilis after the Second World War was not followed by an epidemic of late syphilis.

There are a few studies reporting on the patterns and policy of drug utilisation [121]. The retrospective study of Chisholm C.A. et al compared clinical outcomes and costs of oral and intravenous desensitization for the management of syphilis in penicillin-allergic pregnant women [122]. Most studies and pilot projects in developing countries confirmed that the screening test for syphilis (VDRL or RPR) costs about 10 $US and an injection of benzathine penicillin costs about 0.4 $US. In the absence of laboratory support and with the use of syndromic approach, advocated by the WHO for developing countries, the cost of syphilis treatment under the algorithm for Genital Ulcer Syndrome ranges between 0.77 $US and 7.22 $US [123, 124]. Rewari S. et al reported that 97% of the drug prescriptions for syphilis and the costs of the drug treatment in a big Indian teaching hospital were in accordance with the current treatment guidelines [125]. Van der Veen F. and  Fransen L. have compared national STD guidelines, purchasing mechanisms, and drug acquisition costs from 15 developing countries. Although national guidelines for syphilis were similar, the drug costs showed wide variations, depending mainly on the choice between generic and imported branded preparations [126]. 

Economic issues in the area of STDs have received scant attention in the Russian language literature [127]. The only recent relevant study identified, deals with the cost-effectiveness of the national syphilis screening program in Kazakhstan. It mentions  the national estimate of the average cost of treatment of 1 case of syphilis - about 200$ US [128]. 

2.  COST-EFFECTIVENESS ANALYSIS OF SYPHILIS TREATMENT

2.1. CASE FOR ACTION

Frequently in different areas of medicine, including STIs, therapy for many conditions is selected on the basis of routine practice without full knowledge of their costs and benefits. Little emphasis is placed on re-evaluation of current medical approaches. A thorough MEDLINE and literature search  failed to demonstrate cost-effectiveness studies that compared different treatment options for syphilis. Although the short-term success of ambulatory syphilis treatment is obvious, it probably leads to more re-treatment in the long-term. Therefore it is necessary to investigate whether short-term out-patient therapy could be an economical alternative to hospitalisation for syphilis treatment. Taking into account the increased risk of HIV transmission for patients with syphilis, it remains to be confirmed whether out-patient syphilis treatment regimens are cost-effective vis-à-vis hospital treatment. 

2.2.  STUDY DESIGN AND METHODOLOGY

Purpose of the study: 

To carry out a cost-effectiveness analysis (CEA) of different methods of treatment of syphilis in order to inform resource allocation decisions.

General objective: 

To carry out a cost-effectiveness analysis of seven methods of treatment of secondary and early latent syphilis currently used in the Russian Federation.

Specific objectives:  

1. To calculate the medical costs per case cured with different treatment regimens of syphilis in out-patient and in-patient settings.

2. To calculate the total costs per case cured from societal perspective. 

3. To assess the effectiveness of different treatment regimens in relation to quality of individual’s life. 

The Research Hypothesis: Out-patient approach to treatment of syphilis is more cost-effective than hospital treatment.

Variables:

1) Case cured
Conceptual definition: Case cured is a patient restored to health.
Operational definition: Case cured is a patient with syphilis, who received treatment adequate for the form of the disease, was clinically and serologically followed-up according to the national guidelines and considered to become free of the infection.

2) Quality of life

Conceptual definition: Quality of life is a subjective perception of personal well-being incorporating all health-related factors that impact upon an individual’s life.

Operational definition: Quality of life is a measure of health outcome which assigns to each period of time a weight, ranging from 0 to 1, corresponding to quality of life during that period, where a weight of 1 corresponds to perfect health and a weight of 0 corresponds to a health status judged equivalent to death.
3) Cost

Conceptual definition: Cost is the price paid for something or the amount of resources spent in producing a commodity. 

Operational definitions: 

Medical cost per case cured is the estimate of the amount of money spent for clinical cure of one case of early syphilis, which is comprised of 1) the cost of initial examination, 2) the cost of drugs, 3) hospital cost or cost of out-patient treatment sessions, 4) the cost of follow-up, 5) the cost of re-treatment of non-compliant cases 6) the cost of consequent treatment in case of initial therapeutic  failure. 

Cost of initial examination is the amount of money spent on average for diagnosis of one case of syphilis, composed of spending on laboratory testing, employment costs of medical personnel and the costs of administration and facilities’ maintenance..
Cost of drugs is the estimate of the amount of money spent on drugs for complete course of given treatment regimen .

Cost of out-patient treatment visits is the estimate of the amount of money spent for ambulatory treatment session. It consists of employment costs of medical personnel, the costs of administration  and building maintenance times the number of treatment sessions for complete course of given therapeutic regimen.
Hospital cost is the estimate which equals the cost per person day multiplied by the number of days for complete course of given therapeutic regimen plus the costs of laboratory tests.

Cost of follow-up is the estimate of the amount of money spent on average for tests-of-cure, costs of administration  and building maintenance and employment costs of medical personnel.
Costs of re-treatment of non-compliant cases is the estimate which equals the non-compliance rate for a given regimen multiplied by the cost of drugs, personnel employment and administration costs of re-treatment course. 

Cost of consequent treatment of initial therapeutic failures is the estimate calculated from rate of failure of given treatment regimen, cost of additional laboratory examination, cost of drugs for treatment with aqueous penicillin and hospital costs.

Total cost per case cured from societal perspectives is the estimate of the amount of money spent to cure one case of early syphilis, which is comprised of 1) the medical costs; 2) the total non-medical costs (the cost of transportation to and from clinic and costs of total working time lost in treatment).

The costs of initial examination and the costs of follow-up are fixed. The costs of drugs, the cost per out-patient treatment visit, the cost of general hospital services, the costs of re-treatment of non-compliant cases, the costs of consequent treatment in case of treatment failure, the total non-medical costs and the costs of total working time lost in treatment vary with the type of treatment.

Methodology:

A cost-effectiveness analysis will compare 7 syphilis treatment protocols. The final outcome of interest is the same for all regimens - clinical cure of the patient. The influence of different treatment approaches to quality of life of patients will be assessed through QALYs. Costs will be estimated in the national currency – ruble (exchange rate in July 2001 is about 28 rubles for 1 $ US). The data collection will be performed through various means, including electronic Medline searches and manual searches of relevant journals, checking bibliographies of identified articles, personal contacts with physicians and medical authorities (Table 1). 

Results will be summarized as the monetary cost of achieving one unit of health outcome (cost per case cured) and rated according to QALYs lost.

Table 1. Data and sources

	Determinants
	Source

	Time allocations
	Personal experience

	Employment cost
	National Tariff Scale for salary and taxation [129]

	Laboratory tests costs
	Estimates of authorities of Tver dermato-venereological dispensary

	Costs of administration, medical records, power, heat, light 
	Estimates of authorities of Tver dermato-venereological dispensary

	Drug costs
	Retail prices of Tver Central Pharmacy

	Cost per patient day
	Estimates of authorities of Tver dermato-venereological dispensary

	Non-compliance rates
	Literature data [36,50,51, 52, 53, 54, 55, 56, 57, 58]

	Treatment failure rates
	Literature data  [17, 18, 19, 34, 35, 38, 39, 40, 41, 42, 43, 44, 45, 46, 49, 62, 65, 66, 67, 68, 69]

	Cost of working time lost
	National average earnings

	Unemployment among patients
	Literature data [130, 131]

	Transportation costs
	Ticket prices of Tver central bus station

	Quality-adjustment multipliers
	Assumed, see text


2.3.  THE MODEL OF THE TYPICAL PROCESS

Between 1996 and 2000 a total of 17,514 cases of syphilis were reported by Tver dermato-venereological dispensary - the main STD clinic certified for the treatment of STIs in the region with the population of 1,602,200 people in 2000.

Table 2. Number of cases of syphilis in Tver region 1996 - 2000

	Year
	1996
	1997
	1998
	1999
	2000
	Total

	Number of cases 
	4,859
	4,386
	3,438
	2,594
	2,237
	17,514


In the year 2000, 48.3% of the cases were males and 51.7% - females. 99.8% had early syphilis, of which 17.2% primary, 49.8% secondary and 33.0% early latent syphilis. 

The overwhelming majority of the patients go through a standard diagnostic process. During the first attendance to the polyclinic (out-patient department) the address, age, occupation are registered by receptionist. The physical and special examination is performed by venereologist (STD physician), who also takes smears for gonorrhea and chlamidial infection. Then the nurse takes blood sample for non-treponemal (so called “express test” – a cardiolipin test analogous to the VDRL) and treponemal serologic tests (TPHA) for syphilis and HIV analysis.

The second visit is usually made the following day, when the treatment is administered. Although, the medications to be used, the dosage, and the length of treatment are defined by the national guidelines, usually the physician has a certain degree of independence in choosing the drug and type of treatment (out-patient or in-patient). Different penicillins are the main medication. Generally, aqueous penicillin therapy in hospital is preferred to short-term out-patient treatment with benzathine-penicillin in cases of secondary and early latent syphilis (which in fact constitute the majority of patient (82.8% in 2000). The choice is often influenced by the patient’s willingness to be hospitalised or by personal preferences of the physician. The reasons for choosing alternative regimens with oral antibiotics usually include penicillin allergy and sometimes refusal to have injections. In both situations physicians prefer to hospitalize patients in order to supervise the treatment and to ensure compliance. Therefore, in practice alternative regimens are administered mainly on an in-patient basis.

Those patients who are assigned to out-patient treatment have to come to the policlinic on the appointed days to get antibiotic injections. All medications and syringes are purchased by the patients. Those who failed to attend for treatment are generally considered as needing a further full course of treatment. Hospitalised patients undergo additional clinical, serological and microbiological examinations. The average length of stay in hospital determined by the treatment method ranges from 20 to 30 days. The patients have sick-leave from work and in contrast to out-patients receive treatment free of charge.

Upon completion of the course of therapy all patients are referred to a polyclinic for follow-up. Patients are examined clinically and serologically (with nontreponemal tests) at the policlinic every three months after treatment. The average number of clinic attendances is 5. Patients who have symptoms that persist or recur or whose nontreponemal test remains positive by the end of the year undergo neurological evaluation and additional treatment. Re-treatment course includes water-soluble penicillin IM 1 megaunits 4 times a day for 20 days. After additional therapy, patients are followed-up for the next year. 

2.4.  COSTS 

Initial visit to the out-patient department: 

The average time allocation of medical personnel is estimated on the basis of 5 year personal experience in Tver STD clinic. The salary calculations are based on the National Tariff Scale [129]. This gives a total medical staff cost of 12.22 rubles per patient. Average laboratory tests cost per patient amount to 115 rubles. It was not feasible to estimate the capital costs of the facilities( utilised so that the estimates of cost only relate to running and building maintenance costs provided by the authorities of Tver dermato-venereologic dispensary (0.05 rubles per patient). Costs of administration and medical records (including the running the computerised record system) were derived from the same source (2.05 rubles per patient). Thus the average total cost per patient is 129.32 rubles. The detailed break-down of the cost of the initial examination is given in Tables I-III (Appendix A). 

Drug costs are calculated from the national treatment protocols and retail prices of the Tver Central Pharmacy. The detailed break-down of these costs is given in Tables IV (Appendix B).

Table 3. Cost of medications for different treatment regimens:

	Drugs
	Total cost per course

	Benzathine-penicillin 
	139.2

	Bicillin-3
	156.5

	Bicillin-5 
	109.6

	Water-soluble (aqueous) penicillin 
	328

	Oxacillin
	1155.84

	Doxycycline  
	60.6

	Erythromycin
	984


Costs of out-patient treatment were derived from the costs of each treatment session. The detailed break-down of these costs is given in Tables V-VI (Appendix C).

Table 4. Costs of out-patient management

	Treatment regimen
	Total cost

	Benzathine-penicillin 
	7.83

	Bicillin-3
	26.1

	Bicillin-5 
	26.1


The construction of a detailed costing system of in-patient treatments, taking into account the exact allocation on catering, administration, cleaning, etc., appeared to be unrealistic due to time and location constraints. However, information provided by authorities of Tver dispensary is quite adequate to estimate most of the costs.

Table 5. Costs of in-patient management for different treatment regimens.

	Treatment regimen
	Total hospital cost

	Water-soluble penicillin 
	1856.9

	Oxacillin 
	2432.26

	Doxycycline  
	2576.1

	Erythromycin
	2576.1


The detailed break-down of these costs is given in Tables VII-X (Appendix C).

While the morbidity of early syphilis is rather high in the Russian Federation, the disability and mortality are very low. For example, in 1996-2000 out of 17,514 patients with syphilis in Tver region, there have been only 6 cases of permanent disability (mainly due to neurosyphilis and congenital syphilis – both are out of the scope of this study) and 1 death (due to Layel syndrome to penicillin treatment). It can be stated, that in early syphilis, antibiotic therapy almost always reaches complete cure and prevents late complications of the disease. Therefore, the clinical effectiveness of the treatment can be estimated by its success or failure in reaching the cure of syphilis, in terms of patients’ need for additional course of treatment.

Treatment failure:

For the purpose of this study it was decided to define the rate of treatment failure as the percentage of cases who required the additional course of specific treatment despite the fact they had received the appropriate therapy for initial diagnosis. Review of the literature revealed that on average 17.5% of patients treated for secondary and early latent syphilis have positive non-treponemal tests 12 months after treatment with benzathine penicillin (range 2.7 – 26.1%). For patients treated with Bicillin-3 or -5 the average is 12.8% (range 3.3 – 22.1%). Among patients treated with water soluble penicillin and oxacillin the average is 6.2% (range 2.7 – 12.5%). The available data concerning doxycycline and erythromycin  are limited, but all experts agree that these drugs are less effective. Therefore the assumption was made that the rate of treatment failures is at least as high as with benzathine-penicillin e.g. 17.5%. 

Compliance: 

It is known from literature that at least 10% of STD patients fail to comply with the prescribed long course of out-patient treatment given in injections. No data were available on non-compliance with the syphilis treatment given in hospital settings and short out-patient course given in injections. From personal experience, these proportions are estimated to be around 5 percent.

Table 6. Cost of re-treatment of non-compliant cases

	Treatment regimen
	Percent retreated
	Total cost

	Out-patient Benzathine penicillin
	5%
	7.35

	Out-patient Bicillin-3 and -5
	10%
	14.7

	In-patient regimens
	5%
	7.35


The detailed break-down of these costs is given in Table XI-XII (Appendix D).

Estimate of cost of follow-up is 146.6 rubles. It is fixed for different regimens (Table XIII; Appendix D).

Table 7. Cost of treatment failures for different regimens.

	Treatment regimen
	Total cost of re-treatment of initial failures

	Benzathine-penicillin
	389.1

	Bicillin-3
	284.5

	Bicillin-5 
	284.5

	Water-soluble penicillin 
	137.85

	Oxacillin 
	137.85

	Doxycycline  
	389.1

	Erythromycin
	389.1


The detailed break-down of these costs is given in Tables XIV-XV (Appendix D).

On the basis of the most realistic assumptions possible, the medical costs of seven treatment regimens were found as follows:

Table 8. Total medical cost per case cured

	
	The cost of initial examination
	The cost of drugs
	The cost of out-patient treatment visits 
	The cost of stay in hospital
	The costs of follow-up
	The costs of re-treatment in cases of non-compliance
	The costs of re-treatment of initial therapeutic failures
	Medical cost per case cured

	Out-patient treatment

	Benzathine penicillin
	129.32
	139.2
	7.83
	
	146.6
	7.35
	389.1
	819.4

	Bicillin-3
	129.32
	156.5
	26.1
	
	 146.6
	14.7
	284.5
	757.72

	Bicillin-5
	129.32
	109.6
	26.1
	
	146.6
	14.7
	284.5
	710.82

	In-patient treatment
	
	
	
	
	
	
	
	In-patient treatment

	Aqueous penicillin
	129.32
	328
	
	1856.9
	146.6
	7.35
	137.85
	2606.02

	Oxacillin
	129.32
	1155.84
	
	2432.26
	146.6
	7.35
	137.85
	4009.22

	Doxycycline
	129.32
	60.6
	
	2576.1
	146.6
	7.35
	389.1
	3309.07

	Erythromycin 
	129.32
	984
	
	2576.1
	146.6
	7.35
	389.1
	4232.47


Total cost per case cured from a broad societal perspective besides the medical costs includes the cost of transportation to and from clinic and the costs of total working time lost in treatment.

Transportation costs were calculated from the current charges of public transport (the average price of a two-way bus ticket from the district is 120 rubles). As shown in Table 9, the costs of total working time lost for treatment is zero for out-patient treatment, because patients can go to policlinic before or after work. For in-patient regimens it was calculated from the number of days of work lost (based on a 6 working day week) and the average national monthly earnings (1,850 rubles). It was also taken into account that 40.6% to 73% (56.8% on average) of syphilis patients are represented by unemployed people [130, 131].

Table 9. Cost of different regimens from societal perspective

	Treatment regimen
	Medical cost per case cured
	Cost of transportation
	Costs of working time lost in treatment
	Total cost

	Out-patient treatment

	Benzathine penicillin
	819.4
	1080
	0
	1899.4

	Bicillin-3
	757.72
	1920
	0
	2677.72

	Bicillin-5
	710.82
	1920
	0
	2630.82

	In-patient treatment

	Aqueous penicillin
	2606.02
	840
	456.69
	3902.71

	Oxacillin
	4009.22
	840
	639.36
	5488.58

	Doxycycline
	3309.07
	840
	685.03
	4834.1

	Erythromycin
	4232.47
	840
	685.03
	5757.5


The detailed break-down of the societal costs is given in Tables XVII-XX (Appendices D and E).

The estimates of costs are much greater for in-patient treatment than out-patient therapy with benzathine-penicillin being the most cost-effective method of treatment.

2.5. QUALITY OF LIFE

In order to assess treatment effectiveness from the individual’s perspective it was decided to take into account the influence of syphilis and its treatment on the quality of life. In the concept of QALY, the adjustments for quality of life in different health states range from 1 representing perfect health, to 0 representing death. 

Evaluation of quality of life in STDs is a new area of interest. Due to time and location constrains, within the frame of this study it was not possible to perform an actual survey among patients with syphilis. Taking into account the combined impact of the disease on a psychological and physical states of individual [75, 76, 79, 80, 81, 82, 83, 93, 94, 97], it was decided to use a quality measure of 0.9 for syphilis. We also assumed that being treated in a venereological dispensary for syphilis is worth 0.8 QALYs due to the stigmatising situation, loss of working and leisure time, and loss of so called household production. These values may be compared with quality adjustments obtained by different studies for other diseases that can be sexually transmitted, such as hepatitis B virus (HBV) infection if asymptomatic - 0.917, mildly symptomatic  HBV - 0,667, severe symptomatic HBV – 0,167 [132]. Several researches found QALY multipliers of 0.74 to 0.8 for individuals with asymptomatic HIV infection who know their status, 0.417 to 0.64 for mildly symptomatic HIV and 0.167 to 0.42 for AIDS [132, 133, 134].

Available data show that short-term response to specific therapy (resolution of symptoms) does not depend on the treatment method. According to the typical clinical course of secondary syphilis and standard medical requirement to abstain from sexual relationships, the mean time of disease was assigned as 6 weeks (42 days). For calculations of treatment impact, the actual time spent in the STD clinic was used.  

Figure 1 represents the costs and QALYs lost of different treatment regimens. It shows the out-patient treatment to be not only cheaper, but also to have lower QALY loss than the in-patient treatment.  Full details of calculations are provided in Table XXI, Appendix F. 
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Figure 1. The cost and QALYs lost by using base values

2.6.  SENSITIVITY ANALYSIS

A sensitivity analysis was performed in order to test the extent to which the results were affected by the assumptions. All model parameters were varied in relation to treatment effectiveness, compliance rates and quality adjustments with the widest ranges of values that have been reported in the literature or could be realistically expected. The variations in compliance as well as quality of life adjustments lead only to slight shifts and did not change the overall picture. 

Table 10 shows the results of the sensitivity analysis for treatment effectiveness – the only parameter for which the results were sensitive. Full details of calculations are provided in Table XXII-XIV, Appendix G. 
Table 10. Sensitivity analysis for treatment effectiveness

	Drug 

regimen
	Initial value of failure rate
	Total cost from societal perspective
	QALYs lost
	Range considered
	Cost
	QALYs lost

	
	
	
	
	Minimum value of failure rate
	Maximum value of failure rate
	At 

MIN value
	At 

MAX value
	At 

MIN value
	At MAX value

	Benzathine- penicillin
	17.5
	1899.4
	0.0136
	2.7
	26.1
	1570.33
	2090.6
	0.0120
	0.0146

	Bicillin-3
	12.8
	2677.72
	0.0132
	3.3
	22.1
	2466.59
	2884.59
	0.0123
	0.0143

	Bicillin-5
	12.8
	2630.82
	0.0132
	2.7
	22.1
	2406.35
	2837.69
	0.0123
	0.0143

	Aqueous penicillin
	6.2
	3902.71
	0.0233
	2.7
	12.5
	3824.89
	4042.77
	0.0229
	0.0240

	Oxacillin
	6.2
	5488.58
	0.0277
	2.7
	12.5
	5410.76
	5628.66
	0.0272
	0.0283

	Doxycycline
	17.5
	4834.1
	0.03
	3.3
	26.1
	4518.37
	5025.3
	0.0284
	0.0309

	Erythromycin
	17.5
	5757.5
	0.03
	3.3
	26.1
	5441.77
	5948.7
	0.0284
	0.0309


As is clear from the following graph, even the extreme assumption on maximal effectiveness of in-patient treatments and minimal effectiveness of out-patient treatments could not significantly influence the results – out-patient treatments are still cheaper and lose less QALYs than hospital treatment.

Figure 2. Cost and QALYs lost by using worst reported clinical effectiveness for hospital-based methods and best reported effectiveness for ambulatory approaches.
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3.  CONCLUSIONS

The method of choice should be one that leads to as good clinical results as any other and should be the method most economical of man-power, money and resources. Although higher-dose in-patient penicillin treatment accelerates the speed of seroconversion, the clinical results show no significant difference between different treatment regimens in the long run. Taking into account the similar low rate of clinical relapses, one can expect no difference between regimens in relation to the risk of HIV transmission. In fact, hospital treatments of syphilis can even lead to greater losses in quality of patients’ lives. As is known, hospitalisation also increases the risk of iatrogenic (nosocomial) diseases which would further contribute to lower quality of life. 

The major factor in defining costs of syphilis management is the allocation to either hospital or ambulatory treatment, with out-patient based regimens being more cost-effective. No estimates are available of the national costs of syphilis management but it might be reasonably assumed that the substitution of out-patient treatment for in-patient would reduce the average cost of treatment by at least 60%. Taking into account about 200,000 cases of syphilis reported in Russia in the year 2000, and a hospitalisation rate of 50 percent, the total annual savings to the Health Service resulting from replacing hospital treatment with ambulatory approach may be considerable (around 1.5 million rubles).

Historical patterns of care, inability to shift resources easily and vested interests of the medical authorities support the conservation of obsolete hospital approach to syphilis management. The present system also, inadvertently, encourages patient preferences for hospital admission  through its prescription costs policy. Inpatients receive drugs free of charge while outpatients pay for pharmaceuticals. Therefore, patients are likely to benefit financially from hospital admission despite the extra strain this places on the finances of the medical system.

In this study we aimed to construct a comprehensive and comparable view of treatment methods from all available sources of information. The suggested approach allows many types of information to be incorporated into the analysis. The effects of changes in cost and quality of life can be easily explored and understood from the graph. 

We are aware of the limitations of the suggested technique, however, if the assumptions and methods used in the study are made explicit, they can become topics for debate and further research, which may lead ultimately to their improvement and wider implementation in the area of STDs.

4.  IMPLICATIONS FOR POLICY

It would be beneficial to the patient, the Health Service and the community if the majority of patients were treated on an out-patient basis. The replacement of hospital-based approach could lead to the following benefits and effects:

· Decreased consumption of health resources

· Increased productivity

· Patients’ enhanced quality of life

Because modern antibiotic can effectively cure syphilis in any setting, it is possible to transfer the management of STD patients from rural areas to the general medical personnel of the district clinics. In addition to direct medical savings it will also decrease transportation costs.  

Available evidence suggests that clinical results at two to three years after therapy show  little difference between methods of treatment. Therefore, it is necessary to review the appropriateness of current national guidelines in classifying treatment failures. In the light of the extremely low risk of clinical relapses, it is reasonable to revise indications for renewed treatment of those still serologic-positive by the end of one-year of follow-up. The adoption of the CDC standards, for example, could significantly decrease the number of patients receiving additional treatment. 

Allocation of resources should be needs-based, and not supply-based. The introduction of explicit cost-effectiveness analysis into development of STD guidelines could help the experts to weigh the cost implication of various protocols along with differences in effectiveness, side effects and other risks. It can also be a powerful instrument in persuading policy makers to shift resources from hospitals to low-cost and highly effective out-patient care.
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APPENDIX A. 

INITIAL VISIT

Table I. Labour costs

	
	Nurse
	Physician
	Secretary

	Time allocation (mins)
	
	
	

	Collection of blood
	5
	
	

	Actual
	15
	15
	

	Administration (to fill in forms, to find contacts etc.)
	10
	15
	10

	total time
	30
	30
	10

	Salary components (rubles)
	
	
	

	Salary per month
	1062
	1334
	556

	Employment costs:
	
	
	

	Pension fund
	308
	387
	161

	Personal income tax
	106
	138
	46

	Social fund
	59
	75
	31

	Medical insurance
	38
	48
	20

	Monthly employment costs
	1573
	1982
	814

	annual employment costs
	18876
	23784
	9768

	hours worked per week
	40
	40
	40

	weeks in year
	52
	52
	52

	days of national holidays
	7
	7
	7

	holiday weeks
	4
	4
	4

	working weeks
	47
	47
	47

	days worked per week
	5
	5
	5

	hours worked per day
	8
	8
	8

	hours worked in year
	1880
	1880
	1880

	
	=
	=
	=

	Employment costs per hour
	10.04
	12.65
	5.20

	LABOUR COSTS PER VISIT
	5.02
	6.33
	0.87


Total labour costs = 5.02 + 6.33 + 0.87 = 12.22 rubles

Table II Laboratory tests costs

	Non-treponemal serologic test for syphilis (ET)
	15

	Treponemal test (TPHA)
	30

	Smear for gonorrhea (Gram’s stain)
	15

	Smear for Chlamidia  trachomatis (DFA)
	40

	HIV screening
	15

	Total cost
	115


Table III Total cost of initial visit

	Labor costs of personnel
	12.22

	Laboratory tests
	115

	Building maintenance 
	0.05

	Administration costs, medical records, the downstream costs associated with contact tracing
	2.05

	Total
	129.32


APPENDIX B

DRUG COSTS

Table IV. Cost of drugs for different treatment regimens

	DRUGS
	Retail price per pack
	Number of doses in 1 pack
	Cost of 1 dose
	Cost of syringe
	Number of doses per course 
	Total cost per course

	Benzathine-penicillin 
	44.4
	1
	44.4
	2
	3
	139.2

	Bicillin-3
	4.55
	0.33
	13.65
	2
	10
	156.5

	Bicillin-5 
	8.96
	1
	8.96
	2
	10
	109.6

	Water-soluble penicillin 
	2.1
	1
	2.1
	2
	80
	328

	Oxacillin
	4.16
	0.5
	8.32
	2
	112
	1155.84

	Doxycycline  
	10.13
	10
	1.01
	-
	60
	60.6

	Erythromycin
	41
	5
	8.2
	-
	120
	984


APPENDIX C

OUT-PATIENT AND IN-PATIENT COSTS

Table V. Cost of each out-patient treatment session

	
	Nurse 

(10 mins)
	Secretary 

(3 mins)
	Building maintenance 
	Administration costs and medical records
	Total cost

	Costs 
	1.67
	0.26
	0.01
	0.67
	2.61


Table VI Costs of out-patient treatment visits for different regimens

	Treatment regimen
	Number of treatment sessions
	Cost of each session
	Total cost

	Benzathine-penicillin 
	3
	2.61
	7.83

	Bicillin-3
	10
	2.61
	26.1

	Bicillin-5 
	10
	2.61
	26.1


Table VII. Hospital medical personnel costs
	
	NURSE
	PHYSICIAN
	Total

	Monthly employment costs
	1573
	1982
	

	Number of personnel
	8
	4
	

	Total monthly employment costs for the department
	12,584
	7,928
	20,512


For a 60-bed department with occupancy 300 days a year (data from the year 2000) the estimated medical personnel costs per patient-day is 20,512 : 30 : 60 x (365:300) = 13.86 rubles
Table VIII. Cost of stay in hospital

	Building maintenance, utilities, custodial services (the data provided by authorities of Tver dispensary) 
	9.34

	Medical personnel costs 
	13.86

	Administration and medical records
	17.19

	Food
	31.53

	Total costs per patient-day
	71.92


Table IX Cost of laboratory examination typically performed in hospital 

	Laboratory tests
	Cost of 1 test
	Average number of tests 
	Cost of tests per hospital stay

	Non-treponemal serologic test (ET)
	15
	2
	30

	1st Treponemal test (TPHA)
	30
	2
	60

	2nd Treponemal test (FTA-ABS)
	35
	1
	35

	Smear for gonorrhea (Gram’s stain)
	15
	1
	15

	Smear for Chlamidial infection (DFA)
	40
	1
	40

	HIV screening
	15
	1
	40

	Clinical blood analysis
	64
	2
	128

	Urinalysis
	27
	2
	54

	CSF examination 
	49.5
	0.33
	16.5

	Total
	
	
	418.5


Table X Hospital costs for different regimens

	Treatment regimen
	Stay in hospital
	Cost per patient-day
	Laboratory tests
	Total cost

	Water-soluble penicillin 
	20
	71.92
	418.5
	1856.9

	Oxacillin
	28
	71.92
	418.5
	2432.26

	Doxycycline  
	30
	71.92
	418.5
	2576.1

	Erythromycin
	30
	71.92
	418.5
	2576.1


APPENDIX D

COSTS OF RETREATMENT IN CASES OF NON-COMPLIANCE AND 

TREATMENT FAILURES

Table XI Cost of standard management of non-compliant case

	
	Cost of benzathine- penicillin per course
	Cost of out-patient treatment sessions
	Total cost

	Re-treatment course 

(3 injections of benzathine-penicillin in out-patient setting)
	139.2
	7.83
	147.03


Table XII Cost of retreatment of non-compliant cases

	Treatment regimen
	Compliance
	Cost of re-treatment of 1 case
	Total cost

	Out-patient Benzathine-penicillin
	95%
	147.03
	7.35

	Out-patient Bicillin-3 and -5
	90%
	147.03
	14.7

	In-patient regimens
	95%
	147.03
	7.35


Table XIII Cost of follow-up 

	
	Labor cost
	Non-treponemal serological  test (ET)
	Building maintenance
	Administration
	Cost of each follow-up visit
	Number of attendance
	Total cost of follow-up

	Cost
	12.22
	15
	0.05
	2.05
	29.32
	5
	146.6


Table XIV Cost of laboratory examination typically performed during hospitalisation because of initial treatment failure 

	Laboratory tests
	Cost of 1 test
	Average number of tests 
	Cost of tests per hospital stay

	Non-treponemal serologic test (ET)
	15
	2
	30

	1st Treponemal test (TPHA)
	30
	2
	60

	2nd Treponemal test (FTA-ABS)
	35
	1
	35

	Smear for gonorrhea (Gram’s stain)
	15
	1
	15

	Smear for Chlamidial infection (DFA)
	40
	1
	40

	HIV screening
	15
	1
	40

	Clinical blood analysis
	64
	2
	128

	Urinalysis
	27
	2
	54

	CSF examination 
	55
	1
	55

	Total
	
	
	457


Table XV Cost of standard management of initial treatment failures.

	
	Drugs 

(water-soluble penicillin 4 times a day, 20 days)
	Laboratory tests
	Stay in hospital
	Total cost

	Re-treatment course
	328
	457
	1438.4
	2223.4


Table XVI Cost of treatment failures for different regimens

	
	% of treatment failures
	Cost of retreatment of 1 case
	Total cost of retreatment

	Benzathine-penicillin
	17.5
	2223.4
	389.1

	Bicillin-3
	12.8
	2223.4
	284.5

	Bicillin-5 
	12.8
	2223.4
	284.5

	Water-soluble penicillin 
	6.2
	2223.4
	137.85

	Oxacillin
	6.2
	2223.4
	137.85

	Doxycycline  
	17.5
	2223.4
	389.1

	Erythromycin
	17.5
	2223.4
	389.1


Table XVII Total medical cost per case cured

	Drug 

regimens
	The cost of initial examination
	The cost of drugs
	The cost of out-patient treatment visits 
	Hospital cost
	The costs of follow-up
	The costs of retreatment in cases of non-compliance
	The costs of re-treatment of initial therapeutic failures
	Medical cost per case cured

	Out-patient treatment

	Benzathine penicillin
	129.32
	139.2
	7.83
	
	146.6
	7.35
	389.1
	819.4

	Bicillin-3
	129.32
	156.5
	26.1
	
	 146.6
	14.7
	284.5
	757.72

	Bicillin-5
	129.32
	109.6
	26.1
	
	146.6
	14.7
	284.5
	710.82

	In-patient treatment

	Aqueous penicillin
	129.32
	328
	
	1856.9
	146.6
	7.35
	137.85
	2606.02

	Oxacillin
	129.32
	1155.84
	
	2432.26
	146.6
	7.35
	137.85
	4009.22

	Doxycycline
	129.32
	60.6
	
	2576.1
	146.6
	7.35
	389.1
	3309.07

	Erythromycin
	129.32
	984
	
	2576.1
	146.6
	7.35
	389.1
	4232.47


APPENDIX E

THE COST FROM SOCIETAL PERSPECTIVE

Table XVIII The costs of total working time lost in treatment(
	Treatment regimen
	Stay in hospital (days)
	Percentage of employed patients 
	National average salary
	Costs of total working time lost in treatment

	Water-soluble penicillin 
	20
	43.2
	1850
	456.69

	Oxacillin
	28
	43.2
	1850
	639.36

	Doxycycline
	30
	43.2
	1850
	685.03

	Erythromycin
	30
	43.2
	1850
	685.03


Table XIX The cost of transportation

	Treatment regimen
	Total number of attendance during treatment and follow-up
	Cost of each transportation
	Total cost

	Benzathine-penicillin 
	9
	120
	1080

	Bicillin-3 
	16
	120
	1920

	Bicillin-5 
	16
	120
	1920

	Water-soluble penicillin 
	7
	120
	840

	Oxacillin
	7
	120
	840

	Doxycycline
	7
	120
	840

	Erythromycin
	7
	120
	840


Table XX The cost from societal perspective

	Treatment regimen
	Medical cost per case cured
	Cost of transportation
	Costs of working time lost in treatment
	Total cost

	Out-patient treatment

	Benzathine penicillin
	819.4
	1080
	0
	1899.4

	Bicillin-3
	757.72
	1920
	0
	2677.72

	Bicillin-5
	710.82
	1920
	0
	2630.82

	In-patient treatment

	Aqueous penicillin
	2606.02
	840
	456.69
	3902.71

	Oxacillin
	4009.22
	840
	639.36
	5488.58

	Doxycycline
	3309.07
	840
	685.03
	4834.1

	Erythromycin
	4232.47
	840
	685.03
	5757.5


APPENDIX F

QUALITY OF LIFE  ASSESSMENT

Table XXI  QALYs lost by different treatment regimens

	
	QALYs lost to syphilis
	Time in initial treatment( (hours)
	Time in follow-up and re-treatment of initial failures* (hours)
	Total time in treatment (hours)
	QALYs lost to treatment 
	QALYs lost in total

	Out-patient treatment

	Benzathine penicillin
	0.0115
	5
	89
	94
	0.0021
	0.0136

	Bicillin-3
	0.0115
	12
	66
	78
	0.0017
	0.0132

	Bicillin-5
	0.0115
	12
	66
	78
	0.0017
	0.0132

	In-patient treatment

	Aqueous penicillin
	0.0115
	482
	35
	517
	0.0118
	0.0233

	Oxacillin
	0.0115
	674
	35
	709
	0.0162
	0.0277

	Doxycycline 
	0.0115
	722
	89
	811
	0.0185
	0.03

	Erythromycin
	0.0115
	722
	89
	811
	0.0185
	0.03


QALYs lost in total = QALYs lost to syphilis + QALYs lost to treatment

QALYs lost to syphilis = Quality adjustment x Duration of disease =0.1 : 365 x 42 = 0.0115

QALYs lost to treatment = Quality adjustment x Total losses of personal time due to treatment = 0.2 : 365 : 24 x Total time in treatment in hours

Time in follow-up and re-treatment of initial failures = Duration of retreatment course x Failure rate + Time in follow-up= 20 days x 24 hours x Rate of treatment failures + 5 hours

For example, for the treatment failure of 17.5%, it will be 20 x 24 x 0.175 + 5 = 89 hours

APPENDIX G

SENSITIVITY ANALYSIS

Table XXII Sensitivity analysis for treatment effectiveness (variations in QOL)

	Drug 

regimen
	Initial value of failure rate
	QALYs lost
	Range considered
	QALYs lost to syphilis
	Time in initial treatment (hours)
	Time in follow-up and re-treatment of initial failures  (hours)
	Total time in treatment (hours)
	QALYs lost to treatment
	Total QALYs lost

	
	
	
	Minimum value
	Maximum value
	
	
	Minimum value
	Maximum value
	At minimum value
	At maximum value
	At minimum value
	At maximum value
	At minimum value
	At maximum value

	Benzathine- penicillin
	17.5
	0.0136
	2.7
	26.1
	0.0115
	5
	18
	130
	23
	135
	0.0005
	0.0031
	0.0120
	0.0146

	Bicillin-3
	12.8
	0.0132
	3.3
	22.1
	0.0115
	12
	21
	111
	33
	123
	0.0008
	0.0028
	0.0123
	0.0143

	Bicillin-5
	12.8
	0.0132
	3.3
	22.1
	0.0115
	12
	21
	111
	33
	123
	0.0008
	0.0028
	0.0123
	0.0143

	Aqueous penicillin
	6.2
	0.0233
	2.7
	12.5
	0.0115
	482
	18
	65
	500
	547
	0.0114
	0.0125
	0.0229
	0.0240

	Oxacillin
	6.2
	0.0277
	2.7
	12.5
	0.0115
	674
	13
	65
	687
	739
	0.0157
	0.0168
	0.0272
	0.0283

	Doxycycline
	17.5
	0.03
	3.3
	26.1
	0.0115
	722
	21
	130
	743
	852
	0.0169
	0.0194
	0.0284
	0.0309

	Erythromycin
	17.5
	0.03
	3.3
	26.1
	0.0115
	722
	21
	130
	743
	852
	0.0169
	0.0194
	0.0284
	0.0309


Table XXIII Sensitivity analysis for treatment effectiveness (costs’ variations)

	Drug 

regimen
	Initial value of failure rate
	Total cost from societal perspective
	Range considered
	Cost

	
	
	
	Minimum value of failure rate
	Maximum value of failure rate
	At minimum value
	At maximum value

	Benzathine- penicillin
	17.5
	1899.4
	2.7
	26.1
	1570.33
	2090.6

	Bicillin-3
	12.8
	2677.72
	3.3
	22.1
	2466.59
	2884.59

	Bicillin-5
	12.8
	2630.82
	2.7
	22.1
	2406.35
	2837.69

	Aqueous penicillin
	6.2
	3902.71
	2.7
	12.5
	3824.89
	4042.77

	Oxacillin
	6.2
	5488.58
	2.7
	12.5
	5410.76
	5628.66

	Doxycycline
	17.5
	4834.1
	3.3
	26.1
	4518.37
	5025.3

	Erythromycin
	17.5
	5757.5
	3.3
	26.1
	5441.77
	5948.7


Table XIV  Results of sensitivity analysis for treatment effectiveness

	Drug 

regimen
	Initial value of failure rate
	Total cost from societal perspective
	QALYs lost
	Range considered
	Cost
	QALYs lost

	
	
	
	
	Minimum value
	Maximum value
	At 

MIN 

value
	At 

MAX value
	At 

MIN value
	At 

MAX value

	Benzathine- penicillin
	17.5
	1899.4
	0.0136
	2.7
	26.1
	1570.33
	2090.6
	0.0120
	0.0146

	Bicillin-3
	12.8
	2677.72
	0.0132
	3.3
	22.1
	2466.59
	2884.59
	0.0123
	0.0143

	Bicillin-5
	12.8
	2630.82
	0.0132
	2.7
	22.1
	2406.35
	2837.69
	0.0123
	0.0143

	Aqueous penicillin
	6.2
	3902.71
	0.0233
	2.7
	12.5
	3824.89
	4042.77
	0.0229
	0.0240

	Oxacillin
	6.2
	5488.58
	0.0277
	2.7
	12.5
	5410.76
	5628.66
	0.0272
	0.0283

	Doxycycline
	17.5
	4834.1
	0.03
	3.3
	26.1
	4518.37
	5025.3
	0.0284
	0.0309

	Erythromycin
	17.5
	5757.5
	0.03
	3.3
	26.1
	5441.77
	5948.7
	0.0284
	0.0309
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( In any case these are usually distributed over 40 years and so will be very small


( 	The cost of total working time lost in treatment is zero for out-patient treatment, because patients can go to policlinic before or after work. For in-patient regimens it is based on national earnings of 1850 rubles, a 6-day week and 43.2% of employed patients. For example, the cost of working time lost during 20-day staying in hospital will be 1850 : 30 x 20 x 6/7 x 0.432 = 456.69 rubles


( Average time requirements for patients take into account total losses of personal time (actually being in hospital, in waiting, travelling etc; losses of work and leisure time ): initial visit - 2 hours, out-patient treatment sessions and follow-up visits – 1 hour.
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		0.0136		0.0132		0.0132		0.0233		0.0277		0.03		0.03



Benzathine penicillin

Bicillin-3

Bicillin-5

Aqueous penicillin

Oxacillin

Doxycycline

Erythromycin

QALYs lost

Total cost (rubles)

1899.4

2677.72

2630.82

3902.71

5488.58

4834.1

5757.5



Calculations

		

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of general hospital services		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		The costs of side-effects and complications		Medical cost per case cured

		Out-patient treatment

		1. Benzathine penicillin IM, N 3

		2. Bicillin-1 2.4 mln ME once in 5 days № 6

		3. Bicillin-3 1.8 mln ME twice a week № 10

		4. Procain-penicillin 1.2 mln ME daily № 20

		In-patient treatment

		5. Novocain-penicillin 600 000 twice a day 20 days.

		6. Water-soluble penicillin 1 mln ME 4 times a day, 20 days

		7. Oxcacillin (ampicillin) 1 mln ME 4 times a day, 28 days.

		8. Doxyciclin  0.1 twice a day, 30 days.

		9. Ceftriaxon (Rocefin) 0.5 daily, № 10

		Examination

						NURSE		PHYSICIAN		SECRETARY

		Time allocation (mins)

		collection of blood				5

		actual				15		15

						10		15		10

		total time				30		30		10

		Salary per month				1062		1334		556

		employment costs:

		Pension fund				308		387		161

		Personal income tax				106		138		46

		Social fund				59		75		31

		Medical insurance				38		48		20

		Monthly employment costs				1573		1982		814

						1573		1982		814

		annual employment costs				18876		23784		9768

		hours worked per week				40		40		40

		weeks in year				52		52		52

		holiday weeks				4		4		4

		working weeks				48		48		48

		hours worked per day				8		8		8

		hours worked in year				2912		2912		2912

						=		=		=

		Employment costs per hour				6.48		8.17		3.35

		LABOUR COSTS PER VISIT				3.24		4.09		1.68		9.01

		LAB TESTS:-

		Non-treponemal serologic test for syphilis				15						15

		TPHA				30

		DIF				35

		SMEAR for gonorrhea				15						15

		SMEAR for Ciamidial infection				40						40

		HIV screening				15						40

		Clinical blood analysis				64						70

		Urinalysis				27

		CSF examination				55

		Hospitalisation

		Building maintanace and utilities				9.34						9.34

		Administration and medical records				17.19						17.19

		Food				31.53						31.53

		Total costs per patient-day				58.06

		Drugs		RETAIL PRICE PER 1 PACK		Number of doses in 1 pack

		Benzathine-penicillin (Exstencillin, Retarpen)		40		1

		Bicillin-1

		Bicillin-3		4.55		0.33

		Procain-penicillin		10		1

		Water-soluble penicillin		5		1

		Oxcacillin (ampicillin)		4.16		0.5

		Doxyciclin		10.13		5

		Ceftriaxon (Rocefin)

		Syringe		2		1





Initial visit new

		Initial Visit

		1. Examination

						NURSE		PHYSICIAN		SECRETARY

		Time allocation (mins)

		collection of blood				5

		actual				15		15

		administration (to fill in forms, to find contacts etc.)				10		15		10

		total time				30		30		10

		Salary components (rubles)

		Salary per month				1062		1334		556

		employment costs:

		Pension fund				308		387		161

		Personal income tax				106		138		46

		Social fund				59		75		31

		Medical insurance				38		48		20

		Monthly employment costs				1573		1982		814

						1573		1982		814

		annual employment costs				18876		23784		9768

		hours worked per week				40		40		40

		weeks in year				52		52		52

		days of national holidays				7		7		7

		holiday weeks				4		4		4

		working weeks				47		47		47

		days worked per week				5		5		5

		hours worked per day				8		8		8

		hours worked in year				1880		1880		1880

						=		=		=

		Employment costs per hour				10.04		12.65		5.20

		LABOUR COSTS PER VISIT				5.02		6.33		0.87

		Laboratory tests:

		Non-treponemal serologic test for syphilis		15

		Treponemal test (TPHA)		30

		SMEAR for gonorrhea		15

		SMEAR for Ciamidial infection		40

		HIV screening		15

		Total cost		115

		Initial visit:

		Labor costs		9.01

		Tests		115

		Building maintenance		0.05

		Administration costs and medical records		2.05

		Total		126.11





Initial visit

		Initial Visit

		1. Examination

						NURSE		PHYSICIAN		SECRETARY

		Time allocation (mins)

		collection of blood				5

		actual				15		15

		administration (to fill in forms, to find contacts etc.)				10		15		10

		total time				30		30		10

		Salary components (rubles)

		Salary per month				1062		1334		556

		employment costs:

		Pension fund				308		387		161

		Personal income tax				106		138		46

		Social fund				59		75		31

		Medical insurance				38		48		20

		Monthly employment costs				1573		1982		814

						1573		1982		814

		annual employment costs				18876		23784		9768

		hours worked per week				40		40		40

		weeks in year				52		52		52

		holiday weeks				4		4		4

		working weeks				48		48		48

		hours worked per day				8		8		8

		hours worked in year				2912		2912		2912

						=		=		=

		Employment costs per hour				6.48		8.17		3.35

		LABOUR COSTS PER VISIT				3.24		4.09		1.68

		Laboratory tests:

		Non-treponemal serologic test for syphilis		15

		Treponemal test (TPHA)		30

		SMEAR for gonorrhea		15

		SMEAR for Ciamidial infection		40

		HIV screening		15

		Total cost		115

		Initial visit:

		Labor costs		9.01

		Tests		115

		Building maintenance		0.05

		Administration costs and medical records		2.05

		Total		126.11





Drugs

		DRUGS		RETAIL PRICE PER 1 PACK		Number of doses in 1 pack		Cost of 1 dose		Syringe		Number of doses per course		Total cost per course

		Benzathine-penicillin		41.4		1		41.4		2		3		139.2

		Bicillin-3		4.55		0.33		13.65		2		10		156.5

		Bicillin-5		8.96		1		8.96		2		10		109.6

		Water-soluble penicillin		2.1		1		2.1		2		80		328

		Oxcacillin (ampicillin)		4.16		0.5		8.32		2		112		1155.84

		Doxyciclin		10.13		10		1.01				60		60.6

		Erythromycin		20.5		5		4.1				240		984





In and out-patient sessions

		

				Nurse (10 mins)		Secretary (5 mins)		Building maintenance		Administration costs and medical records		Total cost

		Costs		1.08		0.84		0.01		0.68		2.61

		Laboratory tests		Cost of 1 test		Average number of tests per each patients		Cost per hospital stay

		Non-treponemal serologic test for syphilis		15		2		30

		TPHA		30		2		60

		DIF		35		1		35

		SMEAR for gonorrhea		15		1		15

		SMEAR for Ciamidial infection		40		1		40

		HIV screening		15		1		40

		Clinical blood analysis		64		2		128

		Urinalysis		27		2		54

		CSF examination		55		0.33		16.5

		Total						418.5

		Hospitalisation

		Building maintanace and utilities		9.34

		Personnel costs		9.01

		Administration and medical records		17.19

		Food		31.53

		Total costs per patient-day		67.07

		Out-patient

		Teatment regimen		Number of treatment sessions		Cost of each session		Total cost

		Benzathine-penicillin		3		2.61		7.83

		Bicillin-3		10		2.61		26.1

		Procain-penicillin		20		2.61		52.2

		In-patient

		Treatment regimen		Stay in hospital		Cost per patient-day		Laboratory tests		Total cost

		Water-soluble penicillin		20		67.07		418.5		1759.9

		Oxcacillin (ampicillin)		28		67.07		418.5		2296.46

		Doxyciclin		30		67.07		418.5		2430.6

		Erythromycin		30		67.07		418.5		2430.6

				NURSE		PHYSICIAN

		Monthly employment costs		1573		1982

		Number of personell		8		4

		Total employment costs for the department		12584		7928

		Number of beds in the department

		Cost per patient day





Final

		

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of stay in hospital		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured

		Out-patient treatment

		Benzathine penicillin		126.11		139.2		7.83				130.55		7.35		372.12		783.16

		Bicillin-5		126.11		156.5		26.1				130.55		14.7		240.28		694.24

		Procaine penicillin IM		126.11		444		52.2				130.55		14.7		240.28		1007.84

		In-patient treatment

		Aqueous penicillin IM		126.11		328				1759.9		130.55		7.35		131.84		2483.75

		Oxacillin		126.11		1155.84				2296.46		130.55		7.35		131.84		3848.15

		Doxycycline per os		126.11		60.6				2430.6		130.55		7.35		372.12		3127.33

		Erithromycin		126.11		984				2430.6		130.55		7.35		372.12		4050.73

																		.

				Medical cost per case cured		QALYs lost to syphilis		Time in initial treatment (hours)		Time in follow-up		Time in re-treatment of initial failures		Total time in treatment		QALYs lost to treatment		QALYs lost in total

		Out-patient treatment

		Benzathine penicillin		1899.4		0.0115		5		5		84		94		0.0021		0.0136

		Bicillin-3		2677.72		0.0115		12		5		61		78		0.0017		0.0132

		Bicillin-5		2570		0.0115		12		5		61		78		0.0017		0.0132

		In-patient treatment

		Aqueous penicillin		3902.67		0.0115		482		5		30		517		0.0118		0.0233

		Oxacillin		5488.36		0.0115		674		5		30		719		0.0164		0.0279

		Doxycycline		4834.03		0.0115		674		5		84		811		0.0185		0.03

		Erithromycin		5757.03		0.0115		722		5		84		811		0.0185		0.03

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of stay in hospital		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured

		Out-patient treatment

		Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		389.1		819.4

		Bicillin-5		129.32		156.5		26.1				146.6		14.7		251.24		724.46

		Procaine penicillin IM		129.32		444		52.2				146.6		14.7		251.24		1038.06

		In-patient treatment

		Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		137.85		2606.02

		Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		137.85		4009.22

		Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		389.1		3309.07

		Erithromycin		129.32		984				2576.1		146.6		7.35		389.1		4232.47

		hohfcg
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Follow-up and Retreatment

		Treatment regimen		Compliance		Cost of retreatment		Total cost

		Out-patient Benzathine penicillin		95%		147.03		7.35						Benz		139.2

		Out-patient Bicillin and Procaine penicillin		90%		147.03		14.7						Out-patient		7.83

		In-patient		95%		147.03		7.35								147.03

				Labor cost		Non-treponemal test		Building maintenance		Administration		Cost of follow-up visit		Number of attendance		Total cost of follow-up

		Cost		9.01		15		0.05		2.05		26.11		5		130.55

				% of treatment failures		Cost of retreatment		Total cost of retreatment														The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of stay in hospital		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures

		Benzathine-penicillin		17.5		2223.4		389.1		2.7		60.03		26.1		580.31				Out-patient treatment

		Bicillin-5		12.8		2223.4		284.5		3.3		73.37		22.1		491.37				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		60.03		490.33

		Procain-penicillin		12.8		2223.4		284.5		2.7		60.03		22.1		491.37				Bicillin-5		129.32		156.5		26.1				146.6		14.7		73.37		546.59

		Water-soluble penicillin		6.2		2223.4		137.85		2.7		60.03		12.5		277.93				Procaine penicillin IM		129.32		444		52.2				146.6		14.7		60.03		846.85

		Oxacillin		6.2		2223.4		137.85		2.7		60.03		12.5		277.93

		Doxyciclin		17.5		2223.4		389.1		3.3		73.37		26.1		580.31				In-patient treatment

		Erythromicin		17.5		2223.4		389.1		3.3		73.37		26.1		580.31				Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		60.03		2528.2

																				Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		60.03		3931.4

																				Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		73.37		2993.34

				Drugs		Laboratory tests		Stay in hospital		Total cost										Erithromycin		129.32		984				2576.1		146.6		7.35		73.37		3916.74

		Retreatment course		328		457		1341.4		2126.4

																				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		580.31		1010.61

																				Bicillin-5		129.32		156.5		26.1				146.6		14.7		491.37		964.59

																				Procaine penicillin IM		129.32		444		52.2				146.6		14.7		491.37		1278.19

		Laboratory tests		Cost of 1 test		Average number of tests per each patients		Cost per hospital stay												In-patient treatment

		Non-treponemal serologic test for syphilis		15		2		30												Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		277.93		2746.1

		TPHA		30		2		60												Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		277.93		4149.3

		DIF		35		1		35												Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		580.31		3500.28

		SMEAR for gonorrhea		15		1		15												Erithromycin		129.32		984				2576.1		146.6		7.35		580.31		4423.68

		SMEAR for Ciamidial infection		40		1		40

		HIV screening		15		1		40

		Clinical blood analysis		64		2		128

		Urinalysis		27		2		54

		CSF examination		55		1		55

		Total						457





Individual

				Cost of drugs		Cost of transportation		Total cost

		Benzathine-penicillin		139.2		270		409.2

		Bicillin-3		156.5		480		636.5

		Procain-penicillin		444		780		1224

		Water-soluble penicillin				210		210

		Oxacillin (ampicillin)				210		210

		Doxyciclin				210		210

		Erythromycin				210		210





Society

		

		Treatment regimen		Stay in hospital		National average salary		Costs of total working time lost in treatment

		Water-soluble penicillin		20		1850		1233.33

		Oxcacillin (ampicillin)		28		1850		1726.67

		Doxyciclin		30		1850		1850

		Erythromycin		30		1850		1850

		Treatment regimen		Total number of attendance per course of treatment		Cost of each transportation		Total cost

		Benzathine-penicillin		9		120		1080

		Bicillin-3		16		120		1920

		Procain-penicillin		16		120		1920

		Water-soluble penicillin		7		120		840

		Oxcacillin (ampicillin)		7		120		840

		Doxyciclin		7		120		840

		Erythromycin		7		120		840

				Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

		Out-patient treatment

		Benzathine penicillin		783.16		270				1053.16

		Bicillin-5		694.24		480				1174.24

		Procaine penicillin IM		1007.84		780				1787.84

		In-patient treatment

		Aqueous penicillin IM		2483.75		210		1233.33		3927.08

		Oxaicyllin		3848.15		210		1726.67		5784.82

		Doxycycline per os		3127.33		210		1850		5187.33

		Erithromycin		4050.73		210		1850		6110.73





Graphs
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Sensitivity analysis

		

				minimum

				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		60.03		490.33

				Bicillin-3		129.32		156.5		26.1				146.6		14.7		73.37		546.59

				Bicillin-5		129.32		109.6		26.1				146.6		14.7		60.03		486.35

				Aqueous penicillin		129.32		328				1856.9		146.6		7.35		60.03		2528.2

				Oxacillin		129.32		1155.84				2432.26		146.6		7.35		60.03		3931.4

				Doxycycline		129.32		60.6				2576.1		146.6		7.35		73.37		2993.34

				Erythromycin		129.32		984				2576.1		146.6		7.35		73.37		3916.74

				maximum

				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		580.3		1010.6

				Bicillin-3		129.32		156.5		26.1				146.6		14.7		491.37		964.59

				Bicillin-5		129.32		109.6		26.1				146.6		14.7		491.37		917.69

				Aqueous penicillin		129.32		328				1856.9		146.6		7.35		277.93		2746.1

				Oxacillin		129.32		1155.84				2432.26		146.6		7.35		277.93		4149.3

				Doxycycline		129.32		60.6				2576.1		146.6		7.35		580.3		3500.27

				Erythromycin		129.32		984				2576.1		146.6		7.35		580.3		4423.67

						Societal

						min

				Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

				Benzathine penicillin		490.33		1080		0		1570.33

				Bicillin-3		546.59		1920		0		2466.59

				Bicillin-5		486.35		1920		0		2406.35

				Aqueous penicillin IM		2528.2		840		456.69		3824.89

				Oxacyllin		3931.4		840		639.36		5410.76

				Doxycycline		2993.34		840		685.03		4518.37

				Erythromycin		3916.74		840		685.03		5441.77

						MAX

				Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

				Benzathine penicillin		1010.6		1080		0		2090.6

				Bicillin-3		964.59		1920		0		2884.59

				Bicillin-5		917.69		1920		0		2837.69

				Aqueous penicillin IM		2746.1		840		456.69		4042.79

				Oxacyllin		4149.3		840		639.36		5628.66

				Doxycycline		3500.27		840		685.03		5025.3

				Erythromycin		4423.67		840		685.03		5948.7

				Graph baseline

						Cost		QALYs

				Benzathine penicillin		1899.4		0.0136

				Bicillin-3		2677.72		0.0132

				Bicillin-5		2630.82		0.0132

				Aqueous penicillin		3902.71		0.0233

				Oxacillin		5488.58		0.0277

				Doxycycline		4834.1		0.03

				Erythromycin		5757.5		0.03

				Extreme

						Cost		QALYs

				Benzathine penicillin		2090.6		0.0146

				Bicillin-3		2884.59		0.0143

				Bicillin-5		2837.69		0.0143

				Aqueous penicillin		3824.89		0.0229

				Oxacillin		5410.76		0.0272

				Doxycycline		4518.37		0.0284

				Erythromycin		5441.77		0.0284





Sensitivity analysis
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								Range considered				Cost per case cured

		Out-patient treatment		Initial value		Cost per case cured		Minimum value		Maximum value		At minimum value		At maximum value		QALYs lost in total

		Benzathine penicillin		17.5		1899.4		2.7		26.1		1570.33		2090.6		0.0136

		Bicillin		12.8		2677.72		3.3		22.1		2466.59		2884.59		0.0131

		Procaine penicillin		12.8		2630.82		2.7		22.1		2419.69		2837.69		0.0133

		In-patient treatment

		Aqueous penicillin		6.2		3902.67		2.7		12.5		3824.87		4042.77		0.0233

		Oxacillin		6.2		5488.36		2.7		12.5		5410.76		5628.66		0.0279

		Doxycycline		17.5		4834.03		3.3		26.1		4518.37		5025.3		0.03

		Erithromycin		17.5		5757.03		3.3		26.1		5441.77		5948.7		0.03

				Med		Min		Max		QALYS

		Benzathine penicillin		1899.4		1570.33		2090.6		0.0143		2090.6		1570.33		1899.4

		Bicillin-3		2677.72		2466.59		2884.59		0.0132		2884.59		2466.59		2677.72

		Bicillin-5		2630.82		2419.69		2800		0.0132		2837.69		2419.69		2630.82

		Aqueous penicillin		3902.67		3824.87		4042.77		0.0233		4042.77		3824.87		3902.67

		Oxacillin		5488.36		5410.76		5628.66		0.0279		5628.66		5410.76		5488.36

		Doxycycline		4834.03		4518.37		5025.3		0.03		5025.3		4518.37		4834.03

		Erithromycin		5757.03		5441.77		5948.7		0.03		5948.7		5441.77		5757.03

		Benzathine penicillin		1010.61		490.33		819.4

		Bicillin		964.59		546.59		724.5

		Procaine penicillin		1278.19		846.85		1038

		Aqueous penicillin		2746.1		2528.2		2606

		Oxacillin		4149.3		3931.4		4009

		Doxycycline		3500.28		2993.34		3309

		Erithromycin		4423.68		3916.74		4232

		FAILURES

				% of treatment failures		Cost of retreatment of 1 case		Total cost of retreatment		Minimum value		Maximum value		At minimum value		At maximum value

		Benzathine-penicillin		17.5		2223.4		389.1		2.7		26.1		60.03		580.3

		Bicillin-3		12.8		2223.4		284.5		3.3		22.1		73.37		491.37

		Bicillin-5		12.8		2223.4		284.5		3.3		22.1		73.37		491.37

		Water-soluble penicillin		6.2		2223.4		137.85		2.7		12.5		60.03		277.93

		Oxacillin		6.2		2223.4		137.85		2.7		12.5		60.03		277.93

		Doxyciclin		17.5		2223.4		389.1		3.3		26.1		73.37		580.3

		Erythromicin		17.5		2223.4		389.1		3.3		26.1		73.37		580.3

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		Hospital cost		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured						Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

		Out-patient treatment																						Out-patient treatment

		Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		580.3		1010.6						Benzathine penicillin		1010.6		1080		0		2090.6

		Bicillin-3		129.32		156.5		26.1				146.6		14.7		491.37		964.59						Bicillin-3		964.59		1920		0		2884.59

		Bicillin-5		129.32		109.6		26.1				146.6		14.7		491.37		917.69						Bicillin-5		917.69		1920		0		2837.69

																								In-patient treatment

		In-patient treatment																						Aqueous penicillin IM		2746.1		840		456.67		4042.77

		Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		277.93		2746.1						Oxacyllin		4149.3		840		639.36		5628.66

		Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		277.93		4149.3						Doxycycline per os		3500.27		840		685.03		5025.3

		Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		580.3		3500.27						Erithromycin		4423.67		840		685.03		5948.7

		Erithromycin		129.32		984				2576.1		146.6		7.35		580.3		4423.67

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		Hospital cost		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured						Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

		Out-patient treatment																						Out-patient treatment

		Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		60.03		490.33						Benzathine penicillin		490.33		1080		0		1570.33

		Bicillin-3		129.32		156.5		26.1				146.6		14.7		73.37		546.59						Bicillin-3		546.59		1920		0		2466.59

		Bicillin-5		129.32		109.6		26.1				146.6		14.7		73.37		499.69						Bicillin-5		499.69		1920		0		2419.69

																								In-patient treatment

		In-patient treatment																						Aqueous penicillin IM		2528.2		840		456.67		3824.87

		Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		60.03		2528.2						Oxacyllin		3931.4		840		639.36		5410.76

		Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		60.03		3931.4						Doxycycline per os		2993.34		840		685.03		4518.37

		Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		73.37		2993.34						Erithromycin		3916.74		840		685.03		5441.77

		Erithromycin		129.32		984				2576.1		146.6		7.35		73.37		3916.74
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Calculations

		

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of general hospital services		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		The costs of side-effects and complications		Medical cost per case cured

		Out-patient treatment

		1. Benzathine penicillin IM, N 3

		2. Bicillin-1 2.4 mln ME once in 5 days № 6

		3. Bicillin-3 1.8 mln ME twice a week № 10

		4. Procain-penicillin 1.2 mln ME daily № 20

		In-patient treatment

		5. Novocain-penicillin 600 000 twice a day 20 days.

		6. Water-soluble penicillin 1 mln ME 4 times a day, 20 days

		7. Oxcacillin (ampicillin) 1 mln ME 4 times a day, 28 days.

		8. Doxyciclin  0.1 twice a day, 30 days.

		9. Ceftriaxon (Rocefin) 0.5 daily, № 10

		Examination

						NURSE		PHYSICIAN		SECRETARY

		Time allocation (mins)

		collection of blood				5

		actual				15		15

						10		15		10

		total time				30		30		10

		Salary per month				1062		1334		556

		employment costs:

		Pension fund				308		387		161

		Personal income tax				106		138		46

		Social fund				59		75		31

		Medical insurance				38		48		20

		Monthly employment costs				1573		1982		814

						1573		1982		814

		annual employment costs				18876		23784		9768

		hours worked per week				40		40		40

		weeks in year				52		52		52

		holiday weeks				4		4		4

		working weeks				48		48		48

		hours worked per day				8		8		8

		hours worked in year				2912		2912		2912

						=		=		=

		Employment costs per hour				6.48		8.17		3.35

		LABOUR COSTS PER VISIT				3.24		4.09		1.68		9.01

		LAB TESTS:-

		Non-treponemal serologic test for syphilis				15						15

		TPHA				30

		DIF				35

		SMEAR for gonorrhea				15						15

		SMEAR for Ciamidial infection				40						40

		HIV screening				15						40

		Clinical blood analysis				64						70

		Urinalysis				27

		CSF examination				55

		Hospitalisation

		Building maintanace and utilities				9.34						9.34

		Administration and medical records				17.19						17.19

		Food				31.53						31.53

		Total costs per patient-day				58.06

		Drugs		RETAIL PRICE PER 1 PACK		Number of doses in 1 pack

		Benzathine-penicillin (Exstencillin, Retarpen)		40		1

		Bicillin-1

		Bicillin-3		4.55		0.33

		Procain-penicillin		10		1

		Water-soluble penicillin		5		1

		Oxcacillin (ampicillin)		4.16		0.5

		Doxyciclin		10.13		5

		Ceftriaxon (Rocefin)

		Syringe		2		1





Initial visit new

		Initial Visit

		1. Examination

						NURSE		PHYSICIAN		SECRETARY

		Time allocation (mins)

		collection of blood				5

		actual				15		15

		administration (to fill in forms, to find contacts etc.)				10		15		10

		total time				30		30		10

		Salary components (rubles)

		Salary per month				1062		1334		556

		employment costs:

		Pension fund				308		387		161

		Personal income tax				106		138		46

		Social fund				59		75		31

		Medical insurance				38		48		20

		Monthly employment costs				1573		1982		814

						1573		1982		814

		annual employment costs				18876		23784		9768

		hours worked per week				40		40		40

		weeks in year				52		52		52

		days of national holidays				7		7		7

		holiday weeks				4		4		4

		working weeks				47		47		47

		days worked per week				5		5		5

		hours worked per day				8		8		8

		hours worked in year				1880		1880		1880

						=		=		=

		Employment costs per hour				10.04		12.65		5.20

		LABOUR COSTS PER VISIT				5.02		6.33		0.87

		Laboratory tests:

		Non-treponemal serologic test for syphilis		15

		Treponemal test (TPHA)		30

		SMEAR for gonorrhea		15

		SMEAR for Ciamidial infection		40

		HIV screening		15

		Total cost		115

		Initial visit:

		Labor costs		9.01

		Tests		115

		Building maintenance		0.05

		Administration costs and medical records		2.05

		Total		126.11





Initial visit

		Initial Visit

		1. Examination

						NURSE		PHYSICIAN		SECRETARY

		Time allocation (mins)

		collection of blood				5

		actual				15		15

		administration (to fill in forms, to find contacts etc.)				10		15		10

		total time				30		30		10

		Salary components (rubles)

		Salary per month				1062		1334		556

		employment costs:

		Pension fund				308		387		161

		Personal income tax				106		138		46

		Social fund				59		75		31

		Medical insurance				38		48		20

		Monthly employment costs				1573		1982		814

						1573		1982		814

		annual employment costs				18876		23784		9768

		hours worked per week				40		40		40

		weeks in year				52		52		52

		holiday weeks				4		4		4

		working weeks				48		48		48

		hours worked per day				8		8		8

		hours worked in year				2912		2912		2912

						=		=		=

		Employment costs per hour				6.48		8.17		3.35

		LABOUR COSTS PER VISIT				3.24		4.09		1.68

		Laboratory tests:

		Non-treponemal serologic test for syphilis		15

		Treponemal test (TPHA)		30

		SMEAR for gonorrhea		15

		SMEAR for Ciamidial infection		40

		HIV screening		15

		Total cost		115

		Initial visit:

		Labor costs		9.01

		Tests		115

		Building maintenance		0.05

		Administration costs and medical records		2.05

		Total		126.11





Drugs

		DRUGS		RETAIL PRICE PER 1 PACK		Number of doses in 1 pack		Cost of 1 dose		Syringe		Number of doses per course		Total cost per course

		Benzathine-penicillin		41.4		1		41.4		2		3		139.2

		Bicillin-3		4.55		0.33		13.65		2		10		156.5

		Bicillin-5		8.96		1		8.96		2		10		109.6

		Water-soluble penicillin		2.1		1		2.1		2		80		328

		Oxcacillin (ampicillin)		4.16		0.5		8.32		2		112		1155.84

		Doxyciclin		10.13		10		1.01				60		60.6

		Erythromycin		20.5		5		4.1				240		984





In and out-patient sessions

		

				Nurse (10 mins)		Secretary (5 mins)		Building maintenance		Administration costs and medical records		Total cost

		Costs		1.08		0.84		0.01		0.68		2.61

		Laboratory tests		Cost of 1 test		Average number of tests per each patients		Cost per hospital stay

		Non-treponemal serologic test for syphilis		15		2		30

		TPHA		30		2		60

		DIF		35		1		35

		SMEAR for gonorrhea		15		1		15

		SMEAR for Ciamidial infection		40		1		40

		HIV screening		15		1		40

		Clinical blood analysis		64		2		128

		Urinalysis		27		2		54

		CSF examination		55		0.33		16.5

		Total						418.5

		Hospitalisation

		Building maintanace and utilities		9.34

		Personnel costs		9.01

		Administration and medical records		17.19

		Food		31.53

		Total costs per patient-day		67.07

		Out-patient

		Teatment regimen		Number of treatment sessions		Cost of each session		Total cost

		Benzathine-penicillin		3		2.61		7.83

		Bicillin-3		10		2.61		26.1

		Procain-penicillin		20		2.61		52.2

		In-patient

		Treatment regimen		Stay in hospital		Cost per patient-day		Laboratory tests		Total cost

		Water-soluble penicillin		20		67.07		418.5		1759.9

		Oxcacillin (ampicillin)		28		67.07		418.5		2296.46

		Doxyciclin		30		67.07		418.5		2430.6

		Erythromycin		30		67.07		418.5		2430.6

				NURSE		PHYSICIAN

		Monthly employment costs		1573		1982

		Number of personell		8		4

		Total employment costs for the department		12584		7928

		Number of beds in the department

		Cost per patient day





Final

		

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of stay in hospital		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured

		Out-patient treatment

		Benzathine penicillin		126.11		139.2		7.83				130.55		7.35		372.12		783.16

		Bicillin-5		126.11		156.5		26.1				130.55		14.7		240.28		694.24

		Procaine penicillin IM		126.11		444		52.2				130.55		14.7		240.28		1007.84

		In-patient treatment

		Aqueous penicillin IM		126.11		328				1759.9		130.55		7.35		131.84		2483.75

		Oxacillin		126.11		1155.84				2296.46		130.55		7.35		131.84		3848.15

		Doxycycline per os		126.11		60.6				2430.6		130.55		7.35		372.12		3127.33

		Erithromycin		126.11		984				2430.6		130.55		7.35		372.12		4050.73

																		.

				Medical cost per case cured		QALYs lost to syphilis		Time in initial treatment (hours)		Time in follow-up		Time in re-treatment of initial failures		Total time in treatment		QALYs lost to treatment		QALYs lost in total

		Out-patient treatment

		Benzathine penicillin		1899.4		0.0115		5		5		84		94		0.0021		0.0136

		Bicillin-3		2677.72		0.0115		12		5		61		78		0.0017		0.0132

		Bicillin-5		2570		0.0115		12		5		61		78		0.0017		0.0132

		In-patient treatment

		Aqueous penicillin		3902.67		0.0115		482		5		30		517		0.0118		0.0233

		Oxacillin		5488.36		0.0115		674		5		30		719		0.0164		0.0279

		Doxycycline		4834.03		0.0115		674		5		84		811		0.0185		0.03

		Erithromycin		5757.03		0.0115		722		5		84		811		0.0185		0.03

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of stay in hospital		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured

		Out-patient treatment

		Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		389.1		819.4

		Bicillin-5		129.32		156.5		26.1				146.6		14.7		251.24		724.46

		Procaine penicillin IM		129.32		444		52.2				146.6		14.7		251.24		1038.06

		In-patient treatment

		Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		137.85		2606.02

		Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		137.85		4009.22

		Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		389.1		3309.07

		Erithromycin		129.32		984				2576.1		146.6		7.35		389.1		4232.47

		hohfcg





Final

		0		0		0		0		0		0		0
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Follow-up and Retreatment

		Treatment regimen		Compliance		Cost of retreatment		Total cost

		Out-patient Benzathine penicillin		95%		147.03		7.35						Benz		139.2

		Out-patient Bicillin and Procaine penicillin		90%		147.03		14.7						Out-patient		7.83

		In-patient		95%		147.03		7.35								147.03

				Labor cost		Non-treponemal test		Building maintenance		Administration		Cost of follow-up visit		Number of attendance		Total cost of follow-up

		Cost		9.01		15		0.05		2.05		26.11		5		130.55

				% of treatment failures		Cost of retreatment		Total cost of retreatment														The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		The cost of stay in hospital		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures

		Benzathine-penicillin		17.5		2223.4		389.1		2.7		60.03		26.1		580.31				Out-patient treatment

		Bicillin-5		12.8		2223.4		284.5		3.3		73.37		22.1		491.37				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		60.03		490.33

		Procain-penicillin		12.8		2223.4		284.5		2.7		60.03		22.1		491.37				Bicillin-5		129.32		156.5		26.1				146.6		14.7		73.37		546.59

		Water-soluble penicillin		6.2		2223.4		137.85		2.7		60.03		12.5		277.93				Procaine penicillin IM		129.32		444		52.2				146.6		14.7		60.03		846.85

		Oxacillin		6.2		2223.4		137.85		2.7		60.03		12.5		277.93

		Doxyciclin		17.5		2223.4		389.1		3.3		73.37		26.1		580.31				In-patient treatment

		Erythromicin		17.5		2223.4		389.1		3.3		73.37		26.1		580.31				Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		60.03		2528.2

																				Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		60.03		3931.4

																				Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		73.37		2993.34

				Drugs		Laboratory tests		Stay in hospital		Total cost										Erithromycin		129.32		984				2576.1		146.6		7.35		73.37		3916.74

		Retreatment course		328		457		1341.4		2126.4

																				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		580.31		1010.61

																				Bicillin-5		129.32		156.5		26.1				146.6		14.7		491.37		964.59

																				Procaine penicillin IM		129.32		444		52.2				146.6		14.7		491.37		1278.19

		Laboratory tests		Cost of 1 test		Average number of tests per each patients		Cost per hospital stay												In-patient treatment

		Non-treponemal serologic test for syphilis		15		2		30												Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		277.93		2746.1

		TPHA		30		2		60												Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		277.93		4149.3

		DIF		35		1		35												Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		580.31		3500.28

		SMEAR for gonorrhea		15		1		15												Erithromycin		129.32		984				2576.1		146.6		7.35		580.31		4423.68

		SMEAR for Ciamidial infection		40		1		40

		HIV screening		15		1		40

		Clinical blood analysis		64		2		128

		Urinalysis		27		2		54

		CSF examination		55		1		55

		Total						457





Individual

				Cost of drugs		Cost of transportation		Total cost

		Benzathine-penicillin		139.2		270		409.2

		Bicillin-3		156.5		480		636.5

		Procain-penicillin		444		780		1224

		Water-soluble penicillin				210		210

		Oxacillin (ampicillin)				210		210

		Doxyciclin				210		210

		Erythromycin				210		210





Society

		

		Treatment regimen		Stay in hospital		National average salary		Costs of total working time lost in treatment

		Water-soluble penicillin		20		1850		1233.33

		Oxcacillin (ampicillin)		28		1850		1726.67

		Doxyciclin		30		1850		1850

		Erythromycin		30		1850		1850

		Treatment regimen		Total number of attendance per course of treatment		Cost of each transportation		Total cost

		Benzathine-penicillin		9		120		1080

		Bicillin-3		16		120		1920

		Procain-penicillin		16		120		1920

		Water-soluble penicillin		7		120		840

		Oxcacillin (ampicillin)		7		120		840

		Doxyciclin		7		120		840

		Erythromycin		7		120		840

				Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

		Out-patient treatment

		Benzathine penicillin		783.16		270				1053.16

		Bicillin-5		694.24		480				1174.24

		Procaine penicillin IM		1007.84		780				1787.84

		In-patient treatment

		Aqueous penicillin IM		2483.75		210		1233.33		3927.08

		Oxaicyllin		3848.15		210		1726.67		5784.82

		Doxycycline per os		3127.33		210		1850		5187.33

		Erithromycin		4050.73		210		1850		6110.73





Graphs

		





Graphs

		0.0143		0.0132		0.0132		0.0233		0.0279		0.03		0.03
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Oxacillin

Doxycycline
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2090.6

2884.59

2800

3824.87
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Sens
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Benzathine penicillin

Bicillin-3

Bicillin-5

Aqueous penicillin

Oxacillin

Doxycycline

Erithromycin

QALYs lost

Total costs from societal prospective (rubles)

1899.4

2677.72

2570

3902.67

5488.36

4834.03

5757.03



Sensitivity analysis

		

				minimum

				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		60.03		490.33

				Bicillin-3		129.32		156.5		26.1				146.6		14.7		73.37		546.59

				Bicillin-5		129.32		109.6		26.1				146.6		14.7		60.03		486.35

				Aqueous penicillin		129.32		328				1856.9		146.6		7.35		60.03		2528.2

				Oxacillin		129.32		1155.84				2432.26		146.6		7.35		60.03		3931.4

				Doxycycline		129.32		60.6				2576.1		146.6		7.35		73.37		2993.34

				Erythromycin		129.32		984				2576.1		146.6		7.35		73.37		3916.74

				maximum

				Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		580.3		1010.6

				Bicillin-3		129.32		156.5		26.1				146.6		14.7		491.37		964.59

				Bicillin-5		129.32		109.6		26.1				146.6		14.7		491.37		917.69

				Aqueous penicillin		129.32		328				1856.9		146.6		7.35		277.93		2746.1

				Oxacillin		129.32		1155.84				2432.26		146.6		7.35		277.93		4149.3

				Doxycycline		129.32		60.6				2576.1		146.6		7.35		580.3		3500.27

				Erythromycin		129.32		984				2576.1		146.6		7.35		580.3		4423.67

						Societal

						min

				Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

				Benzathine penicillin		490.33		1080		0		1570.33

				Bicillin-3		546.59		1920		0		2466.59

				Bicillin-5		486.35		1920		0		2406.35

				Aqueous penicillin IM		2528.2		840		456.69		3824.89

				Oxacyllin		3931.4		840		639.36		5410.76

				Doxycycline		2993.34		840		685.03		4518.37

				Erythromycin		3916.74		840		685.03		5441.77

						MAX

				Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

				Benzathine penicillin		1010.6		1080		0		2090.6

				Bicillin-3		964.59		1920		0		2884.59

				Bicillin-5		917.69		1920		0		2837.69

				Aqueous penicillin IM		2746.1		840		456.69		4042.79

				Oxacyllin		4149.3		840		639.36		5628.66

				Doxycycline		3500.27		840		685.03		5025.3

				Erythromycin		4423.67		840		685.03		5948.7

				Graph baseline

						Cost		QALYs

				Benzathine penicillin		1899.4		0.0136

				Bicillin-3		2677.72		0.0132

				Bicillin-5		2630.82		0.0132

				Aqueous penicillin		3902.71		0.0233

				Oxacillin		5488.58		0.0277

				Doxycycline		4834.1		0.03

				Erythromycin		5757.5		0.03

				Extreme

						Cost		QALYs

				Benzathine penicillin		2090.6		0.0146

				Bicillin-3		2884.59		0.0143

				Bicillin-5		2837.69		0.0143

				Aqueous penicillin		3824.89		0.0229

				Oxacillin		5410.76		0.0272

				Doxycycline		4518.37		0.0284

				Erythromycin		5441.77		0.0284





Sensitivity analysis
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Benzathine penicillin

Bicillin-3

Bicillin-5

Aqueous penicillin

Oxacillin

Doxycycline
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Total cost (rubles)



		

								Range considered				Cost per case cured

		Out-patient treatment		Initial value		Cost per case cured		Minimum value		Maximum value		At minimum value		At maximum value		QALYs lost in total

		Benzathine penicillin		17.5		1899.4		2.7		26.1		1570.33		2090.6		0.0136

		Bicillin		12.8		2677.72		3.3		22.1		2466.59		2884.59		0.0131

		Procaine penicillin		12.8		2630.82		2.7		22.1		2419.69		2837.69		0.0133

		In-patient treatment

		Aqueous penicillin		6.2		3902.67		2.7		12.5		3824.87		4042.77		0.0233

		Oxacillin		6.2		5488.36		2.7		12.5		5410.76		5628.66		0.0279

		Doxycycline		17.5		4834.03		3.3		26.1		4518.37		5025.3		0.03

		Erithromycin		17.5		5757.03		3.3		26.1		5441.77		5948.7		0.03

				Med		Min		Max		QALYS

		Benzathine penicillin		1899.4		1570.33		2090.6		0.0143		2090.6		1570.33		1899.4

		Bicillin-3		2677.72		2466.59		2884.59		0.0132		2884.59		2466.59		2677.72

		Bicillin-5		2630.82		2419.69		2800		0.0132		2837.69		2419.69		2630.82

		Aqueous penicillin		3902.67		3824.87		4042.77		0.0233		4042.77		3824.87		3902.67

		Oxacillin		5488.36		5410.76		5628.66		0.0279		5628.66		5410.76		5488.36

		Doxycycline		4834.03		4518.37		5025.3		0.03		5025.3		4518.37		4834.03

		Erithromycin		5757.03		5441.77		5948.7		0.03		5948.7		5441.77		5757.03

		Benzathine penicillin		1010.61		490.33		819.4

		Bicillin		964.59		546.59		724.5

		Procaine penicillin		1278.19		846.85		1038

		Aqueous penicillin		2746.1		2528.2		2606

		Oxacillin		4149.3		3931.4		4009

		Doxycycline		3500.28		2993.34		3309

		Erithromycin		4423.68		3916.74		4232

		FAILURES

				% of treatment failures		Cost of retreatment of 1 case		Total cost of retreatment		Minimum value		Maximum value		At minimum value		At maximum value

		Benzathine-penicillin		17.5		2223.4		389.1		2.7		26.1		60.03		580.3

		Bicillin-3		12.8		2223.4		284.5		3.3		22.1		73.37		491.37

		Bicillin-5		12.8		2223.4		284.5		3.3		22.1		73.37		491.37

		Water-soluble penicillin		6.2		2223.4		137.85		2.7		12.5		60.03		277.93

		Oxacillin		6.2		2223.4		137.85		2.7		12.5		60.03		277.93

		Doxyciclin		17.5		2223.4		389.1		3.3		26.1		73.37		580.3

		Erythromicin		17.5		2223.4		389.1		3.3		26.1		73.37		580.3

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		Hospital cost		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured						Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

		Out-patient treatment																						Out-patient treatment

		Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		580.3		1010.6						Benzathine penicillin		1010.6		1080		0		2090.6

		Bicillin-3		129.32		156.5		26.1				146.6		14.7		491.37		964.59						Bicillin-3		964.59		1920		0		2884.59

		Bicillin-5		129.32		109.6		26.1				146.6		14.7		491.37		917.69						Bicillin-5		917.69		1920		0		2837.69

																								In-patient treatment

		In-patient treatment																						Aqueous penicillin IM		2746.1		840		456.67		4042.77

		Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		277.93		2746.1						Oxacyllin		4149.3		840		639.36		5628.66

		Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		277.93		4149.3						Doxycycline per os		3500.27		840		685.03		5025.3

		Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		580.3		3500.27						Erithromycin		4423.67		840		685.03		5948.7

		Erithromycin		129.32		984				2576.1		146.6		7.35		580.3		4423.67

				The cost of initial examination		The cost of drugs		The cost of out-patient treatment visits		Hospital cost		The costs of folow-up		The costs of retreatment in cases of non-compliance		The costs of retreatment of initial therapeutic failures		Medical cost per case cured						Treatment regimen		Medical cost per case cured		Cost of transportation		Costs of working time lost in treatment		Total cost

		Out-patient treatment																						Out-patient treatment

		Benzathine penicillin		129.32		139.2		7.83				146.6		7.35		60.03		490.33						Benzathine penicillin		490.33		1080		0		1570.33

		Bicillin-3		129.32		156.5		26.1				146.6		14.7		73.37		546.59						Bicillin-3		546.59		1920		0		2466.59

		Bicillin-5		129.32		109.6		26.1				146.6		14.7		73.37		499.69						Bicillin-5		499.69		1920		0		2419.69

																								In-patient treatment

		In-patient treatment																						Aqueous penicillin IM		2528.2		840		456.67		3824.87

		Aqueous penicillin IM		129.32		328				1856.9		146.6		7.35		60.03		2528.2						Oxacyllin		3931.4		840		639.36		5410.76

		Oxaicyllin		129.32		1155.84				2432.26		146.6		7.35		60.03		3931.4						Doxycycline per os		2993.34		840		685.03		4518.37

		Doxycycline per os		129.32		60.6				2576.1		146.6		7.35		73.37		2993.34						Erithromycin		3916.74		840		685.03		5441.77

		Erithromycin		129.32		984				2576.1		146.6		7.35		73.37		3916.74
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