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A B S T R A C T 
 

 

Introduction:  Directly Observed Treatment (DOT) is the key element of DOTS (directly observed treatment, short course), 

part of the internationally recommended control strategy for tuberculosis (TB). The evaluation of DOT has not been widely 

evaluated in rural areas in developed settings. The aim of this pilot study was to evaluate a modified DOT program (MDOT) by a 

general practitioner (GP) in a rural area of southwest Greece, where there is substantial underreporting of TB cases. 

Methods:  Thirteen new TB cases with 30 close contacts were compared with 41 past-treated TB subjects (controls) with 111 close 

contacts in this observational, case-control study. Home visits by a GP were conducted and comparison of various data (laboratory 

findings, treatment outcomes, questionnaire-based parameters, on-site recorded conditions) was performed in both newly detected 

pulmonary TB cases and previously treated TB cases managed without DOT intervention. 

Results:  MDOT by GP implementation revealed that 11 cases (84.6%) were successfully treated, one (7.7%) case died, and one 

(7.7%) was lost to follow up. None of the close contacts of new TB cases was infected with active TB, while 6.3% of previously-

treated TB subjects were infected with active TB and had to receive a complete anti-TB regimen. Chemoprophylaxis was 
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administered to 13.3% of close contacts of new cases; whereas 12.6% of close contacts of previously-treated patients received 

chemoprophylaxis. 

Conclusion:  This pilot study revealed that a GP is able to implement a program based on DOT resulting in high treatment 

adherence and prevention of TB compared with the conventional self-administration of treatment. 

 

Key words: Directly Observed Treatment, DOT, GP, Greece, tuberculosis. 

 

 

 

Introduction 
 

In 1994, the World Health Organization (WHO) 

incorporated Directed Observed Treatment (DOT) as a part 

of the Directed Observed Treatment Strategy (DOTS) in 

order to control tuberculosis (TB) globally1. Basic elements 

of DOTS included the prompt diagnosis of patients with 

active TB by sputum microscopy, a standard short-course 

combination chemotherapy of 6 months duration for newly 

diagnosed TB patients, a secure supply of drugs, and political 

commitment; however, the primary key was the direct 

observation of TB treatment (DOT) by a supervisor, usually a 

health or community worker2. Although the implementation 

of DOTS has been associated with a decrease in new TB cases 

globally, TB remains the most persistent and widespread 

infection worldwide, compounded by an upsurge in 

multidrug-resistant (MDR) TB cases3-5. Moreover, the 

consequences of interrupting the treatment contribute to 

drug resistance, prolonged morbidity and mortality6. In order 

to improve patients’ adherence to treatment, DOT allows 

persons other than health staff to supervise TB patients and 

ensure they are taking their medication7,8. 

 

DOT has been criticized as a passive model related to the 

success of health services in delivering only the appropriate 

drugs, but without taking into account the social component 

of the disease related to stigma, and not encouraging family 

members to modify living conditions and habits9. This comes 

as no surprise to researchers who have found no significant 

improvement to outcome between DOT and self-

administered treatment10. Interventions, such as financial 

incentives11, reminder letters and increased supervision by 

staff may promote the adherence of patients to TB treatment, 

especially in drug users, minorities, and patients who are 

homeless12. 

 

In Greece, TB is an obligatorily reported disease at local and 

regional level13. Pulmonary physicians are those mainly 

responsible for TB treatment. Every month, patients with TB 

must be taken from their homes to the pulmonary outpatient 

clinic, so physicians can evaluate their adherence to the 

treatment. The Hellenic Center for Disease Control and 

Prevention (KEELPNO) guidelines suggest medication 

administration for a period of 6 months, which has been 

applied in a great number of cases. 

 

Data reported by KEELPNO have indicated a decline in the 

incidence of TB from 10.8 per 100 000 inhabitants in 1998 to 

5.3 per 100 000 in 2002 for the whole of Greece, and from 

8.8 per 100 000 to 1.6 per 100 000 for the specific region of 

Western Greece during the same period14. However, a 

recent study reported substantial underestimation of the TB 

burden in Western Greece15, indicating that there is an 

insufficient TB monitoring system in Greece. A study from 

Italy has reported similar results in the underestimation of 

incidence rates of TB16. 

 

The purpose of this observational study was to evaluate the 

effectiveness of a modified DOT (MDOT) program 

conducted by a GP physician, as a pilot project in a rural 

region of Greece where there is substantial underreporting of 

TB cases15, in comparison to a self-administered approach 

towards TB treatment by residents of the same geographical 

area. 
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Methods 
 

Study area and population 
 

An observational study was performed in the Prefecture of 

Ilia, southwest Greece, in the period 2006-2009. The region 

covers an area of 2618 km2 and the population is estimated to 

be almost 200 000 inhabitants17. 

 

Patients were recruited from the outpatient pulmonary clinic 

or the pulmonary ward of the main regional general hospital 

of Pirgos (GHP), where suspected TB cases were referred 

from other healthcare facilities (rural dispensaries, health 

centres) or private physicians practicing in the area. 

 

The specimens obtained were transferred to the Department 

of Microbiology at the University Hospital of Patras 

(DMUHP). 

 

All specimens received were processed in the DMUHP 

according to conventional microbiological procedures for 

identification of mycobacteria: after decontamination (BBL 

MycoPrep, Becton Dickinson, Cockeysville, Maryland, 

USA), cultures were performed by inoculation of sediments 

directly on Löwenstein-Jensen slants (L-J, bioMerieux, SA 

Lyon, France) and in BACTEC culture vials (Becton 

Dickinson). Identification at the species level was carried out 

by Polymerase Chain Reaction (PCR) and hybridization to 

commercial DNA probes (GenoType Mycobacteria, CM, 

Hain Lifescience, Nehren, Germany). All cases who tested 

positive by Ziehl-Nelsen stain were enrolled in the study. 

 

Before sensitivity to TB medications had been evaluated, 

patients were treated with isoniazid (H), rifampicin (R), 

pyrazinamide and ethambutol for 2 months followed by a 

4 month treatment with H and R18. Outcome assessment was 

performed by laboratory examination of sputum by the 

laboratory where the initial diagnosis was investigated. The 

outcome evaluation included six end-point 

measures: (i) cure, if sputum smears (3 samples) were 

negative; (ii) treatment completion at 6 months without 

smears results; (iii) treatment failure, if sputum smears 

remained positive or become positive again 2 or more months 

after treatment; (iv) death, if the patient died during the 

treatment, from any cause; (v) treatment interruption, if the 

patient did not comply with treatment for 2 consecutive 

months; and (vi) loss to follow up, if the patient transfered 

without notifying the GP or pulmonary physician18. 

Confirmed patients were referred from the pulmonary 

outpatient service to a GP physician, who implemented the 

MDOT program. 

 

TB case finding, DOT program and treatment 
outcomes 
 

MDOT was implemented in all newly detected cases during 

the period 2006-2009 by a GP from the nearest health 

center, supervised by a pulmonary physician at GHP. 

Previously-treated (since 2006) TB patients were identified 

from the GHP’s records and enrolled as controls in the study. 

Home visits were conducted in both newly detected and 

previously treated cases. 

 

During the first home-visit (within the first month of 

treatment), the GP informed the members of the family 

about the purpose of the visit, mainly focusing on issues 

regarding prevention, personal hygiene and living conditions. 

Then 0.1 ml Tuberculin PPDRT23SSI (Statens Serum 

Institute, Denmark; Mantoux test) was given to all household 

contacts who were not yet tested. The patient was trained to 

record on a calendar the date he received therapy and dates of 

required re-evaluation visits to the pulmonary outpatient 

clinic, and a family member was instructed to supervise and 

remind the patient of these actions. A questionnaire was 

completed by all household members regarding questions 

about sociodemographic characteristics, work and living 

conditions, all parameters with the potential to influence the 

development and outcome of the disease. 

 

A second home visit was made to evaluate the Mantoux test 

results in family members who had been tested 3 days earlier. 

The presence of induration was determined by touch. The 

diameter of induration was measured transversely. The size 
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of induration in mm greater than or equal to 10 mm was 

defined as true infection. Two weeks after the beginning of 

anti-TB therapy, the GP made a third visit to check 

medication compliance (monitoring the prescription booklet 

and the calendar records) and perform a physical examination 

in order to identify possible drug side-effects. 

 

At the end of the second month, the GHP collected three 

samples of sputum in order to evaluate the success of 

treatment. Every 20 days within the treatment period the GP 

had visited the patients, both evaluating and supervising the 

treatment by counting the prescribed drugs. During the ninth 

and final home visit, a final evaluation based on clinical and 

laboratory test results was completed in conjunction with the 

attending pulmonologist at GHP, to assess the effectiveness of 

the therapy and the efficacy of the WHO-recommended 

strategy in comparison with self-administrated TB cases. 

 

All diagnosed TB cases were reported to the regional public 

health department responsible for the collection of data 

regarding all notifiable diseases. Data from previous self-

administered treatment patients (controls) included 

socioeconomic status, place of residence, and anti-TB 

treatment, collected from the GHP records. During the GP’s 

home visit, data were collected concerning personal hygiene, 

size (m2) of the home, educational level, smoking and alcohol 

use habits. Additionally, the GP focused on collecting data 

regarding the completion of treatment received by patients in 

the past, and any preventive therapy given to relatives. 

 

Pearson's χ2 test and Fisher’s exact test were used to compare 

the groups, with the p-value set at <0.05. 

 

Ethics approval 
 

The study was approved by the plenary meeting of the 

Medical School of Patras and the Ethics Committee of the 

University Hospital of Patras. Written informed consent was 

obtained from all patients before enrolment. 

 

 

 

Results 
 

Demographic characteristics of the study population 
 

Thirteen newly diagnosed TB patients (cases) and 41 past-

treated TB cases (controls) were included in the study. Thirty 

close contacts of the newly diagnosed TB patients and 

111 close contacts of past-treated TB subjects were also 

included. Each case was matched to three controls according 

to age and sex. Significant statistical differences between the 

two groups were observed regarding ethnic/minority group 

(p=0.002) and educational level (p=0.039), with higher rates 

found among those who were illiterate and those who were 

Gypsies (Table 1). In the study, 69.2% of the cases and 

87.8% of controls were permanent residents in rural and 

semi-urban areas, and most were illiterate, as determined by 

their level of education. In addition, 5 of 13 TB cases 

belonged to minority groups. 

 

Microbiological results  
 

Eleven of 13 patients tested positive for TB 

(Mycobacterium tuberculosis [ΜΤΒ], PCR test) in the clinical 

specimens, one additional patient had a negative PCR result 

while another was not tested molecularly. Nine of 13 MTB 

isolates were sensitive to the agents tested by both methods, 

one isolate was streptomycin-resistant, one ethambutol-

resistant, one isoniazid-resistant and another was resistant to 

isoniazid and streptomycin. All 30 household contacts proved 

negative for MTB by molecular and phenotypic methods. 

 

Treatment outcome 
 

The treatment outcome of 13 cases who entered the MDOT 

program during the study period was analyzed. The 

treatment success rate was 11 (84.6%) cases (cured or 

treatment completed), one case (7.7%) died during 

treatment, one case (7.7%) was lost during follow up, and 

none interrupted treatment (Table 2). 
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Table 1:  Demographic characteristics of the study population (newly-diagnosed [cases] and previously-treated 

[controls] TB patients) 
 

Characteristic  Population n (%) 
Cases  
(n=13) 

Controls 
(n=41) 

Sex   
Male 10 (76.9) 28 (68.4) 
Female 3 (23.1) 13 (31.7) 

Age (mean) 45 66.83 
 Ethnic/ minority  group**   

Greek  9 (69.2) 41 (100) 
Gypsy 2 (15.4) 0 
Other ethnicity 1 (7.7) 0 
Prisoners  1 (7.7) 0 

Place of residence   
Rural 8 (61.5) 26 (63.4) 
Semi-urban 1 (7.7) 10 (24.4) 
Urban 4 (30.8) 5 (12.2) 

Educational level*   
Illiterate 5 (38.5) 3 (7.3) 
Primary school  6 (46.2) 23 (56.1) 
Secondary school 1 (7.7) 12 (29.3) 
Higher education 1 (7.7) 3 (7.3) 

Smoking status (cigarettes/day)   
>20 7 (53.8) 9 (22) 
5-10 1 (7.7) 9 (22) 
Non-smoker 5 (38.5) 23 (56.1) 

Alcohol (wine glass/day)**   
>6  3 (23.1) 1 (2.4) 
3-5 5 (38.5) 32 (78) 
No alcohol 5 (38.5) 8 (19.5) 

*P<0.05, **p<0.01 

 

 
 

Thirty close contacts were given a Mantoux test. Before the 

implementation of the MDOT program, the Mantoux test 

was carried out by the chest physician on 17 close contacts of 

TB patients, whereas the GP identified 13 more close 

contacts on the first visit of the MDOT program. In the 

control group, the Mantoux test had not been applied in 59 

of 111 close contacts (Table 3). 

 

In four (16.6%) close contacts of TB patients, 

chemoprophylaxis was given by the GP. In comparison, 14 

(12.6%) close contacts of the control group received 

chemoprophylaxis and seven (6.3%) a complete anti-TB 

regimen because of active TB (Table 3). 

The living conditions of patients with TB which can influence 

the disease development and outcome assessment, are 

presented (Table 4). 

 

 

Discussion 
 

The main findings in our study were a cure rate of 69.2%, 

and that the successful outcome (treatment completion with 

or without microbiological confirmation) in patients under 

DOT was 84.6%. 
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Table 2:   Treatment outcomes and effectiveness of modified directly observed treatment program in newly-

diagnosed cases during the study period, 2006-2009 (N=13) 
 

Outcome Cases – n (%) 
Cure 9 (69.2) 
Treatment completed  2 (15.4) 
Treatment failure  0 
Death 1 (7.7) 
Treatment interrupted 0 
Loss to follow-up 1 (7.7) 

 
 
 
 
Table 3:   Characteristics of household contacts of newly-diagnosed (cases) and previously-treated (controls) TB 

patients 
 

Characteristic Household contacts - n (%) 
Of cases  
n=30 

Of controls  
n=111 

Chemoprophylaxis 4 (13.3) 14 (12.6) 
Complete anti-TB  treatment 0 7 (6.3) 
Mantoux test  

Prior to 1st home visit (chest physician 
intervention) 

  

Positive (>10mm) 4 (13.3) 22 (19.8) 
Negative (<10mm) 13 (43.3) 24 (21.6) 
Not done  13 (43.3) 59 (53.2) 

After home visit (GP intervention) 
Positive (>10mm) 1 (3.3) No DOT 
Negative (<10mm) 12 (40) No DOT 

DOT, Directly observed treatment. 
P>0.05 (Pearsonʼs χ2 test and Fisher’s exact test). 

 

 

 

The main intention of the present study was not only to apply 

more flexible DOT through a GP at home, and not restricted 

to supervising the treatment regime, but also to identify 

persons who are at risk of developing active disease and to 

modify conditions that affect TB vulnerability. 

 

In this context, the analysis of results showed that a trained 

GP is able to follow up patients with TB and identify factors 

affecting transmission, such as personal and home hygiene, 

and reduce infectivity during close contact with TB 

patients. As the analysis of our study showed, none of the 

close TB contacts were affected by TB. In contrast, seven 

control close contacts reported active TB disease.  

In Europe, according to the WHO report of 2006, the 

majority of countries reported a decline or stabilization in TB 

notification rates19, but when focusing on individual countries 

there are disturbing results which may impact TB incidence in 

the future. In Ireland, Italy and Norway, there has been an 

increase in infection rates in young adults. In Sweden, an 

increase of TB incidence, especially among asylum seekers 

and refugees, was noted; while in the UK, foreign-born 

individuals have mainly been responsible for the increase in 

TB notification rates since 200519. 
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Table 4:   Living conditions in cases and controls 

 
Living condition  Cases (%) 

(n=13) 
Controls (%) 

(n=41) 
Home ventilation   
Satisfactory 3 (23.1) 14 (34.1) 
Moderate 5 (38.5) 23 (56.1) 
Insufficient 5 (38.5) 4 (9.8) 

Personal hygiene   
Satisfactory 2 (15.4) 11 (26.8) 
Moderate 4 (30.8) 14 (34.1) 
Insufficient 7 (53.8) 16 (39) 

Home size (m2)   
<50  5 (38.5) 1 (2.4) 
50-75  2 (15.4) 4 (9.8) 
76-100  3 (23.1) 11 (26.8) 
101-150  3 (23.1) 23 (56.1) 
>150  0 2 (4.9) 

N  household members    
1 -3 5 (38.5) 8(19.5) 
4-6 8(61.4) 28 (68.2) 
>7 0 5 (12.2) 

Sleeping habits   
Patient sleeps alone 5 (38.5) 9 (22) 
Patient does not sleep alone 8 (61.5) 32 (78) 
P>0.05 (Pearsonʼs χ2 test and Fisher’s exact test) 

 

 

 

Regarding the efficacy of treatment regimen, the working 

group of 'WHO against TB' and the 'International Union 

against Tuberculosis and Lung Disease'19 issued the statement 

that treatment monitoring is essential for the evaluation of 

treatment results and must be incorporated in national TB 

control programs. Moreover, factors that increase the 

incidence of TB and multidrug-resistant TB (MDR-TB) 

include individual biological factors (genetic factors or TB 

interaction with other infectious diseases), social status and 

living conditions (poverty, crowding, poor nutrition), 

environmental factors (migration, homelessness, asylum 

seekers, alcohol use) and the ability of a healthcare worker in 

any health system to ensure a prompt diagnosis of TB20-24. In 

this context, MDR-TB affects treatment outcomes in 

Europe25. Other studies have pointed out that MDR-TB 

could threaten the control of TB globally, and emphasize the 

role of a quality DOT program in reducing TB incidence 

globally26,27. 

In the present study, 5 of 13 cases belonged to minority 

groups, so the close supervision of treatment success may be 

of great importance. It is well known that persons who 

belong to minorities and move from their place of residence 

are more likely to interrupt TB treatment. Studies from 

Western countries have reported that TB treatment failure 

was greater among those who were homeless, alcoholics, 

HIV-infected patients and injecting drug users28,29. 

 

Another important factor which can affect the adherence of 

patients to TB treatment is the residence of TB patients. 

Although this factor is well known for the low income 

countries8, in Western countries it is not well understood. 

Recently, Alvarez et al reported socioeconomic inequalities 

in TB mortality by level of education in urban and rural 

populations in several European countries30. In spite of the 

significant overall treatment success of the DOTS strategy, 

inconsistent results in case detection have been reported31. 

According to Bishai et al, the upsurge of MDR-TB could be 
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related to high detection rates of TB coupled with non-

compliant patients or low case detection rates associated with 

high-compliance patients5. 

 

The present results indicate that the implementation of a 

MDOT by a GP in Greece can combine treatment success 

with case detection. Moreover, a more flexible DOT 

program implemented by a GP may be incorporated into the 

National Tuberculosis Program, especially in rural areas and 

social communities which run the risk of developing TB. 

 

Limitations 
 

The main limitations of the present study were the recall bias 

of previously treated patients, lack of information about HIV 

infection and the small sample of TB cases. Another bias may 

be that 30% of the newly diagnosed TB cases belonged to 

minority groups, whereas all identified previously-treated 

cases were native Greeks. This may be because many native 

Greeks with TB prefer to visit hospitals outside their 

residential region to avoid being socially stigmatized. 

 

The total number of TB cases reported to KEELPNO that 

were diagnosed either at PGH at other healthcare facilities in 

Greece, but were residents of the Prefecture of Ilia, 

amounted to 45 cases for the period 2006 to 2009. Of these, 

13 (29%) cases were diagnosed at PGH, therefore only these 

recruited patients had been enrolled in the pilot DOT study. 

Thus, it cannot be ruled out that the high treatment success in 

the present study may be overestimated. Furthermore, the 

very small sample size does not allow for generalization. 

Hence, suggesting this as a possible treatment model is not 

appropriate. Indeed, the study was conducted in a country 

with a comparatively low incidence of TB where DOT is 

routinely implemented. However, since TB is increasing in 

Greece, mainly due to the high level of immigrants from 

countries with a high incidence of TB, it is conceivable that 

DOTS could become a treatment model in the future. In 

order to obtain more reliable results, the model needs to be 

implemented in more rural regions of Greece and this needs 

political commitment. 

Finally, it was not possible to estimate the cost of 

implementing this MDOT program through a GP. However, 

other studies have provided evidence that implementation of 

DOTS by community health workers achieves high cure rates 

with a lower cost per case than conventional DOTS 

implementation in health centers32,33. Notwithstanding the 

fact that a GP could be replaced by a skilled nurse, thus 

possibly reducing the cost, in Greece the health system is not 

organized for home nursing by specialized staff other than 

physicians. 

 

Conclusion 
 

In this pilot program, a GP was able to improve patient 

compliance with TB control strategies in order to control TB 

transmission. Further studies with appropriately skilled health 

staff in the European Union, especially in rural areas, are 

needed to establish the effectiveness of this MDOT program 

in high-income countries. 
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