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Abstract: Tuberculosis (TB) is an endemic disease in Red Sea State. Efforts to control this disease started in 1996 with the 

establishment of a national tuberculosis control committee. Field application of a national tuberculosis program (NTP) was 

implemented in Port Sudan by the ministry of health, according to the guidelines of the WHO. A retrospective cross-sectional 

study was conducted to evaluate the outcome of tuberculosis control after the application of this program since 2002 to 2010. 

The active TB cases admitted and treated in Red Sea tuberculosis diagnostic center were studied. The outcome of control was 

evaluated, and comparison was made between the years 2002 to 2010. 12506 subjects were enrolled in this study. 8337 

(66.7%) were males and 4169 (33.3%) were females. The ages ranged between 14 – 76 years. The total number of TB cases 

were decreased by 61% (from 1803 in 2002 to 1100 in 2010). The total Pulmonary TB (PTB) positive cases were reduced from 

579 (32%) cases in 2002 to 240 (22%) cases in 2010. Default rate decreased in 2002 (11.9%) and increased in 2010 (16.7%). 

However, there was no substantial improvement in the cure rate, but inversely increased the default rate and death rate (16.7% 

and 9.6% respectively). The study demonstrated a positive correlation of mortality rate with the default rate (P< 0.023). 

Accordingly, the overall outcome of the application of the NTP was relatively satisfactory. A recommendation for speedy 

improve the infrastructure accompanied by supporting material of the health care system to create a suitable successful 

program is essential. 
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1. Introduction 

Tuberculosis (TB) is a major public health problem in Red 

Sea State (Port Sudan), Sudan. The pulmonary type is the 

most important form of tuberculosis, continues to be one of 

the widest spread infectious diseases [1]. Sudan is the largest 

country on the African continent, covering 2.5 million km
2
 

with a current estimated population of approximately 45 

million, 42% of whom are believed to be under the age of 15 

years [2]. The population is culturally and ethnically diverse 

with several hundred tribal groupings speaking over 130 

languages [3]. During 2010 an estimated 40% of the people 

lived in an urbanized environment [2]. It is a poor country 

and gross national income per capita was less than two 

thousand international dollars during 2009 with a life 

expectancy at birth of 58 years [4]. The country has been 

severely affected by war, famine and flood in recent decades 

and has a large population of internally displaced persons [5]. 

It has a high burden of tuberculosis (TB) with a prevalence of 

209 cases per 100,000 of the population and 50,000 incident 

cases during 2009 [6]. The estimated adult HIV prevalence of 

1.5% remains lower than that of its African neighbors to the 

south and a report from 2002 suggested 4% of tuberculosis 

patients were co-infected with HIV [5]. The global estimate 

of extra pulmonary tuberculosis ranged from 17% to 52% of 

all cases of TB [6]. Sudan holds 8 – 11% of the TB burden in 

the eastern Mediterranean region [7]. In spite of this, there is 

little published data regarding extra pulmonary TB [8]. The 

situation of Port Sudan does not differ from another part of 

the Sudan. However, specific factors which predispose of 

pulmonary TB (PTB) such as poor socio-economic status, 
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high prevalence of malnutrition and infectious diseases, 

poverty, illiteracy, movement of population (in summer), 

refugees camps, political instability to some extent, customs 

and habits (denying infection with TB), and low coverage of 

Bcilli Chalmette Guerin (BCG) vaccination with limited 

access to medical facilities still play an important role in 

increasing incidence rate of TB in Port Sudan [9, 10]. The 

international Union against tuberculosis and Lung diseases, 

The World Health Organization (WHO), Norwegian Heart 

and Lung disease (LHL), German Leprosy and TB relief 

Association (GLRA) and Federal Ministry of Health 

(FMOH) signed a contract for cooperation and financial and 

technical assistance for TB control in Sudan [9]. The FMOH 

fully adopted (according to WHO guidelines [10]). 

Tuberculosis care and treatment is provided by the National 

Tuberculosis Control Program under the auspices of the 

Ministry of Health and also by the private sector. TB 

treatment in the private sector is not regulated [11]. The aim 

of the present study was to find out the outcome of the 

national tuberculosis control program in Red Sea State. 

2. Patients and Methods 

2.1. Study Criteria 

In this retrospective cross-sectional study, all the cases with 

active pulmonary and extra pulmonary TB admitted to the 

NTP from 2002 to 2010 were included in this study. The type 

of TB and associated conditions of the disease were recorded. 

Diagnosis was made according to the WHO criteria for active 

TB in pulmonary and extra pulmonary cases [12]
. 
Outcome of 

the management of the disease was evaluated by cure rate, 

completion of therapy, treatment failure, relapse, default rate 

and death (mortality rate). All patients were treated with the 

shorter-course chemotherapy of rifampicin and isoniazid for 

six months, and Pyrazinamide and Ethambutol in the first two 

months [13].
 
The NTP required an assignment of a coordinator 

in each district. All TB cases were reported to this coordinator, 

who initiated a special record for each case, which was 

updated frequently with follow-up data, according to the WHO 

recommendations [12]. After completion of the drug treatment, 

patients were asked to return for follow-up visits every six 

months for two years so as to detect any relapse. A default 

system was applied when a patient missed a clinic 

appointment. This included involvement of a social worker or 

health assistant, and every effort was made to bring the patient 

back to the clinic for regular monthly follow-up and collection 

of drug prescription. For the purpose of a uniform definition 

were adopted [7]: 

2.1.1. Pulmonary TB, Smear-Positive 

A patient with at least one or two sputum specimens which 

were positive for Acid fast bacilli (AFB) by microscopy, and 

chest radiographic abnormalities consistent with active 

pulmonary TB, or a patient with only one sputum specimen 

which was positive for AFB by microscopy, and a culture 

positive for mycobacterium tuberculosis. 

2.1.2. Pulmonary TB, Smear-Negative 

A patient with symptoms suggestive for TB, with at least 

two sputum specimens which were negative for AFB by 

microscopy, and with chest radiographic abnormalities 

consistent with active pulmonary TB (including interstitial or 

miliary abnormal images), or a patient with at least two 

sputum specimens negative for AFB by microscopy, and a 

culture positive for mycobacterium tuberculosis, or a patient 

with two sets of at least two sputum specimens taken at least 

two weeks apart, and which were negative for AFB by 

microscopy, and radiographic abnormalities consistent with 

pulmonary TB and lack of clinical response to one week of 

broad-spectrum antibiotic. 

2.1.3. Extra Pulmonary TB 

A patient with TB of organ rather than the lung. Pleurisy 

and mediastinal lymphadenopathy are classified as extra 

pulmonary TB. 

2.1.4. New Case 

A patient who has never taken anti-TB drugs for more than 

one month. 

2.1.5. Relapse 

A TB patient who previously received treatment and was 

declared cured, and has once again developed smear-positive 

pulmonary TB. 

2.1.6. Treatment Failure 

A TB patient who, while on treatment remained smear-

positive; or once more become smear-positive at the fifth 

month or later during the course of treatment, or one who 

was initially smeared-negative before starting treatment and 

become smear-positive after the second month of treatment. 

2.1.7. Return After Interruption (Default) 

A patient who completed at least one month of treatment 

and returned after at least two months
, 

interruption of 

treatment. 

2.1.8. Chronic Case 

A patient who remained smear sputum-positive after 

completing directly observed re-treatment regimen. 

2.2. Statistical Analysis 

Data were analyzed using a Computer Statistical Package 

for Social Sciences (SPSS) program version 20 (IBN. 

Chicago, USA). Chi-squared and correlation bivariate tests 

were used for statistical analysis. P-value less than 0.05 were 

considered significant. 

2.3. Ethical Considerations 

This study received ethical approval from the Research 

Committee at the Ministry of Health of Red Sea State. 

3. Results 

A total of 12506 patients with TB were enrolled in this 
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study, 8337 (66.7%) were males and 4169 (33.3%) were 

females. The ages ranged between 14 – 76 years (mean 37 

years). The study, including 3518 (28.1%) with positive PTB 

sputum smear, 2184 (17.5%) with negative PTB sputum 

smear, but culture positive for mycobacterium tuberculosis, 

530 (4.2%) with relapse and 6274 (50.2%) with extra 

pulmonary TB (Table 1). Table 1 shows the decrease in 

tuberculosis cases over the years in the period (2002 – 2010). 

In 2002 pulmonary TB cases made up only 32.1% (579) of 

all TB cases, and this ratio relatively changed over the 

following seven years, and then it decreased to 22% (240) in 

2010. The PTB negative cases started with 16% and 

noticeably increased in 2007 where the value reached 22.1% 

and decreased to 19% for approximately the following three 

years. 

The extra-PTB cases steadily increased over the study 

period. The total numbers of cases increased only in the first 

three years (2002, 2003, and 2004). There was no change in 

the relapse rate, but was only slightly decreased in 2008 – 

2009 (3.3% - 2.8% respectively). The outcome of treatment 

of tuberculosis cases is shown in (Table 2). The standard six-

month short course regimen gave only a 58% in 2002 and 

then increased to 71% in 2006 – 2007 and decline to 55% in 

2010 proven cure rate, with at least three negative running 

sputum smear tests. Treatment failure (continued positive 

smear despite prolonged therapy) occurred in only a little 

number (0.0% - 5.8%). Default rate slightly start increasing 

from 2002 to 2010 (11.9% - 16.7%) respectively. There was 

a positive correlation between default rates and the 

completion therapy (P< 0.042). However, the mortality rate 

increased in 2010 (9.6%). A positive correlation of mortality 

rate was noted with the default rate (P< 0.023). 

Table 1. Types of TB cases admitted to Port Sudan teaching hospital – Chest department between 2002 – 2010. 

Years/Type PTB +ve PTB -ve Extra PTB Relapse Total 

2002 579 (32%) 291 (16%) 848 (47%) 85 (4.7%) 1803 (14.4%) 

2003 478 (28%) 206 (12%) 933 (55%) 75 (4.4%) 1692 (13.5%) 

2004 448 (31%) 224 (16%) 689 (48%) 69 (4.8%) 1430 (11.4%) 

2005 452 (33%) 212 (15%) 658 (48%) 61 (4.4%) 1383 (11.1%) 

2006 396 (29%) 287 (21%) 630 (46%) 68 (4.8%) 1381 (11.0%) 

2007 340 (26%) 292 (22%) 630 (46%) 48 (3.7%) 1310 (10.5%) 

2008 339 (25%) 260 (19%) 697 (52%) 44 (3.3%) 1340 (10.7%) 

2009 246 (23%) 202 (19%) 589 (55%) 30 (2.8%) 1067 (8.5%) 

2010 240 (22%) 210 (19%) 600 (55%) 50 (4.6%) 1100 (8.9%) 

Total 3518 (28.1%) 2184 (17.5%) 6274 (50.2%) 530 (4.2%) 12506 (100%) 

Table 2. Outcome of pulmonary TB positive cases between 2002 – 2010. 

Years 

Outcome 

2002 

No. % 

2003 

No. % 

2004 

No. % 

2005 

No. % 

2006 

No. % 

2007 

No. % 

2008 

No. % 

2009 

No. % 

2010 

No. % 

Cured 335 (58%) 303 (63%) 312 (69.6%) 320 (70.8%) 284 (71.7%) 243 (71.5%) 230 (67.9%) 124 (50.4%) 133 (55.4%) 

Complete therapy 134 (23%) 64 (13.4%) 80 (17.9%) 59 (13.1%) 51 (12.9%) 49 (14.4%) 57 (16.8%) 55 (22.4%) 30 (12.5%) 

Treatment failure 8 (1.4%) 20 (4.2%) 7 (1.6%) 9 (1.9%) 5 (1.3%) 10 (2.9%) 0 (0.0%) 5 (2.0%) 14 (5.8%) 

Default 69 (11.9%) 59 (12.3%) 32 (7.1%) 40 (8.9%) 40 (10.1%) 29 (8.5%) 42 (12.4%) 42 (17.1%) 40 (16.7%) 

Death 33 (5.7%) 30 (6.7%) 24 (5.4%) 24 (5.3%) 16 (4.0%) 9 (2.7) 10 (2.9%) 20 (8.1%) 23 (9.6%) 

All cases 579 478 448 452 396 340 339 246 240 

 

4. Discussion 

Tuberculosis is a major public health problem that 

represents a challenge in Red Sea State. In this study, the 

proven cure rate was steadily decreased from 58% in 2002 to 

55% in 2010, and the default rate and treatment failure 

slightly increased, and the total number of tuberculosis cases 

was actually decreased. The proportion of extra-pulmonary 

TB in our study was estimated at 50%, which was increased, 

this finding consistent with Abdallah and Ali [8]. 

Furthermore, the rate of completion of therapy remained 

unchanged in comparison to the number of cases and the 

death rate was also increased. A possible explanation is that 

even if patients kept their appointments and came to the 

hospital for prescription, many of them may not have actually 

taken the drugs. In the current NTP, there is no system of 

ensuring patients
, 

compliance with self-administered drug 

therapy is clearly shown in this study, and the outcome of the 

treatment was not substantially improved. The infrastructure 

of the tuberculosis program in this state is not solid enough to 

the system work in a satisfactory manner. 

It is a well-known fact that compliance with prescribed 

drugs is the most important sigh factor in the success of 

tuberculosis treatment program [14, 15]. Even if a patient 

attends hospital regularly; it is still uncertain whether he/she 

takes the prescribed medications. Consequently, drug 

resistance (particularly multi drug resistance) increases, 

which is another problem facing health planners [16].
 
The 

end result of this situation is a poor control of TB and a 

failure of the NTP to achieve its goals [14, 17]. Long period 

hospitalization can solve some of the problems, but would be 

impractical and expensive. The retrieval system (phone, 

letters, home visit, etc.) can bring some patient to the 
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hospital, but it would not be possible to guarantee that they 

take the prescribed drugs [18, 19]. Other method like fixed-

dose combination may not prevent defaults. Twice or thrice 

weekly regimen makes it easier for patients to take 

medications, but patients who are not willing to continue 

treatment will nevertheless give up.
 

Directly observed 

therapy short course (DOTS), which ensure that the patient 

actually take the medication under direct supervision of a 

nurse (or a heath assistant), has emerged after many years of 

dealing with the treatment method as probably the best 

solution to the problem of noncompliance, and has proven 

effective in various parts of the world [20-22].
 
A large 

Chinese study (112,842 patients) showed that with DOTS the 

failure rate dropped noticeably from 17.6% to 6.2% [23].
 

Furthermore, DOTS has been shown to be more cost-

effective in the longer term than the conventional methods of 

managing tuberculosis [24]. 

5. Conclusion 

In the current setting of health services in Red Sea State, 

Sudan, the application of DOTS is only possible while 

patients are in the hospital. This would require long periods 

of admission, unfortunately Red Sea tuberculosis center 

hadn’t awards for admission. We recommend that 

improvement of the essential and the infrastructure of the 

health care system would create a suitable environment to be 

a successful program. 
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