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ABSTRACT

Indonesia is a country with a high endemic tuberculosis prevalence. The eradication program is only focused in case finding and treating the active tuberculosis patients. The health care workers are at risk to tuberculosis infection, and there is no method yet to detect and monitor them. In low endemic tuberculosis countries, interferon  (IFN-) can be used as a diagnostic tool to screen the tuberculosis infection in health care workers. The objective of this study was to know the differences of IFN- level by interferon gamma release assay (IGRA) in Mycobacterium tuberculosis-exposed nurse group and active tuberculosis patient's group. A cross sectional, observational analytical study of 13 nurses and 17 active tuberculosis patients, has been conducted from July to December 2006, at Dr. Soetomo General Hospital and Karang Tembok Hospital in Surabaya. There were 3 groups of analysis, first was the nurses group, second was the active tuberculosis patients group I who have been treated for 10.45 weeks and the third was the active tuberculosis patients group II who have been treated for 3.5 weeks. The IFN- assay was done using QuantiFERON-TB Gold In-Tube (Cellestis Ltd, Australia). One mL of whole blood was drawn into 3 tubes, nil control tube, TB antigen tube which contains ESAT-6, CFP-10 and TB7.7 and mitogen tube, then incubated at 37ºC for 16-24 hours. The harvested plasma was then stored at  -20ºC until the ELISA was ready to be performed. Results showed that IFN- level in nurses group was 0.12-53.52 IU/mL (mean 10.35 IU/mL, SD 19.49 IU/mL), in the active tuberculosis patients group I was 0.12-26.44 IU/mL (mean 6.08 IU/mL, SD 9.82 IU/mL), and in the active tuberculosis patients group II was 0.14-29.38 IU/mL (mean 8.26 IU/mL, SD 10.91 IU/mL). There were no differences of IFN- level among the 3 groups of analysis, the nurses group, active tuberculosis patients group I and group II by Oneway ANOVA statistical test (p = 0.798). In conclusion, there were no differerences found in IFN- level between the Mycobacterium tuberculosis-exposed nurses group and the active tuberculosis patients groups. Although IFN- level could not be differentiated between these two groups, it is shown that those with high IFN- level in the nurses group should be serially evaluated in order to monitor the possibility of progressiveness to active tuberculosis infection by IFN- measurement, clinical, microbiological and radiological examination.
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INTRODUCTION

Tuberculosis is a worldwide problem since a third of the world population has been infected with Mycobacterium tuberculosis (M. tuberculosis). WHO estimated that 95% of tuberculous patients live in developing countries, and 75% of them were those in productive age (15-50 years) (Indonesian Department of Health 2005). The incidence rate of tuberculosis in Indonesia holds the third rank in the world after India and China. In 2001, the incidence rate was 43 per 100,000 populations (WHO 2003). In each immune response, lymphocyte T, CD4, TH1 and TH2 will be stimulated. However, in the defense of the body against intracelllular bacterial invasion, such as M. tuberculosis, the role of CD4 TH1 T lymphocyte is more predominant. Activated CD4 lymphocyte may produce cytokine, which is important in eradicating or controlling the growth of M. tubeculosis. The primary cytokine ins interferon  (IFN-), in addition to tumor necrosing factor alpha (TNF alpha) and interleukin-2 (IL-2). If the invading bacteria are in large amount or the infection occurs frequently, assistance will be recruited from CD8 lymphocyte T, which may increase the production of IFN- (Handojo 2004). Based on the production of IFN-, patients of active tuberculosis were found to have lower level than those with latent tuberculosis (Wilsher 1999).

The development of knowledge on genome and immunology has promised a type of in vitro IFN- test based on the concept that T cells of infected individuals may produce IFN- if it is incubated with antigen, such as PPD (Purified Protein Derivatives) or the more novel antigen ESAT-6 (Early Secreted Antigenic Target 6) and CFP 10 (Culture Filtrate Protein 10). Both new antigens are coded in region of difference 1 (RD1) in the gene of M. tuberculosis, so that it becomes more specific than PPD, and had no cross-reaction with BCG (Bacille Calmette Guerin) strain or other mycobacteria. QuantiFERON-TB (Cellestis Ltd, Australia) using the whole-blood interferon  assay method is the first commercial test and approved by the Food and Drug Administration (Pai 2005).

In endemic countries, health care workers take care a large number of tuberculous patients, while isolation facilities remain rare. Health care workers are susceptible to tuberculous infection, while there has not any measurement method or definite guidelines to monitor infection in those workers (Pai 2005). In non-endemic countries IFN- can be employed as a diagnostic tool to screen tuberculous infection in health care workers (Jensen 2005). Studies on those issues are rarely undertaken in endemic countries with high tuberculous incidence, high BCG vaccination coverage rate, and wide non-tuberculous mycobacteroum exposure. There had been no studies on IFN- in nurses exposed to M. tuberculosis by comparing its level in active tuberculous patients in Indonesia, a tuberculous endemic country. A study on the difference of IFN- in both groups should, therefore, be undertaken. The objective of this study was to find the difference of IFN- level with IFN- release assay method in M. tuberculosis-exposed nurses and active tuberculous patients.

MATERIALS AND METHODS

This was an observational analytic study using cross-sectional design, conducted from July to December 2006. Samples were collected from Pulmonary Wards, Dr Soetomo Hospital, Surabaya, and BP4/Karang Tembok Hospital, Surabaya. Bacterial culture was developed in Health Laboratory Center, Surabaya. ELISA test has been conducted at the Department of Clinical Pathology, Dr Soetomo Hospital, Surabaya. The population of nurses exposed to Mycobacterium tuberculosis was the asymptomatic nurses who had been working for more than two years in Pulmonary Wards, Dr Soetomo Hospital, Surabaya, with negative acid-fast bacterial sputum, negative serology, and tuberculin test with diameter of less than 10 mm. The active tuberculous population were those recruited from Outpatient Clinic of Dr Soetomo Hospital, Surabaya, and BP4 of Karang Tembok Hospital, Surabaya, from July to August 2006, who had been diagnosed as having active tuberculosis based on clinical examination and staining, and confirmed by sputum culture, and had been receiving therapy for less than 3 months. In this study, we found 13 samples of asymptomatic nurses exposed to M. tuberculosis from Pulmonary Wards, Dr Soetomo Hospital, Surabaya, and 17 active tuberculous patients from BP4/Karang Tembok Hospital, Surabaya.

The examination of IFN- level was conducted using IGRA (Interferon Gamma Release Assay) principle with QuantiFERON-TB Gold In-Tube (Cellestis Ltd, Australia) kit, using whole blood sample incubated 37º C with M. tuberculosis antigens, the ESAT-6 , CFP-10 and TB7.7 (Tuberculosis 7.7) overnight (16-24 hours) and the plasma was taken on the following day for IFN- level using ELISA method. In this examination each sample was incubated with antigen along with nil control and mitogen control. The interpretation of the result of QuantiFERON-TB Gold In-Tube was conducted according to the criteria in the reagent. Statistical analysis was carried out using Oneway ANOVA.

RESULTS

Sample of nurses exposed to M. tuberculosis were recruited from Pulmonary Wards, Dr Soetomo Hospital, Surabaya, in October 2006. Samples who met the inclusion criteria of this study were only 13 individuals, comprising 4 male nurses and 9 female nurses, with age range from 24 to 53 years, with a length of exposure from 2 to 24 years with a mean of 12.2 years. The characteristics of the samples can be seen in Table 1.

Table 1. Characteristics of the sample of asymptomatic nurses exposed to M. tuberculosis in Pulmonary Wards, Dr Soetomo Hospital, Surabaya, 2006.

	Total
	13 persons

	Age (mean, range)
	41.85 (24-53) years

	Sex
   Male
   Female
	4 persons
9 persons

	Length of M. tuberculosis 
exposure (mean, range)
	12.2 years (2-24) years


Samples were grouped into 2 categories. The first category comprised those who received intensive therapy for more than five weeks with the average length of therapy of 10.45 weeks. In this group we found 10 samples of patients. Group two comprised patients receiving therapy of less than 5 weeks with average length of therapy of 3.5 weeks. There were only seven patients in this group. The characteristics of the patient samples can be seen in Table 2.

Table 2. Characteristics of the sample of active tuberculous patients from BP4/Karang Tembok Hospital, Surabaya, 2006

	
	Group I
	Group II

	Total
	10 persons
	7 persons

	Age (mean, range)
	38.80 (25-70) ys
	32.29 (18-50) ys

	Sex

   Male

   Female
	7 persons

3 persons
	5 persons

2 persons

	Length of therapy 

(mean)
	10.45 weeks
	3.5 weeks


The level of IFN- obtained in this study resulted from the level of TB antigen-stimulated IFN- after being substracted with its level in nil control. The IFN- level in asymptomatic nurses exposed to M. tuberculosis was ranging between 0.12 - 53.52 IU/mL with a mean of 10.35 IU/mL and SD = 19.49 IU/mL, while in group I, which consisted of active tuberculous patients, it was between 0.12 - 26.44 IU/mL with a mean of 6.08 IU/mL and SD = 9.82 IU/mL. In group II the IFN level was ranging between 0.14 - 29.38 IU/mL with a mean of 8.26 IU/mL and SD = 10.91 IU/mL. Statistical analysis with Oneway ANOVA between IFN- in nurses, group I and group II of tuberculous patients revealed no significance (p = 0.798). The result can be seen in Table 3 and Figure 1.

Result of interpretation according to QuantiFERON-TB Gold In-Tube kit in nurses groups, there were four nurses with negative result and nine nurses with positive result, showing a rate of sensitivity of 69.2%. In group I of active tuberculous patients, there were two negative patients from 10 patients, with sensitivity of 80%, while in group II there were three negative patients out of 7 patients, with sensitivity of 57.1%. The sensitivity of QuantiFERON-TB Gold In-Tube in all patients was 70.6%. The result is displayed in Table 4.

The results of statistical test of IFN- with positive result of the interpretation of QuantiFERON-TB Gold In-Tube between nurses, group I and group II of active tuberculous patients were also not significant (p = 0.647). In nurses and patients with positive result of QuantiFERON-TB Gold In-Tube interpretation, the mean of IFN- level in the nurses was 14.86 IU/mL (SD = 22.27 IU/mL), in group I 7.55 IU/mL (SD = 10.56 IU/mL) and in group II 14.29 IU/mL (SD = 11.16 IU/mL). 

DISCUSSION

The characteristics of the samples of active tuberculous patients recruited in this study were different from those in other studies in terms of the length of therapy prior to the blood sampling. In this study, active tuberculous patients had been receiving therapy for averagely 10.45 weeks in group I and 3.5 weeks in group II. In other studies the active tuberculous patients had not received therapy or therapy for less than one week (Tsiouris 2006; Winkler 2005), or less than two weeks (Wilsher 1999). Even there were also studies that did not differentiate the length of therapy in those patients, such as the study from Dewan et al. (2007). The objective of this study was to determine the difference of IFN- level using IGRA (Interferon Gamma Release Assay) method in nurses exposed to M. tuberculosis and groups of active tuberculous patients. The mean of IFN- level in nurses group (mean = 10.35 IU/mL; SD = 19.49 IU/mL), higher than that in both active tuberculous patient groups (mean of group one was 6.08 IU/mL; SD = 9.82 IU/mL and mean of group II was 8.26 IU/mL; SD = 10.91 IU/mL). However, the result of statistical test with Oneway ANOVA was not significant (p = 0.798).
Among the nurses, there were two individuals who had a very high IFN- level, resulting in higher mean of the group. If the figure from those two individuals were not taken into account, the mean would become 2.51 IU/mL with SD = 4.08 IU/mL, lower than active tuberculous patient groups, although the result of statistical analysis remains not significantly different (p = 0.351). Group that had been receiving longer therapy had lower IFN- level since the therapy had reduced antigen count, resulting in the reduction of T-lymphocyte response to produce IFN-, which is in line with the hypothesis of Pai et al. in 2006.

In 2006, Pai hypothesized that IGRA with short incubation period, for example, 16-24  hours, may detect the response of effector T lymphocyte that had challenged the antigen in vivo, so that it can immediately release IFN- if it is stimulated in vitro. Long-lived central memory T cells that remain in the body even though the organism has disappeared, such as that these therapied tuberculous patients, may release IFN- in lower amount if it is incubated in shorter length of time. The response of effector T lymphocyte is affected by the number of antigen. Several evidences indicate the reduction of antigen count due to the therapy may decrease the response T lymphocyte response (Pai 2006).

Table 3. The level of interferon gamma in asymptomatic nurses exposed to M. tuberculosis 
and active tuberculous patients

	Groups
	IFNγ IU/mL Level
(TB Antigen – Nil Control)
	Age
(year)
	Length of therapy (weeks)
	Results of  QuantiFERON-TB Gold In-Tube

	TB Patients
Group I

  Px.1

  Px.2

  Px.3

  Px.4

  Px.5

  Px.6  

  Px.7

  Px.8

  Px.9

  Px.10

Group II

  Px.11

  Px.12

  Px.13

  Px.16

  Px.18

  Px.19

  Px.20
	Mean = 6.08 IU/mL

2.64

0.97

4.70

0.99

0.26

0.12

22.44

0.85

1.34

26.44

Mean = 8.26 IU/mL

29.38

14.95

3.12

0.27

9.72

0.14

0.22
	Mean = 38.8

25

45

48

32

35

70

27

31

50

25

Mean = 32.29

40

18

32

28

36

50

22
	Mean = 10.45

11

12

11

11

12

9

10

9.5

9

10

Mean = 3.5

3

4

4

4.5

3

3

3


	Sensitivity = 80%

Positive
Positive
Positive
Positive
Negative
Negative
Positive
Positive 

Positive
Positive
Sensitivity = 57.1%

Positive
Positive
Positive
Negative
Positive
Negative
Negative

	Nurse Group 

N.1

  N.2

  N.3

  N.4 

  N.5

  N.6

  N.7

  N.8

  N.9

  N.10

  N.11

  N.12

  N.13
	Mean = 10.35 IU/mL

0.12

1.44

53.43

1.82

3.66

14.02

0.35

0.24

1.19

53.52

4.35

0.20

0.21
	Mean = 41.84

49

37

24

51

53

45

41

42

36

25

43

46

52
	Length of exposure (year)

Mean = 12.23

7

7

2

16

3

15

12

23

20

4

20

24

6
	Sensitivity = 69.2%

Negative
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Negative
Negative

	p
	p = 0.798 (p>0.05)
	
	
	


Table 4. The sensitivity of QuantiFERON-TB Gold In-Tube in asymptomatic nurses exposed to M. tuberculosis and Group I and II of active tuberculous patients.

	
	QFT (-)
	QFT (+)
	Total

	Group I TB patients*
	2


	8

(80%)
	10



	Group II TB patients*
	3
	4

(57.1%)
	7

	Nurses#
	4
	9

(69/2%)
	13


*sensitivity in tuberculous patients was determined with gold standard of positive M . tuberculosis culture.

#sensitivity in M. tuberculosis-exposed asymptomatic nurses for more than 2 years was determined using the 'gold standard' of latent infection criteria, i.e., the absence of tuberculous symptoms, positive result of tuberculin test of more than 10 mm, no lung abnormalities in radiologic examination, negative result of sputum acid-fast bacteria and M. tuberculosis culture, and negative result of TB dot test.
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Figure 1. Comparison of IFN- level in nurses, group I, and group II of active tuberculous patients

In this study, the mean of IFN- among the nurses, without taking into account two individuals with a very high level, was low. A possible explanation of this finding was that within the nurses group, who represented latent infection, the immune response had been able to control the existing infection, so that the predominant lymphocyte in that group was memory lymphocyte cells, so that the IFN- level became lower if it was measured using IGRA method with a short incubation period. Two nurses with very high IFN- level were in young age, 24 and 25 years, with the length of exposure of 2 and 4 years. The age and length of exposure were younger and shorter as compared to those in other nurses (the mean age of other nurses was 45 years, with mean exposure length of 13.9 years). In these patients immune response had not been able to control existing infection, so that effector lymphocyte cells were continuously exposed to antigen and release IFN-  in higher level at the test with QuantiFERON-TB Gold In-Tube using short incubation period (16-24 hours).

Sensitivity in nurses group was 69.2%, in group I of active tuberculous patient was 80% and in group II of active tuberculous patient was 57.1%, with sensitivity in active tuberculous patient as a whole was 70.6%. In this study, the sensitivity in active pulmonary tuberculosis patient was similar to that in the study of Tsiouris and other studies. A study by Dewan et al. (2007) in San Francisco, USA, indicated that the sensitivity of the second generation of QuantiFERON-TB was 64% in active tuberculous case, while the study by Pai and Menzies in India demonstrated a sensitivity of 73% in whole patients with active tuberculosis (Pai 2007). A study by Tsiouris et al. in 2006 in South Africa showed that the sensitivity of QuantiFERON-TB Gold In-Tube was ranging between 64 and 82%, depending on the patient's clinical condition. The sensitivity in whole pulmonary tuberculous patients was 75%, and increased to 82% in new pulmonary tuberculous cases.

The mean of IFN- in active tuberculous patients in the study by Tsiouris was 7.47 IU/mL with SD = 10.51 IU/mL (Tsiouris, 2006), which was confirmed by the result of this study in which the mean of IFN- in all active tuberculous patients were 6.97 IU/mL with SD = 10.00 IU/mL. This indicated that IFN- levels among active tuberculous patients are highly varied, which remains unexplainable up to now. The result of positive control of IFN- level using mitogenic stimulation in patients with negative QuantiFERON-TB Gold In-Tube showed a decrease, indicating a decrease of immune response (Mazurek 2005), except in one patient with malnutrition and far advanced clinical tuberculosis remained  indicating high IFN- level in positive control, whose cause was also unexplainable.

In nurses, the sensitivity was more difficult to be determined due to the absence of gold standard for determining latent infection. Tuberculin test cannot be regarded as gold standard yet, since it is still affected by previous BCG vaccination and environmental mycobacterium. Studies in non-tuberculous endemic areas showed that the compatibility of IGRA with tuberculin was satisfactory (concordance 94% in Denmark [kappa = 0.87] and 89% in the United Kingdom [kappa = 0.72]). In a study by Kang et al. (2006) in Korea, with tuberculous prevalence of 33%, there was difference in IGRA sensitivity (15%) as compared to tuberculin test with cut-off of 10 mm (58%) or 15 mm (37%). Mohamed found in a tuberculous endemic area of South Africa, there was difference between tuberculin test with the three generations of QuantiFERON (kappa = 0.12-0.50), and there was 30-56% negative QuantiFERON result in the sample with tuberculin test = 15 mm (Mohamed 2006).

In this study, even though there was no significant difference between IFN- level in M. tuberculous-exposed asymptomatic nurses and active tuberculous patients, this study provided new insight to evaluate nurses with high IFN- level, to provide therapy as latent infection, and to re-evaluate the therapy. Wilkinson et al. reported that the administration of ING therapy in patients with latent tuberculous infection may increase IFN- level at the early treatment (in 26 ± 4 days) since INH action disturbs cell wall biosynthesis and causes damage in the integrity of cell wall. IFN- level will decrease at the end of the therapy (82 ± 6 days) since INF--releasing long-lived memory T cells is in a lower number during a short incubation period. A study by Wilkinson et al. also showed that cell wall integrity is vital for M. tuberculosis to prevent immune recognition by T cells (Wilkinson 2006).

CONCLUSION

In this study, there was no difference in IFN- level with Interferon Gamma Release Assay in nurses group exposed to Mycobacterium tuberculosis and the groups of active tuberculous patients. The determination of IFN- level cannot differentiate active and latent tuberculosis, so that, among health care workers, it cannot be used to monitor the possibility of latent tuberculosis to become active tuberculosis. Further studies should be undertaken by using a pair of blood samples, prior to and after the treatment in active tuberculous patient groupu, in nurses group, with more varied Mycobacterium tuberculosis exposure and larger sample population.
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