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Background

Zambia like many countries in sub-Saharan Africa is affected with drug resistant tuberculosis. However, the drug resistant tuberculosis situation over the years has not been described in various regions of the country. Consequently, this study aims to determine the drug resistant tuberculosis burden in northern regions of Zambia over a four-year period based on data generated from a Regional Tuberculosis Reference Laboratory.



Method

Two hundred and thirty two (232) Tuberculosis Drug Susceptibility Testing results over a four-year period (2016-2019) were reviewed. Data was collected from tuberculosis registers and patient request forms and entered into a pre-tested standardized checklist and later entered in Excel Computer software. Double blinded checking was done by two independent data clerks to minimize duplication of cases. Cleaned data was then imported in R programme for analysis. Bivariant and descriptive statistics were performed and reported.



Results

Of 232 Drug Susceptibility Testing results, 90.9% were drug resistant TB while 9% were drug susceptible. Fifty three percent (53%) of these were multi-drug resistant Tuberculosis and 32% were confirmed as Rifampicin Mono-resistance. Only 1.7% of the Multi-drug resistant Tuberculosis patients were Pre-extensively drug-resistant Tuberculosis. Copperbelt province had the largest proportion (46.0%) of multi-drug resistant tuberculosis patients followed by Luapula (8.1%) and North-Western (4.7%) provinces. In new and previously treated patients, the proportion of Multi-drug resistant tuberculosis was 71.8% and 28.7% respectively. History of previous anti-tuberculosis treatment and treatment failure were associated with multi-drug resistance TB.



Conclusion and Recommendation

This study has shown a small increase in the proportions of drug resistant tuberculosis cases over the four years under review with high rates being recorded on the Copperbelt Province. Previous treatment to first line TB treatment and treatment failure were associated with development of Multi-drug resistance. We therefore recommend strengthened routine laboratory surveillance and improved case management of multi-drug resistant tuberculosis patients in the region.
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Background

Globally, Tuberculosis (TB) is a public heath challenge causing a number of mortalities. It is caused by an infectious bacterial agent known as the Mycobacterium tuberculosis complex. Approximately 10 million individuals were infected with the disease in 2019 with 1.2 million HIV negative and 208, 000 HIV positive individuals dying from the disease (1). The highest morbidity and mortality rates of TB are mainly reported in the low and middle income countries, Zambia inclusive (2). Global, regional and national efforts are being made through End TB Strategy by WHO to lower the TB incidence and number of deaths by approximately 90% and 95% respectively by 2035 compared to levels in 2015 (1).

Drug resistant tuberculosis (DR TB), particularly, rifampicin resistant Tuberculosis (RR-TB), Multidrug resistant Tuberculosis (MDR-TB) and extensively drug-resistant Tuberculosis (XDR-TB) continue to be one of the leading public health problem that threatens global TB control and prevention (3). Multi drug resistant refers to TB bacteria that is resistant to at least rifampicin (RIF) and isoniazid (INH), the most two, potent anti-TB drugs whereas, Extensive drug-resistant TB refers to MDR-TB which is also resistance to two groups of secondline ati-TB drug (a fluoroqurinolone (FQ) and a second-line injectable drug) (4, 5). Rifampicin Resistance is a surrogate for MDR-TB and WHO recommends prompt detection and diagnosis of RR-TB. World Health Organization 2020 global TB report shows that 3.3% and 18% of new and previously treated TB cases had MDR-TB respectively. Approximately half a million people had RR-TB of which 78% developed MDR-TB and 6.2% of MDR TB patients had XDR-TB. In 2019, about 0.5 million people were diagnosed or notified with MDR-TB/RR-TB with only one in three people being enrolled on treatment. Only 56% of those enrolled on treatment were successfully treated (1). Approximately 50% of MDR/RR-TB cases were reported in India (27%), China (14%) and Russian federation (9%) (1). Africa, particularly Sub-Saharan Africa (SSA) is among the regions affected by the emergence of drug-resistance TB (6, 7). Data on drug resistant TB in most countries in Africa is limited (2, 8, 9). In the recent past, only few countries had data on the burden of Drug resistant TB based on their periodic national DR TB surveys (1, 8). Therefore, a number of studies were conducted to estimate the burden of MDR-TB in Sub-Saharan Africa. Lukoye et al. found a pooled prevalence of MDR-TB of 1.5% (95% CI: 1.0 – 2.3) (10), while a meta-analysis study done by Musa et al., reported a pooled prevalence of 2.1% (95% CI: 1.7 – 2.4) among new TB cases, representing a relatively low prevalence of MDR-TB cases in SSA (7). Currently, the expansion of rapid molecular tests has resulted in a number of countries transitioning from reliance on DR TB Survey data to continuous surveillance system data resulting in improved data collection and analysis by WHO. In 2019, WHO reported an estimated percentage of MDR/RR-TB of 2.6% and 11% in new cases and previously treated patients. The percentage of RR-TB within MDR-TB was found to be 76% (1).

Zambia is among the countries in sub-Saharan Africa with a high burden of TB. It has a population of 13.1 million people and 44% of the population live in urban areas (11). In 2018, WHO estimated the total incidence of TB at 346/100 000 population per year. The TB incidence in HIV positive individuals was 205/100, 000 population with 59% HIV prevalence in new and relapse TB cases of all ages. Regardless of achieving a good treatment success rates for drug susceptible TB over the years, drug resistant TB remains a growing health problem in Zambia (12). Previous reports from national surveys conducted in 2001 and 2008 had reported a relatively low prevalence of MDR TB in Zambia (12, 13). In 2001, the prevalence of MDR TB based on the national DR TB survey was 1.2% and 1.8% in new and previously treated TB patients (13). Similarly, the 2008 national drug resistance survey showed an MDR TB prevalence of 0% in new cases and 6.5% in previously treated TB cases. Resistance to any drug was at 9.8% among new TB cases (12). On the other hand, a recent review of national data for a period of 11 years (2000 to 2011) showed an increase in the number of MDR TB cases diagnosed each year through routine surveillance system (14). Further, in 2018, the WHO Global TB report showed an estimated 1,500 MDR/Rifampicin resistant TB (RR-TB) patients among notified pulmonary TB patients in Zambia and the prevalence of MDR-TB/RR-TB in Zambia was about 2.8% in new patients and 18% in previously treated patients (1). Other studies on prevalence of drug resistance in Zambia include those conducted in 13 Zambian prisons and a cross sectional explorative study on prevalence of Rifampicin resistance in TB patients at livingstone Central Hospital (15, 16). The prevalence of MDR TB in prison inmates was 9.5% (16) and that of rifampicin resistance in the latter study was 5.9% (15).

Mycobacterium Tuberculosis drug resistance can be acquired or primary. Acquired DR TB occurs when TB treatment is inadequate. This can be due to deficient policies and failures in health care, wrong prescription of TB drugs or substandard drugs being used for treatment and patients poor treatment compliance. On the other hand, primary DR TB refers to direct transmission of drug resistant Mycobacterium tuberculosis strains from person to person (1).

Tuberculosis drug resistance is mainly caused by mutations in genes that codes for anti-TB drug target and the mutations are primarily insertions or deletions (indels) and Single Nucleotide Polymorphisms (17). Recent studies on drug resistance development show that isoniazid resistance happens much earlier, followed by resistance to rifampicin or ethambutol, then resistance to pyrazinamide and lastly, resistance to second- and third-line drugs (18–20). Resistance to Isonaizid (INH) is as a result of mutations in the katG gene and the promoter region of inhA. Among the katG mutations, the S315T (accounts for 40 to 94% resistance in MDR strains) and the newly reported L101R are the most common mutations associated with high level INH resistance (21). The most prevalent mutation in inhA promoter region is the c- 15t mutation which accounts for about 19% of INH resistance and is associated with low level resistance to INH (MIC < 1µg/ml) (22–24). Double mutations such as the −8T/C, −15/T (25), and −17C/T (26) in the promoter region of inhA have also been known to be associated with INH-resistance. Likewise, Rifampicin resistance is caused by mutations in codons 507–533 of a gene coding for the beta subunit of the RNA polymerase known as the rpoB gene. Most of the RIF-resistance (96%) occurs within RIF-resistance determining region (RRDR), also known as the “hot-spot region” (81 bp), covering codons 507–533 of rpoB gene (27) and this region is the target for most current TB molecular-based assays. The most prevalent mutations known to be associated with RIF resistance occurs in codons 516, 526 and 531 of the RRDR (21). Mutations outside the RRDR have also been reported in rifampicin-resistant isolates (28). Drug resistance genes that infer resistance in secondline TB drugs have also been identified and these consists of the gyrA and gyrB (flouroquinolones), rrs (Streptomycin, Amikacin, Kanamycin, Capreomycin), inhS, othA and ethR (Ethionamide), alr and ddl for (D-cycloserine) and eis (Kanamycin) (9, 29).

Laboratory investigations are critical in the clinical assessment of patients and guide clinicians in the management of patients. One of the primary elements in the strategy to control TB is effective case management through accurate and early diagnosis and treatment of TB patients (9, 30). Phenotypic drug susceptibility testing (DST) is the gold standard for the diagnosis of Drug Resistant tuberculosis (31, 32). The diagnosis of DR-TB in Zambia is currently being done using GeneXpert MTB/RIF (Xpert MTB/RIF), Line Probe Assay (LPA) (first- and secondline) and phenotypic drug-susceptibility testing.

In 2011, WHO recommended Xpert MTB/RIF testing as the preferred rapid molecular diagnostic test for rifampicin resistance (RR) for all TB presumptive patients. In Zambia, the National tuberculosis and Leprosy control Programme endorsed the WHO recommendations in 2012 and recommended Xpert MTB/RIF as the firstline diagnostic tool for high-risk presumptive TB patients. In 2017, GeneXpert MTB/RIF was adopted as the firstline diagnostic test for all presumptive TB patients regardless of risk factors, to improve case detection for susceptible and drug resistant TB. In order to improve access of patients to this diagnostic tool, the Xpert MTB/RIF machines are placed at TB diagnostic centers countrywide as close as possible to the patients in the communities (33). However, despite this, there is low uptake of this diagnostic tool. To further improve DR-TB diagnosis, Line Probe Assays (LPA) such as GenoTypeMTBDRplus and GenoTypeMTBDRsl assay (Hain Life Science GmbH, Nehren, Germany) are available for the detection of MDR-TB and early detection of resistance to key second line DR-TB drugs (Fluoroquinolones and injectables). However, this technology has only been implemented at the National Reference Laboratory (Chest Diseases Laboratory in Lusaka) and two regional TB reference laboratories (University Teaching Hospital in Lusaka and Tropical Diseases Research Centre in Ndola) and not available at point of care. The three facilities are TB culture laboratories and have the capacity to perform first and second line phenotypic and Genotypic Drug Susceptibility Testing. Samples for all patients diagnosed with rifampicin resistance detected on GeneXpert MTB/RIF from the various TB diagnostic facilities countrywide are referred to the aforementioned culture facilities for Firstline and Secondline LPA, culture, and phenotypic DST. The patients are then commenced on the shorter DR-TB treatment regimen (if eligible) while waiting for the results. The National Tuberculosis and Leprosy Programme has adopted the WHO recommendations, shorter regimen (9 to 12 months) in patients without resistance or intolerance to key second-line drugs, including the fluoroquinolones (FQ) and/or second-line injectables (SLIs). For patients that are not eligible for the shorter regimen, an individualized treatment regimen is designed containing new drugs such as bedaquiline (Bdq) and delamanid (Dlm) and repurposed drugs like linezolid (Lzd) and clofazimine (Cfz) (34).

Zambia is a landlocked country. It is also a copper producing country mainly from the Copperbelt and North-Western provinces. As such there is frequent movement of individuals and goods into the neighboring countries which own ports (South Africa, Tanzania, Mozambique and Namibia) and beyond. During these cross border movements drug resistant tuberculosis can easily be spread. Therefore, it is important to know the burden of drug-resistant TB in the various regions of the country, particularly the Northern Region. Additionally, there is limited data in the literature on the burden of drug resistant TB in different regions of the country. It is against this background that this study aims at determining the burden of drug resistant tuberculosis in the Northern Region of Zambia from 2016 to 2019 based on analyzed TB samples with DST results at the Regional Reference laboratory. The findings of the study are envisioned to help in strengthening laboratory drug resistant TB surveillance, improving management of patients with Drug resistant TB and control of the disease.



Methodology


Study Design

This was a retrospective study where all TB Drug Susceptibility Testing (DST) results from processed TB samples at the Regional TB reference culture Laboratory from January 2016 to December 2019 were considered. The TB samples were referred to the regional reference laboratory from the Northern region of Zambia and each sample represent a different patient. The period for the study was selected because diagnosis of DR TB using Line probe assay at the Reference laboratory was implemented in 2016. The regional TB Reference laboratory is the only laboratory in the Northern Region of Zambia that provides culture and DST services. This Region comprises three provinces namely; Copperbelt, North Western and Luapula (Figure 1). All clinical TB samples from Rifampicin Resistant, suspected MDR TB and pre-XDR cases from the various TB diagnostic health facilities in the region are referred to this laboratory for MDR TB, Pre-XDR TB and XDR TB diagnosis through culture and DST.




Figure 1 | Map of Zambia showing the provinces in the Northern Region supervised by TB regional reference laboratory, TDRC.





Inclusion Criteria

All complete TB DST results by Line Probe Assay were included in this study (Figure 2).




Figure 2 | Flow chart showing the selection criteria of data included in the review.





Exclusion Criteria

All contaminated, Non-tuberculous Mycobacteria (NTM), missing culture results and incomplete demographic data were excluded from this study.



Data Collection

Data on socio-demographic variables, DST results (based on Line Probe Assay) were extracted from TB laboratory register and request forms using a predesigned checklist. Patients that were diagnosed with DR-TB in the previous years were removed in subsequent years to minimize duplication of data entry. The data was also verified for consistency and completeness.



Data Management

Data was collected from TB registers and patient request forms and entered into a pre-tested standardized checklist, which was later entered in Excel Computer software. Double blinded checking was done by two independent data clerks to minimize duplication of cases. Cleaned data was then exported to R programme (35), for analysis. Descriptive statistics were performed and reported as frequencies and graphs. Chi square test was employed to determine the association between various factors with MDR TB. A p-value of 0.05 was considered statistically significant at 95% confidence Interval.




Results


Characteristics of the Drug-Resistant TB Patients

Out of 232 samples with DSTs results, 211 (90.9%) were drug resistant TB while 21 (9%) were drug susceptible. The majority 170 (73.3%) of the patients were males, and 147 (63.3%) were in the age group of 30 to 49 years with the mean age of 35.59 (SD=10.9) years. One hundred and four patients (44.8%) were co-infected with HIV (Table 1). The majority of the patients came from Copperbelt province 188 (81%) followed by Luapula 24 (10.3%) and then North Western 20 (8.6%) provinces. Of the DR TB patients, 29.7% were new DR patients while 61.6% were re-treatment cases (Table 1).


Table 1 | Social demographic characteristics and clinical information of DR TB patients N = 232.





Proportions of Drug-Resistant TB Cases

The proportions of Drug Resistant TB cases diagnosed at the TB reference lab from 2016 to 2019 are as shown in Table 2. The majority 124 (53.4%) of the Drug Resistant results were MDR TB, 75 (32.3%) were Rifampicin mono-resistant, 8 (3.4%) were Isonaizid mono resistant and 4 (1.7%) were Pre XDR-TB. Of the pre-XDR TB, 3 were resistant to second line injectable drugs and one case was resistant to Fluoroquinolones only.


Table 2 | Proportion of Drug Resistant TB cases among 232 Drug Susceptibility Testing by Line Probe assay from 2016 to 2019.





Drug Resistant TB Cases by Year and Province

Figure 3 shows a gradual increase in Rifampicin resistant TB from 2016 to 2019. Review of drug resistance data by province showed that most (46.6%) of the patients with MDR-TB were from the Copperbelt, followed by Luapula (8.1%) and then North Western (4.7%) provinces (Figure 4).




Figure 3 | Drug Resistant cases in the Northern Region of Zambia over a period of four years, N = 211. DR, Drug Resistance; IR, Isonaizid Resitance TB; MDR, Multi Drug Resistance TB; Pre-XDR, Pre-XDR, Pre-Extensive Drug Resistant TB; RR, Rifampicin Resistance TB.






Figure 4 | Drug Resistant TB Cases in three provinces of the Northern Region of Zambia, N = 211. DR, Drug Resistance; IR, Isonaizid Resitance TB; MDR, Multi Drug Resistance TB; Pre-XDR, Pre-XDR, Pre-Extensive Drug Resistant TB; RR, Rifampicin Resistance TB.





Factors Associated With Multi-Drug Resistant TB

Table 3 summaries the factors associated with MDR TB among drug resistant TB cases. There was a significant difference between having MDR TB and having been previously treated OR 2.38 (1.33 – 4.24) P-value 0.003. The odds of having MDR TB when one has been previously treated for TB was 2.38 times (138% higher than) the odds of having MDR TB when one has not received any TB treatment. There was also a significant difference between having MDR TB and treatment failure to firstline anti-TB drug OR 2.41 (1.35 – 4.30), P-value 0.002. The odds of having MDR TB when one has failed treatment to firstline anti-TB drugs was 2.41 times (141% higher than), the odds of having MDR TB when one has not had any treatment failure.


Table 3 | Factors associated with MDR TB (N=211).






Discussion

This study aimed at determining the burden of drug resistant tuberculosis in the Northern Region of Zambia based on TB DST results from samples analyzed at the Regional Reference laboratory. Our study has shown that progress being made to control the global tuberculosis (TB) epidemic is currently complicated by the emergence of strains of Mycobacterium tuberculosis Complex which are resistant to one or more anti-tuberculosis drugs. In Zambia there is insufficient published data regarding the burden of drug resistant TB in the various regions of the country as the last MDR national survey was conducted in 2008 (12). Overall, the proportion of MDR TB in this current study was 53%. Although, other studies have reported a much lower prevalence of MDR-TB (36–38), our study has shown a higher proportion of MDR TB cases among the culture positive samples analyzed for DST at the regional reference laboratory. Similarly there has been a small and gradual increase in the cases of Rifampicin Resistant TB from 2016 to 2019. This increase in the cases of drug resistance TB could be attributed to either improved diagnosis of Drug resistant TB as evidenced by the increased rollout of the rapid molecular diagnostic tool (GeneXpert) or poor treatment outcomes resulting in increased transmission of DR TB in the community.

The proportion of MDR-TB among new and previously treated patients was 71.8% and 28.1% respectively. History of previous anti-tuberculosis treatment was found to strongly associated with MDR TB (p=0.003). Those who were previously treated for TB had higher odds of developing MDR-TB. The finding is consistent with other studies conducted in Europe, Nigeria and Malaysia (39–41). The MDR TB patients in our study have had treatment to first line anti-TB treatment at one point in time. Similarly, there was an association between patients who had treatment failure and having MDR-TB. Those who had treatment failure to first line TB drugs had higher odds of developing MDR TB. This finding may be linked to poor patient treatment compliance, irregular drug supply and drug malabsorption leading to the bacteria developing resistance.

Further, 1.7% of the MDR-TB patients had Pre-extensively Drug Resistant TB (Pre-XDR TB). Pre-XDR-TB is MDR-TB strain that is resistant to either Fluoroquinolones (FQ) or second line injectable drugs (Capreomycin, Kanamycin or Amikacin) but not both. Equally this finding is comparable to a finding in a similar study by Shibabaw and colleagues conducted in Ethiopia where 6.3% of MDR TB isolates were reported to be resistant to at least one-second line TB drugs. Pre-XDR-TB and XDR-TB isolates accounted for 5.7% and 0.6% respectively (42). On the contrary, other studies conducted on the same phenomenon in other African countries like Nigeria and South Africa have actually reported much higher rates of pre-XDR TB of 16.7%, and 17% respectively (43, 44). The higher rate of pre-XDR cases in these countries could be due to better laboratory setup and resources for the isolation of drug resistant strains. Identification of pre-XDR TB patients is cardinal as it assists clinicians to monitor the patients closely and prevent the progression to XDR-TB which is more difficult to treat and has poor treatment outcome.

Additionally, 3.4% of the cases diagnosed were Isonaizid mono-Resistant (IR). Isonaizid mono-resistance is much more common than Rifampicin mono-Resistant TB and is associated with treatment failure, relapse and progression to multidrug-resistant TB. This study is also in tandem with findings by Dean and colleagues on aggregated drug resistance data reported to WHO from both routine continuous surveillance and nationally representative periodic surveys of TB patients for the period 2003–2017. Their analysis showed that on average, 7.4% of new cases and 11.4% of previously treated patients had IR-TB and the overall prevalence of IR ranged between 10.7% and 27.2% (45). Likewise, in 2019 the global averages of IR without concurrent rifampicin resistance during the period 2008 to 2018 was reported to be at 7.2% and 11.6% in new TB cases and previously treated TB cases respectively (46). Therefore, detection of IR cases is equally importance because if IR cases are left undetected, they may as well impede progress being made in the fight against TB as new patients will be managed as if they have pan-susceptible TB. Equally, this may lead to an increased risk of treatment failure or relapse and a greater chance of acquiring further resistance.

Our study has shown that majority of DR TB patients confirmed at the reference laboratory were males, even though there was no statistical difference (p=0.452). Studies done in Zambia (47) and elsewhere (48, 49) found a high prevalence of MDR TB in males than in females. This was postulated to be due to the fact that males are mostly exposed to harsh environments for a prolonged period of time (e.g., mining, prisons) which may pose a risk of having MDR TB. Equally, males tend to delay in seeking health care on account of fear of losing their jobs and income and because of alcohol dependency.

Furthermore, TB reports from WHO and other Metadata analysis have shown the link between drug resistance and HIV AIDS (1, 39, 50). People Living with HIV (PLHIV), especially those with lower than 200/cm³ CD4 count, have a 19 (15–22) -fold risk of developing active TB compared with those who are HIV negative. According to the TB Report, 8.6% (7.4%–10%) of 10 million incident cases with active TB were also co-infected with HIV in 2018 (5). Immune suppression increases the risk of reactivation of latent TB infection and rapid progression to active TB disease. Several biological mechanisms have been suggested linking drug resistant TB to HIV infection. These include rapid disease progression in immune compromised patients due to harboring of drug resistant strains as opposed to immune-competent individuals, drug malabsorption of anti-TB drugs, such as Rifampicin and Ethambutol, leading to drug resistance and treatment failure (3). In our study HIV co-infection was not associated with MDR TB (p=0.396). Similarly, studies in Mali, Malaysia and Thailand (41, 51, 52) found similar findings. Human Immuno-deficiency Virus testing is an essential component in the management of all presumptive drug resistance TB (DR-TB) patients. Voluntary HIV testing and counseling is recommended for all presumptive DR-TB patients, especially in high burden countries for TB and HIV coinfection. Testing for HIV should be performed simultaneously and preferably at the same center to prevent loss to follow up (4).

Lastly, our study has also reviewed that Copperbelt province has the highest proportion of MDR TB cases compared to the other two provinces. However, there was no statistical difference (p=0.093). According to the Zambia National TB prevalence survey report, Copperbelt Province recorded the highest prevalence of bacteriologically confirmed TB of 1, 211 per 100 000 people in the general population (47). Copperbelt Province holds the majority of copper mines in the Northern region of Zambia and the mining sector has been identified as one of the hotspots for TB transmission including drug resistant TB. Mine workers are at higher risk of contracting TB due to working conditions and prolonged exposure to silica dust (leading to development of silicosis) and high HIV prevalence in the communities (53, 54). Likewise, circular movement of mineworkers across provinces adversely affect adherence to TB treatment, and contribute to the incidence of drug resistant strains such as multidrug resistant (MDR) and extensively drug-resistant (XDR) TB in the province.


Limitations

The small sample size in this study may limit the generalization of the findings. This also contributed to most of the factors being not statistically significant. The review was based on the routine laboratory data generated at the regional TB reference laboratory hence other clinical factors could not be evaluated.




Conclusion

This study has shown a high proportion of MDR TB cases among drug Resistant cases in the Northern region of the country. Copperbelt province had the highest number of MDR TB Cases while North-Western province had the lowest. Over the four years under review, the proportion of Rifampicin Resistance TB cases was gradually increasing. Previous treatment and failure to treatment were strongly associated with having MDR-TB.



Recommendation

Based on the study findings, it is recommended that strengthening of reference laboratory facilities in the monitoring of MDR, pre-XDR and XDR-TB cases should be prioritized. This should include the in cooperation of phenotypic secondline DSTs and Next Generation sequencing in the diagnosis and clinical management of all MDR/RR cases. In addition, reviewing the MDR-TB situation in the whole country over a period of years in order to access progress being made in the control of MDR TB is recommended. Further, close monitoring of the treatment outcome of the cohort of MDR/RR TB cases be prioritized as well as the implementation of electronic data capturing of patient clinical information and results.
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