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Abstract

Major issues are currently associated with Tuberculosis (TB) treatment, particularly in patients infected by Multi-
drug Resistant Tuberculosis/Extensively Drug Resistant Tuberculosis (mdr-TB/XDR-TB) resistant mycobacteria. A
new threat recently reported in various Asian countries is totally Drug Resistant Tuberculosis (TDR). The presence of
such Mycobacterium tuberculosis strains is disturbing also for the reasons they spread beyond the continent of Asia.

The currently recommended tuberculosis treatment regimen is not well received by patients due to its minimum
six-month, complexity, and common adverse events. The prevalence of MDR-TB and XDR-TB are inversely correlated
with the quality of TB control and the proper use of second-line anti-TB drugs. Moreover, cost is extraordinary high.
Since the mid-1960s only two new anti-TB drugs, bedaquiline and delamandine, have come to market; however,
these drugs are not available in many regions and are limited to severely resistant cases. Currently, new derivatives
such as spectinoamide are of interest in tuberculosis treatment. In vitro results and animal studies are used to aid
in drug development.

There is an urgent need for treatment improvement through enhancement of existing agents. Namely, individual
differences in absorption and excretion of the primary anti-TB drugs, isoniazid and rifampin, require consideration.
Recently, several studies attempted to evaluate the effect of anti-TB drug concentrations on treatment outcomes.
Authors showed that 50-76% of the tested patients had low concentrations of INH (Isoniazid) and RMP (Rifampin).
Because Therapeutic Drug Monitoring (TMD) was performed in small numbers of selected patients with co-
morbidities or slow treatment responses, the studies did not clearly demonstrate the effect of low drug levels on
treatment outcomes. Future coordinated research is required.

New molecular tests allow for research using supervised, individualized treatment of tuberculosis. In addition,
effective tuberculosis outcomes require coordinated action multiple parameters for patient detection through
implementation of rapid microbiological and clinical tests as well as reliable drug resistant tests of Mycobacterium
tuberculosis. This leads to a break in the chain of transmission, and prevents the spread of disease in community.
Education plays in important role for patients and families concerning the causes of disease and prevention methods.
Additionally, medical staff should also themselves improve the level of diseases knowledge. Behaviour changes in
tuberculosis infection control among medical personnel is also required. Keep in mind that one of the reasons for the

relapse of tuberculosis is its disregard.
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Introduction

Epidemiology of tuberculosis

Although TB treatment has existed for more than 70 years, it is
considered a failure of modern therapy. Despite a known etiology and
drugs available over the last 135 years, tuberculosis is one of the oldest
infectious diseases and has evolved into a new stronger enemy, drug-
resistant tuberculosis. In 2016, an estimated 580,000 people suffered from
drug-resistant TB worldwide. Drug resistance rates are one of the most
important aspects in the TB control program as well as in drug-resistant
TB, especially in Extensively Drug-resistant (XDR) TB. Inadequate and
incomplete treatment including poor treatment adherence, has led to
a newer form of drug resistance. Recent studies have described XDR-
TB strains from all continents. Worldwide prevalence of XDR-TB is
estimated to be 6.6% in all the examined countries among multi-drug
resistant M. tuberculosis strains, 6.5% in industrialized countries, 13.6%
in Russia and Eastern Europe, 1.5% in Asia, 0.6% in Africa and the
Middle East [1].

Since 2006, at least 100 countries have reported cases of XDR TB.
While tuberculosis is curable in almost all patients, MDR-TB is difficult
to treat with a cure rate of 50-60%. The isolation of Totally Drug
Resistant (TDR-TB) strains from MDR-TB patients’ strains is disturbing
also for the reasons they spread beyond the continent of Asia. Results

of treatment of tuberculosis TDR so far are unknown. The pressing
question is now how to control and treat such cases [2].

The currently recommended treatment regimen for drug-resistant
tuberculosis is difficult to bear by patients due to adverse effects and
by the government because of high health care costs. A recent survey
estimates the cost of drugs to treat one patient in Europe with MDR-
TB is 23,000 Euro. For a XDR-TB patient, the cost rises to 93,000 Euro
[3,4]. Such financial resources are not available for majority of patients
affected by MDR and XDR-TB particularly in low- or middle-income
countries and countries with military conflicts. The emergence of
XDR-TB has been reported worldwide. According to the World Health
Organization (WHO), the numbers of notified cases with MDR/XDR
TB increased in the Ukraine before the war from 3482, 5336, 4306 and
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6934 up to 10,585 between 2009 and 2013. The European Centers for
Disease Prevention and Control reported 3522 patients with MDR/XDR
living in the Ukraine in 2012, compared to 1421 in all European Union/
European Economic Area countries combined [5].

The WHO estimated 9.6 million new global TB cases in 2016: 5.4
million males, 3.2 million females, and 1.0 million children. Almost
80% of active TB cases and 95% of TB deaths occur in low- or middle-
income countries [6]. The disease still poses a serious public health
problem worldwide and remains the leading cause of death due to a
single infectious agent [7,8]. Despite that epidemiology of TB in Poland
since 1945 has been constantly improving, in 2015 the incidence of TB
in Poland was higher than the mean incidence in the European Union
and European Economic Area (17.4 v 12.7 per 100,000). Tuberculosis
remains the most common single cause of death due to an infectious
agent in Poland [9,10].

Treatment of Tuberculosis

Early diagnosis and effective treatment of TB and are key elements
in reducing infection transmission. The current first-line treatment
for TB is a multidrug regimen that consists of isoniazid, rifampicin,
pyrazinamid, and ethambutol (HRTZE). This drug course must be
maintained for at least six months to achieve a high cure rate. The
WHO has set an international target value for favourable treatment
outcomes at 85% published recommendations for assessing outcomes of
tuberculosis treatment in the 1990's, with a revised version published in
1998 [11,12]. However, in many highly developed countries with good
treatment facilities, outcomes have still not reached the targets set by the
WHO. Poland belongs to the group where result did not meet the WHO
requirements. In 2015, the success rate of the pulmonary TB treatment
in Poland was 57% and Extrapulmonary Tuberculosis (ExtraTB)
treatment was 57.6% [9].

Treatment of MDR-TB is difficult as current regimens, when
compared to those used to treat drug-susceptible TB, are less effective
but more costly, toxic, and lengthy Due to the expanded use of second-
line drugs (aminoglycosides, fluoroquinolones, cycloserine, etionamide,
and others) in patients with MDR TB, the prevalence of XDR TB is
increasing.

In 2000, the Green Light Committee (GLC) was formed within
the Stop TB Partnership and WHO in order to increase access to high-
quality, second-line anti-TB drugs at low prices, to prevent additional
drug resistance, and to contribute evidence toward policy development.
By 2011, 255 project applications to the GLC had been approved,
covering more than 130,000 patients with MDR TB [13,14].

The currently available TB treatment regimen presents a number of
weak points: duration and complexity of therapy, decreased adherence
to treatment, common adverse events in response to anti-TB drugs, and
increasing incidence of MDR and XDR tuberculosis [15]. There is an
urgent need to improve treatment by either enhancing the applications
of existing agents or introducing new drugs. Only two new anti-TB
drugs, bedaquiline and delamandine, have come to the market since the
mid-1960s, and the use of these medicines is currently limited to the
most severely resistant cases. However, these drugs are not available in
many countries. Current antibiotic-based drug resistant TB treatment
strategies are arduous for patient causing many adverse effects including
hearing impairment and psychosis, as well as some practical problems
for families, communities, health systems, and livelihoods.

New drugs

An ideal drug is expected to reduce treatment duration, show

acceptable tolerability, act against MDR/XDR tuberculosis, demonstrate
minimal interactions with antiretroviral drug in HIV/AIDS patients,
and act against latent infection. However, it is still an open question on
how to develop a perfect drug? Many coordinated actions are needed to
increase the interest of scientists and sponsors to search for new anti-TB
drugs. The rapid search for new drugs for tuberculosis is associated with
a number of obstacles to overcome [16]. The first obstacle is the cost
of developing a new drug that has been estimated at 115-240 million
dollars. Thus, from an economical point of view, it does not appear to
be profitable, because the cost of a standard regimen is only about 11
dollars per patient [17]. The next challenge is identification of new,
effective compounds showing bactericidal and sterilizing activity against
Mycobacterium tuberculosis however, no reliable animal model for the
preclinical study has been developed and clinical testing of new anti-TB
drugs would be time-consuming. Therefore, urgent attention should be
paid to the development of new drugs, requiring greater involvement of
large pharmaceutical industries. Each year, scientific reports discuss a
series of new chemical compounds that exhibit anti-TB activity in vitro
that could be promising in clinical trials. One group of distinct antibiotics
is a new semi synthetic series of spectinamide analogs with selective
ribosomal inhibition and excellent narrow-spectrum antitubercular
activity, which is associated with pump-mediated efflux. Spectinomycin
is chemically similar to aminoglycoside and has previously been used
to treat gonorrheal infections. Unlike aminoglycosides, spectinomycin
has a high safety margin, and exhibits minor side effects with no
nephro- or ototoxtoxicity when administered for a short term at high
therapeutic doses. In multiple murine infection models, spectinomycin
was well tolerated, significantly reduced lung mycobacterial burden, and
increased survival. In vitro studies demonstrated alack of cross-resistance
with existing anti-TB drugs and an excellent pharmacological profile
[18,19]. Microbial and pharmacological testing of the spectinamides as
a novel antitubercular agents has demonstrated properties desired for
preclinical candidacy.

Therapeutic Drug Monitoring

Tuberculosis requires treatment using three to five different drugs
simultaneously depending on the patient category. In most tuberculosis
patients, drug resistance predominantly arises as a result of multiple
interruptions of treatment continuity. When using single-drug
formulations, patients are more prone to interrupt their treatment on
some drugs while not on others, thereby creating a risk of monotherapy
and selection of drug-resistant mutants. Anti-tuberculosis drugs can
be given as single-drug formulations or as fixed-dose combination
formulations (FDCs) where two or more anti-tuberculosis drugs are
present in fixed proportions in the same formulation. The WHO, the
International Union Against Tuberculosis and Lung Disease (IUATLD)
The American Thoracic Society (ATS), Centers for Disease Control and
Prevention (CDC-P), and the Infectious Diseases Society of America
(IDSA) all advocate the replacement of single-drug preparations with
FDC (fixed dose combination) tablets as the primary treatment for
tuberculosis [20]. Fixed dose combination tablets provide a simple
approach to deliver multiple drugs at the correct dosage as all the
necessary active substances are combined in a single tablet. In Poland,
the majority of patients (95%) receive combination tablets isoniazid plus
rifampin at the beginning of therapy.

Therapeutic drug monitoring is a standard clinical technique used
for many infectious diseases. This technique is helpful in indicating the
necessary time of treatment and avoidance of side effects [21]. However,
to assess drug quality, bioavailability and bioequivalence should be
monitored [22].
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Standard TB treatment does not take into account individual
patient characteristics such as ethnicity, gender, age, and unique
genetic properties. All of these factors can affect drug bioavailability
by modifying their absorption and excretion profile. Therefore, the
same doses of a given drug may show unequal effectiveness in different
patients. Without this knowledge part of the patients may not be
cured or the treatment takes longer period of time than the standard
treatment duration (Figure 1).

Among all the anti-TB drugs RMP and INH take the most
important position in hierarchy. They have broad spectrum activity,
good bioavailability, moderate side effects, excellent penetration
into the phagocytes, and low cost making them ideal anti-TB drugs.
However, these drugs have a relatively high frequency of spontaneously
developed resistance in M. tuberculosis, precluding their use in
monotherapy. RMP and INH, when used in combination with other
drugs, did not prevent resistance of mycobacteria [1].

Blood serum concentrations of rifampin and isoniazid are not
always proportional to the dose administered [23,24]. As for RMP, it
is desacetylated in the liver and large variability in the absorption rate
and serum concentration values have been observed. In the 1980's, in
many countries including Poland, the above-mentioned phenomenon
was studied in detail in an attempt to find the explanation [24,25].

In clinical and in vitro studies found some regularity that affect
the concentration of the RMP in serum. Gender and age of patients as
well as the competitive impact of food were the most important factors
affecting the absorption of the drug [26,27].

In Polish experiments, the serum levels of RMP were analysed in
relation to sex, age, and body weight. It was revealed that, in women,
the drug concentration was approximately twice as high as in men.
The level of RMP in women up to 40 years of age were higher than
in older women. In men, no differences as related to age were found.
Concerning the impact of food on RMP bioavailability, patients who
received the drug after fasting had serum levels 30 to 100% higher than
those who received the drug after breakfast. The differences were found
to be statistically significant.

In addition, the impact of food on INH absorption has been
examined. The results show that C__,t_ ., and AUC in both fast and
slow acetylators are significantly decreased after ingestion of INH with
breakfast [28]. Because of this, Polish patients are recommended to take
RMP and INH prior to consuming breakfast.

In theory, food intake exerts a complex influence on drug
bioavailability. It may interfere with tablet disintegration, drug
dissolution, and drug transit through the gastrointestinal tract.
Additionally, food may also affect the metabolic transformation of drugs
in the gastrointestinal wall and the liver. Therefore, understanding the
influence of food is critical in TB treatment where the drugs are taken
on a more infrequent basis. Despite this, patients are not informed
about the necessity of taking RMP prior to meals.

The pharmacogenetic determinants of rifampin exposure are
poorly understood. Recently, Chigutsa et al. [29] have observed
worse treatment outcomes in African patients and discovered RMP
plasma concentration variability in TB patients, which was explained
by differences in HIV infection status, sex, formulation, and weight.
The authors suggested that the variability observed in patient’s drug
concentrations may partially result from differences in genes encoding
drug-metabolizing enzymes or transporters (coded by ABCBI and
SLCOIBI genes). SLCOIBI rs4149032 was present in most patients and
was associated with substantially reduced rifampin exposure. The data
suggests that the standard recommended dose of RMP for all patients
should be reconsidered for South Africans. The phenomenon of INH
acetylation is known for along time and had been tested intensively from
the first years of INH using in treatment of tuberculosis, in practical as
well cognitive aspects. INH is metabolized in the liver by an acetylation
process in a polymorphic profile, and two clearly distinct types, Fast
(FastAC) and Slow Acetylators (SlowAC) reach different serum
concentrations even after the administration of the same drug dose.
In addition, the process of elimination is much longer in the SlowAC
than in the FastAC. Figure 2 shows differences in the bioavailability
of INH in serum fast and slow acetylators. Isoniazid bioavailability
following administration of similar doses per kg body weight in healthy
volunteers for FastAC and SlowAC showed statistically significant
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Figure 1: Different types of RMP absorption and excretion in TB Polish patients.
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Figure 2: Mean plasma concentration of isoniazid in fast and slow acetylator’s Polish healthy volunteers.

differences. Bioavailability of INH expressed by C = and AUC was
much lower in FastAC than in SlowAC

Serum bactericidal INH concentration in some FastAC is detectable
no longer than 2.5-3 h up after administration of the drug. Keeping in
mind that INH is administered to the patients once a day, it is important
to know if the drug concentration is sufficient for the desired outcome.

Efficacy and safety of administered INH in tuberculosis may be
hampered (as demonstrated by in vitro testing) by easy transformation of
susceptible mycobacteria into resistant population, a phenomenon that
can occur with suboptimal doses. So, it is suspected that a polymorphic
type of acetylation in humans may have an impact on the treatment
effects of INH [30,31]. The main question that arises is whether the fast
acetylators have more exposure to INH resistance than slow acetylators.
In a study by Parkin et al. differences in the disposition kinetics of
isoniazid have been observed between SlowAC and FastAC. Slow
acetylators had four- to six-fold higher serum isoniazid concentrations
at 2-6 h following oral administration than rapid acetylators, prompting
the authors to propose individualized isoniazid dosing regimen [32].
In 1973, a WHO report discussed the importance of determining
phenotype of acetylation during TB therapy [33].

Summary

In summary, the supervision and control of tuberculosis requires
more than just discovering new drugs. The fight against tuberculosis
is not only a medical activity but also concerns social and economic
issues. The diagnostic and therapeutic facilities of health care should
be improved. There is an urgent need to develop more effective
treatment regimens against MDR/XDR TB. Individual differences in
drug absorption and excretion should be taken into account. Medical
staff should also themselves improve the level of diseases knowledge.
Behavior changes in tuberculosis infection control among medical
personnel is also required. Transmission of Mycobacterium tuberculosis
from individuals with TB to other patients and to Health Care Workers
(HCWs) is a well-known nosocomial hazard [34,35].

In order to prevent drug resistance, plasma concentration testing of
at least two major drugs RMP and INH should be monitored. Proper
control of TB requires improvement on disease detection, transmission
prevention, and prevention of drug resistance. Finally, it should be
noted that, despite of extensive knowledge of monitoring treatment,
current global, epidemiological situation of TB is not conducive
for individualizing dosage according to the different types of drug
absorption.

A brief overview of the current issues associated with escalating
and dangerous issues of drug-resistant TB does not cover all aspects.
Medical services, as well as financiers and managers, are needed to
prevent deterioration of the current situation.

At the end, it is worth to quote the letter of Executive Director
IUATLD doctor Jose Luis Castro to doctor Margaret Chan WHO
Director of 1 March 2017. (Union letter to WHO protests unjustified of
TB antibiotics global priority list).

“We are writing to you in strong protest of the fact that tuberculosis
was left off- in fact, was not considered for inclusion within- WHO’s
first-ever Global priority list of antibiotic-resistant bacteria to guide
research, discovery, and development of new antibiotics, published 27
February 20177
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