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Background

Late detection of multidrug-resistant pulmonary tuberculosis (MDR TB) at 
patients hospitalized for treatment is a frequent phenomenon, which assumes 
to contribute at nosocomial transmission of infection. Additionally, MDR TB is a 
major problem in many hospitals in developing countries, because the effective-
ness of infection control activities is not ideal in these regions. These weakness-
es of TB control in those territories results in an increased number of patients 
with MDR TB, treatment failure and mortality. This problem is influenced by 
the large number of MDR TB in these hospitals, as a result of deficiencies in the 
management of MDR TB cases and sometimes lack of experience. Devastating 
consequences of late detection or incorrect diagnosis of MDR TB were published 
in the late ’80s and early ’90s, when in a number of institutions in the U.S. were 
more cases of MDR TB nosocomial infections recorded, with a mortality greater 
than 80%. But in most TB hospitals in developed and developing countries, the 
extent and cause of nosocomial transmission of TB is not known, nor are the 
benefits of an effective infection control available.

Justification:

The intention of the proposed project comes to achieve a number of goals 
and objectives, set out in the policy documents of the Republic of Moldova:

• Government Decision no. 288 of 15.03.2005 regarding the approval of the 
Millennium Development Goals in Moldova until 2015 and the first national re-
port “Millennium Development Goals in Moldova” Objective 6 (of HIV / AIDS, ma-
laria and other diseases ) Task 8 (Halt by 2015 and begin to reverse the spread 
of tuberculosis and malaria);

• Nr. 1409 Government Decision of 30.12.2005 regarding the approval of 
the National Program for Prevention and Control of Tuberculosis for 2006-2010, 
Strategy III Organization and realization of multidrug-resistant tuberculosis 
control capabilities;

• National Health Policy of Moldova for 2007-2021, approved by Govern-
ment Decision no. 886 from 06.08.2007, Chapter XIII control of infectious dis-
eases;

• Action Plan for implementation of the Strategy for Health System Develop-
ment 2008-2017, approved by Government Decision of 24.12.2007, section 3 
(organization and delivery of health services tailored to the requirements and 
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needs of the population), the measure 3.3.2 Continuous Improvement of control 
of communicable diseases
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1. SCALE AND IMPACT OF TUBERCULOSIS AT 

GLOBAL AND NATIONAL LEVEL

1.1. Epidemiology of tuberculosis in the world.

Tuberculosis remains in present a danger to the health of the population of 
the globe. It is a disease with a high morbidity and mortality. The latest report of 
the World Health Organization (WHO) in 2011 estimated that 12 million people 
had active TB in 2010 (178 per 100 000 population) and 8.8 million people (128 
per 100 000 population) were contracted tuberculosis that year. Among the 1.1 
million deaths from tuberculosis in 2010, 455,000 were HIV positive [1].

Although progress has been made to reduce global incidence of tuberculo-
sis classic (sensitive), the emergence of multidrug-resistant tuberculosis (MDR) 
and extended resistance (XDR) in the past decade threatens to undermine these 
achievements. However, the achievements in this field in countries with high 
burden of MDR & XDR are too slow. Approximately 440,000 cases of MDR tuber-
culosis occurred in 2010, and only 7% of them have been identified and report-
ed to WHO. Only 5% of these cases were treated according to WHO standards. 
Although the treatment of resistant tuberculosis (MDR and XDR) is currently 
possible with diagnostic techniques and drugs, it is more expensive and more 
demanding than for tuberculosis diagnosis sensitive to drugs, with higher rates 
of treatment failure and mortality.

However, in the last decade only a few countries have provided information 
that existing technologies can be used to curb the epidemic of tuberculosis re-
sistant.

Major work is needed in strengthening laboratory capacity, improved infec-
tion control, improvement of TB control programs, treatment regimens for both 
sensitive and drug-resistant tuberculosis. Also it requires rapid implementation 
of modern methods in the diagnosis and treatment of MDR and XDR TB, for pre-
venting the spread of drug-resistant strains to become dominant form of tuber-
culosis. New diagnostic tests and more effective drugs will be available in the 
next few years; it should accelerate MDR and XDR TB control. Equally important, 
especially for countries with the highest burden of these forms of tuberculosis, 
such as India, China, and Russia is to have a political commitment to control 
MDR TB & XDR [4].
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Tuberculosis resistance phenomenon in recent years is at a quite danger-
ous scale. Thus only within 10 years this problem has spread to more than 100 
countries. At present, tuberculosis resistance extended to a broad spectrum, so 
it appeared a new type of resistance - “XDR TB”.

Global resistance level varies in different parts of the world. The third Report 
of the WHO Global examining the data from 67,657 patients with tuberculosis 
in 109 countries and regions, of which 102 of them were identified as resistant 
tuberculosis cases. MDR tuberculosis poses a real threat to effective control of 
this disease, the leading cause of death at people with HIV. It is estimated that at 
present about 350,000 patients suffer from co-infection TB / HIV.

Epidemiological indicators of tuberculosis in Moldova have the highest val-
ues   in Europe (D1). Tuberculosis should be regarded today as one of the major 
public health problems in the country. This view is justified by the actual inci-
dence of the disease and that social investment in combating this disease are the 
most profitable from the point of view of the prize that would result by reducing 
the general morbidity of this disease.

Chart 1.
TB incidence and mortality. Europe. 2010.

Tuberculosis epidemic situation in Moldova has experienced a significant 
worsening in the last decade of the last century and remains serious dramatic 
increase in the incidence, prevalence and mortality of tuberculosis. This situ-
ation is similar in Europe and the countries of the former USSR. The situation 
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became worse in the country in TB control in the context of worsening situation 
resistant tuberculosis. Many of TB control programs have become involuntarily 
substrate for formation of drug-resistant strains of tuberculosis bacilli. Due to 
the phenomenon of MDR & XDR TB, the infection can become an incurable dis-
ease for future generations.

Prevalence of MDR TB among new and re-treatment cases in Moldova has 
increased significantly over the past 10 years. Such as WHO data (2010) republic 
is among the 27 countries of the world with a high burden of multidrug-resistant 
tuberculosis (D2).

Chart 2.
Prevalence of MDR TB in 27 burden countries. 2010.

1.2. Description of the epidemiological situation of tuberculosis in 
Moldova.

The period of 1990-2000 was a period of economic decline for Moldova 
and this was reflected essentially on the health of the population, especially 
the spread of tuberculosis infection. In 1998 the number of patients with active 
forms of tuberculosis cases reached 10.190 or more than 3560 patients in 1990. 
Thus, the reserve of anti-tuberculosis drugs in the country at that time were 
practically exhausted, and treatment was given incomplete and irregular, which 
negatively affected its effectiveness, the number of patients with chronic forms 
of tuberculosis and those with drug resistance .

Since 2001, the National Program for Prevention and Control of Tubercu-
losis was approved, which began implementing DOTS. During this period, mea-
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sures are taken to attract external financing and health system in the country, 
including the prison system and medical institutions have benefited from for-
eign donors amounting to about 64.0 million USD. Simultaneously and state al-
locations were constantly increasing.

Thus, following interventions by the Government, MOH, NTP and support of 
foreign donors reached certain achievements, such as:

• increasing the detection of tuberculosis, which currently coincides with 
World Health Organization estimates;

• implementing DOTS TB control throughout the country, including in the 
eastern and the prison system;

• Improve security with anti-tuberculosis drugs for classic forms of the dis-
ease;

• strengthening laboratory services (diagnostic equipment procurement 
microscopic microscopy all district centers, three regional reference laborato-
ries (Balti , Vorniceni, Bender) and 1 National Reference Laboratory and Quality 
Control in Chisinau;

• attracting foreign source commanding. During the years 2002 - 2010 by 
foreign donors were allocated about 58 million dollars.

Due to these interventions over the last 3-4 years there is an increased in-
cidence of stopping a certain stabilization of the TB epidemiological situation.

Characterizing the epidemiological situation of tuberculosis at the present 
stage, we find that in 2011 in Moldova were 4672 cases of tuberculosis diag-
nosed with overall incidence (new cases and relapses) of 114.3 cases per 100 
000 population.

Thus, the problem of TB infection and acute priority remains our public 
health system. Great concern raises the fact that the contingent of tuberculosis 
patients changed dramatically - the number of patients with destruction of lung 
tissue with extensive processes, detected late, increased. As mentioned, in re-
cent years the number of cases with MDR tuberculosis soared. The dynamics of 
this indicator is conditioned by several factors, including the high rate of aban-
donment of treatment by patients (10-12% in recent years) and low success rate 
of treating patients suffering from tuberculosis.
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Statistics show that the rate of new cases of MDR TB is an alarming trend 
growth. If in 1995 it amounted to 0.5% in 2005 to 13.4% in 2011 it is 26.1% of 
the total number of TB patients (Figure 3).

Figure 3
MDRTB prevalence of TB patients with new case and re-treatment cases

In the last five years the number of cases of tuberculosis among patients 
with multidrug-resistant TB New Case, doubled (2007-174, 2008-318, 2009-
291, 2010-353, 2011-350). Even more alarming is the fact that increased the 
number of patients who are identified as acquired resistant tuberculosis (Fig-
ure 5). This form of tuberculosis, according to international experts in this com-
partment, is challenging the inadequate management of cases of tuberculosis, a 
weak primary health care system, insufficient collaboration between different 
systems and characters involved in controlling this infection and TB infected.



– 12 –

Chart 4. 
Prevalence of MDRTB among TB New Cases 

and Relapses (abs number) 2007-2011

Late detection of multidrug-resistant tuberculosis and spread of direct 
forms influence the maintaining of a high TB   mortality indicator, the number of 
patients dying with TB in 2009 was 18.0 per 100,000 population, while in 1990 
this indicator was 4.6 cases per 100000 population.

Comparing deaths from tuberculosis in Moldova, it appears that in recent 
years the majority of deaths are due to TB drugs impact resistant tuberculosis. 
Thus, during the years 2008 - 2010, including new case of tuberculosis patients 
-994 patients died. Most of these patients died because of multidrug-resistant 
tuberculosis progressing (Figure 5).
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Chart 5. 
Mortality rate among patients with sensitive TB 

and MDR TB patients. 2008-2010. R. Moldova

International experience shows that this is a particular problem for coun-
tries with economies in transition, predominating large numbers of MDR TB in 
hospitals as a result of deficiencies in management of MDR TB cases and lack of 
experience. Devastating consequences of late detection or incorrect diagnosis of 
MDR TB were published in the late ’80s and early ’90s when in a number of U.S. 
institutions ,more cases of nosocomial infections with MDR TB were recorded, 
with a mortality than 80% (9-16).

But, unfortunately, in most hospitals TB (both in our country and in the 
countries of the region) the extent and cause of nosocomial transmission of TB 
is not sufficiently studied, so the benefits of adequate and efficient control of 
infection are not available.

1.3. Advances in the understanding of transmission of tuberculosis, 
including MDR TB.

Molecular genotyping techniques developed in the last decade and interna-
tional conventional epidemiological methods were used together in studies of 
transmission of Mycobacterium tuberculosis infection. They have made it pos-
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sible to better understanding the pathogenesis of this infection, known since an-
tiquity. Research has evaluated the epidemiological chain of transmission from 
sick people or children in contact, the risk factors that contribute to the continu-
ity of transmission, factors contributing to onset of re-infection with M. tuber-
culosis. This research has made molecular genotyping techniques used in epi-
demiology to advance rapidly, especially in recent decades. In addition, molecu-
lar genotyping methodologies and approaches used in molecular epidemiology 
researchers have allowed scientists to assess the impact of drug resistance on 
the transmission and pathogenesis of M. tuberculosis strains and identify global 
spread, both in terms of current and past. In the near future, the intersection of 
molecular epidemiology, population genetics, bacterial genomic comparisons, 
immunology, and other disciplines will promote our understanding of the trans-
mission of tuberculosis and its pathogenesis, contributing to the development 
of effective drugs and a vaccine against the dangerous human pathogen public 
health for most countries.

Interruption of transmission of Mycobacterium tuberculosis is one of the 
main goals of TB control programs.

Ability to control certain strains of M. tuberculosis when they spread among 
the population, provides opportunities to improve our understanding of trans-
mission and pathogenesis of tuberculosis, and helps us to develop intervention 
measures to prevent the transmission of infection and control strategies to block 
onward transmission of M. tuberculosis. Until recently, there were only pheno-
typic markers to assess M. tuberculosis strains resistant to specific drugs and 
typing and identification techniques. However, molecular genotyping techniques 
now available allow us to differentiate isolates of M. tuberculosis transmission 
to tracking (movement) of these strains in the community.

1.4. Genotyping methods used in the study

Several genotyping methods based on the amplification of nucleic acid 
(DNA) have been developed over the last decade, enabling us to distinguish be-
tween different strains of M. tuberculosis. Genotyping method most widely used 
is known as the RFLP (Restriction Fragment Length Polymorphism) or restric-
tion fragment length polymorphism. DNA contains sequences of nucleotides in 
number and position variables. With the help of this technique is established the 
identity strain restriction fragments with a different pattern for each strain sep-
arately. Methods of molecular biology identify complete sequence of Mycobac-
terium tuberculosis DNA and have provided sufficient evidence to differentiate 
mycobacterium species. This technique allows the study of the natural history 
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of TB transmission in the community dynamics and risk factors for re-infection 
versus reactivation.

Genotyping DNA requires the isolation of pure strain culture media. A re-
striction endonuclease cleavage will take a DNA into precise points that will gen-
erate fragments of varying sizes to be separated by electrophoresis according to 
size and transferred to a nylon membrane.

Number of restriction sites and DNA length will determine the number and 
size of fragments obtained. After that follows the achievement of images as strip 
thicknesses and variable positions, resulting in a “map”, showing specific differ-
ences between mycobacterium, maps entered into the computer to compare.

This technique is unable to differentiate strains of Mycobacterium tubercu-
losis in every situation and should be combined with other DNA analysis meth-
ods (e.g. spoligotyping). Technique is not routine, it is useful in investigating 
cases of suspected transmission route, suspected false negative results, in case 
of re-infection or relapse less treatment failure (6). This technique was able to 
show that there is a high probability of occurrence of tuberculosis in the first 12 
months at people with HIV infection (7).

Also, this method is used for the diagnosis of contact, especially when there 
are severe risk factors for infection (8).

IS6110 RFLP genotyping standardized method has several disadvantages: 
it is a slow labor-intensive work and technically speaking, the technique is de-
manding. Because it requires relatively large amounts of high quality DNA from 
each strain of M. tuberculosis, this method can be used only genotyping isolates 
of M. tuberculosis, when we have sufficient quantities of DNA.

Computer software and technical support are required to compare, analyze, 
and interpret a large number of insertion sequence IS6110 RFLP. Finally, it has 
a relatively low power to detect in samples with <6 copies of IS6110 and should 
be supplemented by analysis and / or with other methods, such as guanine poly-
morphism genotyping methods cytosine rich sequence (PGRS) or spoligotyping.

PGRS genotyping patterns are difficult to interpret and are less sensitive 
than IS6110-based RFLP genotyping. Spoligotyping is faster and easier to per-
form, but is also less sensitive than IS6110-based RFLP genotyping.



– 16 –

Spoligotyping is a polymerase chain reaction (PCR)-based on a method that 
discloses a direct repeat (DR) sequence with 36 base pair (bp) repeat inter-
spersed with short, unique, non-repetitive sequences.

All sequences unique, non-repetitive and “distance” between direct repeats 
can be amplified simultaneously using a set of primers. Strains are differentiated 
by the number and position of kit spacer missing completely.

Spoligotyping has at least two advantages over IS6110-based genotyping: 
(1) small amounts of DNA are required, so that the procedure can be performed 
on clinical samples or strains of M. tuberculosis shortly after inoculation in liq-
uid cultures, and (2) results from spoligotyping can be expressed in a digital 
format. Spoligotyping method can be used either as a method of genotyping as 
a secondary or primary genotyping method, followed by another genotyping 
method with high discriminatory power.

Polymerase Chain Reaction (PCR)

With the help of PCR amplification DNA is performed millions of times. 
Technically a specimen containing a DNA sequence is heated to loosen the DNA 
chain. In this process a heat-resistant DNA polymerase enzyme is used, which 
acts to mediate copying genotyping material and produce identical copies of it. 
The amount of genotyping material is doubled with each reaction; each cycle 
lasts 1-3 minutes, in 45 minutes being able to get a few million copies. Amplified 
sequences can be detected by electrophoresis. With this method mycobacteria 
are separated by other organisms, but PCR allows identification of mycobacte-
rium species involved.

Emergence of mutations (e.g. inducing resistance) determines the initial 
conformation change expressed by changing the chain electrophoretic respec-
tively. DNA sequence known as IS6110 is the most widely used marker for iden-
tifying mycobacterium. This sequence is present in M. tuberculosis complex. 
The method does not distinguish between viable and nonviable bacteria, detect 
small amounts of DNA and can give false positive reactions due to contamination 
by aerosols infected tubes, contaminated equipment or reagents, pipetting and 
expensive technique, using other diagnostic tests rather than to achieve a high 
rate of detection of active TB cases with cost-effective ways. Method is a huge 
benefit to the population prevalence of mycobacterium non-tuberculosis (9).
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2. STUDY: AIMS, OBJECTIVES AND METHODS OF RESEARCH

A. Purpose of study - study cases of re-infection with resistant strains of 
tuberculosis patients by analyzing genotypic diversity sensitive strains of M. tu-
berculosis DNA (fingerprinting method), isolated from TB patients relapses and 
new cases, under treatment in 4 hospitals TB in Moldova.

OBJECTIVES:

1. Studying spectrum resistance at patients with TB tuberculosis new cases 
and relapses early specific treatment;

2. Studying spectrum resistance at patients with TB tuberculosis new cases 
and relapses after 2-3-5 months of specific treatment;

3. Selection of patients who had susceptible strains before treatment and 
became resistant to drugs after 2-3-5 months of specific treatment;

4. Genotypic analysis of DNA diversity of M. tuberculosis strains (finger-
printing method), selected from different spectrum patients at baseline and af-
ter 2-3-5 months of specific treatment;

5. Epidemiological assessment of cases of re-infection with resistant strains 
of tuberculosis patients at baseline is sensitive to treatment in TB hospitals.

2.1. Object and subject of research:

The object of research was the study of the phenomenon of nosocomial 
transmission of MDR TB, by analyzing genotypic diversity of strains of M. tuber-
culosis DNA (fingerprinting method), isolated from TB patients new case (with 
conditioning treatment failure resistance tuberculosis) in treatment in 4 hospi-
tals TB in Moldova.

Research methods:

·	 Epidemiology

·	 Microbiological classic

·	 Molecular-genotyping methods
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·	 Medical Statistics

2.2. Criteria for inclusion / exclusion of patients in study

Inclusion of patients.

Selection of patients for inclusion in the study was performed in 4 hospitals 
for tuberculosis – Phthisiopneumology Institute, Phthisiopneumology Hospital 
in Chisinau, Municipal Hospital for tuberculosis in the village Vorniceni, Depart-
ment of Phthisiopneumology Balti Municipal Hospital. Primary examination 
(microscopy, isolation of pure culture and susceptibility testing of M. tuberculo-
sis) was carried out in the National Reference Laboratory (NRL) in microbiology 
Phthisiopneumology Institute PMSI tuberculosis and tuberculosis reference lab-
oratories in microbiology from Vorniceni and Balti. Identification, susceptibility 
testing of isolates molecular-genotyping methods, DNA extraction, and prepara-
tion of extracted DNA to transport in Germany were made in the NRL. Genotypic 
analysis of DNA diversity of M. tuberculosis strains (fingerprinting method) was 
performed at Supranational Reference Laboratory in Microbiology tuberculosis 
in Borstel, Germany.

Inclusion criteria

ü	For inclusion in the study were selected patients with pulmonary tuber-
culosis new cases and relapses, the outcome of microscopy and / or culture, 
which were identified and taken into treatment under DOTS in the mentioned 
hospitals.

To study the dynamic resistance in tuberculosis:

ü	New case pulmonary tuberculosis patients who remained or became mi-
croscopy positive and / or with the culture method during treatment (after 2/3 
or 4/5 months of treatment).

To analyze genotypic diversity of strains M. tuberculosis DNA (fingerprint-
ing method)

ü	were selected even numbered strains of M. tuberculosis, that were sus-
ceptible at baseline and became resistant at examining the patients after 2-3-5 
months of treatment, TB patients isolated case at treatment in 4 TB hospitals 
Republic Moldova.

Exclusion criteria:
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- Patients with chronic;

- Patients with tuberculosis or incoming transfer abroad have unknown data 
about previous treatment;

- Patients with tuberculosis transferred or released from prison;

- Patients with extra pulmonary tuberculosis;

- Patients detected with non-tuberculosis mycobacterium.

Recording

Patients included in the study were registered in:

- Register to record the results of laboratory examination of cultural method 
“TB 04 - Cultural Method”

- Register laboratory evidence of susceptibility testing results M. tuberculo-
sis “TB 04 - MBT susceptibility testing.”

Each patient was registered with a number of individual records for exami-
nation in the study and was also included in the computerized database record 
SIMETB personified tuberculosis patients.

Susceptibility testing results have been described in Form “The test for 
M. tuberculosis sensitivity” (Annex 1).

Seems that M. tuberculosis strains at baseline were susceptible and resistant 
to repeated examination, after 2-3-5 months of treatment patients were sent to 
the microbiology laboratory Supranational TB Reference in Borstel, Germany 
for genotypic analysis of diversity strains of M. tuberculosis DNA (fingerprinting 
method).

Epidemiological investigation of cases of possible nosocomial transmission 
of MDR TB among patients with susceptible strains of drug-resistant baseline, 
after 2-3-5 months of treatment as determined by fingerprinting and sources of 
possible nosocomial transmission among patients with MDR TB, who were in 
contact with patients new case-sensitive tuberculosis preparations, were exam-
ined under epidemiological investigation of cases of nosocomial infection sur-
veillance (Annex 2).
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2.3. Contingent feature examined in the study

To study the phenomenon of re-infection with strains of M. tuberculosis pa-
tients during treatment in 4 hospitals in the country were selected 351 patients. 
Inclusion of patients in the study was made after the requirements described 
above.

Contingent of patients’ description is presented in Table 1.

Table 1. 
Demographic and clinical drug resistance 

spectrum of patients included in study

Num-
ber 
abs.

%
Pattern of drug resistance

Sen-
sitive % Poli-

resist. % MDR %

Sex
M 263 74,9 165 47.0 15 4.3 83 23.6
F 88 25,1 54 15.4 4 1.1 30 8.5

Age

0-17 5 1,4 3 0.9 1 0.3 1 0.3
18-24 22 6,3 11 3.1 2 0.6 9 2.6
25-34 105 29,9 71 20.2 3 0.9 31 8.8
35-44 97 27,6 65 18.5 4 1.1 28 8.0
45-54 66 18,8 35 10.0 2 0.6 29 8.3
55-64 46 13,1 25 7.1 6 1.7 15 4.3

65< 10 2,8 9 2.6 1 0.3 0 0.0

Type 
of TB 
pa-
tient

Caz Nou 202 57,5 141 40.2 18 5.1 43 12.3
Recidivă 73 20,8 40 11.4 1 0.3 32 9.1

Eșec 39 11,1 21 6.0 0 0.0 18 5.1
Abandon 37 10,5 17 4.8 0 0.0 20 5.7

Total 351 219 62,4 19 5,4 113 32,2

The study included 263 (74.9%) men and 88 (25.1%) women aged 1 to 75 
years. Most patients were aged between 25-54 years - 76.4%. New case TB pa-
tients were 57.5%, patients with recurrence were 20.8% specific process, treat-
ment after failure patients - 11.1% and patients resumed after treatment inter-
ruption (retired) - 10.5 %. Sensitive tuberculosis preparations were included 
line 1 219 (62.4%) patients with resistant tuberculosis: MDRTB - 113 (32.2%) 
and poly-resistant tuberculosis - 19 (5.4%).
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Due to the fact that the study was conducted in 2 republican institutions ( 
Phthisiopneumology Institute and Republican Tuberculosis Hospital)it was pos-
sible to include patients from the most territories of republic (Table 2).

Geographical coverage: 4 TB hospitals in Moldova:

- Phthisiopneumology Institute, Chisinau municipality

- Phthisiopneumology Municipal Hospital in Chisinau,

- Vorniceni ‘s Hospital of tuberculosis,

- Phthisiopneumology Department at Balti Municipal Hospital.

Target beneficiaries:

- TB Patients.

- TB staff specialized medical institutions

Table 2. 
Distribution of patients by type patient administrative 

territories and M. tuberculosis drug

Territories
New 
cas-
es

Re-
lapse

Fail-
ure

De-
fault

Sensi 
tive

Polire
sistant MDR Total

Mun. Chisinau 68 35 13 15 86 8 37 131
Mun. Balti 23 7 8 3 17 2 22 41
Anenii Noi 4 2 0 1 4 0 3 7
Basarabeasca 1 0 0 0 1 0 0 1
Briceni 1 0 0 1 0 0 2 2
Cahul 6 0 1 0 5 1 1 7
Cantemir 2 0 0 0 2 0 0 2
Calarasi 6 3 1 0 8 0 2 10
Causeni 1 0 0 0 1 0 0 1
Cimislia 2 0 0 0 2 0 0 2
Criuleni 1 3 0 3 5 0 2 7
Donduseni 5 0 0 0 5 0 0 5
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Territories
New 
cas-
es

Re-
lapse

Fail-
ure

De-
fault

Sensi 
tive

Polire
sistant MDR Total

Drochia 6 0 1 1 7 0 1 8
Edinet 7 1 3 0 10 0 1 11
Falesti 8 2 2 1 6 1 6 13
Floresti 0 1 0 1 -3 0 5 2
Glodeni 4 0 0 0 1 1 2 4
Hincesti 7 5 3 1 15 1 0 16
Ialoveni 5 1 0 1 3 0 4 7
Leova 2 0 0 1 0 0 3 3
Nisporeni 2 0 0 0 0 0 2 2
Ocnita 3 0 0 0 3 0 0 3
Orhei 7 3 0 1 10 0 1 11
Rezina 0 2 0 0 2 0 0 2
Riscani 4 2 3 1 8 1 1 10
Singerei 5 1 1 0 1 0 6 7
Soroca 2 1 0 2 1 1 3 5
Straseni 6 2 1 3 6 2 4 12
Soldanesti 3 0 0 0 1 0 2 3
Stefan Voda 5 0 0 0 5 0 0 5
Taraclia 3 0 0 0 2 0 1 3
Telenesti 1 0 0 0 1 0 0 1
Ungheni 2 1 2 0 3 1 1 5
UTA Gagauzia 0 1 0 1 1 0 1 2

Total
202 73 39 37 219 19 113 351

57,5 20,8 11,1 10,5 62,4 5,4 32,2 %

2.4. Microbiological susceptibility testing methods of M. tuberculosis used 
in the study.

For microbiological examination of patients included in the study , there 
were used the following methods: microscopy, isolation of strains on solid nutri-
ent media (LJ culture method), rapid culture method on liquid media (BACTEC 
MGIT 960), susceptibility testing of isolates by the absolute concentration meth-
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od (LJ ) and the proportion method on liquid media (MGIT 960). Were also used 
molecular genotyping methods for rapid TB diagnosis and susceptibility testing 
to INH and RMP (MTBDRP).

Thus the following methods were used for examining patients included in 
the study:

• Sputum microscopy by (fluorescent and Ziehl-Neelson)

• Isolation of pure strains of M. tuberculosis on solid medium (LJ);

• Isolation of pure strains of M. tuberculosis in liquid medium (BACTEC)

To study the genotypes of mycobacteria, which were isolated from the pa-
tients in research, several methods were used, they were used for this purpose 
in molecular epidemiology.

Isolation, studying drug resistance, identification and typing of mycobacte-
rial isolates were performed in Chisinau NRL, and molecular genotyping study of 
Mycobacterium tuberculosis strains was performed supranational laboratory in 
Borstel, Germany. The methods used for genotyping - DNA fingerprinting, MIRU-
VNTRs - mycobacterial interspersed Repetitive Unit, Variable Number Tandem 
repeats, Spoligotyping.

This is the first time such a project is implemented in our country.

DNA fingerprinting methods

The complete genome of the M. tuberculosis laboratory strain H37Rv con-
sisting of 4,411,529 base pairs (bp) was sequenced and published in 1998 (15). 
Since then other M. tuberculosis strains and a strain of M. bovis have been fully 
sequenced (16). Although the M. tuberculosis genome is genetically highly con-
served, insertion sequences, repetitive elements, genomic deletions and single 
nucleotide polymorphisms cause genotyping polymorphisms which can be 
identified by various molecular DNA typing techniques, also called DNA finger-
printing (17).

IS6110-based RFLP typing.

The most widely applied genotyping method for M. tuberculosis is restric-
tion fragment length polymorphism (RFLP) typing. The technique is based on 
identifying insertion sequences (IS) that are common in bacterial genomes. One 
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of these elements, IS6110, was first reported by Thierry et al. (20). IS6110 oc-
curs specifically in the genome of M. tuberculosis complex strains and is 1,355 
bp in length (Figure 1.3). In 1993, van Embden et al. proposed a standardized 
method for strain identification using IS6110-based fingerprinting (19). Basi-
cally, a restriction endonuclease (PvuII) cuts the circular chromosome of M. tu-
berculosis at specific sites, including bp 461 in the IS6110 segment (Figure 1.4). 
The result is that the M. tuberculosis chromosome is divided into thousands of 
DNA fragments of varying size. These negatively charged DNA fragments are 
separated by algarose gel electrophoresis and transferred to a nylon membrane 
(Southern blotting). The chemiluminiscence-labeled probe specific to the right 
side of IS6110 hybridizes to the DNA fragments containing the right-hand part 
of IS6110. The banding pattern, visualized after chemiluminiscence, is detected 
on a light-sensitive film. Computer-assisted analysis using a dedicated software 
application facilitates storage and comparison of the DNA fingerprints.

Standardized molecular weight markers, i.e. between 0.6-kb (kilo bp) and 
23.1-kb, enable comparison of DNA fingerprints within and between laborato-
ries. Figure 1.5 shows a number of fingerprints of M. tuberculosis isolates.

Spoligotyping. Other genotyping methods.

Spacer oligonucleotide typing (spoligotyping) is a widely used polymerase 
chain reaction (PCR)-based technique to simultaneously detect and type M. tu-
berculosis. The M. tuberculosis genome usually contains a distinct chromosomal 
region, the so-called direct repeat (DR) region. This region consists of 36-bp DRs 
separated by spacer DNA sequences of 37 to 41 bp. Forty-three known spacer 
sequences are identified by spoligotyping. The result of this typing method is 
binary data derived from the presence or absence of these spacer sequences.

VNTR-MIRU

Another relatively new DNA typing method is the mycobacterial interspersed 
repetitive unit (MIRU) or variable-number tandem repeats (VNTR) genotyping. 
This method determines the number of repeats in various independent repeat 
loci in the genome. Similarly to spoligotyping, this technique has the advantage 
of being PCR-based, and thus does not require extended cultivation of the M. tu-
berculosis strains before typing. The results from VNTR typing can also be rep-
resented numerically, allowing easy storage, comparison and exchange of data.

Recently, a standardized VNTR typing method was proposed to include 15 
VNTR loci for routine epidemiological studies and 24 for phylogenotyping stud-
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ies (29). The discriminatory power of the 15-loci VNTR typing was found to be 
equal to that of IS6110 RFLP typing for an international collection of M. tuber-
culosis strains. At the RIVM in the Netherlands, where RFLP typing has been ap-
plied on a routine basis since 1993, all M. tuberculosis isolates of 2004 to 2008 
have been retyped with VNTR typing (personal communication Kristin Kremer), 
and since 1 January 2009 VNTR typing replaced IS6110-based RFLP typing.
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3. RESULTS

3.1. Studying the phenomenon of multidrug-resistant TB nosocomial 
transmission by genotypic analysis of DNA diversity of M. tuberculosis 
strains

The main purpose of this study was to demonstrate the presence of tubercu-
losis transmission phenomenon in terms of inpatient treatment in 4 hospitals in 
the country and develop urgent measures for improving the situation in this re-
gard. Moldova is the first in the world at bay prevalence of tuberculosis resistant 
TB among patients with new case and with re-treatment. The success of classical 
tuberculosis is very low (one of the lowest in the world), and mortality of these 
forms is large - approx. every fourth patient dies of a CURABLE disease!

Other premises that conditioned these assumptions were:

• Inadequate conditions in most hospitals TB hospital (congestion, lack of 
adequate ventilation).

• Lack of national and territorial infection control to step up to study

• WHO Guidelines on Infection Control Mission in November 2009. The re-
port recommended by MS experts. And the Global Fund can implement such a 
study.

For the study a preventive working MS meeting was organized, with the di-
rector of Supra-National Reference Laboratory in Borstel, Germany-Mrs Sabine 
Rush-Gerdes, WHO local office representatives, representatives of the Global 
Fund.

At this meeting it was mentioned that such a study is very expensive, but 
is absolutely necessary at this stage for Moldova. Therefore for the study was 
proposed support of international organizations. Supranational Tuberculosis 
Microbiology Laboratory in Borstel offered to provide technical advice and to 
perform genotypic analysis to study DNA diversity of M. tuberculosis strains (fin-
gerprinting method). Global financial case study supported primarily by funding 
transportation M. tuberculosis strains isolated from patients in hospitals of the 
country, getting additional tests, reagents, consumables, protective equipment, 
salaries of people involved in the study, editing and printing the report.
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According to objectives and tasks of the study, all patients admitted to treat-
ment in these four hospitals were examined before initiation (or first few days 
after) in treatment. Sputum collection was performed according to the NTP re-
quirements . Microbiological methods for isolating pure culture of M. tuberculo-
sis are described in the previous chapter.

To implement the study of transmission (re-infection) of M. tuberculosis in 
TB hospitals of the country, there were taken two groups of patients who were 
examined by microbiological methods described above and M. tuberculosis 
strains were kept in the National Reference Laboratory freezer.

Group 
1  

The first group of patients (basic) was a new case TB pa-
tients or relapse, re-treatment after failure or default at early 
initiation of specific treatment admission, isolated strains were 
sensitive to at least isoniazid and rifampicin and after 2-3-5 
months of treatment, periodic examinations by microbiological 
methods M. tuberculosis strains were isolated at least isoniazid 
and rifampicin resistance. Thus, these patients were selected 
with a high probability that could be re-infected with a resis-
tant strain being in hospital conditions.

Group 
2 

A second group of patients, which were collected strains 
of M. tuberculosis, were patients in the international study of 
the European Project FP7 - “The clinical trial of drug-resistant 
tuberculosis in Europe.” The study is conducted within the 7th 
Framework Program, financed by the European Council. Work 
study is a package of TB PAN-NET network www.tbpannet.org. 
In this study patients with TB sensitive and resistant TB are en-
rolled randomly. This study also takes place in the NRL. 

As mentioned in the previous chapter to study microbial isolates were used 
more conventional methods and molecular genotyping methods, very sophisti-
cated and expensive. For these reasons, conventional microbiological methods 
were examined at all patients included in the study. Molecular genotyping meth-
ods have been used only partially, depending on the objectives and purposes of 
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the study. Thus, in describing the results of different numbers it will appear the 
interpreting of the results of other methods.

STUDY DESIGN.

As described in study design, a total of 351 patients were included in pul-
monary tuberculosis research. They were diagnosed with TB and admitted for 
treatment in one of 4 TB hospitals in the country. Absolute majority of the pa-
tients were from 2 institutions - Phthisiopneumology Institute“Chiril Draganiuc” 
and Municipal Tuberculosis Hospital. On admission they were examined by mi-
crobiological methods in microbiology Tuberculosis Reference Laboratories at-
tached to the medical institution where the patient was admitted for treatment.

More than half of the patients were new TB case (202) from which 147 
(72.4%) had positive sputum microscopy. With relapsed specific process were 
included in the study 73, of which 47 (74.6%) with positive sputum microscopy. 
Of patients in treatment after failure (39) or abandonment (37) also most (72.4) 
were positive sputum microscopy.

In the period 2008-2011, 205 patients were selected at the initiation of TB 
treatment in the hospital by classical microbiological methods or susceptible 
strains isolated INH and RMP, MDRTB and to detect the following dynamic mi-
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crobiological examinations. These patients were examined after 2-3-4 - 5-6 and 
more than 6 months after initiation of treatment.

Chart 6. 
The average duration between the isolation of first strains 

of M. tuberculosis and the second strains (%)
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To detect the transmission phenomenon of intra-hospital M. tuberculosis of 
205 patients with pulmonary TB were examined in dynamic 2-3-4-5-6 months 
after treatment. The average duration between the first strains of M. tuberculo-
sis isolated the 2nd for more than half of the patients were 3.2 months.

All isolates were re-tested by classical microbiological methods and alter-
native methods for confirmation of multidrug-resistant tuberculosis in prepa-
rations. Also, some of these strains were investigated by molecular genotyping 
methods available in the National Reference Laboratory (MTBDRPlus, ProbeTec 
etc.).

Molecular genotyping investigations of M.  tuberculosis suspensions were 
preserved in 5.0% aqueous glycerol frozen at -86 ° C and kept for 2-24 months, 
depending on the required number of strains accumulate to fill speaker for 
transportation. Before transportation (2-3 weeks) of suspension is thawed DNA 
extraction (special methods). Extracted DNA was transferred into special tubes 
and transported to LSNR Ependorph in Borstel. Transportation was provided by 
the company World Currier. In order to study the phenomenon genotyping and 
nosocomial transmission (re-infection) saddle, subsequent molecular genotyp-
ing investigations were selected and prepared; for the following investigations 
appears 190 strains of M. tuberculosis.
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To the Supranational Mycobacteriology Laboratory in Borstel were trans-
ported 190 M. tuberculosis strains. As mentioned above, these strains were ex-
amined in this laboratory by several methods, for each method using a number 
or other strains.

To study the phenomenon of nosocomial transmission were studied 134 
pairs of strain, taken from 67 patients with tuberculosis. These 134 pairs of 
strains were collected from patients who were hospitalized for treatment in one 
of the four stationed above. The first sample was isolated from sputum inpatient 
admission, to initiate specific treatment or in the first days of treatment (in cases 
where the patient was admitted for treatment last day of the week, or on days of 
rest, the laboratory does not activate).

The second sample, isolated from the sputum one, was harvested at 2-3 
months (depending on the category of treatment the patient), the patient was 
examined to evaluate the efficacy of treatment in intensive phase and transition 
to outpatient treatment phase. More than half of such patients were included 
in the study - 52.3%. So, in these patients resistant to INH and RMP strain was 
detected in a short period of time - after 2-3 months of initiation of treatment, 
when the first strain was sensitive to first-line drug preparations. At this time 
period there were examined by microbiological culture methods (LJ and / or 
MGIT) all patients included in the study. But only 52.3% of isolates and tested for 
tuberculosis preparations was detected resistance to INH and RMP. On the other 
TB patients taken study, isolates and drug sensitivity testing has not detected 
resistance to INH and RMP. Or, from another part of the patient at the time the 
examination was negative by culture methods.

In 28.1% of patients examined by microbiological methods in the study, INH 
and RMP-resistant strain was isolated and tested in the period from 90 days to 
180 days of treatment. Of these patients, 1/3 extended inpatient treatment, and 
2/3 were examined in outpatient conditions.

To 19.5% of patients diagnosed with MDRTB was found after 6 months of 
treatment of tuberculosis sensitive to first-line anti tuberculosis preparations.

Thus, the 67 patients who were susceptible at baseline, during treatment 
from 2-3 up to 6 months or more, was isolated another strain, which showed 
resistance to INH and RMP. First and second strains were investigated by fin-
gerprinting method for studying the phenomenon of nosocomial transmission 
(re-infection).



– 31 –

DNA fingerprinting method findings by analyzing restriction fragment 
length polymorphism (RFLP Restriction Fragment Lenght-Polimorphysm) pairs 
of M. tuberculosis strains isolated from patients with TB at baseline and after a 
period of 2-3-4-5 - 6 more months, are shown in Table 3 and Figure 7.

Chart 7. 
DNA fingerprinting method findings of 67 TB patients examined in 

dynamics for studying the phenomenon of nosocomial transmission.

The results obtained using DNA fingerprinting molecular genotyping (RFLP) 
revealed that from 67 patients with pulmonary TB included in this study, 50 
of them detected different genotypes of M. tuberculosis different from the first, 
which confirms transmission phenomenon nosocomial (re-infection).

The results of molecular genotyping evaluation of 134 strains by genotypic 
analysis of DNA diversity of M. tuberculosis strains (fingerprinting method), iso-
lated from TB patients, under treatment in four hospitals TB in Moldova in Janu-
ary 2008 - April 2012 is shown in Table 3 .

The results presented in the table shows that, as in TB hospitals in the coun-
try transmission phenomenon (re-infection) of M. tuberculosis among patients 
is often present.
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Also the results of DNA fingerprinting study found that the most likely geno-
type to transmit infection (re-infection) among patients in this study is geno-
type URAL. Thus, among patients who noted the phenomenon of re-infection 
(transmission) Ural genotype was present in 69.6% cases. Beijing genotype was 
isolated from 29.8% of patients with re-infection.

Table 3.
DNA fingerprinting method findings with polymorphism 

analysis restriction of fragment length (Restriction 
Fragment Lenght Polimorphysm-RFLP).

Genotype URAL Beijing LAM Moldova X Cam-
eroon

Haar-
lem Total

Re-infection 
(n) 32 14 1 2 1 0 0 50

Acquired 
Resistance 
(n)

3 11 1 2 0 0 0 17

Total strains 46 47 15 17 2 1 6 134

Re-infection 
% 69,6 29,8 6,7 11,8 50,0 0,0 0,0 37,3

Acquired 
Resistance 
%

6,5 23,4 6,7 11,8 0,0 0,0 0,0 12,7
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Chart 8.
Strain distribution depending on availability of transmitting infection 

(re-infection) and develop acquired resistance (134 strains).
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3.2. M. tuberculosis predominant circulating genotypes and their 
geographical distribution in Moldova

As mentioned above, isolates in this study were investigated by several mo-
lecular genotyping methods. One of these methods was also anointed (myco-
bacterial interspersed Repetitive Unit), a newer method, which uses computer 
programs, the principle of the method is based on polymerase chain reaction 
(PCR). Method for making small amounts of DNA is required, so it is possible to 
study samples containing minute amounts of DNA. With the help of this method 
there were determined genotypes circulating in the Republic of Moldova.

In this study genotype was determined at 200 M. tuberculosis strains iso-
lated from patients under treatment in four hospitals TB in the country in 2008-
2011.

Genotypes identified and their percentage distribution is shown in Figure 9.
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Figure 9.
M. tuberculosis genotypes identified and their 

percentage distribution (200 strains)
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According to the chart, we identified nine genotypes of M. tuberculosis pa-
tients studied.

The most common was genotype Beijing - 72 strains (36%) and then as fre-
quently Ural genotype was detected 66 strains (33%). In this study it was re-
vealed a new genotype that so far no data is registered SPO probably character-
istic for Moldova. The new genotype was called “Moldova_H37Rv_like”.

He was made an assessment of the distribution of genotypes depending on 
the presence of M. tuberculosis resistance to first-line drug preparations.
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Chart 10.
M. tuberculosis genotypes distribution depending on the 

type of resistance strain isolated (134 strains)

This assessment has shown that there is a direct dependence between the 
different genotypes and the presence of M. tuberculosis resistance to first-line 
drug preparations. Thus, medicinal preparations’ including resistant strains, the 
most common genotype was detected Ural - 35.0%. The second is placed at the 
top of this ranking Beijing genotype -25.0% of resistant strains isolated in this 
study.

Among medicinal preparations sensitive strains, the most common geno-
type was detected Beijing - 22.0% and genotypes Moldova_H37Rv_like and LAM 
- 13% of each accordingly.

Geographical distribution of different genotypes by geographic area (north, 
center and south) demonstrated that the predominant genotype north of the 
Ural - 44% of isolates in this geographical area (chart 11). Territories in the cen-
ter of the country was most frequently isolated by genotype Beijing - 34% of re-
sistant strains isolated from patients in this study from territories in the center 
of the country. Patients in the territories of the south were isolated as frequently 
both genotypes Ural and Beijing - 66% of isolates in these territories.

In Chisinau Ural and Beijing genotypes were properly detected in 36% and 
35% of cases.
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Chart 11.
Distribution of different genotypes of M. tuberculosis 

by districts. Moldova, 2009-2011

Distribution of different genotypes of M. tuberculosis in hospitals and in a 
hospital is presented in Figure 12 and Tables 4 and 5.

Thus, the 200 strains examined in the study, 82 (41%) were from Chisinau 
municipal tuberculosis hospital, 45 (22.5%) - the Phthisiopneumology Institute 
other 73 (36.5%) - in other medical institutions in the country who is in charge 
of TB treatment.



– 37 –

Chart 12. 
Distribution of M. tuberculosis strains, investigated 

in this study, the hospitals.
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Predominant genotypes that were found in TB hospitals in the country were 
Beijing and Ural. Beijing genotype was found in 72 cases (36%) and Ural geno-
type in 66 strains (33%). Other genotypes have been identified in patients in-
cluded in the study are genotype Moldova H37Rv like - 19 strains (9.5%) and 
genotype LAM - 16 strains (8.0%). Other 2 genotypes were identified and geno-
types of interest are H (1, 2) and Haarlem. These genotypes were identified in 14 
(7.0%) and 8 (4.0%) patients accordingly.

Other genotypes were identified less often - genotype 2 and genotype Cam-
eroon in two patients - one patient.

Ural genotype was detected most frequently at patients on TB treatment 
hospital in Chisinau - 39.0%. Among patients receiving treatment in Phthisio-
pneumology Institute , Beijing genotype was predominant - 40%.

At the Phthisiopneumology Institute out of 45 strains studied, the most 
common genotype was Beijing - 18 (40%). Ural genotype was found in 12 cases 
(26.7%), Moldova - 6 (13.3%), LAM - 3 (6.7%) and other genotypes - 6 (13.3%).

TB Hospital in Chisinau: the patients in this hospital more frequently de-
tected with genotypes Ural - 32 (39%) and Beijing - 31 (37.8%).
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In prisons most common genotype was detected Ural - Beijing genotype 
39.3% - 25%.

In other medical institutions a small number of strains have been studied (5-
16), including also the most common genotypes detected were Ural and Beijing.

Table 4.
Distribution of genotypes by hospitals

Name of the TB 
Hospital 

Beijing URAL LAM Moldova Other

abs % abs % abs % abs % abs %
Phthisiopneu-
mology Institute 18 25* 12 18.2 3 18.8 6 31.6 6 22.2

Chisinau 
municipal TB 
hospital

31 43.1 32 48.5 7 43.8 4 21.1 8 29.6

Balti Mun. 
Hospital, 
Department of 
TB

1 1.4 1 1.5 1 6.3 1 5.3 1 3.7

Republican 
TB Hospital, 
Vorniceni

2 2.8 6 9.1 2 12.5 3 15.8 3 11.1

Hâncesti 
hospital 10 13.9 1 1.5 1 6.3 0 0 0 0

Prison hospitals, 
TB Department 7 9.7 11 16.7 0 0 3 15.8 7 25.9

Other district 
hospitals, clinics 
TB

3 4.2 3 4.5 2 12.5 2 10.5 1 3.7

Total 72 36** 66 33 16 8 19 9.5 27 13.5

* – percentage of isolates in each hospital separately
** – percentage of all strains (200)
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Table 5.
Distribution of genotypes in the hospital

Name of the TB 
Hospital

Beijing URAL LAM Moldova Other

abs % abs % abs % abs % abs %
Phthisiopneumology 
Institute 18 40 12 26.7 3 6.7 6 13.3 6 13.3

Chisinau municipal TB 
hospital 31 37.8 32 39 7 8.5 4 4.9 8 9.8

Balti Municipal 
Hospital, Department 
of TB

1 20 1 20 1 20 1 20 1 20.0

Republican TB 
Hospital, Vorniceni 2 12.5 6 37.5 2 12.5 3 18.8 3 18.8

Hâncesti hospital 10 83.3 1 8.3 1 8.3 0 0 0 0.0

Prison hospitals, TB 
section 7 25 11 39.3 0 0 3 10.7 7 25.0

Other district hospitals, 
clinics TB 3 27.3 3 27.3 2 18.2 2 18.2 1 9.1
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4. DISCUSSIONS

High rates of TB, including MDR TB and the increasing of the number of 
people infected with HIV in Europe have increased concern about the risk of the 
spread of tuberculosis in medical institutions. Nosocomial transmission is obvi-
ously a concern because it affects not only patients but also medical staff and can 
result in temporary or permanent loss of health workers. Absence or ineffective-
ness of infection control measures (CI) facilitates transmission of M. tuberculo-
sis in these institutions.

Late detection of pulmonary tuberculosis at patients hospitalized for treat-
ment is a frequent phenomenon; it assumes to contribute to nosocomial trans-
mission of infection. Additionally, late detection of multidrug-resistant tubercu-
losis is an important issue in many hospitals in developing countries, because 
the effectiveness of infection control activities is not ideal in these regions. These 
weaknesses in TB control in these areas results in an increased number of pa-
tients with MDR TB, treatment failure and mortality. This problem is influenced 
by the large number of cases of drug-resistant tuberculosis in the hospital as a 
result of deficiencies in proper management of such cases and lack of experi-
ence. Devastating consequences of late detection or incorrect diagnosis of MDR 
TB were published in the late ’80s and early ’90s when in a number of U.S. insti-
tutions were more cases of nosocomial infections with MDR TB with a mortality 
more than 80%. In a recent study (Bear) conducted on a group of 24 patients 
with TB was demonstrated the phenomenon of nosocomial transmission of 
MDR TB in some hospitals in the country.

The main goal of this study was to evaluate the phenomenon of transmis-
sion of MDR TB in hospital by genotypic analysis of DNA diversity of M. tuber-
culosis strains (fingerprinting method), isolated from tuberculosis patients, and 
under treatment in a 4 specialized tuberculosis hospitals in Moldova. The re-
sults obtained showed that among patients with tuberculosis in the country the 
phenomenon of re-infection, MDR TB case is often encountered. This phenom-
enon is present in all nosocomial transmission of tuberculosis in the country’s 
hospitals. Re-infection (transmission) in-hospital cases of tuberculosis infection 
among new patients susceptible to tuberculosis preparations, which have been 
in contact with MDR TB patients was found in 50 of 67 patients examined in this 
study.
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The phenomenon of transmission of infection during hospital treatment 
was probably permanent in hospitals of the country. But it was not elucidated, 
as there were no modern molecular-genotyping methods, and not to the danger 
that exists today.

Why still today this has become a public health hazard, leading to failure of 
the National Tuberculosis Control Program in recent years.

Several factors influencing (catalyzing) this phenomenon

1. The “new” tuberculosis. Tuberculosis is not up to the era of antibiotics. 
Within 50-70 years of the use of antibiotics appeared a new type of TB - MDR 
TB, XDR, and XXDR. If 15-20 years ago TB patients were treated in the same way 
as today (in rooms of 3-6 patients), infection probably were transmitted from 
one patient to another, or at all present in the salon. But at that time the ab-
solute majority of patients were sensitive to anti-tuberculosis preparations. So 
although infection transmission occur, does not result in triggering or maintain-
ing, a new process, as treatment with specific preparations gave no chance to 
multiply transmitted infection, it is easily destroyed by drugs used in treatment, 
INH + RIF first.

2. High prevalence of MDRTB. Under current conditions, with a prevalence 
of MDR TB among new cases greater than 25%, it is clear that hospital treatment 
will be at one of four patients with MDR. Given the rapid methods for detecting 
drug resistance were not present in the country, the diagnosis of such patients 
was obtained quite late (up to 2 months, and sometimes up to 3-4 months). The 
transition of infection of other patients with MDR TB to susceptible patients, 
mono-or polyresistance, cannot stop the onset of a new trial. The germs get from 
these patients were no longer destroyed by INH + RIF. Thus, resistant mycobac-
terium tuberculosis will trigger a new process, now multi-resistant tuberculosis. 
If this process was developed in the first 2-3 months up to outpatient treatment, 
the patient can be tracked and started a new treatment (DOTS Plus). But far 
greater danger to the patients’ resistant tuberculosis process does not fire in 
the first months (or not diagnosed correctly). ). Such a course of events is more 
dangerous for the patient and for people in contact, or health workers who must 
make treatment DOT.

3. Tuberculosis’ pathomorphose. Tuberculosis agent discovery 130 years 
ago, R. Koch was confident that tinctorial and morphological properties of my-
cobacteria he described will remain unchanged. But now 6 years I. I. Mecinicov 
described micelle forms of mycobacteria, but then in the scientific literature are 
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described a range of atypical forms of this pathogen. At present with tinctorial 
and morphological changes of MBT, occur more often variants of mycobacteria 
with changes on the genetic level. These transformations of the pathogen in par-
ticular and tuberculosis’ pathomorphose, usually causes this disease to be more 
difficult to detect, diagnose of the disease being late or wrong.

Thus, today’s literature describes new genotypes of M. tuberculosis com-
plex, more dangerous, drug-resistant, with a changed metabolism and trigger-
ing epidemics in cities (New York, 1980), a rapid progression of specific process 
with a rather high mortality (Kwazulu-Natal, 2005).

4. TB / HIV co-infection. HIV infection is one of the basic factors which 
could jeopardize the effectiveness of TB control in the coming years in Moldova. 
The risk of developing of the disease in people infected with TB and which are 
HIV negative is 5-10% lifetime (usually the first two years after infection) and 
the risk of developing TB at HIV positivepeople is on average 50% over the en-
tire lives. The largest increase in TB patients has been established in people aged 
25-45 years; also in this group is highlighted high incidence of AIDS patients. It 
is important to note that in countries with high TB patients most HIV / AIDS die 
from co-infection. Tuberculosis causes 11-50% of deaths at patients with AIDS. 
The influence on the evolution of HIV infection increases the risk of tuberculosis 
infection after exposure to M. tuberculosis, promotes transformation infection 
disease increases recurrence rate of TB and TB mortality in HIV association. Tu-
berculosis is the most common treatable infectious disease in HIV-infected, can 
occur at any stage of HIV infection and immunosuppression due to HIV speed. 
Late diagnosis of tuberculosis increased mortality.

5. Migration. In RM population migration is particular- get sick natives who 
migrate to other countries and return home after fell ill with tuberculosis. Ac-
cording to the National Human Development Report, “R. Moldova: quality of eco-
nomic growth and its impact on human development ”, developed by the UNDP, 
the phenomenon of tuberculosis, along with that of drug addiction and alcohol-
ism develops alarming, especially in recent years, transforming in major risks 
for Moldova.

The labor migration is one of the key factors for economic and social de-
velopment of the country. According to the World Bank, Moldova is the first in 
terms of the size of remittances, relative to GDP ,which is a third of it. More than 
40% of the population lives in households that receive remittances. According 
to unofficial data, more than 1.5 million of the country’s population emigrated 
to work abroad.
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One third of Moldovan migrants are employed in construction in Moscow 
and suburbs of this city. According to V. Litvinov, Professor, Director of Scientific-
Practical Center of Moscow against TB, the TB morbidity among refugees and 
migrants, ethnic composition which includes citizens of Tajikistan, Uzbekistan, 
Kazakhstan, Ukraine is from 460 to 800 cases per 100 000 population. These 
people are the most harassed, working in adverse conditions with low wages, 
they constitutes 20% of TB patients identified as Moscow mayor. Other impor-
tant destinations include Ukraine and CIS bloc Portugal, Italy, France, Spain and 
Greece in Western Europe. There is also a considerable migration in Israel, Tur-
key and Romania. About 45% of Moldovan immigrants left to work abroad, rec-
ognize that they worked under unfavorable conditions. According to the study 
“Migration and Remittances in Moldova - 2005”, 49% of respondents confirmed 
that their health was poor in destination countries. In the same research, con-
ducted by the International Organization for Migration (IOM) with the support 
of the EC and the IMF, shows that 22% of migrant health has worsened consider-
ably because of working conditions in countries where they were found.

The study also showed that Beijing genotype M. and Ural was prevalent 
among patients in the study. Most commonly these genotypes are present among 
patients with MDR tuberculosis in 60% of cases studied by molecular-genotyp-
ing methods during this period.

Given the current epidemic situation in the country and the dynamics of 
epidemic processes in European countries, the imperative is to develop meth-
odological guidelines on infection control in health care facilities involved in the 
control of multidrug-resistant tuberculosis with extensive resistance to drugs.

A review of the most common factors contributing to the transmission of 
M. tuberculosis in medical institutions at central and peripheral level, shows 
that the situation can be improved by simple control measures and in many 
cases inexpensive. Many of tuberculosis control measures that can have a major 
impact on reducing the transmission of M. tuberculosis (eg early detection and 
isolation of patients with tuberculosis) can be implemented with minimal ad-
ditional resources.

Risk of contracting tuberculosis to patients and health professionals can be 
significantly reduced if management, medical authorities and medical workers 
themselves will implement infection control measures, which has an override 
and permanent. Healthcare is a scarce and valuable resource and professional-
ism cannot be easily replaced. Necessary precautions to protect health of work-
ers in different units require a different level of funding and also a volume of 



– 44 –

activities that differ from one area to another or from a medical structure to 
another.

Molecular epidemiology today is widely used to study the genotypes of my-
cobacterium strains. Beijing genotype strain is described as widespread in re-
gions with high incidence of TB, a major virulence and drug resistance tuber-
culosis common in preparations. The strategic objective of this project aims to 
study the molecular genotyping strains of Mycobacterium tuberculosis isolated 
from pulmonary TB patients and led to more frequent genotype circulating in 
Moldova.
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CONCLUSIONS

1. The phenomenon of hospital transmission of infection in hospitals 
and tuberculosis sections in the country is a reality in the process 
of enormous proportions.

2. The failure of National Tuberculosis Control Program is largely due 
to the infection control in hospitals and TB clinics in the country.

3. Prevalence of MDR TB among re-treatment cases is the largest in 
Europe and is largely explained by the re-infection of patients 
with resistant germs under hospital treatment.

4. The results obtained by molecular-genotyping methods demons-
trate the transmission of MDR TB in hospital new case patients-
sensitive to tuberculosis preparations.

5. Out of 67 patients with pulmonary TB included in this study, 50 of 
them detected different genotypes of M. tuberculosis ,different 
from the first, confirming nosocomial transmission phenomenon 
(re-infection).

6. The most common genotypes among patients enrolled in the study 
were Beijing genotype and Ural.

7. Ural genotype was considered the most dangerous in terms of 
transmission of infection (re-infection), particularly MDR TB.

8. The high rate of detection of genotypes Ural and Beijing conclu-
des the need to evaluate in a separate study, the role of migrants 
(especially from big brother) in the epidemiology of tuberculosis 
in Moldova.

9. URGENT require revision modality treatment in hospitals and ex-
tensive use of outpatient treatment.

10. Developing a National Program for the Control of tuberculosis 
infection involving the Centre for Public Health and approved by 
the Ministry of Health.

11. Nationwide use of rapid diagnostic MDR TB, prompt initiation of 
specific treatment.
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12. Additional studies are needed to assess the transmission of infec-
tion in inpatient and outpatient.
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Anexa 1

ANCHETA EPIDEMIOLOGICĂ
A PACIENTULUI TB CU SUSPECȚIE LA INFECȚIE NOSOCOMIALĂ

1. Numele, prenumele pacientului ü	P3
2. Vârsta, sex ü	P7,P6
3. Adresa ü	P5
4. Ocupaţie ü	P9
5. Instituţia specializată evidenţă pacient ü	P1

6. Tip pacient (CN, recidivă, retratament după abandon, 
retratament după eșec) ü	P24

7. Localizare principală ü	P15
8. Diagnosticul la internare ü	P17
9. Faza procesului ü	P18

10. Data stabilirii diagnosticului ziua/luna/anul ü	P14
11. Data internării ziua/luna/anul P 41
12. Data iniţiere tratament ziua/luna/anul ü	P26
13. Întreruperi tratament (număr doze/zile, data) P 42
14. Data finalizare tratament ziua/luna/anul ü	P37
15. Denumirea instituţiei de tratament P 40

16. Scop examinare, data, laborator (Formular DST) P43
17. Examenul microscopic la internare, gradare ü	P19
18. Examenul prin metoda culturală clasică ü	P20
19. Examenul prin metoda BACTEC MGIT P44
20. Spectrul sensibilităţii M. tuberculosis la internare ü	P21
21. Diagnosticul la 2/3 (4/5) luni de tratament ü	P17.1,2,3
22. Faza procesului ü	P18.1,2,3

23. Examen microscopic la 2/3 (4/5) luni de tratament, 
gradare (Formular DST) ü	P19.9a1,2,3

24. Examenul prin metoda culturală clasică ü	P20.1.2.3
25. Examenul prin metoda BACTEC MGIT P45
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26. Spectrul sensibilităţii M. tuberculosis la 2/3 (4/5) luni 
de tratament ü	P21.1.2.3

27. S-a aflat peste hotarele R. Moldova mai mult de 3 luni în 
ultimul an ü	P10

28. S-a aflat în detenţie ü	P11

29. Contact cu bolnav TB bacilifer până la depistare/
tratament P46

30. Contact cu bolnav TB MDR până la depistare/tratament P47
31. Investigaţie la HIV ü	P28
32. Informaţia despre tratamentul TB efectuat P23
33. Secţia, salon, medic curant ü	P30
34. Categorie tratament ü	P27
35. Durata tratament ü	P32
36. Rezultate tratament ü	P36

37. Pacienţi TB aflaţi în contact în salon* (nume, durata 
expunerii) P48

38. Pacienţi TB aflaţi în contact în salonul apropiat*(nume, 
durata expunerii) P49

*  pentru pacienţii cu tuberculoză rezistentă se va completa un formular aparte

  Data Responsabil
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