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Tuberkulóza u seniorů v České republice
Úvod: Incidence tuberkulózy (TBC) se v České republice (ČR) 
snižuje od 60. let minulého století. (1965: 76,9; 1975: 60,4; 1985: 
45,2; 1995: 17,7; 2005: 9,9; 2015: 4,9 na 100 000 obyvatel). V roce 
2017 tvořili muži přes 70 % případů. Nejčastěji jsou postiženi lidé 
nad 70 let. U starších pacientů se manifestuje více extrapulmo-
nárních a atypických příznaků nemoci, proto může být diagnóza 
TBC obtížná a přehlížená. U multimorbidních seniorů se často 
vyskytují chronická onemocnění, malignity a autoimunitní one-
mocnění, jež znamenají vyšší míru imunosuprese, která nasedá 
na známý proces immunosenescence. Léčba TBC u seniorů je 
náročná pro častý výskyt nežádoucích účinků na léky a vysoký 
výskyt rezistence.
Tento článek se zabývá epidemiologií TBC v ČR, imunologickými 
a klinickými aspekty, diagnostikou, léčbou a prevencí, dále zde pre-
zentujeme dvě klinické kazuistiky hospitalizovaných seniorů v ČR.
Kazuistiky: V první kazuistice prezentujeme 79letou ženu léčenou 
pro chronickou obstrukční plicní nemoc (CHOPN), která byla 

opakovaně hospitalizována pro exacerbaci CHOPN. Následně u ní 
byla diagnostikována TBC. U pacientky se rozvinuly projevy toxi-
city a interakce léků v důsledku komorbidit a užívané medikace.
V druhé kazuistice prezentujeme 80letého muže – kuřáka, který 
byl přijat pro kolapsový stav. TBC se u pacienta rozvinula en-
dogenní cestou z primárního komplexu při postupné progresi 
bronchogenního karcinomu. 
Závěr: Diagnostika a léčba TBC u starších pacientů je náročná. 
S rostoucím věkem se zvyšuje riziko reaktivace TBC a projevuje se 
zvýšená náchylnost k tomuto infektu. Ve starší populaci najdeme 
akumulaci rizikových faktorů pro rozvoj TBC, zejména malnutrici, 
nízký socio-ekonomický status, kouření a alkoholismus. Mezi nej-
více ohrožené osoby mezi starými lidmi patří křehcí institucializo-
vaní senioři, jejichž incidence TBC je 2–3krát vyšší než u lidí žijících 
doma. Roste počet seniorů, a tak stoupá i incidence TBC v této 
skupině, pro optimalizaci zdravotních služeb je proto potřebná 
detailní znalost epidemiologických rysů TBC v této subpopulaci.

KLÍČOVÁ SLOVA
tuberkulóza – stáří – Česká republika – epidemiologie – imunita

ABSTRACT
Introduction: The incidence of tuberculosis (TB) in the Czech 
Republic (CR) is decreasing since 1960s. (1965: 76.9; 1975: 60.4; 
1985: 45.2; 1995: 17.7; 2005: 9.9; 2015: 4.9 per 100, 000 population). 
In 2017 men accounted for over than 70% of cases. People aged 
over 75 years are most frequently affected. Elderly patients tend 
to develop more of extrapulmonary and atypical manifestation of 
the disease, the diagnosis of TB can be difficult and consequently 
overlooked. Multimorbid seniors are suffering from chronic ill-
nesses, malignancies and autoimmune diseases, which translate 
into higher degree of immunosuppression and add to the generally 
described process of immunosenescence. Furthermore, therapy 
of TB in the elderly is challenging because of the increased drug 
resistance and higher incidence of adverse drug reactions.
This article reviews the epidemiology of TB in the CR, immuno-
logical aspects, clinical characteristics, diagnosis, management, 
prevention of TB infection and presents two clinical cases in 
hospitalized aging adults in the CR.
Case presentation: We present a case of a 79 year old female 
suffering from chronic obstructive pulmonary disease (COPD), 
who was repeatedly hospitalized for acute exacerbations of COPD 
and was consequently diagnosed with TB. Patient developed 

manifestation of treatment toxicity and drug interactions due 
to comorbidities and other medications.
Secondly, we present a case of a 70 year old male, a lifelong 
smoker, who was initially admitted for collapsing. TB developed 
via the endogenic route from a Ghon’s complex in association 
with a slowly progressing bronchogenic carcinoma.
Conclusion: Diagnosis and management of TB in the elderly 
person can be challenging. Age-related factors increase the risk 
of TB reactivation as well as enhance susceptibility to TB infec-
tion. In elderly population we find accumulation of risk factors for 
developing TB (malnutrition, low socio economic status, smoking 
and alcoholism). The people most at risk among elderly include 
fragile institutionalized seniors whose incidence of TB is 2-3 times 
higher than those living at home. 
Because the number of seniors is growing and the incidence of 
TB in this subpopulation is increasing, detailed knowledge of the 
epidemiological features of TB in this group is needed to optimize 
healthcare services.
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INTRODUCTION

Tuberculosis (TB) is defined as an infectious disease 
caused by Mycobacterium tuberculosis complex. It most often 
affects the lungs (pulmonary TB) but can also affect other 
sites (extrapulmonary TB). Globally 1 billion people are 
affected with TB. It is one of the top 10 causes of death 
worldwide. TB incidence is globally falling at about 2% 
per year. In order to eliminate TB, the World Health 
Organization (WHO) established the End TB Strategy 
[1]. Ending the TB endemic by 2030 is among the health 
targets of the Sustainable Development Goals. The pre-
disposition to develop TB in those immunocompromised 
by age, drugs, disease and malnutrition is well known. 
TB management in elderly is becoming a public health 
challenge worldwide [2].

EPIDEMIOLOGICAL ASPECTS  
OF TB IN THE CZECH REPUBLIC

The incidence of TB in the CR has been decreasing con-
sistently since the 1960s. (1965: 76.9; 1975: 60.4; 1985: 
45.2; 1995: 17.7; 2005: 9.9; 2015: 4.9 per 100, 000 popula-
tion) – Figure 1. This decline is in line with the decrease 
generally observed in the whole European Union (EU) 
and European Economic Area (EEA) [3]. In 2005, for the 
first time ever, the number of new reported cases of TB in 
the CR fell below 1000 cases i.e. below 10 cases/100,000 
population [4], which is below the EU/EEA notification 
rate (11.7 per 100,000 population in 2015). According to 
the Register of Tuberculosis (RTB), in 2017 in the CR, 
there were reported 505 TB cases of all types and loca-
lizations, i.e. 4.8 cases per 100 000 population. The CR 
with other 22 countries already fulfills the ‘End TB 2035’ 
target set by the WHO of TB rates below 10 per 100,000 
[5], while other countries report TB rates still above 50 
per 100,000 (Lithuania, Romania) 9193. TB mortality 
was 0.24/100 000 inhabitants in 2017. TB occurs more 
often in men than in women: men accounted for over 
70% of all cases. In women, TB mostly affects the age 
group 75+, while in men, apart from this category, we 
may observe a higher incidence in the middle-aged group 
(≥ 45 years) [7]. Generally, people aged over 75 years are 

most frequently affected. From the overall number of 
505 reported TB cases, pulmonary TB was found in 439 
(87%) cases of which 95% involved the lungs. TB of any 
other localization was reported in 66 (13%) patients. 
Extrapulmonary localization mainly included involve-
ment of the peripheral lymph nodes, bone and joint TB, 
and TB of the urinary tract. In the CR, the long-term 
incidence of TB is highest in Prague, the capital of the 
CR, and Central Bohemia and lowest in South Bohemia 
and South Moravia [7]. 

DEMOGRAPHICS AND EXPECTED 
CHANGES IN ELDERLY 

Increasing life-expectancy is leading to a  rise in the 
proportion of inhabitants aged over 75 years, in whom 
risk factors for the reactivation of latent tuberculosis 
infection (LTBI) or de novo disease gradually accumulate. 
LTBI is defined as a state of persistent immune response 
to M. tuberculosis antigen stimulation without evidence 
of clinically manifest active TB [8]. People with LTBI 
are infected with TB bacteria, but do not have signs of 
active TB, however they are at risk of developing active 
TB in the future. 
Most elderly are at a risk to be infected with M. tuberculosis 
and to develop a Ghon’s complex – i.e. a small localized 
caseous necrosis, most often located in the upper or 
middle lung lobe with subsequent lymphangitis and at-
tainment of the first regional lymph node. If the given 
individual was in a  good physical condition and had 
no further risk factors, than the process terminated 
in cicatrisation and a calcification visible on the chest 
X-ray. The individual with a  Ghon’s  complex on the 
chest X-ray could be considered in most cases as having 
life-long immunity. However, under certain conditions 
such as exhaustion, malnutrition, immunosuppression, 
cancer treatment, diabetes etc., such Ghon’s complexes 
may become the source of post-primary active TB [9, 10].
In general, advanced age is considered to be one of the 
risk factors for developing TB, together with malnutri-
tion, low socio-economic status, diabetes, malignancies, 
silicosis, smoking and alcoholism. The most at risk group 
among the elderly includes fragile, institutionalized 

Figure 1. The incidence of TB in the CR since 1960s per 100,000 population 
Source: Institute of Health Information and Statistics of the Czech Republic
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senior citizens in whom the incidence of TB is 2–3 times 
higher than in those living at home [10–12]. 

IMMUNOLOGICAL ASPECTS IN ELDERLY

The current elderly population differs from the same 
age category of previous decades due to a relatively more 
diverse personal medical history of successfully over-
come diseases, e.g. malignancies and chronic illnesses 
including autoimmune diseases. All this translates into 
a higher degree of immunosuppression, which adds to 
the generally described process of immune-senescence. 
Immuno-senescence is defined as the changes in the 
immune system associated with age. It mainly involves 
a decrease in macrophage activation and IL 2, IL 12 and 
IFN γ synthesis, and affects their role as the most impor-
tant activators of T-cell mediated immune response and 
natural killers [10, 13, 14].
The presence of diabetes, with a current incidence among 
the elderly population estimated at 20–25%, further in-
tensifies the mechanisms cited above. Moreover, unless 
compensation of diabetes does not reach levels below 8% 
of glycated haemoglobin, there is a negative effect on the 
proliferation and antigen response of CD4 lymphocytes, 
which increases susceptibility to infections including TB 
up to three-fold in the elderly [15, 16].
Further, the deterioration in the ability of the elderly to 
maintain his/her nutritional status leads to more rapid 
atrophy of the thymus, to a decrease in the number of 
circulating T lymphocytes and to a decrease in the anti-
gen response to vaccination [17].

CLINICAL ASPECTS OF TB IN THE ELDERLY

In older age, only 75% of patients suffering from TB 
manifest with pulmonary involvement. Compared to 
younger age categories, elderly patients tend to develop 
extra-pulmonary disease-involvement of lymph nodes, 
the skeleton, urogenital tract as well as tuberculous 
meningitis or miliary TB [18, 19]. Also, the manifesta- 
tions of TB in older age may be atypical – instead of cough,  
haemoptysis and night sweats, patients may only 
develop long-term fatigue, deterioration of cognitive 
functions, anorexia with weight loss and unexplained 

subfebrile temperatures. If such a  condition persists 
for weeks and months, the differential diagnosis must 
include TB [20, 21].

DIAGNOSIS IN ELDERLY

TB is diagnosed from a  combination of context, sym-
ptoms, clinical signs and investigations. Anyone with 
a cough that lasts for two weeks or more or with unex-
plained chronic fever and/or weight loss should be eva-
luated for TB [22]. One of the pitfalls of TB is that we 
frequently neglect the disease in differential diagnosis. 
There are many diagnosis difficulties due to presence 
of chronic diseases in elderly, cognitive and mental 
disorders, communication problems as hearing loss and 
presence of atypical radiological findings due to older age 
pathologies[23]. The golden standard in diagnose active 
TB are beside the clinical symptoms and radiological 
examination direct bacteriological examination – spu-
tum smear microscopy, culture and molecular genetic 
methods. Microscopy of sputum smear is simple, rapid 
and inexpensive. In 2010, WHO confirmed the diagnos-
tic accuracy of examining two consecutive smears on 
the same day to diagnose TB. Molecular methods are 
in advantage used in detecting multi-drug resistant 
TB(MDR-TB) [24]. Indirect methods in diagnosing active 
TB are complimentary.
In contrast the golden standard in diagnosing LTBI are 
indirect methods – Mantoux tuberculin skin test (TST) 
or interferon-gamma release assay (IGRA). The TST and 
IGRAs indirectly measure TB infection by detecting me-
mory T-cell response signifying the presence of host 
sensitization to M. tuberculosis antigens. Direct methods 
in diagnosing LTBI are still not available. IGRA is an al-
ternative to TST with at least equivalent sensitivity and 
higher specificity [2, 25]. If compared patients are more 
compliant with IGRA testing than TST due to technical 
management [26].   

TREATMENT AND DRUG 
INTERACTIONS IN ELDERLY

The treatment protocol of TB in the elderly does not 
necessarily differ from the one in adults [2]. What may 

Table 1. Recommended doses of first-line anti-tuberculosis drugs in adults

Drug

Recommended dose

Daily 3 times per week

Dose and range [mg/kg 
body weight]

Maximum
[mg]

Dose and range [mg/kg 
body weight]

Daily maximum [mg]

Isoniazid 5 (4–6) 300 10 (8–12) 900

Rifampicin 10 (8–12) 600 10 (8–12) 600

Pyrazinamide 25 (20–30) – 35 (30–40) –

Ethambutol 15 (15–20) – 30 (25–35) –

Streptomycin* 15 (12–18) – 15 (12–18) 1000

*Patients aged over 60 years may not be able to tolerate more than 500–750 mg daily, so some guidelines recommend reduction of the dose to 10 mg/kg per day in patients 
in this age group. Patients weighing less than 50 kg may not tolerate doses above 500–750 mg daily (WHO Model Formulary 2008, www.who.int/selection_medicines/list/en/).
Source – WHO Guidelines for national programs- fourth edition 2010
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differ is the duration of therapy, from standardize 6 
months it could be prolonged up to 9 months [27]. The 
current standard WHO approved regimen is rifampicin, 
isoniazid, pyrazinamide, and ethambutol (HRZE) for 
two months (intensive phase) followed by isoniazid and 
rifampicin [with (HRE) or without (HR) ethambutol in 
areas of high resistance] for four months (continuation 
phase) – Table 1 [28, 29].
When drawing up an optimal therapeutic scheme, the 
situation is usually complicated by the multiple morbidi-
ties of the elderly and the consequent poly-pharmacology 
of these patients. [18]. Practically, all basic anti-tuber-
culosis drugs induce drug interactions with medication 
frequently prescribed to elderly patients and thus affect 
drug metabolism via cytochromes. Their toxicity may 
also be enhanced by micronutrient deficiencies – e.g. B6 
deficiency during the administration of isoniazid [30]. 
Pyrazinamide decreases the effect of allopurinol and in- 
creases the probability of hypoglycemia during treatment 
with oral antidiabetic agents [31]. Patients over the age 
of 60 years need not tolerate a streptomycin dose of over 
500–750 mg daily and certain guidelines recommend 
a dose reduction in this age category to 10 mg/kg daily.
The most important interactions of anti-tuberculosis 
agents are caused by rifampicin. Rifampicin is a strong 
inductor of cytochrome P450. Maintenance of an ade- 
quate clinical effect of drugs metabolized by the same 
cytochrome may require dosage increases. If rifampicin 
is discontinued, the effect of induced metabolism recedes 
within 2 weeks and the dosage of other medication must 
be reduced. 
Rifampicin significantly reduces the concentration and 
efficacy of the following drug classes:
•	 antimicrobial drugs – azole antimycotics, clarithro-

mycin, erythromycin, doxycycline, as well as levo-
thyroxine

•	 anticoagulants – warfarin and newer oral anti- 
coagulants

•	 immunosuppressive agents – cyclosporine, cortico-
steroids 

•	 anticonvulsants – phenytoin
•	 antihypertensive drugs – verapamil, nifedipine, dil-

tiazem, propranolol, metoprolol, enalapril, losartan, 
quinidine, mexiletine

•	 antiarrhythmic drugs – digoxin, propafenone
•	 metabolic medication – sulfonylurea and statins
•	 psychiatric medication and hypnotics [18, 32].

PREVENTION OF TB IN ELDERLY

The CR was quite progressive in the early detection of 
TB and its prevention. It was one of the first European 
countries to introduce in the 1950s nation – wide man-
datory abreography, careful and precise check-ups of 
dairy cows for TB of the udder and vaccination of new-
borns using the BCG vaccine with mandatory testing the 
memory T-cell response of cellular imunity provided by 
the tuberculin test during school attendance and upon 
its completion. Further re-vaccination was performed 
depending on the tuberculin test results. 
Given the decrease in the incidence of reported TB cases 
to below 5/100000 inhabitants, the CR has been ranked 
since 2001 among those countries with a low incidence 

of TB and the mandatory vaccination of new-borns as 
well as revaccination during school attendance have 
been abolished 32]. However, vaccination of new-born 
from high risk environments remains mandatory – i.e. 
where one of the parents had or has active TB, has stayed 
in a country with a higher incidence of TB or if the child 
has been in contact with an individual suffering from 
active TB [33].
Voluntary vaccination may also be used. However, this 
is not covered by public health insurance. 
Non-specific prevention of TB in the elderly undoubt-
edly includes good nutritional status, with sufficient 
caloric intake and a diet ensuring a adequate amount 
of high-quality protein and micronutrients. Another 
integral component of prevention involves sustained 
mobility of the elderly, including stays in the country-
side, appropriate physical exertion all with the aim of 
preserving overall fitness, muscle strength, skills and 
ventilatory functions. 

CASE REPORTS

Case Report No. 1
We present a case of an 80-year-old multimorbid female 
suffering from chronic obstructive pulmonary disease 
(COPD), who was repeatedly hospitalized (12 hospitaliza-
tions in 5 years) for acute exacerbations of COPD. Beside 
COPD she had suffered from diabetes, hypertension, 
chronic heart failure, chronical renal insufficiency, ane-
mia of chronic disease, cerebrovascular disease, hyper- 
uricemia, hypothyroidism, lower back pain, liver stea-
tosis and severe obesity. Her chronic treatment included 
10 types of oral medications, insulin and inhalators. At 
this time, she was admitted for chest pain and dyspnoea.
The chest X-ray showed a bilateral fluidothorax, infil-
tration of the lungs parenchyma on the left and signs 
of pulmonary congestion – Figure 2. A pleural puncture 
was subsequently performed, whereby microscopic exa-
mination of the fluid revealed the presence of acid-fast 
bacilli and the TST was positive. The patient initiated 
a combination of anti-TB drugs: isoniazid-rifampicin-py-
razinamide-ethambutol and was transfer to sanatorium.
After four weeks patient was readmitted from the sana-
torium due to acute renal failure. Treatment with the 
anti-TB drugs was discontinued and then re-introduced 
once renal functions have improved. At this time the-
rapy continued only with combination of three drugs, 
without ethambutol and after another two months the 
treatment continued with a combination of rifampicin 
and isoniazid.
The patient was again re-hospitalized after two weeks 
for recurrent pre-renal failure and then three weeks later 
for acute heart failure with pulmonary edema. She had 
to be hospitalized at the sanatorium for the long-term 
ill, where treatment continued for the next two months 
with no further complications. Once discharged, the 
patient stopped taking her anti-tuberculosis medication 
– after a total of 4 months of treatment. 
After two months at home, the patient was again re-
-admitted with community acquired pneumonia, which 
was treated with standard antibiotics. Once her condi- 
tion improved, anti-tuberculosis drugs were re-instituted 
for another two months.
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Summary: We presented an 80-year old uncooperative, 
multimorbid patient with an accumulation of risk factors 
for TB and manifestation of treatment toxicity and drug 
interactions. The treatment scheme had to be adjusted 
and interrupted twice for several weeks, with a  good 
clinical effect, nonetheless. 

Case Report No. 2
We present a case of a 70-year-old male, a lifelong smoker, 
who was initially admitted for collapsing. Chest X-ray de-
tected non-homogenous condensation of the right lower 
and middle lobe as well as an oval opacity at the border 
of the middle and upper lung lobe, clearly demarcated 
and radiolucent (Figure 3a,b). Patient admitted that he 
suffered from cough for about 6 months and weakness, 
anorexia and dyspnea on exertion for about one month. 
TST was negative but sputum culture detected acid-fast 
bacilli. Anti-tuberculosis treatment was initiated using 
the classical combination of streptomycin, isoniazid, 

pyrazinamide and rifampicin. The patient was discharged 
after six months of therapy, but one week later he had to 
be re-admitted because of collapsing due to weakness from 
inability to eat and drink. Later in the evening patient 
was found death. The autopsy demonstrated metastatic 
squamous cell carcinoma of the right lung, grade I. The 
immediate cause of death was bronchopneumonia. 
Summary: TB in this patient – a life-long smoker – proba-
bly developed via the endogenic route from a Ghon’s com-
plex in association with a slowly progressing broncho-
genic carcinoma.  

DISCUSSION

M. tuberculosis infects one fourth of global population and 
4000 people die of TB everyday [34].
As life expectancy increases, we should anticipate a high-
er incidence of elderly TB patients, who have an accumu-

Figure 2. Chest X-Ray before (Figure 2a) and after (Figure 2b) treatment

a b

Figurer 3. Chest X-ray before (Figure 3a) and after (Figure 3b) treatment 

a b
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lation of risk factors for developing TB disease. This trend 
is global as several studies show [2]. Moreover, elderly 
patients often present with a  less clear – cut sympto- 
matology of TB and a  concurrence with symptoms of 
other concomitant diseases. 
The deterioration of the overall functional status of these 
patients including the emergence of cognitive dysfunc-
tions may interfere with the implementation of planned 
diagnostic and therapeutic measures. Diagnosing TB in 
elderly is challenging. Older adults have reduced abi- 
lity to produce a high quality sputum specimen and the 
TST that is used in sputum smear -negative TB tends to 
produce false negative results.[35]. As in our case report 
some studies also show that diagnosing TB at autopsy 
is not an uncommon case [36, 37]. The majority of TB 
disease in elderly arises from reactivation of previously 
contained infection [38].
Identifying persons with LTBI is important to the goal 
of TB control and elimination because treatment of LTBI 
can prevent infected persons from developing TB disease 
and stop the further spread of TB.
Unfocused population – based testing is not cost- 
-effective or useful and leads to unnecessary treatment. 
TB testing activities should be conducted only among 
high-risk groups, with the intent to treat if LTBI is 
detected [39].
The characteristics of basic anti-tuberculosis drugs rep-
resent a significant risk of drug interactions with the 
elderly patients’ chronic medication.
If targeted follow-up and supportive therapy is pro-
vided, even the elderly multi-morbid patient is capable 
of undergoing anti-tuberculosis treatment with a satis- 
factory result and without any serious complication. 
A study conducted by Kim et al. revealed high success-
ful treatment rate in elderly regardless of existence of 
immunocompromising comorbidities. The duration of 
treatment did not differ between the comorbidity and 
non-comorbidity groups [40]. Similar results we found 
in a study conducted by Kwon et al. where 97% of older 
patients achieved favorable treatment outcomes with-
out adverse drug reaction with exception of GI disorders 
[41]. But what is a global alarm is Multidrug-resistant 
TB, according to WHO in 2018 there were 558 000 new 
cases with resistance to rifampicin – the most effective 
first –line drug.
Preventive measures against TB in the elderly population 
include apart from smoking cessation, a  high-quality 
diet encompassing, a  sufficient amount of proteins 
and micronutrients and observance of a  regimen that 
includes regular physical exercise in the countryside.

CONCLUSIONS

The CR with TB incidence 4.9 per 100.000 populations ful-
fills the WHO target ‘End TB 2035’ (TB rates below 10 per 
100,000). However, TB remains a complex health con-
cern due to aging population, persistence of TB in aging 
populations and the rise of drug-resistant TB. Elderly are 
the most affected and vulnerable group with challenging 
TB diagnosis. However, unlike many other diseases, TB 
is potentially curable if diagnosed and treated early. It 
is therefore crucial that caregivers pay special attention 
to diagnosis and treatment of TB in older adults since 

prompt diagnosis of active pulmonary TB is essential 
for treating the individual as well as for public health 
control to stop further spread.
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REFERENCE: 1. SPC Prevenar 13. 2. Bonten MJ, Huijts SM, Bolkenbaas M, et al. N Engl J Med. 2015;372:1114-25. 3. Metodický postup k vykazování očkování od 1.5.2019.  
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Prokázaná účinnost u osob nad 65 let věku, 
a to jak proti invazivním pneumokokovým 
onemocněním, tak proti pneumoniím 
způsobeným pneumokoky.1

Účinnost potvrzena rozsáhlou klinickou  
studií CAPiTA (84 496 pacientů nad 65 let).1,2

Bezpečnostní profil vakcíny ověřen  
jak u dětí, tak u dospělých.1

U dospělých osob podáván v 1 dávce. 
Potřeba revakcinace následnou dávkou 
nebyla stanovena.1

pro osoby starší 65 let 3
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