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THE IMPACT OF ANTIMYCOBACTERIAL THERAPY 

ON SERUM AMMONIA DYNAMICS IN PATIENTS 

WITH EXTENSIVE PULMONARY TUBERCULOSIS 
 

The issue of overcoming tuberculosis (TB) in Ukraine is one of the priority 

areas of state policy in the field of healthcare and social development, as well as a 

subject of international obligations. Currently, despite ongoing efforts, Ukraine 

continues to hold leading positions in terms of incidence, has one of the highest rates 

of pulmonary TB among Central and Eastern European countries, and belongs to 

the countries with a high burden of the disease [12, 20, 22]. The prevalence of 

tuberculosis is a result of negative socio-medical consequences, armed conflicts, and 

economic hardships in the country. Particularly threatening are the late seeking of 

medical assistance by people with TB, late detection of TB, and HIV/TB co-

infection, which leads to a high TB mortality rate. This is the result of the lack of a 

comprehensive approach to integrating preventive and treatment programs across 

all levels into a single, effective system to overcome TB [1, 2, 5]. 

The provision of medical care to people with TB is based on an evidence-based 

approach and the latest achievements in the field. Ukraine was the first in the 

European Union region to implement new TB treatment Standards based on the 
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latest WHO guidelines.  These standards provide for the use of innovative treatment 

regimens that employ cutting-edge antituberculosis drugs. Consequently, the 

duration of treatment for patients with drug-resistant tuberculosis has been reduced 

nearly threefold—from 18–24 months down to 6–9 months—and down to 4 months 

for drug-susceptible TB, thereby significantly enhancing patient adherence and 

improving treatment efficacy, raising recovery rates up to 90% according to clinical 

trial data [3,4, 20]. 

The most significant achievements in phthisiology in recent decades have been 

associated with antimycobacterial therapy (AMBT). The use of drugs that directly 

target the pathogen remains the primary and mandatory component of the modern 

treatment approach, which in most cases leads to the complete resolution of 

tuberculous intoxication, cessation of bacterial excretion, and healing of destructive 

cavitary lesions. However, alongside its therapeutic benefits, AMBT exerts a 

profound metabolic strain on the patient's body. This is linked to the metabolic 

response triggered by malnutrition and severe infectious pathology, which are 

accompanied by disturbances across all metabolic pathways [7,8,10,21]. 

Within the complex of metabolic disorders, particular importance is attached 

to the metabolism of proteins, amino acids, and their degradation products. The 

complete oxidation of the amino acid carbon skeleton yields carbon dioxide and 

water, while the amino groups are converted into ammonia. Water serves as an 

essential product for all metabolic processes. Carbon dioxide participates in the 

formation of the bicarbonate buffer system, is involved in the synthesis of fatty 

acids, purine/pyrimidine bases, and carbohydrates, and is subsequently excreted 

through the lungs.  Ammonia is utilized to maintain nitrogen balance, including for 

protein synthesis and the construction of non-protein nitrogen-containing 

compounds; however, a certain portion of it is bound in the form of ammonia, which 

is toxic to the body. In a healthy individual, poisoning does not occur because 

ammonia is actively detoxified within the body. A crucial role in this detoxification 

process belongs to glutamic acid and its derivatives [18,19]. 

Blood ammonia is one of the end products of protein degradation and nitrogen 

metabolism in the human body. It is constantly produced during protein catabolism 

in organs and tissues, as well as during the breakdown of nitrogen-containing 

substances in the intestine under the influence of bacteria, and is a highly toxic 

compound. Ammonia detoxification occurs at the sites of its direct formation (liver 

and brain cells), and the reuse of nitrogen is possible through the formation of 

glutamic acid and glutamine, which are included in various metabolic processes, 

including the synthesis reactions of purine and pyrimidine bases that make up 
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nucleic acids [6, 9, 11,22]. The principal pathway of ammonia detoxification is the 

synthesis of urea, which is excreted from the body with urine. Urea accounts for 

approximately 80–85% of urinary nitrogen excretion. It is synthesized from two 

molecules of ammonia and one molecule of carbon dioxide. This process takes place 

in hepatocytes. 

Tuberculosis causes a rapid depletion of the body's energy and structural 

reserves. Consequently, the body experiences protein deficiency. Proteins are 

composed of amino acids (AAs), which play crucial roles in enzymatic, 

biochemical, cytological, immunobiological, and detoxification processes, serving 

as biologically active substances or their precursors [12,13,14,15]. In TB patients, 

the impairment of amino acid metabolism can manifest as increased urinary 

excretion of AAs, impaired detoxification of ammonia formed during amino acid 

deamination, resulting in decreased blood amino acid levels, or an imbalance in the 

amino acid profile. Urea synthesis, the primary pathway of ammonia detoxification 

in the body, is also impaired [16,17,18]. 

To evaluate the effect of AMBT on changes in blood serum ammonia levels of 

patients with extensive pulmonary tuberculosis, we examined 102 patients (79 men 

(77.5%) and 23 women (22.5%)), who were stratified according to the clinical form 

and extent of TB into 3 subgroups: focal TB — 11 (10.8%), infiltrative TB — 67 

(65.7%), disseminated TB — 24 (23.5%) of all studied patients. Serum ammonia 

concentrations were measured using ion-exchange liquid column chromatography. 

The mean age of the patients was 39.3 ± 2.2 years. Assessments were performed 

before treatment initiation and after 2 months of AMBT. The control group included 

30 healthy volunteers of comparable age and sex. 

Regarding disease onset, the majority of patients presented with a gradual onset 

of symptoms, which was documented in 68 (66.7%) cases. An acute onset was 

reported in 23 (22.5%) patients, whereas an inapparent (latent) onset was identified 

in 11 (10.8%) cases. Patients with an acute onset reported the sudden development 

(within a few days) of pronounced constitutional symptoms, respiratory symptoms, 

and their rapid progression in severity. Disease onset was considered gradual when 

TB-related clinical symptoms developed slowly, often unnoticed by the patient, and 

progressed over a period of several weeks or even months. If TB-specific pulmonary 

lesions were detected incidentally during fluorographic or X-ray examination, and 

any clinical manifestations were absent or were minimally pronounced, then the 

onset of the disease was classified as inapparent (latent). 

In particular, no weight loss was observed in 8 patients (72.7%) with focal 

tuberculosis (TB), in 16 patients (23.9%) with infiltrative TB, and in 5 patients 
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(20.8%) with disseminated TB. Weight loss of up to 10 kg was recorded in 53 

patients (52.0%) and was most prevalent among patients with infiltrative TB. 

Specifically, weight loss of up to 10 kg was observed in 37 patients with infiltrative 

TB, accounting for 55.2% of this group. The same group also showed a relatively 

higher proportion of patients with weight loss exceeding 10 kg, namely 14 

individuals (20.9%). Among patients with disseminated TB, weight loss of up to 10 

kg was observed in 13 individuals (54.2%), whereas weight loss exceeding 10 kg 

was recorded in 6 patients (25.0%). 

The severity of systemic symptoms was assessed taking into account the 

varying intensity of such manifestations as weakness, fatigue, loss of appetite, 

weight loss, reduced work capacity, chills, and sweating. Elevated body temperature 

was considered a relatively objective indicator of the degree of intoxication. In most 

cases, mild intoxication corresponded to a low-grade fever (37.1-38.0°C), moderate 

intoxication to temperatures between 38.1°C and 39.0°C, and severe intoxication to 

temperatures of 39.1°C and above. However, no clear relationship was observed 

between body temperature and the severity of intoxication. In clinical practice, 

greater significance was attributed to the other aforementioned systemic symptoms. 

Low-grade fever was the most common finding and was observed in 48 patients 

(47.0%). Moderate cough was the most frequently observed symptom (52 patients, 

51.0%).  Severe cough was observed in only 6 patients (5.9%) and was therefore a 

relatively uncommon symptom in the studied groups of patients with newly 

diagnosed pulmonary tuberculosis. It was recorded in only one patient with 

disseminated TB and five patients with infiltrative TB, while no cases were observed 

among patients with focal TB. Among patients with focal TB, moderate cough and 

the absence of cough were observed with equal frequency, each in 4 patients 

(36.4%). A moderate cough predominated among patients with infiltrative TB, 

being observed in 36 individuals (53.7% of this group), and among patients with 

disseminated TB, in 12 individuals (50.0% of this group). No cough was observed 

in 36.4% of patients with focal TB, 29.1% of those with disseminated TB, and 

17.9% of patients with infiltrative TB. 

The overall clinical picture was supplemented by data obtained during lung 

auscultation. Dry and moist crackles were detected in the majority of patients: in 51 

individuals (76.1%) with infiltrative TB, in 17 individuals (70.8%) with 

disseminated TB, and in 4 individuals (36.4%) with focal TB. 

The principal criterion for establishing a specific clinical form of TB was the 

radiological examination of the lungs. Cavitary lesions were identified in 51 patients 

(76.1%) with infiltrative TB, 16 patients (66.7%) with disseminated TB, and 1 
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patient (9.1%) with focal TB. Overall, сavitary lesions were detected in 68 patients 

(66.7%) with newly diagnosed pulmonary tuberculosis. According to their size, 

cavitary lesions were conventionally classified as small (≤2 cm in diameter) and 

large (>2 cm in diameter). It should be noted that cavitary lesions were almost absent 

in patients with focal TB, except for one patient in whom a single small cavity was 

detected. Cavitary lesions were predominantly solitary, observed in 53 patients 

(77.9%), while small cavities were observed in 51 patients (75.0%). In contrast, 

multiple cavitary lesions were identified in 15 patients (22.1%), and large cavities 

in 17 patients (25.0%), both occurring significantly less frequently (p < 0.05). 

Among patients with infiltrative TB, cavitary lesions were detected in 51 

individuals, accounting for 75.0% of all patients with cavitary lesions (68 patients, 

100.0%). Within this subgroup, solitary cavitary lesions predominated, being 

observed in 45 patients (88.2% of infiltrative TB patients with cavitary lesions), 

while small cavities were identified in 37 patients (72.5%). Among all patients with 

cavitary lesions, 16 (23.5%) had disseminated TB. In this group, multiple cavitary 

lesions slightly predominated, being observed in 9 patients (56.2%), which was 

significantly higher than in patients with infiltrative TB (p < 0.05). Small cavities 

were identified in 13 patients (81.3%) among all cavitary lesions observed in this 

group. 

Analysis of peripheral blood parameters showed that patients with 

disseminated TB had a significantly higher absolute white blood cell count (8.1 ± 

0.8) × 10⁹/L compared with healthy individuals (6.2 ± 0.3) ×10⁹/L and patients with 

focal TB (6.1 ± 0.5) ×10⁹/L (p<0.05), but not compared with the group of patients 

with infiltrative TB (7.1 ± 0.33) ×10⁹/L (p>0.05). No differences were found 

between healthy donors and patients with focal and infiltrative TB (p > 0.05). An 

increase was also observed, compared with healthy donors, in the relative proportion 

of rod-shaped leukocytes (4.3 ± 0.3%) in patients with infiltrative (7.7 ± 0.6%) (p < 

0.01) and disseminated (8.5 ± 0.7%) (p < 0.001), but not focal (6.5 ± 1.2 %) (p > 

0.05) TB. Here, a direct correlation is observed between the increase in 

polymorphonuclear leukocyte count and the severity of the clinical form of 

tuberculosis. Thus, the lowest number of polymorphonuclear leukocytes is found in 

patients with focal tuberculosis, followed by those with infiltrative tuberculosis, and 

the highest number in patients with disseminated TB. A similar relationship was 

also found for the ESR. It was significantly elevated in all patients with TB (focal – 

(7.6 ± 2.4) mm/h (p<0.05), infiltrative – (16.7 ± 2.0) mm/h (p < 0.001), disseminated 

– (20.4 ± 3.8) mm/h (p < 0.001) compared with healthy donors (2.8 ± 0.3) mm/h. In 

patients with disseminated TB, the ESR was significantly higher compared with 
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patients with focal TB (p < 0.05), but not with the group of patients with infiltrative 

TB (p > 0.05). Other blood count parameters did not differ significantly between the 

groups of patients with disseminated TB (p > 0.05). 

The results of the studies objectively reflect metabolic imbalance and 

convincingly demonstrate that in all patients with TB, regardless of the extent of the 

process in the lungs, there is a disturbance in acid-base balance prior to the start of 

treatment, as evidenced by elevated serum ammonia levels. In patients with focal 

TB, a non-significant (p > 0.05) 28% increase in ammonia levels (to 0.9 ± 0.1 mg 

per 100 ml of serum) was observed compared with healthy individuals (0.7 ± 0.1 

mg per 100 ml of serum). In patients with infiltrative TB, a statistically significant 

(p < 0.001) 2.1-fold increase in ammonia levels (to 1.5 ± 0.1 mg per 100 ml of 

serum) was observed, whilst in patients with disseminated TB, this level is 

significantly (p < 0.001) 2.7 times higher (to 1.9 ± 0.2 mg per 100 ml of serum) than 

in healthy individuals. Furthermore, when comparing serum ammonia levels in 

patients with pulmonary TB depending on the extent of the disease in the lungs, the 

following features were identified: in patients with focal TB, the concentration of 

ammonia was significantly (p < 0.001) 40% (1.7-fold) lower than in patients with 

infiltrative TB, and 52.6% (2.1-fold) lower than in patients with disseminated TB. 

In patients with infiltrative and disseminated TB, serum ammonia levels did not 

differ significantly; however, in patients with disseminated TB, they were 27% 

higher (1.3-fold). Under the influence of AMBT treatment, a significant (p<0.05) 

40.4% reduction in ammonia levels (from 1.41±0.06 to 0.841±0.02 mg per 100 ml 

of serum) was observed compared with the level prior to treatment, and a consistent 

trend towards alignment with the level in healthy individuals was also observed. 

Thus, a direct correlation is observed between the extent of the process in the 

lungs and the increase in serum ammonia concentration; in our opinion, this is 

associated with pronounced signs of intoxication, widespread destructive processes 

in the lungs, and profound disturbances in protein metabolism (massive protein 

breakdown). Furthermore, the data indicate that AMBT positively affects the 

dynamics of reducing serum ammonia levels, but it is insufficient to reach levels 

observed in healthy individuals and requires additional corrective measures. 
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