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Abstract

Acute pneumonia (AP) is still one of the most unpredictable and dangerous infl ammatory diseases, even with signifi cant progress in antimicrobial treatment. This 
review looks at how medical understanding and treatment of AP have changed over time. It focuses on the side effects and limitations of long-term antibiotic use. The 
analysis uses both historical and modern literature to show how the germ theory of disease and the reliance on antibiotics have created current misunderstandings about 
the causes and treatment of AP. The paper discusses the rise of antibiotic resistance, the changing nature of pneumonia germs, and the increasing occurrence of viral 
pneumonia in the post-antibiotic era. It also argues that the focus on antimicrobials has caused us to overlook the mechanisms related to the host’s response. By bringing 
together evidence from a century of microbiological and clinical studies, the author calls for a shift in thinking. We need to look beyond antibiotics as the only treatment 
and adopt a broader view of the mechanisms behind AP. The review ends by stating that if we do not reevaluate the role of microbial factors and the limits of antibiotics, 
progress in treating pneumonia will remain limited. 

Introduction

Acute pneumonia (AP) has always been considered a 
severe and unpredictably dangerous disease and remains 
so despite impressive medical advances in many fi elds. 
For many centuries, the causes and characteristics of this 
disease remained unexplored, but the ancient postulate that 
pneumonia is not something a person catches, but something 
they become ill with, remains relevant to this day. A lack of 
necessary knowledge did not prevent ancient physicians from 
empirically fi nding approaches to treating such patients. In 
such cases, pathogenetic interventions played a key role, but 
their use was not clearly justifi ed or regulated. Nevertheless, 
emergency treatment methods such as bloodletting, cupping 
therapy, or short-term cooling of the patient’s body have a 
centuries-old history of use, demonstrating their relevance. 

Advances and discoveries in microbiology in the late 19th 
century drew attention to a new understanding of the nature 

of AP and gradually shaped a narrow concept of the disease 
that defi ned approaches to solving this problem for almost a 
century. During this period, the fundamental principle of this 
concept—the primacy of the microbial factor—was not yet 
fi rmly established in professional thought, but it served as 
a stimulus for the search for and development of etiotropic 
agents. Thus, the task of developing antimicrobial drugs 
became a natural consequence for pharmacists with the advent 
of microbiological diagnostics of AP. 

Since the fi rst etiologic studies, it has been established 
that this disease can be caused by more than one microbe [1], 
and these infl ammatory factors can include representatives of 
the body’s commensal microfl ora [2]. The lack of an etiologic 
monopoly in this disease led to its designation as a nonspecifi c 
infl ammatory process. Streptococcus pneumoniae, although 
one of the fi rst pathogens discovered and consistently 
accounting for 95% or more of pathogens in the pre-antibiotic 
era [3], and the disease itself could rightfully be called 
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“pneumococcal pneumonia,” was not a factor infl uencing 
morbidity. The inconsistency of its presence in the etiology 
of AP began to manifest itself after the advent of antibiotics, 
when its undisputed leadership began to rapidly decline and 
has since been irrevocably lost [4]. On the other hand, its non-
aggressive presence in the commensal microfl ora of healthy 
individuals has been established. 

The most successful etiotropic treatment of patients with 
AP was achieved shortly before the advent of antibiotics, thanks 
to the use of sulfonamides and antipneumococcal antiserum 
[3]. The use of these drugs improved treatment outcomes 
and demonstrated the therapeutic potential of their targeted 
antimicrobial action, raising hopes for further improvements 
in this therapy. In the absence of scientifi c explanations for 
the nature of AP at the time, the triumphant start of antibiotic 
therapy arose against a psychologically favorable backdrop and 
contributed to the emergence of the so-called germ theory of 
disease [3]. The essence of this doctrine was the recognition 
of the microbial factor as the primary cause of disease 
development, and, accordingly, antimicrobials were presented 
as the primary therapeutic resource. From this point on, 
suppression of the causative agent of AP became the primary 
goal in the treatment of this group of patients. 

Although the rapid development of antibiotic resistance 
in microfl ora exposed to them was known even in the 
preclinical stage of research [5,6], and Alexander Fleming, 
one of the pioneers of this therapy, warned of the dangers of 
the uncontrolled use of these drugs [7], in clinical practice, 
everything was subordinated to the desire to achieve the desired 
result at any cost. Moreover, already in the early stages of this 
therapy, antibiotics began to be used not only for treatment 
but also for disease prevention, prescribing them to apparently 
healthy individuals, signifi cantly exceeding the reasonable 
limits of their use [8-11]. However, even the founders of this 
therapeutic innovation could not foresee the scale and severity 
of side effects that could be expected from prolonged exposure 
of bacteria to “related” antagonist components. 

Discussion

The development of bacterial resistance as a side effect of 
antibiotics became evident soon after the widespread use of 
this therapy, and the offi cial countdown since the emergence 
of MRSA has already exceeded six decades [12,13]. However, 
real concern about this phenomenon has arisen only in the last 
couple of decades. A detailed and critical analysis of data from 
the entire history of this therapy shows that this side effect 
is not as dramatic as it currently appears, if the nature of AP 
is considered from the perspective of fundamental biomedical 
science. Bacterial resistance can be considered a serious problem 
only if the erroneous idea persists that antimicrobial therapy is 
the primary and only method of treating AP. However, even 
with this approach to treatment, resistant microorganisms are 
statistically rare causative agents of AP, accounting for no more 
than 1% - 2% of the etiology of the disease [14-16]. At the same 
time, some categories of healthy individuals are latent carriers 
of such fl ora, with a frequency of up to 6% - 10% [17-19]. The 
latter situations remain a subject of discussion in the context 
of sanitizing antimicrobial therapy [20]. It should be noted that 

currently, the proportion of some resistant microorganisms 
in the general population of the planet’s inhabitants is 2% - 
3% [21,22], but if the current trend continues, this fi gure may 
increase. 

By focusing on the single side effect of antibiotic therapy—
the development of microbial resistance—medicine has 
overlooked the phenomenon of periodic renewal of active 
pneumonia pathogens. This side effect of antibiotics began to 
be observed soon after their practical use, when pneumococcus 
began to lose its traditional role as the dominant pathogen [4]. 
In the early days of antibiotic therapy, the focus was on the 
dynamic replacement of bacterial microfl ora, but over the past 
three to four decades, a steady increase in viral pneumonias has 
been observed [23,24], which appears to be a natural response 
of the microbiome to prolonged antimicrobial activity. 

Attempts to early identify AP pathogens have been 
underway for a long time, but their lack of success is 
refl ected in two approaches to fi nding alternative solutions. 
On the one hand, leading expert forums do not consider the 
results of bacteriological diagnostics of AP to be important, 
recommending empirical antibacterial therapy [25,26]. On the 
other hand, microbiological diagnostic methods continue to be 
refi ned in the hope of achieving progress in the application of 
early, targeted etiotropic therapy [27,28]. However, as is evident 
from the nature of these efforts, no signifi cant innovations or 
changes have occurred. Etiotropic treatment, represented by 
antibiotics, continues to play a leading role, and the signifi cant 
increase in the viral etiology of AP has not led to signifi cant 
changes in treatment. 

The gradual transformation of the etiologic spectrum 
of AP has led to a signifi cant reduction in the justifi ed use 
of antibiotics. As a result, a situation has arisen in which 
antimicrobial drugs, by virtue of their action, have initiated a 
process of self-elimination from the therapeutic arsenal for 
AP. Statistics on the identifi cation of AP pathogens in recent 
years show that, despite improvements in microbiological 
diagnostic methods, up to half or more of the tests are negative 
[29]. Among the remaining positive tests, viral forms of 
infl ammation are increasingly common, and only a minority 
confi rm bacterial infl ammation of the lung tissue [30-32]. 
These data allow us to estimate the proportion of patients with 
AP for whom antibacterial therapy is justifi ed. 

It is no coincidence that, on the one hand, the observed 
transformation of the etiology of AP and the decline in the 
clinical effi cacy of antibiotics, and on the other, attempts to 
reduce the impact of these drugs on the further development 
of resistant strains, have led to some successful attempts to 
treat such patients without antimicrobials [33]. The results of 
such observations should not be surprising, given the fact that 
a similar number of patients with COVID-19 pneumonia during 
the SARS-CoV-2 pandemic were cured without traditional 
etiotropic therapy due to its unavailability. At the same time, 
the number of patients with severe AP remains a challenge for 
modern medicine, and the usual reliance on antimicrobials in 
such cases does not produce the expected results and requires 
additional support and measures. 
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The more severe the disease, the more pronounced its 
manifestations, causing concern for the patient’s condition 
and requiring urgent and intensive care. These principles have 
been used in recent decades to distinguish between patients 
with severe AP [34,35]. However, some experts point to the 
unpredictability of this process even in cases that initially raised 
no concerns [36,37]. In previous years, attempts were made to 
explain such variants of AP development by the virulence of the 
pathogens. However, differential diagnosis based on etiology 
proved ineffective not only for bacterial forms of infl ammation 
but also in distinguishing between bacterial and viral processes 
[38-40]. Moreover, the main clinical manifestations of AP 
remained stable regardless of the pathogen. 

This last circumstance indicates the dependence of 
clinical symptoms on the functional characteristics of the 
affected organ, the impairment of which occurs as a result of 
infl ammatory damage to its structures. This obviousness is a 
manifestation of the classic fi fth sign of infl ammation (loss 
of function) and emphasizes the importance of understanding 
the pathogenesis of this disease. Thus, the mechanism of AP 
development follows a general pattern, but the dynamics of this 
process and, consequently, the severity of its manifestations 
are individual. This individual characteristic of the body’s 
response has long been known, but only the experience of the 
SARS-CoV-2 pandemic, when the coronavirus demonstrated 
completely different reactions to its effects, sparked discussion 
in this area [41,42]. 

Discussion and research into the various mechanisms of the 
body’s response to infl ammation, which has increased due to 
the pandemic, are undoubtedly an important step in addressing 
the problem of AP. However, further progress in this area is only 
one aspect of a broader topic. The root cause of this problem, 
without which further progress in this fi eld is impossible, lies 
in professional misconceptions associated with the existing 
concept of AP. This confusion arose with the emergence of 
the germ theory of AP as the fi rst scientifi c interpretation of 
the nature of this disease. In the era of effective antibiotic 
use, the foundations of this concept have been signifi cantly 
strengthened, and a system for training physicians to strictly 
adhere to these principles has emerged. Due to the declining 
effectiveness of antimicrobial therapy in recent decades, there 
has been no attempt to constructively analyze the accumulated 
counterarguments, while a reverent attitude toward antibiotics 
persists. Despite these changes, these drugs retain a reputation 
as the only cure for AP, perpetuating the false notion of the 
pathogen’s leading role in the development of the disease and 
leading to inappropriate treatment choices. 

Summarizing at least the above brief descriptions of the 
facts accumulated over the long period of antibiotic use, the 
leading role of the pathogen in the development of AP appears 
unproven. The same can be said about antibiotics as the 
primary treatment for such diseases. By using antimicrobials 
as the basis of treatment and continuing to rely on the success 
of such therapy, modern medicine today cannot accurately 
determine which infection it is combating in each specifi c 
case. Therefore, after the obvious failures of many years of 

accurate diagnosis of AP pathogens, the use of antibiotics has 
ultimately become logically considered empirical. However, the 
continued widespread use of these drugs against the backdrop 
of a signifi cant increase in viral diseases may at fi rst seem 
incomprehensible. 

This latter circumstance is due, on the one hand, to infl ated 
expectations regarding the therapeutic potential of antibiotics 
and a persistent belief in their therapeutic effect. On the other 
hand, the unjustifi ed use of antibiotics is due to the ignoring 
of certain side effects of this therapy, which go unnoticed. 
At the same time, as noted above, excessive attention to 
resistant microfl ora as the sole consequence of antibiotics 
further emphasizes their important place in the treatment 
of AP, ascribed to them by modern medicine. However, such 
attention only complicates a comprehensive assessment of 
the problem and its solution. The constant change in active AP 
pathogens and the gradual displacement of antibiotics from 
the therapeutic arsenal for such infl ammatory processes have 
an increasingly signifi cant impact on the choice of etiotropic 
agents, but, unfortunately, this side effect of antibiotics remains 
unaccounted for and underestimated. An even more global 
and important consequence of the antibiotic era is its didactic 
mission and psychological impact on professional worldviews, 
which have not undergone an evolution commensurate with 
the observed changes of recent decades. 

Conclusion

Thus, over the long period of antibiotic use, the initial 
conditions under which this therapy was initiated have 
changed signifi cantly. Signifi cant biological transformations 
were caused by the inevitable decline in the effectiveness of 
these drugs and the adaptation of the microfl ora to such 
prolonged aggression. Many bacterial strains, having acquired 
resistance to antimicrobials, have not become more aggressive 
and, simply by participating in the infl ammatory process, 
can complicate the task of etiotropic treatment. At the same 
time, the long-term use of antimicrobials was accompanied 
by the suppression and weakening of pathogens causing acute 
infl ammatory diseases, which forced nature to gradually update 
the list of pathogens and, ultimately, forced viruses to replace 
bacteria as a natural countermeasure to antibiotics. Currently, 
a signifi cant increase in viral forms of infl ammation raises 
important questions about the future of antibiotics and their 
use, further exacerbating the consequences of their action. 

The new circumstances that have emerged in the antibiotic 
era and characterize the problem of AP being discussed 
today are a prerequisite for harmonizing professional views. 
This requires a balanced and critical reassessment of the 
persistent desire to restore the past by developing and using 
new generations of antibiotics. Without a comprehensive 
assessment of previous experience with this therapy and the 
absence of conclusions regarding the reasons for the signifi cant 
decline in its effectiveness, the unpredictability and danger of 
such a move are completely obvious. Stubborn adherence to 
outdated conceptual understandings of the nature of AP is a 
kind of anchor that hinders progress in solving the problem as a 
whole and perpetuates the principles of inadequate treatment. 



020

https://www.organscigroup.us/journals/archives-of-pulmonology-and-respiratory-care

Citation: Klepikov I. What Successes can be Expected in the Fight Against Infection in Acute Pneumonia in the Context of the Side Effects of Antimicrobial Therapy?.
Arch Pulmonol Respir Care. 2025;11(1):017-021. Available from: https://dx.doi.org/10.17352/aprc.000093

Deeply held beliefs about the dominant role of microbial 
factors in the development of AP and long-held hopes for 
success solely through antibiotics are refuted by abundant 
evidence, yet they remain the guiding concept. Understanding 
the nature of the problem under discussion is the primary goal, 
and without a radical shift in our understanding, achieving this 
key goal will remain a pipe dream.
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