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Abstract: One of the most pressing emerging issues in bacterial resistance is multidrug-resistant Klebsiella pneumoniae. The
treatment of K. pneumoniae infections is often problematic because of the lack of available therapeutic options, leading to negative
effects on morbidity, mortality, and healthcare-associated costs. Carrimycin is a macrolide antibiotic with good antibacterial effects. In
this study, we report a patient diagnosed with multidrug-resistant K. pneumoniae infection who was treated with carrimycin. The
patient presented with cough, expectoration, dyspnea, and severe hypoxemia requiring noninvasive ventilation. We successively used
a variety of antibiotics, including meropenem, tigecycline, and polymyxin, with unsatisfactory results. Finally, we used carrimycin,
and the patient’s condition improved, resulting in hospital discharge. Therefore, for patients with multidrug-resistant K. pneumoniae
infection that does not respond to conventional anti-infective treatments, carrimycin can be considered a treatment option.
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Introduction

Klebsiella pneumoniae is one of the most common pathogens causing infections, including urinary tract infections, pneumonia
and bacteremia.’ The global prevalence of multidrug-resistant K. pneumoniae (MDR-KP) colonization is 0.13% to 22%, with
a combined prevalence of 5.43% (3.73—7.42%).> Meanwhile, infection caused by MDR-KP has a high mortality rate, and it is
often associated with an increased risk of inadequate antibiotic treatment.® In recent years, combination therapy including
colistin, fosfomycin, high-dose meropenem, tigecycline, and aminoglycosides has been the most widely used strategy, but the
efficacy is not ideal. In recent decades, new antimicrobials against MDR-KP have been developed, and they are currently in
various stages of clinical research.*

Carrimycin, also known as bitespiramycin, is a new genetically engineered macrolide. It is mainly composed of isovaler-
ylspiramycin I-III, and it contains a small amount of other 4"-acylspiramycin components.>° It has an antibacterial spectrum
similar to spiramycin but better pharmacokinetic characteristics.” First, carrimycin is a macrolide antibacterial drug, that can
inhibit bacterial protein synthesis by blocking the activity of peptidyl transferase in the 50s ribosome, thus achieving bacterial
inhibition. Meanwhile, compared with other macrolide antibiotics, carrimycin and its metabolites exhibit stronger lipid solubility
and a longer half-life after isovaleryl modification, which contribute to their penetration and persistence in tissues. This property
gives carrimycin stronger antibacterial activity than other macrolide antibiotics.® Second, macrolides have dual antibacterial and
immunomodulatory properties.”'® Carrimycin promotes neutrophil migration to sites of inflammation and enhances macrophage
phagocytosis to regulate host immunity. Based on these potential antimicrobial properties, carrimycin has been approved by the
China Food and Drug Administration (H20190029) for the treatment of acute tracheal bronchitis.

In this study, we describe a case of MDR-KP infection treated with carrimycin. To the best of our knowledge, there
are few reports on the treatment of MDR-KP infection with this drug.
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Figure | Chest high-resolution computed tomography revealed a patchy high-density shadow with an unclear boundary and infectious disease in the right lung.

Case Presentation

An 82-year-old man who had been diagnosed with MDR-KP infection presented to our hospital with complaints of repeated
coughing and expectoration for more than 20 years and a current recurrence of more than 20 days. His past medical history
included chronic obstructive pulmonary disease and Parkinson’s disease. Rales could be heard in his lungs. Chest high-
resolution computed tomography revealed a patchy high-density shadow with an unclear boundary and infectious disease in
the right lung (Figure 1). He was transferred to our hospital for further treatment. Laboratory examination detected an elevated
white blood cell count and C-reactive protein level. MDR-KP was detected repeatedly in sputum culture. Based on the
presence of inflammation, the imaging findings, and sputum culture, we made a diagnosis of MDR-KP infection.

Because the principal treatment for K. pneumoniae pneumonia is anti-infective treatment and sputum drainage, we empirically
treated him with meropenem 1 g every 8 h and tigecycline 50 mg every 12 h. Three days after admission, MDR-KP grew in the
patient’s sputum cultures. Despite treatment with antibiotics, cough, yellow purulent sputum, and appetite reduction persisted, and
the organism continued to grow in sputum cultures. The bacterium was susceptible to tigecycline, amikacin, and polymyxin. We
switched the treatment to tigecycline and amikacin based on drug sensitivity testing because of clinical deterioration (Table 1).

Table | Drug Resistance of Multidrug-Resistant Klebsiella pneumoniae

Antibiotics MIC (pg/mL) Result
Ceftazidime 320 R
Colistin <=05 se@
Imipenem 216.0 R
Meropenem 216.0 R
Piperacillin/Tazobactam 2128.0 R
Ticacillin/Clavulanic acid 2128.0 R
Cotrimoxazole <=20.0 s@
Cefepime 232.0 R
Ciprofloxacin 24.0 R
Doxycycline 216.0 R
Levofloxacin 28.0 R
Minocycline 216.0 R
Aztreonam 264.0 R
Tobramycin 8.0 &
Amikacin <=2.0 S
Cefoperazone/Sulbactam 264.0 R
Tigecycline 2.0 s@

Notes: @Susceptible(S); Resistant(R); ¥Intermediate(l).
Abbreviation: MIC, minimum inhibitory concentration.
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Figure 2 Chest X-ray. (A) Before treatment with carrimycin. (B) After 4 weeks of treatment with carrimycin.

On day 10, chest X-ray revealed further aggravation of the pulmonary exudative lesions. We changed the antibiotics to tigecycline
and polymyxin. After 1 week of tigecycline and polymyxin treatment, the patient’s cough and yellow purulent sputum persisted,
and chest X-ray disclosed no reduction of the lesions (Figure 2A). According to the consultation opinion of the Clinical Drug
Department, we adjusted the anti-infective regimen to meropenem and carrimycin. We administered meropenem and carrimycin
for 10 days, followed by 10 days of carrimycin monotherapy. After 4 weeks of antibiotic therapy, the patient was discharged after
his condition improved.

Over the course of carrimycin treatment, the patient experienced improvement of his cough, expectoration, chest
congestion, and appetite. After 4 weeks of carrimycin treatment, repeated chest computed tomography demonstrated that
the lesion had shrank (Figure 2B). After carrimycin therapy, the patient reported an ability to resume his daily routine,
which was not possible prior to this treatment. He was followed up for 8 weeks after the completion of therapy without
incident and with apparent symptom resolution. Inflammatory markers (C-reactive protein) decreased over the treatment
course, whereas this white blood cell count rose slightly, which could have been related to the acute exacerbation of
chronic obstructive pulmonary disease during glucocorticoid therapy. His clinical course is presented in Figure 3.

Discussion

We presented a rare case of MDR-KP infection treated with carrimycin. Most previously reported cases required
combination therapies. Combination therapies including high-dose meropenem, colistin, fosfomycin, tigecycline, and
aminoglycosides are widely used. However, because of various drug resistance mechanisms, the therapeutic effect is not
satisfactory. Our case was successfully treated with carrimycin, which might be an alternative therapy in patients who are
not candidates for conventional treatment because of suboptimal efficacy.
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Figure 3 Clinical course.
Abbreviation: CT, computed tomography.

An analysis of the patient’s treatment revealed several interesting issues. First, the mechanism of carrimycin, a novel
macrolide antibiotic, for the treatment of MDR-KP is unclear. The possible mechanisms for the effectiveness of
carrimycin can be described from the following two aspects. First, carrimycin has a similar mechanism of bacterial
inhibition as macrolide antibiotics while benefiting from its superior structure; therefore, it has stronger antibacterial
activity than other macrolide antibiotics. Second, macrolide antibiotics have immunomodulatory effects,'" which can
enhance the host immune response and thus increase its bactericidal effect. Critical illness is related to immune
dysregulation, which is characterized by concurrent hyperinflammation and immune suppression. Pathogen-associated
molecular patterns and damage-associated molecular patterns expressed by microorganisms are released from injured
tissues, and they bind to pattern recognition receptors such as Toll-like receptors (TLRs) and Nod-like receptors to
initiate intense inflammatory responses, leading to organ failure.'*'* Conversely, macrolides reduce TLR expression on
the surface of dendritic cells and macrophages to exert their immunomodulatory effects.'* In addition, macrolides
dampen hyperinflammation by reducing pro-inflammatory cytokine release and limiting immune cell migration.'
Carrimycin, as a novel macrolide derivative, might have immunomodulatory effects, which could be one of its potential
antibacterial mechanisms. Another concern is whether there carrimycin has synergistic effects on antibiotics to which
K. pneumoniae is resistant and the potential mechanisms of action. Some scholars have started to examine this issue and
have already conducted relevant studies, and we can expect to obtain the results of such studies in the future. Finally,
recent studies have revealed that carrimycin is also affective against COVID-19 and tumors.'®'® We believe that with the
extensive clinical use and study of carrimycin, the clinical indications of carrimycin will be further expanded.

This case report had some limitations. First, bacterial molecular genotypic and virulence typing of this strain was not
performed. Second, multicenter, large-sample studies are needed to further confirm the efficacy and safety of carrimycin
alone or in combination for the treatment of MDR-KP.

Conclusion
The treatment of MDR-KP infection has emerged as a new challenge. This case report emphasized that when conven-

tional treatment is not effective, carrimycin could represent an alternative treatment.
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