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Background: Rapid and accurate identification of causative organisms and prompt initiation of pathogen-targeted antibiotics are
crucial for managing atypical pneumonia. The widespread application of targeted next-generation sequencing (t-NGS) in clinical
practice demonstrates significant targeted advantages in rapid and accurate actiological identification and antimicrobial resistance
genes detection, particularly for difficult-to-culture, rare, or unexpected pathogens. An alarming surge of acquired macrolide resistance
(MR) in Mycoplasma pneumoniae (MP) presents a substantial challenge for the clinical selection of pathogen-targeted antibiotics
worldwide, especially for fluoroquinolone-restricted pediatric patients with limited options available.

Case Presentation: In this case report, we present for the first time the compassionate use of omadacycline (OMC) in a Down
syndrome pre-schooler with critically ill atypical pneumonia caused by macrolide-resistant MP. The treatment achieved a favourable
therapeutic effect without any related adverse events (AEs) during hospitalization and follow-up.

Conclusion: In clinical practice, rapid and accurate identification of causative organisms should be a priority for prompt initiation of
pathogen-targeted antibiotics, in which tNGS possesses enormous potential, particularly for difficult-to-culture MP. At present, OMC
is not recommended in the package insert for clinical application in pediatric patients under 8 years of age due to potential age-specific
AEs on tooth colour and development as well as bone growth. The superior efficacy and safety of OMC in the management of
critically ill atypical pneumonia caused by macrolide-resistant MP were comprehensively documented in this Down syndrome pre-
schooler, which merits future well-designed studies to validate our findings, enhance understanding of the features of OMC, and
further expand its clinical application in preschool-aged patients.

Keywords: omadacycline, pre-schooler, down syndrome, macrolide-resistant mycoplasma pneumoniae, atypical pneumonia, targeted
next generation sequencing, aetiological identification, antimicrobial resistance gene detection

Introduction

Atypical pneumonia is typically caused by atypical pathogens that evade detection and cultivation by Gram staining and
conventional microbiological approaches, among which the most predominant causative organisms include Mycoplasma
pneumoniae (MP), Chlamydia pneumoniae, Chlamydia psittaci, Legionella species, and Coxiella burnetii." Rapid and
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accurate identification of these organisms and prompt initiation of pathogen-targeted antibiotics are crucial for managing
atypical pneumonia.” The widespread application of targeted next-generation sequencing (t-NGS) in clinical practice can
compensate for the limitations of traditional diagnostic means for atypical pathogens, and demonstrate targeted super-
iority in rapid and accurate aetiological identification and antimicrobial resistance genes detection, particularly for
difficult-to-culture, rare, or unexpected pathogens.” > Currently, the predominant form of macrolide resistant (MR) is
attributed to A2063G mutation in domain V of the 23S rRNA gene, which can further decrease the affinity of macrolide
with MP ribosome, as is the cyclic outbreak of macrolide-resistant MP epidemic in China since June 2023.°'® An
alarming surge of acquired MR in MP presents a substantial challenge for the clinical selection of pathogen-targeted
antibiotics worldwide, which is more severe in East Asia, especially for fluoroquinolone-restricted pediatric patients with
limited options available.'"-'?

Omadacycline (OMC), a novel broad-spectrum aminomethylcycline antibiotic, received approval from the United
States Food and Drug Administration in October 2018. It is used to treat community-acquired bacterial pneumonia and
acute bacterial skin and skin structure infections caused by sensitive causative organisms in adult patients through
a regimen of intravenous or oral administration once a day.'*"'* Due to its potent antibacterial activity against atypical
pathogens in vitro, OMC may serve as an effective and safe alternative or salvage option for the management of
macrolide resistant MP infection, particularly in fluoroquinolone-restricted pediatric patients.'>"'” However, OMC is not
recommended in the package insert for clinical application in pediatric patients under 8 years of age due to potential age-
specific adverse effects (AEs) on tooth colour and development as well as bone growth. Consequently, the clinical
efficacy and safety of OMC in pediatric patients under 8 years of age have not been established.

To address this issue, this case report introduces the compassionate use of OMC for the first time in a Down syndrome
pre-schooler with critically ill atypical pneumonia caused by macrolide-resistant MP. The treatment achieved
a favourable therapeutic effect without any related AEs during hospitalization and follow-up. As a salvage option for
inadequate clinical response to initial empirical antibiotics against macrolide resistant MP, OMC has exhibited superior
efficacy and safety in the management of critically ill atypical pneumonia in this preschool-aged patient, indicating

a promising new option in such scenarios that needs to be further explored and validated in the following studies.

Case Presentations

Chief Complaints
On April 2, 2024, a 5-year-and-10-month-old boy was admitted to the Department of Critical Care Medicine at the Sixth
Affiliated Hospital of Harbin Medical University due to worsening atypical pneumonia caused by macrolide resistant MP.

History of Present lliness

Fifteen days before admission, the pre-schooler experienced intermittent fever with a maximum body temperature of
38.9°C, which responded temporarily to oral antipyretics but recurred within a few hours. Thirteen days prior to
admission, he developed paroxysmal cough with sputum and occasional wheezing, leading to his admission to the
local hospital. Eight days before admission, the initial lung computed tomography (CT) scan revealed multiple patchy
shadows on both sides with the right side being more prominent (Figure 1), and therefore the diagnosis of pneumonia
was confirmed. Seven days before admission, the pathogens were identified as macrolide resistant MP with A2063G
mutation in domain V of the 23S rRNA gene and rhinovirus (RV) type C by t-NGS of pharyngeal swab, with
homogenized sequence counts of 28,203 and 15,412 x 10°, respectively. During his hospitalization at the local hospital,
he underwent treatment including intravenous infusion of cefoperazone/sulbactam sodium for 10 days, meropenem for 3
days, azithromycin and methylprednisolone (40 mg once daily for the first three days, halved for the next four days) for 7
days, as well as oral cough suppressant and antiviral drug, and aerosol inhalation. One day before admission, the
rechecked lung CT scan showed a significant deterioration (Figure 1), prompting his transfer to the Department of

Critical Care Medicine at the Sixth Affiliated Hospital of Harbin Medical University for further management.

392 https: Infection and Drug Resistance 2025:18



Wu et al

Figure | The lung CT scans before admission and during hospitalization and follow-up.
Abbreviations: CT, computed tomography.

History of Past lliness
The pre-schooler was diagnosed with Down syndrome shortly after birth and subsequently developed an allergy to
mangoes over time.

Personal and Family History
There was no related personal or family history.

Physical Examination

Upon admission, the following physical examination were noted: height 1.18 meters, weight 21.5 kg, body mass index
15.44 kg/m?, body temperature 36.7°C, heart rate 160 beats/min, blood pressure 90/61 mmHg, respiratory rate 35 breaths/
min, and pulse oxygen saturation 92%. Additionally, the child exhibited listlessness, inability verbal communication,
a dull expression, a low and flat nose bridge, small external ears, nasal flaring, shortness of breath, rough breathing
sounds and audible moist rales in both lungs, a short penis, and short and thick fingers on both hands.

Laboratory Parameters

Laboratory parameters before admission and during hospitalization are detailed in Table 1 and illustrated in Figure 2.
Arterial blood gas analysis results showed pH 7.492, carbon dioxide partial pressure 26.9 mmHg, oxygen partial pressure
72.6 mmHg, potassium ion 2.8 mmol/L, sodium ion 133 mmol/L, free calcium ion 1.12 mmol/L, and lactic acid
2.0 mmol/L. The counts of total T cells, T8 cells, T4 cells, and natural killer lymphocytes were 372,116,254, and 30
cells/uL, respectively, all of which were significantly lower than the normal values. Immunoglobulin A and M levels
were 1.98 g/L and 2.61 g/L, respectively, exceeding the upper limit of the normal values. Tests for hepatitis B virus
antigen and antibodies for hepatitis C virus, syphilis, and human immunodeficiency virus were all negative. The Pediatric
Critical Illness Score upon admission was 84 points.

Imaging Findings
Upon admission, echocardiography revealed the presence of left ventricular false tendons and trace pericardial effusion.
Chest ultrasound indicated consolidation in the lower lobe of the right lung accompanied by minimal pleural effusion,
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Table | Timeline of Disease Progression (March 20 to April 24, 2024)

azithromycin

day of illness -13 -10 | 2 3 4 7 10 12 14 18 22
Disease course Local Hospitalization/ Pediatric ward
hospital ICU
WBC (x10%/L) 7.73 7.53 10.46 8.7 4.45 597 | 3.69 4.5 6.13 451 5.16 4.05
NEUT% (%) 76 739 85.3 93.6 92 949 | 925 92.6 8l1.8 773 77.7 64
NEUT (x10°/L) 5.87 5.57 8.92 8.14 4.09 5.67 | 3.67 4.16 5.02 3.49 4.01 2.59
LYMPH% (%) 17.1 21.1 13.1 5 5.8 3.6 54 4.4 13.6 17.5 17 28.2
LYMPH (x10°/L) 1.32 1.59 1.37 0.44 0.26 0.21 0.21 0.2 0.83 0.79 0.88 1.14
HGB (g/L) 150 150 134 15 93 84 94 98 108 93 93 95
HCT (%) 44.5 43.9 37.8 348 24 245 | 209 28.3 32.1 27.7 284 29.7
PLT (x10°/L) 269 182 216 183 159 141 167 266 303 246 268 385
PT (s) 14.3 13.2 12.7 13.6 14 12.2 1.7 1.6 12.6 1.9
PT (%) 583 63.6 66.4 6l.6 | 59.7 69.4 84.8 89 67 77
INR 1.25 1.15 I.11 I.19 122 1.06 1.02 1.01 1.1 1.04
APTT (s) 327 31.8 41.6 45 39.7 303 29.7 283 27.6 30.2
FIB (g/L) 3.11 248 22 1.89 | 2.02 1.62 1.67 2.18 371 4.83
TT (s) 16.2 17.1 225 23 20.3 225 20.9 19.5 18 16.1
DD (mg/L) 2.55 2.89 3.26 3.86 5.1 5.47 7.23 7.01 5.6 2.57
CK-MB (U/L) 33 20 20 18 21 23 16 15 7
LDH(U/L) 313 760.45 624.57 911.25 846.2 776.9 634.37 435.57 426.16 332.22
AST (U/L) 45 68 56 73 87 58 41 39 42 24
ALT (U/L) 33 18.5 16.6 1.5 27.7 26.5 236 246 25.1 17.6
ALB (g/L) 47.5 29.8 29.6 311 28.9 339 36.8 323 323 312
BUN (mmol/L) 5.56 2.33 3.09 4.98 6.58 8.55 10.87 7.01 5.13 2.99
SCr (umol/L) 35 34 29 44 58 32 36 32 40 35
CRP (mg/L) 11.66 26.92 44.76 35.49 1.4 837 | 563 1.55 1.48 742 17.27 12.63
PCT (ng/mL) 0.1 2.67 1.54 251 3.46 6.5 1.35 0.45 0.22
Oxygen therapy Mask oxygen High-flow nasal Invasive High-flow nasal Nasal
inhalation cannula mechanical cannula catheter
ventilation oxygen
inhalation
PEEP (cmH,0) 8 7 7
FiO, 29% 50% 70% 70% | 65% 65% 33% 29%
pH 7.492 7418 7.457 7447 | 7514 7.544 7.507 7.469
PCO,(mmHg) 269 44.1 41.5 408 | 39.1 36.1 424 48.7
PO, (mmHg) 726 37.1 434 668 | 656 762 94 86.1
Ol (mmHg) 250.3 742 62 954 | 100.9 117.2 284.8 296.9
LAC (mmol/L) 2 1.3 0.7 1.4 0.8 28 0.9 0.8
HCO; (mmol/L) 23.2 26.8 28.6 277 | 316 319 333 34
Antibiotics Meropenem Cefopetone/ Doxycycline Omadacycline Cefoperazone/
sulbactam sulbactam
sodium + sodium
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Figure 2 Dynamic changes of WBC, CRP, PCT, and PLT before admission and during hospitalization.
Abbreviation: WBC, white blood cell count; CRP, c-reactive protein; PCT, procalcitonin; PLT, platelet; Ig, immunoglobulin.

while gastrointestinal ultrasound displayed flatulence in the digestive tract. Furthermore, ultrasound examinations of the
liver, gallbladder, pancreas, spleen, and urinary system showed no significant abnormalities. Lung CT scans conducted
before admission, and during hospitalization and follow-up are depicted in Figure 1.

Diagnosis Upon Admission

The pre-schooler was diagnosed with atypical pneumonia caused by macrolide-resistant MP and RV type C, along with
Down syndrome, based on current and past medical history, clinical presentations, physical examination, laboratory
parameters, and imaging findings upon admission. The resistance mechanism of MP was identified as A2063G mutation
in domain V of the 23S rRNA gene by t-NGS of pharyngeal swab.

Treatment and Follow-up

After admission to intensive care unit, comprehensive therapies were promptly initiated, including mask oxygen
inhalation, oral doxycycline as initial empirical antibiotic (47 mg twice daily), intravenous immunoglobulin pulse
therapy (400 mg/kg), LiDCO rapid V3-directed fluid management, appropriate sedation, and aerosol inhalation.'®
Subsequently, induced sputum was collected for tNGS. A central venous catheter was inserted into the right femoral
vein under ultrasound guidance and central venous pressure was measured as 8 cmH,O. On the second day post-
admission, due to worsening respiratory status and pulse oxygen saturation, the pre-schooler received high-flow nasal
cannula (HFNC) oxygen therapy. The pathogens were still identified as macrolide-resistant MP with A2063G mutation in
domain V of the 23S rRNA gene and homogenized sequence counts of 23,426 x 10°, as well as human adenovirus
(HAdV) type 3 and RV type C by tNGS of induced sputum. By the third day, the rechecked lung CT scan revealed
multiple patchy shadows and partial consolidation on both sides (Figure 1). Given the progression of lung infection and
the limited self-cleaning ability of the airway in Down syndrome, the patient underwent orotracheal intubation and
invasive mechanical ventilation. Lung-protective ventilation strategies, lateral decubitus position on both sides, methyl-
prednisolone (40 mg once daily), appropriate analgesia, prophylactic anti-coagulation, enteral nutrition, and probiotics
were implemented. Oral doxycycline was replaced with intravenous infusion of OMC (50 mg once daily, doubled on the
first day). By the fourth day post-admission, the serum levels of 12 cytokines, including interleukin (IL)-2, IL-4, tumor
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necrosis factor-a, IL-10, IL-17A, IL-6, interferon (IFN)-y, IFN-a, IL-5, IL-8, IL-12p70, and IL-1pB, showed significant
elevation. Notably, the serum levels of IL-10, IL-17A, IL-6, IL-8, and IL-12p70 were 92.26 pg/mL,238.19 pg/mL,350.70
pg/mL,270.78 pg/mL, and 95.87 pg/mL, respectively, all of which exceeded the upper limit of the normal values by more
than tenfold. By the tenth day post-admission, the pre-schooler’s condition and lung CT scan showed significant
improvement, allowing for the transition from invasive mechanical ventilation to HFNC oxygen therapy and cessation
of methylprednisolone. Lower respiratory tract specimens were collected for tNGS again before extubation, and
subsequent result remained macrolide-resistant MP with a significant decrease in homogenized sequence counts to 396
x 10%, as well as HAAV type 3, herpes simplex virus type 1, and RV type C. As the condition improved and the
requirements of respiratory support decreased, the intensity of respiratory support was progressively reduced. By the
twelfth day post-admission, HFNC oxygen therapy was replaced with nasal catheter oxygen inhalation. On the
fourteenth day post-admission, the serum levels of all 12 cytokines significantly decreased, among which IFN-a and
IL-12p70 had returned to normal levels, and only the serum level of IL-6 still exceeded the upper limit of the normal
value by more than tenfold. The pre-schooler was in stable condition and transferred to the pediatric ward after thorough
evaluation. On the fifteenth day post-admission, the rechecked lung CT scan displayed that multiple consolidation and
inflammatory exudation in both lungs were gradually relieved and absorbed. On the eighteenth day post-admission, OMC
was discontinued, and empiric treatment with cefoperazone/sulbactam sodium was initiated.

Outcome and Follow-up

The pre-schooler was discharged from the hospital on the 22™ day following admission. A follow-up lung CT scan
conducted 32 days post-discharge revealed scattered ground-glass high-density patches in both lungs and localized
consolidation in the right lung (Figure 1).

Discussion
MP is a major airway-invasive pathogen and responsible for approximately 15-40% of community-acquired pneumonia,
with significant heterogeneity in geographical regions, time frames, diagnostic samples and methods, age distribution,
and disease severity.'” > However, there is a lack of specific clinical manifestations, physical examination, laboratory
parameters, microbial diagnostic approaches, and imaging features for accurate identification of MP pneumonia (MPP),
posing a considerable challenge for clinicians to make rapid and accurate actiological diagnoses.>** tNGS, as
a sophisticated molecular level technique, holds substantial potential for early detection of infection-causing MP and
identification of antimicrobial resistance genes to guide subsequent optimization of targeted antibiotics and minimize
overconsumption of macrolides.”> MP is a type of paracellular bacteria without a peptidoglycan cell wall susceptible to
destruction of p-lactam antibiotics, and therefore its morphological peculiarity leads to natural resistance to them.”*?’
Due to low minimum inhibitory concentration and superior safety profile in pediatric patients with atypical pneumonia,
macrolides stand out in competition with tetracyclines and fluoroquinolones as the first-line recommended option in
clinical practice.?”*® However, the rapid increase in acquired MR caused by overconsumption of macrolides has shaken
this option and pushed pediatric clinicians to a dead end.”” Currently, developing and newly developed pathogen-targeted
antibiotics are highly expected to address this clinical dilemma.*°

OMC, an improved semisynthetic derivative of the tetracycline class, exerts antibacterial activity by binding to the
30S ribosomal subunit to inhibit protein synthesis in causative organisms.”' Importantly, OMC retains efficacy against
common acquired tetracycline resistance mechanisms through chemical modifications of structure at the C9 and C7
positions of the tetracycline core ring, which may be one of the underlying reasons for the successful management in this
case after the switch from oral doxycycline to intravenous infusion of OMC.**** Moreover, in healthy adult subjects, the
concentrations of OMC in epithelial lining fluid and alveolar macrophages are greater than/equal to those in plasma at
systemic exposure, indicating its preferred targeting of lung tissue during clinical application.** OMC has a favourable
safety profile in pharmacokinetics, as demonstrated by a minimal potential for known drug-drug interactions and
unnecessary dose adjustments for age, hepatic or renal injury, or even end-stage renal disease.’>?® A well-tolerated
clinical property of OMC is usually manifested in the major AEs being only mild-to-moderate and transient central
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nervous system and gastrointestinal intolerances, none of which were observed during the management and follow-up in
this pre-schooler.®”®

The clinical features of critically ill atypical pneumonia caused by macrolide-resistant MP and the superior efficacy
and safety of OMC were comprehensively documented in this case. Firstly, multiple positive results from tNGS as well
as the significant decrease in homogenized sequence counts and clinical improvement following OMC administration
strongly indicated that macrolide-resistant MP with A2063G mutation in domain V of the 23S rRNA gene was the main
culprit for the deterioration in this pre-schooler’s condition. Secondly, the significant reduction in various lymphocyte
counts upon admission underscores the pivotal role of host immune responses, particularly the intrinsic immune
response, in the progression of MPP.** The immune deficiency in this pre-schooler may be attributed to Down syndrome
diagnosed after birth, which is also our main concern for not increasing dose and prolonging duration of
methylprednisolone.* In addition to host immune responses, co-infection with macrolide-resistant MP and HAdV
contributed to the occurrence and development of refractory MPP and exacerbated clinical features in this pediatric
patient, highlighting that refractory MPP may be a multifactorial condition.?>*' Thirdly, the off-label use of OMC was
a critical turning point in managing this pre-schooler’s condition, emphasizing the importance of appropriate selection of
pathogen-targeted antibiotics in clinical management of critically ill atypical pneumonia. However, the lack of an
available oral formulation in clinical practice precluded the step-down transition of OMC from intravenous infusion to
oral administration in this case. Furthermore, the unique immunomodulatory activity of OMC suppresses the early over-
activated systemic inflammatory responses, which is conducive to the successful management in this pre-schooler.***
Finally, the follow-up lung CT scan on the 32" day post-discharge revealed scattered ground-glass high-density patches
in both lungs and localized consolidation in the right lung, indicating that it may take a longer time to repair critically ill
lung injury caused by macrolide-resistant MP in preschool-aged patients.

The major limitation of this case is the insufficient follow-up time to fully establish the absence of OMC-related AEs
in this pre-schooler, and further follow-up is ongoing. Additionally, the aetiological diagnosis of macrolide resistant MP
relied primarily on three tNGS results from pharyngeal swab, induced sputum, and lower respiratory tract specimens,
respectively, without associated serological evidence. Lastly, the off-label use of OMC in the successful management of
this pre-schooler with critically ill atypical pneumonia caused by macrolide resistant MP represents only an isolated case,
and therefore further well-designed studies are warranted to definitively assess the efficacy and safety of OMC in this
patient population.

Conclusion

In clinical practice, rapid and accurate identification of causative organisms should be a priority for prompt initiation of
pathogen-targeted antibiotics, in which tNGS possesses enormous potential, particularly for difficult-to-culture MP.
Avoiding overconsumption of macrolides may be one of the targeted measures to minimize acquired MR in MP. The
superior efficacy and safety of OMC in the management of critically ill atypical pneumonia caused by macrolide resistant
MP were comprehensively documented in this Down syndrome pre-schooler, which merits future well-designed studies
to validate our findings, enhance understanding of the features of OMC, and further expand its clinical application in
preschool-aged patients.
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