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This paper presents a clinical case of undiagnosed pulmonary alveolar proteinosis in a 43-day-old child, verified
pathomorphologically, including a detailed clinico-morphological analysis. Due to diverse etiopathogenetic mechanisms and non-
specific clinical manifestations — specifically, progressive respiratory failure mimicking treatment-resistant interstitial pneumonia
— pulmonary alveolar proteinosis remains a significant diagnostic challenge. Early detection is crucial for effective treatment and
prognosis. The stages of differential diagnosis, based on the dynamics of clinico-laboratory and instrumental changes, are
highlighted. Key diagnostic steps included radiographic detection of bilateral lung opacification without clear focal points and
echocardiographic confirmation of severe pulmonary hypertension. A distinctive feature of this case was the paradoxical clinical
presentation: the absence of fever and a negative SARS-CoV-2 antigen test despite the mother having moderate COVID-19 at 31—
32 weeks of gestation, indicating profound immune reactivity. It was established that the cause of secondary PAP in this child was
an immunodeficiency syndrome associated with thymus pathology. The immunodeficiency manifested as a deficiency of cells
across all major lymphocyte subpopulations and reduced neutrophil phagocytic activity. Despite intensive therapy, the case was
fatal on the 19th day of hospitalization. Pathomorphologically, the diagnosis was confirmed by the presence of PAS-positive
eosinophilic material within the alveoli and grade V thymus atrophy.
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KJITHIKO-MOP®OJIOTTYHUM AHAJII3 BUITAJIKY JIETEHEBOI'O AJIBBEOJISIPHOI'O
NPOTEIHO3Y Y JJUTUHU I'PYITHOT'O BIKY

VY nmaniif poOoTi HpencTaBIeHO KIIHIYHUN BHIAIOK HEIIarHOCTOBAHOIO JIETEHEBOIO AJIBBEOJSIPHOTO IPOTEIHO3Yy Yy
JIUTHHU BikoM 43 1Hi, BepugikoBaHuil maToMop(ONOriyHo, 3 HPOBEICHHIM JSTATbHOIO KiliHiKo-MopdooriuHoro anaiisy. Yepes
PI3HOMaHITHICTh €TIONATOTCHETUYHHUX MEXaHi3MIB Ta HecHeH(IYHICTh KIIHIYHUX IPOSIBIB — 30KpeMa, IPOTrPecyIouy JUXalbHy
HEJJOCTATHICTh, II0 IMITy€ PE3UCTEHTHY IO JIKyBaHHS IHTEpPCTHIiaJIbHy ITHEBMOHIIO — JIETEHEBHH AIBBEOJSIPHUII MPOTETHO3
3QJIMLIAETHCS CKIIQJHUM J1iarHOCTUYHUM 3aBJIaHHAM. PaHHE BUSABICHHS € BUPIIIAIbHUM JUIS €(DeKTHBHOTO JIIKYBAaHHS Ta HPOTHO3Y.
Bucsitieno eranu qudepeHIiadbHOi AiarHOCTHKUA Ha OCHOBI JWHAMIKHM KJIHIKO-Ta0OpaTOpHUX Ta IHCTPYMEHTAJIBHUX 3MiH.
KorouoBi iarHOCTHYHI KPOKH BKJIIOYAIH PEHTTCHOJIOTIUHE BHSBIICHHS ABOOIYHOTO 3aTiHEHHS JereHb 0e3 WiTKHMX BOTHUI Ta
exokapaiorpadiuHe MmiATBEpIKeHHs TSDKKOI JiereHeBoi rimepreHsii. BiaMiHHOIO prcoio 1poro Bumaiky Oyna mapagokcaibHa
KJIIHIYHA KapTHHA: BiJICYTHICTh JINXOMaHKH Ta HEraTUBHUI TecT Ha anTureH SARS-CoV-2 nomnpu Te, mo mMaru nepenecia COVID-
19 cepennboro crymnens TsHKKocTi Ha 31-32 TIKHI BariTHOCTI, IO BKa3yBaJlo HA IIMOOKY IMyHHY apeakTHBHICTh. BecTanosieHo,
1110 IPUYUHOIO BTOPHHHOTO JITEHEBOTO aJIbBEOJISIPHOTO IPOTETHO3Y Y L€l AUTHHH CTAaB CHHAPOM iMyHOAE(ILUTY, OB I3aHUI i3
naroJyioriero Tumyca. ImyHonedinuT nposBisiBes AeilUTOM KIITHH YCiX OCHOBHHX CyONOIyJsiii JiM(OLKTIB Ta 3HIKEHHSIM
(harormTapHoi akTUBHOCTI HelTpodiniB. He3Bakaroun Ha iHTEHCHBHY Tepartito, Ha 19-if neHb rocmitamizanii Oyno 3adikcoBaHo
neranpHuil Bunaaok. [laromopgonoriuto aiarno3 OyB miATBepKeHNUI HasBHICTIO PAS-1103uTHBHOTO €031HO(IBHOTO MaTepiany
B alibBeos1ax Ta arpodiecro TuMyca V CTyIneHs.

KnrouoBi cioBa: imyHonmedimut, ertiornoris, audepeHIiagbHa AIaTHOCTHKA, MaToMOpQoIoris, arpodis THMYyca,
JIEreHeBUH aJlIbBEOJISIPHUIN IPOTETHO3.

The study is a fragment of the research project “Morphofunctional changes in organs and tissues under the influence of
exogenous risk factors”, state registration No. 0125U003919.

Pulmonary alveolar proteinosis (PAP) is a rare disease characterized by impaired surfactant
clearance with the accumulation of protein-lipid PAS-positive material in the alveolar lumens, leading to
impaired gas perfusion and progressive respiratory failure [7].

This rare disease occurs with an approximate frequency of 1-6 cases per 1 million population,
predominantly in men aged 3040 years. It is extremely rare in children and the elderly [6]. The
development of this disease doesn't depend on ethnic origin, geographical region, or socioeconomic status,
but it's observed more frequently among smokers [11].

PAP, as a syndrome of pathological surfactant homeostasis, depending on its etiology and
pathogenesis, is divided into three types (Table 1) [7].
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Table 1
Etiopathogenetic Classification of Pulmonary Alveolar Proteinosis
Type of PAP Etiology
Primary PAP — impaired GM- | 1) Autoimmune PAP — formation of antibodies to GM-CSF. 2) Hereditary PAP — gene
CSF* mutation of GM-CSF receptor (antibodies to GM-CSF absent)
Secondary PAP 1) Hematological diseases (myelodysplasia, leukemia, lymphomas).

2) Chronic infections (HIV, nocardiosis, pneumocystis).

3) Chronic inflammation.

4) Immunodeficiencies and immune dysregulation.

5) Drug effects (including chemotherapy).

Congenital PAP  (impaired | Mutations in genes involved in various mechanisms of surfactant synthesis and transport
surfactant production) (SFTPB, SFTPC, ABCA3, TTF1).

*GM-CSF — granulocyte-macrophage colony-stimulating factor.

There is a subgroup of PAP patients who don't meet the above criteria for any type, and the etiology
of the disease is undefined; therefore, an unclassified type is distinguished separately [12].

PAP is a rare disease, the diagnosis of which is complex and requires a high level of knowledge.
The causes of this disease, which are important for choosing a treatment method, differ in children and
adults [4].

In children, the autoimmune form is very rare. Autoantibodies against GM-CSF, whose main
function is the elimination of surfactant by alveolar macrophages, are the most common cause of PAP in
adults [1]. In childhood, genetic factors are more prevalent, and cases of secondary PAP associated with
congenital or acquired immunodeficiency are also encountered [8].

Therefore, PAP is not often encountered in medical practice, especially in pediatric practice, and
causes significant diagnostic difficulties due to the absence of pathognomonic clinical manifestations.

The purpose of the study was to provide a clinico-morphological analysis of a case of undiagnosed
pulmonary alveolar proteinosis in a child, pathomorphologically verified.

Materials and methods. This clinical case report was prepared in accordance with the CARE
Guidelines (2013) and the ethical principles of the Declaration of Helsinki (2024 revision). Ethical approval
was granted by the Bioethics Committee of Poltava State Medical University (Protocol No. 232, dated
21.11.2024).

A clinico-morphological analysis was conducted on a fatal case of a 43-day-old girl treated at the
Poltava Regional Clinical Hospital from 12/2020 to 01/2021. Data were obtained from inpatient medical
records, including laboratory tests performed on the HumaCount 80TS/Human GmbH analyzer and
instrumental findings (X-ray, Ultrasound).

Post-mortem examination included a full autopsy and histological analysis. Tissue samples were
fixed in 10% neutral buffered formalin and embedded in paraffin. Sections (4-5 pm) were stained
according to the standard technique with hematoxylin and eosin, and Periodic Acid-Schiff (PAS) staining
was performed to identify the protein-lipid substrate. Bacteriological cultures were processed using VITEK
2 (bioMérieux, France). Written informed consent was obtained from the deceased's mother.

Results of the study and their discussion. A 43-day-old girl was hospitalized with food refusal
and respiratory failure. The child was born from the II pregnancy, Il delivery at 36 weeks of gestation
(weight 2190 g, height 47 cm). The Apgar score was 6/7. Delivery was complicated by a prolonged
anhydrous period according to the mother's history. The mother had moderate COVID-19 at 31-32 weeks
of gestation. The infant's general condition at birth was satisfactory. Between discharge and the 43rd day
of life, the child exhibited poor weight gain and lethargy.

Upon admission, the child's general condition was severe. Objectively: skin was pale,
acrocyanosis; auscultation revealed weakened breathing on both sides, 85 respiratory movements per
minute, moderate intercostal retraction, SpO2-84 %. Heart rate — 167/min. Respiratory support was
initiated using a Hamilton-C3/Hamilton Medical ventilator in CPAP mode. Preliminary diagnosis included
community-acquired pneumonia and congenital heart defect.

Reaction to examination — loud crying. Neurological examination: reflexes were elicited, but
quickly exhausted; muscle tone was reduced; facial asymmetry was noted; palpebral fissures D>S,
smoothed nasolabial fold on the right, ptosis of the left eyelid. The preliminary diagnosis was: community-
acquired pneumonia, atrial septal defect complicated by respiratory failure Il degree, hypoxic-ischemic
damage to the central nervous system with a syndrome of increased neuro-reflex excitability. Concomitant
diseases — left-sided ptosis, facial nerve paresis.

In the department, the child underwent a complete examination and was consulted by a cardiologist,
neuropathologist, and immunologist.
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Complete blood count: Hb — 88 g/L, RBC —2.66x10'%/L, ESR — 2 mm/h, WBC — 12x10°/L, LYM
—36.5 %, MID — 6.4 %, GRA — 57.1 %, PLT — 218x10°/L. Urinalysis showed no pathological changes.
The IgM test for SARS-CoV-2 was negative. Immunogram results revealed an absolute total decrease in
all lymphocyte subpopulations defined by clusters of differentiation (CD) and reduced phagocytic activity
of neutrophils.

Chest X-ray: the right lung was unevenly opacified throughout its entire volume with greater
intensity in the upper lobes; a clear strip paramediastinally on the right, and an area of increased
transparency above the diaphragm. On the left, transparency was unevenly reduced up to the 5th rib. The
position of the mediastinal shadow was normal, the shape and size of the heart shadow were normal. Large
bronchi were visualized in both lungs. Conclusion: hyaline membranes, edema not excluded.

Echocardiography data — enlarged right heart chambers with myocardial hypertrophy. Reduced left
heart chambers. Contractile function was satisfactory. Large atrial septal defect. Anomalous pulmonary
venous drainage. High pulmonary hypertension. Thymus size was somewhat reduced.

Neurosonography — CSF pathways were not dilated. Small periventricular edema.

Ultrasound examination of the lungs and abdominal organs — pleural sinuses contained no fluid;
against the background of interstitial syndrome, data indicated bilateral lower lobe pneumonia. Enlarged
liver.

According to the diagnosis, the prescribed treatment included hemotransfusion, antibacterial
therapy (Ampicillin 230 mg; amikacin 52 mg), immunoreplacement (human normal immunoglobulin 5%
14 ml), and hormonal therapy (hydrocortisone 7 mg). However, no clinical improvement was observed.
On the 15th day, hemorrhagic syndrome with pulmonary hemorrhage developed, requiring rigid ventilation
parameters, high oxygen dependence, and arterial hypotension. Despite rigid ventilation and dopamine
support, the child died on the 19th day of treatment.

Pathomorphological Findings. During autopsy, the lungs were found to be gray with dark cherry
areas, dense and poorly aerated. In a hydrostatic test, fragments of the lungs sank in water, indicating total
loss of airiness due to alveolar filling.

Lung sizes: right — 9x4.5%4 cm, weight — 96 g; left — 9.3x4%3.5 cm, weight — 78 g. Heart sizes:
5.5%x4.5%3 cm, weight — 34 g. A defect of 1 cm in diameter was found in the interatrial septum. The
thickness of the right ventricular wall was 0.9 cm, the left — 0.8 cm. The width of the pulmonary artery at
the valve level was 2.2 cm, the aorta — 2.0 cm. Spleen sizes: 7.5%4.5%1.3 cm, weight — 24 g; its pulp was
dark cherry in color. Liver sizes: 13.5%7x6.5%4 cm, weight — 166 g; capsule was smooth, on section the
parenchyma was dark brown, plethoric, homogeneous, and of dense-elastic consistency. Renal adipose
capsule was weakly expressed. The surface of the kidneys was brown, embryonically lobulated. Kidney
sizes: 5.5%2.5%2.5 cm, weight — 28 g each. On section, the layers were distinct, the thickness of the cortical
layer was 0.3 cm, and the pyramids were dark red. Thymus size 4x3%0.4 cm, weight —4 g, gray, mucinous.
Pieces of internal organs were taken for histological examination. Pieces of liver and lung were taken for
bacteriological examination.

Histological examination revealed alveoli filled with eosinophilic, PAS-positive masses containing
small globules, desquamated alveolar cells, and blood elements. Interalveolar septa were thickened,
fibrotic; vessels were plethoric, their walls thickened (Fig. 1). Hemorrhages were noted in numerous alveoli

(Fig. 2).
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Fig. 1. Lung alveoli filled with homogeneous eosinophilic Fig. 2. Hemorrhages in the alveolar lumens. Staining with
substance. Staining with hematoxylin and eosin. Magnification hematoxylin and eosin. Magnification x40.
x100.
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In the thymus, a sharp collapse of lobules was noted; the interlobular septa were wide, edematous,
the lobules consisted of reticulocytes and lymphocytes, and thymic corpuscles were scarce, consistent with
grade V atrophy. In other organs, microscopic examination revealed dystrophic changes and edema.

Bacteriological examination of lung and liver samples yielded no bacteria.

Based on the changes found and the analysis of laboratory data, a pathological diagnosis was
formulated.

Main Combined Disease:

1. Pulmonary alveolar proteinosis.

2. Congenital heart defect — atrial septal defect, anomalous pulmonary venous drainage.

Background Disease: Thymus atrophy Grade V. Secondary immunodeficiency (clinical).

Complications of the Main Disease: Hypertrophy of the walls of the right and left ventricles of the
heart; cerebral edema; dystrophy and hyperemia of internal organs.

Respiratory diseases are difficult to diagnose, especially if they are rare or combined with other
pathologies that alter the clinical picture [3]. This case is no exception.

Differential diagnosis of PAP is challenging because this disease is rare and characterized by non-
specific symptoms. Often, PAP is mistakenly diagnosed as pneumonia, but the ineffectiveness of antibiotic
therapy should prompt clinicians to reconsider the diagnosis. Diagnosis of PAP is based on a combination
of symptoms, radiological imaging, computed tomography, and bronchoscopy with PAS staining of
bronchial contents. In addition, testing for autoantibodies against GM-CSF is part of the diagnostic process
[12]. Radiographically, PAP manifests as diffuse symmetrical bilateral opacification, which can progress
to confluent infiltrates of the “ground-glass” type [2]. However, the COVID-19 pandemic has introduced
its own adjustments to the diagnostic process, as a combination of fever and ground-glass opacities on
radiographs is characteristic of SARS-CoV-2 induced pneumonia at any age [10].

Differential diagnosis of PAP is challenging due to non-specific symptoms. In this case, the
“clinical mask’ of pneumonia was deceptive; however, the lack of fever and negative COVID-19 tests
during the pandemic suggested a state of deep immune areactivity.

In the presented case, the child didn't have an elevated body temperature and had a negative test
for the SARS-CoV-2 nucleocapsid antigen, which ruled out COVID-19. The negative dynamics during
antibiotic therapy should also have alerted doctors regarding pneumonia.

Congenital PAP accounts for 1.5 % among all types and predominantly occurs in newborns [5]. In
infants homozygous for recessive SFTPB mutations, respiratory failure with a fatal outcome develops [11].
In children heterozygous for recessive SFTPB alleles, lung function is not impaired. With autosomal
dominant SFTPC mutations, interstitial lung disease can develop regardless of the age group. Homozygous
infants with recessive ABCA3 mutations suffer from surfactant deficiency. Other ABCA3 mutations lead
to surfactant insufficiency, which contributes to the development of chronic respiratory diseases in older
children and adults. TTF1 deficiency can lead to combined manifestations in newborns, including
hypothyroidism, brain abnormalities, and acute and chronic lung diseases [12].

In some children with PAP, especially with GM-CSF receptor mutations, the disease may manifest
with symptoms of acute respiratory infection, accompanied by fever or chest pain [1].

Genetic testing wasn't performed on the child, but the symptom complex, the results of laboratory
methods, and the post-mortem examination indicate the development of secondary PAP caused by
immunodeficiency in the deceased child. In this case, immunodeficiency was manifested by a decrease in
all CD classes and phagocytic activity of neutrophils, and pathomorphologically, grade V thymus atrophy
was found. This is supported by some reports [9] that the most common immunodeficiency syndromes that
may be associated with secondary PAP include thymic lymphoplasia (lymphocyte deficiency in the
thymus), immunoglobulin A deficiency, immunosuppression after organ transplantation, and AIDS, and
survival in such children is extremely rare.

The primary limitation of the study is the absence of genetic testing for SFTPB or ABCA3
mutations. While autopsy findings (Grade V thymus atrophy) confirm a secondary type of PAP due to
immunodeficiency, a potential genetic defect cannot be entirely ruled out.

Conclusions

1. The analyzed clinical case confirms that pulmonary alveolar proteinosis (PAP) remains
extremely difficult to diagnose during life in pediatric practice. This is due to the rarity of the pathology
and its ability to mimic severe, treatment-resistant pneumonia, congenital heart defects, or acute respiratory
distress syndrome (ARDS).

2. It was established that the secondary form of PAP in this infant was caused by a profound
immunodeficiency state, the morphological substrate of which was Grade V thymus atrophy. This resulted
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in a global lymphocyte deficiency and impaired macrophage phagocytic function, both of which are critical
for the clearance of spent surfactant from the alveoli.

3. The absence of fever and negative SARS-CoV-2 test results, amidst progressive respiratory
failure and "ground-glass" opacities on radiographs, should be interpreted as signs of immune areactivity.
Such a clinical picture necessitates an immediate expansion of diagnostic efforts, including an
immunogram and, if feasible, bronchoalveolar lavage.

4. Pathomorphological verification remains the "gold standard" for diagnosis. The detection of
eosinophilic masses within the alveolar lumens allows for the differentiation of PAP from other interstitial
lung diseases. Early recognition of this specific substrate is crucial for initiating pathogenesis-based therapy
and improving the prognosis for survival in children with underlying immunodeficiency syndromes.

Prospects for further research include substantiating the differential diagnosis of various types of pulmonary alveolar
proteinosis based on clinico-morphological data.
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