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Abstract

nine days of ECMO support.

mised patients.

Background: Pneumocystis jirovecii pneumonia (PJP) in an immunocompromised host is often associated with the
Macklin effect, which can progress to spontaneous pneumomediastinum (SPM), subcutaneous emphysema (SCE),
and pneumothorax (PNX). Diagnosing the causative organism of these conditions in non-HIV infected patients and
treating hypoxemia while preventing further lung damage can be challenging. This study examines the case of a non-
HIV infected male with SPM, SCE, and PNX secondary to severe Pneumocystis jirovecii (PJ) infection.

Case presentation: A 53-year-old male with pure red cell aplasia (PRCA) was admitted with fever, dry cough, and
shortness of breath. His respiratory function progressively deteriorated due to the development of SPM, SCE, and
PNX, eventually requiring endotracheal intubation and invasive ventilation. As a result of high pressure in his airways
occasioned by lung recruitment maneuvers, his pulmonary parameters worsened, necessitating veno-venous (VV)
extracorporeal membrane oxygenation (ECMO) therapy. The early initiation of VV-ECMO facilitated ultra-protective
lung ventilation and prevented the progression of SPM, SCE, and PNX. Traditional diagnostic assays were unreveal-
ing, whereupon the patient resorted to the metagenomic next-generation sequencing technology for uncovering
potential pathogens. Consequently, we detected a significantly higher infection by PJ in the patient’s bronchoscopy
lavage fluid. Finally, the patient was successfully treated with appropriate antimicrobials and was decannulated after

Conclusions: SPM, SCE, and PNX are rare clinical manifestations of PJP. However, they can be considered as poor
prognostic factors of the infection. Physicians should, therefore, be alert to the possibility of PJP in immunocompro-
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Background

Pneumocystis jirovecii pneumonia (PJP) is a severe and
potentially fatal opportunistic infection in immuno-
suppressed patients [1]. Common clinical signs of PJP
include fever, chest pain, dry cough, and dyspnea [2].
Severe PJP may be associated with the Macklin effect,
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clinically presenting as spontaneous pneumomedi-
astinum (SPM), subcutaneous emphysema (SCE), and
pneumothorax (PNX) [3, 4]. Sherman et al. [5] and Vil-
lalona-Calero et al. [6] were the first to report that PNX
and SPM complicated PJP in patients with AIDS. The
Macklin effect, which is often the precursor of SPM in
HIV patients, is relatively uncommon in patients without
HIV—with an incidence rate of 0.4—4% [7]. In this report,
we reviewed the case of a 53-year-old man with pure red
cell aplasia (PRCA) who developed a life-threatening
complication of PJP due to severe respiratory distress
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syndrome. Multiple studies have established that non-
HIV infected patients with SPM, SCE, and PNX are more
prone to developing severe symptoms and complications
[8-10].

Case presentation

In October 2019, a 53-year-old man with PRCA visited
the emergency department of Xiangya Hospital, Chang-
sha, China. His family history and psycho-social history
were not special. The patient had experienced acute dysp-
nea for 5 days, accompanied by fever and cough without
sputum. To treat PRCA, the patient had taken oral pred-
nisone irregularly before the 5-day period. On admission,
he was febrile (37.9 °C), tachypneic (30 breaths/min), and
had a pulse oxygen saturation (SpO2) value of 80%. His
blood pressure and pulse rate were within normal ranges.
The breath sounds of both lungs were clear, without dry
or wet rale. Furthermore, the heart boundary was nor-
mal, and there were no heart murmurs.

The main abnormalities in laboratory findings on
admission were as follows: Total leukocyte, 15.2 x 10°/L
(normal reference, NR: 4.0-10.0 x 10°/L); neutro-
phils, 14.6 x 10°/L (NR: 1.8-6.3 x 10°/L); lymphocytes,
0.3 x 10°/L (NR: 1.1-3.2 x 10°/L); albumin, 17.5 g/L
(NR: 40.0-55.0 x g/L); lactate dehydrogenase, 656.0
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U/L (NR: 120.0-250.0 U/L); glucose, 18.92 mmol/L
(NR: 3.90-6.10 mmol/L); D-dimer, 0.55 mg/L (NR:
0-0.5 mg/L); procalcitonin (PCT), 0.61 ng/mL (NR:
0-0.046 ng/mL); C-reactive protein, 116.14 mg/L (NR:
0-8.00 mg/L); and erythrocyte sedimentation rate,
120 mm/h (NR: 0-21 mm/h). The liver and kidney
functions were normal. Also, the HIV test was negative.
We initiated blood culture and sputum culture upon
admission. Because of a low SpO2 under nasal oxygen
and poor consciousness, the patient was transferred to
an emergency intensive care unit (EICU). He received a
series of respiratory supportive maneuvers, such as high
flow oxygenation for one hour and non-invasive ven-
tilation for two hours. Then, initial mobile chest X-ray
revealed air-space opacities in the bilateral middle and
lower zones and hyperlucency at the edge of mediasti-
num structures, which is suggestive of pneumome-
diastinum (Fig. 1A). In addition, a chest CT scan was
performed, which showed diffuse, patchy, ground-glass
opacities in bilateral lungs, along with a large pneumo-
mediastinum, small SCE in front of the sternum, and
a small left PNX (Fig. 1B, C). However, the patient’s
respiratory status did not improve with the respira-
tory maneuvers. As a result, he was placed on endotra-
cheal intubation, starting with invasive ventilation in

D E

Fig. 1 Chest X-ray and CT scans of patient. A On admission: bilateral middle and lower zone air-space opacities; hyperlucency at the edge of
mediastinum structures, suggestive of pneumomediastinum. B The axial CT scans at presentation: It shows diffuse bilateral opacities in bilateral
lung, a pneumomediastinum, as well as minor subcutaneous emphysema in front of the sternum (yellow arrow). CThe CT scan of bilateral middle
and lower zones: it shows diffuse ground-glass opacity and extensive basal consolidation, a large pneumomediastinum as the air in the anterior
and superior mediastinum (blue arrow) and a small left pneumothorax (red arrow). D Post-ECMO cannulation: X-ray of two-sided “White Lung”
after ECMO performance. E Decannulation after 9 days of ECMO support: disappearance of pneumomediastinum and absorption of ground-glass
opacities. F The corresponding axial CT scans after 29 days: it shows a reduction of the pulmonary inflammatory process and pneumomediastinum
resorption. G The corresponding axial CT scans of C after 29 days: a marked reduction of pneumomediastinum and a complete resolution of
pneumothorax is evident in the corresponding scan. A small glass opacity was shown in the medial segment of the right middle lobe
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emergency scenarios. The ventilatory protocol included
a pressure control rate of 16 breaths/min, a fraction of
inspired oxygen (FiO,) of 100%, a positive end-expira-
tory pressure (PEEP) of 10 cmH,0O, and a driving pres-
sure of 20 cmH,0O. At that time, the patient received an
anti-viral treatment, with 75 mg of oseltamivir twice
daily, accompanied by 4.5 g of piperacillin-tazobac-
tam every 8 h. This broad-spectrum antibiotic therapy
because of his compromised immune system result-
ing from a history of prednisone medication. The
patient’s hypoxemia (PaO,<50 mmHg) continued into
the second day of hospitalization. The medical profes-
sionals were unable to perform prone positioning and
lung recruitment on the patient because these thera-
peutic maneuvers would worsen his hypoxemia and
facilitate the progression of the Macklin effect. Emer-
gency veno-venous (VV) extracorporeal membrane
oxygenation (ECMO) was thus initiated as an ultra-
protective lung ventilation strategy. The general ECMO
settings were as follows: flow rate, 3.5-5 L/min; sweep,
2.0 L/min; and FiO,, 100%. Ventilator settings were
adjusted after initiating VV-ECMO, with decreases in
FiO, from 100 to 40% and a PEEP from 10 cm H,O to
5 cm H20. A chest X-ray of two-sided “white lung”
after ECMO performance was shown (Fig. 1D). The
patient’s blood culture and sputum culture came out
negative on the third day of hospitalization, confirm-
ing no bacterial infection. The G-test value was there-
fore elevated (600 pg/mL, NR: <70). The patient tested
negative for common viruses, necessitating the suspen-
sion of oseltamivir administration. Since traditional
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diagnostic assays were unrevealing, the patient resorted
to the metagenomic next-generation sequencing tech-
nology for uncovering potential pathogens. There-
fore, DNA sequencing was performed based on the
BGISEQ-100 platform (BGI-Tianjin, Tianjin, China).
High-quality sequencing data were generated after fil-
tering out low-quality, low-complexity, and shorter
reads. Using Burrows—Wheeler Alignment (BWA,
http://bio-bwa.sourceforge.net/), the data mapped
to the human reference genome were excluded. The
remaining data were aligned to the Microbial Genome
Database from NCBI, including bacteria, viruses, fungi,
and protozoa (http://ftp.ncbi.nlm.nih.gov/genomes/).
Finally, the mapped data were processed by remov-
ing duplicate reads for advanced data analysis. As a
result, we detected a significantly higher infection by
PJ in the patient’s bronchoscopy lavage fluid and con-
firmed the diagnosis of PJP (Fig. 2). Then, the patient
was started on trimethoprim/sulfamethoxazole (SMZ-
TMP) at a dose of 0.96 g every 6 h. On day 6 of hos-
pitalization, the patient’s condition evolved with an
improvement of the fever. Figures 3 and 4 showed the
changes in laboratory findings following the VV-ECMO
procedure. Except hemogram evaluated throughout
the hospital stay, Fig. 3 also showed the alterations of
neutrophil-lymphocyte count ratio (N/L) and platelet-
lymphocyte count ratio (P/L), which were recognized
as useful predictors of disease severity and worse prog-
nosis. Figure 4 showed the kidney and liver functions of
this patient. A temperate hepatic dysfunction on day 6
of hospitalization caused by PJ was relieved soon after

Pneumocystis jirovecii 0.29% total coverage

Reads number

I

4.8M

0

oM 1.6M 3.2M 6.4M 8M

Nucleotide position along Pneumocystis jirovecii genome

mNGS: the metagenomic next-generation sequencing

Fig. 2 mNGS results of pathogen identification. In this case, 94.32% of funj reads corresponded to Pneumocystis jirovecii, with a coverage of 0.29%.

Funj (n=581 reads)
Pneumocystis jirovecii
(n=548, 94.32%)
Melampsora pinitorqua
(n=18, 3.09%)
Pseudoperonospora cubensis
(n=3, 0.52%)
B Taxomyces andreanae
(n=3, 0.52%)
B others
(n=9, 1.55%)
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represented with a connected scatterplot
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Hospital day

protective treatment, without kidney injury. Serum lac-
tate levels were increased at the early stage of PJP, and
PCT as a marker of infection decreased gradually after
the administration of SMZ-TMP.

Meanwhile, plasma D-dimer and fibrin degradation
products, as two promising biomarkers to predict periop-
erative fibrinolysis and bleeding, increased during ECMO

performance and decreased after ECMO withdrawal. As
of day 9 of hospitalization, the patient had been on anti-
microbial therapy for 6 days and showed progressive
improvement in respiratory failure, with the disappear-
ance of SPM and absorption of ground-glass opacities in
X-ray (Fig. 1E). The ECMO cannulas were removed on
day 10 of hospitalization. However, the patient needed
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prolonged ventilator support and tracheostomy. A repeat
CT scan of the chest also showed resorption and disap-
pearance of SPM, SCE, and PNX (Fig. 1F, G). On day
23 of hospitalization, the patient regained conscious-
ness, with his invasive ventilation and tracheal tube
removed successfully. No adverse or unanticipated events
occurred. After 29 days of hospitalization, he was dis-
charged. With two years of follow-up, the patient showed
a good prognosis without recurrence. The patient could
understand the duration and efficacy of the treatment.

Discussion and conclusions

We successfully used VV-ECMO in a non-HIV patient
with severe PJP infection. The patient had suffered fatal
respiratory failure accompanied by the Macklin effect,
which progressed to SPM, SCE, and PNX. VV-ECMO
was performed as a safe and effective rescue therapy to
correct the aggravating hypoxemia and prevent other
clinical complications. With the use of SMZ-TMP as
a treatment, the patient’s condition improved, and the
patient was discharged after 29 days. The discharge fol-
lowed the successive removal of the patient from ECMO,
invasive ventilation, and tracheal tube.

The Macklin effect often occurs in patients with pneu-
monia who develop acute respiratory distress syndrome
(ARDS) and need invasive mechanical ventilation with
high PEEP and driving pressure [3, 11]. Empirical evi-
dence shows that SPM, SCE, and PNX rarely occur in
patients without invasive mechanical ventilation [11, 12].
The exact pathophysiology involved in these complica-
tions is thought to be related to diffuse alveolar rupture.
The pressure gradient between the alveoli and surround-
ing tissues increases once the pressure in the respiratory
tract goes up, leading to the rupture of alveoli and con-
sequent formation of interstitial emphysema. When the
average pressure in the mediastinum is lower than that in
the surrounding pulmonary parenchyma, the gas enters
the mediastinum. The Macklin effect involves a three-
step pathophysiologic process: blunt traumatic alveolar
rupturing, air dissection along bronchovascular sheaths,
and spreading of this blunt pulmonary interstitial emphy-
sema into the mediastinum [3, 13]. Research suggests that
pneumonia caused by several specific pathogens can trig-
ger the Macklin effect. In 2004, a study on severe acute
respiratory syndrome (SARS) patients in Hong Kong
reported an 11.6% incidence rate of SPM in infected per-
sons [14]. Udupa et al. [15] reported three cases of SCE
and pneumomediastinum in children with influenza A
virus subtype HIN1. Recent reports documented SPM,
SCE, and PNX occurring in COVID-19 patients [11-13,
16-19]. Often, these patients require high PEEP, prone
positioning, and frequent bronchoalveolar lavage. These

Page 6 of 7

procedures increase the intrathoracic pressure and
barotrauma.

In the absence of such viruses, PJ rarely causes the
Macklin effect. Yee et al. [20] reported a 31-year-old
man with PJP suffered from respiratory failure caused
by pneumomediastinum and bilateral PNX. The clini-
cal manifestations and radiologic abnormalities of PJP
are nonspecific, making it challenging to differentiate
PJP from other opportunistic pulmonary infections. It is,
therefore, common to miss the diagnosis of PJP in a non-
HIV-infected patient. In the case presented in this study,
PJ was not considered a possible infection, and so the
patient did not receive early antibiotics. Such delays in
administering the correct treatment result from a delay
in pathogen detection [21]. Although there is no direct
relationship between PJ infection and the occurrence
of the Macklin effect, some researchers believe that the
event of SPM, SCE, and PNX could be considered a poor
prognostic factor.

SPM, SCE, and PNX hinder the upregulation of inva-
sive ventilator pressure and the execution of therapeu-
tic maneuvers such as prone position ventilation [22].
The wrong implementation of endotracheal intubation
may potentiate damage to the tracheal wall, worsening
respiratory failure [7]. For critical patients with severe
respiratory failure, the Macklin effect complicates treat-
ment. The treatment procedure VV-ECMO was initi-
ated to solve this problem. VV-ECMO is used extensively
in cardiothoracic surgery, both for hemodynamic and
respiratory support [22]. It has proven to be an effec-
tive ultra-lung ventilation tool in maintaining adequate
oxygenation. To ensure optimal oxygenation with VV-
ECMO, the ventilator parameters can be downregulated
to a safe level to prevent further alveoli injury. The use of
VV-ECMO allows time for the antibiotics to show effect
and for pulmonary parenchyma to heal. Antonacci et al.
[23] reported using ECMO to manage a patient with
SPM, SCE, and PNX during tracheal surgery. We rec-
ommend that ECMO be initiated early to rescue severe
pneumonia with the Macklin effect.

In conclusion, delays in initiating antimicrobial therapy
for PJP is common among non-HIV-infected patients,
even among those with access to modern medical care.
This delay often leads to a worse outcome. Thus, quick
and sensitive diagnostic assays to confirm or rule out
PJP are of urgent importance. SPM, SCE, and PNX may
be a series of indicators for a poor prognosis and a more
severe condition. Physicians should be alert for PJP in
severe pneumonia associated with SPM, SCE, and PNX.
This case report highlighted the role of VV-ECMO in
successfully managing this critical situation. VV-ECMO
allows ultra-protective lung ventilation, thus preventing
further lung injury.
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