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Abstract: Recipients transplanted for bronchiectasis in the context of a primary immune deficiency, such as common variable
immunodeficiency, are at a high risk of severe infection in post-transplantation leading to poorer long-term outcomes than other
transplant indications. In this report, we present a fatal case due to chronic Pseudomonas aeruginosa bronchopulmonary infection in
a lung transplant recipient with common variable immunodeficiency despite successful eradication of an extensively drug-resistant
(XDR) strain with IgM/IgA-enriched immunoglobulins and bacteriophage therapy. The fatal evolution despite a drastic adaptation of
the immunosuppressive regimen and the maximal antibiotic therapy strategy raises the question of the contraindication of lung
transplantation in such a context of primary immunodeficiency.
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Introduction
Lung transplantation (LTx) for bronchiectasis in the context of a primary immune deficiency, such as common variable
immunodeficiency (CIVD), are at a high risk of severe infection in post-transplantation leading to poorer long-term
outcome than other transplant indications.'* Patients transplanted in the setting of bronchiectasis or in cystic fibrosis
often have pre-transplant colonization with various infectious agents including Pseudomonas aeruginosa.”> The post-
transplant maintenance immunosuppressive regimen increases the risk of serious respiratory infection, often necessitating
the prescription of broad-spectrum antibiotic therapies.* This condition favors the emergence of multidrug-resistant
(MDR) and extensively drug-resistant (XDR) pathogens.

The use of lytic bacteriophages, which are viruses that infect and lyse bacteria, seems to provide an effective option to
fight resistant bacteria.” Bacteriophages have in vitro activity against Pseudomonas aeruginosa® and have already been
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used in personalized therapy with several examples of successful treatment of bronchopulmonary infection caused by
MDR bacteria.’

In this report, we describe a case of a patient with CVID who underwent LTx and subsequently developed a chronic
bronchopulmonary infection caused by XDR Pseudomonas aeruginosa. The patient was treated with IgM/IgA-enriched

immunoglobulins and bacteriophage therapy.

Case Presentation

Patient Background
A 57-year-old man with history of double LTx in October 2019 (lung donated voluntarily with written informed consent,
and that this was conducted in accordance with the Declaration of Istanbul) for bronchiectasis secondary to CVID. He
was supplemented by subcutaneous immunoglobulin G and had a prior history of pan-sensitive Pseudomonas aeruginosa
colonization. The immunosuppressive regimen included induction with basiliximab and maintenance with steroids,
tacrolimus, and mycophenolate mofetil. After transplant, the patient rapidly developed severe recurrent bronchopulmon-
ary infections due to Pseudomonas aeruginosa despite several repeated associative antibiotic therapies and continuous
inhaled colistin (Figure 1, description of the clinical course and therapies). The patient’s respiratory function progres-
sively deteriorated (obstructive pattern) leading to severe chronic respiratory failure requiring oxygen supplementation
associated with recurrence of bronchiectasis on chest CT scan (Figure 1).

As a result of antibiotic pressure, an XDR strain emerged, which was only susceptible to colistin, cefiderocol,
amikacin, and gentamicin. The use of aminoglycosides was challenging to manage due to side effects with multiple
episodes of acute kidney injury that evolved to severe chronic kidney failure and hearing loss.

Immunosuppressive Regimen Management
Within the first-year post-transplant, steroids were rapidly tapered, azithromycin introduced (250 mg given once daily) as
a treatment of chronic lung allograft dysfunction (CLAD), the mycophenolate mofetil stopped and never reintroduced to
minimize the infection risk (antimetabolite agent), and cyclosporin A finally tapered to 10 mg per day resulting in an
undetectable residual rate of blood cyclosporin A because the infection was not controlled despite the mycophenolate
mofetil stopped. No acute rejection was found on the repeated lung biopsies. We enhanced the immunoglobulin
supplementation with IgM/IgA-enriched immunoglobulins (Pentaglobin®, Biotest, Dreieich, Germany), Figure 2.

From that adaptation of the immunosuppressive regimen, we managed to obtain clinical stability (oxygen requirement
decreased to 1 L/min, no sepsis, decreased sputum) but every attempt to stop the antibiotic treatment failed.

Figure | Chest CT scan just after transplant (A) and at one-year post-transplant (B). Chest CT scan showed normal bronchi and parenchyma after transplant (A). At one-
year post-transplant, the imaging shows diffuse airway wall thickening, bronchiectasis, mucus plugging, and some sub-bronchial consolidations (B) related to chronic
bronchopulmonary infection.
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Figure 2 Clinical course and therapies to treat the Pseudomonas aeruginosa bronchopulmonary infection within the two years post-transplant.
Abbreviations: MDR, multi-drug resistant; XDR, extensively drug resistant; FEVI, forced expiratory volume in | second; IV, intravenous.

Bacteriophage Therapy
In this context of therapeutic impasse, a decolonization strategy with bacteriophage therapy (BT) has been considered.
Pherecydes Pharma (Pherecydes Pharma, Romainville, France, https://www.pherecydes-pharma.com/en/) owns

a collection of anti-Pseudomonas aeruginosa phages. In the scope of compassionate use and in agreement with the
French health authorities, the strains isolated from the patient were sent to the company, which performed a phagogram
(equivalent to an antibiogram but with phages). Among the phages produced in compliance with the Good Manufacturing
Practices (GMP) and that were available as ready-to-use by the company, PP1450, PP1792, and PP1797 have shown
activity on the patient’s strains (Figure 3). Multisite samples revealed the presence of the XDR Pseudomonas aeruginosa
in the stool and the nose. For that reason, we associated inhaled phage therapy (2 inhalations a day using vibrating mesh,
Aeroneb®, Aerogen, Galway, Ireland) and oral ingestion of phages 2 times a day for 7 days (Figure 4).

0.8+ PP1450 0.8+ PP1777
€ 0.6 0.6
o
o
8 0.4 0.4
S
027 027 ~ 8 Log PFU/mL
0.0 0.0 -= 7 Log PFU/mL
0 10 20 0 10 20 — 6 Log PFU/mL
-+ 5Log PFU/mL
0.8 PP1792 0.8 —— 4 Log PFU/mL
e PP1797 -e- 3 Log PFU/mL
0.6 -= 2 Log PFU/mL
-+ 0 Log PFU/mL
0.4
0.2
0.0
0 10 20

Time (hours) Time (hours)

Figure 3 Phagogram performed with the Pseudomonas aeruginosa strain isolated in the sputum in June 2021. Bacterial growth was recorded over time (x-axis) by optical
density at 600 nm (OD600nm, y-axis). The impact of each phage on bacterial growth was evaluated at seven different doses. For phage, PP1450, PP1792, and PP1797, the
highest phage dose (8Log PFU/mL) led to decreased bacterial density compared to the control without phage. By comparison, phage PP1777 had no impact on the bacterial
density whatever the dose was.
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Figure 4 Phage and antibiotic therapies to treat the Pseudomonas aeruginosa bronchopulmonary infection performed in September and October 2021.

Treatment Preparation and Administration

The phages were supplied by Pherecydes Pharma as well as the stability data which allowed us to prepare the treatment
for 2 days (4 administrations). Four mL of each phage at 10Log were collected and completed with 48 mL of a saline
solution. From that mixture, nebulizations were performed with 8 mL and oral ingestion with 6 mL of the solution.
A sterility test was performed with 1 mL of each prepared solution.

Additional Measures

Because phages survival is favor by basic condition, we treated the patient with double dose of proton pump inhibitor to
maximize the efficacy. We had thought of a fecal transplantation to decolonize the digestive tract. The request was refused
due to a shortage of stool available in the context of the COVID19 pandemic. In June 2021, the strain was susceptible to
cefiderocol and colistin. Thus, we associated these antibiotics with the BT, Figure 4. Oral and nasal decolonization were
performed with chlorhexidine 4%, 4 times a day for 14 days. Daily skin decolonization was performed with chlorhexidine
2% for 14 days. The patient was isolated in a single bedroom with contact and droplet precaution. Personal belongings have
been taken out of the room and isolated (including clothes, computer, and mobile phone). Daily bio-cleaning with
disinfectant were performed. Finally, the patient was moved to another room at the end of the BT.

Patient Outcome

During the BT, the patient’s respiratory conditions improved (less sputum production) allowing a weaning from oxygen
supplementation. At the end of the first cycle of BT, XDR Pseudomonas aeruginosa was still identified in sputum and stool.
We sent new samples to Pherecydes Pharma laboratory who confirmed that the strain was still susceptible to bacteriophages
initially tested. As we were waiting for the second cycle of BT, the patient presented a new acute respiratory failure related to
the worsening of the bronchopulmonary infection, despite no discontinuation of the antibiotic therapy, that required mechan-
ical ventilation. The second cycle of BT was administrated through bronchoscopy and by nasogastric tube with the same
protocol as described for the first cycle. The patient presented a severe obstructive pattern on the ventilator, and despite
aggressive intensive care and protective ventilation, the patient progressed to multi-organ failure and died at 24 months post-
LTx. For the first time, all samples collected (rectal smear, bronchial aspiration, and bronchoalveolar lavage) were interpreted
as sterile from day 5 of the second cycle of BT (and confirmed the days after till the death).

In summary, we could observe first clinical stability (low oxygen supplementation and no more sepsis) after adapting
the immunosuppressive regimen and mainly after initiating the IgM/IgA-enriched immunoglobulins, but without the
possibility to stop the antibiotic treatment. And second, we could obtain sterilization of the different sites that were
previously infected or colonized by Pseudomonas aeruginosa after the second cycle of BT, despite the fatal outcome.
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Discussion

Here, we report a chronic Pseudomonas aeruginosa bronchopulmonary infection in a lung transplant recipient with
CVID. We managed to obtain clinical stability after adapting the immunosuppressive regimen, especially by initiating
IgM/IgA-enriched immunoglobulins, and we were able to sterilize the different sites of infection or colonization by
Pseudomonas aeruginosa after BT. Unfortunately, the patient died despite these maximal therapies.

This case highlights the difficulty of identifying the best and optimal immunosuppressive regimen in such recipients with
primary immunodeficiency (CVID)." The recipient had a poor outcome mainly due to chronic refractory infection and raises the
question of an overimmunosuppression. We tried first to manage the immunosuppressive regimen as classically performed in the
context of refractory infection after LTx. Steroids were rapidly tapered, and the mycophenolate mofetil stopped and never
reintroduced. It was however insufficient, and we almost stopped all immunosuppressive therapy by tapering the cyclosporin
A to an inconsiderable dose despite the risk of rejection. Finally, we were not able to completely cure the pulmonary infection
despite minimizing the immunosuppressive regimen and optimizing the supplementation with enriched IV immunoglobulins.
Then, indication for lung transplantation for immune deficiencies therefore remains an unresolved question.

Despite the limited effect of adapting the immune regimen, we observed an improvement in our patient condition particularly
when we increased the immunoglobulins supplementation with IgM and IgA enriched therapy. Patients with antibody deficiency
are usually supplemented with IgG globulins only, allowing to decrease the risk of infection. However, those patients still mainly
suffer from respiratory tract infections that may evolve into chronic sinusitis and bronchiectasis.®’ IgA plays a role in the immune
mucosal defense'® which may explain why patients are still at increased risk of respiratory infection despite IgG supplementation.
In our case, we started the IgA-enriched therapy quite tardily after transplant with already the occurrence of a bronchial
obstructive disease and the reappearance of diffuse bronchiectasis on the allograft. [gM-IgA-enriched immunoglobulins are
mainly used in the context of severe sepsis'' and scarcely reported as the immune supplementation in hypogammaglobulinemic
patients.? In such patients, early lifelong supplementation with IgM-IgA-enriched immunoglobulins could perhaps limit the risk
of infection and progression to bronchiectasis or respiratory failure and mitigate the need for LTx."?

In such a situation, there is a classical risk of rejection by decreasing the immunosuppressive regimen. In our case, we
never documented acute rejection on repeated transbronchial lung biopsies. However, the recipient developed an
obstructive pattern over time as other cases in the literature that have reported an evolution towards early CLAD in
most of the transplanted patients for X-linked agammaglobulinemia.” Indeed, both the decrease in the immunosuppres-
sive regimen and infections are well-known risk factors of CLAD,'* suggesting an explanation of why our patient had
early poor outcomes despite azithromycin.

BT has been used for a long time to treat drug-resistant infections, however, evidence-based medicine is still required despite

>6:15 and a recent meta-analysis of small clinical trials demonstrating a significant efficacy.'® Some clinical

plenty of case reports
cases of BT were reported in lung transplant recipients but with very heterogeneous clinical contexts, pathogens, and
protocols.”!” In our case, our first attempt was inconclusive despite an effective clinical improvement during the treatment
period. The 7-day course of treatment was possibly insufficient, or the phage dose was too low (8 Log of Phage/mL were required
to decrease the strain growth in vitro) as the patient worsened rapidly a few days after the end of the therapy. The method of
administration is also questionable. We did not use intravenous administration due to an infection predominantly localized on the
bronchi and sinus colonization with no significant systemic symptoms. One can consider that intravenous administration could be
the method of choice, as antibiotics are usually administered in that way as the basic therapeutic strategy for pulmonary infection
in clinical practice. Inhalations were performed using vibrating mesh according to previous reports,””'® but the number of viable
phages delivered in the lungs may be insufficient by this method. We changed to instillations through bronchoscopy and to an
administration through the gastric tube for our second attempt of BT, as the patient was under mechanical ventilation, with
success as all samples were sterile from day 5 of treatment. A more direct administration in the low respiratory tract and the
digestive tube, with no damage related to the method of nebulization, could explain a better efficacy.

Conclusion
Here, we describe a fatal case favored by Pseudomonas aeruginosa bronchopulmonary infection in a lung transplant
recipient with CVID despite successfully eradicating an XDR strain with BT. Due to chronic bronchopulmonary
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inflammation and decreased immunosuppression, the recipient likely developed CLAD which may account for the lethal
outcome. This case also highlights multiple issues related to BT methods (timing, mode of administration, duration of
treatment, etc.). The fatal outcome, despite maximal treatment, including IgM/IgA-enriched immunoglobulins and
bacteriophage therapy, raises questions about an early immune supplementation in CVID and the indication of lung
transplantation in such a context of primary immunodeficiency. Further research is needed to address these issues.

Abbreviations
BT, bacteriophage therapy; CVID, common variable immunodeficiency; LTx, lung transplantation; MDR, multidrug-
resistant; XDR, extensively drug-resistant.
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