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Abstract

Background: Mature blood cells can be differentiated from hematopoietic stem cells; thus, the latter can play a
crucial role in maintaining defense against different microorganisms. Thus, hematopoietic stem cell transplantation
is one of the most important lines of immunotherapy. Major systemic complications may occur post transplantation
and could be fatal. Pulmonary complications include infectious and non-infectious complications. The aim of this
study was to detect the pulmonary complications in allogeneic stem cell transplantation patients.

Results: We studied 20 patients after transplantation of allogeneic stem cells with regular follow-up in outpatient
clinic of hematology department of Alexandria Main University Hospital. All the studied patients were subjected to
history taking, plain x-ray chest PA view, CT chest, complete blood count, serum creatinine, liver enzymes, and
serum cytomegalovirus (CMV) detection by antibodies IgG and IgM. Regarding sputum sampling, 7 patients’
samples (35%) were obtained either spontaneously or by induction via hypertonic saline 3%. One patient (5%) had
miniBAL done, while bronchoalveolar lavage using fiber optic bronchoscopy was done for 2 patients (10%).
Samples could not be obtained from the remaining patients. Samples were analyzed for culture for bacteria,
Pneumocystis jiroveci using immunofluorescence test, CMV PCR, fungal culture, and smear for acid fast bacilli (AFB).
Among the examined patients, 2 patients (20%) had pulmonary bacterial infection including streptococcus and
multidrug-resistant strain of Klebsiella, 3 patients (30%) had pulmonary candida infection, and one patient (10%) had
positive result of pulmonary CMV of low count which was considered insignificant. None of our patients had
positive results for pulmonary tuberculosis nor Pneumocystis jiroveci. Six patients (30%) had CMV in serum; 3 patients
(15.8%) had manifested CMV reactivation. One patient (5%) of our patients had pulmonary graft versus host disease
GVHD. One patient (5%) had died during our study course within 12 days post-transplantation due to ARDS
followed by multiple organ failure.

Conclusion: The prevalence of pulmonary infectious complications after allogenic stem cell transplantation was
50% of all studied patients, while 5% of the studied patients presented with non-infectious pulmonary
complications.
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Background
It has been documented that the approved hematological
malignancy therapies are effective in the control of the
disease clinical and radiological deterioration. Neverthe-
less, no treatment can totally cure the patients from the
original disease [1]. Hematopoietic stem cell transplant-
ation (HSCT) takes place when a recipient’s stem cells
are eradicated either by hematological malignancy,
chemotherapy, or radiotherapy [2].
Stem cells are biological cells that have the ability to

divide and differentiate into any cell type. Stem cell
transplantation includes allogeneic stem cell transplant-
ation in which the patient (recipient) receives stem cells
from a donor, and autologous stem cell transplantation,
in which stem cells are harvested from the patient him-
self and then reinfused again after completion of his
treatment [3, 4].
Following allogeneic transplantation, the patient usu-

ally manifests systemic complications; complications are
grouped into early or late [5, 6].
Early complications usually occur due to immunosup-

pressive state of the recipient; thus, most of them are due
to infection, while late complications usually occur due to
antigen-antibody reaction against the donor’s stem cells
that end with graft versus host disease (GVHD) [7].
Acute graft versus host disease (GVHD) is character-

ized by fever, lethargy, rash, ARDS, liver dysfunction,
and acute kidney injury and graft failure which could
occur due to infection, recurrent disease, or poor count
of donated stem cells [8].
Late complications include (a) idiopathic pneumonia

syndrome (IPS), which has a rapid and progressive
course that may lead to respiratory failure, (b) bronchio-
litis obliterans syndrome (BOS) which is characterized
by an obstructive pattern caused by air way inflamma-
tion, and (c) graft versus host disease (GVHD) which oc-
curs when recipient’s immune system recognizes the
donor’s transplanted cells as foreign body [9, 10].
Regarding pulmonary infectious complications, pneumo-

coccus is considered the most common pathogen post-
transplantation constituting 19% of all bacterial infections.
While candida species is the most common fungal pathogen
to be isolated from recipients’ post-transplantation as it
causes 50% of fungal infections in these patients, cytomegalo-
virus (CMV) is the most common viral pathogen [11].
Roughly, 30% of HSCT patients will experience reactiva-

tion of latent CMV infection after allogeneic HSCT, which
generally occurs within the late post-transplantation
period and is linked with a mortality rate of 46% [12–14].
Skin GVHD is the most prevalent GVHD post-

transplantation representing 80% followed by GIT
(GVHD) with prevalence of 50%. However, GIT (GVHD)
is considered to be the most fatal form. Furthermore,

chronic GVHD (c-GVHD) is recorded in 60–80% of
HSCT patients [15–17].
The aim of the present study was to detect the pul-

monary complications in patients following allogeneic
stem cell transplantation in Alexandria Main University
Hospital. Minority of studies had concern with post-
transplantation pulmonary complications. Our study is
the first research in Alexandria Main University Hospital
targeting the study of pulmonary complications after
allogenic stem cell transplantation.

Methods
This prospective observational study included 20 allo-
geneic HSCT patients. Till the date of data collection,
this was the total number patients who did allogeneic
HSCT in the unit. All the studied patients were above
the age of 18 years. Patients were followed for 6 months
in El Mowasah University Hospital. All the studied pa-
tients received prophylactic antibiotics, antifungal, and
antiviral drugs as a part of HSCT protocol.
Written consent was taken before starting the study and

also before bronchoscopy according to the guidelines of
the ethics committee of Alexandria faculty of medicine.
During the follow-up period after transplantation, all

the studied patients were subjected to:
Medical history, clinical examination, full laboratory

investigations including complete blood count (CBC),
serum creatinine, liver enzymes, and radiological exam-
ination including chest X-ray and CT chest.
Spirometry including forced expiratory volume in first

second (FEV1), forced vital capacity (FVC), and FEV1/
FVC ratio using (chestgraph HI-701).

Sputum sampling
Samples were obtained either spontaneously in one pa-
tient who was able to produce sputum or by induction
via hypertonic saline 3% in 6 patients. Mini-bronchial al-
veolar lavage (miniBAL) was obtained from the one
studied intubated patient. MiniBAL is a process for
obtaining blindly, not via bronchoscope, samples from
the lower respiratory tract using a protected inner cath-
eter. A small amount of saline solution was injected into
the sterile catheter and then aspired to be analyzed.
Regarding patients who could not produce sputum,

unfortunately, it was risky to expose the studied patients
to an invasive procedure as bronchoscopy (for BAL) un-
less it was medically indicated as all the studied patients
were immunocompromised receiving immunosuppres-
sive drugs as a part of the procedure of transplantation.
Only two studied patients had BAL done. One of them
had middle lobar atelectasis, while the other patient had
comprehensive bilateral pneumonia and retained secre-
tions. Despite the utility of bronchoscopy in immuno-
compromised patients for diagnosis, about 50% are liable
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to complications. In addition, it may not change the de-
cision of treatment or the outcome [18, 19].
Bronchoalveolar lavage using fiber optic bronchoscopy

was done for two studied patients. The technique was
done in endoscopy suite at the chest diseases department
in Alexandria Main University hospitals under conscious
sedation. Local anesthesia was given using a 10% local
lidocaine spray introduced transnasally and/or transorally.
Patients were sedated with incremental doses of IV mid-
azolam. The procedure was done using Pentax video
bronchoscopy (PENTAX EPK-15000/Tokyo, Japan) under
continuous oxygen saturation and pulse monitoring.
Sputum, mini BAL, and BAL samples were subjected

to bacterial culture and sensitivity via quantitative cul-
ture method, in which growth of an organism in a count
> 106 for sputum and > 104 for BAL was considered sig-
nificant [20].
Fungal culture was done on Sabouraud dextrose agar [21].
Smear for acid fast bacilli was examined using Ziehl

Neelsen (ZN) stain [22].
Pneumocystis jirovecii detection was done via the im-

munofluorescence assay MONOFLUO KIT P. jirovecii
(Bio-Rad, Canada) [23].
Quantitative CMV detection was done using real time

PCR on collected pulmonary samples. DNA extraction
from sputum, mini-Bal, and BAL samples was carried out
using QIAamp DNA Mini Kit, followed by using the Artus
CMV RG PCR Kit (QIAGEN) for quantitative detection of
CMV DNA in the samples. The procedure was carried on
Rotor-Gene 6000 Instrument. Results were expressed as
copies/ml. Sample results were classified into low (less than
103copy/ml), intermediate (between 104 and 105copy/ml),
high (between 105and 106 copy/ml), and very high (more
than 106 copy/ml) according to number of copies/ml [24].
Serum samples were also tested for CMV-specific IgG

and IgM antibodies by using enzyme-linked immuno-
sorbent assay (ELISA) [25].

Statistical analysis of the data
Data were fed to the computer and analyzed using the
IBM SPSS software package version 20.0. (Armonk, NY:
IBM Corp). Chi-square test (Fisher or Monte Carlo) was
used to compare between groups for categorical
variables. Significance of the results was judged at the
5% level [26].

Results
This study included 20 patients, 12 (60 %) of them were
males and 8 (40%) were females. Regarding their original
disease, four patients (20%) had T cell acute lymphocytic
leukemia (T cell ALL), three patients (15%) had B cell
acute lymphocytic leukemia (B cell ALL), and thirteen
patients (65%) had acute myeloid leukemia (AML). One

patient (5%) had died during the course of the study as
shown in Table 1.
Table 1 also shows the patients who were symptomatic

during the study. All patients showed symptoms overlap;
most common concomitant symptoms were (cough and
wheezes) in 75% of patients.
Spontaneous sputum was obtained from 1 patient

(10%), 6 patients (60%) had induced sputum by hypertonic
saline, fiber optic bronchoscopy was performed to 2 pa-
tients (20%), and one patient (10%) had miniBAL done.
Among the above 10 patients, nine patients (90%) had

negative samples for CMV PCR using quantitative
method, while only one patient (10% of patients’ sam-
ples) had a positive result for CMV in sputum of low
count, which was considered insignificant. Regarding
bacterial culture, 8 patients (80%) had negative results,
one patient (10%) had Streptococcus pneumoniae infec-
tion, and one patient (10%) had sputum culture positive
for multidrug-resistant Klebsiella. As for fungal culture,
7 patients (70%) had negative culture results, and 3 pa-
tients (30%) were positive for candida species. No mixed
infections were detected.
Regarding ZN smear examination, all examined sam-

ples were found negative for acid fast bacilli; similarly,
no samples were positive for Pneumocystis jirovecii. All

Table 1 Distribution of the studied cases according to different
parameters (n = 20)

No. (%)

Gender (n = 20)

Male 12 (60%)

Female 8 (40%)

Original disease (n = 20)

T cell ALL 4 (20%)

B cell ALL 3 (15%)

AML 13 (65%)

Symptom (during study) (n = 20)

No 1 (5%)

Yes 19 (95%)

Cough 14 (70%)

Wheezes 11 (55%)

Fever 1 (5%)

Dyspnea 10 (50%)

Sputum 6 (30%)

Cyanosis 2 (10%)

Chest pain 2 (10%)

Mortality (n = 20)

No 19 (95%)

Yes (ARDS) 1 (5%)

ALL acute lymphocytic leukemia, AML acute myeloid leukemia, ARDS acute
respiratory distress syndrome, GVHD graft versus host disease
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patients were on prophylactic antimicrobials including
(antibacterial, antiviral, and antifungal) during the period
of study.
Thus, among the total number of studied 20 cases, 19/

20 (95%) of patients had clinical signs while 12/20 (60%)
of patients had radiological signs of lower respiratory
tract infections; only ten patients had their sputum,
miniBAL, or BAL samples examined; 5/10 of patients
(50%) had positive bacterial or fungal culture. Thus, 5/
10 (50%) of our patients had infectious pulmonary com-
plications. Regarding noninfectious pulmonary compli-
cation, only one patient (5%) had pulmonary GVHD.
Thus the total prevalence of pulmonary complications
was 55%. Six of all studied patients had manifested pul-
monary complications including infectious and nonin-
fectious. The streptococcal pneumoniae infection
occurred within the first month post transplantation,
while the Klebsiella infection occurred on the third
month post transplantation. Candida pulmonary infec-
tion occurred after 100 days period post transplantation,
and the pulmonary GVHD (PGVHD) occurred after 200
days of transplantation.
As regards CMV reactivation, three of the patients’

serum results (15.8%) revealed elevated antibody titer in-
dicating possible reactivation, one of which had serocon-
version during study period, while 16 patients (84.2%)
had negative serum results during follow-up. The sero-
converted patient and one of the patients showing re-
activation had suffered from extensive GVHD mainly
mucocutaneous type.
Infectious extra pulmonary complications had oc-

curred in two patients (10%) including Klebsiella
bacteremia, and herpes zoster eruptions.
Among the studied patients, nine patients had mani-

fested GVHD representing 45%. One patient (5%) had
pulmonary GVHD, one had GIT GVHD, and seven pa-
tients had mucocutaneous GVHD including skin and
corneal ulceration. One patient had complicated corneal
ulceration that had ended by total eye blindness. Thus
nine of our patients (45%) had suffered from non-
infectious extra pulmonary complications.
Table 2 and Fig. 1 show five patients (50%) had suf-

fered infective pulmonary complications, while 1 patient
(5%) developed non-infectious pulmonary complication
in the form of pulmonary GVHD.
In regard to Table 3, eight patients (40%) had normal

radiology, 3 patients (15%) had ground glass opacities,
four patients (20%) had consolidative patches, two pa-
tients (10%) had interstitial fibrosis, one patient (5%) had
cavitary lesion, one patient had infective fungal infection,
two patients (10%) had scattered pulmonary nodules,
and one patient (5%) had bronchiectatic changes.
Table 4 shows the interpretation of patients’ spirom-

etry results.

Nineteen patients had spirometry done. Fifteen of
them (78.9%) had normal spirometry. Three patients
(15.7%) had restrictive pattern, and one patient (5.3%)
had mixed obstructive and restrictive pattern.
Table 5 shows the relation between mortality and in-

fective parameters including bacterial culture and fungal
culture. No significant relation was demonstrated be-
tween mortality and respiratory infective complications
in our study.
As shown in Table 6, no significant relation was found

between CMV in serum reactivation and GVHD or

Table 2 Distribution of the studied cases according to
pulmonary complications

No. (%)

Method to obtain sample(n = 10)

Induced sputum 6 (60.0)

F.O.B 2 (20.0)

Sputum 1 (10.0)

MiniBAL 1 (10.0)

Bacterial culture (n = 10)

Negative 8 (80.0)

Streptococcus pneumoniae 1 (10.0)

Klebsiella with multidrug resistant 1 (10.0)

CMV sputum (n = 10)

Negative 9 (90.0)

Weak positive 1 (10.0)

AFB smear (n = 10)

Negative 10 (100.0)

Fungal culture (n = 10)

Negative 7 (70.0)

Candida 3 (30.0)

PJP (n = 10)

Negative 10 (90.0)

CMV serum (n = 20)

Negative 14 (70%)

Positive 6 (30%)

CMV reactivation (n = 19)*

No 16 (84.2%)

Yes 3 (15.8%)

Infectious pulmonary complications(n = 10)

No 5 (50%)

Yes 5 (50%)

Noninfectious pulmonary complications (n = 20)

No 19 (95%)

Yes 1 (5%)

*The presence of missed case regarding CMV reactivation category is
explained by death of one patient within 12 days post-transplantation
F.O.B fiber optic bronchoscopy, CMV cytomegalovirus, AFB acid fast bacilli, PJP
Pneumocystis jiroveci pneumonia
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extrapulmonary associated manifestations as p value was
1 in both of them.

Discussion
Pulmonary complications following stem cell transplant-
ation are common and fatal. And they are classified into
infectious and noninfectious complications [27]. The
aim of our study was to assess pulmonary complications
following allogeneic stem cell transplantation.
Bacterial pulmonary infections were detected in two

patients in our study, the causative agents were Strepto-
coccus pneumoniae and MDR Klebsiella, while three pa-
tients had candida as fungal infections; these infections
were predisposed by effect of conditioning regimen on
immune system. Long-term immunosuppression re-
quired for prevention or treatment of graft versus host
disease (cGVHD) increases the susceptibility of trans-
planted patients particularly to infection with encapsu-
lated organisms (Neisseria meningitides, Streptococcus
pneumonia, and Haemophilus influenzae), fungi (Can-
dida species, Aspergillus species, and P. jirovecii), and vi-
ruses (varicella zoster virus and cytomegalovirus CMV).

Fig. 1 Prevalence of the pulmonary complications after allogenic
stem cell transplantation

Table 3 Distribution of the studied cases according to
radiological signs (n = 20)

No. (%)

Radiology (X ray, CT) (n = 20#)

Normal 8 (40%)

Ground glass opacity 3 (15%)

Consolidation 4 (20%)

Interstitial fibrosis 2 (10%)

Atelectasis 2 (10%)

Cavitary lesion 1 (5%)

Pulmonary GVHD 1 (5%)

Infective fungal infection 1 (5%)

Scattered pul nodules 2 (10%)

Bronchiectasis 1 (5%)

Table 4 Interpretation of spirometry in studied patients
(pulmonary function test) (n = 19#)

Spirometry (pulmonary function test) No. %

Comment

Normal 15 78.9

Restrictive 3 15.8

Mixed obstructive and restrictive 1 5.3

FVC percent predicted (%)

Min.–Max. 24.0–132.0

Mean ± SD 88.63 ± 32.43

Median 93.0

FEV1 percent predicted (%)

Min.–Max. 14.30 – 128.0

Mean ± SD 85.46 ± 33.93

Median 85.0

FEV1/FVC (%)

Min.–Max. 43.0–100.0

Mean ± SD 78.74 ± 12.18

Median 79.0

FVC forced vital capacity, FEV1 forced expiratory volume in first second

Table 5 Relation between mortality and different parameters

Mortality χ2 p

No (n = 9) Yes (n = 1)

Bacterial culture (n = 10) 1.810 MCp = 1.000

Fungal culture (n = 10) 0.476 FEp = 1.000

χ2 Chi square test, MC Monte Carlo, FE Fisher’s exact, p p value for comparing
between the two categories
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Streptococcal pneumoniae bacterial infection was
found to be common in late post graft period, after 90
days from day 0 of transplantation followed by Hae-
mophilus influenza, while gram-negative bacterial infec-
tion was found to be common in early post-engraftment
period [28].
Our study was in agreement with Balletto et al. who

found that streptococcal pneumoniae bacterial infection
occurred in late post graft period, while Klebsiella infec-
tion occurred early post-engraftment [28].
As for fungal infection, our study has revealed that

three patients were infected with candida representing
about 33% of the studied samples; this occurred after
100 days post transplantation, while none of the samples
was positive for Pneumocystis jiroveci nor Aspergillus in-
fection, as all our patients were on prophylactic Sulfa-
methoxazole/trimethoprim and fluconazole.
Koldehoff and Zakrzewski et al. [29] found that the in-

cidence rate of invasive fungal infection in hematopoietic
stem cell transplant recipients was 10–26%, while Shi
et al. had noted that mortality rate of patients with inva-
sive fungal infection was 40–90% [30]. This is higher
than the incidence of candida infection in our study
which may be due to the difference in method of diag-
nosis as it was done by tissue lung biopsy and our small
number of patients in our study. Furthermore, broncho-
alveolar lavage was not done to patients who failed to
obtain sputum sample, due to their immunocomprom-
ised state especially during early post engraftment
period; however, fiber optic bronchoscopy was done es-
sentially for 2 patients. One of them had middle lobar
atelectasis, while the other patient had comprehensive
bilateral pneumonia and retained secretions.
Risk considerations for invasive candidiasis include ex-

tended serious neutropenia, use of wide spectrum antibi-
otics, serious organ dysfunction, mucocutaneous injuries,
and colonization with Candida species [31].
In our study, out of the 3 patients with invasive can-

dida infection, one patient had radiological diagnosis of

invasive fungal infection; this patient had positive can-
dida fungal culture and was associated with extensive
cutaneous GVHD.
Regarding noninfectious complications, GVHD was a

common complication in our study as ten of our pa-
tients had manifested GVHD with its different types.
Taichung Veterans General Hospital as single institute

retrospective study design had shown that acute GVHD
(HR 2.98; 95% CI 1.27 to 6.95; p = 0.012) was signifi-
cantly associated with CMV reactivation [32].
Similarly in our study, two patients had manifested

CMV reactivation; one patient showed seroconversion
during follow up; one of the reactivated and seroconverted
patients was associated with GVHD manifestations.
Tuberculosis (TB) is a significant opportunistic infec-

tion of HSCT patients with an incidence of 2 to 40 times
the general public [5]. However, the incidence has been
found to be much higher in solid organ transplantation,
especially renal transplantation, than HSCT. The nega-
tive tuberculosis results in our study could be explained
by the fact that Egypt is currently classified by the WHO
as a country of low incidence.
Graft versus host disease (GVHD) is considered a

common and fatal complication that usually occurs after
allogeneic stem cell transplantation in most of patients
but with different degrees. In contrast to solid organ
transplantation as kidney and liver transplantation,
GVHD is more prevalent after HSCT. Chronic GvHD
(c-GVHD), recorded in 60–80% of patients, is the most
prevalent post-transplantation complication [17].
In our study, ten patients had manifested GVHD

representing 50%. One of them had pulmonary GVHD,
one had GIT GVHD, and seven patients had mucocuta-
neous GVHD including skin and corneal ulceration. One
patient had complicated corneal ulceration that had
ended with total eye blindness.
Administration of prophylactic immunosuppressive

drugs had served to reduce the incidence of extensive
GVHD in our study. The most common immunosup-
pressive agent that had been used was cyclosporine A.
In the center for International Blood and Marrow

Transplant Research (CIBMTR), a research was done to
evaluate the incidence and fates of grades II–IV acute
GvHD during the three following periods 1999–2001,
2002–2005, and 2006–2012 [33].
There have been a number of interesting remarks.

First, the acute GVHD severity appears over time to
be decreasing. Secondly, in latest years, there have
been fewer patients with simultaneous 3-organ impli-
cation (GIT/skin/liver) than in past years. Finally, in
the tacrolimus immunosuppressant subgroup, the
death risk and treatment-related mortality has been
significantly reduced over time in patients with acute
GVHD [34].

Table 6 Correlation between CMV reactivation and different
parameters

CMV reactivation/ seroconversion χ2 FEp

No (n = 16) Yes (n = 3)

No. % No. %

GVHD (n = 19#)

No 8 50.0 1 33.3 0.281 1.000

Yes 8 50.0 2 66.7

Associated manifestation (n = 19)

No 6 37.5 1 33.3 0.019 1.000

Yes 10 62.5 2 66.7

χ2 Chi square test, FE Fisher exact, p p value for comparing between the two
categories, GVHD graft versus host disease, CMV cytomegalovirus
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It has been reported in the International Bone Marrow
Transplant Registry (IBMTR) that the incidence of acute
GVHD may be as high as 60 to 80% in allogeneic HSCT
recipients [15].
An 11-year retrospective study (between 1 January 2005

and 31 December 2015 performed in the University Hos-
pital Wuerzburg) revealed that among allogeneic stem cell
recipients, 60% had developed acute GVHD [8].
It was reported by Sorror et al. [35] a cumulative inci-

dence of GVHD reaching 42% within 2 years in
hematological malignant patients, while Ali et al. had re-
ported a 29.9 % as an incidence [36].
Graft versus host disease (GVHD) is considered one of

the causative pulmonary complications that may end with
high mortality rate. In our study, one patient had died just
after 12 days post-transplantation due to ARDS presented
by extensive bilateral parenchymal consolidation.
In other studies about 35.2% of studied patients had

died within first hundred days, and by the end of 2 years
follow-up, the percentage had raised to 42.6%. The most
common cause of delayed mortality was relapse of ori-
ginal disease and GVHD [37].
Discrepancy between our results and previous studies

had worked on same topic may be explained by the
small sample size and prophylactic use of antimicrobials
and immunosuppressive drugs. In addition, the im-
munosuppressed status of the studied patients restrained
the use of fiber optic bronchoscopy to obtain bronchoal-
veolar lavage.

Limitation of the study
A small sample size and sputum study was done in only
50% of patients.

Conclusion
Regarding pulmonary infectious complications post stem
cell transplantation, the prevalence was 50% of all our
studied patients, while 5% of our patients had manifested
noninfectious pulmonary complications. Stem cell trans-
plantation has been recently performed in Alexandria,
and our study was restricted to patients who underwent
allogeneic stem cell transplantation in El Mowasah Uni-
versity Hospital in Alexandria. Further studies including
large number of patients are still needed in future.
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