
68 Iraq Med J | Vol. 4, No. 2, Spring 2020: 68– 73

Original
ISSN 2521-8492

Introduction
Invasive fungal infections (IFIs) represent a major problem in 
patients with hematologic malignancies solid tumors, hema-
topoietic stem cell transplant (HSCT) and kidney recipients. 
Intensive chemotherapeutic regimens and new antineoplastic 
drugs have resulted in an increased IFI with a higher morbid-
ity and mortality.1

The patients with solid tumors were at higher risk of inva-
sive candidiasis than hemtogenic tumor.2

The common risk factors for invasive candidiasis were the 
candidal colonization of the GIT as a result of multiple anti-
biotics use, loss of its mucosal barrier, IV nutrition, surgery, 
radiation therapy, and/or chemotherapy and systemic immu-
nosuppressive status resulting from the latter two treatment.3

Blood culture is the current gold-standard for diagnosis of 
candidemia, although it is slow and needs for antifungal drugs 
sensitivity. Other tests like API20 are accurate, and others based 
on non-culture-based methods, such as mannan antigen and 
antimannan antibodies, may be useful for diagnosing invasive 
candidiasis.4 Neutropenia represent a heterogeneous popu-
lation with varying rates of infection-related morbidity and 
mortality. Invasive candidias is seen more frequently during 
neutropenia5 in addition to that, those patients were more sus-
ceptible to invasive moldy infections like Aspergillosis.6

Patients and methods
1440 Iraqi patients aged 18–63 years were enrolled in this 
descriptive cross-sectional study who attended wards of the 

hematology oncology unit at Baghdad Teaching Hospital 
and the bone marrow transplant unit, with neutropenic fever. 
Some other patients were from other hospitals and respiratory 
outpatient units between May 2012 and November2017 from 
both sexes.

Clinical evaluation of patient
Patients were evaluated, thorough history and examination. A 
set of investigations (like complete blood count, full chemis-
try and radiological evaluations) were done for each patient. 
Finally their blood, sputum, BAL and different swab. Inclusion 
criteria for hematology oncology patients was absolute neu-
trophil count < 0.5 x 109/L plus either:
1. Body temperature of 38.8 C for a single episode or
2. Body temperature of >38.0 twice over 1 hr achieving defi-

nitions of neutropenic fever.
3. Symptoms and signs of new, resistant or progressive respi-

ratory tract infection, e.g. pleuritic pain, pleural rub.
4. Periorbital swelling.
5. Maxillary swelling and tenderness.
6. Papular or nodular skin lesions
7. Antibiotic resistant fever without localizing sign extended 

beyond 5 days.
8. Patients with unresolved chest, throat, and ear infections.

We did exclude other causes of fever such as blood and 
blood product transfusion, drug fever. Medical information: 
case diagnosis and duration of disease, type of chemotherapy 
received, steroid usage, history of chronic disease like diabetes 
mellitus were included for each patient.
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bacterial infection, cocci and bacilli mostly of resistant strains causing persistent fever despite of good antibiotic cover.
Conclusions The incidence of fungal infection is greatly increased in Iraq in relation to global and local risk factors with tendency for multiple 
fungal isolates in one patient representing a major health problem in a wide variety of disease conditions ranging from hematology 
oncology to uncontrolled diabetic cases with high case of fatality among hematological malignancies with neutropenia.
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Specimen to be tested for fungal infection were: sputum, 
blood, swab from suspected infected site, BAL, CSF, plural 
fluid, biopsies kept in normal saline and urine.

Microbiological tests
a. Direct microscopical examination with culture and sensi-

tivity for fungal and concomitant bacterial infections.
b. Blood culture for fungi.

Initially, direct microscopical examination done for each 
sample as wet mounts and stained cotton blue, Gram stain 
to take a general impression about the causative pathogens, 
capsule stain (India ink) and Giemsa stain for detection of 
Pneumocystis jiroveci. Sputum was immediately cultured on 
Sabouraud dextrose agar (SAB), BHI, blood and MaConkey 
agar media, labeled with same code number of that sputum, 
incubated for 14 days under 35–37°C for yeasts, and 18–20°C 
for molds, in humid environment to be examined every day. 
Also on examination it showed hyphae from positive cultures 
resulting from normally sterile and clinically or radiologically 
abnormal sites consistent with infection, with exclusion of 
urine and mucus membrane swabs exception of serious UTI 
and mouth ulcers. Identification of fungal genus and species 
was done by biochemical testing and API 20 for yeasts after-
wards the antifungal sensitivity testing was done using dick 
supplied by Oxoid labs for Amphotracine B 20 μ, Fluconazole 
20 μ, Econazole 20 μ, Itraconazole 20 μ, Miconazole 20 μ, all 
measured in micrograms the zone of inhibition was consid-
ered as detectable when it measures 5mm and more.

Microbiological results for all patients were provided by 
specialists in medical microbiology and in culture positive 
aspergillosis cases, galactomannan antigens testing by ELISA 
for conformation and some virulence factors were tested by 
PCR as well.

Results
The age range for all 1444 patients in this study was 18–63 
years. Mean age was 32.51±15.89 years, age groups were as 
follows: 28.9% patients were in the 18–20 year groups, 40% 
patients in the 21–40 years, 31.1% patients in the 41–63 years. 
Of the 1000 patients referred from hematology oncology 
department, 57.8% were females and 42.2% were males, 60% 
patients were from Baghdad (p value < 0.00001), 29% patients 
were from south of Iraq, and 11% patients were from north-
west of Iraq.

In hematology patients, 40% of them had acute myeloid 
leukemia, 17.8% with lymphoblastic leukemia, 17.8% with 
relapsed Hodgkin lymphoma also, and 15.6% patients had 
relapsed non-Hodgkin lymphoma, while only 4.4% patients 
had multiple myeloma, and another 4.4% patients had CLL as 
shown in Table 2.

Out of 1444 fungal samples, 383 (26.52%) showed no evi-
dence of fungal or bacterial growth, 571 showed combined 
bacterial growth, 228 cases showed combined fungal growth 
in the same sample.

In all blood culture samples, no Aspergillus growth was 
isolated. Regarding the common yeasts and molds recov-
ered in all samples, the commonest were Cryptococcus neo-
forman 646(38.63%), Candida albicans and Saccharomycetes 
594 (35.52%), Aspergilus 252 (15.07%), Gieotrichum can-
didum 15(0.89), Rhizopus 8 (0.47%), Zygomycetes 12 (0.71%), 

Trichosporon and Rhodetella spp yeasts14 (0.83%), Spothrixes 
schenkii 5 (0.29%), Penicillium spp. 27 (1.61%), 2 cases of dimor-
phic mycosis like Histoplasma capsulatum, Coccidiomycosis 
immitus (0.11%) and 5 cases (0.29%) of Blastomycetes derma-
titidis with a history of travel outside Iraq.

The most common Aspergillus species were fumigatus, 
flavus, niger, and terrus. Subsequently, some other species of 
higher bacteria were isolated. 13 (0.77%) Nocardia asteriodis 
recovered in sputum samples cultured on blood agar media 
cultured aerobically.

Bacterial infections were also diagnosed in 571 samples, 
Entrobactraceae family was the commonest as the Gram nega-
tive bacilli as was noticed in 327 samples (57.26%) as Klebsiella 
pneumonia, E. coli, Acenitobacter bomanii, Pseudomonas aeru-
ginosa and Proteus mirabilis subsequently.

Other samples showed Gram positive cocci infections in 
244 samples (42.73%) as Staphylococcus aureus, Streptococcus 
pneumoniae, Streptococcus viridans, and Staphylococcus 
tropicalis.

We sometimes recovered two species in sputum samples 
rather than a single one in a specimen. Among hematologi-
cal neoplasm patients, 41% of them had IFIs with AML at p 
value <0.022 (statistically significant when compared to other 
malignancies).

Fungal pneumonia was the commonest mode of presen-
tation among those patients at 62.9% in (p value <0.255). The 
association between the duration and the severity of neutro-
penia with fungal infections showed no statistically significant 

Table 1. Social – demographic characteristics.

Factor Frequency

< 20years 28.9%

21 – 40 years 40%

> 40 years 31.1%

Mean ± SD 32.51 ± 15.89

Gender

Male 42.2%

Female 57.8%

Residence of patients

Baghdad 60%

South of Iraq 29%

Northwest of Iraq 11%

Table 2. Types of hematological malignancies.

Type of blood disease Frequency

Acute Myeliod Leukemia AML 40

Hodgkin Lymphoma HL 17.8

Acute Lymphoblastic Leukemia ALL 17.8

Non Hodgkin Lymphoma NHL 15.6

Multiple Myeloma MM 4.4

Chronic myeloid leukemia CML 4.4
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difference when compared to non-neutropenic cases at 
(p  value< 0.585), and there was no statistical significant dif-
ference between old fungal infection and new invasive fungal 
disease.

Among 1000 hematological neoplasm cases suspected to 
have IFIs, 41% were AML cases with p value less 0.022 (sta-
tistically significant when compared to other malignancies). 
29%patients had ALL, 23.8% patients had lymphoma and only 
5.8% were CLL.

Fungal pneumonia was the commonest mode of presenta-
tion among the infected patients accounted for 62.9% patients 
of cases (p value <0.23). Association between the duration and 
the severity of neutropenia with fungal infections was statisti-
cally non-significant at (p value< 0.6) and there was no statisti-
cal significant difference between medical history of old fungal 
infection and new invasive fungal disease.

Invasive candidiasis had affected patients with AML ALL 
lymphoma (HL, NHL), while myeloma and CLL patients 
escape the documented infection with invasive Cryptococcosis 
was isolated from cases of AML, ALL, and CLL, while inva-
sive Aspergillosis had been found among 23.5% patients with 
AML, 11.7% patients with ALL, while the other malignancy 
showed 5.8% patients had HL, NHL except two cases MM and 
CLL patients which showed no documented infection.

A small group of leukemic patients were tested for the 
relation of neutropenia and ANC with fungal infection as 
(33.3%) infected patients suffered from profound neutropenia 
ANC <200 in comparison to 51% non-documented infected 
patients, while only 4.4% infected patients had severe neu-
tropenia with ANC <500 in comparison to 11.1% non-docu-
mented infected patients, neither the duration (p value< 0.255) 
nor the depth or severity of neutropenia (p value <0.585) had 
statistically significant effect between infected and non-docu-
mented infected patients as shown in Table 4.

More than 80% of cases with culture positive aspergillo-
sis showed raising titter of anti-Galactomannan antibodies in 
their serum, as it was standardize to 0.5 and 1 for the BAL 
samples, it was tested twice weekly for the culture proved cases 
of aspergillosis.

Discussion
Infections are a major cause of morbidity and mortality in 
hematological disorders, chemotherapy, and immunosuppres-
sive drugs-induced neutropenia. A good progress has been 
made in the diagnostic procedures for IFIs.7 Recently, many 

studies have been conducted to study the risk factors and the 
prognosis for IFI, but only a few attempts have been done to 
assess the real incidence of these infections in Iraqi patients 
with hematologic malignancies and autoimmune diseases.8

The present study was designed to establish and to evalu-
ated the load of serious IFI referred to medical mycology lab 
unit.

Data on transplanted patients were enrolled in this study 
as well as treated early diagnosed hematologic malignancies.9

It is not easy to judge the pathogenic role of fungal iso-
lates from the respiratory tract, i.e., infections, colonization, 
or contamination. However, pulmonary fungal infection has 
been evaluated since diagnosis was confirmed by serum level 
of certain antigens like anti-Galactomannan antigens seen ele-
vated over normal values.10

Although the real incidence of the fungal infections 
had increased, its actual frequency is often under-evaluated 
because of the difficulty in diagnosis but the invasive proce-
dures, e.g. histological samples, broncoalveolar lavage, and 
biopsies to be cultured is often in association with cytopenia 
or critical condition of those patients.11

64.4% of all samples were proven or probable fungal 
infections in this study when clinical and CT scan results meet 
the laboratory results after the exclusion of negative blood, 
sputum culture samples and pure bacterial infections, while it 
is much lower in incidence reaching to 1.6% in some studies 
like Mitsutoshi et al12 other found much higher rate reaching 
up to 40%.13,14

In autopsy obtained from patients with hematological 
malignancies, the incidences of 13%–21% was reported.15,16 
Others described a higher rate from up to 60% of patients with 
pulmonary lesions respond to antifungal drugs, whereas only 
about 30% respond to antibiotic therapy alone.17

The incidence of IFI in our hospital was still higher than 
the wide range in reported numbers (5%–24%).18

Such higher figures may be due to impaired hospital 
infection control and poor prophylactic antifungal agent 
usage among studied patients in addition to hospital hygiene, 
including cleaning and hand washing policies and isolation 
policies. Another factor is the hospital environment which 
varies widely from one to another.

The incidence of invasive aspergillosis tends to vary 
greatly between institutions. In part, this relates to patient, 
differences in chemotherapy regimens, or other supportive 
measures. However, one critical factor influencing the infec-
tion rate is the level of spore counts that has been detected in 
hematological units with ongoing adjacent building work or 
defective air filtration, and these have been associated with an 
increase in the rate of infection. As in candidiasis, prolonged 
neutropenia, low level of functioning lymphocytes are a major 
host factors for this infection.19

There were significant differences in the distribution of 
fungal infection in blood and sputum sample in which the 
majority of blood samples revealed yeasts and Gram nega-
tive bacilli and in sputum samples, the predominant yeast 
was cryptococcus neoformans. This could be linked to the 
large number of pigeons available in the gardens surrounding 
the hospital as well as to the presence of eucalyptus trees all 
around the area, as their leaves represent a good reservoir for 
the yeast to grow and survive,20 Candida albicans, Aspergillus 
fumigatus and flavus accounted. This result was in agreement 
with Rawa et al21 and Soukeina G et al.22

Table 4. Relation of fungal infections with neutropenia.

Duration of 
neutropenia 

No. % No. %
P value

Positive Negative

1 – 7 days 1 2.2 6 13.3.

0.2558 – 14 days 13 28.9 20 44.4

> 14 days 3 6.7 2 4.4

Neutrophil 
count

<200 15 33.3 23 51.1
0.585

<500 2 4.4 5 11.1
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Kami et al23 stated that blood cultures remain negative 
in over 90% of the patients even in disseminated invasive 
mycosis, which is totally agreed with our results from blood 
cultures. On the other hand, the isolation of Aspergillus spp. 
(particularly Aspergillus fumigatus or Aspergillus flavus and 
niger) from sputum of a high-risk patient, on even a single 
occasion, is often indicative of infection and should never be 
dismissed.24

Our data showed that molds (aspergillosis and zycomy-
cetes) were responsible for IFI in 20% of patients, which is 
higher to what had been reported by Denning (12–16%)18 and 
others25–27 which is probably explained by lacking of high-effi-
ciency air filters with or without laminar air flow ventilation, 
and positive pressure in the patient’s room, in addition to 
other neutropenic room precautions.28

On the other hand, several studies have evaluated the 
incidence of candidemia, particularly in critical care settings. 
Conversely, there are far fewer reports on the frequency of can-
didemia among patients with hematologic malignancies.28,30

In our study the yeast had accounted for 17% from all 
neutropenic patients and 35.5% of all patients with IFI, can-
didemia were confirmed in 8.8% cases. Our results differ from 
the results of Jutta et al,31 who reported that in 1.6% of cases, 
and our data even higher to other records by Mor et al.32

The high and striking yields of yeast infections in our 
study are probably due to defective response to antifun-
gal agent prophylaxis like fluconazole which is reflected by 
increase infection chance.

Among hematological malignant patients, the present 
study showed AML is at highest risk of developing an IFI 
(41%). Probably because the duration of neutropenia in AML 
patients during intensive induction and consolidation chemo-
therapy is markedly longer than in any other treatment proto-
col for malignancies.33,23

Brakhage et al.34 found in his study that in hematologi-
cal malignancies, the most common manifestation of IFI is 
fungal pneumonia, often caused by molds ( Aspergillus spe-
cies) which is closed to our work, in which fungal pneumonia 
accounted for 52% of all presentations.

Lastly although Cryptococcus neoformans, Candida albi-
cans, and Aspergillus fumigatus are the most common causes 
of IFIs,35 Cryptococcosis had been described in our analysis 
much higher to the results of Pappas et al in which he underes-
timates the rate of cryptococcosis infection to less than 1%.35,36 
Still no single case of Fusarium spp. was seen in Iraqi patients 
involved in our study but still the use of antifungal prophylaxis 
and hospital environment play a role in such picture but the 
pan drug resistance of cryptococcus yeasts to all tasted anti-
fungal therapy was an alarming sign to dangerous strains of 
yeasts responsible for high morbidity and mortality in immu-
nocompromized cases unlike those yeasts recovered from skin 
and burn in immunocompetant patients who showed some 
sensitivity to antifungals.37

Conclusion
The present findings indicate that Cryptococcus, Candida and 
Aspergillus spp. are the most commonly isolated fungal organ-
isms from patients with hematological malignancy suffering 
from IFIs and all isolated cryptococcal yeasts isolated in all 
samples was resistant to amphotracin, fluconazole, itracon-
azole, econazole, and miconazole drugs. The IFIs among 
hematological malignancies carried a high mortality rate.
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all patients provided informed written informed consent prior 
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