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Mucormycosis in the Eastern Mediterranean: a seasonal disease
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SUMMARY

Mucormycosis is a fairly rare fungal infection caused by ubiquitous fungi of the order Mucorales

and primarily affects immunocompromised hosts. A series of 16 cases of invasive mucormycosis

admitted to three referral centres in Beirut, Lebanon between 1981 and 1999 is described. It

includes 12 patients with rhinocerebral, three with cutaneous, and one with pulmonary infection.

Onset of symptoms occurred in the summer and autumn in 15 out of 16 patients, showing a

statistically significant seasonal variation (P=0.007) A recent report of 19 patients from Tel Aviv

describes a strikingly similar seasonal pattern. Studies on atmospheric concentration of

Mucorales spores in the Eastern Mediterranean are lacking. Weather pattern analysis in Beirut

revealed clustering of onset of invasive mucormycosis at the end of a dry, warm period, which

begins around May and ends in October. Mucormycosis incidence appears to be seasonal in the

Eastern Mediterranean.

Mucormycosis, also known as zygomycosis, is the

third leading cause of invasive fungal infection after

Candidiasis and Aspergillosis [1]. It is, nevertheless,

a rare fungal infection that affects immunocom-

promised individuals. It is not known to have a

seasonal pattern. Its histopathological hallmark is

the invasion of blood vessels, vasculotropism, leading

to tissue infarction [1, 2].

Species causing infection in humans belong to gen-

era of the Mucoraceae family in the order Mucorales

of the class Zygomycetes [2, 3] and these include:

Absidia, Rhizopus, Mucor, Rhizomucor and Apophy-

somyces [2]. They are ubiquitous in nature, being

found in soil, plants, and decaying material. They can

also be airborne [2, 3].

The fungus may affect one of several organ systems,

most commonly the paranasal sinuses and brain [1].

In addition to rhinocerebral mucormycosis, the

commonest and most studied form [4], pulmonary,

primary cutaneous, gastrointestinal as well as dis-

seminated forms have been described [2, 3]. Susceptible

populations include diabetics, renal failure patients,
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victims of trauma and burns and patients with haema-

tological malignancies. Rare cases of Apophysomyces

elegans causing mucormycosis in otherwise healthy

individuals have been reported [5–8].

Seasonal variation in atmospheric concentration of

fungal spores has been documented for some moulds

in several geographical locations. Atmospheric con-

centration of Aspergillus spores peaked in autumn

and early winter in the Western Mediterranean basin

(Cordoba, Spain) ; Cardiff, Wales ; St. Louis, MO,

USA; and other parts of northern Europe [9–11]. A

study of dog skin biota demonstrated peak prevalence

of Rhizopus spores in summer, and of Mucor in au-

tumn [12]. However, to our knowledge, there have

been no reports on atmospheric concentration of

Mucorales spores in the Eastern Mediterranean.

Mucormycosis have been reported from Greece [13,

14], Turkey [15, 16] and Israel [17–21]. Only one study

by Talmi et al. [21] of 19 patients, reported dates

of onset of symptoms and those appeared to vary

seasonally, but did not establish statistical signifi-

cance. A similar seasonal pattern of infection in a

series of 16 mucormycosis cases from Beirut, Lebanon

is reported here.

Medical records at three major care centres: the

American University of Beirut Medical Center, Rizk

Clinic and St George’s Hospital were searched for all

documented cases of mucormycosis between January

1981 and December 1999. Sixteen cases were ident-

ified based on the discharge diagnosis (Table). Data

concerning patient gender, age at onset of disease,

date of symptom onset, symptoms and signs, diag-

nostic tests, treatment modalities, and outcome were

analysed retrospectively.

The series consisted of eight females and eight

males. Their ages ranged between 15 and 81 years

with a mean of 50.7 years. Twelve patients had rhi-

nocerebral mucormycosis (Table). Overall survival

for the rhinocerebral form was 42%, slightly lower

than the reported figures of 50–85% [2, 3]. Nine of

these patients were diabetics, two of whom presented

in diabetic ketoacidosis. Risk factors in the remaining

three patients were: chronic myelogenous leukaemia,

immunosuppression for renal transplant, and hyper-

glycaemia induced by corticosteroid used for tem-

poral arteritis.

The diagnosis was confirmed in 14 cases by histo-

pathological identification of large non-septate hy-

phae with right angle branching invading blood

vessels and tissue in biopsy material from the affected

site (Table). In three of these patients cultures grew

Rhizopus species. In addition, bronchoalveolar lavage

from one patient with pulmonary mucormycosis grew

Rhizopus and Aspergillus. Cytology of the fluid con-

firmed the presence of hyphi. In patients who did not

undergo surgery, biopsies were obtained from nasal

or palatine ulcers or the affected sinus. Tissue material

recovered intraoperatively from debrided sinuses and

orbits was examined in patients who underwent sur-

gery. Wound biopsies were obtained from patients

with the cutaneous form.

Ten of the 12 patients with rhinocerebral mu-

cormycosis were treated with regular amphotericin B

and one was treated with liposomal amphotericin B.

Eight patients underwent surgical debridement and

four survived. All patients who did not undergo sur-

gery died. One patient (case no. 9, Table) succumbed

within hours of presentation prior to receiving any

therapy or obtaining any biopsies. Eleven of the 12

rhinocerebral cases (91.6%) had onset of symptoms

between 23 August and 12 December.

Three renal allograft recipients on immuno-

suppressive therapy had cutaneous mucormycosis,

with extension of infection into the transplanted

kidney in one of them. One patient with pulmonary

mucormycosis was a diabetic as well as a kidney

transplant recipient. The cutaneous category had the

best prognosis, as expected [2, 3].

Onset of symptoms in 15 out of 16 patients (87.5%)

was between August and December. In the Eastern

Mediterranean the weather pattern is characterized by

four seasons : a mild spring, a hot dry summer, an

initially dry and later wet cooler autumn, and a cold

rainy winter. Formally spring, summer, autumn, and

winter begin 21 March, 21 June, 22 September, and 21

December respectively. To investigate the case distri-

bution over the seasons a x2 goodness-of-fit test of the

null hypothesis, that case onset is evenly dispersed

across seasons, was constructed by classifying each

case as follows: 21 March to 20 June (n=1); 21 June

to 21 September (n=7); 22 September to 20

December (n=8); or 21 December to 20 March

(n=0). Assuming equal expected frequencies in the

four intervals (x2=12.5 and D.F.=3). The method of

Radlow & Alf [22] was used to compute an exact P

value of 0.007. Thus, the case distribution was stat-

istically significantly variable by season. Although

this is a small series, it may be representative of the

disease in the Eastern Mediterranean. Moreover, it is

in striking agreement with the findings of Talmi et al.

[21] whereby 17 out of 19 (84.4%) rhinocerebral

mucormycosis cases had onset of infection between
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Table. Cases of mucormycosis

Case
no.

Age
(yr) Gender Disease Site Diagnosis

Definitive
medical RX Surgery Survival

Onset of
symptoms

1 36 M DM Rhinocerebral Histopathology Amph B 930 mg Yes D 16 Oct. 1981

2 62 M DM Rhinocerebral Histopathology,
culture: Rhizopus

Amph B, tobramycin Yes D 18 Oct. 1981

3 61 M DM Rhinocerebral Histopathology Amph B 655 mg Yes S 25 Apr. 1982

4 67 F DM Rhinocerebral Histopathology Metronidazole,
ketoconazole, Amph B

Yes S 20 Aug. 1987

5 19 F Kidney transplant, Immuran,

methylprednisolone

Cutaneous Histopathology,

culture: Rhizopus

Amph B 1 g No S 10 Nov. 1987

6 39 F Renal allograft, Immuran,
cyclosporine

Rhinocerebral Histopathology Amph B 2 g i.v., sinus
washing, Amph B

Yes S 27 Aug. 1988

7 56 M DM, alcoholic Rhinocerebral Histopathology Amph B 870 mg Yes D 13 Nov. 1990

8 60 M DM, in DKA Rhinocerebral Histopathology Metronidazole,
Amph B 36 mg

No D 12 Dec. 1990

9 15 F Juvenile DM, in DKA Rhinocerebral Clinical No No D 1 Sep. 1992

10 81 F DM Rhinocerebral Histopathology Ceftazidime,
Amph B 1676 mg

No S 13 Sep. 1995

11 33 M Kidney transplant,

methylprednisolone,
cyclosporine

Cutaneous Histopathology Amph B No S 7 Sep. 1997

12 64 F Temporal arteritis on

prednisone

Rhinocerebral Histopathology Amph B 1.4 g,

fluconazole, ofloxacine

Yes D 9 Sep. 1997

13 53 M Kidney transplant,
prednisone, cyclosporine

Cutaneous Histopathology Amph B 975 mg Yes S 23 Sep. 1997

14 61 M Renal transplant, DM,

cyclosporine, prednisone

Pulmonary BAL cytology,

culture: mucor+
Aspergillus

Amph B 340 mg,

piperacillin-tazobactam

No D 16 Nov. 1997

15 45 F CML, on chemotherapy Rhinocerebral Histopathology Amph B 280 mg,

fluconazole

No D 3 Aug. 1998

16 60 F DM Rhinocerebral Histopathology,
culture: Rhizopus

Amph B 2 g, liposomal
Amph B 6 g, Imipenem

Yes S 16 Oct. 1998

M, Male; F, female; DM, diabetes mellitus ; DKA, diabetic ketoacidosis ; CML, chronic myelogenous leukaemia; BAL, bronchoalveolar lavage; Amph B, amphotericin

B; S, survived; D, died.
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August and December. Both this series and that of

Talmi et al. report a total of 35 cases from the Eastern

Mediterranean region with a total of 32 out of 35

cases presenting with symptoms between August and

December (Fig. 1).

Since the pathogenesis of rhinocerebral and pul-

monary mucormycosis is thought to be due to in-

halation of spores by a susceptible patient [3], it

would be reasonable to hypothesize that seasonal

variation of the disease may either be due to varying

atmospheric concentration of Mucorales spores, or

a seasonal variation of underlying predisposing

illnesses. To date, however, no seasonal variation of

diabetic ketoacidosis incidence, or other immuno-

suppression state associated with mucormycosis, has

been reported.

The clinical course of zygomycosis is characterized

by extremely rapid progression. In diabetic animal

models inhalation of Mucorales spores resulted in

rapidly progressive pulmonary mucormycosis and

death within 1–4 days [23]. This suggests that onset of

symptoms rapidly follows the inhalation of fresh

spores in susceptible hosts. Hence, the seasonal pat-

tern of onset of symptoms may be due to fresh depo-

sition of spores in affected tissue with an inoculum

size proportional to peak atmospheric concentration

of airborne Mucorales spores during the late summer

and autumn seasons in the Eastern Mediterranean.

In the absence of data on atmospheric spore con-

centration of Mucorales species in the Greater Beirut

area the seasonal weather pattern was investigated.

Late summer and early autumn seasons in the Eastern

Mediterranean are fairly dry, rather warm and windy

with much organic decay from deciduous plants

(August to October ; Fig. 2). These conditions are

conducive to proliferation and aerosolation of

thermophilic moulds.

Maximal and minimal daily temperatures in the

Greater Beirut Area for the years 1998 and 1999 were

obtained from Beirut International Airport (BIA) and

the data was averaged by month (Fig. 2). Data from

BIA shows that these monthly temperature averages

have been consistent since 1954. Most species be-

longing to Rhizopus, Rhizomucor and Absidia are

thermophilic and grow best at 40–50 xC. [24] Despite

comparable average ambient temperatures between

May and November, June and October, July and

September respectively, cases tended to manifest in

September to November rather than May to July.

Temperature variation alone does not explain the

clustering of cases. Subsequently, rainfall data from

BIA were obtained from recordings (taken since 1954)

of cumulative monthly rainfall into a well 15 m above

sea level at BIA. Data between 1980 and 1999 were

averaged by month. It was noted that onset of symp-

toms in mucormycosis cases clustered at the end of a

dry period, which consistently extended from late

May to September or October. This seasonal rainfall

pattern has been consistent since 1932 according to

BIA records of daily rainfall. It coincides with the late

summer and early autumn. Twelve of our 16 cases

occurred following a period of 4 months where

monthly rainfall averaged over the years 1980–1999

never exceeded 25 mm per month. Clusters of cases

in certain years occurred, but there was no relation

between the number of cases and the cumulative

rainfall in those specific years.

This seasonal pattern seems to be a regional finding

rather than a worldwide phenomenon, since similar

clusters were not reported by mycologists even in

areas of the United States where weather patterns
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Fig. 1. Distribution of Lebanese (&) and Israeli (%) cases by
month of year at onset of symptoms.
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Fig. 2. Frequency of Lebanese cases by month ( ). Dotted
line represents monthly average of the mean of daily maxi-

mal and minimal temperatures in xC. Continuous line re-
presents the average monthly rainfall (in mm) over the years
1980–1999.
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similar to the Eastern Mediterranean basin prevail

such as California.

Factors other than rainfall and temperature vari-

ation are likely to be involved as rainfall does not

explain yearly clusters of cases. Investigating atmos-

pheric Mucorales spore concentration in the Eastern

Mediterranean and correlating such data with rain-

fall, ambient humidity, wind activity, CO2 concen-

tration and temperature may clarify further this

seasonal pattern.

In their literature review of mucormycosis in renal

transplant recipients, Morduchowicz et al. [20], noted

as early as 1986 that there may be increased incidence

of mucormycosis in the Eastern Mediterranean.

Lately Petrikkos et al. [14] reported an increase in re-

ported incidence of mucormycosis in Greece. Neither

reports, however, reported statistical evidence of their

anecdotal observations. At this point no evidence

exists that mucomycosis has increased prevalence in

the Eastern Mediterranean nor that a similar seasonal

pattern is reported elsewhere in the world.

Further research on invasive mucormycosis is

needed to answer these questions.
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