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Summary

The incidence and prevalence of fungal infections in Tanzania remains unknown.
We assessed the annual burden in the general population and among populations at
risk. Data were extracted from 2012 reports of the Tanzanian AIDS program, WHO,
reports, Tanzanian census, and from a comprehensive PubMed search. We used
modelling and HIV data to estimate the burdens of Pneumocystis jirovecii pneumonia
(PCP), cryptococcal meningitis (CM) and candidiasis. Asthma, chronic obstructive
pulmonary disease and tuberculosis data were used to estimate the burden of allergic
bronchopulmonary aspergillosis (ABPA) and chronic pulmonary aspergillosis (CPA).
Burdens of candidaemia and Candida peritonitis were derived from critical care and/
or cancer patients’ data. In 2012, Tanzania’s population was 43.6 million (main-
land) with 1 500 000 people reported to be HIV-infected. Estimated burden of fungal
infections was: 4412 CM, 9600 PCP, 81 051 and 88 509 oral and oesophageal
candidiasis cases respectively. There were 10 437 estimated posttuberculosis CPA
cases, whereas candidaemia and Candida peritonitis cases were 2181 and 327
respectively. No reliable data exist on blastomycosis, mucormycosis or fungal kerati-
tis. Over 3% of Tanzanians suffer from serious fungal infections annually, mostly
related to HIV. Cryptococcosis and PCP are major causes of mycoses-related deaths.
National surveillance of fungal infections is urgently needed.
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Introduction

otherwise healthy population to life-threatening inva-
sive diseases limited mostly to vulnerable immunosup-

Fungal diseases range in severity from mild superficial
infections that affect a large proportion of the
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pressed patients.'

Among the immunosuppressed population, such as
people living with HIV/AIDS (PLWHA), patients with
malignancies and those under intensive care, common
fungal infections include cryptococcal meningitis (CM),
Pneumocystis jirovecii pneumonia (PCP) and invasive
candidiasis.>* Patients with chronic respiratory ill-
ness, including cystic fibrosis (CF), chronic obstructive
pulmonary disease (COPD) and cavitary tuberculosis
are at an increased risk for Aspergillus spp. infection.’”
Finally, a significant proportion of patients with severe
asthma are sensitised to airborne fungi which may
play a role as exogenous drivers of respiratory
disease.’The general population on the other hand is
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susceptible to infections such as dermatophytoses and
recurrent vaginal candidiasis among women.'

Globally, over 300 million people of all ages suffer
from a serious fungal infection every year, accounting
for 1.35 million deaths and contributing to negative
outcome of many more diseases. This figure is similar
to the annual deaths from malaria and tuberculosis,
which account for ~600 000 and 1.5 million fatalities
per year respectively.'%*

Unfortunately, despite the life-threatening nature of
many fungal infections, they have been insufficiently
addressed as public health concerns. Data on inci-
dences and prevalence of these infections are often
lacking, as well as adequate diagnostic facilities, evi-
dence-based case management protocols, optimal anti-
fungal medications and specialists in those areas
carrying a heaviest burden of disease.' This situation
results in missed opportunities for diagnosis and effec-
tive treatment for these infections, which would result
in preventable deaths.

Precise estimates of fungal disease rates are lacking
in many African countries, including Tanzania. In the
absence of population- and hospital-based surveys as
standard epidemiological data,'®!'! we sought to pro-
vide estimates by modelling of available data on fungal
infections in Tanzania and using assumptions from
the medical literature. This estimation of serious fun-
gal infections in Tanzania will set up a frame and base
for future studies as well as serve as reference for
policy makers.

Methods

Sources of data

The burden of serious fungal infections was estimated
for the general healthy population and for those popu-
lation groups at risk, including PLWHA, patients with
asthma, COPD, cancer, posttuberculosis and postsurgi-
cal patients, as well as those under intensive care. We
consulted the Tanzania National Bureau of Statistics
2012 Population and Housing Census report12 to
obtain denominators for different age groups. Data on
the HIV population were extracted from the Joint Uni-
ted Nations Programme on HIV/AIDS (UNAIDS) 2013
Global report'® and where necessary, local reports for
HIV treatment and care services were used.'* The
World Health Organization (WHO) tuberculosis
report'> was consulted to obtain data on tuberculosis
patients. Assumptions from other published reports
were used to identify the most accurate denominators
as explained in detail for each fungal infection below.
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We conducted a comprehensive literature review for
published prevalence and/or incidence rates of fungal
infections in Tanzania and applied these rates to the
populations at risk. Where no available data were
found in the literature, authors were sought for local
unpublished data and government personnel contacted
for national reports available. In the absence of local
data, published estimates from neighbouring countries
were used. Due to the lack of similarity between the
populations studied and used in our model, conven-
tional methods for addressing heterogeneity in system-
atic reviews were not applicable. Therefore, a
narrative approach was taken to report the findings of
the studies included. Our estimates assumed the lowest
incidence rates reported and focused only on well-de-
fined risk populations.

Results

Country’s profile

In 2012, the Tanzanian total population was esti-
mated to be 43.6 million, with 51.3% of females. In
2013, the Gross Domestic Product was estimated to be
$695 per person. Of the general population, 43.9%
were younger than 15 years and 5.6% above 60 years
of age.'? According to the UNAIDS 2013 report,
1 500 000 Tanzanians were estimated to be HIV-in-
fected, 1 200 000 of those being adults. There were
83 000 new infections and 80 000-related deaths in
2012. Of all people living with HIV in 2012, 29%
were already receiving antiretroviral therapy (ART).
There were 580 000 patients eligible for ART initia-
tion (CD4 counts <350 cells per pl according to WHO
2010 guidelines'®) but only 399 886 of these were
receiving therapy.'’ Assuming that 50% of these
patients will have CD4 counts <200 cells per ul we
estimated 90 057 patients being severely immunosup-
pressed with AIDS and therefore at a higher risk of
fungal infections (Table 1).

Cryptococcal meningitis

Cryptococcus neoformans is the most common cause of
meningitis among adults with severe immunosuppres-
sion due to HIV.'72° The early diagnosis of invasive
cryptococcosis prior to CM in this population is possi-
ble through testing for cryptococcal antigenaemia,
which can detect cryptococcal infection weeks before
the onset of neurological symptoms.?! Studies in Tan-
zania have reported a prevalence of cryptococcal anti-
genaemia ranging from 3% to 7.1% in severely
immunosuppressed HIV population®?2° (Table 2),
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Table 1 Country’s profile. Populations and rates required to calculate burden of serious fungal infections.

Demographic data

HIV/AIDS

Tuberculosis

Adults with asthma

COPD
Patients with leukaemia

Total population (Mainland) = 43 625 354
% of children (<15 years) = 43.9
Total number of adults = 22 754 122
% women over 60 = 2.9%
Primary school age population 2012 = 8 341 701
Net primary school enrolment 2011 = 94%
Estimated number of people living with HIV in 2012 = 1 500 000
New infections in 2012 = 83 000
Estimated HIV prevalence — adult (ages 15-49) = 5.1%
Proportion of diagnosed cases on ARVs = 0.29
Adults living with HIV in 2012 = 1 200 000
AIDS-related deaths in 2012 = 80 000
Estimated number of HIV patients with
CD4 <200 cells per ml =90 057
Tuberculosis case notifications in 2012 (total new cases) = 61 417
Extra pulmonary tuberculosis cases = 14 657
Pulmonary tuberculosis cases in 2012 = 41 389 (<10% death)
Prevalence of asthma in adults = 3.12%
Asthma numbers in adults = 759 500
COPD prevalence (all GOLD stages) = 12.6%

Source: Tanzania 2012 population
and housing census'?

Source: UNAIDS 2013 report'®

Source: WHO Global Tuberculosis
report 2013"°

Source: To et al.%’

Source: Mfinanga et al.>®

Source: Kersten et al.>®

Number of critical care patients

AML population frequency = 0.22%

Estimated number of critical care beds = 3000
(10% of hospital beds in Tanzania)
Hospital beds (per 1000 people) in Tanzania = 0.7

Source: World Bank, country Indicator:
Number of hospital beds ©°

COPD, chronic obstructive pulmonary disease; ARV, Anti-retroviral therapy.

Table 2 Prevalence rates previously reported used to estimate the burden of serious fungal infections.

Disease Population Prevalence Reference
Cryptococcal Infection Cryptococcal antigenaemia among HIV ART naive adults 4.3% Letang et al.**
with CD4 <150 cells per pl
Cryptococcal antigenaemia among HIV-infected adult 5.1% Wajanga et al.??
hospitalised. Median CD4 count was 68 cells per ul (IQR
41-87, range 1-102 cells per pl)
HIV-infected outpatients with CD4 counts <200 cells per 3% Rugemalila et al.?3
ul, both ART naive or on ART for <6 months
Asymptomatic cryptococcal antigenaemia among HIV ART 7.1% Magambo et al.?®
naive patients with CD4 counts <200 cells per pl
Pneumocystis jirovecii Adult HIV-infected patients presenting with cough 10.4% Mwita et al.>°
pneumonia HIV-infected patients with pulmonary infections 7.5% Kibiki et al.®’
Tuberculosis patients with or without HIV and 0.3% Jensen et al.%?
their healthy contacts
Oral candidiasis HIV-infected patients ART naive with CD4 <200 cells per pl 90% Fabian et al.®®

Oesophageal
candidiasis

ABPA

CPA

SAFS

rvvC

Tinea capitis
Histoplasmosis

AIDS patients in Denmark. 20% of patients with HIV not
on ARVs and 5% of those on ARVs

Adult asthmatics

PTB is responsible for 80% of all CPA in Tanzania. 22—
33% of tuberculosis patients have residual
cavities posttreatment

Severe asthmatics (adults) 10% of Asthmatics
have severe asthma

Adult women

Primary school children
Admitted patient with febrile illness

20% ART naive and
5% of those on ART
2.5%
22% in tuberculosis cavity
and 2% with no cavities

33%
6%

5.4%
0.9%

Smith et al.*?

Denning et al.”
Denning et al.?

Denning et al.
Sobel et al.*',
Foxman et al.®*
Ferie et al.*
Lofgren et al.%®

ART, antiretroviral therapy; ABPA, allergic bronchopulmonary aspergillosis; CPA, chronic pulmonary aspergillosis; SAFS, severe
asthma with fungal sensitisation; rVVC, recurrent attacks of vulvovaginal candidiasis; IQR, interquartile range; TB, Tuberculosis.

72

© 2015 Blackwell Verlag GmbH
Mlycoses, 2015, 58 (Suppl. S5), 70-79



including a recent cross-sectional study reporting a
7.1% of cryptococcal antigenaemia among ART naive
HIV patients with CD4 <200 cells per le; (Table 2).

We estimated the prevalence and incidence of CM in
2012 by first applying the 7.1% rate of cryptococcal
antigenaemia among the 90 057 pre-ART HIV
patients estimated to have CD4 <200 cells per ul in
2012 and calculated 6394 cases of cryptococcosis
(14.66 cases per 100 000 person years) (Table 3).
According to a study by Jarvis et al. [26], 69% of
patients with cryptococcal antigenaemia develop CM.
Using this assumption, we therefore estimated 4412
cases of CM in 2012 among ART naive HIV patients
with advanced immunosuppression at rate of 10 cases
per 100 000 person per years.

We used the 7.1% rate of cryptococcal antigenaemia
in our estimation due to the fact that the study popu-
lation used in this literature fits the definition of severe
immunosuppression due to HIV used in our model (pa-
tients with CD4 counts <200 cells per pl). This rate is

Table 3 Estimated annual case load of serious fungal infections
in Tanzania.

Estimated
Rate per  number of
100 000  cases

Predominant

Fungal infection groups at risk

Cryptococcosis AIDS 14.66 6394
Pneumocystis AIDS 22 9600
Jirovecii
pneumonia
Oral candidiasis HIV/AIDS 186 81 051
Osephageal HIV/AIDS 203 88 509
candidiasis
ABPA Asthma patients 44 18 987"
CPA Tuberculosis patients 24 10 437
IA Haematological 0.05 20
malignancy
SAFS Asthma patients 57 25 063’
Recurrent vaginal Adult women 3482 759 500
candidiasis
Candidaemia Immunocompromised 5 2181
patients
Candida peritonitis  Immunocompromised 0.75 327
patients
Tinea capitis Poor hygiene 963 420 000
Histoplasmosis None 0.31 135
Total burden 1422 204
estimated

ABPA, allergic bronchopulmonary aspergillosis; IA, invasive
aspergillosis; SAFS, severe asthma with fungal sensitisation; CPA,
chronic pulmonary aspergillosis.

"There is probably some duplication as some ABPA patients have
severe asthma and many SAFS patients are sensitised to
Aspergillus.
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consistent with rates observed in neighbouring coun-
tries. Even though other studies in Tanzania have
reported a lower prevalence of cryptococcal antige-
naemia (Table 2), none of these rates could be
generalised to the HIV/AIDS population at risk.

Pneumocystis jirovecii pneumonia

Pneumocystis jirovecii pneumonia, like CM, is a life-
threatening condition affecting patients with severe
immunosuppression.*?” However, with early diagnosis
and treatment, survival outcomes have been reported
at 70% in Africa and in well-resourced settings may
be as high as 90%.%5%°

In Tanzania, all patients with advanced immuno-
suppression due to HIV are recommended to receive
co-trimoxazole prophylaxis for prevention of PCP. A
study by Mwita et al. in 2012 reported a prevalence of
10.4% of PCP among HIV patients presenting with
cough for more than 2 weeks not attributed to
chronic disease or a cardiac condition attending a HIV
care and treatment centre, irrespective of their ART
status or use of co-trimoxazole prophylaxis®® (Table 2).
The prevalence of cough for more than 2 weeks at the
same site had been reported in another study to be
8%."

We therefore estimated a total of 9600 cases of PCP
in 2012 (22 cases per 100 000 person years) assum-
ing that 8% of all 1 200 000 adults living with HIV
in 2012 will present with cough and that, out of
these, 10.4% will have PCP (Table 3). Due to the lack
of data, we were not able to make a reliable estimate
of the number of children with PCP among the
300 000 children infected with HIV.

Oral candidiasis
Oral candidiasis is among the most common clinical
presentations of ART naive immunosuppressed HIV
patients. About 50% of newly presenting symptomatic
HIV-infected patients have oral candidiasis.>** Over the
course of a year this rate rises to about 90% of those
HIV patients not taking but in need of ART** (Table 2).
We estimated oral candidiasis to affect 81 051 Tan-
zanian at a rate of 186 per 100 000 person-years
(Table 3). This burden was estimated by assuming
that 90% of all patients with advanced HIV annual
new AIDS cases with CD4 <200 cells per pl (90 057
cases) will develop oral candidiasis (Table 1).

Oesophageal candidiasis

Oesophageal candidiasis is another AIDS defining ill-
ness occurring among patients with advanced HIV,
especially but not limited to those ART-naive.
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Oesophageal candidiasis cases were estimated to be
88 509 at a rate of 203/100 000 person-years
(Table 3) under the assumptions that 20% of AIDS
patients not on ART, and 0.5% of those on ART
develop oesophageal candidiasis**>> (Table 2).

Serious fungal respiratory infections

Allergic bronchopulmonary aspergillosis (ABPA)
Allergic bronchopulmonary aspergillosis is a common
complication of bronchial asthma and CF, and serves
as a predisposing factor for chronic pulmonary
aspergillosis (CPA).>*3° A previously described model
by Denning et al. on the burden of ABPA, including
one study from South Africa reported a 2.5% preva-
lence of ABPA among adults with asthma’ (Table 2).

To estimate the burden of ABPA, we initially sought
data on asthma and CF in Tanzania. However, no reli-
able published data exist on prevalence of neither CF
nor adult asthma. We thus used published prevalence
of adult asthma from a neighbouring country, Kenya
(3.12%) to estimate the number of adults with asthma
in Tanzania®>” (Table 1). Of note, the rates we used
from Kenya are comparable to previous reports from
Tanzania (2.2-5%).>®

Using the 3.12% adult asthma prevalence (759 500
adults) and the estimated 2.5% ABPA prevalence
among asthmatic adults previously described by Den-
ning et al. [5]. 18 987 adults were estimated to have
ABPA in 2012 (Table 3). We used asthma prevalence
among adults, as the relative frequency of asthma is
much higher in children and ABPA correspondingly
lower, whereas CPA is exclusively an adult disease.>>°

Chronic pulmonary aspergillosis (CPA)

Chronic pulmonary aspergillosis occurs commonly as
a sequel of several lung inflammatory conditions.>®
Treated pulmonary tuberculosis can lead to CPA as a
long-term sequel.? In sub-Saharan Africa, lack of diag-
nosis of Aspergillus fumigatus causing CPA, may lead to
under diagnosis and mismanagement with most of
these patients treated as cases of sputum smear-nega-
tive tuberculosis.*® CPA presents with different radio-
logical features such as a simple aspergilloma, chronic
cavitary pulmonary aspergillosis and chronic fibrosing
pulmonary aspergillosis. Consequently, in tuberculosis
endemic areas such as Tanzania, misdiagnosis is
common.”

We calculated the incidences and prevalence of CPA
using data on tuberculosis and applying the model
described by Denning et al. in Bull WHO 20112
(Table 2). In 2012, pulmonary tuberculosis was
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reported in 41 389 Individuals'® (Table 1). According
to Denning et al., the rate of CPA is 22% among the
22-35% pulmonary tuberculosis cases who develop
cavities, and 2% in those without visible cavities
(Table 2). Assuming that pulmonary tuberculosis is
responsible for 80% of all CPA cases in Tanzania, we
estimated 10 437 cases of all stages CPA at a rate of
24 cases per 100 000 person per years (Table 3).

Severe asthma with fungal sensitisation (SAFS)

We estimated the burden of SAFS in Tanzania from
the adult asthmatic population. Severe asthma occurs
in 10% of the asthmatic population. Out of these, 33%
have been reported to be sensitised to one or other
fungus® (Table 2). We calculated from these assump-
tions that SAFS affects 25 063 Tanzanians annually
at a rate of 57 cases per 100 000 person years
(Table 3).

Invasive aspergillosis (IA)

We estimated 20 cases of IA in 2012 occurring at a
rate of 0.05 per 100 000 person years (Table 3). We
calculated this from severely immunosuppressed
patients with leukaemia, assuming that 10% of leu-
kaemic patients will develop IA2

Candida infections

Recurrent vulvovaginal candidiasis

Recurrent vulvovaginal candidiasis is defined as four
or more episodes per year.*! The infection is usually
caused by Candida albicans, less often by other species,
notably C. glabrata which is fluconazole resistant. An
estimated 70-75% of women suffer from vulvovaginal
candidiasis at least once in their lives, often during
pregnancy.*!

Recurrent attacks of vulvovaginal candidiasis (rVVC)
have been estimated to affect 5-9% women annually
based on a global epidemiological review by Sobel
et al, and on more recent data from Foxman et al®*
(Table 2). There has been controversy about these
data. However, there are no better estimates for rVVC,
and there are intrinsic difficulties in conducting a
study to reliably estimate the incidence and prevalence
of rVVC among women.'! There are no reports of
rVVC from Tanzania or East Africa, but a study pub-
lished by Amouri et al. found a similar prevalence of
6.1% in Tunisia.*?

We estimated recurrent vulvovaginal candidiasis
among adult women in the general healthy population
to affect 759 500 women in 2012 at a rate of 3482
women per 100 000 person-years (Table 3). We
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calculated this assuming that 6% of all adult women
in Tanzania have recurrent infections per year, unre-
lated to HIV infection.

Candidaemia and candida peritonitis was estimated
to affect 2181 and 327 patients, respectively, at rates
of 5 and 0.75 per 100 000 person-years respectively
(Table 3). These incidences were estimated among
patients with cancer, postsurgical patients and those
on intensive care (Table 1). We calculated this under
the assumption that candidaemia occurs at a popula-
tion rate of 5 cases/100 000 and candida peritonitis
at a ratio of 1 patient with hospital-acquired (almost
all postoperative) case for every two patients with
candidaemia.’

Other fungal infections

Tinea capitis affects 5.4% of primary school children
in Tanzania®*> (Table 2), a lower rate than other sub-
Saharan African countries. According to the national
population census, there are 8 341 701 primary
school aged children in Tanzania and the country’s
net primary school enrolment is 94%*? (Table 1). We
estimated from these reports that 420 000 school
children suffer from tinea capitis each year at a rate of
963 per 100 000 person-years (Table 3).

Histoplasmosis cases have been reported in a study
done at a referral hospital in northern Tanzania at a
prevalence of 0.9% among patients admitted with feb-
rile illness*® (Table 2). Assuming that 50% of all
admitted patients in Tanzania have febrile illness, we
estimated 135 cases of histoplasmosis in 2012 at a
rate of 0.31 per 100 000 person-years (Table 3).
Apart from case reports, no reliable epidemiological
data exist for IA blastomycosis, mucormycosis or
fungal Kkeratitis in Tanzania and in sub-Saharan
Africa,*0#7 9

Estimated number of deaths due to fungal infections
in Tanzania

Based on our estimations, 5777-15 541 Tanzanians
die of fungal opportunistic infections each year mainly
cryptococcosis, PCP and CPA. In Tanzania, cryptococ-
cosis (with or without meningitis) has been reported
to have a 92% fatality rate (within the first year)
when no antifungal treatment is given versus 50%
fatality at any dose of antifungal given upon physician
discretion.”* We estimated that in 2012, out of 6394
patients with cryptococcosis between 3197 and 5882
patients died, contributing up to 55% of all annual
deaths due to fungal infections in the country (Fig. 1).
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In turn, the fatality rate of PCP in Africa ranges from
16% to 68%>° and therefore estimated to cause
between 1536 and 6528 deaths annually in Tanzania.
CPA fatality rate has been reported to be 10-30%,>*
which estimates to be responsible for 1044-3131
deaths annually. HIV/AIDS remains the leading cause
of premature death and years of life lost in Tanza-
nia,”® and CM and PCP make a major contribution to
this high loss of life.

No deaths are expected to be associated with ABPA,
recurrent vaginitis or tinea capitis. In 2013, 500 000
asthma deaths were estimated to occur worldwide.>®
As SAFS is not uncommon among this group, some of
these are probably attributable to SAFS.

Discussion

This is the first attempt to estimate the burden of seri-
ous fungal infections in Tanzania. Overall, about 3%
of Tanzanians suffer from fungal infections yearly. HIV
fungal opportunistic infections contribute to 18% of
the total and account for 80% (79.9-81.9%) of all
deaths due to fungal infections in the country. Crypto-
coccosis and PCP are the major causes of mycoses-
related deaths contributing up to 55% and 42%
respectively.

Our estimates show that most fungal infections in
Tanzania affect PLWHA. Besides biological plausibility
explaining this finding, this is also influenced by the
fact that more data are available on the HIV popula-
tion in Tanzania than on other groups of patients with
immunosuppressive conditions.

Nevertheless, out of all severely immunosuppressed
HIV patients at high risk of fungal opportunistic infec-
tions, nearly 30% are not on antiretroviral therapy.
Fortunately the current national guidelines recom-
mend a higher CD4 threshold of 350 cells per pl for
ART initiation as compared to previous values of CD4
<200 cells per pl.>' Moreover, this threshold is likely
to increase to 500 cells per pl in Tanzania following
the adoption of the latest WHO guidelines.’* This strat-
egy was established on the basis of evidence showing a
delay in HIV progression and secondary transmission
associated with earlier initiation, and is expected to
reduce the number of PLWHA at risk of highly fatal
fungal opportunistic infections such as CM and PCP. In
addition, early diagnosis and linkage to care are
paramount as most people living with HIV in Tanzania
are not aware of their HIV status, and present late in
the course of HIV disease. Of note, in 2011, 66.4% of
all baseline patients presenting for care in HIV clinics
in Tanzania had CD4 <200 cells per pul.'*
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Annual estimates of number of cases and deaths associated with the most

relevant fungal infections in Tanzania.
mm Estimated Cases per Year
12,000

9,600

10,000
8,000
6,000
4,000

2,000

Pneumocystis Jivorecii Pneumonia

Cryprococcosis

In 2012, there were 80 000 deaths due to HIV/
AIDS in Tanzania. Assuming that 10-20% of these
occur due to CM,'” we would expect 8000-16 000
deaths in 2012 due to this infection, many more than
our estimate of a total of 4412 patients. The assump-
tions used in our model may have underestimated the
prevalence of CM. We believe this underestimation
may be explained by the low awareness among clini-
cians as well as the lack of widely available confirma-
tory tests. A study by Wajanga et al. showed a 1—
2 weeks delay of cryptococcal infection diagnosis in a
referral centre in north Tanzania.>*> Given the burden
in Tanzania, the rollout of CD4 targeted screening for
invasive cryptococcosis using cryptococcal antigen lat-
eral flow assay, as recommended by the WHO [53], is
urgently needed. This cost-effective strategy would
facilitate early detection of cases and consequently
reduce mortality.?* Furthermore, increasing the avail-
ability of first-line antifungals, such as amphotericin B
and flucytosine, would be an effective measure
towards reducing mortality dramatically.>* Additional
measures to reduce mortality include ensuring a wider
availability of lumbar puncture equipments to reduce
intracranial pressure, and increased awareness and
uptake of the most recent recommendations. Impor-
tantly, the long-term prognosis is excellent for patients
who survive CM and are initiated on ART.>’

We estimated 9600 annual cases of PCP from a
study diagnosing PCP using bronchoalveolar lavage,
and toludine staining in sputum.?® In this study, half
of the patients were on ART and co-trimoxazole. Our
estimates may have been higher than expected as our
denominator did not account for number of patients
on co-trimoxazole prophylaxis. In routine HIV care
provided in Tanzanian clinics as well as other African
settings, PCP is diagnosed clinically as presence of
cough and low oxygen saturation,’® and microscopy
diagnosis is only performed in research settings. The
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—o— Estimated Number of Death per Year (Lower Limit)
= &~ Estimated Number of Death per year (Upper Limit)

10,437

Figure 1 Annual estimates of number of
cases and deaths associated with the
most relevant fungal infections in Tanza-
nia. CPA, chronic pulmonary

CPA aspergillosis.

current treatment guidelines in Tanzania have
increased the cut-off point for co-trimoxazole prophy-
laxis initiation among all HIV patients from CD4 <200
cells per pl to CD4 <350 cells per pl,>! but drug stock
outs are frequent in the country. This leads to patients
being often recommended to buy the co-trimoxazole
themselves, which seldom happens due to the eco-
nomic constraints of many patients. This worrisome
scenario may result in an increased incidence rate of
PCP among other associated conditions prevented by
co-trimoxazole prophylaxis, including toxoplasmosis,
malaria and respiratory and enteric infections. Also
our model did not include non-HIV immunocompro-
mised patients such as malnourished patients and
those with haematological malignancies who are also
at risk of developing PCP.

Respiratory fungal infections such as histoplasmosis
blastomycosis and non-tuberculous mycobacterial
infection may be indistinguishable from pulmonary
tuberculosis. This is especially the case in a tuberculo-
sis endemic area such as Tanzania. We noted that in
2012, there were 46% smear-negative pulmonary
tuberculosis cases and that 39% of all tuberculosis
patients were HIV positive. Although fungal respira-
tory infections have rarely been reported in Tanzania,
we assume that most of these may have been misdiag-
nosed and treated as smear-negative tuberculosis
cases.*”

A previous large systematic review on blastomycosis
from 18 African countries reported a total of 81 cases,
one of which was from Tanzania*® showing that the
lack of epidemiological data does not exclude the pres-
ence of blastomycosis in Tanzania. Also, a case report
from Canada reported a Tanzanian expatriate diag-
nosed with blastomycosis.*® As discussed above, in
this case report, the patient had been previously trea-
ted empirically for tuberculosis before being diagnosed
with blastomycosis.

© 2015 Blackwell Verlag GmbH
Mlycoses, 2015, 58 (Suppl. S5), 70-79



We estimated 10 437 cases of CPA in 2012 among
posttuberculosis patients. This underlines the necessity
for incorporating management of this frequently
neglected tuberculosis-associated disease into national
tuberculosis treatment guidelines in Tanzania. To diag-
nose CPA, ELISA for IgG antibodies to Aspergillus or
an Aspergillus precipitin test is needed. Although these
tests are widely available (total IgE, dermal tests), inex-
pensive and feasible also in low-income countries, they
are not widely available in Tanzania. Consequently,
patients are usually treated with extended course of
anti-tuberculosis medication even with a negative spu-
tum smear for Mycobacteria.*®

Candidaemia is reported as the fourth most common
cause of nosocomial bloodstream infection globally.>”
The incidence of invasive candidiasis in our estimates
is much lower than expected. We estimated candi-
daemia and Candida peritonitis from immunocompro-
mised patients including postsurgical patients, patients
with haematological malignancy and those in inten-
sive care units. The lack of precise data on number of
patients with these conditions in Tanzania used as
denominators in our model may explain our lower
estimates. For instance, there are no precise data on
number of ICU beds in Tanzania, we assumed that 5%
of all hospital beds in Tanzania serve as ‘intensive care
bed’” (T. Baker, personal communication). This is
because ICUs are only found in tertiary and referral
hospitals while in most hospitals designated patient
rooms serve as ‘intensive care rooms/close observation
rooms’ with patients receiving intensive care services.

This study has several limitations. Despite having
identified all manuscripts published on fungal infec-
tions in Tanzania, some of these lack the necessary
denominators and others are not updated to be incorpo-
rated in our model. Also, the estimates on the number
of other groups of patients with immunosuppression in
Tanzania are imprecise. The national cancer registry
was started in 2010 and currently there is insufficient
epidemiological data on patients with haematological
conditions (A. Mwakigonja, personal communication).
On the other hand, although organ transplantation is
not routinely done in Tanzania, patients are referred
outside the country for these services. To our knowl-
edge there is no official registry for all patients who
have had organ transplant living in Tanzania (Min-
istry of Health Tanzania, personal communication).
Again, a centralised registry on all surgeries performed
in the country is missing. We believe that the lack of
data on these groups of patients may have slightly
underestimated the number of some invasive fungal
conditions such as candidaemia.
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Finally, due to the nature of the modelling we con-
ducted, and based on the lack of robust data from
Tanzania and neighbouring countries, our estimates
probably have wide confidence limits. A scenario-based
modelling that also takes into account focal distribu-
tions might yield more accurate estimates and extrapo-
lations. Despite these shortcomings, we feel that these
very first country-wide assessments and extrapolations
provide an acceptable ground to raise awareness of
the non-addressed burden of fungal disease, and point
at the need for better registries, effective use of avail-
able diagnostic tools, as well as strengthening the
availability of and access to first-line antifungals in
Tanzania.

Conclusion

To our knowledge, this is the first attempt to estimate
the burden of serious fungal infections in Tanzania.
We estimated that 3% of Tanzanians suffer from a fun-
gal infection every year. However, the actual number
of fungal infections may be higher than our estimates
since most data used in the model were derived from
HIV studies, given the scarcity of data from other
immunocompromised populations. Our estimates form
a basis for future epidemiological studies and may
stimulate the development of a national survey that is
currently lacking. These estimates aim to address a
relevant and largely non-addressed public health con-
cern with very important implications. In particular,
our results point at the urgent need for better epidemi-
ological surveillance within the health system, better
laboratory and point-of care diagnostics, better avail-
ability of existing tests, and increased access to exist-
ing first-line antifungal drugs. The integrated
implementation of these measures will help to reduce
the unacceptable burden and mortality of fungal infec-
tions in Tanzania.

Acknowledgments

The authors are grateful to all authors and govern-
ment officials who provided raw and unpublished data
on their previous works necessary for estimating the
burden of fungal infections in Tanzania.

Conflicts of interest

DF, WM, HF, CH, MB, MT, and EL have no conflict of
interest to declare. DWD holds Founder shares in F2G
Ltd a University of Manchester spin-out antifungal dis-
covery company, in Novocyt which markets the

77



Diana Faini et al.

Myconostica real-time molecular assays and has cur-
rent grant support from the National Institute of
Allergy and Infectious Diseases, National Institute of
Health Research, NorthWest Lung Centre Charity,
Medical Research Council, Astellas and the Fungal
Infection Trust. He acts as a consultant to T2 Biosys-
tems, GSK, Sigma Tau, Oxon Epidemiology and Pulmi-
cort. In the last 3 years, he has been paid for talks on
behalf of Astellas, Dynamiker, Gilead, Merck and Pfi-
zer. He is also a member of the Infectious Disease
Society of America Aspergillosis Guidelines and Eur-
opean Society for Clinical Microbiology and Infectious
Diseases Aspergillosis Guidelines groups. He is also
President of the Global Action Fund for Fungal
Infections.

References

1

(92

12

13

14

78

Brown GD, Denning DW, Levitz SM. Tackling human fungal infec-
tions. Science 2012 May 11; 336: 647. doi:10.1126/
science.1222236.

Denning D. How common are Fungal Diseases?. URL http://www.
fungalinfectiontrust.org/How%20Common%?20are%20Fungal%20Di
seases5.pdf.

Xiao J, Gao G, Li Y, Zhang W, Tian Y, Huang Y et al. Spectrums of
opportunistic infections and malignancies in HIV-infected patients in
tertiary care hospital, China. PLoS ONE 2014; 9(1).

Fisk DT, Meshnick S, Kazanjian PH. Pneumocystis carinii pneumo-
nia in patients in the developing world who have acquired immun-
odeficiency syndrome. Clin Infect Dis 2003; 36: 70-8.

Denning DW, Pleuvry A, Cole DC. Global burden of allergic bron-
chopulmonary aspergillosis with asthma and its complication
chronic pulmonary aspergillosis in adults. Med Mycol 2013; 51:
361-70. Epub 2012/12/06.

Denning DW, Pleuvry A, Cole DC. Global burden of chronic pul-
monary aspergillosis as a sequel to pulmonary tuberculosis. Bull
World Health Organ 2011; 89: 864-72. Epub 2012/01/25.
Denning DW, O'Driscoll BR, Hogaboam CM, Bowyer P, Niven RM.
The link between fungi and severe asthma: a summary of the evi-
dence. Eur Respir ] 2006; 27: 615-26.

World Health Organization. World Malaria Report 2013. Geneva:
World Health Organization, 2013: xxviii, 253pp.

World Health Organization. Global Tuberculosis Report 2014. Geneva:
World Health Organization, 2014: 154pp.

Lortholary O, Poizat G, Zeller V et al. Long-term outcome of AIDS-as-
sociated cryptococcosis in the era of combination antiretroviral ther-
apy. AIDS 2006; 20: 2183-91. Epub 2006/11/07.

Rathod SD, Buffler PA. Highly-cited estimates of the cumulative inci-
dence and recurrence of vulvovaginal candidiasis are inadequately
documented. BMC Womens Health 2014; 14: 43. Epub 2014/03/13.
National Bureau of Statistics [4]. 2012 Population and Housing Cen-
sus Report, United Republic of Tanzania, 2013.

UNAIDS. UNAIDS Global Report 2013:UNAIDS report on the global
AIDS epidemic 2013, 2013.

TACAIDS Tanzania Commission for AIDS. National HIV and AIDS
response report 2013, Mainland, 2014.

World Health Organization. Global tuberculosis report 2013 (in
IRIS). Geneva: World Health Organization; 2013: xi, 289pp.

World Health Organization. Antiretroviral Therapy for HIV Infection in
Adults and Adolescents: Recommendations for a Public Health Approach -
2010 Revision, 2010 rev. edn. Geneva: World Health Organization,
2010: 145pp.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Park BJ, Wannemuehler KA, Marston BJ, Govender N, Pappas PG,
Chiller TM. Estimation of the current global burden of cryptococcal
meningitis among persons living with HIV/AIDS. AIDS 2009; 23:
525-30. Epub 2009/02/03.

Harrison TS. The burden of HIV-associated cryptococcal disease.
AIDS 2009; 23: 531-2. Epub 2009/02/26.

Jarvis JN, Harrison TS. HIV-associated cryptococcal meningitis. AIDS
2007; 21: 2119-29. Epub 2007/12/20.

Hakim ]G, Gangaidzo IT, Heyderman RS et al. Impact of HIV infection
on meningitis in Harare, Zimbabwe: a prospective study of 406 predom-
inantly adult patients. AIDS 2000; 14: 1401-7. Epub 2000/08/10.
Rajasingham R, Meya DB, Boulware DR. Integrating cryptococcal
antigen screening and pre-emptive treatment into routine HIV care. |
Acquir Immune Defic Syndr 2012; 59: e85-91. Epub 2012/03/14.
Wajanga BM, Kalluvya S, Downs JA, Johnson WD, Fitzgerald DW,
Peck RN. Universal screening of Tanzanian HIV-infected adult inpa-
tients with the serum cryptococcal antigen to improve diagnosis and
reduce mortality: an operational study. J Int AIDS Soc 2011; 14: 48.
Epub 2011/10/13.

Rugemalila J, Maro VP, Kapanda G, Ndaro AJ, Jarvis JN. Cryptococ-
cal antigen prevalence in HIV-infected Tanzanians: a cross-sectional
study and evaluation of a point-of-care lateral flow assay. Trop Med
Int Health 2013; 18: 1075-9. Epub 2013/08/14.

Letang E, Muller MC, Ntamatungiro AJ et al. Cryptococcal Antigene-
mia in Immunocompromised Human Immunodeficiency Virus
Patients in Rural Tanzania: a Preventable Cause of Early Mortality.
Open Forum Infect Dis 2015; 2.

Magambo KA, Kalluvya SE, Kapoor SW et al. Utility of urine and
serum lateral flow assays to determine the prevalence and predictors
of cryptococcal antigenemia in HIV-positive outpatients beginning
antiretroviral therapy in Mwanza, Tanzania. | Int AIDS Soc 2014;
17.

Jarvis JN, Lawn SD, Wood R, Harrison TS. Cryptococcal antigen
screening for patients initiating antiretroviral therapy: time for
action. Clin Infect Dis 2010; 51: 1463-5. Epub 2010/11/19.
Calderon-Sandubete EJ, Varela-Aguilar JM, Medrano-Ortega FJ et al.
Historical perspective on Pneumocystis carinii infection. Protist
2002; 153: 303-10.

Denning D. Pneumocystis pneumonia Fact Sheet. GAFFI Fact Sheet,
2014.

de Armas RY, Wissmann G, Muller AL et al. Pneumocystis jirovecii
pneumonia in developing countries. Parasite 2011; 18: 219-28.
Mwita J, Mugusi F, Pallangyo K. Pneumocyctis pneumonia and
pulmonary tuberculosis among HIV-infected patients at Muhimbili
National Hospital, Tanzania. East Afr | Public Health 2012; 9:
10-12.

Shayo GA, Minja LT, Egwaga S, Bakari M, Mugusi FM. Symptom-
based screening tool in ruling out active tuberculosis among HIV-in-
fected patients eligible for isoniazid preventive therapy in Tanzania.
Trop Med Int Health 2014; 19: 726-33. Epub 2014/03/26.

Smith RM, Nguyen TA, Ha HT et al. Prevalence of cryptococcal anti-
genemia and cost-effectiveness of a cryptococcal antigen screening
program - Vietnam. PLoS ONE 2013; 8: ¢62213. Epub 2013/04/30.
Buchacz K, Baker RK, Palella FJ Jr et al. AIDS-defining opportunistic
illnesses in US patients, 1994-2007: a cohort study. AIDS 2010; 24:
1549-59.

Amin R, Dupuis A, Aaron SD, Ratjen F. The effect of chronic infec-
tion with Aspergillus fumigatus on lung function and hospitalization
in patients with cystic fibrosis. Chest 2010; 137: 171-6.

Symoens F, Haase G, Pihet M et al. Unusual Aspergillus species in
patients with cystic fibrosis. Med Mycol 2010; 48: 501345.
Schweer KE, Bangard C, Hekmat K, Cornely OA. Chronic pulmonary
aspergillosis. Mycoses 2014; 57: 257-70.

To T, Stanojevic S, Moores G et al. Global asthma prevalence in
adults: findings from the cross-sectional world health survey. BMC
Public Health 2012; 12: 204. Epub 2012/03/21.

Mugusi F, Edwards R, Hayes L et al. Prevalence of wheeze and self-
reported asthma and asthma care in an urban and rural area of
Tanzania and Cameroon. Trop Doct 2004; 34: 209-14.

© 2015 Blackwell Verlag GmbH
Mlycoses, 2015, 58 (Suppl. S5), 70-79


http://dx.doi.org/10.1126/science.1222236
http://dx.doi.org/10.1126/science.1222236
http://www.fungalinfectiontrust.org/How%20Common%20are%20Fungal%20Diseases5.pdf
http://www.fungalinfectiontrust.org/How%20Common%20are%20Fungal%20Diseases5.pdf
http://www.fungalinfectiontrust.org/How%20Common%20are%20Fungal%20Diseases5.pdf

39

40

41
42

43

44

46

47

48

49

Singh M, Das S, Chauhan A et al. The diagnostic criteria for allergic
bronchopulmonary aspergillosis in children with poorly controlled
asthma need to be re-evaluated. Acta Paediatr 2015; 25: 12930.
Pohl C, Jugheli L, Haraka F, Mfinanga E, Said K, Reither K. Pul-
monary aspergilloma: a treatment challenge in sub-Saharan Africa.
PLoS Negl Trop Dis 2013; 7.

Sobel JD. Vulvovaginal candidosis. The Lancet 2007; 369: 1961-71.
Amouri I, Sellami H, Borji N et al. Epidemiological survey of vulvo-
vaginal candidosis in Sfax, Tunisia. Mycoses 2011; 54: ¢499-505.
Epub 2010/11/03.

Mulu A, Kassu A, Anagaw B et al. Frequent detection of ‘azole’ resis-
tant Candida species among late presenting AIDS patients in north-
west Ethiopia. BMC Infect Dis 2013; 13: 1471-2334.

Matee MI, Scheutz F, Moshy J. Occurrence of oral lesions in relation
to clinical and immunological status among HIV-infected adult Tan-
zanians. Oral Dis 2000; 6: 106-11.

Ferie J, Dinkela A, Mbata M, Idindili B, Schmid-Grendelmeier P,
Hatz C. Skin disorders among school children in rural Tanzania
and an assessment of therapeutic needs. Trop Doct 2006; 36: 219—
21.

Lofgren SM, Kirsch EJ, Maro VP et al. Histoplasmosis among hospital-
ized febrile patients in northern Tanzania. Trans R Soc Trop Med Hyg
2012; 106: 504-7. Epub 2012/06/30.

Burton MJ, Pithuwa J, Okello E et al. Microbial keratitis in East
Africa: why are the outcomes so poor? Ophthalmic Epidemiol 2011;
18: 158-63. Epub 2011/07/26.

Carman WF, Frean JA, Crewe-Brown HH, Culligan GA, Young CN.
Blastomycosis in Africa. A review of known cases diagnosed between
1951 and 1987. Mycopathologia 1989; 107: 25-32.

Alvarez GG, Burns BF, Desjardins M, Salahudeen SR, AlRashidi F,
Cameron DW. Blastomycosis in a young African man presenting
with a pleural effusion. Can Respir ] 2006; 13: 441-4.

GBD 2013 Mortality and Causes of Death Collaborators. Global,
regional, and national age-sex specific all-cause and cause-specific
mortality for 240 causes of death, 1990-2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet 2015; 385:
117-71.

United Republic of Tanzania Ministry of Health and Social Welfare.
Tanzania National Guidelines for the Management of HIV and AIDS:
United Republic of Tanzania Ministry of Health and Social Welfare,
4th edn., 2012.

Hirnschall G, Harries AD, Easterbrook PJ, Doherty MC, Ball A. The
next generation of the World Health Organization’s global

© 2015 Blackwell Verlag GmbH
Mycoses, 2015, 58 (Suppl. S5), 70-79

53

54

55

56

57

60

61

62

63

64

Fungal burden in Tanzania

antiretroviral guidance. Journal of the International AIDS Society 2013;
16: 18757. DOIL: 10.7448/1AS.16.1.18757

World Health Organization. Rapid Advice: Diagnosis, Prevention and
Management of Cryptococcal Disease in HIV-Infected Adults, Adolescents
and Children: December 2011. Geneva: World Health Organization,
2011: 44pp.

Day JN, Chau TT, Wolbers M et al. Combination antifungal therapy
for cryptococcal meningitis. N Engl ] Med 2013; 368: 1291-302.
Butler EK, Boulware DR, Bohjanen PR, Meya DB. Long term 5-year
survival of persons with cryptococcal meningitis or asymptomatic
subclinical antigenemia in Uganda. PLoS ONE 2012; 7: e51291.
Epub 2012/12/20.

Curtis JR, Paauw DS, Wenrich MD, Carline JD, Ramsey PG. Ability of
primary care physicians to diagnose and manage Pneumocystis cari-
nii pneumonia. J Gen Intern Med 1995; 10: 395-9.

Wisplinghoff H, Ebbers J, Geurtz L et al. Nosocomial bloodstream
infections due to Candida spp. in the USA: species distribution, clini-
cal features and antifungal susceptibilities. Int | Antimicrob Agents
2014; 43: 78-81.

Mfinanga S, Kivuyo S, Ezekiel L, Ngadaya E, Mghamba J, Ramaiya
K. Public health concern along side with global initiative on the pri-
ority action for “silent uprising epidemic” on Non-Communicable Dis-
eases in Tanzania. Tanzania Journal of Health Research 2012; 13.
Kersten E, Scanlan P, Dubois SG, Matthay KK. Current treatment
and outcome for childhood acute leukemia in Tanzania. Pediatr Blood
Cancer 2013; 60: 2047-53. Epub 2013/09/17.

WORLD BANK GROUP. Hospital beds (per 1000 people). 2010-
2014.

Kibiki GS, Beckers P, Mulder B et al. Aetiology and presentation of
HIV/AIDS-associated pulmonary infections in patients presenting for
bronchoscopy at a referral hospital in northern Tanzania. East Afr
Med ] 2007; 84: 420-8.

Jensen L, Jensen AV, Praygod G et al. Infrequent detection of Pneu-
mocystis jirovecii by PCR in oral wash specimens from TB patients
with or without HIV and healthy contacts in Tanzania. BMC Infect
Dis 2010; 10: 140. Epub 2010/06/01.

Fabian FM, Kahabuka FK, Petersen PE, Shubi FM, Jurgensen N. Oral
manifestations among people living with HIV/AIDS in Tanzania. Int
Dent ] 2009; 59: 187-91.

Foxman B, Muraglia R, Dietz JP, Sobel JD, Wagner J. Prevalence of
recurrent vulvovaginal candidiasis in 5 European countries and the
United States: results from an internet panel survey. ] Low Genit Tract
Dis 2013; 17: 340-5.

79


http://dx.doi.org/10.7448/IAS.16.1.18757

