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Cryptococcal neorformans Antigenemia
among HIV-Infected Patients in North
Eastern Nigeria

Abstract

Background: Cryptococcus neoformans infection is a common fungal infection
that is cosmopolitan in distribution and causes a life-threatening disease among
HIV-infected patients especially in advanced disease. Screening for cryptococcal
antigen (CrAg) in patients enrolling in ART programs may identify those at risk of
cryptococcal meningitis and permit targeted use of pre-emptive therapy.

Methods: This was a cross survey study of 215 consecutive HIV-infected patients at
an ART treatment centre were screened for cryptococcal antigenaemia using the
cryptococcal antigen lateral flow assay (CrAg LFA). Study subjects were assessed
for clinical features of Cryptococcus neoformans infection. CD4+ cell count,
haemoglobin concentration as well as HIV-1 RNA viral load was also compared
between cryptococcal antigen positive and negatives.

Results: 37 (16.7%) patients were positive for cryptococcal antigenaemia.
Cryptococcal antigen positive subjects had a lower median CD4+ cell count (58
cells/uL vs. 273 cells/uL, p<0.001) and higher median viral load (log 3.6 copies/mL
vs. log2.3 copies/mL, p=0.05) compared to cryptococcal antigen negative subjects.
The commonest predictors of positive CrAg status in the study were; low BMI, low
Hb, fever and cough.

Conclusion: The study has shown the prevalence of cryptococcal antigenaemia to
be high among the study subjects attending this service. Therefore, screening of
patients receiving care at this centre may help in identifying individuals who are
at risk of cryptococcal meningitis for prophylactic treatment.
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Introduction

It has been over a century since Cryptococcus neoformans was
discovered from an environmental source [1,2]. Cryptococcus
neoformans is an encapsulated, heterobasidiomycetous fungus
that is worldwide in distribution as an opportunistic pathogen
particularly among HIV patients. The spectrum of clinical infection
ranges from a complete asymptomatic state to more severe life-
threatening disseminated disease. Cryptococcus neoformans
primarily enters the body through the respiratory tract, but it has
a particular predilection for the central nervous system (CNS).
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of normal human flora [3-8]. It is usually commonly isolated
in immunocompromised patients e.g., AIDS patients, patients

Cryptococcal neoformans is not generally considered as part on immunosuppressive therapy, head and neck cancers,
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lymphoproliferative diseases, etc. Studies done in the USA gave a
predicted overall incidence of cyptococcosis in the pre-AIDS era in
the United States to be around 0.8 cases per million persons per
year [9,10]. However, during the peak of the HIV/AIDS epidemic
in the USA in the early 1990s the incidence reached almost 5
cases per 100,000 persons per year in several major cities. With
the roll out of Highly Active Antiretroviral Therapy (HAART) in the
developed world in the mid-1990s there was a significant fall in
the overall incidence to almost its pre-AlIDS state.

Available data have shown that the prevalence of Cryptococcus
neoformans infection among HIV-infected patients is very high
in most parts of the world particularly in sub-Saharan Africa,
which is considered the epicentre of the HIV/AIDS pandemic
[11,12]. The total population of sub-Saharan Africa is estimated
to be about 800 million (i.e., 11.4% of the global population), but
the region is home to about 60% of the total number of people
infected with HIV in the world (22.6 million). In addition, sub-
Saharan Africa is the poorest region of the world where the evil
triads of poverty, ignorance and infectious diseases/malnutrition
thrive in a synergistic fashion [12,13]. Studies have shown the
prevalence to be in the range of 15-45% among HIV-infected
patients especially in advanced disease [13,15]. In many studies
in sub-Saharan African, Cyptococcus neoformans is one of the
commonest isolates among culture positive meningitis in the
setting of HIV/AIDS [13-15]. Further studies have elucidated that
the risk of Cryptococcal meningitis was higher among African-
born HIV-infected individuals even after migrating to the West.
Other similar studies done in Asia e.g., in Thailand has also shown
higher incidence of Cyptococcal meningitis among cohorts of
HIV-infected patients. Research has shown that C. neoformans is
a common cause of life-threatening opportunistic infection in up
to 40% of HIV-infected patients in sub-Saharan Africa and about
17% of AIDS patients’ world-wide [16].

The Center for Disease Control and Prevention (CDC) reported in
one of its surveys that up to 6% of patients with AIDS in the United
States had developed Cryptococcal infection. HIV associated
Crytococcal infection now accounts for about 80% to 90% of the
total cases of Cyptococcal infection worldwide. The outcome
of Cryptoccal neoformans infection in immunocompromised
patients (e.g., HIV/AIDS) is often grave. Furthermore, patients
that experienced clinical recovery from the infection often
require a lifelong secondary prophylaxis therapy. Studies have
shown that the mortality rate due to Cryptococcal meningitis in
the setting of HIV/AIDS is in the range of 25-30%. In addition,
about of 40% of survivors would end up with a neurological
sequela in the form of cranial palsies, hydrocephalus, loss of
vision, mental retardation, etc. Relapse rate is also common i.e.,
up to 25% in some series. Cryptococcal meningitis is a common
and often fatal opportunistic infection in HIV-infected individuals,
especially in Africa and Asia. In North East Thailand, cryptococcal
disease is second only to tuberculosis as an AIDS-defining illness.
In a Bangkok Hospital; mortality of patients with HIV-associated
cryptococcal meningitis was 43% with a mean time to death
of 14 days, despite treatment with full conventional doses of
amphotericin B.

ISSN 2573 - 0320 Vol. 1No. 1:7

Methods
Study site

This was a cross-sectional study conducted at the University
of Maiduguri Teaching Hospital, North Eastern Nigeria. Ethical
Approval for the study was obtained from the Medical Ethics
Review Committee of the University of Maiduguri Teaching
Hospital, London School of Hygiene and Tropical Medicine Ethical
Committee, UK. Informed written consents were obtained from
each individual patient before commencing the study. Patients
had the unlimited liberty to deny consent or opt out of the study
at any stage without any consequences.

Population

Sample size was calculated using Epi Info statistical software
based on study power of 80% (i.e., $=0.8) and a set at 0.05
for cross-sectional descriptive study. Two hundred and fifteen
people living with HIV aged 18 years and older who were referred
to the Antiretroviral Treatment (ART) Clinic at the University
of Maiduguri Teaching Hospital, Nigeria. The participants
who consented to participate were consecutively recruited.
Participants were referred to the clinic after testing positive on
screening for HIV-infection either from TB treatment centres
(DOTS), antenatal clinics, or from other health facilities in the
region.

Procedure

Cases of newly diagnosed HIV-infected subjects were tested for
Cryptococcus neoformans antigen by Cryptococcal Antigen Lateral
Flow Assay (CrAg LFA) method. Structured questionnaires were
administered to each study subject after obtaining an informed
consent. Data about socio-demographic characteristics, clinical
signs and symptoms as well as CD4+ cell counts; HIV-1 RNA viral
load and haemoglobin concentration were obtained from each
study subjects. Data were entered into a computer database and
analyse using STATA statistical package (StataCorp 4905 Lakeway
Drive, Texas USA).

Laboratory

Blood samples were taken in the clinic by a trained phlebotomist
and samples were subsequently sent to the immunology
laboratory at the UMTH; where samples were analysed for
Cryptococcal antigen using the CrAg LFA method, as well as CD4
cell count, HIV-1 RNA viral RNA and Haemoglobin concentration
by atrained laboratory scientist working with the ART programme.

The qualitative crag lateral flow assay (CrAg LFA)

This is an immune-chromatographic test system for the
qualitative or semi-quantitative detection of the capsular
polysaccharide antigens of Cryptococcus species complex
(Cryptococcus neoformans and Cryptococcus gatti) in serum,
plasma and cerebrospinal fluid (CSF). The CrAg LFA test is a
prescription-use laboratory assay, which can aid in the diagnosis
of cryptococcosis. The CrAg LFA is dipstick sandwich immune-
chromatographic assay. Specimens and specimen diluent were

2 This article is available in: http://www.imedpub.com/transmitted-diseases-and-immunity/
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added into appropriate test tubes, and the lateral flow device was
placed into the tubes. The test used specimen wicking to capture
gold-conjugated, anti-CrAg monoclonal antibodies and gold-
conjugated control antibodies deposited on the test membrane.

Results interpretation: The reactions were interpreted as follows:

1. The presence of two lines (test and control), regardless of
the intensity of test lines, indicates positive results.

2. Asingle control line indicated a negative result.

3. If the control line does not appear, the results were
interpreted as invalid and the tests were repeated.

HIV-screening test

Immunoblot method was used to screened patients for the
presences of HIV antibody (Immunoblot Assay) for the detection
of 1gG antibodies against HIV-1 and HIV-2 antigens; Immunitics
Incorporation, CA, USA).

Results interpretation: (1). The bands developed were identified
and compared to the positive control strip by aligning them with
matching bands on the reference card provided with the test
kits. (2). Presence of a band compared with positive strip was
interpreted as a positive result while the absence of a band was
interpreted as negative result.

CD4 cell count by flow cytometric analysis

CD4-PE fluorescence was analysed on a Partec Flow Cytometer
(Partec Healthcare and Immunology, Partec GmbH, A Flugplatz
13. D-02828 Gorlitz, Germany) with an excitation light source
of 488 nm or 532 nm (blue or green solid state laser). To count
CD4+ T-cells, the test tubes with 840 uL of the ready prepared
venous blood samples were transferred to the Partec Flow
Cytometer and count analysis were carried out automatically.
The dilution factor was set at 42. Counting results were displayed
automatically as CD4+ T-cells per pL of whole blood.

HIV-1 RNA viral load test: This was analysed using the Amplicor
method (AMPLICOR HIV-1 MONITOR TEST VERSION 1.5)

Haemaglobin concentration test: Auto analyzer was used to test
for haemoglobin concentration (Haematology Auto Analyser-
MIDARY BC-3200):

Data analysis

Data were entered into a computer data based and analysed
using Stata statistical package version 12.1 (Statacorp, 4905
Lakeway Drive, College Station, Texas 79845 USA). Mean,
median, standard deviation and interquartile range (IQR) were
generated. Percentages were compared using Chi-square test,
while Fishers exact was used where frequency cells were less
than 5. Student t-test was used to compare mean of continuous
variables. Multivariate logistic regression analysis was used to
analyze for predictors for cryptococcal antigen prevalence as well
as to adjust for potential confounders, mean (+ 2SD) and median
(IQR) were compared by Chi square/student t-test and Mann
Whitney test methods for normally distributed and skewed data

© Under License of Creative Commons Attribution 3.0 License
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respectively where necessary. A p-value of 0.05 was considered
as strong evidence against the null hypothesis.

Results

Table 1 shows the socio-demographics and clinical characteristics
of the participants. A total of 215 HIV-infected patients were
studied. Females constituted 60% of the study subjects. Their age
range was 22-66 years with a mean of 38 years (SD + 9), 42% of
the study subjects were within the age category of 30-39 years.
One-fifth had tertiary education, while 14.0% and 34.9% had
Islamic and no education respectively (Table 1).

Laboratory characteristics

The prevalence of Cryptococcal antigenamia (by CrAg LFA
qualitative method) was 16.7% (Figure 1). Median CD4 count
was 58 cells/ul (IQR: 36-129) and 237 (IQR: 90-425) amongst
Cryptococcal antigen positive and negative patients respectively
(Figure 2). This finding was statistically significant (p-value<0.001).
Mean Hb levels were 9.6 g/dL (SD: + 2.3) and 11 g/dL (SD: + 2.0)
amongst Cryptococcal antigen positive and negative patients
respectively. This finding was statistically significant (p-value
0.09). In addition, there were more CrAg positive subjects with
CDA4 cell count less than 100 cells/uL compared to negatives i.e.,
45.5% vs. 24.0% (Table 2). Viral load was available for 75 patients
(median viral load for Cryptococcal antigen positive: log3.6
copies/mL (IQR: 2.3-4.6), cryptococcal antigen negative: log2.3
copies/ml (IQR: 2.3-3.6); p-value (Figures 1 and 2) (Table 2).

Data were available for 89 HIV-infected adults to compute the
BMI. The mean BMI was 22 kg/m?(cryptococcal antigen positive:

Table 1 Socio-demographics and clinical characteristics of the

participants N=215.

Gender
Male 89 (41.4)
Female 126 (58.6)
Age group (year)
<30 39(18.3
30-39 89 (41.8)
40-49 62 (29.1)
350 23 (10.8)
Educational level
None 75 (34.9)
Primary 54 (25.2)
Secondary 44 (20.5)
Tertiary 42 (19.5)
Marital status
Single 19 (8.8)
Married 147 (68.4)
Divorced 15 (7.0)
Widowed 34 (15.8)
CD4+ count (cells/ul)
<50 21
50-99 26
100-199 26
>200 107
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Figure 1 Cryptococcal antigen status among the 215
HIV-infected adults.
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significant were BMI, Haemoglobin, fever and cough (Tables 3
and 4).

Discussion

The prevalence of cryptococcal antigenaemia among the study
population was found to be 16.7%, among these 51.4% were
males and 48.6% females. This nearly equal male to female ratio
in the prevalence rate may suggest same level of exposure to
environmental risk factors for the acquisition of Cryptococcus
neoformans rather than differences in susceptibility to infection
between the two sexes. However, some studies have reported
sexual differences in prevalence rate between male and females.
The authors in such studies did not give any plausible explanation
for gender variation in prevalence rate, however increased male
sex exposure to environmental risk factors for the acquisition of
cryptococcal infection may be possible explanation. Majority of
the study subjects i.e., both cryptococcal antigen positives and

Table 3 Neurological/clinical Symptoms by Cryptococcal Antigen status.

Cryptococcal Antigen status

%ﬁ Neurological symptoms Total Positive n(%) Negative n(%) P-value
3 Fever 81 15 (18.5) 66(81.5)  0.59
3 g1 Headache 66 16 (24.2) 50(75.8)  0.05*
§ ° Loss of consciousness 6 2(33.3) 4 (66.7) 0.26
? g Seizures 7 2 (28.6) 5(71.4) 0.33
3 ) Cough 38 12 (31.6) 26(68.4)  0.01*
2 o Weight loss 54 10 (18.5) 44 (81.5) 0.68
) Skin rash 43 14 (32.6) 29 (67.4)  0.01*
o é Note=*statistically significant at p < 0.05
Figure2 Box plot showing the CD4 cell count (cells/ul) Table 4 Predictors of cryptococcal antigen prevalence.
K by Cryptococcal Antigen status. j .
Variable (o e p-value Gl p-value
(95% C.1) (95% C.1)
Table 2 Proportion of CD4 cells count by CrAg antigen status. Age 0.99 (0.95-1.03) 0.621 0.91 (0.81-1.03) 0.135
CD4 cell count (cells/ul)  CrAg Positive N (%) = CrAg Negative N (%) Gender
<50 3(13.7) 19 (12.0) Female 1 1 0.785
50-99 7(31.8) 19 (12.0) Male  1.33(0.65-2.73) 0.4  0.77(0.12-4.88)
100-199 5(22.7) 21(13.1) BMI 1.03 (0.92-1.15) 0.62 1.36(1.02-1.80) 0.037*
>200 7 (31.8) 100 (62.9) Cd4 count  1.00(0.99-1.00) 0.001* 1.00 (0.99-1.00) 0.952
Total N (%) 22 (100) 159 (100) Hb 0.70(0.57-0.85) <0.001 0.56 (0.36-0.95)  0.032*
Fever
22 kg/m?, cryptococcal antigen negative: 21 kg/m?; p-value=0.6) No 1 1
Table 3 below shows the percentage distribution of neurological UeE o Lazieseganl ) Gedl ) DM ORI B
symptoms by cryptococcal antigen status. Fever (38%) was Cough
the mostly reported amongst the clinical symptoms (positive: No 1 1
18.5%, negative: 81.5%). This finding was not statistically Yes ~ 2.94(1.31-6.60) 0.009 18.05(1.58-206.09) 0.020*
significant (p-value=0.59). Approximately 18% reported cough, Skin rash
this was higher amongst those that were cryptococcal antigen No 1 0.003* 1
negative (68.4%) compared to positives (31.6%). This finding was Yes  3.29(1.51-7.17) 2.36(0.38-14.50)  0.354
statistically significant (p-value=0.01). One-fifth reported skin | Headache
rash, which was higher amongst those that were cryptococcal No 1 1
antigen negative (67.4%) compared to positives (32.6%). This Yes 2.06(0.99-4.30) 0.053  1.16(1.34-10.12) 0.891
finding was also statistically significant (p-value=0.01). Logistic | Weight loss
regression was fitted to determine the risk of cryptococcal No 1 1
antigen prevalence (Table 4) following a multivariate model. Risk Yes 1.18(0.53-2.64)  0.687 1.13(0.13-9.96)  0.912
of CrAg LFA antigen positivity that was found to be statistically | Note=*statistically significant at p<0.05

4 This article is available in: http://www.imedpub.com/transmitted-diseases-and-immunity/
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negative subjects were in the age range 22-66 years, this favorably
compares with findings from similar studies in Africa (Dzoyem
etal.) [17-19]. It should be noted that this is the sexually active age
group and the most infected with the HIV. Additionally, this age
group may be actively engaged in activities that could predispose
them to environmental risk factor such as farming (contact with
soil contaminated with birds’ droppings) and exposure to birds’
guano. The overall prevalence 16.7% favourably compares with
those reported by Jacinta et al. in Uganda (19%) and that of
Osazuwa et al. in southern Nigeria which reported a cryptococcal
antigen prevalence rate of 12.7% among antiretroviral naive
HIV-infected patients [20]. Similarly, Micol et al. and Jarvis et
al. reported cryptococcal antigenaemia prevalence of 18%
and 13% in Cambodia and South Africa, respectively. Dzoyem
and colleagues reported relatively lower cryptococcal antigen
prevalence rate of 8.5-9.68% in Yaounde, Cameroon. The results
from this study demonstrate a relatively high prevalence (16.7%)
of cryptococcal antigenemia in a semi-urban setting among
HIV-infected patients. In @ community clinic in a rural setting in
Tororo, Uganda, a prevalence of only 5.3% was reported. The low
prevalence rate in the Ugandan study may be due to the fact that
only asymptomatic patients participated in the study [21-31].
The high prevalence in our study warrants the need to screen for
and diagnose cryptococcal infection among patients with severe
immunosuppression prior to initiation of ART. This may prevent
unmasking of sub-clinical infection, especially in patients who are
asymptomatic due to immune reconstitution [32].

On the other hand, Kumar et al. reported a prevalence rate of up
to 60% among HIV-infected patients presenting with a diagnosis
of meningitis in Northern India. This relatively high prevalence
rate could be explained by the used of highly select group of
patients presenting with features of meningitis in the study. The
differences in prevalence rate in the various studies could be due
to variations in study populations, exposure to environmental
risk factors, sensitivity of test kits used, differences in study
design and selection criteria and different biological specimens
(e.g., urine, CSF or Blood). The serum cryptococcal antigen test
has been shown to be a cost effective way of early diagnosis as
well as prevention of fatal cryptococcal infection in the setting of
AIDS. This is because screening for serum cryptococcal antigen is
highly sensitive, specific and cost effective in preventing death in
HIV-infected patients with CD4 counts of 100 cells/mm?3or less.
In a study on cost effectiveness analysis in Uganda the findings
suggest that the number needed to test and treat with CrAg
screening and fluconazole treatment to prevent one cryptococcal
meningitis case is 11.3 (95% Cl 7.9-17.1) at a cost of US$190 (95%
Cl, $132-5287) while the number needed to test and treat to save
one life is 15.9 (95% Cl 11.1-24.0) at a cost of $266 (95% CI $185-
$402) [33,34].

The frequently reported clinical symptoms that may suggest
cryptococcal infection were: fever (38%), headache (31%), weight
loss (25%), skin rash (20%) and cough (18%). However, cough and
skin rash were found to be statistically more common among
cryptococcal antigen negative subjects than positives. These
clinical symptoms are not specific to cryptococcal infection alone;

© Under License of Creative Commons Attribution 3.0 License
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as such other opportunistic infections especially in the setting of
HIV/AIDS may present with a similar clinical picture. Cough and
fever for example are common clinical symptoms of pulmonary
tuberculosis and various studies have shown that pulmonary TB
is the commonest opportunistic infection as well as the cause
of mortality among HIV-infected patients in sub-Saharan Africa
[35,36]. Furthermore, more than one opportunistic infection
could existinthe same HIV-infected patient especially in advanced
disease. The following factors were found to be independently
associated with cryptococcal antigenaemia: low BMI, low
haemoglobin concentration, fever and cough. These findings are
similar to those reported by Jacinta and colleagues in Uganda
as well as Micol et al. in Cambodia. Low BMI and Anaemia (i.e.,
low haemoglobin concentration) may be due to malnutrition,
which in turn predisposes to a dysfunctional immune system,
which could have also predisposed patients to the risk of
cryptococcal infection [37,38]. The following findings have been
reported in malnourished HIV-infected patients: suppression of
antigen specific arms of immune system and several generalized
host defence mechanisms, including decreased T-cell primary
antibody response, memory response and atrophy of lymph
tissues. Peripheral lymphocytes and natural killer cells activities
have been found to be reduced in malnourished patients [39].
Low BMI (under 15.4 kg/m?) was reported to be an independent
factor associated with cryptococcal antigenemia in Cambodia
[31]. Furthermore, low BMI, anaemia, fever and cough may point
to an already established cryptococccal infection or presence of
other opportunistic infections such as tuberculosis, disseminated
bacterial infection, etc. These conditions may in themselves
further predispose these patients to cryptococcal infection as
a result of further immune suppression. In resource-limited
settings, screening of patients with AIDS indicator conditions
(i.e., opportunistic diseases) for cryptococcal infection may be
more clinically relevant.

The study also revealed that cryptococcal antigen positive
subjects had statistically significant low median CD4 cell count
and a high median viral load. This may suggest that this group
of patients were more immunosuppressed and therefore had
higher risk of AIDS related mortality and morbidity. These findings
are in concordance with those of Micol et al. in Cambodia. A
plausible postulate for this could be; cryptococcal infection
setting up an inflammatory process in which cytokines and other
immune mediators are released (e.g., IL-1, interferon gamma,
etc.) subsequently resulting in increased HIV-1 RNA replication
and decreased in CD4 cell count [40-43]. Reverse causality could
also be another possible explanation. Some of the potential
explanation of this study could be from the limitations of the test
method used. The cryptococcal antigen lateral flow assay is not
suitable for performing a screening test for the general population
especially in areas with low prevalence of cryptococcal infection.
This is simply because the predictive value of the positive or
negative serologic test depends on the pre-test likelihood of
cryptococcal disease being present. Prozoning phenomenon
(High doze hook effect) can results in false negative CrAg LFA
test because of the fact that extremely high concentration of
cryptococcal antigen can result in weak test line and, in extreme
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cases yield negative test results. Semi-quantitative procedure
was used, in two suspected weakly positive results in this study
to rule out prozoning. Another limitation of the CrAg LFA assay
is that performance characteristics have not been established
for matrices other than serum, plasma and cerebrospinal fluid.
A common draw back of the CrAg LFA assay include the fact that
testing haemolysed serum samples could lead to false negatives
due the high background colour on the strip. Precautions were
taken in this study to make sure that all test samples were
stored in EDTA bottles. The assay has not been evaluated for
potential interference related to specimens pre-treatment with
mercaptoethanol or with specimens including the following
substances: Vaginal cream, caffeine, ascorbic acid, itraconazole,
amphotericin B, acetaminophen, or acetylsalicylic acid. Lumbar
puncture was not done on patients who were cryptococcal
antigen positive because of non-consent and logistic constraint.
The prevalence of cryptococcal antigenaemia was high among
HIV-infected patients at this service. CrAg positive patients had
a lower median CD 4 cell count and higher median viral load

ISSN 2573 - 0320 Vol. 1No. 1:7

than negatives. Routine screening of HIV-infected patients at
this facility for cryptococcal antigen may give an opportunity to
commence pre-emptive therapy in order to prevent the fatal
consequences of cyrptococcal meninigitis in the setting of HIV/
AIDS in at risk individuals.
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