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ABSTRACT 

 

Introduction: Cryptococcal meningitis (CM) is the leading form of meningitis in HIV/AIDS 

patients and causes significant morbidity and mortality, even in the advent of accessibility of 

antiretroviral therapy. Globally, the burden of CM is estimated to be at 9.6 million cases and 

results in about 6.2 million deaths within three months of infection. 

General aim: The aim of the study was to determine the prevalence of Cryptococcal 

meningitis in hospitalized HIV-infected patients at the Fevers’ Unit, Korle-Bu Teaching 

Hospital. 

Method: A cross sectional study on fifty-three consecutive hospitalized HIV patients with 

clinical presentations suggestive of meningitis at the Fevers’ Unit of the Korle-Bu Teaching 

Hospital was undertaken within a period of 12 months. Cerebrospinal fluid (CSF) 

Cryptococcal Antigen Lateral Flow Assay (CrAgLFA), culture and microscopy (India ink, 

Gram stain) were performed on CSF samples taken by lumbar puncture. Sensitivity and 

specificity analysis of serology, India ink and Gram stain microscopy were performed using 

culture as gold standard. CSF White Blood Cell (WBC) count, CSF biochemistry and viral 

load were also done. Patient’s folders were also audited and analyzed. 

Results: A total of 53 CSF specimens were collected for the study. Out of 53 subjects, 28 

(53%) were males and 25 (47%) were females with mean age of 40.7 years. Headache, fever, 

confusion-neurosymptoms, oral thrush, meningismus and tachycardia were major clinical 

presentations shown by the subjects. One participant was confirmed positive for cryptococcal 

meningitis by CrAgLFA, India ink and Gram stain but not culture giving a prevalence of 

1.9% among the study subjects. The sensitivity and specificity of CrAg and microscopy 

against culture were 0% and 98.1% respectively. The confirmed CM patient showed 

headache, stiff neck and unstable gait. Twelve (22.6%) had CSF WBC counts above  
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20 cells/mm
3 

with lymphocytic predominance. CD4 count below 100 cells/µl were seen in 20 

(37.7%) of the subjects and 43.3% of them had viral loads above 1.0×10
5 

RNA copies/ml. 

Eleven (20.8%) were on Anti-retroviral therapy (ART) with 46 (86.8%) in WHO stage IV of 

HIV. Nine (17.0%) of subjects had CSF glucose below 2.5 mmol/L, 31 (58.5%) had positive 

CSF globulin and 32 (60.4%) had CSF total protein greater than 0.45 g/L. Forty-three 

(81.1%) had haemoglobin level below 12.0 g/dl with 19 (35.9%) having abnormal Total 

WBC. Fourteen (26.4%) presented with abnormal platelet count while 9 (17.0%) had 

abnormal Random blood glucose. Thirty (56.6%) and 5 (9.4%) were put on oral fluconazole 

and IV fluconazole whiles others were put on antibiotics, antimalarials and analgesic. The 

CM confirmed patient had haemoglobin level of 10.5 g/dl, WBC of 6.8×10
9
/L, Platelet of 

129×10
9
/L, RBS of 8.0 mmol/L, CSF glucose of 2.8 mmol/L, CSF/Serum glucose ratio of 

0.35, CSF protein of 0.47 g/L, Globulin was negative, CSF WBC count of 235 cells/mm
3
 

with lymphocytic predominance, CD4 count of 182 cells/µl, viral load of 482 RNA 

copies/ml, was ART compliant, Glasgow coma score of 15/15,  WHO stage IV and was put 

on oral fluconazole. The mortality rate for the study was 39.6%. 

Conclusion: There was low prevalence of cryptococcal meningitis which suggests that CM 

may not necessarily be the leading form of meningitis among HIV/AIDS subjects at the 

Fevers’ Unit, Korle-Bu Teaching Hospital. The sensitivities and specificities of serology, 

India ink and Gram stain were 0% and 98.1% each respectively. Culture should be coupled 

with other diagnostic parameters (Serology, India ink and Gram stain) for reliable CM 

diagnosis. 
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CHAPTER ONE 

INTRODUCTION 

1.0 BACKGROUND 

Meningitis is defined as the inflammation of the meninges covering the brain and spinal cord 

(Nester et al., 2009). This occurs mostly due to an infection in the cerebrospinal fluid (CSF) 

(Feldman, 1977; Garges et al., 2006). Meningitis can be caused by a dazzling array of 

etiologic agents such as bacteria, fungi, viruses, parasites and chemicals; however, bacteria 

are the most common etiologic agents implicated in causing meningitis (Reid and Fallon, 

1992; Rotbart, 1999; Katwere et al., 2009; Cohen et al., 2010). Meningitis can be acute or 

chronic and the onset of symptoms may be quick or last a month or more, respectively 

(Anderson et al., 1987; Spanos et al., 1989). 

Certain bacteria are implicated in causing meningitis. However, Streptococcus pneumoniae, 

Neisseria meningitides and Haemophilus influenzae are the mostly implicated bacterial 

agents (Maleeha et al., 2006; Janocha-litwin and Simon, 2013). Certain anatomical defects 

predispose a patient to recurrent bacterial meningitis (Lieb et al., 1996). These anatomical 

defects may be congenital or acquired, or by disorders of the immune system (Lieb et al., 

1996; Brouwer et al., 2010). Tuberculous meningitis (TBM) is the type of meningitis that is 

caused by Mycobacterium tuberculosis (Kennedy and Fallon, 1979; Carbonnelle, 2009). 

TBM is prevalent in immunocompromised patients like Human Immunodeficiency Virus  

(HIV)/Acquired Immunodeficiency Syndrome (AIDS) patients (Berenguer et al., 1992; 

Carbonnelle, 2009). Viral or aseptic meningitis is caused by certain viruses (Rotbart, 1997; 

Carbonnelle, 2009). It is generally mild and self-limiting without specific treatment (Kumar, 

2005; Ooi et al., 2010). Although viral meningitis is life threatening, in the 
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immunocompetent people, it is rarely fatal, with symptoms lasting for 7 to 10 days after 

which the patient recovers fully (Chadwick, 2005; Carbonnelle, 2009). Viral meningitis and 

bacterial meningitis in their early phase present with similar symptoms (Carbonnelle, 2009). 

Fungal meningitis is a rare but life threatening condition that is common in 

immunocompromised patients (Garber, 2001; Nester et al., 2009). Cryptococcus species, a 

fungus, is the leading cause of meningitis in immunocompromised people (Mitchell and 

Perfect, 1995; Hakim et al., 2000; Park et al., 2009). Cryptococcal meningitis (CM) is the 

term given to meningitis caused by Cryptococcus species (Raman Sharma, 2010).  

Cryptococcal meningitis is the leading form of meningitis in HIV/AIDS patients and causes 

significant morbidity and mortality, even in the advent of accessibility of antiretroviral 

therapy (French et al., 2002; Fang et al., 2004; Beyrer and Abdool Karim, 2013). Globally, 

the burden of CM is estimated to be at 9.6 million cases and results in about 6.2 million 

deaths within three months of infection (Bicanic et al., 2007; Park et al., 2009; La Hoz and 

Pappas, 2013). There is high morbidity and mortality relative to CM in southern and Eastern 

Africa. This can be attributed to the high HIV prevalence, unavailable antifungal therapies 

and late diagnosis in that geographical locality (Kambugu et al., 2008). Furthermore, in South 

Africa, a study showed a change in the epidemiology of meningitis where cryptococcal 

meningitis was recorded as the leading cause of community-acquired meningitis with about 

20-45% prevalence (Hakim et al., 2000). Frimpong and Lartey (1998) recorded no 

prevalence in 28 HIV patients whiles Owusu et al., (2012) recorded about 11.7% of CM 

prevalence in Kumasi. There has however been a substantial decrease in the incidence of CM 

in developed countries and this can be attributed to improved access to antiretroviral therapy 

(ART) and optimal antifungal therapy (Mathiesen et al., 2012; Asboe et al., 2012; Govender 

et al., 2013).  
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The causative organism for Cryptococcal meningitis, Cryptococcus neoformans, is ubiquitous 

and saprophytic in nature (Ellis and Pfeiffer 1990; Levitz, 1991;  Gugnani et al., 2005). 

Because of its ubiquituousness, it is assumed that exposure to C. neoformans is common 

(Levitz, 1991), however, there was high immunological resistance to cryptococcal infection 

because its incidence was relatively rare until the start of the Acquired Immunodeficiency 

Syndrome (AIDS) (Ellis and Pfeiffer 1990;  Gugnani et al., 2005; Nester et al., 2009). 

Cryptococcal meningitis can mimic tuberculosis, other mycoses, viral meningoencephalitis or 

meningeal metastases (Sabetta and Andriole, 1985; Perfect and Casadevall, 2002). Aside an 

abnormal mental status, nuchal rigidity, abnormal chest radiology and hyponatraemia, 

tuberculous meningitis may be difficult to distinguish from Cryptococcal meningitis (Sabetta 

and Andriole, 1985; Perfect and Casadevall, 2002). Other mycoses that may mimic CM are 

histoplasmosis, coccidiodomycosis, norcadiosis or aspergillosis (Sabetta and Andriole, 1985; 

Perfect and Casadevall, 2002). Meningeal metastases like lymphoma may also mimic 

Cryptococcal meningitis (Glass et al., 1979). 

Symptoms of cryptococcal meningitis in healthy individuals develop very gradual. On the 

contrary, there is generally faster progression of the disease symptoms in the 

immunocompromised (Nester et al., 2009). Without early diagnosis and treatment, death can 

occur within two weeks (Nester et al., 2009). Symptoms of the disease include headache, 

unexplained fever, nausea and vomiting, dizziness, neck stiffness, confusion, seizures, 

abnormal behavior, new-onset psychiatric symptoms, altered level of consciousness, focal 

neurological signs, diplopia, unexplained blindness, paralysis, and coma (McCarthy et al., 

2006; Nester et al., 2009). 

Cryptococcal infection in the Central Nervous System almost always causes abnormalities in 

the CSF. In a study where forty (40) CM patients were recruited, 64% of the patients had 
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their opening pressure elevated (Butler et al., 1964). There was also low CSF glucose 

concentration and high CSF protein concentration. The cell counts in CSF were usually 

abnormal with leukocyte counts exceeding 20/mm
3
 and lymphocytes generally outnumbering 

neutrophils (Schmidt et al., 1995). All these parameters may however be misleading in 

diagnosing CM (Butler et al., 1964). 

CSF culture is the mainstay diagnostic tool; therefore isolating the organism from the CSF 

can give a definitive diagnosis of CM. Other classical methods of diagnosis are India ink 

preparation of the CSF and serologic method (Dismukes et al., 1987; Saha et al., 2008). 

Serologic test has also been shown to be a useful diagnostic tool when CSF cultures and India 

ink preparations are negative (Goodman and Kaufman, 1971; Snow and Dismuke, 1975). 

Cryptococcal meningitis is fatal if untreated and because of the infection’s proximity to the 

brain and spinal cord, it is termed medical emergency (Butler et al., 1964). Treatment is done 

by using Ampotericin B and flucytosine combination and azoles like fluconazole, 

itraconazole and voriconazole (Diamond et al., 1998; Larsen et al., 2004; Govender et al., 

2013). Combination therapy produces a higher success rate in treating CM infection (Larsen 

et al., 2004; Perfect et al., 2010). Early diagnosis and treatment may go a long way to prevent 

CM associated morbidities and mortalities. In order to diagnose CM, lumbar puncture (LP) is 

carried out to obtain CSF for India ink microscopy in Resource limited settings (RLS) 

(Andama et al., 2013). However, the preliminary symptoms of headache and fever are not 

differential clinical sign and symptom to meningitis so an LP is done when the disease is in 

its advanced stage (Govender et al., 2013).  

The present study aimed to ascertain the prevalence of cryptococcal meningitis among HIV 

patients at the Fevers’ Unit, Korle-Bu Teaching Hospital, Ghana.  
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1.1 PROBLEM STATEMENT 

Even in the advent of antiretroviral therapy (ART) accessibility, Cryptococcal meningitis 

continues to be the leading form of meningitis in HIV/AIDS patients (Antinori et al., 2009; 

Andama et al., 2013). It is estimated that about 9.6 million CM cases occur globally which 

leads to about 6.2 million deaths within three months of infection (La Hoz and Pappas, 2013). 

Although there is availability of antifungal therapies, the morbidity and mortality rate  of CM 

in Southern and East Africa are very high (Park et al., 2009). Adult patients in the Sub-

Saharan Region suffering from CM records an alarming case fatality between 35%-65%. On 

the contrary, the case fatality rate of adult CM patients in the developed countries is between 

10%-20% (Andama et al., 2013). 

 Many deaths from CM may be prevented through early diagnosis and treatment, but the 

rapid serum cryptococcal antigen test is often not available in our hospital settings. Diagnosis 

of CM is usually done by India ink microscopy of cerebrospinal fluid (CSF) in RLS (Andama 

et al., 2013). India ink microscopy is less sensitive and specific as compared to cryptococcal 

antigen (CrAg) test (Boulware et al., 2014); however, the preliminary symptoms of headache 

and fever are not differential clinical presentations to CM and meningitis of other aetiologic 

agents, so LP is often done when the disease is in its advanced stage (Ginsberg, 2004; 

Govender, 2013). 

This study sought to investigate the prevalence of cryptococcal meningitis in hospitalized 

HIV-infected patients at the Fevers’ Unit, KBTH, Accra. In addition, ascertaining the 

sensitivities and specificities of serology and microscopy using culture as gold standard as 

well as the use of CSF White Blood Cell (WBC) count, CSF biochemistry and viral loads to 

confirm CM in HIV-infected patients would enhance CM diagnosis in Ghana. 
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1.2 JUSTIFICATION 

There is scanty information on the prevalence of CM among HIV patients in Ghana. Two 

findings from Kumasi showed contrasting disease prevalence of zero percent (0%) and 

11.7%. The HIV status of these subjects are however unknown. The HIV prevalence in 

Ghana is about 1% with an annual death of 25,000 (UNAIDS, 2013). These HIV patients are 

at risk of developing CM.  

Ascertaining CM prevalence and in-hospital mortality among HIV/AIDS patients in the 

largest Teaching Hospital in Ghana will enhance our understanding and improve clinical 

care. Furthermore, outcome of this study will be used as a tool to convince important 

stakeholders to invest more in the management of cryptococcal meningitis. 

 

1.3 AIMS AND OBJECTIVES 

1.3.1 Aim 

The aim of this study was to investigate the prevalence of cryptococcal meningitis in 

hospitalized HIV-infected patients at the Fevers’ Unit, KBTH, Accra. 

1.3.2 Specific objectives 

 To determine CSF White Blood Cell (WBC) counts, CSF biochemistry, 

Cluster of differentiation 4 (CD4) count and viral loads of the HIV-infected 

patients. 

 

 To determine outcome of CM using clinical presentations, CSF White Blood 

Cell (WBC) count, CSF biochemistry, CD4 count and viral loads in the HIV-

infected patients. 
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 To determine the sensitivities and specificities of serology and microscopy 

(Gram stain, India ink) using culture as gold standard in confirming CM in the 

HIV-infected patients. 
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CHAPTER TWO 

 LITERATURE REVIEW 

2.1 MENINGITIS IN HIV INFECTED PATIENTS 

Meningitis is defined as the inflammation of the meninges (Nester et al., 2009) and it is a 

common complication in persons infected with the Human Immunodeficiency Virus (HIV) 

(Hakim et al., 2000; Nester et al., 2009). 

Meningitis in HIV patients is almost always of infectious origin with two opportunistic 

organisms causing about 75 percent of it (Kambugu et al., 2008). They are Cryptococcus 

neoformans and Mycobacterium tuberculosis with Cryptococcus neoformans being the most 

common etiologic agent and systemic fungal agent of meningitis in HIV patients (Kambugu 

et al., 2008). In a cross-sectional study on HIV subjects, Cohen and colleagues confirmed 

CM and TBM in 43% and 18% of their subjects, respectively (Cohen et al., 2010). 

Streptococcus pneumoniae, Neisseria meningitides, and Treponema pallidum, fungi other 

than C. neoformans (Aspergillus spp.), parasites (Naegleria fowleri, Toxoplasma gondii) and 

viruses are other aetiologic agents that can cause meningitis in HIV patients (Katwere et al., 

2009; Cohen et al., 2010). In contrast, meningitis can be a presentation of acute infection of 

HIV itself (Price, 1996); however, in the advanced stages of HIV infection (WHO defined 

stages 3 and 4), Cryptococcus spp is a common cause of meningitis and death (Kambugu et 

al., 2008; Katwere et al., 2009; Desalermos et al., 2012). 

2.2 PREDICTIVE CLINICAL PRESENTATIONS FOR CRYTPOCOCCAL 

MENINGITIS IN HIV PATIENTS 

 

Cryptococcal meningitis is mostly associated with HIV patients usually with CD4 count 

below 100 cells/mm
3 

(Dismukes, 1988). In a study where clinical presentations were used as 
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predictive values for CM in 149 HIV in-patients, patients having CD4 counts below 100 

cells/mm
3
 were prone to CM with a sensitivity of 93%. On the other hand, coma had the 

highest specificity (84%) in the absence of CM. A combination of CD4 count below 100 

cells/mm
3 

and coma gave the highest positive predictive values (58%) with a positive 

likelihood ratio of 3.8 (Kisenge et al., 2007). Other clinical presentations that predicted CM 

were confusion (73%), social withdrawal (43%), seizures (35%), tachycardia (60%), 

meningismus (43%) and oral thrush (48%) (Kisenge et al., 2007). 

The introduction of highly active anti-retroviral therapy (HAART) has decreased the 

progression of HIV to AIDS. ART administration decreases viral load by reducing viral 

replication. The ability of ART to thwart viral replication increases the number of CD4 cells 

in an HIV infected patient thereby revamping the immunity of the patient. This occurs as a 

result of reduction of plasma viral load to an undetectable level (Kelley et al., 2009). This 

also reduces development of opportunistic infections thereby cutting down on morbidity and 

mortality in HIV patients (Haynes et al., 1996; Antinori et al., 2009; Lartey et al., 2015). 

The outcome of CM before and after the availability of HAART was studied in Uganda by 

Kambugu and colleagues (2008). They observed that 42% of the patients not on HAART (92) 

died in the first two weeks and by the sixth month, almost all the CM patients died (Kambugu 

et al., 2008). In the HAART era, 24 HIV patients were put on HAART with an initial median 

CD4 cell count of 20 cells/mm
3
 but by six months of HAART, the median CD4 count 

increased to 66 cells/mm
3
 and after 12 months of HAART, 18 of the 24 were alive. At six 

months of HAART, 15 of the 18 HIV patients had undetectable plasma HIV RNA 

(Ribonucleic acid) (Viral load). Nevertheless, the use of HAART at a late stage of CM may 

not be useful in reducing mortality according to Kambugu et al., (2008). They concluded that 

the use of ART may go a long way to increase CD4 cell count and lower viral load in an HIV 
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patient and can be good predictive values for the development and reduction of CM and CM 

related mortalities, respectively (Kambugu et al., 2008). 

Early ART has a positive effect on CD4 count in HIV patients. In a cohort study of 366 HIV 

patients, 95% of patients who were on ART with a CD4 count equal or greater than 300 

cells/mm
3
,  had an increase in CD4 count to 500 cells/mm

3
 or more (Kelley et al., 2009). On 

the other hand, 44% and 25% of patients  on ART with CD4 counts below 100 cells/mm
3
 and 

from 100 to 200 cells/mm
3
 did not have an increase of CD4 cell count to 500 cells/mm

3 
or 

more over a long period of time (Kelley et al., 2009). This indicates that early usage of ART 

at a high CD4 cell count reduces the possibility of low immunity which eventually reduces 

opportunistic infections in HIV patients. 

Haematological abnormalities are mostly associated with HIV infection leading to a high 

morbidity and mortality (Obirikorang and Yeboah, 2009; De Santis et al., 2011). In a cross 

sectional study, anaemia was very common in HIV positive women (20.5%) than HIV 

negative women (6.3%) (Munyazesa et al., 2012).  Anaemia was higher in HIV patients with 

lower CD4 count with 7.6% and 32.2% of the patients having CD4 count equal or greater 

than 350 cells/mm
3
 and below 200 cells/mm

3
, respectively. Less than 4% of HIV positive 

patients had a marked haemoglobin (Hb) level below 10.0 g/dl with none in HIV negative 

patients. The mean WBC count in these HIV positive women was lower (3.7×10
3 

cells/L) 

than in HIV-negative women (4.5×10
3 

cells/L) with a mean WBC count lower in patients 

with CD4 count below 200 cells/mm
3
. Thrombocytopenia was also common in the HIV 

positive women (13.5%) than the HIV-negative women (8.6%) although it could not be 

linked to lower CD4 count (Munyazesa et al., 2012). 

HIV infection affects haematological parameters of patients irrespective of age, sex and 

HAART (Tagoe and Asantewaa, 2011). A mean Erythrocyte Sedimentation Rate (ESR) of 
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55.79 mm/hr was recorded in HIV positive patients as compared to HIV negative patients 

(3.68 mm/hr) (Tagoe and Asantewaa, 2011). Low mean Hb (10.2 g/dl) was seen in HIV 

positive patients compared to HIV negative patients (14.74 g/dl). Lower Total WBC and high 

mean platelet count were also recorded in the HIV positive subjects. Therefore, 

haematological parameters may be predictive values in ascertaining the progress and severity 

of HIV infection (Smith and Samadian, 1994). On the contrary, the use of HAART may have 

negative effect on haematological parameters. As reported by Lartey et al., (2015), anaemia 

cases of HIV admitted patients were caused by certain HAART like Zidovudin. 

The use of HAART in HIV patients has been linked to insulin resistance, glucose intolerance 

and diabetes (Florescu and Kotler, 2007). Blood glucose abnormality in HIV patients on 

HAART is also associated with cardiovascular diseases (Florescu and Kotler, 2007). 

 

2.3 THE CRYPTOCOCCUS ORGANISM 

Cryptococcus species belongs to the division Basidiomycota ( Ellis and Pfeiffer, 1990; Nester 

et al., 2009). There are over 30 species of Cryptococcus but only C. neoformans usually 

affect humans and other animals. Others are C. laurentti, C. adelensis, C. flavescens, C. 

uniguttulatus, C. magnur, C. humicolus, C. luteolus, C. macerans, C. uzbekistanesis, C. 

curvatus, and they also have been implicated in clinical infections but in rare cases (Rosario 

et al., 2005). 

C. neoformans, the species that causes cryptococcosis is a dimorphic fungus but differ from 

other dimorphic fungi due to the fact that they exist in the yeast phase in infected tissues and 

laboratory cultures (Kozubowski and Heitman, 2012). It exists in a filamentous form which is 

the sexual form and because of that in 1975, the organism was renamed Filobasidiella 
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neoformans although the earlier genus name is still generally used (Nester et al., 2009). This 

organism usually reproduces by budding (Kozubowski and Heitman, 2012). 

C. neoformans is a gram-positive,  round to oval yeast-like fungus measuring about 3 to 10 

µm in diameter with a thick mucopolysaccharide capsule which serves as the organism’s 

main virulent factor (Bicanic and Harrison, 2004;  Nester et al., 2009). The 

mucopolysaccharide capsule is made of glucuronoxylomanan and 

glucuronoxylomanaogalactan (Ramos et al., 2012). 
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Figure 2.1: India ink preparation showing Cryptococcus species in a CSF specimen 
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2.4 VIRULENCE FACTORS 

The major virulence factors of C. neoformans are the mucopolysaccharide capsule (Nester et 

al., 2009), phenol oxidase enzyme and the organism’s ability to grow at 37˚C (Bicanic and 

Harrison, 2004). The capsular mucopolysaccharides are similar in structure irrespective of 

serotypes. They are long, unbranched polymers made up of an α-1,3-linked polymannose 

backbone with β-linked monomeric branches of xylose and glucoronic acid (Mitchell, 2004). 

The phenol oxidase enzyme helps in the production of melanin, which prevents hydroxyl 

radical formation in the organism. This protects the organism from oxidase stress and host 

immune defense mechanisms (Casadevall et al., 2000; Eisenman et al., 2007).   

 

2.5 ENVIRONMENTAL NICHE AND LIFE CYCLE 

Cryptococcus neoformans can be found mainly in soil containing pigeon droppings or guano 

in humid environments. It is also found in faecal or cloacal samples of a dazzling array of 

avian species. Other varieties also inhabit the Eucalyptus trees (Ellis and Pfeiffer, 1990). C. 

neoformans is mainly associated with pigeon droppings (guano) whiles C. gattii is associated 

with the Eucalyptus trees and a dazzling array of tree species. C. gattii has also been isolated 

from water and air (Ellis and Pfeiffer, 1990;  MacDougall et al., 2007) 

C. neoformans is a dimorphic fungus but exists mainly in the yeast-like phase (Kozubowski 

and Heitman, 2012). It usually proliferates as saprophytic yeast lacking a capsule (Abegg et 

al., 2006). These yeast forms can transition to a filamentous form which gives rise to 

basidiospores which are small enough to enter the lungs during inhalation (Abegg et al., 

2006; Kronstad et al., 2012). The spores and yeast mainly in a dessicated form serve as the 

infectious forms for man and animals (Abegg et al., 2006; Kronstad et al., 2012). 

. 
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2.6 EPIDEMIOLOGY 

Although C. neoformans was first isolated from peach juice in 1894 (Speed and Dunt, 1995), 

there has been no outbreaks attributable to environmental sources, and no reports of animal-

to-human as well as human-to-human transmission though the organism is numerously 

distributed worldwide in soil with accumulated pigeon droppings and also in vegetation 

(Nester et al., 2009). Before mid-1980, cryptococcal diseases were not common till the start 

of the AIDS epidemic. After the AIDS epidemic, prevalence of cryptococcal diseases 

increased to about 5 to 10% (Bicanic and Harrison, 2004).  About 7 to 15% of HIV/AIDS 

patients develop cryptococcal infection around the world (Perfect and Casadevall, 2002) and 

according to Park et al., (2009), Cryptococcus spp is the fourth leading cause of death in sub-

Sahara Africa. C. neoformans is the leading cause of meningitis in HIV/AIDS patients, with 

approximately 1 million cases of cryptococcal meningitis recorded worldwide each year 

(Park et al., 2009). This can be attributed to the high prevalence of HIV/AIDS in the sub-

region. The overall mortality rate of cryptococcal meningitis ranges from 25 to 30%. For 

patients who may recover from CM, 40% may develop neurological disorders such as loss of 

vision, cranial nerve palsies, decreased mental function, and hydrocephalous with a quarter of 

patients having relapse occurring in them (Jain et al., 2005). 

For every case of cryptococcal meningitis, millions of people are infected with the organisms 

without any symptoms or deleterious effect hence a symptomatic infection is often the first 

indication of AIDS (Nester et al., 2009). The global burden of cryptococcal meningitis is 

estimated at 9.6 million cases, resulting in 6.2 million deaths within three months of infection 

(Bicanic et al., 2007; Park et al., 2009; La Hoz and Pappas, 2013). 

Cryptococcal meningitis is prevalent among AIDS patients in Africa and Southeast Asia as 

compared to the United States which has little prevalence. This condition occurs sporadically 
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in Europe (Lortholary et al., 2006). In a prospective, observational study with 340 HIV 

patients with CM symptoms in  Nairobi, Kenya, it was documented that  33% of the study 

subjects had CM  with an in-hospital mortality of 36% (Mdodo et al., 2010).  

 In Kumasi, Ghana, C. neoformans was not identified in 28 HIV/AIDS subjects (Frimpong 

and Lartey, 1998). This may be due to scanty number of HIV/AIDS subjects being recruited 

for the research.  A retrospective study in Kumasi with 117 patients of all ages  showing 

meningitis symptoms  but unknown HIV status, cultured bacteria (71.8%) and Cryptococcus 

(11.7%) were seen (Owusu et al., 2012). The prevalence of Cryptococcus spp might have 

been higher than the reported prevalence if all patients were HIV/AIDS patients. Moreover, 

an increase in CM prevalence in Kumasi suggests that CM is gradually becoming one of the 

leading forms of meningitis in Ghana. On the other hand, exposure of the recruited HIV 

subjects to C. neoformans might have contributed to the varying outcomes of those 

researches in Kumasi.  

Although it has been established that cryptococcosis is a prevalent opportunistic infection in 

HIV/AIDS patients, data on prevalence may be affected by time and geographical location. 

This may be due to the varying epidemiology of HIV infection and the AIDS management 

pattern (Dzoyem et al., 2012). Furthermore, although the prevalence rate of cryptococcal 

disease is higher in certain geographical areas of the world like sub-Saharan Africa, there has 

been a tremendous decline in its prevalence (Mirza et al., 2003). This has been attributed to 

the development of more effective antiretroviral therapy and prophylactic regimens used in 

the prevention of fungal infection (Powderly, 1993; Govender et al.,  2013).   

In developed countries, like the USA, treatment of oral candidiasis with fluconazole and the 

administration of HAART to suppress the virus in the 1990s led to a tremendous decrease in 
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the annual incidence of cryptococcal diseases. In 1993, cryptococcal disease reduced from 66 

cases per 1000 AIDS patients to 7 cases per 1000 patients in 2000 (Mirza et al., 2003).  

It is reported that cryptococcal meningitis is prevalent in men than women and less common 

in AIDS children (Likasitwattanakul et al., 1999). In a study, 57.7% of 111 CM positive 

subjects were men (Mdodo et al., 2010). Another study also reported 66% dominance by 

males (Dzoyem et al., 2012) and the confirmed CM cases were within the age range of 26 to 

45 years although some study subjects were below 18 years (Dzoyem et al., 2012). 

 

2.6.1 MOLECULAR AND SEROLOGICAL CHARACTERIZATION OF 

CRYPTOCOCCUS SPECIES AND DISTRIBUTION 

The Cryptococcus species complex includes two basidiomycetous encapsulated yeast species, 

C. neoformans, an opportunistic pathogen, and C. gattii, a primary pathogen. Both species are 

common fungal agents of infection of the central nervous system. Based on the 

mucopolysaccharide capsule as an antigenic determinant, there are five serotypes of C. 

neoformans, with varying geographical and epidemiological characteristics (Bennett et al., 

1977). Serotype A (C. grubii) is found worldwide, and serotype D (C. neoformans) occurs 

mainly in Europe and South America. A hybrid of serotype AD of C. neoformans also exists, 

and is mostly found in the environment as well as in patients. C. gattii was previously known 

as C. neoformans var. gattii (serotype B and C), and thought to be restricted to tropical and 

subtropical zones (Xu and Mitchell, 2003). A recent outbreak of cryptococcosis on the 

Vancouver Island, Canada, has however expanded the range of this yeast to temperate 

regions (Fyfe et al., 2008; Galanis and MacDougall, 2010).  

A genotypic analysis employing PCR-fingerprinting, Amplified Fragment Length 

Polymorphisms (AFLP), Restriction Fragment Length Polymorphism (RFLP) and Multi-
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locus Sequence Typing (MLST) has outlined four major molecular types of the Cryptococcus 

species complex. Both C. neoformans and C. gatti have four major molecular types; they are 

VNI, VNII, VNIII, VNIV, and VGI, VGII, VGIII, VGIV, respectively (Choi et al., 2010; 

Olivares et al., 2009). There is scanty information on the genetic diversity of Cryptococcus 

species in the African sub-region, and the serotype distribution in Accra is not known. 

 

2.7 CLINICAL SIGNS AND SYMPTOMS 

The commonest clinical presentations associated with CM are headache and fever which 

make it difficult to diagnose for several weeks because these symptoms are shown in a 

dazzling array of diseases (Othman et al., 2004). The condition presents itself as pyrexia of 

unknown origin. Less common symptoms are nausea, vomiting and neck stiffness (Othman et 

al., 2004; Lee et al., 2011). Other less frequent symptoms include visual disturbances, cranial 

nerve palsies, seizures, confusion, photophobia, abnormal behaviour and focal neurological 

signs (McCarthy et al., 2006; Govender et al., 2013). In a research on Cryptococcosis by 

Rozenbaum and Gonçalves, (1994),  where 171 subjects were recruited from 24 health 

institutions in Brazil, it was realized that 75% immunocompetent subjects had neck stiffness 

whilst AIDS subjects recorded 33% of the same symptoms.  

In a retrospective study in Thailand, although clinical signs and symptoms were registered in 

both non-HIV and HIV patients admitted on the basis of CM, headache with fever and neck 

stiffness were shown a lot more in HIV patients (Tunlayadechanont et al., 1997). Confirmed 

CM in HIV patients show signs and symptoms like headache, cough, night sweats, blurred 

vision, neck stiffness and altered mental status. Although HIV CM negative patients may  
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show similar clinical signs and symptoms, they were mostly seen in CM confirmed cases 

(Mdodo et al., 2010). Hence the use of clinical signs and symptoms in diagnosing CM in HIV 

patients may be reliable. 

2.8 DIAGNOSIS AND DIAGNOSTIC TESTS 

In several study, irrespective of study subject’s immune status, CM diagnosis is done if one 

shows signs and symptoms suggestive of meningitis (Kumar et al., 2008; Cohen et al., 2010; 

Mdodo et al., 2010). Cryptococcal meningitis is usually diagnosed by identifying or detecting 

the organism, C. neoformans, in the CSF of a patient. The three arms for diagnosis of CM are 

culture (CSF and other body fluids), microscopy (India ink and Gram stain), and serology 

(Cryptococcal Antigen (CrAg) detection) (Kozel & Bauman, 2012). 

 

2.8.1 DIRECT OBSERVATION 

C. neoformans can sometimes be identified in CSF by direct observation using a microscope 

because of its unique round to oval shape, surrounded by a thick mucopolysaccharide capsule 

that stains strongly with Mayer’s mucicarmine. One common example of a direct 

observational procedure is the India ink preparation which has been used in relatively scanty 

studies to diagnose CM (Saha et al., 2008).  

In an India ink preparation, the capsule is seen as a clear halo around the yeast cell and the 

cytoplasm contains refractile inclusion bodies under the microscope. In the absence of 

budding, it can be confused with a fat droplet, lymphocytes or other artifact. India ink 

microscopy lacks sensitivity and requires experienced laboratory personnel (Saag et al., 

2000; Perfect et al., 2010; WHO Rapid advice, 2011). The sensitivity of India ink preparation 

to ascertain the presence of Cryptoccocus neoformans may vary from 40 to 79 % (Butler et 

al., 1964; Sarosi et al., 1969; Sabetta and Andriole, 1985; Dismukes et al., 1987).  In 294 

specimens used (CSF, urine and blood), it was realized that the sensitivity of India ink 
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preparation was 8.5% (Dzoyem et al., 2012). Out of this percentage, 8% were from CSF 

India ink preparation. This suggests that CSF is a better specimen in the identification of C. 

neoformans in India ink preparation. In 57 HIV uninfected patients, India ink preparation was 

100% sensitive (Chau et al., 2010). Hence the use of India ink in diagnosing CM may be 

reliable (Chau et al., 2010; Dzoyem et al., 2012).  

 

Other useful stains in the identification of Cryptococcus spp are Gram’s stain, Gomori 

methenamine silver, Alcian blue, Colloidal iron, Periodic acid-Schiff, Masson-Fontana silver 

stain, new methylene blue and Wright’s stain. Little research on direct observation of C. 

neoformans using Gram’s stain technique has been done. Gram technique was used as one of 

the diagnostic tools in a case report of a CM patient in India. Gram stain showed the presence 

of C. neoformans as gram-positive in the CSF (Arora and Aggarwal, 2013). 

 

Although Gram’s technique was employed in direct observation of CSF in Ghana, no 

information was provided on its sensitivity to diagnose CM (Owusu et al., 2012). However, 

Gram’s stain can be used to couple India ink preparation in the identification of C. 

neoformans since the organism shows a typical gram-positive appearance. In CSF evaluation  

of patients with Cryptococcal meningitis in 136 patients, 83% were culture positive, while 

84% were microscopy positive (Kambugu et al., 2008). This may suggest that microscopy 

may be sensitive occasionally than culture. Hence the use of microscopy may enhance the 

outcome of culture and serology. 

 

2.8.2 CSF CULTURE 

CSF culture is the gold standard to establish cryptococcal meningitis (Saha et al., 2008). This 

is because a definitive diagnosis of CM is done only by isolating the organism from CSF. In 
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order to have high yield or positive culture, several CSF specimens are collected and cultured 

at different times. Sabouraud’s dextrose agar (SDA) and Nigger seed agar media may be used 

in isolating C. neoformans. The growth media should be devoid of cycloheximide since the 

organism’s growth is inhibited by this antimicrobial agent. C. neoformans culture is 

incubated at 30°C to 32°C for about 72 hours (Edman, 1995).  

 

Cultures can, however, be incubated for about 3 to 4 weeks before considering it negative if 

no growth is seen on the media (Edman, 1995). This is due to the fact that the organism may 

take a longer time to grow (Edman, 1995). In a retrospective study in North India, 36 of 40 

(90%) recruits had their CSF culture positive for C. neoformans (Kumar et al., 2008). In 57 

HIV uninfected patients, all the patients had positive CSF culture, representing 100% 

sensitivity (Kumar et al., 2008). This suggests how reliable culture can be in the diagnosis of 

cryptococcal meningitis. The viability of C. neoformans can be ascertained only when it is 

isolated by culture. This suggests why culture is the mainstay in CM diagnosis.  

 

2.8.3 SEROLOGY 

Serology to detect the capsular antigen is reliable. This is because healthy people are often 

seropositive. Cryptococcal antigen (CrAg) is shed into body fluids such as blood, CSF and 

urine. The concentration of CrAg is directly proportional and dependent on the stage of 

disease in the various specimens. Moreover, the presence of CrAg can be detected at high 

concentrations at 100 days before the start of the disease in about 11% of the people who 

develop cryptococcal disease making it possible for the diagnosis of asymptomatic people 

(Antinori, 2013). 

The Cryptococcal Antigen Lateral Flow Assay has been reported to have an overall 99.5% 

and 98.8% sensitivity and specificity, respectively as compared to culture (Saha et al., 2008). 
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To have a quick and reliable detection of C. neoformans and C. gattii infections, the use of 

CrAgLFA as compared to other diagnostic methods may be a better option. In detecting 

serotype C (C. gattii), CrAgLFA is more sensitive than other CrAg detection techniques 

(Kozel and Bauman, 2012). 

 In evaluating 136 CSF of patients with CM, out of 136 patients, 83% were cryptococcal 

culture positive, 84% were microscopy positive and 100% were CSF CrAg test positive 

(Kambugu et al., 2008). This shows how culture and microscopy are less sensitive as 

compared to CrAg detection. Although the sensitivity of culture (79.3% in CSF only) was 

greater than India ink preparation (8.0% in CSF only) in a hospital-based surveillance, the use 

of CrAgLFA could have increased the diagnostic chances of the research, considering its high 

sensitivity (Dzoyem et al., 2012).  

 

2.8.4 CSF CELL COUNT AND CSF BIOCHEMISTRY 

Meningitis by various pathogens causes changes in the structure of the meninges. This results 

into characteristic changes in the CSF values in meningitis patients. Inflammation causes loss 

of integrity of cerebral capillaries which leads to the loss of integrity of the blood-brain 

barrier. Loss of the integrity of the blood-brain barrier may result in leakage of protein, 

glucose consumption and increased migration of any of the leukocytes into the CSF. This is 

dependent on the aetiologic agent implicated in the inflammation of the meninges (de Vries et 

al., 1997; Xu et al., 2014). 

Normal CSF contains 0-5 leukocytes/mm
3
, mainly lymphocytes, though in neonates cell 

count may be up to 30/mm
3 

(Bonadio, 1992). Generally, CSF of CM patients have white cell 

counts greater than 20/mm
3
 with lymphocytes forming greater percentage (Perfect et al., 

2010; Arora and Aggarwal 2013; Patil et al., 2013). CSF white cell count in HIV-associated 
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CM is lower and may even be normal or absent with an elevated CSF protein (Bicanic and 

Harrison, 2004; Perfect et al., 2010). A study by Cohen et al., (2010) saw low leukocytes 

count (Tables 2.1 and 2.2). 

CSF glucose levels are used to differentiate bacterial and fungal meningitis from aseptic 

meningitis. Glucose levels are mostly decreased in bacterial and fungal meningitis whereas 

glucose levels are usually unaltered in aseptic meningitis (White and Fyles, 1950; Vengerov, 

1979). Low CSF glucose level is due to the changes in the physiological functioning of the 

choroid epithelium as well as from the utilization by bacterial and/or fungal pathogens and 

leukocytes (Greenlee et al., 2004) (Tables 2.1 and 2.2). 

The blood-brain barrier plays a major role in excluding proteins from the CSF. Proteins that 

have access to the CSF primarily enter the CSF by transport within pinocytotic vesicles 

traversing capillary endothelial cells (Machado et al., 2013). High protein level may be as a 

result of disruption of the blood-brain or blood-CSF barrier (Sellebjerg and Tumani, 2009). 

CSF protein may be high in CM patients, bacterial meningitis patients and tuberculous 

meningitis patients (White and Fyles, 1950; Sellebjerg and Tumani, 2009) (Tables 2.1 and 

2.2). 
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Table 2.1: Cerebrospinal fluid analysis for meningitis 

   

Etiology 

Opening 

pressure WBC Count 
Protein Glucose 

CSF/Serum  

      (g/L) (mmol/L)  glucose ratio 

Normal <180 mmH2O ≤5 cells/mm
3
 0.15-0.45 2.5-4.4 0.6-0.7 

  

Lymphocytes 

   

      Bacterial >180 mmH2O >100 cells/mm
3
 >0.45 <2.2 <0.4 

  

      PMNs predominant 

   

      Viral,  <180 mmH2O 25-500 cells/mm
3
 0.15-0.45 2.5-4.4 0.6-0.7 

T. pallidum 

 

Lymphocyte 

predominant 

   

      
Fungal, 

Normal or 

increased 
25-500 cells/mm

3
 

>0.45 <2.2 <0.6 

M. 

tuberculosis, 

 

Lymphocytes 

predominant 

   Lymphoma           

 

(Courtesy Roos and Brosch, 2012) 

 

 

Table 2.2: Reference values for CSF Biochemistry  

 
PARAMETER REFERENCE 

 

 

Glucose 2.5-4.5 mmol/L 

 

 

Protein 0.15-0.45 g/L 

 

 

Globulin Negative 

  

(Courtesy Central Lab Biochemistry Department SOP) 
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2.9 CM THERAPY 

Because CM is a medical emergency, treatment is very crucial in abating its fatality. The first 

line drug for CM and other cryptococcosis is Amphotericin B. This antifungal agent has been 

used in treating the condition since the 1950s (Diamond et al., 1998). The use of antifungals 

and HAART increases the success rate of treating CM (Mirza et al., 2003). HIV replication 

can be controlled by administration of Highly Active Antiretroviral Therapy (HAART) which 

may increase the CD4 cell count (Kelley et al., 2009). The administration of antifungals 

should precede HAART administration to avoid Immune reconstitution inflammatory 

syndrome (Bicanic et al., 2009) 

 In developed countries, CM patients are managed with a combination of amphotericin B and 

flucytosine for the initial 2 weeks. This combination therapy has proven to have very high 

efficacy in treating CM condition (Nester et al., 2009).   

In Ghana, suspected CM patients are often treated with Intravenous (IV) fluconazole.  

Treatment is done only when IV fluconazole is available and if the patient can afford it 

(Personal communication with Lartey).  Oral fluconazole or itraconazole is used as a less 

effective alternative antifungal agent (Saag et al., 2000). Per the WHO guidelines, 

cryptococcal meningitis management comprises of an initial 2-week induction phase, 

followed by an 8-week consolidation phase, and then a long-term maintenance phase. 

 

2.9.1 INDUCTION THERAPY 

The optimal induction therapy for CM is two weeks of a combination therapy of intravenous 

Amphotericin B and flucytosine. Amphotericin B is given at a dose of 0.7 to 1.0 mg/kg/day 

while flucytosine is given at 100 mg/kg/day divided in four doses (25 mg/kg four times daily) 

(Perfect et al., 2010; WHO Rapid advice, 2011; Govender et al., 2013). In situations where 
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flucytosine is not available, oral fluconazole given at 800 mg/day can be used as a substitute 

in combination with amphotericin B (Bicanic et al., 2007; WHO Rapid advice, 2011). In a 

situation where patient is unable to afford amphotericin B or due to lack of facilities for blood 

monitoring, amphotericin B cannot be administered, high-dose fluconazole, given at 1200 

mg/day plus flucytosine given at a dose 100 mg/kg/day is used (Saag et al., 1992; Van der 

Horst et al., 1997; WHO Rapid advice, 2011; Govender et al., 2013). In the absence of both 

amphotericin B and flucytosine, high-dose oral fluconazole, given at 1200 mg/day is 

recommended (Saag et al., 1992; Van der Horst et al., 1997; WHO Rapid advice, 2011; 

Govender et al., 2013). In the absence of flucytosine, amphotericin B can be administered 

alone at the same dose it is given in combination with flucytosine (Saag et al., 1992; WHO 

Rapid advice, 2011; Govender et al., 2013). Flucytosine is not administered as a 

monotherapy in the absence of amphotericin B and/or fluconazole because of the rapid 

resistance of the organism (Saag et al., 2000). 

Amphotericin B is an intravenous fungicidal agent that is very efficacious in killing the 

causative organism of CM, Cryptococcus spp. Although it is efficacious, it is a very toxic 

antifungal agent which when administered would require its blood level to be monitored in 

the patient. This makes it difficult for its administration in centers where blood monitoring 

facilities are not available (WHO Rapid advice, 2011; Govender et al., 2013).  Fluconazole, 

an oral antifungal agent, is the only option because it is less toxic and cheaper as compared to 

Amphotericin B. One major disadvantage of fluconazole is that it is fungistatic and would 

require the patients’ immune system to mop the inhibited organism in the CSF (Bicanic et al., 

2009). Amphotericin B-based therapy has a high treatment outcome as compared to 

fluconazole (Schaars et al., 2006; Lessells et al., 2011).   
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2.9.2 CONSOLIDATION AND MAINTENANCE PHASES 

After the induction phase, an 8-week course of oral fluconazole, given at a dose of 400 

mg/day for adults for the optimal consolidation phase of treatment (Van der Horst et al., 

1997) followed up with a low-dose fluconazole, given at 200 mg/day for adults for the long-

term maintenance phase (Saag et al., 1999; Govender et al., 2013). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 STUDY SITE AND DESIGN 

This study was done in Accra at the Korle-Bu Teaching hospital (KBTH), the largest tertiary 

medical facility in Ghana (1600 bed capacity), and houses several specialized departments. 

Accra is the capital city of Ghana, and also the capital of the Greater Accra Region of Ghana. 

The Fevers’ Unit (FU), an HIV care facility within KBTH, offers both outpatient and in-

patient care to several dozens of patients on daily bases. The in-patient facility has a 24-bed 

capacity. This study was cross sectional. 

 

3.2 SAMPLE SIZE 

At 90% confidence interval with a population proportion of 33% (Mdodo et al., 2010) and 

allowable error of 10%, sample size was determined by the formula below;  

n=Z²(P)(1-P)/e², where Z, P and e are z-score, 90% confidence interval and allowable error 

respectively. n-minimum sample size. 

That is n=1.65²× (0.33)(1-0.33)/0.1
2 

n=60 

 

3.3 SUBJECTS 

Sixty-four HIV infected adults (≥18 years) with clinical presentations suggestive of 

meningitis or low CD4 count (≤100 cells/mm
3
), reporting at the Fevers’ Unit between 

August, 2014 to July, 2015 were enrolled. Out of these, 53 consented and lumbar punctures 

(LP) were performed. Persons below 18 years old were not included because Cryptococcal 
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meningitis is not prevalent in that age category. Patients already receiving antifungal therapy 

also were excluded. 

 

3.4 SUBJECT INFORMATION 

A structured questionnaire (Appendix III) was used to extract clinical data from patient 

folders/chart records. The information included patient demographics, previous history of 

hospitalization, other clinical conditions, ART therapy and when initiated, ART adherence 

status, last two serial CD4 counts, viral load, date of first diagnosis of HIV and type of HIV. 

Subjects were examined by medical officers and clinical history including fever, 

meningismus, hypertensive, tachycardia, confusion, social withdrawal and wasting, were 

recorded. 

 

3.5 CSF COLLECTION AND PROCESSING 

 Two CSF samples, 2 ml in a sterilized Bijoux bottle and 1 ml in a fluoride bottle were taken 

by trained Medical Doctors from each of the subjects. CSF samples in fluoride bottles were 

sent to the Biochemistry Department of the Central Laboratory for CSF glucose, total protein 

and globulin assays. CSF in Bijoux bottles were microbiologically analysed at the Medical 

Microbiology Department, SBAHS (MD-SBAHS).  

A standard operating procedure (SOP) was developed for specimen processing, which was 

displayed boldly in the Research laboratory, of MD-SBAHS (Appendix I). 
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3.5.1 Macroscopic appearance of CSF 

The colour, turbidity, presence of a coagulum or deposit of collected CSF were noted and 

documented. Normal CSF appearance was documented as clear and colourless, abnormal 

CSF appearances were documented as hazy, turbid, xanthochromic, blood-stained, presence 

of a coagulum or deposit. 

 

3.5.2 Culture of CSF 

For every specimen received, about 1.5 ml of CSF was aseptically transferred into a 2 ml 

eppendolf tube. The CSF specimen was centrifuged at 5000 rpm for 5 minutes in the 

eppendolf centrifuge tube. The supernatant was aseptically transferred into a cryotube and 

stored at a temperature of -20°C. 

CSF sediment was cultured on Sabouraud’s Dextrose Agar (SDA). SDA plate was incubated 

for 48-72 hours at 35˚C to 37°C, and observed for 14 days. Part of the CSF sediment was also 

inoculated in Brain Heart Infusion and 1% peptone water and incubated at 35˚C to 37˚C for 

48 hours. After 48 hours, they were centrifuged at 5000 rpm for 5 minutes. The supernatants 

were discarded and the sediments were cultured on SDA. 

 

3.5.3 CSF white cell count 

A cover slip was put on an Improved Neubauer Counting Chamber. Five microlitres (5µl) of 

a well-mixed CSF was dispensed into the chamber beneath the coverslip. White cells that fell 

in the 4 quadrants plus 2 quadrants in the middle of the grid were counted and documented as 

the CSF white cell count. 
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3.5.4 CSF biochemistry 

The colour, turbidity, presence of a coagulum or deposit of collected CSF were noted and 

documented. Normal CSF appearance was documented as clear and colourless, abnormal 

CSF appearance was documented as hazy, turbid, xanthochromic, blood-stained, presence of 

a coagulum or deposit. Blood stained specimens were centrifuged at 5000 rpm for 5 minutes 

and reported as clear supernatant plus red cell deposit, persistent colouration with or without 

red blood cells. Xanthochromic, hazy, turbid or cloudy, coagulum, fibrin clot were 

centrifuged at 5000 rpm for 5 minutes and the supernatant was used. 

 

3.5.4.1 Total protein 

Eight hundred microliters (800 µl) of 3% Trichloroacetic acid (TCA) was pipetted into three 

test tubes, namely the Reagent Blank, Standard and Test. Two hundred microliters (200 µl) of 

standard specimen and CSF specimen were pipetted into the Standard tube and Test, 

respectively. The content of the tubes were well mixed and incubated at room temperature for 

10 minutes. A spectrophotometer was zeroed with reagent blank and the absorbance of the 

standard was read against the reagent blank and the test at 670 nm. 

 

3.5.4.2 Glucose 

Hundred microliters (100 µl) Glucose oxidase was pipetted into three test tubes, namely 

Reagent Blank, Standard and Test. One microliter (1 µl) of distilled water, 1 µl of peroxidase 

and also 1 µl of CSF specimen were pipetted into Reagent blank, Standard and Test, 

respectively. The contents of the three test tubes were mixed well and incubated for 15 

minutes at room temperature for 7 minutes at 37˚C. The absorbance of standard and sample 

were measured against reagent blank at 505 nm. Glucose concentration of CSF specimen was 

calculated using the formula below; 
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Glucose= (Absorbance of Sample/Absorbance of Standard) ×Conc. of Standard (mmol/L) 

 

3.5.4.3 Globulins 

Four hundred to five hundred microliters (400 to 500 µl) of paandy’s reagent was dispensed 

into a clean dry glass test tube. Two or 3 drops of CSF specimen were added to the tube and 

mixed well. The set up was observed for turbidity immediately against a contrasting 

background. A positive CSF globulin was read as turbidity observed immediately in the tube, 

whilst a negative CSF globulin was read as the absence of turbidity. 

 

3.5.5 CSF Microscopy 

Smears of well mixed CSF sediments were made on grease-free glass slides. They were air-

dried, heat-fixed and subjected to Gram stain technique. They were then viewed under the 

microscope for gram positive round organisms occasionally with buds. Stained white cells 

were identified and documented as Polymorphonuclear neutrophils (PMNs) or lymphocytes. 

Drops each of well mixed CSF sediments was placed on grease-free glass slides and a drop of 

India ink was added to each sediment. They were well mixed and thin films of the CSF 

sediment-India ink mixtures were prepared on the glass slides. Slides were air-dried and were 

viewed under the microscope using the oil immersion objective lens. 

 

3.5.6 Cryptococcal Antigen Lateral Flow Assay (CrAgLFA) 

A qualitative procedure was performed by adding one drop of Lateral Flow (LF) specimen 

Diluent (REF GLF025) to a cryotube. Forty microliters (40 µl) of uncentrifuged CSF 

specimen was added to the cryotube and mixed gently. The white end of the Cryptococcal 

Antigen Lateral Flow Test Strip (REF LFCR50) was put into the specimen and the setup was 

University of Ghana http://ugspace.ug.edu.gh



 

33 

 

left on the bench for 10 minutes. A positive result was read as both control and test lines 

turning red  and a negative result was read and seen as the control line turning red (Fig 3.1). 

(www.immy.com) 
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Figure 3.1: CrAgLFA qualitative procedure 

(Courtesy www.immy.com) 

 

Fig 3.2: CrAgLFA positive and negative set up in CSF specimens 
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3.6 VIRAL LOAD SPECIMENS AND PROCESSING 

 

About 4 ml of blood was phlebotomized from the patients and transferred into an EDTA 

vacutainer. It was centrifuged at 1000 rpm for 1 minute. The plasma was separated from the 

corpuscles and transferred into a cryotubes and stored at -80˚C. Plasma was thawed before 

use. 

The viral loads of the participants were estimated using the 

COBAS
®
AmpliPrep/COBAS

®
TaqMan

®
HIV-1Test, Version 2.0. Eight hundred and fifty 

microliters (850 µl) plasmas were processed in the COBAS
®
AmpliPrep instrument by a 

generic silica-based capture technique to get a processed specimen that contained the HIV-1 

RNA.  

The processed specimens were then added to amplification mixtures in amplification tubes 

and heated to anneal downstream primers to the HIV-1 target RNA as well as to HIV-QS 

RNA to form a DNA strands complementary to the RNA target. 

The reaction mixtures were heated using Thermal Cycler in the automated equipment to 

reverse transcribed and amplified target DNAs and cooled to denature RNA:cDNA hybrid. 

Double stranded DNAs were produced by the help of Thermus species Z05 DNA polymerase 

in the presence of Mn
2+

 and excess deoxynucleotides triphosphates. Automatic repeats of the 

process doubled the amount of double-stranded DNA. DNA strands containing deoxyuridines 

were destroyed by AmpErase enzyme leaving DNA containing deoxythymidine. 

HIV-RNAs were detected using real-time PCR technology where dual-labelled fluorescent 

probes allowed for real-time detection of accumulated PCR products by monitoring the 
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emission intensity of fluorescent reporter dyes that were released during the amplification 

process (Damond et al., 2007). 

3.7 DATA HANDLING AND ANALYSIS 

Clinical notes and charts of suspected meningitis patients were audited and analysed. Both 

clinical and laboratory data were collected and recorded manually, and were entered into an 

Excel file template. Analysis of the data collected was done using SPSS VER. 20. 

Continuous data was presented as mean and standard deviation as well as range. Continuous 

variables were also presented using percentages. 

3.8 ETHICS 

Ethical approval for the study was sought from the Ethical and Protocol Review Committee 

of the UGMS (now SBHAS) (Appendix VII). The study was explained in the language of the 

patients who were well oriented and were aware of their environment, and were expected to 

give a written informed consent was obtained. For patients with impaired mental state, 

written informed consent was sought from the next of kin or immediate care giver. Patients 

were assigned study identification numbers (IDs) which were used throughout the study. The 

IDs were generated by using the initials of the disease under investigation and a 

chronological number according to how the patients were recruited.  Laboratory tests were 

anonymized as these were required for routine patient care. Subjects were offered standard of 

care at the Fevers’ Unit. All study documents were kept under lock and key and soft 

documents were secured by a password and only the PIs and Research assistants had access 

to study data. Patients benefitted from a calculated effort at identifying causative organisms 

in the CSF. This resulted in improved patient management. The CSF specimens were 

examined at no cost to patients. 
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CHAPTER FOUR 

RESULTS 

4.1 DEMOGRAPHIC CHARACTERISTICS OF STUDY SUBJECTS 

 

This cross sectional study was done from August 2014 to July 2015. Sixty-four (64) 

suspected CM patients were enrolled but fifty-three (53) consented to be part of the study. 

Out of the fifty-three participants, 28 (53.8%) were males and 25 (47.2%) were females with 

an overall mean age of 40.7 years old. Twenty-nine (54.7%) of the participants were admitted 

within the last six months of the study. Majority of the subjects had secondary level education 

(Table 4.1). 

 

4.2 CLINICAL PRESENTATION ON ADMISSION 

Out of the 53 suspected CM cases, 39 (73.6%) complained of headache, and 26 (49.1%) had 

fever. Confusion/neurosymptoms was the second form of presentation by these patients. 

Nausea/vomiting 7 (13.2%), seizures 2 (3.5%), and stiff neck 7 (13.2%) were observed. Other 

clinical presentations like right facial palsy, slurred speech, diarrhoea, general malaise, neck 

pain, sudden unresponsiveness, dizziness, difficulty in swallowing, weight loss, cough, right 

limb weakness and right hemiparesis were seen in 35 (73.6%) of the subjects. Meningismus 

and tachycardia were seen in 12 (22.6%) and 23 (43.4%) of the suspected patients, 

respectively. Oral thrush was the major opportunistic infection seen in 22 (41.5%) of the 

subjects. The only CM confirmed subject showed headache, stiff neck and unstable gait as 

the only clinical presentations (Table 4.2). 
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TABLE 4.1: DEMOGRAPHIC CHARACTERISTICS OF STUDY SUBJECTS 

CHARACTERISTIC STUDY SUBJECTS 

CM 

POSITIVE 

CM 

NEGATIVE 

  N=53 (%) n=1 (%) n=52 (%) 

SEX 

   Male 28 (52.8) 1 (100) 27 (51.9) 

Female 25 (47.2)         0 (0) 25 (48.1) 

AGE (in years) 

   Mean±SD (Range) 40.7±7.7 (24-60) 31 40.9±7.7 (24-60) 

EDUCATION 

   Primary 12 (22.6) 1 (100) 11 (21.2) 

Secondary 33 (62.3)         0 (0) 33 (63.5) 

Tertiary 6 (11.3)                          0 (0) 6 (11.5) 

None 2 (3.8)                          0 (0) 2 (3.8) 

HOSP. ADMIS (within 

6mnths) 

   Yes 29 (54.7)                                0 (0) 29 (55.8) 

No 24 (45.3) 1 (100) 23 (44.2) 

DATE OF HIV 

DIAGNOSIS 

 

33 mnths 

 <6mnths 16 (30.2)                               0 (0) 16 (30.8) 

6mnths-12mnths 24 (45.3)                           0 (0) 24 (46.2) 

>12mnths 7 (13.2) 1 (100) 6 (11.5) 

Unknown 6 (11.3)                            0 (0) 6 (11.5) 

Mnths-Months       

HOSP. ADMIS: Hospital admission 
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TABLE 4.2: CLINICAL PRESENTATIONS  ON ADMISSION 

 

CHARACTERISTICS 

   STUDY     

SUBJECTS 

     CM 

POSITIVE 

       CM 

NEGATIVE 

  N=53 (%) n=1 (%)       n=52 (%) 

HEADACHE 39 (73.6) 1 (100) 38 (73.1) 

FEVER 26 (49.1) 0 (0) 25 (48.1) 

NAUSEA-VOMITING 7 (13.2) 0 (0) 7 (13.5) 

SEIZURES 2 (3.5) 0 (0) 2 (3.8) 

STIFF NECK 7 (13.2) 1 (100) 6 (11.5) 

CONFUSION-

NEUROSYMPTOMS 13 (24.5) 0 (0) 13 (25.0) 

ORAL THRUSH 22 (41.5) 0 (0) 22 (42.3) 

MENINGISMUS 12 (22.5) 0 (0) 12 (23.1) 

TACHYCARDIA 23 (43.4) 0 (0) 23 (44.2) 

OTHERS 35 (73.6) 1 (100) 35 (73.1) 

Others: Right facial palsy, Slurred speech, Diarrhoea, General malaise, Neck pain,  

 Sudden unresponsiveness, Dizziness, Difficulty in swallowing, Weight loss, Cough, Right 

limb weakness and right hemiparesis 
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4.3 CELL COUNTS IN STUDY SUBJECTS 

Twenty (37.7%) of the patients had CD4 count below 100 cells/µl with the only CM 

confirmed case having a CD4 count of 182 cells/µl. The mean CD4 count of the study 

subjects was 180.5±228.5 (5-979 cells/µl). The mean viral load of the subjects was 

351732.09±678638.84.                                                              

 Forty-six (86.8%) of the subjects were in Stage IV of AIDS with about 96.3% having mild 

Glasgow coma score (Table 4.5). The WHO defined AIDS stage, viral load and Glasgow 

coma score  of the CM confirmed case were Stage IV, 4.86×10
2
 RNA copies/ml and mild 

(15/15), respectively. 

54.7% of CSF WBC counts were below 5 cells/mm
3
 and 22.6% were above 20 cells/mm

3
. 

The mean CSF WBC counts was 19.8±48.8 (0-250). Lymphocytic pleocytosis was the 

highest (39.6%). CSF WBC differential of both polymorphonuclear neutrophils and 

lymphocytes was 9.4%. In relation to the CSF WBC differential of the CM confirmed case, 

75% lymphocytes and 25% neutrophils were reported. CSF WBC count for this patient was 

235 cells/mm
3
 (Table 4.3).  
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TABLE 4.3: CELL COUNTS  

  

PARAMETERS 

STUDY 

SUBJECTS CM POSITIVE CM NEGATIVE 

  N=53 (%) n=1 (%) n=52 (%) 

 WBC (cells/mm
3
) 

   Mean±SD 19.8±48.8 235 15.6±38.7 

<5 29 (54.7) 0 (0) 29 (55.7) 

5 to 20 12 (22.6) 0 (0) 12 (23.1) 

>20 12 (22.6) 1 (100) 11 (21.2) 

DIFFERENTIAL 

   PMNs 7 (13.2) 0 (0) 7 (13.5) 

Lymphocytes 21 (39.6) 0 (0) 21 (40.4) 

PMNs/Lymph. 5 (9.4) 1 (100) 4 (7.7) 

None 16 (30.2) 0 (0) 16 (30.8) 

CD4 (most recent) µl 

   Mean±SD 180.53±228.5 182 180.49±231.5 

<100 20 (37.7) 0 (0) 20 (38.5) 

>100 20 (37.7) 1 (100) 19 (36.5) 

VIRAL LOAD (RNA 

copies/ml) 

   Mean±SD 351732.1±678638.8 282 354330.5±686448.8 

<100,000 21 (39.6) 0 (0) 21 (40.4) 

>100,000 23 (43.3) 1 (100) 22 (42.3) 

RNA-not detected 4 (7.5) 0 (0) 4 (7.7) 

Not done 5 (9.4) 0 (0) 5 (9.6) 

PMNs: Polymorphonuclear neutrophils 

Lymph.: Lymphocytes       
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4.4 PERFORMANCE TEST FOR DIAGNOSTIC PARAMETERS USING CULTURE 

AS GOLD STANDARD 

Of the fifty three CM suspected patients, only one was positive to CrAg test, India ink and 

Gram stain but not culture. This gives a prevalence of 1.9% among the subjects chosen. The 

sensitivity was zero for serology, India ink and Gram stain against culture. The specificity 

was 98.1% for CrAg, India ink and Gram stain against culture. The positive predictive values 

for CrAg, India ink and Gram stain was zero (Table 4.4). 
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TABLE 4.4: PERFORMANCE TEST FOR DIAGNOSTIC PARAMETERS USING CULTURE AS 

GOLD STANDARD 

 DIAGNOSTIC 

PARAMETERS CULTURE CrAgLFA  

INDIA 

INK  

GRAM 

STAIN CI95 

ABSENT 53 52  52  52 

 PRESENT 0 1  1  1   

PREVALENCE 

 

1.9 

 

1.9 

 

1.9 

 SENSITIVITY 

 

0 

 

0 

 

0 0.0-6.9 

SPECIFICITY 

 

98.1 

 

98.1 

 

98.1    90.1-99.9 

PPV 

 

0 

 

0 

 

0      0.0-97.5 

NPV 

 

50.0 

 

50.0 

 

50.0    40.6-60.4 

 

PPV=Positive predictive value             

NPV=Negative predictive value 

      CI95=95% confidence interval             

University of Ghana http://ugspace.ug.edu.gh



 

44 

 

4.5 OTHER CLINICAL INDICES OF STUDY SUBJECTS  

Eleven (20.8%) of the participants were on antiretroviral therapy (ART). Out of this, 8 (15.1%) 

complied with ART treatment regimen. Forty-six (86.8%) of them were in WHO defined stage 

IV of AIDS with a mild Glasgow coma score (15/15) in 48 (90.6%). 

Among the CM suspected subjects, 21 (39.6%) died after admission. The CM confirmed patient 

was alive the last time a follow up was made (Table 4.5). 
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TABLE 4.5: OTHER CLINICAL INDICES  

 

INDICES 

STUDY 

SUBJECTS 

CM 

POSITIVE 

CM 

NEGATIVE 

  N=53 (%) n=1 (%) n=52 (%) 

ON ART 

   Yes 11 (20.8) 1 (100) 10 (19.2) 

No 42 (79.2) 0 (0) 42 (80.8) 

ART 

COMPLIANCE 

   Yes 8 (15.1) 1 (100) 7 (13.5) 

No 45 (84.9) 0 (0) 45 (86.5) 

STAGING (current) 

   II 1 (1.9) 0 (0) 1 (1.9) 

III 4 (7.5) 0 (0) 4 (7.7) 

IV 46 (86.8) 1 (100) 45 (86.5) 

Unknown 2 (3.8) 0 (0) 2 (3.84) 

GLASGOW COMA 

SCORE 

   11 over 15 1 (1.9) 0 (0) 1 (1.9) 

12 over 15 1 (1.9) 0 (0) 1 (1.9) 

14/15 3 (5.7) 0 (0) 3 (5.8) 

15/15 48 (90.6) 1 (100) 47 (90.4) 

CLINICAL 

OUTCOME 

   Dead 21 (39.6) 0 (0) 21 (40.4) 

Discharged 32 (60.4) 1 (100) 31 (59.6) 
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4.6 CSF BIOCHEMISTRY PARAMETERS OF THE STUDY SUBJECTS 

The mean value for CSF glucose for 50 specimens was 3.0±0.8 (1.1-4.2). Out of these 

specimens, 9 (17%) had CSF glucose values below 2.55 mmol/L. Four (7.5%) had CSF glucose 

above 4.0 mmol/L. A 2.8 mmol/L CSF glucose concentration was seen in the CM confirmed 

specimen with a CSF/Serum glucose ratio of 0.35 (lower than 0.6).  

In respect to the CSF Total protein, a mean value of 1.1±1.7 (0.055-9.86) was recorded in 49 of 

the CSF specimen. Thirty two (60.4%) had CSF protein above 0.45 g/L. A CSF protein of 0.47 

g/L was recorded in the CM confirmed specimen. 

A negative globulin result was recorded in the CM confirmed CSF specimen. Thirty-one 

(58.5%) of the specimens were positive for globulin with 2 (3.8%) without any results due to 

insufficient specimen (Table 4.6). 
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TABLE 4.6: CSF BIOCHEMISTRY PARAMETERS  

VARIABLE 

STUDY 

SUBJECT 

CM 

POSITIVE 

CM 

NEGATIVE 

  N=53 (%) n=1 (%) n=52 (%) 

CSF GLUCOSE 

(mmol/L) 

   Mean±SD 3.0±0.8 2.8 3.0±0.8 

<2.5 9 (17.0) 0 (0) 9 (17.3) 

≥2.5 41 (77.4) 0 (0) 40 (77.6) 

CSF TOTAL 

PROTEIN (g/L) 

   Mean±SD 1.09±1.65 0.47 1.10±1.66 

≤0.45 17 (32.1) 0 (0) 17 (32.7) 

>0.45 32 (60.4) 1 (100) 31 (59.6) 

CSF GLOBULIN 

   Positive 31 (58.5) 0 (0) 31 (59.6) 

Negative 20 (37.7) 1 (100) 19 (36.5) 
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4.7 HAEMATOLOGICAL PARAMETERS OF THE STUDY SUBJECTS 

Out of the 53 CM suspected subjects, 48 had their haemoglobin (Hb) level ascertained. The 

mean value was 9.6±2.2 (4.3-14.1). Forty-three (81.1%) had their Hb below 12.0 g/dl. 

The Total WBC count had a mean value of 5.5±3.8 (1.13-24.07) in 48 subjects. Sixteen (30.2%) 

and 3 (5.7%) had WBC counts below 4.0×10
9
/L and above 10.0×10

9
/L respectively. A Total 

WBC count of 6.82×10
9 

/L was seen in the CM confirmed case. The platelet count was high in 7 

(13.2%) of the cases. On the other hand, 7 (13.2%) had low platelets counts. 

 Fifty- two of the participants had their Random blood glucose done with a mean of 7.9±3.2 (4.6-

20.1 mmol/L) estimated. Although none of the RBS was low, 9 (17%) of the test results were 

high. An RBS of 8.0 mmol/L was recorded in the CM confirmed case. 

In respect to the Erythrocyte Sedimentation Rate (ESR), 24 subjects had mean value of 

83.7±37.1 (3.7-150), with 23 (43.4%) having high ESR (Table 4.7). 

 

4.8 DRUGS ADMINISTERED TO STUDY SUBJECTS AFTER LUMBAR PUNCTURE 

Thirty (56.6%) of the CM suspected subjects were administered with oral fluconazole. IV 

fluconazole was also administered to 5 (9.4%) of the participants. A total of 23 (43.4%) were put 

on antibiotics, 7 (13.2%) on anti-malarial and one on Anti koch’s treatment. However, oral 

fluconazole was administered to the CM positive subject (Table 4.8). 
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TABLE 4.7: HAEMATOLOGICAL VARIABLES OF THE STUDY 

SUBJECTS 

VARIABLES 

STUDY 

SUBJECT 

CM 

POSITIVE 

CM 

NEGATIVE 

  N=53 (%) n=1 (%) n=52 (%) 

HAEMOGLOBIN 

(g/dL) 

   Mean±SD 9.6±2.2 10.5 9.5±2.2 

Range (4.3-14.1) 

 

(4.3-14.1) 

<12 43 (81.1) 1 (100) 42 (80.8) 

≥12  5 (9.4) 0 (0) 5 (9.6) 

Not done 5 (9.4) 0 (0) 5 (9.6) 

TOTAL WBC COUNT 

(/L) 

   Mean±SD 5.5±3.8 6.8 5.5±3.8 

Range (1.1-24.1) 

 

(1.1-24.1) 

<4.0 16 (30.2) 0 (0) 16 (30.8) 

4.0-10.0 29 (54.7) 1 (100) 28 (53.9) 

>10.0 3 (5.7) 0 (0) 3 (5.8) 

Not done 5 (9.4) 0 (0) 5 (9.6) 

PLATELETS (/L) 

   Mean±SD 229.8±140.8 129 232±141.6 

Range (36.0-714.0) 

 

(36.0-714.0) 

<100 7 (13.2) 0 (0)   7 (13.5) 

100-300 28 (52.8) 1 (100) 27 (51.9) 

>300 7 (13.2) 0 (0) 11 (21.2) 

Not done 7 (13.2) 0 (0) 7 (13.5) 

RBS (mmol/L) 

   Mean±SD 7.9±3.2 8 7.9±3.2 

Range (4.6-20.1) 

 

(4.6-20.1) 

<3.6 0 (0) 0 (0) 0 (0) 

3.6-11.0 43 (81.1) 1 (100) 42 (80.8) 

>11.0 9 (17.0) 0 (0) 9 (17.3) 

Not done 1 (1.9) 0 (0) 1 (1.9) 

ESR (mm/hr) 

   Mean±SD 83.6±37.1 

 

83.7±37.1 

Range (3.7-150.0) 

 

(3.7-150.0) 

<30 1 (1.9) 0 (0) 1 (1.9) 

>30 23 (43.4) 0 (0) 23 (44.23) 

Not done 29 (54.7) 1 (100) 28 (53.85) 
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TABLE 4.8: DRUGS ADMINISTERED TO STUDY SUBJECTS 

AFTER LUMBAR PUNCTURE 

DRUGS 

STUDY 

SUBJECT 

CM 

POSITIVE 

CM 

NEGATIVE 

  N=53 (%) n=1 (%) n=52 (%) 

Oral fluconazole 30 (56.6) 1 (100) 29 (55.8) 

IV fluconazole 5 (9.4) 0 (0) 5 (9.6) 

Oral Azithromycin 4 (7.6) 0 (0) 4 (7.7) 

Septrin 5 (9.4) 0 (0) 5 (9.6) 

Sulphadoxine-

Pyrimethamine 3 (5.7) 0 (0) 3 (5.8) 

Pyrimethamine 3 (5.7) 0 (0) 3 (5.8) 

Metronidazole 2 (3.8) 0 (0) 2 (3.9) 

IV Metronidazole 1 (1.9) 0 (0) 1 (1.9) 

Arthemeter Lumefantrine 1 (1.9) 0 (0) 1 (1.9) 

Paracetamol 1 (1.9) 0 (0) 1 (1.9) 

IV Ciprofloxacin 1 (1.9) 0 (0) 1 (1.9) 

IV Metoclopramide 2 (3.8) 0 (0) 2 (3.9) 

Anti Koch's 1 (1.9) 0 (0) 1 (1.9) 

IV Ceftriaxone 6 (11.3) 0 (0) 6 (11.5) 

Omeprazole 1 (1.9) 0 (0) 1 (1.9) 

Oral Amoxiclav 1 (1.9)  0 (0)  1 (1.9) 
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CHAPTER FIVE 

DISCUSSION 

5.1 SUBJECTS BACKGROUND 

 

This cross-sectional study to ascertain CM was done in adult-HIV subjects at the Fevers’ Unit, 

KBTH.  The age range of the subjects was between 24 to 60 years, with majority being males 

(28). This range is within the age range (18-80 years) of HIV patients reported by Lartey and 

colleagues (2015). Contrary to what Kumar and his team reported (2008) (100% prevalence), 

cryptococcal meningitis was confirmed in only 1.9% of these suspected patients. 

 

5.2 CLINICAL PRESENTATIONS OF SUBJECTS ON ADMISSION 

 

Clinical presentations in the current study were similar to those presented in HIV subjects with 

CM studies elsewhere (Kumar et al., 2008; Mdodo et al., 2010; Cohen et al., 2010); however, 

the clinical presentations in the current study were not predictive of CM. Headache, fever, 

nausea and vomiting, seizures and stiff neck were seen in most of the subjects with the CM 

confirmed patients showing headache, stiff neck and unstable gait. In the current study, oral 

thrush was a major opportunistic infection (41.5%) observed as was also reported in India 

(Kumar et al., 2008); however, oral thrush was not presented by the CM confirmed subject 

(Table 4.2).  

Twenty-three of 53 of the enrolled subjects presented with tachycardia compared to 42 out of 

109 and twenty-four (24) out of forty (40) in CM negative and CM positive patients, respectively 

reported by Kisenge and his colleagues (2007). Twelve (12) of fifty-three (53) presented with 

meningismus in the study subjects compared to twenty-eight (28) out of one hundred and nine 

(109) in CM negative patients and eighteen (18) out of forty-two (42) in CM positive patients 
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reported in a study (Kisenge et al., 2007). The only CM confirmed patient did not present with 

tachycardia and meningismus (Table 4.2). 

 

5.3 CRYPTOCOCCAL MENINGITIS AND CD4 CELL COUNT 

Although 37.7% of the CM subjects had CD4 count below 100 cells/µl, none was confirmed of 

having cryptococcal meningitis. The CM confirmed patient had a CD4 count of 182 cells/µl 

(Table 4.3). This portrays how CD4 count is not a good predictive value for CM in these 

suspected meningitis patients. This outcome is contrary to what was reported   by Aslam and his 

colleagues in patients at the late stage of AIDS with CM (Aslam and Chandrasekhara, 2009). 

Although patients with very low CD4 did not predict CM, this may have accounted for the high 

mortality among these subjects (Table 4.5). 

 

5.4 CSF WBC COUNT, CSF BIOCHEMISTRY AND CRYPTOCOCCAL MENINGITIS 

In the present study, about 22% of the subjects had abnormal CSF WBC count exceeding 20  

cells/mm
3
 which is predictive of cryptococcal meningitis as reported by other studies (Schmidt 

et al., 1995; Perfect et al., 2010; Arora and Aggarwal 2013; Patil et al., 2013). Among the 

subjects of this study with pleocytosis, only one with CSF WBC count of 235 cells/mm
3
 was 

confirmed of having CM. Greater proportion (39.6%) of these subjects had only lymphocytes in 

the CSF while 9.4% had both lymphocytes and neutrophils in their CSF. Lymphocytic 

predominance could predict CM as reported by other studies (Schmidt et al., 1995; Perfect et al., 

2010; Arora and Aggarwal 2013; Patil et al., 2013). This type of abnormality confirmed CM in 

only one patient suggesting that CSF WBC count and differential may be poor diagnostic 

parameters for confirming CM. 
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 Comparing the CSF leukocyte dominance of present study subjects to what was reported by 

Aslam and his colleague, lymphocytic predominance in this study formed majority (Aslam and 

Chandrasekhara, 2009). Lymphocytic pleocytosis confirmed CM in majority of their study 

subjects (Aslam and Chandrasekhara, 2009). CSF WBC count and CSF WBC differential could 

not predict CM in the current study except in the CM confirmed patient who had 235 cell/mm
3
 

with lymphocytic predominance. Since about 45% of the current study subjects had pleocytosis 

with only one confirmed of having Cryptococcal meningitis suggests that other aetiologic agents 

may be the cause of meningitis (Cohen et al., 2010). 

 Less than 20% of the subjects in the current study had low CSF glucose but a higher proportion 

(60.4%) of them had high CSF protein. The abnormalities in the CSF biochemistry and WBC 

count point at possible infection in the CSF, possibly CM. This deduction is in line with Sarosi 

and his colleagues’ report that CM may present with low CSF glucose and high CSF proteins.  

On the contrary, the only CM confirmed subject in the current study had normal CSF glucose 

and slightly high CSF protein (Sarosi et al., 1969). Thirty-one patients had CSF globulin to be 

positive signifying possible infection. On the contrary, a negative CSF globulin negative was 

reported in the CM confirmed subject in the current subjects. This may suggest that CSF 

biochemistry may be misleading in diagnosing Cryptococcal meningitis.  

 

5.5   HAEMATOLOGICAL PARAMETERS IN HIV PARTICIPANTS  

In the current study, haemoglobin abnormality was seen in 81.1% of the subjects as compared to 

39.6% and 47.5% haemoglobin abnormalities in HIV-negative/CM negative (Tagoe and 

Asantewaa, 2011) and HIV-positive/CM positive subjects (Kumar et al., 2008), respectively. 

The mean HB was low (9.6 g/dl) in the current study subjects which was not different from 

10.20 g/dl in HIV positive patients as compared to a mean HB of 14.74 g/dl in HIV negative 
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patients as reported by Tagoe and Asantewaa (2011). This implies that haemoglobin level in 

HIV patients is lower than HIV negative patients. 

Greater proportion (43.4%) of our study subjects had ESR values above 30 mm/hr similar to 

other reported cases in Ghana (Tagoe and Asantewaa, 2011). ESR levels are high in HIV 

positive patients compared to HIV negative patients. 

 There was high WBC in 3 (5.7%) of the HIV patients in the current study.  In other studies, high 

WBC was not reported in HIV patients (Tagoe and Asantewaa, 2011). Sixteen (30.2%) of the 

subjects in the current study had low WBC as compared to 40 (26.8%) in a study by Tagoe and 

Asantewaa.  The immunity status of the current subjects can be defined by their low WBC but it 

is a poor indicator as compared to CD4 because only 54.7% of the subjects had normal WBC 

level compared to the abnormality in CD4 in majority of the subjects. The CM confirmed subject 

had normal WBC with an abnormal CD4 (Tables 4.3 and 4.7). 

 Platelet count was low in seven (13.2%) and high in 7/53 (13.2%) of the current subjects as 

compared to 13/149 (8.7%) and 2/149 (1.3%), respectively reported by Tagoe and Asantewaa 

(2011). This signifies less platelet abnormality in HIV patients. Since smaller proportion of the 

current subjects was on ART, haematological abnormalities may be attributed to the effect of 

HIV itself (Lartey et al., 2015).  

Nine (17.0%) of the current subjects had high blood glucose level.  Hyperglycaemia can be 

induced by ART usage (Florescu and Kotler, 2007). The proportion of current subjects on ART 

(20.8%) did not differ greatly from those with high blood glucose level (17.0%). 

Hyperglycaemia in the subjects may be caused by ART. On the other hand, the CM confirmed 

patient on ART had normal blood glucose level. The only reason could be the patient had not 

been on ART for a longer period of time to have an ART induced hyperglycaemia (Florescu and 

Kotler, 2007) 
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5.6 DIAGNOSTIC PROCEDURES USED AND RATE OF POSITIVITY 

 

In respect to the 53 HIV subjects recruited in this study, none was confirmed positive for CM 

using culture. One subject was confirmed positive for CM using serology (CrAgLFA), India ink, 

and Gram’s stain. This gives a CM prevalence of 1.9% among our subjects. Conflicting CM 

prevalence have been reported in Ghana, 0% (Frimpong and Lartey, 1998) and 11.7% (Owusu et 

al., 2012). The current study recorded CM prevalence of 1.9% which is lower than the work 

done by Owusu and his team (2012). 

 In the sub-Saharan region, a prevalence of 33% was reported in Kenya (Mdodo et al., 2010). 

The sensitivity per calculation for serology, India ink and Gram stain were zero when compared 

to culture as gold standard although these parameters were able to detect the presence of the 

fungus. Contrary to the low sensitivity of India ink and Gram stain microscopy, the ability of 

these parameters to detect the presence of the fungus in the CSF suggest that there was a high 

burden of the organism in the CSF although the patient was on ART (Mdodo et al., 2010; 

Bicanic and Harrison, 2004). 

 

5.7 ANTIRETROVIRAL THERAPY, VIRAL LOAD, CD4 CELL COUNT AND CM 

 

Although recruited subjects showed clinical presentations suggestive of meningitis, possibly 

CM, most recent CD4 count (≤100 cells/µl), and high viral load of patients who are not on ART 

could not be used as predictive values for CM. This deduction is due to the low CM prevalence 

in the subjects. This outcome is not in line with other studies (Cohen et al., 2010; Mdodo et al., 

2010). About 80% of the CM negative subjects were ART naïve with high viral load. This might 

have accounted for the general low CD4 cell count with 37.7% below 100 cells/mm
3
 loads 

(Table 4.3). The low CD4 cell count defines the current staging of the participants where 45 

(86.5%) were in the WHO defined stage IV.  
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The only CM confirmed subject was on ART. The current CD4 count and current staging were 

182 cells/µl and stage IV, respectively. The CM positive subject had an initial CD4 count of 214 

cells/µl. This shows that the CD4 kept reducing.  This suggests that the CM positive subject had 

been on ART for a short period of time at a low CD4. When ART is started early at a high CD4 

for a long time, there is a greater possibility of CD4 increase (Kelley et al., 2009). This is in line 

with what Kelley and his team reported (Tables 4.3 and 4.5). Although the CD4 count was above 

100 cells/µl, the immunity of the CM positive subject (182 cells/µl) will still be considered as 

low. A very low viral load of 486
 
RNA copies/µl was seen in the CM positive subject (Table 

4.3). The low viral load did not match the low CD4 count of the subject suggesting possible 

underlying condition accounting for the low CD4 count. 

 

5.8 MORTALITY RATE IN RELATION TO CD4 CELL COUNT AND 

HAEMATOLOGICAL PARAMETERS 

 

 Although suspected CM patients in this study were put on oral fluconazole, IV fluconazole, 

antibiotics, antimalarial and analgesic as prophylaxis, mortality rate was high. This may be due 

to patients accessing the unit at a late stage.  

The high mortality rate of about 40% recorded in the present study may be due to the general 

low CD4 cell count (37.7% below 100 cells/mm
3
 and 18.8% between 100 - 200 cells/mm

3
). The 

high mortality rate may also be attributed to low haemoglobin level recorded in 81.1% of the 

study subjects which could be as a result of the direct effect of the virus (Lartey et al., 2015; 

Obirikorang and Yeboah, 2009). Low haemoglobin level and Total WBC count among the 

current subjects may be used as indicators for low CD4 count (Munyazesa et al., 2012). Few of 

the death cases among the subjects on ART could be caused by ART induced hyperglycaemias 

which were not managed (Florescu and Kotler, 2007). 
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The mortality rate of these subjects (40.4%) was within the same range (20% to 42%) as 

reported in CM confirmed patients in Uganda by Kambugu and his team and higher than in CM 

negative patients (34.0%) as reported by Mdodo and his team (Kambugu et al., 2008; Mdodo et 

al., 2010). The CM confirmed subject in this study was put on oral fluconazole. The patient was 

discharged and still alive the last time a follow-up was made. This suggests that oral fluconazole 

may be efficacious against Cryptococcus spp.  

 

5.9 FACTORS ACCOUNTING FOR LOW CRYPTOCOCCAL MENINGITIS 

PREVALENCE AMONG STUDY SUBJECTS 

 

A very low prevalence was recorded although this study was to ascertain the prevalence of CM 

among hospitalized patients with HIV, a major risk factor for CM development. This may be 

attributed to whether these patients were exposed to and also the length of time of exposure to C. 

neoformans (Fessel, 1993). An HIV patient living in an area with high population of pigeons and 

other avians for a very long time may stand a high chance of developing CM as compared to an 

HIV patient living in an area with few or no pigeons or avians (Othman et al., 2004).   

The virulence nature of the organism may also play a role in this situation. The inability of 

inhaled C. neoformans basidiospores to produce capsule will make them vulnerable to 

phagocytosis. Although these subjects had defect in greater percentage of T-lymphocytes, there 

was the possibility that alveolar macrophages and CSF macrophages might have internalized and 

destroyed the organisms (Gilbert et al., 2014; Bicanic and Harrison, 2004; Nester et al., 2009).    

One major exclusion criteria was to disqualify inpatients on antifungals, but because most of 

these patients were diagnosed at the later stage of HIV/AIDS, self-medication using antifungal to 

treat diseases like oral thrush prior to hospitalization was a possibility. This suspicion was made 

because 75.5% of these participants were diagnosed of having HIV within the last six to twelve 
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months (Table 4.1). There is also the suspicion that some of the subjects might have been 

attending clinic elsewhere and had to relocate from their communities to avoid stigmatization. 

Furthermore, 54.8% of these suspected CM patients were admitted within the last six months 

and this increases the possibility of these subjects being issued with oral fluconazole as 

prophylaxis over the period before accessing the Fevers’ Unit, Korle-Bu. This might have 

accounted for the low prevalence of CM and inability of the organism to be cultured in the only 

serologically and microscopically CM positive HIV patient. This is not different from what  

Mirza and his team reported (Mirza et al., 2003). The ability of microscopy (India ink and 

Gram’s stain) to detect the presence of the organism/s that was culture negative in the CSF of the 

CM confirmed patient may suggest that oral fluconazole might have had a fungistatic effect on 

the organism (Bicanic et al., 2009). 

 

5.10 LIMITATIONS OF THE STUDY 

 

Limited number of study subjects was enrolled during the one year study period. Several factors 

might predict CM if a larger study population was used. 

I could not verify whether subjects had self-medicated with anti-fungal agents before 

recruitment. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

There was low prevalence of cryptococcal meningitis among the study subjects which suggests 

that CM may not necessarily be the leading form of meningitis in HIV/AIDS subjects at the 

Fevers’ Unit, Korle-Bu, although AIDS is a major risk factor in developing CM. Other factors 

may play role in the development of CM in HIV/AIDS patients.  

Although serology, India ink and Gram stain microscopy were able to detect one positive case, 

their individual sensitivities were low (0%). The low sensitivities could be as a result of the 

detection of a single positive case which was not detected by culture, the gold standard.  On the 

other hand, their individual specificities were high (98.1%). 

Since CSF WBC count, CSF biochemistry, high viral load, CD4 counts below 100 cells/mm
3
 

could not predict CM in the study subjects, they may predict the presence of other etiologic 

agents. The use of clinical presentations in diagnosing Cryptococcal meningitis could be 

misleading. 

 

6.2 RECOMMENDATIONS 

In respect to the low prevalence of Cryptococcal meningitis in our HIV/AIDS subjects, it would 

be prudent to ascertain the possible causative organism/s of meningitis in these subjects. 

Molecular detection using polymerase chain reaction (PCR) of Cryptococcus neoformans must 

be done on CSF specimens. This is to compare the sensitivity and specificity of PCR to culture, 

serology, India ink and Gram stain. 
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Culture should be coupled with CrAg testing, India ink and gram stain microscopy to increase 

the chances of diagnoses of CM suspected cases. 

In respect to the limited number of subjects, other immunocompromised patients such as those 

undergoing organ transplants, diabetes mellitus patients showing meningitis symptoms should be 

recruited. Furthermore, subjects should include other HIV/AIDS patients from other 

neighbouring hospitals. 

A study should be undertaken to find out if Cryptococcus species exist in our environment. This 

can be done by taking cloacal swabs, pigeon guano, poultry birds’ droppings as well as soil 

samples and decaying trees. 
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APPENDIX 1: FLOWCHART OF LABORATORY PROCEDURE 
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APPENDIX II: INFORMATION AND CONSENT FORM 

 

INFORMATION SHEET 

Title: [Cryptococcal meningitis in hospitalized HIV patients at the Fever’s Unit, Korle-Bu] 

 

Principal Investigator: [Japheth A. Opintan] 

Address: [Department of Microbiology, University of Ghana Medical School, College of Health 

Sciences, P.O. Box 4236, Accra, Ghana] 

 

General information about the research 

Cryptococcal meningitis (CM) is a serious fungal infection that usually affects people with 

advanced HIV/AIDS. The disease is not contagious, meaning it cannot spread from person-to-

person. CM specifically occurs after the fungus, Cryptococcus has been inhaled from the 

environment, and spread from the lungs to the brain, causing meningitis. In healthy people, the 

fungus usually does not cause serious illness because the immune system can fight off the 

infection. Symptoms of CM include headache, fever, neck pain, and altered mental status. Body 

tissues such as cerebrospinal fluid (CSF) and blood are required to laboratory confirm the 

disease. When the disease is diagnosed early enough, appropriate therapy can be given to 

prevent fatal consequences such as death. We wish to work with you to find the prevalence and 

outcome of CM among hospitalized HIV patients. This would ensure that HIV patients who 

develop CM or who are at the advanced stages of HIV/AID are managed well to prevent death. 

 

Study procedure 

All patients presenting with symptoms suggestive of cryptococcal meningitis at the Fever’s Unit 

will be eligible for the study. The symptoms include headaches, seizures, cranial nerve palsies, 

altered mental state-confusion, delirium, inappropriate speech, and coma among others. Patient 
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will be admitted to the ward and informed consent sought from the patient if the mental state is 

normal or from a caregiver or next of kin if mental state is abnormal but patient meets inclusion 

criteria.  

 

History of illness and physical examination findings will be documented. Standard of care 

laboratory investigations will be performed. These include a complete blood count, blood urea 

and electrolytes, CD4 count, HIV Viral loads, CT scan of the brain where affordable. CSF 

samples will be taken by lumbar puncture (when intra cranial pressures is not high) under aseptic 

conditions by a medical officer. A total of about 4 ml CSF will be collected for various 

laboratory investigations including chemistries, microscopy, serology and microbiological 

culture. About 3 ml venous blood will also be taken for other laboratory investigations. 

 

As part of standard of care, prompt treatment will be initiated after specimens for the laboratory 

investigations have taken. This will include treatment for cerebral toxoplasmosis, bacterial 

meningitis, tuberculous meningitis or cryptococcal meningitis. Appropriate anti-infectives will 

be adapted on receipt of results. 

 

Possible Risks and Discomforts 

The procedure for obtaining samples for laboratory tests can be associated with very rare risks 

including mild pain, bruising, bleeding or infection. Aseptical procedures will be used, and a 

qualified medical doctor will take lumbar puncture under anesthesia. CSF and blood loss for the 

study will not adversely affect your health. Any discomfort will be immediately evaluated and 

managed by medical officers. 
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Possible Benefits 

As a patient you will benefit from a calculated effort at identifying causative organisms in the 

CSF. This should result in an improvement in your management. The CSF laboratory 

investigations will be analyzed at no cost to you. 

 

Confidentiality  

All the information collected in the study will be kept confidentially in a secure way. Results of 

investigations or other information that we collect will only be shared with the medical staff 

taking care of you and authorized members of the research team.  Any data that may be 

published will not reveal your identity. 

 

Compensation 

There will be no cost or payment to you for participation in this study.  

 

Freedom to refuse or withdraw 

You should only join the study if you want to. You can ask as many questions as you like. You 

can leave the study at any time without giving any reason and this will not affect your medical 

care and treatment provided. 

 

Contacts for Additional Information 

If you have any questions or concerns, please contact Dr. Japheth A. Opintan (0244789209), 

Benedict K. Awadzi (0246472587) at the Microbiology Department, UGMS (now SBAHS) or 

Dr. Ernest Kenu (0244592122), at the Fever’s Unit, Korle-Bu.  
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Your rights as a Participant 

This research has been reviewed and approved by the ethical and protocol review committee, 

University of Ghana Medical School. If you have any questions about your rights as a research 

participant you can contact the research office through: Telephone +233 302672029, E-mail 

research@ugms.edu.gh, P.O. Box GP 4236, Korle-Bu, Accra-Ghana 
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CONSENT FORM 

The above document describing the benefits, risks and procedures for the research title 

―Cryptococcal meningitis in hospitalized HIV patients at the Fevers’ Unit, Korle-Bu” has been 

read and explained to me/caregiver or next of kin. I/caregiver have read and understood the 

above information.  I/caregiver have been given opportunity to ask questions about the research, 

and have received satisfactory answers. I/caregiver agree to participate in this study as a 

volunteer. 

 

 

 

 

 

 

_______________________                                     _______________________________ 

Date                                                                             Signature or mark of patient 

 

 

 

 

_______________________                                     _______________________________ 

Date                                                                             Signature or mark of caregiver 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



 

85 

 

I certify that the nature and purpose, the potential benefits, and possible risks associated with 

participating in this research have been explained to the above individual. 

 

 

 

 

 

 

_______________________                                     _______________________________ 

Date                                                                                Signature of Researcher 
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APPENDIX III: QUESTIONANNAIRE 

Study number____________  

Abstractor’s initials____________ 

Date of abstraction___/____/___ 

I. Patient Information 

1) Coded ID 

_________/_____________________ 

2) Gender 

 1 – Male 

 2 – Female 

3) Date of birth 

 --------/-------/------------ (dd/mm/yy) 

 __________ years 

4) Weight 

 __________ kg 

5) Height 

 __________ cm 

6) Last year of education completed? 

 1 – None 

 2 – Primary 

 3 – JSS 

 4 – Middle School 

 5 – Sec/Tech 

 6 – Tertiary 

  9 – Unknown 

7) Employed? 

 1 – Yes 

 

 

 2 – No 

8) Married? 

 1 – Yes 

 2 – No 

 

II. Previous history of hospitalization 

9) Hospitalized within the last 6 months? 

 1 – Yes 

 2 – No 

10) HIV status 

 1 – Positive 

 2 – Negative 

 3 – Unknown 

11) Date of HIV diagnosis? 

 --------/-------/------------ (dd/mm/yy) 

12) Type of HIV 

 1 – HIV 1 

 2 – HIV 2 

 3 – HIV 1 & 2 

13) Mode of HIV acquisition? 

 1 – Heterosexual 

 2 – Homosexual 

 3 – Injection drug use 

 4 – Transfusion 

 5 – Unknown 
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14) Serial CD4 count starting with most 

recent test? 

 1 – _________ mm/l 

Date: _____/_____/_____ 

 2 – _________ mm/l 

Date: _____/_____/_____ 

15) Most recent CD4/CD8 ratio 

 ______________ 

III. Information on ART therapy 

16) Is the patient currently on ART 

therapy? 

 1 – Yes 

 2 – No 

 3 – Unknown 

17) What is the current staging? 

 1 – Stage I 

 2 – Stage II 

 3 – Stage III 

18) ART compliance during the last two 

appointments? 

 1 – Yes 

 2 – No 

 3 – Unknown 

IV Clinical Information 

19) Date of current hospitalization? 

--------/-------/------------ (dd/mm/yy) 

20) Clinical symptoms and signs at 

hospitalization?  

(check all that apply please) 

 

 1 – Headache 

 2 – Fever 

 3 – Nausea/vomiting 

 4 – Seizures 

 5 – Stiff neck 

 6 – Confusion/neurological 

symptoms 

 7 – Others (please state) 

 ____________________________ 

 ____________________________ 

21) Duration of current symptoms? 

 1 – between 0 to 7 days 

 2 – between 8 to 14 days 

 3 – between 15 to 21 days 

 4 – greater than 21 days 

 5 – unknown 

V. Physical examination 

22) Axillary temperature _______ 

23) Oral thrush present? 

 1 – Yes 

 2 – No 

24) Meningismus? 

 1 – Yes 

 2 – No 

 

25) Tachycardia? 

 1 – Yes 
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 2 – No 

VI. Intracranial pressure  

26) Opening ____________ mmHg 

27) Closing _____________ mmHg 

28) Glasgow coma scale ________ 

Laboratory investigations 

VI Haematological 

29) Leucocytes ____________ 

30) Lymphocytes ____________ 

31) Haemoglobin ____________  

32) Platelets ____________ 

33) ESR ____________ 

34) RBS ____________ 

VII. CSF chemistry 

35) Protein _____________g/L 

36) Glucose ____________mmol/L 

37) WBC count ____________ 

38) Differential ____________ 

VIII Microbiological 

39) Gram stain 

 1 – G +ve spherical/capsulated cells 

 2 – G +ve oval cells 

 3 – G +ve diplococci 

 4 – G +ve bacteria 

40) India Ink test 

 1 – Positive 

 2 – Negative 

41) CSF antigen test  

 1 – Positive 

 2 – Negative 

42) Culture results for Yeast  

 1 – Positive 

 2 – Negative 

43) Organism isolated? Please list 

__________________________________ 

__________________________________ 

44) Cryptococcus species?  

__________________________________ 

45) Anti-fungal susceptibility 

Fluconazole__________________ g/ml 

Itraconazole__________________ g/ml 

Flucytosine __________________ g/ml 

IV. Management during hospitalization 

46) Initial therapy given 

 1 – IV fluconazole 

 2 – oral fluconazole 

 3 – IV Penicillin 

 4 – Oral penicillin 

 5 – Others (please state) 

____________________________ 

____________________________ 

IV. Management for OPD cases 

47) Initial therapy given 

 1 – Oral fluconazole 
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 2 – Oral Penicillin 

 5 – Others (please state) 

____________________________ 

____________________________ 

48) What was the duration of therapy? 

 1 – One week 

 2 – Two weeks 

 3 – Three weeks 

49) Was initial therapy changed/modified 

in the course of treatment? 

 1 – Yes 

 2 – No 

50) Was CSF sterilized (10-14 days) after 

therapy? 

 1 – Yes 

 2 – No 

 3 – Unknown 

51) Outcome? 

 1 – Discharged 

 2 – Died 

52) Date of discharge/death 

--------/-------/------------ (dd/mm/yy) 

53) Duration of stay on ward 

____________________________
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APPENDIX IV: STUDY REQUEST FORM 

Study ID_________________ 

 

CM STUDY REQUEST FORM 

 

Family Name:……………………………………………………. Date:…………………… 

First Name:………………………………………………………. Age:…  Sex:…................. 

Folder #:…………………………………………………………. Ward:…………………... 

Please tick appropriate tests: 

CSF CULTURE & SEROLOGY        

CSF BIOCHEMISTRY CSF    

VIRAL LOAD       

 

 

Doctor’s initial:………………………… 
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APPENDIX V: STUDY LABORATORY REPORT FORM 

                                                                                                 

                                                                                                  Patient Folder# 

MICROBIOLOGICAL RESULTS - CM STUDY 

 

Family Name:……………………………………………                 Date:……………..…… 

First Name:………………………………………………                 Age:………   Sex:…..... 

Study ID :………………………………………………..                 Ward:…………………. 

RESULTS: 

CrAg Test:_________________________                   Titre:_______________________  

CSF Appearance:____________________                  WBC count:_________________ 

Gram:______________________________           India ink test:_______________  

Culture:_______________________________________________ 

Susceptibility: 

Signature:………………………………. 
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APPENDIX VI: PREPARATION OF AGAR MEDIA AND REAGENTS 

a) Sabouraud dextrose agar (per litre) 

i. Composition 

65 g Sabouraud dextrose agar powder 

10.0 g Mycological peptone 

40.0 g Glucose 

15.0 g Agar 

PH 5.6+0.2 at 25˚C 

ii. Preparation 

According to the manufacturers’ protocol, 500 ml of Sabouraud’s dextrose agar (SDA) 

(OXOID LTD, Lot no. 1419386) was prepared by dissolving 32.5 g of SDA into 500 ml of 

distilled water. The solution was brought to boil to dissolve powder completely. Solution 

was then sterilised by autoclaving at 121˚C for 15 minutes. About 25 ml of molten agar was 

dispensed into each one of disposable Petri dishes. The molten agars in the petri dishes 

were allowed to solidify at room temperature. The plates were packaged and stored at 2˚C 

to 8˚C in a fridge. For every batch of SDA plates prepared, one plate was incubated at 37˚C 

and another plate was streaked with a known Cryptococcus spp. for sterility and quality 

control respectively 

d) Preparation of 70% ethanol 

One litre of 70% ethanol was prepared by adding 300 ml of distilled water to 700 ml of 

absolute alcohol. Solution was transferred into a container and labelled with date of 

preparation and percentage of solution. 
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d) Sterilization of consumables 

 Bijoux bottles were slightly opened and autoclaved at 121˚C for 15 minutes. They were then 

transferred into the hot air oven to dry. The dry Bijoux bottles were transferred to the Fevers’ 

unit for CSF collection. 

Eppendolf tubes were fully opened and placed in a clean conical flask and the mouth of it 

sealed with a foil. They were then autoclaved at 121˚C for 15 minutes. They were then 

transferred into the hot air oven to dry. 

Yellow micropipette tips were arranged in their racks and were autoclaved at 121˚C for 15 

minutes. They were then transferred into the hot air oven to dry. 
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