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ABSTRACT 
Viruses are ubiquitous and are also the pathogenic agents that are most commonly associated with neoplastic 
transformation of cells of several organs in human beings – thereby causing cancer of  epithelial cells (carcinomas) or 
cancer of mesenchymal cells (leukemias, lymphomas and sarcomas) depending on the type and location of the 
infected host cell. This review highlights the six major groups of viruses that have established aetiological association 
with cancer in human populations. The epidemiology and the processes through which these pathogens cause 
malignant transformation of the infected host cells are discussed – with particular emphasis on the evolving and 
changing natures of the diseases as they parallel changes in human behaviours. Also discussed is a brief overview of 
the current understanding of molecular pathology as they emerge with the advent of new technological capabilities 
for studying these processes at subcellular (genomic) levels. 

 
INTRODUCTION 
Viruses have notoriety for causing acute 
epidemic infections that may result in pandemics 
and global crisis within a short period of time. 
But also of  an ever increasing need for attention 
due to the public health risk they constitute, are 
endemic diseases of viral origin and the 
associated malignancies.  Viruses cause chronic 
infections that are endemic in many communities 
and such chronic infections have been shown to 
have aetiological associations with certain 
malignant disease processes that are also of 
endemic proportions in the affected 
communities. Considering the ubiquity of viruses 
and the high prevalence of viral infections world-
wide, viruses are probably second only to 
tobacco abuse as the most common risk factor for 
developing cancer.  In some cases, the 
development of cancer is directly related to the 
activities of the virus. In other cases, the virus 
remains dormant in host cells (carrier state) until 
factors such as immunosuppression and/or 
infection with other oncogenic viruses activates 
the oncogenic potentials of the virus in the 
carrier. This review highlights the interplay 
between environmental factors, host factors and 
viral factors that influence the oncogenic 
transformation of virus-infected host cells.  
 
1. EPSTEIN BARR VIRUS 
 
1:1 Epstein Barr Virus (EBV) Infection and The 
Immune System. 
 
Epstein Barr Virus (EBV) is a gamma herpesvirus 
that was first discovered in 1964 in SubSahara 
Africa by Epstein, Achong and Barr when they 

observed and reported the presence of herpes-
virus-like particles in electron micrographs of 
cultured Burkitt lymphoma (Burkitt’s 
Lymphoma) cells (1).  Shortly thereafter, higher 
titers of antibody to EBV antigens were reported 
in Burkitt’s Lymphoma patients (2), infectious  
mononucleosis and undifferentiated 
nasopharyngeal cancer (3,4).  Since then, EBV has 
been shown to be an ubiquitous virus and the 
putative agent for an array of neoplastic 
lymphoproliferative disorders that include 
Hodgkin’s disease, non-Hodgkin’s B-cell 
lymphomas, immunosuppression-associated 
lymphomas, some T-cell lymphomas; and a 
subset of gastric adenocarcinoma.  All these 
tumours have been shown to contain EBV 
genome and EBV-coded latent genes which play 
active roles in the malignant transformation of 
infected cells.  
 
EBV is a linear double-stranded DNA gamma-
herpesvirus with global presence.  It infects about 
95% of adult populations in every part of the 
world and has a life-long persistence in infected 
individuals.  The primary infection may be 
asymptomatic and occur early in life or it may 
occur later during pubertal years or adulthood as 
infectious mononucleosis (5,6).  Although the 
virus can infect epithelial cells, T-lymphocytes 
and B-lymphocytes, the latter are the preferred 
target cells (7).  EBV is orally transmitted and the 
oropharynx is the primary site of infection and 
also the site for virus replication; hence, the 
spread of the virus through the saliva of infected 
persons (8,9). During the primary infection of B-
cells, there is an initial short-lived but critical 
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burst of lytic viral replication which enhances 
spread of the virus to other cells and culminates 
in transformation of the host cells and 
establishment of non-productive latent infection 
(7).  In the latency state, instead of replicating in 
the infected cells, the virus produces a variety of 
latent genes and proteins that mediate adaption 
of the virus to the host cells physiology to ensure 
survival of the virus, persistence of infection and 
avoidance of host immune surveillance 
mechanisms. 
 
Inhibition or removal of the immune T-cells in in-
vitro systems results in spontaneous 
transformation of resting EBV-infected B-cells 
into indefinitely proliferating lymphoblastoid cell 
lines (LCLs) that express high levels of B-cell 
activation markers (CD23, CD30, CD39 and 
CD70) (10); and contain multiple copies of the 
viral episome; nine latent proteins comprised of 
six EBV nuclear antigens (EBNAs) and three 
latent membrane proteins (LMPs).  The nuclear 
antigens consist of EBNAs 1, 2, 3A, 3B, 3C and 
LP; and the LMPs include LMP1, 2A and 2B (11).  
EBERs 1 and 2 are small non-polyadenylated 
(non-coding) EBV RNAs that are also abundantly 
expressed in latently infected cells. Although 
they are not essential for transformation of EBV-
infected cells into immortalized LCLs (6); they 
are useful as markers of latent EBV infections (5).  
Also identified in latently infected cells and also 
in EBV-associated tumours, are the BARTs 
(Bamh1 A rightward transcripts).  These are 
believed to play some role in enhancing virus 
persistency through yet to be defined 
mechanism(s) (12). It appears viral persistence in 
host cells is enhanced and ensured through a 
host of mechanisms including limited expression 
of viral antigens during latency (> 80 antigens 
expressed during lytic replication compared with 
9 in latency), reduced copy member of the 
expressed viral antigens, production of virus 
encoded RNAs (EBERs) which may protect EBV-
infected cells from apoptosis, and use of putative 
latency program (latency 0) in which no 
detectable latency gene is expressed in the 
infected cells – thus rendering such infected cells 
invisible to the host’s immune surveillance 
machinery (13). 
 
Under normal circumstances, latent EBV 
infection is kept in check and precluded from 
actively spreading to infect and immortalize 
other host cells by a combination of T and B cell 
responses to the detectable EBV latent antigens. 
Abrogation or suppression of these host immune 
responses may tilt the balance in favor of active 

viral replication and so facilitate the development 
of EBV associated malignancies.  Such situations 
may be iatrogenic immunosuppression as in 
transplant patients or due to co-infection by other 
pathogens such as Human Immunodedeficiency 
Virus (HIV) and Plasmodium  falciparum, or local 
immune suppression resulting from changes in 
the tissue microenvironment (13).   
 
1:2 EBV and Burkitt’s Lymphomas 
 
The discovery of EBV resulted from a striking 
observation that Burkitt’s lymphoma was 
endemic in the SubSahara African region that 
was also holoendemic for Plasmodium  falciparum 
infection (1).  In that region, Burkitt’s Lymphoma 
is 50 times more common compared with other 
regions with sporadic cases of the tumour.  Also, 
in endemic Burkitt’s Lymphoma, EBV positivity 
in tumour cells is 100% compared to only 15-20% 
in sporadic cases (11,14).  Burkitt’s lymphoma is 
also common in HIV-infected patients – about 
40% of AIDS-related Burkitt’s lymphoma has 
been   associated with EBV (15). 
 
A characteristic chromosomal abnormality 
consistently present in all cases of Burkitt’s 
Lymphoma is translocation of the region of c-myc 
proto-oncogene from the long arm of 
chromosome 8 (8q24) to the region of the 
immunoglobulin heavy chain gene on 
chromosome 14; or less commonly to the regions 
of the immunoglobulin light chain genes on 
chromosomes 2 or 22.  This results in 
dysregulation of the c-myc oncogene with 
consequent activation of pathways that favor 
malignant proliferation of the infected cells. 
(16,17). EBNA1 which is the only EBV protein 
consistently detected in Burkitt’s Lymphoma 
interact with the dysregulated c-myc to alter B-
cell growth and so transforms the cell into a state 
of continuous proliferation (5). 
 
Malaria infection causes polyclonal activation of 
B-lymphocytes and general immunosuppression 
including downregulation of EBV specific 
cellular T lymphocyte (CTL) response.  These 
result in up to five-fold increase in the number of 
circulating EBV-infected B-cells during acute 
malaria infection. (18). In children with Burkitt’s 
Lymphoma, CTL response against EBNA1 is 
significantly decreased while CTL responses 
against other EBV antigens are unaffected (19)  
 
1:3 EBV and Hodgkin’s Lymphoma 
 
Hodgkin’s lymphoma is the most common EBV-
associated lymphoma in the western world with 
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18-50% EBV positivity rate in Hodgkin’s 
lymphomas (20-22).  In developing countries, the 
frequency of EBV associated Hodgkin’s 
lymphoma is (much) higher and may be as high 
as 100% with EBV RNA and/or antigens being 
detected in virtually all cases in some published 
series, depending on the sensitivity of the assay 
employed (23,24). 
 
EBV having a possible casual role in the 
pathogenesis of Hodgkin’s lymphoma was 
deduced from the observation of two to three 
fold increased risk for developing Hodgkin’s 
lymphoma by patients with history of infectious 
mononucleosis (25). The first concrete evidence 
that showed EBV as a causative agent for 
Hodgkin’s lymphomas was the detection of 
higher EBV antibodies titers in Hodgkin’s 
lymphoma patients compared with other 
lymphoma patients (26), and observations that 
elevation of EBV antibodies titers in Hodgkin’s 
lymphoma patients occurred several years before 
the development of the tumour (27). 
 
The presence of EBV DNA in Hodgkin’s 
lymphoma tissue samples was first  
demonstrated in 1987 with the use of in-situ 
hybridization probe.  Since then, several studies 
have confirmed the presence of EBV DNA, RNAs 
and antigens in tissue samples of Hodgkin’s 
lymphoma – using improved in-situ 
hybridization and immunohistochemical 
methods (5). Type 1 EBV is the usually detected 
“variant” but type 2 virus has also been reported 
in Hodgkin’s lymphoma that develops in clinical 
settings of immunodeficiency.  Transcripts 
analysis and hybridization studies have also 
shown clonality for EBV in Hodgkin’s lymphoma 
tissues samples – thus confirming those tumours 
resulted from clonal expansion of single EBV–
infected cells (28).  EBV is usually associated with 
the mixed cellularity histopathologic form of 
Hodgkin’s lymphoma and is more common in 
males, and also in pediatric patients and older 
patients (>55 years of age) (29,30). 
 
Immunohistochemical studies and 
transcriptional analysis of Hodgkin’s lymphoma 
tissue samples have shown EBV infected 
Hodgkin’s lymphoma cells (Reed-Sternberg’s 
cells) contain high levels of the EBV latent 
antigen LMP1 in the absence of EBNA2 (31-33). 
In the Hodgkin’s lymphoma cells, LMP1 causes 
nuclear activation of NF-Kappa B, decrease the 
cell’s susceptibility to apoptosis, and upregulate 
the production of immunosuppressive cytokines 
like IL-10, IL-13 and TAF-B (6,34-36).  Thus EBVs 

LMP1 latent antigen appears to stimulate and 
enhance the clonal expansion of Reed-Sternberg’s 
cells by dysregulating the cell-cycle/apoptosis 
mechanisms and also by activating the cells to 
produce substances that have 
immunosuppressive effects on the 
microenvironment – thereby allowing the cells to 
escape the host’s immune mechanisms (13). 
 
1:4 EBV and Immunosuppression – Related 
Lymphoproliferative Diseases 
 
EBV is also implicated as the causative agent in a 
number of lymphoproliferative disorders that 
occur in the clinical settings of 
immunosuppression.  These include:  post-
transplant lymphoproliferative disorders 
(PTLDs), inherited immunodeficiency associated 
lymphoproliferative syndromes and HIV 
infection – related lymphomas.  In these disease 
conditions, immunosuppressions results in 
unabated chronic antigenic stimulation (in the 
transplanted organ and also in the host patient’s 
own tissue), enhance the activation and 
transformation of cells with latent EBV infection 
and allows the virus to escape from EBV-specific 
immune control mechanisms. These events 
combined in due course culminate in aggressive 
and uncontrolled proliferation of transformed 
EBV-infected cells.  
 
EBV-associated HIV-related nonHodgkin’s 
lymphomas include primary CNS lymphoma, 
Human herpes virus 8 (HHV8)-positive primary 
effusion lymphoma and it’s solid variant, and 
plasmablastic lymphoma. Other EBV-associated 
lymphomas that may also occur in HIV-infected 
patients are diffuse large cell lymphomas with 
immunoblastic features and Burkitt’s lymphoma 
(37). About 40% of AIDS associated Burkitt 
lymphomas are positive for EBV (15). In PTLDs 
and HIV-associated diffuse large cell 
lymphomas, majority of the cases are EBV-
positive and expresses all the latent antigens 
(latency III) (6). 
 
Primary effusion lymphoma (PEL) is a tumour 
that occurs frequently in HIV-infected patients 
and is very rare in immunocompetent 
individuals. These tumours appear to develop as 
a result of co-infection by EBV and Kaposi’s 
sarcoma herpes virus - HHV8 (also a gamma 
herpes virus) (20). Both PEL and EBV positive 
HIV-related Burkitt’s lymphoma express EBNA1 
as the only EBV protein and both are also 
characterized by upregulation of c-myc oncogene 
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to stimulate cell proliferation and increase 
resistance to apoptosis (38-40). 
 
1:5 Nasopharyngeal Carcinoma 
 
Undifferentiated nasopharyngeal carcinoma 
(UNPC; WHO type III) has a consistent global 
association with EBV.  This tumour has a rather 
high incidence in Southeast Asia particularly in 
Southeast China and neighboring Hong Kong 
with a peak incidence of 20-30 cases per 100,000.- 
and is the eighth leading cause of death in China 
(41-43).  A relationship between EBV and UNPC 
was first suggested based on presence of high 
titers of EBV antibodies in UNPC patients.  That 
was followed with in-situ demonstration of EBV 
DNA and EBNA proteins in the tumour cells (4). 
Also, EBV genomes in UNPC tumour cells have 
been shown to be monoclonal, suggesting the 

tumour results from clonal proliferation of cells 
with latent EBV-infection (44). 
 
Irrespective of geographic location, UNPC is 
invariably positive for EBV with a 100% 
positivity rate (45-47). EBNA1 and EBERs are 
detected in 100% of cases and LMP1 in up to 65% 
cases depending on the sensitivity of the assay 
(48,49).  Elevation of IgA titers against EBV 
antigens may occur several years before 
development of UNPC. The antibody titer also 
correlates with tumour burden, remission and 
recurrence (50,51)).  Therefore, EBV-specific 
serology (titers of IgA antibodies to EBV capsid 
antigen and early antigens) is now employed as 
invaluable tool in the management of UNPC for 
diagnosis and monitoring of response to therapy 
(52,53). 

 

 
 

    Figure 1 
 

A. Hematoxylin and Eosin-stained tissue section micrograph of EBV-associated  

nasopharyngeal undifferentiated carcinoma. 

B. In-situ hybridization showing presence of EBER in the tumour cells. 

 



5 

 

In addition to EBV infection, other non-viral 
factors contribute to the development of UNPC 
in affected individuals.  These include genetic 
predisposition, consumption of salted fish and 
meats containing the preservative nitrosamine 
and a prolonged exposure to domestic wood 
cooking (for at least 10 years) (43,50). The report 
of high incidence rates of this tumour  in 
individuals of chinese descent (especially 
Cantonese males)  that are residents in other 
parts of the world that are not endemic for EBV 
infection, suggests genetic predisposition as a key 
underlying factor for the development of EBV-
associated nasopharyngeal carcinoma (5). 
 
1:6 EBV and T-cell lymphomas 
 
Although B-cells are the preferred cells for EBV 
infection, the virus can also infect CD4+ and 
CD8+ T-cells and Natural Killer (NK) cells (54).  
A number of EBV-associated T-cell/Natural 
Killer cells lymphoproliferative disorder have 
been reported; the most common of these is 
sinus-nasal T-cell nonHodgkins lymphomas 
(SNTL).  SNTL have been reported in Asia, 
Europe, North and South America and do not 
appear to have distinctive geographical or racial 
distribution (55).  These tumours 
characteristically express NK markers, may lack 
T-cell antigens and do not express T-cell receptor 
gene re-arrangements. In in-vitro experimental 
settings, T-cells are refractory to EBV infection; 
therefore the exact mechanism(s) of how EBV 
infects T-cells and participate in development of 
T/NK cells lymphoma is still an enigma (15). 
 
Since most EBV-associated T-cell lymphomas 
develop in the context of chronic active EBV 
infection (of B-cells), there are suggestions that 
EBV-associated T-cell oncogenesis may be a 
result of proliferating cytotoxic T-cells trying to 
kill the EBV infected cells.  This assertion is  
supported by the fact that most EBV-associated 
T-cell lymphomas have cytotoxic phenotype 
(positive expression of granzyme B and T-cell 
intracytoplasmic antigen-1 [TIA1]). Type II 
latency (expression of EBNA1 and LMP 1, 2A 
and 2B) is characteristic but interestingly, EBV is 
detected only in a fraction (5-50%) of tumour 
cells -  implying EBV infection may have 
occurred after development of the tumour (56).  
EBV-infected B cells with type III latency are 
frequently detected in T-cell lymphomas and 
may contribute to the neoplastic T-cells through 
secretion of tumour-enhancing cytokines or 
direct stimulatory interactions with the T-cells 
(6).  

 
1:7 EBV and Gastric Carcinoma 
 
EBV-associated gastric carcinoma is defined by 
the presence of EBV in the tumour cells – 
irrespective of the histologic appearance of the 
tumour.  In 1990, Burke et al using PCR-based 
detection method, reported the presence of EBV 
genome in a group of gastric carcinoma 
characterized by a lymphoepithelioma-like 
histologic appearance (57).  Subsequent studies 
with in-situ hybridization in the 1990s reported 
the abundant presence of monoclonal EBV 
(positive EBER signals) in a subset of gastric 
adenocarcinoma including those that lack the 
lymphoepithelioma-like histomorphology.  The 
studies also showed the abundant presence of 
EBER in virtually all tumour cells; and none in 
surrounding benign epithelial cells (58-61). Also 
suggesting possible etiological role for EBV in 
these tumours is the presence of elevated titers of 
EBV prior to the diagnosis of EBV-associated 
gastric carcinoma (62). According to pooled 
(meta-analysis) data from America, Asia and 
Europe, about 10% of gastric carcinomas are 
associated with EBV (63).  
 
In-situ hybridization has also shown the virus 
(EBER signals) to be present in the tumour cells 
at all stages – from pre-invasive intramucosal to 
invasive stage. Genomic terminal repeat studies 
have confirmed the monoclonality of the EBV in 
the tumour cells and  also showed EBV infection 
in the tumour cells is latent (with no active viral 
replication); and that the virus exist in the 
tumour cells in unintegrated (episomal) forms 
(59,61,64).  These data taken together show EBV 
infection and its role in neoplastic transformation 
of gastric epithelial cells occur early in the 
premalignant stage. 
 
Unlike EBV-associated undifferentiated 
nasopharyngeal carcinoma which is 
characterized by intense stromal lymphocytic 
infiltrate, the overwhelming majority (about 80%) 
of EBV-associated gastric carcinoma has notably 
less but varying degrees of lymphocytic infiltrate 
– i.e. akin to what obtains with regular gastric 
carcinomas.  However, irrespective of their 
histomorphologic appearance, all EBV-associated 
gastric carcinomas share the following 
clinicopathologic features:  They occur 
predominantly in males, relatively younger 
patients and unlike Helicobacter pylori-associated 
carcinomas, tend to be localized to proximal 
regions (cardia and body) of the stomach.  
Compared with regular gastric carcinomas, EBV-



6 

 

associated tumours also tend to have relatively 
better prognosis with lower rate of lymph node 
metastasis (65,66). 
 
Exactly how EBV infects gastric mucosa epithelial 
cells and establishes latency therein is still a 
matter of speculation.  However, in-situ 
hybridization studies have shown EBV infected 
epithelial cells in the fundic glands to be the 
likely nidus of the viral infection that eventually 
results in malignant transformation of the 
epithelial cells.  In the infected cells, EBV through 
its oncoproteins (LMP1 and LMP2A), causes 
global non-random aberrant (CρG island) 
methylation of the promoter regions of several 
oncogenes such as p14, p16, p73, CDH1 and 
PTEN (57,60,67).  Carcinoma with 
Lymphoepithelima-like histologic appearance 
has been reported in other organs including liver, 
oral cavity and breast, but EBV has not been 
conclusively associated with any of these 
tumours. 
  
2. CHRONIC VIRAL HEPATITIS AND 
HEPATOCELLULAR CARCINOMA 
 
2:1 Viral Hepatitis and Hepatocellular 
Carcinoma  
 
Hepatocellular carcinoma is the fifth most 
common cancer and the third leading cause of 
cancer related deaths worldwide (68).  The 
incidence of hepatocellular carcinoma is rising in 
the western world. In the United States of 
America, both the incidence of hepatocellular 
carcinoma and rate of cancer-related death due to 
hepatocellular carcinoma is on the rise, even 
though the overall rate of cancer deaths is 
declining. This paradoxical situation has been 
attributed to an increase in HBV related 
hepatocellular carcinoma among immigrants 
from endemic countries and also partly to an 
increase in the incidence of hepatitis C infection 
in the American populace (69)  in which up to 
two thirds of hepatocellular carcinoma  are 
related to chronic HCV infection (70) 
 
Infection with hepatitis B virus (HBV) and 
hepatitis C virus (HCV) is the number one risk 
factor for hepatocellular carcinoma worldwide, 
with these viral infections accounting for over 
80% of all hepatocellular carcinoma cases 
globally (71).  The remaining 20% of 
hepatocellular carcinoma  is attributed to other 
risk factors such as alcohol consumption, 
aflatoxin B1, and other chronic liver disease such 
as non-alcoholic fatty liver disease, and inherited 

metabolic diseases (hemochromatosis  and alpha 
one antitrypsin deficiency) (69). 
 
 
2:2:1 Hepatitis B Virus and Hepatocellular 
Carcinoma   
 
The association of hepatocellular carcinoma  with 
chronic hepatitis B infection was first noted in 
1970 and confirmed by subsequent studies in the 
following two decades leading to the established 
and now undisputed fact that more than 80% of 
patients with hepatocellular carcinoma  reside in 
high incidence areas (East Asia and Sub-Saharan 
Africa) where more than 80 % of patients with 
hepatocellular carcinoma  were seropositive 
hepatitis B surface antigen (HBsAg), compared 
with 10-15% positive rate in control populations.  
Also, serologic evidence of active or previous 
HBV infection evidenced by positive hepatitis B 
core antigen (serum positivity) has been reported 
in more than 90% cases of hepatocellular 
carcinoma (69).  A definite aetiological 
association of HBV with hepatocellular 
carcinoma was reported in 1981 by Beasley et al 
(72) following their large prospective cohort 
study of 22,707 male municipal workers in 
Taiwan between 1975 and 1980.  3,454 (15.2%) 
were seropositive for HBsAg with 40 of them 
dying from hepatocellular carcinoma  compared 
with only one hepatocellular carcinoma -related 
death among the 19,253 HBsAg seronegative 
participants.  The incidence of hepatocellular 
carcinoma  among the HBsAg carriers was 1,158 
per 100,000 compared with 5/100,000 in their 
seronegative counterparts; and a calculated 
relative risk of 223 for hepatocellular carcinoma 
developing in seropositive individuals.  A more 
recent and larger prospective cohort study 
involving 90,000 participants and including 
11,000 HBsAg positive patients followed over a 
period 8 years, showed that hepatitis B virus 
infected patients have 18.8 and 33.2 risk for 
hepatocellular carcinoma  in men and women 
respectively (73).  These studies and others have 
proven unequivocally, the association between 
hepatitis B virus infection and hepatocellular 
carcinoma. 
 
Another direct evidence of causative linkage 
between hepatitis B infection and hepatocellular 
carcinoma is the relationship between level of 
serum HBV DNA (marker of HBV replication) 
and the risk of hepatocellular carcinoma.  Several 
studies have shown that there is a direct 
relationship between serum levels of HBV DNA 
and risk of hepatocellular carcinoma; with 
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elevated baseline serum level of HBV DNA 
greater than 10,000 copies per mL (approximately 
2,000 IU/mL) being a strong predictor of 
subsequent development of hepatocellular 
carcinoma.  This association has also been shown 
to be independent of serum Hepatitis B e antigen 
(HBeAg) status, serum aminotransferases levels, 
or the presence of cirrhosis (74,75). Serum 
positivity for HBeAg was previously considered 
to be a risk factor for development of 
hepatocellular carcinoma.  However, subsequent 
studies have not shown it to be an independent 
predictor of development of hepatocellular 
carcinoma.  It is now thought it effects may be 
dependent on the underlying levels of HBV DNA 
in the serum as well as the genotype of the HBV 
involved (74,76).  There is a definite association 
between certain types of HBV genotypes and 
higher risk and rate of hepatocellular carcinoma.  
Of the eight known HBV genotypes (A-H), based 
on genomic sequence divergence, HBV genotype 
C infected patients are generally believed to have 
increased risk of developing hepatocellular 
carcinoma  compared with patients infected with 
other genotypes (75,77).  HBV genotype C has 
also been associated with poorer surgical 
outcomes and higher hepatocellular carcinoma 
recurrence rate following surgical resection of the 
primary tumour. This is probably due to the 
higher pathogenicity of this genotype – as the 
patients tend to have more active disease in the 
residual liver (78). However, a few studies have 
also shown that in some populations, genotype B 
or even genotype F may be associated with 
higher risk for developing hepatocellular 
carcinoma (79)  
 
2:2:2 Hepatits B Virus and Viral 
Hepatocarcinogenesis 
 
Hepatitis B virus is a double stranded DNA virus 
that belongs to the Hepadnavirus family. The 
virion has a diameter of 42 nanometer (nm) and 
is composed of an outer envelope formed by 
hepatitis B surface antigen surrounding an inner 
nucleocapsid, the hepatitis core antigen, which 
contains the viral genome and polymerase (68).  
The process through which HBV causes 
oncogenic transformation of infected hepatocytes 
is yet to be fully elucidated. It involves a complex 
multistep process involving the activation of 
cellular oncogenes, the inactivation of tumour 
suppression genes, and dysregulation of multiple 
signal transduction pathways that are critical to 
control of cell proliferation and viability, 
apoptosis, and cellular DNA repair mechanisms.   
 

Although, HBV can replicate on its own without 
integrating into the HBV DNA, its integration 
into the host genome does allow for persistence 
of the viral genome within the host cells (80).  It 
appears HBV causes hepatocellular carcinoma 
principally through the integration of its DNA 
into the host genome.  Integration of HBV into 
the genome as evidenced by the presence of HBV 
DNA in tumour cells has been found in about 
80% of HBV related hepatocellular carcinoma.  
HBV DNA has also been found to be integrated 
into non hepatocellular carcinoma tissue, but the 
DNA in individual hepatocellular carcinoma has 
been shown to be monoclonal in nature, thus 
supporting the observation that HBV DNA 
integration is a critical aetiologic factor in those 
tumours (81).  HBV DNA integration into the 
host genome has been found to occur at both 
critical and non-critical locations and appears to 
occur in a random manner with marked variation 
in the length and the components of the integrant 
HBV DNA (82).  The integration of HBV DNA 
into the host cell genome results in several 
mutagenic events that culminate in chromosomal 
instability and malignant transformation of 
affected cell (80).  Integration of HBV induces a 
host of genetic alterations within the host 
genome including chromosomal deletions, 
translocations and upregulation of genetic 
mechanisms responsible for maintaining cellular 
homeostasis and general genomic stability (68).   
 
A number of HBV genes and their products 
(proteins) have been implicated in HBV-related 
hepatocarcinogenesis.  These include HBx gene, 
pre-s2/s gene, and the HBV spliced protein.  Of 
these, HBx gene has been shown to be the most 
important and also the most commonly 
integrated gene – being present in over 90% of 
HBV-related cirrhosis and dysplasia; and in 70% 
of HBV related hepatocellular carcinoma (80). 
Integration of the HBx gene into host DNA 
results in transcriptional activation of several 
cellular genes associated with growth control 
(83), and promotion of host genetic instability 
through a variety of mechanisms that include 
compromise of host cell nucleotide excision 
repair (DNA repair) mechanisms, inactivation of 
p53 (a tumour suppressor gene) and disruption 
of p53-associated DNA repair pathways.  HBx 
also transactivates several cytoplasmic signaling 
pathways in ways that further compromise 
cellular proliferation and differentiation - with 
the balance tilted towards enhanced proliferation 
and decreased apoptosis (68). HBx has also been 
shown to be a factor in promoting TGF-beta 
mediated fibrosis, thus promoting development 
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of cirrhosis in HBV infected patients. Animal 
models studies also provide evidence supporting 
the role of HBx in hepatocarcinogenesis.  It has 
been shown for instance, that woodchucks 
animal models in which HBx gene is present and 
integrated into the host genome develop 
hepatocellular carcinoma within 3-4 years 
following infection; whereas, duck hepatitis B 
virus infection in which the virus lacks the HBx 
gene never results in the development of cancer 
in infected ducks (84).   
 
2:2:3 Hepatitis B Viral Hepatocarcinogenesis 
and Cirrhosis 
 
Although hepatitis B virus may cause 
hepatocellular carcinoma directly without 
cirrhosis, it appears that the high propensity of 
the virus to cause hepatocellular carcinoma is 
due to the virus’s ability to induce cirrhosis in the 
liver.  Between 70-80% of HBV related 
hepatocellular carcinoma occur in cirrhotic liver - 
with the risk of cirrhosis being greater in older 
patients (69,80,85). Cirrhosis irrespective of its 
aetiology, is known to be associated with 
increased risk for hepatocellular carcinoma.  80-
90% of all hepatocellular carcinomas develop in 
cirrhotic liver (86). Liver cirrhosis develops in 20-
30% of patients after 20-30 years of chronic 
infection and hepatocellular carcinoma  develops 
at an annual of 1-7% in HCV infected cirrhotic 
patients and 3-8% in HBV infected cirrhotic 
patients (68,87,88).  This may explain in part, the 
higher incidence of HBV associated 
hepatocellular carcinoma in HBV endemic 
regions (sub-Saharan Africa and East Asia). In 
those regions, HBV is acquired at birth or early in 
life (through maternal-infant transmission), with 
consequent high rate of lifelong chronic infection 
(that is often unabated) and eventual evolution of 
the disease into cirrhosis and hepatocellular 
carcinoma; compared with western populations 
where hepatitis B infection is usually acquired 
during adolescence or adulthood (commonly 
through sexual contact).   
 
Since HBV infection is the major aetiologic risk 
factor for hepatocellular carcinoma globally, the 
most effective way of preventing and controlling 
hepatocellular carcinoma secondary to HBV 
infection is to prevent HBV infection and so 
reduce the seroprevalence of HBV in the general 
population.  Use of HBV vaccination (large scale 
national programs of vaccination against of 
hepatitis B) in many countries has proven to be 
an effective way (cost effective and efficient way) 
of achieving this objective.  The resultant 

decrease in hepatitis B infection and HBV related 
cirrhosis has resulted in marked reduction in the 
incidence of childhood HBV related 
hepatocellular carcinoma and it is expected that 
this would also later transform to reduction in 
the incidence and prevalence of HBV related 
hepatocellular carcinoma as the vaccinated 
children populations grow into adulthood (69).  
Also, since high level of serum of HBV DNA has 
been shown to be associated with increased risk 
of hepatocellular carcinoma, aggressive and 
effective use of antiviral therapy of hepatitis B 
infection is another practicable way of preventing 
HBV related hepatocellular carcinoma (89).  
 
3. HEPATITIS C VIRUS HEPATOCELLULAR 
CARCINOMA  
 
HCV is an RNA virus and belongs to the 
Flaviviridae family.  It has an open reading frame 
that encodes a single polyprotein which is 
processed into both structural (core and 
envelope) and non-structural proteins.  Patients 
infected with HCV have 11.5 to 17 fold increased 
risk for developing hepatocellular carcinoma 
(90,91). 
 
In the host cells, HCV being an RNA virus is 
unable to integrate itself into the host genome. 
Therefore, the viral RNA genome is replicated 
and packaged into new viral particles in the 
cytoplasm of host cells through the combined 
machinery of viral and host proteases.  The 
associated translation of viral protein results in 
host responses that facilitate oncogenic 
(malignant) transformation of the host cells.  
HCV core protein has been shown to be the most 
important factor in HCV-induced 
hepatocarcinogenesis (68).  The envelope proteins 
(E1 and E2) appear to have synergistic effects in 
accelerating tumour development.  When treated 
with Diethylnitrosamine, transgenic mice 
expressing core protein, E1 and E2 envelope 
proteins develop tumours faster than mice 
expressing only core protein (92).  This recent 
finding confirms earlier reports that in transgenic 
mice, the presence of the complete HCV 
polyprotein enhances hepatocellular carcinoma 
development in a more efficient manner 
compared with the presence of structural 
proteins alone (93). In the absence of structural 
proteins, HCV non-structural proteins do not 
cause any known liver pathology (94).   
 
The exact molecular mechanism through which 
HCV induces hepatocarcinogenesis is yet to be 
fully understood.  HCV proteins induce 
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hepatocarcinogenesis through a combination of 
complex and sometimes overlapping molecular 
events that ultimately result in suppression of 
apoptosis, and enhancement of proliferation of 
the infected hepatocytes.  This is done mainly 
through modulation of p53 and p53 dependent 
pathways, such as those mediated by p21, p73 
and pRb; and results in derangement of cell cycle 
control mechanisms (68).  HCV core protein 
through Smad3 activation reverses TGF-Beta cell 
growth-suppressing effect to tumour-promoting 
responses in the infected cells (95).  In addition, 
by upregulating TGF-Beta, HCV core protein 
induces fibrogenesis, causing liver cirrhosis and 
therefore increasing the risk of hepatocellular 
carcinoma (96).   
 
HCV infection is also associated with steatosis 
and that has been shown to occur in as high as 
70% of patients with chronic HCV infection (97).  
Steatosis worsens fibrosis and accelerates the 
development of cirrhosis and is also an 
independent high risk factor for the development 
of hepatocellular carcinoma in HCV infected 
patients (98).  HCV induced steatohepatitis and 
fibrogenesis result from increased oxidative 
stress and lipid peroxidation.  These result in 
generation of radical oxidative species (ROS) and 
consequent oxidative DNA damage, increased 
chromosomal instability, chromosomal 
aberrations and eventually, oncogenic 
transformation of the host cell.   
 
Patients with chronic hepatitis infection often 
have elevated serum iron and increased hepatic 
iron deposition.  Free iron in hepatocytes 
cytoplasm results in increased oxidative stress 
and so enhances lipid peroxidation and also 
facilitates fibrogenesis and development of 
cirrhosis (99-101).  
 
In summary, chronic HCV infection is associated 
with three distinct pathologic events that are 
associated with increased risk of hepatocellular 
carcinoma, viz: steatosis, hepatocytic 
accumulation of iron and cirrhosis.   
 
4. HUMAN HERPES VIRUS 8 (KAPOSI’S 
SARCOMA-ASSOCIATED HERPES VIRUS) 
 
Kaposi’s sarcoma (KS), a multicentric tumour of 
endothelial cells was first described in 1872 by 
Moritz Kaposi as “idiopathic multiple pigmented 
sarcoma of skin” that affects elderly Jewish men 
of Ashkenazi origins and was later named 
Kaposi’s sarcoma (KS) by Koebner in 1895.  
During the 1940s through 1980, endemic KS was 
described in parts of Central and East Africa 

(Uganda, Malawi and Kenya) where it most 
commonly affects children and presents with 
disseminated lymphadenopathy, hence the 
designation lymphadenopathic KS (102,103).  In 
1969, the first case of KS occurring after an organ 
transplant was reported (104) and thereafter, it 
has been established in the literature that 
iatrogenic KS occurs in immunosuppressed 
individuals such as organ transplant patients 
105).  In 1981, report of KS epidemic affecting 
young homosexual men in the USA was the first 
indicator of a soon to-be-discovered HIV1 
infection pandemic (106-108). As of today, KS is 
the most common neoplasm in untreated HIV 
infected patients; and remains the most common 
AIDS-associated cancer in both developed and 
developing countries (109).  In the western 
world, it continues to be most prevalent among 
HIV-infected homosexual men; whereas, in 
Africa, due to sexual practices that may include 
multiple sexual partners in heterosexuals and 
bisexual individuals, HIV-related KS epidemic is 
common among both male and female genders 
(110). 
 
The incidence of KS in the general population is 1 
in 100,000, 1 in 20 in HIV-infected individuals 
and was as high as 1 in 3 in HIV-infected 
homosexual men before the introduction of 
highly active antiretroviral therapy (HAART) 
(111,112).  Due to lack of adequate or appropriate 
treatment of HIV infection, about 90% of all KS 
cases now occur in Sub-Saharan Africa and only 
about 12% of patients are alive five years after 
diagnosis (110,113,114).  In the developed 
countries, the advent and success of HAART led 
to a dramatic drop in the incidence and mortality 
of HIV-related KS (115,116)  
 
Since the 1950s, an infectious agent has been 
suspected to cause KS.  Herpes viral particles in 
tissue culture of KS lesional cells were 
demonstrated by electron microscopy in 1972 
(117). However, it was much later (in 1990) 
following the emergence of HIV/AIDS pandemic 
that an infectious agent was proposed as the 
etiologic factor for KS (112).  In 1994, a definite 
association was established between a new 
human gamma herpes virus and KS through 
isolation and characterization of DNA fragments 
obtained from KS tissue biopsy specimens. In 
that study, the new herpes virus DNA sequences 
were isolated from more than 90% of KS tissues 
and 15% of non-KS tissues of AIDS patients and 
in none of the tissue samples from non-AIDS 
patients (118).  The new virus was named 
Kaposi’s Sarcoma-associated Herpes Virus 
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(KSHV - now also known as Human Herpes 
Virus 8 {HHV8}). HHV8  latency associated 
nuclear antigen  (LANA) is expressed in all cells 
infected by the virus and irrespective of the 
underlying clinical condition, over 95% of KS 
have been found to be infected with this virus  
(119). The immunohistochemical detection of the 
viral latency protein 
(LANA) has become a 
useful tool in the 

histopathologic diagnosis of the tumour using 
light microscopy (120,121). The strong association 
of KS epidemic with the HIV infection pandemic 
eventually resulted in the identification of KS as 
an AIDS-defining illness in HIV-infected patients 
(122).

 

 

Figure 2 
 

A. Kaposi’s sarcoma with spindle cell proliferation of endothelial cells. 

B. Positive immunohistochemical staining for HHV8 in the nuclei of the tumour cells.  

 
Iatrogenic KS (also known as post-transplant KS) 
is immunosuppression-associated KS that occurs 
in transplant patients who receive solid organs 
such as kidney, pancreas and heart; and it is most 
common in renal transplant patients (123).  In 
this group of patients, long-term 
immunosuppression which is essential for 
preventing allograft rejection creates a 
microenvironment that is conducive for KSHV-
induced malignant transformation.  Fortunately, 
this form of KS usually resolves with withdrawal 
or reduction of the immunosuppressive therapy.  
 
In addition to KS, two highly aggressive and 
rapidly fatal non-Hodgkin’s B-cell lymphomas 
have also been associated with KSHV.  These are 
(1) primary effusion lymphoma (PEL) – a tumour 
that is also very common in HIV-infected 
patients with AIDS (124) and (2) plasmablastic 
lymphoma arising in patients with multicentric 

Castleman’s disease, especially in those who are 
also HIV positive (125,126). 
 
Oncogenetic transformation of endothelial cells 
and infected B lymphocytes by KSHV occurs 
through a complex multistep process that may 
result in genomic chromosomal instability, 
alternation of cell cycle and programmed cell 
death regulatory genes, increase in cell 
proliferation and long-term survival, and up-
regulation of cells’ invasive properties (103).  
KSHV like other herpesviruses has a double 
stranded DNA genome and possesses a long 
unique region in which 15 unique open reading 
frames (ORFs) are located.  These are designated 
sequentially K1 through K15 based on their 
relative locations in the KSHV genome and are 
involved in signal transduction, cell cycle 
regulation, inhibitions of apoptosis and immune 
modulation.  The virus also possesses some 
microRNAs (a total of 12 discovered so far); they  
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play critical roles in KSHV pathogenesis (103).  
KSHV has a two-phased life cycle that is typical 
for herpesviruses.  The lytic phase characterized 
by active replication of linear viral genomes and 
production of immediate early (α), early (β) and 
late (γ) transcripts and an episomal latent phase 
during which the virus exist in the host cell as 
circularized extrachromosomal viral genome – a 
state in which no infectious or functional viral 
particles are produced.  This state of latency is 
established and maintained principally by the 
latency nuclear antigen (LANA) (127-129).  
LANA and other viral proteins interact with p53 
and other cell cycle regulatory proteins and as a 
result derange a host of cellular pathways 
involved in cell proliferation, programmed cell 
death and tumourigenesis (103,130). 
 
 
5. HUMAN PAPILLOMA VIRUS 
 
5:1 HPV and Human Cancers - Historical 
Account 
 
A probable relationship between cervical cancer 
and sexually transmitted agents was first noted 
in 1842 by Rigoni-Stern who reported a high 

frequency of cervical cancer in married women, 
widows, and prostitutes; but rare in virgins and 
nuns (131).  With the advent of better 
bacteriology and virology techniques in the latter 
part of the 20th century, in the late 1960’s and 
early 1970’s, a number of investigators reported 
Herpes simplex virus type 2 as the likely 
causative agent for sexual disease - related 
cervical cancer.  But large scale prospective 
studies exonerated Herpes simplex type 2 virus 
as the likely candidate (132). 
 
In the late 1970s and early 1980s, Vonka et al 
(133,134) conducted a large prospective study in 
attempts to establish a relationship between 
Herpes simplex type 2 virus and its causative 
role in cervical neoplasia.  In a study conducted 
over 8 years (1975 to 1983), 10,683 women were 
enrolled and 10,389 had complete set of data.  In 
the subset of women with moderate to severe 
squamous dysplasia, squamous cell carcinoma in 
situ and invasive squamous cell carcinoma either 
at enrollment or during the follow-up period, the 
prevalence of Herpes simplex type 2 virus 
antibody was the same as in control women 

  

 

Figure 3 

A. Hematoxylin and Eosin-stained tissue section micrograph of HPV-associated 

squamous cell carcinoma of the oropharyngeal. 

B. In-situ hybridization showing presence of HPV in the nuclei of the tumour 

cells with diffuse and dot like staining patterns. 
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appropriately matched by age, age at first 
intercourse, number of sexual partners, smoking 
habits and clinical integrity of the cervical ectopic 
epithelium (ectocervix) and the transformation 
zone. That landmark report was followed by 
intense investigation and search for the culprit 
pathogenic agent and eventually led to the 
identification and confirmation of Human 
Papilloma Virus (HPV) as the causative agent. In 
the 1970’s, there were anecdotal reports of 
association between HPV induced genital warts 
(Condyloma acuminata) and cervical cancer.  In 
1982, the presence of HPV DNA in invasive 
squamous cell carcinoma was reported (135) and 
soon confirmed by additional reports in the 
following year.  That was followed by a burst of 
additional confirmatory epidemiological, 
histopathologic and molecular data in the years 
that follow (136,137).  Today, there are more than 
200 known types and 20% of them known to 
cause human infections. 
 
5:2 HPV and Anogenital/Uterine Cervical 
Cancers 
 
Cervical cancer is the second most common 
cancer in women worldwide with about 500,000 
new cases and 274,000 cervical cancer deaths 
occurring each year (138).  A disproportionately 
high percentage of these new cancer cases and 
deaths (about 80%) occur in developing countries 
(138).  There is an abundance of epidemiological 
and experimental data that show HPVs have 
causative roles in genital as well as extragenital 
mucocutaneous squamous cell carcinomas.  
HPVs are the most sexually transmitted viruses, 
the most prevalent viruses implicated in causing 
cancer in human populations and second only to 
tobacco usage as most important risk factors for 
developing cancer in human beings (139).  
 
HPV has now been shown to be the causative 
agent in almost 100% of cervical cancer, and is 
also responsible for about 50% of vulva 
squamous cell carcinoma (140), 30 to 50% of 
penile carcinomas (141-143), 60 to 90% of vaginal 
carcinomas (140,144) and also with a similar 
percentage for anal and perineal cancers (145).  A 

large study of cervical cancer material collected 
from patients in 22 countries all over the world 
revealed HPV genome in 99.7% of cases (144).   
  
A recent Medline review of 1,824 cases from 37 
studies using PCR or hybrid capture for HPV 
detection in anal squamous dysplasia and 
invasive carcinoma shows the prevalence of HPV 
16 and 18 to be 90% (n=832) in squamous 
dysplasia and about 70% in invasive carcinoma 
(n=992); similar to the prevalence observed in 
invasive cervical cancer (146).  A similar review 
of HPV distribution in vulvar and vaginal 
cancers show an HPV prevalence of 40% in 
invasive vulvar carcinoma (n=1379) and about 
80% in vulvar squamous dysplasia; and a much 
higher rate in the vaginal cancers and 
premalignant (dysplastic) vagina epithelium – 
65% and greater than 90% respectively (147). 
 
Meta–analysis of pooled data on HPV type 
distribution and prevalence between 1990 and 
2010 and including 243 studies with a total of 
30,848 cases of invasive cervical cancer showed a 
steady increase from 85.9% in the 1990s to 92.9% 
in studies published between 2006 and 2010.  The 
prevalence of HPV 16 and/or 18 was 82% in 
Western/Central Asia and 68% in Eastern Asia 
(148). In recent study of uterine cervix squamous 
dysplasia (premalignant lesions that predate 
HPV induced invasive carcinoma), HPV was 
detected in 98.4% of women (n=643) with more 
than half of them (52.5%) infected with more than 
one HPV serotype; and HPV 16 was the most 
commonly detected type.  Other HPV types 
detected include HPV 31, 33, 52, 18 and 51 (149).  
A multisite study of HPV types specific 
prevalence in women with cervical cancer and 
premalignant intraepithelial changes in the cervix 
in England and involving 6,234  women showed 
the prevalence of HPV 16 and/or 18 to be 76% in 
squamous cell carcinomas, 82% in 
adeno/adenosquamous carcinoma and 63% and 
91% respectively in severe cervical squamous 
intraepithelial dysplasia and cervical glandular 
intraepithelial neoplasia (150).
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5:3 HPV and Cancer of the Head and Neck 

Region 

The first evidence of HPV involvement as 
causative agents of oropharyngeal cancers was 
first reported in 1983 by Syrjanen et al (156) when 
they showed the presence of positive 
immunoperoxidase staining for HPV in oral 
epithelial hyperplasia and squamous cell 
papillomas.  That was followed by a report of 
specific HPV types in cancer of the tongue and 
oropharyngeal region (157).  Subsequent studies 
have since confirmed the association of HPV with 
cancer of the head and neck regions especially 
that of the oropharyngeal region with rate of 
positivity varying between 25 to 60% (132,158).  It 
is now conservatively estimated between 25 to 
30% of oropharyngeal cancers are caused by HPV 
and that the virus does have some aetiological 
role in these tumours (132).  There is increasing 
incidence of oropharyngeal, tongue base and 
tonsillar cancer in the young men and women in 
the United States and evidence abounds that 
HPV infection is the underlying aetiological 
factor (159). 
 
In a multicenter case control study involving 9 
countries, it was shown that HPV is involved in 
significant proportion of oropharyngeal cancers 
and in a smaller group of squamous carcinoma of 
the oral cavity.  Also in that study, it was found 
that 70% of the tumours contain HPV DNA with 
HPV 16 as the most frequently observed; a 
scenario that is similar to that observed in HPV-
related genital cancers (160).  Studies using very 
reliable techniques (quantitative PCR and in-situ 
hybridization) have shown that HPV occur in 
only a small proportion of oral cavity squamous 
cell carcinoma and in up to 60% of oropharyngeal 
tumours (161,162).  Kreimer, AR et al (163) 
reviewed published studies that employ PCR 
based method to detect and genotype HPV in 
order to describe the prevalence and HPV type 
distribution by anatomic cancer sites and 
geographic location, as possible source of 
variability. With a total of   5,046 cases of 
squamous cell carcinoma from 60 eligible studies 
from 26 countries, the overall HPV prevalence in 
head and neck cancer was reported as 25.9% and 
HPV prevalence was significantly higher in 
oropharyngeal squamous cell carcinoma (35.6% 
compared to 23.5% in oral squamous cell 
carcinoma and 24.0% in laryngeal squamous cell 
carcinoma).  HPV 16 accounted for the majority 
of HPV positive oropharyngeal carcinoma 
(86.7%) compared with 68.2% and 69.2% in HPV 
positive oral and HPV associated laryngeal 

squamous cell carcinoma.  HPV 18 which is the 
second most common detected high risk type 
was found in only very small number of cases.  
HPV 18 detection rate was 8%, 3.9% in oral and 
laryngeal cancers and only 1% oropharyngeal 
cancers.  HPV prevalence in oral squamous 
carcinoma was found to be similar in Europe and 
North America (16 and 16.1% respectively) but 
was significantly greater in Asia (33%).  
However, with oropharyngeal carcinoma, HPV 
prevalence was significantly higher in North 
America (47%) compared with Europe (28.2%).  
In the cases from Asia, the HPV prevalence rate 
for oropharyngeal carcinoma was rather high 
(46.3%) but the number of cases studied was very 
small (n=54). Thus in all, HPV prevalence in oral 
squamous cell carcinoma from Asia was 
considerably higher than other geographic 
locations and HPV prevalence was higher in 
oropharyngeal squamous cell carcinoma from 
North America and Asia compared with Europe 
(162).  However, in a multicontinent study 
conducted by IARC, HPV prevalence did not 
differ significantly among Europe, North and 
South America, Asia and Africa (162,163).    
 
Squamous cell carcinoma of the head and neck 
region is traditionally believed and has been 
shown to be related to environmental factors 
such as tobacco use and alcohol abuse.  However, 
it has also been shown that a small but significant 
proportion (15-20%) of this cancer occur in 
patients without these traditional risk factors 
(164).  This is further confirmed by the fact that 
the incidence of oropharyngeal cancer is 
increasing and tends to occur more in young 
male patients while the incidence of tobacco use 
and over all incidence of squamous carcinoma of 
the head and neck region are decreasing 
(158,165).  
 
Similar to what occurs with genital HPV related 
malignancies, HPV positive head and neck 
squamous carcinoma is related to sexual history. 
The risk factors include increasing number of 
oral and vaginal sexual partners, history of 
genital warts, and younger age at first 
intercourse (161,166,167). Also, Gillison et al (167) 
reported increasing association of HPV 16 
positive head and neck cancer with increased use 
of marijuana. While the means by which HPV is 
transmitted to the upper airways is unclear, it 
does appear to be related to sexual activity and 
sexual behaviors – since  oral HPV infection is 
rare in newborn babies of infected mothers and 
in children prior to sexual activity (168,169).  
Additional sexual behaviours strongly associated 
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with high risk HPV positive tumour include 
history of oral sex and oral-anal contact (170,171).  
There is also an increase in individuals with a 
history of HPV associated anogenital cancers and 
in husband of women with HPV related in-situ 
squamous cell carcinoma and invasive cancer 
(164). Patient with anogenital cancers have a 4.3 
fold increase risk of tonsillar cancers and there 
are remarkable histopathological and molecular 
biological similarities between HPV tumours at 
these two sites (172).   
 
HPV-associated head and neck cancer have 
characteristically distinct features that 
distinguish them from the non HPV-related head 
and neck cancers.  HPV-related squamous cell 
carcinoma of head and neck tends to be more 
common in the oropharyngeal region, and affects 
men and women equally; unlike tobacco 
associated cancers that are more frequent in men.  
HPV-associated cancers patients also tend to be 
non smokers, non drinkers, and tend to be 
younger (164). HPV positive head and neck 
cancer also have distinct histologic appearance.  
They tend to be more poorly differentiated, non 
Keratinizing and have basaloid appearance. 
However, other patterns such as papillary 
squamous cell carcinoma have also been 
described (158).  
 
5:4 HPV and Carcinogenesis 
 
Human papilloma virus (HPV) is a double 
stranded DNA virus with all putative open 
reading frames (ORFs) on one DNA strand, and 
the presumably non coding strand containing 
short ORFs which are conserved regardless of 
localization and composition (164). The putative 
genes consist of early genes (E1-E8) which are 
expressed shortly after infection and prior to 
onset of DNA replication, and late genes (L1 & 
L2) which code for structural proteins of viral 
capsids and are activated late during the final 
stages of the virus circle.   
 
HPVs are epitheliotropic viruses that cause 
mucocutaneous infections. Currently, more than 
200 types are known with about 40 of them 
having been described to infect human mucosa 
and the individual types have varying 
predilections for different epithelial surfaces and 
different oncogenic potentials (173).  Based on 
their oncogenic potential (ability to cause cancer), 
they are divided into low risk and high risk types 
(174). With infection of epithelial cells through 
abrasions or micro trauma, the virus integrates 
into the epithelial cells and cause abnormal 

growth of the cells.  The high risk HPV types by 
virtue of their E7 proteins integrate themselves 
into the genome of the host epithelial cells, 
immortalize the cells infected and cause 
dysregulation of the host cells’ cell cycle and 
apoptosis regulatory proteins and pathways.  The 
high risk HPV types include types 16, 18, 31 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 73 (175).  
HPV types 16 and 18 are responsible for 
approximately 70% of all cervical cancers and are 
also the culprits in the squamous carcinoma of 
the ano-genital region including vulva, anal, and 
penile cancers (164).  They have also been shown 
to be the main types involved in HPV related 
head and neck squamous cell carcinomas (176).  
 
HPV infects the basal cells and the virus early 
genes E6 and E7 (both of which encode 
oncoproteins) integrate into the host cell genome. 
In the actively dividing basal epithelial cells, 
virus maturation parallels that of the infected 
host cells as they mature and differentiate into 
more mature cells.   Hence, the early viral genes 
are found in basal cells and late genes are in the 
more superficial keratinizing epithelial layer.  
The E6 protein of the high risk HPV binds to and 
induces degradation of the tumour suppressor 
protein p53 (through an ubiquitin- mediated 
process); resulting in dysregulation of the innate 
cellular tumour supressor process.  The E7 
protein of high risk HPV types on the other hand, 
causes destruction of phosphorylated 
retinoblastoma proteins mediated transcriptional 
repression of genes that are involved in 
regulation of the cell cycle.  The combined 
subcellular (molecular) activities of E6 and E7 
proteins of high risk HPV types, results in loss of 
control of the cell cycle and apoptosis control 
mechanisms. Thus the infected cells become 
immortalized and acquire oncogenic potentials 
that enable them to go into uncontrolled cellular 
proliferation and tumour formation (177-183).  
Although integration of the E6 and E7 proteins 
into the host genome is believed to be central to 
HPV-mediated carcinogenesis with the 
integration of HPV DNA into the host genome as 
the key event, recent studies have shown that 
transcription of HPV-16E6-E7 mRNA is not 
necessarily dependent on DNA integration - as 
the viral DNA which is predominately in 
episomal (unintegrated) form  takes part in the 
carcinogenesis process (184,185). E6 through 
binding of p53 and inducing its degradation, 
impairs host cell apoptosis and causes instability 
of the host genome (increased predisposition of 
the genome to mutations and changes that 
supports cellular proliferation). E6 binding also 
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inactivates telomerase (enzyme responsible for 
maintaining telomeric DNA stability).  E7 
binding to phosphorylated retinoblastoma 
proteins and related proteins, results in 
upregulation of transcriptional factors that 
activates or turns on genes that regulate cell 
proliferation.  The down regulation of 
phosphorylated retinoblastoma protein by E7 
also result in the upregulation of p16 which is 
now used as a surrogate marker for HPV 
infection in squamous cell dysplasia – the 
histopathologic manifestation of the 
premalignant transformation of  HPV infected 
cells (186-188) 
 
Fortunately, majority of HPV infection of 
epithelial cells is self-liming - cleared by the 
host’s humoral and cell mediated immune 
responses through poorly understood 
mechanisms (189). However, infection caused by 
high risk HPV types results in subversion and 
evasion of the host’s virus clearing immune 
mechanism and persistent infection that may 
culminate in malignant transformation of 
infected host cells.  It appears that there are other 
factors in play to initiate the process of 
carcinogenesis and for the progression through 
low grade dysplasia to high grade dysplasia and 
ultimately invasive squamous cell carcinoma.  
This is supported by report that high risk HPV 
serotypes are three fold more frequently 
encountered in patients with malignant lesions 
than in those with benign or precancerous lesions 
(190).  The precursor lesions of infection by high 
risk HPV types persist longer and also progress 
more quickly in individuals infected with these 
high risk oncogenic viruses compared with those 
infected by the low risk non oncogenic HPV 
types (191,192).  Hence, the need for typing the 
HPV detected in individuals that undergo HPV 
screening. In so doing, individuals at risk would 
be followed with the appropriate aggressive 
management scheme; while those infected with 
less aggressive types are spared unnecessary 
aggressive management.        
 
Although HPV DNA integration into the host 
genome results in genomic instability, it is 
noteworthy that HPV positive cancers tend to 
have significantly lower levels of chromosomal 
mutations and loss compared to the HPV 
negative tumours at the same sites (191,194).  
Presence and high levels of active HPV infection 
as demonstrated by elevated levels of p16 in 
tumour cells, have been shown to be associated 
with higher survivor rates of 79% five year 
survival compared with 20% five year survival in 

individuals with HPV negative tumours (195). 
This improved survival in HPV related 
squamous cell carcinoma compared with HPV 
negative tumours has since been confirmed by 
other studies (196,197). HPV associated head and 
neck squamous cell carcinoma are more 
responsive to treatment - being more 
radiosensitive and have better survivor rates 
compared to their non HPV-related counterparts.   
Also, HPV related tumours have been shown to 
have higher response rate to induction 
chemotherapy and chemoradiation (198). The 
higher response to chemotherapy and radiation 
by HPV associated tumour has been attributed to 
improved apoptotic response facilitated by the 
presence of unmutated p53 and absence of  other 
chromosomal abnormalities in HPV related 
cancers; in contrast to p53 mutation and other 
chromosomal abnormalities that tend to occur in 
HPV negative tumours. Also in HPV negative 
tumours, the inducing agents such as tobacco 
and alcohol are known to cause p53 mutation 
and field cancerization – processes that result in 
subcellular genetic events that make the tumour 
cells in those cases to be less radiosensitive and 
also predispose those individuals to development 
of a second primary cancer (176).  Similar to what 
obtains with HPV associated head and neck 
tumours, HPV positive vulva and penile 
carcinoma also seem to have better prognosis and 
more favorable therapeutic response in 
comparison with HPV negative tumours (163).  
 
6. HUMAN T- CELL LYMPHOTROPHIC 
VIRUS 1 
 
6:1 Human T-cell Lymphotrophic Virus 
Subtypes 
 
Human T-cell lymphotrophic virus (HLTV) 1 was 
the first retrovirus to be associated with human 
disease. It was first isolated and identified in 1980 
by Poresz, et al from the T-cells of a patient with 
cutaneous lymphoma (199).  Soon thereafter, 
Human T-cell lymphotrophic virus type 2 
(HLTV2) was isolated from a patient with hairy-
cell leukemia (200). Both HLTV1 and HLTV2 
infect helper T-cells and have similar genomic 
structure with 66% nucleotide sequence 
homology in their genome; hence the serologic 
cross-reactivity between the two.   Recently (in 
2005), two additional related viruses – HLTV-3 
and HTLV-4 were reported in Central Africa 
(201). However, only HLTV-1 has been shown to 
have etiological association with a number of 
diseases (202). There are six subtypes of HLTV-1 
(subtypes A-F); but they all appear to have 
similar pathogenicity (203). 
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6:2 HLTV-1 Infections.  
 
It is estimated that there are about 20 million 
HLTV-1 infected individuals in the world with 
the highest prevalence rates in southwestern 
Japan, sub-Sahara Africa, Caribbean Islands, 
South America, Papa New Guinea, and Iran 
(204).  The most common mode of transmission is 
mother-to-child vertical transmission - mostly 
through breast feeding (205,206) and that has 
been shown to be directly proportional to the 
duration of breast feeding and the provirus load 
in the milk (207-210).  Other modes of 
transmission include sexual contact (211), blood 
transfusion (212) and sharing of contaminated 
needles (206).  Fortunately, the overwhelming 
majority (about 90%) of individuals infected by 
HLTV-1 are asymptomatic throughout their 
lifetime (213).  HLTV-1 was originally associated 
with Adult T-cell leukemia/lymphoma (ATLL), 
but it has also been associated with the following 
non neoplastic diseases: uveitis, arthropathy, 
polymyositis, thyroiditis, Sjögren’s syndrome, 
inflammatory dermatopathic disease conditions, 
myelopathy and tropical spastic paraparesis 
(213,214).  Some of the inflammatory 
dermatologic conditions associated with HLTV-1 
occur as part of the disease entity called infective 
dermatitis associated with HLTV1 – a severe and 
recurrent eczema that is characterized by 
occurrence in childhood, chronic rhinorrhea and 
chronic relapsing dermatitis. There is associated 
infection of the skin and nasal vestibules by non-
virulent Staphylococcus aureus or Beta-hemolytic 
streptococcus; therefore the dermatitis responds 
promptly to antibiotic therapy but also recurs 
promptly on withdrawal of the antibiotic 
treatment. (215-217).  HLTV-1 infected patients 
are also known to be more predisposed to 
developing other skin conditions including 
xerosis, acquired ichthyosis, seborrheic 
dermatitis, non infectious erythematous 
dermatitis and infectious skin diseases 
(dermatophytosis, scabies, verruca vulgaris and 
bacterial infections) (218-221).  The presence of 
chronic (recurrent and sometimes refractory) skin 
conditions in HLTV-1 infected patients is thought 
to result from immune dysregulation and is 
associated with protracted high levels of 
cytokines which support the development of 
lymphoproliferative disorder.  Therefore, the 
presence HLTV-1 associated skin conditions is an 
indicator for increased risk for developing 
HLTV-1 associated Leukemia/Lymphoma (222-
226). 
 
 
 

6:3 HLTV1 and ATLL (Pathogenesis) 
 
Following infection of a T-cell, the proviral DNA 
(generated from the viral RNA), integrates into  
the host genome and spreads only as the infected  
cells divide.  Two viral accessory genes tax and 
HTLV-I b-ZIP factor (HBZ) enhance infectivity 
by inducing cell proliferation, modulate 
programmed cell death and induce a series of 
processes that support cellular transformation 
and leukemogenesis (227,228).  HLTV-1 infection 
of T-lymphocytes results in T-cell activation and 
a hyperactive immune response that is 
characterized by exaggerated type 1 (Th1) 
immune response and spontaneous 
lymphoproliferation with increase in CD4+ 
counts, CD8+ counts and CD4+/CD8+  ratio 
(215,216,229).  B-cell activity is also markedly 
increased resulting in elevation of Ig A, Ig D, Ig 
E, and Ig G levels (215,216).  In the infected cells, 
the HLTV-1 protein tax also transactivates genes 
responsible for production of proinflammatory 
Th1 and Th2 cytokine such as tumour necrosis 
factor-alpha (TNF α), interferon-gamma (1FN-γ), 
interleukin 1, interleukin 5 and interleukin 6 
(214,217,230,231). 
 
In HLTV-1 carriers, elevated pro-viral load has 
been shown to strongly predispose such infected 
patients to the development of ATLL (232-234) 
and patients with HLTV-1 associated 
inflammatory skin conditions tend to have high 
pro-viral load.  In addition, associated bacterial 
infections results in synergistic stimulation of T-
lymphocytes by the bacterial antigens; further 
worsening exaggeration of the Th1 immune 
response and associated T-cell proliferation.  
Eventually, malignant transformation ensues, 
with the emergence of clones of T-cells that 
undergo uncontrolled proliferation (214). 
 
ATLL is an aggressive malignant 
lymphoproliferative disorder with heterogeneous 
clinical presentation.  There are four subtypes, 
viz; smoldering, chronic, lymphoma and acute 
types. The lymphoma and acute forms are more 
aggressive and have worse prognosis with less 
than 1 year survival after diagnosis (202,213).  
The incidence of ATLL in HLTV-1-infected is 
estimated to be less than 5% (235) and occurs 
almost exclusively in individuals who acquire the 
infection with vertical transmission through 
breast feeding (202,236).  ATLL usually occur two 
to three decades after the onset of HLTV-1 
infection. As a result, ATLL is generally reported 
in adults, and is more common in males 
(235,237). 
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ATLL has variable histopathologic appearances with 
features similar to those observed in other non HLTV-1 
related lymphoproliferative disorders.  Therefore, the 
diagnosis of ATLL is based on criteria that include positive 
HLTV-1 serology; the presence of hypercalcemia, detection 
of HTLV-1 pro-viral DNA is tumour cells (in lymphoma 
type) and the presence of abnormal T-cells in the peripheral 

blood (including flower cells) in the leukemic subtypes (202).  
The flower cells have characteristic polylobulated nuclei and 
are pathognomonic of ATLL. They are more commonly seen 
in acute ATLL - and can be readily identified with Giemsa or 
Wright staining of a blood smear – an attribute that allows 
for a quick and reliable diagnosis of acute ATLL – even in 
resources-limited settings (238). 
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Abstract 
Pregnancy is a physiologically immunocompromised state, during which alterations in T-lymphocyte subsets may occur. 
Reference values for CD4 counts in pregnancy have not been established particularly in sub-Saharan populations. This 
study aimed at describing expected (‘normal’) values of CD4 counts in healthy HIV-negative pregnant women so these 
could serve as reference for assessing the progress of HIV disease in HIV-infected pregnant women.  
The study was conducted in antenatal clinics in the Buea Health District, Cameroon. All eligible women were interviewed 
using a standardized questionnaire. Whole blood samples collected were tested for HIV using Determine 1/2 and SD 
Bioline HIV-1/2 3.0 rapid tests. The CD4+ absolute counts were assessed using the Partec Cyflow Counter and the CD4 easy 
count kit. A total of 279 women were analysed. Their ages ranged from 15 to 47 years. A vast majority (95%) of participants 
were in the second or third trimester of gestation. Slightly less than half (43%) were primiparous. The CD4 cell count ranged 
from 321 to 1808 cells/µl . This distribution was approximately normal with a mean of 851cells/µl, a median of 831cells/µl , 
and a standard deviation of 254cells/µl . The expected (‘normal’) range, covering 95% of the sample was 438-1532 cells/µl. 
Participants with malaria parasitaemia tended to have a lower CD4 count (lower on average by 115 cells/µl, P<0.001). CD4 
cell counts in HIV-negative pregnant women appear similar to those of the general population of HIV-negatives. These 
values can thus be used as references when assessing HIV-seropositive pregnant women.  
 
Keywords: CD4 counts, HIV-negative, pregnancy 

 
Introduction 
CD4 counts are widely used as prognostic markers 
to assess the degree of immune impairment in HIV 
seropositive individuals and treatment decisions are 
based on this. They are also used to monitor 
antiretroviral therapy (ART)[1,2,3,4,5]. Indeed the 
most recent WHO guidelines on HIV treatment 
recommend the use of CD4 counts to determine the 
need for combination antiretroviral therapy in HIV-
positive patients, including pregnant women.  In 
2005, a predictive values of CD4+ lymphocyte count 
in adult populations in Nigeria published [6]. Before 
then, reference values of CD4+-cells were not 
available from West African populations. Rather, 
values from publications based on studies in 
Western countries were largely employed for 
clinical decision making [6].  Evidence in literature 
suggest  significant geographical and racial 
differences in these parameters; for example, lower 
CD4+-cell counts have been recorded for Asians 
compared to Caucasians [7] and studies in African 
populations have shown mean CD4+cell counts in 
healthy Ethiopians that are markedly lower than 
those in Ugandans and Tanzanians [6].  
Reference values for CD4 counts in pregnancy are 
even less known particularly in sub-Saharan 
populations. Pregnancy is a physiologically 
immunocompromised state, during which 
alterations in T-lymphocyte subsets may occur [8,9]. 
Normal pregnancy has been described as an 
immune–suppressed state that is induced so that the 
foetus would not be rejected by the mother’s 

immune system. However, more recent evidence 
indicates that the immunology of both pregnancy 
and the sex steroid hormones is exceedingly 
complex and not fully understood [9]. The foetus is 
likely protected not by immune suppression in the 
mother but by changes in Human Leukocyte 
Antigen (HLA) expression in the trophoblast.  
Despite uncertainties on the variation of CD4 counts 
during pregnancy, CD4 counts are being used to 
assess the need for treatment in pregnant HIV-
positive women in Cameroon and most other 
resource limited settings. In practice, the CD4 
threshold for starting ART in pregnant women is 
the same as in non-pregnant populations. We 
hypothesized that this practice may be erroneous if 
it were confirmed that lower CD4 counts were to be 
expected in HIV-negative pregnant women. If the 
latter were true then the CD4 count threshold for 
initiating antiretroviral therapy in pregnancy may 
need to be lower than that in non-pregnant 
populations. There is therefore a need to establish 
expected (‘normal’) values of CD4 counts in healthy 

HIV-negative pregnant women so these could serve 
as reference for assessing the degree of progress in 
HIV disease in HIV-infected pregnant women. 
 
Materials and Methods  

This study was conducted in antenatal clinics 
(ANCs) in the Buea Health District of Cameroon. 
Two clinics, the Buea Road Health Centre (BRHC) 
and the Provincial Hospital Annex Buea (PHAB) 
were used. A previous survey of the ANCs in the 
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health district showed that these two ANCs had the 
highest number of pregnant women for prenatal 
care. Pregnant women attending these two ANCs 
were eligible and those who consented were 
included in the study.  All eligible and consenting 
women were interviewed using a standardized 
questionnaire. After which about 5ml of venous 
blood was collected by venipuncture from each 
participant into EDTA tubes. These samples were 
transported from collection sites to the Faculty of 
Health Science Laboratory, University of Buea, in a 
cooler containing ice. 
 

Once in the laboratory, the samples were tested 
immediately for HIV using Determine HIV1/2 
(Abbott Co. Ltd. , Japan) and  SD Bioline HIV-1/2 
3.0 rapid tests (Standard Diagnostics, INC., USA) 
This was done in conformity with the WHO 
recommendation Strategy 2 ; which states that HIV 
can be diagnosed using two rapid tests [10] and this 
is the diagnostic strategy used in HIV Treatment 
Centers in Cameroon. The CD4+ absolute counts 
were done using the Partec Cyflow Counter and the 
CD4 easy count kit (Partec GmbH, Germany).  

The samples were also tested for malaria using a 
fluorescent microscope  (Partec GmbH, Germany). 
10ul of whole blood from the EDTA tubes was 
placed onto the dried-in reagent spot on the test 
slides. The slides were tilted in all directions in 
order to distribute the drop of blood. Slides were 
covered with a cover slip and incubated for 5 
minutes. The slides were then placed under the 
Cyscope. The UV light was switched on and the 
prescence or not of parasites observed. 

Data Analysis 

Data collected were entered into an MS Access 
interface on Epi-info. Statistical analysis was 
conducted using STATA version 9 (STATA Corp., 
College Station, Texas, USA). Participants’ 
demographic characteristics and the variations in 
the CD4 cell counts in the whole sample were 
analysed. Variations in mean CD4 cell count (and its 
variance) by participant characteristics were then 
compared using Student’s t-tests (for characteristics 
with two categories) and ANOVA tests (for 
characteristics with more than 2 categories). A 
priori, the statistical significance level was set at 0.05 
while any difference in CD4 count of 100 or more 
was to be considered meaningful. 

 

Ethical considerations 
Ethical clearance for this study was obtained from 
the Regional Delegation of Public Health, Buea, 

Cameroon. Participation in this study was 
voluntary. A signed consent form was sought from 
all participants. All procedures were standard and 
only involved minimal risk to the participants. 
Study results were returned to patients and 

incorporated into their care by their respective 
providers. 
 
Results 
A total of 307 women were approached. Of these, 
12(3.9%) participants did not consent to HIV testing. 
Sixteen (5.2%) of the remaining 295 women tested 
positive for HIV.  All HIV-positive cases were 
excluded from this analysis. The age of participants 

ranged from 15 to 47 years with a mean (+/- 
standard deviation) of 26 years (+/- 5.56). Table 1 
summarises the participants’ characteristics. A vast 
majority (95%) of participants were either in the 
second or third trimester of gestation. Slightly less 

than half (43%) were primiparous. Questions on the 
means of accommodation (used as indicators of 
socio-economic status) revealed that 15% were 
living with relatives. 
The CD4 cell counts ranged from 321 to 1808 

cells/µl  of blood. The distribution of CD4 counts is 
shown in Figure 1. This distribution was 
approximately normal with a mean of 851cells/µl , a 
median of 831cells/µl , and a standard deviation of 
254cells/µl . The 2.5th percentile and 97.5th 

percentiles were estimated to be 438cells/µl  and 
1532cells/µl  respectively, suggesting an expected 
(‘normal’) range, covering 95% of the sample, of 438 
to1532 cells/µl . 
 

Table 2 shows the variations in the mean CD4 cell 
counts by participants’ characteristics. Overall, there 
was no substantial (nor statistically significant) 
variation in CD4 count with characteristics other 
than malaria. The mean CD4 cell count (SD) in 

malaria negative pregnant women was 927(275) 
cells/µl as compared to 818(236) cells/µl in malaria 
positive women.  
 
Figure 2 depicts the CD4 count distribution by 

malaria status. Malaria positive women still had a 
significantly lower CD4 cell count than malaria 
negative women: an average difference of 115 
cells/µl (P < 0.001), even after controlling for other 
participant characteristics. 
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TABLE 1: SUMMARY OF PARTICIPANTS’ CHARACTERISTICS 
 

Characteristics Number (%)* 

Period of gestation  

1st Trimester 15 (5.38) 

2nd Trimester 149 (53.41) 

3rd  Trimester 115 (41.22) 

Gravidity  

1 119 (42.65) 

2 52 (18.64) 

3 46 (16.49) 

4 34 (12.19) 

≥5 28 (10.05) 

Marital Status  

Single 61 (22.18) 

Married 184 (66.91) 

Divorced 9 (3.27) 

Widow 21 (7.64) 

Education  

No Education 9 (3.23) 

Primary 86 (30.82) 

Secondary 123 (44.09) 

Tertiary 61 (21.86) 

Means of accommodations  

Living with relative 42 (15.11) 

Renting 187 (67.27) 

Living in your own house 49 (17.63) 

 
*percentage based on number of respondents  
 
 
FIGURE 1: CD4 COUNT DISTRIBUTION IN 279 HIV-NEGATIVE PREGNANT WOMEN IN BUEA 
 

 
 
Discussion 
This study aimed at describing reference values of 

CD4 counts in HIV-negative pregnant women in 
Buea, South West Region of Cameroon, these CD4 
values were found to be normally distributed and 
similar to values described for non-pregnant HIV 
negative women in the literature. The study also 
established that demographic and socio-economic 
characteristic did not influence CD4 counts in 
pregnancy.  
 
 

 
The mean CD4 values found in this population were 
within the range of values reported in other HIV-
negative populations. The mean CD4 count was 
higher, by 80 cells/µl, than the 771 (250) cells/µl , 
reported by Aina et al in 2005 in a population of 
HIV-negative adults in neighbouring Jos, Nigeria 
[6]. In the Central African Republic, the mean CD4 
value in non-pregnant females was 940cells/µl [3] a 
value which was higher, by 89 cells/µl, than that 
observed in our study of pregnant women. In 
Botswana mean CD4 T-lymphocyte counts (+/- SD) 
in HIV-seronegative non-pregnant females was 
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827(+/- 245), [Bussmann et al, 2004]. Normal values 
for CD4 and CD8 T lymphocyte subsets in Shanghai 
was 727/540 cells / ul Jiang et al, 2004. In another 
study, mean CD4 T cell values (+/- standard 
deviation) for adult populations in other non-
African population were; Chinese 812(+/- 255), 
Malaysian 856 (+/- 308), Indian 958(+/-296) and 
Hong Kong 812(+/-256) [5].  
Similar to our findings, other studies have found 
little or no relationships between socio-demograhic 
characteristics and CD4 count levels. A study [6] 
found no association between gestational ages with 
CD4 counts. In another investigation carried out on 
peripheral blood lymphocyte subsets in adolescents, 
age had no effect on the CD4 + cell counts in the 
female participants and was found to have no 
correlation with CD4 lymphocyte count [12].  
In this study malaria positive pregnant women 
tended to have significantly lower CD4 counts. This 

has also been reported in non-pregnant adult 
populations [13], and in HIV and malaria positive 
adults[Chalwe et al, 2009]. In these studies the CD4 
count in malaria positive participants was lower by 
about 300cells/µl  and more than 400cells/µl  
respectively. These lower CD4 counts in malaria 
could be a result of malaria infection impairing the 
normal functioning of the immune system [10,15]. 
Pregnant women are susceptible to malaria during 
pregnancy. Plasmodium falciparum sequesters in the 
placenta. Parasitized cells in the placenta express 
unique variant surface antigens (VSA) and lack of 
immunity to these pregnancy-specific variant 
surface antigens explains some of the pregnancy-
associated malaria susceptibility. Peripheral blood 
T-cell responses may be decreased in malaria and 
this may be due to trafficking of memory T-cells out 
of the circulation [16]. 

 
FIGURE 2: CD4 COUNT BY MALARIA STATUS 
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TABLE 2: VARIATIONS IN CD4 LYMPHOCYTE COUNTS N HIV-NEGATIVE PREGNANT WOMEN 
 
 

Characteristic
s 

Level N Mean 
CD4 

SD P-value Adjusted 
mean 
difference 
in CD4 

95% 
CI 

P-value 

Age 25 or less  
> 25 years 

139 
137 

846 
856 

275 
233 

0.75 21 
Ref 

-55,97 0.58 

Gestation  1st Trimester  
2nd Trimester 
3rd Trimester 

15 
149 
115 

837 
842 
865 

324 
242 
259 

0.75 Ref 
37 
60 

 
-
101,17
4 
-79,199 

 
0.60 
0.40 

Gravidity Primiparous  
Not primiparous  

119 
160 

841 
858 

267 
244 

0.59 Re 
27 

 
-49,103 

 
0.49 

Marital Status Married  
Not Married 

184 
91 

850 
862 

242 
277 

0.71 Ref 
37 

 
-38,112 

 
0.33 

Education Less than 
secondary 
Secondary or more 

95 
184 

848 
853 

273 
244 

0.88 03 
Ref 

-64,71 0.93 

Accommodati
on  

Living with 
relative 
Renting 
Living in own 
house 

42 
187 
49 

840 
852 
856 

227 
244 
314 

0.95 Ref 
35 
42 

 
-63,132 
-79,162 

 
0.49 
0.50 

Phone 
ownership 

No 
Yes 

61 
218 

826 
858 

257 
253 

0.39 Ref 
36 

 
-43,115 

 
0.37 

Malaria status Negative 
Positive 

85 
194 

927 
818 

275 
236 

<0.001 115 
Ref 

48,181 0.001 

 
*adjusted for all listed characteristics, obtained using linear regression. Ref=reference level in the comparison of means            
 

If confirmed that pregnant malaria positive women 
tended to have a lower CD4 count, the malaria 
status would need to also be taken into account 
when assessing the need for antiretroviral therapy 
in an HIV-positive woman. Given the cross-
sectional nature of the study, we could not establish 
the long-term evolution of CD4 counts in these 
malaria positive women. It will be interesting to 
know whether the low-CD4 counts are only 
transient and increase after malaria treatment. In 
which case, in assessing HIV-positive women, a 
repeat CD4 assay may be needed in the pregnant 
women who are also malaria positive, before 
deciding if they need to be placed on antiretroviral 
therapy. 
This study’s findings may however be hampered by 
some limitations. First, the study was conducted in 
only one health district and may thus not be 
representative of the whole country. Secondly, HIV 
serostatus was determined using rapid tests only – 

some cases of acute HIV may have been 
misdiagnosed as being HIV-negative. We suspect 
that this would have resulted only in a slight 
underestimation of the mean CD4 counts as the 
cases of acute HIV would not yet have started 
depleting their CD4 counts.  
 
Conclusion 
 
Most studies have reported mean CD4 values of 
normal adult populations and non pregnant 
females. Reference values for HIV-negative 
pregnant women are rare in the literature. In this 
study we report reference values of mean CD4 T-
cell counts of pregnant women in Buea, Cameroon. 
These values were similar to those of the general 
population of non-pregnant HIV-negative women.  
Knowledge of these values will be clinically useful 
for the monitoring of HIV-seropositive pregnant 
women.  

 
References 

1. Dayama, A,, Pandit ,D., Mudaliar, S., 
Bharadwaji, R. (1994). A pilot study on 
CD4 and CD8 cell counts in Healthy 
HIV seronegative pregnant women.  
AIDS 8 (6): 843-7. 

2. Anglaret, X., Diagbouga, S., Mortier, E., 
Meda, N., Verge-Valette, V., Sylla-
Koko, F., Cousens, S, Laruche, G., 
Ledru, E., Bonard, D., Dabis, F., Van de 
Perre, P. (1997). CD4+ T-lymphocyte 
counts in HIV infection: are European  

 
Standards applicable to African Patients?  J 

Acquir Immune Defic Syndr Hum 

Retroviro, 14 (4):361-7. 
3. Menard, D., Mandeng, M. J., Tothy, M.  B., 

Kelembho, K., Gresenguet, G., 
Talarmin, A. (2003).  
Immunohaematological Reference 
Ranges for Adults from the Central  
African Republic. Clinical and Diagnostic 
Laboratory Immunology. 10(3): 443- 

 



  

34 

 

4. Bussmann, H.,  William, W. C., Masupu, K. 
V., Peter, T., Gaolekwe, S. M., Kim, S., 
Reich, A. M., Ahn, S., Wu, Y., Thior, I., 
Essex, M., and Richard, M. (2004). Low 
CD4+ T-lymphocyte values in Human 
Immunodeficiency Virus-Negative 
Adults in Botswana. Clin Diagn Lab 
Immunol  11(5): 930-935. 

5. Ching, W. J., Tan, G. B., and Kuperan, P. 
(2004). Establishment of Adult 
Peripheral Blood Lymphocyte Subset 
Reference Range for Asian Population 
by Single-Platform Flow Cytometry: 
Influence of Age, Sex and Race and 
Comparison with other Published 
Studies. Clinical and Diagnostic 
Laboratory Immunology 11(1): 168-173.   

6. Aina, O., Dadik,  J., Charurat,  M., 
Amangaman, P., Gurumd, S., Mang, E., 
Guvit, R., Ndam, L., Datong, P., 
Daniyam, C., Kanki, P., Abimiku, A. 
(2005). Reference Values of CD4 T 
lymphocytes in Human 
Immunodefficiency Virus-Negative 
Adult Nigerians. Clinical and Diagnostic 
Laboratory Immunology 12(4): 525-53.  

7. Wotring, L. L., Montgomery, J. P., Mokotoff, 
E. D., Markowitz, N., Lawrence, R. C. 
(2005). Pregnancy and Other factors 
Associated with Higher CD4+ T-cell 
Counts at HIV Diagnosis in Southeast 
Michigan 1992-2002. MedGenmed .7(1): 
1.  

8. Dayama,  A., Pandit, D., Mudaliar, S., 
Bharadwaji, R., Shrotri, A. N. and Joshi, 
S. (2003). A pilot study on CD4 and 
CD8 cell count in healthy HIV 

seronegative pregnantwomen.  Indian 
J.Med. Res 117: 198-200.  

9. Anastos, K. (2007). Pregnancy Does Not 
Accelerate HIV in Women. Good News 
For women living with HIV. The Journal 
of Infectious Diseases 196:  971-973. 

10. Cheesebrough, M. (2007). District 
Laboratory Practice in Tropical 
Countries, part 2, 2nd Edition, 
Cambridge University Press, London. 

11. Jiang, W., Kang, L., Lu, H-Z., Pan, X., Lin, 
Q., Pan, Q., Xue, Y., Weng, X., and 
Tang, Y-W. (2004). Normal Values for 
CD4 Lymphocyte Subsets in Healthy 
Chinese Adults from Shanghai. Clinical 
and Diagnostic Laboratory 
Immunology,11(4)  :811-813. 

12. Rudy, B. J., Wilson, C. M., Durako, S., 
Moscick, A-B., Muenze, L., and 
Douglas, S. D. (2002). Peripheral Blood 
Lymphocyte Subsets in Adolescents: a 
Longitudinal Analysis from the 
REACH Project. Clinical and Diagnostic 
Laboratory Immunology 9(5): 959-965. 

14. Chalwe, V., Vangeertruyden, J-P., 
Mukwamataba, D., Menten, J., 
Kamalamba, J., Mulenga, M., 
D’Alessandro, U. (2009). Increased Risk 
for Severe malaria in HIV-1 infected 
Adults , Zambia.  Emerging Infectious 
Diseases  15(5). 

15. Kfutwah, A. , Mary, J. Y. , Lemen, B. , Leke, 
R. , Rousset, D.. (2009). Plasmodium 
falciparum Infection Significantly 
Impairs Placental Cytokine Profile in 
HIV infected Cameroonian Women’.  
PLos ONE 4(12):e8114.doi:10. 
1371/journal.pone.0008114  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 

 



  

35 

 

.

REVIEW ARTICLE 
AFRICAN JOURNAL OF CLINICAL AND EXPERIMENTAL MICROBIOLOGY       JANUARY2012             ISBN 1595-689X    VOL 13(1) 
AJCEM/201176/21202                              -http://www.ajol.info/journals/ajcem 
COPYRIGHT 2012 

AFR. J. CLN. EXPER. MICROBIOL 13(1): 35-40 http://dx.doi.org/10.4314/ajcem/v13i1.3 

 
CYTOMEGALOVIRUS IN IMMUNOSUPPRESSED PATIENTS: A SILENT AND 

POTENTIAL KILLER. 

 
1Fowotade A. and  1Nwadike V.U.  

Microbiology Department, University College Hospital, Ibadan, Nigeria. 
 

Correspondence: Dr Fowotade Adeola, Medical Microbiology Department,  University College Hospital, Ibadan, Nigeria.     

GPO BOX 5553, Ilorin, Kwara  State, Nigeria. E-mail- temilabike@yahoo.com  TEL. No.- +234-705719038 

 

SUMMARY 
Cytomegalovirus (CMV) is a recognized cause of morbidity and mortality among immunocompromised individuals. This 

review will concentrate on understanding the pathogenesis, clinical manifestations and laboratory diagnostic options for 
CMV infection. 
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INTRODUCTION 
 Human Cytomegalovirus ( CMV ) is an enveloped 
DNA virus, a potential killer or a lifelong silent 
killer (1). CMV infections are common and are 
usually asymptomatic  however clinically ignificant 
infections are encountered frequently in pregnant 
women, neonates and immunocompromised 
patients (2). CMV is an important cause of orbidity 
and mortality among immunosuppressed patients. 
After a primary infection, which usually occurs 
during childhood, CMV reactivation occurs when 
the host immune system is compromised, either 
through infection such as, HIV immaturity(neonate) 
or through other iatrogenic means following organ 
transplantation, the virus is able to exert its full 
pathogenic potential (3) 
CMV is one of the commonest viral opportunistic 
infection in persons with Acquired Immune 
Deficiency Syndrome (AIDS). Clinical disease due 
to CMV has been recognized in up to 5-25% of 
patients with AIDS (4). Prior to the advent of Highly 
Active Antiretroviral Therapy (HAART) for HIV 
infection, CMV retinitis was the most common 
cause of blindness in adults with AIDS (5). CMV is 
the most common cause of congenital malformation 
resulting from viral intrauterine infection in 
developed countries (6). 
 
Virus associated leucopenia is common in solid 
organ transplant recipients, also seen are 
obliterative bronchiolitis in lung transplant ,graft 
atherosclerosis after  heart transplantation and 
Cytomegalovirus-related rejection of renal 
allografts2 . Clinical trials have shown that 
preventive approaches utilizing antiviral agents 
have lead to a reduction in the rates of CMV 
infection and disease and indirect sequelae 
associated with CMV. Currently, prophylaxis or 
periodic monitoring and antiviral therapy targeted 

towards patients with viral replication are routinely 
employed at many transplant centers. 
The present article is meant to highlight the 
important features of the Cytomegaloviruses and 
also to increase the level of awareness on their 
potential to cause life threatening infections among 
the immunocompromised patients. 
 
STRUCTURE OF CMV 
Cytomegalovirus is a DNA virus belonging to the 
family Herpesviridae and the subfamily, Beta 
Herpesviridae which also includes the Roseolovirus 
and the Muromegalovirus. CMV is morphologically 
indistinguishable from other human Herpes viruses 
(7).  Surface projections of envelope are distinct and 
spikes are dispersed evenly over the entire surface.  
The nucleocapsid is isometric, and surrounded by 
the tegument that consists of globular material 
which is frequently asymmetrically distributed and 
may be variable in amount (8). The nucleocapsid is 
sometimes penetrated by stain (although an intact 
envelope impermeable is to stain). Viral 
nucleocapsid is angular and has an icosahedral 
symmetry. There are 162 capsomeres per 
nucleocapsid, and capsomeres are hexagonal in 
cross section with a hole running half way down the 
long axis.  The viral core consists of a fibrillar spool 
on which DNA is wrapped while the ends of the 
fibres are anchored to the underside of the capsid 
shell.  Incomplete virus particles often present, and 
they represent capsids lacking the envelope.  
CMV is inactivated by a number of physical and 
chemical treatments including; heat (56.50c for 30 
minutes), low PH, ether, ultraviolet light and cycles 
of freezing and thawing8.  CMV virions contain one 
molecule of linear double stranded DNA.  Total 
genome length is 120,000-220,000 .Molecular 
virological techniques have been used to study 
variation among CMV strains. DNA strains have 
been shown to have similar but distinctive fragment 
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migration patterns. Antigenic heterogeneity among 
CMV strains has been detected in cross 
neutralization and other serologic assays; however 
evidence for distinct serotypes is limited (9-11). 
 
EPIDEMIOLOGY OF CMV 
CMV is ubiquitous, being found universally 
throughout all geographic locations and socio 
economic groups, and infects between 50% and 85% 
of adults in the United States by 40 years of age (12). 
CMV infection is more widespread in developing 
countries and in areas of low socio economic 
condition (13).  In the developing countries, very 
young children are often virtually universally CMV 
antibody positive (14).  The early acquisition and 
high prevalence of CMV antibody has been ascribed 
to low socio economic conditions, poor hygiene, and 
overcrowding (14). However reports from studies 
carried out on the people of the New Guinea 
highland villages with primitive standards of 
hygiene and who often lived apart from childhood 
until marriage as well as studies carried out on 
people of the New Hebrides and Solomon island 
who lived in crowded population but are 
scrupulously clean, the prevalence of CMV infection 
was higher in the latter than the former group. It 
was therefore concluded that close personal contact, 
rather than poor hygiene was more important for 
the acquisition and spread of CMV.  The vehicle of 
transmission of CMV has been shown to include;  
saliva,  breast milk , intrauterine infection,  urine, 
droplet infection , blood transfusion , organ 
transplantation , sexual intercourse and formites 
among others (6) . 
 
 PATHOGENESIS OF CMV 
An understanding of the process of CMV viral 
replication will provide insights into its molecular 
mechanisms of infection and pathogenesis (15).   

Following infection, or contact with the virus, the 
CMV DNA enters the nucleus of the host cells and 
begins the process of replication and shedding, 
leading to the release of new virions (viral particles) 
into the blood and other body fluids.  This 
replication cycle, takes approximately 24 hours, and 
consist of 3 phases ; an immediate early phase (4 
hours)-during which regulator proteins are made 
followed by an early phase (8 hours) – during which 
viral DNA polymers are made and a late phase 
(12hrs) – during which structural proteins and new 
progeny viral particles are assembled . 
In an immunocompetent host, most of the virus is 
destroyed by CMV –specific cytotoxic T-cells, and 
the infectious process becomes asymptomatic.  The 
presence of asymptomatic CMV infection is based 
on the detection of CMV in body fluids or on 
seroconversion from a negative to a positive status.  
The latter is defined as the appearance of IgM or a 
fourfold rise in the level of CMV specific IgG 
antibodies. 
 
In immunocompromised patients who are not 

receiving prophylactic treatment against CMV, 
symptomatic CMV infection; CMV disease and 
organ involvement may result (16). There are 
various mechanisms by which CMV disease may 
occur and these includes; direct cellular loss 
through viral infection, both of individual cells, and 
of larger foci because of propensity to spread, 
leading to coalescing cells.  This close cell-cell 
interaction protects virus from antibody 
inactivation. Systemic hypoxic- Ischemic insult due 
to systemic hypotension and immunologic injury, 
involving antigen antibody complex deposition may 
also be involved in organs such as the kidney 
 
Eventually, CMV attains a latent state and persistent 
infection within T- cells, endothelial cells and 
monocyte-derived macrophages ensues (16).  Cell 
mediated immunity which is required for resolution 
of symptoms, also contributes to symptoms while 
the role of antibodies are limited. Suppression of cell 
mediated immunity as seen in HIV infection allows 
recurrence of symptoms and can result in 
exacerbation of disease.  The virus also has ability to 
induce immunosuppression in the body (9).  The 
degree of morbidity induced by CMV is influenced 
by the degree of immunosuppression.  In transplant 
recipients, there are two factors that influence the 
degree of morbidity due to CMV infection; the type 
and extent of immunosuppression, and the type of 
transplant. Morbidity is highest among bone 
marrow transplant (BMT) patients, and lowest 
among kidney transplant patients. 
Multiple mechanisms of immune evasion for CMV 
could relate to the pathogenic role of the virus.  
Recently, the expression of immune evasion genes 
US3, US6, and US11 of CMV in the blood of solid 
organ transplant recipients has been investigated11. 

. 
PATHOLOGY OF CMV 
CMV produces characteristic cytopathic changes on 
infected cells which appear large, rounded and 
contains ground glass appearing inclusion bodies in 
the cytoplasm. These infected cells are the hallmark 
of CMV infection and indicates the presence of 
CMV in a sample. The nuclear inclusion has the 
appearance of an owl’s eyes because it is typically 
surrounded by a clear halo that extends to the 
nuclear membrane (17). 
 
CLINICAL MANIFESTATIONS OF CMV 
Following a first exposure to CMV, the virus lies 
dormant in the body for life and can be reactivated.  
Usually a reactivated infection causes few or no 
symptoms. CMV disease may manifest in any of the 
under listed ways. 
 
A. Congenital infection: 
Congenital CMV infection is defined as the isolation 
of CMV from the saliva or urine of the neonate 
within 3 weeks of birth (18).  The virus may also be 
transmitted from the mother to the infant in breast 
milk19 . CMV is now the commonest cause of 
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congenital infection and affects around 0.3%-1% of 
all live births20. A total of 5-10% of congenitally 
infected infants have symptoms at birth while fatal 
disease occurs in 20% of these infants (20). Ninety 
percent of the symptomatic survivors have long 
term sequelae while 15% of the asymptomatic 
survivors also have long term sequelae. CMV is now 
the second commonest cause of mental retardation 
after Downs’s syndrome and causes more cases of 
congenital damage than Rubella (21) . 
 
Cytomegalic inclusion disease refers to any group of 
diseases caused by cytomegalovirus infection, and 
marked by characteristic inclusion bodies in 
enlarged infected cells.  The classic disease is 
congenital, being acquired in utero from the mother 
and typically presents with intrauterine growth 
retardation, jaundice, hepatosplenomegaly, 
thrombocytopenia and encephalitis, with or without 
microcephaly.  It is often difficult to differentiate, on 
clinical grounds between the several agents that 
may cause intrauterine infection.  The severe 
thrombocytopenia, hepatitis, preumonitis and 
myocarditis attributed to the virus may be life 
threatening. CNS involvement may lead to seizures, 
focal neurological signs, and mental retardation. 
Unlike rubella, there is no evidence that CMV is 
teratogenic.  Most of the damage is caused by 
destruction of target cells once they have been 
formed, and unlike rubella, the fetus can be 
damaged by infection during any stage of 
pregnancy.  In 20% of cases (1% of those who are 
congenitally infected), the infection is so severe that 
mortality occurs during infancy, while the rest are 
likely to sustain serious abnormalities for the rest of 
their lives. Brain damage is by far the commonest 
abnormality on follow up, and thus may manifest as 
microcephaly, mental retardation and seizures. The 
spectrum of brain damage varies from mild to 
severe.  Optic atrophy, deafness, and blindness may 
also be present (22). 
 
 The effects of congenital CMV infection are as 
follows ; CNS abnormalities – microcephaly, mental 
retardation, spasticity, epilepsy, periventricular  
calcification, eye- choroidoretinits, and optic 
atrophy, ear – sensorineural deafness, liver – 
hepatosplenomegaly and jaundice which is due to 
hepatitis., lung – pneumonia, heart – myocarditis, 
haematological – Thrombocytopenic purpura, 
haemolytic anaemia, neutopenia and 
lymphocytosis. Late sequelae include damage to the 
enamel forming organ of the teeth, resulting in 
yellow discoloration of the teeth and brittleness.  
This occurs in 40% of infants (22). 

 
B. PERINATAL INFECTION 
Despite the continued excretion of high titers of 
virus in the urine for many months, the vast 
majority of perinatally infected infants do not 
develop acute symptoms, although few cases of 
infantile pneumonitis have been reported (21, 23). 

This appears to be an exceedingly rare event. 

 

C. POSTNATAL INFECTION 

The incubation period for CMV is thought to be 4-8 
weeks.  Primary CMV infection in the postnatal 
period is usually mild or asymptomatic. 
Occasionally, primary infection may be 
accompanied by the syndrome of infectious 
mononucleosis, with atypical lymphocytosis.  This 
is similar to the syndrome produced by Epstein barr 
virus (EBV) except that lymphadenopathy is 
uncommon, and Paul-Bunnell test is negative. 
CMV- induced mononucleosis can be 
symptomatically indistinguishable from EBV-
induced mononucleosis (24).  Malaise, fever of up to 
39.4oC, chills, sore throat, headache, and fatigue can 
be the predominant features of both viruses.  Many 
of the same clinical manifestations that are typical of 
EBV-induced mononucleosis (e.g. 
lymphadenopathy, splenomegaly, pharyngeal 
erythema) also can occur with CMV, although less 
frequently. Presentation of acute cytomegalovirus 
infection in an immunocompetent host may be in 
form of mononucleosis. 

Patients with mononucleosis may present with 
nonspecific skin rashes such as; generalised 
maculopapular, urticarial, and scarlatiniform 
rashes. These rashes are not a direct cause of CMV 
proliferation within the skin, but are the result of an 
immunologic response to the virus.  The classic 
hypersensitivity drug rash which is associated with 
ampicillin therapy given to patients with EBV-
induced mononucleosis also can occur with CMV- 
induced mononucleosis. The post perfusion 
syndrome is essentially CMV mononucleosis 
acquired by blood transfusion (25). Sometimes the 
hepatitis picture predominates so that a diagnosis of 
non-non-B hepatitis is made. 

D. CMV INFECTION IN THE 
IMMUNOCOMPROMISED PATIENTS 

Primary CMV infection in immunocompromised 
individuals is far less likely to be asymptomatic. 
These patients develop spiking pyrexia, which 
resolves within a few days (25). Some may develop 
a viraemia with septicemia - like syndrome in the 
presence or absence of hepatitis. Pneumonitis may 
develop, which is associated with grave prognosis 
.The virus may disseminate to involve the retina, 
causing CMV retinitis. CMV retinitis is the 
commonest occular opportunistic infection, and the 
most common cause of visual loss in people with 
AIDS (23). CMV may disseminate to the gut, where 
it may cause an asymptomatic infection or 
ulceration or haemorrhage by the erosion of nearby 
blood vessels. In patients with CMV - induced 
immuno suppressive syndrome the patient becomes 
unable to deal with opportunistic infections such as 
Pseudomonas. AIDS patients may develop low 
grade encephalopathy and CMV adenitis.  In 
addition, kaposi sarcoma has been associated with 
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past CMV infection. CMV is by far the most 
common infection in bone marrow transplant 
recipients. Infection by this virus occurs in over one-
half of patients.  The virus is an immunomodulator 
and CMV disease exacerbates an ongoing 
immunosupression in transplant recipient, thereby 
increasing the risk for bacterial and fungal infection 
such as Norcadia asteriodes, Mycoplasma, and 
Pneumocystis carini.   

 

LABORATORY DIAGNOSIS OF CMV 
INFECTION  

CMV should be suspected if a person has symptoms 
of infectious mononucleosis but has negative test 
results for mononucleosis and Epstein Barr virus, or 
negative heterophile antibody test and shows signs 
of hepatitis, but has negative test result for hepatitis 
A, B, and C (26).  

 
 MICROSCOPY 
 Electron microscopy – Virions in the urine of 
congenitally infected infants may be visualized by 
electron microscopy in up to 80% of cases (27, 28). 
The pseudoreplica method of electron microscopy 
can be used to detect the virus in urine and oral 
specimens of congenitally infected infants. Positive 
results can be obtained from almost all specimens 
that have infectivity titers of > 104 /ml of urine. 
 

Tissue immunofluorescence – Infected tissue cells 
may be stained by specific anti CMV antibody. This 
is based on the principle that viral specific antibody 
conjugated to fluorescent labeled is allowed to react 
with the cells obtained from the clinical specimen. 
Preparations from bronchoalveolar lavage 
specimens can also be examined in this manner, and 
results of high sensitivity and specificity are 
possible. Cytomegalic inclusions can be recognized 
from biopsy materials by the typical ‘owl’s eyes 
appearance” (29).  
 
SEROLOGICAL DIAGNOSIS OF CMV 
INFECTION 
ENZYME LINKED IMMUNOSORBENT ASSAY 
A variety of tests are available for serologic 
diagnosis of CMV infection. The choice of method 
to be used depends on; factors such as the patient 
population, cost of test, turnaround time, 
equipment needs and ease of performance. Several 
commercial kits are available for detection of CMV 
IgG and IgM antibodies in body fluids. ELISA has 
replaced other traditional methods for detecting 
antibodies to CMV. The ELISA is based on the 
principle that Cytomegalovirus IgG and IgM 
specific antibodies are detected by addition of 
diluted patients ‘s  sera to wells coated with purified 
CMV antigen. The IgG and IgM antibody, if present, 
binds to the antigen. An enzyme conjugate is added 
to bind the antigen-antibody complex, if present. A 
substrate to the enzyme is added, and a hydrolytic 

reaction between the enzyme and its substrate 
results in a change in the colour of the end product, 
whose intensity can be measured at 450 nm and is 
directly proportional to the amount of IgG specific 
antibody in the patient’ s sera. 
The main advantages of the ELISA are that; it is 
rapid, sensitive and specific. They are also useful in 
detection of CMV antibodies in urine. The limitation 
of ELISA is that they have low sensitivity when 
used to detect CMV antibodies in urine; this is 
because CMV is complexed to beta 2 microglobulin 
in the urine and may result in false positive 
results30.  
 
PASSIVE LATEX AGGLUTINATION TEST 
This provides a simple and rapid means of detecting 
antibodies to CMV in human sera and plasma. This 
method is highly sensitive and specific, and it may 
serve to determine the immune status of patient or 
blood donor populations. The procedure detects 
both IgG and IgM antibodies but does not 
differentiate between the two classes of 
immunoglobulins (30, 31). 
 
COMPLEMENT FIXATION 
The complement fixation (CF) test has been used for 
many years in clinical laboratories and is suitable 
for detecting rise in antibody titers. The CF test with 
glycine - extracted antigen is more sensitive for 
distinguishing sero-positive from sero-negative 
specimens. 
 
ANTIGEN DETECTION TESTS 
 CMV ANTIGENEMIA TEST   
This test is based on the detection of pp 65, a 
structural protein expressed on the surface of 
infected polymorphonuclear leucocytes (32).  The 
number of infected leucocytes present has been 
reported to correlate with the severity of infection.  
The main advantage of this test is that it is very 
rapid such that a result can be available within the 
same day. 
 
Detection of early antigen fluorescent foci 
(DEAFF) 
This is a method used for the early diagnosis of 
CMV infection.  The specimen is inoculated into cell 
culture which is examined 24 hours later by 
immunofluorescence for expressed CMV encoded 
early proteins. The monoclonal antibodies must be 
able to cover most, if not all strains of CMV. Rapid 
culture methods other then the DEAFF tests are also 
available. 
 
VIRAL CULTURE     
Human CMV has been cultured in human cells only 
and previous claims that it could be grown in other 
animal cells is yet to be substantiated. Human 
fibroblast cells best support the growth of CMV and 
therefore can be used for diagnostic purposes.        
Acceptable fibroblast cultures include those 
prepared from human embryonic tissues or 
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foreskins and serially passaged diploid human fetal 
lung strains such as W1-38, MRC-5, or IMR-90. The 
time of appearance and extent of cytopathic effect 
depends on the amount of virus present in 
specimens. CPE may develop by 24 hours and 
progress rapidly to involve most of the monolayer. 
More commonly foci of CPE, consisting of enlarged, 
rounded refractile cells appear during the first week 
and progresses slowly to surrounding cells. 

  
MOLECULAR TECHNIQUES 
POLYMERASE CHAIN REACTION (PCR) 
The use of PCR in the diagnosis of CMV infection 
has been widely studied. The PCR is based on the 
use of thermostable DNA polymerase to extend 
oligonucleotide primers complimentary to the viral 
DNA genome target. Consecutive cycles of 
denaturation, annealing and extension results in an 
experimental accumulation of target DNA. PCR 
offers the advantages of being rapid and sensitive.  
However, its inherent sensitivity poses a problem 
since latent CMV genomes which are present in 
practically all sero-positive individuals, may be 
detected. In several studies, the sensitivity of the 
assay was increased by amplifying gene fragments 
from both the immediate early and late CMV genes 
or by using nested primers to a single gene 
fragment. 
PCR has been used successfully to detect CMV 
DNA in a variety of clinical specimens from organ 
transplant recipients, patients with AIDS, and 
infants with congenital infection. The utility of PCR 
for the continued surveillance of 
immunocompromised patients and for evaluating 
the therapeutic efficacy of antiviral drugs has also 
been demonstrated. 
 
HYBRIDIZATION 
 Molecular dot blot Hybridization techniques have 
been described for detection of the CMV genome in 
urine and peripheral blood leucocytes. 
Hybridization depends on the detection of a signal 
generated after the interaction of a labeled probe 
with the target nucleic acid. This occurs when the 

sequence of nucleic probe is sufficiently similar to 
that of the target nucleic acid and a duplex is 
formed and held together by hydrogen bonds in 
nucleic pairing. Biotinylated or horseradish 
peroxidase labeled CMV specific DNA probe kits 
are commercially available. In situ hybridization has 
the advantage of being rapid and easy to read by 
light microscope. 
 
TREATMENT 
In the management of CMV disease, four different 
strategies can be utilized; antiviral therapy, 
prophylaxis, pre-emptive and suppressive 
treatment. Ganciclovir, a nucleoside analogue of 
guanine is a potent inhibitor of CMV replication in 
vitro. Valganciclovir, a prodrug of ganciclovir has 
also been found to be useful in treatment of CMV 
infection. The use of both drugs has been associated 
with myelosuppression which is often dose 
dependent. Foscarnet, a pyrophosphate analogue 
with in vitro activity against all human Herpes 
viruses as well as HIV has also been useful in 
treatment of CMV retinitis in AIDS patients. 
Nephrotoxicity and electrolyte imbalance are the 
most common toxicity associated with foscarnet. 
Foscarnet may be used as a second line therapy in 
CMV patients with ganciclovir resistance.    
Oral ganciclovir has been licensed for CMV 
prophylaxis in patients with advanced AIDS. 
Routine prophylaxis however has not become 
standard in most HIV care settings, mainly due to 
the high cost of prophylaxis, potential toxicity and 
the inconvenience of taking 12 capsules per day. 
 
 PREVENTION AND CONTROL 
Optimal prevention of CMV disease would be 
vaccination. However, until today there is no 
effective vaccine available. The Towne strain 
reduced the severity of disease without affecting the 
infection rate. Studies are currently going on to 
determine an alternative approach which is the use 
of subunit recombinant or DNA vaccines (32). 
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ABSTRACT 
This study detected and subtyped strains of influenza virus from pigs in Lagos, South-western Nigeria. A total of 116 (58 nasal 
and 58 throat) samples from healthy pigs were analysed from two different sites in Ayedoto farm at Ojo Local Government 
between June and September, 2010 using reverse transcription polymerase chain reaction (RT-PCR). Influenza virus type A 
31(26.7%) was detected. Subtyping was done using RT-PCR with H1, H3 and H5 primers and only subtypes H1 [5(16.1%)] and H5 
[5(16.1%)] were detected. No positive detection was made for subtype H3. This research work is the first documented detection of 
influenza A virus in pigs in Lagos, Nigeria and demonstrates the need for a sustainable surveillance mechanism of swine and 
other influenza viruses to be able to prevent influenza epidemic in the environment. 
Keywords: Subtype, Influenza A, Pig, Lagos 

 
INTRODUCTION 
The types of influenza virus found in pigs are known 
as swine influenzagenerally called swine flu or swine-
origin influenza virus (S-OIV) (1, 2). Influenza virus 
belongs to the genus Orthomyxovirus in the family 
Orthomyxoviridae which consists of influenza A, B 
and C viruses and has an envelope, single-stranded, 
negatively sensed RNA, eight separate segments and 
pleomorphic appearance with an average diameter of 
120nm (3, 4). 
Influenza A virus causes swine influenza which is an 
acute, highly contagious respiratory disease (5) with 
classical aetiological types that include influenza A 
subtypes H1N1, H1N2, H2N3, H3N1 and H3N2 and 
rarely influenza C while influenza B has not been 
reported in swine (6, 7, 4).This is because type A group 
continually undergoes antigenic shift and drift unlike 
B and C which are relatively stable (8, 4). Generally, 16 
haemagglutinin (H or HA) and 9 neuraminidase (N or 
NA) subtypes have been identified. This means pigs 
can also be infected with other subtypes as they play a 
substantially important role in the ecology of influenza 
A virus and can act as a “mixing vessel”. When co-
infections among human, avian or swine influenza 
viruses occur within a specific host, a new subtype can 
be produced by antigenic re-assortment (9, 10). 
 
The virus usually spreads via aerosols produced by an 
infected person when coughing, sneezing or spitting or 
through contaminated hand to eye, nose or mouth 
either from fomites or direct personal contact such as 
hand-shake(11, 12). 

In Nigeria, influenza viruses have caused a significant 
amount of morbidity in the general population but the 
incidence of excess mortality is unknown.Until the 
recent advancement in the field of molecular virology, 
the detection of influenza virus has always been by 
isolation method (13). This study therefore evaluates 
the detection of influenza A virus in order to establish 
that different strains can co-circulate among local pigs 
in Lagos which can cause possible intermittent 
infection in man. 
MATERIALS AND METHODS 
Study site 
The study subjects were collected from pigs at two 
different sites in Ayedoto farm settlement, Agric, Ojo 
Local Government, Lagos between June and 
September, 2010. 
Sample population, collection and preservation 
A total of 58 (58 nasal and 58 throat=116 samples) 
apparently healthy land race pigs aged between 2-30 
months old were the subject for this study. Nasal and 
throat swab samples that contained adequate numbers 
of ciliated and columnar epithelial cells were collected 
from land race pigs. Each swab was transferred into 
commercially available sterile cryovials containing 2ml 
aliquot of Dulbecco’s modified eagle medium 
transport medium with antibiotic to prevent 
desiccation, death and bacterial growth. They were 
conveyed to the laboratory in coolers with dry ice 
packs immediately after collection. The samples were 
kept at 4oC for extraction the next day (< 24hrs) since 
freezing and thawing reduce the ability to recover 
virus. Aliquots of samples were frozen at -70oC. 
Extraction Process 
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This study extracted RNA genetic material by 
diatomaceous sand method using Qiagen kit 
(Germany). 140ul of sample was added to 560ul of lysis 
buffer with carrier RNA by dispensing each into sterile 
Eppendorf vial followed by addition of 100 mg 
diatomaceous sand (Sigma-Aldrich, USA) in order to 
trap and bind the RNA (5). 560ul of absolute ethanol 
was added and mixed by pulse vortexing until 
homogeneous mixture was obtained. Incubation was 
done at room temperature for 20 minutes with 
vortexing at 5 minutes interval. The mixture was then 
spun at 13,000 rpm for 1 minute while the supernatant 
was decanted. Serial washings using two kinds of 
washing buffer (AW1 and AW2: 500ul each) were 
carried out before each centrifugation at 13, 000 rpm 
for 1 minute and separation of supernatant. 400 ul of 
acetone was later added with another vortexing and 
centrifugation at full speed 13,000 rpm for 1 minute. 
The supernatant was decanted while the pellet was 
drained and dried at 56 o C for 15 minutes. Elution was 
done with a 100ul of PCR water. Final vortexing and 
centrifugation was carried out at 13,000 rpm for 2 
minutes. The supernatant was then separated and 
stored in RNA 1.5ul Eppendorf tube at -80o C before 
amplification. 
Master Mix Preparation and PCR Amplification 
A one step process was used for both reverse 
transcription and PCR amplification treatment process 
with Qiagen (Germany) one step kit. The master mix 
used for one reaction before the addition of 5ul of 
suspected influenza RNA extract for the synthesis of 
complementary DNA (cDNA) include: 5ul Rnase free 
water, 5ul 5x RT buffer, 5ul Q-solution, 1 uldNTP-mix, 
1.5 ul each of forward and reverse primer and 1 ul 
enzyme mix. 
The RT-PCR mixture was then incubated at 50oCfor 30 
minutes for reverse transcription followed by 45 cycles 

run in a thermo cycler (Eppendorf, Germany) PCR 
machine. Denaturation – 95o C for 15 minutes; 
Activation – 95 o C for 30 seconds; Annealing – 55 o C 
for 30 seconds; Elongation – 72 o Cfor 30 seconds; and 
Extension– 30 o C for 30 seconds (14, 15, 5).  
Agarose Gel Electrophoresis Process 
Identification of amplicons was carried out by agarose 
gel electrophoresis method with 2% agarose gel 
(Peolab, Germany). 2 ul of SYBR gel stain (Invitrogen, 
USA) was added. The gel was later poured into a 
casting block with inserted comb. It was allowed to 
solidify for 15 minutes. The comb was gently removed 
whilethe gel was placed inside an electrophoresis tank 
containing TAE buffer 50x (Genaxxon, Germany). 1ul 
of 6x loading dye (Fermentas, EU) plus 5ul of 
amplicons were loaded per lane onto the gel. 3ul of a 
100bp DNA ladder (Invitrogen, USA) was loaded 
along with the samples as marker. Electrophoresis was 
carried out in a Westburg electrophoresis machine 
(Biometra, Netherland) for 30 minutes by 3-4cm at 130 
volts. Ultra violet (UV) source safe imager trans 
illuminator (Invitrogen, USA) was used to illuminate 
and viewed the gel pictures before they were taken by 
Biodoc analyze 2.0(Biometra, Germany). The correct 
RNA amplification was indicated by correct size and a 
comparison with positive and negative controls of 
influenza A (figure 1) and subtypes H1 and H5 (figure 
2). 
 
RESULTS 
A total of 116 (58 nasal, 58 throat) samples from 58 pigs 
were studied. Influenza A virus 31(26.7%) was 
detected using RT-PCR (Table 1).The 31(26.7%) 
positive influenza A virus detected were typed with 
influenza A subtypes H1 [5(16.1%)] and H5 [5(16.1%)] 
results obtained. No positive detection was made for 
subtype H3 (Table 2). 

 
TABLE 1: DISTRIBUTION OF INFLUENZA A VIRUS USING RT-PCR METHOD 

 
INFLUENZA TYPE 

 
NO OF SAMPLES TESTED 

 
NO OF POSITIVES (%) 

A 116 31(26.7%) 

 
 

    TABLE 2: DISTRIBUTION OF SUBTYPES OF INFLUENZA A VIRUS USING H1, H3 AND H5 PRIMERS 
 

 
INFLUENZA A SUBTYPE 

 
NO OF SAMPLES TESTED 

 
NO OF POSITIVES (%) 

H1 31 5(16.1%) 

H3 31 - 

H5 31 5(16.1%) 
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Figure 1:Amplicons of Influenza A virus separated by Agarose Gel Electrophoresis (2%) for 30 minutes by 3-4cm at 130 
volts:Panel A has seven total no of positives as shown on lane 1, 4, 11, 12, 13, 17 and 18 when compared with the positive control 
(P) on last lane as ruled by the straight line passing through the center; Panel B has fivetotal no of positives (57, 65, 68, 70 and 72); 
Panel C. No of positives = 6 (76, 78, 79, 81, 85 and 86);Panel DNo of positives = 13 (100, 101, 102, 104, 105, 106, 107, 108, 109, 111, 113, 
114 and 116). 
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Figure 2:Amplicons ofHaemagg1utinin (H) 1 and Haemagglutinin (H) 5 protein genes of subtypes of Influenza A virus separated 
by Agarose Gel Electrophoresis (2%) for 30 minutes by 3-4cm at 130 volts:PanelA.Subtype H1; No of positives = 4 (1, 2, 4 and 5); 
PanelB. Continuation of SubtypeH1; No of positives = 1 (53);Panel C.SubtypeH5; No of positives = 5 (49, 50, 51, 52 and 53). 
Negative (N) and Positive (P) controls are as shown on second to the last and last lane respectively. 100 base pair Ladder (L) was 
used as the marker as shown on each gel panel. 

 
DISCUSSION 
Influenza virus is notoriously known for its unique 
ability to cause recurrent influenza epidemics and 
global pandemics during which acute febrile 
respiratory illness occurs explosively. There are two 
qualities of influenza virus that account for much of its 
spread. First is the ability to emerge and circulate in 
avian or porcine reservoirs by either genetic re-
assortment or direct transmission and subsequently 
spread to human at regular intervals. Second, is the 
fast and unpredictable antigenic change ofimportant 
immune target once the virus is established in human 
(16). 
 
The high number of positive results to influenza A 
virus 31(26.7%) detected in this study is characterized 
by its continuous antigenic drift and shift, making it 
more genetically diverse with high prevalence in the 
subject (8,4). This is further supported by the work of 
(17) which showed that influenza A virus mutates at a 
rate 2-3 times faster than type B which is relatively 
stable. 
 
Only sub types H1 [5(16.1%)] and H5 
[5(16.1%)]detected in this study disagree with the work  

of (1) and (5) that detected subtype H3 in pigs. (18) and 
(19) also detected and worked on both H1 and H3 
Thailand and European subtypes in pigs respectively. 
No positive detection of H3 in this study may be due to 
H3 primer mismatch to local strains of influenza A in 
Nigeriasince foreign primer (Qiagen, Germany) were 
used which produced unclassified bands.  
 
The detection of H5 agrees with the work of several 
authors since H5 subtypes are commonly found in 
birds (20). Another reason is that birds are being reared 
side by side with the pigs at the site of this study. 
Subtyping in this study however did not include the 
use of neuraminidase (N) primers due to cost and in 
availability in Nigeria. 
 
The ability of RT-PCR to detect influenza virus types 
agree with the work of (21) that RT-PCR is capable of 
detecting the virus even when the viral genomes are 
present in low level and is generally more sensitive in  
 
the detection of influenza virus than any other method 
including serology and culture (22). 
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ABSTRACT 
Otitis media, an inflammation of the middle ear, is a common illness in childhood, and also one of the most frequent 
reasons for outpatient antimicrobial therapy. This study was undertaken to determine the bacterial etiology of otitis 
media in our environment and their pattern of antibiotic susceptibility. Between November 2009 and March 2011, ear 
swabs collected from 132 patients with clinical diagnosis of acute otitis media and chronic suppurative otitis media were 
subjected to bacteriological analysis. The bacterial pathogens isolated were tested against ten antibiotics using standard 
bacteriologic techniques.  

A total of 142 isolates were recovered from the 132 patients involved in this study. The most frequently isolated 
organism in acute otitis media and chronic suppurative otitis media was Pseudomonas aeruginosa, (43.7%), followed by 
Klebsiella species (31.0%), Proteus species (14.1%), Escherichia coli (7%), H.influenzae (2.8%) and Staphylococcus aureus 
(1.4%). Generally, high resistance rates were recorded against many of the antibiotics tested. However, ciprofloxacin 
demonstrated the highest susceptibility rates for P.aeruginosa (77.4%) and Klebsiella species (59.1%).All the pathogens 
demonstrated nil susceptibility towards cefixime except E.coli where the susceptibility rate was 40%.In conclusion, 
determination of the susceptibility pattern of bacterial pathogens of otitis media is of utmost importance to its effective 
management. 

Key words: Otitis media, bacterial pathogens, resistance pattern 

 

INTRODUCTION 

Otitis media (OM) is the inflammation of the 
middle ear, which may be caused by bacteria, 
fungi or viruses. There are three types of otitis 
media, and these are, acute purulent otitis media, 
otitis media with effusion and chronic 
suppurative otitis media (1).Acute bacterial 
infection of the middle ear normally originates 
from an upper respiratory tract infection with the 
bacteria entering by the auditory (Eustachian) 
tube, which is the principal portal of entry of 
pathogens into the ear (2). 

Chronic suppurative otitis media (CSOM) is 
defined as a chronic inflammation of the middle 
ear and mastoid cavity, which presents with 
recurrent ear discharges through a tympanic 
perforation(3).Effusion of OM may be serous, 
mucoid or purulent (4). Otitis media may be 
associated with infection or may be sterile. The 
sterile variety is usually called serous OM and is 
often attributed to allergy, but may also occur 

from numerous other potential sources including 
radiation treatment or virus (5,6). 

 Otitis media is very common in childhood and is 
almost always accompanied by a viral upper 
respiratory infection (URI) with a peak incidence 
between 4–7 years of age (7). Seventy–five percent 
of children experience at least one episode by their 
third birthday. Almost half of these children will 
have 3 or more ear infections during their first 3 
years. The reason for the higher frequency in these 
populations is the anatomic differences in skull 
base and Eustachian tube and biologic 
susceptibility (8). Although OM is primarily a 
disease of infants and young children, it can also 
affect adults (9). Furthermore, the incidence is 
higher in males than in females (10). 

The significant risk factors in OM include 
socioeconomic status, cultural, seasonal, and age 
factors, as well as family history of middle ear 
disease (11). 



  

47 

 

.

The most common bacterial pathogens of OM are 
Streptococcus pneumoniae, Hemophilus influenzae 
and Moraxella catarrhalis (12). Other pathogens 
responsible for OM are Staphylococcus aureus, 
Escherichia coli, Klebsiella species, Pseudomonas 
aeruginosa and Proteus species (13). The types of 
pathogens involved in OM have also been found 
to be dependent on geographical location (14). The 
aim of this study was therefore to determine the 
bacterial etiology of OM in this environment and 
their susceptibility pattern to the available 
antibiotics. 

MATERIALS AND METHODS 

This is a laboratory-based study carried out 
between November 2009 and March 2011 at the 
Medical Microbiology Laboratory of University 
College Hospital (UCH), Ibadan, Nigeria. 

One hundred and thirty-two ear swabs which 
were collected from patients with clinically 
diagnosed acute otitis media and chronic 
suppurative otitis media at the otolaryngology 
clinic of UCH were included in this study. 
Bacterial pathogens of acute otitis media and 
CSOM were isolated and identified from these 
aural swabs using standard bacteriological 
methods. They were subsequently subjected to 
antimicrobial susceptibility testing according to 
the recommendation of the Clinical and 
Laboratory Standards Institute (CLSI) for disc 
diffusion tests (15). The susceptibility pattern of 
the bacterial pathogens were determined towards 
the following antimicrobial agents, ciprofloxacin, 
gentamycin, pefloxacin, ofloxacin, ceftriaxone,  
cefuroxime, ceftazidime, amikacin, 
amoxycillin/clavulanate, and cefixime. The 
diameters of zones of inhibition around the 
bacterial colonies were measured with a calibrated 
ruler and interpreted as susceptible or resistant 
using an interpretive chart (15). 

 

RESULTS 

Aural swabs obtained from 132 patients with 
clinical diagnosis of CSOM and OM were 
included in this study. Seventy(53%) of these 
patients were males while 62(47%) were females. 
Among these, 80(60.6%) were diagnosed as CSOM 
while 52(39.4%) were diagnosed as OM. The age 
distribution of the patients are demonstrated in 
Table 1. 

 

 

Table 1.Distribution of otitis media by age and sex 

Age (Years) No (%) 

< 10 62 (47.0) 

10 – 20 30 (22.7) 

21 – 40 18 (13.6) 

41 – 60 8 (6.1) 

> 60 6 (4.6) 

*Unspecified 8 (6.1) 

Total 132 (100.0) 

Sex  

Male 70 (53.0) 

Female 62 (47.0) 

Total 132 (100.0) 

*Study patients gave estimated ages which may  

not  be accurate, hence classified as “unspecified”. 

A single pathogen was demonstrated in 
120(90.9%) patients, two in 10 (7.6%) and no 
growth in 2(1.5%). The double pathogens were 
demonstrated in 4 (80%) patients with CSOM and 
1(20%) with OM.  

Pseudomonas aeruginosa was the most frequently 
isolated in both CSOM and OM while S.aureus 2 
(1.4%), was the least commonly isolated. The 
frequency of isolation of the bacterial pathogens in 
CSOM and OM are demonstrated in  Table 2. 

 

Table 2. Distribution of bacteria pathogens in  

otitis media. 

Bacterial Pathogens CSOM OM Total  

No (%) 

Klebsiella species 24 20 44 
(31.0%) 

Pseudomonas 
aeruginosa 

40 22 62 (43.7) 

Proteus species 12 8 20 (14.1) 

Escherichia coil 8 2 10 (7.0) 

Staphylococcus aureus 2 - 2 (1.4) 

Hemophilus influenzae 4 - 4 (2.8) 

Total 90 52 142 
(100.0) 

CSOM – Chronic suppurative otitis media 

OM – Acute otitis media. 



  

48 

 

.

From 132 patients with CSOM and OM, a total of 
142 bacterial pathogens were isolated. Of these, 
140(98.6%) were Gram–negative bacilli and 2 
(1.4%),Gram–positive cocci.Pseudomonas aeruginosa 
62(44.3%) and Klebsiella species 44(31.4%) were 
the most prevalent among the Gram-negative 
pathogens. S.aureus was the only Gram-positive 
pathogen isolated. 

Of the ten antibiotics tested against these bacterial 
pathogens, ciprofloxacin had the highest 
susceptibility rates for P. aeruginosa (77.4%) and 
Klebsiella species  (59.1%). Cefixime demonstrated 
nil (0%) susceptibility  to all the pathogens except  
E.coli where the susceptibility rate was 40%. The 
antibiotic susceptibility profiles of the various 
pathogens isolated are shown in Table 3. 

 

Table 3. Antibiotic susceptibility pattern of bacterial pathogens of otitis media 

Antibiotics                              Susceptibility pattern of isolates  

 Pseud  

N = 62 

Kleb 

N = 44 

Proteus   

N = 20 

E.coli  

N = 10 

S.aureus  

N = 2 

H.inf  

N = 4 

 No (%) No (%) No (%) No (%) No (%) No (%) 

Ciprofloxacin 48(77.4) 26(59.1) 6(30.0) 4(40.0) 2(100.0) 2(50.0) 

Gentamycin 40(64.5) 20(45.5) 10(50.0) 2(20.0) 2(100.0) 2(50.0) 

Pefloxacin 24(38.7) 8 (18.2) 2(10.0) 4(40.0) 0(0.0) 0(0.0) 

Ofloxacin 36(58.1) 26 (59.1) 10(50.0) 0(0.0) 2(100.0) 2(50.0) 

Ceftriaxone 16(25.8) 20 (45.5) 14(70.0) 4(40.0) 0(0.0) 2(50.0) 

Cefuroxime 4(6.5) 16 (36.4) 4(20.0) 4(40.0) 0(0.0) 4(100.0) 

Ceftazidime 42(67.7) 10 (22.7) 6(30.0) 4(40.0) 0(0.0) 0(0.0) 

Amikacin 26(41.9) 4(9.1) 0(0.0) 2(20.0) 0(0.0) 0(0.0) 

Augmentin 0(0.0) 12(27.3) 0(0.0) 0(0.0) 2(100.0) 4(100.0) 

Cefixime 0(0.0) 0(0.0) 0(0.0) 4(40.0) 0(0.0) 0(0.0) 

 

Augmentin-Amoxycillin/clavulanate 

 

DISCUSSION 

In this study, P.aeruginosa (43.7%) was found to be 
the most prevalent bacterial pathogen of OM and 
CSOM in this environment, followed by Klebsiella 
species (31%), Proteus mirabilis (14.1%), Escherichia 
coli (7%), H. influenzae (2.8%) and S.aureus (1.4%). 
The preponderance of P.aeruginosa in this study is 
in agreement with a study conducted by Kawo et 
al in the Northern part of Nigeria (16). In contrast, 
however, in a study conducted in Iran, the most 
frequently isolated pathogen of OM was S. aureus 
followed by P.aeruginosa and Proteus species (17). 
In the United States of America, Israel and Eastern 
Europe, the commonest bacterial pathogens of 
OM were Streptococcus pneumoniae, H.influenzae 
and Moraxella catarrhalis (14). 

In the present study, the peak incidence was 
found in the age group 0 – 10 years (47%),  

 

followed by 10–20 years (22.7%), and a decline 
with advancement in age (Table 1). This has been 
attributed to the shorter, wider, and horizontal 
Eustachian tube in children than in adults, 
offering  greater opportunities for pathogens to 
ascend from nasopharynx to the sterile middle ear 
cavity (18). 

The frequency of double causative agents (7.6%) 
was much lower than single causative agent 
(90.9%). This contradicts the report of Alsaimary 
where the frequency of double causative agents 
was higher than single causative agent (19).The 
incidence rate of otitis media is higher in males 
(53%) than females (47%) which agrees with the 
finding of another study elsewhere (10). 



  

49 

 

.

Many antimicrobial agents have been used for the 
treatment of OM infection and these include 
penicillin, cephalosporins, vancomycin and 
azithromycin. However, bacterial resistance to 
these antimicrobials has become an increasing 
problem in the treatment of otitis media (19). In 
this study, the most effective antimicrobial agent 
against P.aeruginosa, the most prevalent etiological 
agent of OM in this environment, was 
ciprofloxacin (77.4%), followed by ceftazidime 
(67.7%), gentamycin (64.5%), ofloxacin(58.1%) and 
amikacin(41.9%). The high susceptibility 
demonstrated towards ciprofloxacin is similar to 
what was reported in another study where 
P.aeruginosa demonstrated 100% susceptibility to 
ciprofloxacin(17). 

Generally, in this study, high resistance rates were 
recorded towards a number of antibiotics 
commonly used in this environment, and these 
included pefloxacin, ceftriaxone, cefuroxime, 
amikacin, amoxycillin/ clavulanate and cefixime. 

This may be attributed to the inappropriate and 
indiscriminate use of these antibiotics in our 
environment. This calls for judicious use of 
antibiotics and periodical monitoring of the 
antibiotic resistance pattern in this region. 
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 ABSTRACT 
 Detection of AmpC-mediated resistance in Gram negative organisms poses a problem due to misleading results in 

phenotypic tests. There are no recommended guidelines for detection of this resistance mechanism and there is a need to 
address this issue as much as the detection of extended spectrum beta lactamases (ESBLs) since both may co-exist and mask 
each other. Several methods have been used to detect the presence of AmpC β-lactamase production in some isolates but 
most of these methods are not reliable. There is a need for a reliable method of evaluating the presence of AmpC β-
lactamases in clinical isolates. A total of 81 consecutive non repetitive clinical isolates of Escherichia coli (n=40) and 
Klebsiella spp. (n=41) were screened for AmpC production by disc diffusion method using cefoxitin (30 µg) disc and 
confirmed by inhibitor based test using boronic acid as inhibitor. A total of 16 E.coli isolates (40%) and 16 Klebsiella 
isolates (39.02%) screened harbored AmpC enzymes, of which 43.75% of E.coli and 56.25% of Klebsiella isolates co-
produced ESBL enzymes. Pure AmpC production was observed in 56.25% of E.coli and 43.75% of Klebsiella isolates. The 
inhibitor based test was useful in identifying cefoxitin susceptible AmpC producers and could also effectively 
differentiate ESBL from AmpC producing isolates. 
 
KEY WORDS: ESBL, antibiotic susceptibility, clinical samples, β-lactam disks. 

  

INTRODUCTION 

AmpC β-lactamases have gained importance since 
the late 1970s as one of the mediators of 
antimicrobial resistance in Gram negative bacilli. 
These enzymes are cephalosporinases capable of 
hydrolyzing all β-lactams to some extent (1). AmpC 
β-lactamases are two types – plasmid-mediated and 
chromosomal or inducible AmpC. Chromosomal 
AmpC enzymes are seen in organisms such as 
Citrobacter freundii, Enterobacter cloaca, Morganella 
morganii, Hafnia alvei and Serratia marcescens and are 
typically inducible by β-lactam antibiotics such as 
cefoxitin and imipenem but poorly induced (if at 
all) by the third or fourth generation 
cephalosporins (2). The most common cause  
of AmpC over expression in clinical isolates is a 
mutation in ampD leading to AmpC 
hyperinducibility or constitutive hyperproduction 
(3). 
Plasmid-mediated AmpC β-lactamases have been 
found worldwide but are less common than 
extended-spectrum β-lactamases (ESBLs), and in 
E.coli, they appear to be less often a cause of 
cefoxitin resistance than an increased production of 
chromosomal AmpC β-lactamase (4). Most strains 
with plasmid-mediated AmpC enzymes have been 
isolated from patients after several days of 
hospitalization, but recently, AmpC-producing 
isolates in cultures from long-term care facilities, 
rehabilitation centers, and outpatient clinics have 
been reported (5;6). Risk factors for bloodstream 
infections caused by AmpC-producing strains of 
Klebsiella pneumoniae include long hospital stay, care  

 
 
in an intensive care unit (ICU), central venous 
catheterization, need for an indwelling urinary 
catheter, and prior administration of antibiotics, 
especially broad-spectrum cephalosporins and β-
lactamase inhibitor combinations, and are thus 
similar to risk factors for infection by ESBL-
producing K.pneumoniae strains (7;8).  
For clinical microbiologists, detection of AmpC-
mediated resistance in Gram negative organisms 
poses a problem because the phenotypic tests may 
be misleading resulting in misreporting and 
treatment failures. There are presently no CLSI or 
other approved criteria for AmpC detection (9). 
Organisms producing enough AmpC β-lactamase 
will typically give a positive ESBL screening test 
but fail for the confirmatory test involving 
increased sensitivity with clavulanic acid (10). 
Screening with cefoxitin disc is recommended for 
initial detection. However, it does not reliably 
indicate AmpC production. Some of the phenotypic 
tests include the three-dimensional tests (11), 
double-disk test (12) and Etest strips with gradient 
of cefotetan or cefoxitin on one half and the same 
combined with a constant concentration of 
cloxacillin on the other half (13).   
This study was undertaken to detect the presence 
of AmpC β-lactamases in clinical Gram negative 
isolates by inhibitor based method using boronic 
acid (BA) (14) and also assess if this test could be 
used to differentiate between ESBLs and AmpC 
producers.     
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 MATERIALS AND METHOD  
 A total of 40 E.coli isolates and 41 Klebsiella isolates 
were obtained from clinical samples from Federal 
Medical center, Owerri, Nigeria. Of the 40 E.coli 
isolates, 10 isolates each were obtained from urine 
samples, wound, stool and high vaginal swab 
(HVS). Of the 41 Klebsiella isolates, 16 were obtained 
from urine, 12 from wound while 13 isolates were 
from stool samples. 
 
 ANTIBIOTIC SUSCEPTIBILITY TEST  
 Antibiotic susceptibility testing was performed 
using Kirby Bauer method on Mueller-Hinton agar 
according to CLSI guidelines (15). The antibiotics 
tested (in µg) were cefoxitin (30), ceftazidime (30), 
gentamicin (5), ciprofloxacin (5), ampicillin (10), 
amikacin (30), cefepime (30), cefotaxime (30) and 
imipenem (10). E.coli ATCC 25922 and Klebsiella 
pneumoniae ATCC 700603 were used as control 
strains. 
 
 ESBL SCREENING  
 Isolates were tested for ESBL production using the 
method described previously (16). Briefly, disks 
containing standard 30 µg of aztreonam, 
ceftazidime and cefriaxone were placed 15 mm 
(edge to edge) from an amoxicillin-clavulanic acid 
disk (20 and 10 µg, respectively) on inoculated 
Mueller-Hinton agar. Inoculated media were 
incubated overnight at 35 oC. An enhanced zone of 
inhibition between any one of the β-lactam disks 
and the disk containing clavulanic acid was 
interpreted as evidence for the presence of an ESBL. 
 
 AMP C β-LACTAMASE PRODUCTION TEST  
All isolates were tested for AmpC β-lactamase 
production on disks containing boronic acid (14). A 
disk containing 30 µg of cefoxitin and another 
containing 30 µg of cefoxitin with 400 µg of boronic 
acid were placed on Mueller-Hinton agar. An 
organism demonstrating a zone diameter around 
the disk containing cefoxitin and boronic acid ≥5 
mm than the zone diameter around the disk 
containing cefoxitin alone was considered an 
AmpC producer. 
 
STATISTICAL ANALYSIS 
Data obtained from this study were analyzed using 
a two-way analysis of variance (ANOVA) and 
values for P≤0.05 were considered statistically 
significant. 
 
RESULTS 
All the isolates were susceptible to at least one of 
the antibiotics. Most of the E.coli isolates were 
susceptible to cefoxitin, gentamicin, ceftazidin, 
ciprofloxacin, cefotaxime and amikacin, while 
majority of them were resistant to imipenem (figure 
1). The Klebsiella species were less susceptible to 
ampicillin, cefepine, imipenem and amikacin but 
the majority were susceptible to cefoxitin, 
ciprofloxacin and cefotaxime. Klebsiella species were 

more susceptible to the antibiotics tested than the 
E.coli isolates.  

 
KEY:  CEFO- cefoxitin, CEFT- ceftazidin,  
GENT- gentamicin, CIPRO- ciprofloxacin 
AMP- ampicillin, CEFE- cefepine, CEFO- cefotaxime 
IMIP- imipenem , AMIK- amikacin                           
                        

It was observed that most of the susceptible isolates 
were from urine samples (58.24% and 48.28% for 
Klebsiella and E.coli, respectively), while the least 
were from stool (17.58%) and HVS (8.62%) samples 
for Klebsiella and E.coli isolates respectively (figures 
2 and 3).The number of Klebsiella isolates got from 
urine samples were more than E.coli isolates. The 
percentage prevalence of susceptible isolates from 
urine samples was significantly higher than those 
of the other samples (p≤0.05). 

 

 
 
AmpC beta lactamase was detected in 16(40%) of 
the E.coli isolates. Of these isolates, 7(43.75%) were 
in combination with ESBL while 9(56.25%) were 
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pure AmpC producers. The percentage prevalence 
of these isolates from urine samples was 
significantly higher than those from other samples 
(p≤0.05). Wound samples had the least percentage 
distribution of the isolates which are pure AmpC 
producers (11.11%) (Figure 4). In each case, the 
number of pure AmpC producers was more than 
those with combined ESBL and AmpC production 
except in the wound sample where the number of 
combined ESBL and AmpC producers was more 
than the pure AmpC producers.  

 
Sixteen (39.02%) out of 41 Klebsiella isolates were 
AmpC producers. Of this number, 9(56.25%) were 
both ESBL and AmpC producers while 7(43.75) 
were pure AmpC producers. Most of these isolates 
were also from urine samples (figure 5).The 
number of isolates with combined ESBL and AmpC 
production were more than the number of pure 
AmpC producers in both urine and wound samples 
but in the stool sample, the number of pure AmpC 
producers was more than those with combined 
ESBL and AmpC production. 

   
DISCUSSION 
Currently, CLSI documents do not indicate the 
screening and confirmatory tests that are optimal 
for detection of AMP C beta lactamases (17). 
However, several studies have been done on 
various test methods namely, the three dimensional 
test (11), modified double disk test (18), AmpC disk 
test (19), inhibitor based method employing 
inhibitors like boronic acids (14), broth 
microdilution method (14) and cefoxitin agar 
method (20). In spite of many phenotypic tests, 
isoelectric focusing (21) and genotypic 
characterization (22) are considered gold standards 

as the results with the phenotypic tests can be 
ambiguous and unreliable. In the present study, 
inhibitor based method with boronic acid was 
employed for AMP C β-lactamase screening. 
A study by Manchanda and Singh, (23) discovered 
that few of their isolates were susceptible to 
cefoxitime, all of the cefoxitin-susceptible isolates 
that harboured an AmpC β-lactamase had MICs of 
cefoxitin <2 mg/L using the broth dilution method. 
Bauernfeind et al. (33) isolated a clinically 
significant strain of K. pneumoniae that harboured a 
novel type of AmpC β-lactamase and that also 
demonstrated a low level of activity against 
cephamycins (cefoxitin MIC 4 mg/L). This is at 
variance with the present study where majority of 
the isolates were found to be susceptible to 
cefoxitime.  In 2002, Barlow and Hall found ampC 
alleles from the chromosomes of two β-lactam-
sensitive C. freundii strains isolated in the 1920s, 
before the clinical use of antibiotics (24). Cefoxitin 
resistance in AmpC non-producers could be due to 
some other resistance mechanism(s). Lack of 
permeation of porins as one of the resistance 
mechanisms has been reported (25). Hernandez-
Alles et al. (26) have demonstrated that interruption 
of a porin gene by insertion sequences is a common 
type of mutation that causes loss of porin 
expression and increased cefoxitin resistance in K. 
pneumoniae. AmpC production in cefoxitin-
susceptible isolates may have a mechanism similar 
to that of ESBLproducing organisms that appear 
susceptible to ceftazidime by the disc diffusion 
method. These data indicate that although 
screening methods that use cefoxitin in 
standardized methods to detect AmpC-harbouring 
isolates are useful, they are not perfect. The results 
in the present study showed that screening should 
include all the clinical isolates showing resistance to 
any of the cephalosporins and/or aztreonam, 
irrespective of their cefoxitin susceptibility status. 
 
AmpC beta lactamase was detected in 16(40%) of 
the E.coli isolates. Of these isolates, 7(43.75%) were 
in combination with ESBL while 9(56.25%) were 
pure AmpC producers. The percentage prevalence 
of these isolates from urine samples was 
significantly higher than those from other samples 
(p≤0.05). Wound samples had the least percentage 
of susceptible isolates (11.11%). Sixteen (39.02%) 
out of 41 Klebsiella isolates were AmpC producers. 
Of this number, 9(56.25%) were both ESBL and 
AmpC producers while 7(43.75) were pure AmpC 
producers. This prevalence was higher when 
compared with the reports from other parts of the 
world (27; 28; 29; 30). 
 
It has been stated that the AmpC beta lactamases 
when present along with ESBLs can mask the 
phenotype of the later (31). In this study, it was 
found that both of these enzymes were equally 
expressed suggesting a possible low level 
expression of AmpC enzymes. However, in all 
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these AmpC producers, chromosomal derepressed 
and plasmid mediated enzymes were not 
distinguished as this requires genotypic 
confirmatory tests. Sixteen of the forty-one Klebsiella 
isolates screened were AmpC producers suggesting 
the presence of plasmid mediated mechanism as 
these species do not harbor chromosomal AmpC 
genes (31). The susceptibility of ceftazidime and 
cefotaxime serves as a poor marker for the 
identification of AmpC enzymes (14). It is known 
that plasmid mediated AmpC enzymes can 
sometimes appear falsely susceptible to these drugs 
(32). There are newer Ambler class C (ACC) type of 
enzymes which have relatively a lower activity to 
cefoxitin (33) and hence appear susceptible. In the 
present study, some of the AmpC producing 
isolates were susceptible to the third generation 
cephalosporins and cefoxitin by the disc diffusion 

method. This indicates the probable presence of 
such ACC enzymes. This needs to be confirmed by 
molecular methods. 
The inhibitor based confirmatory method appears 
promising for AmpC detection as it increased the 
sensitivity of the test by picking up additional 
AmpC producers. Boronic acid has been reported 
to be effective inhibitor of class C beta lactamases 
(34; 35; 36). In addition, it can also differentiate 
ESBL enzymes from the AmpC enzymes. 
To conclude, a mixed type of drug resistance 
mechanisms seem to operate in the isolates tested. 
There is need for a correct and reliable phenotypic 
test to identify AMP C beta lactamases and ESBL 
producers. Inhibitor based method using boronic 
acid appears to be effective in discriminating this 
type of resistant isolates.          
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ABSTRACT 

The Clinotech TB Screen test,  a 3rd generation multi-antigen rapid chromatographic immunoassay for detection of IgG 
antibodies in serum against recombinant protein antigens 38kDa, 16kDa and 6kDa, was  assessed for its  diagnostic potential for 
diagnosis of active pulmonary TB in routine TB control programme in Abia State, Nigeria. The overall sensitivity and 
specificity of Clinotech TB Screen test were 24.1% and 87.8% (95% Confidence intervals [CI]: 14.7-33.5% and 80.6-95.0%) 
respectively. The positive and Negative Predictive Values (PPV and NPV) were 79.2% and 37.5% respectively. The performance 
of the test was inferior to that of the sputum smear microscopy which had a sensitivity of 50.0% (95% CI, 39.0%-61.0%) and 
specificity of 92.3(95% CI: 86.4-98.2%).  In 37 culture positive smear positive PTB cases, Clinotech TB Screen test was positive in 
18(48.65%). The rapid test showed a very low degree of sensitivity in smear –negative culture positive PTB cases; detecting just 
one (2.38%) out of 42 cases. These results indicate that the diagnostic value of Clinotech TB Screen test for routine diagnosis of 
PTB in this setting is limited. 
 
Key words: Tuberculosis, serological tests, immunochromatographic tests, rapid TB tests 

 

INTRODUCTION 

Diagnosis is a key element in the global plan to 
control TB (1). Rapid and accurate diagnosis is critical 
to effective TB care and interruption of transmission 
(2). However, lack of simple, rapid and accurate 
diagnostic tests remains one of the greatest 
constraints for effective control of TB, especially in 
developing countries where the highest burdens of TB 
are found and facilities for performing traditional 
laboratory diagnosis are inadequate or not available 
(3). Furthermore, the existing conventional diagnostic 
methods such as sputum smear microscopy (SSM), 
culture and chest radiography have technical and 
operational characteristics that limit the quality and 
the scope of their applications in developing countries 
(4).  

Rapid Diagnostic tests (RDTs) employing 
immunological principles to detect antibodies have 
recently been developed. These tests are attractive 
because they are easy to use, rapid, and relatively 
inexpensive and without the need for sophisticated 
laboratory infrastructure (5). They hold out a great 
promise of providing the developing countries with 
an invaluable way to quickly and cheaply diagnose 
infectious diseases (6). 

 

 

Many antigens of Mycobacterium tuberculosis have 
been isolated, purified and tested for their potential 
for development of rapid serological tests (7). Some of 
these antigens have been employed in developing 
commercial serological TB tests (8). Clinotech TB 
Screen from Clinotech Diagnostics and 
Pharmaceuticals, Inc, Canada, is one of such tests 
being distributed in several developing countries 
including Nigeria. Evaluation of several rapid TB 
serological tests showed that the tests have variable 
performance in different epidemiological settings (5). 
We conducted the present study to assess the 
diagnostic performance characteristics of Clinotech 
TB Screen for diagnosis of pulmonary tuberculosis in 
Abia State, Nigeria. 

MATERIALS AND METHODS 

Study Participants.  
The study participants were recruited from TB 
suspects, defined as patients with cough of at least 3 
weeks’ duration referred to the Leprosy and 
Tuberculosis Referral Hospital, Uzuakoli, Bende Local 
Government Area (LGA) and Aba South LGA Health 
Office, Aba, two major directly observed treatment 
short course (DOTS) centres within the Abia State TB 
Control Programme, to undergo sputum smear 
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microscopy investigation for pulmonary tuberculosis 
(PTB) between November 2008 and February 2010.  
Eligible study participants were TB suspects 15 years 
and above who were not on antituberculosis 
treatment at the time of recruitment. The study 
included 150 TB suspects who met the inclusion 
criteria and were prospectively enrolled as study 
participants. Informed consent for participation was 
obtained from the study participants. The study 
protocol was approved by the Ethical Committee of 
the Federal Medical Centre (FMC), Umuahia, Abia 
State.  

Three sputum samples, one spot sample on the first 
day of patient visit, an early morning sample brought 
from home the next day, and the second spot sample 
collected when the patient brought the early morning 
specimen, were obtained from each study participant. 
Venous blood samples were also collected from the 
TB suspects for serological TB tests. The blood 
samples were collected into anticoagulant free plastic 
tubes from which the sera were later separated.  

Sputum smear microscopy and sputum culture 

For sputum smear microscopy, direct sputum smears 
were made from the sputum samples and stained by 
the Ziehl-Neelsen staining technique for acid-fast 
bacilli (AFB). For culture, the sputum samples were 
decontaminated using modified Petroff”s alkali 
method and concentrated by centrifugation at 
3,000rpm for 30 minutes. The processed sputum 
samples were cultured on Lowenstein-Jensen (LJ) 
medium and incubated at 37oC and examined for 
growth daily for the first 7 days and twice weekly 
thereafter up to 8th week until a definite result was 
obtained. The slants that did not showed any growth 
after 8 weeks of incubation were recorded as culture 
negative.  

Clinotech TB Screen test  

The Clinotech TB Screen test was manufactured by 
Clinotech Diagnostics and Pharmaceuticals, Inc, 
Canada and distributed in Nigeria by Clinotech 
Nigeria Limited, Lagos. The Clinotech TB Screen test 
is a 3rd generation chromatographic immunoassay 
(CIA) using direct binding double sandwich antibody 
(Ab-Ag-Ab) principle for direct qualitative detection 
of TB antibody in human serum or plasma. The test is 
a multi-antigen test containing recombinant M. 
tuberculosis antigens 38kDa, 16kDa and 6kDa 
conjugated to colloidal gold particles and 
immobilized on the test membrane.  
The test was done according to the manufacturer’s 
instructions contained in the package insert. The test 
device was removed from the pouch and placed on a 
clean, dry level surface. Using the plastic pipette 

provided in the test pouch, serum was drawn up to 
the 100µl mark on the pipette and applied into the 
sample application well. The test result was read at 15 
minutes after sample application and interpreted 
according to the manufacturer’s instructions. 
 
RESULTS 
 
Clinotech TB Screen test was compared with sputum 
smear microscopy in 150 TB suspects. The sputum 
samples of 52(37.14%) of the patients were positive 
for AFB. Clinotech TB Screen test was positive in 26 
(50.00%) of the 52 smear positive cases and 6 (6.12%) 
of the 98 smear negative cases. In total the Clinotech 
TB Screen was positive for anti-TB antibodies in 32 
(22.86%) of the total study participants. The ability of 
the test to detect the smear-positive cases according to 
AFB grading is shown in Table 1. The ability of the 
Clinotech TB Screen test to identify the culture 
positive PTB cases is shown in Table 2. In 37 culture 
and smear positive PTB cases, the test was positive in 
18 (48.65%) and in 1 (2.38%) of 42 culture-positive but 
smear-negative PTB cases. 
 

TABLE 1: PERFORMANCE OF CLINOTECH  
TB SCREEN TEST IN SPUTUM SMEAR  
POSITIVE PTB  PATIENTS IN ABIA STATE 
  

 

 
AFB Grade 

 
No. (%) 
Positive 
 by SSM 

 
No. (%) 
Positive  
by Clinotech 
TB Screen test 

 
Scanty (1-
9)a 

 
6/52 (11.54) 

 
1/6 (16.67) 

 
1+ (10-99)b 

 
14/52 (26.92) 
 

 
9/14 (64.29) 
 

 
2+ (1-10)c 

 
16/52 (30.77) 

 
9/16 (56.25) 

 
3+ (>10)d 

 
16/52 (230.77) 

 
7/16 (43.75) 

   

TOTAL 52 (100) 26/52 (50.00) 

 
 a 1-9 AFB/100HPF (high power field) 
 b 10-99 AFB/100HPF 
 c 1-10 AFB/HPF 
 d >10AFB/HPF 
 SSM- Sputum smear microscopy 

 
The overall performance of the test against a reference 
standard of sputum culture is presented in Table 3. 
The sensitivity and specificity were 24.1% and 87.8% 
respectively. The positive and negative predictive 
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values were 79.2% and 37.5% respectively. The 
combination of the results of Clinotech TB Screen test 
with those of smear microscopy resulted in the  

improvement of the sensitivity from 24.1% to 51.4% 
but with a corresponding decrease of specificity from 
87.8% to 80.9%.  
 

 
TABLE 2: DETECTION OF CULTURE POSITIVE PTB CASES BY CLINOTECH TB SCREEN TEST 
 
 

Diagnostic category No. of 
cases 

  No.  Positive (% )         No. Negative (%) No. (%) with 
low signal 
result (Faint) 

     

Culture positive, smear 
positive (Cx +ve, Sm +ve) 
 

 
37 

 
18(48.65) 

 
19 (51.35) 

 
    1 (5.55) 

Culture positive, smear 
negative (Cx +ve, Sm –ve 
 

 
42 

 
1 (2.38) 

 
41 (97.62) 

     
    0 (0) 

Culture positive, smear 
positive (*NTM) 

8 3 (37.50) 5 (62.25)     0 (0) 

 
Culture positive, smear 
negative (NTM) 

 
 
4 

 
 
2 (50.00) 

 
 
2 (50.00) 

 
 
    0 (0) 

 
*NTM - Nontuberculous mycobacteria  
 
TABLE 3. SENSITIVITY, SPECIFICITY, PPV AND NPV OF CLINOTECH 
TB SCREEN TEST IN   REFERENCE TO SPUTUM CULTURE 
 

Diagnostic tests 

 
 

Sputum culture 
 

 
 

 
 
 
 
 
Clinotech TB 
Screen test 
 

 
Positive 
 

 
Negative 
 

 
Total 
 

 
 Sensitivity  
  (95% CI) 

 
Specificity  
(95% CI) 

 
PPV 
(95% CI) 

 
NPV 
 (95% CI) 

       

       

 
Positive 

 

 
19 

 
5 

 
24 

 
 

24.1 
(14.7-33.5)a 

 
 

87.8 
(80.6-95.0) 

 
 

79.2 
(70.2-88.2) 

 

 
 

37.5 
(26.8-48.2) 

 
 

Negative  
 

60 
 

 
36 

 
96 

 
Total  

 
79 

 
41 

 
120 

    

 
a95% CI- 95% Confidence Interval 
PPV-    Positive Predictive value 
NPV-   Negative Predictive Value 
 

DISCUSSION 
We have assessed the diagnostic potential of 
Clinotech TB Screen test for diagnosis of active 
pulmonary TB in routine TB control programme in 
Abia State, Nigeria. The performance of the test was  

 
inferior to that of the sputum smear microscopy. 
While the sputum smear microscopy had a sensitivity 
of 50.0% (95% Confidence interval [CI], 39.0%-61.0%), 
the Clinotech TB Screen test had a sensitivity of 24.1% 
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(95% CI: 14.7%-33.5%). In 37 culture positive smear 
positive PTB cases, Clinotech was positive only in 
18(48.65%). The rapid test showed a very low degree 
of sensitivity (2%), detecting just one of 42 cases of 
smear –negative culture positive PTB cases in this 
study. The overall sensitivity and specificity of 
Clinotech TB Screen test were 24.1% and 87.8% (95% 
CI: 80.6-95.0%) respectively. The positive and 
Negative Predictive Values (PPV and NPV) were 
79.2% and 37.5% respectively. These values indicate 
that the diagnostic value of Clinotech TB Screen test 
for routine diagnosis of PTB in this setting is limited. 
Previous evaluations of serological TB tests in Nigeria 
showed variable performance of low to moderate 
sensitivities.  The ELISA-based Pathozyme TB EIA 
kits (Pathozyme-TB Complex Plus, Pathozyme Myco 
A, Myco M and Myco G were evaluated in Lagos by 
Enwuru et al. (9). These kits employed 38kDa and 
16kDa antigens as in Clinotech TB Screen test.  The 
authors reported sensitivities of 4% for Myco A, 24% 
for Myco M and 76% for Myco G with specificity of 
100% for Myco G in smear and culture positive 
category. The performance of Clinotech TB Screen test   
in our study appeared to be lower than that of Myco 
G which is the kit in that series that was directed at 
detecting IgG antibodies. Ohanu et al. (10) reported 
the evaluation of the SmartCheck TB 
immunochromatographic test in a hospital-based 
study in Enugu, Nigeria. They used sputum smear 
microscopy as reference standard and compared the 
test with X-ray. The sensitivity was reported as 89.5% 
and the specificity was 77.7%. It is difficult to make a 
direct comparison of our results with this study 
because we used culture as reference standard and 
because the identity of mycobacterial antigen used in 
the SmartCheck TB was not stated in the paper.  Our 
results are similar to those of Kassa-Kelembho et al. 
(11) who reported a sensitivity of 20.6% and 
specificity of 90.3% for SDHO MTB test in Bangui, 
Central African Republic. 
Poor diagnostic performance of rapid TB tests has 
been reported in several previous studies. In a study 
conducted by Pottumarthy et al. (12) to compare the 

accuracy of seven antibody detection tests for 
diagnosis of tuberculosis in New Zealand among 
immigrants from countries with a high prevalence of 
tuberculosis, the sensitivity ranged from 16% to 57%. 
The two immunochromatographic tests, ICT 
Tuberculosis and Rapid Test TB, included in that 
study had sensitivity of 41% and 25% respectively. 
The corresponding specificities were 96% and 87% 
respectively. The results of laboratory –based 
evaluation of 19 commercially available rapid 
diagnostic tests for TB sponsored by Special 
Programme for Research and Training in Tropical 
Diseases (TDR)  between 2005 and 2006 showed that 
the sensitivity of the tests ranged from 0.97% to 
59.7%; specificity ranged from 53% to 98.7% (13). 
Clinotech TB Screen test was not included in the TDR 
study because the manufacturer declined to 
participate in the study.  The evaluation of this test is 
reported for the first time in this study. Anderson et 
al. (14) evaluated three ELISA based TB antibody 
tests, InBios Active Tb Detect, IBL M. tuberculosis and 
Anda Biologics TB which utilized newer 
mycobacterial antigens: Mtb81, Mtb8, Mtb48, DPEP 
(MPT32) in addition to 38-KDa protein, and two 
additional proprietary antigens.  The sensitivity of 
InBios Active Tb Detect was 83.3%, IBL M. tuberculosis 
had sensitivity of 5.6% and Anda Biologics TB had 
83.3% with corresponding specificities of 98.9%, 100% 
and 72% respectively.  
Although we found the Clinotech TB Screen test to be 
a rapid and easy to use test, the low sensitivity of the 
test makes it unsuitable for use as a stand alone test 
for routine diagnosis of TB in this setting.  
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