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COVER LOGO
Central block: Calabar is the home of the 

University of Calabar (founded in 1975) and the 

capital of Cross River State. The metropolis is 

situated between Latitudes 4˚30'N and 5˚15'N and 

Longitudes 7˚30'E and 8˚15'E along the banks of the 

Calabar River and about 50 nautical miles north of 

the Cross River estuary. The city which was the seat 

of the Niger Coast, Oil River and Southern 

Protectorates has a rich history steeped in 

colonialism that reflects the long-standing contact 

with Europe from early 15th century. The Calabar 

Slave History Museum is replete with relics of the 

trade in oil palm products and slaves. Today, the 

state and city are a burgeoning tourist haven in the 

West African sub-region.
Top left: The state is the location of a rich medley of 

tropical flora, typified by the tropical rain forest 

vegetation, so expansive and lush, that it generates a 

climate of its own. It is a virgin habitat for a variety 

of monkeys, flocks of gaudy plumaged canopy 

birds, vast underbrush communities of rodents and a 

wealth of insect lives.
Top right: The state is in a region endemic for 

loaiasis, a lymphatic and blood filariasis transmitted 

by the bite of the high canopy blood –sucking deer 

fly (mango fly) of the genus Chrysops. In infected 

persons, the adult worm often migrates beneath the 

conjunctiva (eye worm) or in the subcutaneous 

tissue, causing itchy fugitive swellings called 

“calabar-swellings”
Bottom right: The 'calabar beans,' (esere, in Efik), 

named for the place where the plant was first 

described, are shelled from pods of a herbaceous 

legume, Physostigma venenosum. The seeds have a 

high content of the alkaloid 'physostigmine' 

(eserine), the “ordeal poison”. In the local folk lore, 

the seeds were used in the trials of suspects of grave 

social crimes and witch craft. Each suspect was 

made to chew and swallow a mouthful of the beans 

or drink a cup of the elixir. Guilt was usually 

established by prompt death from poisoning. Today, 

eserine as physostigmine salicylate has found its 

niche in clinical pharmacology as an antidote for 

reversible inhibition of acetyl cholinesterase 

activity, reversal of atropine activity and inhibition 

of anticholinergic drug toxicity of the central 

nervous system.
Bottom left: The iconic symbols represent the vast 

range and usage scopes of the disciplines in the 

health sciences.
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Abstract: Snake venom is a source of numerous active natural substances that 

have specific effects on various biological activities. Investigations over the 

past few decades have shown that the series of proteins found in venoms of 

different snakes are of biomedical importance. This paper reviews the 

biomedical importance of snake venom with respect to diagnostic, therapeutic 

and pharmaceutical relevance. Substances from venom proteins are extremely 

specific and exhibit potentials that have made them a source of some 

therapeutic and diagnostic tools. As tools in the diagnosis of haemostatic 

disorders, snake venom proteins are often preferred because of their 

availability, specificity and the speed at which the results are obtained. Some 

assays utilizing venom proteins have made some DNA-based tests irrelevant 

and have been accepted and chosen over various coagulation assays. Most of 

these venom proteins have advanced as drugs to treat fatal ailments such as 

cancer, cardiovascular diseases and thrombosis. These venoms also exhibit 

bactericidal activities against a variety of Gram-negative and gram-positive 

bacteria and have shown promise of solutions to the increasing rates of 

antibiotic resistance experienced worldwide. In conclusion, snake venom holds 

potentials in diagnosis and treatment of disease and advances a reliable frontier 

for future research.    

 

Key Words: Snake, venom, diagnostic. 
 

Introduction 

Snake venom is a profuse source of numerous 

active natural substances having specific effects on 

various biological activities. These substances 

from venom proteins are extremely specific and 

they include biologically active compounds most 

of which are enzymes (1). 

The venom has numerous enzymes, mostly 

hydrolytic enzymes, to mention a few like the 

phospholipase A2 (2), phosphodiesterase (3), 

prothrombin activators (4), fibrinolytic enzymes 

like collagenase, heparinase and amylase (5). 

Other enzymes include the oxido-reductase like 

the dehydrogenase lactate and L-amino acid 

oxidase which triggers some other enzymes and is 

responsible for the yellow colour of the venom of 

some species (6).  

The venom composition varies significantly 

due to nutritional variation, in ontogeny due to 

mutational changes in the gene which is the 

primary basis of evolution (7). The geographical 

location of the snakes also causes variation in the 

composition of the venom due to the difference in 

temperature, as snakes found in the tropical 

regions are known to be more venomous than 

those found in temperate regions also the age of 

the snakes also causes variation in the composition 

of the venom (8,9). The snake venom is used by 

the snake as a form of defense, it is capable of 

arresting and digesting its victim when injected by 

its fangs following a bite which has lethal 

consequences (10). 

Regardless of the detrimental effects of snake 

venom, it has initiated vast interest in medicine 

and it is being investigated around the globe. Its 

component  has provided  highly specific  research  

tools  for  the  development  of novel  life-saving  

medicines or drugs  against some  common  and  

life  threatening  diseases and has provided 

understanding of basic coagulation  process (11). 

These substances contain a rich variety of 

materials having intense effects on the haemostatic 

mechanism either by stimulating or hindering 

coagulant factors or by disrupting endothelium. 
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Various investigations over  the  past  few  decades 

have shown  that  the  countless  proteins  found  

in venoms of different snakes have been employed 

as conventional diagnostic tools for the assessment 

of haemostatic disorders (12). 

These proteins involved in the diagnosis of 

haemostatic disorders can be classified into five 

groups: coagulants (thrombin-like enzymes and 

coagulation-activating toxins), anticoagulants (PC 

activators), toxins inhibiting platelet function, 

activators of fibrinolysis and haemorrhagins (12). 

Investigations over  the  past  few  decades,  have 

shown  that  the  series  of  proteins  found  in 

venoms of different snakes are of biomedical 

importance. This review is focused on the various 

biomedical applications of snake venom proteins 

in terms of their diagnostic, therapeutic and 

pharmaceutical values. 
 

Diagnostic applications of snake venom 

The diagnostic application of snake venom 

involves the use of proteins obtained from snake 

venom in the assay of haemostatic disorders. This 

is possible because for almost every factor 

involved in coagulation or fibrinolysis, there is a 

venom protein that can either activate or inactivate 

it. 
 

1. Snake venom as thrombin-like enzyme  

Snake venom thrombin-like enzyme (SVTLE) 

is a venom protein used in the assay of 

haemostatic disorders. It encompasses several 

serine proteases, about 35 snake species have been 

documented to have over 100 thrombin-like 

enzymes which bear a resemblance to thrombin 

functionally and structurally (13,14). 

Thrombin has a series of stated biochemical 

and biological actions. The term thrombin-like 

enzyme signifies the capability to trigger the 

clotting of fibrinogen. The phylogenetic distance 

between mammalian thrombin and the thrombin-

like enzymes of snake venoms provides 

opportunities for comparative studies on the 

structural requirements for their highly specific 

coagulant actions on fibrinogen (15). 

The few sources of these thrombin-like 

enzymes are from the pit viper family, like the 

Agkistrodon, Crotalus, lachesis and Trimeresurus, 

from the true viper family.  Snake venom 

thrombin-like enzymes   can be gotten from Bitis 

gabonica and Cerastes vipera and from the 

Colubridae family. It can also be obtained from 

Dispholidus typus (13,16,17,18).  

For thrombin to be able to clot fibrinogen, it 

involves the discharge of two different peptides 

from fibrinogen. These proteins include 

fibrinopeptide alpha (FPA) and fibrinopeptide beta 

(FPB). Some of these enzymes are able to cleave 

only the 𝛼 or 𝛽 chains or both chains of the 

fibrinogen and are known as  Snake venom 

thrombin-like enzyme A (SVTLE-A), Snake 

venom thrombin-like enzyme B (SVTLE-B), or 

Snake venom thrombin-like enzyme (SVTLE-

AB), respectively (13).  

Reptilase “a thrombin like venom preparation” 

induces clotting by the release of only one of these 

peptides which was fibrinopeptide alpha that 

evidently triggered fibrin polymerization. Then 

afterwards, fibrinopeptide beta was discovered 

from an enzyme from copperhead venom (A. 

contortrix contortrix) which also induces the 

formation of fibrin (15). 

Generally, the thrombin like venom enzymes 

exhibit considerably less fibrinogen clotting 

activity than the thrombin found in humans and the 

most active of them has activity a little less than 

half of human. These enzymes typically cleave 

fibrinopeptide A, hence they do not share entirely 

similar properties common to thrombin (12). 

The most widely studied enzymes are from 

Bothrops atrox (batroxobin, reptilase), 

Callosellasma rhodostoma (ancrod) and 

Agkistrodon contortrix. These snake venom 

thrombin-like enzymes (SVTLEs) are not inhibited 

by heparin, they can be used to test plasma 

samples for rapid fibrinogen assay in samples 

containing heparin and are principally useful in the 

assay of antithrombin III where plasma can be 

prepared free of fibrinogen (12). 

The test utilizing Snake venom thrombin-like 

enzymes to determine the presence of fibrin 

degredation product, dysfibrinogenaemias and 

defects in fibrin polymerisation is called the 

reptilase time test. This test is an alternative to 

thrombin time test. In this test, dysfibrinogenaemia 

and fibrin polymerisation will prolong the reptilase 

time and if the time extension is less than that of 

the thrombin time, then it indicates the presence of 

fibrin degradation products. Snake venom 

thrombin-like enzymes are beneficial for 

scrutinizing fibrin function comprising magnetic 
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birefringence studies of fibrin assembly and other 

characteristics of the clotting mechanism (12). 
 

2. Snake venom as prothrombin activators 

Prothrombin activators are found in many 

snake venoms and are used in prothrombin assays, 

for studying dysprothrombinaemias and preparing 

non-enzymic prothrombin and meizothrombin 

(19). Meizothrombin is an intermediate product in 

the clotting of whole blood  produced during the 

conversion of prothrombin to thrombin in systems 

composed of purified factor Xa and factor Va that 

are quantitatively assembled on an anionic 

phospholipid surface (20). 

Ecarin from saw-scaled viper (Echis 

carinatus) venom, textarin from the Australian 

brown snake (Pseudonaja textilis) and the enzyme 

from the taipan (Oscutarin) are the commercially 

available prothrombin activators (4).  

Snake venom prothrombin activators are 

categorized into four different groups based on 

their structural and functional properties in 

prothrombin activation (21). The Group I 

activators are not influenced by the non-enzymatic 

cofactors of the prothrombinase complex (CaCl2, 

factor Va and phospholipid) and can competently 

transform prothrombin into meizothrombin and 

group II requires only calcium (22). The group III 

activators require calcium and phospholipids and 

do not depend on factor V at all (23). The Group 

IV requires all the cofactors which include Ca
2+

, 

factor V and phospholipid. It contains snake 

venom proteases which do not change prothrombin 

into enzymatically active products but split peptide 

bonds in prothrombin, causing the formation of 

inactive precursor forms of thrombin (24).  

In 2012, the characterization of recombinant 

ecarin confirmed that ecarin could proficiently 

produce thrombin without additional co-factors. 

Also the primary product from digesting 

prothrombin with ecarin is meizothrombin, the 

meizothrombin was very rapidly converted to 

thrombin (4).  

The in vivo activation of prothrombin to 

thrombin occurs when a complex involving a 

serine proteinase factor Xa and factor V which is a 

cofactor (prothrombinase complex) in the presence 

of calcium ion assemble on a negatively charged 

phospholipid membrane (25).  There is a snake 

venom protein whose function is similar to   factor 

Xa. The factor Xa-like snake venom proteases are 

seen in trocarin, oscutarin and ecarin. These 

venom proteins convert prothrombin to thrombin 

(4). 

The venom protein trocarin cleaves 

prothrombin at both peptide bonds, Arg274–

Thr275 and Arg323– Ile324 which is  required to 

convert it to mature thrombin. It  has a dose-

dependent procoagulant effect to human factor Xa 

on human plasma (25). 

The use of these enzymes is of restricted value 

in warfarin-treated patients because they split 

functionally abnormal types of prothrombin that 

are present together with normal prothrombin. 

This property has been harnessed in the assay of 

protein induced by Vitamin K or antagonist in 

liver disease, in dysprothrombinaemias and in the 

diagnosis of disseminated intravascular 

coagulation (12). 
  

3. Snake venom proteins as factor V activators.   

Thrombin activates factor V (FV) into FVa. 

The activated FV (FVa) quickens factor Xa-

catalysed prothrombin activation more than 1,000-

fold and under physiological conditions the 

cofactor activity of factor Va in prothrombin 

activation is down-regulated or hindered by 

activated protein C (26). 

The venoms of Daboia russelli and Daboia 

lebetina contain a serine protease that precisely 

activates Factor V by a single chain glycoprotein 

cleavage at Arg1545 which differentiates it from 

thrombin which also cleaves factor V at positions 

709 and 1018. FV is a multifunctional protein that 

circulates in human plasma as a precursor 

molecule which can be activated by thrombin or 

activated factor X (FXa) in order to express its 

cofactor activity in prothrombin activation. Factor 

V activation is achieved by limited proteolysis 

after Arg709, Arg1018, and Arg1545 in the FV 

molecule (Kenneth (27). 

Based on the ability of the venom protein to 

activate factor V, the enzyme can be used for 

routine assay of FV. The product obtained after 

activation of FV by Rusell’s viper venom - 

V(RVV-V) does however have the same 

procoagulant activity as thrombin-activated factor 

V. Rusell’s viper venom-V is distinctive in that no 

other substrate has as thus far been acknowledged 

with such properties and it is widely used in 

research in the field of haemostasis and thrombosis 

to study factor V (26). 
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4. Snake venom as factors VII and X activators 

Factor VII is a vitamin K dependent coagulant 

produced in the liver. Its hepatic synthesis is 

decreased by the use of anticoagulants like 

heparin. Factor VII initiates coagulation process 

together with tissue factor (factor III). Immediately 

it binds to the tissue factor, the factor VII is 

activated to factor VIIa in the presence of various 

proteases including   thrombin. Once activated, it 

catalyzes the conversion of factor IX and factor X 

into their active proteases which are factor IXa and 

factor Xa (28).  

A protease that activates factor VII has been 

purified from the venom of Oxyuranus 

scutellatus (taipan snake) that cleaves single-chain 

human factor VII to yield a two-chain molecule 

indistinguishable from true factor VIIa (29). 

Factor Xa transforms inadequate quantities of 

prothrombin to thrombin on the tissue factor-

bearing cell leading to a thrombin burst. Based on 

the structural and functional capabilities, factor X 

activators are either metallo-proteases or serine 

proteases (4). In the venom of many snake species 

arising from the genus Viperidae and Crotalidae 

as well as from a few Elapid species, factor X 

activators have been isolated but out of all, the best 

known activator of factor X is the Rusell’s viper 

venom -X from Russell's viper (Daboia ruselli). 

The Rusell’s viper venom -X is a metallo protease 

made up of a heavy chain having the catalytic 

domain and two light chains that share homology 

with C-type lectins  known to put forth a 

regulatory function in the Ca
2+

-dependent 

activation of factor X (30). 

Rusell’s viper venom (RVV) that activates 

factor X is commercially available as Rusell’s 

viper venom -X® (Pentapharm). It has been used 

in many diagnostic research kits and engaged in a 

number of clotting assays, particularly for the 

measurement of factor X itself, for differentiating 

between factor VII and factor X and in lupus 

anticoagulant (LA) assay (31). 

The clotting time of plasma using Rusell’s 

viper venom -X is known as the Stypven timeTM 

and a normal Stypven time used in conjunction 

with a prothrombin time (PT) suggests factor VII 

deficiency whereas a prolonged Stypven time 

indicates factor X deficiency (12). 

Rusell’s viper venom -X is used in the 

determination of the effects of deglycosylation on 

factor X activation, for assay of platelet factor, and 

also used to identify factor X recognition sites 

(12). 

In functional assays, this venom protein 

(Rusell’s viper venom -X) supports the 

measurement of factor X. In the clotting assay, 

factor X is transformed to factor Xa by Rusell’s 

viper venom -X in the presence of calcium ions, 

factor Va and phospholipid. This complex 

activates prothrombin initiating clot formation, 

thus clotting time is proportional to factor X 

concentration (12). 
 

5. Snake venom proteins used in the assay of 

haemostatic defects 

a. Snake venom proteins in the assay of Protein 

C  

Protein C is a crucial component of the natural 

anticoagulant pathway, it is a vitamin K dependent 

serine protease (32). Protein C is converted into its 

active form known as activated protein C (APC) 

by thrombin and there is a considerable increase in 

the activation of protein C when thrombin is bound 

to the trans-membrane protein Thrombomodulin 

(33). When this protein C is activated, it works 

alongside its co-factor protein S to degrade Factor 

Va and Factor VIIIa. The incompetence of 

activated Protein C to cleave factors Va or VIIIa is 

known as activated protein C resistance (34). 

Protac, derived from Southern copperhead 

(Agkistrodon contortix) snake venom (ACV) is 

used in a Chromogenic assay to identify a defect 

affecting the protein C/protein S (PC/PS) 

anticoagulant system based on the activation of 

endogenous plasma protein C (12). 

It is possible to step up the specificity of the 

test to accurately evaluate respectively the protein 

C or protein S activities or the activated protein C 

resistance condition (APC-R) by alternating the 

presence of protein C-, protein S-, or factor V-

deficient plasma and using suitable quantities of 

Agkistrodon contortix  snake venom.  These 

simple modifications applied to the original 

commercial test allow the use of a single basic 

methodology to detect exactly the principal defects 

affecting the PC/PS anticoagulant pathway (35). 

The thrombin-based assays usually have 

difficulties of misclassification of both normal and 

congenitally protein C-deficient patients (36); due 

to this, the Protac-based method is often preferred. 

The protac method also enables recognition of 

dysfunctional PC by differential results from 
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chromogenic and coagulometric assays based on 

the ratio of Activated Partial Thromboplastin Time 

in the absence and presence of protac (12). 

Functional assays using snake venom 

activators can precisely detect the genotypic 

abnormality (37). The assays include the dilute 

Ruseel’s viper venom time (Protein C Impedance 

Test, Gradipore), the textarin time (Pentapharm) 

and STA-Staclot, utilizing a precise activator from 

Crotalus viridis helleri  venom (27). 

The dilute Rusell’s viper venom time   offers 

improved sensitivity and may make DNA analysis 

needless. In addition, the textarin time may be 

used, but with both this method and the 

Agkistrodon contortix Venom (A. contortrix 

venom) test, this essay is often accurate but even at 

that it is advised that conclusive DNA analysis is 

done (12). 

This snake venom enzyme permits the scaling 

down of sample sizes for use on microtitre plates 

hence minimize the associated costs of these 

assays. Use of Protac has greatly simplified the 

assay of protein C, as well as the assay of protein 

S, the co-factor required for the inactivation of 

factor Va and factor VIIIa by activated protein C, 

the latter being assayed by both amidolytic and 

clotting methods  (12). 
 

b. Snake venom proteins used in the assay of 

Lupus anticoagulant (LA) 

Lupus anticoagulants are antibodies against 

substances (phospholipids and proteins) on cell 

membrane. Individuals with antibodies to 

phospholipids are challenged with an increased 

risk of inappropriate blood clotting. These 

immunoglobulins are known to interfere with 

phospholipid-dependent clotting tests activated 

partial thromboplastin time (APTT)) and 

prothrombin time (38). 

Snake venom activators like Russel’s viper 

venom-X and activators from venom of the taipan, 

Australian brown snake and saw-scaled viper are 

used but the dilute Russell’s viper venom time 

(dRVVT) is often used because it is rapid, 

sensitive and inexpensive and is used for lupus 

anticoagulant testing.  (39).  These Venom proteins 

help to diagnose LA patients with unexplained 

prolonged APTT (40). 

A confirmatory test for LA can be done 

making use of TextarinTM and EcarinTM 

concentrations (12). 
 

6. Snake venom proteins used in the assay of 

defects in platelet plug formation 

Many snake venom proteins have been 

isolated that affect platelet plug formation by 

interacting either with platelet integrins, membrane 

glycoprotein Ib (GPIb), or plasma von Willebrand 

factor (41).  
 

a. Von Willebrand factor (vWF). 

In venoms of Bothrops jararaca, a platelet-

aggregating protein (Botrocetin) is found. This 

protein relies on the presence of von Willebrand 

factor (vWF) for its effect on platelets, and this 

property has been utilized in VWF assay (12). 

Platelet plug formation is a critical step in 

hemostasis due to the stimulation of the 

coagulation cascade (42). After a tissue damage 

and exposure to collagen, vWF instantly sticks to 

them leading to the conformational change under 

high shear stress and platelets start rolling on the 

immobilized vWF through its surface GPIb 

molecules (42). Based on this, alboaggregin-B, a 

venom protein from white-lipped pit viper 

“Trimeresurus albolabris”venom is used to 

measure vWF receptors on the GPIb molecule 

(43). 

The antibiotic ristocetin has been used as a 

cofactor for vWF in clinical settings to sub-

diagnose von Willebrand disease or platelet 

disorders such as Bernard-Soulier syndrome (42). 

Molecular variants of VWF can be singled out 

with botrocetin and ristocetin.  There will be 

partial platelet aggregation in samples of patients 

suffering from Bernard-Soulier disease where 

glycoprotein receptor Ib (GPIb) is absent when 

botrocetin is used and no platelet aggregation will 

occur in samples of patients with this disease when 

ristocetin is used because it depends on GPIb  (12). 

Combination of ristocetin and botrocetin has 

proved invaluable in some assays like the 

characterization of human platelet VWF and in the 

detection of a missense mutation in Type B von 

Willebrand disease (44) and  also in type IIa von 

Willebrand disease where high molecular weight 

von Willebrand factor (VWF) multimers are 

absent (12). 
 

b. Platelet Glycoprotein (GPIb) 

GPIb-binding proteins from snake venoms can 

be placed into two groups: GPIb-agonists and 

GPIb-antagonists (45). 
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Alboaggregins are from the white lipped viper 

venom and they are of various types A, B and C. 

The Alboaggregin B was the first GPIb agonist to 

be isolated from the viper venom. These proteins 

impede VWF mediated platelet agglutination and 

bind to GPIb to cause platelet aggregation. The 

Alboaggregin A binds GPIb and GPVI to induce 

platelet aggregation.  Most GPIb-agonists can only 

encourage platelet aggregation in vitro, while 

some agonists further activate platelets leading to 

GPIIb/IIIa-dependent aggregation (42). 

Some other venom proteins also affect GPIb; 

example; agglucetin from A. acutus agglutinates 

formalin-fixed platelets in a GPIb-dependent 

manner, but also activates surface exposure of 

GPIIb/IIIa of intact platelets without substantial 

elevation of intracellular Ca
2+

 mobilization and 

thromboxane B formation (46).  

Due to the effects venom proteins have on the 

GPIb, ELISA assays have been developed that 

assess direct binding of plasma VWF to platelet 

GPIb. The ELISA plate is coated with an anti-

GPIb monoclonal antibody after which the 

recombinant GPIb fragment is added. VWF is then 

added to the GpIb-coated wells in the presence of 

a fixed concentration of ristocetin. Von Willebrand 

factor in the plasma sample will bind to the 

immobilized GpIb fragment and the bound VWF 

is detected with an anti-human VWF horseradish 

peroxidase [HRP] labeled antibody. The bound 

antibody is measured in a colorimetric reaction by 

addition of the HRP substrate OPD (1,2 ortho-

phenylendiamine dihydrochloride), and the 

absorbance measured. The absorbance is 

proportional to the concentration of VWF. A 

calibration curve is drawn with the aid of values 

obtained from the serial dilutions of reference 

plasma against the absorbance value of the test 

plasma (47). 

Metalloproteinase from snake venom proteins 

contains disintegrins which inhibit platelet 

aggregation via interference with surface 

glycoprotein receptors and the C-type lectins. 

These compounds offer a unique opportunity for 

the study of platelet-platelet and platelet-

endothelium interactions, although as yet, no 

routine test of haemostasis utilizes a disintegrin 

(12).  
 

 

 

Therapeutic application of venom proteins 

Snake venom is known to be highly toxic and 

lethal, which makes snakes to be among the most 

feared creatures. The properties that make venom 

fatal are also what make it so valued for medicine 

(48). 

Many diseases can be treated and controlled 

using   venom toxins because most of these toxins 

target the same molecules that need to be 

controlled to treat diseases (49).  

Venom proteins are highly specific which 

makes them appreciated for drug use because of 

the decrease in prospective side effects (49). The 

dynamic components of snake venom are the 

peptides and proteins, functioning as toxins and 

enzymes that target precise molecules (50). 

Numerous compounds found in snake venoms 

have been utilized as a protein source for drug 

production and developed for the treatment of 

conditions such as cancer, hypertension, 

thrombosis (19) and microbial invasion in cases 

where there is resistance to antibiotics. 

Each snake venom contains at least 25 

enzymes, but no single venom contains all of 

them. These enzymes are protein in nature, but few 

depend on certain non-protein prosthetic groups or 

cofactors (51). 

Some of the components isolated from various 

snake venoms are  Phospholipase A2, ancrod cobra 

venom factor, peptides, cytotoxins, crotoxin, L-

amino acid oxidases (LAAOs), lectins, 

metalloproteinases, disintegrins,  serinoproteases, 

hyaluronidase, cholinesterases, salmosin, 

cathelicidin-BF, aggretin, obtustatin, rhodostomin, 

albolabrin, colombistatin, saxatilin and lebecetin 

which show hopeful applications in management 

of various human diseases (52). 

In spite of their toxicological effects, several 

isolated snake venom proteins and peptides have 

practical presentations as pharmaceutical agents. 

For example, thrombolytic agents have been used 

in several cases of vascular disorder, antimicrobial 

activity against gram positive and gram negative 

bacteria and anti-viral activity and also cancer 

treatment (53). 
 

a. Proteins from snake venom with anticancer 

and anti-tumor activity. 

Cancer can be described as a degenerative 

disease characterized by an accelerated and 
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uncontrolled multiplication of a set of abnormal 

cells which lose their apoptoticability (54). 

Medical science despite its unrelenting 

research for the development of effective drugs 

against cancer has not been fully fruitful in dealing 

with this deadly disease. This is because various 

drugs and chemotherapeutic agents usually used 

for the treatment of cancer are unable to 

distinguish between tumor cells and healthy cells  

causing detrimental side effects and most times 

leading to death (55).  

The venom derived toxins seem to act only on 

certain types of cells and have shown differential 

lytic activity against various cell lines and 

subcellular organelles (11). 

The first reported studies on using snake venom 

against tumor cells was in 1976 and the impact of 

the venom was related to the defibrination process. 

It was put forward that Ancrod, a polypeptide from 

Agkistrodon rhodostoma, administered with 

cyclophosphamide, could induce defibrination, 

consequently decreasing the tumor weight by 

fibrinolysis leading to both dissipation and the 

decreased spread of some tumors (53). 

Ashis and her team (11) suggested that fibrin 

deposition plays a substantial and distinct role at 

different phases of tumor growth and 

dissemination. Blood vessel thrombus due to fibrin 

accumulation may lead to myocardial infarction or 

other cardiovascular diseases which is in line with 

Markland’s discovery in 1990 that the occurrence 

of venous thrombo embolism is a common 

complication in cancer patients and also the 

amount of fibrin deposited could give an insight of 

the type of tumor (54).  

The role of fibrin deposition has been assessed 

in tumor metastasis, where treatment with ancrod 

and batroxobin proved effective in the removal of 

fibrinogen (51). 

Platelets also play an important role in 

dissemination of the tumor metastasis and this is 

accomplished by protecting or shielding tumor 

cells in platelet thrombin (56). Many of snake 

venoms are enriched in fibrinolytic enzymes (36), 

and this has triggered attempts to inhibit the tumor 

growth and invasion by meddling with fibrin 

deposition and or platelet aggregation with the 

help of fibrinolytic enzymes from venom proteins 

(11).  

When crotalase was infused to different 

animals, there was neither fibrin deposition in the 

internal organs nor was any intravascular 

coagulation observed, indicating a benign state of 

defibrinogenation. Crotalase was also able to 

suppress tumorigenicity of mouse B16 melanoma 

cell lines by inhibiting the fibrin gel formation 

around a tumor cell and creating a more 

satisfactory condition for immunogenic attack of 

cancer cells by macrophages or other effector cells 

(11).  

From Agkistrodon contortrix venom, 

 disintegrins like contortrostatins that were isolated 

inhibited contact with surrounding tissue by 

preventing cells from adhering together and 

resulting in reduced invasive capability and cell 

motility (57). 

Tumor advancement can be stopped and tumor 

cells can be damaged by the cytotoxic 

consequence or effect of snake venom, forming a 

protective membrane around the tumor by Fibrin 

deposition around tumor. Ancord, a venom protein 

can exhibit defibrination and decrease 

advancement or progression of some tumors (53). 

Snake venom thrombin like enzymes may help 

to stop metastasis of breast cancer as well as 

ovarian cancer as it can inhibit tumor 

dissemination and angiogenesis (58). 

Yeh and his team observed (59) that a snake 

venom disintergrin “Rhodostomin” was able to 

inhibit various steps in angiogenesis elicited by 

basic fibroblast growth factor (bFGF), and also 

suppressed in vivo murine melanoma tumor 

growth. Also a Rhodostomin dose-dependently 

inhibited basic fibroblast growth factor -induced 

human umbilical vein endothelial cell (HUVEC) 

proliferation which was examined by cell number 

count and metabolic activity (59). 

In 2005, Yang and team (60) concluded that 

the Rhodostomin could function as a potent anti-

tumor agent in blocking the thrombin boosted cell 

adhesion potential and that continuous 

investigation of anti-adhesion therapy with venom 

components could perhaps lead to the prevention 

of potential metastasis in certain cancer patients. 

Salmosin, is also another example of a peptide 

isolated from the venom of Agkistrodon hays 

brevicaudus, which exhibits anti-tumor and anti-

angiogenic effects. Among the various toxins of 

the venom, cytotoxins, the primary target for 

which is the cell membrane, are among the most 

conspicuous components of cobra venom (11). 
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In 2006 Izidoro and his colllegues (61) 

observed that L-amino acid oxidase isolated from 

Bothrops pirajai snake venom contains cytotoxic 

activity and in in vitro condition it showed 

antitumor activity against S180 tumor, human 

breast cancer, acute T cell leukemia cancer, and 

Erlich ascitic tumor (EAT) cell lines (61). 

The first report on the mechanism of the 

anticancer effect of cardiotoxin  III on human 

leukaemia K562 cells was when a venom protein 

from N. n. atra was isolated.“Cardiotoxin III” was 

able to cause apoptosis in human leukemia K562 

cells (60). 

 

b. Anti-microbial activity of proteins from 

snake venom 

Waprins is a recent member of the family of 

venom proteins isolated from the venom of inland 

taipan (Oxyuranus microlepidotus). It depicts 

structural similarity to whey acidic proteins 

“WAPs”(62). This WAP has been linked to be 

very active in innate immunity (63). 

Omwaprin lacks haemolytic activity on human 

erythrocytes and shows species-specific activity on 

the Gram-positive bacteria when tested 

demonstrating the specificity of omwaprin for 

bacterial membranes (64).  

This could explain the low incidence of 

bacterial infection following a snake bite 

suggesting the existence of antibacterial molecules 

in the snake venoms that would protect the snakes 

during feeding (65). 

These microbicidal peptides have also been 

isolated from various species of the bothrops and 

the microbicidal activity seen in the activity of 

their PLA2, metalloproteases, and L-amino acid 

oxidase. The L-amino acid oxidase, from Bothrops 

has shown likely therapeutic substitutes to deal 

with the increasing rates of antibiotic resistance 

experienced worldwide (66). 

New anti-bacterial and anti-fungal drugs could 

be developed from venom because some of these 

venom proteins like that obtained from Bothrops 

alternatus exhibit a dose-dependent bactericidal 

activity against a variety of Gram-negative and 

Gram-positive bacteria (67). 
 

c. Snake venom proteins for the prevention or 

treatment of vascular occlusive diseases and 

thrombosis 

Studies have shown that snake venom affects 

hemostasis by activating or inhibiting coagulant 

factors or platelets, or by disrupting endothelium 

due to a number of toxins present in the venom  

that affects blood coagulation and also platelet 

aggregation (68).Reviewing these factors has 

directed a better understanding of various 

molecular activities involved in the biological 

processes and also in the development and 

improvement of various novel therapeutic agents 

for the treatment of thrombosis and cardiovascular 

disorders.  

Captopril isolated from Bothrops 

jararaca venom is an example of a therapeutic 

derived from the snake venom (69). Malaysian pit 

viper venom has thinning properties and could be 

effective in treating stroke patients (70). 

Fibrinolytic enzymes isolated from snake 

venom do not lead to defibrinogenation but can 

digest fibrin clots directly. In that way proposing 

potential application of fibrinolytic enzymes for 

the treatment of thrombotic disorders such as 

strokes and  heart attacks (11). 

Unlike intravenous or subcutaneous 

administration of Arvin®, a Thrombin-like 

enzymes purified from the venom of  Agkistrodon 

rhodostoma (Ancrod) into human, results in a 

specific, dose-dependent reduction of the plasma 

fibrinogen level. Hence, Arvin is used in the 

prevention and treatment of vascular occlusive 

diseases (71). Also batroxobin which is also a 

thrombinlike enzyme known commercially as 

Defibrinase R is presently used to control the 

depletion of fibrinogen and is a selective 

antithrombic agent on deep vein thrombosis in 

peripheral arterial diseases (72).  

A thrombolytic agent possessing both anti-

platelet and thrombolytic properties is fibrinolase. 

Fibrinolase, a fibrinolytic enzyme isolated from 

southern copperhead venom is conjugated to a 

peptide which inhibits platelet aggregation and has 

been used to digest occlusive blood clots in animal 

models (73). 

TSV-PA, a plasminogenic enzyme capable of 

digesting fibrin clots has also been purified from 

Trimeresurus stejnegeri. Also, a low molecular 

weight (~12 kDa) direct fibrinolytic, non-toxic 

enzyme from venom of Daboia russelli has been 

isolated and by in vitro studies indicated that this 

noncytotoxic peptide has remarkable potential to 

dissolve fibrin as well as artificial blood clot, thus 
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supporting the future use of this peptide as 

thrombolytic agent (11).  
 

Drugs Produced From Snake Venom  

i. Ancord (sold as Viprinex) is used to treat 

HATT syndrome, ischaemic stroke and 

peripheral occlusive diseases. It functions by 

defibrinating. They are thrombin-like 

enzymes from Akistrodon rhodostoma (21). 

ii. Intergrilin produced from Eptifibatide, 

inhibits platelet aggregation and is 

administered to reduce risk of acute cardiac 

ischemic diseases (74). 

iii. Captopril from Bothrops jaraca  an  

angiotensin converting enzyme (ACE) 

inhibitor is used to treat hypertension. It is 

also investigated for use in the treatment of 

cancer (75). 

iv  Textilinin from Pseudonaja textilis inhibits 

plasmin catalyzed fibrinolysis. It was 

formerly used to treat chronic inflammatory 

diseases like rheumatoid arthritis and 

arteriosclerosis. It was also used as an anti-

bleeding agent, to restrict cell proliferation in 

cancer patients. However, this drug was 

withdrawn due to worries about side effects 

(76). 

v. From the disintergrin family, drugs like 

Rhodostoma from Calloselesma rhodostoma, 

salmosin from A. hays brevicaudus and 

contortrostatin from A.contortrix contortrix 

have the ability to block intergrins during 

tumor progression and inhibit angiogenesis. 

They are seen as antitumor agents (77). 
 

vi. TSV-PA from Trimeresurus stejnegeri     

 activates plasminogen to plasmin        

(plasminogen- activating enzyme) aimed at 

dissolving fibrin clot, used in the treatment of 

vascular diseases and cancer (78). 

Varieties of these drugs are still undergoing 

clinical trials and are not yet available for sale 

but their effectiveness is promising. 
 

Summary  

Snake venom contains a variety of proteins 

that has played vital roles in various aspects of 

medicine. 

Its diagnostic value has really improved 

coagulation test and has helped us to understand 

the activities that go on behind those tests. These 

proteins are highly specific and can be used to 

detect genotypic abnormality and have made some 

DNA analysis unnecessary, although it is still of 

paramount importance that a confirmatory DNA 

analysis should be done in such abnormalities like 

patients with dysfunctional Protein C. 

The snake venom thrombin-like enzyme, 

example the Batroxobin from   Bothrops moojeni 

which cannot be inhibited by heparin provides an 

avenue for a comparative study on the structural 

requirements for their highly specific coagulant 

actions on fibrinogen and can also be used in the 

assay of anththrombin III in samples free of 

fibrinogen. 

Protein induced by vitamin K absence 

(PIVKA) and disseminated intravascular 

coagulation can be assayed utilizing snake venom 

prothrombin-like enzyme. 

Serine proteases that can specifically activate 

factor V has been isolated from Daboia russeli and 

Daboia lebetinata and are used for the routine 

assay of FV. 

Snake venom proteins that activate factors VII 

and X have been isolated from Russell viper 

venom X (RVVX). This venom protein has been 

used to detect deficiency in factor VII and factor 

X. 

A variety of venoms from various snakes like 

the Australian brown snake (Taipan) saw-scaled 

viper and also dilute RVV can be used to test for 

Lupus anticoagulant. Also a confirmatory test can 

be done using Textarin and Ecarin venom proteins. 

Defects in protein C can be identified using 

protac from southern copperhead snake venom.  In 

the assay and determination of molecular variants 

of von Willebrand factor, venom proteins like 

Borocetin and Ristocetin can be used. 

There are few limitations to the potency of 

these venoms in diagnosis such as: 

i.   in warfarin treated patients they cleave 

abnormal types of prothrombin; 

ii. they cannot be used to quantify biologically 

active prothrombin as they cannot convert 

non-carboxylated prothrombin to thrombin 

through the coagulation cascade. 

Therapeutically, these venom proteins have a 

highly specific molecular target which makes 

them valuable for drug production. 

A lot of researchers have discovered that using 

the fibrinolytic enzymes from snake venom can 

inhibit tumor growth and invasion by fibrin 



Medicinal Values of Snake Venom – Ukwe and Okafor 

10 
 

digestion which creates a favorable condition for 

immunologic response by immune cells. 

Anti-microbial proteins have been isolated 

from snake venom that are highly specific against 

a variety of Gram-negative and Gram-positive 

bacteria. 

Plasma fibrinogen levels in humans can be 

reduced with venom protein from Agkistrodon 

rhodostoma and also Defibrinase R from 

Batroxobin.  Venom proteins can also be used to 

digest blood clot and inhibit platelet aggregation 

like the fibrinolase. 
 

Conclusion 

It is obvious that proteins from snake venoms 

are of medical importance and due to their 

diagnostic and therapeutic activity, specificity and 

availability, snake venoms are fast becoming a 

strong option for medicine in the future for many 

diseases and disorders.  

Very few clinical studies are available and 

there is still a great need for extensive research on 

the applications mentioned above and others to 

improve better understanding of the mechanisms 

of action of these venom proteins in order to 

develop novel drugs and diagnostic reagents for 

better results that will further benefit mankind.  
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Abstract:  Population variation and human diversity are key elements in 

Biological anthropology. Ear lobe attachment, hand clasping pattern, and 

tongue folding, and tongue rolling ability are some observable traits that 

have been opined to be either inherited or environmentally determined, or 

even an admixture of both. The aim of this study was to assess the 

aforementioned traits in relation to ethnicity and gender in eight Nigerian 

ethnic groups. The study comprised 834 subjects, aged 17-30 years, who 

belonged to the Anioma, Edo, Igbo, Itsekiri, Isoko, Izon, Urhobo and 

Yoruba ethnic groups. The multistage sampling technique was used. Ear 

lobe types, hand clasping pattern, tongue rolling and tongue folding ability 

were observed and recorded. The data were analysed with the aid of SPSS 

20.  Unattached ear lobe, right thumb up hand clasping, tongue rolling and 

tongue folding were the dominant traits in the respective groups. There 

were no significant associations between gender, and ear lobe attachment, 

hand clasping pattern and tongue folding ability (p>0.05); while the 

association between gender and tongue rolling ability was statistically 

significant (p<0.05).  There were no significant associations between 

ethnicity, and ear lobe attachment, hand clasping pattern, tongue folding 

ability and tongue rolling ability (p>0.05). The findings from this study will 

be of relevance to the study of human diversity and population variation of 

these morphogenetic traits. 

 

Key Words: Ear, genetics, hand, morphology, tongue.  

 

Introduction:  A trait is a distinct variant of a 

phenotypic character of an organism that may be 

inherited, environmentally determined or an 

admixture of the two (1). The relative 

importance of genetic and non-genetic 

inheritance mechanisms is likely to vary among 

different phenotypic traits within a population (2, 

3).  

In humans, some variable traits that are easy 

to observe include: ear lobe pattern, hand 

clasping types, and tongue folding and tongue 

rolling ability. In humans, ear lobe may be 

connected directly to the side of the head, to the 

bottom of the lobe, in which case it is called 

attached ear lobe.  In others, it hangs down 

below the point of attachment, and it is referred 

to as unattached or free ear lobe.  Some genetic 

influences have been attributed to ear lobes 

attachment (4), and it has been posited that free 

ear lobe is dominant over attached ear lobe (5). 

Hand clasping is the superimposition of the 

fingers of one hand over those of the opposite 

hand (6). When hands are clasped, either the 

right thumb is on top (right thumb up) or the left 

thumb is on top (left thumb up). It has been 

stated that the ability to fold the anterior part of 

the tongue upward and backward or tongue 

folding and to roll the lateral edges of the tongue 

into a tube or tongue rolling is controlled by 

dominant gene, while the recessive gene for 

inability of these tongue movements; although 

contrary view abounds and environmental 

influence has also been suggested (7). 

Studies of traits have been carried out in 

different populations in Nigeria among which 

are those carried out among: the Urhobo tribe in 

Abraka (7, 9), residents of Ekpoma in Ekpoma 

(8), Esan ethnic group in Abraka (10), the Bini 

people (11), Nigerian subjects in Port-Harcourt 

(12) and families in Calabar (13). Similar studies 

have also been carried out in other parts of the 

globe such as those in North East part of India 

among the Sonowal Kacharis of Assam (14), 

Assamese Sikhs (15) and Manipur (16).  

The study of genetic and non-genetic traits is 

relevant in biological anthropology especially in 
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the study of population variation and human 

diversity (17), as they are said to be caused by 

variable factors like genetic drift and gene flow 

in addition to migration and selection (18). 

Although the studies of morphogenetic traits 

have been conducted in some Nigerian 

populations, the coverage is still on the low side. 

It is therefore imperative to involve more ethnic 

populations for the purpose of comparison. The 

purpose of this study was to assess ear lobe 

pattern, hand clasping types, tongue folding and 

tongue rolling ability in relation to ethnicity and 

gender in eight Nigerian ethnic groups. 
 

 

Materials and Methods 

This was a descriptive survey conducted in 

2012. All students who were admitted into 

various undergraduate academic programs of the 

Delta State University, in the 2011/2012 

academic session, and undergoing the mandatory 

medical screening exercise at the University 

Health Services, formed the study population. 

Eight hundred and thirty-four subjects (383 

males and 451 females), aged 17-30 years 

formed the sample size, using the multistage 

sampling technique. The subjects were stratified 

into eight ethnic groups: Anioma, Edo, Igbo, 

Itsekiri, Isoko, Izon, Urhobo, and Yoruba, and 

their relative sizes were based on proportional 

stratified sampling technique. A subject was 

classified as belonging to an ethnic group if 

parents up to the second generation were pure 

breeds of that group. Subjects with deformity, 

trauma, or surgery of the ear, hand and tongue 

were excluded from the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The institutional Research and Ethics 

Committee approved the research methods. 

Informed consent was obtained from the subjects 

in accordance with the revised Helsinki 

Declaration (18). 
 

Data collection of variable, genetic traits (Fig. 1): 

Ear lobes pattern: Ear lobes of each 

participant were examined to find out whether 

they were connected directly to the sides of the 

head (attached) (Figure 1A) or unattached (free) 

(Figure 1B).  Hand clasping pattern: Each 

subject was told to clasp hands freely to find out 

if the right thumb (Figure 1C) or left thumb 

(Figure 1D) was on top. This procedure was 

repeated four times for consistency.  

Tongue folding ability: Subjects were asked 

to fold their tongues to know tongue folders 

(Figure 1E) and non-tongue folders. 

Tongue rolling ability: Subjects were asked to 

roll their tongues to ascertain tongue rollers 

(Figure 1F) and non-tongue rollers. 

The data were analysed with the aid of SPSS 

20. Frequency distribution was used to assess the 

most prevalent subtype of the respective traits. 

Chi-square was used to determine the association 

between traits and  ethnicity as well as gender .  
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                  1A: Attached ear lobe                      1B: Unattached ear lobe 

         

        1C:  Right thumb upon hand clasp.     1D: Left thumb upon hand clasp 

     

                   1E: Horizontal tongue folding         1F: vertical tongue rolling 

Fig. 1:  A, B: Ear lobe pattern; C, D: hand clasping types; E, F:  tongue folding/rolling. 

Results 
 

Demographic data showed that 45.9% 

and 54.1% of the study subjects were males 

and females respectively, and the mean age 

was 19.6 (SD 2.10) years. The contribution of 

the respective ethnic group to the overall sample 

size is shown in Figure 2. The Urhobo (287) 

contributed more to the sample size, followed by 

the Anioma (212), Isoko (89), Edo (70), Itsekiri 

(50), Izon (46), Igbo (44), and the least was the 

Yoruba (36). 

Table 1 shows percentage distribution of traits 

studied in males and females in each ethnic 

group. In all the ethnic groups, the free or 

unattached ear lobes were more common than 

the attached, with higher percentage in females, 

except among the Isoko and Urhobo ethnic 

groups. The predominant hand clasping pattern 

was right thumb up; being more common in 

females among the Anioma, Edo, Izon, Urhobo, 

and Yoruba, while it was commoner in males 

among the Igbo, Itsekiri and Isoko peoples. 

Tongue folding was more common compared to 

non-tongue folding, and this occurred more in 

females except among the Anioma and Edo in 

which they occur more in males. Tongue rolling 

was predominant compared to non-tongue 

folding in all the ethnic groups except among the 

Igbo females in which rolling and non-rolling 

were at par. Furthermore, tongue rolling was 

predominant in males except among the Itsekiri 

and Yoruba in which rolling was more in 

females.  Table 2 shows the cross-tabulation 

between ethnicity and ear lobe attachment. It 

shows that there was no significant association 

between ear lobe attachment and ethnicity 

(p>0.05). 
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Figure 2. Distribution of study subjects according to ethnic group and gender. 

 
Table 1: Percentage (%) distribution of traits in relation to ethnicity and gender. 

Trait Trait 
Anioma Edo Igbo Isoko Itseki Izon Urhobo Yoruba 

M F M F M F M F M F M F M F M F 

EL 
A 

26.8 16.5 12.1 10.8 29.2 15.0 19.4 26.4 35.3 12.1 33.3 24.0 19.3 19.7 25.0 12.5 

UA 73.2 83.5 87.9 89.2 70.8 85.0 80.6 73.6 64.7 87.9 66.7 76.0 80.7 80.3 75.0 87.5 

HC 

LT 42.3 33.0 45.5 37.8 41.7 45.0 41.7 47.2 11.8 21.2 38.1 20.0 41.5 37.5 40.0 31.3 

RT 57.7 67.0 54.5 62.2 58.3 55.0 58.3 52.8 88.2 78.8 61.9 80.0 58.5 62.5 60.0 68.7 

TF 
Tf 91.8 87.8 93.9 83.8 87.5 90.0 86.1 90.6 82.4 97.0 85.7 100 85.9 92.8 80.0 93.8 

Nf 8.2 12.2 6.1 16.2 12.5 10.0 13.9 9.4 17.6 3.0 14.3 0.0 14.1 7.2 20.0 6.2 

TR 
Tr  61.9 52.2  66.7  51.4  75.0  50.0   66.7  56.6 47.1 54.5  61.9 60.0 59.3 53.9 60.0 68.7 

Nr  38.1  47.8  33.3  48.6 25.0 50.0  33.3  43.4 52.9 45.5 38.1 40.0 40.7 46.1 40.0 31.3 

M=male; F=female; EL= ear lobe; A= attached; UA= unattached; HC=hand clasping; LT=left; RT= right; TF=tongue 

folding; Tf= tongue folders; Nf= non-tongue folders; TR=tongue rolling; Tr=tongue rollers; Nr=non-tongue rollers.  

Table 2: Cross-tabulation between ethnicity and ear lobe attachment.  

Ear lobe 

Frequency 

Ethnicity Total 

Anioma Edo Igbo 

Isoko 

Itsekiri Izon Urhobo Yoruba 

Attached 

Count 45 8 10 21 10 13 56 7 170 

%  21.2% 11.4% 22.7% 23.6% 20.0% 28.3% 19.5% 19.4% 20.4% 

Un-attached    

Count 167 62 34 68 40 33 231 29 664 

%  78.8% 88.6% 77.3% 76.4% 80.0% 71.7% 80.5% 80.6% 79.6% 

Total 

Count 212 70 44 89 50 46 287 36 834 

%  100% 100% 100% 100% 100% 100% 100% 100% 100% 

X2= 6.184; df= 7; P = 0.518. 
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 Table 3: Cross-tabulation between ethnicity and hand clasping type.  

Hand 

clasping 
Frequency 

Ethnicity 

Total 

Anioma Edo Igbo Isoko Itsekiri Izon Urhobo Yoruba 

Left 

thumbed 

Count 79 29 19 40 9 13 113 13 315 

%  37.3% 41.4% 
43.2

% 
44.9% 18.0% 

28.3

% 
39.4% 36.1% 37.8% 

Right 

thumbed 

 

Count 133 41   25 49 41 33 174 23 519 

%  62.7% 58.6% 56.8% 55.1%   82.0% 
  

71.7% 
 60.6% 63.9%   62.2% 

Total 

Count 212 70 44 89 50 46 287 36 834 

%  100% 100% 100% 100% 100% 100% 100% 100% 100% 

X2= 13.359; df= 7; P = 0.064 

 

Table 3 shows the cross-tabulation between 

ethnicity and hand clasping type. It shows that 

there was no significant association between 

hand clasping pattern and ethnicity (p>0.05).  

Chi-square contingency test was done (all ethnic 

groups combined) to assess the degree of 

association between gender and the respective 

traits:  77.0% of males and 81.8% of females had 

free or unattached ear lobes, while attached ear 

lobes occurred in 23.0% and 18.2% of males and 

females respectively.  59.5% and 64.5% of males 

and females respectively had their right hand 

thumb on top when hands were clasped, while 

40.5% of males and 35.5% of female had their 

left thumb on top when hands were clasped.  

87.7% of males and 91.1% of the females were 

tongue folders. The association between gender, 

and ear lobe attachment, hand clasping ability, 

and tongue folding ability were statistically 

independent (P>0.05).  

 

 

 

 

 

 

 

 

However, there was a significant association 

between gender and tongue rolling ability (Chi= 

4.848, df= 1, P=0.028); 61.9% of males and 

54.3% of females were rollers while 38.1% and 

45.7% of males and females respectively were 

non-rollers.  Table 4 shows cross-tabulation 

between ethnicity and tongue folding ability. It 

shows that there was no significant association 

between that tongue folding ability and ethnicity 

(p>0.05).  Table 5 shows the cross-tabulation 

between ethnicity and tongue rolling ability. It 

showed that there was no significant association 

between tongue rolling ability and ethnicity 

(p>0.05). 
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Table 4: Cross-tabulation between ethnicity and tongue folding ability.  

Tongue 

folding 
Frequency 

Ethnicity 

Total 

Anioma Edo Igbo Isoko Itsekiri Izon Urhobo Yoruba 

Folders 

Count 190 62 39 79 46 43 257 31 747 

%  89.6% 88.6% 88.6% 88.8% 92.0% 93.5% 89.5% 86.1% 89.6% 

Non-

folders 

 

Count 22 8 5 10 4 3 30 5 87 

%  10.4% 11.4% 11.4% 11.2% 8.0% 6.5% 10.5% 13.9% 10.4% 

Total 

Count 212 70 44 89 50 46 287 36 834 

%  100% 100% 100% 100% 100% 100% 100% 100% 100% 

X2= 1.707; df= 7; P = 0.974. 

 
Table 5: Cross-tabulation between ethnicity and tongue rolling ability.  

Tongue 

rolling 
Frequency 

Ethnicity 

Total 

Anioma Edo Igbo Isoko Itsekiri Izon Urhobo Yoruba 

Rolling 

Count 120 41 28     54 26 28 162 23 482 

%  56.6% 58.6% 63.6% 60.7% 52.0% 60.9% 56.4% 63.9% 57.8% 

Non-

rolling 

Count 92 29 16 35 24 18 125 13 352 

%  43.4% 41.4% 36.4% 39.3% 48.0% 39.1% 43.6% 36.1% 42.2% 

Total 

Count 212 70 44 89 50 46 287 36 834 

%  100.0% 100.% 100.% 100.0% 
100.0

% 
100.% 100.0% 100.0% 100.0% 

X2= 2.687; df= 7; P = 0.912 

 

Discussion 

The present study assessed the relative 

distribution of ear lobe attachment; hand 

clasping, tongue folding ability and tongue 

rolling ability among the Anioma, Edo, Igbo, 

Itsekiri, Izon, Isoko, Urhobo, and Yoruba 

peoples. The finding in the present study 

regarding ear lobe attachment is in tandem with 

the results of some studies carried out among 

residents of Ekpoma (8), Bini people (11), some 

Nigerians (12), South Nigerians (20), and 

Assamese Sikh in India (15), in which higher 

percentage of unattached ear lobes compared to 

attach ear lobes occurred. In a related study 

among six populations of Manipur, India, it was 

observed that the percentage of unattached ear 

lobes was higher than attached ear lobes among 

the Sheikh, Syed, Pathan and Mughal; but the 

reverse was the case with the Meitei and Naga 

(16). 

Comparing males and females, the present 

study indicates that ear lobe pattern is sexually 

independent, which is in accordance with the 

study of inheritance pattern of ear lobe 

attachment in Port Harcourt among Nigerians 

(12). Similar result was reported in a study 

conducted among the peoples of Esan (10) and 

Bini (11). In a study among families in Calabar, 

there was a higher percentage of free ear lobes 

compared to attached ear lobes; and there was no 
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significant association between ear lobes and 

gender (13).  

Considering the relationship between 

ethnicity and ear lobe attachment, it was 

observed that there was no significant 

association between these data (P>0.05). This 

may suggest that ear lobe pattern is independent 

of ethnic group. The practice of inter-ethnic 

marriages in Nigeria that has resulted in a blend 

of biological and cultural characteristics could be 

a reason. This is similar to the finding of a study 

of five endogamous groups of Haryana in which 

there was no significant association among the 

groups studied (21). 

Hand clasping with the right thumb on top 

was the dominant type, with the highest 

frequency among the Itsekiri and the lowest 

among the Isoko. There was a female dominance 

of right hand thumb clasping among the Anioma, 

Edo, Izon, Urhobo, and Yoruba, while there was 

a male dominance among the Igbo, Itsekiri and 

Isoko. There was no significant association 

between hand clasping pattern and gender, and 

hand clasping and ethnicity. This indicates that 

gender and ethnicity have no significant 

influence on the dominant hand clasping in all 

ethnic groups studied. Similar finding was 

reported among the Urhobo in which the right 

thumb up hand clasping was the dominant type, 

and this was independent of gender (9), and in 

India in which the right thumb on top hand 

clasping was the dominant type and its 

preponderance in the female gender (14, 15). In 

a related study conducted in Calabar, Nigeria 

(13), right hand claspers were found to be higher 

than left hand claspers; and there was significant 

association between sex and hand clasping, with 

females being more likely to be right hand 

claspers and males left hand claspers. 

On tongue folding in males and females and 

their association, the finding in the present study 

supports a similar study carried out among the 

Urhobo people, in which there was a 

predominance of tongue folders compared to 

non-folders, and no significant association 

between gender and tongue folding (7). The 

result of the present study also supports a study 

conducted among the Bini people (11), since 

they reported predominance of tongue folders 

compared to non-folders with females having a 

higher percentage of folders; but unlike in the 

present study, there was a significant association 

between gender and tongue folding ability. 

In a related study in India, more tongue 

folders were observed in significant amount in 

males compared to females (13). In another 

study in India, Shah et al. (16) observed that 

tongue folding ability was less frequent among 

the Naga tribes, but more frequent among the 

Sheikh, Syed, Pathan and Mughal and Meitei.  

Contrary to the present study, they reported that 

tongue folding ability was found more frequent 

among males, except in the Syed population 

where females exceeded the males in tongue 

folding ability. They also reported a significant 

association between gender and tongue folding. 

The percentage of tongue rollers was higher 

compared to non-rollers, with male dominance in 

all the ethnic groups compared to females, 

except among the Itsekiri and Yoruba that 

females dominated. There was a statistically 

significant association between gender and 

tongue rolling ability. This is in tandem with the 

results of the studies conducted among the 

Urhobo (7), residents of Ekpoma (8), the Bini 

(11) and Southern Nigerians (20). The finding of 

present study is also in accord with that of 

Onyije (20) and Kooffreh (13) regarding male 

dominance of tongue rollers compared to 

females, but at variance with the study by 

Odokuma et al. (7) and Anibor et al. (11) 

because they reported female dominance as we 

have among the Itsekiri and Yoruba. Moreover, 

while Odokuma et al. (7) reported that there was 

no significant association in contrast to the 

present study, Anibor et al. (11) and and 

Kooffreh (13) reported a significant association 

between gender and tongue rolling ability. This 

variation could be attributed to the differences in 

sample sizes. In India, higher percentage of 

tongue rollers occurs, compared to non-rollers 

with a significant association between gender 

and tongue rolling (14, 15). The finding of the 

present study is also in tandem with a previous 

report of a study among European ancestry that 

the percentage of tongue rollers was higher than 

those of non-rollers (22). 

This study was delimited to the Delta State 

University. It is therefore suggested that a more 

grandiose study that will involve several study 

centres and ethnic groups across the country be 

conducted to address the limitation. 

Based on the result, it is concluded that in all 

the ethnic groups studied, the unattached ear 

lobe, right thumbed up, tongue rollers and 

tongue folders are the dominant traits in the 

respective groups. There is no significant 

association between gender and ear lobe pattern, 

hand clasping type, and tongue folding; while 

the association between gender and tongue 
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rolling is statistically significant (p < 0.05).  

There is no significant association between 

ethnicity and ear lobe pattern, hand clasping 

type, tongue folding ability, and tongue rolling 

ability. This will be of relevance to the study of 

human diversity as well as population variation 

of these morphogenetic traits. 
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Abstract:  This study was undertaken to appraise the different ocular 

disease entities assessed by ultrasonography in the Radiology Department of 

the University of Benin Teaching Hospital. This was a retrospective study 

done at the University of Benin Teaching Hospital. The request forms as 

well as ultrasound scan (USS) reports of 283 patients were retrieved from 

the record section of the department. Patients had been scanned using a 

Sonoace Medison X6 ultrasound machine with a linear probe (5-7MHz). 

Bio-data, clinical information and ultrasonographic diagnosis were collected 

and entered into a Microsoft excel spreadsheet. Data was subjected to 

simple descriptive statistical analysis using SPSS version 16 (IL, USA).  

The study population comprised of 283 patients with 171 males and 112 

females. Trauma 90 (31.8%) was the commonest indication for ocular scan. 

This was followed by traumatic cataract 30 (19.1%). Melanoma and 

Aphakia were the least, just 1 each (0.4%), common indications for ocular 

scan in this study. A total of 351 abnormalities were seen on ocular scan 

with some patients having multiple pathologies on scan. In both sexes 

cataract 128 (36.5%) was the commonest finding on USS, this was followed 

by retinal detachment 82 (23.0%). Vitreous haemorrhage 62 (17.7%) was 

the third most common finding on ocular USS.  An analysis of the common 

indications for ocular ultrasonography has been made and an attempt has 

also been made to elucidate the common ocular findings on ultrasonography 

as seen within a five year-period at the University of Benin Teaching 

Hospital. Trauma was the commonest indication for ocular scan and cataract 

was the commonest ocular scan finding within this period of review. 

  

Keywords: Ocular, ultrasonography, pathology. 

 

Introduction  

The eye is seen as the window to the body 

hence when blindness strikes, the whole body is 

shut in total darkness. Inarguably, an intact 

binocular vision is pertinent to human 

development, independence, quality of life and 

personal safety (1). Thus an individual with 

reduced or absent vision is subjected to a less 

than normal quality of life. 

The eye, as an important sense organ, is 

bombarded with myriads of diseases ranging 

from traumatic, infective, and vascular causes to 

senile changes. Invariably, there is need to make 

good diagnosis to properly attend to diseases of 

the eye. Many ophthalmological devices are 

available that help in making such diagnosis. 

Such include ophthalmoscope and slit lamp. 

However, in the setting of an opaque eye media 

such as cataract and vitreous haemorrhage; 

which preclude the visualization of the posterior 

segment of the eye, these aforementioned 

equipment become handicapped. (2) A readily 

available tool that helps to obviate this challenge 

is ultrasonography. Ultrasonography is an 

important imaging modality which has become 

indispensable in the management of ocular 

diseases. More so, the superficial location of the 

eye as well as its cystic nature makes it ideal for 

ultrasound evaluation (2).  Ultrasonography is a 

quick, simple and effective diagnostic method, 

which enables making diagnosis in patients with 

opaque eye media (3). Its application is very 

simple and convenient for patients as well as for 

examiners, and can be used for patients of all 

ages (3). In the background of trauma for 

instance, ultrasonography is quite reliable in 

differentiating between pathologies that need 

emergency response and those that can be 

attended to later (4). 
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This study is undertaken to appraise the 

different ocular disease entities assessed by 

ultrasonography in our center. Though 

Ukponmwan et al (5) did a similar work some 

fifteen years ago just at the advent of 

ultrasonography utilization in ophthalmology in 

our center but there is need for a re-appraisal, 

considering the dynamism in ultrasonography 

viz-a-viz the changing nutritional status and 

other health related factors in our society. 

Knowledge of the disease pattern seen on 

ultrasonography will be of tremendous 

importance to the Radiologist as it can be a guide 

to the choice of an area where newer skills 

regarding ocular ultrasonography should be 

developed. 
 

Methods  

This is a retrospective study carried out at 

the University of Benin Teaching Hospital 

between January 2009 and December 2014. 

Approval was obtained from the Ethical 

committee of the hospital. Subjects were patients 

referred to the ultrasound unit of Radiology 

Department from Ophthalmology Department 

for ocular scan. They were referred from both 

the clinics and the in-patient wards. The request 

forms as well as ultrasound reports of 283 

patients were retrieved from the record section of 

the department. Patients had been scanned using 

a Sonoace Medison X6 ultrasound machine with 

a linear probe (5-7MHz). With the patient in the 

supine position, the eyes were scanned through 

the closed eyelid with high-frequency linear 

transducer in both longitudinal and transverse 

planes. Ultrasonic gel was abundantly applied to 

the closed eyelid to allow better contact. The 

scanning was done first in B-mode, and the 

focus, gain, and settings were adjusted while the 

scanning was going on. The gain of the 

ultrasound machine was greatly reduced to 

adequately visualize the walls of the globe and 

optic nerve. Thereafter, the gain was increased to 

help visualize the other ocular structures and 

vitreous body. 

Bio-data, clinical information and 

ultrasonographic diagnosis were collected and 

entered into a Microsoft excel spreadsheet. Data 

was subjected to simple descriptive statistical 

analysis using SPSS version 16 (IL, USA) to 

generate frequency charts, proportions and 

percentages. Test of significance was done with 

student T-test, analysis of variance (ANOVA) 

and Pearson correlation test. Confidence 

interval of 95% was used. P value less than or 

equal to 0.05 was considered statistically 

significant. 

Results  

The study population comprised of 283 

patients with 171 males and 112 females. The 

mean age of the population was 38.2±3.8 years 

with 35.9±2.4 years for males and 41.8±2.4 

years for females. Males in age group 0-10 years 

had the highest contribution to the study 

population. Whereas, females of age group 11-

20 years had the least contribution to the study 

population-table 1. 

Trauma (31.8%) was the commonest 

indication for ocular scan-table 2. This was 

followed by traumatic cataract (19.1%). 

Melanoma and Aphakia were the least (0.4%) 

common indications for ocular scan in this study. 

A total of 351 abnormalities were seen on 

ocular scan with some patients having more than 

one pathology on scan-table 3. There was male 

preponderance in the ocular ultrasound findings. 

In both sexes cataract was the commonest 

finding on USS, this was followed by retinal 

detachment. Vitreous haemorrhage was the third 

most common finding on ocular USS. 

In furtherance of the evaluation, those with 

cataract were found to have associated finding 

on ocular USS as shown on table 4. These 

included retinal detachment (53.1%), vitreous 

haemorrhage (26.5%), choroidal detachment 

(14.3%), vitreo-retinal adhesions (4.1%) and 

posterior vitreous detachment (2%). 

Consequently, vitreous haemorrhage was the 

commonest USS findings in those who had 

trauma to the eye as shown on table 5. Other 

associated findings with trauma were retinal 

detachment (33.3%), lens dislocation (12.2%), 

aqueous haematoma (6.7%) and choroidal 

detachment (6.7%). Seven patients had gunshot 

injury to their eyes; vitreous haemorrhage and 

retinal detachment were the main findings on 

ocular scan-table 6. 

All cases of retinoblastoma 7 (9.9%) were 

seen in children under 10 years of age. But 

cataract was the commonest ocular finding in 

children on ultrasonography, accounting for 

38% of ultrasound detected ocular pathology as 

seen on table 7. 
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Table 1:  Age groups of patients with ocular pathologies 

Age Group Male Female Total percentage 

0-10 46 21 67 23.7 

11-20 11 5 16 5.7 

21-30 16 13 29 10.2 

31-40 15 10 25 8.8 

41-50 24 9 33 11.7 

51-60 28 23 51 18.0 

61-70 22 19 40 14.1 

71-80 9 12 21 7.4 

Total 171 112 283 100 
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Table 2: Indications for ocular scan 

Indication Frequency Percentage 

Trauma 90 31.8 

Gunshot Injury 7 2.5 

Traumatic Cataract 30 10.6 

Senile Cataract 54 19.1 

Congenital Cataract 20 7.1 

Posterior Uveitis 3 1.1 

Foreign Body 4 1.4 

Lens Dislocation 2 0.7 

Glaucoma 5 1.8 

Retinal Detachment 20 7.1 

Hyphaema 2 0.7 

Conjunctival Cyst/Mass 2 0.7 

Light Flashes 7 2.5 

Orbital Cellulitis 2 0.7 

Post-cataract 7 2.5 

Melanoma 1 0.4 

Ocular Tumour 12 4.2 

Blurred Vision 12 4.2 

Aphakia 1 0.4 

Corneal Opacity 2 0.7 

Total 283 100.0 
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Table 3: Ocular findings on ultrasound. 

Ultrasound findings Male  Female  Total  Percentage 

Retinal detachment 55 27 82  23 

Cataract  76 52 128 36.5 

Vitreous haemorrhage 43 19 62 17.7 

Aqueous haemorrhage  6 2 8 2.3 

Choroidal detachment 13 10 23 6.6 

Lens dislocation 10 6 16 4.6 

Foreign body 1 2 3 0.9 

Ruptured eye 3 Nil 3 0.9 

Conjunctival cyst Nil 2 2 0.6 

Orbital Cellulitis 2 Nil 2 0.6 

Vitreo-retinal adhesions 4 2 6 1.7 

Retinoblastoma 5 2 7 2.0 

Posterior vitreous 

detachment 
1 1 2 0.6 

Phthisis bulbar 1 1 2 0.6 

Optic nerve 1 1 2 0.6 

Lacrimal gland mass Nil 1 1 0.3 

Sebaceous cyst  Nil 2 2 0.6 

Total  221 130 351 100 
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Ultrasound findings Frequency Percentage  

Vitreous haemorrhage 13 26.5 

Retinal detachment 26 53.1 

Choroidal detachment 7 14.3 

Posterior vitreous detachment 1 2.0 

Vitreo-retinal adhesions 2 4.1 

Total  49 100.0 

   

Table 5: Ultrasound findings in trauma 

Ultrasound findings Frequency Percentage  

Vitreous haemorrhage 33 36.7 

Aqueous haemorrhage  6 6.7 

Retinal detachment 30 33.3 

Choroidal detachment 6 6.7 

Lens dislocation 11 12.2 

Vitreo-retinal adhesions 1 1.1 

Foreign body 1 1.1 

Ruptured eye 2 2.2 

Total  90 100 

 

 

 

 

 

 

Table 4: Ultrasound findings in cataract patients. 
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Table 6: Ocular USS findings in Gunshot eye injury 

Ultrasound findings Frequency Percentage  

Vitreous haemorrhage  6 50.0 

Aqueous haemorrhage  1 8.3 

Retinal detachment 5 41.7 

Foreign body 1 8.3 

Total  12 100.0 

 

Table 7: Ocular ultrasound findings in children under 10 years. 

Ultrasound findings  Frequency  Percentage  

Retinal detachment 11 15.5 

Cataract 27  38.0  

Vitreous haemorrhage 10 14.1  

Aqueous haemorrhage  1 1.4   

Choroidal detachment 5 7.0   

Lens dislocation 5 7.0   

Ruptured globe 2 2.8  

Vitreo-retinal adhesions 1  1.4  

Retinoblastoma  7 9.9 

Optic nerve tumor 1 1.4  

Sebaceous cyst 1  1.4  

Total  71  100.0  

 

Discussion  

Computed tomography (CT) scan and 

magnetic resonance imaging (MRI) are very 

strongly indicated in many ocular diseases. 

However, their role is limited in the examination 

of the vitreous, retina and choroid (6).  Moreover; 

they cannot scan in real time and have poorer 

spatial resolution. On the other hand, 

ultrasonography has over the years 

metamorphosed into an important tool in ocular 

imaging, described as “as indispensable as the slit 

lamp or indirect ophthalmoscopy” by Coleman et 
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al. (7) Ultrasonography is cheap, readily available 

and dynamic imaging is achievable with it. Its use 

is inevitable in the assessment of the posterior 

segment of the eye in opaque eye media and with 

use of ultrasound biomicroscopy, the anterior 

segment can also be assessed (7,8). 

Our study showed a male preponderance as 

there were 171 males and 112 females. This trend 

was also observed by Ukponmwan et al (5) in a 

similar study in our centre some fifteen years ago. 

Our finding is also in consonance with that of Eze 

et al (9), though their work was restricted to 

Orbito-ocular trauma. The mean age of our study 

population was similar to the study of 

Ukponmwan et al (5).  

It has been observed that ocular trauma 

accounts for blindness in approximately 1.6 

million people, bilateral visual impairment in 2.3 

million and unilateral visual loss in about 19 

million people annually (10).  Furthermore, ocular 

trauma is said to account for more than half of all 

cases of eye emergency (10).  Hence, the 

observation in our study of trauma being the 

commonest indication for ocular ultrasound is not 

out of context. In the setting of trauma, 

ultrasonography is an indispensable tool in 

assessing the eye. Computed tomography scan also 

comes into light when bony orbit involvement is 

suspected. Imran et al (10) opined that CT scan 

showed higher accuracy compared to ultrasound in 

detecting intraocular foreign body, vitreous 

hemorrhage and lens dislocation while ultrasound 

showed higher accuracy compared to CT scan in 

detecting retinal detachment and choroidal 

detachment, all in the setting of trauma. However, 

computed tomography scan was not done for our 

patients. But it was detected that vitreous 

haemorrhage was the commonest ultrasound 

finding in traumatic patients, this was followed by 

retinal detachment. This observation is in tandem 

with that of Kwong et al (11) but in 

contradistinction to the study of Eze et al (9) who 

opined that retinal detachment was more than 

vitreous haemorrhage in trauma cases. This 

difference may be due to the fewer patients that 

were used in the study by Eze et al (9).  Eleven 

cases of lens dislocation were documented in those 

that had trauma but the type of lens dislocation 

could not be confirmed in this study as such 

information was not documented in their 

ultrasound report. 

Only six cases of aqueous haemorrhage were 

detected on ultrasonography in trauma patients. 

This low figure may be due to the fact that the 

transducer used in this study was of 5 to 7 MHz 

and this cannot properly assess the anterior 

chamber. Ultrasound Biomicroscope (UBM), 

which uses transducer frequency of 35MHz and 

above is the choice for anterior segment of the eye 

where aqueous humor belongs (12). 

Senile cataract, traumatic cataract and 

congenital cataract were the second, third and 

fourth commonest indications for ocular 

ultrasound with trauma being the first. More so, 

cataract also accounted for the commonest ocular 

pathology on ultrasonography in this study. 

Although cataract detection is not the primary aim 

of ocular scan as it can be diagnosed on 

ophthalmoscopy (13). Ocular ultrasonography is 

often routinely performed prior to cataract 

extraction in order to rule out possible 

contraindications to surgery such as retinal 

detachment or tumours that cannot be seen on 

ophthalmoscopy and may influence the prognosis 

of the surgery (13). Retinal detachment, vitreous 

haemorrhage and choroidal detachment were the 

commonest ultrasound findings in those that had 

cataract in our study. Other associations with 

cataract in this study included posterior vitreous 

detachment and vitreo-retinal adhesions. 

Penetrating injury can disrupt the sclera and 

when deep enough can rupture the globe (14). 

Gunshot injury is a cause of penetrating injury to 

the eyes. It is said to be more frequent in males 

(14).  Seven cases of gunshot injury to the eyes 

were recorded in our study but there was no 

associated globe rupture and all of them were 

males. Posterior segment findings on ultrasound in 

these patients were vitreous haemorrhage followed 

by retinal detachment, this pattern is similar to our 

observation above seen in other patients with 

trauma to the eye. Albeit, the cause of trauma for 

those other patients could not be ascertained as 

such documentation was not on their request 

forms. One can infer from this study, that 

irrespective of the cause of trauma to the eyes, 

vitreous haemorrhage is the commonest posterior 

segment finding seen on ultrasonography. Only 

one case of intra-ocular foreign body was recorded 

in these patients with gunshot injury. 

Retinoblastoma is the most common 

paediatric intraocular tumor said to occur before 
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the age of 4 years (15).  Presentation after 6 years 

is rare. The diagnosis can be made on the basis of 

fundoscopy and ultrasonography (16).  Seven 

cases of retinoblastoma were demonstrated in our 

study; the youngest was 8 months old while the 

oldest was 3 years old. This is in agreement with 

the literature (15,16). 

In conclusion, an analysis of the common 

indications for ocular ultrasonography has been 

made and an attempt has also been made to 

elucidate the common ocular findings on 

ultrasonography as seen within a five year-period 

at the University of Benin Teaching Hospital. 
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Abstract:  A case is reported of a rare finding of a giant primary de-

differentiated liposarcoma of the greater omentum weighing more than 

22kg in a 24 years-old male, probably the youngest in reported literature 

and first in our centre. The diagnosis was confirmed histologically after 

surgical removal through laparotomy. Omental liposarcoma (soft tissue 

sarcoma) should be considered as a differential diagnosis of abdominal 

swelling in young adults with consequent management challenge. It has a 

very poor prognosis. 
  

Keywords: Liposarcoma, omentum.  

 

Introduction 

The occurrence of liposarcoma in the 

abdominal cavity is rare to find being more 

common in the limbs and 

retroperitoneum(1,2,3). Liposarcoma may 

present at any age but more commonly found in 

the 6
th
 and 7

th
 decades with a male to female 

ratio of 1.4:1(3). It tends to be massive and 

presents with progressive increase in size. It may 

simulate intestinal obstruction though painless. 

Omental liposarcoma is rarely diagnosed as a 

differential of other intra-abdominal tumours 

thus causing a diagnostic and management 

dilemma. Computerised Tomography (CT) and 

Ultrasound scan are useful to determine the site, 

size and consistency of the intra-abdominal 

lesion(4). Liposarcoma is classified 

histologically into five subtypes namely: well 

differentiated, myxoid, round cell, 

dedifferentiated and pleomorphic according to 

WHO classification(3,5) and the dedifferentiated 

is arguably the rarest variety.. Surgical resection 

is the treatment of choice and offers the best 

chance of cure. Radiotherapy and Chemotherapy 

have limited role in its treatment. Prognosis 

depends on histological type(4,6) but is generally 

poor(3,7). 

 

Case Summary   

A 24yr-old male presented with a painless, 

progressively increasing abdominal swelling of 

11 months duration. The swelling was associated 

with early sense of fullness despite good appetite 

and constipation with passage of hard faecal 

pellets. Nausea, vomiting and haematochezia 

were absent. He had marked weight loss, 

malaise, body weakness and progressive 

difficulty in breathing worse in supine position. 

He also had a gradual onset of bilateral leg 

swelling, passage of scanty amount of dark urine 

but no facial puffiness, jaundice or body itching. 

He had occasional low - grade fever but no 

cough. Dizziness was felt upon lying supine. He 

had no antecedent history of trauma or previous 

surgery. 

      Examination showed an emaciated, pale, 

anicteric young man with pitting pedal oedema 

and no significant peripheral lymphadenopathy. 

He had tachycardia, tachypnoea and weighed 68 

kilograms. 

     The abdomen was grossly distended (Figure 

1), symmetrical and moderately tense with 

prominent superficial veins. Umbilicus was 

everted and distally displaced. Abdomen was 

non-tender and organs were not assessable. A 

huge intra-abdominal mass was felt which was 

firm, with ill-defined edge and unable to get 

above or below it. Abdominal girth measured 

107 centimetres. Percussion notes were 

uniformly dull and bowel sound was distant and 

infrequent.  

     Investigation results confirmed anaemia, 

hypoproteinaemia, normal blood chemistry and 

were sero-negative for both HBSAg and 

Retrovirus. Abdomino-Pelvic Computed 

Tomography (CT) scan (Figure 2) showed a 

thick-walled cystic mass in the peritoneal cavity 

measuring 34.09 cm x 29.57 cm x 40.15 cm with 

Calabar Journal of Health Sciences, Vol. 1 No. 1, 2017 

 



Giant Primary De-differentiated Liposarcoma – Nwagbara et al 

33 
 

nil wall enhancements, displacing normal bowel 

loops laterally. The mass had no calcific focus 

and stretched the mesenteric vessels.    

    An exploratory laparotomy was done during 

which was found a huge bosselated yellowish 

fatty mass measuring 30cm x 25 cm x 35cm, 

(Figure 3a&b). It was encased within the 

omentum which formed multiple vascularised 

adhesions to the abdominal wall as well as 

numerous dilated tortuous vessels. It also had a 

10cm wide fleshy part merging with the greater 

curvature of the stomach. It was partly cystic 

yielding about 2 litres of serosanguinous fluid on 

application of suction. There was no 

demonstrable ascites and abdominal viscera were 

normal but displaced. The patient had en bloc 

resection of the mass which weighed 22.2 

kilograms (including the 2 litres of cystic fluid). 

Histopathological analysis confirmed it as 

dedifferentiated liposarcoma (Figure 4a&b).  

The post-operative course was uneventful 

and clinical evaluation 3 months following 

discharge was unremarkable. He returned to care 

a year later with a recurrence and succumbed 

before complete re-evaluation. 

 

 

  

 

 

 

 

 

 

Figure 1 – Clinical photograph – grossly  

                 distended abdomen    

       Figure 2 – Abdominal CT Scan  

 

 

 

 
 
 
 
 
 

Figure 3a – Operative photograph  

– omental tumour in situ   Figure 3b – Omental tumour after excision 

 

 

 

 

 

Figure 4a – Photomicrograph H&E x 40                 Figure 4b – Photomicrograph H&E x 100 

                   Dedifferentiated liposarcoma                       Dedifferentiated liposarcoma                 
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Discussion 

Liposarcoma is a subtype of soft tissue 

sarcoma (STS), a malignant lesion of connective 

tissue origin. The cell of origin consists of 

lipoblasts. It constitutes about 20% of STS, 

making it the second most common STS in 

adults (1,2,3). Commonly reported sites include 

the gluteal region, lower limb and 

retroperitoneum (2,3). However, primary 

liposarcoma of the greater omentum is very rare 

(1,3,7). The true incidence is unknown as most 

published data are case reports (2). Though 

intraabdominal location of liposarcoma is rare, 

the predominant sites are mesentery, omentum 

and gastrointestinal viscera (4,6).  

Liposarcoma may occur at any age but most 

reports indicate prevalence in patients aged 

between 34-83 years especially in the 6-7
th
 

decade, with a male preponderance (3,4). Our 

patient is a decade younger (24 years) than the 

lowest reported age of 34 years by Meloni et al 

(2).  

     It is characteristic of omental liposarcoma to 

grow painlessly to a massive size appearing as 

yellowish, irregular soft mass with some 

gelatinous components (4,5).  Consequently, 

they present with compressive symptoms as 

depicted by the index patient. There was also 

bilateral pedal oedema from hypoproteinaemia 

and venous stasis arising from compression of 

the inferior vena cava in our index patient.. 

Presentation may be protean according to Soufi 

et al who reported compression of the pelvic 

organs by a giant liposarcoma of the omentum 

that resulted in genital prolapse (4). Milic et al 

documented a case of primary omental 

liposarcoma presenting as incarcerated inguinal 

hernia (8).  

     Diagnosis of omental liposarcoma is usually 

made at surgery (7)
 

as was our experience. 

Computed Tomography (CT) is the imaging 

study of choice as it gives the size, site and 

nature of the lesion but tissue diagnosis is 

confirmed by histopathology. The Ultrasound 

(US) and CT scan may show heterogeneous 

giant tumour in the abdomen. The role of fine 

needle aspiration cytology (FNAC) is limited to 

evaluation of tumours that are not resectable to 

avoid tumour seeding (7).  

     Liposarcoma is formed by lipoblasts and to 

the World Health Organisation (WHO) has 5 

sub-types namely well-differentiated, myxoid, 

round cell, pleomorphic and dedifferentiated 

varieties in increasing order of aggressiveness 

(1,5,7,8).   

Complete excision offers the best chance of 

cure or longer survival in non-metastatic lesions 

(3,4,7).  However, local recurrence and extensive 

peritoneal dissemination has been reported with 

poor prognosis (3,7). Chemotherapy and 

Radiotherapy have roles as adjuncts in 

disseminated cases but some workers regard 

their use as controversial (3,4,7). 
 
An average 

survival rate of not greater than 2 years 

irrespective of excision has been reported (7). 

Some workers have reported 5 years survival 

rate of 10% in all histological types but that it is 

questionable in the undifferentiated type (4,8). 

The longest survival duration of 13 years after 

complete excision has been reported (8)
 
in a 

patient with a sub-type with a better prognosis 

than our index patient. 
 

Conclusion 

Our index case presented in the 3
rd

 decade of 

life (24 years). He is unusually younger than 

those reported in published works. His tumour is 

notable for being massive, found in a rare 

location that is not easily noticed and with 

symptoms of mass effect and challenging 

management. Liposarcoma should be considered 

a possible differential in cases of abdominal 

swelling even in young adults below the age 30 

years. 
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Abstract:  Methicillin-resistant Staphylococcus aureus (MRSA) has 

attracted public health attention globally, due to its multidrug resistance 

profile, and increasing morbidity and mortality rates among infected 

patients. Accurate and rapid detection of methicillin resistant S. aureus is an 

important task of clinical microbiology to avoid failures in treatment of 

infections caused by the organism. Therefore, this study aimed to evaluate 

the conventional disc diffusion phenotypic and the molecular methods of 

detecting MRSA strains in clinical isolates at a tertiary hospital in Uyo, 

Nigeria. The MRSA strains were detected phenotypically using the 

Oxacillin and Cefoxitin discs diffusion technique as well as detection of 

mecA gene by singleplex polymerase chain reaction (PCR). Of the 

102(51.0%) S. aureus strains isolated from 200 subjects (healthcare 

workers, surgical patients and patient relatives), 22(21.6%) were identified 

as MRSA by Oxacillin and Cefoxitin discs diffusion technique, while the 

mecA gene was detected in 18(17.7%) isolates. The degree of variability in 

MRSA strain detection using the conventional disc diffusion phenotypic 

method and the mecA gene detection method as the gold standard was low 

in specificity, sensitivity and efficiency rates of 100%, 95.2% and 96.1%, 

respectively in favour of the discs diffusion method. The result of the 

phenotypic oxacillin and cefoxitin discs diffusion technique in this study is 

comparable to the molecular technique and is highly recommended for use 

at resource-poor settings. 
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 Introduction 

Staphylococcus aureus is one of the 

commonest human pathogens capable of causing 

a wide range of infections. Despite the 

introduction of effective antimicrobial agents, 

improvements to hygiene and hospital 

surveillance, it has over the years persisted as an 

important hospital and community pathogen (1). 

A great deal of virulence from this organism 

occurs through cross-sectional transmission from 

patient to patient in hospital and other 

institutional settings, and among healthy 

individuals at close contacts or in a crowded 

environment (1). Healthy individuals have a 

lower risk of contracting an invasive infection 

caused by the organism, but can serve as carriers 

of the organism, thereby posing as threats to 

susceptible individuals (2).  

Methicillin-resistant Staphylococcus aureus 

(MRSA) strains are significant pathogens that 

have attracted public health attention globally, 

due to their involvement in both nosocomial and 

community acquired infections (3,4). There has 

been steady increase in the prevalence of MRSA 

across nations of the world, with several studies 

reporting varying carriage rates among patients 

in hospitals. An Indian report shows that MRSA 

incidence was as low as 6.9% in 1988 but rose to 

24% and 32.8% in Vellore and Lucknow, 

respectively by 1994 and was of the same order 

in Mumbai, Delhi and Banglore in 1996 and in 

Rohtak  and  Mangalore in 1999 (5-7). In some 

other countries of the world, its prevalence was 

recorded as follows; 35% in Singapore, 66.4% in 

Scotland, 44.4% in Japan, 26% in Malaysia and 

19.2% in Ekiti state of Nigeria (8-12). The 

infections caused by MRSA are severe and are 

difficult to combat. Only few antimicrobial 

agents are available for the treatment of such 

infections and none of these antimicrobials 

possesses ideal characteristics (13). The reports 

from India is an indication of an increasing 
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incidence of MRSA, therefore, accurate and 

rapid identification of MRSA in clinical samples 

is essential for timely decision and isolation 

procedures and effective usage of antimicrobial 

agents (14,15). 

Detection of MRSA is based on phenotypic 

and genotypic characterization of isolates. In 

most cases, phenotypic methods appear to be 

cost effective and easier than the genotypic 

methods, while genotypic methods have better 

accuracy and precision (15). Phenotypic methods 

include disc diffusion (using Oxacillin or 

Cefoxitin disc), broth micro dilution, agar 

dilution (using oxacillin MIC by broth dilution), 

agar screening methods (using Oxacillin agar 

screening), and rapid latex agglutination assay 

(for the detection of PBP2a antigen using 

monoclonal antibodies) (16). The genotypic 

methods comprise polymerase chain reaction 

(PCR)-based detection techniques, using a 

combination of primers for genes responsible for 

methicillin resistance (mecA and mecC) (16).The 

expression of methicillin resistance in the 

clinical laboratory setting is subject to 

environmental conditions which include pH, 

temperature, and salt concentration of the 

medium as well as incubation time (17,18). 

Conditional expression of PBP2a antigen may 

also cause ambiguity in susceptibility tests (19). 

To compound this issue, methicillin resistance is 

often expressed heterogeneously, masking the 

genetic information for resistance that the 

bacteria carry; this can lead to a false negative 

result (19).The epidemiological knowledge of 

the predisposing risk factors of MRSA serves as 

a guide to a suitable antimicrobial treatment and 

management of staphylococcal infections and 

infection control measures. Precise and rapid 

detection of methicillin-resistant S. aureus is an 

important task of clinical microbiology to avoid 

failures in treatment of infections caused by the 

organism. This study was carried out to compare 

the conventional disc diffusion method using 

Cefoxitin and Oxacillin impregnated disc with 

the molecular method involving a singleplex 

PCR for the identification of MRSA strains from 

clinical specimens. 
 

Materials and Methods 

Study design 

A total of 200 nasal swabs were collected 

from surgical patients, their relatives and 

healthcare workers at University of Uyo 

Teaching Hospital, Uyo, Nigeria, over a period 

of 6 months from April 2016 to October 2016. 

The socio-demographic information of the 

patients such as age, occupation, location, 

previous exposure to bacterial infection, among 

others were obtained using a preformed 

questionnaire designed for this purpose. 
 

Ethical consideration 

Ethical approval was obtained from the 

ethical review board of the hospital before the 

commencement of this research, and informed 

consent was also obtained from subjects before 

enlisting them into the study. 

 

Sample collection, isolation and identification of 

Staphylococcus aureus 

Nasal swabs were obtained from the anterior 

nares of subjects using a sterile swab stick 

(Micropoint Diagnosis) and following standard 

procedures. The swabs were inoculated onto 

mannitol salt agar and blood agar plates, and 

incubated at 37
0
C for 18-24 hours. Colonies 

exhibiting beta haemolysis on blood agar and 

yellowish appearance on mannitol salt agar 

plates were further identified by standard 

bacteriological procedures such as colony 

morphology, Gram reaction, catalase test, tube 

coagulase test and DNase test (20). 

Antibiotic susceptibility test by Kirby-Bauer 

method 

S. aureus isolates were subjected to 

susceptibility testing by Kirby-Bauer disc 

diffusion method on Mueller-Hinton Agar plates. 

The antibiotics used were 30µg Tetracycline 

(Te), 2µg Clindamycin (Da), 5µg Erythromycin 

(E), 30µg Vancomycin (Va), 10µg Gentamycin 

(Cn), 5µg Ciprofloxacin (Cip) and 

1.25µg/23.75µg Cotrimoxazole (Sxt). The 

reference strain Staphylococcus aureus 

ATCC25923 was used as a control. The zone of 

inhibition exhibited by each isolate was 

measured and categorized into sensitive, 

intermediate and resistant. Results were 

interpreted according to the Clinical Laboratory 

Standards Institute’s (CLSI) 2014 guidelines 

(21). 
 

Phenotypic detection of Methicillin resistance 

All the 102 S. aureus isolates were tested for 

methicillin resistance (MRSA) by Oxacillin and 

Cefoxitin disc diffusion methods as follows: 

Oxacillin and Cefoxitin disc diffusion  

Overnight colonies of the organism were sub 

cultured into trypticase soy broth and incubated 

for three hours. The broth was diluted to a 0.5 
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McFarland standard equivalent. Using a sterile 

swab stick, the diluent was inoculated onto a 

Mueller Hinton agar plate.   

Two antibiotic discs (1µg Oxacillin and 

30µg Cefoxitin) were placed apart on the plate. 

The plate was incubated at 37
0
C for 18 hours and 

the zone diameter measured. An inhibition zone 

of ˂11mm for Oxacillin and ˂22mm for 

Cefoxitin was reported as methicillin resistant 

(21). 
 

Singleplex PCR for detection of mecA gene 

The bacterial DNA was extracted using the 

boiling method, as described by Chapaval et al. 

(22). Amplification of the MecA gene was 

carried out on a 9700 Applied Biosystem 

Thermal cycler in a final volume of 20ul. The 

PCR mix included 10ul of master mix, 0.16ul of 

both forward primer: 5’-

TAGAAATGACTGAACGTCCG-3; and reverse 

primer: 5’- TTGCGATCAAATGTTACCGTAG-3’ 

(23), 2ul of the gDNA and 7.68ul of PCR water. 

The tubes were placed on the microtiter tray of 

an Applied Biosystem 9700 thermal cycler, 

which had been programmed to run at an initial 

denaturation temperature of 95
0
C for 3 mins and 

additional 30seconds, annealing at 55
0
C for 30 

seconds, an extension period at 72
0
C for 40 

seconds, a final extension period of 2 mins at 

72
0
C followed by cooling or storage at 10

0
C, for 

35 cycles. An 8µl aliquot of each amplicon was 

resolved on 0.8% agarose gel at 110V for 20 

minutes and visualized on an ultraviolet trans-

illuminator. The presence of a single fragment 

band of 154bp was considered to be the mecA 

gene. Positive and negative controls were run 

along with the test isolates. 
 

Sensitivity and Specificity of Oxacillin/Cefoxitin 

discs Diffusion Assay 

The sensitivity, specificity, positive predictive 

value and negative predictive value of the 

Cefoxitin and Oxacillin disc diffusion test for 

detecting phenotypic Methicillin resistance in the 

S. aureus isolates was determined, using the 

presence of the mecA gene as “gold standard” 

and the following formula were used:  

Sensitivity = (TP/TP + FN) × 100  

Specificity = (TN/TN + FP) × 100  

Positive predictive value = (TP/TP + FP) × 100  

Negative predictive value = (TN/TN+ FN) × 100 

Accuracy/Efficiency = (TP +TN/TP 

+TN+FP+FN) X 100 

Where, TP (true positive) implies that the disc 

demonstrated that the isolate was resistant when 

the mecA gene was present, TN (true negative) 

implies that the disc showed the isolate to be 

susceptible when the mecA gene was absent, FP 

(false positive) implies that the disc 

demonstrated that the isolate was resistant when 

the mecA gene was absent, and FN (false 

negative) imply that the disc showed the isolate 

to be susceptible when the mecA gene was 

present. 
 

Data analysis 

Demographic variables and frequency of 

MRSA occurrence was analysed using SPSS 

version 17
th
. Data were analysed using 

descriptive statistics and statistical significant 

difference at p˂0.05. 
 

Results 

The detection rates of MRSA strains as 

determined by the phenotypic and genotypic 

methods are presented in Table 1. Of the 102 

strains S. aureus isolates, 22(21.6%) MRSA 

strains were detected phenotypically using the 

Cefoxitin/Oxacillin discs diffusion method while 

18(17.7%) were detected genotypically with 

possession of mecA genes. Among the S. aureus 

strains isolated from surgical patients (n=41), 

patient relatives (n=22) and healthcare workers 

(n=39), 15(36.6%) vrs 13(31.7%); 

4(18.2%)vrs2(9.1%); 3(7.7%) each were MRSA 

strains as detected by the phenotypic and 

genotypic methods, respectively. There was no 

statistical significant difference in the detection 

rates using the two methods (P>0.05). In 

comparison with the genotypic method, the 

sensitivity rate, specificity rate and efficiency of 

using the phenotypic method to detect MRSA 

were 100%, 95.2% and 96.1% respectively 

(Table 2). 
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Table 1: The detection rates of MRSA strains among the study subjects using the phenotypic 

and genotypic methods 

Category No. 

examined 

S. aureus 

 (%) 

Phenotypic  

MRSA detection 

(%) 

Genotypic mecA gene 

detection (%) 

Patients 65 41(63.1) 15(36.6)* 13(31.7)* 

Patient relatives 65 22(33.8) 4(18.2) 2(9.1) 

Healthcare workers 70 39(55.7) 3(7.7) 3(7.7) 

Total 200 102(51.0) 22(21.6)* 18(17.7)* 

*No statistical significant difference (P > 0.05) 

Table 2: Comparison of Oxacillin/Cefoxitin discs Diffusion test and mecA gene Detection 

 Antibiotic disc (zone size mm) 

Oxacillin(˂11mm)/Cefoxitin (˂22mm) 

 

 No. Positive No. Negative Total 

mecA gene 

No. Positive 

 

TP = 18 

 

FN = 0 

 

18 

No. Negative FP = 4 TN = 80 84 

Total 22 80 102 

Key: PPV - Positive Predictive Value); NPV - Negative Predictive Value). 

Note: Sensitivity = 100%;Specificity = 95.2%; PPV = 81.1%; NPV = 100%; Efficiency = 

96.1% 
 

Discussion 

Methicillin-resistant Staphylococcus aureus 

has evolved as one of the major causative agents 

of community and hospital associated infections, 

with attendant societal and clinical 

consequences. In this study, the conventional 

Oxacillin and Cefoxitin discs (phenotypic 

method) detected 21.6% each of the S. aureus 

strains isolated from surgical patients, patient 

relatives and healthcare workers in UUTH, Uyo 

while the genotypic method detected the mecA 

gene in 17.7% of the S. aureus isolates. The 

MRSA detection rate of 17.7% obtained in this 

study using the mecA PCR assay compared 

favorably with 19.2% (12) and 22.2% (24) 

reported recently in southwestern Nigeria using a 

similar detection method. 

Of the 22 phenotypically identified MRSA 

isolates using the Oxacillin and Cefoxitin discs, 

18 isolates possessed the mecA genes (81.8%) as 

indicated by the genotypic assay. However, the 

inability of the disc diffusion methods to 

correctly detect 4 (18.2%) of putative MRSA 

isolates among the S. aureus isolates could be 

due to other possible reasons. This could be 

attributed to certain factors and conditions such 

as technical factors or unfavorable testing 

conditions which could make the organism 

exhibit resistance to Oxacillin and Cefoxitin. 

These conditions include incubation temperature, 

duration of incubation, medium, inoculums, test 

agent, among others (25,26). Such testing 

conditions include incubation temperature, 

duration of incubation, medium used, inoculums, 
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test organism, among others (26-28).On the 

other hand, failure on the part of the genotypic 

method to detect the mecA gene previously 

identified phenotypically could be attributed to 

empty cassette variants in the organism resulting 

to false-negative genotypic result (27,29). In this 

instance, the mecA gene usually drops out of the 

Staphylococcus cassette chromosome mec 

(SCCmec) which has been observed to occur in 

many MRSA populations (26).When comparing 

MRSA detection results obtained with the 

Cefoxitin and Oxacillin disc diffusion methods 

and mecA gene detection in this study, the 

specificity and sensitivity rates were 95.2% and 

100%, respectively and there was no statistically 

significant difference in the detection results of 

the phenotypic and genotypic assays. This 

suggests that the conventional disc diffusion 

method using either Cefoxitin or Oxacillin disc 

can still be conveniently utilized for MRSA 

detection in laboratories where advanced 

techniques are not available and in resource-

limited settings. Olugbenga et al. (12) and 

Broekema et al. (30) had recommended the use 

of Cefoxitin disc over Oxacillin disc based on 

their findings but in this study both discs gave 

similar results. A larger study is therefore 

required to further evaluate the use of these discs 

in phenotypic MRSA detection and by so doing 

standard procedure must be strictly followed to 

avoid inherent technical errors usually associated 

with false negative results as stated above. This 

notwithstanding, the molecular method of 

detection is still the most preferred and definitive 

method of detecting MRSA in the laboratories 

(12). 

In conclusion, the result of the phenotypic 

Oxacillin and Cefoxitin discs diffusion technique 

in this study is comparable to the molecular 

technique and the method is recommended for 

use in resource-poor settings based on its high 

sensitivity and specificity rates following strict 

standard procedures. 
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Abstract: Ninety percent of deaths due to malaria infection globally still 

occur  in sub-Saharan Africa. The species largely responsible for these 

deaths is the Plasmodium falciparum. Another species Plasmodium 

knowlesi, a simian malaria parasite has also been reported to cause some 

deaths in South East Asia. Malaria caused by Plasmodium species that 

primarily have non-human primates as their reservoir hosts are referred to 

as simian malaria.  It has now been established that P. knowlesi, can also 

infect humans under natural settings. The objective of this study was to 

determine the prevalence of simian malaria among peoples living in some 

forested areas of Cross River State, Nigeria, where non-human primates are 

predominantly found. Multiplex PCR with primers specific for 

P.falciparum, P.ovale, P.malariae and P.vivax  and genus specific primers 

rPLU5 and rPLU6 were used to detect the presence of malaria. Plasmodium 

falciparum was found in 51 (9.8%) of 521 participants included in this 

study (Z value =1.8004, p-value=0.0718). This study did not detect any 

simian malaria infection in any of the study participants.  In conclusion, this 

study did not detect simian malaria amongst humans living in forested areas 

of Cross River State. However, a prevalence of 9.8% of Plasmodium 

falciparum was observed. 
 

Key Words:  Malaria, Plasmodium falciparum, Simian malaria, Anopheles gambiae, Primates,  

       Mosquitoes, PCR 

 

Introduction 

Simian malaria has been described as 

Plasmodium species that primarily have non- 

human primates such as apes and monkeys as 

their reservoir hosts (1). Several reports (1, 2) 

have now established P. knowlesi, a simian 

malaria parasite as the fifth agent of human 

malaria. Other human malaria species are P. 

vivax, P.malariae, P. ovale and P. falciparum; 

the most pathogenic of these is Plasmodium 

falciparum.  

It is believed that human activities in the 

forest and keeping of infected monkeys as pets  

make humans susceptible to P.knowlesi infection 

in South East Asian (SEA) countries (3, 4). 

Naturally-acquired P.knowlesi in humans was 

first documented in SEA by a retrospective study 

using Polymerase Chain Reaction (PCR) method 

(2). Before this discovery, it was thought that 

P.knowlesi cannot infect humans outside of the 

laboratory (3). 

Cross River State (CRS), one of the thirty 

six states of Nigeria is located in South-east axis 

of the country and shares a long border with 

Cameroon to form “a single protected ecological 

zone” (5). The forest in Cross River State is 

believed to be one of the richest forests in Africa 

and recognised by the United Nations 

Educational, Scientific and Cultural Organisation 

(UNESCO) as a world heritage centre, because it 

is rich in very rare wildlife and plants (5).   The 
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forest hosts up to 16 species of primates that 

could be found in its boundaries. These include 

Chimpanzee, Drill monkeys, potty-nosed 

monkeys, Mangabey monkey, Preuss‟s Guenon 

and many others (5-7). 

Although the Federal  Government of 

Nigeria and CRS have put programmes in place 

to protect the forest and discourage human 

encroachment, illegal human activities like 

logging, hunting of primates for „bush meat‟, 

bush burning for farming are still very prevalent 

(5).   These human activities are believed to be 

some of the factors responsible for making 

humans susceptible to simian malaria (4). 

In Africa, studies have reportedly detected 

Plasmodium species such as Plasmodium 

rodhaini, Plasmodium reichenowi, Plasmodium 

gaboni, Plasmodium billbrayi and Plasmodium 

billcollinsi in non-human primates(8, 9). 

However, to our knowledge no study has 

reported any infection of humans by these simian 

species. 

While several studies have been carried out 

in SEA to determine the prevalence of simian 

malaria among humans living in forested areas, 

very few, if any have been done in Africa. It is 

important to evaluate the status of simian malaria 

naturally acquired by humans at risk of this 

disease in CRS, Nigeria.  

The objective of this study was to determine 

the prevalence of simian malaria among peoples 

living in some forested areas of CRS, where non-

human primates are predominantly found. 
 

Settings and Design 

Study area and population 

This study was conducted in Cross River 

State, South-east Nigeria. The sites and their 

geo- coordinates are as follows and are shown in 

Fig 1: Calabar Municipal, Latitude 4.9770, 

Longitude 8.3340, Altitude 135m; Drill Ranch in 

Afi Mountain Wildlife Sanctuary, Latitude 

6.29990 and Longitude 8.99770, Altitude 300m; 

Cross River National Park, Latitude 5.21300, 

Longitude 8.25480, Altitude 143 and Latitude 

5.21370, Longitude 8.25470, Altitude 135m. 

Other sites were: Obung, Latitude 5.3458, 

Longitude 8.39445 Altitude 135m; Aking and 

Osunba, Latitude 5.4334 Longitude 8.6370 

Altitude 182.6; Iko Esai and Rhoko Forest 

Latitude 4.9714 Longitude 8.3216 Altitude 135m 

(Fig. 1). The average annual rainfall 

measurement during the study was about 

3,419.4mm.  

At the time of data collection, Afi Mountain 

Wildlife Sanctuary (Drill Ranch) was managed 

by the “Pandrillus Foundation”, Rhoko Forest 

was managed by CERCOPAN, while the “Cross 

River National Park” was managed by the 

Federal Ministry of Environment. Participants 

were people who lived within border 

communities on the fringes of the wild life forest 

reserves, and frequently go to the forests for 

activities such as hunting, logging, farming, 

palm wine tapping and „bush mango picking‟. 

Also forest rangers and other staff of the wildlife 

sanctuary were included in the study.  

 

  

 

 FIG 1. Geographic Positioning System (GPS) Study site locations indicated as black triangles 
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Study design: 

This is a descriptive cross-sectional study 

that was conducted from August 2013 to June 

2014, spanning both dry and rainy seasons. 

Malaria transmission is stable in this part of 

Nigeria, and infection occurs all year round (10). 
 

Ethical Approval: 

Ethical approval: was received from the 

Ethical Review Committee of the Cross River 

State Ministry of Health.   Permission was also 

obtained from the Cross River State Forestry 

Commission and Conservator-General to collect 

data in the wildlife sanctuaries and Cross River 

National park respectively. Letters of support for 

the study were also obtained from the 

managements of Pandrilus and CERCOPAN. 
  

Community sensitization and mobilization: 

Advocacy visits were made to village heads 

to explain the aim of the study to them and 

obtain support for community sensitization. In 

each community, a town announcer made 

announcements morning and evening a week 

before and during the study.  The 

announcements stated that, people who enter the 

forest regularly for farming, hunting, logging, 

and for any other activity should come to the 

primary health care centre for free malaria test. 

During screening, the purpose of the study was 

explained to the participants and they were 

allowed to ask questions related to the study. 

Informed consent was obtained from each 

participant before taking blood for PCR, thick 

and thin films and malaria Rapid Diagnostic Test 

(RDT). 
 

Sampling Technique:  

A convenient sampling method was used for 

screening participants; study team spent three 

days in each location and tested every 

consecutive participant that gave their informed 

consent for malaria screening. Sampling was 

done at the weekend from Friday to Sunday; 

because the village heads informed the 

researchers that participants will only be 

available on weekends since most were farmers. 

Also rangers and staff of the wildlife 

conservation parks were included in the study 

after obtaining their informed consent. Blood 

was obtained from each consecutive individual 

that gave informed consent, excluding children 

under-five years and anyone who had taken 

malaria treatment in the previous two weeks of 

the malaria test. 
 

Exclusion criteria: 

We excluded  under-fives because they have 

a lower risk of simian malaria infection  (11). 
  

Sample Size Estimation: 

We calculated the sample size using the 

formula for estimating single population 

proportion (12).  Since there was no previous 

report of the prevalence of simian malaria in 

humans from the study area, we used a 

proportion p of 50% of what to calculate 

minimum sample size. This gives the highest 

estimated minimum sample size for an infinite 

population. The formular N= Z
2

α pq/d
2 

was used; 

where N= the estimated minimum sample size 

required;  
 

Z= the standard normal deviate 

corresponding to 95% confidence=1.96, p= 

proportion of occurrence (prevalence), q=1-p, 

d=precision desired by investigators = 5%, an 

estimate of 384 participants was required.  But 

since simple random sampling was not used, we 

factored in the design effect of 1.5%, overall 521 

people participated in the study. 
 

 Detection of Plasmodium species by Microscopy 

 Capillary blood samples were obtained from 

each participant by aseptically pricking the 

middle finger to obtain capillary blood for thick 

and thin blood smears on glass slides, dry blood 

spots for PCR, and RDT. Thick and thin films 

prepared on appropriately-labelled glass slides as 

described by Shute et al (13) were screened for 

parasites after staining with 3% Giemsa stain 

solution for 45 minutes. Stained smears were 

examined with microscope at x100 objective 

lens using immersion oil. Two hundred 

microscopic fields were examined before 

reporting a slide to be negative. Where there 

were parasites, they were counted against 200 

White Blood Cells (WBC), and parasite density 

calculated using 8000 WBC (13). 
 

Molecular detection of malaria parasites: 

 DNA extraction and PCR techniques in this 

study took place at the US-Naval Medical 

Research Unit-3 (US-NAMRU-3), Cairo, and 

their Ghana detachment at the Noguchi 

Memorial Institute for Medical Research, 

University of Ghana. DNA was extracted from 

dry blood spots collected on filter paper from 

human participants with the “QIAamp DNA 

Mini kit by QIAGEN” (Germany) according to 

the instruction of the manufacturer. Every batch 

of DNA extraction had 25 samples and a 

negative control labelled „X‟.   
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Multiplex PCR amplification of Plasmodium 

small subunit 18S ribosomal RNA (SSUrRNA) 

as described by Boonma et al.  (14) was used to 

detect malaria infection. The following primers 

that target sequences coding for Plasmodium 

small subunit 18S ribosomal RNA was used 

“(PF, Sequence, 51-AAC AGA CGG GTA GTC 

ATG ATT GAG 31), P. vivax (PV Sequence, 51 

CGG CTT GGA AGT CCT TGT 31), P. ovale 

(PO Sequence, 51 CTG TTC TTT GCA TTC 

CTT ATGC 3), P. malariae (PM Sequence, 51 

CGT TAA GAA TAA ACG CCA AGCG 3), 

and Reverse primer (R Sequence, 51 GTA TCT 

GAT CGT CTT CAC TCCC 31) that is 

conserved in all four species” . All DNA samples 

without visible amplification or non- specific 

band were re-amplified using “genus specific 

rPLU5 and rPLU6 primers” as described by 

Snounou et al. (15) Results were scored 

independently by two analysts; all non- specific 

amplifications were repeated for confirmation. 

Also any batch of samples with a positive X 

control was discarded and the extraction 

procedure was repeated for that batch. 
 

Mosquito collection and Identification: 

Mosquitoes were caught for three 

consecutive nights every month during a visit to 

any of the selected communities/forests (wild 

life sanctuary). The Centre for Disease Control 

(CDC) light traps and ultraviolet light traps (UV-

light traps) were used for collecting mosquitoes 

from 18.00hrs-6.00am according to the method 

used by Obenauer et al., (16).  The traps were 

modified with carbon-dioxide (CO2) and 

chemical lure according to the methods 

described in Obenauer et al. (16) Also 

mosquitoes were collected indoors early in the 

morning in homes where humans slept overnight 

by the spray-catch method.  

White clothes were spread on the floor so 

that mosquitoes that were knocked down could 

be collected with forceps into an Eppendorf tube. 

The mosquitoes trapped by the CDC light traps 

were kept in-20
o
 freezer, one hour before sorting 

was done. In remote villages without electricity, 

the mosquitoes collected with traps were 

knocked down with insecticides before sorting to 

prevent their escape.  At the Institute of Tropical 

Diseases Research and Prevention (ITDR&P), 

University of Calabar Teaching Hospital. 

Anopheles species were differentiated from other 

species of mosquitoes using their morphological 

characteristics (17). All mosquitoes were stored 

in Eppendorf tubes containing silica gel and 

plugged with cotton wool, for confirmation and 

Molecular techniques at US-NAMRU-3.  

Because species of the A. gambiae complex 

cannot be differentiated microscopically, 

multiplex PCR methods were used for 

identification of the sibling species. Mosquito 

DNA of the species of Anopheles gambiae 

complex was extracted from legs and wings by 

using the Qiagen mini kit (Germany), based on 

manufacturer‟s instruction. Polymerase chain 

reaction (PCR) speciation was done by targeting 

the 18S ribosomal DNA extracted from legs and 

wings of mosquitoes because of the species-

specific differences in the rDNA region 

according to Scott et al. (18). Anopheles 

gambiae complex reared in the US-NAMRU-3 

Laboratory was used as positive control. The 

head and thorax of the mosquitoes was used for 

detecting the sporozoites by Enzyme linked 

Immunosorbent Assay (ELISA). Monoclonal 

antibody specific for P. falciparum was used 

because it is the most prevalent and pathogenic 

of the malaria parasites. The PCR technique was 

also used to determine presence of Plasmodium 

genes in the extracted DNA as described by 

Snounou et al. (15). This is to detect non-human 

Plasmodium species. 
 

Statistical Analysis: 

Data was entered and validated using 

Microsoft Excel 2007 and analysed using R- 

version 3.2 Statistical Computing Software.  

Data was summarised as proportions and Z-test 

was used to determine if there was any 

statistically significant difference between the 

variables at 95% confidence interval and p-value 

< 0.05.  
 

Results 

Of the 521 participants that gave their 

informed consent to participate in this study, 453 

were from border communities and 68 were 

workers and Rangers in the wildlife sanctuaries 

and the National park.  

Overall, 51 (9.8%) were infected with 

malaria parasite in this study. Four of the 

participants (0.8%) had mixed infections of P. 

falciparum with P. malariae (one case) and P. 

falciparum with P. ovale (three cases) by 

microscopy; however the Multiplex PCR method 

only amplified for P. falciparum species in these 

samples. No case of simian malaria was detected 

in this study. The 470 negative samples were re-

amplified with Plasmodium genus specific 

primers (rPLU5 and rPLU6) that were designed to 

target 18S ribosomal RNA to detect non-human 
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malaria parasites. Only four samples were 

positive for Plasmodium genus and were 

sequenced. However, only two were confirmed 

as P. falciparum, while the other two samples 

were false positive (Table 1).  

Distribution of malaria infection showed that 

244 (46.83%) participants were males; out of 

which 30 (12.3%) had malaria infection, 

compared to 21 (7.6%) positive cases out of 277 

female participants; the difference was not 

statistically significant as p-value = 0.0718, 

(Table 2). 

There was no significant difference between 

prevalence of malaria infection among 

participants working in the wildlife sanctuaries 

located in the forest, and participants that live in 

the border communities. Nine (13.2%) of the 68 

participants working in the forest compared to 42 

(9.3%) of the 453 participants tested in the 

communities had human malaria infection, 

p=0.3133 (Table 3). 

 

Distribution of mosquito species in the study 

area: 

A total of 1,182 mosquitoes were collected 

between April 2013 and June 2014 using 

different trapping methods. Seven hundred and 

sixty-one of the mosquitoes were females, out of 

which 104 (13.7%) were Anopheles mosquitoes, 

Culex species (54.4%). Others include 

Uranotaenia species (13.3%), Aedes species 

(4.7%), Mansonia species (0.7%), Lutzia (0.1%), 

Coquillettidia species (0.1%), while 13.1% could 

not be identified because they had become over 

grown with fungi (Fig.2). Seventy-eight (75%) 

of the Anopheles species were A. gambiae s.s, 

three (2.9%) were A. rufipe and 23 (22.1%) were 

unknown species of A. gambiae complex. No 

sporozoites were detected in the Anopheles by 

ELISA method and none of the DNA sample(s) 

amplified for Plasmodium genus.  

 

 

Table 1:  Prevalence of Plasmodium species amongst human participants by method of detection. 

Test method No. Examined No.(%) positive for 

P.falciparum 

No. (%) positive 

for mixed infection 

P.f
*
 and  P.m

* 

No. (%) positive for 

P.f and P.o
*
 

Microscopy 504 18 (3.6) 

3
**

(0.6) 

1(0.2%) 3 (0.6%) 

RDT 

 (pf/pan) 

521 

 

168 (32) - - 

PCR 521 51 (9.8) 0 0 

*
P.f: P.faciparum, 

*
P.m:P.malariae, 

*
P.o:P.ovale 

**Gametocytes of P.faciparum 

 

Table 2:  Gender Specific occurrence of Malaria among subject population. 

Gender No. examined (%) No Infected (%) 

Male 244 (46.83%) 30 (12.3%) 

Female 277 (53.17%) 

 

21 (7.6%) 

Total 521 51 (9.8%) 

Z value = 1.8004, p-value = 0.0718 
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Table 3:  Comparison of the prevalence of malaria among participants working  

    in the wildlife conservative forests and their surrounding villages. 

Residential Locations No. Examined No. infected 

(%) 

 

Border villages 453 42 (9.3)  

Wildlife conservation forest 68 

 

9 (13.2) Z=1.0082 

Total           521 51 (9.8) P=0.3133 

 

 

   

 

Fig. 2: Percentage Distribution by genus of female mosquitoes trapped. 

 

Discussion 

Our study did not detect simian malaria 

parasites in humans living in the border 

communities on the fringes of the forested areas 

of Cross River State. Other recent publications 

on simian malaria in Africa were not aimed at 

detecting this species in humans, and thus, did 

not report their existence in humans (19-21). On 

the contrary, people living in similar settings in 

South East Asia are very susceptible to P. 

knowlesi, a simian malaria parasite  (1, 2, 22). 

Some reasons for the absence of the 

previously reported simian malaria in this study 

could be any of the following:  firstly, for simian 

malaria to be transmitted like any other vector –

borne disease, there has to be an effective and 

efficient vector in abundance; in this case, the 

Anopheles mosquito (23). In addition to this, the 

Anopheles mosquito must be able to feed on the 

blood of non-human primates as well as humans 

(24). In this study, 75% of the Anopheles species 

were A.gambiae s.s and studies have shown that 

they do not have affinity for animal blood, but 

are highly anthropophilic (25). Also, past 

attempts to infect this species in the Laboratory 

with simian malaria was unsuccessful (26, 27). A 

species in the Anopheles gambiae complex, the 

A. arabiensi, is opportunistic, and zoo-

anthropophilic, being able to feed on both 

humans and animals (24). This species has been 

widely reported in Nigeria by several reports(28, 

29). This study did not identify any A. arabiensi, 

however, this does not rule out its presence in 

the study area, because some (22.1%) of the 

A.gambiae complex caught could not be 
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identified by PCR due to mould growth on the 

mosquitoes during storage.  

Some members of A.moucheti and A.nilli 

complex found in parts of sub-Sahara Africa 

including Nigeria are highly exophagic and 

exophilic and can bite man and other vertebrates 

in remote areas. These vectors could become 

vectors of simian malaria to humans, if there is 

exposure to the bites of these mosquitoes as 

demonstrated by a recent study in Gabon, 

Central Africa (25). This study did not detect any 

species of the A. moucheti and A. nilli complex.  

Another reason that may be responsible for 

the possible absence of simian species in humans 

in Cross River State was the indiscriminate use 

of anti-malaria medications without prescription 

(30). This practice is common in both rural and 

urban communities in Nigeria and other sub-

Sahara African countries (31, 32). Any feverish 

condition is believed to be caused by malaria 

parasite, People will usually self-medicate and 

will only visit the clinic if they are not improving 

(31). One of the common reasons given for self-

medication is poverty; because people who self-

medicate would rather save the money they 

would have paid for a consultation at the clinics 

(31). Thus, it would be very easy to eradicate 

any simian malaria parasite accidentally, since 

they are very susceptible to common antimalarial 

drugs, such as Choloroquine and Sulphadoxine-

pyrimethamine (SP) which are still being used in 

these remote settings  (33). 

Lastly, the government in collaboration with 

some organizations (CRNP, Pandrillus 

Foundation and CERCOPAN) protects the 

forests where these endangered species can be 

found. This initiative has reduced to a certain 

extent, human encroachment on these forests and 

may have limited the rate of interactions between 

man and the apes. However, this restriction is 

not full-proof, because “bush meat” is still being 

sold and illegal hunting and logging activities are 

still going on (5).  This may suggest that forest 

poachers might have avoided the free screening 

for malaria for fear of being identified.  

However, 9.8% of participants had 

P.falciparum malaria which is low, compared to 

32.2% reported by a national malaria survey for 

South-east, where Cross River State is situated 

(34). Only the prevalence of malaria among 

under-five children was reported by the survey. 

This study also showed that, there was no 

significant difference in the prevalence of 

malaria among participants living in the border 

communities and participants in the forests 

(wildlife sanctuaries and parks). The reason for 

this could be that, most people working in the 

forests actually live in the border communities 

and only sleep in the forest whenever they were 

on duty. It is possible that they were infected in 

the village because we rarely caught Anopheles 

species in the forests, except for Cross River 

National Park (CRNP), where Anopheles 

gambiae s.s. was abundant and accounted for 

33% of the Anopheles species, compared to 1.9% 

caught at Drill Ranch and Rhoko Forest, 

respectively. We also could not determine the 

infection rate of the Anopheles species because, 

the sporozoite rate in this study was zero. This is 

similar to the report from a study in Liberia (16). 

This may be because ELISA is not a very 

sensitive technique, and also only monoclonal 

antibodies specific for P.falciparum was used, 

which is one of the limitations of this study. 

A limitation of this study is that we were 

unable to do nested PCR which would have been 

more appropriate for a rare pathogen such as 

simian malaria parasites in Nigeria. 

However, we attempted to address this 

problem by running a second round of PCR on 

all negative samples using Plasmodium genus-

specific primers (rPLU5 and rPLU6).  

In conclusion, this study did not detect simian 

malaria amongst humans living in forested areas 

of Cross River State. However, we observed a 

prevalence of 9.8% of Plasmodium falciparum 

using multiplex PCR. There was no significant 

difference in the prevalence of malaria in border 

communities and forested areas.  Larger studies 

in other parts of Nigeria and Africa with forests 

rich in non-human primates should be carried 

out, as this will offer a broader picture of the 

status of simian malaria transmission amongst 

humans who have regular contacts with the 

primates in Africa. The reports from these 

studies will further guide policies aimed at 

malaria control.  We recommend that 

government put measures in place to protect 

other forests in Africa, where endangered species 

are found as is currently being done in Cross 

River State, Nigeria. This will protect not only 

humans from simian malaria, but the primates as 

well from human Plasmodium infection. Lastly, 

it is not known whether A.gambiae s.s will 

become susceptible to simian malaria found 

elsewhere in Africa, such as P. rhodani and 

P.gaboni, since they resemble P.falciparum and 

P.malariae morpholically. 
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Abstract:  Human Immunodeficiency Virus (HIV) infection has emerged 

as one of the leading causes of severe morbidity and mortality globally, 

especially in sub-Saharan Africa (including Nigeria). Due to associated 

immunosuppression, there is increasing incidence of Cryptococcus 

neoformans infection (cryptococcosis) in HIV/AIDS resulting in serious 

complications and fatality. However, data on this subject matter is scarce in 

this environment. This study aimed to determine the seroprevalence of C. 

neoformans antigenemia (CrAg) in ART-naïve and ART-experienced 

HIV/AIDS patients attending Aminu Kano Teaching Hospital (AKTH), 

Kano, Northwest Nigeria; and to assess the association between absolute 

CD4 cell counts, socio-demographic profile and presence of cryptococcal 

infection among the study population. Patients were screened for HIV 

infection by serology. Three hundred and twenty five (325) confirmed HIV-

infected patients comprising 109 (33.5%) males and 216 (66.5%) females 

aged 17-69 years (mean age, 31.12±6.01); 188 (57.8%) ART-naïve, and 137 

(47.2%) ART-experienced were enrolled for the study. Socio-demographic 

information of the patients and history were obtained via questionnaire and 

medical records respectively. Blood sample from each subject was screened 

for CrAg using a Latex agglutination assay. The flow cytometry was used 

for CD4 cells enumeration. Data were analyzed statistically. The overall 

seroprevalence of CrAg was 1.2% (n=4) consisting 3 (0.9%) females and a 

male patient (0.3%), and were found among subjects aged 21-30 and >50 

years. There was a strong association (P<0.05) between CD4 cell counts 

and CrAg positivity with higher prevalence among ART-naïve patients. 

Although the seroprevalence of CrAg appears low in this study, efforts 

should be intensified in the prevention/control of HIV/AIDS and C. 

neoformmans co-infection in view of associated severe morbidity, 

complications and high mortality.  

 

Key Words: HIV infection, Cryptococcus neoformans, Seroprevalence, Antigenemia, ART-naïve, ART-experienced,     

  Kano-Nigeria. 

 
Introduction 

The global spread of HIV infection and 

increasing number of patients with impaired 

immunity had aggravated the upsurge of 

Cryptococcus neoformans infection in the last 

three decades (1-3) especially in sub-Saharan 

Africa(4,5) and Southeast Asia (6,7). As at 1993, 

the United States Centre for Disease Control and 

Prevention (CDC)(8) had reported that 6% 

(n=16,449) of the 274,150 patients with 

HIV/AIDS developed cryptococcal disease in the 

United States (U.S.). The overall mortality rate 

especially cryptococcal meningitis may be up to 

25-30% in low endemic areas (8). Of those who 

survive, up to 40% develop significant 

neurological disorders as sequelae and in most 

cases require life-long suppressive therapy 

(9,10). 

Cryptococcus neoformans, a 

heterobasidiomycetous fungus, is an 

encapsulated budding yeast usually found in soil 

contaminated with droppings or faeces of birds 

particularly pigeons, and other birds (11,12). The 

organism thrives well in patients (≥85%) who 

are defective in cellular immunity or with other 

immunosuppressive medical conditions (13). 

Humans acquire cryptococcal infection via 

inhalation of soil contaminated with the 
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encapsulated dried yeast cells of C. neoformans 

and may result in pulmonary or disseminated 

disease including pneumonia and meningitis 

(Cryptococcosis) (11,14).
  

Cryptococcosis has a high mortality rate 

especially if treated late (15), and case-fatality 

rate can be up to 70% particularly in poor-

resourced and low income areas of sub-Saharan 

Africa(9,10,16). In the U.S, the cryptococcal 

antigen (CrAg) prevalence is about 3% 

especially in HIV patients with low CD4 cell 

counts of <100 cells/µl (8). In sub-Saharan 

Africa, the prevalence rates of detectable CrAg 

in peripheral blood in the same category of HIV 

patients is generally estimated to be 4-12 percent 

(17-19). However, higher rates have been 

detected by other investigators (20,21) from the 

same region of Africa.  

Cryptococcal antigen screening and pre-emptive 

medical intervention with appropriate 

antimycotics is cost effective, and may prevent 

early death of the patient by avoiding 

cryptococcal meningitis or meningo-encephalitis 

and other complications (19,22).  Although, 

there is an increase in the number of HIV-

infected patients receiving the highly active 

antiretroviral, therapy (HAART) in sub-Saharan 

Africa (23,24) with good impact, however, there 

are many patients who still present late to the 

healthcare centre due to socio-economic reasons 

including lack of awareness.  

In sub-Saharan Africa (including Nigeria) 

with the highest burden of HIV/AIDS and 

increasing co-infection by C. neoformans and 

associated severe morbidity and significant 

mortality, there is little information on this 

subject matter.  

In this study, we report the seroprevalence of 

C. neoformans antigenemia in HIV-infected 

patients at this centre. It is hoped that the 

outcome will serve as baseline data and also 

sensitize the stakeholders about the need to adopt 

effective preventive measures to control the 

spread of HIV/AIDS and C. neoformans co-

infection in view of associated serious clinical 

consequences. 

 

Methods 

Study Area  

The study was conducted at Professor Sadiq 

Wali HIV treatment Centre of Aminu Kano 

Teaching Hospital (AKTH), Kano. AKTH is a 

500-bed tertiary healthcare facility situated in the 

large cosmopolitan city of Kano, Northwest 

Nigeria. Professor Wali Centre provides 

laboratory (with well-equipped state-of-the art 

facilities) and clinical services for HIV/AIDS 

patients from Kano State and other neighbouring 

States of Jigawa, Katsina, Bauchi and Yobe 

among others.  
 

Study Design and Subjects  

This was a cross-sectional hospital based 

prospective study. The study was conducted 

between the months of April, 2013 to March, 

2014. The population consisted of HIV positive 

(involving treatment- naïve and treatment-

experienced) patients accessing medical care at 

HIV clinic of AKTH.  The minimum population 

size used was 325, drawn according to the 

formula and procedure as described by Lwanga 

et al.(25) and consisted of 109(33.5%) males and 

216(166.5%) females, aged 17-69 years (mean 

age, 31.12±6.01 years) 
 

Exclusion Criteria  

However, exclusion criteria adopted include 

having primary prophylaxis for cryptococcosis 

or having past history or current cryptococcal 

infection. Also, HIV positive patients that 

declined consent were excluded from the study. 
 

Ethical Approval 

Approval to conduct the study was granted 

by the Ethical Committee of the hospital 

(AKTH)  
 

Data Collection 

Each consented patient was given a 

questionnaire consisting of personal data to 

record patient’s demographic information while 

medical history was obtained from their hospital 

records.  
 

Assays  

HIV Serology  

The HIV status of the patient was determined 

based on standard guidelines, using the Nigeria 

National HIV Serial Testing Algorithm (26), 

with DETERMINE HIV ½ (Alere Comp. North 

America Incorp. Orlando FL, USA) for HIV 

screening.  

All reactive samples were retested with 

UNIGOLD (Trinity) Biotech Comp; Wicklow, 

Ireland) and confirmed with STAT-PAK 

(Chembio. Diag. Systems Inc. Medford, N.Y., 

USA). This is for assurance and reliability of 

results. 
 

Blood Sample Collection/CD4 Cell Count  

Ten milliliters (mls) of blood sample was 

aseptically collected by veni-puncture from the 
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ante-cubital fosa of the arm of each patient. Five 

mls of the blood was discharged into a pre-

labelled EDTA tube and was immediately used 

for CD4 cell measurement by flow cytometry 

technique (Partes Miinster, Germany), according 

to the manufacturer’s instructions.  
 

Detection of Cryptococcus neoformans Antigen 

in Serum.  

Serum Preparation for Testing  

To obtain serum for the test, 4 mls of the 

remaining blood sample was transferred to a 

plain vacutainer tube and allowed to clot for 20 

minutes at room temperature (21-25
0
C). This 

was centrifuged at 3000rpm for 10 minutes. 

Using mechanical pipette, the serum was 

transferred into a pre-labelled 2ml cryoval.  All 

sera not processed immediately were stored at -

20
0
C for no longer than 72 hours prior to testing.  

 

Detection of Cryptococcus neoformans Antigen 

in Serum 

CrAg Screening (Qualitative) Method  

The Latex-Cryptococcus Antigen Detection 

System (Immuno-Mycologics, Inc. Norman, 

USA) kits were used for initial screening for C. 

neoformans capsular antigen. It is a simple latex 

test capable of detecting the capsular 

polysaccharide of C. neoformans in 

cerebrospinal fluid and serum, based on the 

principle that anti-cryptococcal antibody-coated 

Latex particles will agglutinate  cryptococcal 

capsular polysaccharide antigens. Previously, 

detection of this antigen in serum was hampered 

by the presence of rheumatoid factor. However, 

pretreatment of serum specimens with pronase 

has been shown to reduce non-specific 

interference by other substances such as 

rheumatoid factor and immune complexes thus 

enhancing the detection of capsular 

polysaccharide antigens of C. neoformans.  

In this method, each of the heat-treated and 

pronase-treated serum samples including CrAg 

for each of the test groups (ART-naïve and 

ART-experience) were used for the test in 

accordance with the manufacturer’s instructions.  
 

Titration (Quantitative) Method  

The procedure was carried out on any 

screened serum samples indicating 1+ or greater 

reactions (positive reaction) obtained from the 

screening method. The patient’s CrAg titer was 

recorded as the highest dilution that yielded a 

positive result.  
 

Data Analysis  

Raw data were entered into Microsoft Excel 

Spreadsheet and cross-checked for errors. Data 

analysis was done using Epi info (Version 6.04 

CDC Altlanta, GA) statistical package. The 

prevalence of CrAg was expressed in simple 

proportion or percentages for study group. 

Comparison of the subjects regarding the 

prevalence of infection, association between C. 

neoformans infection (via CrAg detection) and 

CD4 cell count were analyzed using Chi-square 

test or two-tailed Fisher’s exact test for 

categorical variables. A. P-value of ≤0.05 was 

considered statistically significant.  
 

Results 

A total of 325 confirmed HIV- infected 

patients consisting of 188 (57.8%) ART-naïve 

and 137 (42.2%) ART-experienced patients were 

screened for CrAg.  The overall seroprevalence 

of CrAg was 1.20% (4 out of 325) consisting 3 

(0.9%) females and one (0.3%) male. Three of 

these positive cases were baseline (ART-naïve) 

patients while only one case was ART-

experienced (Table 1). 

Table 1 shows the summary of demographic 

characteristics, CrAg prevalence and CD4 cell 

counts of patients screened. When patients were 

analyzed according to age categories, two cases 

each positive for serum CrAg were aged 21-30 

years and >50 years.   One patient had no formal 

education, 2 passed through secondary school 

while the fourth had tertiary educational training.  

Table 2 shows the distribution of serum 

CrAg among ART-naïve patients based on CD4 

Cells Count. All the 3(75%) HIV infected 

patients (also ART-naïve) who were positive for 

serum CrAg had CD4 cell count <200cells/uL 

(Mean CD4 cell count= 113cells/µL)). However, 

among ART-experienced patients, only one 

(25%) was positive for serum CrAg analysis 

with CD4 cell count >350 cells/uL (Table 3). 

Statistical analysis of data shows that there was a 

strong correlation between CD4 cell count and 

CrAg seropositivity.    
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Table 1: Demographic Characteristics, Cryptococcal Antigen Prevalence and CD4 Cell Counts of the 

Patients Screened at Aminu Kano Teaching Hospital, Kano    

  Cryptococcal antigen prevalence 

Characteristics  No (%) No (%) 

Total  325 (100) 4 (1.2) 

Sex     

Female  216 (66.5) 3 (0.9) 

Male  109 (33.5) 1 (0.3) 

Age      

≤20 14 (4.3) 0 (0) 

21-30 93 (28.6) 2 (0.6) 

31-40 128 (39.4) 0 (0) 

41-50 68 (20.9) 0 (0) 

>50 22 (6.8) 2 (0.6) 

Education      

Non formal 52 (16.0) 1 (0.3) 

Primary  87 (26.8) 0 (0) 

Secondary  107 (32.9) 2 (0.6) 

Tertiary  79 (24.3) 1 (0.3) 

CD4 Count      

<200 191 (58.8) 3 (0.6) 

200-350 92 (28.3) 0 (0) 

>350 42 (12.9) 1 (0.3) 

ART-Status     

ART Naïve  188 (57.8) 3 (0.6) 

On ART 137 (47.2) 1 (0.3) 

ART, Antiretroviral therapy 

 
 

Table 2: Distribution of Serum Cryptococcal Antigen among ART- Naïve Patients Based on CD4 

Cell Counts  

CD4  

(cells/µl) 

Mean CD4 Count 

(cells/µl) 

No. (%) of ART 

Naïve Patients 

CrAg. 

     No. Positive (%) 

<200 113 105 (55.9) 3 (2.9) 

200-350 244 53 (28.2) 0 (0.0) 

>350 372 30 (15.9) 0 (0.0) 

Total   188 (100) 3 (1.60 

ART, Antiretroviral therapy; CrAg, Cryptococcal antigen 

 

Table 3: Distribution of Serum Cryptococcal Antigen among ART-Experienced Patients 

Screened Based on Absolute CD4 Cell Counts  

CD4  

(cells/µl) 

Mean CD4 Count 

(cells/µl) 

No. (%) of ART 

Experienced 

Patients 

         CrAg. 

  No. Positive (%) 

<200 108 86 (62.8) 0 (0.0) 

200-350 248 39 (28.4) 0 (0.0) 

>350 413 12 (8.8) 1 (8.3) 

Total   137 (100) 1 (0.7) 
CrAg, Cryptococcal antigen; ART, Antiretroviral therapy. 
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Discussion 

HIV/AIDS has constituted one of the most 

serious health concerns globally particularly in 

sub-Saharan Africa (20,21,27)
 

where high 

incidence rates of the scourge persist (28,29). 

Due to immunosuppression associated with HIV 

infection, there is a high risk of other 

opportunistic diseases including cryptococcosis 

with serious clinical outcomes (28, 30). The 

highest burden of cryptococcal infection (>70%) 

is found in sub-Saharan Africa with a median 

incidence of 3.2% among HIV/AIDS patients 

(19,24). However, data on population based for 

CrAg prevalence in this environment is scarce.  

In this study, the prevalence of CrAg was 

1.2% (n=4) comprising 3 (0.9%) females and a 

male (0.3%). This result is slightly lower than 

the prevalence of 2.0% earlier reported by 

Usman and Uba (31) [though their analysis was 

performed on sputum samples of their patients as 

against serum (CrAg) sample used in the present 

study], and Javis et al. (3.1%) (17);
 
all of these 

studies were conducted in sub-Saharan region of 

Africa.  

However, the prevalence of 1.2% obtained in 

this study is higher than the figure of >1.0% 

published in parts of industrialized countries of 

the west by other investigators (1,8,10). The 

variations observed in these results again, 

corroborate the widespread opinion (16-19) that 

the study location appears to influence the 

incidence of cryptococcal infection in 

HIV/AIDS. For instance, the HIV burden is 

relatively low in the France where Dromer et al. 

(1) carried out their studies as compared to sub-

Saharan Africa with significantly high burden of 

the disease where the other studies were 

conducted. More so, environmental condition 

has been suggested to influence the propagation 

and survival of C. neoformans. Thus, the 

organism appears to thrive well in ecological 

niche available in the tropics as compared to 

temperate region of the west including Europe.  

Data obtained from the present study showed 

that of a total 188 (57.8%), 61 (32.4%) males, 

and 127 (67.6%) females ART-naïve patients 

screened for CrAg, all 3 (0.9%; females) tested 

positive. On the other hand, only one male 

(0.3%) tested positive for CrAg among ART-

experienced subjects (n=137). All positive cases 

were in age categories, 21-30 and>50 years. 

These values are significantly lower than the 

results reported elsewhere in Southern part of 

Nigeria where Osazuwa et al. (12.7%) (21) and 

Chukwuanukwu, and his colleagues (13.1%) 

(20) conducted similar studies on ART-naïve 

subjects. Other than the difference in 

geographical locations of the studies, lifestyle 

and occupational endeavours could serve as 

predisposing factors for the acquisition of 

cryptococcal infection and may be responsible 

for the different results recorded (6,11). 

However, gender and age of our patients did not 

play any significant role (P>0.05) in serum CrAg 

positivity rate when analyzed statistically. This 

observation is in agreement with other published 

reports (4,10,12). 

The development of cryptococcosis, as with 

other opportunistic infections during HIV/AIDS 

presentation, is associated with serious decline in 

cluster of differentiation of T-cells or CD4 cell 

counts (20). Thus, the presence of CrAg in the 

blood represents a condition of systemic 

invasion with the fungus (32) during which the 

organism has the capacity to disseminate to 

major parts of the body (19).The result of this 

study showed that the CD4 cell counts of all the 

CrAg positive patients screened were <200 

cells/µL.  

Several studies (33-34) evaluating the 

prevalence of serum CrAg in HIV/AIDS 

patients, had reported a consistently higher 

prevalence in patients with lower CD4 cell 

counts. This trend was also observed in the 

present study and was common among ART-

naïve patients. Such case(s) will require prompt 

medical intervention since it is widely believed 

that there is cost effectiveness in serum CrAg 

screening for preventing complications and 

fatality among HIV-infected persons (ART-

naïve or –experienced) with low CD4 cell counts 

who start HIV therapy early
 
(35) especially in 

poor- resourced areas .  
 

Conclusion  

Although, the seroprevalence of CrAg in 

HIV-infected patients appears low in this 

environment, however, its increasing spread and 

detrimental health impact on the wellbeing and 

survival of HIV/AIDS patients has been 

suggested to be significant if unchecked.(19, 23) 

Hence, early screening/detection of C. 

neoformans infection in HIV/AIDS and prompt 

medical intervention are needed and should be 

encouraged to checkmate the spread of the 

diseases and associated complications and 

fatality.  
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